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INTRODUCTORY NOTE

Thia publication (Volume II) coatains papers For presentation at the ConPerence
on Hydrology and Hydrometeorology in the Economic Development of AFrica (Addi. Ababa,
From 13 to 23 September 1971). Thi. volume was publi.hed beFore the conFerence. Volume I
contains the actual proceedings, reports and recommendations of the conference.

NOTE D'INTRODUCTION

Cette publication (Volume II) contient de. communication. degtin~e. ! @tre
pr~gent~es 1 1& Con£~rence sur Ie rele de Ilhydrologie et de l'hydrom~t~orologie dans
Ie d~veloppement ~conomique de l'AFrique (Addi.-Ab~ba. 13-23 .eptembre 1971), Ce
volume a ~t~ publi~ avant 1& conf~rence. La Volume I, quant 1 lui, contient les comptes
rendus, rapports et recommandations de 1& conf~rence,



HEAT AND WATER BALANCE STUDIES IN NIGERIA

by J.S. OguDtOyiDbo

ABSTRACT

Thi. paper reYievs the major method. and problem. a••ociated with the
study 01 heat &ad .apour tluxe. in Nigeria. One major feature 15 the lack of
the correct and appropriate data on the radiation fluxes in such an environment.
This problem i. ~i•• tackled but the Icale and the scope need to be examined.
Studies in radiation and evaporation Deed to be undertaken in different part. of
the country especially as Wigeria straddles across the major cli.atic ZODel in Vest
Africa. For this purpose, it is suggested that an agrometeorological set-up
.imilar to the ODe operatiDg iD the Middle Ea.t .hould be built in We.t Africa to
cope with the pro~le. 01 data co-ordination and analysis, iastru.entation and
relearch aad traiaia, 01 .,rOMeteorololistl. For the rea.ODI stated Bi,eria
olterw the best locatiam for such. statian.

RESUME

L'ouvra,e pas Ie en revue les principaux probl~Me9 et .~thodes li~. 1 l'~tude

des flux ther.i~e. et de. flux de vapeur d'eAu au Hig~ria. Ua ~l~.ent ••jeur est
l'absence de dODD'e. pertinentes et exactes sur les radiations existant daDS Ie milieu
cOftsider~. L'6tade de ce pro~:~Me est en cour., .ail il y A lieu dieD accroftre
l~helle et 1_ port~e. II taut ~itrepreDdre des 'tudes sur la radiation et ~~vaporation

dans dif£~reDtes parties dv pay., COMpte teBu en particulier de ce que Ie territoire
nig~rian traYer.e Ie. pri.cipale. <ODe. climatiques de l'Afrique de It)ue.t. II e.t
.ugg~re 1 cet eflet de mettre en place dans cette sous-r~,ion une lastallation agro
.~t~orologi~e ...blable 1 celIe qui fODctiODDe au Moyen-Orient et de.tin~e 1 r~fler

Ie. probl~.e. 4. coor4iaation et d'analyse i.s dODa~es, d"quipe.e.t en iftstru-ents,
de recherche, et de t.r.atian d'a,rom~t~orologi.tel. Le .il~riA, pour les rAilon.
iDdiqu~es, eOD8ti~e un e.place-eat 14'a1 pour uae station de ce type.

INTRODUCTION

In a tropical enviroftMent s~ch as Wigeria, v~ere te.perature does Dot
hinder crop cultlTatioa at any seasOD of the year, vater supply CODltitutel the
~ajor resource for agricultural activity. Moisture supply (either directly from
rainfall or by artificial irrigation processes) determines the types of crops And
the length of the period of crop cultivatioa. The need to understand the ce-plex
processes of Moisture utilization by plants is veIl illustrated in the literature
by the various studies of heat and vapour fluxes relating to the problems of evapora
tion and evapotr...piration. This viII not be discussed in this paper.

This paper is iatended to reTlev the result. of the ~ajor agroclimatological
research vork un.ert~ea i. Migeria within the last ten year. and to luggest likely
are.. for the iDtem.itication of effort m this field bearing in mind the recent trends
in agricUltural 'eTelop.eat in the coufttry. It i. proposed therefore to discuss the
major contribution. in the field of eyaporation and eyapotran.piration (Garnier. 19~6

and Davie., 1965a, Ob..i, 1969) and in the field of radiation (Davie•• 196~b. 1965c and
Oguatoyinbo. 1970a, 1970b); the.e work. repre.eDt the ~ajor contribution. from which it
could be pas Ii hIe to i4entify areas ift which Farther research could be intensified.
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DETERMINATION OF EVAPORATION AND EVAPOTRANSPIRATION

In most agricultural and hydrological problems involving a vater
budget it is the total wster loss thst is importantl some of this loss
comes directly from the soil and by interception from leaf surfaces
(evaporation) while 80me comes indirectly from the soil throagh the
plant (transpiration). The combined effect of this is known as
evapotranspiration. ~hen a crop is kept plentifully supplied with
vater, the rate at which the water is transported is dictated by the
weather with plant and soil pla"ing only secondary roles (Penman. 1948>.
The idea of wster supply being a non-limiting factor has been termed
by Thornthwaite (1948) as potential evapotranspiration (PE).

The YariOU8 methode of estimating the PE are clearly described
by Thornthwaite and Hare (1965). In his research studies at the
University of Ibadan. Garnier paid great attention to the problem of
8Tapotrauapiration and the results of his work at this site are wit
nessed by the several notable contributions to the climatology of
Nigeris and West Afrioa (Garnier. 1954. 1960). As a result of hie
observations, Garnier (1960) eame to the conclu81on that tor Nigeria,
Thornthwaite's (1948) empirical approach overestimated the potential
evapotranspiration in the wet aea80n and underestimated it in the dry
seaBon. n. attributed the dry season disparity between the meaaured
and the computed p~ in the north of Nigeria to the .ffects of an
extrer,ely dry atmosphere, whereas in the south extremely moist air
characterizes all season6. Garnier also notLd that during December.
January and February the computed values showed a downward trend whl1e
the measured values rose sharply. Finding that (1) ssturation deficit
followed the Same trends a8 the measured PE and (2) saturation deficit
oYerestlmated p~ in the dry sea8on. Garnier incorporated an aorodynamic
term into the Thornthwaite metllod to reduce discrepancies between
measured and computed Yalues. yizr

x • T + Sd (day time)

where T k eTapotransp1ration computed b1
Thornthwaite's formula in ~m/day.

and 54 • the ••an saturation deficit 1n mm of Hg.

This summation is read into a regression formula

b" • a" (2)

where a and b are constanta which were found to be 0.675 and 2.198
respectively obtained froa the data of Ibadan 1n the south and S..aru
in the north.

When the results were plotted for the whole countr" (rig.1),
the isolines showed that the highest FE ( 60" p.a.) ars obser"ed
in the extreme northeast and 1e86 thaD SOli p.a. 10 the coastal aroas
where the rainfall is highest. By co.~aring the results from Garnier's
work with those obtained from applying the method. of other workers,
Obaai (1969) observed amongst other things that the results obtained
from t~le Garnier metllod are more yariable than those obtained from
eit'Jer t'Je ThorntlJwaite (1948) empirical approach or the Penman
(1')41) a.erodynamic method. 'rhe reault of such an exercise leads one
to the conclusion t ht t; the problem of eTapotransplration still remains
unsolved.
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In his studies on radiation and evapotranspiration in Nigeria,
D~YieB (1964) employed Garnier's existing installations for in~uiry

into t~le lundamental relationship between radiant energy and water
1088,1.e. eyaporation and evapotranspiration. But owing to a lack
of data on solar radiation, Davies (1965b, 1966) had to approximate
radiation from sunshine and cloudiness - parameters for which data
w~ more eaeily available in West Africa. Davies noted the inadequacy
of cloud observation aa a parameter in such an exereise; he therefore
checked his results against the records trom a Gunn-Bellani net radia
tion integrator (Davies, 1965c).

The result of this studr showed that there is a strong north
south gradient of radiation (Fig.1). In terms of annual totale the
radiation level in the north (190 Kg.cal) is almost double the level
in the south (110 Kg.cal). It was slso obserxed that the radiation
field can be divided into two at about lat. 9 ft. To the north of
this boundary the gradient ia lese and in the extreme north-eaet. it
is negligible. This relative homogeneitr was tentativalr ascribed
to the homogeneitr of cloudinass and turbiditr characteristic of the
a6mosphere which liss to the north of the ITO. To the south of lat.
9 N the cradient 1••uch st••perl .uch a phenomenon was ascribed to
moist surface southwest air stream which lies to the south of the lTD.

MEASUREMENT OF ~PIATIVE FLUXES

In his estimation of insolation for Nigeria, Davies (1965b, 1966)
noted the general lack of data on radiation. hence he had to 8.timate
tha values of insolation by indirect method which he himself regardad
as not very satisf'acto,'--y. In the measurement of radiative fluxes one
important parameter to we measured in estimating the radiation and
water balance of crops i. tha surface reflectivitr_ Seginer (1968)
demonstrated theoretically that evapotranspiration can be reduced con
siderablr by increasing the reflection coefficient (albedo). If such
a method can be pertected the result will be a aajor aaset to agricul
turists in arid~.e.l-arld or seasonally dry areas such as are charac
teristic of the northern part of Nigeria. Data on the reflection
coefficient (albedo) are hitherto not available for Nigeria (Davies,
1966). As a first step to rect1fr this anomaly, Oguntoyinboo (1970a,
1970b) undartook a countrrwide aeries of observations (lat. 4 40'"
to lat. l' }O,") to aetermine the reflection coefficient (albedo)
over a wide varietr of DStural vegetation and agrioultural crop sur
faoss at different aeasons in Nigeria. The waigh ted .ean reflection
ccetficient value tor the series of observation au..arized in
Table 1 waa found to be.1?8-

As s sequel to this project a sore detailed microclimutological
study is at present being undertaken on the radiation balance ot' cocoa.
Observations begun in Februarr 1970 will last till Januarr of 1971.
These observations are heinz taken at two-weekly intervals in a eocoa
re8earch plot at Moor Plantation, Ibadan. The variables beine measured
above, wi thin and belo'" the canopr includ. the net (I1l), reflected (0() ,

and total direct (5) and diffuse (s) radiation. The ultiaate aim i.
twofold' to establish the microclimate of cocoa crop and also to
develop a radiation balanco formula which might be quickly applicable
for the other crops for which the reflection coefficient tsrm has
already been deter.in.d.

Praliain8P7 analrsis of the data for the firat aix eonths of
observation v•• discussed at • recent Conference in Accra (Oguntoyinbo,
1970c). The thrse main paramsters of th~ radiation balance equation,
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r-c fLs-c t i.cu coc ff i c i en t (:llh,,"dr, I , Il ..... ,L;ll!· cce r r t c t cnt and lon,,:-v&ve
radiation, were derived I'r-om liw:iu' l'l..,,' . .l·~·_,.:.i ..... n a~!untion relating the
measurements of the incident and refleeted short.wave radiation to the
measurement of radiation balance. The reaults .ho~ that tor the period
between February and July 1970, ~he da;ly totala of radiation ranged
between a mini".... of 195 Cal.ClD- day- Oil a cloudy day 111 Hay to a high

.. • -2-1of 90 cal.cm day on a bright aunny day 1n tbe aama 6Dllth. The
daily total of the net radiation expressed aa a percent8.8e of the total
incoming ahort-wBve radiation was found to be 58~ which co.pares favour
ably to the eatimated value of 60% aa the mean for aummer conditiona in
the higher latitudes (Tl,ornthwaite and ilare, 1965). The ..ean reflaotion
coefficient tor diurnal obaerTations vas found to be .18. The trans
miseion coeffioient (List

j
1966) was "1~ and the heatine coefficient ~)

(Monteith and S...iol:, 1:;161 was .26. There waa alao a high oorrelation
between the heating coeffioient (~) and the long-wave rsdiation (Lo)
except when cloud cover ia very bigh (rable 2). Of the total incoaing
shortwave radiation les~ than 1~ reaches the baae or the canopy where.
in the ca•• of cocoa. most of the fruits are borne. Such. lack ot
direct radiation coupled with a high relative huaidity may be a .ajor
tactor in the .eaaonal incidence ot the swollen .hoot and black pod
di_eaaea characteristic of the cocoa crop in thia environment. Such
a spacul.ation re1uires further investigation.

The foregoing re.·.lme highlights the achievements in the tield
of heat and water balance studies in Nigeria; it alao reveals the
areas in which further investigation needs to be carried on. Obasi
(1969) showed that the Garnier method of calculating the PE is incon
sistent; Davies also noted the lac!" of data on radiation in the pro
cess of estimatine the PE for Nigeria. These studies require more
careful investigation especially bearing in mind the ra~idly developing
scientific agriculture in Nigeria. In nigeria, evapotranspiration is
highest where the rainy seaeon is shortest and most unreliable, conse
quently only one grain crop can be c:lltivated in one year in most parts
of the north. dow.Yer, the broad river Yalleys (fadamas in nausa) sub
ject to seasonal flooding provide larec areas of potentially cultivable
land in the dry season. These are beine ineffectively utilized by
~easant8 for the cultivation of certain crope like vegetabl~s and rice.
However, with the ranidly increasibg population and the corresponding
increase in demand for food and raw materials tor industries, theae
tracts are being developed for large-Bcale irrigation schemes. The
seasonal drought characteristic of the interior of the country where
these broad valleys are located accounta for the tact that most of the
recently developed Bchemes are to be found in the northern part of the
country (Fig. 2). A typical example of this is the 11,000 acre Bacita
~ugar hstate located in the River Niger fa dams about 18 miles to the
east of Jebba (Oguntoyinbo, 1965). Such large-scale irrigation pro
ject3 constitute an innovation to Nigerian agriCUlture. Buchanan and
rug;, (1955) observed that:

"artificial and man-controlled irrigation as opposed
to natural or flood irrigation for the dry season
occupy a more reatrictad area:' b lt that "throu[f1
irrigation vast expanses of the sub-humid areas of
t:le Middle Belt and th& Sudan Zone could be made
to produce specialized crop~ suc~ as rice, sugar
cane and veGetables and would re~uce the soasonal
character of the activitit~a in the savannah
environment."
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The trend in tl,e p.te t; decade has been the development of such
large-scale irrigation schemes (Oguntoyinbo, 1970d) in which the pro
blem of water management is or paramount importance. Most of these
projects are preceded by pilot surveys in which ereater attention is
given to the details on 8011a, terrain and accessibili ty \...-1 th lesa
details on the microclimate. '!'he risk run when a r.J.ajor project lacks
details on microclimate of the environment was illustrated by the 1088
incurred at the Bacfta Sugar Estate in 1967 season; this was alleged
to be due to an unforseen drought (Sugar Cane Chronicle, 1963).

As a result of the rapidly expanding development of large-scale
irrigation projects, it is suggested that detailed agroclimatological
studies of major crope of interest should be undertaken to determine
the heat and vater balance of such crops. Reference can. in this rea
pect, be mads to the role of the Volcani Institute of Agriculture in
Israel whose Division of Agricultural Meteorology is engaged in detailed
research on the major crops - cotton (Stanhill and Fuchs, 1963 & 1968)
oran~e (Kalma and Stanhill, 1969) and groundnuts (Stanhill and Fuchs,
1970). Efforts are made to interpret t,e results in such a manner as
to be easily arplicable by farmers (Fuchs ~~. 1963).

The role of the Meteorological Services cannot be over-emphasized
in this respect; the Ni~erian Meteorological Services need to expand
the agrometeorological division both in scale and 8cope. Considering
the size of the oountry ~nd the amount of data that would be involved.
one would adYocate that a set-up similar to that located in the
Meteorological Services at 3et Dagan in Israel whereby data processing
is computerized, would be appropriate for a .st a t Lcn located south of
the Sahnra. Nigeria offers the beat location for such a set-up. The
fnct that its areal extent traverses all the major climatic zones in
West Africa is an asset that cannot be claimed by any other country in
I'Jest Africa. In order to reduce the coat of instrumentation. purcha
sing, repairs and calibrations, it is also suggested that an instrument
workshop annexed to the central computing office would be a major adYan
t~ge because such a vorkehop would reduce to a minimum the number of
handica~s experienced by purchasing equipment from overseas.

With regard to the proces3ee for estimating ey&poration and
evapotranspiration, it will be recalled that Davies (1965) and Obasi
(1969) found thst the Garnier (1956) method haB a number of limitstions.
Dsvies (1965) suggested that a careful and detailed hydrological study
of a large water body should be made to determine evaporation (E )

o
from the water balance equation, Lake Kainji recently completed on the
River Niger will provide a good locstion for such a stUdy from which
results obtained can be compared to those obtained from similar studies
being undertaken elsewhere - for instance on Lake Tiberias in Israel
(Ctanhill, 1969a, 1969b).

Davies (1965) also suggested that owing to the inherent difficul
ties of measuring FE directly, the .ethod of using lysimeters should
be discontinued and replaced with the direct measurement of net radia
tive flux over green Tegetated surface. This is being attempted, aa
has been referred to earlier on, but there is still a large amount of
work to do. For example, (1) more of such agro-climatological research
&6 reported earlier in this paper is required,especially in the seasonally
dry belt of the northern part of Nigeria where irrigation is coming into
vogue; (2) Wsst Africa is faced with the unusual problem of atmospheric
dust during the harmattan season; it will be of interest to stUdy the
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impact of thia on tha radiation balance. One may again in this respect
refer to the set-up st the National Physical Laboratory of the Habrew
Unlveraity in Jerusalem where Buch a study is in progress and (3) with
the greater refinement in lysimetry, it would be of interest to ins tan
more weighing lyaimetera in different parts of the country to measure
eYapotranapiration directly.

In summarizing this paper, one can state that there 1s at present
no standard agro-meteorological station in Nigeria. Such a station 86

iG envisaged should be fully equipped for the meaaurement of the heat
and vapour fluxes, the repairs, calibration and eYen manufacture or
some simplu instruments. In each a set-up facilities should be avail
able for both reaearch and for the training or workers to man the
smaller stations.

Re:£erences

Buchanan, R. O. and Pugh, J. C.: Land and People of Nigeria, London, 19".

Davies, J. A.: ClimatoloGical research station at University of
Ibadan, Nigerian Geog. J.,7(1),54, 196~.

Davies, J. A. Evaporation and Evapotranspiration at Ibadan, Nigerian
Geog. J. t 8(1).17-31, 1965&•.

Davies, J. A.

Davies, J. A.

Zstiaation of insolation for dest Africa, Quart J. R.
I-i. Soc .. 91, 359-363, 1965b.

The use of a Gunn-Bellani diatillator to determine
net radiative flux in West Africa, J. Appl. ~et.,

~, 547-549, 1965c.

Solar radiation estimates for Nigeria, Nigerian
Geog. J t t 9(2), 85-100, 1966.

Fuchs anj Stanhlll, G.: The use of Glass A evaporation pan data to
estimate irrigation water requirements of cotton
crop, Israel Jour. of Agric. Rea., 13(2). 63-78,
1963.

Garnier, B. J.;

Garnier. B. J.:

Measuring potential evapotranspiration in Nigeria.
Article published in Publications in Climatology
7(1) edited by J. R. Hather, Pp.,4Q:176, 1954.

A method of computing potential evapotranspiration
in West Africa, Bull. de lII.F.A.N. 18 Ser. A No.3,
665, 1956.

Garni er, B. J. ~:apB of water balance in tJest Africa, Bull. de l'
I.F.A·~·I 22 t Sert A.ING." 709-722, 1960.

Kal~a, J. D. and 3tanhill, G.: The radiation climate of an irrigated
oranGe plantation, Jolar Energy, 12, 491-50~, 1969.

(ed.): Smd tuaond an Jte t.eor-oLo.r Lce I Tables,6th e d ,
4th print ,';a..;Linr;ton, 196A ..



- 7 -

lont e i tb , J. L. and Szc t cz , G.: The radiation balance of bare oo i L
and veGetation. Quart J. R. H. ~oc., 87, 159-170,
1961.

DbaBi. G. C. P.I Mean annual potential evapotranspiration in Nigeria,
Department of Meteorolor,y, Univer6ity Colleee, Nairobi,
(mi ..eo.l.

O!untoyinbo, J. S., Agroclimatio problems and Cane Sugar Industry in
Nigeria, Nigerian Geog. J.,8(2), 83-97, 1965.

Oguntoyinbo, J. S. I Surface measur••ents of albedo o?er different
agricultural crop .urfacee in Nigeria and their
.patial and .eaaonal Tariability, Nigerian Geog. J.,
ll{j2, 39-55, 197Oa.

Oguntoyinbo, J. S. , Reflection coefficient ot natural Yegetation,
orops and urban surfaces in Nigeria, Quart J. R.
M. Soc., 96. 430-441, 197Ob.

Oguntoyinbo, J R S. Z Preliminary iDY••tigat1ona on the .icroclimate of
cocoa. Paper pr•••nted at the 1st Commonwealth Bureau
of Geographera, Accra, 1970.

Oguntoyinbo, J. S. I Irrigation and reolamation projects in Nigeria,
Nigerian Agric. Jour. (in Proaa).

Penman, H. L.I N.tural eTaporation fro. open vater, bare soil and
graas, Proc. Roy. Soc. A., 1Z0-145, 1948.

Seginer, 1.1 The effeet of albedo on eTapotranapiratlon, ASTle. Heteor.,
-h.5-31,1969.

Sugar Cano Chronicle' Monthly Now.heot, Nigerian Sugar Coy. Ltd.,
45, p.2, 1968.

3tanhill, G.: Temperature of L. Tiberiaa, Ierael Jour. of Earth
Sciencea, 18,83-1OO,1969a.

Stanhill, G.: EYaporation from L. !iberias: an oatimate by the combined
water balance-mass transfer approach, Israel Jour. of
Earth 5ciences,18, 101-108, 1969b.

Stanhill, G. and Fuchs, H.I The climat. of the cotton crop: physical
characteristics and microclimate rolationships,
Asric. Heteo•••5. 18'-202. 1968.

Stanhill, G. and FUchs, M. r The relatiTe and aerodynamic properties
of agriCUltural crops and natural vegetation asso
ciations. Researoh conducted under Grants authorised
b7 U. 3. Public Law 480 at Volcani Institute of
Agricultural Research, Iarael, 39PF, 1970.

Thornthwaite, C. W.I An approach toward a rational classification of
Climate, GeoK' ReT•• '8, 85-9~, 19~8.

Thornthwaite. C. W. and Hare, F. K.: The lOBS of water to the air,
Amer. Metaor. Mono 6(28), 163-180, 1965.



- 8 -

Ta~lo 1 - Moan Rofloction Coofricient oyor difforont
natural yogotation and agrioultural orop
.urraceo in Higoria (aid-dal ob.oryation.)

Vegotation !fpe Roflootion Crop !fpo 1I0noction
Coefficiont Cooffioient

Swaap roro.t .12 Coooa .16

'fropioal Ila1n ro....' .13 Itola aut .13

Doriyo' .aYRAllA and
rallow .16 Cottoa .21

Guiaoa SaYRAllA .19 Sorgh_ .20
Sudan Sayanaa •20 Groun'aut• .17
Sahol S.yanaa •21 I __ .ea...ya •

'foba.oo .19
Jo. Plot.au .16 Mai•• .18

Sug.r CaIlo .15
Sw..p lIico .11

Sourco. Ogunto71nbo, J. S. (1970b)

Tabl. 2 - Linoar ...groaoion or Met Radiatioa (~) YO.....

Hot ehort-waYo radiation (1~(S+e)Cal.oa-2aia-1

~
~

~ L
Date S.. i+8 0<.. (1_ )(8+. a b r 0

7/2/70 .6122 .3504 .57 .15 .5185 .8343 -.36 .1986 .97 -.0843

20/2/70 .5230 .3036 .58 .17 .4320 .7912 -.12 .2839 .99 -.0793

5/3/70 .5379 .3019 .56 .13 .4653 .6792 -.03 .4711 .97 -.1432

19/3/70 .5807 .3690 .64 .14 .5006 .7812 +.012 .2801 .99 -.0984

2/4/70 .6347 .3999 .63 .16 .5357 .8454 -.10 .1828 .98 -.0716
24/4/70 .5974 .3744 .63 .23 .4624 .8968 -.03 .1150 .99 -.0447

9/5/70 .7217 .7917 .54 .23 .5579 .8621 -.11 .1600 .99 -.0655

21/5/70 .2825 .1449 .51 .20 .2263 .7014 -.18 .4258 .99 -.0606

4/6/70 .6329 .3513 .56 .19 .5118 .6974 -.10 .4339 .98 - .1430

18/7/70 .4674 .2618 .56 .19 .3885 .7786 +.022 .2844 .99 -.0691

I I
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Figure 1 - Insolation,

'.
\
i

c
ri

I
r:
I
\

\,
i
I

rainfall and evapotrulpiration in Nigeria

Figure 2 _ Major irrigation project. in Nigeria, 1969



THE DEVELOPMENT OF INTERNATIONAL DRAINAGE BASINS

by Dr. Adetoye Faniran

ABSTRACT

The idea of integrated and co-ordin.ted study and develop.ent of river basins
is not newj many projects bave been carried Oyt on almost all the drainage basins ot
Africa. Idmed at this noble goal.

It is suggested here, as a way of possibly improving the existing sY5te~Jthat

the Economic Commission for AJ'rica sets up a Water Resources Committee, if it has not
already done 90. This body should consist of experts in the various aspects of the
drainage baslm, including geanorphologists, hydrologists, .eteorologists, agronomists,
eCOlogists, economists, engineers, and planners, and should be empowered to set up
drainage basin authorities for Africa's major drainage basins, whose activities it viII
have to oversee and collate. In addition, the existing .ational and intrA-state bodies
should be linked, such that the activities ot one are co-ordinated and controlled by a
higher body. The ECA ComMittee on Water Besources should also store all available data
on Africa's drainage basins, as well as keep an up~to-date record of all data-storing
offices.

RESUME

L'id~e d'int~grer et de coordcaDer l'~tude et l'am~nagement des bassins
fluviaux nlest pas nouvelle; presque tous lei bassins versants d'Afr1que ant ~t!

l'objet de multiples projetl orient~. vers ce louable object1!.

II est 9u9.'r~ ici, comae un Moyen possible d'am~Iiorer Ie syst~me existaat,
que lil Commission llconomique pour l'Afrique institueJ si eIIe ne I'a pas d6jl fait, un
COMit~ des reS90urces hydrauliques. Cet organisme serait ComP05~ d'experts des
diverses disciplines int're.s~es par les diff6rents aspects del bassin. hydro,raphiquea,
c'~st-a-dire de geomorphologi.tes,) hydrologistes, ml!t~orolo~1stes, asrOllome., ~cologiste.,

~conomis t es , ing~ie\lrs et plani Pi cateu.rs, e t i 1 lera! t habi Ii t~ A cr~er pour lei
principaux bassins hydrographiqu.es arricains des Commi.sions dtam~nagement dent il aurait
A contrOl~r et·A enajyser- leg ac r t.vt t es , En outre, une liaison devr ed t ~tre e t ab'l i e en t r-e
les organismes nationaux ou autres existant A l'interieur d'un 'tat de fa~on que
leurs activites respective! soient coordonn6el et contr&16es par une instance sup~rieure.

Le Comit~ des ressources hydrauliquel.l institu~ l la CEA,Idevrait aussi recueillir et
conserver toutes les donn~e. disponibles sur les bassins versantl aFricains et tenir
~galement l jour un £ichier de tous lei bure~x conservant des archives.

INTRODUCTION

The development of international 4ra1nage basins aay be viewed from at least
two perspectives. There are those who think of the river basin a. perhaps one of th.e
most suitable for most types of planning. These people a4vocate that the best form ot
plaoning is the comprehensive development of all the relourcel, natural and ~ocio

economic,vithin given drainage basins. This idea is fully discussed in a United Hati..
pUblication (1955). The second approach to river basin development is called the inte
grated and mUlti-purpose development, which iBvolves mostly the natural, especially
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water, resources. Integrated river basin development is also adequately covered by
another United Nations publication (19,6).

The distinction made here is mainly for convenience, since, according to a
former school of thought, MUltipurpose and integrated development o£ river basins is
only a stage in the evolution of the concept ot river basin develop~ent. According
to these people, the ultimate gOAl ot all river basin development is the comprehensive
type, involving all the elements of the b..in and undertaken by a single body (cf.
Faniran, 1970a).

There are problems, even vi t h the second. less ambi ti Q.lS approach, art sing
mostly from the tact that political boundaries rarely coincide with drainage basin
boundaries. The commonest case is for a river to Plow across tvo or ~ore countries,
thus raising the difficult problem of iatenational co-o~ratiOft. Political problems
can be so intractable that they can stop all £or~s of development. As SUCh, the whole
idea oP using drain.,e basins as planning ueits of any time is not generally accepted.

This paper viII not concern itself with the advantages or otherwise of drain
age basin. as plMllbg units. Rather, it will (a) briefly review the present state of
our knowledge of drainage basins, (b) consider the drainage b..ins of Africa and their
international .tatus, (c) discuss solfte of the existing eXUlples of internatimal co
operation based. on 4ra:!:nage basins and (d) offer sugge.tions .s to hov to improve the
existing system, especially in relation to data collection and storage.

THE CONCEPT OF THE DRAINAGE BASIN

The drainage basin it currently one of the ~ost studied natural regions, being
studied by the geomorphologilt, the hydrologist, the ecologist, the conservationist, and
even the socio-economist. The groving popularity of this land UBit or land system is
preferred tor tvo main reaaODIZ tirst, the drainage basin is a li.ited, convenient,
usually clearly-defined and unambiguous unit area; and second, it represents an open
s ys t ea in equilibrium, in the sense that there is a sort of delicate balance between
the input Factors of precipitation, solar radiation, etc. To the geomorphologist, the
drainage buin area can be readi ly traced 0Jl maps md it, perimeter can be followed on
the ground,along vater divide or watershed, especially in accessible country. Moreover,
it usually consists of a number of interrelated systems (tributaries), so that the
basin can be readily broken down into its tangible component., each of which fits
neatly into a aested hierarchy of sites, based on the principles of stream ordering.
Consequently, the drainafe basin, Pollowing the pioneer work ot people like Horton
(I94'),is now one of the DloSt closely and quantitatively studied land uat t e , The form
and the processes operating vi thin many drainage basins are now generally so veIl
understood that we can speak of laws, such as the lay of stream length, o£ stream numb
ers, of basin relief. Similarly, the hydrOlogist has in the drainage basin a handy
area tor the study of the interrelations of rainfall, vater loss and consequently
vater balance. These factors are closely linked with plant and animal life, and so the
study of drainage basins necessarily involve' the co-operation of many disciplines.
Examples of integrated or inter-disciplinary approach to river basift study abound in
literature, but we are cancerned here lolely witk the African continent, to which we
need to restrict our discus.ion.

THE DRAINAGE BASINS OF AFRICA

Africa is blessed with a nUMber 01 large and small rivers, including the
Nile, the Niger, the Congo, the Zambesi, the Limpopo and the Orange. SOMe of these
rivers mark internatioaal boundaries, e.g. between Congo Iinshasa and the Central
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Afric~ Republic (the Ubangi River), or between Rhodesia and South Africa (the
Limpopo), but the general situation is for the boundAries to cut across the various
river basins. The number of autonomous states lying within the lingle drainage basins
in Africa varies from tvo (in the c.se of the Southwest Coastal and the Southeast
Coastal drainage basins to twelve in the case of the Coastal West Africtm System).
These examples are perhaps not the best, mainly because the systems consist of a
number of SMall rivers. The situation is, however, not too different in single basins
with the integrated river networks. While the Senegal basin COMprises four states,
the Congo basin comprises ten state! and the Niger eleven states (cf. Figyre 1, a, b,
and c ; c t , 0.190 Table 1).

The situation just described shows the gravity of the problem of international
co-operation in Africa. especially with regard to integrated river basin development.
If it took India and Pakistan many years to agree on the utilization of the resources
of the Indus River, or the United States of America and Canada with respect to the
Columbia River (cf. Beckinsale, 1969), the progress so far made in Africa needs not
only to be mentioned but also to be praised.

A~RICAN EXAMPLES OF INTERNATIONAL DRAINAGE BASIN DEVELOPMENTS

The development of drainage bagins may involve a single nation or a number of
nations and Africa has examples of both. By far the most COmmon drainage exampleato
day are those undertaken by individual countries, for instance the many dam projects
including the Volta (in Ghana) and the lainji (in Nigeria). Nevertheless

J
there are

examples of developments which involve tvo or more countries, from vhich lessons could
be learnt. The earliest examples of these are those along the Nile and the Iariba dam
on the z ambesd , The forr.ter concerns four countries - Uganda, SUdan, Ethiopia and
Egypt and 90 involved the signing of international agreement (Barbour, 1957). The
latter was built vhen the countries concerned belonged to the Central African
Federation. a defunct poli tical arrangement embracing Southern Rhodesi a. (Rhodesi a),
Northern Rhodesia (Zambia) and Nyasaland (Malawi). Nevertheless, there vas need for
agreement among the countries, which apparently h~ nov been overtaken by events,
following the breakdown of the federation and the still unreSOlved Rhodesi. independ
ence problem.

The more recent examples of international co-operation in the development of
draina.ge basins in AFrica are offered by West AFrica. Since 1963, three regional sub
groups baaed on drainage basins - the Niger River Commd s s i on , the Lake Chad Ccemd s s Lon
and the Or-gan i za't Lcn of Senegal River States (OERS) - have emerged. These organizations
are very important in themselves, since they epitomize the events in other parts of
the world with regard to intern.tional co-operation. They are briefly descri bed in
vhat followi.

The River Niger Commissioo is an organization of the nine states, Mali,
Guinea, Chad, Cameroon, Ivory Coast, Dahomey, Nigeria, Niger and Upper Volta, which
flank the Niger and its tributaries. Formed in 1963, with its headquarters at
Niamey, Niger, the main aim of the organization is perhaps best expressed by a one
time secretary of the group thus: "Each of the nine member states of the Commission
has something in common. The Niamey Charter forces us to agree and to understand each
other ••••• " in order to benefit fully from the study and planned development of West
Africa's greatest river (West Africa, 1967, p. 309). Already, the organization can
boast of a number oE acht evement e, especially on the scientific front. In August 1967,
fo~~ of the members - Niger, Nigeria, Dahomey and Mali - signed "The River Niger
Agreement" vi th the Dutch Government to study the navigational pr-obLema between Goa
and iel~a. The Lower Niger, within Nigeria~has also been stUdied, in connection with
the !ainji Dam project (Nedeco, 1961) while scientists have been invited to study other
sections of the river,especially in its upper reaches.



The Chad Basin Commission comprises Nigeria, Niger, Cameroon and Chad countries
which lie within the Lake Chad Basin. The headquarters is at Fort Lamy (Chad), and its
achievements are also in the field of scientific study which has involved a number of
international bodies such as the Unesco (United Nation! Educational, Scientific and
Cultural Organi ...tion), the FAO (Food and Agricultural Organization) and the CDC (Common
wealth Development Corporation).

Finally, the Organization of Senegal River States (OERS), first established in
March of 1964 as the Senegal River Committee and attaining its present form an signing
a statute at Labe (Guinea) in March 1968, comprises Senegal, Mali, Mauritania and
Guinea. Its headquarters is at St. Louis and its main aim il best summarized by
quoting a one-time member of the organization, former President Modibo Ieita, who once
vished that the inter-state committee should work efficiently morder "to trADsfor~

the regional sub-group •••••• into a system of unity based on real facts which viII
courageously face the problems raised by harmonization and unity" (West Africa, 1967,
p. 1464). Its achiev~ments so far incl~de the stUdy of the water resources and
agricultural potentialities of the Senegal basin (begun in August 1969), the building
o~ dams to improve navigation as far as [ayes, the planned improvement of port
racilities at St, Louis, Rosso, Dagari, Podor, Iaedi and Matam , the signing of a trade
agreement between Mali and Guinea abolishing duties on certain goods and the arrange
ment of industrial plants vhereby each member specializes in one or the other of the
major manUfacturing industries.

Despite the various achievements of these organizations, they are beset by many
problems, The Niger basin is perhaps too big (730,000 sq, miles /1,118,000 sq • .l:m,) and
the states concerned too many for easy planning. The drainage basins are also inhabited
by peoples vi th different langl'.ages, pojt tical and socia-economic bacl::graunds, mainly as
a result of years of colonial rule. The ready avai labi Ii ty of capi tal and ot quali fied
personnel is another problem. Finally, and perhaps the most important, 19 the nature
of the organizations themselves. In each of the three cases just cited in West Africa,
the various governments are directly involved in the arrangements. This means that
political problems, which are perhaps better left till a later stage after the basic
stUdies of the resources, the costs of their development and the benefits derivable
therefrom have been made, are being tackled first. Th\ls, with respect to the Senegal
River states, the Guine:an Head of State ini ti ally re fused to co-operate fully vi th the
others, but Qu.iaea hag now been replaced by Mauritania. Definitely, this is not the
best way to develop international drAinage basins, and the weaknesses in the set-up may
have been responsible for the slow progress in many fields.

In contrast to the above situation, gigantic project5 have been successfully
launched by individual countries - e,g, the Volta and the [ainji scheme. in Ghana and
Nigeria respectively. However, one needs to assess the effects of these schemes in
their vide!t contexts over the entire drAinage basins before a reasonable auditing can
be made. A recent stUdy downstream of the rainji Lake shows the untold hardships and
losses the Lake has caused the local inhabitants, mainly because the authorities failed
to recognize such problems (Adeniyi, 1970).

The problem of orgmidng the collection of data is a190 felt at the national
level; for instance, in Higeria,hydrological and related data are collected And stored
by the various State administrations, many of vhich lack both the experience and the
expertise. As a reSUlt, much valuable information has been wrongly filed, or even lost
completely. Moreover, the hydrological stations, for instance, along the Iaduna river,
which were established by the former Northern Regional Government are now shared &mong
at least four states. This Means that anybody looking fcrhydrological data on this
small catchment area viII have to visit Pour state capitals - Jos, Iaduna, Sakoto and
lano _ probably only to be disappointed when the different authorities cannot locate
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the data-collecting procedure,
centrali 1ati on than hitherto.

SUGGESTIONS FOR IMPROVEMENT
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this all adds up to is the need for reorianizatiOll of
.0 as to .fac!I! tate better co-ordination and

There are many vay, of improving the present set-up in various parts of
Africa. The ideal situation is for a body to be in complete control of each of the
main basins, as in the CASe of the Tenessee Valley Authority (TVA). Within the African
context this will necessarily involve scientists and expert planner. drawn from the
various interested states and possibly also from the vari~9 international organizations
with the necessary expertise. The main duty of a river basin authority, at least at
the initial stages, will be concerned mostly with the collection of the necessary data
on the various aspects of the basin, inclUding geomorphology, hydrology, hydro
meteorology, agrometeorolo,y, cliMate, soil, vegetation, minerals and possibly socio
economic and other aspects of the human geography of the bASin. Should there be in
existence a functional body, such a9 the River Niger Committee or the Organi%ation of
the Senegal River States. the final decision on the ordering. or arranGing of,
priorities viII be left to this body.

The situation in Asia and the Far EAst, where a nuabe r- of comprehensive drain
age basin development schemes are already under wa~ clearly illustrates this last
point. The Economic Commission for Asia and the Far East (ECAFE) has apparently
played major roles with respect to data collection as well as in providing expert
advice on the types of organizations that are needed for effective operation of
plans. The present author quite recently wrote in this connection: "The Economic
Commi9sion for Africa (ECA) may also be encouraged an~or advised to do for Africa
what its counterpart for Asia and the Fa.r East has done, and is still doing, in the
latter region in terms of river basin development" (FanirAn, 1970.). The ECA seems
to be in the best position to provide the incentive, framework, personnel and possibly
also the finance for the co-ordination of both the scientific s t udy and the planned
development of Africa's major rivers. In order to do this, • system which encourages
co-operation and co-ordination at varying levels of authority i9 very necessary.

The following system is suggested. The Economic Com.mission for AFrica (ECA) I

perhaps in collaboration with other international (interested) bodies such as the
Organi zati on of Afri can Uni ty (OAU), the Uni ted Nat ions Educati anal, Sci enti fi c and
CuI tural Organi zati on (Unesco). the World Meteorological Organi z at i. on (WMO\ and the
International Hydrological Decade (IHD) shOUld set up a sub-sectio~ of the Commission

charged Yith the responsibility of:

(a) Drawing up the "mas t er plan" for the study and perhaps also for the develop
ment of Africa's vater resources, in the best interest of all the countries concerned;

(b) Collating and co-ordinating the activities of the ma.jor (and possibly other)
drainage basin bodies;

(c) Acting as a bank for all data (hydrological, hydrometeorological, agro-
met eci oj ocd cak , e t c , } collected on the various drainage basins; and of

(d) Acting as a direct link with, amon~ others, the International Hydrological
Decade, the World Meteorological Organization and the Unesco.

The various river basin au t hor i t i e s , e s t ab Li s hed perhaps initially for the six
ma.jcr- drainage basins but eventually for all the others shown in Fi gure La, will be
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c cn ce r-ned nth applying the "master plan" to particular drainage basins and effecting
nece9sary Ilodifications 90 as to be able to collect the data necessary for the most
effective development of the resources of the entire drainage basins. These bodies
will, of necessit~ have to deal with & number of sovereign states, and their member
ship will need to reflect this. FUrthermore, the various authorities viII have to
collate and co-ordinate the activities of the existing national bodies responsible for
vater resources, and serve as the link between them and the EeAt. Water Resources
Commission. The National Committees of the IDternational Hydrological Decade may, with
necessary changes. do the kind of jobs envisaged at this level. Some countries have
regional or state authorities responsible for the yater resources 01 each state. For
instance, Nigeria has 12 state water corporations, ministries or departments responsible
for the developmeat of water resources in the state, apart from the Federal Inland
Waterways. Forgetting lor the moment the disadvantage, of this system, and peading the
time when a national policy on vater resources will emerge •••uggested elsewhere
(Faniran, 1970b), the national water boar-ds , perhaps in this case the various a.tiona1
Committees of the International Hydrological Decade, viII collate and co.ordinate the
activities of these various bodies. In some cases too, a river system. may be subdivided,
for purposes of convenience, as in the case of the River Niger (Figure 1, b and c).
In that case. the activities of the various bodies in charge of the Bub-sections viII
be supervised and controlled by the relevant river basin a~thority.

Finally. indi~dual entrepreneurs and research workers may be interested in a
section of a river basin. This arrangement makes it necessary for such workers to con
sult with the nearest water resources authority, which may be the intra-state or the
aational body. In e/£ect. the s cneee being suggested is a system of linkages, which may
be represented roughly as follows, in a descending order of magnitUde: the Economic
COlfUDission for Africa COIMlission on Water Reswrces, the various drainage basin
authorities (e.g. the Niger Basin Authority). national water resources corporations
(the various authorities or bodies responsible Ear sub-sections of large drainage
basins; and the National Committees of the International Hydrological Decade also come
at this level). Regional or intra-state water r.eScurce9 groups (to be disbanded as
soon as practicable), and finally private entrepreneurs and individual research
yorkers.

The above scheme. if developed at all, will certainly take time to e.erge,
therefore s~e type of "stop-gap· arrAftgement must be made. This may be in the form
of close co-operation and constant consultation among countries, within a drainage
basin, interested in the d.evelopment of any part of that basin. In doing this, it is
iJl'lportant to make sure that all relevant information is readily available, so that the
possible effects of any schemes may be fully assessed.
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Table 1

AFRICA'S INTERNATIONAL DRAINAGE BASINS

Drain." Buin. and. Countries Ccacerned

(A) Integrated (single) .v.te••

Chad - Chad, Niger, Nigeri., Cameroon, SUdan, Central A£rican Republic, Algeria,
Libya,

COllgo - Congo IiDshasa, Congo Brazzaville, Central African RepUblic, C.aeroon,
Cabinda, Gabm, Rwanda, Bu.rundi.

Niger - Senegal, Mali, Guinea, Rigel", Nigeria, Dahomey. Upper Volta, Algeria,
CameroOn, Chad, Ivory Coast.

Mile - Egypt, SUdan, Ethiopia, Uganda, Congo [inshasa.

Orange - S.W. Africa, Botswana, Swaziland, Union of South Africa, Lesotho.

Zambezi - Angola, Zambia, Rhodesia, Malavi, Mozambique, Botswana.

MiDor

Limpopo

Senegal

Botswana, Rhodesia, Mo%ambique, Union of South Africa.

Senegal, Guinea, Mali, Mauritania.

Volta ... Mali, Upper Volta, Ivory Coast, Ghana, DahOllley, Togo.

(B) Unintegrated (,oastal systems)

Mediterr~ean - Morocco, Algeria, Tunisia, Libya.

N.W. Coastal _ Morocco, Spanish Sahara, Algeria, Mauritania.

Coastal West Africa - Senegal, Gambia, Portuguese Guinea, Guinea, Mali, Sierra
Leone, Liberia, Ivory Coast, Ghana, Togo, Dahomey, Nigeria.

Bight of aiafra - Nigeria, Cameroon, Central African Republic, Rio MuDi, Gabon.

S.W. Coastal - Angola, S.W. Africa.

Southern Africa - Union of South Africa, Lesotho, Swaziland.

S.E. Coastal - Mozambique, Rhodesia.

East Coastal - Somali Repubj.Lc , Ethiopia, renve , Uganda, Tanzania, Mozambique.

Suez Canal - Egypt, SUdan, Ethiopia, French Somali, Somali Republic.
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Figure 1 (a) - The drainage
basins of Africa, modified
from Unesco (1963, p. 182)
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Figure 1 (b) - The
drainage basins of
West Africa taken
from Faniran (1970a)
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Figure 1 (c) - The drainage basins
of Nigeria, taken from Faniran
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A is the catchment area in km 2 and Q is the chosen characteristic
3 ;

m I s e c ,

RELATIONSHIP BETlIEEN CHARACTERISTIC FLOOD DISCHARGES

AND CATCHMENT AREA

by Dr. G. lov.c!

ABSTRACT·

A relatioasblp i. derived between the /lood discharges and the surface of the
catchMent area, bal•• aD specific discharges from catchments smaller than or equal to
the surface area coyere4 by typical Itor... Ku.erical ex..ples ira. Ea.t Atrica and
other are•• are riYu.

IIESUKE

Une relatioa est 'tabli. entre lea d~bltl de crue et 1_ luperticie 4. ba••ia
de r'ceptioa, ••r 1& b..e del d!bits sp'citiques de bassins de r~ceptiOD d'uBe
11Iperficie iallrteure au ~••le .. 1& Bllrface arro.~e par dea orages typiquel. Oes
exemples DUM'ri,.es prOTenaat d'Afrique 4. l'Est et d.'autres r~fiOD. soat fournil.

INTRODUCTIOIl

The characteristic flood discharges ha•• a very important role among the
design data for aIaolt every type 01 hydraulic structure. The deter~iBation of these
data causes, bOyeTer, lome difFiculties, because only in a very rare case the hydraUlic
structure is situated at a gauging station with a long discharge record.

The cal~latian of flood discharges alsociated with various probabilities
needs very long series 01 data. In other cales the determined value il not reliable.
This is the reasaa vhy there are numerous scientists who prefer the use of genetic
investigati ons , tor eXaJIlple, calculating the maximum probable preci pi tati on trom
Climatic data. Using this method the deterMination of the neight of precipitation or
the flood discharte as the function of the catchment area in question is also necessary.

Where the densi ty of the ne twor.k of gauging s tati ons vi th long records is
sufficient, the required data can be determined by extrapolAtion from data of ~any

stations. In this case, however, the .knovledge of £Unction between flood discharge
and catchment area CaD also help the investig~tion. In developing countries, where
there are only a very fev stations vith sufFiciently long records this relationship
il essential for the determinAtion of design data. The purpose of this paper is
therefore to determine the function relating flood discharges to catchment area.

PREVIOUS INVESTIGATIONS

There are several investigations in the literature dealing with this topic.
Their results can be transfonned into a common form:

q a r( A)

vhere q is the specific value of a characteristic flood discharge in 1/s2cIIIOOO Q(A):
km

flood discharge in
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The !aerie.. code ot practice recORMea41 to deter~iae thil relationship tor
each catchment separately, ••ia, the data ob.erye4 at ditterent statioal (DalryMPle.
1960).. This "eth"') howe..er, CIUI be applied OIIly in the case whe" there are m...y
,a",ia, .tati ... i. the catchae"t with lon, record.. The i"Ye.ti,atioa. res"lti", i"
••the_.tical Por..lae tor de.crt'ia, thi. relatioalhip are, therefore, .ore applicable
(C.er_at, 196'1 .Y"'el equation i. C..acho, 19671 loy.cs-Takacs, 19631 aoditied
Myer'. tor""la .... Crea,erl' tornal. i. rats, 1967).

The ,e.eral tora ot the relationlhip deteraiaed i" the papers listed pre.. ioully
can be giYe" by the eq".tion:

vhicR reprel••t •• ta lo,arithMic co-or4ia.t•• ,i••• the linear relatiODlhipl

10' q ......1.., A.

The characteriltic Ipecific tlood dilchar,el ditter tran each other i" the
yarious paper., -'c.... their .uthors .s. flood data vith a ,iY•• probability
(q311 Q21)' the naltiaaa"al aelUl ot the yearly "axi... dilcharge (qA)' or the "aximva
problble 11004 ealcalated by yarion. "ethocl. (~).

The tactor '.' ia Eq. (2) i~ n.tur.ll~ the function ot the cli_.tic and raBot!
conditions ot the are. i. qaestion. It depends a110 CD the type ot 1100d data cbolen
tor characteri~atieB. Thi. is the ~ea.Oft vhy this tactor is Bot comparable in the
various pape~s. The t., ~alae, ~hich i. the .lope 01 the line ia the logarithmic
.ystem, diPPer. allo eaaliderably in the various .ethodlJ iyYes ~ • 1/3;
~ov'cs-Tak'cs a • 0.44; eser.~ and "yer D • 1/2; Creagers D • I-0.894A. If the 'n'
value also depea4e' om the local cODditioas, the varioQs lines would give the required
relationship tor tae iave.tigated area. It .ee.s, however, that the '.' value is
clolely related to the siae of the iavelti,ated area. In that cale the various linel
can be i"terpreted .. an e...elopi"g polino. ot a conti"uous eur"e (Figure 1).

It vas loand in our previous investigation that the influence ot the si£e of
the catchmeat oa tbe 'a' value was very iMportant ADd that the etfect ot local con
ditions could ~e .efleeted (Figure 2), (Balogh et a!" 1966). This is the reaso" Why
a CoatiDuOUS cvrveu recommended for describing the Flood discharge versus catch_eDt
area in the logaritbaic Iy.te. i,,"tead ot a straight liae.

METHOD iECOMMEI»ED

The first results based on flood discharges ot Hungarian rivers were Pollowed
by an inveltigati....fa. aydrological data PrOM East Atrican catchaents. First of all,
it became clear t.at the flOod data have to be diyided according to the various
characteristics ot the tlood-producing eli.atic conditions. This wal easier in East
Africa than in t~e .oderate cli.atic zone where t~e floods tro. snow _elt also haye a
very important role. ra East Africa caly the cumulative storms.ad the very extensiTe
precipitation. ~.v. to be diY!ded. The tOrMer produce tloods on I.all catch.eats, and
the latter inFlaeace Il00d di.cbar,es tr~ large are...

On the ~..i. 01 the secoad part of the iaye.tigatioDs a general equation could
be reco~meDded Per ie.cribi., the relationship between specific tlood discharges and
catchJnellt area:

A
A

o
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where qo i. tae .axiau. yalue ot the variable speciEic discharge characteristic for
catchments smaller thaD A k.2 (Iar'cs-M8rth, 1969).

o

The specific discharge
Aboye this limit the

i. constant (q ) when the area of the basin i.
o

former decrease. continuously a. the catchment
smaller
increa.el.

The meteorological interpretation of the relationship expressed by Eq, (4)
CaD be given &. ~o11ovs. Tbe area A differentiates between the constant and the
variable s~ci£ic dilcharges, probabYy coincides with the typical areal extent of the
flood-producing precipitation system. Are •• smaller than A are likely to be wholly
affected, and the precipitation depth is practically iadepegdent of the size of the
catchment. Basi•• lar.er than A are only partly affected at the same time by a
precipitation 5y.tea aad tberefo~e the precipitation depth and the specific discharge
vary inversely vi th the c:atclment area.

The example. shoWD in Figure 3 testify the exi.tence of the two different
flood-producing precipitation system. in East Africa. Small catchment. on the Eastern
.lope. ot hiVb aoaatai.a are i.El~eDced by beayy rain.torM' with high intensity but a
Ibited areal extaDt (Taaa and Paarani A • 6Ok.2, q • 300 11.;c I I"yu aad Va.i

2 0 2 0 kll
A • 150 t. , q • 380 l/a~C:J lutiji A • 60 XIII r q • 400 l/.ec). It seem. that the

o G k. 0 0 k';T""
westerly slope• • 1 the luyu aad VAai basins are aftected by the .ame precipitation
system but ~t coyer. ~?!_~ yery ••all part of the catchment Dear the bead-waters
CAo • 15 kill. qo· ]80 ~). In large drainage areas oa the s"e slopes the flood.

b 2
are prodU~dby .ore exten.iye but less iBtensive rainfall (Tana A • 3000 xm
q • 100 1 sec; Illfiji A • 3000 km2 q • 200 17.ec). Vhere theOextension of the

o kll 0 0 ~
mountains in a Horth-South direction is relatively .~all this type ot P100d does not
occur (Pangani, Run, Vui). In this shadow 01 the great mountains extensiye raiafa11
is also dominant, bat its intensity is very s.~ll (Little iU;ha basin and the Vestern
slopes of the Aherdares Mountains A • 3000 kM • q .40 1 sec ).

o 0 t.

It is likely that after collecting more information. relationlhi ps C&II be
determined between tile constants of Eq. (4) (Ao aad 9.0) end the meteorological data.
Thus the A value CaD be calculated from the area-depth distribution of various preci
pitations ~d it leea. that q ot small catchments is related to the devpoint observed

o
at the Poot Or the slope ia question.

The curYe. in Figure 3 vere constructed from the specific value of the average
of yearly maxi~~. diacaarge. (qA). It val found that the same equation can also be used
for describing other flood-characteristics as a function of the area. In Pigure 5 of
our previous paper (Iov£:cs-MlSrth, 1969) this relationship is shown for the observed.
maximum floods in the Tana catchment, and for the calculated maximum probable floods on
different rivers i. South-East Asia in Pigure 6 of the same paper.

The latter hulicates that the va111ity of Eq, (4) can be extended to other
areas as well. The catchmentl investigated in connection with this figure are also
from the tropical zOIle. In Figure 2.1 however) the curves describing Eq, (4) are also
represented by dotted lines. It seems from the pOlitions of the pointl and lines that
Eq, (4) can be used ia Iloderate zones as vej t . For testi tying its general validi ty,
however, more compari.ons would be necessary.
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AN ANALYSIS OF HISTORICAL SEQUERCES OF THE
. IlLE KUlKA All\) MIIlMA

by J. kadel. J. Balek. M. Ver.er

ABSTRACT

The mathematical-statistical analysis of the historical Nile

maxi•• and .101ma observation dated back to A.D. 611.18 provided.

The autoregressive and bidden periodicities aode1s of the Nile

aaxima and minima fluctuation are asse8sed as a source of infor

mation for long-term investment and plannin~The significance of the

number seven in the Nile hietory is discussed.

USBME

L'analyse mathematique-statistique du debit maximum et minimum du

Nil qui a ~t~ obeerv6 ~ partir de l'annee 622 Apr.J.C. est decrite

dans cette pub1jcatio~Les aod~les autoregressifs et les mod~les

de periodicit's cach&es des variations maxiaales et minimalse du

Nil SOAt composes comme une source d'intormation pour lnvestissement9

et projets a long terme.L'importance du Dombra sept daDS l'histoire

du Nil est discut6e.

•
* *

Herodotu~the Greek historian, used probably the most appropriate

psral1el calling Egypt "Gift of the Nile't The relatively narrow

strip of the inundated and therefore cultivated soil on both the

banks of the Nile has always been surrounded by the desert in both

the east and west. Since the end of the prehistoric times we can see

in the so-called "inundated zane ll an increased intensification

of agriculture which marked a Burprising leap at the beginning of

the Old KingdoDl (about 2800 B.C.).

Life in the whole country has depended on seemingly

uncontrollable whims of this ~reate6t river of Africa.

Sufficient quantity of water has meant rich crops while

water shortage has resulted in poor crops and famine. ~e cannot

be far from the truth if we reg~rd the effort to unify

the disorganized system of water regulation and to build

irrigation tracts as a very important or, conceivably, a
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d.oiei•• factor of the .m.rg.nc. aad growth of the .tat.

p.w.r. A .uab.r of .xaapl•• oan b. quot.d r.gardi.g the

i ...... importaao•••oribed to the Nil. b7 the ••cient

Egrptiane. The Nil., p.rsonifi.d for the ancie.t Eg7pti.n.

b7 Qed Rep7, repres.nt.d a .ignificant compone.t of their

relig10ue i.ager7. Ril. flood. i. particular s.rv.d a. a

ba.i. for oomplic.t.d religious rit•• and th.ological

doctri••• 8. well .e for a ••r1~1.t.n.iY. obser••nce of all

••trono.to pheDo••na and the corr••pondi., ooourrence. on

the .arth which w.r. related to the flood••

Th. pras-atio Eg7ptian. mad. prompt17 the be.t u.e of

the r ••ult. of their findinS8 •. It w•• the long and thorou,h

ob.er.ance of the Nil. that .nabl.d th.m to pr.dict, for

example, rich or poor crope, ••4 OD the basie of this pred1ctioa

the rul.r oould regnlat. tax.e, etc. At thie .nd l.t a.

r.call the G.n.ai. (Chap. 41, •• 26-37) d.scribing the famous

biblical etor7 of Joe.ph interpr.ting Pharaoh'. dr.am.; we

shall see later that nu.ber a e y •• does not Occur in the

Bibl. b7 accid.nt but that it ha. a ver7 sp.cific meaning--

no aatt.r that it differa from the traditional int.rpretation.

It would b••qual17 int.r.ating to give exemple. of the disastrous

tamine. which were a result of poor crop. (otber catastrophes,

e.g. political, were fraquent17 another result); or to quote

the text of the .tela from the ialand of Sehel (e.en though

the motives for engraving the atela by the priests were strict

ly propagandist and the dete of described events was, theretor.,

deUberat.lr ancient; it ia intereeting to noteth.t enn

this text .entions that "the Nile has not come for savell yeara")

(B.rgue~,195})~ Of great importance i. aleo the fact that a

number of rec~rd8 have survived which give the height of Nile

floods as early as the ancie.t Egypt, e.g. from S.... and

Kumma near the Second cataract (Rei8ne~ 1960), or from Karnak

(Legrain). The data are not comprehensive enough, however, to

help u. ascertain the periodicity of the river and 80•• other

pheno•••a. The height of Nile floods was measured by means of

• nilo.etre; the most famous of them was situated OD the

island of Raud. (Borchardt,I906). There have been polemic.

among th. Egyptologist. oODe.rning the qu•• tion whether the

famoua Rauda nilo•• tre coa•• from anoient Eg7pt or whathar it
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vas caastrRcted only after tbe Arab conquest ot Egypt, It vas

the islaDd ot lauda tbat the Ge.Man Egyptologist [urt Sethe

cocliderl -to ha.e been the lo-called Pr-Hapy the BOUie 01

Hapy·, i.e. the saactuary oE the God of the Bile. According

to bi_, tbe origin ot the lauda nUanetre should be sought in

pbaraaaic Egypt, aDd tor Many years this viev v.. shared by

other Etyptologists, Later, however, the British Egyptologist

Allan H, Gardiller (1947) gathered all bistorical and geograpbic

texts relatillg to tbis area and arrived at a ditferent conclusion

than 1:. Sethe. III hi. york, hoveyer, Gardiner failed to take into

consideratioe religious texts on the basis ot vhicb the Frencb

Egyptologist Etienne Drioton (1951) bas recently confiraed Setbe's

hypotheses ot the niloaetre originating in ancient Egypt, As

already aeatiaae4, there .uat have existed many nilaaetres but

only a tev have been bistorically dOCUMented, OIlIar 'lUsun (1925)

enlists thirty-one in his stUdy, It is cODceivable that (as in

the cas. ot tbe lauda niloaetre) a nUMber ot theM vere built

by the Arabs to replace the older Egyptian ones, In any case,

the Ara~. iacre••e4 the au.ber ot nila-etres and they leea to

have let a better order into the annual records concerning the

sta,e ot the .i1e. Various know records dating back to the

Pharaoaic E,ypt are too rragmentary for aay statistical analysis;

hOYeTer, we CaaBot exclude the fact that _ore ancient Egyptian

records of this kind have Dot been pre.erved and that aore viII

be dilcoyered later 011.

fbi, Itudy dra~ excluliTely an ,tati.tical surveys compiled

on the bali. 01 data Pound in the manuscripts of Arab historians.

The IIlOSt iJRportant c£ them undoubtedly are Abu Itl-Maha.in Y'usuf Ibn

Tagbri Bird! and Ahmad Ibn AI-Hijazi. AI-Hijazi's data ver-e

uled particularly by CAnar TusUD. in hi. cOlftprehenli"Ie tables OIl the

Nile maxima and minima: he suppleJRented the mi ••ing data essentially

with tbe figures of Ibn Taghri Birdi. DInar Tuaun" statistics,

being tbe _ost COMplete, are most frequently used. For this

reasCD tbey bave been used in tbis stUdy, W, Popper (1951)

has railed several objecti ons against the vay in which Omar Tusun

compile4 hi. tables. According to W. Popper, Omar TUsun

vas o£ the opinion that all data must correspond to the scale

engraved oa the nilometre, dividing all cubits into twenty-four
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fractions. Al-B1Jan ... II", ra,..,i B1rcl1 ,iva, bovwver,

altogether 62 cases of tbe minima in which the nvmber of fingers

(added to the number of cubits between 1 and 11) is 24, 25, 26

and 27. o..r TuauD resarded.thes8 data 8S erroneoua. therefore he

changed all ths minima uader review to correspond to the 24 

finger scals (e.g. 5 oubite aad 27 fingers changsd to 6 cubits

and J fiagers). For this rsuson, W. Popper oomes up with a

comprehsnsive table in which he aBsembles all Tasun's

correctioas of Al-lijasi'a figures (1951). All objectioas of

Popper st•• from hie findings that there was never • unlior.

scale tor ••aauring the Nile'. level I however, between 641 and

1522 A.D. {i.e. the period sxamined and documented br both

Al-Hijazi and lb. Taghri Birdi two scales were in vse: betweea

1 aad 11 cubit~one cubit had 28 fiagers (1 cubit equals 0.5J9

metre and 1 finger equals 0.0192 metre). Apart from the above

IIentioned disunity of scale, the cOllpilation of Nile statistics

is complicated by the so-called leap year. Arab historians used

to date all events according to tho MOhamedan lunar calendar whicA

contains J54 da7' (Brockelmann, 1'~3). Be,ide, thi" however, the

solar calendar ~4a used for fiscal and agricultural purposes.

Thus, in ,} yeara, the difference between the lunar and Bolar

calendars amounted to one year, referred to as "leap-year"

(Wustenfeld 1854). Correction of this inconsistency (i.e. the

leaviag out of one year after a }J-year cycle) was alwaYB an

important decision and only the Caliph and later th. Sultan

was authorized to make it. Nevertheless, the historians who

gathered data about the Nile diUeret on the choice of "leap

rears". Sometimes they adhered to Caliph's edict (when there

was any). sometimes they did not leave out any Musli. year

at all. Even Ibn Taghr1 Birdi whose data are used in the checking

tests ot our study, made this kind ot error. Except for a lew

cases, this historian doee: not mark down "leap years" and gives

33 eets ot data tor 32 Bolar years. For this reason.

W. Popper compiled a comprehensive table (1951,Tab. 8) in which

be gathers duplicated data found in the work of Ibn Taghri Bird!

(as well as those of AI-Hijazi and Ibn Aibak). There are over

fifty duplicated data in reference material under review. Whenever

they appear in the period in which a "leap year" may h:ITe

occurred. one can aeaume that aa. Ihoa14 lubltitute an o_i •• ioD

or draw atteatioa to the lact that 0118 aet 01 SOlar-year

data refers to two lunar years.
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The data contained in the sequence of both authors may

also b. influenced by ths permanent increase of the Nile bed.

The rate of that increase was e.ti••ted at 0.234 ••tre per century

(Poppe~ 1951). Willcock. (1889) tound that the rate Val 0.132

metre par century and a similar value was obtained by Lyon.

(1906) for the croBB-section at Rauda. Thus, a certain trend

produced by the increase of the river bed could be expected,

even though one should Dot disregard the fact that the increase

waB probably calculated from an average and thus the existence of

a periodical component could not be eliminated.

According to Poppe~ a systematically written record of

the Nile le.el had to exist because at the time of flood

cuI.ination the river level was announced in the city street.

together with that of the preceding year. Ne.ertheless, both

authors presented the sequence in quite a different manner.

So•• of the differences may have occurred in course of data

copying, even though this explanation CaaBot be considered

as satisfying for the whole set.

A series of stctisticsl tests was applied to all the

sequences in an attempt to separate periodical and random

components. The method,ss described by Andel and Balek (1969 a,b),

is baaed on the presumption that the occurrence of more periodicities

existing in a sequence is not detectable by standard tests at the

same level as it is in the cases in which the sequence containa

ODe periodical component only.

The test of significance of the correlatioD coefficient

serves as the b~sic source or information:

N

r -2
xt xt + 1 - Nx

R t=l

N

~ -2x t - Nx
t=l

where x •

N

r
i=l

t is the number of the year and N is the number of the

sequence x1 ••••••••xN• The test was described by Anderson
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(1942) and determines whether the sequence is formed by independent

random variables with the aame distribution. A following

test b1 Fisher (Hannan,1964) examines the possibilit1 of the

existence of periodical componente in the eequencea. Saeic

information on the ocC1lrruc. of periodical co.ponents is suppli.d

b1 the periodosra.s defined in the following wa11

I C:\. ) • 1: C + 2 ~l
co. A2 0 t.l Ct ' 0

where

1 N-k
C

k
• r ( x t +k - x).(xt-x) , k • 0,1 ••••• N-l

N t.l

Another aource of inforaation is the determination of spectral

density calculated by Parzeu l
• formula (Granger. Hatanaka,

1964). Th. order of autoregreseion is determined b1 Whittle'.

tests enabling to trace even the autoregression of higher

degreee (1952). Five of the Nile sequencee have been ana11sed

(.e. Tabl. 1 belOW).

Tabl' 1

1. Annual aaxima baaed on Tusun (aiDce 622 A.D.).

2. Annual .inimax)based on Tusun (since 622 A.D.).

}. Annual .axima b&sed on Tavbri airdi(since 622 A.D.).

4. Annual minimaX) baaed onTa,hri Bird! (since 622 A.D.>.

5. Average annual discharge volu•• trom croBs-section

Assuan (since 1871 A.D.).

x ) the eo-eceLke d "cLd-cwe t.e r-'!

CONCLUSIONS

The minima sequence of Tusun was anal,.ed together with

other sequences even though according to Popper at least six

pe~cent of the sequence members may be inaccurate because of

the facts diecussed above; the other sequences appear to be more

reliable. By applying the described tests, hidden

periodicities on T~rioU8 levels of significance and the lags
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significant for the autoregressive model were traced. An analysie

of the lags haa provided further information concerning sequence

formation.

Appropriate ranges of validity were ascertained for

respective periods, the main criteria being both the length

of the aequence and that of the periods. In this way. following

information waB arrived at (Table 2).

Table 2

BiddeR periodicities in year.

Author Ta,bri Birdi ru.... Burst
--

Value Ilia. laa._ Hu. I ....e lI1a. .....e Max. .....e He... • ...'e

Unit oE
se•• a 8 .. .. 81d ..

Profile ....d. Rauda Rauda laud. AII ..an

.0. of
a.aher. 663 849 849 849 84

Calculated 663 "" 440 849 ,.,. 556 849 -=--556 849 '>55' 84 56-120

periods" 221 189-26~ 282 242-339 282 242-339 282 242-38' 22.6 IzO. 5-32. 2
related
rUles 6.' 141 151-332 106 89-113 141 132-151 7.3

14.1 14-14.2 77 74-82

18.4 16.2-18.3

The longer periods in all the sequences may indicate some

trends) for example ODe produced by an increase of the river

bed. As regards the length of the sequences, the existence of

longer periods in the sequences is disputable; even some periods

longer than those ascertained by calculation might be 8ignali~ed in

this way. However, as very interesting can be considered the

shorter perioue indicated by the periodograma of all the sequences

except for Tusun's maxima.

A number close

in the formation of

to seven appears to

~11 those sequences.

play a certain role

Thus, for example,
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the periods of 7.3 and 22.6 in Hurst's sequence ••y be related

to the periods of 6.6 and 14.1 in Ta,hri Bir4f ' •••quences. A

certain relationship may also exist wi th the oe r-Lcd of 77 years

in Tuaun's minima, wh:i.18 the period of 18.4 year. may be influenced

by several doubled Vil,,·-.' ~~ discussed above.

ri .•

models drawlug on a math.mat4c.~ auj ~tatlBtical an&l]s~8 ,~

tho•• sequences. The equation of the mini•• model i8~

t(t) E 10.80} _ 0.4}4 si. 0.0095 t + 0.257 cos 0.0284 t +

+ 0.407 sin 0.0284 t - 0.069 coa 0.9572 t+

+ 0.157 sin 0.9572 t

and that of tbe maxi •• modell

f(t) E 16.992 + 0.172 cos 0.0074 t - 0.266 sin 0.0074 t +

+ 0.089 cos 0.0222 t - 0.242 ain 0.0222 t -

- 0.0}9 cos 0.0444 t - o. 159 sin 0.0444 t -

- 0.079 cos 0.4440 t + 0.076 sin 0.4440 t

Another 80urCe of inforaation 1. the lags significant for the

composition ot the autoregressive models on the 90 per cent-level

of significance (~abl. 3)

Table 3

A.tll... ,..;bri II1rti '!'lI••
-

Val•• Maxi•• Miai•• llaxiaa Iti.i••

La,. 1 1 1 1
a a I I
3 ] ] 3.. .. ..

5 5 5, , , ,
7 7 7
8 8
9 9

10 11
13 13

15
17
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Obviously, the events of at least 6 - 9 previoue years

play an important role in the formation of the value valid tor tbe

year that follows. Even 80.' of the yeara fro. a pre.ioue

decade were found important. The equation ot the autoregresei.e

model of T.,lU'l Ill ...u.·. sequence. fo.. minima is.

' t • 0.421t_1 +0.10Yt_2 + 0.06,t_, + 0.101t_5 + 0.02Yt_6 +

+ 0.04't_ll + 0.1l1t_1, + £: t

where

Y • x - 10.80

are the differenc•• Irom the mean value.

The autoregressiTe model of maxima has the equatio.

where again

1 = x - 16.99

are the differences from the mean value.

Apart from the first me_bers of the equations, also remarkable

are the members apertaining to the lag of 13 because they are

obvioualy more significant in the model than the others.

Thus, together with the calculated value, again the number of

14 i6 obteined.

A comparison of the simulation of the sequences b~ the

periodical and autoregressive models can be ba6ed on the values

of variance in Table 4.
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Table 4

Author Taghri Birdi AI-Hijui Hurst

Sequence Maxima Old water Maxima Old water Volume
ot mId m3

No.of memlters 849 663 849 849 84

1st year ot

observation 622 622 622 622 18n
A.D.

Mean value 16.99m ~0.80. 17.64.. 11.54. 92.7a1d .3

Cyclical cor. 0.408 0.553 0.395 0.552 0.362

coefficient

Variance 0.400 0.768 0.193 0.830 391

Variance in

au toregre8s1ve 0.285 0.445 0.137 0.528 278
model

Variance in

hidden perio- 0.297 0.570 0.150 0.655 202

dicities model
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This stUdy draws mainly on the information contained in the

manuscripts of the Arab historians Abu EI-Mahasia Yusu£ Ibn Taghri Bird!

and .thmad Ibll Al-Hijazi. ~her' works of Arab authors concerned

with the observ0tion of the Nile were used by editors of the

manu6cripts, and several of them are important for stUdying the

development of the observation of the Nile. The list of them Can

be Bupplied by the authors of the paper on reque.t •

•

• •
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Figure 1 - Nile minima sequence according to Taghri BircH and. the modelled. sequence

J------------------------------

Figure 2 - Nile maxima sequenif: according to Taghri Birdi and the mcde l Le d sequence



HYDROLOGICAL DATA fOR THE UPPER LAHBEZI
ABO UPPER COHQO HEADWATERS

by Jarollav Balek

ABSTRACT

The hydrological water-balance calculation applied to the

upper Congo and upper Z.abezi headwatere ia d.ecribed. Graphs

are preaented to show eoae of the ba.ic hydrological characteriatice

and to aerve a.. comparative figure. tor other African region... A

propo.al is ....de for the calculation of water-balance data on a wider

regional 8cala.

RESUME

Le ca1cul de la balance hydro1ogique app1iqu. aux .ources du

baesin du Congo et a cel1e. du zaabese eet d'crit dans cette pUbli-

cation.Les graphiques sont prJsents pour montrer lee caract~ristique8

dee principee hydro1ogiqu.. at pour earvir de ref&rence dane lee

autres regions africainee. Une proposition eat faite en vue du calcul de

1a balance hydrologique dans dtautres regions africainea.

*

* *
Rapid industrial and agricultural development of the

African countries requires a very intensive investigation

of all natural resources and their economic exploitation.

Water is one of the most important natural resources of any

countrYt however, it differs from other resources by the time

variability of the total amount available for exploitation,

and thus the time factor must always be taken into account.

Non~ni£orm seasonal distribution of precipitation, runoff,

groundwater and soil moisture stor8~e plus the non-uni£ormity of

t.he ae fluctuations from region to region, from b.te i n to

bHsin t and from catchment to catchment make the planning of

the economic use of w:' ter r-esour-cee extremely difficul t ,
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Ver1 otten industrial and agricultural project.

require imaediate hydrological data and the hydrologist is

unable to prepare the required information properly on the

basis of the natural hydrological laws of the whole

environmental ar... Instead ot the calculation ot the

hydrological data based on tho detsilod knowledge of tho

hydrological behaviour 0lal1 surrounding river networks,

data are prepare. separately tor random cross seotions

choson solely by the require.onts of the project designers

and frequently by using tormulas whose validity has been proved

for entirely different areas. To obtain more reliable results,

tho basic notwork of mutually fitted data for a given region,

or at least tor a main basin, should be known before any

local hydrological data are issued and used for technical or

agriCUltural purposes.

The following is a system for the preparation of such

a water-balance network for the whole of Zambia.

Zambia can hydrologically be divided into two main drainage

areas (Fig.l). The larger area, approxi.ately of 217,000 sq_,

1. drained by the Zambezi syatemi the smaller area of 65,000 sqm

by the Congo Byste.. The Zambezi drainage area in Zambian

territory can be diYided into the three main basins: The Upper

Zambezi Basin, Kafue Riyer Basin and Luangwa River Basin.

The area drained into the Congo Basin consists of two parts,

the main one formed by the Chambeshi-Luapula Slst.. and the

minor one drained through Lake Tanganyika. Ob.iouely, Zambian

territory forma a yery important part of both the Zambezi and

Congo headwaters. Swamps play a very significant role in both

areas (Debeaa~, 1952). The Bangweulu Swamps transform

the discharges of the Chaabeshl river and create the entirely

difforent hydrological regime of tho Luapula Rivor (Balek 1970).

The Kafue Flats and Lukanga Swamp in the Kafue Basin serve a

similar function. The fluctuation of the water yield between

the headwaters and mouth of the rivers of the Luangwa Basin and

Laka Tanganyika tributaries is less pronounced because those basins

do not contain swamps of significant size.

As in other African countries, there exists a very limited

number of hydrometric cross sections supplying the observations

necessary for water balance calculations. Thus in the Kafue Basin



- 39 -

there have been found 13 stations producing usable dHta over ten

years, in the Zambezi Basin 5 stations over 7 years. in the

Chambeahi-Luapula system 19 over 5 years and in Luangwa basin 3 stations

over 5 years. As everywhere, the lack ot r~cord8 is due mainly to

indirect ressons, such a5 inadequate communication. financial

problems or the lack of qualified observers. The presently eXisting

network is much more dense; nevertheless. several years of observation

will be necessary for further refinement of the water balance figures.

Even with the limited amount of data presently available it is

possible to produce reasonably accurate balance figures if all those

data are taken into account and processed simUltaneously. Positive

factors for the water-balance calculations in ~ambian basins are

the observations of several small catchments and the limited number

of long-term records that can be traced back almost seventy years.

The choice of data to be calculated is the first step. There

exist varying types of hydrological data to be produced according

to the special requirements of various projects; however. all of

these data are 6econdar~ being developed from more basic data such

as mean annual precipitation, mean annual runoff. the difference

between those two values (sometime called tithe lOBS" but more or

les6 representing meaD annual eTapotranspiration).runoff coefficient.

water yield. mean an Dual discharge. and flood frequency.

Generally, even in the developed countries. the periods of

hydrographical observations and hydrometric measurements are shorter

than the periods of existing meteorological, particularly rainfal~

records. Thus. the figures of long-term mean annual precipiation

can serve as a common denominator for the water balance calculation

based on the shorter hydrometeorological records. within one main

basin. however. only the hydrometeorological records haVing th~

same period of observation should be used. This sometimes requires

the elimination of even much longer recorda from a few basic

stations. Such a step may appear illogical. it is nevertheless

unavoidable if the influence of the fluctuations of the groundwater

and soil moisture s tor-ar-e 1s to be eliminated from the water
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balance calculations. The longer recorda c.n be used &s gUiding

figure~however, when the basic rainfall-runoff relation developed

for the short-term period of common records 1s extended by using

the longer precipitation records.

Empirical11, five years of discharge observatioDs are sufficient

to obtain reliable basic data if there have not been two or more

extremely dry or wet years within that time period.

Fig. 2 shows the basic rainfall-runoff relationships that were

developed as bved.c curves to supply information on the hydrological

behaviour of the main basins*. The curves of Wundt's diagram (1953)

serve as guiding lines to demarcate the limits for basins of

tropical and Bubtropical zones. Even if some tropical rlTera extend

beyond the limits given by wundt. the general direction of the

curves is correct.

Fig. 3

only for the

reL-ttionship

presents a family of similar curves. this time developed

rivers of Luapula basin. Here the basic rainfall-runoff

h~s been determined even for smaller watersheds (the

area of the smallest one being less then 40 sq.m. These curves

Lnc.Lc a t.e the variability of the behaViOW' of partial watersheds

within the main basin. Obviously, the calculation of the hydrological

data for local surface water resources exploitbtion would supply

very unrealistic results if ba0ed only on the observ~tion of the

main river.

The principles of hydrolOE-icRl analogy have been used for

the calculation of the b~sic balance uata of the unobserved

basins. It would be difficult to define briefly the basic

principles based mainly on the field investication and complex

analysis of the all available d~to. In general, they consist of

tracine the development of the mean annual precipitation from

the spring to the mouth of the main river and comparine the

"mean annual l06s 11 Vii th the preci ;)i t a t.Lon and meteorological,

morrhological and ve6etational varameters. ~he influence of the

* The fie:ures for the uj.pe r- Znmbe zd. it s eLf were not yet available

when this paper was written.
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swamps must also be taken into account. All deviations from the

smoothed rainfall-runoff curves h~V8 to be satisfactorily explained.

Also the development of the runoff coefficient and water yield

within a basin should usually have a smooth trend. The mean annual

discharge figures have to be well balanced for each main crOBB

B~ction above and beloY the significant tributary and with respect

to the hydrological regimes of neighbouring interbasine.

Finally, the figures characterizing the distribution of the

discharge within the year have to be in a balance similar to

that of mean annual discharges. Calculation of these figures is

not always an easy task, especially with regard to the variability

of the characteristic duration curves (Fig. 4). An example ot

the tabled balance figures of the upper Chambeshi Basin is given

in Table 1.

The relationship between the size of the drainage area and

peak discharge of the floods repeated once in a hundred years is

plotted in Fig. 5. The lines 4 and 5 indicate the limits obtained

for the Kafue Basin. The lower line characterizes the flood regime

of the swampy basins, where a significant part of the flood peaks is

retarded by the flats and swamps. The upper curve characterizes the

flood regime of hilly i.perm.a~le watersheds with rather poor

vegetational cover. A great variety of curves, each characterizing

a certain particular watershed very likely exists within those limits.

Tracing them, howevel) is very difficul t because of the 1~lck of

reliable du ta. Most of the records are shorter than 10 years, and only

one sequence coneists of almost 70 yeare of continuous records. Line

G characterizes the flood regime of the Luapula river, with an

even more pronounced influence of the swamps. The flood peaks of

the Luapula tributaries reach much higher values and can be traced

somewhere within Kafue limits. For a comparison the repre entative

lines developed for Bome of the rivers of Tropical West Africa

and middle and southern Europe hrve also been plotted.

As an example of the variety of flood regimes, the

flood probability curves char, •.cterizing the flood regime of

different main basins are plotted in Fig. 6. These curves have

been developed as a combination of the statistical and

empirical methods and serve for the calculation of the floods

for any probability of occurreace.
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CONCLUSION
The estimation of water~balance figures based on the

comparison of long-term precipitation records with short ones for

which discharge recorda exist can serve aa. useful tool for

obtaining immediate hydrological data where required.

The basic hydrological wuter·balance data were calculated

originally as a contribution to Zambian industrial and agricultural

development. preferably in those areas that depend on the

exploitation of looal surface water resources. However. these

data together with the environmental characteristics of the

appertaining watersheds and basins, could serve as analogical

hydrological figures for areas in which hydrographical and

hydrometrical measurements have not been obtained.

Very likely, similar hydrological water~balance data calculated

by using the uniform methods will be needed for the main African

regions and basins. The Water Resources Laboratory in Lusaka,

operated jointly by the National Council for Scientific Research

and by the University of Zambia, is prepared to undertake such

studies. However, these studies exceed the boundaries and

financial resources of a single country and would require co-operatiOD

of the international organizations concerned with the African

hydrological research.

Reference.

1. BalekJJ.:~ater Balance of Luapula and Lake Tanganyika Basin

N.C.8.R. Technical Report WR 6. Lusaka)1970.

2. Debenham;F.: StUdy of an African Swamp. London Colonial

Office, 1952.

3. Hydrological Yearbook. Republic of Zambia. Lusaka,l965.

4. ~undt/ w. Gewa66erkunde. Berlin, 1953.



.s,

~r--_.---_.._.

I

J:\rlJ:r~ MEAN MEAN r-;.::..;.N RUN_ ,.~'':: "::•..f: MEAN DI..-);;E,:"rt:l":: ._~J..;.;! ::'w _ _,

"CI~A ANNUAL ANNUAL Aj~J':u,u, OFF n:::i..J ANNUAL EXCEEDED
RAIN- RUN- LC...;..;i COEFF DIS- 20 40 I 6u I ~C

UPPER CHAMBESHI WATER BALANCE FALL OFF CHA"RGE i~ (:F ~ri.:.. 1 ..-.r:

':>_~M IN IN IN - f'::~.;j/ CFS :;i.,;,
.:> ).,

1 2 3 4 5 6 7 8 ~ lC 11 l2 1~
i
~

CH;'j..;B~;:;HI_CG8x ) 1580 46.0 10."0 36.3;::' 0.233 0.~89 1245 2S5;, 13'?C 5oC 162 ,1

--",

INT3rtOA.:>IH :HAH3':;Si-iI eG8 rl.)U;:' .,'I.~.;. 073 42.0 8.3) 33.67 (1.198 (;.613 413 ,,65 Lt55 190 -"- L
KA. u;~GU I

'I:"CH.ri.1-b:2:JHI eG8 ":"BO'E .,1.;;, hrl:""w_,:";l: 2253 4'-1.8 10.00 3'7.30 0.223 0.756 1658 3820 13;; 7 r/~c ~l~ '<1

l;CHULiI CG7 X
) 849 ~3.1 8.7C 34.'-!-0 0.202 0.64C 54.c.. 250 600 '-"':; -' 1 I,

7.0C 626 1l...4C ~-,< G--I:;J.'i."a,,~::;:h' .::;'7 - ,,1 .._~ ·,.,::;:','L';;-..iL 1215 5(;. ~. 3:?<;JC' C.IT: CS15 2;7 "- i:

+--
CLC'",,1 j,j, -T. T'_, .•1.", i:,;,L :.;u 2064 :;'1.2 7.70 '33. :,>0 1_ .107 0.566 1170 2690 129C 5°C 1,0

I "-
c

...L,_~_._

x . ..;i~u.:.rl.i,I:;_'0 ,\.,e,; _:i::'; OJ", .• ,\>.....:. ....-..J~...;~r _;;..J

Table 1



- 44 -

r'
ZAMBIA

",

I
\.

l-..'t, ('

-,1'<

-,.;: '.,

I
"

, 0'-'--"

1-"-',:;; -

I
! .'" I, .

... ' ...,

"

"'''',M,', "<,, ,

-. ,-'

Figut'l! 1 - Main basins of Zambia

-_.'---- ------l

I

i
INCH£ •

OF lo.... c p'" 0' '~'v' _,,,,,,

~u~OFF ""~"Q'" P'Y",

c....",o.'o, ~'v.r

• L,.p_'. ~'v"

, ·"~uU'. 0' ca" To~Q."""

, "'"""',.. "",., '0' ''''''''00'''' '00"
II ","nat. " .. , W "op ,al ,on.,

"'NC~ES 0' ~"'~""""

Figure 2 _ Rainfall-runoff rl!!lations for maf n Zambian
basins



- 45 -

l-c,..mOU~I. (Mtl

30 2·-W Kalu"lIa. 8 Mal""g•• 10"1"",_

!_Luk"," ,W Lu.~gw. ,LuO,,"M

"-C~b..Il' fl.t.,t~lb"t.ro.1 of L...~ula and K....ngwlllli

'·lult,.. I".,",,,lotollll .. nIl "liP'"' Ilr..ml ....,th Il••dwa'cro alKl... 50001..1

I-Lu..,.,la. t_I•• Ir'but.Cal of L.... M""aru and _r" .....antlpa

7_LurubY. Lunl"', 0....""'., \"1>\11.,1 •• 01 L 1......... 11••

, , IT

ro

ac .. "INCHES OF RAINFALl

firura 3 - laintall-ruaott relatiODa 01 the rivera in Ch..beahi-Luapvla
baain

•

••

••

, ,

• ..

r e__...yo Cil
1. __ ._ C...

I.~UO"I ..~. ell

• """0'"'''' "V" Lui ..
a,LU ..."L" L'"
.. LIIOlIUIo 'w,
,,".I'I:_.'II.T'TU '...."UI ....1I/M.... _ u .

..
Firur a 4 _ Chuacteriatic duration curv.. of aCllle Z..,bian rivera



- 46 -

J't-!-----+--~-
1'1. FLOO~ W"~ERY~~~~- -l-- ---..-----

".".'C~l oF"'C'-IN~>T...."u
, .. -.. IUOO" •
• ....ce HILLY ...T......O oM ......U.....M

• LO"U ....Y••"U

.. ,"""."••'.E"

•

- .-

Figure 5 - Relation between the drainage area and IOO-year return period floods

i '

I t- - , -

d-e-,- -
'I 'II

I ,I
,

.J! '
++-++-f:"~" '" "' -'- ~, 1.--;.;. ..... .... T-~

". ;.~!''' ,." - -j
---- J I---

--

I
....

,ooooi-----j--+,-+ '1\ \

\ 1\
'~ \

_0~ H ,\ ~'l-c'k\+-+-~

ecce~-Itt : i1~. w u +.-J.-e-",","~,~ .L,i..-'-
'00 '0 '0 '0

Figure 6 - Flood probabi Li t y curves for sane Zambian rivers



APPLICATIONS DE L'HYDROMETEOROLOGIE AU
DEVELOPPEMENT ECONOMIQUE ET SOCIAL DES

PAYS AFRICAINS

par W. Mandengu~ Epoy

RESUME

Les pays Africains disposent de grandcs r-oaaourcoa hydrauliquus, mo.Ls
dent la mise en valour rationnelle no pourrnit SD feiro qu'avcc 10 concours des
donn~es hydrom~t~orolQgiquas. Or nos Services Meteorologiques sont, pour lu plupart,
depourvus do moyens materiels at de cadres upurcprdes pour appcr-t cr unu assistance
offic8Ca dans co domeanc , II y a done Ldou d'attircr 11attention doe i\utorites sur
los avantages d' ordra eccnordouo realis.:Jbl[;S grDc,) eux donnees m6t!30rologiquDS at
hydrologiques. Lee champs d' applicution des dcnneoe hydrorne teor ol oq.Iques sont
multiples I

1°/_ Par example, naus avans dos projcts du mise on valeur an commun dD
certains cours dt ceu qui tir-avcr-son t IDS tcrritoires de plusiours de nos pays. La
mise en valour des eee sourcoe qu' d.Ls affront r-cqu.ior-t uno connadaaencc des donnees
hydrometeorcdogiques sur lours bassins VCIsants.

2D
/- Certains de nos t.~rritoircs s e 't rouvcrrt en zane artidc ou sumt-ertde ,

Pour promouvoir 10 devckcppemcrrt dccnorrciouc de cos torIitolros, los donnees hydro
meteorologiqucs sent necessaires pour resoudro des problemes d'approvisionnomont en
ceu pour bcut.es sortes d ' usagers; cons tituor des reservoirs de .re'tenuo pour des
fiftS d'irrigation at autres.

3D
/- Los inondations Ont aouvr.n't provoque doe donmeqcs drnport.crrts chez

nous , On canprond combion seront ncccs se Lrcc 1,~", r-cncc i.qncmcn ta m3t<'oro}o'Jiquos afin
de las pr~venir. 11 on cst de m~mc des problemas dt evecuat.Lon dos e8UX de pluic dans
los centros urbains~

4 D/ _ Los donnees hydrologiques at hydrometeorologiques sont cg~lemcnt
indisponsables dans tous Lee t reveux de construction d t ouvr-aqes hydr-au'Li.quos ; 1<'
determination des seeeourcee hydrauliqucs po'tun-t.i.e.l.Lec en d.i.vor-acs par-t i.cs dt ur
bassin vorsant; 11 etude des clevcr-ao i re at des reacrvo.i re d ' accumulation pour r~~i~

t~r aux cruos maximalcs at calculcr la taillc des bcrragos at la capacite des
reservoirs tant pour assurer l levacuaticn ou gardcr Ie surplus d'cau; etc •.•

5D
/- Lcs donnees hydr-cme tdor-nl.oqdqucs constituent en outre 1:::: paremetr-c

essential a l'agriculture, la plus importante source d'cau pour les plantcs ctant
1a pfude , Il est done neccesefre de conoef'tro los quent.Ltes d'eau dr pluie disponi
b.ies , leur repartition regionalc, c t,c ••• , avant d-ontruprt:ndro 'cou t.c culture exten

sive.

De plus, las ~thode9 mcdurnea de caleul do Lt evapo-txcnep i.re t Lon pcrtoo-.
tiolle pour·la determination du volume dtSBU n0c~ssaire pour l'irrigatinn r8ndent
do grands services a l'agriculturc.

[as quelques domain es de L! appLica t.Lun doc connads aancco hydrome tcor-o.Lo-.
giqucs ct hydrologiquC5 dcvraiont pcrmcttrc aux Autorites d'avoir une idee asscz
precise de la contribution que los services mctecr-oj.oqj.ques e t hydrologiques pcuven't
apportcr pour 1e developpemcnt 8conamique ut social d~ nos pays, si CC5 services sant
suffisamment ~quipes ~
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ABSTRACT

The African countries have vast vater re90urces, but these can only be
utilized 'tIith the assistance of' hydrometeorological data. Our Meteorological Services
are often short of material and appropriate gtaff to give effective assistance ill
this field. There is therefore need to draw the attention of authorities to the
economic advantages which are gained from meteorological and hydrological data. The
fields of application of hydrometeorological data are numerous:

1. There are joint development projects for rivers which cross the territories
of several countries. The utilization of the resources they offer requires knOWledge
of hydrometeorological data from the catchment areas.

2. Some of the territories are in the arid or semi-arid zones. In order to promote
the economic development of these territories, hydrometeorological data are necessary
to resolve the problems of vater supply for all kinds of usesj to construct dams,
reservoirs for i rri gati at purposes, etc.

3. Floods have often caused serious damage in some countries.
information is necessary in order to forecast the floods. This also
problem of rainwater drainage in towns.

Meteorological
applies to the

4. Hydrological and hydrometeorological data are equally essential for all vater
projects to determine the potential vater resources in various par-t s of a basin; to
study inflow and outflow of reservoirs to wi thstand maximum floods and to calculate
the height of dams and the capacity of reservoirs, as well as to ensure drainage or
conservation o£ the excess water, etc.

5. Hydrometeorological data are also essential to agriculture, the most important
source of vater for plants being rain. It is therefore necessary to know about such
aspects as the quantities of available rainfall, its regional distribution, before
undertaking any extensive cultivation.

Moreover, modern methods of calculating potential evapotranspiration for the
determination of the necessary vo Iume of vater for irrigation are us e suj to agriculture.

These applications of hydrometeorological and hydrological knOWledge would allow
the authorities to have a precise idea of the contri bution that meteorological and
hydrological services can bring to the economic and social development of our countries,
if these services are sufficiently equipped.

*

* *
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INTRODUCTION

reSSOU~ceg

jamais ete
at humains

Les Pays Africains disposent d1enormes
en eau inexploitees et dont l'inventaire nla
fait. Csci est dO au manque de mayens materiels
pour assurer cet inventaire.

11 est arrive, du fait de la colonisation at
par la conjoncture du second conflit mondial, que les Services
Meteorologiques africa ins ntont connu de developpement que du
point de vue aeranautique. 5i nos Gouvernements ant aee ace or
dar un certain inter~t a la~teorologie, 11 ns se limitait
qutsux Reseaux des Stations Synoptiques at aux Telecommunica
tions meteorolagiques. Ceei a au pour consequence une desaf 
faction generals des sutres b:ranches de Is M~t§orologie, dont
IIHydrameteorologie, qui sant pourtant d1une importance capi
tale pour Ie developpement cconomique at Social de nos Pays.

Cela a egalement cree une stagnation, voire
meme la regression des Reseaux extensifs d1observation -au sol
des elements climatiques fondamentaux.

Les rasponsables actuels des Services
Meteorologiques at Hydrologiques doivent done, des maintenant,
conjuguer leurs efforts pour changer la mentalite de nos
Gouvernements afin de les amener a una meilleure appreciation
des avantuges que nos pays peuvent retirer de nos Services
Meteorologiques, si csa Services disposent des moyens materiels
et humains suffisants.

Clest dans ce cadre que nous aborderons iei un
examen somma ire de quelques domaines d'applicatian de l'Hydro
meteorologic, qui presentent un interet certain dans les Projets
de developpement fcanomique de nos pays.

DONNEES HYDROMETEOROLOGIQUES POUR DES INVESTISSEMENTS A COURT ET A LONG TERME

Certains de nos pays ant des Projets de mi~e ~n valeur
en commun des cowrs dteau qui traversent leurs Terr1to1xes.
Clest Ie cas, par exemple, pour Ie Cameroun, des Bassins du
Lac Tchad et du Niger.

Pour evaluer et mettre en valeur les Ressources
qutoffrent CBS Cours d leau, tant au stade de planification,
de 13 realisation des amenagements projetes, que de leur
exploitation a des fins multiples, les donnees hydrologiques at
hydrometeorologiques sant necessaires pour :

_ Llestimation corr~cte des precipitutions sur les
Bassins versants,

_ LIEvaporation probable dons les Reservoirs projetes,

_ Les Previsions a long terme de la duree de Itintensite
des Saisona seches at humides, et celles qui concernant In
distribution des probabilites maximulcs ct minimales des
Precipitations et des Debits de c~s cours d'cuu.
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MISE EN VALEUR DE LA ZONE SEHI-ARIDE DU NORD CAMEROUN

- Le Nord Cameroun, rur example, cst situe dans une
Zene semi-aride. Pour promouvoir Ie dev~loppement econamique
de cotte zene, les problemes dle~u y ant encore une importance
particuliere. Le recensement de su~ disponibilites en ceu cot
dDne indispensable, surtout ;neDra que 1a pluviosite n1y est
pas partout uniforme, les regions montagneuses etant plus
avant~gees sous cc rapport que celles des plaines.

Pour llirrigation saisonniere des regions de plaines
fertiles, mais dessechees pendant 1a saison seche et dont
l'approvisionnement en BQU provient des Regions montagneuses,
il est necessaire de disposer d'un grand nombre de types de
renseignemBnts hydroclimatiqu8s.

Pour constituer des reservoirs d1eau de pluie
qui tombe de CBS regions montagneuses, des previsions faites
plusieurs mois ~ l'avance permettont de planifier I'affectation
des Terres pour chaque saison. Et pour etnblir CBS previsions,
on do it disposer d l u n e longue serie d1observutions pluviometri
ques, at de mesures d1intensite.

Ces previsions concernant l'npprovisionnement
snisDnnier en snu interessent generalement taus les usagers,
rnais notamment les responsubles de 11 irrigation : les precisions
sur la duree, la frequence et In huut~ur des prccipit2tions mini
males etant indispensables pour des etudes dB systemes d'irrigation

Par nillcurs, pour 8tuolir In rulution entre 1 l e a u du
sol et les quantites d'eau disponiblcs en surfncc, il faut ovoir
dos renseignements sur la repartition suisonniere et regionalB,
uinsi que sur 10 distribution des frequencuG du pluie.

PREVENTIONS CONTRE LES INOIIDATIONS

Les cns d'inandation sont frequents chez nous, surtout
duns Ie ~ord du pays. Et les doml.logcs caus~s sent souvcnt importants.
Des ranseigncments met6orologiqucs sont. dons ce cos, necessoires
pour d6finir les risques d'inondotion dons les regions inondobles,
y compris les z8nes qui se trouvcnt en dehors de 10 protection des
digues ou do tous Qutres ouvroges. En autre, pour que Ie zan~ge des
chomps dlinondation soit effic,cE en vue d'une occupation intermit
tontc des gens et des biens, il cst nccessaire de prevnir quel sera
Ie r6gim~ des cours d'enu qui tr2vcrsent ces regions. C8tto pr8vi
sian, bien entendu ne coOte qu'unc petite fraction des sammes qu'clle
permet d'economiser.

La d~fensu contr~ los inondntions, y compris 116v~cu~tion

des eaux dons les c~ntres urb3ins, c~t un des ospocts uu domainc
dl~pplication de IIHydrom§t~oroloaic l~L Ju IIHydrologic.

Des reservoirs de toutcs sartus, qu 1ils soi8nt destines
~ lu dGfense contre leG inonuQtions au ~ l'npprovisiann~m~nt en
e~u, ut que cutte eQU soit utilis~e d:1ns Ie cours M~mB OU en d0rivo
tion, doivent 5trc en musu=c IJ0 rl;c~voir Ie trop-pl~in. LGs colculs
rfr- tc Ls reservoirs n c s c ru n t f c ndcu que sur 2.' cv o Lu.r t Lc n d8~'; p r cc Le-
p i t.o t i.o n s f r equ e nc e u t ii,tL;nsitC dc~ p Lu i e s ,
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CONFECTION DES OUVRAGES HYDRAULIQUES

Los donn6cs hydrologiques ct hydra
meteorologiquBs soot indispensables dans tous les stades de
confection d10uvrnges hydrouliquos : plnnification, prajcts,
travaux de construction at 11 exploitation m~mc de CBS Duvragcs.

0) Stade de Planificotion Au stade de
plonification d1ouvroges hydrnuliques sur un b8ssin fluvial,
on procede a l'inventaire des res sources hydrauliquGs poten
tiolles en diversss parti8~ du bassin ; on determine les
deperditions d1eau par evaporation et evapotranspiration; etc •.
Les donnees de base pour toutes ces etudes sont du damnine
de IIHydrameteoralogie t Pluies, Ev~porution, Evapotranspiration,
etc •••

b) Stade des Projets Los d6vcrsoirs d~

derivation et les reservoirs d'Dccumulotion sont con~us de
fa~on ~ resister DUX crUBS maximoJ.cs ~t de m~ni~rc ~ pcrmcttrc
l'ecoulement normal de In riviera - La ccnnaissance de 10
hauteur des precipitations est indispens~blc dans co cns.

Dans les proj~ts j~ barr'19Ds et de r~servDirs,

la determination de In toille et IJe 10 capncit~ des Duvroges,
la prevision des installations pour eVDCUer ou garder Ie
surplus d'eau, etc ••• s~n·~ 1i6s au regime des pluies ~

determiner por l'hydrometcorologie.

Au cours de 10 perioue des travQux de cons
truction d 1ouvr"lges hydrauliquos, il fout deriver Ie cours
naturel au fleuve, er-Lqe r dec digues pour p r ev en Lr- It:inondation
du c hnn t Le r , p r-o t.e qe r Lc ra.rt er-Lc L e t les cuv r-Le r-s , Pour
effectuer tous CBS colculs at en arrivor a bonne fin, il est
indispensable de disposer dB previsions do pluies et des
niveaux d ls3u pouvant en resulter.

d) Stcde de l'Exp1oitntion -

Une fois 10 construction de 110uvrnge
tcrminee, Oil doit formuler uno m6thode pour In r6gularisation
des reservoirs compte tenu des tendonces des precipitations dons
Ie bassin versant en amont de l'ouvr~ge. La methodo doit
permettre de transformer les 8QUX de pluie en debit fluvial qui
influe sur Ie niveau d'e~u du b~ssin de retenuD j ct do it con
siderer Ie quantite d1eau a 6coulc~ regulier2ment par les
deversoirs, les turbines de g6neration d'~nergie, etc •••
Pour parvenir a cos fins, il f~ut exploiter un reseau de
postes pluviometriques ou-dessus du point de contrflle,
rnssembler et communiqu8r 1es Jonn6es sur les chutes de pluie,
elaborer et transmettrc l~s ?revisions de pluviosite.. ". - - - .
Toutos cos operations relevent de IIHydromcteorologic.

La MGt~orologiste est conscient du fait que 10
planification de 10 construction de bnrr"lgr.:s c t c.: 1 us in, s
hydr~electriques, en gen6rnl, impliquB nCccssairemont uno
connaissance opprofondie du r6girn8 dOG pr6cipitutions ct des
conditions dtevoporation qui pr{volent cl3ns In r6gion canc~rn~G.
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Ne pas tenir compte de CBtt nGc8ssit6 lors de 1, construction
de bQrrag~s, pcurrait entra ner des ~isquGS p~lrroiG d6sDstreux
si Ie niv3Du d~5 precipitat ono ~ttoignQit un8 h~ut~ur imprcvue.
II est p ou r t an t facile do cl n omb r-c r C;UD 18s e orntr.c a que Lt o n

pourruit depcnser pour l'obs~rv~tion dos precipitations at de
116vaporation dnns lr. b~ssin versant considere, memo si les
observDti~ns doivcnt S8 poursuivre pendant un certain nombrc
d 10nn ce s , sent relotivement foibles par rnpport ou coOt d1un
barrage ou d'une usine, suns p~rlor de co que pourrQi~nt ctro
les pertes si une cntastrophe 58 produisnit.

DONNEES 9YDROMETEOROLOGIQUES COHME PARAMETRE ESSENTIEL A L'AGRICULTURE

On soit bien, pour les cultures, que llequili~rc

entre 10 perte de chaleur et l'~bsorption drc~u d~turmin8 Dr!

partie la croissnnce -des plQnt~s. Or pour lco pl~ntcs, 1;] pillS

importante source d1enu est 1,] pluic. II cst done n~ccssQira de
connn!tre les quantites clleQu saisonnieres disponiblcs, 10
r~pnrtition et 10 r6gu1arit~ des plui~s nvont dlcntr8pr~ndre

toute culture extensive. Clost cette connnissnnce qui permettra
de resoudre, selan les exigenccs do cheque esp~cc dt~ culture,
les problemes de

Choix de Cultures et de Methodes d'elcv~go

Determination des periodes favarnbies pour
l'ensemencement, 10 fenoison at In r8coltc ;

Protection deS CuI t ur-cs c nn t r-c ILl chaleur

Planification GU rchoiscment at de
Itirrigntion pour remedier A l'insuffissoncc des precipitations,
ou pour Qccroitre 1e rcnd~m8nt des [ultur8~ ;

Emmugasin8go ct transport des produits DgricoleStetc •• ~

Por ailleurs, les methodes modcrncs
de calcul de llEvapotrunspir~tion pot~nticll8 pour lu
d~termin~tion du volume dIC~U n§cesscire pour ltirri
g3tion sont encore un~ source dtimport~ntcs economies
x8GlisQblcs grace QUX donnees hyurom6tcorologiques.

11 nPP0rticnt done a nos Gouvcrnements de
pourvoir leurs Services MetGorologiqllcs en Cadres et
en Mnteriels techniques adequats 8i nous voulons tirer
le maximum de profits de 10 Science hydrometeorologique
et hydrologique pour Ie devoloppcment economiquc et
Social de nos p~ys •



THE VOLTA RIVER BEFORE AND AFTER II1POUNOMENf

by E. Nyame rumi

ABSTRACT

The effect of the Volta reservoir an the annual flow of the Volta River at

Alosomt-o is discussed.

RESUlIE

Un examen de I'influence du bassin de retenue de la Volta sur la crue annuelle
de ce fleuve a Akosorr.bo.

I NTRODUCTI ON

Por successful exploitation or utilization of yater resources by man, methods
have been devised to ascertain the dependable quantity of available yater. Due to the
variable nature of the elements involved, many years of data are usually compiled,
studied, and analysed. In the case of a river development scheme, analysis of records
obtained from river gauging stations near the development area is normally carried out
to choose a dependable flov for the design of the system.

Barely tventy years ago, in Ghana, attention was drawn to the vast potential
ities of the Volta River in the area vhere it cuts a gorge through the edge of the
plateau to enter tr.e Atlantic Ocean. Fortunately within the stretch of the gorge there
vas a gauging station with reliable flow records since 1936. ~hen the project for har
nessing the river for the generation of electricity crystalli3ed in 1958 ther~ yere 23
years of river flow records available for the designer of the hydraulic systems involved.

In brief, a dam ~as to be built across the gorge to form the fourth largest
man-made lake, and a certain dependable outflow va-s to turn the t ur-bi ne s for the in
tended purpose. 1::1 choosing the flo"" consideration vas given to the loss of water
through evaporation, an~ the gain of water from rainfall on the surface of the reservoir.
The effect of the proposed reservoir on the flo'" of the river vas not considered; and
t ne purpose of this paper' is to d.i s cu s s the effect of the reservoir on the f Lov of the
river as r-ecor-ded at the s ame observati on point.

HYDRO~ETEOROLOGY QP THE VOLTA BASIN

The who Le b as i n of the Volta River lies in a region which is exposed to Over
head pas a aqe s of the intertropical front or belt; this front may be regarded as a d.i a-.
~ontinuity or a boundary formed betJeen two air masses originating ~rom the Northern
an I Southern Hen i s phe r-e s , The ma.r n c aus e of precipitation in the rainy season over the
entire basin is a frontal-v3ve phenom~non closely as~ociated vith the tropi=al ~ront.

The Front is neither stationary nor stati~. but rather fluctuant or ~igratory. 1n the
-con-rns of Dec embe r through Fe br-u ar y the Er-uu t lies across the Gul f of GUl ne a , just north
ot the Equ at or , In March it begins to migrate n cr-t hwar-ds and continues 1.:1 this direction
Jt1":"il .Iu Lv , The north ....ar-d migration pr-oduce a the frontal '"ave phenomena, acc ompan i ed
~y thunderstorms ~ith violent electric dIscharges. During AU~lSt the ~ront beging to
r-e t r-ea t s ou t hvar-d s and con t i nu e s un t i I November when it returns to its pos i ti on astride
t ne Gui ne a c oas t • The s ou t hv a r-d thrust tends to d i s i n t e qr-at e the front. Any Loc a't i on



which is crossed by the
tropical front weather.
latitude until there is
migration.
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Front tvice each year enjoys tvo maxima of energetic inter
The intervIi.! between the two maxima de cr-e as e s vi th higher

but one maximum at the high latitude limit of the fronts

~s higher latitudes are approached the ratio of the amount of precipitation in
the months ot March through July, to the amount for August thro~gh Kovember decrease~

which feebly supports the fact expressed in the last sentence of the previous paragraph.
The amount of precipitation in any particular year depends on two factors: (1) the
mobili ty of the front and (2) the depth of air mass involved at the vicinity of the
front.

The average annual precipitation for the entire Volta basin is estimated to be
about 43 inches, and the surface runoff caused by this amount oe precipitation is ob
served to be slightly over 15 million day-sec.-ft. (1 day-sec.-ft. = 0.03719 inch per
sq. mi ..) as long-term average.

VOLTA BASIN: PHYSICAL CHARACTERISTICS

The catchment area of the Volta Ri?er basin above the dam site is 152,090 square
miles, of which 61,590 square miles are in Ghana and some 90,500 square miles lie in
Upper Volta (66,090), Togo (9,868). Dahomey (5,250), Mali (4,800) and Ivory Coast
(3.820).

The main streams of the Volta River are the White Volta, the Black Volta and
the Oti, with catchment areas of 40,445, 57,535 and 28,100 square miles respectively.
There are other streams in the south such as Atram, Obosum and Sene. In general the
catchment area wi thin Ghana is low-lying, undUlating wi th a general level of between
100 and 700 feet above the sea. Geological explorations have in~icated that there is
little ground vater storage.

RUNOFF

Before the impoundment and after, the runoff for the catchment of the Volta
River was recorded daily at or near the dam site. The lowest and highest figures re
corded during the period 1936 to 1964 "ere 5 and 37 million day-.ec.-ft., the annual
average standing at 15.9 million d~y-sec.-ft. As tAble 3 indicates, th~ annual
average has been gradually increasing prior to the completion Or the decn,

The long average runoff coePFicient For the entire basin is 9 per cent.
Several SUb-catchments, however, have different coefficients of runoff. The Oti,
though only 13 per cent of the total catchment contributes on an average 30 per cent
to 40 per cent of the annual total runoff of the entire basin. The reason for this is
that the catchment of this river i9 the most hilly and moun~ainous in the whole basin.

The wide variation in the monthly runofe bears no direct relation to the
monthly rainfall. The lo~est monthly runoff recorded is 0.017 million day-sec.-ft.
while the highest is 12.027 million day-sec.-ft. The lowest vas in April 1958 and the
highest in September 1963.

The rainy period which begins in March does not bring any detectable increase
in runoff until June. The explanation is that a large portion of the rainfall is lost
to the soil-moisture c ompi e x as a recharge, because the catchment is sucked and sapped
dry \.;'1 the dr-y c on t i ne n t e h a rma t t an wind prior to the rainy season, r na r is, frOm
J,;,r:,.:,If,>.:r through February to the permanent wi lting po i n t or the zero po i n t of s o i I
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moisture. The early rainfall or precipitation recharges the 90il moisture until it
reaches a maximum value, or its field capacity. The whole recharge is a permanent 10g9

of precipitation to runoff.

The ratio of total runoff for the period March to July, to that fOT the period
August to November ranges from 0.04 to 0.27, while the ratio of total rainfall for the
same period ranges from 1.06 to 1.55. The indication here is that the soil-moisture
recharge for the basin ag a whole is considerably large.

Before the project had commenced the basin soil-moisture or its field capacity
wag not under any influence. The creation of the 3,275 square miles reservoir by the
construction of a 370-ft. dam should surely cause a change in soil moisture conditions
in the shallov basin of the reservoir area. The change should effect a reduction in the
10s9 of precipitation, thus increasing runoff.

The 109s of precipitation to runoff through evaporation is almost equal to the
ficin due to rainfall on the surface of the reservoir during the months of August,
September and October. FUrthermore, the runoff for these months constitutes 80 per
cent of the total annual runoff. Therefore these three months have been considered to
discuss the effect of the relervoir on runoff.

EFFECT OF VOLTA RIVER DEVELOPMENT PROJECT ON RUNOFF

Before the project,
September 15 and October 22.
graphs.

the peah of Volta River hydrographs alvays occurred between
Two factors Are recognisable from the shape of the hydro-

(a)
during

The whole or greater portion of the basin is contributing just before or
this period.

(b) The soil moisture deficiency is completely eliminated before the peak flows.
That i~ the field capacity of the soil moisture has been reached, and that there i! very
little 1059 of precipitation to runoff through the soil moisture complex.

The effect of the project on the first factor is nil, but not on the second
factor. The impoundment has rai5ed the surface of the river about 120 to 230 feet in a
reach of 250 miles. In the process, some amount of water vas lost to the surrounding
areas; changing the soil moisture complex of these areas. The extent of the affected
area is difficult to determine. The period affected by the change, however, is easily
discernible.

For the peak to occur as it does, the recharge should be completed before the
end of the second Yee~ of September, with plus or minus ten days. From this and con
sidering the three months. namely August, September and OctOber, there shOUld be no
appreciable change in runoff in October after the impoundment. There shOUld, however,
be increases in the other months especially August. for the periOd under consideration.

An examination of the pre-project flow records from 1936 to 1963{Table 2),
gives an 'aver~of2.05, 5.08, 5.46 million day-sec.-ft. for August, September and
October respectively. Assuming the years 1964 and 1965 as transition period when the
reservoir was being formed. the post-project period is reckoned from 1966, The post
project flow records give as averages for August, September and October, 3.94, 7.60 and
5.46 million day-sec.-ft. respectively. (Table 1).
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It should be conceded here that the post-project records are of short duration.
Nevertheless the argument holds and is sustained by the .following facts:

(a) The October runo£f is not expected to be affected, and it has not been.

(b) For the months under consideration August rUDo!f is expected to be affected
most, and it has. There is an increase of 1.89 million day-sec.-ft. or 92 per cent.

(el
50 per

The increase in September runoff is 2.52 million day-sec.-ft. that is almost
cent increase over pre-project runoff.

(d) In 1968 when the whole of the southern catchment received copious precipitation
following the pattern of 1941, 1942 and 1949 rainfall, Augustinflow exceeded October
inflov for the first time, and by over 40 per cent.

(el
cally,

August runoff recorded its highest in 1968.., a post-project year.
so also July and June.

Parentheti-

CONCLUSIOMS

The above analysis demonstrates that there is more vater avai t atne for utili ea-.
tian for generation of hydro-electrici ty than was conceived by the designers. due to
the ef£ect of the project itself. This vas hard to ccecetve during the design stage.

For the period discussed the increase amounts to 4.41 million day-sec.-tt.;
about 30 per cent increase over the average flow of 17 million day-sec.-ft. chosen as
dependable for the design of the hydraulic components. In terms of installed capacity
of the project, the analysis has indicated there is vater for two more turbines, to
mak e the total eight instead of six as plilllZled.

Moreover, the Volta Lake sub-catchment pr-oper; which has an area of about ~OOOsq.mi.
~d whicb lie5 wholly in the low land basin, is going to exert considerable inflaence aD

the runoff Or the Volta River as a whole in the post-project days. As the influence is
inclined to iacrease runoff of the River, consideration should be given to how best to
utilise this increase inste~d of discharging it through the spillways as surplus vaste.

SUMMARY

The runoFP of the Volta River has been found to have increased about 30 per
cent since 1966. The increase is attributed to the creation of the large man-made lake.
The lake or reservoir lying in a shallow b as i n has caused a change in the soil moisture
complex: the recharge to soil moisture has been reduced, thus a reduction in the loss of
precipitation to runoff.

Table 1

Recorded runoff in thousand day-sec-ft, after impoundment

I
MONTH

YEAR
August September October

I

I
2,930 5,720 4,75 01966

1967 3,050 5,480 5,500

1968 i 8,350 10,810 5,860

1969 3,280 8,030 6,040

1970 i 2 110 8 000 , 180
i AVERAGE I 3 944 7 608 5 466
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Table 2

Recorded runoff in thousand day-see-Ft. before impoundment

MONTH
y",AR

AUGU sr SEPTt.I.IB I;R OCTOIIER
_. -

1936 1248.90 31+03.30 5605.80

1937 1196.70 4987.40 5589.50

1938 1198.10 3400.00 4007.60

1939 2039.00 5365.70 6280.20

1940 1558.30 4211.60 4262.60

1941 3013.00 6935. 60 3706.50

1942 960.25 3105.90 1278.70

1943
, 1074.40 331 o.60 10-176.30 I

I
19410- 1963.00 5170.20 4232.':l0 I
1945 3079.30 6936.,0 7010-5.70 I
1946 715.05 21 21020 4768.90

I,
1947 3085.60 8510.70 6723.40

19l,.8 1321.70 4932.80 3349.30 ,
1949 4014. 30 8797.60 4904.30

1950 1196.90 2509.99 2919.20
,

1951 1500.20 5384-.60 I 8256.90

1952 1617.30 4885.60 94l,.O.30

1953 331 o,60 5195.30 5575.80

I 1954- 755.30 3671.90 10-951.50

1955 10-581.60 7224.1 0 8037.90 .

1956 504.60 2909.70 3993.70

1957 2946.90 se14.1.0 8954.20

1958 323.60 1835030 1533.30

1959 1025.00 10-371.00 4863.00

1960 21 70.50 4994.00 7206.10

1961 1882.20 2630 ..~ 1 3205.':l0

1962 2809.75 6624-.00 7293.00

1963 6283.00 12027.1)0 10706.00

AVERAGE 2049.12 5083.05 5456.04
---- .-
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Table 3

Progressive averase annual runoff in million D,S,F,

YEA.'l RUNOFr'
FROGnsssrVJ;;

AVERAGE
f-------- ..~ . " - . -

1936 13.2 ,3.2
19Yi 14.1 13.6
1938 11 .. j' 13.0
1939 17.= 14.1
1940 15..1 13.8
1941 16.4- 1403
1942 7.5 1303
194-3 11.4 13.1
1944 1 ~. 3 13.1

19"-5 19.5 13.7
1946 10.4 13.4
1947 21.0 14.1

1948 11.9 13.9
1949 20.7 14.4
1950 8.1 14.0
1951 23.0 14.5
1952 20. ~ 14.9
1953 19.2 15.1
1954 ~ " !':; 1 :.0It e , /

195~'
_c •

1 ~I. 5~ _..
1956 8.9 15.2
1957 26.8 15.7
1958 5.C 15.2
1959 12.7 15.1
1960 1 b.G 15. ~
~ 9&1 9.3 15.0

1902 :::"2. o 15.2

1963 ';t; r: 16.CJ I.~·

1964 12.1 0 15.5



HYDRCMETEOROLOGICAL FACTORS IN THE LAKE
NASSER DEVELOPMENT FROJECT

by M.H. Omar

ABSTRACT

A brief account is given of the hydrometeorologi~al fartal's which are impor
tant to the Lak e Nasser Development r-r cjecr • These factors include evaporation from
the Lek e , evapot r-ans pd r-at i on from crops which will be planted round the lake, and ...i nd ,
waves and water temperatur~s for fishing and navigation. The steps that have been
taken or that are planned to be taken to meet the requirements of the I'r-oject for r t.es e
hydrometeorological factors are also given.

RESUME

Un bre! compte rendu a ete donne sur les facteurs hydro~Eteorologiques qui
gar.':" .i mpor t an t s pour Le Projet du Deve Loppemen t du lac Nasser. Ce s facteurs c ompr-enner.t
I' evap ot-at i on du lac, 1 "evepot r-ens pt r at i on des pLan t at i om au t ou r- du lac et Le vent,
les courants et la temp~rature de l'eau pour la peche et la navigation. les mesures
qui ant ete deja prises ou qui sent ~ pre~dre pour subvenir aux besoins du projet pour
ces facteurs hydromet~orologiqnes sont aU9s1 donnes.

I NTIi CDl' ,:TI ON

~he development of Lale Nasser is One of the most important projects in the
United Arab Republic. The lake can provide the source of various resources and indus
tries of large economic benefits, and the opportunity for developing and exploiting
the potential of the lake for recreation, tourism and settlement. The Lake Nasser
Deve~opment Centre Project, which is responsible for research and planning related to
the development of the lake. is executed with the co-operation between the Food and
Agriculture Organization of the United Nations, and the Government of the UAR. The UAR
Meteorological Department supervises the technical side of the meteorological work in
the Project.

Hydrometeorological factors play an i~portant role in the Lake Nasser Develop
ment Er-oj e cr , This role is r-e Lat ed to hydro-electric pcve r , irrigation, agriculture,
transport and fishing. It is t t.e ajm of this lecture to give a brief account of the
hydrometeorological factors vhich are important to the project, and the steps that

have been taken, or tbat are planned to be taken, to meet the requirements related to
these factors.

EVAPOPATION

A k no....ledge of ev apor-a t i cn frorr. the lake is important for the proper man a qeme n t

of vater resources. It .".ill holJ particular promise For furt~er progr~ss as concerning
a r-r i qat i on end vat er- and pcver s upp Ly , While high lake levels ar-e desired for pove r
production. and irrigation, the increased size of the lake surface would lead to rapid
i nc r e e s e s of evaporation at h i gher lake levels. At 160m and leCm levels the e s t i nat e d
areas are 2580 and 5240 1m2 respecti ve I v , For optimum benefits from the lake it may be
advisable to deterrrine that .:.a.r:e level 'Which q i ve s the best balance between hig~ pover
production and irrigation against reduced loss of water from evaporation.
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F.vaporation is difficult to measure accurately (see e.g. WHO Technical Note
No. 83, 1966). This is especially so in the case of it. lake like Lake Nasser, of
irregular configuration, surrounded by rugged areas and with a var-Labje maximum depth
depending on the Flood cycle.

Preliminary estimation. Until direct measurements of evaporation from the
lake are made, it vas thought worthwhile to attempt to estimate evaporation From the
lake on the basis of the available dAta, using the results of recent research on lake
evaporation made elsewhere, e,g.in the USA, Australia and Japan. This attempt vas
made by Omar and EI-Bakri (1970). Three diFferent approaches were used: evaporation
pan (Kohler et, 01" 1955), combinotion (Penmon, 1948, Slotyer and McIlroy, 1961)
and Dalton. The data used for the estim.ation included a clASS I Al pan and climatOlO
gical observations at Aswan, vater temperature at Asvan reservoir (Sutton, 1946), and
estimated values of climatological elements over the lake. The results by the different
methods were close to each other and indicated that evaporation from the lake averages
about 8 mm/day, assuming that advected energy and change in energy storage are
negligi b Le , On this assumption the evaporation rate varies between about 4 mm/day in
January and 11 mr'l/day in June. The estimated annual evaporation from the lake is about
8 per cent higher than the estimated annual net radiation. That evaporation is higher
than net radiation is due to t~e downwind sensible heat flux as the cool water surface
is heated by the warn. air. Evaporation is about 58 per cent of Class 'A' pan evaporation,
v hich vou Ld be expected for a very warm and arid Climate, on the basis of the findings
by Kohler etc al. (19)9). It is notevorthy that the estimated average evaporation is
about 30 per cent higher than the average evaporation at take Mead ....hich lies in a warm
and arid area in Nev ada , USA. Average evaporation at LAke Mead vas about 6,0 mJr'/day
(Harbeck et. al •. 1958). The higher evaporation at Lake Nasser than at Lake Mead may
be explained by higher global radiation, larger air temperatures and lover humi d i t i e s
at t he former than the latter lake, Taking into account the average depth of Lake
Nasser and the results of work on lake evaporation in Japan (Yamamoto and Kondo, 1968)
and in USA (Harbeck et. al .. 1958) it appears that evaporat i on from Lake Nasser is
probably at a maximum about September and at a minimum about February.

The estimated evaporation from Lake Nasser is about 3 m/year. This represents
a net loss of water due to evaporation from the Lake of about 15 billion cubic metres
per year at the 180m level. This vould represent approximately 18 per cent of the
average floY of the River Nile.

Measurements over the lake. It is necessary to confirm the results of the
estimation described above, with actual measurements over the lake. The water budget
method cannot be applied as seepage is not accurately known. The suitable methods are
probably the energy budget method, coupled with measurements by the Dalton or bulk
aerodynamic method. The measured evaporation should be correlated to Class lA' pan

evaporation placed at representative stations round the lake so that they may be
used later for the estimation of short perio~ e.g. monthl~ evaporation. It is planned
to have the services of an expert in evaporation in deciding the most suitable pro
cedures for measuring evaporati on frorr. the lake.

EVAPOTRANSPIRATION

Prelininary surveys have shown that about 300,000 acres above the lake level
~ould be available for irrigated farming. To use the ~ater available for irrigation
in the most economic way' it is necessary to kn ov evapotraIlspiration which determines
the water needs of crops. ~hile a knowledge of evapotranspiration enables us to use
tr~ extra ~ater to irrigate neW' ~rops in newly irrigated areas, it aJso helFs to get
t t.e be s t yield. as too rnuc h irrigation or too little irrigation will have h armFu I

-:' f : ~~_:~-; en t r.e crop y i e Lo c ,
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An accurate weighed lysimeter with a large monolith soil-block (2m x 2m x 2m
depth) on a high capacity simple strip-pivot balance of accuracy to the nearest O.05mffi
of evaporation has been under construction by the workshop of the Meteorological
De par-t men t at Cairo, and is n ov near f'Ln a Li zat i on • It is bas e d on a design by

Mr. I.e. NcLLr-oy , of the CSIRO Division of Meteorological Physics, who has been in Cairo
as iii. WMO expert during 1967. Parallel with Lys i me t r-y , york has been going on to con-
struct an energy partition evapotranspiration recorder (EPER). This is a fully aut o-
mat i c portable instrument using electric signals s i muLat i no the energy balance e qu ar i on ,
and is also based on a design by Mr. McIlroy. Final tests of the functioning of a
pilot-model EPER are nov being made. It is intended to use Ly s i me t e r-s and EPER instru
ments to measure crop evapotranspiration at the principal agrometeorological statior.
at Abu Simbel (Lat. 23° 201N, Long. 31° 36 tE) which will be established as soon as prepa
rations for the ~grieultural farm there are finalized.

In addition to these accurate and rather complex methods, simpler methods ...ill
be used to estimate evepct r ans pf r at i on . These include the McIlroy combination method
(Slatyer and McIlroy, 1961) t and correlations between measur-e d evapotranspiration and
routine climatological d at a and ev ap or at i on from pen readings. Class 'A' pan evaporation,
as measured vi th the pan ve Lj inside the crop and vi th its rim at crop top level, has
been .found e Ls ewher-e to be highly correlated with evapotranspiration. Such simple
methods .....-ill be useful to estimate evapotranspiration at a number of stations round the
Lak e where Lys i me t e r s and EPER measurements are not available.

HYDROMETEOROLOGICAL FACTORS AFFECTING THE SAFETY AND OPERATIONS OF NAVIGATION AND
PISHING INDUSTRY

Wind and waves. The safety of navigati on on Lake Nasser depends great lyon
the conditions of wind and ...aves. As there are no navigational beacons or radio aids,
compasses or radar, visual navigation alone is used. The shoreline that gives guidance
for navigation may very veIl be hidden by blowing sand, dust or haze. Haze and dust
conditions obscure water eddies that yarn of hidden r ock s , Dust and sandstorms there-
fore force all navigation to tale shelter. 'Waves of one-half metre are a serious
threat and all boat s must avoid them. Waves may qr-cv to two me t r-e s or more at the
d ovn v'i nd end of the Lar-qe r k h or s , Strong 'Winds that arise with the arrival of cool
air masses in winter or that are associated vith the onset of k b ams i n de pr-e s s i on s in
spring are dangerous to all navigation.

Navigational operations are planned assuming that satisfactory conditions of
winds and ...aves viII occur. Reliable ve at ne r forecasts 'Would lead to considerable
economic benefits end convenience as they vou Ld enable to cancel, delay or change plan .
.for later travel.

Winds and 'Waves are occasionally hazardous to the safety of fishermen and
their property. Conditions are vor-s t in the open ...at e r s of the k h or s , At pr-e s en r the
fishermen live along the shore and fish mostly in wind-protected small k h or-s ...here t ne r e
are no large ...aves. "When fishermen venture out in the lake they are exposed to the
hazards of storms. Storms of bj owi n q dust or sand, ...hich often occur suddenly. stop
a l I fishing and are b a aar-d ou s to the s a Fe t y 0; fishermen.

Weather condi t i on s have a great influence on fishing operations. Pi shing ne t s
are damaged J.J{ strong winds 'Which dr.9 and tangle them, and s ome t i rre s the an c nor- ropes
are broken and the nets are t os r • 'Waves over one-half metre in height interfere vi t h
the delivery of fish to carrier boats. and of s upp Li e s to the fishermen. Losses and
shortages might be avoided if fishermen were warned in advance of high ....aves. strong

winds du s t s t or'ms and sandstorms.
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water temperatures. Water temperatures control the movement and location of
those fish which prefer specific temperatures. These fish move out to deeper, cooler
l~vels in the lake when the surface vater gets too warm. The catch of the different
species, therefore, varies through the year, The relationship between the movement of
fish and the air and water conditions. especially var e r temperatures, should be studied
with the aim of providing a day-to-day advisory on the probable location of the differ
ent fish species in the lake. This would lead to considerable economic benefit.

Forecast and warning services for the lake. Due to the importance of pro-
vision of storm and weather advisory for the safety and welfare of fishermen a~d navi
gators, the Food and AgriCUlture Organization of the Unit~d Nations, under its expanded
programme of technical as~i3tanc~ appointed a marine meteorologist (Mr. r,T. McLeod) for
5 mon t hs in 1970. According to his recommendations it 'i s intended, as -s oon as possible,
to start a ....e at her- 'Warning and forecast service for Lake Nas s e r- , The forecasts for 24
hour-s period will include wind speed and direction, visibility, temperature, waves and
s u r Fac e vat e r- temperature. They will be issued by the Meteorological Depar t men t t ....ice
daily, to be available for radio broadcast at times suitable for the fishermen. 'Warn
ings will be issued as soon as it becomes evident that c ond i t i on s dangerous to, or of
importance t o, fishermen and navigators will affect the lake within the next 30 hours.

NETWORK OP HYDROMETEOROLOGICAL STATIONS

During the mission of the marine meteorology expert a station ~as established
in the t cvn of Abu Sd mbe L, The s t at i cn will be transferred later to the area pLanne d
for agricultural development, as soon as farming activities are under way. The observa
tions of the station will be a useful aid to weather forecasting in the area of the
lake as before t t s establishment no o bs e r-vat i on s for forecasting were available be t ve en
As .... an airport and Dongola, 550km to the south. Observations at Abu Simbel station are
taken at 06,09,12 and 15 UT and they include air temperature and humidity at screen
level, wind speed and direction at 2Y2m, soil t empe r atu r-e s at 2,5,10 and 20 em depths.
pressure, c Loud s , rainfall and visibility. Observations are also made at a lake
station at the harbour, using portable equipment, at 06,09 and 15 UT. They i n c Lud e air
temperature and humidity and wi nd speed and direction at lY2m, and ...at e r- surface
temperature.

Climatological data are needed for navigation, fishing and other pur-p os e a .
These data vi Ll be obtained by a combination of mobile and fixed observing stations.
As for mobile stations a series of combined meteorolo~limnology observing sarvey trips
are being arranged at monthly periods, The data observed include air and water temper
ature, ~ind, relative humidity, visibility and ",ave conditions. The network 0: fixed
stations will include both shore and lake stations. The shore stations will be estab
lished at representative locations on the east and west sides of the lake. It is in
tended that the lake s t ar t c» network ..nIl consist of buoy type automated stations first
in mid-lake, and later about Y2 to 1 km east of the harbour of Abu S'i mbe L,

As Aswan is the Focal point for Lake Nasser activities t a weather and Climate
advisory service has been established there. It has been staffed by a me t e or o Loq i s t vho
was s e con ded from the Meteorological Department to the Project, and two technician
observers. Two observers work a( Abu Simbel station. The staff for hyJrometeorological
.. ark. in the project viII be increased ....hen evaporation me as u r-emen t s are s t ar-t ed an.t n e ....
stations are established. It is hoped that progress of hydrometeorological ·..ark will be
rapid for the benefit of the important Lake Nasser Development Project.
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NUCLEAR TECHNIOUES IN GROUNDWATER EXPLORATION

by Bryan R. Payne

ABSTRACT

'lhe principles of the use of' env i r-orunent al Isotope
technlqu~s, depending upon the natural varIations of deuterium
oxygen-l:, tritium and car-boo.-Lq , are described. Examples or'
app l i cat i onn are drawn from studies on the African Cont i nent ,

RESUME

Les principes d~terminant itemploi des techniques des
isotopes naturels d~pendant des variations naturelles du
deut~riurn, de 1Ioxyg~ne-13t du tritium et du carbone-14, sant
d~crit es , Les exemples de ces applications pr-ovi ennen-;

d "e t ude s f'a.it e s sur Le Continent Africain.

*

L,'j'HODU C'I'IO.:

* *

luclear techniques are one of the recent technological develop
ments in hydrology which can help solve h~ydrological problems and
contribute to a better understanding of hydrological phenomena. 'l'he
wide range of techniques available to the hydrologist are discussed
in a guidebook (IAEA-196J) which outlines the principles of
app Li c a't i cn to specific hydrological problems. In groundwater
studies the techniques include the use of nucleonic instruments
~1d injected radioactive tracers and the use of a group of tech
niques based upon the natural variations of environmental isotopes
in waters of the hydrological cycle. .Iuc I e ar- l05'ginc; methods
fall in the first group and have been used in the petroleum industry
for some time, but relatively limited use has so far been made by
the hydrologist. It is hoped that a recent report (IALA-1971) will
generate interest in the use of these methods.

Environmental isotope techniques are already bein6 used in a
number of UrrDP Special Fund projects in cc urrt r-Le s on the Af'rican
continent, mainly by co-operative arrangements between lAEA and FAG,
U5ESGO and HHG. Bearing this in mind and the limitations OLl length,
t h i s paper 1S limited to a brief discussion of the pr-i nc i p Le s of
application of these relatively new methods.

r.;nvironmental isotopes may be defined as those isotopes, both
radioacti ve and stable, which occur in the environment in varying
concentrations and over which the investigator has no direct co~trol.

At present, the commonly used environmental isotopes are the stable
isotopes deuteriwn and oxygen-18 and the radioisotopes tri t i um and
carbon-14. ~he first three isotopes are part of the water molecule
and as isotopic tracers constitute the only real water tracers
available to the hydrologist. All other water tracers are present
.in a d i aso Lved form and, therefore, are subject to loss by preci
pitation, adsorption and exchange.
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Environmental isotopes have two immediate advantages over the
use of injected radioisotope tracers. Pi r-at t there are no problems
of health and safety, and second, since the waters of different parts
of the hydrological cycle are labelled with these isotopes, it is
possible to make much larger scale studies th~l are possible with
injected radioisotopes. Many applications are available and there
is a continuing refinement and development of techniques.

OCCUHREliCE OF S'l'ABLE ISO'rOPES IN NATURAL WA'rEIiS

Deuterium and oxygen-18 occur in the oceans in concentrations
of ~bout 320 p.p.m. and 2000 p.p.rn. for the molecular species HDO rgd
H2

1 0 respectively. In practice, the isotope ratios niH and 180/ 1 0
are measured in a mass spectrometer; the data being expressed as per
mil deviations (6D, 013 ) from a standard. 'l'he accuracy of measure
ment is about ~Zl:::.o and gO.2jc>O for deuterium and o:x;,ygen-18 respectively.

Owing to the difference in vapour pressures and diffusion ve
locities in air of the different isotopic species of water, fraction
ation takes place when water changes state. Water vapour in equi
librium with liquid water is depleted in the heavy isotopic species
with respect to the liquid phase. Thus, precipitation and, there
fore, river waters and most groundwater are depleted in deuterium
and oxygen-18 as compared with the isotopic composition of the oceans.
Thi a isotopic depletion becomes more marked with increasing latitude,
distance from the sea and al ti tude due to the continuous removal of
the heavier isotopic species by precipitation.

In a given region, a seasonal variation of the isotopic composition
of precipitation is seen which closely parallels the variation in air
temperature, so that precipitation in winter is more depleted in the
heavy isotopes than in summer. However, these seasonal variations
are soon smoothed out during passage to the groundwater table. This
is due to the dispersion taking place during movement through the un
saturated soil zone and also to the fact that not all precipitation
reaches the groundwater system due to run-off and evapotranspiration
which is not uncommon in arid and semi-arid areas.

Craig showed that the isotopic compOSItion of precipitation
at a large number of stations in the world approximately obeys the
following relation:

(I)

Water which has been SUbjected to evaporation does not plot on the
line given by equation 1. When water is subjected to evaporation the
isotopic composition changes so that the remaining water is enriched
with respect to the heavy isotopic species. However, the relative
change for the deuterium and oxygen-Lf is different from that in con
densation processes so that a slope of 4 to 6 is observed.

OGOUR?Bl/CE OF 1'IiInUM IN NA'I'UllAL Wl;'PEHS

'l'r i, tium, the radioisotope of hydrogen, has a half-life of 12.26
years and is a soft beta emitter (E 13 kev ) , Its occurrence in
pr-ec i.p i tation arises from two sourc~~ 'l'he first, a natural 0:1e I

is the production by cosmic radiation. Estimates of the concen
tration in precipiIstion vary, but are of the order of 10 'l'vll ,
(1 'l'v Il, ::< 'l'jH x 10 ). 'l'he second source is man-made and IS derived,
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since 1952, principally from the detonation of therrnonuelear devices.
'I'hi e production has swamped the former by injecting periodic pulses
Into the atmosphere which has resulted in the labelling of waters of
the hydrological cycle with an amount of tritium whICh can easily be
measured. 'I'r-rtiwn concentrations in precipi t a t i on reached a maximum
in 1963 in the northern hemisphere.

The concentration of tritium in pr-ec i p.i t at i on at any g.iven location
varIes with season and exhibits a maximum In late spring and early
summer. Knowledge of this variation is necessary when estimating
the trItium concentration of water which 16 effective in recharging
an aquifer. tritium concentrations are also dependent upon geogr-aphi c
location. At a given time the concentrations are greater at higher
latitude and more continental locations~

OCCURRENCE OF CAROO,.-lq n GROUNDWATER

Carbon-14 has a half-life of about 5,730 years and, like tritium,
is produced by cosmic r-adi at i on and from thermonuclear devi.ces, 'I'he
carbon-Lq is oxidized to carbon d i oxi de andjmxe a rapidly with the
atmospheric carbon dioXIde reservoir. Any material that uses or
reacts with carbon dioxide will contain a constant amount of carbon-14
as long as the material is in equilibrIum wIth the atmospheric car
bon-14 reservoir. After removal from contact with thIS reservoir,
the carbon-14 content of the materIal WIll be subject to radioactIve
decay,

'l'he carbon in groundwater is present in the form of dissolved
carbon dioxide, bicarbonate and carbonate, bicarbonate being the pre-
dominant form at the pH of most groundwaters. In order to obtain a
true age from the measurement of the carbon-14 content of a sample of
groundwater, it is necessary to know what proportion of the total dis
solved carbon species is derived from Boil-air carbon dioxide which
corrt aa na car-bon-dd , 'l'he remaining proportion is 'derived from non
biogenic carbon which contains no carbon-14 so that the radiocarbon
age of a water sample will be falsely greater than its true age.

'i'he 13c/12c adjustment technique permits an est3mation of the
carbon derIved from soil-air by measurement of the 1 cjQ C ratio of
the dIssolved carbon species.

(2)

J.i. .n c above equa.t i on 2 which represents the solution of Lree-,
stone, the carbon in the soluble bicarbonate is partly derived from
the carbon dioxide derived from soil-air containing carbon-l4, and
partly from the car-boo-La ffee carbonate. 'I'he relative proportions
may be determ~ned from the 3Cjl2C ratio of the bicarbonate if the
isotopic ratio for both limestone and SOlI-air carbon dioxlde are
known. Values for limestone are known quIte well and a number of
measurements of the other parameter indIcate the range of values to
be expected.

APPLICATlO; OF ii:JVIHO;n1l>;"'AL ISO'!IJPE '!'ECHNIQUES

Before a dISCUSSIon of the various uses It should be emphasized
that the o; tirnum benefit is obtained if the isotope t.echm que a are
used in COJlunction with conventional hydrological methods, as IS the
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case in the Special Fund projects mentioned earlier. Isotope tech
niques are often very valuable in substantiating a hypothesis based
on hydrological data, or even deciding between alternative hypotheses.

The stable isotopic composition of a groundwater sample is
valuable for classification and providing information on the origin
of the water. Although there is a marked seasonal variability in
the stable isotopic composition of precipitation, considerable smoothing
occurs during infiltration through the 80il and during transit through
baB1DS. Consequently, groundwater usually has a fairly consistent
isotopic composition characteristic of its origin. This is true for
granular aquifers, but not necessarily 80 when the flow is through
fractures and tubular openings such as in karst and volcanic rocks,
when Borne of the seasonal variability ma;y be retained. An illustration
of the value of stable isotope data is provided in a current UND?
project, executed by FAD, in Hodn&, Algeria, where the stable isotope
composition of the phreatic and artesian aquifers was found to be
different) which excluded the hypothesis that the artesian aquifer was
recharging the phreatic aqulfer by leakage.

~~e change in isotope composition induced by evaporation of
Burface waters is of value in studying the relation of surface water
to groundwater. An application of this type has been made on the
border between Kenya and Tanzania (Payne, 1970). The iBotope com
position of Lake Chala which straddles the border was completely dif
ferent to springs in the area. These results refuted the hypothesis
that the springs received a significant proportion of their recharge
from the lake. This type of application is particularly valuable
when competing dem~~ds for the water are under consideration.

'l'he hydrology of Lake Chad and the surrounding area is also
being investigated by isotOplC methods (Fontes ~.). The enriched
stable isotope composition of the lake water owing to evaporation has
demonstrated that leakage to groundwater is limited to areas quite
close to the lake where mixing also takes place with rain water re
charged on the sand dunes. The stable isotope data also demonstrate
the stratification of water in the phreatic aquifer and the influence
of flood ~ater from the Chari river, the major Bource of supply to
the lake, on the neighbouring phreatic aquifer.

The half-life of tritium limits its use in groundwater studies to
shallow aquifers or in fractured rocks where movement is relatively
rapida The presence of thermonuclear tritium is a unique tool for
teBting hypothese.related to recharge. lnveBtigations in arid and
semi-arid areas often pose the question as to whether or not active
recharge is taking place. In the e~ample of the Hodna project cited
earlier the highest tritium concentrations in the phreatic aquifer
were observed near WadIS.; thus confirming that these are probably the
major source of recharge to the aquifer. Elsewhere in the aquifer
the tritium concentrations were rather low indicating that direct re
charge by precipitation is probably rather low. The same technique
is being applied in a U1fDP project executed by WHO in Senegal. Tritium
has demonstrated the existence of recharge in a number of the aquifers
under investigation.

Attempts to Interpret measured tritium values in terms of the time
since recharge of the water sampled is complicated for two principle
reasons. Firstly there is uncertainty in the tritium value to be
used at the t ime of recharge and this is particularly so in the cases
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of water recharged since the early 1950's owing to the production of
tritium by thermonuclear devices. Secondly, from the hydrological
standpoint, a sample of water most likely represents a mixt~e of
waters of different ages owing to the dispersive and mixing processes
which have taken place since recharge. Therefore the dynamics of the
aquifer are better considered in terms of transit time rather than age.
In practice quantitative data require a time series of observations
which are then matched with computed tritium concentration curves
derived from different models postulated for the system.

Clearly the use of environmental tritium is limited to systems
having relatively short transit times. ThuB in studies in semi-arid
and arid areas and particularly in confined aquifers, we find that
carbon-l4 measurements are required. Such studies are currently being
made in a number of countries on the African continent, including
Algeria, Chad, Senegal., Sudan and Tunisia. The carbon-l4 data are
nonnally interpreted in terms of groundwater velocity from which a
figure for the regional mean permeability may be derived. It is con
sidered that estimates of \ihe latter parameter are more realistic than
the extrapolations to a gi. van area from pumping tests.

Carbon-l4 data have also been used in a study of an artesian
aquifer on the south coast cf South Africa (Vogel). The low flow
rate of 0.7 m/y estimated is presumed to be due to the fact that very
little water can escape through the confining l~ers to the ocean.
The Bame author has also estimated groundwater velocities in two
aquifers in the central arid region of southern Africa where ~he

water is in crystalline and consolidated rock covered by a th1ck
la,yer of Kalahari sand.

COl/CLUSIONS

Nuclear techniques provide the hydrologist with a power:ul tool
not only to solve routine problems, but also problems fo: wh1ch n~
solution was known before. Environmental isotope technlques, WhlCh
are the subject of this paper, depend upon the fact that water can
be identified by its composition thus giving th~ hydrologist a ~hole
range of potential applications only some of WhlCh have been brlefly
touched upon. For example, no mention has been mad~ ~f t~e use.of
stable isotope data in determining the source of sallnIty In salIne
waters, a problem which is difficult to resolve without recourae to
isotope data.

Although nuclear techniques are not being used as yet as widely
as their potential indicates, the number of studies in Afric~ has
reached the stage where data from one study is also of benef~t to.
other studies in the area. In addition to the work of the IAEA In
co-operation with other specialized agencies there ~e ~robab~Y about
seven other groups actively engaged in isotope studles ~n Afr1ca.
These efforts will no doubt contribute to a wider awareness of the
capabilities of these techniques and thus to their wider use as an
additional tool for the hydrologist.
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DESIGN AND OPERATION OF HYDROLOGICAL AND HYDROMETEOROLOGICAL
NETWOR~S IN AFRICA

by Dr. Adetoye Faniran

ABSTRACT

The accelerated rate at which African countries are undertaking water resourceg
development projects suggests that it is time we made a thorough appraisAl of the methods
of collecting and storing hydrological and related data. This is not only because of
the failings of existing systems but also because of the additional advantage of using
the data to estimate the continent's over-all vater resources s i. tuation as veIl as to
gain a better knowledge of the continent's hydrological cycle.

To this end the standardization of the method of designing and operating the
stations in representative basins is suggested. A representative basin is defined as
one which is SUfficiently homogeneous in terms of relief, Climate, hydrology, tOil,
vegetation, land-use etc., and whose major characteristics are repeated in a number of
other places vithin a. given area. The selection of these representative basins in
Africa. is best done by a group of interested speci.lists charged with this responsi
bility. The use of aerial photographs and simple cheap instruments is discussed. A
centr.lised system of storage is advocated, with one major centre for all records and
sub-stati ons for basins wi thin individual countries.

RESUME

Le rythme acc~l~re aquel les pays africains entreprennent l'execution de
projets d'amenagement des ressources hydrauliques permet de penseI' que Ie moment est
venu de proceder ~ un exam en critique approfondi des methodes de rassemblement et
d'emmagasin.ge des donnees hydrologiques et des donnees connexes. Cet examen n'est pas
s eu Lemen t opportun en raison des filiblesses des ays t eees existants, mais aussi du fai~

de llav~tage supplementaire resultant de l'utilisation de ces donnees pour evaluer 1a
situation gen~r.le du continent a l'~gard des res sources hydrauliques. ainsi que pour
parvenir a une meilleure connaissAnce de son cycle hydrologique.

II est 5uggere de r-eccur t r-, A ce t t e fin" A La normalisation du mode de conception
et d'exploitation des stations de bassins repr~sentatifs. On d~5igne ainsi des bassins
suffisamment homog~nes du point de vue du relief, du climat, de l'hydrologie, de 1a
nature du 501, de la v~getation, de I'utilisation des terres, etc.) e t dont les
principales c.ract~ristiques se retrouvent dans un certain nombre d'autres endroits d'une
zone donnee. La meilleure fa~on de choisir ces bassins representatifs en Afrique
consiste ~ confier Ie soin de ce choix ~ un groupe de specialistes s'interessant 1
la question. L'utilisation de photographies aeriennes et d'instruments simples et peu
co~teux est egalement etudiee. II est recommande d'adopter un syst~me centralise
d'archiv.ge, comportant un centre principal au toutes les donnees seraient rassemblees
et des sous-stations pour chacun des bassins int~re5sant les diff~rents pays.

*
INTRODUCTION * *

Many African countries are today concerned more than ever before with rapid
economic development. Of the projects being undert~en in this respect the development
of water .nd other resources ot drainage basins is apparently the most important. This
is because almost all the projects involve water in one form or anotherj for instance,
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urban development, industries, hydroelectricity and so on. It is therefore not surpri
sing that dams and barrages can be found on almost all the important rivers of the
continent, 'While many more are being built or are in the planning stage.

In spi te of these, or ra.ther because of them, there is a great need for a
thorough apprAisal of the methods of collecting, storing ~d analysing the necessary
data for these vater resources development projects. In the first place there are
vast areas in Africa for which neither hydrological nor hydro-meteorological informa
tion is available, either for lack of capital or for lack of technical know-how, or
both. Secondly, the situation in the continent until recently has been that individual
countries or parts thereof have studied and kept the records within their border.; such
records are generally inaccessible because of their scattered nature, because oP border
restrictions and also because of the v ar-La t i.ona in recording and storage methods. In
this respect the efforts currently being made in the Nile, Senegal, Niger, Chad and
Orange basins to standardize recording methods and to centrilliXe data storage are to
be appreciated. Thirdly, experience from the computed projects shows that the Itudies
which preceded them were not sufficient in scope and time to minimi~e side effects.
Finally, the efforts m.ade so far have mostly been focused on the collection of data
for particular development projects (see the Nedeco report in respect of Nigeria's
Iainji dam (1961) or the FAO reports in respect of agriCUltural developments in the
Senegal Valley). The result is a patchy hydrological and hydrometeorological network,
from which few if any valid statements can be made about the over-all water bateece and
hydrological CYCle, whether of individual drainage basing or of the continent as a
whole. In short, th~re has 50 far been no conscious effort to obtain 'representative'
data capable of prOViding a reliable estimate of the continent's over-all vater soarces.

This paper discussed tvo possible approaches for improving this situation.
First, it advocates and elaborates on a system of representative basin-sampling in
addition to the present national and other networks of hydrological and hydro
meteorOlogical stations; secondly it discusses the role of applied geomorphology,
particularly the use of aerial photography and geomorphological mapping as possible
seurces of additional information. This last point is considered very important
because it is relatively simple to undertake and involves relatively low costs.

THE PRESENT SITUATION

One of the most spectacular developments in Africa in the last ten year. has
been the accelerated study and development of river basins. This has tAken tvo .ala
forms. Individual African countries have undertaken studies for vater resoyrces develop
meat pt'oject9 vithin their borders, such as the VOlta dAm in Ghana and t he lainji dAl'll. iA
Nig~ria. Th~ second type of study involves international co-operation among the countries
vi thin a drainage bas Ln , xcr ebj e e xamp Les are the development projects along the Nile
basin and the activities of the Senegal, Niger and Chad basin commissions in We.t
Africa. Both types of 9tudy are useful but the latter has obvious advantages, as
elaborated elsewhere (Faniran 1971, in press). Among other things, the second type
of study tales the drainage bas i.n for what it really Ls : that iSyan organic unity as
veIl as an integrated system in equilibrium, where the repercussions of changes in any
part of the system are felt allover the basin (Chorley, 1969). Moreover, there are
advae t aqes in having all records kept at one pl ace rather than scattered wer three or
more centres. For example) in the case of the Seuegal basin, all avai Lab'l e records
formerly.kept in Paris, Dakar, Conakry, Bamako, Nouck cho t t , etc. are now kept at the
Organisation of Senegal River States (OERS) headquarters in St. Louis, Senegal. This
is the ideal to be aimed at in all river basins.

The latest reviews of the literature and works on the hydrologiCill and hydro
meteorologiCAL situation in AfriCA are those by UNESCO (1963) and by Ledger (1964). The
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s i tuation hag of' course changed considerably. at least in some areas, since then. It is
useful in this respect to compare Ledger's (1964 P. 82) map with Figure 1 of thig paper.
Comparison shows that many more river gauging and other stations have been established in
Nigeria since Ledger published his vork. The Western sector of Nigeria is a particular
ly good example with quite a marked increase in the number of' river gauging at at t cns ,
This area may be special And perhaps exceptional, but it reflects the accelerated rate
at which ri~er5 and river basins are being studied.

Ledger (1964) using the then available data has produced a map of the
t'hydrological regions DE West Africa" (Po 88). This is a very useful document,
especially in connection with the possible acceptance of the representative basin
approach for the evaluation and/or estimati on of Africa'!I hydrological-cycle si tuati on
and water balance. It will be: interesting, however; to see whether Ledger's boundaries
viII change and by how much, when the additional a'Vailable data are considered or when
more objective (stati9tical) analyses are employed. Reference may be made to a paper
by Fagbemi and Okulaja (1970) which uses the space correlation technique to Nigeria'S
rainfall data and as a result recognises a few more climatic zones than hitherto. It
is not the aim of the present paper to do anything of tbis nature. Rather the concept
of hydrological regions is accepted and used in the following discussion of r€~resenta

ti ve basin ideas.

THE REPRESENTATIVE BASIN CONCEPT FOR AFRICA

The concept of the representative basin has been accepted by many authorities.
Among these are the World Meteorological Organization (WMO) (1965), UNESCO (1969) and
the Australian Water Resources Council (1969). Acccrd:ing to the liMO Guide to Hydrometeor
ological Practices (1965) the study of representative catchments (or basins) helps to
make up partly for deficiencies in short periods of observation and the loy density of
recording stations.

The definition adopted by the Australians ist "a catchment which contains
within its boundaries a complex of land forms, geology, land use and vegetation which
can be recognized in many other catchments of a similar size throughout a particular
regi on. II (Australian 'Water Resources Counci l, 1969, p . 5). In addi ti on the Aus tralians
have used the precipitation index or pattern as a classifying medium.

The mere idea of adopting a system of representative basins in AFrica raises
a number of technical, economic and political problems. On the technical side very
fev countries have sufficient trained personnel or an adequate coverage of reliable
maps on large enough scales. Even a country like Nigeria has not covered the entire
country on either the scale of 1:50,000 or of 1:100,000. The available smaller-scale
maps (1:250,000, 1:'500,000).. illthough covering large par t sy do not in some cases have
contours I they also fail to give sufficient information necessary for classification
purposes. With respect to the economics of the idea, there is little doubt that many
people will brand it as a luxury or prestige one, having no Obvious utilitarian
(applied) values. Consequently Africa cannot really afford any such projects at the
present t i me, given the present level of her economy. Finally there are political
problems such as who should choose the basins to be stUdied, and in which countries
they are to be located.

Although these are serious problems which s hou Ld not be underrated. there are
many advantages to be derived from co-operatian and integrated planned development, and
many of these problems are not as difficult to solve as they seem.

The problem of maps is not so serious. The Australians have used maps of
115,000,000 scale and Africa has maps on this and larger scales. The Institut
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Geographie NAtionale in Paris has produced structural and r-e Lf e f maps at larger and
ccmpar-ab'Le scales which can be used with climatic, vE"getation, soil and other informa
tion to produce natural regions or land systems From which the representative basins
can be chosen. One of the positive outcomes of a recent UNESCO Seminar on Applied
Geomorphology and Integrated Surveys of Drainage Basins (Dakar, 9 November - 4 December
1970) is the decision to produce a geomorphological (resource) map of Africa at the
scale of 1:500,000. This map when produced i9 likely to be it. great boon in this res
pect. Alternatively, the method used by Ledger (1964) with some modifications may be
applied; in which case, the representative basins are chosen from hydrological regions.
Finally the basins may be chosen by a simple random process from, say, a map of drainage
basins such as the one recently produced by the author for Nigeria (Faniran 1971, in
press).

The economic arguments against the project are a150 not as strong as they seem.
The concept of a representative basin is li~ely to considerably lower the cost of design
ing and operating a network because the method. provides a satisfactory basis for the
extrapolation of the obtained information to ungauge4 catchments in areas for which the
studied catchment is representative. In a place like West Africa, it may be enough to
study one or t vo of the coastal streams [Ledqer t s , 1964, region I, p. 88) in order to
understand the catchment characteristics of the entire region. Moreover, the project
need not be separate from the existing ne twcr-k , Most likely the basins to be chosen
would be under study previously. In that case, only some additional installations need
be considered.

The political problems are being overcome, especi~lly through increasing
international co-operation in the development of drainage basins in Africa such as
in the Nile basin, and in the Senegal basin. In addition, a setup whereby the study of
river basins in Africa is centralised and integrally co-ordinated should considerably
ease the pcjI tical problems.

According to this l&5t scheme, an international body shOUld be set ap by
either the Economic Commission for Africa (ECA) or the Orgmization of African Unity
(OAU), charged with the over-all control Of the study of Africa's river basins. This
body (to be called the Water Resources Councilor some simil~r name) in co-operation
with the VArious river basin authorities and national bodies should be able to resolve
any poli tical problems (Faniran. 1970).

Finally, the concept of a representative basin is advantageou~ from the point
of viev of objective analysis of datA. The data collected from such basins are
am~nab1e to statistical analysis by the computer. The predictive values of the results
of such analyses are a190 considerably enhanced, since they have been obtained accor~ing

to some pre-determined and standard procedures.

THE SELECTI ON OF REPRESENTATIVE BASINS

For selecting the representative basins for any areas it is prefe!rable to set
up a committee. Such a committee should include people who have special knOWledge of
the areas concerned, including geomorphologists, pedologist!, geologists, climatolog
ists, land-use experts, hydrologists and other practising scientists with interest in
dr&i.nage basins. The folloving suggestions ar-e offered as guidelines; they may have
to be modified according to particular situations.

(1) Africa, because of its sizeJneeds to be bro1cen into a number- of SUb-regions,
such a5 Vest Africa, North Africa including the Nile basin, Eastern Africa,
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Central Africa and South Africa.
be marked by major watersheds, so
two or more sub-regi cns ,

The boundaries of these sub-regions shoUld
that no drainage basin is divided between

(2) Attemptsshould be made to produce for eac:hsub-region, natural regions based
on str~ctural, geomorphological, hydrological, pedological, climatic,
vegetational and land-use criteria. The method adopted by Ledger (1964) may
be used initially, in which case hydrological regions form the basis for the
selection. However, hydrological records are not available for vast areas,
so that such a selection is not possible. Moreover, in this approach little
or no consideration is given to relief, land foms, or to ot her- physical
parameters of landscape. The best basis for selection of representative
basins therefore is a composite map shoving the interrelationships of' all
the visible and measurable attributes of the landscape. For the Australian
example relief, land form and r-ock types are taken as the basic factors,
vhi Ie rainfall and evapotrans pi rati an are superimposed. A det a.i led study by
the body charged with this responsibility viII be necessary in order to decide
which of the various landscape parameters are of hydrological importance.

(3) CAre must be taken about the 9i ze of the basins to be chosen. A very small
basin tends to sample recurring patterns of the region it is meant to repre
sent, in Which ease it is not a representative basin. Conversely, very large
basins may be too complex both in ground eharacteri sties and in climate: as
such they become regions in themselves, and not representative of any other
basins. Uni formi ty of rainfall, evaporation, groundwater recharge and river
discharges also need to be considered. The Australian experience suggests
that drainage basins vi. th the desired characteristics and sui t able for
analytical purposes fall generally in the range of 10 to 100 square miles. In
terms of order of magnitude, these will be between second and fourth order
basins.

(4) All available records for chosen basins should be collected and kept at one
place for enajys Ls ,

(5) Installations for ob t ad n i ng the folloving information are necessary in each
representative basin:

(a) sur-race vilter information,

(i) primary measurements, e.g. stage and discharge; and

(ii) secondary measurements, e.g. vater quality, water temper~ture, stream
lOild (suspended aad bed 10ild).

(b) Meteorological information:

(i) primary, e.g.
applicable) ;

rainfall depth, rainfall intensity, snowfall (where
and

(ii) climatological measurements, e.g. temperature, humidity, wind, sunshine,
radiation, cloud cover. ~ir pressure, evaporation.

(e) Soil ilDd groundvilter:

Soil moisture, soil temperature, and if possible study of the groundwater
character ~ 5 ti cs ,
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SOURCES OF DATA FOR THE REPRESENTATIVE BASINS

T~e instruments required to obtain such informatioD are Bot easily available
to many aFrican countrie. because of high cost, problems of suitability for ule, and
problems of personnel and maintenance. Although the most sophisticated instruments
should ultimately be uged to obtain hydrological and hydrometeorological data the local
conditions call for makeshift measures at the initial stages. These measures should
minimise cost and be both fast and sUfficiently accurate. The use of aerial photo
graphs and the method of Vigil Networks using simple, cheap instruments and devices,
i. considered suitable in this respect.

Aerial photographs and hydrological data. A wealth of information can be ob
tained /rom aerial photographs which are of immen!e importance in the hydrological study
of river basint. Virtually all aspects of the drainage basin inclUding geometry, dis
charge, flow velocity, and erosional proce.ses can he studied from aerial photographs
(Meyerink, 1970).

The geaeral ~ethod of obtaining hydrological information f?om aerial photo
graph. is through the medium of hydro,eomorphological maps. The most commonly followed
procedures are as follows:

(i) A hydro,eomorphological map oE the drainage basin is prepared shoving
the channel networks and orders, watershed, floY characteristics,
river bed characteristics, sediments, etc. In addition, geomorpholotical
feat~res of hydrological interest (slope, country rock, etc.) may be
shown. The procedures and examples of these maps are given by
Verstappen (1970) among others. Dif£erent maps may be produced for
different purposes, for instance. the flood protection maps of Japaa,
or maps shoving irrigation possibilities.

(ii) The forms and dynamics of river basing can be studied from sequential
or successive aerial photographs especially the large-scale types.
Previous studies on SUch photographs have shown some diagnostic charac
teristics Which have hydrological significance. For instance, if
vegetation is growing on the bed of a river, the velocity of flow in
that part or the channel may be taken to be less than 1 m/sec., under
normal conditions. Moreover, the behaviour of flow to obstacles is
also indicative of velocity. If the flow separated by an obstacle
rejoins after the obstacle the velocity may be taken as about 4 m/.ec.,
otherwise, the velocity is much less (Verstappen, pers. comm.).

(iii) The most important contribution of a hydrogeomorphological map to the
study of basin nydrology is in terms of the establisbed relationship
between ba.in morphometry and fluvial procelses and characteri.tics.
The relevant bagin parameters are many aBd only a few of them are dis
cussed belovo

Stream order: There are various ~ethods of stream ordering, each
having its own advantages. Strahler's (19'2) modified form of Horton's
(1945) sy.tem ha. the advanta,e of being simple and logical, and i.
recommended for use here. However, for more accurate hydrological
stUdies, Shreve's (1969) ~ystem seems to be more appropriate. Stream
order is related to and hal implications on stream length, valley
si~e, discharge, etc.



- 76 -

Drain~qe intensity: This factor combines drainage density (total
length per unit area) and stream frequency (total number per unit
area) and seems to reflect l~dscape texturei i~ is al~o ~orrelate1

among other things with volume of removal, valley-side slope etc.,
(Faniran. 1969).

Drainage basin size: This CAn be readily measured Irom aerial
photographs and provides valuable information about basin discharge. A
linear relationship is established between basin area anddischarge,
thati!, the larger the drainage basin the higher the discharge, all
other thi ngs being equal.

Drainage basin shape: There are various ways Or describing the
shape of a drainage basin one of' which is the c i r cu LarI ty ratio. Which
ever way it is expressed, the shape of a drainage basin influences the
form of r-un off hydrograph, es peci ally vi. t h respect to flooding.
Generally speaking the more integrated a drainage system is (that is
the higher the bifurcation ratio (N Nu ) where Nu is the total number

u t 1 -of streams of a given order and Nu + Ys the total number of streams
of the next higher order) the higher the likelihood of early flooding
in the trunk stream).

Average slope of basin: This is another measurable parameter from
aerial photographs and which is expressed in a number of ways. The
parameter is an important indication of basin velocity and discharge.
In general terms steep valley-side slopes mean steep gradients, high vel
ocities ~d the possibility of early flooding.

Vigil ne t vcr'k s , Aerial photographs alone are not 9ufficientj they have to be
supported by field check s and observations. One way of doing this in Africa where
resources are scarce is the use of simple. cheap and easy-to-operate instruments. This
approach is generally described as Vigil networks and is increasingly becoming popular
throughout the world. Vigil networks have been described by many workers including
Miller and Leopold (1963) and High (1970), and so are not described in detail here.

In brief, Vigi 1 networks involve t re use of simple techniques to observe
morphological changes on slopes and in channels. The techniques used include monumented
cross sections which are s~rveyed at regular intervals to record changes; pins for
recording rates of bank r-eces s Lon j chains as indicators of bed scour; use of painted
pebbles on river beds; and of stakes to measure soil creep or mass movement. Only
those having direct hyd r cLoqi c a I significance need to be set up in a given drainage
basin.

In a,j,1i t i on} r-unof'F plots can be cheaply set up vithin a representative basin.
These may involve most Ly i mpr-ov'i s ed materials such as planks to mark the plot's boundary,
s c-ne cer-en t for t he apr-on and vat er-pr-oo r materials to retain water and sediment
col Lecte d in pi t s ,jug at the Love e end of the plot. The average cost of a runoff plot
according to the Ni ce r i er. experience is about £6, and a number 0: them established at
the International Institute of Tropical AgriCUlture (IITA) site near the University of
Lbad an are now providing very useful information among other things on the relationship
of rainfall, runoff and vegetation cover. The Department of Geography of the University
of Ibadan also hopes to start one very shortly. Where necessary funds are available,
sophisticated instruments such as automatic raingauges and H-Flume and/or Coshocton
runoff gauges should be used. Information from all such sources will definitely go
a long way in fUrther defining the already established close correlation between the
various elements of an area incllolding the climatic, geomorphological and biotic factors
which are of grea~ hydrological significance.
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Figure 1. Ni ~eri a: Hydrological and hydrometeorol ogi cal network. (In formati on for
the Northern Sta.tes ..as obtained up to 30 September 1967, and for the
Western States up to July 1970. No inforrration was available for the
Western and Mid-Western States at the tirre of compi lati on of the map.)



DESIGN OF HYDROLOGICAL AND BYDROMETEOROLOGICAL NETWOR[S

by Ivar Hagen

ABSTRACT

This paper outlines general priaciples tor the planain, ot a hy4roloqical
network. Four types of stations ad their purposes are defined. They are:
primary statiOD, secondary station, vater-level station and hydrometeorological
s t at i ce ,

These types should form the basic stations or the network. The Pacilities
used and practical procedure are described. The distribution and the density of
stations are coasidered. The equipment and the ratio betveeB primary and secondary
runoff stations are eliscussed. The programme for construction vork , financial esti
mates ~d the pUblication of the plAn are described.

RESUME

Le pr~gent m~moire contient un expos~ des principes g~n~raux a appliquer
.. mati~re de planification d'un r~seau hydrologique. Quatre types de stations
et leurs objectits y sont d~tinis. Ce sont: station principale, station
secondaire, station de jaugeage et station hydrom~t~orologique.

Les stations de ces divers types sont .uppos~es constituer les stations de
base du r~geau. On trouve egalement dang ce m~moire une description des moyens et
installations utili!~s et des proc~dure9 pratique! appliqu~e9 en 1& mati.re ainsi
qu'un examen de 1& question de la distribution des stations dans 1a r~gion et de la
densit~ du r~seau. Le memoire traite de l'~quipement et de la proportion entre les
stations principales et 1e9 stations secondaires de me sur-e de l'~coulement. On y
trouve ega1ement une description du programme des travaux de construction, les
pr-evt at ons tina.nci~res et 1. publication du pj an ,

I NTRODUCTI ON

During the last two decades etforts have been made to define general
principles for designing a hydrological network for obtaining the basic data.
The task, however, is very complicated, and often the r~gultg of th~ ~n~eAvours

have so fir been of little importance to the hydrologist. The great topogr~phical

variations on tae e~rth also create differences in Climate. The irregularity of
geological Pormations further complicates the problem. Therefore, the first step
for the hydrologist designing a hydrological network is to carry out a compre
hensive 9tudy of the physical conditions within the di~trict. region or country.
Such information forms the basis for estimating the required number of hydrologi
cal stations and their di~tributian within the area.

This paper aims to describe & practical procedure for planning a
hydrological network (surface runoff only).

Hydrological textbooks, guides
and designations of .stations which torm
this paper 4 categories of ,tations are
respective purposes.

and manuals give different definitions
the concept "Hydrological Network". In
defined and Classified accordiBg to their
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RUNOFF STATIONS

Hydrological investigations consist of records of runoff variations in
time and space. The variation in time, or the time parAmeter, reflects the short
and long-term cll~atic variations. The variation in space, or the space parameter,
reflect the variations of runoFf within a certain area caused by topographic and
geological differences.

The Climatic variations occur in fairly regular cycles depending on the
position of' the sun and the sueapot s , But these periods also undergo changes of'
which we know very Ii t t Le , The only thing to do is to obtain ob!lervations '\
over .~PlicieDtly long periods, thus acquiring satisfactory statistical data.

The changes in runoff caused by the topographical and geological con
ditions are usually indep~ndent of Climatic variations in a climatically homogen
eous area. Theoretically any tva observation points within such an area are there
fore recording 9imila~ variations in runoff or are producing ~unorf data of high
co~r~latiQ1.

Hyd~ological stations recording the time parameter usually keep
recording continuously at the same si t e for an indefinite period. This s hou Ld be
borne in mind when the hydrologist evaluates the sites for establishing such
s t at i ons , Moreover, it is important that the site has a stable control for all
stages and a veIl-defined stage-discharge relation. Such stations should be re
ferred to as Primary Stations. The minimum period of observation Por satisfactory
analysis of data on which technical and economic development can be based is
generally estimated at 15-20 years.

The hydrological stations recording the space parameter are usually
operated at the game sites for a limited period of time, 5-10 years, and then
shifted to a new site. Stable cont r-oj is also essential for such stations. Toe
number of such stations is by far the largest in a network of' runoff stations.
These s t at Lons should be referred to as Secondary s r at Lcns , Data frorr, such a
~tation may be applicable For technical purposes after 3 or 4 years providing it is
operated in conjunction wito a representative Primary Station.

WATER LEVEL StATION

Such s t at i on s are usually established in lakes. Where the lake's catch
ment is of international interest, or where the lake is of national economic
importance. the s t at Lon should be kept permanently.

HYDROMETEOROLOGICAL STATIONS

These stations ar-e established to observe such climatic elements as
precipitation, temperature, wind, r add at i on , humidity and evaporation. The
variations in these elements are dependent on time. Therefore, the station
should be operated a.t the same site indefinitely. The representativeness of
the stations is highly dependent on topography, and the instruments are very
sensitive to local disturbances. Therefore, the sites have to be carefully
selected.
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The JReteorologicAl data have &n extensive application in practical and
theoretical hydrology. One of the most important applic~tion.!J of such data is _~

in the assessment of the ccns equences of maj or water deve Lopment projects. The
artificial reservoirl built in connection with water power or irrigation projects
usually c~&n!e the normal conditions of the river. Water is stored in the vet
seasonVte:n. the evaporation is insignificant, groundwater level is at or near its
maximum and the soil moisture is high; i.e. vhen the river is susceptible to flood
ing. However, depletion of the reservoirs occurs in the dry season when the con
trary conditions prevail. Such circumstances interfere with the natural regime
of the vater resources. The prediction of the con5equences must therefore be
based on recorded climatic data.

The four types of stations mentioned above procure the basic surface run
off data and may be re£erred to as Basic Stations.

NET\lORI DESIGN

The Rational hydroloiical network should be designed to obtain general
information, independent of planned or potential technical vater project~,

because of the following tvo main reason5:

(a) Lnde penden t of special demands, it is possible to select the best sites
and the most favourable distri bution of the stations in order to obtain
reliable and representative data.

(b) Tn.e fact that a basic network needs a long period of observation before
economical output is possible puts such projects in a difficult position
concerning the availability of necessary funds. The limited amount of
funds allocated therefore necessitates very careful planning. On the
other hand, where a satisfactory hydrological network eXists, stations
necessary for special projects need only 3 or 4 years I period of observ
ation to provide the additional d~ta for economic And technical planning.
This period usually corresponds with the time used for the preliminAry
survey of such projects, and additional hydrological investigations are
therefore a logical part of 5uch a survey.

Homogeneous climatic Areas. The first practical step for net vcr-k planning is to
study the geography of the area concerned. For this purpose contoured maps of
1:50,000 Icale are most suitable. Independent of the specific topography, the are~

be t ve en 3 or 4 equidistant contours snou I d be dra""vith different colours. Thh vill
mue the main features of the topography more visible, thus simplifying the
location of homogeneous climatic areas. Where meteorological data such as preci
pi tation and eveporat i on are av ai Lab'Le , these should be represented by isolines on
the maps. If meteorological observations are Dot avad Lab l e , study of the topo
graphy viII give a satisfactory idea about the location of those areas.

Primary s t at i cas , As mentioned before, the station-sites must be very carefully
considered before they are accepted. Th~; control must be stable and the cross
section or chaanel section must be veIl defined for all stages. Geological maps
may providt: valuable information concerning the location of sites, and details can
also be stu.died very closely on ~erial photos.

It is very difficult to 9~t up general rules concerning the density of
such stations. Theoretically it ghould be su££icient to have one primary station
within every tomogeneoul climatic area, and thi9 rule may be taken as a general
guide for practical use.
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In the case of more than one alternative, the site vbieh has the best
control should be preferred even if the access to it may not be the be s t ,

FUrthermore, the planning of hydrological stations must always be determined by
the demand for stations, and not by vhat is economically possible at the time.
The realisation of the plan may be done step by step,

Secondary stati ang p The object of these at ar t ons is to procure data for evaluat
ing the distribution of runoff within individual catchments or extensive areas.
As for the primary stations, good control is important, however: because of the
relatively short observation period, a strategically correct position of the site
must be considered as more decisive. As mentioned earlier, these stations have to
be shifted to nev sites after 5 to 10 years: i.e. only a part of the designed net
work cpe r-at ea at the same time. Therefore, a r-eas cnabj e distri bution of the
"first-turn-tt&tions" has to be considered. The aim must be to obt ai n the best
output of data at any time.

Primary stations/secondary stations. The number of secondary stations is by far the
largest of the total of various types of runoff stations. A general figure for this
ratio is difficult to assess and depends on the individual properties of the area
concerned. However, in order to give an idea reference is made to actual fig..lres
from a project designed in Tanzania. This project, "Hydrometeorological Su r-ve y
of western. Tanzania", involves the construction of approximately 100 runo~f

stations and 30 hyd r ome t e or oLog i c.aI s t e r i ons .... ithin an area of 260,000 1m. The
primary s t at I ons vi. 11 form about 30 per cent of the total. Almost no previ ou s
hydrological investigations of this area exist. After 5 to 10 years of observa
tion it is expected that this figure will be reduced to 20 per cent. The selection
of pr i mar-y stations "'ill then be dor e by u s i n q regression ana Lys i s based or! the
co] Lec t ed dat a.

Water level Sotatiori5 (see above)

Hydron,~teorolo9ica:. stations. As a general r-uLe , at least one byd r-on-e t e cr-ol oq i c a I
station shOUld be ~stablished wltr.1Tl each homogeneous cli~atic ~r~a and iF posslole
near its centre. If- the area is ]0,000 1m2 or more, at least 2 stations s hc.. ]c. be
e s t e bLi s he d , On t r.e other hand, stations s hou Id not be established on or close to
defined climatic boundaries (see above).

OtLer categories 0: stations. Very often hydrological stations are established
for ~peci~l ~rojects. In such cases the choice of station sites depends on the
location of the pLar.ned constructions. If the sites are acceptable from a t.ydr o
Lcp i c a I point of vt e v, they may be considered as secondary stations and included
in the Hational Ne t vor-k , If not. such stations are of little use for the general
hy~ro:ogical invesT.gations.

,sr: PH<.NT OF HYDROLOGICAL STATIONS

caLle....ay.
au t omati c

A primary i tati on ahou Ld be equi pped 'Wi t h an automati c recorder and
At least 50 per cent of the secondary stations should be equipped

recorders and all of them should have cable....ays.

a
'With

PROGRAMME OF CONSTRUCTION ~ORI

vnen the n ... ",ber and ~i t es of stations ar-e fixed, the programme of con
struction york: has to be considered. This estimate also Lnc Ludes a calculation
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of st~££ requirement$. Staff includes temporary construction staff and permanent
stAFf for running of the stations. Ccn s t r-uc t i cn staff may be organised from the
employee9 of the agency responsible for th~ National Hydrological Service and
should 'Work as a team as long as the construction worl:: continues. (lrgilnising
permanent staff may often be a most serious problem to solve. Such staff consists
of technical &5sistants and gauge readerB. The assistants should have a certifi
cate from a technical college or similar courses. The gauge readers are supposed to
have primary-school education.

In Tanzania the problem is solved through close co-operation with the
Technical College in Dar es Salaam which every year provides hydrology as a special
subj e ct for a certain percentage of the s tudent s • The number of students is fixed
according to the estimated need of technical assistants in the Water Development
and Irrigation Division. Special courses of 3 week s ! du r-a't i cn are organised for
training gauge readers.

It is obvious that the realisation of such projects depends largely on the
rate of recruiting ne... staff and this rate is decisive for the programme planned
for the construction.

If the project needs more than one year to complete, a construction plan
for each year should be prepared. The annual expenses could then be included in
the annual bu.dget of the national hydrological investigations. For t hd s , tables
for each year indicating the amount of construction work and employment of staff,
and maps shoving the station sites, should be prepared.

The york programme is the basis for estimating the cost of the project.
If the programme is vorked out as outlined above, the expenses are easy to calcu
Lat e , This calculation s hou Ld be summarised in a clearly arrmged table showing
the cost o£ equipment, construction York and salaries of stafF per annum and the
tot Iiol.

PUBLI CATr OIl

When the design work is completed all essential information should be
collected in one handy publication. The problem of financing belongs to the
government and very few of those dealing with financial tasks are experts in this
s pec.i aj subject. Therefore, the publicatim must not be overloaded with technical
details. The £inancial authorities vant to get a general impression of the tech
nical side of the project, the demands to be covered and a clear tabular presenta
tion of the estimated cost. Therefore the publication should contain a brief
geographical description of the area, and information on the necessity of the pro
ject besides tables and maps as background to the estimate and a short explanation
of the tables. The publication should have a aummar-y •• &n introduction and a
summary table of the expenses .t the end.
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THE USE OF DIGITAL COMPUTUS IN THE HYDROLOGICAL
SUVICE IN TANZANIA

by Bo Wingard

....auAcT

. Processing, analysis aDd publication of hydrological and hydrometeor-
ologlcal data by electronic cOMputers started in Tanzania in 1966. The systems
used in procesling the data and storing them in £11es aD magnetic tApe. ~re ~es

cribed. The files form the basis tor publication and analysis of data.

RESUME

de ces

Le traitement, I'analyse et 1. publiCAtion de donn~e9 hydrologiques
hydrom~t~orologiqueg A I'.ide dtordinateurs a d~but~ en Tanz~ie, en 1966.
9yst~mes utills~9 pour Ie trAitement des donn~es et ieur enregistrement 9ur
b~de9 m.tn~tique9 ,ont d~crit9 dans Ie pr~sent m~moire. C'est sur 1& base
flchier. que les donn~e9 sont pUbliles et analys!es.

*

et
Les

INTRODUCTION
* *

Hydrological .ervice~ started regularly in 1950 in Tanzania when the
Hydrological Section W~I eJtablished. Since then, about 680 VAter level stations
have been established, of which about 240 are in operation today. The kind ot data
collected and processed are river flow data an~ vater quality data.

The Section also collects ~ata from meteorological 9tations, normally
referred to as hydrometeorological stations. OF 34 stations established, 33 are
still ill operation. The kind of data collected are precipitation, temper-ature,
humidity, vind, s~~shine, radiation and evaporation. In addition 205 pr~cip1ta

tion stations were es t abj i shed of "hich 85 are still in operation.

To il1ustr.te the amount of data collected, a convenient unit of
I' cos e r v a td on year" n.ay be used, t •e. 1 year of observati ons from 1 stati on is 1
observation year. for vater level observations the total number is about 2,000
observation years, [or the meteorological elements it is about 2,200. The demand
for hydrological d.ta and analysis is expected to increase consid~rably in the
future. In order ~o meet the requirements, it is decided to process, analyse and
publish these data by digital computers.

He1"e the lrocessing and publication of the data which Are cczj ecred
routinely an a continuous or periodic basis are de5cri~d.
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COMPUTER PARTICULARS

The machine processing of hydrological dAta 9tarted in 1966. The
Section has bought computer time from the Computer Project at the Ministry of
Finance. Up to 1968 r c'r with 4 magnetic tape stations, card reader, line printer
and paper tape reader vas used. Then it was replaced by an reL 1902 with a core
store of 16 [ words, 6 magnetic tape stations, card reader, line printer and
paper tape reader, The programming language used is 1900 Fortran. The reason for
using this language instead of Algol, Cobol or Planl which are also available on
the 1900 series, is that Fortran is the most commonly used scientific language
vi thin East Africa, and also widely used in hydrological data processing in hydro
meteorological institutions abroad. The only problem encountered with this pro
gramming language is the lack of flexibility of the printing routines. This
seriously affects the printing of observation tables. For the sAke e£ clarity,
missing observations are represented with a horizontal bar. To do this in
Fortran takes a relatively long time. Special Plan sub-routines for printing
purposes are therefore necessary in order to decrease the cost of computer time.
Since the end of 1910 the Section has been equipped with oDe card puncher and one
card verifier o.f leL make. These machine installations are expected to remain
unchanged for the next 2 to 4 years.

INSTRUMENTATION

Only the hydrological instrumentation is described he~e.

Water level is observed on staves, vhich are rapidly being replaced by
those with metric units. This is also the case with all other instruments the
Section has installed.

Automatic analog vater level recorders are installed at about 30 stations.
No manual system for di gi t i zing and storing in formati on from t he recorder charts
on a medium readable by a computer has yet been introduced. The process in the
future will probably be to digitize instantaneous water level! by a system indi
cating the period of observation and frequency of values. Then both high fre
quencies (for ex«mple values every IS minutes in Flood periods) and loy frequen
cies (values every day in dry periods) could be represented in the same coding
form. These data viII probably only be stored on punched cards, and extracted when
,peci~l analysrs are required.

Reco~ders which digitize the data on either magnetic tape or paper tape
have not yet aeen introduced. Instruments for digitizing the ~alog recorder
hydrographs will Dot be introduced at present mainly due to the fact that no
equi pment is yet o.f.fered together vi th simple computer pr-oqr-amme s which enable a
quick and e£fective digitization o£ the kydrographs.

Discharge measureMents are made by recording the point velocity of
v~ter with propeller-type current meters. Such measurements are made vhenever
a station is visited, normally every month or every second month. Special flood
ratings are mad.e at selected stations during the rainy season.

Sediment samples are taken by the depth integration method. Samples are
taken each time a discharge measurement is made, and later analysed to calculate
suspended sedimeBt load.
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HYDROLOGICAL DATA

The policy is to store all vater level data and all converted discharge
data in magnetic tape files. The data are stored chronologically in increasing
order Or the station identification number. Each observation ·year is stored as a
block of 370 INTEGER 24 bit Yords (5 identification vords -':'1 numerical station
code nUMber, 2 alphanumerical gauge station numbers, observation year, storage
unit-and 365 mea. daily observations). The observation from the leap year day
is not stored.

All data are coded in special forms, punched on cards And verified.
After card listing, the data are checked manually before they are stored in tapes.
Some logical tests are incorporated in the storing process in order to ensure
correctness of the stored data. Examples of such tests are: station code number
year and month Dumber must be within certain ranges; the number of observations'
for each month ~U!t be equal to or a whole multiple of the number of days in the
month: a manually computed month sum and a machine computed SUn! must not di ffer
more than say 1 per cent. Whenever an observation year is transferred to
tape, the data are also printed on line printer. A chec~ing of these printed data
is the last control.

The data are processed in two slightly different ways, pre-1965 data
published in wThe RUfiji Basin TlUlganyila Basic Data Records" Volume II t

part 2 (1960),"Hydrological Yearbook 1950-1959" (1963) and "Hydrological Yearbook
1960-1965"(1967) are referred to as "historical dat. tII

, and treated differently from
"new data- observed since 1965.

Processins of historical data

The manually computed mean daily vater levels are coded in specially
designed coding forms, manually checked, punched, verified and listed. The card
listing is checked agAinst the observation forms or the pUblications if the data
have been published before and are stored in the magnetic tape file for historical
vater level data.

'When at. rat.ing curve can be established, the corresponding rating curve
equati on or rating table forms the basis for a conversion by computer of the vat e r,
level data to disd.arge data. The values of the rating curve equation or· rating
table are punched (.1. punch cards, and fed to the c on-put e r just before the pun c ted
water levels. The discharges are stored in the magnetic tape file for historical
discharge data. Su c h a computer conversion is carried out if discharge data have
not been converted before, either manually or by computer.

Vhen discharge data are computed manually (Yearbook 1950-1959) or by
computer (Yearbook 1360-1965) they are coded and treated in the same yay as the
vat e rc Leve I data. and stored in the magnetic tape file for historical discharge data.

Processing of ney data

The Frequency of observation is normally 1, 2 or 3 readings of vater
Leve I each day. Tl',ese data are coded, punched and checked and fed to the com
puter. When a rati~g curve equation or rating table can ~ established, tne
data for each day is converted to discharges and the mean daily va1u.e is com
puted as the mean of all the instantaneous values.
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The _eaD water level is similarly defined as the mean of the instantan
eous water levels, and cannot usually be associated directly with the mean daily
di scharge as the rating curve is not lineiloT.

The instantaneous maximum And minimum values for each month are computed,
together with their date and hour of occurrence. These values are stored as an
appendix to the usual "historical" 370 word observation year blocl. With
additional 4 vords for each month (2 extreme values and 2 time values (date x 100
+ time in whole hOlrs)) the observation year record 'tor the "ne", data" file is 418
words.

Both water level and discharge records are stored according to the same
principles as the historical data. When the data are published, it is assumed
that the last 48 extreme yords are of little interest for further analysis. The
first 370 word9 of the "new data" record it then transferred to the historical
file. The re~son for this is to save storage on m~gnetic tape, and to reduce
the mean access time to the data. It viII be relatively simple to create an
"instantaneous extremes file" later if a demand for special analysis of such
data is expressed. The "new data" file will be updated. say, every half year.
The maxf num age of the data is then one year. Yearbooks may then be
published just Over one calendar year after the data are Observed.

METEOROLOGICAL DATA

Most of the meteorological observations are made in co-operation with the
East African Meteorological Department (EAMD), as most of the stations are incorp
orated in their ne twork , The Hydrological Section maintains the stations and the
equipment and is responsible for the daily reading, and sends copies of the obser
vaet ons to EAMD, which tAkes care of the publication. As the data will be used in
the Section for hydrological analysis. the aim is to store them in files on magnetic
tape_.

A precipitation file is already establiShed. The rainfall data are coded
in specially designed forms and processed and stored in a way similar to that of
the hydrological historical data. Out-prints of the daily obgervations are made
only when manual analysis is required.

It has not been decided yet how the data from the meteorological stations
will be stored. As the number of stations is smalL and in order to reduce the
number of files. all the observations from each meteorological station for each
year will probably be stored together. The elements to be stored will be
precipitation, mean daily temperature and dew point temperature. wind speed.
radiation. evaporation and sunshine. The storing s equence will be the same as for
hydrological data. Out-prints of daily observations will be made whenever dat a is
read from cards and stored on tape.

In addition to these files, & file for rainfall intensities where an
automatic rainfall recorder is installed (maximum precipitation - date and amount 
for each month in 1, 3, 6, 12, 24 ~d 72 hours) viII be created. When ~AMD gets
their observations stored in a similar yay. the transfer of data viII be
greatly simplified, and the subsequent analysi.!S can be expanded to a greater
extent than is poss Lb'l e today. The main difference in EAMD'9 and Hydrological
Section's ways of storing data is the storing sequence: EAMD stores the dAta From
all the stations From one year together instead of all the years from one station.
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RATING TABLES

A speciAl file viII be created, containing the disch~rge rAting tables
for each station. When the "new data" file is updated, only water levels are
read to the computer from cards. The rating table is read from the magnetic tape
file. The storing of the tables in a s pect at file also enables publication of
these important data whenever required. Special programmes are made for computa
tion of rating curve equations when pairs of water level and discharge are
available. Segments of the curve are then mathematically expressed.

vhere q is discharge, h vater level, Ah height to flow level, k and n constants.
A rating curve is normally described in fUll detail by 1 to 3 segments.

A programme for computation of discharge from current meter measurements
is made in order to simplify and standardize this time consuming work. The pro
gr~nme work. out Telocity profiles of the measured point velocities, and computes
the total discharge as the integral of the reSUlting mean velocities.

As the collection of sediment data from the river gauging stations is just
recently introduced on a regular_sis, no system for processing these data has
yet been adopted. Existing programmes, slightly modiFied, can be used For
equations or tables resulting from manually prepared sediment rating curves, which
will enable quick and reliable conversion of discharges to didly, monthly or yearly
yield of suspended sediments. These data can, iF required, be stored in a similar
way as for other hydrological data.

GAUGE LIBRARY

A file is created, storing information about the gauging stations. Such
i n J'or-nat i on is d at e of installation and closure, altitude, drainage area, geo
graphical co-ordino~es, types of station, quality of station and ~easurements,

kind of recorder, date and magnitUde of observed extremes or water level and, if
available, discharge. This gauge library file viII be most useful in publications.
Our aim is to publish particulars Or the basic stations in the j~arbooks as h~s

been done up to now, in add i ti on to informati on vh i ch can be extracted from the
gauge libra.ry file. Such information is necessary for different statistical an aj ys i s ,

PU3LICATION

Ccmpu t ed o . s ch ar-q e s from c e Li br a t ed stations are published on a 5-year
basis. Mean daily 0. atue s together with monthly extremes are read from the -new
dat a" rile and pr i r.ted together 'liith computed monthly sums and mean s , The daily
v a.Lae s together vito the identification values are transferred to the "historical
data" iile. 'l he gi_ge library file is updated with respect to extremes and

the results printed ~hen data for all 5 years for each station has been processed.

liater t eve c s will be published only fOT important stations for vh i ch
rating curves cannc,t be established (i .e. inland drainage, swampy areas, etc.).

As menti on~d be fore, meteorologi cal data is already being pu bli shed by
EAHD for a majority of the s r at Lcns ,
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FUTURE PLANS

By a variety of different computer programmes, analysis ot the hydrolo
gical data viII be carried out, both on a national and local basis. The standard
analysis will be made for magnitude frequency summaries, probability, lov flow
variability, basic characteristics, runoff maps, etc.

The library will also contain programmes made for analysis other than
pure hydrological, such as water pove r and irrigation. In this Yay, the Section
can provide service for numerous organisations requiring the use of different
analysis and data.
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DESIGI AND OPERATION OF THE HYDROLOGICAL NETWOR[ IN THE
OIAVANGO DELTA. BOTSWANA

by M.J. Ilorman

ABSTRACT

A short dsscription is given of ths Okavango River
and its dslta. ~lsntion is msds of previous 1ovestigations leadiog
up to the establishment of a four-year Project 10 1968 with the
sett10g up of a national hydrological service for Botswana as a
major objective.

'!'he purpose. for which hydrological data on the
delta sre required are set out and the developnent of the network
required to provide this data described, together with dstails of
the equipment used end some of the operational problems encountered.

In the analysis of the hydrology of the
Okavango de lta two approaches become spparent and a brief
description of these is given.

RESUME

Le Fleuve Okavango et 90n delta font l'objet d'une br~ve

description. Mention est faite des recherches ant~rieure5 qui
ont conduit/eft 1968,Au lancement d'un programme quadriennal ayant
pour principal objectif 1a creation d'un service hydrologique national
au Botsvea.

On ~ndique Ie! raisons pour lesquelles des donnees hydrologiques
sur Ie delta sont Becelsaires en M@~e temps qu'on decrit l'amenagemeDt
du reseau rt~uis pour obtenir cas donn~es et qu·on donne des d~t.i]s

sur It: matl:r.el employe e t sur que Lqu es-una des pr-obj e ne s, d'exJi]oit~tion

r-encoe t ees ,

L'~alyse des caract~ristiques hydrologiques du delt~ ~e

1 'Okavango re:..::.t app ar-af t r-e deux mani er-e s possibles d'aborder lA
question, et toutes deux ~ont bri~vement d~crites.

1 • JBTItOD. ~TICII

The Okavango River rises, at an elevation of 50118

~&OO metres, :..n the SUlIIIIlor rainfall reeion of the Angola Righlands,
where it is kLOVIl as the Cubango, and flows in a southerly directiOll
to the border With South West Africa. Here it deflscts eastward fom1og
the border for a distancs of 400 kilometres and is joined ~ the Cuito,
which also ri< os 10 the Angola Righlands, before again turning south
acrOss the Caprivi Strip and enteriog Botswana at MOhembo~ At this
point the river has a mea annual disoharge of 11750 :l 10 ,.3 and is
Southern Afri:a's second largest river, being exceeded only ~ thg 3
Zembezi with. aean annual discharge at Liv1Jl<tstone of 3'1500 :l 10 a.
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After entering Botewana the Okavango f'lowe southwards
f'or a distance of' 140 kilanetres in a valley sOlll.e 10 to 11 kilanetres
in width, where it breaks up into a DUllbar of' channels prior to
en tering the wide expanse of' ewamps f'ondng the hsad of' the large inland
dslta known as ths Okavango Swamps.

The delta is roughl.,y triangular in sheps covering an
area of scme 16,000 sq. kil..etree. The flow patterns within this
area are canplex wi th flow passing frOlll. one channsl to another through
psI'lllBllentl.,y and seasonally flOoded areas choksd with aquatic vegetation.
The attached diagrammatic sketch shows the salient f'saturss cf' the
system consisting of three main branches, the Taoge, the Boro and the
Ng-gokha/Santantadiba, which eventuall.,y discharge into the Thsmalakane
and lake Rivsrs l.,ying at the baae of' the triangle, along a fault line.
The Thsmalaksns at low flows discharges southwards into the Botsti
River but at higher flows also spills into the Lake River towards the west.

The level of the Okavango River is at its lowest,
at Shakawe at the head of the delta, in September/October. Thereafter
the eff'ects of the rains in Angola beccme apparent and discharge
increases to reach a peak in early March or April. These floodwaters
1Il0ve down the Ng-gokhe end Taoge into the pemonent ewsmps at the head
of the delta, which cover an area of some 2,000 sq. kilometres, and then
overflow frOlJl these towards the south and north-esst following ths
general slope of the land. Flood waters entering the head of tho dolta
nomal1y taks four to five IIIonths to reach Maun, levels in the
Thsmalakeno beginning to riss in Jul.,y or August. From the Ng-gokhe,
DOt far bslow its point of separation frOlll ths Taoge, floodwater lIlay
spill north-aastwards over ths plains and maks its way along a gentl.,y
sloping depression known as the Selinds spillway to reach the Choba
and eventuall.,y the Zambezi.

2. PREVIOUS SURVEYS AND RECORDS

Although Livingetons first discovsrsd lake Ngsmi in
1840 it was not until Captain A.G. Stigsnd produced his "Sketchmap
of Ngsmiland" in 1922 that any maps of the ewamps were available.
Meanwhile Professor Schwarz had arouaed much interest in the vast
quantities of water in the Okavango and Ohobe Rivers by propounding,
among other things, that by restoring the lakes of the Kalahari the
evaporation therefrom would very soan permanently increase the rainfall
over much of Southem Africa, and a survey was arranged by the then
Union Government which resulted 1n Dr. A.L. du Toit's valuable
"Repor-t on the Kalahari Reconnaissance" in 1925. III 1937~ J ..L.S.
Jeffarea undertook further surveys in the swamps described in his report
on the Ngsmiland Waterways SUrveys.

W.G. Brind carried out a remarkable and extensive survey
in the swsmps during 195:}-1955 and put f'orward suggestions of a practical
nature for further investigations an1 possible developments and
improvements in his report "The OkaYaDgo Delta".

During the lste 50' e attention shifted frOlll the Okavango
to tha aoz-e urgent needs of the population concentrated in ths eastern
part of Botewana, generally in the Limpopo catchment, and fran 1961
efforts were made to obtain international aid to set up a permanont
national hydroloKical ssrvice. In 1968,this bore fruit in the
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commencement of a four-year programme for the ":iurveys and Training for
the Developnent of 1~ater Reeources and Agricultural Production" under
the management of '.A.O., the Project being financed by the Special Fund
of the United Nations Developnent Programme and the Botswana Government.
It had always been appreciated that in any future development of Botswana
the water resources of the Okavango must p~ a major role and because
of this the setting up of an hydrological network in the swamps was
included in the Project programme. Recent mineral discoveries and
the opening of the diamond mine at Orapa, which draws its water from
the lower Boteti River, have provided a new stimuluB for the investigation
of ways of developing and utilizing the resources of the Okavango.

3. HrDROLOGICAL NE'l'oIORK

The first problem to be faced in designing a network
from scratch for such a vast and complicated area as the Okavango Delta
is to define the purposes for which the information is to be collected.
It is relatively easy to fall into the trap of collecting vast amounts
of unrelated data on the basis that all data is valuable knowledge
which may be of use in solving future problems. By increasing the
costs of set1~ng up &nd operating the network this aggravates the
problem of pe~suBding Government to allocate funds on which there are
many other c&~lSt and may result in fallure to collect data relevant
to immediate ~eeds, so casting doubts on the value of the whole programme.

Within the immediate future there are a number of
questions for which answers will be required. These are:-

Ca) What would be the effect on the Okavengo-Boteti
system if at s~~e future d~~e the Ane01aD and
South West Afr)Cb~ authorities undertoDk water
control end diver3ion works in the upper catct... ent
of' the river?

( b) lfuat measures csn be undertal<en to increase the
outflow from t~e swamps to eD~ure a firm yield
to the lower Boteti for the existing mining
activities at Oraps and possible future mining
and domestic r~q~irements in the south-west of
U.s CCWltlJ'?

Cc) T~ w~~t extent will these ~easures to decrease
inflow and increase outflow affect the present
water supply position in the Taoge, Y.waai and
Lake Hgal:Ii areas , where there is potential for
irrigation, fishing and game development
respectively, and an the areal extent of the
swamps generally?

Cd) To wrAt extent may polder cultivation be
practised within the delta, particularly in
the Shorobe area, and what would be the
hydrolo~ical effects?
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Annere to these questions can only be based on an understanding of the
hydrology of the delta and the probl... therefore vas

( i)

(u)

(Hi)

( iv)

(v)

to accurately maasure the inflow and the outflow
of the swamps;

to determine the proportion of the outflow
discharged to the Boteti and Lake River systeme
respectively;

to find a method of forecaating the outflow
hydrograph;

to measure the flow patterns within the swamps
with a view to devising means of increasing the
outflow and monitoring the effecte of any
channel clearing operations which may be
carried out in the future, and

to determine whether the losses in the swamps
are due to evapotranspiration only, or whether
there are any appreciable seepage losses.

Before an hydrological nstwork ccu Ld be designed
it was necessary to determine the flow patterns within the delta and
to identify the COUrses of the major channels. Brind had made use
of the 1951 air photography of the Okavango Delta in his surveya.
but sa this was carried out in a relatively dry season it ahowed
neither the full extent of the flooding nOr the actual channela at
the base of the delta. The only other photography available was of
some of the northern and weetern areas of the delta flown in 1944 and
from oblique strips of the main channels flown for Jeffaree in 1937.
It vas therefore decided to re-fly the whole delta during the flood
pariod in August 1969. Consideration waa given to carrying thie
au t in nomal black and vhite, colour and infra-red. Because of the
cost of producing colour prints and the ability of infra-red to ehow
flooded areas even when covered with vegetation, it was decided to
carry out the photography in infra-red at the same soale, 1.40,000,
88 the 1951 survey.

At the same time a reconnaissance of the swamps was
made by boat, staff gauges were established and apot gaugings taken.
This confirmad the accuracy of Brind' a work and provided useful data
on the distribution of flow in the various channels. It had always
been thought that the channels within the swamps were unstable and
SUbject to frequent blockages and changes of COUrse. CClilpariaon of
the various aerial photographs, however, shoved that these channels
were in fact remarkably stahle and showed very little alteration
over the years.

'rhe Okavango ""amps are ai tuated in the north-west
corner of Botswana in a remote area, difficult of access and virtually
undeveloped. Much of the aura of mystery surrounding these swamp.
in the paat C80 be attributed to their iaolation and, even today, the
only all-weather road is that connecting Maun to the railhsad at
Francistawn some 480 kilometres away acrOas sparsely inhabited country~

Travel wi thin the swamps proper can only he undertaken by boat and
even this 1. difficult due to the shallow depth of many of the channels
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which are frequently choked with weed growth and subject to blockage
by floating debris. Furthermore, tsetse fly ere present throughout
the greater part of the swamps and, because of this, moat of the
indigenous population live in villagee located along the fly-free
vee teen and aou the.rn margins of the delta.

Although cbBngee in etage eeeur only gradually, as the
flood wave travels through the delta, the difficulty of aooeee and the
impossibility of stationing personnel in the tsetse fly areas for
prolonged periods diotated the uee of automatio reoorders at tha key
stations within these areas.

The only establiehed stations were the staff gaugee
at Shakawa and Maun, a synoptio meteorologioal etation at lIe.un and
raingauges at Shakave, Saronga, Gamot! and KlIaai; all these stations
being on the periphery of the delta. Based on the findinge of the
initial reoonnaissenoe within the delta, 27 staff gauges were
established on the major ohannels during 1968 and 1969 and this vas
followed by an intensiva programme of gauging during the 1970 flood
season. After evaluation of the data obtained, a1tea were chosen
for the installation of four recorders at Khihua, Xakue, Ngo-gokha
blookage and Txaba. Automatio rainfall reoordere were also installed
at these sites to complete the raingauge network Over the delta.

The importanoe of the inflow and outflow data and
our experienoe of the general unreliability of looally employed
gauge readers was considered sufficient justification for the use of
recorders at Shakawe to record the inflow and at Toteng, Maun,
ahantaang and Samadupi to reoord the distributioc of the major
oompocents of the outflow.

4. INSTRUMmTS AND EQUlPllEllT

Because of the dif'ficulty of access and isolation of
many of the stations wi thin and around the swamps, automatic recorders
capable of continuous operation unattended for long periOds were
required. Consideration was given to using punched tape recorders
Which have the advantage that a computer may be used to process readings.
However, because of the high coat of the equipnent required and its
complerlty, which would have posed 8. serious maintenance problem,
they were finally rejected in favour of Leupold and Stevens, type A.35,
recorders which have a thoroughly proved reliabill~ in other parts
of the world. These recorders are fitted with beaded float lines
and weiGht drive, with strip charts giving three months' continuous
operation. Uatural controls are used because of the virtual
impossibility of construoting any satisfactory form of artifioial
control. Rating is carried out by wading or boat using S.I.A.P.
current meters, type HE-4001, a propeller type meter with an electronic
digital counter, very similar to the Ott meter. S.I.A.P. pigmy
current meters, type MP, have also been used in the smaller channels.
Because of the effects of channel vegetation, mainly CypeNa PapyNS,
Phragmites. and Vossia Cuspidata, rating will have to be continuously
checked and very pronounced hysteresis patterns have already been
encountered as the flood wave passes.
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Measurement of rainfall at the four pointe within the
swampe ie being made ueing S.I.A.P•• type UM-8150. mQllthq rainfall
recordere and theee recordinge will be compared with the established
statiQlls at Maun and Shakawe for which there are fairly long-term
reoorda.

For travel within the swamps 14ft. and 18ft. aluminium
boats powered b7 20. 25 or 35 H.P. outboard motors fitted with
weedlss8 propellers are being used and have proved very satisfactory.
These boats, together with inflatable rubber dinghies, have also been
used for carrying out current metering.

The metrio system is ueed throughout for all
observation and measurements.

5. NETWORK OPllRATlCN

The headquarters of the natiQllal hydrological service
will be located in the Botswana oapital, Gaborone, and a divisional
office has been established at Maun under the control of an hydrometrist,
to operate the network in the Okavango Delta. This office is provided
with stores, facilities for the maintenance and repair of the outboard
motors, bulk fuel storage and the base radio station. All readings
and measurements taken in the district are checked and processed in
this office before being passed on to the head office in Gaborone
where the hydrological data processing uni t will be established during
1971.

During the 1970 flood eeason. from March to September.
three gauging teams equipped with boats, outboard motors, current
meters and radio transmitters were operating continuously in the swamps.
Each team, which normally consisted of two hydrological assistants and
a boatman, remained within the Bwamps for a month before being replaced
by a relief team from I-Iaun. The three teams wera baaed at Kwihum,
Tuba and Xakue.

The Kwihum team looked after the northern area of the
delta and carried out current meter gaug1ngs twice a week at Kwihumt

Bora inflow, cross channel and Duba, and once a week at Gaanga and
Ng--Gokha hl.ockage , The Tuba team carried out gauging. twice a week
at Txaba t Lopde and Ho:nachira, while the Xakue team was responsible
only for gauging the Bora at this one pain t ,

Gauging teams also operated from Maun carrying out
weekly gaug!.ngs at Maun, Bora, Samadup1 and Santantad.1be, and occasional
gaugings at Ts&u, Kwaai and the Selinda spillway. Finally, a team was
stationed at Toteng to gauge the Kunyere daily and read the gauge in
Lake Ngami once a week.

The hydrological assietant., who were recruited from
inhabitants of the delta area, vere of a relatively low educational
standard and were therefore taught to carry out a rigid gauging
procedure in which measurements were taken at 0.6 of the depth, at one
metre intervals across the river. In practice this method worked
well and good curvee have been obtained for sll the lower gauging
statiQlls. SCllle difficulty has been experienced with statione at the
upper end of the delta but this is attributable to the omall variation
in gauge height with discharge and the fact that there are no defined
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banks, the channel being bounded on one or other side by papyrus swamps_
The current meter measurements were computed in the field and the Hsun
office informed of the results every second day by r-edt o , The
hydrologist in charge of the operation was thu8 in continuous contact
wi th all field parties and could query My anomalies while there was
still time to take cheCk readings.

As a result of the experience gained during this
period of intensive gauging it beoame evident that the coste and
difficulties of maintaining teams wi thin the swamps for extended periods
would be beyond the capacd ty of the proposed national hydrologioal
service. A further -problem WaB the risk of staff contracting
'tz-ypanoacadeede , However, the data obtained frOOl this single Beason
was sufficient to give an assessment of the hydrology of the swamps
and from this four key ate tiona wi thin the swamps werB chosen as
recorder sites. In future these four stations will be visited at
monthly intervals whan gauginga rill be taken, and the gauges at the
rema.ining staff stations read en route. The gauges around the periphery
of the swamps do not present the same problems and will continue to be
operated as before.

6 • All.\LYSIS OF DATA

Data on inflow and outflow of the awampa was available
for differing periods. Inflow data was available for the 37 years
from 1932 to 1969 without a break, While outflow at Maun wss available
from 1933 to 1947 and 1951 to 1960 (see Tahle rl. This data indioated
that although there was little correlation between the inflow and the
outflow the mean annual discharge at Maun wss approximately 5% of the
mean annual inflow at Shakawe.

Analysie of the available data reveals tl~t outflow
from the ""amps is more olosely correlated with rainfall than with
inflow. It also reveals that in 1953 there was a sudden change in
regime which has persisted to the present day. Brind mentions in his
report that the Bora begen to flow in 1953, whereas previously the bulk
of the flow reached the ThBmalakane via the Santantadibe and earlier
via the Gomoti. During 1952 the area experienced nO les9 than 22 earth
tremors in the 5-6 magnitude range, with epicentres located in the upper
SantantadibEHfg-gokha area. The sudden change in regime may therefore
have been caused by earth movemen ts along the major rift raul ting of
the lTgamiland trOUGh over which the swamps are located.

In the analyais of the hydrology of the Okavango
delta two approaches are apparent and detailed consideration has been
given to both. The first is a deterministic model using physical laws,
in particular the law of conservation of energy and the law of
conservation of mass, and the second is to assume that the swamp is a
I black box' which transforms an input into a set of outputs using
parameters which must be determined.

The value of a deterministic model is clear as it is
based on very definite principles. It has the great advantage over
the 'black b02' approach inasmuch as one is enabled to simulate the
effect of physical changes (drainage, diversion, reclamation) within
the swamp and determine the resultant effect of these. A detailed
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eX8lllination of such e model haa been ca=ied out by Chidley (1970)
and the theoretical structure developed. However, to devej op fully
such a model a considerable amount of further field survey work is
required far beyond the present manpower IlIld time lind ta of the preaent
project. It is hoped, however, that es more and mors data is
accumulated in the future, it may be possible to operate the model.

For practical purposes of predicting the total volume
and peak rate of outflow at the bese of the swamps, resort has had to
be made to the 'black box' approach and, using the 11 years of recorda
since 1952/63. s series of regression equations has been developed
through the application of multiple correlation techniques utilizing
a local computer (Pike 1970). These equations aaaume little or no
detailed knowledge of the components or relationahips within the cycle
and interest is entirely focused on inputs (inflow and rsinfsll) and
cu tputa (outflow) and in establishing some direct functionel link
between them. In this case up to eight input variables have been
utilized: maximum and minimum inflow of the previous year, maximum
inflow of the current year, minimum outflow just prior to the arrival
of the annual outflow rise and the rainfall/evaporation ratio or
effective rainfall over the swamps for each of the months from December
to March.

While the rasul ting equations are somewhat inelegant,
the coefficient of determination is in the region of 95% and provi des
a reasonably accurate means of predicting total outflow volume and
peak flow to be expected each year. A:n added advantage is that the
prediction can be made each year at the end of March, allowing a
six-week interval before the onset of the annual flood at the outlet
of the swamps.
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fable 1

Okavango Delta _ AnDual Inflow at Mohembo
Outflow at Maun and January-March rainfall at Maun

Outflow Inflow Rainfall
YEAR m3 l: 106 m3 l: 107 mm

(Apr.-Mar.) (Oct.-Sep.) (Jan.Feb.Mar.)

1933/34 2.6 1520 35
1934/35 24.1 1940 278
1935/36 5.8 1490 146
1936/37 40.5 1150 424
1937/38 128.1 970 268
1938/39 33.7 1240 204
1939/40 89.7 1030 323
1940/41 252.7 1240 204
1941/42 7.4 710 211
1942/43 NIL 640 257
1943/44 18.6 1200 141
1944/45 400.2 1560 5I1
1945/46 76.1 1070 222
1946/47 20.1 765 475
1947/48 64.7 1300 237
1948149 261.4 916 518
1949/50 125.0 849 218

1952/53 278.7 1025 210
1953/54 264.4 1131 332
1954/55 1046.5 1639 325
1955/56 693.3 930 429
1956/57 585.1 1221 252
1957/58 295.2 910 269
1958/59 448.0 954 444
1959/60 224.3 954 270
1960/61 84.3 982 124

1968/69 898.4 1597 295
1969/70 603.7 1310 319

I I
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NEED OF HYDROLOGICAL AND HYDROMETEOROLOGICAL DATA FOR LARGE-SCALE,
LONG-TERM INVESTMENT AND GENERAL ECONOMIC AND SOCIAL PLANNING

by D. Jovanovic

ABSTRACT

Economic development of a country depends on it. water resources. Planning and
construction of hydraulic structures based on inaccurate or insufficient hydrometeorolo
gieal data certainly leads toward losses in t he overall economy. For this, several
examples are given,

There are indications that in Ethiopia there exist regions with different rain
fall distribution, during. year or from year to year , For confirmation of this,
addi tionAl field and office work: i§ required. J f the idea is to be confirmed, sub
stantial saving in storage vater reservoirs can be obtained if an interconnected power
system is built.

RESUME

Le deve Loppemen t ec cnomi que d t un pay!. depend de s es r es s ourc es en eau , Un
projet e t u ne construction de structures hydr-auj i que s bas es sur des donnees hydr-ome t e or-o
logiques iMFrecises et incompl~teg m~neront certainement A des pertes s'~tendant A l'en
se"ble de l'economie. Nous donnerons plUS tard quelques exemples.

Des indices existent qu'en certaines regions de llEthiopie 1. distribution des
precipitations diff~re au ccur-s d tune annee ou d rune annee A f t eu t r-e , La conFirmation
de ceci exige un travail complementaire sur Ie terrain et au bureau. 5i I'idee est
confirmeeune gr~nde ~conomie en r~seTvoirs d'accumulation pourrait @tre faite en
con~truis.nt un sY5t~me de production d'~~ergie hydraulique compos~ de plusiers ~lement9

relies entre eux.

* *

The possibility of industrial and economic development of a country depends
very much on its ~ater resources. Cheap wat~r power is always th~ base for industrial
development. But water power reservoirs will, at the same time, serve as mUltipurpose
structures aimed primarily at supplying water for irrigation, navigation, etc, j hence
the dependence of economic development of a country on its water resources. As the flow
of rivers fluctuates during the year, it is essential in any planning to know the
relation of these fluctuations to the time, in order to know the quantity of water
available at any moment. The availability of water at any time of the year may be deter
mined by processing hydrometeorological data.

If such data do not exi s t ; if the period of record is not sufficiently long,
or if the datA are not accurate enough, then, in~estment in economical development will
be larger than necessary. or there will be less production than Ls economically possible
due to the smaller size of plant. In both caSes the result will be loss in overall
economy.
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EXU1ples:

(1) Flow hydroqraph and mean annual £lowl Assuming that the observAtion and
recording of data vas dane perfectly but vith the period of observation being short, then
the main annual flow, which is the base of all planning, may differ from the mean annual
flow corresponding to that of the long period of observation. This difference may be
positive or negative depending on the cycle to vhich the observed period belongs (the
cycle of wet or the cycle of dry years).

In this case, the storage reservoir built for a certain degree of flow regula
tion, viII be either over-sized or under-9i~ed, depending on the error made in the esti
mati on of the average flow. As the ereati on of a reservoir usually requires the construc
tion of a dam, the dam height will also be wrongly chosen. as it is directly variable
wi th the .storage c epact t y,

(it) Assuming that the calculated mean annual flow is underestimated (lover than the
actual long-t£rm average value):

Determined storage capaci ty wi 11 be smaller than it a hou Ld be, and hence the
required degree of regulati on cannot be achieved. Thi e wi 11 directly affect producti on
of hydro-electric power, regulation for irrigation, and navigation etc., all of which
depend on the storage capacity of the dam. Power production .,nIl be Les s than planned
and more irreguluj power plant will not be abl~ to cover peak loads Which, in turn,
would call Por the ccns t r-uct i on of more expensive thermal power. AI!lo, a smaller area
than expected would be irrigated, and for the best yield oP crops the available water
would be inSUfficient.

When the inadequacy of the reservoir size is recognized. it would be necessary
to increase the dam height to obtain the required storage capacity, thus incurring more
expense than would have been the cas~ if it had b~~n don~ initi~lly. This oFten re
quir~s stoppages and cr~ates difFiCUlties in production as w~ll. The worst effect of
such ccr-r ect.Lcn viII be on conduits. The size of canal might be Lrrcr-e as ed , but if the
conduit is a tunnel, then, the size of th~ tunn~l being u~ually practically impo~sibl~ to
increase, a new one should be drilled otherwise the plant will remain with smaller
capaci ty than is economically justified.

(b) Assuming that calcUlated mean annual flow is overestimated (greater than the
long-term average value), then, in this c as e too, all structures will b~ overestimated.

Darn height viII be more than is necess~ry, and the reservoir viII very seldom
be as Full as the foreseen normal vater Leve L,

Since the hydro-electric power plant viII be installed on bigger capacity than
is possible, all structures, pov e r house) conduits, e t c , , vt i t be of l.rger size than
required. Production of power- will be below the pLanned target, and some machines will
either stay idle or work: with loy efficiency.

For planned irrigation schemes there viII not be sufficient water to irrigate
the whole area and the channels and ot he r- structures will be of excessive s i ze s ,

In all these cases the excess of money spent is a permanent loss.

(c) The required degree of PloW regulation for a given !lector of the river can be
obtained by building a storage reservoir of corresponding capacity. If the floy hydro
graph does not for some r-e ae on or other represent the average condi ti on of a rather long
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~eriod of years, the size of the r~servoir will be vrongly determined. which ~ffect will
be felt after several years of operation, and therefore the required degree of regulation
~i11 not be achieved.

(2) Floods: It is much more difficult to estimate flood flow than it is to
estimate normal s tne enr i cvs • Frequencies of peak floods, de t ez-mi ne d on the probabili ty
theory based on a short period of observation, can be several times lower than the
actual value. Also, other methods do not give more reliable data. except probably, the
unit hydrograph method. But, unfortunately. the unit hydrograph incurs more expense since
the establishment of a number of gauging stations and at least one O~ two years of
observation are necessary. However, wh~n applying even the unit hydrograph method, one
cannot be absolutely certain that estimated flood discharge will not be surpassed in the
future.

Overestimation of flood discharge involves unnecessary expense in the construct
ion of over-sized spillvays and other related structures. Underestimation of flood, on
the other hand, may have much more serious consequences such as the complete destruction
of the dam, resulting not only in very high material losses, but also in possible loss
of human lives which is beyond any material equivalence. For this reason, full attention
s houl d be given to peak flood de t e r-mfne t I on, which totally depends on the accuracy of the
hydrometeorological data.

If losses and gains from a veIl-established hydrometeorological network are set
against the lack of one, it will be found that in the long run the cost of ~stablishing

and running enough hydrometeorological stations ~ll be much less than the losses involved
in hydraUlic structures designed on inaccurate dat ••

Wh~n designing and establishing an hydrometeorological network, full attention
should be given to the kind of ingtruments that should be installed. Automatic recording
instruments certainly do hAve higher initial costs and, eventually, operating costs.
Records obtained from such instrument! are not only more reliable and accur-ere , but they
also give continually recorded data vhich are very useful in the correct determination o£
hydrological occurrences. Sometimes they are the only means of obtaining data. Initial
cost of non-automatic gauging stations read once or twice daily by observers is certainly
cheaper. The operation cost may probably be cheaper also, but it does not give a con
tinuity of occurrence (intensity of rainfall, flood peaks e rc , }. Furthermore, if the
number of gauging stations is installed without the observers being sufficiently educated
and reliable to make correct registrati on, the recorded data vi 11 have no value, in which
case the money allocated for the purpose could be consid~red as compl@t~]y wa~t~d.

Unfortunately. money spent on establishing an hydrometeorological network and
running and maintaining it, does not give immediate and visible benefits. ThereFore the
importance of such work is not always clear to higher authorities on whom the budget
approval depends. Especially in underdeveloped countries such work is more or less neg
lected or at least subordinated to organi z.at i ons ....hich are likely to provide immedi ate
and obvious benefits.

The UN and the ~CA can help a lot in persuading different governments to recog
nlze the importance of hydrometeorological records by repeatedly suggesting the ideas and
demanding some kind of pertinent regUlar reports from member countries.
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All that has been mentioned above is more or less generally applicable to all
countries. To mention certain problems related to Ethiopian conditions:

Ethiopia consists mostly of three diff'erent regions as f'u as arti tude is con
cerned. Namely. the highland, the lowland, and the intermediate zones between these two.

Of these the regions of highland and lowland differ not only in altitude but
also on hydrometeorological occurrences. While the highland's main characteristics are
lower temperatures and higher rainfalls, the lowland's characteristics are the reverse,
i.e. hiiher temperature and lower rainfall.

The need of supplementation between these two climatically different regions is
obvious. On the highland most of the water from precipitation ahouLd be stored, and
thence the impounded vater viII be used for irrigation in the lowland areas where
fertile land is in abundance. In addition to that, differences in elevation between the
highland and the lowland shOUld be utilized for hydro-power production.

As for total power regulation, it is not even required to have a total water
flow regulation, the storage capacity required will greatly depend on the interconnexicn
between different power plants within a system. If, within the system, regions with
different seasonal or annual distri bution of discharges exist, further saving in storage
capacity and in.talled power can be achieved. Ethiopia, unfortunately, has not been
studied from this point of view.

Today electricity from large water-power stations in the world is transmitted at
higher voltage for distances of over 800-1,000 km. If such an interconnected high
voltage system is built, Ethiopia can benefit from differences in seasonal and annual
water distributions within the different parts of the coun~ry.

Based on the rainfall records, it is pos s t b'l e to identify regions with differ
ences in the distribution of rainfall. Most probably the discharge of rivers stemming
from these regions will also be SUbject to diversity of low-and flood-discharge
occurrences. It is, however, necessary to continue ths 9tudy by proce9sing existing
Plow records and making new flow mea9urement9. This will require several years of field
and office work and, of course, financial means too.

The map below should be considered as a first approximati on to determine
regions with seasonal and annual diversity of rainfall. Further study based on discharge
'will ei ther confirm or reject thi s analysis. If thi s idea can be confirmed, further
economical and water studies should give an answer on the economical degree of inter
connexion between different regions of the country. It is worthwhile investigating this
situation since bene Fdt s , in £avourable case9,will be very high,



- 104 -

'0·

".

••

......

( ..
••

~
,,"- ••0

,...... •••

"

'1·

...

L

A 0 E: ~

...

....

MAP (JJ! ETHIOPIA
CATCHMENTS

SHOWING MAIN "T ."':.1. ,...,1
et.Tt"..

U"..
U;11)

1.... 01
11.111
41,'11
4"tll

2011......,-"TUOI--,
'II.' 01... "
T~'"

It13,I'

OF

o

".\ 30· 30"36° 3rt

o

,4"

'0

,,0



MULTIPLE-PURPOSE DEVELOPMENT OF WATER RESOURCES

by Teshome Workie

ABSTRACT

FUll and complete utilization of vater resources is an economic and locial ad
vantage to all members of a society. The vater resources potential of most developing
countries is practically untouched, and their systematic and vise development is at
par~ount importance for enjoying the maximum possible benefits.

This paper indicates that, although a mUlti-purpoge development may not give
the maximum benefit for one purpose, by ineluding other purposes it provides an optimum
use of water, thereby achieving a better overall economy. It also points out the con
flicting requirements of various functions and the difficulties they pose in the design
of mUlti-purpose projects.

The paper summarizes some of tne current practices of cost allocations to
various functions oE the multi-purpose development and calls Por greater support to
mUlti-purpose project. in developing countries than that at present.

RESUME

Le plein et complet emploi des ressources en eau constitue un avantage ~conmdque

et social pour taus les membres de 1& e oct et e , Dans 1& plupart des pays en voie de
d~veloppement, ces ressources soot pratiquement inutilis~e9 et leur mise en valeur
systematique et rationnelle rev@t une importance capitale si lion veut en tirer Ie
maximum de proti t ,

Cette ~tude fait remarquer que 'bien qU'unemise en valeur or-Len t ee vel's
plusieurs buts ne rapporte peut-@tre pas un profit maximal dans un damaine particulier,
elle assure neanmoins une utilisation optimale de l'eau et par 1. une meilleure economie
g~n~raIe. Elle aou1igne ~yalement les exigences opposees de differentes ponctions
ainsi que les diffieultes qui en r~sultent pour esquisser d~9 projets A des Pins
multi p Les ,

Cette etude r~sume quelques-unes des methodes utilis~es actuellement pour la
repartition des codts entre different~s fonctions d'un projet de mise en valeur ~ Fins
multiples et demande qU'une plus grande assistance soit iccord~e A des projets 1 Ping
multiples dans des pays en voie de d~veloppement.

INTRODUCTI rn

Water is ODe of the most basic resources in a country. Some resources, like
minerals, can be preserved in their natural Porm and can be saved until required. IP
a mineral resource is little exploited by the present generation, it can vait undimin
ished for the next generation. Water is a flowing resource and, like time, it waits Por
no man. Unlike the mineral resource, it cannot be preserved for coming generations. Any
water unused today is lost forever. Each year the development of vater resources is
delayed, the potential value of vater dd md nf s hes , Delay means waste and 109s of potential
wealth. Most of the African countries are rich in water resources. The waste of tnese'
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resources is inexcu5~ble in these countries ~here agriculture For balanced Iood supplies
and power for industries are greatly needed.

~ater resource development is concerned with the use of water and related
resources for better living. Planning must be directed toward the present and the
future needs of the society to be served. An appraisal of water resources must consider
surface as well as ground_water 9upp11e~.in terms o! location, quantity and qualit~

It shOUld inclUde all main elements in vater resources development, such as domestic,
municipal and indu5trial uses, irrigation, hydropower, flood control, navigation,
pollution abatement, watershed management, fish and wild-life conservation and recreation.
In plan formulation, emphasis must be made on a project objective. The basic cb.j ec t Lve
should be to provide the best use, or combination of uses, of water and related land
resources to meet all fore5ee~ble short-term and long-term needs~ All purposes of
development should be given full consideration. Many water resources projects are
potentially useful for more than one of the above basic purposes. By designing and
building them to serve more than one purpose, greater overall economy can be achieved.

MEANING OF MULTI.-PURPOSE PROJECT

There is a difference of opinion among engineers a9 to the meaning of a multi
purpose project~ There are engineers who consider any reservoir used, or capable of
being used, for more than one purpose as a multi-purpose reservoir.

An irrigation project, solely designed £or irrigation a!l an objective. may
provide other incidental benefits. An irrigation project producing paver for pumping
irrigation w~ter is • good example of this type, and some engineers tak~ this as A
mUlti-purpose project.

This paper folloWS the definition given by the committee of the American Society
Or Civil Engin~ers on multi-purpose dev~lopment. The committee dePines mUlti-purpose
projects as "projects designed and operated to serve more than ODe function and should
exclude those projects whose design and operation are controlled by one Function, even
though oth~r benefits accrue as by-products!.

EVOLUTION OF HULTI-PnPOSE DEVELOPMElfTS

In many countries. especially developing ones, the control of a river subject
to disastrous tloods, the exploitation of a river for power generation, the improvement
of a river channel .for navigation, the regulation of 9urPac~ water and the .exp t cd t at i.on
of the groundv~ter for irrigation, domestic, municipal and industrial use. the disposal
of sewage and industrial waste, or any other use or control of water have been treated
until very recently as isolated problems. This disorderly and unintegrated development
of vater resources has neglected the maximum utilization of the available vater. Single
purpose development has created, and is still creating, a lot of waste of flowing
~ealth. Many single-purpose projects already constructed have occupied sites that could
have been used for mUlti-purpose projects, thereby providing optimum benefits from the
available vater,

The rapid growth in mUlti-purpose development stems mainly frore a realization
that maximum use should be made of existing water resources. The start of the evolution
of multi-purpose development of water resourCe! is the recognition of the multi-purpose
concept itself. This began in the US.A. with the intimation of the relationship between
navigati on and flood control, first i between irrigati on and flood control, second;
between watershed management and flood c ont r ol , navigation and irrigation third. This
led to the laying down of the broad fundament~ls of the multi-purpose concept.
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River basins are the natural sub-divisions of water resources. The river
basin concept is another Factor that revolutionized multi-purpose development. This
recognizes the interrelation of resource eleme.tl. A drainage basin is to be con
sidered .s an economic unit and a dynamic ~d organic system. Multi-purpose development
can, in t~e river-basin concept, make the maximum utilization of the water of the basin
in an integrated development of the entire b••in.

The nev idea 01 a comprehensive programme of development, the new concept of
social benefits and co.ts as applied to re91on, and the new concept of a unified con
trol (TVA in the qs.A~ Damodar V.P. in India, etc.) have made the mUlti-purpose approach
of vater resources development the most attractive and beneFicial one.

FUNCTIONAL REQUIREMENTS IN MULTI-PURPOSE PROJECTS

In multi-purpose projects. the success of using storage space for different
fUnctions depends on the extent of compatibility of these fUnctions. Reviewing their
requirements indicates the existence of conflicts among them. Analysing these conflicts
calls for co-ordination and reconciliation among various uses. That the requirements of
reservoir operation in mUlti-purpose projects are fundamentally conflicting is indicated
below:

1. Regulation for flood control is best accomplished when reservoirs are kept
empty to reduce the flood peaks And to store the flood waters for release
according to the capacity of the channel downstream.

2. Conservation for domestic, municipal, industrial or irrigation use requires
that flood vaters be held in storage during the flood season, sometimes
over a period of years in the arid and semi-arid region" and that the
release of water be in conformity with ,easonal demands.

3. Regulation of stre~£low. for the generation,of hydro-electric power re
quires that reservoirs be kept as nearly full .s practicable, that they
never be emptied, and that the release of water be made in accordance
with demands for power and energy.

4. Reservoirs for slackwater improvement of streams for navigation must be
limited in height because of the need for locks, and hence can not have
large storage allocations for other purposes.

5. Conservation of fish and Yild-life may require maintaining a stable
reservoir level and in no event may such a reservoir be emptied.

6. Recreational use preferably requires the reservoir to remain nearly full
during the recreation season.

Flood control with its requirements for empty storage space is the least com
patible of all uses. Because conservation of floods and regulation of releases are
essential over an extended period of time for both irrigation and pover, there is less
conflict between them than between either of them and flood control. Co-ordination of
the requirements for fish and wild-life conservation and for recreational uses of reser
voirs ~th the requirements for either flood control or irrigation is almost impractic
ablej this is because flood caotrol reservoirs are SUbject to rapid changes in level,
and irrigation reservoirs must be emptied of all water whenever it is needed. Without
compromise it is only superimposition of capacities that would avoid the conflicting
requirements of flood control and irrigation, or of flood control and power generation.
If pyramiding is carried out, the component parts could be operated in effect as
separate reservoirs.
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DESIGN OF MULTI-PURPOSE PROJECTS

The design of any multi-purpose project is basically AD economic problem. The

basic factor in multi-purpose design is a compromise. The structural f~atures (dams,
spillways, Sluiceways, gates, water conductors, pover-plants etc.~ are more or less the
same for single-purpose as well as for multi-purpose projects. The most important
point in multi-purpoge design is the selection of the physical works and a,plan of
operation to provide effective co-ordination and reconciliation among the various uses.

If a reservoir of a given capacity is to serve several purposes, its value for
anyone purpose can not be the maximum possible for that purpose. The reservoir opera
tion must be planned in SUch a way that operation for all purposes is included. This
would probably reduce the maximum possible benefits from one purpose in order to in
clude other purposes. The sum of all the benefits from the services shOUld be the
optimum and this should exceed the maximum benefit from anyone function. Detail and
systematic studies of benefits and costs for different capacities of reservoirs,
different types of dams and the inClusion or exclusion of each of the several purposes
must be made in order to obtain this optimum economic and physical balance.

ECONOMICS OF MULTI_PURPOSE PROJECTS

Economics in river developments are frequently made possible by formulation of
a balanced and comprehensive plan involving a combination of purposes and a combination
of facilities and measures. Multi-purpose projects permit more complete use of the
physical potentialities of individual reservoir sites and fuller utilization of project
facilities than single-purpose projects. Hulti-purpose programmes further the
realization of optimum beneficial values from the available vater resources.

In the design of any project intended to serve more than one purpose, the con
flicting requirements of these purposes must be compromised unl~ss there is to be a
pyramiding of capacities and costs. There is a need to consider the relative values
involved before any co-promise o£ conflicting requirements can be made intelligently.
Compromise of such conflicting requirements will depend on evaluation o£ each direct
and indirect benefit that will actually be realized in the operation o£ the project. The
sum of all such benefits must be substantially more than the costs of construction and
operation.

Benefits arising from the construction of any mUlti-purpose project approach an
upper limit as the capacity provided in the reservoir is increased. Costs of construc
tion become tremendous whenever the size of the reservoir exceeds the limitations of the
site. If typical curves are plotted showing the relations between benefits and reservoir
capacity, and between costs and reservoir capacity, these curves intersect at tvo points.
Belov some small capacity the costs will exceed the benefits, and beyond some much
greater capacity the benefits again become less than the costs (see the attached
figure).

For any reservoir capacity between 0.3 unit and 8.3 units, the benefits (1) ex
ceed the costs (2). The maximum difference between benefits and costs occurs for a
reservoir of 3.3 units in size. This is 40 per cent of the upper liwit where the costs
become as great as the benefits. The maximum ratio of benefits to costs (3) occurs fora
reservoir of 1.9 units capacity, which is only 23 per cent of the .ame upper limit,
With available water, the reservoir capacities corresponding to the last three values
determined in this illustration must be given consideration in the design of any mUlti
purpose reservoir. In any such comparison of costs and benefits of multi-purpose
reservoirs, the benefits deemed to arise out of the reservoir must be as tangible as
the costs themselves.
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COST ALLOCATIONS FOR MULTI_PURPOSE PROJECTS

Cost alloc.tion is the process of assigning to each purpose of a multi-
purpose project an appropriate share of the total multi-purpose C09t. There is not as
such a very satisfactory method of cost allocation that would be equally applicable to
all projects and that yoUld yield allocations which are equitably correct, There is
usually no difficulty in identifying the costs of facilities used for one specific
pur-pcs e : the problem is to appor t Lcn costs of joint-use f'ac.i Li t t.e s , Generally) any
method of allocation must first set aside the separable costs yhich are clearly
chargeable to a single project function, such as the cost of poverc-hous e , navigatim
lOcks, irrigation canals, or fish ladders. Many methods have been used, usually to
favour some particular use over others. Some consideration to basic philosophies rather
than exhaustive treatment is presen~ed here.

Use of facilities

Purposes making the same type of use share in proportion to their use.

Pri ori ty of use

If there is favoured principal user compared with other users of project, the
priority user may be considered to pay the basic costs and incidental costs; or adjust
ment C~ be made for differences in use arising from the application of priority treat
ment over equal treatment.

Benet! ts

If one beneficiary derives a greater benefit than another for the same use, that
user may be expected to pay a greater amount.

Alternative justifiable-expenditure methods

This approach is an indirect method based on the assumption that no beneficiary
shOUld be required to pay more than he would be required to pay for equal service from
the cheapest alternative providing equal benefit.

Separable costs/remaining benefits method

This method calls ecr allocating to each purpose the separable costs of' includ
ing that purpose in a project plus a share of the "joint c os t s", which are the difFer
ence between the total project costs and the sum of the separable costs for each pur
pose. The joint costs are allocated to each purpose in proportion to their "remaining
benefits", \r{hich are the difference be t ve en separable cost of a purpose and the benefits
to that purpose or the alternative costs of obtaining those benefits vhictever is less.
This method has been widely used and generally found adaptable and acceptable in most
s i tuati ons ,

MULTI-PURPOSE PROJECTS IN DEVELOPING COUNTRIES

In developing countries, the concept of multi-purpose development does not seem
to be given the appropriate attention. There are many water resources projects being
undertaken for single-purpose developments without possible consideration for other uses.
Immediate demands, without a little forethought for future consequences, may press on
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pi~c~m~al d~velopments. Usually, major water-control structures, once built, can be
al~ered either. not at all or only with difficulty and substantial expense. If the
~u~table dam 91tes are already appropriated for single purpose projects, the opportun
It~es for economic multi-purpose developments are considerably reduced or even eliminated.
ThIS type of undertaking, even though it gives a temporary solution to the problem then
prevailing, would not only undermine the optimum use of water but also create a waste of
available resources.

Therefore, plan formulation shoUld be directed towards full development and
complete utilization of the available water resources. This, from the national point
of view, will lead to comprehensive river-basin or regional development as an essential
means to obtaining optimum use of water. Comprehensive river-basin study would help
identify vater resources projects ~d put them in priority order of development, taking
into consideration relative economic and social attractiveness without favouring any
particular uge of vater. Thus comprehensive river-basin study gives impetus to multi
purpose development schemes.

SUMMARY

Vater is a very precious natural resource. The method of exploitation of this
resource, until very recently, has not made use of the maximum utilization of available
water. Multi-purpose development of vater resources permits optimum use of water in the
basin, thereby achieving greater overall economy.

Different uses of multi-purpose development have conflicting interests.
Because of conflicting requirements, the design of multi-purpose projects is mainly a
compromise among the various uses and is basically an economic problem.

The cost allocation procedures fDr various functions of the mUlti-purpose
projects appear to be sound in principle but subject to questions when applied. The
main objective for cost allocation among purposes is to achieve mutually agreeable
division of costs. The existing procedures, even though used in the absence of better
ones, are not found to be equitable.

In developing countries, multi-purpose development should be given greater
support than at present, and planning for water resources should be directed towards
optimum use of water. Therefore, great care ~ust be exercised so that promising sites
are used to their best advantage from the standpoint of all requirements that can be
served~
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Actu~lly produc~d ~nGrgy will ba

it can h~ dc t er-rn i.n ed only by

WATEI IESOUICES INVENTOIY

by D, Jovanovic

ABSTIACT

It is s ugg astcd to a t ando.r-d t z ,a t ho .ne thod of W1.t',Jr H.~DOurC,J:J

i nvent or-y and to c s t a oLi.ah -1. common In s t Lt ub e for W:l.tJr RJsources for

t.hc whole Afric:J.u Oon t Ln an b ,

As the most conv an i cn t .na t hod to make \htcr Power- Invontory is

tho mrthod pr-o po s ad uy prof. V. YJvdj cvi, tell. [coj c.cadc stJ. t ~ Uni vcrsi ty)

which g i v ae all neceeear-j- information with Jllnbn.l fi<Jld works. In

his ~,Jthod prof. Y,JvdjJvitch suggduted a ••t~od to CGt~blish prob3.blu

up pur- and Lcw ar- Lf.m t a for ins tal Lcd power .ce w a.Ll. :'\0 upper and lower

Lini, ts of annu-rL'l.y avai.La.bLc JnJrg,y.

eo-nawh a.rc between t hcac two Lk.ni, t e and

s t udyi.n g t h a oa mn o Ll .norc d c t a i.La ,

ThJ prJ5Jnt Sta6J of w1.tJr studi~s in ~thiopi~ is also dGscribad.

IESUIIE

II a ete suggere d 1 uni f i e r l~ m~thode d'un inventaire des ressources

en eau et dlet~blir un Institut commun pour les ressources en eau en ce qui

concerne toute l'Afrique.

La methode 1& plus ~acile pour ~aire un inventaire des ~orees

hydrauliques est celIe pr-oposee par Le pro£esseur V. Yevdjevi teh (IIColor~do

State University") donnant 't ou t e s les informations neees s at r-es avec de!

travaux sur Ie terrain minime!. Dans sa m~thode. Ie professeur Yevdjevitch

sugg~re d'etablir les hautes et ba9ges limites probables pour les £orces

installees ainsi que Ie! haute! et basses limite! pour l'~nergie annuelle

disponible. L'energie effectivement praduite se ,ituera en quelque sarte

entre ces deux limite! et ne pourra @tre d~9ignee qulapr~s une etude des

bassins plus detaillee.

L'etat actuel des etudes gur les ressources en eau en Ethiopie y

figure egalem~nt.

* *
Si~ topics ~r~ proposed for discussion under qu~stion No, u. As

all topics ara to ~ certain extent interconnected, it is very diffi

cu.Lt to t r-eat t.hem ae paz-at aLy, Tharefore pr-ouj ems r-e I ab ed to the

question No. 6 will De discussed together re~rdl~6s of the

8uodivisions.



- 113 -

The most Lnpcr-tan t usa of water is to auppor-t the life of

living or~ani6ms on thl3 e3.rth, but its use is not restrioted ouLy to

this. "later is used for many other purposes aim ad at raising 't he

Li vIng s t andar-d of hu.nan i t y , as in,for ex a.npl e e irrig3.tion, wat~r

power, n avi g a t.i on, ate. however, for wha t ever- purpose the s a ucr- is

~sed, its use ch~nges the annual Dal~nce or modifies the dist4ibution

of the runoff.

Thus, tho us~ ~t water for irrigation and drinking purposes

conB~n~ most part of the used watar without returning it to the

e t.r-earn or the source frOln where it was t aken , 'I'he ue e of W:l.tar for

w~ter power ~ navig~tion, on th~ other h3.nd, utilizes w~t~r without

consideraole ch'l.ngo in th~ os.Lance of discll'l.rge.

N~tur~l rivar flow is usu~llJ irre5ul~rt following mostly the

s~q~ence of r~iaf~lls. S~ch flow fluctuations 8carc~lf corr~spond

to fluctuations of wa't ez- de,n3.nds.I'o r-eguj a t e such .ct ver f'Luc t ua t i on,

a t or-age r-es arvotc s ar-e nu i Lt , with tn s .na i n o uj ec t Lve of storinG t he

wat er' in e ccee s of t he d enand an d r,~l-;l'~sinG it when t he r-equ i r-ed flow

is higher than the n a t ur-a I r Los, 3./ !Juildin6 r ea er-vo i r s, ov ec ajj

runoff na Lanc e is .L"Gduced due to mcravsed evapor-a t Lon and even tual

d~ap percolation.

'fa d e t ervni nc the r~l.3.ti.on oetweiJn the river flow and the

va t ar- d e.nand , 3. know.ledge of t he riVdr flow r-eLa t ed to the t ioe is

e9senti~1. ~a6ad on this th~ aeon am.cal size of ra6JrVO~r for

r~qu4~~d d~g£~~ of floW ragul~tion C~n o~ d~signed.

roar a a LngLe tvdl:'oeldctric power pLant or- for irrl~:ltil1g: a

e i ngj e plot of I-lJ1d 3. flow hydz-o gr-aph .at 0013 point." l.~. ,J,t t ne point

of Ln t ake, is r-equ i r ad , jut, if the dev e Lop.nen t of regions or of the

country as 3. whole is to ce e t ud i ed , wa t er- r e sour-ces anven cor'y of a.ll

r es o ur-c as i.nv In tory shou.l d oon t a i.n suf I'Lc i cn t d a t"l for 't h.s de ter-nun-

at Lon of th) flow .rt lny on c tiru, 13 ~Jq\n.r,Jd in t.h c pl ann i n g of

i.cri;3.tlon. W3.t.:Jr supp l r , n av i g a t i on, ct c ,

Pl aun In., of wa't ar- pow ar I'2qL11rJL on a .nor a p-a.rra at c.r r the

he-rd of diff .ar mc ac in .:;1~Vl.t10n8 -i Lon.; t h a r-Lv ar- COLLrS,J.

End us t.r i.aL d ev cLop.n m t of 1. co us1trJ/ .rsp.rc i 'lIly t h aae fL:lds of

electro-metallurgical and ':l,Jctroch~.ilic),l i.ndu s ta-i.c s , d c panJs hi,...;lllJ

on t hc po s oi oi Li t i e s of ::lJctricity production. At p.ceu cn t. tlu ,n'un

60'..I..1'C35 of c Lcc t r Lc POW,H' ".1rJ fUJ16 ind wn t er , At o.ar c ':;.lJrgJ h i.e not

y at .raach ad t hc full 3t3.6'..l for .icono.nrc vL pr-oduc t i cn, da s ad on 't h as e ,
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production of JIJct~ic ~nJrbJ C:l.n OJ Cl15SifiJd in thrUJ bTOUps,

d apendi ng on na t ur-a I .1.·.Hh~rV ..iu .ind POEsibiliti..!1J of Jxploiting W"1.t<3r

-md fUJI.

I, \Jh.JrJ hyd.ro-.m-Jrgy i:o; pradomm m t ;

~. ~h~r-) fU.Jl or 't h rr-maL m Jrgy in pr ad o.mn lnt;

3. \Jh~r-J t h ar-uaL urd h,ydrO-JnJrCJl.roJ in cJrt1.in proportion.

H7dro_olactric pow.rr produc t i on dep ande on hydrologic'].l

ch1.r':\ctJristico of W'ltJr sources, 'I'hor-ef'or-c t ha gr'J~t..)r p1.rt tho

hydro.Jl~ctric cn')rgy h au in the tot'l.l power- production, thJ Illgg.J.r

t.hc In f'Lu mc a of w.1.tJr rJGourCJS cb-u-vc tcras t t ce ahouLd D'h In the

u acond Cl.SJ vh.ar a thJr,111.1 pOWJr is pr ado.nt n-m t thJ Inr'Lu mc e of

WJ.t ar reeoucc e e ch1.r1.ctJristic5 on 't h c t o t a.L pOWJr production is

sm"lllJr t han in th-.! first CJ,S,), and niniLar-Lj- th~ :l.ccurl.cy of

hyd£ologic~l d~ta is less important.

In vccord.cncc with thc l.v-liLl.ol~ l.i1for,n3-tl.on on na tu.rr\l

r-e soucc.ac , Sthiopil must b3.sJ its power- production ,nostl.1 on wa.t~r,

s i.nc a fU>31s l.r.J not yJt. di3COVJr'Jd an l'U'g.J quan t i.t t es ,: Although.

thJr'J 3.r.: v~ry pr-o.m e Lng pcearotLi t Lce of ;;~oth,Jrlnl.l pow·)r, indust

ri'l.l d cv a'l op.ncn t e-rn not ne b.1.S3d on th~ eouccc of ..mjrgy vhoe c

r-cc cr-vas can nJv,Jr bJ d.J'ter,nin,Jd in advanc c wi th enough certainty.

Mathur o:lsic Jl.J,n :mt in th,J davJlopiQ,Jn't of 'thJ COWltry is

~gricultur3 D~6Jd On irrig~tion. ThlS will not only ~dCur~ thJ

nJ03SS:lI'J food for pcpul i t Lon , ou"t will a.Lso support and JnCOlU'lt;.J

e.gr-c--Lndua trial d cvo Lopm ..m't ..

Having in mfnd th.a I'ac t th3.t both of these two c Le.nen t e of

industrial deve Lop.nen t ar-e oaaed on wa t ac , 't h a p.cep rr-a t i.on of watt3r

pOWdr ra90urc~a invJntorf. ~s d~~criu~d Oafore, is the utmost ~nd

urJent t~sk of ~thiopia.

Such anven t ory aLao of'f'e r-s th3 possibility of dec i d Lng

pl'iorit.t vr eae of t hu coun t r-y i'lh~r~ e t ud i ce should be c onc en t r-a't ed

and to d at er-mfne 't he cri t er-La of proj act Lnv.as t-nen t for af'f'o.r-e at a t i on ,

.r ac La.na t i on and other soil c onaecvvt a o» works d i r-cc t ed at Lnpr-cvLng

tha J~istinb potJn~ial..

l"o.c location of Lnd ua t r i a I centres, hovevar , wat,~r pow.ar

r-caour-c e s i.nv en t cr-y s Lono em not 03 s uf'fi.c Len t , II; is only 1. first

stap in th; study. Accordingly if -arrors in pl~nninb ~r~ to bJ

avo Ldad 01. co,flp13t~.1 intJtirl.t03d r-Lv ar b:lSln d av sl op.ncn t study .is

required, which should .inc Lud e pLun.i i ng of d eva Lop.nen t, not ou Ly of

...n.t~r pOWJr, but a.Lao of industry, l,;rlcultu.rcl. co.amun Lce t r on a, 0tC.

~1.t3r pOWJ~ ~nd W'ltJ~ rJbourCJS inv30tory o3i~; th<3 b~Sd of such
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intabT~ted study, they must o~ pr~par~d well in advance since the

time t'<3quire~ for their p.cepar-a t Lou is verJ long, 8Bpl3ci.$11y where AD.

~daqu~tely lone pl3riod of reli~bl~ records i. lacking. fluctuation

in river flows is a w~novn fact and it raquir36 at 1~~6t a decade

of observation to Gat dat~ for any planning.

There a1'.3 63v3r3.1 .nethcda for pr-epa.r a t i on of W1.tJr POWiJX'

resources inventory. ~~ ahall describe hera only two, tha second

one being mcr e pr-ac t i.ca.I and r-ec cm.nendacLe for 3thiopi'l. or in

0enara.l for African conditions,

METHOD PROPOSED BY PROFESSOR M. PECI~AR

This ,nJthod which was pr-opos cd to the world Pow~r ConferL.)nce

barore the Second World dar- consists of:

Tha study of the whold ~asin of a given river including

all trlbut~ri~6 up tQ a limiting pot~nti~l of 15 HP/~n

l"at3r flow a.rd w:l.t;Jr power- d et er-m Lned for 5 char-eot er-t ssac

flows c ot.aan ed rr-o.n flow dur.l.tion cur-ves (Q.l; Q9; Qo; Q3

and 3-Ve.cOlgc a;'1nual-Q;lv.).(Ql _ Q.~ ar a t he flows of one to

nine .non t ns' dur-a ti on~

A MOJlographic pr-e aen tSl. tion d36cribi.ne; V3.I'lOUEi r ace or-e of

wac.ar r.3ui,l~ and econoun c a.I and social r-eLa t.Lcn a for ;Jvery

riv~r.

D'i.vi s i cn of r-aver- c cur-e ee into e ec t o r-s of a Lr eady expj o i t ed

(constructad powe.r p l m t or under- pr-ooe ae of con e t r-uc tion)

:lnd s3ctors pot3nti~11y lv~il~bl~ for fUIth~r d~valopment.

Suchn'3thod of W1.t 2.1' pow.a.r r s sour-ce s i.n ven t or-y of'f e r e n aa.r Ly

all the n ac.a s aar-y d a t a for s t udyi.u g va t ar pow er- d ev-s Lop.n-m t , but a s

it doe a not tllVd ch.r on oLo.j i c a I d i u t r i ou t Lon of flow ~t is not .nuch

USd In f10\/ r26'ul1.tion s t ud i cu , ~hisn,~thod r-equ i r a s "lord '3A.t~n8.lV'G

Lnv aa t i ga t t on work t nan ndCGSS,:l.rJ to e s t Lna c a wa t ar- r e aour-o.ao a e 3.

~ourca of hJd~opow~I'.

METHOD PROPOSED BY DR. V. YEVDJEVITCH

Ba aed OIl this .ne t hod Pr-o r , X_Tdjevitch p.r apar-ed wa ter- power

reSO\lL"C3S Ln ven t or-y of Yugo s Lava a , which W:lS euonu t t ad to t hc tiorld

Power- Confereace. His .na t hod eol ve s t.he p.r o bLe.n in .nor' c p.r rc t i c a.L

ways. 'I'h a basic p.r Lnc i.p La s of his me t hod ar e :
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(1) Instc d of riividiIl8 'l.v'.liJabL; w:at.jr POW<3£ in \ /rroups (}8 is
i

cOlnmon] y us~d! h,,3 divides it onl'f in ;2 groups. .i , a ,

- Pheo.c e t i.ca.Lly av a i.La oLa w,'\t~r pow~rj and

- Scono.ni caLly expj oLt aoj e w1.tJr pOWer-,

HI! d LemLe sed the third (;rOUP IftGchnically poee i aj a'' 18 be Lng

.ne an i.rrgLaae in 't he li:sht of tod:1.,y\; t echn i c a L d eveLop.nen t , 'I'odaj ,

d-a.ns vand power- pl m t s ,n'l.y Iu cut I t at almoat any .i te, but t hcy rnue t

L-J ac cno.n i caLl.y justif,tJ.ola. 'I'hua t he 't achn acaL aupec t IS ru t ornat i c-.

ally i.den t Lf' i ad au t.d.m t i caj, with t he e econd "econo.mcaLjy ax pj o i tuol a''

group.

!h~o£·li.52'UUav~Ui'~h.!'!!~V'.Rg"l.'U:

-This is t he pOWJ3r of all W,l."tl3r flow accoae 3. ca t chaen t a.c ea

for ~ll 3vailaJ!J gross heads, without d~duction of l066JS in

c ondu.r t a and aqui pmen t , This power- is equa va.Len t to t he power

pr-oduced oy fJ6'ul-ltad wa.t3r up to t he last dr-op Lnpounded i.n the

.r ae ar-vo i r , It i~J howav'J'rj pr-ac ci cajLy impo3siLl.,} to l1S~ all this

pow~r.

~c..2n..2.n.!.c~llY_d.£pl0j. t~b13_w~ t.2rJ0.!'l!!:

Such pewee is va...... i ab l e with ti,lle. Some e rruc tur-ce whioh may

.)..3 econosu.ca'lLj- un j ue t r i cd t cday , .nay be oons Lder-ed j ue t Lf'Led after ..

faw yaars. Th-Jr,Jfora this t3r.,1 ahou.ld !)0 .r e La't ed to a oer-ta i n

period of dev zLop.nen t , which c aan u that 't hc coe t of :m:dr,.;y produced

rz-c.n t he hydr-o-csj.ec t.r-Lc power- plant Ln quc s t Lon should 0...:= I-JSS than

't he hi~h-}st cost of en ar-gy pr-oduced at t ha t tiro',}.

(2) To a~pr~ss availab1; POW-Jf ~nd ~nargy of a 6iv~n riVdE oy

two limits: uppac and lOW,Jf li'nit. 'I'ha s pr-opoua.L is qu.ite

ac c ap t a oLe e Lnoe t ne po aa LbLe l3n~rgy production f r-o.n t h.a

riv3~ dap'3nda on 2 factors:

Instal13d oapac r tJ of t ha power- pk.m t; and

Po es i oi.Ld tJ of constructing a t cr-age r asacvotr-e and di3t:.'T.;l~

of rivar flow raGula~ion which C~ thu.s o~ oot~in~d.

This .na t hod Lnvo Lv es til.} d ate.c.n i na t Lon of 0111.1 two ohar-ao t er--

istic riv'Jr f10H6 whil~ tha ,n~thod of prof. Pec Ln ar rl3quir.}l five.

~h-J8~ two char~ct-J~1.6tic flows 3rd:

Q.3.V .= 'l.v~r3.6.} ann uaL flow for Lenger- p ar-Lod of tirn>J

Q,n.o.3.==!O.}an {low of 3.11 flows oallow q av , for thd same per-Led

of ti,in •

.i'rOln t hc a cove two vaLuoa it is poaa i b.Le to dc t cr-ni.nc co t h

up p rr- and Louar Lini t s of pr-ob.a hla fna t a l Lcd power- and ann uaLLy

producJd ~ndrgy.
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!B_ t!p...Er20Jobl-J,..1.2w~r_lj;n,l.t»: !l1.!!t!ll-J! ~0'iJ! (fln~) in

hydro~lJctric pow~r pl~n~ Dr. YavdjJvitch propoBJd thd powJr

Lne t a Lked on Q~v "or t ha following r eaaone s

Tod~y it is ~ r~r3 pr~c~ic~ ~o install pow~r on l~ss than

Q5, and vJr/ oft~n it 60~S up to Q3. D~ration of th~6J two flows is

on .no s t r-Lv er a oo tw.ecn +5;& and 25/&. As thJ dur-a t Lon of '~av • .lti v,)ry

oft~n 35~ - ~~;, most hydropow~r pl~ts will UJ inst~ll~d on ~ flow

~bov~ Q~v. ~lso considaring tha f3Ct that today all pow~r pl~nt6 ar~

Ln tez-conn ec t ad a.n one 8.Y~t>3l11t it 13 j\lBtifidd to co.i e i.d er- pOW,Jr

Ln a t a.Ll.ed on Q3.V. '1.8 a Lower- li.nit.

111..: ..U£Pdl' J.~,.ll:t_ o.! _ills.!3....l:tJ~ JlOji3.£ (Pm3JC::: nXP'llin),auut oc
a Lweye eev accI eim ae hi6'h<Jr than t h a Lowar- Li.n.i t , ;:'!J'3 f'lctor lin"

dopenda on th.j d~gr~~ of wa.tor r3ti'ul3.tion poeu i niLi. t y , on the tYP3 of

hydro-electric pow~r pl~nt ~nd on th~ rol~ th~ hydro-pl~nt h3.6 in the

Ln t er-oonn ec t ed &JSt·.M (tnsd-Io3.G. or p e ak-d o vd pl an t ) • Its va Lue

v~riJs fro.a I to 7.

!h~ ~.E'.J.E J:i~l~ .9f_·l.!!ll,~l.J:1aY 2:v2-i)~bl;3_-.1~,J!Jl (~.n",) is t he

.m.:rgy pr-oduc ad oJ til'~ t o t a.L ann ua L flow of th~ r i ver , It C<J,;1 oc

caLc uLa ted 0j .aul t i p Ly i n g Psu n with e,7&0 hr o , (i:i:.:HJc.=Pav s: d}60) t s a ,

~6 -th.a r-Lver- flow ae co,nplJtl31j r)gulg,t.Jd to giv.~ th.!'ou~:;hout th~

Yo.)~~ 3. c on e t an t "lV-Jr3G'-3 .now (·~,].v). This 3ndr;;y in th,.J ,n:'\':,(l,nWl1

pos s r oj e an ~rgy ob t a i na oLc f r o.n th3 r-Lver- and .i o .iqucI to th~ tot-'!.l

ard~ of thd pow~r duratlon curv~ for th3 ~v~r~GJ JJ~r.

!h~ .Er2o~bl,~_lEw2r_l':lJl,t_o.f...:!n.Eul!-llY_3."yaJl'::01J_3E~]a(E,un)

is th3 ~n)rgy oot~in.3d oy using ~ll th~ wat~r OJlow thJ flow on

which the Lower- Li ni t of t ha pOWJr Lc i n s t aLk ed (Q.n.b~3..). It is

cqua.I to t h e l:n3.gin3...cy power- P"I.b.3. which c or-r as pond s t o t ha Q.n.b.a.

multiplied oy ~7bO hr-e , or~:lin =Pm.v,:l. f;. d,760.

RaLa cion J..3tw~.m thd av Jrab'.J annua.L di ech az-gc C:l3.V, and t h.s .naan

d i schar-ga for 3.11 flows OJlow Q3.\T., (~'iVdt:l :It t n.s Bal.l~ tijn~ thw .L"Jl'3.

tion o e twe en t h a upper- and Lower- Li.ai t e of tIl.! annua.Lky a va i.La oI e

-:/.. -c Sav.
~n.D.1..

Thil..> par-a ne t er- is v;ry Lmpcr-t an t for wa t ar- powcz- study end a e

rLeo v'JrJ s inpl c to oc de t c.nni.nrd ,

'rhus ao th pr-o oabl c i.n s t a l Lad power- and 3.'oJ"l.iL1.0!J .JH0rgy a.r o

f'r-u.nad D,~tw,BU two 1J.,nit~.rh:: In s t a Ll.ed power- and p.rcd uc cd i,lnJrgr

for Jv:.:ry par t i c aLar- pl-'\nt will JiJ eornawh ar-.a c.stwe an t hc o c two Li ui t e ,

Exact V'll UJS can oe t'ound on Ly oy :3 tJ.ldyin~ th~ ca. t chm m t ar ..H i.n

mor-e d at ai.L,
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Thus:

If bhc cono t z-uct Lon of largo etor:\g~o is cccno.o i.ca.L'ly justif

i,bl-J and if th.:: c.apac r tj- is Ln s t a Lkod on flows exoccd i ng Q'l.'J, -urd

if all aec tors of thJ' r i v.ar- can O~ utiliz'Jd ac onomLca.lLy, 'lV.J£3ti3

pow~r ~j lv3il~blJ ~nJr~ produc~d by hjdro-~l~ctric powJr pl~nt

. will tn ncar- th>J upper- limi t.

If only amal Lar- storab.Js 3.L'IJ cconc.n i cal Ly juutifi3.DLJ and if

c3paciti~s ~r~ inGt~llJd on th~ flow vllu,JS n~ar~r to Q~v and if all

G~ctors of th3 rivJr c~n bJ ~tiliz~d, lv~r~6~ pOWJ~ ~~d ~vailaol~

en er-gy will ce n aat-ar- to thJ low..!!' Li..ni t ,

Avail3.DleJ energy C3.I1 p...! 1.J6& than low..lr li.ai t only if

s t or-agce :11:'-3 not eccno.nt c a L, and if t hc power- is Lne t a'l Led on about

Qav or oa.Low it, and if t her-c 1..l.'..l c or-ta i n s oc t or s of the r i ven

which Can not bJ utiliz~d.

Dr. ~evdjevitch p~opos~d to includQ in w~tcr powc~ inventory,

synt ha ci,c flow hydr-ogx-ap h c aa ad on thc r aco.cda rr-o.n t he S'J.d1.>J long

p u-Lod of oaaarvat i on as for (b,v., amc c from auch diagram it is

p066ibl~ to ~tudy pow~r v~riation with time, whcr~as it is not

possiol~ to do it fro~ ~ duration curv~.

Th~ d~t3r~ination of th~ siz~s of sto~agJ rcocrvoiro for

r-equ i.r-cd d.Jgr,J..J of flow r'~bul3.tion 1.6 po se i oLa only [roln synthJtic

hyd.£'ograph.

rhis synthetic hydr0 b7 3.ph rJprJs~nts id~~lizJd ~vor~~e flow

f'Luc t u a t Lon s , which ec ar-c aLy OCCllrS in n a tur s , It is a ~ery usePul

di;tb'rl.a e Lnc c ac tua.L va.Luc e of j.ry and W3t y.3'3.rS oscf Ll a tc ar-ound

it. I'ha r·,Jprcsent3.tiv3 .1.v.:lr3.(£-.l l.,Jar reo.n a ~iv~n per-Led of

0,.)6 J1'v3.tion is cncacn a.ecng Y-J3rs haVing th-J 8.1.,.10 ann ua.L :flow :l.D

·l.VJrl.gJ, 3.I1d :it th.J ea.nc timd displJ.Jin6 the illost umu.L'rr flow

fluctuations to th03J of synth~tic hydrogr:lph.

Thy deseriptiO!\ of t h.a .a.rthod pr-opos-ad by Dr. Yavd j ev i, tah to

oot~ln synth~tic hydrogr~ph is b~yond th~ scop~ of thl~ r~port.

* * *

Th3r3 is no Reacacoh Inoti aut c tn 3thiopi'l for a t udyLng wat..:r

r mour-c cs , It is tih.s r;Jsponsl bili ty of t.ho WCl.t Jr RJsou.rcl)S Dopac t

.n,mt ,<Iinistry of Puo l t c •.... oz-ks , out so f3.r no work on auch studies

has D..!'Jn ~t1.rt-.Jd. v"'~w int'.Jg.c30tJd rivJr aes an d cvo.Lopracnt nt udd e a

WJ~·~ don a v i th t hc halp of some duv al op ad na.tions, out euoe a

s t ud Lae .]..c~ f1.r from beia:.; co.npj e to and co.op.c eh.m s t ve , S't ud i cu on

n any t r i na t a..... t ac of th·..! .aa'in e tr-ca.ns vr a ll\iGGin~ in t hc s,s worka

a.rd only thJ most ac cn o.nLcaI o rt as for d i.ne :.\.J1d pUW·,J.L' pLan t u huvc

O..!]n inv~stig~t-.Jd.
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Borne e t r-ca.n flow .ncasuce.ncnt a , rainf,ll, evapor-a t Lon etc. ar o

con t Lno ue Ly r-ecor-ded .;)y lrl1.tcr Reacur-cc s De pa.r t.nen t on some r i vcr e ,

Th3SC records may be uae EuL a t 3. La t ar' s t age when atudy of watu..l.'

r~sourCJS inv3ntory m~J start. How~v~~ tho n~nb~r of g1.uJing stations

and t h a p ar-Lod of r-ecor-d e a.rc not nuf'f'Lc i en t for t he pr-cpar-a t Lcn of an

. invdntory that could cov~r thd whole country.

'fh c .nai.n o ue t aoLe in d av aLopi.ng the pr-oper- no twor-k of hydro

met eo r oLogi.c a.L s t s.t Lone is the lack of fundi; and lack of understanding

by h i gh ar' aut nor r t t ao on the Lnpor t anoe of such a work.

'I'h e l'13.tJr ri c ao ur-c as Dup a.r tm an t h1.:3 in its programme vater

r-c sour-c ae Lnven t or-y study, which Ln:t.Y bc s t a.r t ad as :.30011 as the

fin~ncial ~~~n8 arJ SJcur~d.

During tho first and second year of this study sufficiont
skill-Jd p ar-aonn cL ahouLd be f ound in or-der to cover 1,200,000 aq s km

:lI'JJ. of t he Empi r-c wi th J'..:1ugin0 B n a twor-k , ThJ personnel s houLd be

r ecr-ur bad f'r-o.n secondary school &".£'adu"ltJs, who should oe a bl.e to

r'o Ll.ow eucce e sf'uLjy t heor-e t i caL and pr ac t i c a I courses Ol~ at Le a s t

6 men t ii s in hyd.r o-cne t eo.r oLogy ,

COWCLUSIOKS AKD RECOMMEWDATIOKS

(1) It is r-ec orn.n.mded to s t anda.r-d i z e the method of watJr pow ar

invJntory for thd whole of Africa such that dat~ from

diffJr:mt o oun t.r-Lc s can e a s i Ly DC compared and Ln t agr-a t ed in

on a common inventory for the whole continent. I'h i a is

e apcc i a.Ll y irnpor' t an t for Ln t ar-na t LonaL r t vcr-c Li.kc t hc Congo,

S,m,.)~, Nilo3 and aan i La.r .civel's. I t should OJ r-o.nem c.aced t ha t

th c Afr-i c an continent is the richest in wato3r pOWJ.!' with ita

app.r o.x, 24 0;'0 of the t o t rL available we.t cr- power of 't lia world.

(2) It 1.8 r-ec o.n.nended to aoc c p t ·),6 the standard .ne t h od for the

whole con t Ln an t t he .ne t hod pr-opo s ad by Dr. Yavd j cv i t ch e Lnc e

wi th only 1. .mn imum f i e Ld work t he LnJthod is cepa bLe to GiV0

th~ best 3vid~nc3 of thJ available w~tcr power ~nd w~t~r

(3) The f orma t Lon of a nucleus of 'rl:ner rluaourc.Js Re s e a.r ch In o t i. t ut c

for Afric~, which m~y oc cithc£ dir~ctly und3r E.C.A. or under

SOlD,] o t her i.n t a.rn a t i onuL or-gan i z a t i.on ..ind which could :\ftc.c few

YJlrS of org~niz~tional pJriod dov3lop into ~ full-6c~IJ

Institute for th3 contin3nt.
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'I'h.c duty of such In Institute,. ;~p.).rt from c~rrying out

cQl'rJnt studies, would OJ to pr3p~r3 proposals for et1n~~rdizar,ion

of hydr-orn }t~orologlcal S arvLc ..H. 1.6 W211 ·3.S ..J3 tClJlishi11..;' cri t .u: ia of

app.c oaoh for 't hc diff ...b'.mt tJr,n:; such as) for ax unpLc , th} dc t c.rm-.

Lna t i on of th-..: y.,n,r th"l.t could b} c on a Ld cr cd '13 an aV..lr1.g'J J<J3.r from

a b1.v~n p ar i cd of yJ'lrs (.n,J-=tn. mod a or In<Jdi3.n).1Jtc.

I'he p cr-oonnc I for this Inc t Lt ue o should be u aLcc ted froln thJ

uc a t quaLi.f' i ad hydz-cm c t eor-oLoga a t e of thJ d Lf'Ec.r en t coun t.r i eu of

t hc con c i n m t , As this In:..:titute ahaLl, be pur eLy a. tccnn i.c aL org'Uliz

a r r on , t he h aad or t ho .n:.lIU';'Jr should b a e hignlJ qua.La I'Lcd .lnd

exp.rr-i, cnc ad hydrot achn i.caL .lugincJr and not :J. prof sae i.un 11 po1i t i.c Lan ,

o

"Ii
o
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THE ROLE OF ~MO IN THE DEVELOPMENT OF HYDROLOGY
AND HYDROMETEOROLOGY IN AFRICA

By the Secretariat of the World Meteorological Organization

ABSTRACT

The paper falls into three main parts. Firstly, the role and responsibilities
of WMO in hydrology and hydrometeorology are described in general, including the deFin-
ition of "operational hydrology", Relevant 'liMO programmes and activities, particularly
those which concern Africa, are discussed. The second part o.f the paper treats in de-
tail the technical guidance and the material published by WMO on hydrological and hydro
meteorological networks and ins trumen t ati on, data processing, data anaf.ys t s for desi gn
purposes, and hydrological forecasting. Finally, the implicati ons of the "'MO World
Weather Watch Programme ar-e ou t Li ned , The WMO Programme of Technical Co-operation in
AFrica is discassed in a separate paper.

RESUME

La presentecommunication se divise en trois parties principales. La premi~re

decrit en termes generaux Ie rele et I~s responsabilit~s de l'CMM d~s Ie domai~e de
l~ologie et de lilydrometeorologie et comprend la d~finition de l'expression
"hydrologie op~rationne r re'", EIIe passe en revue les divers programmes et ac t i vi t es
de l'OMM, en particulier ceux qui concernent l'Afrique. La deuxi~me partie traite en
detail des directives techniques et de La doc-umen t at Lon pu bl Leea par l'OriM sur Le s
reseaux et Ie! instruments hydroIogiqueset hydromet~orologiquesf Ie trait~ment des
donnees, Itanalyse des donnees pour l'etude et la conception de proj~ts. et 1a prevision
hydrologique. EnEin on trouvera un expo5~ des incidences du Programme de la Veille
meteorologique mondiale de l'OMM. Le Programme de Coop~ratian technique de l'OMM en
Afri que fa! tIt objet d 'un autre communicati on.

*

INTRODUCTION

* *

Intenational c~operatiOl:l in meteorology ad amoag meteorologi
cal lervices is an ablol_te necessity, especially in view of the development ot
global systems SUch a~ the Vorld Weather Watch (vvv) and the Global Atmospheric
Researcb ProgrUJlle (GARP).

The need for international co-operatian in hydrology, although
perhaps not as great as that involyed in meteorology, is universally recogni~ed

tor the more efficient development and management ot vater resources, particular
ly in the developing countries. In view of the tact that th~ World Meteorologi
cal Organi zAti on 's operati emal activities in meteorology are 11' Jnany respects
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dJrllar to the internatiGl1al aethities required in the field of operaticnal
hydrology, WHO has·accepted responsibtlity for giving guidAnce and organizing
international co-operation in this field, ~aiDly through its Commission tor
HydrologY4 Such co-operation is necessary for promoting exchange of
in£or~ation and data for the benefit of developing countries which cannot alford
or are tor other reasons unable to indulge in expensive hydrological research
projects. This paper reviews WHO'. role and responsibility in international cO
operation concerning <a> design and operation of meteorological (hydrometeorolo
gieal, agrometeorological) and hydrological (.urfaee-water) network., (b) ba.ie
data processing, co-ordlDatian of acquisition (networks) and at services, and
(c) aft.lysis for computatioa at surface-water design data for operational use
in project••

OPERATIONAL HYDROlOGY

In addition to its primary re.ponsibilitiu in the field 0/
aeteorology, WMO is concerned viththose aspects of hydrology and hydrometeoro~gy

which have been termed as "operat~onal hydr-oLoq y'! ,

The field of operational hydrology, a. defined by the WKO
Technical Conference of Hy~rological and Meteorological Services (GeneYa,
Septeaber-Oetober 1970)(51), and approved by the Sixth 'MO Congress (April 1971),
comprises:

(a) Measurement ot basic hydrological eleMents /rom network. 01
.eteorological and hydrological stations; and collection, tr...
.1 ••1 OIl, process1ng, storage, retrie...al ad publication ot ba.ic
hydrological data;

(b) Hydrological foreea.ting;

(c) Research on and development aftd improvement ot methods, pro
cedures and techniques ina

(i)

(ii )

(iii)

(h)
(v)

(vi )

Network desi gn.

Speci£icati O'l of ins truments;

Standardi zatiCl'l ot instruments i1Dd methods of observation;

Data transmission and processing;

Supply of meteorological and hydrological data tor
design purposes;

Hydrological forecasting,

The above activi tie. are usually performed on a day-to-day basis
by national Hydrological Service. or appropriate equivalent organi.ation••
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In prODotill' illterllati.al co-operati"" iD operational hydrology.
as defined abOYe, WMO deal. with the ~olloviD' ele~eDto (with particular reterellce
to .ur~ace water):

(a) Precipi UtiOD;

(b) Snow coyer;

(c) Eyaporati cz 1J'0Ill lakes, river basiD' and reservoirs;

(d) Temperature and ice re,ime oE rivero, lakes and reservoir.;

(e) Vater JeTel ot riyers, lakes, reservoirs and estuarieSi

(E) Water dischar,e o~ river.;

(g) Sedimellt discharge o~ river.;

(h) Soil moisture and depth oE soil 1J'0.t;

(t ) Qua11 ty o~ water;

(j) Groundwater.

~MO PROGRAMME IN OPERATIONAL HYDROLOGY

The .trengtheDing o~ the WHO programme in operational hydrology
vas di.cuo.ed by the aboye-menticzed WMO Technical COD£erellce o~ Hydrological and
Meteorological Servie,.. The coatereBce cObsidered the MaDfter in which the WHO
Technical ierulatiOll.(37).hOUld be supplemented to illclude the pre.ent reopoa.i
bilitie. o~ WHO iD the field o~ hydrology .0 a. to be.t .erve the Deed. o~ both
~eteorological aDd hydrological .ervice•• A large majority o~ the participant.,
particalarly delegati ODS o~ deyelopiBg countries, expressed the need for Tech
aieal Regulatiaas in the field ot hydrology. On the recommendation of the
Conference, the revised draft chapter on Technical Regulations was adopted
by the Sixth Congress of ~MO (April 1971) under the title "Technical
.e~l.tiOD. in OperatiOD&l Hydrology-. These re,ulations vill, apart Prom their
technical aspects, #acilitate the creation and improvement ot hydrological
aetworks, co-operati em in iaternati anal river basins, promoti on and achievement
81 canformity in international exchange of hydrological data, and assistance ia
the eatablishment and expansion o£ Dational Hydrological Service., particularly ia
deyelopiag countries.

The conference also gave consideration to the ways in which the
WHO programme of World Weather Watch can be plAnRed and developed to be ot aaxi.u.
bemefit to Hydrological Services o£ Member., particularly in the field 01 hydro
lOfical ~orecaatiD'; and to the way. iD vhich WMO shOUld strengthen it. e~~orts

ia carrying out it. pre.ent re.ponsibilities iD the field 01 hydrology. It con
firaed that WMO had ~lly proved it. ability to contribute to the scieDce ...d
application o£ hydrology and that it i. the appropriate interDational agency ~or

co-ordinatint the activities in operational hydrology according to governMent
require.eat.. Accordingly the Sixth Congress of WMO (April 1971) has formally
approved that WMO should undertake the responsibilities in the field of operational
hydrology.
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~MO ACTIVITIES IN METEOROLOGY RELEVANT TO HYDROLOGY AND HYDROMETEOROLOGY

rae techaic.l aad scientitic .ctiY1ties ot WMO t.ll iato tour
,refraamea: World Weather Watch, tke WHO leaearch Pro,r...e, the WHO Prorr...e
OIl tile Illter.ction ot Maa ...d Hia hyirCillMellt ....d tile WMO Tecllllical Co-oper.tiCill
Prorr_e.

TIle i.pleae_t.tiaa ot the Techaical Co-oper.tiCill Prorr...e ill
Atrica is beillV described ill detail i_ aaotller paper Itein, presellted to this
eeatere_ce, ...d World Weatller Watcll is described ill sectiCill lOot this p.per,
TIle first three pro,r.-mes are beillg carried out mai_ly tllroa,h the actiyities ot
tile ei,ht Tecbaic.l COlO.isoi CIIlS ot WMO, In .ddi tion to the Canmi..i CIIl tor
Hydrolog~ at least three other Commissions make substantial contributioas to
the development at hydrology ~d aydrometeorology. The york oP the Commi.siaa tor
Agri~ltBr.l Meteorology, tor example, includes the stUdy ot questions reIatrag to
the Observation, measurement, evaluation and suitable presentation ot single and
complex tactors at weather and cliMate as tkey aPlect loils, plants and aniMal. I
combatiag unfavourable influences at weather and cliNate on agriCUlture: and the
ase ot weather forecasts and varnings tor agriCUltural purposes. The Commissioa
for Special Applications of Meteorology and Climatology deals inter alia with the
application of climatological data to man, his comforts and his activities which
include the needs of hydrology and water resources development. It is guiding work
on the production of regional climatic maps with the ultimate aim of compiling a
World Climatic Atlas which will also include hydrological maps. Similarly, the
Commission for Instruments and Methods of Observation is actively occupied in pro
moting development, improvement, international comparison and s t andar-dd zaf i on of
instruments and methods of observation.

Very clo.e cOllaborat! on amongst the Tecllllic.l COlMlis.i_is
.ailltaialt4 ill COIlllllOIl tieId. ot acti Y1 ty,

ROLE OF THE REGIONAL ASSOCIATION ~OR A~RICA

All WHO programmes are co-ordiaated at the regional level )y its
six Regional AS9ociations. The WMO Members 1n Africa are grovped to form Re~ional

.....oci.ti. I (Atric.) which, like the other Regi onal A.s""iati ens , meets regularly
to examiae and plan co-ordinatiQR ot actiYitiel ia the Region in pursuance of the
r.solv~ioD5 o£ the CODgres9 and the ~xecutive Committee. The itea oP boldin, this
particular coc£erence vas propos~d by this A~socia~ion in 1969.l43) The
Association has established a Working Group on Hydrometeorology which studies and
adTiles the Associ.tim on matter. referred to it and aSlists 1a the impleJII.e:n.ta
tiCIB 0.£ action required 1J1 co-operation with the UN ECODOIftic COIftmiS9iOl1 tor
Africa (ECA). Matters considered by the working group i_elude hydrological and
hytrometeorological aetworks, use of ~eteorolo9ieal data and foreca~ts Por hydro
logiCAl purposes, md preparati em 0/ hydrOlteteorologieal maps.

A very important role has been attached to the Regi. onal Associ ati on
and its Working Group on Hydrometeorology in the approved programme Por the
strengthening of \rIMO efforts in the field of operationa.l hydrology. In addition
to having representa.tives oP Hydrological Services included in the delegation oP
Members to the Congress and in the Commission Por Hydrology the Congress has
established an "Advisory Committee for Operati eIlal Hydrol ogyll. Thi!l. Commi ttee
would be compo!l.ed of directors of Hydrological Services or national representatives
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of agencies responsible for hydrological services. For this Committee to be fully
effective it has been decided that a procedure for co-operation among national
Hydrological Services be developed within the framework of WMO Regional
Associations, in order to provide liaison of the Committee with national
Hydrological Services.

Such regional co-operation should also lead to improved lines oP
communication for technicAl assistance programmes, thus greatly benefiting
countries in Africa, and to a more satisfactory treatment of regional vater
resources problems. Co-operation in this respect would be strengthened and close
co-ordination ensured with the relevant activities o£ EGA and bodies responsible
lor operatiOD&l hyarology iu international bAsins.

GU1~ANCE BY WHO IN OPERATIONAL HYDROLOGY

WHO'S· interest and actiTities in the establishment and improvemeat
oP hydroloiical and hydrometeorological networks in Atrica can be traced over
many years. The Pirst comprehensive report on network. and hydrological data in
Atrica, hovever, va. prepared jointly by WHO and ECA, and published ia 1966(28),
followed by • joint Seminar jn Hydrometeorological Instruments, Observations and
Networks in Africa (1967)(29. In the light of the result. of these activities
the two organizations undertook practical steps to provide guidance and assist
ance to develop hydrological and hydrometeorological networks according to the
requirements of individual countries aad to prepare a ma9ter plan Por the develop
ment 01 such networks in Atrica. WMO has seconded to the ECA Secretariat an
expert hydrometeorologist to assist in carrying out this programme.

Recognition oP economic importance ot hydrological data for all
water resources development projects in particular. and tor national economies
in general, has led many ccuntries in Africa to embark on extensive programmes
lor the improvement ot the collection and handling of data. Be9ides actaally
executing a number of nAtional and international technical assistance project.
for establishing comprehensive hydrological and hydrometeorological networks,
e.g. the Hydrometeorological Survey of Catchments of Lakes Victoria, tioga and
Albert, which are described in more detail in another paper presented to this
eon£ereDc@, YMQ provides technical adTice and guidance in different forms to
aost cauntries~

Host of the technical guidance stems Prom the activities of WHO'.
Commission tor ~ydrology under which eight working groups and nine
rapporteurs Ire currently engaged on studies concerning(a)vide range ot subjects
1n operati09al hydrology. These topics include: Guide 1 and Technical
Reralati oas \ 37) , instrUDents and methods of observatiao, hydrological aspects
of World Weather Watch, machine processing ot hydro~eteorological data,
hydrological forecasting, hydrological design data for water resources projects,
aetvork design, training iQ hydr9logy. maximum Ploods, termiaology, aad maps and
.appiar technique. in hydrology.\24}

W~arly allot these topics are related to the collection and
aDalysis ot hydrOlogical data tor desiga purposes. The results of the Comnd'5ion~

York are made av~lable through a number of pUblications of which the WMQ Guide to
Bydroaeteorological Practices~l) in partiCUlar has achieved universal recognition.
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Of all the WHO puhlicatiOl1' in this field, this Guide
has Decome an internationally recognized standard reference book Por
all operational Hydrological Services. in addition, the WMO "Gud de to
IDstrWllent and Observing Prilctices"(35) and theltGuide to Climatological
Practiceg~J6) include material closely related to hydrology and hydrometeorology.
All of these Guides are a step towards standardization •

• umerou~ scientiPic papers Are published each year dealing with
hydrology and hydrOMeteorology, and it i. very diFficult Por practising
bydrologilts to take account ot allot them when establishing and operating a
Betvork. The "Guide to Hydrometeorological Practices- provides clearly,
precisely and in a convenient Porm information about practices, procedures and
instrumentation tor the successl'v.l iJftplementatiCl'1 o£ their vork. It discu9ses
the taactians And orgAftizatiOft 01 Hydrological and Hydrometeorological Services
and the importance of their co-operAtion with Meteorological Services. It pro
Tides raidance and bASic intorMation on processing of' hydrological data and
quality contrOl, preliminary AftAlysi. and pKblication oP observations on a
refUlar basis, as veIl as practical methods for hydrological analysis for
design purposes. and applications to vater mana!ement.

Members ot WHO are inTi ted to folloy or implement the practices,
proeedurea and specifications recom.ended in the Gyide in the operation or their
Hydrological or HydrometeorologicAl Services.

Under the supervision Or the Commission, eminent scientist. And
techaieal experts continually vork to improve, extend and keep the Guide up to
date. .ew material, luggestians and comments are received !rom other WMO bodies
as veIl u from various reseuch and. scientific instit\ltions trORl Allover the
world. Work has already commenced on a complete revision tor a new editioll 01
the 9lIide.

NET'ORKS AND INSTRUMENTATION

(a) Ketvork.

Measurement ot ba.ic hydrological eleme.t. from networks ot
meteorological and hydrological stations is the primary element ot operational
hydrology. The establishment of basic hydrological network~ and the improvement
01 existiag networks in order to provide the fundamental data needed for water
resources development are therefore tvo of the major objectives of WHO. In
£act, WHO has ~dertaken the responsibility for the subject of network design
vi thin the IHO programme.

There are inadequacies in both length of record and number and
distribution of instruments in hydrological networks, especially in the develop
in, countries of Af'rica. It is realized that JIIMy factors aucb as population
d.eD,si ty, economic act! vi ty. Climate etc. in.f'l\lence the densi ty of' networks.
HoweTer, an energy consYmptian per capita index appears to contain an element of
.ost of these factors including that of development of vater resources. When an
el1ergy consumpti CI'l per capt ta Ladex i. plotted against the densi ty of rainfAll
atatims for each country (Figure 1), the relative position of countries in
Africa is clearly revealed. An arbitrary grouping plAcel Africa at the bottOM,
Asia and LAtin America in the ~iddle aftd Europe at the top.
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Very geJlerali zed guidelineo ClIS network desi gn are gi Yen in the
WHO Quide to Hydrometeorological Practices, At this sta,e, hO¥ever, it is
extremely difficult to demonstrate the value of scientific design in defining and
classlPyiag hydrological networks or even to establish clear and conci.e ob
jectiyes. Methods 01 network de.iga(4} apply the concept. o£ regionalization,
mappiag an.4 system analysis, but the most .GUlld design criteria are econOllic 0Zl•• ,
aad these cannot be eaployed because there Are no relevant economic data from
Betvorks. The nature and scope o£ these probleMS, the difficulties taciug the
4eyeloplng countries and the problems 01 Fixing a money value to the 'benef'i ts
accruing from scientifically designed networks are highlighted in a WHO report
entitled "Hydrological Network Design - Needs, Problems and Approaches·(23} which
vas cODtrib\lted to the rHO programme.

WHO is at present preparing a casebook ot examples 01 network.,
to,ether with explanatory note. on objective. and principle. applied, The
eXaMple. are beiBg selected fro- Tarioull geographic aad Climatic zODes in coua
tries ia different stages of wate~ resources development. Such a casebook should
prove ~ery useful and practical for mOst developing countries. The casebook has
beeD dirlded into five main sections, ilS Follows:

Section A, Characteristics of hydrological elements that
relate to network design;

Secti on B, Exu.ples of techBiques of network design;

Section C, EXillllples of operating networks;

SectiCl1 D. lfetworks ill problem areas;

Section E. Future developments in network de.lm and operation.

It Must be borne in mind that • network can be no better thaa the
instruments of which it is composed. In 1966 VMO iuplished a Technical Rote on
"Instruments and measurements in hydrometeorology"~7)which describes new develop
ments ift the field of hydrological instruments and methods oP observation.
Taking into account the latest developments in this field and considering the
problem. ot comparison and standardization of instruments and methods of ob.erva
tion, WHO is conducting special studies for the benefit 9£ Members through its
Caa-i.sian for Instruments and Methods of Ob.ervation~25) as well as through two
vo~ting groups of the Commission for Hydrology.

Information collected from nearly all countries on the proven
reliability of various hydrological and hydrometeorological instruments has been
analysed and is being incorporatad in a TeChnical Note which viII also include
up-tO-date inPormation on available automatic equipment Por observing and trans
mitting hydrological and hydrometeorological elements.

In view oP the fact that there are .serious problems concerning
the accurate measurement of precipitation, WHO is implementing a project for an
international c~parison of all types of precipitatiOb gauges with a standard
reference gauge of "pit- type.
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In 1966 WMd published a Technical Note(S) which contains a com
prehensive review of the evaporation instr~ents Ysed in many countries of the
world, international comparisons made Among them, and the many different methods
at present in use for deriving evaporation losses. Further critical study of
the 9Ubje{t ~as made and a report containing useful guidance h~ recently been
published 41).

WMO publicatioDs providing detailed guidance on specific methods
«nd instruments for mea5urement of different hydrological element! are listed in
the bibliography. Tbe implications of the WWW Global Observing Station (GOS) on
observational networks are discussed in section 10(a).

DATA PROCESSING

Data processing involves a systematic procedure through which
basic information is transposed into more accessible and more directly usable
forms. It comprises collecting, editing, organizing, storing and retrieving data
£or various practical uses. Manual data-processing methods still satisfy the
simple requirements o£ small collections. EUt an immense amount of hydrometeoro
logical data has accumulated over the years and the rapidly increasing rate of

production of such data makes it necessary to introduce various degrees of auto
matiaQ, ranging fram small-scale punch-card machines to large electronic com
puting systems, in order to satisfy the ever-groving demand for information and
the accelerating development of observing techniques.

The rational planning of activities related to the development of
vater resources requires facilities for the analysis of past hydrometeorological
data in all possible scales of time and space. These data must be safely stored
for laDg periods and in forms suitable for quick, effective and economic re
trieval and ~alysis.

Aware of the lack of suitable detailed guidance material on
processiD9 of hydrological and hydrometeorological data, and bearing in mind that
fUture development oE operational and also scientiFic hydrology depends, to a
large extent, on the utilization of data-processing systems, the WHO Vorking Group
on Machine protes,ing of Hydr~eteorologicalData prepared a comprehensive
Technical Note 11) an this sUhject.

The Technical Bote is an assessment 01 the present state of the
develop.ent and practice oP collection, editing aad conversion or data; ~F ia
formation storage and retrieval; and of the publication ABd analysis of
hydrometeorological data by machine methods. The advantages and drawbacks 01 the
di£ferent data-processing machines and methods are described in relation to their
application in countries at various stages of development.

The publication concentrates on the processing of data concerning
the main elements of the hydrological CYCle, precipitation and streamflow in
particular. However, references are also made to other element. oE the CYCle,
such AS the meteorological data aeeded tor hydrometeorological stUdies, ,ro~d

vater leTels, 90il moisture, gedi~eDt transport and water quality.

In order to illu.trate the principles involved, an aanex has beeD
prepared Which contains & practical example or hydrometeorological data pro
cessing, ranging from data collection to their publication. The implicatioas 01
the WWW Global Data-Processing SYste~ (GOPS) tor bydrological data processing
are discussed later (see section lO(b)),
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DATA ANALYSIS FOR DESIGN PURPOSES

Without an adequate supply of necessary data of sUfficient accur
acy, design calculations cannot be carried out. Raw hydrological and hydro
meteorological data are studied in order to ascertain whether they ruJ.fil the
requi~ements and ar~ then snaped by analytical techniques into forms suitable for
applica~ian to the design of vater resources projects. Some of these techniques
can be used to estimate missing data, to generate synthetic sequences and to
derive estimates for ungauged areas. In this regard meteorological data can be
of ,reat importance in c onpj emen t Lnc or replacing hydrological information.

A major portion of the analytical ~ork required in designing
river yorks is devoted to the specification of th~ design flood or flood~. This
can o£ten involve the use of §uch techniques as depth-area-duration analysis,
the estimation of probable maxi~um precipitation and the application of one of the
many rainfall-runOFf models that hav~ be~n developed. Recently W~O)published a
"Maaual for Depth-Area-Duratian Analysis of Storm Precipitation". 3 The first
part o£ th~ manual describes depth-area-duration analysis by stan~ard methods and
the second part describes «D experiment in depth-area-duration analysis by C~-

pu t er-, Similar manuals on rain£all Pr-equency analysis and em probable maximum
precipitation are under preparation.

The design flood can be estimated from a flood-frequency analysis
if the necessary streamflow dat~ are available. A WHO wor~i)g group recently
prepared a Technical Note on "Estimation of Maximum Floods~1 8., the preparation
of which was an e xer-cd se in international collaboration becauae examples Or com
putations were sought from as many different countries of the world as possible ..
The Note describes methods used in different countries of the world (including
some in Africa) for estimating the extremes of rainfall and snowmelt on the basis
of physical ana1ysis, and methods of converting these into est t e at es of extreme
flows. It treats statistical methods and their application to storm and flood
events and outlines techniques used in flood-frequency analysis and the use of
meteorological data in flood-frequency estimation.

An earlier Technical Note on -Measurement of Peak Discharge
by Indirect Method.-(6) details the procedures inVOlved in applyimg hydraulic
theory to the post facto measurement ot peak .flood discharge iii streams.
Most of the YMO projects on design data are related to the activities of its
Working Group on ~o~caJDesign Data for ~ater R~sources Projects. Among
other tasl:"s. the gTowp has to eX4tmine all m.1.terioill pubj f sbed or prepared by
'tIMO b04ies and contail'ling guidance mat~ri.1 on selecti em of hydr-ome t ecr-cjogf cej
series in specific cases, statistical analyses of hydrometeorological variables.
correlation methods £or hydrom~teorologicalvariab1es, synthesis of hydro
metric data, depth-area-duration analyses, design flood studies, flood-trequ~ncy

ana1yses, £lood-routeing procedures, utilization of flood forecasting techniques
for desi gn ..

In ltIuy parts of Africa, inadequacy of direct cbservat t coa of
data is a major problem for planning and designing water resources projects in
those areas. However, indirect methods using rainfall and other hydrometeoro
logical data have been devised to improvise design data for such areas. The
use of index (experimental, representati~e) catchments also plays an important
role i» this respect. Guidance material on this subject is being prepared by the
YMO ~orking Group on RepresentAtive and Experimental Ba9ins.
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The WHO publication on evaporati OI'I.JI menti cmed in the previous
aectiao,also contaimguidance for asse••ing potential and actual evaporation
on .. areal basis. In additioa, a report on the comparison between pan and
lake evaporatic::m is to be published shortly.

Associ ated vi th the problems of eVilporati an .ssessment i 9
the queltiCft of soil-moisture estia.tica on an areal basis. A report(39)
CD this SUbject h.s recently been published by WHO.

Hydrolo'ical forecastins

The analysis of pa.t stream.llow and preei pi tatim data is
~sed .s a guide to the floods that can be expected to occur on .. river in
the future, and provided these data are of a reasonable standard they provide
the most important guide for use in designing any training or regulating yorks.
Nevertheless, if these vorks contain any elements that can be operAted and
are not .fixed, such as sluice gates, the cnarac ter-t s tf es of' their operatim
and the operating policy to be followed viII have a great influence on the
efficiency of the whole project. Such factors should therefore be tuen
into cOJlsideration atthe design stage, and may legitimately be considered
as desigm. data. They wi 11 include detai 15 on the abi 11 ty of the operating
agency to forecast accurately the characteristics of Puture floods some time
ill adTUlce. The higher the standard of such forecilists, the lover the
capital cost necessary to protect surrounding areas Prom the effects of
.tloo4ing.

A symposium on this subject was organi ze d by WHO jointly
with Unesco and the Federal Governm~nt of Australia in 1967, ~d the pro-
ceedings have since been publi.hed. ~26) A large number of the papers
4eal with the use of mathematical models in forecasting flOods, using
either hydrometeoro1ogical or purely hydrological data as input. This
vu a reflecti on of the importance of such models in forecasting and
WMO is now engaged in further studies on the SUbject and has started
an international programme of intercomparison of hydrological models.

The design of a hydrological forecasting service must
include a detai led account of the data and forecasts required and suggest
hoy they can best be obtained. SuccessFul operation could depend very
much on the degree of sophistication of the local meteorological agency
and on the extent to which it is prepared to co-operate in setting up
and operating the service.

In the past, the urgent need for rapid methods of con
verting meteorological data into hydrological forecastl had led to the
widespread use of very simple foreCAsting techniques. These are usually
based on the correlation that exists between rainfall amount and river
stage. No attempt is made in such methods to simUlate the physical
characteristics Or response of the actual catchment, ~d for this reason
they suffer greatly Prom a lack: of generality and are notoriously unreli
able for the prediction of extreme events. The perfection of computers.
both digi tal and analogue, has nov made it possible to attempt il simulation
of the actual behaviour of the catchment. This requires the use of a. con
ceptual model, designed to simulate the mechanisms involved in converting
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raiDfal1 to runoff. WHO has tak~n a leAding role in the formulation and
dissemination of hydrometeorological forecasting procedures. and is at
present investigating the application of conceptual model. in operational
hydrological forecasting.

Some of the forecasting systems are extremely complex,
and vould require a very large capital investment 1£ they were to be made
operAtional. The question arises as to whether an investment in a fore
castiftg service is economically justifiable in general, and in particular
Yith respect to the alternative forecasting systems that may be a~ailable.

A state-of_the_art report on this subject has been prepared
by • cODsultant of WHO. It vas noted that, as Many nations progress towards
a more formal process of planning river basin development, the economics of
each segment of the programme become important. Three factors are particu
larly iaportant with regard to a tlood-d~age reduction programme, quite
apart Iroa the engineering works or the magnitude of the flood. These ~e:

the length of warning time, magnitude of reducible damage, and efficiency
ot response to warning. In theory, by considering the intluence of such
factors on tlood damage, one can arrive at an estimate ot the benefit pro
4uced by each, and thereby permit 4eci.ions to be taken with regard to the
whole tlood-prevention scheme an economic grounds. However, such an anylysis
requires a considerable quantity oP information, not only on the topographic,
hydrological Climatic and hydraUlic nature of the river basin, but also on its
social and eCODomic Characteristics, including the organization and forecalt
ift, capability 01 the agency responsible for floo4 protection. In practice
it i. very difficult to make accurate OYerall cost/benefit assessments. One
has therefore to be extremely cautious about the cost/benefit situation betore
embarking CD an expeasive aDd complex project oE instituting a hydrological
lorec.atiag system on any river basin.

Implications ot VWV for hydrological torecasting are
trea~ed in the next section.

WHO is also carry1ft9 ovt studies on the incidence and spread
of drov,bt, which are a serious handicap to developmeDt.(13J The main aia
is to assess droughts with respect to their effects and to lind practical
metbods 01 loreeasting droughts lor medium and long-range periods in order
to help in planning and de.igning vater project. vhich vould in turn prevent
.erio•• water aad tlood ha1ards.

IMPLICATIONS OF WHO WORLD WEATHER WATCH PROGRAMME

The previous three sections on aetworkl, data processing and
hydrological forecasting have .pecial lignificance and are inte,rated withi,
the hydrological aspectl of the WHO programme of World Weather Watch (WVW).\15)(52)
This programme involves ~he development of a world, weather system which viII
ensure that modern scientific and technological advances. such as artificial
satellites and electronic computers, are utilized to the maximum to improve
oyr knowledge ot atmospheric processes, and that the benefits of the system
are made available to all countries. The WWW.byits very nature, contidns
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element. of direct interest and ~se to hydrology and water resources develop
ment eTeD 1a the developing countries in .pite oP diPPicult conditions par
ticularly oE An economic nature.

There are three main elements of WWW which have a direct
~earin, aD our SUbject and are discussed below.

(a) Global Observing System (GOS): The major component of this
system i!l the setting up of adequate basic meteorological networks on the Earth
and tke use at aircraft and meteorological s&tel1ites itt order to obtain more
reliable and accurate data. The Regional AS90ciation Por Africa has set up
targets to meet these requirements through the co-opera.tion of individual
countries. Members are eBcouraged to use automa.tic stations, especially in
problem areas, includJ.ng at least one AutOJllatic Picture Transmission (APT)
station and ground weather-radar s t at Lons , The iJltegration of hydrological
and kydrometeorological statIons would consIderably iBcrease the accuracy of
aydrological analysil, particularly for hydrological forecasting purposes •
.Judicious degign of networks equipped vi th su i table instruments compati ble vi th
GOS .:aould therefore be lJiTen special attention nov in order to save valuable
time and expense in the future.

(b) Gtobal Data-processing System (GDPS) I The Global Data-
processing' System 54) operates through a system of World, Regional and National
Meteorological Centres, which collect, prepare and make available to Members
processed meteorological information on a global or regional scale. GDPS could
also ensure the processing of data for climatological and, at a later stage, for
hydrological purposes, as veIl as the storage of data in such a way that they
would be readily available.

In vie... of the fact tbat many national and even sub-national
enterprises have accumulated hydrological and hydrometeorological data, often
Prom an extremely dense netvork of stations, a VMO Executive Committee Panel on
the Collection, Storage ~d Retrieval of Data recently examined in detail the
facilities and organization of the GDPS in order to help the hydrological
activities of Members, particularly on regional and aational scales. Most
probably the hydrolog1c.1 data developed from the GOS and the GDPS will b@
archived within the \IlIO sys t em, A preliminary li.t has been profo.ed of the
Pollowing types of hydrological data for inclusion in the .ystem: ,,)

(i) Data Por the study oP water and energy budgets ti.e.
stream£lov, eTaporation, etc.).

(it) Remote-seDsed data related, among other things, to
hydrology;

(iii) Snov and ice data en a regicaal .cale;

(iv) Soil temperature and h\llllidity, and air-trajectory
informat! 011 ..
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(c) Global Telecommunication System (GTS), This system(53) i.
capable of collecting and distributing raw observational data through National,
Regional and World Meteorological Centres and, subsequently of distri buting the
resulting processed in.f'ormatiCl'l to other WMC" RMCs, and NMCs, GTS vi Ll. make
available pictorial and numerical data that nave been obtained by remote .!lensing
techniqueg, covering luge areas of the Earth. The analyses and appLf c at i on of
these data for hydrological and water resources purposes viII permit higher
accuracy, greater speed and better co-ordination of both short- and long-term
hydrological forecasts, in addi ti on to the benefi ts that vi 11 accrue through their
use for hydrological rege~ch purposes.

Application of the essential element9 and objectives of WWW to
operational hydrOlogy, however, requires close co-operation between Hydrological
and MeteorOlogical Servicel at national, 9ub-~egianalt regional and world-vide
levels in a number of technical aspects of the three sY9tem9~ It also requires
uniForm codes for the exchange of data, and research~ WHO has already initiated
action to promote thege activities.

Ag its name implies, the WWV is designed to be operated on a
global scale~ Its value for the acquisition and transmission of data For use
i~ the design and operation of river-regulatin9 yorks will therefore be greatest
Vlth regard to very lArge catchments. In partiCUlar, the establishment of
efticie~t international linkl Por the transmission of data will greatly improve
the ratlCl1al development of internatimal river baeLns , including the regulation
of their rivers And flood plains.

COIICLUSION

In addition to its general programmes and the Programme of
Technical Co-operation, liMO has an important role in Africa in many specific
hydrological aspect! in addition to its paramount role in met eor-oj cay , With
the long-standing close and effective co-operation be tveea WHO and ECA steps
are beiDg taken to satilfy the urgent need for the establishment of adequate
hydrOlogical and hydrometeorological netvorks in A£rica~ On the basis o£ the
analysis and evaluation of the dePiciencles oP networks on a national and
regional basi', a master Pl~ is to be drawn up to assist governments in organiz
in~ an4 expanding their operational hydrological services and in formUlAting teCh
nical ASsistance p-ogrammes tor conducting systematic hydrological and hydro
meteorological surveys of river basins. Such surveys are essential for further
development ADd rational use of national water resources vhich form an essential
factor for socio-economic progres!~
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HYDROLOGICAL AND HYDROMETEOROLOGICAL DATA AS ESSENTIAL
PARAMETERS FOR DESIGN OF ECONOMIC DEVELOPMENT PROJECTS

By Richard D.A, Hill

ABSTRACT

Tail paper delcribel the operatioa &ad probleml confroated ia the hydrological
..d meteorolegical prolr..~e ia the Rep~blic of Liberia,

!lESUME

Le pr'.eat .~.olre contient un expos' sur les operatiaas et lei problt~el ._e
doit confroater Ie prolr..~e hydrologique et ~~t~orologique au Lib~ria •

•

• •

ra the DiYiI!OD of Meteorology-Hydrology oP the Department o£ Public Vork.,
the QoverDmeat or LiberiA cantrols and i9 regarded a~ the central agency for the
establishment of hydrological and hydrometeorological stations and also for the COM
pilation of data, However, it can be veIl Boted that the first raintall station and
the tirst river gauriag station vere established by tvo private agenciel. These early
statioDs have caatributed largely to the develop.ent of hydrology and hydra-eteorology
in Liberia. At present, considering all stations in operation (government, coacessiofts
and missions), there are approxi••tely 40 rain tall station! in existence in Liberia,
re!ulting ia approximately one station per 1075 square miles. However because of in
accessibility aBly about 50 per cent of these are producing coutinuous records. There
exist 25 river g.~9ing stations and 75 per cent ot these are in good operation. Each
of the nine counties into which Liberia is divided has some hydrological and hydrometeor
ologica1 statlaas operating Oft a daily ba.is.

I. or4~r to collect systematic and a.brokeD records adeqvate aDd continuing
fintlDcing i. all iJftportot. Moy of the established Itati01IS hi Liberia are facing
great diffic.1ties in surviving. The Goverament agency doe. Dot nave sufficient
.v~l.ble lvats tor the .ccc.plis~eDt of the gTeat amount of work required in connec
tioa with tae ••tioavide COllection oL hydrological and 8ydrc.eteorolo.ical data or with
the necessary knowledge of local aad reliOftal needs related to these data to enable it
to act satistactorily atcee , Pooling of' hnds, information and ef'fort therefore is
very i.portot to accOIIlplish this work, but there ha. not been agencies other than the
Qovern~ent to co-operate until a few years .'0. This has affected the progress of

hydrology and hy4rOMeteorology considerablY4 However, with the records obtained from
our establish_eat ia Liberia. other places ha.e also benefited.

Previaasly agricultuf'e vas practised on a se.loaal basis. The planting
vas done in the ratay season or winter becauBe at thi, ti.e the ,rovnd i. always wet or
moist with a moderate temperature suitable tor the growth of plants. There was not lIluch
planting done ill the summer because it was tel t to De a waite of t Lee , Today, through
the aid of data COllected from hydrological and hydrameteorolofical observations, agri
cUlture is carried on throughout the year by irrigation. Ho extensi.e research is being
cODducted with regard to the quality of vater used for the purpose of irrigation.
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The yater in the streams of Liberia has been found to be good enough for crops
and it does aot coatain harmful chemicals that would retard the growth of vegetation
except for loY areas very close to the coast. However, because of the long dry season,
it is necessary to have SUfficient data to assure. continuous flow of the stream used
for irrigation during this period.

The dry season lasts for about tour months beginning in December and ending
in April, and is • time of high temperatures and intensive sunshine. The Liberian
rivers and smaller streams form SUch a network that there is almost no need for investi
gation regarding the yater quantity and quality for inland fisheries, wild life, tourism
and recreation, etc., at present. The man-made lakes in this country are usually made
by expanding certain pointJ of small streams Which generally flow throughout or lor
most part of the year; hence there is very little danger of these lakes running dry in
the summer when the rate of eVAporation is high.

In referring to data Deed ror hydro-pover projects in pArticular ror design
capacity of plants and availability of storage, it must be noted that Liberia's prime
objectives in the entire program~e of water resources are vater supply and hydro
electric de~elopment. Much can be said on this point but it is my desire to give a
brief and cleAr view of this phase of hydrology and hydro~eteorology al conducted in
Liberia. To begin with, I wish to stress CD the establishment and operation of gavging
stations as carried on in Li~ria.

The early set of gauges installed on the large rivers of the country were
chiefly for the develop.ent of hydroelectric paver plants. Later. other gauges vere
installed for stu4y of vater supply and in some instances for irrigation. Staff g~uges

were used initially at all gauging sites. They were selected because they could be made
lO~.lly and were simple to instalL The earliest iDstallations were made ~sing two inch
galvanized pipe Ear backing to which were attached aluminium strips marked with feet
and tenths ot a foot. Later installations were made using steel channels for backing
and standard live feet lengths of porcelain enamel gauge. On bridges they were attached
vertically to piers. At other locations one gauge was installed sloping up the river
bank vhile the other gauge was installed vertically on top of the river bank. A table
was made to convert the slopi.g gauge height to vertical gauge height. As the pro
gramme progressed wire weight gauges were used to supplement staff gauges at bridge
sites.

Attempt9 were made to locate all gauges at gites where the physical chacacter
isties of the cbannel were favourable for accurate discharge measurementiand when the
relatioaship between stage and discharge would be per_anent. Unfortunately, this vas
not always possible because of the inaccessibility of the major portion of Liberia. For
this reason most of the gauging gites were selected primarily because they were
accessible. Consequently their channel characteristics were not always as favourable
as they shOUld have been ror a precise determination of discharge.

The operation of gauging stations involves four principal objectives: (1) the
collection of systematic records of stagei (2) measuring dischange for the development
of a station 9tAge-~i5charge rating curvej (3) periodically instructing the local ob
server regardiBg h1s duties, giving special attention to his guccess or failure in
understanding and performing th~se dutiesj and (4) maintaining in proper condition the
installations and eqUipment. The statement of objectives is simple, but there are many
1i fficulties in attaining them. The continuous or periodic records of stage ~d dis
charge mugt at least theoretically be equally reliable for all stages of the stream,
for all conditions of flov, and for all changes in the stage-di9charge relation.
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Change in the stage-discharge relation may be due to • variety of conditions,
including shittiftg controls and variations in the crOSg section of the channel caused by
shifting bed and banks. This is very usual in Li~ri. bec~uge of the sudden rise ot tn~

river stage as a result of high intensity of precipitation. Temporary and seasonal
changes may ae caused by the Accumulation of drift, the j~ming of logs and up-rooted
trees of the high Forests or by aquatic vegetation in the channel.

Added to the difficulties related to the physical conditions at and near the
gauging station are problems related to travel and transportation, human inefticiencies,
lapses. aDd errors, faulty operation of instruments and wild sudden variation in temper
ature, precipitation and Yind, ~th corresponding sudden Fluctuations in stage and dil
charge. The difficulties vary at all timet at different gauging stations.

To measure 9tream flov the Price current meter has been used in all areas of
the country and they have been found to be quite appropriate.

Tvo major projects ~hich elaborate the practical application of data collected
from streams haTe been con5tructed within the past five years. These are the 22,000 tv
hydroelectric pover plant (costing approximately twenty-seven million dollars) ~d a
water filtration plant with a capacity of about eight million gallons per day (costing
about seven million dOllars). Both of these projects are located on the St. Paul River,
about 15 and 12 miles respectively from the Atlantic Ocean. This is the largest river
that lies within Liberia and has a drainage area of about 8,360 sq. mi. with an average
annu~l stream flow of about 13,464,000 acre-feet.

Because of the rapid development of Liberia, within tvo yeAr9 after the com
pletion 01 the hydroelectric plant it vas discovered that electric pover wag in great
demand aDd it Became necessary to make additional surveys for expansion. This prelimin
ary s~vey reTea1ed that two of the major tributaries of the St. Pa~l River were capable
of being use4 as storage reservoir and therefore could facilitate expansion that could
be equal to the present power output. The two locations are very inaccessible, yet they
are the only solution thug far to our pover expansion.

Because ot the urgency of the pover req~irement, only six year period of data
was used and this vas all that vag available at that time. Considering these aspects,
it is very apparent that long-term hydrological and hydrometeorological data Are of prime
necessity for a better uge of water resources. Liberia h~s not experienced severe floods
as have other parts of the worldi therefore very little attention has been given to
flood control. Studies are conducted however for highway designs and constructions.
There are several si%~ble rivers in Liberia, but most of them do not provide more than
10 mil~g oP navig~tion. Hence. except for sporting and Pighing, there is v~ry little
inland vater transportation.

Since some amount of vater is nece9sary for any development, knowledge of the
availability of an adequate supply is essential far local or regional planning purposes.
~ithout such knowledge, a project which involves the uge of considerable quantities of
water cannot be properly evaluated. Since such information must cover ~ sufficient
period of time to show the approximate limits of high, low, and average flOWS, stream
gauging on the proposed source or sources of water supply must be carried out contin
uously for several years before a project can be successfully and honestly promoted.

In Liberia very fev studies are being conducted for the purpose of collecting
data for urban or rural water supplYi however, plans are being made to conduct a
survey that viII aid in thestudy of Qrban and rural water supply, sewage and sanitation
design and eLfects of pollution.



DESIGN AND OPERATION OF A HYDROMETEOROLOGICAI. NETWORK IN THE
CATCHMENTS OF LAKES VICTORIA, KlOGA AND ALBERT

by Gerald H. Morton

ABSTRACT

This paper reviews the criteria used in establishing a hydrometeorological net
work for tbe catchments of Lakes Victoria, 1ioga and Albert. and the accuracy the net
york may be expected to produce. Discussion is also made ot the difficulties encoantered
in the operation or the network, and major deFiciencies in the network ar-e discussed.

RESU/lE

Le pr~sent m~moire contient un expo9~ sur les crit~re9 utilis~s pour 1& mise
en place d'UD r~se.u hydrom~t~orolo9ique dans les bassins versants des lac. Victoria,
Iyoga et Albert; et sur 1& prhcision que l'on peut attendre des donn~es Fournie, par ce
r~leau. II y est ~galement question des difficult~srencontreesdans l'exploitation du
r~leau ainai que des principalel lacunes de celui-ci.

OBJECTIVES OF THE PROJECT

The objective. of the Project of the Hydrometeorological Survey of the Catch
ments ot Lakes Victoria, tioga and Albe~t are -the collection and analysis of hydro
meteorological data of the catchments in order to study the water bAl«Dce ot the Upper
Nile. The data collected and the study are expected to a.si.t the countries in the
plannia, of water conservation and development, and to provide the groundwork tor inter
goveramental co-operation in the storage, regulation and use ot the Nile~.

ESTABLISHING A NETWOR[ TO /lEET THE OBJECTIVES

In order to achieve a reliable water balance, and to supply adequate data &ad
make preli.inary studies for future development of yater resources of the Upper Nile
Basin. it vas necessary to consider the requirements for meteorological and hydrologic
networks separately, aud then to integrate these considerations in order to achieve a
practicable and workable network.

In the design of the meteorological network. the following are some of the majer
considerations which were taken into account:

(a) Establi shing ii rs t order meteoroloqi cal stati ODS: As di .fferent areas of the
project show considerable variAtion in rainfall and other meteorOlogical factors it va.
desirable to sub-diTide the area into zones of fairly homogenecus Climatic regimes. The
project area vas divided into tvelve zones and the adequacy of existing first order
meteorological stations in each zone was anaj ysed in order to ascertain the number and
location ot additional stations required. The existing network of t een t y-ed ne fir.t
order meteorological stations was augmented by an additional twenty-five stations giving
an over-all netwo~k density of one station per 6,300 square kilometres. The additional
tventy-live stations include five stations established on islands in Lake Victoria, and
one of these, Nabuyongo Island, is a fully automatic station as it was not possible to
place an observer at this site.
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(b) Establishillg a rains.use network: The establi!lhment of an adeqaate raing-.u.ge
network for the j-r-ejecr vas bl,sed on three aspects; firstly, designing the network in
the project area as • whole; secondly, in individual sub-catchments to facilitate hydro
logical studies for the various sub-basins that constitute the project area; and thiral~

in index catchments to facilitate a more intensive study of the rainfall runoff
relations for application to other parts of the project area. In the first tvo cases,
the existing network was studied with a view to locating the gaps to be filled in. In
examining the network the principal criteria were that 5 per cent relative error repre
gents aD ideal network and 10 per cent relative error may have to be acceptable. The
project area v~s divided into 10 minute squares as a density of one station per 10
minute square (or 342 sq. km#) gives a relative error of approximately 5 per cent. It
was fouDd that in Ienya each 10 minute square contained more than 10 stations, whereas,
in the project area as a whole1 approximately '50 per cent of the 10 minute squares did act
have any raingauge s t ar i ces • Therefore, wherever practicable, at least one station was
established within a 10 minute square. In many cases, in remote and uninhabited
regions, this involved the instAllation of storage ga.uges which are read on a monthly
basis by project per-s cnne j •

For Lake Victoria proper it vas not possible to achieve this density, and
raingauge stations could only be established on the islands which perimeter the Lake.
The additional 150 raingauge stations established by the ~roject increased the number
of raingauge s t at Lcns within the project area to 870 or an Average density of' one
s t at t on per 386 square kilometres. The aforementioned figures are exclusive of rain
gauges estaBlished within Index Catchments. The raingauge network within Index Catch
ments w.. designed on a basit of one station per 50 square kilometres in order to
facilitate the required detailed studies of rainfall runoff relationships.

(c) Establishing a hydrometric network: As the project was divided into different
climatic ZOlles for the purpose of augmenting the met eor-oj cad c aj network, it vas
divided into different hydrologic zones for the purpose of reviewing the existing hyd
rologic networl, and identifying and strengthening the gaps. These zones were then
analyled on a sub-catchment basis, and inclUding the three lakes there were 35 sub
catchments which were analysed. The following points were taken into consideration
in the analysis of each sub-catchmentJ

(1) As much as possible of the existing network is utilized.

(ii) All major streams discharging into or out of the Lake systems are gauged in
their lover reaches.

(iii) Statio~s are provided at or near sites of potential development.

(iv) The density of discharge s t e t i oe s c on F'or-ms to international aor-ma Ls , and .,,11
streams with a catchment area ~xceeding 5,000 square kilometres are gauged.

An eV~luation of the existing network revealed that to meet the requirements
of the project an additional 51 stream-gauging and 12 lake-level stations would be
required. At stream gauging stations vhere rapid vari4tions in stage were expected,
which were designated as index c a t cbmen t s , or .. bicb ..ere key stations for potentia.l
development, it vas necessary r c inst~:1".oJt-f)m~~·"L v a t e r- level r e cor-de r s , In adda t i on ,
improved methods for obtaining di5charg~ measurements were introduced and these in
clUded self-propelled cable cars, a motor-driven cable car, ban} operated cableways,
and portable cablevays.

(d) Measurement of other elements: In addition to the three major afore~entioned

networks it vas necess.ry to make an accurate assessment of a number of other elements.
Some of these e j emen t s and the c r-Lt e r-La followed in e s t ab'l i s hi n c this auxiliary net ....or-k
ar-e as Poj j ovs :
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(i) .!.n~e.!. £,A.!.C.!lmSIl.!.s: In order to determine runoff £rom unga-uged areas and to
facilitate detailed rainfall-runoff studies it vas necessary to establish
seven representative index catchments within the project, and their selection
vas based on the criteria; that they would facilitate the estimation of
runoff from ungauged areas; they conFormed to natural watersheds of small
independent basins; and were distributed to reflect the diver5ity of features
vi thin the project area.

(il) !o,E,o.s,r.!.p1:!.i,£,!J1~.hY.!!r.2g!:.•..E.hic_sJ!r!:e~: In order to provide accurate information
on changes in volume relating to changes in lake level which viII provide a
basis for planning £Uture regulation of lake levels, and to facilitate hydro
metric studies, the following tasks were defined and implemented. the survey
and mapping of critical flat shore areas; hydrographic survey of Lale lyoga;
aad relating the gauges at all project stations to precise level network.

(iii) ~e~~r~m~n£~f_eya£o£r~~pir~ti~: In view of the extensive areas under
svamp in the project area it was desirAble to obtain an evajuat Lon of the
potential evapotr&nspiration from these areas. Two lysimeters of the compen
sation type have been installed in typical !vamps in order to facilitate the
study of this phenomenon.

(iy) ~egi1!!eat_~d_Q.!!.a.!i'!y_o.!.!a!e.!: .!.u,rv!y!': Although the measurement of these
elements is not a direct factor in the water balance study of the Lakes, it
vas recogni%ed that they are a very import~t part of a hydrometric survey,
and a knowledge of these elements viII be useFul for fut~re design of rese~,
irrigation projects, and water supplies. Sixteen sites were chosen as observa
tion stations, And these sites were the seven index catchments and nine key
sites which ofter possibilities for fUture development or at which problems
presently exist. The density of this observational network is 9 per cent of
the total stream-gauging stations within the project area.

(v) In.!.t,!U,!l~!..~I2C1~_A.9g.J.!!!<!r.Jl.!~!"~: Due to the specialized nature of equipment
used in hydrometeorological surveys it is usually not possible to have repairs
made locally, and in the case of the project the shipping costs to a suitable
agent and the time delays involved in shipping made the establishment of an
instrument shop essential in order to ensure an uninterrupted COllection ot
data. Also experience by other agencies nas indicated that chemical, sediment
and similar types of analysis can best be facilitated with in-project facilit
ies, ilDd. thus a laboratory vas established to complement the instrument shop.

DI FFICULTI ES 1M OPERATI CI'l OF THE METvOR[

The difficulties which have arisen, and the manner in Which they are being
dealt Yith,are as follows:

(a) Standardi :tati on procedures: As the project is composed of a large international
staff there is An inherent diversity of disciplines. Furthermore" the various participat
ing governments were following difFerent field ADd office procedures. To overcome this
the project prepared Field and Office Manuals which were formulated on recommended inter
nati OI!al procedures.

(b) Planning field trips: As the hydrometric network is comprised mainly of new
s t .. tions the stage-discharge relationship, and the stability of the control at these
sites) are uakncvn , Therefore, if a standard programme of weekly measurements was followed
it would be extremely e x r ee s t ve and in many cases unwar r en t ed ; similarly in many cases
a monthly programme vou l c be inadequate. To overcome this problem a Technical Memo
randum on Frequency of Measurements was prepared, and on the basis of regular discharge



- 145 -

measure-ent. the status of each station is constantly reviewed in order to ascertain
if the measurement programme for that particular station should be revised.

(c) Processing of data: One oP the major task, of the project involves the col-
lection, computation and publication of all meteorological and hydrological data tor all
stations within the project, commencing with 1967 data. This .ssignment was rather
strai,htforvard for the meteorological sector as it primarily ca:ui9ted of reproducing
computer card. from the East African Meteorological Department and then devising aD

output format suitable for publication. However, putting this task into action in the
hydrological lector posed a difficult problem, as the three East African governmeat,
have commeaced on a programme of computerizing their hydrological data, and as the for
mats of these programmes conFlicted it did not facilitate interchange of data. This
nece•• i tated forMulating a polfey to set up a working group in order to standardi ee
procedures.

ACCURACY OF STUDY

The accuracy of the study a. considered from a water-balance aspect is at
preseat difficult to .sses. due to the varying degrees of accuracy to which the Tarious
components of the hydrologic cycle are being determined. Also the accuracy ot the
vater balance for each at the three lakes v.ries considerably. Therefore, at pre.eat,
the accuracy ot the study can only be considered in a general sense, and this is best
facilitated by considering various aspect. of the hydrologic cycle and the three lake.
separately.

(a) Surface runoff: Of an average annual estimated runoff of 22 milliard.. into
Lake Victoria,90 per cen t of this is measured by stream-flow stations, and the relftaill
ing 10 per cent can be determined fairly accurately by using index catchment result.~

raiBfaII stations and adjacent gauged streams vi th Ih'dlar basiJl features. The outPlov
fra. Lake Victoria is .easured directly and therefore the only error in this quantity
is the i ••erent error in this particular station.

The Victoria Nile provides 90 per cent c£ the inflow into Lake tioga, ed al
most all of the re~aining 10 per cent is gauged directly. The outflov Prom Lake tioga
is gauged directly.

Tae average annual estimated inFlov into Lake Albert is 27 milli ardsJ and 95
per cent of this is gauged directly. Most of the remaining 5 per cent arises in Congo
[inlhasa ad thus only a rough estimate of this quantity can be made.

The outfloY of' Lake Albert is gauged directly; however, in the past errors at
this 51 te 'lay h.ave been as great ~s 10 per cent, but recent impro..,elllents are expected to
reduce this error to the status of normal Itati an accuracy.

(n) Change in Itorage: With the existing maps available, surveys in lov-lying
areas presently being conducted, and the network of water-level recorders around Lake
Victoria, the change of storage can be estimated to within 1 per cent.

On Lake [loga a COMplete hydrographic survey is being conducted and therefore
the accuracy should also be within 1 per cent.

On Lake Albert the area lying ~thm Congo Iinshasa cannot be surveyed, and at
present there is no provision for surveying the mouth! of the Iloga Nile and Semiliki
RiTer.. Therefore, errors in determining the change of storage may be as much as 3
per cent.
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(c) Groandvater: For the purpose of this study it ig assumed that in the systems
of all three lakes there is no influent or effluent seepage. This asgumption 15 based
on a few obgervationg ot groundwater wells, and a general knowledge of the geological
conditions around the lakes. It is recognised that errors could be introduced into the
water balance if these assumptions are incorrect; however, it is felt Any errors arising
from an incorrect assessment of groundwater conditions will be negligible when inclUded
in the over-all survey.

(d) Evapotranspiration: There are a number of arguments against the use of
lysimeters for determination ot evapotranspiration, and these arguments are predicated
on the basis that difference may exist between the lysimeter And natural conditions in
soil profile, soil moisture regime, plant rooting Characteristics, methods of water
application and the net energy exchange. Also the evaporation studies being conducted
withi. the project do not take cognizance of the varying climatic zo~es, or the diffe
rent types of growth.

(e) Eyaporation: Although the network of first-order meteorological ~t.tions has
been substantially increased aDd upgraded it is still inadequate in density for dete~

rining the evaporation from a large bOdy of vater. The two methods presently available
to tne project for computing evaporation are the Penman and Evaporation Pan methods,

Both of these methods have their limitations as the Penman method requires a
measure ot the surface temperature of the body of vate~ and this is very difficult to
obtaia, and the evaporation pan has inherent errors such as the temperature of the
water in the pan fluctuating clogely with the air temperature and splash-out or overflow
during intense rains.

(f) Precipitation: Although the raingauge network in and around the periphery
of Lake Victoria has been almost doubled from the original network o£ 33 stations, it
is still estimated that the relati.e error in determinatioa of rainfall over the Lake
may be as ,reat as 13 per cent. As the area of the Lake is 69,000 sq. \m and the .eaft
annual is estimated at 1,400 mm this could produce a maximum error of approximately
12.' ailliards,

The relative error in precipitation tor Lake [yoga is approxiMately 5 per ceat,
and in ter•• of volume this il equiyalent to maximum error of approxi~.tely 0.4
milliards.

Also for Lake Albert the precipitation network prOYides reliability to within
5 per cent, and therefore the maximum error vou14 be approximately 0.2 milliard••

DEFICIENCIES IN NETWOR[ AND METHODS FOR IMPROVEMENT

(.) The inaccuracy in the deteraination 0/ rainfall over Lake Victoria is ob-
viously one of the major deficiencies in the present network. At present the only solu
tiOD to this problem appears to be observing rainfall by radar techniques. HO¥eYer,
this method has tvo major dravbacks; firstly the initial capital cost of approxiMately
12,000,000 and annual recurrent cost oP l~OO,OOO, and secondly the point that radar
t~cbnique. give a qualitative rather than a quantitative reSUlt. Therefore, it is not
considered justifiable to recommend an approach for further funds to acquire radar, and
until new and financially feasible methods are developed it viII be necessary to permit
this deficiency to remain.

(b) Although the raingauge network in the project area vas designed to produce re-
sults within 5 per cent relative error, the density of the network in some of the hydro
logical subcatchments previously mentioned is much l~ss than one station per 342 square
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kilometres. Thi!& deficiency viII limit futu.re studies in these basins and r he ee rcr-e ,
especially in the case of major sub-catchments, this deficiency in the network sh.ould be
recti£ied. As these deficiencies generally occur in sub-catchments which are uninhabited
and iaacceasible during various periods of the year, storage gauges should be installed
and read OD • monthly bagi! by project personnel.

(c) The personnel engaged in field observations of hydrometric and meteorological
phenomena are as a general rule only tr~ned in the basic fundamentals. Therefore,
when an unusual event such as an extreme flood occurs, when equipment malfunctions, or
when a matter requiring An on-the-spot decision or action arises they are unable to cope
with it. Furthermore, without being involved in the processing and analysis of the field
data tbese personnel do not realize the value o£ their vork and consequently los~ inter
est in their duties. The project ha, conducted two semiBars in hydrology, and these
h~ve provided some fruitful results. Additional seminars are required at the ground~

root level in both meteorology and aydrology; hovever, implementation of these ~eminar.

has been delayed due to senior personnel being fully inVolved in other major programmes,
and they viII continue to be involved in these programmes during the duration of the
project. Therefore, at present the most satisfactory SOlution appears to be gaining
additional JUnd. to bring in 5uitable lecturers for approximately three man-months, for
if' this goal is not met, it will ulti••te1y leave a ser-t ous gap in the cpe r-at Lca ot
the network.
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PROSPECTION DE L'EAU SOUTERRAINE EN AFRIQUE

Par Robert E. Dijon

RESUME

Cet article expose d'~bord comment 1& prospection de l'eau souterraine en
Afrique .'est d'.elopp!e, surtout depuis 1a p~rlode de l'apr~s guerre et l'accession de
nombreux pays .tricaia. 1 Itindependance. Les diverses m~thodes sont bri~Tement

pa9s~es en reYUe avec del exemples de leur application en Afrique: reconnaissance
hydro,601ogique - Y cOllpris observatica.s gaanorphologiques et pr~paratiCl'l de cartes,
inventaire del res.ources en eau avec report sur liehes, prospection g!ophysique,
forage dfe~, pOMpagel 4'essai et interpretation, -nalyses chimique!, traceurs, et
techniques Ducl!aire.. Ce d~veloppement est suivi de quelques consid~rations relatives
.ux services speci.lis~s dAnS 1. pro~pection des eaax souterraines en Afrique, et aux
principe. dont l'organisation de eel services devrait "ia!pirer~ En conclusion
certai~srecommeBdati on•• ant propol~e., en vue de la simpli fi cat! on, de Ie normali 1

etian, et de l'.dapt.tion, eux conditions atricaines des m~thode, et ~at~riell de
prospection d1eau souterr.ine~

ABSTRACT

Thil paper shovs at the outset how the prospection Por groundwater in Africa
has soared, especially since the post-war period, and since the accessioh to independ
enCe ot many African countrie9~

A brief discUssion ot the various prospection methods is oftered and their
uses in Africa illustrated including: hydroteological reconnaissance, encOMpassing
geomorphological observations and the preparation of maps; inventories of groundwater
resources inclUding the preparation of index cards; geophysical prospection; water
veIl drilli." as veIl as pumping tests and their interpretation; vater quality
analyses, tracer. and nuclear technique9~

1ft addition, SOMe remarks are oftered concerning governmentAl services
specialized in the prospection of groundYate~ resources, and the main principles tor
the organization ot luch services~

In the concl~sian, the author puts tor~ard a number of recommendations con
cerning the liaplitication, the Itandardization and the adjustment to 4Prican con
ditions of the methods and eqa1pment used for groundwater prospection.

Introduction. Historique. -
La plus grande partie du continent a llexception des parties Nord et SUd

est formee de pays plats et humides au les eaux superficielles sont preeque partout
presentee, notamment sous forme de mares a la saison Beche.

L' eau etant consideree comme un don du ciel - et un don rel~tivement abondant _
i1 nlest pas etonnant qulelle n'ait guere ete recherchee dans Ie sous-sol, a l'excep
tion des alluvions des cours d'eau, lorsque CBS derniers t~rissent a la saison seche.
En fait, avant la Seconde Guerra mondiale Ie forage d'eau nletait guere developpe
en Afrique, sur un plan regional. Un eaeor verit~ble at eet manifests apr-as La
deuxieme Guerra mondiale grace au developpement des techniques eXlstantes

J
et a

l'ap;arition d1autres entierem.nt nouvelles. La realisation systematique de
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"couver-tur-ee'' de photo aer-a.enne a eu de nombz-euaea app'lLce tdone et d1abord l'etabliB
sement rapide de cartes topographiques at de cartes geolo8iqueB~ L'importance des
besoins de l'Europe en hydrocarbures a la fin de la guerre a declanche un vasta
mouvement de recherche petroliere en Afrique, aUBsi bien dans les bassins sedimentai
res du Nord que dans les bassins cotiers. Dana lee regions aridee Ie recherche d1eau
Bouterraine a constitue un prealable a la realisation des forages petroliers 80uvent
tree profonds (Sahara). Clest ainsi que la connaiesance des esux souterraines a
largement progresse dans les regions desertiques. En certains C&sJdss forages arte
e i ene spectaculaires ant ete realises, l' eau consti tuant en quelque sorte un "soue-,
produi ttl du petrole. De meme" les methodes de prospection geophysique ee sont
largement developpees a la fois en perfectionnements techniques et en diffusion.

Clest a une epoque relativement recente que les methodes modernes quantitatives
dl~drologie souterraine ont ete utilieees en Afrique: au Maroc, en 1954 et dans
Le "New Valley" en Republique Arabe Unie B. la mama epoque.

La perfectionnement des methodes dlanalyses dleau notamment par spectrophoto
metre a flamme eu par absorpiion atomique nla pas eu en Afrique de grandee repercus
sions, car les appareile concernes sont couteux, dlun maniement et d'un entretien
delicats~l'usage des isotopes radioactifs en hydrologie souterraine a connu un
deve10ppement limite dans les annees 60 et tend a se developper. Celui des modeles
analogiques et math~matiques en est a ses debute.

L'ensemble des methodes utilisees en Afrique pour la prospection des eaux
souterraines est tres sommairement enumere ci-apres et illustre par quelques examples.
En conclusion on trouvera quelques recommandations relatives a l'utilisation de ces
methodes, sur Ie continent africain.

1. RecCIIlaaissance BydroloRigue

La support fond&mental de toute reconnaissance hydrogeologique est la carte
geologique. Les bydrogeologues ont dQ aBsez Bouvent dresser des cartes geologiques,
avant toute operation. Ce fut Ie cas~en particulier, pour beaucoup d'etudes locales
pour l'alimentation en eaux des villes, qui necessitaient l'ex8cution de leves de
detail a grande echelle (ex. Dakar, Lueaka).

Lorsqu'un pays est couvert par una carte at dee etudes geologiques de base,
Ie travail de reconnaissance de l'hydrogeologue consiste 1 reperer les strates,
zones, ou structures favorables a llemmagasinement en su£fisance d1eaux Bouterraines
de bonne qualite, notamment celles susceptibles de recueillir des eaux d1infiltra_
tion - de pluies ou de ruissellement, et ~uasi Burtout celles favorablea a 1a
construction de captages et de puits productifs. Par exemple en pays de socle
crista1lin c'est 1a presence des zones de fractures, de filons, et d'inclusions
dans un contexte geomorphologique favorable qui oriente la recherche deB zones de
captage; en Afrique occidentale at orientale la photographie aerienne a ete large~
ment utilisee dans cs but. En p~s de bassin sedimentaire ou Ie recouvrement arg11o-
sablonneux est epaiS et d'une structure complexe, la reconnaissance consiste
surtout a detacter par Ie moJen de tarieres a main 1a presence de nappes ayant leur
siege dans des lita ou lentilles de sable (cas du bassin Tchadien). Enfin en pays
de calcaires karstiques, La mor;ihologie est un facteur essential.

Au cours de ces reconnaissances un premier inventaire partiel des points d'eau
les plus importants eat dresses sources, mareS permanentes ou temporaires, cours
d1eau, at, s'il y a lie~ puits, drains, forages d'eau. Certaines donnees te11es quel
profendeur du niveau piezometrique par rapport au sol, debit des sources, composition
chimique des eauz, ainsi que les fluctuations de certaines de ces valeurs fournissent
des indications essentielles sur lea re8sources en eaux 90uterraines, la recharge at
la vidange des reservoirs.
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1'ensemble des renseignements recueillis est parfo1s porte sur des cartee
hydrogeologiques di tee lids reconnaissance", au lid I orientation de la recherche" des
eaux Bouterraines.

Parmi leB c3rtea ~drogeologiques de reconnaissance &petite echelle etabliea
pour I'Afrique i1 convient de citers

1/500.000
Eche11e 1/1.000.000

1/500• 000
1/500.000

1/1.000.000
1/1.000.000

1/1.000.000

1/500• 000
1/500.000
1/1.000.000

cristallins
1/2.000.000

S'Il

sw

Madagascar SW
Ghana (totalite du pays)
Senegal; Ferlo Nord
l4auri tame
Libye
Niger
Cote d I Ivoire
Tchad (Les 2/3 du pays, au

sud en plusieurs feuilles)
Senegal en 4 feuilles
Niger SW

Carte hydrogeologique des terrains metamorphiques at
dtAfrique occidentale

1950 et 1957
1961
1962
1962
1964
1964
1964
1964 - 1968

1965
1965
1967

2 0 Inventaire des Ressourc€s Hydrauliques

L'inventaire des ressources hydrauliques est una operation qui consiste a
reporter sur fiches at cartes taus les points d'eau, caracteris€s par un numerQ et
par un indice, ce dernier correapondant a une feuille de la cQuverture cartographique.
Les fiches, outre un croquls de position, la design~tion, Ie nom et.lss coordonnees
du point d 1eau

men~ionnentt la pro£ondeur de l'ouvrage et de l'eau, Ie debit, lea
caracteristiQues chirniqu9s et physiques des eaux, la nature et les caracteristiques
des aquiferes, les resultats des essais de debit ou de pompage, 1a description des
amenagements exietante ou a prevoirl les debits prelevee, etc ••••• Les fiches de
forages comprennent en outre un croquiB at une description de la coupe geologique
des terrains.

Un nombre considerable de points d'eau a ainai ete inventorie en AI~iqlle

du Nord at en Afrique Occidentale. Clest ainsi que 7POO points d'eau etaient
deja recenses au Niger en 1964 sur un total estime a 20,000, en Mauritanie 3POO
(en 1966), au Maroc 25,000, au Nord Cameroun 2pOO. En Haute Volta ~OO villages
ant ete fichee (sur les ~OOO du pays)(1969). L'abondance des renseignements
ainsi collectes permet de traiter certains problemes par ordinateur.

Lea projeta "Eaux Sou t er-z-aan ee" des Nations Unies en Afrique ant egalement
parmi leurs objectifs l'organisation, la reorganisation ou 1a poursuite de tels
inventaireso Clest ainsi qutau Togo l'inventaire a porte sur ~700 villages et
~262 points dteau dont lfi41 danB Ie bassin sedimentaire c6tier.

3. Prospection 9~ophysi9ue des nappes d'e_u souterraines en Afrique. Elle
utilise plusieurs m~thodeg et technique9 dont des exemples d'application .ant
donn~s ci-apr~g.

IlALII
T~RAJ):

ALGERIE: Etudes de la-vallee du Chelif, de la Mitidja, des Hauts Plateaux.
MAROC. Etude structurale du substratum des plaines atlantiques (Rharb, Sais,

Doukkala, Souss).
Bassin Sedimentaire MAURITANIE-SENEGAL Etude Structurale I La carte des resistivites

apparentes donne une idee de 1a profondeur du substratum impermeable.
Cuvette nigerienne at detroit 90udanaisl etude des foases d'effondrernent.
Bassin sedimentaire: reperage des niveaux s ab'l.cnneux pour implantation de
forages urbains et pastoraux.

SENEGAL: Etudes structurales de detail dans la region du Cap Vert notamment
Sebikotane-Pout en vue de la determination des ressources en eau souterraine
disponibles pour Dakar.
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REPUBLIQUE ARABE UNIE, Haut-Nill Etude des possibilites aquiferes des gres nubiens.
CAMEROUN:(Nord) Etude de lIbiseaux secs", etroite banda de territoire sedimentaire

depourvue d'eaux souterraines en bordure a'una zone d'affleurementa du
socl e,

TOGO - SENEGAL - COTE-D'IVOIREI Etude dlinvaBions d'eaux marines d~s les aquiferes
des bas~ins s~dimentaires ootiers.

~ - OUGANnA. Etudes de nappes alluvia1es.
MAURITANIE - HAUTE-VOLTA - GHANA - COTE-D'IVOIRE - TOGO - DAHOMEY _ TCHAn _ KENYA
OUGANDA - MALAWI - AFRIQUE "i'iT'Sun etc... Etudes de l'ipaisseur et des possibilites

des formations d'alt~ration recouvrant Ie socle cristallin granito-gneissique
at des zones filoniennes.
MAURITANIE: Delimitation de la nappe douce lenticulaire de Bennichab, environnee de
terrains sales au gypS8UX.

~IE - BOTSWANA - NIGERIA. Etuds510cales (poin~s d'eaux pastoraux).

Carottage Electrigue

Ce procede a ete largement employe dans les investiBations a caractere regional
et local dans la plupart des pays africaina at particulierement en Afrique anglophonel
parmi les travaU% les plus recents il faut mentionner au Nord· Cameroun l'etude des
sediments de la cuvette tchadienne par carottage electrique dans des forages
profonds (1967-68). La methode se justifie eurtout pour l'etude d'un assez grand
nombre d'ouvrages groupes dans une region. Elle n'est ni pratique ni economique
pour l'etude d'ouvrages iso188 ou disperses.

Autres Methodes Electriques - ElIas sont emp}rees beaucoup mains frequemment que les
pricidentes&

- Yasure des I'differences des potentiels superficiels"

(phenomena d'electrofiltration) exemplal arenes granitiques de
COTE n'IVOIRE.

- "Electromagnetisme't , utilis&nt Le courant al ternatif a beese frequence,
souvent employe par les societes scandinaves. Ces procedes ont ete parfois
utilises en prospection aeroportee dans les regions saharienneB (Mauritanie).

Sismi.gue

La m~thode siamique est Bouvent jumelee avec l'electrique, notamment en pays

de 80cle cristallin recouvert de formations d'alteration relativement epaiSSeB.

Ella donne soavent dans ce cas de meilleurs resultats que l'electrique. Elle est

egalement utilisep pour detecter des structures de roches dures soua des formations
de remplissage.

Examples de prospection mixte electrosismiquel
JliAURITANlEI Alimentation de Nouvadhfbou , TANZANIEI Points d'eau rureux,
NORD CAMEROUN1 Estimation de la profondeur du socle cristallin dans la region des

"flats". COTE-D1IVOIRE, JdAURI'{ANIE, TeHAD (Ouaddai)a Implantation de points d'eau
en pays de socle crietallin.

Au DAHOMEY des etudes ont ete effectuees en vue de rechercher des correlations
entre vitesse et permeabilite, pour Ie reperage de structures profondes.

Parmi les projets "Eaux Souterraines ll executes par les Nations-Unies at utili
sant ces methodes; i1 faut citerl en pays cristallinl TOGO, HAUTE-VOLTA, OUGANnA
DAHOMEY, en pays sedimentaire. MADAGASChR (Cote ousst),----

En Haute-Volta et en Ouganda les oper~tions combinees ent mODtre que la prospec
tion sismique donnait les meilleurs resultats en ce qui concerne I'evaluation de
l'epaieseur totale des formations d'alteration surmontant Ie soc1e cristallin.
Cependant, ce n'est pas toujours la zone d'epaisseur maxi. qui fournit les
meilleurs debitso
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Les methodes magnetiques at gravimetriques ont ete a plusieurs reprises
utilisees parfoiB de maniere combinee, en Afrique: par example:

MALI' Etude de 1a fosse du detroit 50udanaie
AFRIQUE DO SUD. Etude de. doleritee de l'Ecca

REGIONS SAHARIENNES: Etude du substratum cristallin at de llepaisseur de sa
couverture.

BASSIN DO TCHAn. Carte gravimetrique au 1/1.000.000
~. (Rift Valley) Etude magnetique des failles de Thomson's Falls, agalemant.

OUCANDA.

R.A.U.I Region de la "New Va.lley" (desert occidental).

4. Forage
Le forage mecanique est Ie moyen d1investigation Ie plUB direct. On distingue

en general trois principaux types de forags: de reconnaissanoe, d'essai, dte~ploita

tion.
Le forage tide reconnaissance geolosiquells'effectue 1a plupart du temps a petit

diametre en vue de 1a recherche de certains niveaux determines.

Daz;s les "fora~es d' ~ssaillle diametre d~ tubage perme~ 1 t installation. d':me
pompe wecanique au elactr~que en vue de llexecut10n d'esaa2s de pompage (d~ametre

4 a 10 pouces), pour des debits atteignant 20 a 30 lis.

Lee forages lid' exploi ta tion": eon t en fait des pui ts fores mecand queeen't
avec des diametres pouvant atteindre 24 a 40 pouces. lIs atteignent sanS Ia de
passer une profondeur optimale determinee par une etude technico-economique.

D'une maniere generale ce eorrt les forages d'essai (ou de lIpre-exploitaticl1')
d'un diametre de 6 a 8 pouces qui ont ete et qui Bont les plue frequem~P.pt realises
$n Afrique. On sait qu'!l existe deux methodes principales de forage: 11 Ie battage
au cable et La rotation (ou "rotary") a la boue ou eau cLeLr-e ,

Dlune maniere generale Ie procede par rotation a eta utilise en Afrique surtout
dans les bassins sedimentaires pour Ia rechercbe des nappes c~ptives profondes Q

1e procede au battage est tres frequemment employe en terrains d'alluvions, en
pays de calcaires durs et fissures, et dans les regions de socle precambrien,
notamment en Afrique orientale

5Q Pompaees d'Essai

Les pompages d'essai ont pour objectif de determiner les caracteristiques
hydrologiques des terrains aquiferes et par voie de consequence les debits disponibles
dans l'immediat, et dans llavenir. Leur duree est en general de 24 a 72 heures. En
certains cas, larsqu'il s'agit en particulier de graB debits pour l'alimentation en
eau des villes au l'irriE;ation, des pompages dits "de longue duree" eon t ef'fectueea
(aux Haffaya, Sud Marocain:duree 3 mois a 500 l/s 1954; plusieurs ooois egalement au
Chott Chergui en Algerie, 1956).

Dans Ie cas des nappes artesiennesJdes mesures de pressions ~u sol constituent
llequivalent ies donnees des pompages d l e3sa i . Les nappes ascendantes au faiblement
artesiennes ~ont testees par pompage (RAU: New Valley).

1) Ii existe d'autres IDethodesl rot~tion a l'air comprime, rotation-percussion
a l'air comprime ("down-tbe-hole hammer", "jet drillill8lt , mais elles son t

beaucoup moins utilisees)
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En P~6 ~arstiqu~s at mains encore en regions cristallines, les pompages d'assai
ne donne~t guere de resultats concluants en oe qui concerne les caracteriatiques
~drolog~ques des terrains et par consequent la perennite du debit disponible. II
~. estldon~ ~a~ sur~r~nant ~ue les pompages d'assai reguliers aient ete surtout pratiques
an~ ,es a~s~ns sedimentalr:s - 8ssentiellement dans Ie nord du continent au les
aqulf~res son: poreux, homogenes at lC1rgement etendue ("Continental intercalaire
saharlen", Gras de NUbia).

Les c.dcu.le d t hydraulique souterraine qui etaient 11 y a encore quelques Cl.nnees
I'apanage dlun petit groupe d'ingenieurs hydraulic1ens specialises sont de plus en
plUB sauvant effectues par les ~drogeologues, notamment d~nB les bassins Bediment~ires
cotiers et les vallees alluviales, (Maghreb, Libye, HAU Afrique occidentale et
orientale). '

6. Analyses dlEau

Un grand nombre d'analyses dleau ent ete effectuees en Afrique surtout au
M~ghreb et en Afrique occidentale (10,000 analyses). Cependant la difficulte de
transporter les echantillons d'aau sur de Iongues distances jusqu1aux labaratoires
peu nombreux - n'a pas encore permis d'acquerir une connaissance generale de la

composition des eaux de IIAfrique. Dans certaines regions etudiees en detai~de9carteB

hydrocbimiques ont pu etra dressees, notamment au Maghreb, en Libye, en RAll, en Afrique
occidentale, etc •••

La connaissance des eaux thermales et thermominerales, abondantes en Afrique, eat
encore tres fragmentaire.

70 Traceurs, Techniques Nucleaires

L'usage de traceurs pour reconnaitre Ie trajet et In vitease de l'aau Bouterraine
nta pas connu un grand developpement en Afrique - quelques experiences utilisant la
fluoresceine ou des sela dissous ont ete effectuees en Afrique du Nord, notamment dans
les massifs de calcaires karsti~ues et les zones d'alluvions.

En Afrique les isotopes artificiels nlont encore ete que peu utilises (quelques
etudes experiment~les en Republique Arabe Unie).

1'etude des ealiX par 2nalyse des isotopes naturels,radioactifs ou non,afin de
determiner leur ~ge et les zones d'alimentation d t apr-ee 1'3S teneurs en isotopes
deuterium (2H), tritium (3H), oxygene 18 et CarDone 14 tend a se developper, surtout
dans les zones arideso LrAgence Atomique Internationale a effectue une premiere etude
de ce genre en 1966 au Niger, dans la partie Est - region de Zinder (entre Air et Lac
'I'chad},

D'autres etudes de oe genre sont prevues pour Ie Senegal (Dakar), Ie Maroc, la
Tunisiet Ie Togo et d'autres payso

8. Organismes de Recherche

En Afrique la prospection des eaux souterraines est effectuee 1. plus souvent par
des organismes gouvernementaux ou des societes travaillant par contrat avec ceux-ci.
Dans la plupart des cas l'ensemble des operations sur les e&ux souterraines fait
intervenir des elements etrangers a 1 IAfriqueJ personnel, techni~ue, materiel,
capitauxo Cependant une nette evolution vers l'africanisation est en courSt tendance
encouragee par les organismes d'aide bilaterale ou internQtionale dont la participation
a la prospection et l'exploitation des ealiX souterraines de l'Afrique est actuellement
encore preponderante.

5i elle est effectuee systematiquement, la prospection des eaux souterraines est
en general conf'Lee a un service specialise de l'Admir.i~trc:.tion: service "Hydrogeologique"
au II des eaux Bout erraines" •

Quelle que Bait l'organisation ministerielle dans 1aquelle stinsere un service des
eaux souterr&ines, 1e bon fonctionnement et llefficacite de ce dernier exige que les
conditions suivQntes soient reunies:
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le service doit etre individualisss en d'autres termes/tout ce qui a trait a
I lbydrogeologie doit etra groupe dana unc meme unite adrninistrcttive;

II doit etre en liaison etroite avecl Ie service geOlo6isue,afin de pouvoir
disposer des car~es et donnees de b~se; les services charges de l'etude des
eaux Buperficielles,avec accBs aux resultats de jaugeagest et d'observatlons
meteorologiques; les services ch~rges de l'ex~cution des forages d'eauo

Ltorganisation peut comprendre un bure~u d'etudes, un bureau de l'inventaire (cartes
at fichiera), una section de geophysique, parfois un laboratoire, un bureau de deBsi~

et cartographie, parrois des services regionaux. En certains cas Ie service est dote
de moyens de perforation qui lUi sont propres (TU~ISIE, AFRIQUE ORIE~TALE).

Conclusions Recommendations

La prospection de lte~u 80uterraine sleet developpee assez recemment en Afrique;
el1e a connu un grand essaT dans les annees 50 et au debut des annees 60.

En Afrique Ie nambra d'hydrogeo!ogues, geophysiciens, fo=euxs et autres specialisEs
des eaux souterrainea est encore largement inferieur aux besoins at les materiels qui
leur sont necessaires manquent souvent. Des ingenieurs techniciens et ouvriers
specialises africains sont formes en nombr~ croissanU dans Ie pays merna au a
l'etranger. Etant donne l'ampleur des besoins d 10r i ent er la prospection des eaux
souterraines en Afrique vers les voies les plus economiques les plus et'ficaces et les
plus pratiques. Une esquisse des actions a entreprendre est donnee ci-apreB.

1. Reconnai6sance hydrogeologique Generalisation de 1a prepar~tion des cartes de
reconnaissance hydrogeologique, selon des methodes simplifiees. Identification de
criterea geomorpbologiques typiques pour Ie reperage des reservoirs dleal~ souterr~ines

notamment en pays de soele cristallini Etablissement de reseaux d'observation piezo
metrique des nappes.

2. Inventaire des reBBo~rces hydrauliquee - Elaboration d'un manuel d'instructions
pour Ie leve des points d'eau destine aux prospecteurs africainB; Normalisation a
une echelle internationale du systeme des fiches de points d'eau et fiches du villageo

3. Prospection geophysique - Les resultats de toutes les explorations geophysiques
d'eaux souterraines devraient etre~ezamines dans 1e cadre d'une etude globale comparee,
de maniere a determiner lea methodes, dispositifs et materiela les pluB economiquea et
les plus efficaces.

4. Forage d'eau - Une etude globale de mama nature de~Rit etre entreprise pour Ie
forage d'eau, sur une base atatistique.

50 Pompage5 d'essai - Un manuel simple dtexecution et interpretatlon des pompages
d'essai a l'usage de l'Atrique devrait etre prepareo II devrait donner des recommanda
tions specifiques pour les diff~rents types d'aquiferes.

60 Analyses d'eau Des normas d'organisation de laboratoire de chimie des eaux
~ont ~ deflniro Une etude preliminaire d'ensemble de la composition chimique des eaux
souterraines en Afrique est necess~ire.

10 Traceurs, technioues nucleaires - 11 convient de determiner si certaines de ces
methodes modernes peuvent &tre avantaeeusement substituees ~ux methodes classiqueSa

80 Organismes de recherche L'effort d'organisation de Services Nationaux des
eaux aouter~aines et formation du personnel specialise doit se poursuivre. II serait
1nteressant de preparerJPour chaque pays africdin,une monographie sur l'etat des

connaissances hydrogeologiques (avec bibliographie) et de I'exploitation des ealiX
souterraineso

D'une maniere generale, l'Afrique devrait utiliser au mieux les moyens limites
mais croissants - en speci~listes et materiels do~t elle dispose pour l'exploration des
eaux souterraines. Dans ce but il convient de tirer la meilleure partie des donnees
existantes et des experiences passees. La simplification et la normalisation des
methodes et techniques existantes, et l'adaptation des nouvelles dcvrait etre consideree
comme un prealable aux futures inveBti~utions, par les pays Africains concernes. II
est aouh3itable que lea Organismes Int~rnationaux competents y soient associes.



HYDROMETEOROLOGICAL DATA NEEDED FOR FLOOD-CONTROL STRUCTURES

by 10 ... I!1lstafa

ABSTRACT

The p.pe~ outliaes the type, of hydrological data needed For the design ot
Flood control structure••

RESUKE

Le docwne:at d~cri t Le genre de dOl'ln~es hydrologiques requises poor projeter des
ouvrages de protectiOD contre les cruea.

INTIlODUCTIOII

Vater is nature's gift.,usually considered as a gentle Floving body which is
enjoyable to look at or use. Old civilil.ations always associated themselves with
streams and rivers wi th • continuous supply ot water. Ancient Egyptians almo!t Yonhipped
the Nile, and oFfered as a sacrifice a young beautiful virgin every year to the Kile so
that the mighty river would flood the banks and their crops would grow. But vater in
the same stream can be a disaster if it is not veIl tamed and could wash all civiliz~tion

from its baak.. The records of flood disasters are available in abundAnce.

FlOod control is defined ~s the prevention of damage from the overflow of
natural stre.... This definition lOoks simple and easy to achieve but it is an estab
lished fact that in spite of all the measure. discussed in this paper, complete prev
ention with 100 per cent certainty cannot be econ~ically achieved. A certain percent
age of probability has to be accepted.

This brings us to the economic .spect of flood control. Is it economical to
have flood control structures at a high cost? And hov do they compare or compete with
development project. yielding quick returns, especially in developing African countries1
Apart from the economic aspects, it is essential to undertake flood control projects so
as to reduce human suffering which cannot be economically evaluated.

To mAke these flood control structures certain hydrological data are needed.
Hydrological data needs is the main theme of this paper, and it should be emphasi%ed
here that such data cannot be collected just prior to the design of the structure like
the geological data £or the £o~ndation de.ign. Due to many different varying f~ctors

and elements, hydrological data have to cover a long period of record. The minimum
period or record Por reliable analysis is considered to be between 25 ~o 30 years. This
is not a strict rule. It is known that without adequate data" projects Yill either be
under-designed with attendant risk of failure and consequent damage, or over-design~d

which vill render them uneconomic.

TYPES OF FLOOD CONTROL STRUCTURES

Fou.r different controls viII be discussedin detail to show what data are needed
to design and construct them. These are the structures needed for flood contrOl, but
the other measures tor flood control such as temporary or permanent evaluation of flood
plain, reduction of flood runoFf by land management and many others which do not require
structures are Dot discussed here.
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(a) Flood gontrol ressrvoi rs . The main functi on of the Plood control r-eser-voi. r s is
to moderate or reduce the high peak of flood t h at; would cause d.amage if it were aj Loved to
pass downstream. The ideal situation Por the £lood control reservoirs i9 just upstream
of the led! to be protected. fu.t this is not always possible &'3 there are other in
flu.encing factors such as geological and physical suitability of' the s i t e for clam con
struction. The dAm may have other purposes beside flood control which also influence its
situation. In any case, it has to be ups t r-ean of the Land to he protected,

The simple operatim of the reservoir for flood control is to store the high
peak in excess ot the downstream channel capacity and when the inflow decrea!~! th~

stor~d water to be released ~t the s~te downstreAm channel capacity (Figure 1) or less,
depending on the purpose of the reservoir. There ~re two types of flood control
reservoirs.

HUlti-purpos~ reservoirs: As m~ntioned above, the reservoir may not be solely
a flood cont~ol project. It may have other purposes like irrigation, hydropower, re
creation or tishing; but, in addition to these purposes, t her-e wi l I be reservoir capacity
allocate4 for Flood control. There are tvo type~ of such reservoirs.

(i) Annually-filled reservoirs in which a certain capacity of the reservoir
is allocated for flood, and hag to be lett empty .t • speciFic time every year. Thi§ i~

regulated by emptyiBg this portion of the reservoir every year even if that vater is
wasted.

(ii) Over year storage - Usually they are huge reservoirs, like the Asvan
High DAm in Upper Egypt. These reservoirs have certain capacities to store any flood
and they need not be empt Led each year and can store vater over years vhich can be used
when it is Deeded.

Detention reservoirs:
control purposes. Their fUnction
the other type.

These are u!ually very small and are only for flood
And operation regarding flood control are the same a!

(b) Emballkments. Flood embankments are the o'l de s t known forms of flood control or
flood protection. This type of structure has been and is being used extensively.
Embankments include dykes, levees, flood walls and channel bank improvemen~s. These
structures could be of a temporary nature in emergencies, or permanent vh~re the danger
is expected more often. or combinations of both if necessary. It is usually the first
s oj.u t i on one think9 of becaus e it is relatively cheaper and easier to design. This is
not always the ease but often is, especially where the length of the flood pl~in to be
protected is not long and vner-e local materi.a.ls are cheaply available. The main func
tion of embankments1. to con£ine the stream within it9 predetermined channel.

The design Or such & structure requires consider.tion of three features: crest
level of the embankment i spacing of emban.lcments across the channel j structure of the
embankment. It must be noted that these points are very much related to each other and
optimum values tor each need to be found.

(c) Channel improvement. The objective of channel improvement i9 to confine the
stream in its channel by increasing the stream velocity and~ccordingly reducing peak
levels. Thi~ hoveve~ has eert.i~ limitations. Increasing the velocity beyond a certain
sediment load-carrying capacity viII create a 9couring effect in the channel and the
stable regime of the channel viII be very much distUrbed. Also the economics of the
project is a limiting factor.
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There are different way~ and mean~ of improvingthp channel CAp~city such as:

(i) Reducing the roughness factor (Hanning, N) and accordingly increasing the
velocity. There are many ways to do this (dredging, lining of the channel, clearing the
channel or weeds and debrig. straightening of channel bends. bank revetment, blasting
stream bed rocks, etc.).

(i i )
can be
tiona}

Increaging the slope of the energy line by shortening the channel path. This
achieved where the stream is meandering (Pigure 2). As the velocity is propor
to the square root of the slope, it viII increase with the increase of' slope.

(iii) Another method is by narrowing the channel section through sets of dykes in
the water course as shown in Figure 3. By narrowing the vater section, the velocity
viII increase. Care must be taken not to raise the water level to flooding range.

[fv) Dredging is Mother yay of channel improvement which physically Lncr-e ase s the
channel capacity.

Cd) Diversions. A long time ago the Egyptians in the Nile and the Babylonians in
the Euphrates diverted mAjor floods in these rivers to big LovI and -te pr-es s Lcns , Nowa
days. structures may be needed as stand-by in C&3e of a major flood. The principle is
the same as that of the ancient Babylonian! and Egyptians; that iS

J
to create a temporary

flood reservoir (without dammi~9)ift available land depressions and to increase the
velocity in the channel, thus reducing the stage downstream of the diversion. The
channel capacity oP both the main stream and the diversion would also be more than the
original channel capacity. The ponded vater may be alloyed to return to the river if
the river stage goes beloY the pond level, or it may be left to evaporate or to be
pumped if there is DO outlet for it. Diversim work depends very much on the topo
graphy of the site. Figure 4 is a schematic drawing of lower Mississippi flood con
trol system. These passes are Dot used except during major floods.

TYPES OF HYDROMETEOROLOGICAL ANALYSIS NEEDED

(a) Maximum possible flood. This flood by definition is the flOod which is ex-
pected from the maximized combination of meteorological and hydrological conditions and
topographic f~atures, including extremely rare combinations with storm transp09itioning.
This expected maximum Flood is used in the design of flood structures,

Standard project flood is similar to maximum possible Plood except that it
excludes extremely rare combination and storm transposition. It i~ the Flood trom the
conditions considered reasonably characteristic of the geographic~l region in.olved.
Usually it is about 50 per cent of the maximum possible flood. This flood is used to
compare project flood estimate and degree of protection provided by the flood control
and thus promotin.g a more ccns t s rene policy for the selection of design floods giving
comparable degree of protection.

(b) Spillway design flood. In deriving this design Plood the economics of the pro-
ject are con s i der-ed besides the hydrological data. In general the spillway design Flood
is the difference between the maximum pos s i ble f'Lcod and the flood storing capaci ty of
the reservoir. In other words. it is the maximum flood that needs to be spilled down
stream, after mOderation by the !Storage capacity of the reservoir.

(c)
reo;pect
plotted

Flood hydrograph.
of time. This could
against time, or it

This is an historical record
either be the water level at
could be the actual flow (in

of the flood of the stream in
a certain site in the stream
volume/time) versus time.
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(d) Flood freguency. This indicates how frequent certain floods can be expected
to occur in a give~ time. This CAn be expressed in terms of the number of years during
which ~ certain flood will be exceeded, or C~ be a percent~ge of probability; in
design the former expression is used most.

(e) Storm depth-area.-duration. Floods are caused by storms and the Analysis of
the,e storms is Aft essential part in controlling the flood9. Storm depth-area.-duration
is the measure of the intensity and extent of the storm in time, and this reflects what
type of storm i. expected and accordingly what type of flood control is needed.

(f) Maximum vater level. The maximum water level in • streAm is &n immediate
measurement or the extent of the flood exp~ct~d. This forms the first comput~d data
needed in flood contl"ol. It can e i 't hez- be Prom. old historical record! or be computed
from the de.i!Jl1 flood.

(g) Mean annual .flood. This is the /'lood vhieh is normally expected e acb year.
Although this is not directly involved in flood contrOl, it is needed for reservoir
c~pacity computation and reservoir regulation for flood control. This is a statistical
value computed from the long records of the river. Normally it has a Frequency of 50
per cent.

BASIC HYDROMETEOROLOGICAL DATA NEEDED

The basic field hydrometeorological data needed to fulfil the above requirements
are considered belovo

(a) Precipitation. This is the basic data for all hydrometeorological analysis.
It denotes any aqueous deposit, in liquid or solid forms, derived from the atmosphere.
The source of all fresh vater on the earth is precipitation from r-af n , snev, hail,
frost ~d dey. The amo~nt, intensity and areal distribution of precipitation are the
par-eme t e r-s needed to be measured. To plan accurately the methods and ways for measuring
these parameters & knowledge of precipitation is essential. Water vapour is always
present in atMo~phere in some degree. But to produce precipitation, cooling and conden
sation of vapour must fi~5t take place in the £orm of clouds and cloud droplets must
grow by some means until they are large enough to fall as precipitation. Basically
th~re are two types of p~ecipitation measurement.

(i) !O!-~eso~dtn~aa~e!. This is the simplest form of precipitation gauge. It is
essentially a container vith certain speciFied dimensions and exposure. The volume or
the amount oP precipit.tion collected is measured at specific time intervals which could
be one day, one week, one month or 6 months, depending on its function ~d. on vhat is
expected from it. Obviously this type of' gauge measures one parameter of nr-e c i pa t a t t on ,
that is, the amount. The amount of precipitation is norma.lly expressed in depth.

(ii) !e,£0.,tdin.a. .ia~g~9. This is a more s oph i s t i.c a't ed gauge. It has also specific
dimensions and at ees , It differs from the non-recording gauge in that a trace of
precipitation is made on it chart moving at a constant speed. Clearly, this gauge
measures both amount and intensity of precipitation.

(iii) The measur-ement of the third parameter, distribution, is more complicated than
the above tvo , There are many influencing factors involved: economics, topography,
digtances. accessibility. method of computation of the rnean9. The 9ubject of netyork
distribution is very vi.de but the essential requirement is that each gauge s hcu Ld present
the precipitatiCl'l in a certain area of the catchment under study.



- 160 -

As the method of determining average precipitation is very essential, a brief
summary is given belove The criterion is hoy to determine the portion of the catchment
~ certain gauge can represent.

(iv) ~rithm~t!c_m~~. This is the simplest method, wherein the precipitation in
the catchment i. represented uniformly by the number of the precipitation gauges.
The mean is calculated by simply adding the results from gauges in the catchment and
dividing by the number of gauges. This method is used when the gauges are evenly
distributed on a flat land.

(v) lhie~s~n_p~l~g~n~. This method makes some a})owance to the uneven distribution
of gauges. The area which each gauge represents is found by constructing a polygon
formed by the perpendicular bisectors of the lines joining adjacent gauges. Each gauge
represents the polygon that encloses it. Then by veightin9, the average precipitation
over the total Area can be computed.

(vi) ls~h~elal ~e!hEd. If used with skill, this method provides the most accurate
de t er-md nat I on of average precipi tati on. It i 9 an integrati on of di f ferent rec r cr-s ,
It involves the construction of lines that represent equal average precipitation and the
area between these lines will have an average precipitation equal to the average of the
values of the isohyetal lines enclosing it. Also by weighting, average precipitation of
the area can be computed.

(h) "ateT stage in the stream. This is also one of the basic required data. It is
the vater level above a certain datum. In Egypt some records go bacl 1.000 years. This
is a direct measurement of the flow of the stream. For flood control purposes the
absolute measurement of the extent of flood is required. This type of data does not
need a lot of computation before use. It can be us ed effectively directly from the
field. But it is also involved in other compu t a t i cns and analyses. There are two
main types of measuring devices.

(i) !o~-Le£o~din~Aa~g~s. This is the gauge which is observed at certain fixed
intervals of time. There are many different types of such gauge9 (fixed gaug~s,

portable gauges, chain gaugeS t straight edge gauges, lo~ datum, upper datum, etc.).
E\l.t t he most common and ..,idely used is the fixed graduated vertical rod with bottom
datum. This system, although cheap and simple to maintain, has the disadvantage of
missing some readings which cannot often be interpolated correctly.

(ii) !e£o£din~ sa~g~s~ This is a continuous automatic recording of the stage on a
chart moving at a constant speed, giving the precise time for any stage. Another type
of recording gauge records the crest of the stage at certain time intervals; the latter
needs continuous observation. While the Fonner does not need continuous obae rvatLon,
occasional visits are needed for cheering. maintenance and coll~ction of dat~.

(i) The stream flaY. The measurement of the flow in the stream gives the Volume
of the flood. By definition, the flo~ is the volume of water that passes a certain
section of the stream in one unit of time. There are many different direct and
indirect methods of .easuring flov. Usually this type of data is observed at certain
intervals, although new development of techniques may make it possible to have con
tinuously recorded floW. Direct measurement is made in natural streams by directly
measuring the volume that passes the section or by measuring the velocity of the flov
and the area of the flow and then CCRp.1tingthe total flow. The latter is the most
practical and widely used method. There are numerous indirect methods. They are
usually for specific streams and cases where the velocity-area method is not applicable.
(Slope-area, salt or dye method, flow through weirs or culverts with empirical equations,
isotope method, step-bacl methods, pure empirical formulasJ
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According to Manning and Chezi ~quations, the Flow is proportional to the
hydraulic radius of the section. The stage is a direct measurement of the hydraulic
radius. In natural streams, all other Factors in the Manning formula are considered to
be constant, 90 the velocity of the stream is directly proportional to the st~ge. It is
.found that each s t r-e am s ec t I on hag, a certain ccr-r-e j at I on be t veen ve Locf ty and stage.
depending upon the type of the control section. As the stage is observed mOTe regularly,
the corresponding flow can be computed from the stage floy relation established by the
less frequent flow measurements. From these data, annual flow or peal: of flood or any
other flow data can be computed.

(j) Evaporation. By definition, evaporation is the process by which ill liquid or
a solid is changed into vapour. There are many factors th~t influence evaporation. It
is not intended to so into detail here because evaporation is not a major part of flood
control, but in the operation and regulation of the reservoir it is needed, Evaporation
can be measured directly from evaporation pa»s or can be computed from other meteorolo
gi cal dillt a.

(k) Humidity. It is defined as the percentage of vapour pressure of the air to
the saturation vapour pressure with respect to water at the same pressure and tempera
ture Wid is a good indicator for precipitable water in the atmosphere. It can be
measured directly wi tb a thermohygrograph or indirectly from wet- and dry- bulb thermo
met~r readings. It is needed to calculate the amount of moisture in the area and to
maximize it and give it the most favourable condition. and is a direct method to
compute maximum possible flood.

Dewpoint is sometimes used instead of the relative humidity for measuring the
moisture content. Devpoint is defined as the temperature to which ~r must be cooled
in order that it can be saturated at its existing pressure and humidity mixing ratio.

(1) Temperature. DAily maximum, minimum or average temperature is in common
everyday use. Air temperature is involved in many of the me t e cr-ojoai c aj computAtion
and analyses mentioned above. It is needed both for design and construction purposes.

(m ] Sedimentation. This is the measurement of the amount of annual load of sus-
pended and bed materials, their distribution in time and particle size, The ~ount

Which can be transported downstream influences the Li fe time of the r-es er-vof r- and its
capacity.

(n) ~ater quality_ The corrosiveness of the water. the P.H, value to determine its
acidity, its conductivity and mineral content are estimated. These data are of minor
importance but are Deeded to determine the type of protection that may be needed For
the different structures.

CONCLUSIONS

(a) Hydrometeorological data coll~ction is essential, especially for dev~loping

countries vhere more hydraUlic structures are expected to oe built. Planning For the
coll@ction of such data shOUld be started long before the planning of the actual
development that inVOlves this dat~. As a rUle, this data should be planned For all
potential developments_

(b) The establishment of an ideal network for data COllection may encounter some
difficulties - lack of personnel, finance and accessibility of sites. Less dense net
work may have to be undertaken and intensified according to priorities, depending on
the development plan, keeping in mind the fact that the longer the record of data the
more reliable it is.
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(c) Flood control work may need other types of hydrometeoTological data for flood
forecasting. This v~s not mentioned above as the discussion was confined to data
needed for flood control structures.
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THE USE OF HYDROMETEOROLOGY AND HYDROLOGY IN AGRICULTURAL DEVELOPMENT

THE FAO POSITION

ABSTRACT

Vater i. one of the primary naturAl influences on agriculture, and from this
9te~. FAD's interest in hydrology in all its phases. The paper describes the applica
tion of hydrology to specific problems in Africa. Examples are selected from a number
of FAO Projects i~volving agricultural planning and development.

RESUME

Pour llagriculture, l'eau est un ~l~ment naturel e~gentiel, d'ou l'tnt~r~t

de Iii. PAD pour Ithydrologie 90U5 tout let aspects. Le pr~sent document d~crit les
applications de l'hydrologie l 1& golution de divers probl~meg sp~ci£iques qui Ie
posent en Atrique. Des exemples ont ~t~ tir~s d'un certain nombre de projets de 1.
FAO portant sur 1& PIAnt£ication et Ie developpement agricole5.

INTRODUCTION

1. Agriculture and food production are basic industries throughout the world,
but they are the more significant in Africa where the agricultural sector plays a
f'undamerrt ak role in the national economy of most countries. It is also a sector
wh.ich in many cases remains near the aube i.e t ence level, for development is hindered
by socio-economic, phyedced, and t echrri.ca.I constraints. It is here that FAO, which
is devoted to the world-wide growth and improvement of agriculture and nutrition,
haa an essential role to play.

2. Water is one of the primary natural influences on agriculture, and from
this stems FAO's interest in l~drology in all its phases (including hydrometeorology).
This is a practical interest, concerned with the application of hydrology to specific
problems of agricultural planning and development. FAO welcomes the opportunity
provided by this conference to meet and to disCUSE> with the producers of data, and
wi th other users, the place of hydrology in agricultural development, and the close
relationship that should exist between hydrolOGical and agr-Lcul t uz-e.I services.

3. To agriculture, ~1d therefore to FAG, hydrology is not an end in itself
but is an essential tool, which must be used together wf t.h a number of other e c Iencea,
to provide the optimum conditions for agTicultural production. The place of hydrology
in agricultura.! development is particularly important in Africa, where only about a
third of the land area lies in "he humfd zone, almost half lies under arid and semi
arid Climates and abou-t one sixth is desert. This dependence of agriculture on Hater
is rerlected in the number of FAD proJects in Africa which require nydrological data
I'or- 'I"later development for agriculture (44 pr-o j ect a completed and a considerable number
in progress).

EXAMPLES F!'QM FAD PROJECTS OF THE USE OF' HYDR:OLOGY IN AGRICIHTURE

1. In order to illustrate the place and value of hYdrology in agricultural
development in Africa, a few examples ",rill be giv6."1, 't cge Lher- "lith a. table to sum
marize the purposes for which hydz'o l ogi.c a), data are used. The table and examples
are no~ exhaustive but are offered in summary form to [iva an indication of the range
and type of problems FAD is enGaged upon in Africa that involve the use of hydrological
data and 't echndquee ,
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Surrunary of purposes for Hhich FAO-assisted projects use hydroloGical data

General Specific

1. En/~ineerinp' ave't ema and water , (a) Assessment of availability, variability
control works (irrieation, flood and quality of' water resources, surface
control, drainage, stock waterine) and under'gz-ound

(b) Desien of \'later development systems for
a.erieu1ture (reservoirs, spillwFJ3s,
barraeea, canal B river control works,
drainaee BYBtems~

(c) Calculation of irrigation supply and
drainage requirements

2. Environmental management Dry farming, range management, wat erehed
and forest management, erosion control

3. Fisheries development Inland fisheries - in rivers, fishponds,
lakes and reservoirs

4. Plant production and protection H¥drometeorological influences on plant
selection, growth, cultural practices and
pests and diseases

2. The assessment of ~ater availability for engineering development is an
integral part of m~ projects. A good example is the Souss project in Morocco where
studies for the agricul tura! deve'l opnen t of the valley are based on analyses of nat
ural rainfall regimes on the plain and water resources available basin-wide for
supplemental water supply through irrigation. Although the mean annual rainfall in
the valley is 250 nun, as little as 30 nun have been recorded in some years. An
inventory has been made of water resources ana present water uBe, and a resistance
capacitor analogue model of groundwater aquifers is being employed as the most con
verdant "'1J3 of analysing the groundwater component of a complex water balance, and
of estimating the possible groundwater contribution to integrated surface and
groW1d\iater development schemes for the whole basin. This study Hill also include
preliminary design of reservoirs and integrated reservoir operation studies based on
hydrological data, engineering feasibility and Hater needs.

3. On the Senegal River a mathematical model of a different type is in use to
simulate the i'lood regime of the river on whf.ch present agriculture depends t hr-ough
the recharge of Boil moisture by the seasonal floods. This study is a digital
simulation similar to the Mekong River study in South~East Asia and will be used to
aid the design of hydraulic structures and storage for the progressive flood control
of the river.

4. A major problem in most irrigation projects is the determination of the
water needs of crops. In the Seneeal basin stuqy, for example, all approaches are
being used, including evaporation pans, calculation from meteorolOGical data (inclUding
complete radiation and energy bala.nce), lysimeters, and changes in soil moisture stor
age under- rainfed and irrigated crops. This question is also being studied 'thr-ough an
FAG headquarters programme, through vhfch has been instituted a panel of international
specialists to consolidate trorld experience and to prepare guidance material for field
officers on the most suitable ways of estimating crop water needs in different
environments.

5. Another project concerned \lith Boil moisture storage and its optimum
utilization is a range management project in Kenya. In this case the purpose is to
evaluate range land potential for whi.ch a mathematical model is being developed vhfch
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simulates the rainfall, evaporation, soil moisture and runoff elements of the hydro
logical cycle; from this simulation can be calcula.ted a running balance of ao Ll
moisture conditiona, which are correlated with grassland production at experimental
atat Lona ,

6. Cattle and livestock represent a most important economic resource in Africa,
and Great efforts are beine made for their systematic improvGment. In many countries,
and projects in Kenya, Uganda. and Tanzania malf be cited as examples, the development
and control of rangeland and fodder resouroes are being integrated with the develop
ment of water resources for stock watering points, for which hydrological data on
rainfall, surface and groundwater are essential.

7. The effects of land use on the hy"drological cycle are now recognized as an
important element in the relationship between man and his environment. Increasing
flood peaks, decreasing base flows, Boil erosion and sedimentation of reservoirs are
some of the results of unwise land use through overgrazing, burning, destruction of
forests and shifting cultivation. FAO has assisted several governments in Africa
\'With advice and research on vat er-ehed management and soil and wa'ter- conservation.
An example may be found in Mauritius where economic necessity required the cutting of
some forest areas for tea p1antinei to assess the effects of such changes on hydro
loeical reeimes the FAO Land and uet.er- Resources Survey aided the Government in
selectine three experimental basins, installing the necessary data-collection
stations and analysing the results. FAO is also concerned with the relation between
man and his environment through its Regular Programme; it provides the Technical
Secretariat for the HID lilorking Group on The Influence of Man on the Hydrological
Cycle, whose interim report ("A guide to policies for the safe development of land
and \iater resources") has had wide circulation, and is at present pl8¥ing a main part
in the preparation, within its own programmes and through the UN Conference on the
Human Environment scheduled for 1972, of wider activities in all fields related to
conservation of environmental and natural resources.

8. Another interesting project in Africa, an investigation of an internal
drainage system, is the Lake Chad project, in which the lake itself is the "sink" for
the whole water inflow. A stuQy of the water balance of the lake was a necessary
precursor to decisions on the use of its waters. The results show that the probable
rate of irrigation development in the basin is small in relation to the magnitude of
the natural factors in the water balance of the lake and should therefore cease no
anxiety for the next 20 years. Howeve~ a macro correlation has been possible between
the flow of the Chari River and the long record of Nile flows at Aswan, and the vari
ations shown by Nile river flows can be expected to have occurred also in the Chad
Basin. On ihis time-scale long-term estimates of possible climatic trends m~ be
important in development plannine, for in areas where runoff may represent only a verJr
small percentage of rainfall, a small change in rainfall or evaporation results in a
much bieger change in available water and eo ma.v influence the economicaof water
development plans,"

9. In areas o f marked seasonal rains anot her- concern of a.griculture in hydro
meteorology is the length 01' the BToHing Beason end the most suitable times for
farming operations as determined by rainfall; and in marginal areas calculations of
risk of crop failure, based on rainfall probability analysis, become of' primary
importance in agricultural development planninG. Short period rainfall intensity is
another parameter of interest to the agriCUlturist, particularly in the design of

drainage systems in irrigated areas and in changing land use; for example} when
natural forest cover is replaced by plantation farminG'i it is also used as an aid
to identifying areas susceptible to Boil erosion and in the design of gully control
measures.

10. Agroclimatological studies on a regional basis are most helpful U1
planning agricultural development. In various regions of Africa such studies have
been made by intergoverrunental or-gen i aat.Lonar and FAO has contributed, thr-ough the
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Interagency (FAO/bnesco/}mO) Coordination Group in Agricultural Biometeorolocy, to
two major studies, one on the Aerocllmatology of the Semi-arid Area south of the
Sahara. in Heat Africa and the other on the Agroclimatology of the Highlands of Eaa't
Africa"

11. Fishe~ development is also a field of FAD activity for which hydroloeical
data are essential dnput e , The main hydrological parameters affecting inland fisheries
are water quality (physical and chemical), depth and velocity. Pollution, particularly
from urban and industrial vastea, affects all uses of Hater to [lome extent, but has
the most impact on fisheries. ilater development schemes such as reservoirs and
diversion works m~ cause adverse effects on downstream fishery through chances in
I'Low regime. \"later levels and their range of n uctuation also determine the location
and type of facility for boat docks and fish landing stations. At present on Lake
Nasser final location of permanent fishing villages is awaitine hydrological data of
this kind, similarly in the Niger River delta fish ponda were located, desicned and
constructed ua ing bJrdrological information on the rise and fall of the river from
tidal effects and from floods.

CONCLUSION_ WHAT FAO CAN OFFER

The mandate of FAD, a8 one of the specialized agencies in the UN family, is to
assist the nations of the world to improve their aericulture, food production and
nutrition. To this end FAD operates its own Regular Programme of information, col
lection and dissemination and promotion of research and training; and also, as one
of the executive egencd ee of the UII Development Programme (UHDP) it is an agency for
action in the field through the provision of individuals or groups 01' experts and
throueh the implementation, in cooperation with national governments, of projects for
the study and development of resources for agriculture and for agricultural research
and training; Borne aspects of the work of these f'ield projects have been described in
Chapter II. ~lrough its Regional Offices, its Senior Agricultural Advisers in member
countries and also through the offices of the UNDP representatives, FAO maintains
constant contact with national governments, and is alw~B ready to answer calls for
assistance \ri.thin its mandate and liithin its means.

In this paper the importance of hydrology and hydrometeorology in acricult~al

development has been stressed. But uha't is also important is recognition that the
value of hydrological data is a function of the type and accuracy of the data and the
length of record. It is FAO' s experience that in many cases agricultural development
schemes have been proposed and discussed lor many years before the FAO team arrives
on the eround, but no systematic data collection has been made. Particularly in the
case 01 hydrology, which is concerned with time-variable parameters, it is strongly
urced that a simple programme of reliable data collection be started as early as
posGible; it can be expanded as necessary during the project studies for feasibility
evaluation, but the length of such a project (usually 3 or 4 years) is not enough to
set up a network and obtain sufficient records to support a feasibility evaluation in
the absence of some longer records, and as a result many studies have been inadequate
Ln this respect. It is r-ecognf zed that the activities of national hydrological
services are limited by funds and staff, but at the same time the chief justification
for expenditure on hydroloeical services is the Bocio-economic benefits that should
follow, and it is here that producers and users of data have a common interest to
ensure that the maximum benefits are obtained within the constraints of available
funds and manpower", So far as hydrology concerns the agricultural sector
(including land uBe, forestry and fisheries) FAD is a1w~s rea~ to answer
requests for advice through its field ~epre8entativeB and Head Office staff.



AN EXPERIMENT ON THE SITING OP
RAINGAUGES IN TROPICAL HIGHLANDS

by I.J. JAckson

ABSTRACT

~i fferences between the amount of rilinfall measured by five g.ll.tges

under very different expo!~re conditions Are analysed. Vhilst ther~ wag ~ome

indiCiltion of the influence of exposure, its milgnitude, certilinly for monthly
total, or £alll in excels of 5mmJis fAirly small.

RESUME

Uae analyse est faite des diff~rences de pr~cipitation enregistr~es par
5 diFferents pluviom~tre9 dont leg un. lont diff~remment situ~s que les autres.
On peut cons tater des diff~rences dues &l'emplacement milig eIIe! demeurent
minimes, surtout Ii Iii. pr~cipitation mensuelle d~pagse 5 mi l1irn~tres.

INTRODUCTION

General requirements for the exposure or s I ting of raingauges er-e dis
cussed in a number of r-e Fe r-en ce s (e.g. Meteorological Office 1956, Middleton and
Spilhaus 1953, WHO 1960). The need for a level site vi t n the avoidance of slopes,
concave surfaces or over-exposed locations is stressed. Differences between vtnd
vard and leevard loc ..t i cns are also emphasised. In highland areas, however, it m..y
veIl be impossible to satisfy the normal requirements, particularly if forest
limits the number- of available open s Lt es, Under such conditions, the
"r-epr-eaent at f -eenes s " of gauges in highlAnd areas is open to question. "Re pr-e sen-.
tativeness" is in any case a complex issue involving consideration of a 'tiide
range of relief scales in relation to the purpose of the study. Relief influence
on rainfall varies from major mountain barriers affecting the meteorological pro
cesses producing rainfall to minor variations over dt sr ance s of a fev metres which
influence wind flow Mid therefore raingauges catch at a point. It i s not pos s I bLe
to dr.,v firm boundaries between the various scales of relief, and rainfall at a
point viII reflect their combined influence. The lover end of the relief scale
encompasses whAt may be termed local site f~ctors and,except under special circum
stances. it is desirable that the gauge catch should not reflect their influence.
The intluence of r-e Li e F will vary greatly depending on the type of storm, v.i nd
direction and vi nds peed , For the generally qr-eate r rainfall intensities under
tropical conditions and often lover ....r nd s peeds , it may be true to say that site
factors will have less effect on gauge catch than in the case of higher La t i t ude s .

~hilst every situation is unique, case studies may at least give some
indication of the pos s Lb l.e magnitude of local site influence on gauge catch. In
April 1969 an experiment was set up in the West Usambara Mountains. north-east
Tanzania, to assess the interception of rainfall by tropical highland forest.
Advantage was taken of the presence of observers in the area to mount a small ex
periment to examine possible local relief influence on gauge c at ch , Results for
the fir!t eighteen months a~e presented here.
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THE EXPERIMENT

The only instruments available were five plastic wedge-shaped gauges
(brand name Tru Chek ] . They ...ere mounted on posts at a height of 90cm along a
line running NW - SE as shaY" in figures I and 2. The distance between gau1es
1 and 5 is 400m and the di fFerence in alti tude some 65m. The aim vas to select
sites which vere very different in character. Because of the need to avoid points
which might be restricted by trees, it ",as not possible to find contrasting sites
vui ch were closer together. The distances between gauges I, 2 and 3 are, however,
only 20m, and between 4 and I) only 80m. Over a distance of 400m it is likely that
marked rainfall gradients vhich are part of more general trends r-at he r than due to
Loc a L site factors .....ould occur. It was hoped that location of gauges along a line
....ould allow t he detection af'such trends, particularly in c on jun c t i on ....Lt h o t ze r
nearby gauges (figure 1). The essential point is that none of the gauges ....ould be

considered to have a satisfactory exposure under the normally recognized stipula
tions. Gauge 1, located at the side of a track, has an up ....ard slo~e of leO to t~e

south-east of it and a sJTlall valley on the other side (slope of 16 30 1) in wh i ch
is found gauge 2. Gauge 3 has a s i mi Lar- exposure to gauge 1 (i.~. slopes of
about 16

0
on either side) but in the opposite direction. Gauge 4 is located half

~ay up a steep east-facing Slope. Beloy gauge 4 the slope is 25° and above it
about 300• Gauge 5 lies just beyond the crest of this slope.

Readings 'Were normally taken at 9.00 a.m. each day un Le s s it vas rAining,
in vhf ch case reading was postponed until r at e e , In addi tion, during the d ay t Lme ,
extra readings were taken folloving individual storms. Altogether, 301 individual
readings, plus monthly figures, are analysed.

RESULTS AND DISCUSSION

For each reading as well as for months, tte gauges ..,ere ranked from that
",ith the highest catch (1) to the lowest (5). The number of times each gauge had
ell certain rank for daily or storm totals is shown in table 1, and the rank for in
dividual months is shown in table 2. A summary of the monthly rankings is
presented in table 3.

The most .pparent features are: (a) that gauge 2 has the highest catch
a considerably greater number of times than the rest. This seems to support
previous suggestions (e.g. Hutchinson 1968) that gauges on a concave surface ..,ill
tend to have higher values; (b) the adjacent gauge 1 has the highest catch on
fewer occasions than the others; (c) gauges 4 and 5 have the lowest or second
lowest figure on more occasions than the rest. The sums of the r-ank i np s i r;
table 4 emphasise the higher values of gauge 2, followed by gauge 3. There does
not seem to be any difference between the other three gauges when sums are com
pared,hovever.

The above results suggest
but it is necessary to examine the
"'hat extent they are the result of
factors.

that there are differences between the gauges.
magnitude of the differences and also to see to
any general trends rather than local site

For daily, s t crn and mon t hLy totals, the standard deviation (6) vas cal
culated. Since the gauges were not randomly located, use of thi! parameter is not
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strictly corr~ct. The sites were chosen in an ~ttempt to maXlmlse differences, and
the estimate of' the standard deviation could perhaps be argued to be an over
estimate. For gtorm and daily tot~ls, ~ gr~phical plot of standard deviation
against mean values (figure 3) shoved that whilst the largest st~dard devi~tions

occurred under heavy storms and the smallest tended to occur under light storms,
there was a very vide scatter of points. Whilst this measure of absolute varia
tion i. importaat, it is perhaps the variation relative to storm size which is of
even greater significance. Coefficients of variation (-: x 100%) were therefore
calculated. Part of the variability in gauge catch may be related to a general trend
rather than local exposure. Individual readings in ~bout 130 cases suggested that
some kind oE t~end might ~xist. in most cases the evidtnce being a difference
be t veen gauges 1, 2 and 3 on the one hand and 4 and 5 on the other. Often, how
ever, the differences were small ~d since gauges 4 and 5, on a marked slope,
have a very different site from the others, it cannot be assumed that this is
part of a general trend. Dat~ from the interception stUdy and the nearby Mazumbi
raingauge suggested that only 33 readings could be considered as almost certainly
indicating a trend~ Storm9 are often of very limited extent with considerable
variations in intensity over short distances. It is pr-obabje, therefore, that in
some other cases the variation in rainfall vas not the re9ult of local site
factors.

The remainiag readings (268) were grouped into rainfall classes and the
average ceeerf et ee e of Y"ariati 07.1 caf cu Lat ed for each class. A non-linear decrease
in ceer rt ct eat o£ variation (V) with increase in rainfall vas apparent and the
data fitted by a logarithmic expreggiOD (figure 4) using the method of least
squares.

log V • 1.22 - 0.50 log X
where V • coefficient of

- 0.90
variation

r •

r 2
• 0.81 i '"' mean rainfall for 5 gauges

The form of the equation is the same as that found by Rigg (1960) who use~ how
ever, il slightly di.fPerent pal'.ameter for r-eLa t i ve vari .ati on. Fi gure 4 indi cates
that for a storm of 5mm, the coefficient of variation averages about 7 per Cent
and is less than 5 per- cent on average for storms of more the llmm. It must
be st ressee that within an individual rainFall class the c ce r rd cI en t s of variaticm.
varied q~ite considerably.

It Le perhaps useful to compal"e these reSUlts with those of an experi
ment in New Zealand indicating random variation in raingauge catch over a smllll
site (Hutchinson 1969). Twelve gauges were randomly located over an exposed site
30' by 50', the object being to establish that there were no variations in ~ain

fall across the site. The r@9ults ghovedthat the site vas homogeneous but that
random variations in gauge catch could be considerable. The analysis was based
upon datil £or only tventy-one storms] and on a plot of' s t and ar-d deviati on against
mean rainfall, Hutchinson inserted a regression line by eye. From this he read
off standar4 deviations For various storm sizes. These have been converted to
milJimetres here and the coefficients of variation calculated. Results iilre shown
in table 5. Unfortunately, t be he avd es t storm was only about lOmm, and therefore
it vas impossi ble to compare values for larger falls.
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The Nev Zealand figures show that within the limited range covered.
standard deviation varies vi th storm si ze , but that coefficients of variation do
not, being of the order of 5-6 per cent. For storms of less than 5mm, co
efficients of variation are less than in the case of the present study. but for
larger storms there are no differences. Bearing in mind that some of the variation
in the present study is almost certainly not the result of differences in ex
posure, this comparison suggests t ha t rainfall di fFerences between sites for falls
of more than 5mm are no greater than those which ~ight be expected to occur
randomly over"a level area.

Much of the rainfall in the area occurred under relatively heavy storms.
During the first six months, 59 per cent of the total rainfall v as produced by
9torms of more than 15mm. 40 per cent and 21 per cent of the total were produced
by 9torms of 25mm and 50mm respectively. For such storms, the results suggest
t hat an individual gauge is Ldk e Ly to give a reading which viII not be influenced
by local site to any marked degree. Table 6 indicates that a single gauge is
likely to give a reasonable estimate for monthly totals. The higher coefficients
of variation in April and December 1969 and June 1970 appeared to be the results
of a general trend across the area.

CONCLUSIONS

Results from a single, small-Icale experiment are obviously of only
limited value and it is difficult to generalize from them. Ranking of gauges
suggested that there were differences betveen the sites; certainly that gauge 2
tended to have higher totals. Particularly for falls of more than 5 mm and monthly
total~ however, the differences are not very great and appear to be of the same
magnitude as random variations in gauge catch over a uniform site in temperate
latitudes. A raingiluge at My of the five sites could therefore be e xpect e d to
give readings which were not seriously influenced by local site factors (although,
of cours~ a general rainfall gradient could produce very large differences between
the sites).
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Table 1

Storms ~d daily rainfall

Number of times each gAuge had a particular r~
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Table 3

Monthly rainfall - number of times
~&ch raing_URI! had ... particular rank.
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Table 4

Sums of ranking.

RANI
GAUGE

1 2 3 4 5

1 a 2 10 2 4
2 9 5 2 0 2
3 6 5 2 4

~ I

4 2 4 2 4
5 3 1 2 9

3 'I

GAUGE Daily/Storm
Monthly totals

total s

1 699 62
2 540 35
3 637 43
4 699 62
5 704 62

Table 5

Mean rainfall. standard deviation
and coef.ficients of variation

Mean rainfall (mm) 2.5 5.1 7.6 10.2

Standard
devi a t i. on (mml 0.13 0.23 .0.41 0.64)

1 Ne.. Ze a'l and
Coefficient of )
vu-iation ( 'Xl 5.2 4.5 5.3 6.3 1

Coefficient of
vari ilti on ('Xl 10.5 7.3 6.0 5.2 Mazurnbai

Table 6

Monthly rainfall (mm) imd coefficients of variation (VX)

1969
April May June JUly Aug Sept Oct Nov Dec

Rainfall (mml 57.9 241. 7 86.9 144.4 224.1 45.5 216.9 208.9 26.2
v( %l 7.7 2.4 2.5 2.7 1.1 1.1 2.2 1,1 18.'

1970

Jan Feb March Apri 1 May June July Aug Sept

Rainfall (mm) 92.4 79.7 53.5 236.4 319.8 19.8 56.0 34.9 52.2
V (%) 4.9 4.9 6.0 2.4 4.9 12.3 3.6 6.3 5.E

- .-------==t----Apri ] - Sept 1969 Oct 196q - .:?-=pt 1970 ~pri~~h'j - Se~1'?7C---
Rainfall (mn ) BOO.'S 11g6.7 2]Q7.?

'I(}j ._._... ____ _ _Ll_____ _..______~._ ,.•~..t_l1___~_.__ __._._.___.__. 1 8
•.<-- ----~._------
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FIGURE 1

LOCATION OF RAINGAUGES

A-B Lin e of N
Tracks

ra r n g c v q e s

C Interception s Iud y f
-- Contours ,n fee t

r or n q o u q e s 0 Metres 1000

D Mazumboi ra r n q o u q e
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MEASUREMENT OF RAINFALL AND INTERCEFTION
BY TROPICAL HIGHLAND FOREST

by I.J. Jacl:.01l

ABSTRACT

An experimeat set up in • highland area of northern Tanzania is described.
The influence of akev.ne!9 and great variability of throughrall dAta i. illustrated.
For heavy storms, the large stAndard errors make intercepticn esti~ates unreliable.
Tbe techniques of .aalysis adopted have a can5iderable influe~ce an interception
estimates.

RESUME

On d~crit UDe experience f~ite dans une r~gion de mont agnes du nord de 1a
'Lan z.an i e , On souligne Lea consequences des irr~gularites s t at i s t i qu e s e t de 1a
grAnde variabilit~ dans 1a quantit~ de pluie qui n'est pas arr@t~e par les obstacles
nature Is , Pendant les grands orage!, 1 cause de l'accroissement de 1a marge d'erreur,
i 1 e s t di f fi ci Le de calculer La quan t i t ~ de p1ui e qui n I at t e i n t pas Le p I uv i oeer r e .
Differentes methodes dIan_lyse p~uvent mener ~ differentes estimations de la quantit~

de pluie intercept~e.

INTRODUCTION

Host of' the de t a.i Le d studies of rainfall interception have been conducted in
temperate latitudes (e.g. "'ilm and Ni eder-hof 1941, Lilli 1957, Reynolds and Ley ton 1961,
Rutter 1963), although some vork hag ~en carried out in the tropics (e.g. Freise
1936. Vaughan ad Wiehe 1947, Hopkins 1960, ....imbrush 1947. Per-e t r a 1952). Re su j t s
of studies have been summarised by rittredge (1948) and Geiger (1965).

In order to investigate as pec t e of interception of'rainfilll by t r opt c a i high
Land forest, an experiment vas set up in the "est Usarnbara Mountains, north eastern
Tanzania in March 1969. This paper 9umm~rises the problems involved in m~asuring and
processing the data for the first six months. A more de~ailed ~alysis together vtth
preliminary results is pr~sented e1sevhere (Jackson 1971).

SITUATION AND EXPERIMEllTAL SITE

The experim~nt vas set up in a Porest reserve ~longing to the University of
Dar-es-Salaam (lat. 4° 50 5, long. 38° 30 E) which cov~rg an eA!tern facing !lope
ranging in altitude from about IJOOm in the east to about 1.800m in the ve s t , The
experimental site is at an altitude of l,.50Om. Moreau (19Y;) describes t he veqe t a t i on
as an Intermediate Evergreen Forest Community, the most luxuriant type of forest e x i s t>

ing in East Africa. The mean annual r ai n Pa l L at the nearby Mazumbai rain gauge is
1338m.

Throllghfall vas measured using twenty s t en d ar-d Five inch rain gauge,,; randomly
Loc at e d on an 80' x 80 1 grid. The great v ar-Labi.Li ty of throughfall distri bution
ne ce s s i t at e s a considerable number- of gauges. Discussions of types of gauge, numbers
and techniques can be seen in Reynolds and Leyton (1961), Helvey and Patrie (1965),
Rieley, Machin and Horton (1969).
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The use ot troughs rather than rain gauges presents problems in terms of
construction, !hape, bias, reading and comparison with standard rain ga~geg (Helvey
and Patrie 1965). ShittiJlg gauges periodically to new random locations hag the effect
of reducing the staDdard error if observations under different locations are grouped
together. For practical t'easons, it va.g not possible to shift gaugeg until after six
months of observation and the majori ty of the data analysed here refer to this first
period. One ot the major purposes of the investigation vag an analysis of interception
under individual storms and 9hifting of gauges would play no part in reducing the
standard error tor these.

Stemflov vas .easured for twenty trees by means of gpiral gutters of •
Eabr-Lc and bi tumen coapcund le,a.ding into plasti c ccn t ai ner-e , The gutters projected
4cm from the tree trunks. Helvey and Patric (1965) recommend th,a.t stemflo~ should
be measured for plots rather than for individual trees. Five plots consisting of
three to five trees were selected vhose total crown area could be defined reasonably
clearly. Fourteen different tree species were represented.

Incident (gross) rainfall vas measured on an adjacent open s Lt e , The clearing
was about 70m !qu~e and vithin it, an area of 15m square vas cleared of vegetation
and four standard five inch r-af n gauges and a Dines tropical recording gauge were
mounted. ?reviou9 vork (e.g. Pereira et al. 1962) suggests that a clearance angle
of 45 0 is adequate for rain gauges. All the gauges were very slightly restricted over
a small arc of 1 0 or 20

• The direction of restriction was different for each gauge
and, since it was very 91i ght, it was felt that an average of the four gauges ...cu Ld
provide ~ meaningful estimate of the clearing fall. The close .greement of the four
gauges s~pported this. Reynolds and Ley ton (1961) point out that presentation of
9 t andard errors for gauges in an adjacent open si t e t s not nece s s ari 1y 9U ffi c i en t

since there may veIl be differences in falls be t eeen the clearing and the canopy si t e .
Measurement of rain incident upon the canopy i tsel f, hovever; poses considerable prob
lems. Tn the present study, apart from the problems of turbulence and type of gauge
for measurements of rain actually falling on the canopy, the height and variety of
trees excluded the possibility of mounting gauges above the canopy. Location of
clearing gauges on opposite sides of the canopy gauges Yould have helped to identify
errors due to rainfall gradients over the site. Within the forest reserv~ however,
cn Ly one clearing of sufficiel1t siz.e vag ava-ilable. The distance from the edge of the
clearing to the canopy network is 45m and since there is no marked difference in the
terrain. it Vag felt that the clearing gAuges VOQld give a reasonable e9timate of the

fallon the canopy.

Readinfs 'ltere normally begun at 8.00 a. In. every day. If it was ra1n1ng at
the time, or if a shover had occurred a. short time before, then reading vas pcs t pone d ,
Oth~r stUdies and per.onal observation suggested that a delay of at least tvo hours
was advisable between the end of a storm and reading to allow for drip From leave~ to
end. In addition to the morning reading, measurements vere taken after every ,torm
whenever poas i b'l.e , Out of more than 120 readings, some 75 per cent included rain from
only one shover.

PilOB1EHS OF ANALYSIS

A number of problems emerged. These are outlined belov and then their impact
illustrated in the following section.
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1. Drip !Qillts and relation of gAuge catch to distance from tree stems, Rutter
(1963) discu9~ed the existence of drip points near tree stems and avoided the problem
of high gAuge total. hy keeping them at least 15cJ'I from the trunks. Anderson et aI,
(196~) omitted high readings vhich were regarded as drip points, although no specific
location vas mentiane~. Particularly under the varied cover in the present experiment,
drip points will occur irregulArly and their definition is very s~bjective. Omission
of certain high ~alQes vas not therefore considered justified. Previous studies have
found a r-e j at i cnsm p between throughfall gauge catch and dt a t ance from tree stems
(e.g. Reynolds and Leyton 1961). This relationship can be used to help estimate
throughfall. No such relationship was apparent h~r@. this ~ing attributable to the
variety of treel and interlocking nature of their crown!.

2. Skewess of throughfall gauge catch. The catch. distribution for individual
storms indicAted a tendency towards skewnegg and tests indicated that 25 per cent of
the distri bution, differed signiFicantly From normal. It shOUld be n ot ed, however,
that while tests indicate skevness, t~ey do not prove that a distribution is normal,
merely that it cculd be normal. The arithmetic mean is normally used as a t hr-ouqh Pa l I
par-ame t e r- bu.t an element of sk ewne s s makes it less valid. Both median values and a
square root transformation average were therefore also examined. The positive skewness
of the data vas iadica.ted by the wed i an being lest than the average in ne arLy every
case. TranSformation tended to reduce the throughfall parameter although not 90 much
a9 in the case of the mediAn.

3. Errors in throughfall and in:erception estimation. The standard error of the
mean is the most useful parameter to indicate accurACy of the estimates And despite an
element of skevness in throughfall d at a this value was calculated. It is common
practice in interception studies to express the standArd error as a percentage of mean
throughfall. Whilst this is useful, it em be rather misleading, particularly from
the point of view of interception estimates. Standard errors o~ gross rainPall Yere
negligible compared with those of throughfall, being less than O.lmm in all but fifteen
CAses. Stemfloy amoants were small, amounting to only 1 per cent of gross rainfall
over the six-mODth period. The interception estimate error may therefore be regarded
u that involved in throughFall as sessment and" 1n this c ..s e , absolute .vajues of the
error are most fteaningful. To illustrate this, standard errors may be compared with
interception estimates using individual storms as examples. Values of tyO standard
errors (i.e. 95 per cent confidence limit) are u~ed.

Whilst the percent~ge standArd error for A small storm 01 say 1.8mm is large
(22.7 per cent), t ec S.E. (O.17mm) 19 small compared with interception (I.5mm). A
large storm of 30.9mm with a percent~ge standard error of 7.8 had a large absolyte
error (2 S.E. ~ 4.8Imm) with an interception value Of 1.9mm. Por large storms ther~

fore, whilst the throughFall percentage standard error is less than in the cage of
small storm!, in absolute terms, it i~ large compared with interception values.
Interception estimates for large storms therefore are unreliable.

4. The relAtion between gross rainfall. throughfall and interception. It is
general practice to relate throLlghf'all and interc@ptim to gross rainfall, Helvey and
Patric (1965) pointing out the advantages of using regression techniques for this
purpose. Since thro~ghfall is of the same order of magnitude as gross rainfall, the
relationship between them appears to be linear (Figures 1, 2). The r-e j at Lonaht p between
gross rainfall ana interception is not a linear one (Figures 3, 4), the graphs
illustrating also the range in interception for particular storm categories. Assess
ment! of interception for various gro~s rainfall amounts using these relationships,
differ from one another.
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THE IMPACT OP THESE PROBLEMS UPON INTERCEPTION ESTIMATES

AnAlysis of throughfilll end interception in relation to gross rainfAll was
carried out using both arithmetic means and median v e Lue s (~igures 1-4). For
ar-I thmetic meanJ in the CA9~ of If.rge storms, throughfall estimates may be as grl"!at
or greater than grosg rainfall. The problems of slevnes! of data and large standard
errors for large storms are r e t event here. Even using median v aj ue s for heavy storms,
in a few cases, throughfall VitS greater than gross rainfall and differences in other
cases ..ere small. Regression lines for throughfal1 against gross rainfall had gradients
greater than one (equations 1 and 2). implying that the greatest interception was for
low falls.

Equation 1: using the ar i thmetic m~Ul

y ~ 1.0672x - 0.88

Equation 2: using median values

y ~ 1.0067x - 0.99

..,here
y = througnfall

X : gross rainfall

This illustrates the impact ot the large standard errors associated with heavy storms,
vhich mean that throughfall estimates may be gr~at~r than gross rainfall. In view of
thi~, regression liDes for storms of less than 20mm were also calculated (~quations 3
and 4).

Equ~tiOD 3: 10lsiug t he arithmetic me an

y ~ 0.9639x - 0.54

Equati on -4: using ",edi an value!

y • 0.6802x - 0.56

Interception values for various storm s i ~e5 ver e calculated. from these equations
(table 1). Although not strictly valid, interception estimates for falls of more

than 20mm are iDclud~d,

Plots of interception against gross run/all (Pig',Jres 3. 4) indicate that
for moderate falls of up to about 12mm, particularly when median values are used, ther~

is an increase in interception although even within this range the points ar~ scatt~red.

For heavy falls, e ceever , this relationship breaks d ovn and a noticeable feature is that
interception figures for .falls of over 20mm are often less than for falls of 5-10 mm ,
For storms of up to 2Omm, the data vere grouped into gross rainfall cla~seg and the
average interception Per- each class vas calculated. The data were fi t t ed by a s emi
logarithmic curve {eq , 5, Figure 4b).

Equation 5: 'Using median throughfall values

Interception y 0.896 log (gross rainfall) ~ 0.765

r 0,823

r 2 0.677

Estimates of interception for various storm sizes were calculated from equation 5 and
presented in table 1. Compar-a s oa of intercepti on estimates from the three equat t on s
(table 1) shows that estimates from equation 5 are greater thilD those from equation 3
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but whilst gre~ter than those from equation 4 for falls of up to 7.5rnm, they are less
for heavier storms. For a storm of 2.5mm, the estimated percentage intercepted varies
between 24 per cent it1d 44 per cent depending upon the techniqu.e used. For a Fall of
20.Omm, the percentage varies from 6.5 per cent to 15 per cent.

It is apparent therefore that the techniques of analysis considerably in£l~enc~

the re.tl.llts obtained. An important point to be borne in mind is that In t e r-cept I on for
particular gross rain.fall amounts varies considerably from case to case (F1gares 3,4).
Tili!! is to some extent due to the fact tnA! here not all the data relate to individuill
storms (only 75 per cent). Interception from a single storm is likely to be less than
that Prom two or more storms producing the s ame total. This is an even greater problem
for studies where readings are taken only at daily interval! or even longer ones. This
is, however, only OIle aspect. Intensity and duration of storms, the intervals between
storms, their time o~ occurr@nce (both the latter inflaencing the evaporation of
intercepted vater), and wind conditions are all likely to influence the amount of
interception. Oae purpose of the present study is to attempt an malysi! of t he i r
influence, together with rateg of evaporation of intercepted vater.

For loager periods the considl!'rable iMpact of the techniques of analysis can
be seen. Durla, two ten-day periods, 1-10 May, 29 August - 7 Sl!'ptember 1969, use
of arithmetic mean throughfall gave interception estimates of 2.3 per cent and 7.6 per
cent. Use of mediaa value~ however, produced interceptions of 12.0 per cent and 21.8
per cent respectively. The fact that interception is not r-eLat ed a I mpLy to gro!;g
rainfall over a period is demonstrated by the folloying figures. l03.6mm fell during
the period 31 Hay - 9 June, of which 15.6 per cent vas intercepted (using median
values). Similar total falls for tyO other ten-day periods had only about a 6 per
cent interception rate. Of 28.lmll'l occurring be t veen 11-20 April, 40.6 per cent was
intercepted, whilst during the 19-28 August, only 11 per cent of 24.6mm ...as intercepted.

An important point is that interception values over. say, ten-day periods
include estimates for heavy falls which have been ShOVl1 to be of doubtful validi t y . In
view of this, values of interception derived from equation' were substituted for
stor~s greater thaa 2Omm. Whilst it is generally inadvisable to extraFola~ beyond
the range of Y&l~es vsed to determine the regression (2Omm in this case), it is
reasonable to aslume that interception is unlikely to shoy & decrease ~yond this
point. Since interception estim.. r e s from equat Lon 5 show only a slight Lnc r-eas e for
storms above 2Om~, these figures will at least represent minimum v_lues. For periods
when heavy storms occurred, use of e5tim~te5 for storms above 20mm raised the percent
age intercepted. Two examples are shown in table 2.

For the six-month period April - September 1969, the percentage intercepted
rmges from only 4.2 per cent if arithmetic mean throughfal1 values are used to
11.9 per cent if median values are used, and 1'.6 per cent if an estimate For storm9
of more than 20mm is used. Use of an estimate from equation 5 for all 9torms rather
than just those OYer 20mm produced a figure of 16.3 per cent.

CONCLUSIONS

The problems of assessment of ~roughfall and interception in the present stUdy
are considerable both in terms of measurement and analysis. The large standard error
of throughfall gauge catch makes interception estimates for heavy storms unreliable.
A further problem in terms of data analysis is the tendency for throughfall distribu
tions to be positively skew. This has oil bearing On the validity of the standard
error, It also result. in the particular mean parameter used having a considerable
effect upon interception estimates. The techniques of analysis adop t e d c ons i de r-ab Ly
influence the results obtained, The unimportance of stemflow means that this element
has little or no impact upon interception estimates.
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These problems are particulArly noticeable in the tropics yher~ large storms
contribute a fairly high proportion of the total rainfall. During the f'irst six .mon t hs
of operation of the present study, 59 per cent, 40 per cent and 21 per cent of the total
rainfAll vas produced by storms of more than 15mm, 25mm and 50mm respectively.
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Table I

Gro!. raia!alI IlI1d intercepti 01] estimates

Gross rainfall (mm) 1.0 2.5 5.0 7.5 10.0 15.0 20.0 30.0 40,0

Intercepti OIl (....)
Equati 0I'l 3 0.6 0.6 0.7 0.8 0.9 1.1 1.3 1.6 2.0
Equation 4 0.7 0.9 1.2 1.5 1.B 2.4 3.0 4.2 5.4
Equation 5 0.8 1.1 1.4 1.6 1.7 1.B 1.9 2.1 2.2

% Intercepti on
Equation 3 60,0 24.0 14.0 10.7 9.0 7.3 6.5 5.3 5.0
Equation 4 70,0 36,0 24.0 20.0 18.0 16.0 15.0 14.0 13.5
Equation 5 BO,O 44.0 28,0 21. 3 17.0 12.0 9.5 7.0 5.5

Table 2

I.teTeeptien e.tiaate. for two ten-day totals

Gro.. rainfall (ma)

%Intercepted:
(aJ mean
(b) median
(c) using esti~ate.

2°729 July 1969 9-lB August 1969

101.6 103.5

0.9 -*
6,3 6.0

15.5 10.0

for s t arms ::::00 '1Onm

*'negative' interception, i.~. throughfal1 ':::-- gross rainfall.
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FIGURE 1
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FIGURE 2

THROUGHFALL (MEDIAN VALUE S)
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INTERCEPTION (USING AVERAGE THROUGHFALL
AND STEMFLOW) AGAINST GROSS RAINFALL
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Figure 3: Interception (using average throughFall and stemFlow) against gross
rainFall.
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THE SIGNIFICANCE OF ISOTOPE TECHNIQUES IN THE DEVELOPMENT
OF GROUNDWATER RESOURCES 1M AFRICA

by T. Dincer t L,O. Asseez

ABSTRACT

The report presents a fev of the fundamentals of the principles and practices
of the application of isotope techniques to hydrology. A fev cage histories of such
applications to groundwater resources in developing African countries are described.
With the present ever-increasing gap betveen the developed and developing countries it
is recommended that the application of isotope techniques to groundwater exploration in
African countries is the surest yay to the procurement of adequate water re90urce~

which is the most important requirement for a rapid aDeio-economic advancement.

RESUME

Le pr~sent rappo~t expose quelques principes et pratiques concernant llappli-
cation de techniques isotopiques ll'hydro1ogie. On y trouvera quelques exemp1es
de 1 I applicati an de ces techniques aux ressources d'e~ux souterraines dans des payg
africains en voie de deve1oppement. Eu eg~d au Poss~ toujours plug grand qui separe
les pays developp~s des pays en voie de deve1oppement, on recommande llapplication des
technique. isotopiques A 1a prospection des eaux souterr~ines d~s leg p~ys africains
comme etant Ie moyen Ie plus sar de se procurer des res sources en eau suf£i6antes.
premi~re condition dlun developpement socio-~conomique rapide.

INTiODUCTION

The rapid economic development as well as drastic political changes in many
developing countries witnessed since the second world war have resulted in unprecedented
need for vater for world population and stimulated spectacular national and inter
national projects for vater resources development. For developed indugtrial countries
the need is as acute as in developing countries. While in the former emphasis i9
placed on industrial uses and pollution control and scientific research , developing
countries have diFFerent priorities Por vater use and control} among vhich ~re:

(a) Water Por domestic usej

(b) Water Por irrigatioDj

(e) Flood controli

(d) Water Por industrial uses ~d hydro-power development.

Hydrology, which vas not even considered as an independent scientific dis
cipline a couple of decades ago and vag taught as a part of engineering hydraulics,
developed into an earth science and is noy inclUded in the curricula of many universi
ties to meet the demand for the development of surface and groundwater resources. Mew
methods have been introduced such as radar measurement of precipitation, infra-red
photography, mathematic and electric analog models and the use of nuclear instruments
and the use of arti£icial and natural isotope tracers for stUdying the occurrence and
the movement of vater on our planet. All these developments were the result of new
discoveries made in phy$ical sciences and precise measurement techniques. The methods



based on the use of nucle~ t e chn i ques are among the more recent and promising ones,
although most of the york: wa!l done in the past decade.

NUCLEAR TECHNIQUES IN HYDROLOGY

These methods can be classified in the following ~ay:

(a) Instrumental techniques using nuclear radiation for the measurement of
90il moisture and density, tae vater content of the snow cover, sediment concentrations
in r-i ve r-e , aqui fer properties (radi o-logging).

(b) Tracer techniques using stable and radio-isotope tracers to study the
velocity, discharge and in general the movement of vater both surface and unde r-qr-cund ,
The s e techniques C~ be .further classified into two major groups} which ar-e :

Artificial radioactive tracers used in the measurement of stream discharge,
hydrodynamic dispersion, bed-material transport and sand movement studies in rivers,
estuaries and,in coastal areas, movement of vater in the unsaturated zone, velocity
and direction of groundwater movement and the determin~tion oE aquifer parameters such
as effective por09ity.

Environmental isotopic tracers which occur in n~ture or are produced by

cosmic rays ~d by therrnoauclear devices. Tritium, a radio-isotope of hydrogen,
radio-carbon, and the stable isotopes deuterium and oxygen-18 are in this important
group, Recent advances in analytical techniques have made it possible to determine
precisely the concentration of these isotopes in surface and groundvaters.

Tritium is mostly used in infiltrAtion and groundwater recharge ~tudies

and in shalloW groundwater bodies Yith relatively short turnover times (of the order of
decades). Tritium pulses add~d to the atmosphere by thermonuclear testing devices have
found a peaceful use by raising the tritium content of the preeipitation by several
orders of magnitude compared to the cosmic ray production of natural tritium, and by
giving to the hydrologist the opportunity of monitoring the!e pulses in groundwater
for several decades to come.

For groundwaters moving very slOWly, carbon-14 can De used to determine tran
sit or residence time of ver ee in aq\1iters. When the piezometric conditions are cnovn ,
the information on the t r-ans i. t time of water between t vc poi n t e in the aqui fer c an
yield valuable data concerning th~ permeability of an aquifer over larg~ areas.
Although rad.io-ciU"bon dating Or var e r- i~ not a~ ~irnpl~ and straightforward as da:ing
solid carbon or carbonate species, owing to the interaction of yater with carbonate
rocks, adjustment techniques have been developed to overcome these difficulties.

Deuterium and oxygen-IS are incorporated in the 'Water molecule like tri r i um ,
Depending on the s e as oa s , distance from oceans and altitude, the stable isotope content
of the precipitation varies and labels water infiltrating to the soil. Evaporation
c au s e s the isotopic enrichment of va t e r in lakes and reservoirs. The study of these
natural variations of s t ab'Ie isotopes is useful to determine the a l t i t ude of recharge
of groundwater bodies, the relations betyeen surface and groundwaters, and the water
balance of evaporAting vater bodies.

Although all nuclear methods require the use of precision instruments and
techniques to be a.pplicable and successful, the use of these modern techniques
offe~tremendou5 advantages over the conventional techniques in the rapid evaluation
And development of vater resources, especially those related to groundvater, The
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detection of measurable tritium in a groundwater body, for eXAmple, is an indisputable
sign of relatively rapid turnover - hence of active recharge - in the aquifer. Such a
measurement can be made by collecting a water s&mple from a well or from il spring and
sending it to tritium Laborat or i e s, which are becoming more and more numerous every ye.ar.
The stable isotope content of groundwater can give valuable information concerning its
relation vith 5urfacewater bodies and the neighbouring aquifers. The vertical tritium
profile in the unsaturated zone is useful for calculating annual infiltration and re
charge, which would. be difficult to estimate vi th conventional techniques.

Depending on the case s t ud i e d , the compj e xi ty of the problem and the bypo t he s e s
to be tested, environmental isotope investigations can be simple or extensive. The
isotopic composition of a single groundwater sample CAn sometimes give a definite
ans ver-, A well-planned areal and time sampling programme would be necessary to cover
more complicated. si t u at i ons ,

EXAMPLES OP ISOTOPE APPLICATIONS IN APRICA

In recent ye~r~ a number 0= environmental and artificial isotope applications
have been made in Africa within the framework of the United Nations Deve Lopmen t Pro
gramme Special FUnd Projects and of the bilateral agreements betveen European universi
ties and African countries. Many of these projects are still in operation and can be
cons i dered as pri oneering work in the fi e Ld of i sot ope appli cat ions in hydrology.
Re s u Lts of such isotope investigations h ave already provided large amounts of hydrolo
gical information. a few of which are cited hereunder:

(a) Investiga.tions of 9roundviolter resources in northern.§~ [Env i r-onmen t a l
isotope investigations by the International Atomic Energy Agency, pr-o j e c t executed
by UNESCO within t he Er-a-ve v ork of UNDr)~ The purpose of t h i s project 15 to i r.ve s t i c a t e
t he huge qr-oundwat er- bod} underlying northern Sahara in the Nubian Sandstone
(Continental Ln t er-ca'l e.i r e and Continental Terminal). The early stable isotope data
s h ov a vi de range of v ar r at i on s which can be very useful in understanding the r e Lar i on
between different aquifers and their respective recharge conditions.

The c ar bon-e Lc n e as ur-em e n t s n ade by the University of Bonn, Federal Re j.u bj i c
of Ger r-any , in a bi Lat e r c I aqr-e emen t ....ith t be State Hydraulic Services of Tun i s i e have
a l s c given extremely i n t cr-e s t i nq results, and have <;;"'01JO t c a t the wat e r . even in -Le
deepest aqu i f e r s , con r at r.. meas ur-a bl e amounts of c ar-bon-j a • Ses-e sr:al10w aqu i Fer s ever]
contain recent vat er- whi:h has infiltrated into them during the Las t decades. "oe s e
results ar~ encouraging :or the development of groundwater resources in the nortr~r~

Sahara, especially in r f.e r e q i on of Gabes, ......here most of t r.e samples were c o l Le c t e d ,
The e nv i r onmen t aI isotope studies undertaken by IAEA covering the northern Saja r a as
a ....hole :;"rr. still in progress and ""ill undoubtedly answer many problems related t c
t he recharge, movement arid i n t er-r-e Le t i on of groundwater in the northern Sahara.

(b; Water resources of the Hodna Basin, Algeria (l'NDP Special FUnd Pr o j e c t

executed by FAG, environ~ental isotope studies by IAEA): The groundwater investigations
made vi thin the frame ..... or), of this study include a thorough isotopic survey of r c e
s h a Ll ov ar.d deep ground.~ter in the Hodn a Basin, and the Li n e s t one aquifers i n r he

eastern parts of tte bas~n. Problems such as tte areas of recharge of these aqui:ers,
rates of recharge, pos s i ble i n t e r-r-e La t i on between the deep and shallow aqu i fers ar e
to be solved .. The star-Ito t s ot ope content of the qr-oun dvar e r, t oqe r he r- ....ith its tritium
and carbon-14 content, provides a unique tool for the solution of these p r ob Lens . Pi r s t

results Lave been very satisfactory and helpful for the understanding of the groL..nJ.
va-e r r ec h ar qe and moven....nt, and t t.e i r interrelation.
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(c) The Yater sapply project of Dakar. SeneRal (UNDP Special Fund Project
executed by WHO, ezviroament.l isotope investig.tioDs by IAEA): The project includes
the stu4Y of groundwater resources in the peninsula of Cap-Vert. Considerable York has
been done using cODveational methods by the BRGH (Bureaux de .ecberches GeolQ9iques et
Hinieres) of Senegal (1). The WHO project supersedes this york and inclUdes a major
component of en~ronment.l isotope studies. The most important aquifers in the region
are: the SUb-basaltic sandy aqUifer; the sandy aquifers of the dune region north of
Dal::arj the deep ad shallov Maestrichtian aquifers; the limestone aquifers bordering
the outcrops of the Maestrichtian formation.

Early results of tritium and stable isotopes content of groundwater in th~se

aquif«!rs have givel'l. most valuable indications on their rate of recharge and the inter
relations between different aquifers. The isotopic ~tudy is still in progress. Final
reSUlts of this stUdy will show vheth~r the hydror«!ological hypotheses based on con
ventional techniqu«!s are valid or not,

Du«! to the i.portance of the de«!p Maestrichtian aquifer which underlies the
whole country, lAEA also initiated an extensive environmental isotope stUdy of this
aquifer. The study i. conducted by the BRGM of Senegal and financially assisted by
IAEA vithin the framework of a research contract.

(d) Study 01 the Chad Basin (First UNDP project executed by UNESCO, isotope
.easurements by the University of Groningen and IAEA; second UNDP project executed by
FAO, f s ot cpe stud.ies by IAEA): The hydrological s t udy undertaken by UNESCO was of a

reconnaissance type i.volving collection and synthesis of available hydrologic data (2).
The ba5ic vorl: on the hydrology of Chad Basin hat been done by ORSTOM (OrgAniSAtion de
Recherches Scienti£i~ue. et Techniques d'Outre-Mer) (3, 4).

These studies include the isotopic survey of Lake Chad and the bordering
regions done byORS'1"OM in co-operation with the University of Paris (5, 6). The environ
mental isotope survey of the Chad Basin by UNESCO, which also introduced the infra-red
techniqu.e to the project, is remArkable by its size aud variety oR the isotopic analyses
(deuterium, oxygen-Ie. tritium lUld carbon-I4 and carbon-13). (2). Figure 1). However,
the effort spent on the interpretation has not been proportionAl to the impressive
amount of isotope data collected.

One of the main problems in the Chad basin is the explanation or the varer and
salt balance of Lake Chad, Which has no surface cue st cv. It t s surprising t ner-e roee
that Lake Chad,being situated at the middle of a large closed basin and seemingly its
ultimate outlet, is nor saline. Studies made by ORSTOM (3) attempted to explain this
fact by the aee pege o£ lake waters to th~ bordering perm~able formations, without
saying, however, vhat happened next; t , e' J t hed r- u 1tilllate out let. Such a hydrologi cal
problem can best be studied by the stable isotopes of hydrog~n and oxygen, as most lue
vater is enriched with respect to these isotopes. The oxygen-18 content of Lake Chad
is in fact enriched considerably and is isotopically hea.vier than the precipi tati on and
groundwater in the Chad Basin. The hypothesis of seepage thereFore can easily be veri
fied by collectiag groundwater samples from the suspected regions of seepage and compare
their isotopic composition to that of the lake. In fact, oxygen-IS Qat. collected by
UNESCO (2) indicate that lake waters can be present along the Bahr-el-Gazal and in the
Bodele depressiaa where the vater tables are lover than the surface of the lake. The
isotope data so tar obtained favour the hypothesis of seepage from the lake and Bodele
depression being the ultimate of outlet of lake and groundvaters in the Chad Basin.
This point is al.o confirmed by infra-red photograph~ which indicates that Bodele
depression il a large transpiration and evaporation a.rea, although the precipitation
over the Bodele depression is almost negli,ible.
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The problems related to the rate of recharge and movement of groundvaters in
the Chad Basin kaye allo been solved with the use ot tritium and carboJ1-14. In many
veIls) tapping the sllalloy aquifers, measurable quantities of tritium have been Found. In
some veIls the tri tiull ud carbon-14 content of the vater indicates the presence of
vater recharged since 1952, when the thermonuclear testing stArted.

The deep grollncJ.vater body vest of the lake does not contain measurable
quaatities of carbOD-14, indicating that this aquiler vas recharged at least 40,000
years ago.

The en?iraa-ental isotope study which i. at present being conducted by TAEA ha.
the purpose of complementing the data collected by UNESCO, correct the inconsistencies
found between tritium and CArDOD-14 data in some wells and to iftterpret thoroughly all
isotope data COllected.

(e) StUdy of the groundwater in Zinder Area in Miger (Isotope investigations
by IAEA vi thin the framework of a UIIDP project executed by FAO): This area, which is
sitUAted on the vest of the Chad B.si~has been investigated using st.ble isotopes.
Tri tium and carbon-14 have been useful i:a understeding the recharge conditions, as
measurable triti~ has been found in many locations. Stable isotopes have given the
opportunity ot di.tferentiating Slever.l aquifers) as there ~e marked. stabie isotope
variations in the area studied.

(f) Water baliUlce of Liike Chala and its relation to groundwater: In one of
the most spectacular and interesting applications of artificial tritium and natural
stable isotope conteDt of the waters, the diFficult problem of the ~ater balance of A
loke, situated on the slopes 01'6Ii~imanjarolhas been nicely SOlv!!d (7). The j ek e ,
with a volume of abou.t 300 x 10 m And a surface area of 4.2 km , has no sur-Pace
inflow and outflow. In February 1964, 1900 Ci-of tritium '4I'ere used to label the enIhre
l~e,raising its tritium concentration to 1600 tritium units (a tritium unit is 10
times the isotope ratio ~). Regular sampling of the lake later shoved AD exponential
decrease of tritium in tne lake due to the molecular exchange of the lake vaters with
the atmospheric acd a rur-e , the radioactive decay oP tritium and the dilution of Lake
vaters with groua4vater inflow (figure 2). It has been estimated

6(reference
7) that

the annual groundwater inflo~ to the lake amounts to about 8 x 10 m3, Such informa
ti on is almos t i.possi ble to obtain wi. th conventi mal hydrol ogi c methods. Considering
the relatively hum14 conditions prevailing in the region, the author (7) believe! that
the stAble isotope conteat o£ the lake .._tel'S lndic_tes that its vater balance is close
to that of a saline lake with an evaporatian-inflov ratio of about unity, which again
~hows that the groundwater inflov to the lake should be of the same order of magnitude
al the evaporatiOD from the lake.

The interrelation of some springs which vere believed to be fed by lake
Chala has also been solved using the stable isotope content of lake and spring vaters
(figure 3). It i. evi4ent that the springs have an isotopic composition similar to
precipitation ud there is DO significant contribution of lake vat e r s , which are iso
topically enriched.

(9) Single-veIl technique £or·tracinq groundWAter movement. Razzaa (1970)
described a radiographic met~~ of measuring the velocity and direction of groundwater
movement through the use of p injected at a desired level in a veIl (8). The in
jected isotope il carried vith the normal flow of vater and is detected by means of a
pair of screens. Radio.raphs of the screens indicate the direction of movement which is
indicated by the darker are~and the velocity is determined by displacement method or
through the use of calibration curves. Although there are areas for improvement in the
teChnique, it il applicable ia the location of groundwater in the crystalline rocks using
hand-dug wells.
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The Lmpor-t ance of vat er- in the s ocf.o-ee c cnomd c development of a nation cannot
be over-emphasized. The location and as ses emen e of potential qr-oundwat e r supplies car:
be made only 'When dependable data, often cove r i n q a considerable pe r i od , are avai "lab'l e ,
Data aquisition is expensive, tedious and time-consuming. Many developed countries it:

Europe and America hav~ accumula~ed such data over extended periods sometimes exceejing
1:....0 centuries, through the c o-oper e t Lon of diversified d i sc Lp Li n e s such as hydrology,
engineering, physic9, geology and chemigtry.

The gap be t veen t he developed and developing coun t r-Le s continues to wi d en j and
.-;0 it is not realistic to expect developing African c oun t r i e s to 9(\ t hr-ou jb all phase:

of exploratory programmes to produce adequate groundvater resource~ for their need~.

SUch a programme is bound to be hind@rpd by ~~ve~al Factors:

(i) Conventional techniques of groundwater exploration and as s e s srnen t (geologica} J

hydrological, hydrochemical and others) demand the availability of highly
competent technical personnel ....hi cb , though pr-es en t in some cases, are not
uniformly distributed.

(d i ) The pcjLr t caj division of Africa into a conglomeration of countries is a

seriou.s handicap for the dissemination of scientific and technical .in Por-rn at i on,
eapecially when a language barrier exists be t veen these countries.

Africa is a continent of climatic and vegetational extremes.
field studies are hindered by thick vegetati on, Lneccesat bje
Sahara) as well as highly restricting cliMatic conditions.

Conventi on a I
terra.in (e.g.

The total cost is only a fraction of that using conventional techniques.

With the above factors, it is obvious that any extensive programme of hydro
geological exploration is bound to be attended by lucceSB which c~not be commensurate
with the expe.diture committed to it.

It is therefore obvious that Africa cannot follow the path of Europe and
America 1ft discovering and utilizing her huge groundwater resources. It is necessary
to start rather hi,h on the ladder. The use of radio-isotopes satisfies this require
ment. Althoagh. big disadvantage is the cost per unit sample analysed, very reliable
inference on the groandwater potential of a large area can be based on a fev well
selected ...ple.. Such studies have several advantages:

(1) The information is very easily di.se~inated through the International Atomic
ber,y Agencyj

(ii) Results are obtained much fasterl aad

(iii )
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SOME ASPECTS OF PRECIPITATION OCCURRING IN GHANA

by J,B, Dantva and A,N. De-Heer Amis.ah

ABSTRACT

The surFace circulation over Ghana is briefly deseri,bed, together wi th the
associated weather ZOBel. These weather zones are greatly influenced by the surface
position of the Inter-Tropical Boundary (ITS) which migrate. north and south over
Ghana,drawing along with it these .ssociated weather zones. This is clearly shown
by the distribRtioe of the average moethly rainfall totals and the annual march of
rainfall throu,hout the year.

The type, regime and distribution of ratal.ll are described and a150 the trend,
and finally the probabilities of various stations receiving annual rainfall amounts oP
certain stated magnitudes are indicated.

RESUME

La pr~lente communication decrit brl~vement 1& circulation qui r~gne en
.urface au-de.sus du Ghana ainsi que leI diverse! %Onel de temps qui en r~su1tent.

Ces zones de temps sent fortement int1uenc~e. par 1a position en surface de 1a
Limite Inter-Tropicale(LIX~ qui se d~place alternativement vers le nord et vers
Ie sud au-de••ul du Ghana en les entr&tnant avec elle. Cela apparait tres nettement
lorsquton examine la r~p.rtition de 1a hauteur moyenne des pr~cipitations tomb~e!

au cours de chaque mois et la courbe annuelle des pr~cipitations.

La communication contient un expos~ sur Ie type, Ie r~gime et 1& distribution
des pr~cipitatiomainsi que sur les tendances relev~e. et indique quelle est, pour
di verses stations. la probabili t~ de voir la haUteur annuelle des pr~cipitat! ons
&tteindre certaines valeurl d~termin~es.

*

* *
GENERAL

Ghana lies between latitudes 50N and lOON and the climate is tropical.
Ghana &1so experiences some monsoon eftect, especially along the coast. This
effect is due to the uneven distribution 01 land and vater maslei in West Africa.
Neglecting diurnal variations of lea and air temperatures, the land surface il warmer
than the sea suriace throughout the year, Consequently, in the mean, the doldrums

o 0
never move south ot the Equator but oscillate between the coast and about 15 N - 20 H.
The doldrums reach the southernmost position in January and the northernmost position
in July/August.

The prevailing surface winds south of the Equator are the S.E. trades. As the
winds crOBS the Equator, they veer, becaning south-westerlies along the Guinea Coast. To
the north (about lOON), the prevailing surface winds are the N.E. trades.
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The zone of convergence of the north-easterlies and the south-vester lies forms
• quasi-frontal boundary called the Inter-Tropical Boundary (ITE). Unlile a true frontal
boundary, such as that encountered in temperate climates, rainfall is not associated with
the Irontal zone. However, further south of this quasi boundary (about 200 miles) there
is a region, about four hundred miles in width, where \iell-organi zed storms (line s qu aj t s )
oriented in a north-south direction move from east to west, ~alker (1957) hag given a
description of the various ~eather zones which are associated ~th the Inter-Tropical
Boundary (ITB).

North of t he tiline-squall zone ", i.e. within the first 200 miles south of the
Inter-Tropical Boundary, is a regi on of intense convective acti vi 't y , In thi 9. regi on,
late-afternoon or evening thunderstorms, especiAlly over hilly areas, are very frequent.
the storms are very Lcc a'Li ze d and the duration of rainfall t s short.

During the night, the ,ea is WArmer than the land surface; convective activity
is therefore more intense over the sea than over the land. When the varm air from the
ocean reaches the cooler land gur£ace, it condenses and may produce light rain, especially
over the coastal belt. This rainf~ll, which is triggered by oceAnic influence, normally
starts lAte at night or in the early hourg of the day. The rainfall is light to moderate
and may continue for several hours.

Thus it may be summarized that three types of rainfall occur in Ghana. These
are:

1. Heavy thundery shovers during late afternoon and evening, caused by con
vective activity over landj

2. Heavy rainfall characteri2ed by squally wind9, and associated with dis
turbance lines; and

3. Light to moderate continuous rainfall which occurs lAte at night and in
the morning.

PRECIPITATION PATTERN - GEN~RAL (Figure. 1( .. ), (b) and (e))

The Inter-Tropical Boundary oscillates between the coast and lati tude 20oN. As
it moves up and down, it draws wi th itt he as 9oc i at ed weather zones. Thus in J anu ar-y or
February, for instance, the region o£ lOCAlized thundery activity (Zone B) and the dis
turbance-line region (Zone c) are south of the Guinea coast, and the whole of Ghana lies
in the cool, dry north-easterly t r ades (Zone A) (W.lker, 1957). In JU.ly/August, on the:
oth~r hand, the north-east trades retreat north of latitude 20 0N; most of northern
Ghana lIould lie in Zone C, and southern Ghana in Zone :>.

The movement of the Inter-Tropical Boundary therefore controls to a measurable
extent the di.tribution of rainFall, both in time and in ~pace, over West AFrica. In
general, stations north of about latitude 90N show one annu~l maximum which occurs Around
September/October. Betw~~n the 9th and the 6th parallel~, two annual maxima are observed.
South of about 6 0N the annual maxima are more pronounced, being separated by a relatively
drier period. North of l.titude 60N but south of 90N the drier period which separ.tes
the two maxima is not so pronounced. In both cases, the principal maxi mum occurs in June
and the minor in October.
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Monthly ilohyetal pattern

The isohyetAl maps for these three months are identical except in rainfall
amounts. Maximum rainfall amounts are observed in the south-western corner of Ghana,
centred around Axim and Half Assini, whilst the lowest amounts occur in the extreme
north. During this period the Inter-Tropical Boundary is around the Guinea coast, and
in general rainfall amounts are very small allover Ghana. This is sO because of the
dry ftorth-easterly trades reaching up to the coaat. In the northern and ~pper regions
monthly rainfall totals are less than 0.5 inches per month; the south-western corner
of Ghana receives between two and lour inches of rain per month.

In general, a north-south cross-section shows .. trend of increasing rainfall
amounts Prom north to south, as far AS the A1:wapim Range, and then d@cr@Asing clown to
the coast.

During this period, the Inter-TropicAl Boundary moves northwards, drawing up
wi th it the Lacbyet a , By now, almost all regi ens in Ghana get more than 1.0 inch of rain
A month.

South-western Ghana still remains the wettest part and the areal distribution
once more shows an increase from north to south up to the Akwapim Range, followed by a
decrease doYB to the coast.

June i, the wettest
between 150N and ISDN. The
Brong Ahafo and the northern
coastal belt lies in Zone D.
is greater than Four inches.

month in Ghana. By nov, the Inter-Tropical Boundary t i ee
upper region lies in Zone Bi the northern region. Agha.nti,
parts of the coastal regions lie in Zone Cj whilst the

The minimum monthly precipitation for all stations in Ghana
and the average monthly rainFall at Axim is some 23 inch@s.

In August, the Inter-Tropical Boundary reaches its northern most parallel and
the upper and northern regions lie in Zone C. During the s~e month, there is a com
plete revers~l of the isohyetAl pattern. The north has now become the wettest region
and the ilohyets decrease from north to south, unlike the month, already described.

One interesting feature worth noting on the July map is the tongue-lil::e shape
o£ the five-inch and six-inCh isohyetJ which follow a southerly course, cutting through
the Volta region to about 6Y2 oN. It is not elear vheth~r, during July, certain atmos
pheric or surface candi tions combine to steer the s t orns along the trajectory indicated
by the five- and six-inch isohyets. Perhaps the reason is that July is a transitional
period during which reve~sal of the isohyetal pattern occurJ.

The isohyetal pattern 5till shows decreasing rainfall amounts from north to
south. However, during this period. a secondary maximum Forms arouncl the Volta region.
As the Inter-Tropical Boundary moves !outhward, the upper region is freed of Zone C. which
would at this time be around the northern region and Volta region.



The above months show an appreciAble reduction in rainfall amounts after
September, especially in the northern region•• The Inter-Tropical Boundary during this
period lies around latitude lOON, and the general trend is to increasing rainfall amounts
from north to south up to the Akwapim Range and then decreasing again down to the coast.

Annual isohyetal pattern

In general, 90uthern Ghana, apart from a narrow coastal belt to the east, re
ceives more rain in a year than northern Ghana. The wettest part is the south-western
corner, vest of about 20W longitude. East of this meridian, rainfall amounts decrease
very rapidly along the coast.

Various reasons have been given for the decrease in rainfall amounts from
o

west to east. Perhaps the most cogent reason is that east of longitude 2 W, the coast-
line is orientated in such a way that the prevailing moisture-laden winds (south
westerly trades) blow parallel to the shore-line. Consequently, the full influence
o.f the onshore winds is not felt inland. On the other hand, west of longitude 20W, the
same prevailing winds blow perpendicularly across the coast-line.

It has also been suggested that the counter-equatorial current along the Guinea
coast causes An upwelling of cooler water. As a r-esu L't there is a reductirn of water
surface temperature along the Guinea coast. This r~duction in water temperature reduces
the moisture uptake of the prevailing winds.

Rainfall amounts increase northwards from the coast up to the mountainous
regions in Ashanti, from where the amounts decrease from south to north.

North of latitude SON rainfall is fairly evenly distributed. The pattern ShCW9
a tendency to larger rainfall amounts in the east than in the vest. Otherwise the whole
region get, an annual rainfall amount 01 between 55 inches and 40 inches.

ANNUAL MARCH OF PRECIPITATION TREND

Figures II (a), (b). (c), (d), (eJ and (£) are shown as representative rainfall
stations for Ghana. Lavra and Navrongo are both north of latitude lOON. The tvo
stations shov one annual rainfall maximum in August and are typical of all stations
north of latitude lOON.

Iintampo and Woravora show two annual maxima in June and September/October.
The maxima are separated by a dry periOd which is not very pronounced. At Ho, which is
.further south, the two maxima and the drier spell are more pronounced.

The above monthly rainfall distribution pattern is controlled by the movement
of the Inter-Tropical Boundary. There is yet another type where the June peak is
higher than the September peak.

In general, therefore, the rainfall r~gime in Ghana can be divided into three
broad groups, namely the southern portion of the country, where there are two distinct
peaks; the transitional zone in the middle of the country, where the two peak!
gradually merge into onej and the upper part of the country, where there is only one
peak. All these follow the apparent movement of the sun, which crosses the southern
half of Ghana t vt ce during the year; once on its journey northwards and the other time
on its journey southwards.
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A more detailed rainfall analysis in Ghana reveals that there are six different
rainfall r~gime9,.

PRECIPITATION TREND

Figure. III (al, (bl and (cl .how hi.togram. of annual precipitation amount.
for a fev selected stations in Ghana: Tamale, tumasi, Accra. The horizontal line is
the mean annual precipitation for the total observation period. Superimposed on the
average line is the "5-year running average" which shows the trend in precipitation
.from year to year. The "running averagel! vas obtained as follows: T.he mean of the
first five annual precipitation amounts vas calculated, and the mean pLo t t e d on the
third year. To get the next point on the diagram, the first ye ar t s data were dropped and
the mean from the second year to the sixth year was calculated and plotted on the fourth
year. The next step vas to take the third to the seventh year, and 90 an.

The "running averages" reveal one striking Feature, namely that all the coeat aj
stations (Takoradi, Saltpond, Ada, Accra) show a trend in increasing annual precipitation
amounts. No statistical analysis has been made yet but it appears at a glance that the
"running averages ll curve is superimposed on an e xponent i aj curve. On the other hand,
at the northern stations (Yendi, Tamale, Kumas!, Wenchi) the running average seems to be
super-i mpoaed on the mean annual line. This indicates that, at the northern stations,
there is no evidence that the stations are getting wetter or drier.

FREQUENCY CURVES

The annual precipitation amounts for the total period of observation and for
selected stations were tabulated in order of decreasing magnitudes and plotted in the
form of a histogram (see Figure. IV(al. {b) and (ell, The total period of obs e r-va t Lon
vas taken as 100 per cent, and a graph of percentage of occurrence vas plotted again!t
annual total precipitation in inches, The graph therefore gives the percentage of total
number of years for which precipi tati on vas equal to or greater than the amount indicated,
The graph also !hows the maximum and minimum annual rainfall &Mounts and the median for
the period oP observation.

SUMMARY

An attempt has been mAde to expl~1n the types, distribution trend and r~gime·

of rainfall commonly affecting Ghana, These are closely related to the wind circulations
and their movements over West Africa,

The annual march of monthly rainfall totals is portrayed in m.ap form and finally
frequency curves for certain representilti ve stati ODS in Ghana ere drawn, From these curves,
the probabilities of occurrence of annual rainfall totals of various magnitUdes and the
extreme values can be obtained.
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MEAN JANUARY RAINFALL (1931-1960)
VALUES IN INCHES
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MEAN JUNE RAINFALL (1931-1960)

VALUES TIl TIlCHES
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MEAN ANNUAL RAiNfALL (1931-1960)
VALUES IN INCHES
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REPRESENTATIVE RAINFALL STATIONS FOR GHANA SHOWOJG THE ANNUAL MARCH RAINFALL
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ANNUAL TOTAL PRECIPITATION PLOTTED IN BAR DIAGRAM
WITH "SYR RUNNING AVERAGE" SUPERIMPOSED

(RUNNING AVERAGES PLOTTED AT THE MID-POINT OF PERIOD)
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ANNUAL TOTAL PRECIPITATION PLOTTED IN BAR DIAGRAM
WITH "5YR RUNNNG AVERAGE" SUPERIMPOSED

(RUNNING AVERAGES PLOTTED AT THE MID-POINT OF PERIOD)
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ANNUAL TOTAL PRECIPITATION PLOTTED IN BAR DIAGRAM
WITH 'SYR. RUNNtlG AVERAGE' SUPERIMPOSED

(RUNNING AVERAGES PLOTTED AT THE MIO-POINT OF PERIOD)
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ANNUAL TOTAL PRECIPITATION WITH YEARS ARRANGED IN DECREASING
ORDER OF PRECIPITATION AMOUNTS
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ANNUAL TOTAL PRECIPITATION WITH YEARS ARRANGED IN DECREASING
ORDER OF PRECPITATION AMOUNTS
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ANNUAL TOTAL PRECIPITATION WITH YEARS ARRANGED IN DECREASING
ORDER OF PRECIPITATION AMOUNTS
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RAINFALL SYNTHESIS OVER LA~E VICTORIA FOR PREDICTION
OF LilE LEVELS

by HfL, de ea\llny and David Baker

ABSTRACT

Prediction of lake level! calls first for an accurate knowledge of the yater
Dalance ele~eDts. This paper de.cri~~ th~ method used Por acquiring monthly rainfall
dat. on Lake Victoria, and its statistical parameters, for the period 1925-1969.

OutFloY and lake levels are measured regalarly, surFace vater infloW e9timated
globally, and evaporation calculated by difference. A mean monthly balance of Lake
Victoria is presented, and multilinear correlation9 derived to predict lale levels month
by month. It will be shown that good agreement betveen the predicted and actaal change
in !torage was obtained, thereby validating the method of approach. Tt i~ intended to
undertake. time series analysis of the monthly rainfall data, and hence generate a
long pseudotime series of lake levels so a9 to investigate the occurrence of extreme
levels and their reduction.

RESUME

La pr~vi.ion des niveaux des lacs n~ce99iteJavant tout, une c onnai s s ance
precile des facteurs du bi1an hydraulique. Cette communication d~crit la m~thode

employ~e pour acqu~rir les donn~es relatives aux pr~cipitations mensuelles et leurs
param~tres statistiques pour 1a p~riode 1925-1969.

Les niveaux du lac, et les d~bit9 qui s'en ~coulent sont megur~s reguli~rernent,

les apports des eaux superficielles sont ~gtim~s globalement et l'~vaporatior. calculee
par difference. Un bilan hydraulique moyen mensuel est presente, et des correllations
multilineaires en ont ~t~ tir~es afin de pr~voir les niveaux du lac Victoria a l'~chelle

du mois. II sera montr~ que llaccord entre les variations de niveaux pr~vues et
me!ur~es est tr~s satis/aisant, justifiant par II m~me 1. m~thode employ~e. Une Analyse
g~rielle des pr~cipitations mensuelles est projet~e en vue d1engendrer une longue pseudo
serie de niveaux du lac, aRin d'~tudier l'incidence de niveaux extr~mes et de leur
chute.

1. In 1961 a spect~cular increase in the levels of the principal East ~frican lak~s

occurred and, contrary to all expectations, high levels veee sustained all through the
deca~ei even nov in the case of the largest, Lake Victoria, the level remains at more
than 0.50 metres above the highest recorded peals prior to 1961. Although this has had
relatively minor economic consequences -partial disruption of transport facilities
through submersion o£ roads and f@rry Wharfs, and limited flooding of agriCUltural land
considerable concern was shown by the riperian countries. An investigation has there
fore been undertaken into the causes that led to the pr.gent conditions, succeeding an
earlier 9t~dy by ~r. H.T. Morth (1) which provided a sati9factory model of the lake
behaviour.

2.
origin
Rwanda

Lake Victoria is a
(2). Its catchment.
and Burundi .

de pr-es s I (11 of geologi ca L'ly recent
areas in Uganda, Ienya, Tan zani a,
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Through recent works (3) and (4), hydrometeorological parameters are fairly well
known over the land part o.f the c at chmen t , hovever, Over the Lak e conflicting estimates
have been published. These have been revised in the light of the present hydrometearo
logical network (5).

3. The water balance of Lake Victoria can be written as:

INPUT = OUTPUr!CHANGE IN STORAGE

where INPUT is essentially rainfall and inflow Prom streams
OUTPUT is evaporation and outflow into the Nile at its outlet at Jinja.

The ground water component of the water balance cannot at present be estimated;
it is in all likelihood negligible and balances from year to year.

Lake levels and lake discharge have been analysed from 1900 to 1969 and rain
fall records only between 1925 and 1969, as prior to 1925 very few stations were
available. The mean monthly water balance has been investigated for the period 1925 to
1959 so as to exclude the exceptional 1960 to 1969 decade.

4. Lake levels are regularly measured at a number of stations around the lake. The
Jinja gauge yas chosen For reFerence, although records are only available since 1913
and. prior records must be determined from the Entebbe gauge (Jinja =" En t eb be + 0.53
~ 0.01 metres), because it con troIs the Lake Vi ctori a out let.

For the period 1925-1959 the monthly mean change in storage is given below
expressed in rom Followed by the cumulated change in storage so as to show geographically
the actual movement of the t axe •

, p • A • ~ J A II 0 If D

-19.9 - 2.7 +51.8 139.3 Itl07.1 - 60.1 - 90.3 -62.7 -50.3 -36.7 + 5.7 +29.9

-19.9 """2.6 +29.1 +168.4 1+27505 +215.4 +125.1 +62.4 -12.1 -'!4.6 -18.9 +11.0

5. Prior to construction of' the O....en Falls dam at Jinja, ou t P'Iov of the lake was
controlled by the Ripon Falls and an agreed relati onship of' Lake level and out flo .... was
determined. Releases at t he dam have consistently corresponded to "natural" Flov
according to daily readings of lake level.

Nile r j ovs have been anillYSe~ sinc9 1900 and reproduced below are the means fot'
the period 1925-1959, expressed in m x 10 •

J , • A • J J A S 0 If 11

1.69 1.53 1.71 1.76 2.00 1.95 1.~ 1.82 1.70 1.70 1.63 1.71

The mean ye~r~y flow of 21 x 10
9m3 very nearly doubled be t veen 1960 and 1969

to a mean of 40 x 10 m •

6. Stream flo... into Lake Victoria is very d i f'Fd cu Lt to estimate accurately, stream
flow records being for the most part few and of short duration.
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Forty per cent of the inflow is attributable to the lagera River where records
are available since 1940; ~O per cent to smaller streams vith short records, and 10
per cent to ungauged catchments. The contribution from the Ienyan Highland catchments i.
particularly important.

m3 09Mean monthly inflow volumes have been determined and are given below in xl.

J • • .I. • J J .I. • 0 • D '1'OBL

1.65 1.45 1.76 1.42 1.51 1.5' 0.T6 0.61 o.n ~.03 1.48 1.S3 17.90

7. This investigation is not limited to a lake water balance study out aims to
achieve a relationship between the factors of the water balance an change in lake
storage, and ultimately to generate a long pseudotime series of lake levels from rain
Iall data. For this the mean monthly (or yearly) precipitation is only part 01 the
information needed. Actual monthly and yearly rainfall value. must a190 be made avail
able as veIl as their statistical parameters. It is then necessary to design a spatial
distribution of rainfall over the lake, and by some method derive monthly values over
as long a period of time as possible.

As rainfall stations exist only an the shores (Figure 1) and on some of the
larger islands, estimates of mean precipitation have been achieved in the past by ex
tending land isohyets and draving a steady gradient between the eastern ~d western
shores.

The model is unsatisfactory as there is no reason why there should be an evenly
distributed East-West g~adient. Apart from general climatic conditions being nearly the
same over the 67,000 km of open vater, which can be expected to give a constant rain
fall Mbacl::ground", rain is caused essentially by turbulence, e i ther orographic or con
vectional; the latter induced by the differential heating and cooling of land and
vater masses. The model adopted is such that over 75 per cent to 80 per cent of the
lalce the rainfall is constant, sharp gradients occurring ia the immediate vicinity of the
shorea and islands (Figure 2).

The isohyets at 200 and 25 mm intervals for mean yearly and monthly rainfalls
respectively were ~•••d on the data from 17 met~orological stations which are closest
to the lake and where r~cords exceed 20 years. Most of them are sited along the Northern
and 'fiestern shores. The ar-eas between the isohyets and the lake shorebave been pl&ni
metered and mean yearly and monthly rainfall computed. The means expressed in mm ilre
given below.

TOTAL J J' M A M J J A S ° 1'1 D

1650 130 135 190 250 205 85 65 65 85 110 165 170

The reconstitution of rainfall records from 1925 to 1969 over the lake could
have been carried out in a number of ways.

(il) The isohyets could have been drawn month by month and pLendne t er-ed , Although
this certainly is the best method it had to be rejected, firstly beciluse this would
have inVOlved a very long exercise of the drawing and planimetering of 540 rainfall
map5, and secondly beciluse only eight stations were available for &Dillysig in 1925.



(b) Thiessen's polygon method was investigated; however, considering the position
of the eight stations, far too much weight would have been given to some stations which
are not really representative of the mean raintall. A striking example is that of

[alangala.

Moreove~ the relative weight of each station's rainfall to the total rainfall
varies within the year from season to season, For instance, the ratios of the mean
January rainfall at Entebbe (70 mm) and at Mvann (98 mm) to the actual mean lake rain
fall are 0.55 and 0.75 respectively: . for July, Entebbe (75 mm) and Hvann (12 mm), the
ratios become 1.15 and 0.18. A need for a more flexible method t-s therefore evLdent ,

Of the 17 rainfall stations used. for drawing the isohyets, only 8 were sub
sequently selected on the basis of their length of record and proximity to the lake.

(JINJ A
Uganda: (ENTEBBE

(ULANGALA
Ienya: rr susu Tanzani a:

(MUSOHA
(M1lIANZA
(IAGONDO
(SUIOSA

By referring to the mean monthly rainfall maps, each station has been allocated
a coefficient between z.ero and uni t y , varying wi thin the year from month to month 90

that:

_ if summed for a partiCUlar month for each station the result is unityi

_ in the same way as for Thiessen's method by multiplying the rainfall at each
station by this coefficient and summing the values for any month the result
is equal (or very close) to the mean monthly rainfall over the lake as
determined from the isohyetal maps.

The coefficients used are:

I

J F M A M J J A S 0 II D

JIIUA .00 .00 .05 .10 .15 .20 .20 .15 .25 .20 .10 .05

EIITEBBE .05 .05 .30 .30 .25 .20 .35 .RO .15 .15 .10 .05

KALANOALA .20 -30 .10 .05 .05 .05 .05 .05 .10 .15 .20 .25

SUKOEA .45 .25 .10 .05 .05 .30 .15 .20 .10 .15 .20 .25

KAGONDO .25 .25 .25 .20 .25 .05 .05 .15 .25 .25 .30 .25

MIIANZA .05 .05 .10 .10 .05 .00 .00 .05 .05 .05 .10 .15

MlTSOMA .00 .05 .05 .10 .05 .00 .05 .05 .00 ,00 .00 .00

KISUMU .00 .05 .05 .10 .15 .20 .20 .15 .10 .05 .00 .00

After interpolating the missing data, monthly rainfall at each station and the co
efficients were treated by computer to give a synthetized record of rainfall over the
lake, and its mean and standard deviation, for the period 1925 to 1969. Although the
actual rainfall pattern vi 11 not always conform to the mean pattern, the means thus ob
tained agree very well with those obtained from the rainfall map9.

J F M A M J J A S 0 II D TO'I'AL

132 128 184 248 213 87 68 70 82 100 152 166 1630
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Evaporation calculated from the water balance equat Lcn is given in the follow
ing table:

J l' • A- Il J I J A- S 0 II' D TOT.lL

151.4 129.5 133.0 116.2 113.4 141.6\141.6 115.3 119.2 127.1 144.2 137.8 1583

The difference between the mean yearly rainfall and evaporation is about 3
per ceat, a Figure often quoted by previo~9 authors.

Over most of the year evaporation exceeds raintall and the system is balanced
by .. decrease in lake storage, which builds up significantly only during March, April
and May. The les9 vet sea50n Or November And December approximately balances evapora
tion and only a little storage occurs (Figure 3).

From an analysis of the vater balance and of the rainfall during the last
decade it geems probable that the exceptional ri.e in the lake level was due not only
to the amo\IDt of rain, but a190 its distribution. In fact the November-December rains
were often lar above the average and their effect of increasing the lake level could not
be cancelled by the less dry season of January-February before the April-May rains
started to raise the level.

8. A month by month prediction of lake level on the basis of hydrometeorologica.l
parameters has been attempted. A linear relationship ~tveen rainfall and change in
Lake storage explains only 72 per cent of the variations, A number of muLt i Li ne ar
regrestiang were attempted by computer.

The first multilinear regression compared the factors of the water balance to
change in storage, for the period 1925-1969. Monthly rainfall was taken from the
synthesized records. Monthly outFloY9 vere thoge measured at Jinja. Mean monthly in
flow and evaporation were introduced AS continuous record of these two factors could not
be determined. The change in storage was compared to the current and five preceding
months 1 hyarometeorological parameters. The multilinear correlation coeffici~nt was
0.9116 and the standard error only 41 rnm on the prediction of change of storage, The
error was greatest for the exceptional rises and falls in the lake which could not be
accounted for entirely (Figure 4). This suggests that the use of the mean values for
evaporation and inflow is justified.

Reducing the period of reference by excluding the 1960-1969 decade has im
proved the correlation coefficient and standard error of the e s t deate only very margin
ally to 0.9128 and 36 mm , The same exercise u!!ling only the current and antecedent mOllth'g
factors reduced the multiple correlation coefficient to 0.885 and increased the standard
error of estimate to 45 mm. Retaining only factors for which continuous dat~ 1s avail
able (rainfall and outflow) the multiple correlation coefficient drops slightly to
0.892 whereas the standard error of estimate increa.5es to 44 mm 9hoWing that the use of
mean values of inflow and evaporation does improve the correlation, although the impor
tance of th@~e two factors is not very great.

9. The ultimate aim of this investigation being the generation of a long pseudo-
time serieg of l.xe lev~ls. it ig preferable to use only one Yariabl~ i.e. rainfall,
and either to include the other factors with it or to express them as a Function of lake
le~els or rAinfall. A mUltiple correlation using r~infall only gave a correlation of
0.864 and a standard error of 45 Mm. It ig then evident that outflow must be retained.
This can be achieved by expressing outflow as a function of lile level through the r~ting

curve. An initial level is known and at e~ch subtequent change in storage is obtained
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from the mvltilinear correlation it viII be added (or .vbtracted) to (or from) the
orifiaal level ~o give the ovtflow which viII then be v.ed for the next mooth and 10
on. Ia .order to eliminate the terms o£ evaporation and ill/low it is suggested that.
further variable exponential of rainfall be added. The value of the exponential should
be determined by computer. This i. expected to improve the prediction of the sharp
rises in lake level.
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SURVEY OF HIGH-LEVEL AKD HIDDLE-LEVEL MANPOWER IN WATER
RESOURCES DEVELOPMENT AND RELATED FIELDS IN GHANA

by Nit Boi Ayi bot e Le

ABSTRACT

Thi. paper reports the results of • survey carried out in Ghana to determine
the position 01 high level aad middle level manpower in vater resources develop-
ment and related fields a9 at the end of June, 1968.

The report considers the proposed establishment for engineers, scientists and
technicians by vater resources agencies as at the end of June, 1968, and the number
that had been tilled. It also considers the projecte4 rise in establishment over a
5-year period 1969-73. Ways and means of meeting the shortages and the projected
rises are e1amined ~d the financial costs to Government in meeting them also considered.

RESUME

Le pr~sent document indique les r~9ultats d1une enqu@te effectuee au Ghan~

pour determiJler la situ~tion concernant Le personnel de concept.Lee e t d'ex~cution, dAnS
Ie domaine de 1a ~ise en valeur des ressources hydrauliques et les domaines connexes,
~ 1& fin de jaia 1968.

Le rapport compare Ie. effectif. d'ing~nieur., de scientifiques et de
techniciens pre~s pour 1a tin de juin 1968 dans Ie. diff~rent. organismes qui
g'occupent de. relsources hydrauliquel, et Ie nombre des postes pourvus. II examine
aU'li Ie. aceroi.sement. d,leftectifl projetea pour la p~riode quinquennale 1969-1973.
II 6tudie les _oyens de pour'Yoir lei postel vacuts et d.e r~ali.er Ie. aceroi.sements
projetes, ai.si 4(Ue les charges tiflmtci~res qui en r~sul teront pO\lr 11 Etat.

INTRODucnOI

Ofte of the critic~l factors in vater resources development is the availability
of manpower trained in the various specialisation. and in sufficient n~ber, to under
take ·the t.~s of planning, investigation, design, construction and operation. It has
been known Por a long time that Ghana is short of qualified and experit!nct!d manpover,
especially in the scientiFic and technological fields. In this regard, the field of
vater resource d.evelopment is no exception. This p~per reports the reSUlts of • survey
carried out for the £irst time to determine quantitatively the manpower position in
vater resources development and related fields in Ghana as at the end of June. 1968.

METHOD OF SURVEY

The survey vas conducted by means of 2 kinds of questionnaires gent to
appropriate organisations and to ind.ividuals. The first type dealt with ques t i cn s vhich
individualS in the field vere required to answer. It requested among other things
educational and professional qualifications, field of specialisation and field of work
since qualifying. Establishments which directly or indirectly operate in the water
resources field were sent these forms for distribution to their individual employees.
These individuals vere me..t to have tr~ined up to univer,ity level.



- 223 -

Tke seeond .et of questionnaires requested the organi.ations themselves to
provide the ansYerl. It requested iaformation regardiftg the number. At post And
vacancies Lor ~arious specialisations and proJecte4 requirement. tor the next Five year••

ANALYSIS

The returns vere analysed to find the number of posts that vere reqaired to be
filled Dy the eDd of June 1968, by engineers and technicians in the ag~ncies. and also
the proportion of this numberVdch had actually been filled. The number of Ghanaians
and expatriates holdiag the filled positions vas determined.

From the answers to the questionnaires the number. of engineers and teChnicians
required over the 5-year period (1969-73)vere determined. An identification wag made
of the specialised Fields in civil engineering and science r~quired for water resources
development and tblnumbers that h~d been trained in them. An estimation was made of the
number of such specialists required for the efficient operation of the agencies as
they existed at the end of June, 1968, and the shortages at that time correspondingly
worked out. A aimilar analysis vas made in the case of technicians. The possibilities
of meeting the shortages were analYled, and the costs involved al*o estimated.

DISTRIBUTION OF CIVIL, MECHANICAL AND ELECTRICAL ENGINEERS IN AGENCIES

Civil engineers. Table 1 shovs the distribution of civil engineers in vater resources
development agencies a9 at 30 June 1968. Of the total number of 95 civil engineers
(Ghanaian and expatriate), 27 vere expatriateg. The majority of the engineers - 59 per
cent - vere employed by the Ghana Water and Sewerage Corporation. It is estimated
from the table that OVer the next 5 years, 104 more civil engineers vould be required.
This would be a rise of 110 per cent over the 1968 total of 95.

Mechanical engineers. It vas found in the case of mechanical engineers that there were
49 posts on 30 June, 1968, of which 36 were filled and 13 vacant. Of the posts filled
89 per cent were held by Ghanaians And 11 per cent by expatriates.

Electrical engineers. In the case of electrical engineers it vas found that there were
49 postsJ44 0/ which were filled and 5 vacant. Of the filled posts 91 per cent were
held by Ghanaians and 9 per cent by expatriates.

DISTRIBUTION OF TECHNICIANS OVER AGENCIES

In Ta~le 2, the distribution of technicians including civil, mechanical and
electrical technicians in the agencies is shown. The word technician here refers to
those with 2-3 years post secondary training in the civil, mechanical or electrical
engineering and related fields and receiving a salary of 1790 and above. It is seen
from the table that of 685 posts available ~t the end of June, 1968, 239 or 35 per
cent were vacant. Over the 5-year period 1969-73, • projected establishment of ~OlO

for all grades and kiDds of technicians in the agencies was expected. This would
represent an iBcrease of 564 or 126 per cent over the 1968 filled posts.

It vag found out that among the Agencies the Gh~a Water and Sewerage
Corporation i! the largest employer of both civil and mechanical en~ineering technicians
while the Volta River Authority is the largest for electrical en~ineering technicians.
Reported vacancies at 30 June, 1968 vere highest in the civil engineering field - 136,
followed by 24 and 9 vacancies in the mechanical and e1ectric&l fields respectively.
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By 1973, the demand for civil engineering technicians vas expected to increase to 397,
a rise of 145 per cent above the 1968 Filled posts. At the sa-e time, the demand for
mechanical and electrical engineering technicians was expected to rise by 105 per cent
and 42 per cent respectively above the 1968 figures.

SPECIALISED FIELDS IN CIVIL ENGINEERING

Because of the importance of civil engineering in vater resources development,
it VilS decided. to do a more detailed iUlalysis of' this field to find out the availability
and distribution of manpower in the field of hydrAUlics ~d hydrology, sanitary and
irrigation engineering, coastal and tidal engineering, vater resources economics and
planning. It W~ Pound that the • ani t ar-y engineering field had the largest percent
age of engineers with 30 per cent. This vas followed by irrigation engineering with
12.8 per cent and coastal and tidal engineering with 7.7 per cent. These percentages
indicate the relative importance and level of activity in various aspects of water
resources development in the country. Specialists in hydrology, hydraulics and ~ater

resources economics were few.

ESTIMATION OF SHORTAGE OF SPECIALISTS

In this section an estimation is made of the manpower shortages existing at
the end of June 1968 in the specialised areas. The procedure adopted was to take each
field and estimate the number of specialists considered necessary for the efficient
running of the organisations as they existed at the end of June 1968. With the number
at post known the shortage WAS then computed a9 the difference between the estimated
number and the number at post. The summary is shown in Table 3 which also shows the
number of specialists that are reqUired to be trained in each rield to meet the short
age over a 5-year period.

PRODUCTION OF ENGINEERS AND SCIENTISTS FROM LOCAL INSTITUTIONS COMPARED

\II TH S HOR TAGES TO BE MET

The procurement of engineers to meet the demand in the public and private
~ectorg of the economy viII be determined largely by the output of the FaCUlty of
Engineering of the University of Science and Technology. An examination of the intake
of stUdents and the output of engineers from the faCUlty viII therefore give an
indicati on of its capabili ty to meet current cmd projected. demand.

This vas done for the three main branches - civil. electrical and mechanical.
Over the period 1960-68. the ~nua1 intake of students rose from a minimum of 36 in
1960 to a maximum of 107 in 1965. In civil engineering the output increased From 7 in
1960 to 16 in 1967; for mechanical engineering from 2 in 1960 to 14 in 1967 and for
electrical engineering from 3 in 1960 to 12 in 1967.

It is seen from Table 3 that to meet the shortage of civil engineering
specialists there must be an additional output of 17 civil engineers per annum for 5
years. In the case of electrical and mechanical engineers it vas estimated from the
returns that there were shortages of 9 and 17 engineers respectively. These could be
met at the rate of 2 and 4 per year over a 5-year period.

In the case of engineer~ when the requirements over the S-year period are
compared with the output of the University of Science and Technology, it is found
that while the output may be sufficient to cater for the shortages in the electrical
and mechanic.l eng~nee!ing Fields it is ~nadequa~e for that of civil engineering. It
is therefore in t hi s held that more enai neer-s W1.1l have to be produced.
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In the case of geologists, physicists and La....yers the output 0: the un i ve r-s i lies
at Legan and Kumas i is adequate to meet the demand.

~EETING THE SHORTAGE OF ENGINEERS

It was concluded above that the shortage of en9i~eers cannot be met in civil
engineerir..g vi t h the current rate of output of the Uni ve r-s i ty of Science and Tec hno Loqy ,
The shortag~ to be met is 17 civil engineers per year for 5 years. To determine~,e

intale OJ' students to produce 17 engineers an output/input ratio of €O per cent i s used.
This is based on the performance of the faCUlty over 1?60-6B. ftpplying this ratio the
intake is calculated to be 30. For a a-veer course, the first i n t ak e vi Ll complete
their course at t t... e end of the fourth year of the scheme, and the fifth Ln t ak e will
complete t he i r-s at the end of the eighth year.

Three alternatives for meeting the shortage are now considered.

(a) Solution based on expatriate recruitment: This solution wi Ll save t t.e country
frorr Tr'aking any Lnve s tn.en t to expand her own facili ties for training t he add.i t i on a I
number-s required, This saving is; however; defeated because of the high cost of ex
patriate emp~oyment. Based upon current figures it is e s t i rr.er e d that a single expatri
ate en qi ne e r wi t h a f ami Ly of a vt re and 3 children costs Ghana an average of S9,50C
per annum. DE t h.i s amount, 13,600 is paid in foreign currency. The total arr-oun t of
19,500 can empLoy bet...een 2 and 3 Ghanaian engineers. It is further e s t i rrat e d t c e r
if the present projected numbers are programmed to be built up in 5 years, the country
\I."i11 i r.ve s t 1161,000 in the first year r i s i np to S807,OOO in the JifttJ year, FOf"~i5"n

exc~ange corr.ponents will be '61,000 and '306,000 respectively.

(b) Solution base.d on training Ghanaians iT, overseas institutions; vi t b t t. i s
solution scholarship a...ar-d s 'Will be made to 30 students a year for 5 years to study
abroad. It is currently esti~ated on ccnservative basis ttat it costs the GovernMer.t
f.lPOO (sterling) per annum to k ee p one student overseas. As suer] the education budget
.....-ill be increased by S73,000 in the first ye ar- rising to a max i n.un of '227,000 in the
f'ou r t h and fifth years and falling to 141,000 Ln the eighth year 'When the programme
comes to an end. fl.ll tr.e Lnve s t men t to be made viII be in foreign exchange.

(c) Solution based on expanding training facilities at the University of
Science and Technology: To cope With the e s t i mat ed increase i n student popu j ar i on the
t r ai r.t nc facilities at the University will have to be expanded. This will i nv o l ve in
ve s tmen t s i r; staff and student ac c omrr.od a t i on , lecture r ocrr s and laboratories, d i r-e c r
studer.t bursaries and indirect student subsidy to t~e Universicy. recurr~nt expendit~re

arisi~g from capital ~xpenditures and staff re~uneration for additional lecturers.

The estimates of invest~ent sho~ that the education bill viII rise by
1365,000 in the first year, reach a maximum of S440,OOO in the third year, falling to
IB7,OOC in the eighth year ....hen the project ends.

(d; '--:-omparison of the 3 a Lt e r-na t i ves : It is seen from the above t ha r reliance en
exratriates to man our water resources development projects is the least attractive
f i.n anc i a.l Ly , A1go such reliance is not considered to be ill t he best Lnt e r e s t of a
n e t i or. like cnan a, ;. choice t r.er-e For-e lies between overseas r r a.i n i nq and local
t r-a i ru nq ,

capital
On the face of it, overseas training appears attractive since it i nvo Lve s

investment and generates no recurrent expenditure after tte Objective is
Ipss
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ac hi eved , The first disadvantage of this solution is that all the investment will be
in foreign exchange, a total of about 11,140,000 over the B-year period. The second
disadvantage is that while courses at home can be adapted to tale the country's
development problems into consider~tion this may not be possi ble in overseas institu
tions. Also 't ni 9 solution will be affected by the number of pLaces that foreign
institutions will make available to Ghana each year. This is a factor over vh i ch the
country will have no control.

Regarding the training of engineers at horne, it should be noted that the
investment in student accommodation will serve not only the faculty of engineering but
other faculties in future. The investment in employing more lecturers has to be made
in any case, since the staff/student ratio has been low for many years l and this needs
correcting.

DEMAND AND OUTPUT OF TECHNICIANS

The type of technicians ne~ded are in the fields of civil, mechanical and
electrical engineering. local institutions train people in these fields, but the
specific needs o£ vater resources development are not catered for. Water resources
agencies like the Ghana Vater and Sewerage Corporation, the Volta River Authority and

the Meteorological Depart~ent have established their own departmental schools to cater
for their special needs.

Technicians required by the Public Works Department - Hydrological BranCh,
the Irrigation and Drainage Division of the Ministry of Agricultllre, the Water
Resources Research Unit and the University of Science and Technology are not trained
in any such departmental training schools. These are field and office assistants

required in the observation, measurement, and anaJysis of hydrological and hydrogeologi
cal data. These agencies take on Middle School Certificate as well as West African
School Certificate holders and give them in-service training.

The situation has not been quite satisfactory and it has been diffiCUlt to
retain such trained personnel, for reasons such as lack of proper establishment. lo~

salary, inadequate or non-existent prospects for promotion. For this situation to be
rectified it would be necessary for these agencies to pool their resources and to
set up a training school. and introduce service conditions which will help retain those
trained.

I twas c af cu La't ed from a breakdown of' Table 2 t he t For a 5-year programme
aimed at meeting the deficiencies and increases, there would be need to produce 48, IE
and Ie civil, mechanical and electrical technicians respectively each year for 5 years.
After the end of the programme addi tional numbers will be dictated by the grown·, of t t;e
e c onorr y,

Assuming ttat Ie per cent of these numbers will be engineering diplorra tech
nicians from the University of Science and Technology, then there would be a den-and of 5,
2 and 1 civil, mechanical and electrical diplomates each year for 5 years in the
water resources sector. A comparison of these numbers with the output of diplomates
shows that there are adequate facilities at the University to turn out the required
numbers provided the bias in recent years to produce ~ore mechanical and electrical
engineering technicians is corrected and the needs of civil engineering catered for.
It is therefore not considered necessary to make further investments for the training
of di~lomates except that the course structure should take into consideration t~e needs
of those going into the water resources development sector.



in the water resources and
There ....4l5, however; a shortage

- 227 -

The non-diploma technicians to be turned out each year yorks out at 68. TAking
the same output/intake ratio used for engineers, the intake per year comes to about 115.
The basic qualificationsfor training for this grade is West African Sc hooI Certificate or
General Certificate of Education Ordinary Level. Under the present system they are
given 3 years technical training leading to appointment as Technical Officers on com
pletion of the course. To train this number, investment viII have to be made in
training allowances. employment of more teachers and provision of lecture space. It is
believed that the investment in lecture space will not be required because present
courses of some technical ~chools need to be discontinued as their products cannot be
placed in the economy. This di9continu~tion should make room for the required lecture
space.

For thi.9 training the education bill will be t ncr-e as e d hy S77,000 in the first
year o£the progrilmme ri9ing to 1193,000 in the third, fourth and fifth years and falling
to 181,000 in the seventh year.

CONCLUSIONS

As at tte end of June 1968, there was a total of 169 engineers in the vater
resources development agencies; 35 of this number were expatriates. Of the 169 filled
posts 95 were held by civil engineers, 36 by mechanical engineers and the rem~inder by
electrical engineers. There was an estimated shortage of 82 civil engineering special
ists, 7 hydrogeologists and 6 hydrometeorologists. There ....ere no water resources
economi sts and no vat e r- resources pLanner-s wi th engineering background. There v as a
shortage of 17 mechanical engineers and 9 electrical engineers.

The shortages of manpower in mechanical and electrical engineering, and in
hydrogeology and hydrom~teoro1ogy can be met vith the existing output of graduates from
the Universities in Kum as i. and Legan, and no additional investment beyond the existing
levels is required to meet the shortage, as far as the needs of the water resources
sector are concerned.

In the CAse of the shortage of civil ~ngineering specialists the present
facilities at the Civil Engineering Department of the Faculty of Engineering of the
University of Science and Technology are inadequate to meet it. An amount of about
$1,900,000 viII be required to expand facilities to take on additional students.

At the end of June 1968 were were 446 technicians
related agencies. No expatriate held a technician's post.

of 239 technicians of all grades, and it was anticipated that 5 years latp.r this
number would be met and an additional 131 also employed. It is estimated that the cost
of meeting the shortage will be $1.600,000.

While some agencies... notably the Meteorological Services Department, the Ghana
Water and Severage Corporation, and the Volta River Authority.. are in a position to pro
gramme their training to meet their demand for technicians, the other agencies like the
Hydrological Branch oP the PUblic Works Department and the Water Resources Research Uni t
are not yet in a position to train their own technicians. A training school for the
latter agencies is imperative.
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MANPOWER REQUIREMENTS AND TRAINING IN HYDROLOGY
AT PROFESSIONAL AND SUB_PROFESSIONAL LEVEL IN AFRICA

by UNESCO

ABSTRACT

The paper introduces the complex mture of hydroloe;y as a pure and as
an inteITratin~ science and from this compleXity derives definitions of the
profession of a hydrologist at various levels. It shows the relation be
tween the profession and the needs for hydrolo~ists as parameters of national
policy and development. Attem~ts to arrive at an exact indication of the
manpower need in East Africa are described.

The paper def.i ne s training requirements at different levels and briefly
refers to current Unesco activities in the field of hydro~ogical teaching at
the post-graduate and sub-graduate levels.

RESUME

Cette note mantre Ia nature com~lexe de 11hydrolo~ie en tant ~e

Science pure et inte['Tee et, ~ partir de cette complexite/d~finit Lee
carecteristiques de Ia profession d'hydrologue A des niveaux diversa RIJp,
fait ap?araitre les relations entre la profession et les besoins en hydro
Lo gues comme facteurs du devcIoppemerrt at d ' une pol i t i que nationale. El.Le
contient 6galement un compte rondu sur les essais effectues en vue de
preciser leG besoins exacts en ~~jn dtoeuvre en Afrique de l'Est.

La note definit les b eao i ns de formation! dif"fcrents niveaux et
rend compte bri~vement des activites entreprises par l'Unesco dans Ie
domaine de Itenseignement de l'hydrolor,ie aux niveaux post-universitaire,
universitaire et techniciena

*

I NTRODUCTI ON

* *

The rapidly increasing application of more comprehensive procedures in
the planning of water resources development and the use of modern 5cienti~ic

and technical methods imply that a oivil engineer, ~ologist Or agricultural
engineer and even the hydraulic engineer is generally no longer in a poa i 't i on
to aaster the problem alone a For the solution of problems the collaboration
or a wide range of engineers, scientists and technologists is generally neede d ,
The design engineer finds himself to be more and more a part of a tea. wh~ch

a1ao contains physicists, meteorologists, biologists and economistsa

The design may in certain cases be split up into variOUS Bub-sections
which are dealt with by experts in that branch. For the planning phas~,

however, it is indispensable to have the collaboration of a team which,
be8ides the above-mentioned engineers and scientists may also contain
sociologists, Bocial geographers, political scientists and the representatives
ot rural and urban planning authorities.
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Although in general the engineer will maintain the leading role and have
a position of co-ordinator, he must be aware that he is also one member of a
mul1idisciplinary team.

Through their education, today's enEineers and scientists must be
acquainted with the present level of knowledge and, in addition, trained to
seek the collaboration and advice of their colleagues and scientists o~

other branches with a willingness to learn to understand their problems.
The idol of past times was the all-round man with a justified pride of his
knowledge. Nowadays this pride would isolate him. He has to be convinced
that pride of workmanship can best be developed through concerted action.

THE HYDROLOGIST

Wo mining company would dare to carry out the exploitation of an ore
deposit without the exhaustive preparatory work of a mining engineer and an
economic geologist. However, in the field of water resources development and
river training, including the construction of irrlgation schemes and dams,
very often projects are executed without consulting a hydrologlst.

Hydrology, as the science of the hydrological cycle and the behaviour
or water within this cycle as well as its relation to the enVironment, should
be regarded as an indispensable prerequiei te for planning in the field of
water resources development.

Apart from pure research activities. hydrologists are generally aSSQciatzd
With other specialists in the preparation and execution of projects. In thlS
context, the long-term collection of data on precipitation, evapotransplration,
discharge, etc. does not only serve research hydrologists but is also of
imense practical use. There is no one more quaLi f' red than the hydeck ogxe t
to interpret these data.

In spite of its essential role the choice of hydrology as a prof~ssion

or career is an exception. The reasons are based on the nature of this SClence
&s wall as on the historical development of administrative and univers~ty

systems. Hydrolo~J has developed principally from civil engineering, ~eteorO~OK{

and ~ology. These points of origin are, however, so different that it
required a long time for hydrology to emerge as a separate di5ciplin~ in~ep~~jen~

but closely related to its subjects of origin witbout which it cannot eXist.
This complex origin is believed to be the main reasOn why hydrology, inte~Gted

with elements of basic natural sciences, clvil engineering, meteorology, SOLI
sciences and geoloeY, has only beco~e a separate branch of Bcience ~n a ~ew

highly developed countries. The splendid idea of integration, however, is
extremely difficul t to materialize since no one is capable of acqu i r-Lng a deep
knowledge of all these subjects within a reasonably short time. Therefore,
the usual approach is to regard hydrology as a supplement to the traditional
breucnee of science.

Modern teaching programmes in hydrology generally require prior and
complete study of one of the important basic sciences, e.g. civil engineering,
geology, geography, meteorology or agricultural engineering. This practice
makes the hydrologist a valuable expert because of his knowledge of related
fields; it also gives him the possibility of choosing from a variety of job
opportuni ties.

The diversity of basic training of hydrologists must be kept in mind ft~en

considering their fields of interest and operation. The "ideal" hydrologist
does not exist, but a hydrologist can distinguish himself from other scientlsts
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by his flexibility and by his capabilities of adapting hi~Balf to various types
of problems within a short period.

On the other hand, the flexibility which is the advantage of the h~dro

logist may also be his weak point. The structure of competition in a g~v~n

Booial and economic system may lead conventional specialists (e.g. a cnem~st)
to more profitable jobs in industry instead of in hydrological serv~ces and
therefore the hydrologist may be forced to try to 8~bstitute him (e.g. by
conducting water quality surveys himself) instead of calling upon the specialised
knowledge of the chemist.

THE MANPOWER PROBLEM

It is not the purpose of this paper to develop a complete philosophy of
the profession of a hydrologist. This chapter therefore wlll only highlight
Bome of the important viewpoints on the manpower problem.

The foregoing sections have shown the difficulties in trying to define
the profession of a hydrologist. The same diffic~lties are enco~ntered in
~rying to estimate the number and qualifications of hydrologists req~l~ed ~or

the future. Every consideration must therefore take into account:

_ national plans for water resources develop~enti

national structure of ad~inistration;

national plans for research and education;
_ attractiveness of Jobs and competition in the industry.

Th'C! synthesis of these i 'terns may lead to an aaae s o-rent of the !....acd for
hydrologists or tne n~~ber of jobs req~iring profound knowledge of hydroloLY.
In analysing any training progra~mes in hydrology, the key question m~st be:
wbat is the balance between the need for hydrologists and the POBS10llltles c:
training a sufficient number?

This is no static problem. The balance which satisfIes present r.~eds

will not necessarily allow for future develop~ent. Since gaps in personnel
requirements cannot be filled easily and since overproduction in a certain
profession cannot be deviated to other fields Without haru disadvanta~s for
the persons concerned, the question of balancing need ani training ~~st al~aJs

be the centre of attention of the planners at all levels.

THE NEED FOR HYDROLOGISTS

There are abundant examples to prove that the manpO~er market is not
self-regulating. Overproduction in some branches and wlde gaps in others
occur again and again. The young student in most cases is not ln a posltio~

to predict the needs of hlB profession sufficiently in advance. Chansing
requirements due to administration and economy, changing r-e l a t i ona 0: income
and salaries, and changing modes and trends add confusion to the proble~ 0:
early decisions on a career. However, thIS is ~uch more than an indlvld~~l

problem. The fluctuations in certain disciplines, s;lch as the problem of
overcrowding Or lack of personnel for the emploYlng agencles, have ~mrllcatlcns

on the capacity of universities and colleges and thus i nf'Lue nce na t i o-el
economies.

In restricting our consideration to hydrolo~J the problem becoT.es m~ch reore
difficult. The problems of defining the need for medical doctors, teachers,
etc. are well known. Nevertheless a rough estiT.ate is possible due to the
relatively permanent n~ed for these professions. On the other hand, pro~ects
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connected with water may have a boom period and then disappear. Classical
exalli~les are the canalization of big rivers, land reclareation in bays and
certain projects for irrigation and drainage. Furthermore, d~ring various
phases, from the initial planning period and hydrological investigatlon,
through detailed planning, design, execution and the fin~l exploitation, a
variety of skills is reqUired. If a country only undertakes a few pr~jects,

or if intervals between massive projects are too long, it might find it
extremely difficult to keep experienced personnel. Where natlonal pla~s f~~

the development of certain aspects of the water resources cannot a s su r-e mor-e
or less permanent occupation of the personnel, it ~ay be more economical to
use external consulting firms and engineering agencies a

Foreien firms should not, however, be employed to carryon funcamental
work of tho hydrologist, i.e. the collection of data. Since full assess~ent

of existing water resources depends on sufficient and reliable data, e~ch

country should regard hydrological data collection and processing as a prima~y

interest essential to national planning and develop~ent. Govern~ents sho~l~

realize that t h i s need exists and should make every effort to ensure a pe r-nane n t

collection of information. The need for continui ty in the employment of
hydrologists wOlld also favo~r the establis~.cnt o~ ~ult1national or r~slon~l

age nc i e s or i no t i t u te s , These agencies could "unc t i on r-oi-e economically and
be better eqUipped than relatively inactive ones ln smaller cO~4triss.

The number of hydrologists needed by a country is llkely to depend on 1:5

overall area and climate, the quantity and stage of develop~ent of its water
resources, and on potential plans for water resources develop~ent.

In 1965 Unesco circulated to ita Member States q~estionnaires on: neeus
for hydrologists, needs for teaching personnel, and on training facl~ities

within the country. The raplies revealed the diffic~lties of this type of
survey and the problem of finding a suitable method for co~paring tr.e data.
Projects for water reSOurces development are generally entrusted to a ~eat

variety of agencies, institutions, authorities and ~ir~s, some of the~ bein€
occasionally enga~d in water resources develop~ent. Under these cir~~~stances

it is obvious that it is nearly impOSSible to obtain reliable figJreS or to
distinguish full-time hydrologists from those who are also engaged in o~her

tasks.

In spite of the not very encouraging results of the 1965 survey, Unesco
has continued to collect information and to particl~ate in s~rveys carr~ed out
by other organisations. The Unesco regional hydrologists report on experie~ces

gained durlng their missions and try to obtain significant data frem natlo~al

authorities. Thus, a certain amount of information has been collected, mainly
from Asian countries.

In the autumn of 1968 Unesco participated in the ECA's inter-a~ncy

survey which VIsited fifteen West African countries - Y.aurltania, Mall, NiGer,
Nigeria, Dahomey, Togo, Ghana, Upper Volta, Ivory Coast, LiberIa, Sierr~ Leon~,

Gambia, Senegal, Chad and Cameroon.

An additional survey of the manpower situation in hydrology in East Africa
was conducted by a Unasco consultant in 1969a

The report of the survey (Horst, 1969) concerns six countries of the
Eastern African Reglon: Ethiopia, Kenya, Ualawi, Tanzania, Uganda and ZaT,bi~.(1

The general situation in the countries surveyed can be sumnarized as follows: \

(1) ThcSB conclusions ar8 dra¥ffi from the re~ort ~!anpower and Trainin~ in
Hydr-o'l ogy in vcetcrn Afr-i.ca by Unesco consultant L. Horst, 1~6~a
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In the field of hydrology, national services were in existence in mo s ; count r i e s
for quite some time but were generally geared to s~ciflC projects, rathe~ than
to the assessment of overall hydrological characteristics In the co~n:rles.

D:l6 to the repatriation of e xpat r i a te personnel aft~r r nde pc nde nce an-i t he 122\.(
of national tec~~iclan8 and professionals they are at present unde~s~affed.

The present day re qu i reme nt s of water resources deve Lop-ae n t on a pl anr.ed bes ;s ,
combined with the acute shortage of staff, d i.f'f i cu.I ties in r-ecru i t men t and Lew
technical ability of technicians, results in hydrologlcal services being hc~i:y

able to collect and process basic data, let alone take care of its analysIs
and rational~zation, the optim~zation of networks, research, etc.

Technicians working in hydrology are, for the large part, secondary school
leavers with in-service training. Due to the shortage of profess1onal staf:,
this in service training consists, in most cases, of tte bare ~inlm~. The
technical level is low; consequently an increasing a~ount of sub-profe5s1o;.~1

technical work is carried out by professionals.

The present number of river-gauging stations in the six countries 1El in the
region of 1200. Many rivers are still rarely gauged or not gaugod at all.
It is ~nerally felt that in order to obtain a satiGfactory basic network tt~

total number of stations should be increased slightly, out their loca~ion

should be rearranged in a more rational manner.

In Eastern Africa the situation prevails that very few, if any, technically
inclined school leavers or University students choose hydrology as a profession
mainly due to several factors:

the number of secondary school and University leaveTs is limited and
the demand is large;

the private sector pays better. In the framework of africanization
many private firms are attracting technical personnel for relatively
high salaries;

within the government, there often exists a disc~pancy in sala~J and
promotion possibilities between one department and another. The
hydrology sections are often lowest on the scale. (e.g. public works
department increasing their salary scales in order to compete with
private contractors; water supply is often a municipality concern, a~d

offers higher salaries, etc.);

hydrology often is only a small but specialized EBction. The ceilinb
is quickly reached and promotion possibilities li~ited.

Exact information could not be obtained in all cases for all countries concerne~.

Therefore the figures mentioned in the a~~ex should be considered only as
orders of magnitudes. The figure on manpower includes the '~O Hydrom~teorolc5ic~1

Project on Lake Victoria. At present, the largest part of the work-load of
professionals consists in Bub-professional work as a result of the technical
shortcomings of the sub-profess1onal staff. On increasing the abil11Y o~ the
hydrological technician. the output of professional work could easily be dou~lei.

The conclusions that can be drawn from the report are:

This serious manpower deficiency in the field of hydrology is twofold:
firstly, the n~ber of professionals, of which only a few are natlonals,
and secondly the number and the tecr~ical standard of the technicians.
Training facilities for professionals are only ade~~ate in a few CO~:~les

for profess10nals but there is a goed potentiality for technicians.
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The def i c i e ncy i n t.r-a i rring of manpo ....er in hydr-c Logy will r-ema i n a s S".lC::'

for many years to corns, as long as there is an uneven ratlo bet~2en

supply and demand and the governments do not effectlvely promote tte sector
of water resources develop~ent and do not make 1t as attractive as other
branches of government services.

The report re commend s that the governments recognize the importance 0:' hydr-o l ov-j
as a basis for water resources development by promoting salary and career
possibilities in the water development departments in general, and the
hydrological services in particular.

It further reco~~~nds that the countri8S ~xplore th~ possibilities of
strengthening the existing water reSOurces and training institutes, in order
to develop adequate trainlng facilities for hydrological technicians in this
region.

Similar evaluations are planned for the future. The IHD Working Cro~p

on Education in Hydrology will discuss ways of analysing the eituat~on in .
selected areas at its next session.

The above considerations are valid for hydrologists at all levels.
Nevertheless, when undertaking special surveys the levels have to be
distinguished. In the terminology of the IHD Working Group on Education:

- Research hydrvlo~ists are required to develop new techniques and tc
study deeply spec~al problems particularly on the theoretical background.
They usually have a higher academic rank and are generally employed in
institutes, universities, research stations, etc.

Professional hydrologists are needed to study hydrological phenomena
relevant to tt9 design, constructlon and operation of water resources
echeme a , In rr.ost cases, they have an academi c grade.

- Technicians
te chn i que e ,

are expected to be able to apply accepted methods and
normally they have attended a technical school.

Observers are employed for reading instrwnents and for maintaining
instruments and field stations.

TRAINING OF HYDROLOGISTS

Measures and methods for training hydrologists differ according to tte
level, purpose and depth of training. This section will give the main concepts
of the different personnel in hydrology. It will not present a collection of
syllabi and curricula or a compilation of training possibilities.

Hydrological r-es.e ar-ch is undertaken by scientists with varyine backgr-ounds .
'he tr~nd is for more and mare scientists, other than clvil engineers and, in
particular, mathematlc ians, statisticians and physicists, to be involved 1n
hydrological res~arcb. As a rule, res~arch workers cannot be tducated in
formal Courses of st~dy. Their initiation to hydrology used to take place at
a scientific institut~ of higher learnIng unde~ the guidance of a professo~ Or
senior scientist afte~ their universlty education or even at post-doctorate level.
In order to attract ~-omising young scientists to this fIeld, it is I~portarlt

to try to Interest ur.. ve r-si t y professors of earth sciences, me te oroI ogy and
natural sciences and t ne i r- re spe c t i ve de par-tme n t s , in problems r-eLa t i ng to
hydrology .
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For p r-of'eas i.onaL hvdr-o Iogt c t s u formal, specialized education is ne ce s aa r-y,
In raos t countries this 't r'a i rri nst is connected vri t h studies on Hater r-cnour-ces
in civil crv-i ncc r-i rv-, Study nr0.::7'ilJ!'J!1CS, at s-radua.t e or at poa t-c-r-arluc t c 'l cvc l ,
for agr-i cuLtorn.I eng.i nce r-s , r-eo Iog i c t s , met eo r-oLog.i at s OT' phyo i caI gco:F"2.~r.c~

also normally Lnc Luc o ..... '):"":0' hv-l r-o Logy courses. Suf'f'cc i cnt "ac i.Li t i e s f or
undcrv-raduat e cduca't Son in p rof'c as i 01"...'> related to water resources cx i c t in r-an
countries. In several c~sc~ courses can be supplencnted by additior~l :~o~ec~s

on vat e r- resources vi th special emphas i s on hyd r'o Logy ,

On-tho-job t ra.intng i::; rather v tdespr-ead , It requires very c:ood nc.t i ona l
hydrol.cg-i ca't services wi t.h suf'f'd c i errt aeru o ..... hyd r-oLog i s t e who r-egard t re.t nmg
youne hydrolo~sts as part of their daily task. 8x~criences show that t~is

method geno ral Iv suffers because the senior hv.tr-o Iog-is t s ar-e ove r-Loadc-l -,:it h
other wor-k, M ve the r e l l ovs too much manual vo rk , and are often nei t.hc r
wi11ine nor ab l e to teach. On-t.hc-c-ob trainin~ has been wel l deve Lopcd in 80:-:-=
countries and is very effective when ca'ref'uLl.y planned and organized csoec i a Ll v
when the trainee can be accus't oraed to tolera.te the r-eLa t i.ve Ly lo~ dur-a't i.cn 0:
the period of formation.

The advar-tege of »os t-c-raduat c studies is that anul i cant a ·.... ith a deg-r-ee i r.
civil enganeer-i ng , e""olo:::.' , agr-i ou l t.ural e!\-.~n0prin: or even in phys i cal Ceo",=".,::h-,
can be accep't ed , ru-ov i ded their baa i o s-tudy pr-o r-r'amne 'i nc Ludcd some 't r-ai rri rv- '.!:

Hater resources or -r-o-u-dv-et.e r-. Pont.-c-raduat c couruen are :;encrally or-gam ~(.~

in universities and s oc c i a I institutes, often 'i.n conno c't i or; -..lith cour-s c s in oth r
b renches , Unesco .i ni t i a't cd a !'ro"--r.9.J:ne for the p r-omot i on of n03t-i:'n,::L:?~":l cou r- 2:-:
in various d i.s c'i p l Lne s of rrrtu ra l SC:l.0nCeS, in 106? As a. result, cone nat i or.a I
courses rece-ived sur-oo r-t from Unesco and a number of new courses Here c r-g'ani zed
't hr-ough the 'in'i t i a't i.ve and support of Ur-es co , Pos t-c-rndaat e courses an the f i e Ld
of hydro Io-v ar-e at pr-esent be i ng conducted in Budapcs t , 'Delft, Gr-az , .Ie r-nne.Len ,
Madr-id , Padova and Pr-a--ue , As a uho Le , these courses cover pr-ec t i ca l Ly a..ll a s tec t e
of hydroIogy and Hater resources rnanagemerrt ,

All the cour-ses have pr-oved to be successful; their tcor-Lcl-w.i de app re c i.a.t i on
underlines the neceus i t y of cont i nut nv 't hie p r-oe-rarme , 'I'he courses havc be en
o r-gan l zed vrith all possible efforts to ensure an adecuat c participation of J::03t
graduates from developing countries anJ a Good ceocraphical distribution.

In this regard it should be mont i.oned that Unesco sponsors eummcr- schools
fOT hydro l ogy professors in the USA and the USSH.

3. Technicians

}fuereas the professioTh~l hydroiocist ~,~t be able to Ch008€ and develop the
methods 01' i nvcc t Loa't i on <ned. d oa t r-n that best fit the pr-ob toms e ncourr'ie s-cI , hydro
Lo ti ca L technicians an-t o t hc r- 2.1L"Ci1 'i a r-v pe r-sormc L arc cxr-ec t ed to f'o i Lou fi:r:ed
methods and p t-ccedu r-cs whi ch a r-o a l r-ondy in l]::;(~ ill t nc organization to whi~:'1 ~r:JY

bel eng, 'I'v-a i n i no- of Belen t echn i ci ana 'i n a nh i Lououhv nnd r-oc-ion d i I'f'e re nt "r-c-'
that of t he i :- SC'T'"'ljiC" -vi l ! l ead to confusion. 'I'hc 't r-ai ni n; 0" t c chn.i c i a nr can .
t her-efcr-c, bc-s t c., .n-.tc r t a.tcr: v i t ni n the oourrt ric c , ';'he 11:',:: in Hhich r hc c e rv i ce
Lu o r-gnru z.cd and t.h: nr-oco.iu rcc usir-d for 'l;~'~a co l t e c t i o n , hnn Ll i ru-, nt.c r-ag-, 3.-:1C
r-e t r-i cval , d c t c r-mi no t.hc t ypc of pc r-conno I r-o qu i r-e.I and the corrt crrt ;:.,:".1 c cop: 0--

their t r-ai r-i n-,

In countri~s with very lar~c hydrolo~ical services, it is possible to
organize f'o rtaa.I cour-ce s of t eacl.i n.; for hyd r-o Log'i cn l technicians at t c chni ca l
co Ll eec s or s e corzlar-v technical ochoo l c , In mout cases, houevc r , t c chn.i c i an
training wi l l t akc place .m "poo t c-col Lcge cou rncu" for cur-.l i da t es t-;ilO a l r-eady
hold a certificate as a technician in bui Id i ng 01" cngi neeri ng ,
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Unesco r-erjuLa r-Ly o rgaru zea training courses for technicians vi t h a vr eu to
the establishment of model courses for technician traininc. The first cours~ for
technicians vas held in Bamcko , Mali, in 1965, ",ith participants r rom the Central
African Republic, Gabon, Ivory Coast, ~~li, Niger and Senecal. A second ra~~nal

trainine course for technicians ..18.8 held in Tunis in 1967, with participants f z-oti
Algeria, Norocco and Tunisia. A third training course for technicians ir. hydrolo~

was organized in Lower Kabete, Ke~va, in 1969, for participants from Ethiopi~, K~r~n

t~lawi, Sudan, Tanzania, Ueanda and Zambia. A similar course to be held in th~

Arab States in 1972 is under proparation.

The above-mentioned type of courses for technicians is intended fo~ hydrolo
gists who are not at an academic level. The participants are ex,~cted to hav~ cor.
siderable experience in operational hydrology and to be eneaged in ~~tio~l hydro
logical services. The courses therefore have the function of a refresher co~rs~ 2S

well as of familiarizing the participants with some scientific backerour.d for th~ir

daily work.

The experience gained from these courses has also sho~n the need for a
regional appronch to training hydroloeists at a more advanced level than tech
nician; for example, for persons with some academic training who require special
training in selected subjects.

With this
on the use and
Japan in 1972.
America, and a

in mind, Unesco is preparin~ special reeioral courses B~ch as ~n~

application of co~uters in hydrology to be held most ~robably i~

Another course is planned to be held on anew and glaciers in Latin
similar one is to be held in Asia in 1972.

The Courses will also serve as a source of experience regarding the feasibi
lity of future similar pr-ogrammes , Special consideration vri.Ll, be given to the
syllabus and to the duration of the courses in order to plan improved courses
for the bier~ium 1973/74. A course on eeneral hydrology is foreseen ~o be hele
in the English-speaking count r-ies of Hes t ~frica in 1973 or 1974.



AN APPROACH TO THE PROBLEMS or SYNTHESISING
HYDROGRAPHS rROM RAINFALL DATA
CASE STUDY: [ILOMBERO RIVER,

TANZANIA

By 80 Wingard and Ulf Riise

ABSTRACT

The paper describes a case study of synthesising runoff from rainfall data.
The results of the study are examined.

RESUME

La pr~sente communication ~tudie un cas particulier de caleuI de 1 '~coulement A
partir des donnees pluviometriques et examine les r~sultats obtenus.

*

BAC[GROUND

A general problem in
records of sufficient length.
adequate data if this problem

*

marry developing
Many projects

is not solved.

*

countries is the lack of river runoff
will have to be delayed or built on in-

There are many approaches to the problem of synthesising hydrographs. Due to
the Fact that rainfall stati one have often been operating for a longer peri ad than the
hydrometric stations, we found it interesting to try to find a simple method by which
rainfall data can be used to extend the runoff data~ This study shows the construction
of a long-term hydrograph based on experience from simUltaneous rainfall/runoff ob
servations for a four-year period only.

THE RESULTS

Figure 2 shows the result of a synthesised period of seven years, 1962-1968.
The construction is based on a relationship obtained between rainfall and runoff during
the four years, 1963-1966~ As can be seen from the figure the synthesised hydrograph in
many cases is different from the observed one~ The result is by no means a success be
cause in some cases both the flood-peak values and the flood volumes differs much from
the actual ones~ We have,howeve~ decided to present the results obtained For Further
investigation and discussion.

THE STUDY

We have been working on data collected from the Kilombero Ri vez- Basin. The
basin is a part of' the Rufiji River Basin, potentially one of the most important water
resources in Tanzania. A map of the catchment is shown in Figure 1. The river has been
gauged at sver-c (1 XB 17) since November 1957 ~ The area of the catchment above the
gauging station is 33,400 km2~ The maximum recorded discharge at the station is 3,100
m3/s, and the minimum is 80 m IS. This vide range reflects the marked seasonal differ
ence in rainfall.

There are six rainfall stations in the area with observation periods of 20
year-s or more at Malangali, Ifinga, Ifuara, Njombe, Mahenge and Mufindi.
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Th~ records from Njombe ~d Malangali were left out at an e~ly ~tage. Njombe
is s i tuated very far upstream from the river gauge, and Malangali, outside the catchment
bas i n , We found that whether or not these stations are included, it made Li ttle
difference to the average of all stations. Two other stations, rwiro and Iibvele, were
introduced in order to fill the gaps in the Mahenge and Mufindi records.

THE METHOD

The study is, to some extent, based on an investigation made an Tana River in
Ieny~*. One of the more important differenceg is the introduction of An antecedent
precipitation index.

The basic equation used in the study is:

liP ~(PJ - c Q

where ~Q is the variation of the discharge during one unit of time

q> (p) is a function of rainfall at the rainfall stations within time
unit~ of the same length

Q is the disch~ge at the beginning of the time unit

c is & constant

This means that the hydrograph is compose~ of one positive ~d one negative
p~t. By excluding the rainfall part the equation is reduced to a well-known equation
ror recession curves. The time unit vas fixed at one pentade (5 days).

where
can be written: P

n
----J

t-2

'Where P
t

is the precipitation fUnction Eor runoFF construction in pentade t

Pn is a precipitation function for rainfall-station n
t

P is the mean riilinr4111 at station n for pentade t-ln
t

_
l

By introducing the P = 9 ( ) function we aim to include both the
n

t
delay due to different travel times from the rain gauges to the river
gauge and also the precipitation index for the antecedent pentades.

An antecedent precipi tation index of a maxd mum of 6 pentades is introduced. It
is obviously not right to give the earlier pentades as much weight as the last ones.
Thus the P function vas defined as:

n
t

* G. Kovacs, H.J. Marth: The use of rainfall data in estimating actual and maximum
probable river discharge (Tan~Ienya).
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p ~ xp + YPn + ZPn + qpn + rPn +.p
nt n t t-l t-2 t-3 t-4 n t_ 5

The four selected rainfall stations were numbered:

Station 1 - Ifakara

Station 2 - Maheng~

Station 3 - Ifinga

Stati on 4 - MuFindi

For the four stations the p Functi ons were defined AS :
n

t

p = xp + YP1 + 'P + qp
1

+ r P1
+ SPI

It It t-l
I
t_2 t-3 t-4 t-5

P2 • xp + YP2 + zP2 + qp
2

+ r P2
+ sp

t
2
t_1 t-2 t-3 t-4 t-5

2
t_ 6

P xp + YP
3

+ 'P3 + qp
3 + r P

3
+ sp

(5)\ 3
t_2 t-3 t-4 t-5 t-6 \-7

p = x P4
+ YP4 + 'P4 + qp

4
+ r P4

+ sP44
t t-2 t-3 t-4 t-5 t-6 t-7

i.e. the rainfall from the area represented by 5tiltions 3 and 4 is lagged two
pentades and from station 2, one pen t ade , No time lag vas assumed for station 1.

The function (2) was defined as:

P P + P + P
3

+ P
4

(6)
t It 2

t t t

From the recession curves of the four-year runoff records the envelope curve
for the recession curves was constructed and the constant c in equation (1) was calcu
lated assuming ~ (p) equals zero when the rainfall is below some negligible value. As
will be seen later, no direct runoff vas assumed when P

t
vas below a certain limit. Thus

the di scharge vari ati on due to r-eces s I on only is known and equati on (1) can b~ reduced
to:

{),pO = ~ (p)

wh~re ~pQ is the variation in discharge due to direct runoff only.

Some rough analysis showed that one pos at bl e form of the unknown Function in (7) could
be th~ hyperbolic

(8)

Thig
to select the
vas , however,

vas chosen in the gUbsequent correlation and regresgion
best of a number of combinations of x, v , z , q, r, s in
necessary to divide this analygis in tva parts (one for

anal ysi sin order
equation (5). It
p > P the

t - t+l'
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other for Pt < Pt +
1)

in order to increase the correlation coefficient to an acceptable
level.

The non-linear runoff condition of the catchment made it also necessary to use
different values of the x,Y,z,q,r,s in the different parts, and also for higher and
smaller amounts of rainfall expressed by equation (6) (see Figure 3). The discontinuity
thus introduced was assumed to be of only minor significance.

Small amounts of r ai n given by equation (6) were as sume d ei ther to evaporate or
to produce no increase in the ground water yield. For values of P less than 1.0 mm.,
equation (7), was put equal to aer-c , As C~ be seen From Figure 2

tthis
value of 1.0 mm ,

is probably too low for the dry parts of the year.

No seasonal distinction of the Ln Fl.u ence of rain on t he hydrological condi tions
~as introduced. How~v~r, it is ~xp~ct~d that diff~r~nt hydrological r~actions of the
rainfall in different seasons (or the stat~ of dryness in the catchm~nt expr~sged by the
function (5)) should improv~ the results.

The values shown on Figure 2 were camput~d by th~ ~quation:

For t = 1, Qt-l ~a9 estimated from th~ constructed recession curve,

CONCLUSION

The results of this att~mpt to synthesise runoff from rainfall data are not
satisfactory. It should, novever-, be pos s i b'Le to improve the method, but vhe t he r- a
more sophisticated method is likely to produc~ consid~rably b~tt~r results may be doubt
ful. It is probable that improvements can be obtained in the selection of x,Y,z,q,r,s
and in the estimation of t r-ave I times. Fran equat Lon (5) it will be eeen that t he same
x,y,z,q,r,s combination is us~d for all four stations. This is obviously a very crude
simpli ficati on.

It would b~ fairly easy to improve the recession part of the constructed curve.
Th~ curve is too Plat; this is probably due to the limit Por rain, which does not
contribute to the dir~ct runorf, being set too low.

It must be pointed out that the huge area of 33,400 km
2

i9 covered only by four
rainfall stations. Due to th~ scattered patt~rn of tropical rainstorms this is obviously
not an adequ a t e network. This is probably the most serious dd s advan t aqe with this study.
It is felt, however, that the results are of such a. quality that the method s hou Ld not be
left untested on more favourable catchments.
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A STUDY OF SOME ETHIOPIAN AND OTHER NATURAL VATERS

By Laurence R. Pittwell

ABSTRACT

The chemistry of many Ethiopian rivers has been examined at least -iua'l i t at i ve t y
and the results and conclusions to date are given. The main emphasis has been an the
metal content, and the ligands responsible ror keeping metals in solution. It is
suggested that one way of classifying natural waters is by the ligands responsible for
keeping the various metals in solution. In Ethiopia, this is mainly carbonate ion, but
also water, chloride, fluoride. and in a rew rivers organic acids. As rivers are
dynamic systems not in true equilibrium vith their surroundings, these ligands may
change along the course, and vi th season, One of the r-e as ons for the large amount of
colloidal silt in Ethiopian rivers is a ligand exch anqe reaction, 'Which results ultim
ately in a negative charged colloidal gel which is easily peptized - the unstable
alkaline soils of the Sudan. For completeness, some not readily accessible analyses of
waters from other parts of the world are inclUded, some of which illustrate that car
bonate ion co-ordinati on i 9 a world-wi de phenomenon. *

RESUME

La chi~ie de nombreux cours d1eau ~thiopiens a ~te ~tudi~e, du moins sur Ie
plan qualitatif, et les resultats et conClusions auxquels on est parv~nu jusqu'ici
figurent dans Ie pr~sent memoire. On a mis l'accent en particulier sur 1a teneur en
metal et sur les ions, groupes ou moleCUles grAce auxqueIs les metaux res tent en
solution. II est pr-opcs e de classer les e aux naturelles s e Lon ce s ions, groupes ou
molecules qui maintiennent en solution les divers me t au x et qui, en Et h i op i e , sont
principalement des ions carbonates, mais egalement des mol~cules d'eau. des chlorures J

des fluorures et, dans quelquescours d'eau, des acides organiques. Comme les cours
d'eau sont des syst~mes dynamiques qui ne sont pas vraiment en ~quilibres avec Ie milieu
qui Ie! entoure, ces ions, groupe! au mol~cules peuvent se modifier selon la partie du
cours d'eau e t La saigon. Si l'on trouve de grandes qu an t i t e s de limon c oLl of'daI dans
les cours d'eau ~thiopienst c1est notamment par suite d'une r~action d'~change chez
ces ions, groupes au mot ecu j e s , qui abou t I t en d~fini tive A 1a formation d'un gel
colloidal a charge negative, lequel est facilement pep t om ae , d'ou 'l e s sols alcalins
instables du Soudan. Certaines analyses difficiles A obtenir concernant Ies eaux
d t au t r-e s par-t t es dv monde c ompLe t en t Le memo i r-e en question; i1 ressort de certaines
d'entre eIIeg que 1a coordination des ions carbonate est un ?h~nom~ne a l'echel1e du
globe.

•

INTRODUCTION AND ANALYSI S

• •

A large numbe r of Ethiopian natural ....a t e r-s have been analysed for various
reasons by Italian sc i en t i s t s , the Awash Valley Authority, 1J0od, Baxter. and Prosser
(Ethiopian Lakes), and t I.e present au t r.or , For references to this vor-k , see Fd t t ....e l 'l ,

1967. The n aj or i t y of t r.e author's own analyses are given in Table 1 of the appendix.

* For brevity. the bu Ik o F the analyses ar-e deposited (see Table 1).
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Seasonal variations are illustrated by Table 2. Most of these analyses ver-e made by con
ventional methods, which in general are described in the authorlg aforementioned mono
graph. It vas noticed that in some instances results varied by as much as a power 01
ten in extreme cases, depending on the method usedi nor was it reassuring when circula
tion of both genuine and synthetic 5~ples to outside laboratories showed similar
variation. This vas traced to the ignoring of interference effects from elements such
as iron, aluminium silicon, boron and manganetle, which are occasionally quite high. It
vas also found that some laboratories ignored knovn interference effects such as that of
calcium vf t h sodium in flame photometry .. With flame photometry, it was found that this
interference obeyed the already known emission spectrographic equations (Pittwell, 1962
and 1966), and corrections were made. The fluoride values originally reported by the
Author have been revised to take account of interference effects. Recent work on
synthetic doped samples has shown that accurate results can be obtained by extracting a
known Volume of sample wi th 8-quinolinol and chloroform prior to the normal ali zarin
red S, zirconium Colorimetric method.

It viII be noted that with a few exceptions, the trace element spectrographic
analyses in Table 1 are only order figures. Synthetic studies showed that the solvent
extraction technique devised by Pohl (1953) could be simplified by using only a mixture
of dithizone and 8-quinolinol in chloroform, provided that the sample was extracted to
completion sequentially at pH I, 4, 7 and 9 approximately, and any grecipitate added.
This extract was carefu.lly evaporated to dryness and charred at 450. The char was then
weighed and excited in the spectrograph 'Without any additional graphite, the carbon line
at ~478 ..6 AO being used as reference line. Work is still proceeding to put figures to
these range analyses. This work 'With synthetic samples has confirmed BeLyaev (1965),
who estimated the accuracy of Pohl's method as 50 per cent.

CO_ORDINATING LIGANDS

From Table 1 it is evident that in Ethiopia the only ligands present in
SUfficient concentration to be significant in co-ordination are carbonate (including
bicarbonate) and water. It just might be possible that in some places fluoride,
chloride, nitrite, ammonia and organic acids also co-ordinate to metals, and in rare
instances sulphide, but these are the only probable ligands. A search of literature re
vealed that in SOlT'.e parts of the wor-Ld sulphate and ni trate might be important as well,
so a considerable amount of synthetic work was done to de t e rm i ne the relative importance
of' these various ligands for transporting metals in solution. This work will not be
given in detail here. The absorption spectra of metal solutions was measured as
solutions of' various ligands wer-e added one at a time, or mixed in competition vith
each other at different pH; The ability to Le ac h metal carbonates, oxides and aerated
sulphides vas a190 measured. In some instances, especially carbonates and nitrites,
solid compounds vere also isolated and studied. In almost every case, it vas found that
ligands co-ordinated metals only vhen present in more than theoretical excess, though
vt t h metals such as cobalt and copper, partial co-ordination might occur at saturation
or high temperature. The results of this wor-k are summarized in the author's afore
mentioned mon oqr aph , For Ethiopian waters, this means that carbonate is the only major
probabl~ ligand, except ..,ater, and must therp.fore be responsible for keeping most of the
metals in soluti on that art! normally preci pi t e t ed by aU:ali. Synthetic v or-k confirmed
that thi. vas pos s i bje , and many s tabi Ii ty con! t an t s and hydrolysi a cons t an t a have been
measur-ed , The former are given in the monograph; the hydrolysis constants ...nIl be
published shortly.

It is well known that complex formations are governed by the Mass Law so that,
in a complex mixture of metals and ligands, the relative bond strengths determine Which
i. banded to which. An intereating case of thi. found during thi. work was in the co-
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ardin.tian by fluoride ion. Under natural surface conditions, fluoride might be ex
pected to co-ordin.te to aluminium, .candium, yttrium, iron III, tin and beryllium, but
not other metals. Hoyever, the fuoride-beryllium bond is far stronger th~ the iron
fluoride bond, and when iron is determined by & thiocyanate colorimetric method in the
absence of beryllium, and re-determined after the addition of excess beryllium, the
apparent increase in iron content i. the concentration of fluoroferrate present. In a
few Ethiopian rivers, this can be as high as two thirds or even all the iron.

The actual metal content carried by a river in solution will be dependent not
only on the concentration of suitable ligands and the pH, but also on the availability
of metals from the soil and bedrock. Hence, rivers viII rarely be saturated in metals.
However, if the concentratim of '·heavy metal" concentrate obtained £'rem a sample be
plotted against pH for rivers high in carbonate alone, or chloride alone, it is obvious
that the efficiency of carbonate as a ligand rise! rapidly above pH 5. Below this there
are probably only simple bicarbonates of aquated ionsi vhilst that of chloride falls
almost to nil above pH 9. This result! in a minimum "heavy metal II content at pH 7-8.
The results are summarized in Table 3. A similar curve is obtained if calcium content
is plotted against pH, presumably due to the formation of soluble carbonatocalciurn
anions. If a sample of optically clear (no Tyndal'g cone) Awash River water is acidified
.from pH 8.3 to 6.3 using an acid such as perchloric whose anion is poor at co-ordination,
the "heavy metal" content drops £'rom about 140 mg/l. to 40 mg/l. presumably due to des
truction of c ar-benaee ion. Further evidence for the existence of carbonateferrate II and
III, and carbonatomanganate II has been obtained from some chalybeate springs in the
clif£s of an upper tri butary o£ the Iassem. The only other complex ions defini t e Ly
detected in Ethiopian waters other than by probability ~e chloroferrates II and III
identified by absorption spectra in samples from Dallol. Additional evidence for carbon
at o compjexes is given when exceptionally al.kaline water, such as L. Shalla, is shaken
wi th azuri t e , the copper content rises to 2 g/L, and bisaquobiscarbonatocuprate II ions
can be detected in the water. Other points of' interest are: copper carbonato complexes
are among the most stable, and as the sea is alkaline, this may explain the high copper
content of the sea remarked on by Goldschmidt (1937); calcium carbonato complex is among
the least stable; hence, although limestones viII precipitate most heavy metals from
acidic waters in which water or chloride is the dominant ligand, they have no action on
alkaline carbonate vater-s , Differences of stabili ty 'With valence can cause springs to
lose large arnoun t s of iron and manganese as their waters meet the air, as happens at the
chalybeate springs in the cliffs above the [assem gorge. There are also ligands such ag
sulphide, sulphate and phosphate which, although not forming soluble complexes vi. th
metals, may precipitate some of them. Thus, passage over gypsum in the Ogaden almost
completely strips lead from the Wabi Shabbelli. In the laboratory, gypsum rapidly de
composes carbonatoplumbates to lead SUlphate. An unfortunate side efFect of carbonato
complexes is that alkaline carbonate vaters when aerated will dissolve metal plumbing,
including copper; whilst boiling the least stable gives slimy precipitates.

PRACTICAL OBSERVATIONS

Several people have shown (see the author's earlier monograph) that the pH of
groundwater is controlled by the leaching of' alkali and alkaline earth metals from the
rocks ~d soils by carbonic ~cid; by the action plants which by metabolizing bicarbonate
may raise ~he pH to over II, or lower it well beloW seven when they die and decompose.
Dilution by rain is another potent effect, whilst hot springs and sun heat may be locally
important. Test9 on synthetic complexes and real rivers show that if the pH of an
alkaline river £a11s, c~bonato complexes decompose; first to polymeric colloids, and
then to gels which have residual negative charge on the surface. These negatively charged
colloids should be coagulat.bIe by highly charged positive ions, and this is the case.
IF such colloids are allowed to polymerize 5lovly, the resultant gel particles are bonded
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together by absorbed alkali metal Lcns neutrali zing the repelling charges. If these
ions are removed by washing. the gel is peptized. The muddiness of alkaline river~

after rain is well knovn, and might be attributed to simple erosion, but prolonged ob
servation has revealed that the Sebeelu river from the Sululta plain just occasionally
turns acid at the end of the dry season, before the rains start, due to rotting weeds.
'When this happens, the river becomes exceptionally turbid. Likewise, samples of river
water dialyzed to remove colloids, and then diluted with distilled vater, give easily
peptized colloidal gels on prolonged standing. This is reminiscent of certain Sudan
type alkaline soils which, when an attempt is made to wash out the alleali, peptize and
wash away. It is suggested that these soils have been produced by polymerization of
such colloids, and that the alkali metal ions are the bonding agents holding the
particles together. If it is necessary to remove this aUali, it vould be advl.sable to
replace it by ammonium ion, by washing the soil vith an ammonium salt. When the plants
subsequently metabolize these ammonium ions, the residual hydrogen ion ~ll still
neutralize the charge.

Other observations are that: Ethiopian waters appear to contain plenty of
copper and Fluoride, occasionally too mUch of the latter; but there is oFten a scarcity
of cobalt. A comparison of analyses of lakes at one time or another reported to be
terminal sinks, shows that whilst Shalla and Saasaka are undoubtedly sinks, Chama
definitely is not. CareFul enquiry confirms that there is a connexion between L. Chamo
and the Sagan R.L. Awassa is more of a problem. It is not alkaline enough or brackish
enough to be a sink, yet it definitely has no visible outletj but on the south shore
of the lake there is a very low col leading to the oeedvaeera of streams flowing to
L. Abaya, and the rocks of this col are quite porous. It is suggested that L. Ayassa
drains through this col by underground seepage. Hence, L. Chew Bahr 19 the ul timate
sink for the whole region south of Hosanna and Shashamane. There are quite considerable
variations in the pubjLs hed analyses for Lake! Abayatta and Baas cl:: a. This has been
traced to rafting of fresh vater from the tributary streams over the top of the denser
brackish lake water. Intermi ttent diluti an and hence lowering of the stabili zing
carbonate ion concentration may account for the large banks of silt that form where
streams enter L. Abayatta. There appears to be an intermittent cross connexian between
L. Abayatta and L. Shalla, the water of which is highly aH::aline.

The iSland of Dahlak Iebir has relatively £resh Yater despite its very low
rainfall. The presence of a large amount of carbonate in this vater suggests that an
underground syphon exists under the sea, connecting a mainland aquifer \llith the island.
The big problem in this area is the origin of the high chloride ccncen t r at i ca , and in
some instances the acidity of the Danakil Rift vaters. It is not due to desert con
ditions, as comparison with Yemeni vaters, especially those of the Tihama coastal
desert, which are normal carbonate, low-chloride waters like those of the adjacent
plateau. The chloride content of the Danakali vaters must therefore cone from the
underlying salt beds of marine evaporite origin. The very high acidi ty of some DAnakil
springs lies in the tectonics of the area. When exceedingly hot rocks from the mantle
come into contact vith sedimentary r-ock a which will Lnc Lude carbonates, sulphates,
5ulphide5, halides, and hydroxyl groups, in addition to minor things like borilte!l, etc ••
carbonates decompose. hydroxyl groups condense to Form water (as steam) and a series of
chemical reactions, Yell known to cement arJd ceramics makers, take place vith silie... to
form sulphur dioxide, and trioxide, volatile metal halides, and 90 on. These latter
are then hydrolysed by steam to metal oxides and hydrogen chloride, etc. These highly
corrosive gases viII be under high pressure, and once having broken through to the
surface will form a volcanic region until that area hag drifted far enough from the
deep-seated thermal zone. The Danakil rift is thought to be a point of crustal
separation where magma is coming into contact vith, among other things, halite. This
is evident for the trace element content of a red halite located south of Dallal at a
place nick-named "Skating Rink" which contains not only trAces of typical VOlcanic
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minerals, but also lithium, aluminium, manganese, iron, beryllium. silicon, titanium,
germanium,chromium, lanthanum, boron, molybdenum, zirconium, hafnium, niobium and
tantallum, much of which are precipitated as oxides when the salt is re-crystallized From
vater-, It is concluded that this salt deposi t has been metamorphasi zed by molten lava
reacting with it, The Dallal hot brine springs which are unusually high in hydrochloric
and sulphuric acids as well as iron and copper chIaro complexes are located just north
of this structure. These springs are interesting because they contain large quantities
of copper in the presence of hydrogen sulphide. Some year~ ago the author found that
whilst the water molecule could react ~th halocuprates, the negative hydro9ulphide ion
was repelled without reaction. Hence, at very high halide concentrations when virtually
all the copper is present as halocomplex, copper is not precipitated by hydrogen sulphide
at any acidic pH (Pittwell, 1964). This happens here.

CLASSIFICATI ON OF NATURAL WATERS BY LIGAND

Currently, natural waters are classified by the predominant anion present. For
some purposes this is very useful, but when determining the metals likely to be in
solution, this can be somewhat misleading, and sometimes it might be more usefUl to
classify waters by the main co-ardinating ligands present. This for many of the waters
of ~stern Europe, and eastern north America would give us water type water9, where
the anions present are merely 9imple anions, in contrast to the carbonate, fluoride,
and chloride vaters of Ethiopia. It is sometimes difficult to draw a definite line. Thus,
although sulphate is usually merely an anion, without co-ordination, its presence in
Ogaden vaters does account for the virtual absence of lead And barium.

A common misconception is that high carbonate content implies alkalinity. This
depends on the cation. ThUS, in the south of Britain high concentrations buffer the
rivers to a maximum pH of 7.2, that of saturated calcium bicarbonate. Increase in carbon
ate results in loss of carbon dioxide and precipitation of calcium carbonate onto the
river bed. On the other hand, the river will not get more acid than this unless all
thi s preci pi tated calciurn carbonate has di s901 ved. A pH above 7.2 indicates alkali
metals (usually sodium, sometimes potassium). The calcium content must be mineral betveen
pH 7.2 and about 8.3, at vlUch pH the solution is saturated in alkali bicarbonates.
Ho~ever, the concentration of carbonate i9 usually measurable before this, and as it in
creases, unstable carbonato-calcium complexes form. Barium does not form such complexes,
a~d this may be used as the basis for det!~~ining true carbonate in the presence of
bicarbonate (Pittvell. 1969).
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and Related Natural W~ters.

CO; SO;; S F- Cl-

305 t
90
76

- 23?00
124
128 t

40 t
90

250
54

146 t
88 t

Table 1. Typical Analyses of
No. Sample

?9 Dallal, hot sprjng
101 Awash R., Melka Konture
104 II " "

106 II II I'

161 A L. Ba aaak.a , Metahara
328- Tekoor Wah a H. , Awassa
5'18 Sebeelu (dry season)
551 " (big rains)
556 "
746 Well 30 km E of Hod.ida
769 Niger, Baro
790 Indus, W of Attock
837 L. Myvatn , Iceland

Ethiopian
pH HC0:l

0.2
8.3
7.6
7.2

10.0
7.3
8.5
8.3
6.9
8.3
7.6
7.55
9·7

1807
9

2120

190

t

t
2

3
1.1
4

?R
0.(

8
I,

t
h
4

33?0
t

vft

t

1

No. Organic NO; NO;
acids

7

7.8
0.6

1.5 285
2

0.9 13.8
t 22.7

29
101
104
lc6
HI
328
548
551
556
746
769
790
837

t

t
vh

t t
6

t

30

t
4

ft

Si02 PO;; BO;

t t
76
0.02 0.02

2300
t

171

140 t

t t

Li N.

80 6960
370

1 25
t h
2 22500

K

1100
20

9
t
t

Ca

(200
34
50

t
70

2
4
2

17
19
84

6.7

Mg

2800
t

30
m

60

0.5
1
4
t

F.

5(20
t

15
2.2
t

5
1

10
t
t
t
t

No. Eeavy Trace Element Concentrations
Metal
Concentra.te

29 10950 Al 1000 mg/l Bi 40 ng/l G. 90 ng/l Ni 200 ng/l Sr 21 mg/l
Ag 70 ng/l Cd 10 ng/l Hf 530 ng/l Pb 360 ng/l Te 130 ng/l
As 400 ng/l Co 70 ng/l La 200 ng/l Pt 120 ng/l Ti 16 ng/l
B 900 ngil Cr 1 mg/l Mn 94 mg/l Se 20 ng/l V 150 ng/l
Ba 2 mell Cu 1. 3 mg/l Mo 6 ng/l Si 1 mg/l Zn 600 ng/l
B. 6C ng/l Ga 100 ng/l Sn 90 ng/l Zr 30 ng/l

201 240 h 31 Al Mg Fe Ca. m B Mn. t Ag Cu. ft Nj Ba Sn Pb. vft Sr T@
l~+ 116 Ag 3ng/l Be 5ng/l Cu 8ng/l Pb 8ng/l Si 20ng/l Ti Ing/l

Al 600 Cd 0.3 Mn 100 Pt 0.5 Sn 5 V 8
B 20 Co 1 Mo 5 Sb 0.5 Sr 10 "n ,
B. 2 Cr 2 Ni 0.5 Se 1 T. 2

Notp vh, h, ro, t, ft, vft, eft, are in decreasing order of magnitude for
ran~e, if known, ee@ deposited full table.

~ This lake has trona in its bed scting as a buffer.
• A very variable river with resp~~t to Fe, F, a.nd organics

see full table ..
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14
37

1550
80

837

790

Table 1 contd ..
No. Heavy Trace Element Concentrations

Metal
Concentrate

239 h Fe. m B 5i mg Mn AI. t Li Pb Ca Ti Cu Zr. vft Y Be As Hf
Ag Cr Ba Ge Ce 5n 5r Ni. eft Co Ta Th 5c Zn.

( Al 1.5 mg/l, Mn 160 ng/l, Cu 84 ng/l, Ni 7.5 ng/l)
h Si B Al Mg Fe. m Ca. t Mn Cu 5n. ft Ag Co 5r Pb.
vh me. h c~ S1 Fe. m Li Al Mn. t Cr Ti. ft Be Ge La Ni Mo
eu Zn Co V Be Hf Zr Pb.
h Mg 5i. m B Fe Al Mn Cu. t Zn Ca Cr. ft Ag Ba Be Cd Zr Ceo
h Mg. m Fe Ca 5i B Mn. t Al Cu. ft Zn Li Be Ag Cr.
vft V Mo La. eft Ni Be Ta Co 5b Zr K 5n Cd.

62 h 5i Mn, m Fe Al Zn. t 5n Ag Yb Li. ft Y K Cu Co La Cr Ni
Mo Ca Ti Ta Be. vft Mg Ba Cd Zr 5b. eft V Nb Ta As Hf Te.

746 only a composite Yemen sample analysed and similar to Ethiopian
769 65 h 5i Al Mn. m Zn. t Fe Be Li Mg 5n Ca Cu Ag. ft Ta Sc K 5r.

vft La Ba Hf Zr As B Cr Ga. eft Co Ti Mo.
32 h 5i B Ca Fe Mg. m Al Cu. t Ag Be Ti Co Ni Mn Pb 5r Sb Ba.

ft Zn Zr Cr Ge Mo V Cd Ceo
63 m Ca Al Zn Cu Mn. t Ni 5i Mg. ft 5r V Mo Ti Be. vft La Sc

Nb Bi Ag Zr B In Pb. eft Dy Ta Cr La Co.(Ni 300, Cu 190 ng/l)

548
551*

556

161
328

106

Table 2 Seasonal Variations in Typical Rivers
River Location pH CO· HCO; 50= Cl

3 4
Awash Melka Kontura 7.1 - 8.3 o - 2 76 - 305 o - 190 o - 249

Koka Dam 7.5 - 8.6 0 - 15 162 - 522 o - 12 10 - 32
Awash 7.6 - 8.7 o - 30 121 - 228 o - 78 2 - 20

Borkenna Kombolchia 7.5 - 8.6 o -200 210 - 540 0 2 - 350
below swamp 7.2 - 7.6 o -100 330 - 452 o - 120 1 - 70

Sebeelu at road 6.8 - 8.7 o - 10 40 - 150 0 0
Other ions etc vary just as widely.

Table 3 Variations in Metal Content with pH
pH range Mean ~eight of 11heavy metal 'l Max wgt No. samples Mean
of group concentrate in mg/l. concentrate in group ea mg/l.

All types High CO, High Cl mg/l

o - 1 REel 8~01 10950 2 )
4 - 5 92 92 1

; 1 85 0
5 - 6 7 7 92 4
6 - 7 284 136 5446 5624(high el) 37 )
7 - 8 180 153 3044 3610(and e0

3)
215 50

e - 9 266 268 230 3310 270 20
9 - 10 559 559 4200 22 12

10 - 11 819 819 1630 4 )
3811 - 12 1140 1140 1630 2 )

Not~, rivers rarely achieve ee t.ur-a t t on in trace elements

Only a selection of table 1 has been given. The full table is deposited
at Hsile Sellassie I University Library, Addis Ababa, The Geological
Society in London, England, and the Nat10nRl Museum of France, Paris etc.



VESIGN OF RAINGAUGE NETliORl: IN THE PROJECT

AREA OF LAIES VICTORIA, IYOGA AND ALBERT

by p. I:. Raman

ABSTRACT

The optimum number of raingauges in a catchment required to e s t Lm at e the mean
catchment rainfall, correct to a predetermined relative error, i9 given by the statis
tical relationship:

2n :m t .e
v

vnere n i. the optimum gtatian! required, C i. the coefficient of variation with
exi.tfBg network, P is per cent relative er~or of estimation assumed, and t is Student's
t value Prom tables for confidence level and dejrr-ee of freedom used.

The paper examines on the basi.. of the above relation the optilftWll network re
quired for the Hydramet Project catchments to estimate mean catchment rainfall. correct
to 8 per cent or 10 per cent of the true mean using the 1967 network.

The deficiencies in the network were made up by addi tion of about 150 new led
stations and 16 manned and 13 au t om a't i c raingauge stations on the Lake Victoria i.lands.
The accuracy of estimation over the project land area i~proved from 14 per cent to
9 per cea t; and over the Lake from 24 per cent to 13 per cent. Suggestions for locating
additional stations in area. still found deficient are indicated.

RESUME

Le nombre optimal de pluviom~tre9 n~cessaires pour ~va1uer la pluie moyenne
tombant sur un bassin versant, avec une marge d'err~ur relative fix~e d'avance, est
donne par la relation statistique

n • t 2 .C 2/ p2 or n • (2 C / p)2
v v

au n :: nombre optimal de stations r-equi s es , C "'" coefficient de variation par rapport au
r-es e au exi s t en t , P. pourcentage SUPP09~ dler~eur d t e s td ma t i on relative, t • variable de
Student d'apr~s tables relatives aux seuil! de conf1ance et aux degr~s de libert~

utili.~s.

L'auteur examine. en se fondAnt sur la relation su!mentionn~e. Ie r~seau

optimal qui est requis dans les bassins versant, du projet hydrom~t~orologiqu~ pour
pouvoir estimer leg pluies moyennes au-des,u9 de ces bassins avec une marge d1erreur de
8% ou 10% par rapport l 1& moyenne VTaie et en utilisant Ie r~seau 1967.

Pour pilllier Lea insuf'Eisances du r~$eilu. on .a ajout~ environ 150 nouvelles
a t at i ona continentales, ainsi que 16 stations pl wvi omet r i que a babt t ee s et 13 stations
.utomatiques sur les tIes du lac Victoria. L~ pr~ci9ion des estimations s'est accrue de
14% a 9% sur la partie continentale du projet ~t de 24% A 13% sur la partie lacustre.
L1auteur Formule des suggestions pour l'emplac~ment de stations suppl~mentaire9 dans des
zones encore jug~e9 insuffisamrnent ~quip~es.
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INTRODUCTl ON

The obj~ctive of the Hydromet Survey of Lakes Victoria, {yoga and Albert is
the collection and analysis of hydrological and meteorological d a t a of the river catch
ments that drain into the above lues, with a view to studying the water balance of the
Upper Nile Basin.

The important aspect of data. COllection planned in this project has been
summarized in the B.iennial Review (1967-1969) (4). The present note discusses the re
sults of a statistical investigation undertaken for the design of an optimum raingauge
network required for assessment of areal mean rainfall, in the sub-catchments and the
~roject area &s a vhole, with a specified degree of accuracy for water-balance studies.

RAINGAUGE NETl/ORI IN EAST AFRICA

The East African Meteorological Depar tmen t , wi th its headquarters at Nairobi
estab1ish~d in 1929, functions ~s a Cammon S~rvice~ Organization of the East African
Community of the three States and it responsible for the systematic collection,
scrutiny, processing and publication of reliable rainfall and other climatological
statistics for East Africa, Though rainfall records have been collected since the
beginning of the century, the first rainfall summary for the International Standard 30
year period, 1931-1960, vas published in 1966 (3), The publication of daily, monthly
and annual rainfall data published by EAMD every year forms a valuable source of data
for all stUdies to be undertaken in the project.

Based on the directory of raingauge stations listed in the rainfall Volumes of
Kenya, Uganda and Tanzania for 1967 (3), a preliminary study of the existing network of
stations, inside and in the n~ighbourhood of the project boundary and located in posi
tion on a map (scale 1 : 1 000 000) in the 38-degree squares (approximat~ area 408 000
km2) revealed that about 945 stations vcuj.d be available. Inside the project boundary
(ar~a 336 7'0 km2) th~r~ w~r~ about 690 raingaug~ stations (Figur~ 2). In Ienya, it was
found that each IO-min, square had more than 10 stations, lihereas About 50 per cent of
the 10-min, squares of the proj~ct area were without any station, Recognizing this
defici~ncYI the Plan of Operation for the Hydromet Survey (11) envisaged setting up of
an additional netvork of about 150 more stations in a planned and objective manner to
overcome the gaps found.

PROBLEM OF DESIGN OF RAINGAUGE NETwORI

The purpose of rainfall data-collection in hydrological stUdies is the evalua
tion of the volume of water falling over a catchment area, in the form of rain contrib
uting to eventual runoff through the rivers. An absolute value of the "true areal
average r-af n Pa'l L" over an area will remain an unknmm quantity, and the true value has
always been estimated, as the mean given by a large network of stations, evenly distrib
uted in the area. The areal density of gauges required to determine the mean areal
rtl.infall depth wi thin a s pec i rf.ed relative error of estimation has been stUdied by
methods of statistical theory of design of sample surveys, the raingauge station being
regarded as a space-time sample. The duration of time has considerable smoothing effect
on areal variation of precipitation, The areal variability is substantially reduced
~th the length of period over vhich observations are averaged and also the intensity of
the storm, In practice, the percent ace coefficient of variation over an area for daily
rainfall is 80 per cent, for monthly rainfall 15 per cent to 17 per cent, and for
seasonal or annual rainfall 7 per cent (Makay, (8)). McGuiness (9) gives the average
error as 8 per cent for one-inch storms and 5 per cent for 5-inch gtorms. A level of
accuracy of 8 per cent for annual areal rainFall vas considered accep t abje for purposes
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of watl!!r balance s t ud Le s from hydrological considerations on the basis of a preliminary
study of "water balance of Lake Iyega" (5). Keeping in mind the errors of observation
by voluntary obSl!!rvers and the instrumental errors due to exposure, etc., for a country
wide survey like the presl!!nt project, an li!rror of 8 per cent to 10 per cent appears
reasonable, and a lesser error of estimati on does not appear pr-ec t i c aj ,

STATISTICAL APPROACH TO NETIofOR!: DESIGN

The IofMO/IASH Symposium at Quebec (1965) (12), on the "Design of Hydrological
Networks", considli!red in its papers the different techniques and practices adopted in
various countries. In a rli!Cli!nt WMO/IHD Report by RoddA (1969) (10), the present state
of knowledge on the subject of network: design was aummar-f zed, indicating the nature
and .cope of the problem, but no standard method of design h~s been recommended.

The number of sampling point! (n) required for estimating the true areal mean
of a popUlation, b~sed on a random sample taken From the population, For a desired
level of statistical accuracy, can be derived by methods of random sample survey.
Several authors (12) have applied this method, to plan and design the optimum number
o£ raingauges t using the general eque t i on

k 2 v 2

D2

where n - number of samples (gauges) required:
v ,. vari ati on of the mean of n observati ons :
D » desired relative difference between estimated sample mean and the true meanj
k .. determines the probability that the s ampLe mean will have a relative error

not greater than :.D.
Stein (12) (1945) and Iozlik (12) modified the above equation by substituting Student's
probabili ty distri buti on for k and gave an equat i on

n •

where n, v and D have the s~e meaning a5 in
from the standard tables of Student's t, for
freedom used. Equ.ation (2) is the same as:

2 / 2n = t • c 2 P
v

equation (1), and the t value is taken
chosen confidence levels and degrees of

where C = coefficient of variation in per centi
v

P .. desired percentage error of estimation assumed.

For the generally accepted confidence level of 95 per cent And for sampl~ size 6 to 60
obs er-va't i cna or more, t he value of Student's t varies from 2.00 to 2.25. In a paper
on Development and Design of Raingauge Netwo~k in the urI Bleasdale (12) assumed that:

which gives the optimum network required in a simplified form.

The optimum
C

v
and p are known i

network for each catchment was calculated using equation (3) where
the value of t vas chosen by trial 90 that it corresponds to the
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degrees of freedom given by the sample size n, finally chosen as the optimum number (6).
Simplified equation 4 was also used to calculate the optimum number n for comparison of
re9ults.

METHOD OF ANALYSIS AND RESULTS

Annual rainfall data averaged up to 1967 for all the available number of years
of record, for all the stations, have been published by EAMD (2). The mean annual r-af n-.
fall for all the available stations in each of the sub-catchments of the project area
....as 't abu.Lat ed , From the tabulated ennu a'l rainfall data, the arithmetic mean (i),
standard deviation (D") and percentage coefficient of variation {c = 100 e/x) of rain-
fall for each sub-catchment was computed. v

Using these statistical parameters, the optimum number of raingauges n required
for each of the sub-catchments was calculated by trial for estimation error of 8 per
cent and 10 per cent using the method mentioned earlier. These results are given in
Ta.ble 1. It will be seen from Table 1 that the optimum number of gauges obtained from
equation 3, using Student's ad j us t ed t.975 values and those obtained using simplified
equation 4, u9ing a constant value of 2 ror t, give remarkably similar r-esu i r s , A
higher confidence level of 99 per cent (or t.99~) increased the optimum number of
samples to almost double the number for 95 per cent confidence level. Tab~e 2 summarizes
the analysis for the three lake basins, giving the d density of gauges (km per station)
for 1967, the optimum number of gauges required for an assumed estimation error of 8 per
cent, the additional gauges required for each catchment, the number of raingauges
insialled by the project in different catchments up to 1970 and the density of network
(km per station) that will be attained. The last three columns of the tables give the
percentage coefficient of variation for the 1967 ne t vor-k , the relative error p per cerrt
of estimation with the 1967 network and the expected relative error with the 1970 network.

D1 SCU551 ON OF RESULTS

It viII be seen from Table 2 that the majority of sub-catchments in the project
shOW an expected percentage error of less thAn the pre-determined 8 per cent error of
mean areal rainfall, using the data of the network. It is evident that the 1970 network
will yield an areal mean rainfall with a relative error of less than 10 per cent of the
true mean for most of the catchment! in the project.

The sub-catchments where the network was deficient in 1967 and 1970 (p ,.10 per
cent) are given in Table 3.

The optimum number of raingaugeg required for the above catchments have to be
objectively located to avoid clustering, taking into cOBsideration the diversity of the
terrain. The Annual isohyetal pattern generally adjusts itself parallel to the topo
graphical features and climatological influences of the country.

The distribution of the decided optimum number of gauges ig made in the propor
tion of the ratio of area enclosed by standard isohyetal intervals drawn in the catch
ment to the total area of the catchment.

Figure 1 gives the mean annual Lsohye t aj. map of the project area (the base map
used il of a scale 1 : 1 000 000). Figure 2 gives the 1969 network and raingauge
s t ati cns recently added up to 1970.

The Iagera sub-catchment is taken to illustrate the method of objective distri
bution of the optimum network (see F1gure 1). The isohyetal lines crowd near the Lake
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Victor!a coast, and the ar~& to the west shows a lov gradient of rainfall ~istribution.

The number o£ gauges in each of the areas bounded by the isohyets drawn is to be distri
buted in proportion to the ratio of area bounded by the i!ohyetal lines to the tot~l

area of the catchment (26000 km2). The central portion, which is marshy, undeveloped
and sparsely populated, does not have any r~present.tive raingauge. Region 5, between
1 000 mm isohyetal, requires 6 stations.

All the catchments requiring improvement have similarly been considered
separately, and the .reas found wanting in networks should be provided with additional
storage gau.ges as far aa practicable in the near £Uture, as shown in Table 4.

There are. however, two areas in the project considered as deficient in net
work density. These Are the diffiCUlt, undeveloped, !par!ely populated Masai regions
(the Serengeti National Park and Game Sanctuary of Tanzania). However, the Serengeti
Game ResearCh Insti tute at Seronera mAintains ar1di tiOl'1a.l monthly rainfall records frortl
a network of about 27 storage raingauges distributed over the reserve area. These data
when collected and used for stUdies in the project, viII give an estimated mean areal
rainfall over this region ,also with a relative error of Le s s than 10 per cent.

~ith this network, a reasonably correct isohyetal map of the project including
Lake Victoria can be prepared for calculation of mean areal catchment rainfall on a
monthly and yearly bag!s.

LAKE VICTORIA

The inaccuracy in the estimation of average rainfall over LaJc:e Victoria (area
69 300 sq. km.) is one oE the major d~Eici~ncieg in th~ present n~twork. Measurements
of rainEalI by radar methods have been considered and found not to be justifiable because
of cost. Radar techniques give only qualitative results, and it is not possible to
dispense with the maintenance of the network of manned and Automatic island rungauge3,
since these are required for calibrating the radar echo intensities.

Areal estimation of rainfall over Lake Victoria viII have to be worked out from
the data of stations situated on the islands and along the coast. Thirty-three stationl
in 1967 ga.ve an annual mean rainfall of 1 304 mm a C of 27 per cent and a r-e Le t Lve error
of 24 per cent. The 29 stations added in 1970, ~ivi~g a total network of 62 ~tationsf
will improve the relative error to 13 per cent, futther improvement can be effected by
increasing this network after re-appraisal of the data collected for a number of years.

SUM¥JU<Y

The percentage error of areal e s t Lm a't ea of me an iUlnu:al rainFall in the differ
en t aub-cca'tchmen t s of the three lake basing and the project as a vbct e and Lake Victoria
separately have been ~stimated using the 1967 and 1970 networks of raingauge stations.

A comparison of the percentage error with the network of raingauge stations in
1967 and the increased network in 1970 shows that estimates of mean areal rainFall over
a few sub-catchments having a large error wil~ be reduced to an estimated accuracy of
8 per cent to 10 per cent (agswned appr-cpr-Le t e for the purpose of water-balance studies
to be undertaken in the project), with the increased 1970 network. The present in
crease in ne t vor'k a thug appears satisfactory for the project as a vhoj e ,



Table 1.1

t • 2

S. No. Catchment Are~
(km )

No. of
RG

uged

Mean Stand-
IF ard

[rcn ) devia-
tion
"....-

e %
v 8% 10%

t.975* t.995*

-:-% \10% 18% ]10%

I :
I

I 232 150 1484

1 256
1253

4
1 789 106 4
1 420 234 4
1 566 383.0
1 585 330.0
1 309 180.4

- -

25 16
3 2

17 11
37 24
27 17
12 8

eo
~

'"

10.67
13.64
7.37

32.08
8.51

15.24
22.36
7.48
8.08

17.39
6.26
5.11

'.64
10.46
20.81

-

90.37
191.11

90.37

i 281.48~ I
I

27 18 46 31
6 4 3 6

19 13 32 I 22
38 25 66 42
28 19 49 32
14 I 10 24 17

59 I 38 i 59 I 38 101 67
46 29 46 I 30 80 52
22 14 23 15 40 27
61 39 61 39 105 69
19 12 21 14 35 24
17 11 19 13 33 22
37 23 38 24 66 42

6 4 9 6 14 10
23 15 25 17 42 28

27 17 29 19 49 33
21 13 23 16 38 26
58 38 59 I 38 102 66
18 11 19 13 33 22

124 79

20.9
18.4
30.7
16.7
26.7

26.2,

20.2
6.0

16.5
24.5
20.8
13.8

3°.8 [
27.0
18

1 31. 3

17 .4
16.7
24.4

9.9
19.3

323.8
234.7
317.5
201. 9

268.1
260.5
172.4
286.2
176.0
173.6
254.0
139.2
283.7

871
964
921

1 234
1 013
1 037
1 040
1 141
1 469

1 212

1 552
1 278
1 034
1 209
1 304
1 173
1 304

6
8

11
25
14
23
23
26
28

56
18
38
12
14
11

17
6
6

4
33

451
33

12 250
14 150

8 000
26 000
8400

14 700
21 500

5 300
5 500

13 850
3 500
3 600
3 600
6 600

15 900

24 500
17 500
17 300
10 000
69 300

162 850
69 300

SiD, Nzoia
Yah
NYiUldo
Sondu
Gueha-Migori
Mar .. f Mori
R\lvana Qurwneti and
Suguti
Simiyu Mbalagati
Magogo IS&11ga
lager.
lluizi Xi bale
[atonga
South shore area
North shore area
IavirOlldo area
Lake pl11S islands
(a) North-vest
(b) South-vest
(e) South-east
(d) East
Whole lake
Land area only
Lake area only
Victoria Basin as
a whole

I. LAXE VICTORIA BASIN

1
2
3
4
5
6
7

8
9

°
~~

3
4

1'-5

I

/
I

r I

• Adjusted by trial (6).



Table 1.2

,

t.995* MeanS't and-, t ~ 2 t.975*

Area
No. of Mean ard

8% 110%

volume
S. No. Catchm~nt (km2 )

RG RF devia- c %
8% 10% 8% 10%

of RF,
used (mm) tion

v
(lIli11~ard,

,

I
..,...- III )

I II.
LAtE [YOGA

1 Iatu 16 700 23 1 198 112.4 9.4

1

6 4 8 6 13 10 20.1
2 Korth shore plus

12 000 Ilake 16 1271 136.4 10.7 7 5 10 7 16 12 15.25
3 Salisbury region 24 000 23 1 312 [373 6 28.5 51 32 51 33 88 58 31.49
4 , Mpologoma 14 100 33 1 375 191.6 13.9 12 B 14 10 23 17 19.39
5 Victoria Nile 3 500 9 1 301 94.6 7.3 4 2 6 5 9 7 4.55
6 South shore p Ius

lake 5 200 15 1 353 137.7 10.2 7 4 7.04
7 I:yo,. Basin as ...

vbole 75 500 119 1 294 222.7 I 17.1 87 - - - - - 97.72

Table 1. 3

III. LAIE ALBERT

1 Albert Shore plUS
lake 18 000 27 1 306 187.7 14.4 13 8 15 11 25 18 23.51

2

I

Alb~rt Hile 11 100 15 1 388 1130.9 9.4 6 4 8 6 13 9 15.41
Al~rt Buin as a
whole 29 100' 42 1 337 1178.5 13.6 19 38.91 I

Table 1.4

Victoria Basin 232 150 484 I 1 212 '341. 3 26.2

I
281.48

l:yog. Basin 75 500 119 1 294 222.7 17.1 97.72
Albert a...sin 29 100 42 1 337 178.5 13.6 38.91
Project as a vhole 336 750 645 1 241 305.9 23.5 418.11
Lake Victori ... only 69 300 I 33 1 304 '365.6 26.7 90.37

,

* Adjusted by trial (6).

'"U>....



Table 2,1

S,
110, Catcblftent

I. LAJ::E VICTOIIA CATCHMEIIT

No.
in
1967

Den~ity

(kDt !
stn, )

Optimum
Mo. of
gauges
Por 8X
error

Addit-l

i onal j
re-

quired I

lIev
stn.
in
1970

Den~i ty %
(l:m ! C

v
Total I stn,) 1967

[1970 I
I
J

p %
I

I

P%
1970
ex

pected

1
2
3
4
5
6
7

8
9

10
11
12
13
14
15
16

Sio. Nzoia
Yah
lIyando
Sondu
Gucha Kigori
Mara, Mori
Ruvana GIlrwaeti plUS
Suguti
Simiyu, Mbalagati
Magogo, Iaaug.
I:agera
!lui zi Iibale
Iatonga
South shore area
North shore areas
[avi ronc1o area
Lake plus island.
(a) 1I0rth-ve.t
(b) South-vest
(c) Sauth-.ut
(d) Ea.t
Whole lake only
Land areas only
Victoria Basin

102 136
26 135
47 77
23 156
18 367
14 1 136

6 2 042
8 1 768

11 727
47 553
19 442
30 490
31 693
29 183
40 137

17 1 441
6 2 917
6 2 883
4 2 500

3J 2 100
451 361
484 480

27
6

19
38
28
14

59
46
23
61
21
19
38

9
25

29
28
59
19

130
433
563

15
10

53
38
12
14

2

7

12
17
53
15
97

79

1
1

3
8

6
3
8

15
3
6

11
2
2

11
8
7
3

29
69
98

103
27
47
23
21
22

12
11
19
62
22
36
42
31
42

28
14

, 13
I, 7
I 62
I1520
',582

1
, 1
I

i
I

1
1
1
1

135
13 0

77
156
134
723

021
286
421
419
382
408
512
171
131

875
250
330
428
118
313
399

120.2 5.5
6.0 3.0

I 16.5 5,5
24.5 15.6
20.8 12,0
13.8 I 9.3

30.8 32.3
27,0 22.6
18,7 12.6
31,3 12.9
17.4 10,1
16.7 7.2
24.4 10,6

9.9 4.0
19.3 7.5

20.9 10.8
18,4 19.3
30.7 32.3
16.7 26.6
26.7 23.6

13.6
26.2 16.4

4.0
2.4
4.8

10.6*
9.5
6.1

19.5*
18.1*
9.0
8.0
7.7
5.6
7.6
4.0
6,1

8.0
, 10.0

I
18,6*
13.0
13.0

9.4
10.3

ro
U>
CD

* Coe.fficient of variability is still large with 1970 network.



Table 2.2

1 ! O' I
1

1

Relative error
< pt1mum Addit- Nev Den~ity

No. Den~i ty I No. of . 1 e %
S.

Catchment ( / lana ,tn.
Total

(km / v P % P%
No.

in km gauges
in s tn , 1 i 1967 ex-1 re- pe c ted ex-

1970 a t n , for 8% . d
1970 1970 1970 1967 P'1Wderror qua r-e 1 0

II. LAI E IYOGA

1 btu 29 '76 8 - 9 38 439 9.4 4.1 3.1
2 North shore plus lake 23 522 10 - 2 25 480 10.7 5.7 4.4
3 , Sali s bu:ry 32 750 51 19 10 42 471 28.' 12.3 8.9
4 I Mpologana 38 371 14 - 1 44 320 13.9 5.0 4.2
5 Victori a Nile 14 250 6 - - 14 250 7.3 5.6 4.2

6 I South shore plus lake 20 260 9 - 2 22 236 10.2 5.6 4.'
I I yog a. B&5in 156 484 98 - 24 180 419 17.1 7.0 5.3
I

Table 2.3

III. LAIE ALBERT -:r 4181 I Albert shore plus lake 30 600 15 - 13 14.4 '.7 4.4

2 I Al bert JriIe 21 528 8 - 4 25 I 444 9.4 '.2 4.0
Albert Basin 51 570 23 - 17 68 404 13.6 '.5 4.2

,

Table 2.4

1 I
i

I ~
1PROJ ECT AS A "SOLE I

i Ii
I Victoria Basin 484 480

I
98 399 26.2 16.4 10.3

tyoga Basin 156 484 24 180 419 17.1 7.0 5.3
Al bert Basin 51 570 17 68 404 13.6 5.' 4.2
Lak:~ Victori.a. only 53 2 100 29 62 1 118 26.7 24.0 13.2
Project &s a whole 691 487 139 830 406 23.5,10.8 7.1

NOTE: Network in index catchments not included.

to

'"-o
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Table 3

,
I

I
S. No.

I

Sub-catchment 1967 1970 1967 1970 Ic % net .....ork P% P%v

1 SODdu 24.5 23 15.6 10.6 )
2 Gucha Migori 20.8 21 12.0 9.5 )
3 Rwana, Gurumeti and )

Suguti 30.8 12 32.3 19.5 )
4 Mbalageti • Simiyu 27.0 11 22.6 18.1 )
5 Magogo, Iganga 18.7 19 12.6 9.0
6 Xager. 31. 3 62 12.9 8.0
7

'I

Lake Victoria 26.7 66 24.0 13.2
8 Project as a whole I 23.5 830 10.8 7.1

Table 4

Distribution of raingauges in are!! of de£icient network

S. No. Sub-catchment I
Region 1 % area

Optimum No. 1970 I
of existing Required

,

raingauges network

1 .lager. 1 1.6 1 5 -
2 9.2 6 10 -
3 10.6 7 16 -
4 2.6 2 2 -
5 76.0 46 40 6

Total 100.0 62 73 6

2 Sondu 1 18 7 1 6
2 78 30 21 9
3 4 2 1 1

Total 100 39 23 16

3 Qu.cha Mi gor! 1 54 f 15 18 -

I

2 16 4.5 4 1
3 30 8.4 8 1

Total 100 28 30 2

4 Rvana-Gurumeti 1 50 30 3 / 27
2 36 21 4 17 i

!
3 14 8 3 5 i

Total 100 59 10 10 49

5 Simiyu Hbalagat, 1 53 24 16 8
i2 36 17 5 12

'I 3 11 5 - 5

Total ! 100 46 21 25

6 HagOj'o Isange 1 , 18 4 2 2

I2
I

61 14 19 -, 3 21 5 3 2 I

Total , 100 23 24 4
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THE ROLE OF GROUNDWATER IN SOCIAL AND ECONOMIC DEVELOPMENT:
AN EXAMPLE BASED ON FAO'S NEAR EAST REGIONAL ACTIVITIES ON

GROUNDWATER DEVELOPMENT AND USE

by D.J~ Burdon, D.A. Caponera and J.p, Hrabovszky

ABSTRACT

Gr-oundwa't er- i « a component of the Hater ro eourcee of a CO\U1try, a rf!r.;ioYl or a
continent, whoae scientific .inves t igat.i on , proper devc l.op.nent and prudent man agemerrt
can oont r-i.but e much to social deve Lopmen t and e conomi c pr'ogr'e ae- DC:S00. on tho; wcr'k
car-r-Led out uy F!...O in the 17 Hember' St.a't e a of its Ncar East Recion, ~;Q;I'j"" "ecte , Y10]JC:i
ccns i der-a't i.onn and conclusions ar-e presented to 'the Conference on Hydro10~;Y and Hyrlrc.-
meLcor-cl ogy in the Economic Dcve Lopuen-t of Africa since there are many s i.ta'iLar-tt i e a
between the two ovcr-Lapp'ing regions, and ono can b~llefit from the exper-i enco of the other ..

The importance and value of GToundr:ater to the agr-i cu). -tur-n.l deveLopm-m't of 'the
Hear E,~~~t Reg'i on is dcuor-Lbed, with emphna i e on 'tbe integrated appr-oach , not on Ly to
j.rl·ig2.iion wi th surface wat.er-, to r-amrod agr-i.cu.Lt ui-o and to puwt or-aL devc Lopmcn b, but
in ccn juno-t i on \;i t h soil eurveys , fertilizer use and other a2Tic\l.1~~ur<Jl .iupu-t n whi ch
enrd-Lo maxd mum returns to be obtained from the use of vra'c er , lJ.~11e 0rO\ljj('~'J''1.te!' i-eaocr-oce
of -l.he Rcgi on 3Te outlined, an ,,)(;11 as their state of devoLoj-r-errt , Ifh(; 'thr-ee raai n
catet;ol·ie::. of gr-oundwater- deveLopmerrt considered 8j'~: (i) 1,')\)0,\,''-.11 i t-r-Lgrrti on , (ii) :;i.JlJI,lct:i~.':J··

t.ar-y ir:riGa.:tiou in r-atnred at-e as , and (iii) stock ,·w.ter for trw et.eppe ~'Hl eavanneh pnrrtur-o s ,
Other deve Loptncrrt ob jec't i.ve s are noted, as to pr-ov.i de wat er- auppli e s to r-ur-al oomnuu i tics
and to facilitate movement of animals and rural com'nuni.c a.t Lon s , ':P11e 't echn i oa'l m8t~1O:1G of'
:i.nv~8ti.gatinG', a})]'raL:,inlj and deveLopi.ng gr-oundwat-er' are out Li ucd , as we'LL as brief r1.B.~

cr-Lp'tion s O~ some net'! uc i cn't i f i c methods and techniques '<111i0h reduce costs and speed up 't.ue
deve Lopmerrt pr-ocecu,

The costs and economics of gz-oundwa't.cr- .inves t Lgat l on , development a'1 n uae for
Lr-r-Igut l on purposes are outlined. Ff.gur-ea are g i vc-u for the coat of gr-cundwat.er'
pr-ospec t i on arid development and for the returns to be ob't a.i.ned te-em the vee of [',r'oundNatcr
in Lr-r-Lgat.Lon pr-ojoct s , A compar-Lson is made be-tween thP- I'Ce1 -rt i.ve l:.liv<,n-(;oGes and di s-.
adven't agc a of gr-oundwa-te r and surface wa't e r development pr-ojcct s , The pr-ou Lem of
financing groundwater development is also considered, and rates and amoun-t of return wht ch
can be expected ..

The need for national gr-oundwa't er- po'l Lc i ec is stressed, and a possible ten-point
e-t a't emerrt of policy is g-ivcn as a guf.de Ld.ne, Th~ lack of a clear policy or: gr-cundwa't rrr
(alone or in conjunction with an overall water POlICY) can 1~8n to many Bnd incr~~sine
difficulties and to waste, deterioration end abuse of a oountry's natural r-es ouz-cea of
water. Hater Leg l s l at.Lon is treated, first on a ceneral bas i s , with not.ce on eiGh~c,~l1

points vhi.ch ar-e of basic Impor-t.ance , PJ1d then with specifio r-crer-cnce to fr01m(hlEL"~t)' E.l~tl

the control of pr-oepec t i on , development ann extraction. ThE' pr-ob Lem of the [;nVernmcllt
orec...ni z a't i on for (,TOlU1dH,dr:r is con ai.de r-ed and pr-e sr-rrbcd under cr-grsrri z a t i on at the
nat iona'l level, ct. the rl~lSio!1o.1, busin or cub-beam level, at the Lowe-r IcveI and at the
Lrrt er-na't i.ona'L level. fJ.~'1C functions and poser-s of a possible Hater Or-gen i z a'b i on for a
sta.te eire outlined, and. consider-ed with respect to o l even d i.e't i nc-t runct i cc-c ,

'1'he ~ap~r en~~ Hith, a d i acuaci.on of the problem of training o'-U1U em{lloying
the techn:-ca.l. sta.l._ rE(;:1Jl:'ed to enab.l e gov£:r·n:.:cnts to f'or-mu.la't e a H:LC(; t,~ounfl
~'Tatcr PO~_lC.,!, to pl an lo;31cally for develo;):ncnt, to oversee and con-tr-ol de-vc Lo'o
went schemc s , and to cnnur-e 'that 'the natur-al. r-cacur-cc o of gr-oundwa't er- ar-e us~d~
to the bee-t a:1;;~'n;';3CC: of tlH: pecple and 0..... 'th....: st at.e ,
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RESUME

Los eaux eout.er-r-atnes conrrt.Lt.ucrrt une den r-eaaour-ce s d t un pi:\'{s, (J "uno 1'6[:10n
ou d t un continent qUi, s i e L'l ea f'orrt Lt ob jc t de r-echnr-oheu sc i.cnb it'c.quemcn'l. 00,1
duiLe s , d t unc mi.ne en valeur appr-opr-i de et d "une G~Gtion pi-udcnt o , IJcHV('nt con-
t.r-i buer-, dune unc grandf' lilC[;111'O, D.U devcLopperoan t nooiaL ct au proc:rf',,: l!conoJTllqc~"~"

Cca-t a i no e donnees, conatcter-at t onu po liti que s ct c onc.luu i cnc , f0110(":3 :31J..T 1('8 ;j.cL:i·~

vi t.dc de La Pl,-O d ano IE'G d i x-esop't Etnts Ncmbr-os du ;.loyc:n-Oricnt., oont iei pr8:-;ci,-iCt'S
~ 1<1 Ccnf'to-cnce sur Lt hydi-o l.og.i e e-t 1 'h;ydrom{t601'O} oGic (~.-:'.ns 10 develc;)pement
(;conomique de l'Afrique, en raison de ce qu'iJ cxd srte de n001bI'81l80'; ana'l og i ca
cnt.r-c 108 deux regions conarcdi-dcs , l'1..U1e pcuvturt profi 't cr- de I' e):pl~l'i(~ncc de
I' autre.

Ce dooumen't deeri t 1 1 Lmpor-t ence c't La valeur de s e aux s oirt c r-r-a'i.nc c au rc:cp-rd
du ddveLcppcmon t agr-Lcol c des pays (10 13. rt~eio1\ du Noyen-Dric-n't , en .ina i rrt crrt cur
une approche int8'gree t non seul emerrt par- r-appor-t ~ 11 irT'i~i'\tion au moyen (los e aux
de surface, em ddvo Loppement de l'agricult1..1.X'c jrriguec pru- Lt e au de p.l uf.c e't de
l'clevG{';E', mai s cgalmnent par reference a. l'etude des sols, ~ Lt at i Ll c.rt i on llC::O
engr-a'i s et des aut.r-es clements de production euacept i.b Lca de con't r i buoz' ?t un
r-cndemen't maxf.mum ~ partir de Lt u't i Li na't i on des oaux, II f'our-n i t till echdma de a
r-oueour-cee en e aux aou't er-r-a'i ne e de La r~gion ai nsd que de leur e t ade d t cxp'l o.it.at.Lon ,
Le a trois pr-Lnc i.paux modes de mise en valour des e aux aou't cr-r-rrinec c on ai ddr-de e
etant i) 1 'irrigation au moyen (~C put ts, ii) 11 i r-r-Lgtrti.on c omp.ldmr-rrt.e ir-e de s
air-cc nor-me.Lement irrir;uces par la p1uie et iii) In mise en rC8CrV(~ des eaux
dc stdneo o aux p3.ttU~<l.Gcs en zones de srt eppe ct de navanc , II .indf.quc te-alemcnt
les au't r-e s ob j eot i I's qui consistent a fournir de I ' e au r.ux c ommunrut.cs r-ur-ed.es
e t a f'e.c i Li,tel' La trn.nshumance des 't r-oupeaux e t Le-n commun.ic at i.ona r-ur-aa e s , II
met en relief Le s methoden techniques de r-cchet-che , d I evaluation pt d ! expj o i tati en
des c aux soutcrraines et fourni t uno br-eve deeci-ipt i on des methodes scientifiques
et des techniques r-docnt ea en vue de reduire Les rr-at a et d I accdl.dr-er Le processus
de mise en valeur.

II Lndique Le coni; c't lee incidences doonomt ques de 10. recherche de a C!fl.1U
aout ez-r-edncc , de leur mise en valeur et de leur utilisation pour l' i r r-teo:ticn.
II donne de a chiffres r-e l ato fs aux frais de prospection et d t cxp'l o i t.vtl on a i nr.I
qu'aux profits resultant de Lt utri Lf su't i.on desdites eaux dunn Lea ~r(lZ'·,.~JTJ.lf2.'"

d t Lr-r-Lgnt.Lon, II etablit une comparaison entre lea avant age a e't Lc s :;'·:i'::'.)r)'f{:nieil-ts

relatifs uuz pr-ogr-ammeu d t exp'l ox-tat t on des e aux eou'terc-ame s et deu ('i.UZ de ';\l."[ctCc.
II etudie Le s probl~mes de f'Lnancemen't lies ~ Ie. mise en valeur (:E;8 ();:~_1.l..Y. f;C;""~'::'!'l'r.·j ru:~::

ain8i que Ie taux et Ie montant du profit que I' on peut en attendre"

II met l'accent sur 1a neceseite d'elaborcr une politique nationale des
cam: souterraines et fournit, ~ titre d'e-Kemple, Me declaration de politique
en dix points. L t absence d t tille poli tique bien delirni teet en milti~re d I caw::.
oouterraines, (prise isolement ou bi'211 dans Ie cadre d tune poli tique tl l !)nscmble
des eFiux) peut enecndrer des difficultes multiples et croissontes fdnsi qu'un
gaapil1ae;e, une dct~rlor8.:tion et une utilisation 8.husive cl_es rC!8sources n8.t'tu·elles
en enUX d ' w1 payc. La leeislation des caux est traitee en premier lieu so~s un
angle Beneral avec des co@aentaires SlW les dix-huit points d'importancc fa~da

mentale ct avec, en outre, des referen~88 specific;:ues aux eaux f;outerraines, n:u
controle de la rrospc:ction, {Ie l' exploit<<'"tion et de 1 t extraction. Le probl~me

des r:t.ru~tures adrninistl'ativcs au reGard des CC1.ll.'C sQuterraines est etudi~ et presente
poX rc'.pport aux structurcG n2,tionales et r6gionc~'.(.:::::, e.u nivoau des bassins ou des
sous-ue.:Jsins, ?'U.-"': echelons inf0rieurs ainsi qu'au niVp.D,U intcl'nationaJ.. Lee fonc
tion8 et les pcuvoirs cl t uI1c ~ventuellc orf~~:"'1i:::.ntion des eaR': dans un etf~t, f>o!':..t

Ech0IiH:.tises ct 1;1'2.1 tes par rapport a onze fonctions distinctes.

Le documen-t se termine p[1J' u"110 etude des pr.obl~m(~8 rcJatif~-, ~. 1a formation
ct ~. llutilisation du personnel tcchnicJ:\w ncce:·~sv.ire pour perm('ttl~e 2.'.1 gou\'C'rne
ment d'elnboror tmc sace politique des CCXl."'.:, tl1e>n pI CJlifim.' dlune manj~re Jo::;iquc
la mise en valClll', de superViGC1~ et de cmttraler ]ss !"Jl'o[::l'arruJ1('Os ulexploLt,·~·tioll et
de vcillcr ~ ce que lea rCS~~QUTCeEi nat'JT.:.. llcs en (,(c,u'"( souterr<:',incs 50icnt ut::.li::>ces
pour Ie mIC:illeur profit (le la population et de 1 t ct"t ..
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I NTRODUCTI ON

This paper, presented to the Conference on "Hydrology and Hydr-ome'teoroLogy
in the Economic Development of Africa.", sets out the par-t» cular role of gr-oundwat er
in auch operations, drawing on FAO'a experience in its Near East nee-ioil, wh.icu in
cludes many African coulltries, such aD Libya, Egypt, Sudan and Somalia.

The importance of gr-cundwatc r- in the Hee r Eaat Region is due to the need of
the Region to develop all its potential water resources to Lncr-eaue ngl'icul"t:.lcal
pr-cduct.Lcn and raise standards of Li ving, and the fact 't ha't gr-oundvat.e r is th(, no).e
r-ema'i.ni.ng source of natural water whose amount is still unknown, tehi.ch appear-a to
exist under most or even all of the Region, and whose full use and dcve Loprnen't 'i.u
not a.Lr-eady planned and committed. Hence, groundwater i c a potential reSOUT''::,0 of
the Region, whoae proper development and "rise use poses problems end poaofb.i Li.t.t c u
wld ch are of deep concern and immediate interest to the Governments and pe op l.e of
the Region.

It is hoped tha.t by drawing attention to planning and policy consideration:::
on groundwater investieation, development, use and management for hydroagriculturcl
purposes, this paper l'rill assist the governments taking part in the Hydrology and
Hydrometeorology Conference in the wise utilization of a natural resource which is
no longc~ neglected, but on which less preoise data are available th~l on moat
other waters.

IMPORTANCE OF GROUND~ATER IN THE NEAR EAST

Althou&h the density of population (177 million) in the nineteen eountric3
and states vrh'ich comprise FAO's Near' East Region* averuge s only 13 per square
kilometre over the tot~l area of 13.6 million square kilometres, in fact, the
general aridity of the region forces the population to concentrate in the limited
areas of high rainfall and even ~ore densely into the valleys of the main rivers
of the Region.

As distinct from the surface waters, the groundwater resources of the Near
East Region are not fully known or exploited. Croundwater is considered to be
present beneath the surface of most of the Reg i on , and recent explo.cation han
shown that there are valuable reserves of good.-quality gr-oundwa't e r' under even :i ba
most arid portions. The amount of groundwater which can be extracted varien fro~

place to place, but since small amounts of potable water suffice to supply the needs
01' man anci DeaS1; on the steppe and cavannah , though high production is neceaaar-y for
Rny extensive Lr-ro ga'bd on scheme, the gz-oundwa't er' development potential is, h:i·Ch. TI,e
chemical qual.I iy of gr-oundwat.er- is also variable, and too high rmner-n.li.aa't.Lon may
pr-oh i bi t or limit the use of the Hater.

Gr-oundwa't er' is flexible both in the Hays it can be developed and can be
used. Ili thin certain limits, the aquifer syat.cm 'thr-ough 'l'lhich gr-oundua't cr- moves
in any area can be conu i de r-ed as a buried di.c t.rdbut Lon system, and unde-r- some
Rvdroeeolocical conditions the Hater CM be tapped by a borehole located wher-e
the Hater is .rcquii-vct , Hher-e O'Ou"'''1dHater is abundant, as in the a'l Luv.i a.I dc poui. is
of the river beatne and depressions of the ReGion, und Hhcre annual r-echar-ge is
laree, gr-oundwa't er' CM be the bas i s of extensive 'tubewc Ll, irrigation s;ystcns, or
C<Ul be uaed to supplement eur-f'ucc f.r-r-ige.t i on and utilize hydro-electric pover
supplies, both 'by pump.Lng UO\.U1Cl\-HJ.ter and ))y ()peratint~ t.hc aqui f'e i-c <1S under-m-ound

* Afghanistan, Iran, Iraq, JOl'dan, Kuwait, Lebanon, Libya, Pakistan, Saudi
Arilbia, Somalia, Sudan, Syria, South Yemen, United Arab Republic, and
Yem~n, plus Bahrain and Qatar as Associate Members.
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:=d-or,'ge -cou-cvcc r o , };1 ~~l'(,,\:_~ of }'c·in-r(;~ l','J-II'jnCt f',T()'.~llduat('r 11",:,~riJ'..! -J.~~(:J rue

f;l.lppll'll1cn"l.-:\l'.'f ir:r:i.{.>:.t:i ou , On Uri' [;tcPl)'" ~U1l1 f:':~.VtW1F\11_. crO\'nC1Ha-~,·r p111.D o.i rri.cr-nc
end h:1"£l'j1'n is the im~r uh.ich Hill ['.110H I'ul I vtilJ:.::J,tjon. of the :c'l)l:_:c·l,~nd~3 u;'/
r'::-~~>turinc hr:rdG :'-'.11(1. f Loc.r.o t t;!'~ convr-o l of ,.':-,-tc,rln::; :)(;j_lJi;:~ <:'::111,r, vr~)l(· ..I)Jr) t:rIPl_

pcnun't il~ :~i'OPC1' rd~':}: L~:\n;,r;(-'mc~1t ,-')"al. the pi-cvcrrt i on Of over-LTo.7,:lr~c [Ulll or-on.icu ,

GrOltl'llh:atcr c.tn 11(' 0.8vt'lop~'(1 quickly nnd ctcsc to n,~ pl ccc ()f usc ; do vcLop-.
raorrt. call IJ.(,oCCt~d u'tcp 'by ctep, and indeed pilot dcvc Lc.pncn't and W:'.: ;.:11011.ld 1'01.1.0\/

t.uc Lnvc o-t i r-ot i cn pr-cr-r-csu , 'I'hu-t , initial onp.it.a'l ro- ::rOIJJ1(~,Ia,~,:' ,.1'.~Vr·J.or'i,wrjt (':1
1.ll: GT:lall, ru.d a qui cl- r-e'bui-n m~.;:r bo obt otncd OJ\ nuch 'invcsrtmcrit.; li' r-cl.ur'nu ):O-r'O'VI":,

G(',tisfuctol';,r, the Gl'Ol1J~,:":c,tC'r dc vc Lopmcrrb achcmc CQJ'. lJc on Lar-gnd (~~ r'crnri r-cd r.r-d
prof'L't a .incr-caacd , .tocever-, t.hor-e 1:1 ~'l.hl<-'~2Fi':; <" dn..t:'c{~r c.r oV0}'-.(luv/':1('1-';0"117,, ,-.'J·t[']'1

'Jill 10M to fe'.Ding \F'.ter level", dc t.cr-Lor-rrting chcru ct-I ccmpoa i tt cn , Lncr-cr.r.c.d
p'-U":1pine costs and possi.bLc co.l I apac of the cchor.re ,

Huch of whaf has been f ound important rCGl'.rdintj ero\;J,d\"lG-.tcr 'i.r- t;l(' ;;8::'.1'
Icaa t. Rcg i on is elo o r-cLcvrvrt to Africa. In a.lcli t i on , O'oull'h;;;,tcr ~~cv('lo~)!'l(:1)'~ f'or-
irri[:2,tion 11(\3 CU1 'i mport.orrt pQ1h-1JY'c'::.kihG role in cl'~;::i.i.J1r; and u:Jin~: ,~11 th0. ;,cC'c',r
r-ound SOl'Lt'GC'S of irr.i_G2;i:;ioh \'12,1er, thus per'rai t t i.ng the ccvcLorn.on t oI' mc:,nin"..:,;,·v 1
p.i Lot c rr'or-t s lC'w3.illJ L:"tel' to L'J~c('-uGale cur-Fr-ee or Gron'']rl.l,j~tcr (It_'V,,'J ("'1'r;'('I1-(;o.

'll18re is a need in moot of ~",-rI'ic('" South of the S<1hLTil., to 3t;~rt, CY: u r-el r-t i.ve Ly
sma'L'l s('.[ll.rl, schemes whi ch uould provide the -tl'c!"~ning and pr-ovi n., (,TO<)~:c1;:: for
Lot.er It1Xcrr-sc2.1e dcvc Loprncrrt s ; v'o1.md'·j8.tcr is eminently eur t o'ot c f'orv Lh.i.s :)1..'1"'-

poae , 'I'hc se r-eLrvt i.veLy ema.Ll.c-sca'l c ochernc n nr-c also [lJ1 cx ce Ll.en t tr,'l,ininc c}'eJ1U1U
for t echnl c.vl. pc r-c onnc-I t\'Jd nrc <,_'1 impo't't2nt first step t.o-sar-os nucccc e I'u) doveLop
mcnt of Lar'gc-escaLo irriCcdion cchcmo a based Oil our-Eeoc »ot.e i- S"tOT[Ce.

GROUNDWATER RESOURCES OF THE NEAR RAST iRGIOW

The r-cs our-co a of erOlU1dt·!.::.ter of a vast r-cr-Lon str-::."tci)inC over ~:,o of Ltrt l 't udc
and 500 of Long.i tude C2.Jl be conui dcr-ed her-e cnly in 2, vcr,! gcnl;;ral Hi:',y-. In GO

etoinc, bcccvei-, it is possible to see them with.i.n their Fr-amewor-k or r-cg i cna I

g~oloGY and c i nnato ; this cver-e.L). picture a e e ome-ti nc s lost vhcn vor-mng vn t.h'i n
an individual river baDin or specific area.

Geologically, the r-eg'i on f'n Ll.s irrto 'thr-ee mnjcc- n-tr-uc t.nr-e.L un i t s , ~,
there is the pl at.J'ocm on the south, cOmIl03CQ of Pr'e-Cembri an cr-y-rt a.l.Line s of the
Af'r-c--Ar-obi en end Pcn i nsu'l.ar- Ind i a shiclrh;, ovcr-Ln.i n t,y corrt iur-nt c.I <JJ1\~, eri-
con't i nen'i.a] deposits ae in Lib,ya, DG::rPt, Sud an J'ord an , Saudi Arabia, Yemen and
the s out.h of PakiSt2J1. Sf'COWn:" there is 'the mohi Lc Geo8ync1ina~ be L't , It/here
llooos o.i c and catnc»or c j':1Zt~inc and l"Gooli.--:.l cec iracrrtc have been de f'ot-med' end f'o l dr-d ,
often in oomplex st ruct.urc s , and whi.ch c-rt.endo from the f'o Ldcd coastal belt of
1.j hy;:, en<J EeYP'~t D-cross "throuCh. Le1xulOn, Syria, 11".q end eastern S,",uc1i !.r,2bi? irdo
30uthc:r'l1 Ira"! ?J1d most of ~,!e;~-t P;->}:ist'''.l1. r.i.'hir'lJ ~~, there is Lh0 fOTeL21c' of i:r.tun
oive .1\lYJine foldine, extremel;}' complex, uith rrre2:'L thrusts a.'ld n:J.l):~CG, :..:.11(1 1)luto:·~i':...'

[',ctivi t:n thic .siructure.J. W1 ~ t c:-:tenCl.3 lC:'OlT, no~thcrn S,)'~ia a'1d nori.h~:c'~ Ir'l( throl~.,

lritrl <-',Ed AfGh2~iGtOJ.~ C:'1l0 into northern P2'l~istan.

TIle [;c,--.cro,l l)p,t-cC'rn of })' cci;..it2,tio!. io sil"!1.!?lc-. In thp ~iouLh, it :i.e ::"o~lsoc:;j~,l,

17ith 8un-r.er ra':lL~<.J_l. In thL~ llorth, it is I.jeJ.itcr.:'~'.1102,n, \'rith 'I·sinter -;>l'('cir:,i-r,,,tio;;
A.llcl 2JJWldc~lt S!lOlf. In 'tlw centrE', there L'l the dC,HJI.'rt.1c ZO::lC, \'1hcrc hiCl~ <d~:lo~;;'~:cric

Fr(~;~Gurt'~,; L'.nd :·;dJf-;idir"l~ cycloni.c nil' ~revent the: illflo''-[ of moi:::turc-l'cC'.rin:; \!iilr:~:-:;.

Soutl:m.:"!-hlc-; fro!;1 the d<:>scrts, t!l!...'rc arc tl~8 sav;mn<'.!:t ::'1:td rcL~tcd. :::O;011C3, 'dh~I'C ::Jt!.f:I)1!C'r

r~iinf'n,11 beCNK'G i:'1Cl'('2,si;le)Y 1 ;':r,7,e. North""2,rd from the <le~;clt:..:, thfJ~C' ,'IT the
f,t(;pf,e 7,onc8, \-.'ith Hinter rc.inf;:.11 incrc;-,,::.ing nort·lnnhlr. Th0;::;e f,cnere:-l :;'(1"108 ~'.T(,

iHterrUl'~C'c1. a.•"1(1 mo'IJ.1'iC'tl_ b:,r locn.l factor;:;, SUGh as pI'o.~~imlty to sC;'~'..?~'1U l31'.l.fs, ('l~d

to -::'he: l()c2.~, t(.\PO~1'Q.l;:1::'.
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'I'hc c;r01mUHfl.'Lt;r,: of th(· ;k~<i(l·'!. {)l'ici!l;,ted, end ':'XC rcpL·n:i.::llcd, 1W the inCil-Ll',>.-.
-l i on 0;: ;:1, por-t i ou <d'(ho pi-c-ci pi.t.rrt i cn , 'I'ho ':'J1leJll",ll: .i a ver;,' \",,.i..-1.11c, brrt ac ~:f~n(~r.rl.ll,.\r

smr.LL; (,vo,po"Ll'':l..n::jl';,.-d:jQ!i l'<1y i'.CCOU'lt for up to ;:)0/, vh i Lc t.hc lnLl11cc In:\'! 1,(' (ljviclr,d
ill vm'::~)\:_; prOI)()r~i("'~; l.'f''l.'k'()l\ UlU'l;'C(, a'uu of'f end .intlLt.r-rt ion, It i.n n. if'.r): of ;'.
{;ro...m.l: t: rt cr- ~~Ui'V, '~I .; o dc t cr-irin c the ;::nnu:-:J r(~ch".rcr' ()i~ r-cIII cu i ~)JI.I(;ll"L of' t1l\, e:rounLl'/i';" ,,'
in the' ar'ca uudo t- rs Ludy , ':~)I. to 12:JL11Jlir:lt ". 11\1i':l,ror·-])a12l1cc· II for t hrct ::TP:'. A T',O;;t
:iml,ol'L;:IIl"l: -t,~~;k if; to dc Lor-m.. lIC how lTIl1Gh of H,_(~ c...rJ·OUl1d~,li,.t(!l' J1()\'1 t'ound Un(101"~:"(!lljJd i » (11K

to i:,f::lil'.'l,tion in the par,·~t w1)"}1 precipitation d\U'll'g tile PkuvinI po i-Lodu or tjj(..~

ou-. ..tr--,:,'nc".r:, ueo rmu-h l~lGlwr thl'OH~~houi. much of the nc~.iop. 'th an it i s to:Ll.jTj such old
[:r'olJJ1d~:cli,'1.· is knovn as "I'o.vni.I [;l'OW1(~.\}(J;krl\, -thou-jh it fll".,)' be of Good chc.c i cuL
compooi 't Lou ,

It is pousi.b.l c olll;, to mc-rt.i on the m-rin aqu'i f'e r-u :\110. aquLc Ludc c of' the Hear-
l':a:;t HcC;io::. 'Plio Gl'c,~J~ ;'l!p.ifero of 'tho }JLlb~o:t'm ec-c ou are 'Lho cpic-corrt i ncrrtr-L G:: ..~-,l~,-
srtonc s of l;-,lOi~~1 "octcc , uh i ch accor-d i.ng'l y undcr-L'ie the dcuer-t.c , and ar-c uude r- s t udy
<V1d dcvoLcjv.n-rrt in Lilly?t ~~c:,)-rJYlf Suden , Sr-ud i }..r-nbi a ;'J1d Jorrlc.:J1j much of their
rrt or-cr' '·.:l"Y' nus t be f'ocs i L, .yr;t I'Louing bor'cho.l c a erc not uncommon , In the ceo-
f;;y-nclin:'.l bc Lt s , -l.he pr-inc i j.o.I e-qui.f'e r-n ':'\1'(' the Sc cond.tr-y 2..nd 'I'cr-t i ar-y oro-bonrrto
r-oclcc , uhc i-e knr-u't i I'd ca't i on of vur-v'i.nr- 'rei-no has turned them into major aquifers

in Libyn (Jf:be1 fJ~hcti:'_r), Lcbanon , PC'J'ts of SYJ'ia and .Ior-dan , in the 28.[70:;; r-ange s
of I'r-an and Ira'1, in cer-t a i.n co-can of the Ar-abi.an Pen i n suLa , l1JH1 in 't hc fold moun-.
La.i nu of I'u'r i s t an and AfC1lL-JliGtanj in these r-eg i ons there are a.Lno SO!TJ':::: snndrrt onc
<Jf.iuirerG, ;"~~ Hell <:8 cvapor-L't c s uhoee H<l.tCl';-; nrc rich in eod i um chloride and c:·:,l-
oi uu or- m~~ilr~~iu';l ::.n;l;>h;oi..o ·'-'1l'J. vh'i ch [C:rc of't.on unuu.i tnb l.c for UGC. II H'lTol ma.j or-
tYouP of i',C~ll:i.fv}'~' ar-c- the ::-·11 uv.i c I dc pooit n of the 111;1jOl' ri.vcr l, .... ,;~ n~'l co:,,;1;o]
1)}2.]118 ;:-,'111 inl;'.'111 b. "in,1j .,:IC'!'() C:':,vl'l ,.....nd a.uid e prr:do:;llnn"l.c cr- ;:.!'f' jr:l!.,(lrt.~"jt,

'::.)00 .;;)<1',; rivc-r- I'Lou ot- :~"L';--:onC-.J I'Loo-ta l)rill,C~ [1.')11\':\1 n:ch'---,l'Cr::, then 'th~:;", nl Li.vio.I
aqu.i.f cr-c o;ir!r uc.jor- 1.'0:,',' i\i li~L~cG of 1,<r:,::('-~~:c{l.lc e-ro'_"Hh![\.tcr (L'v\'1 op-tcrrt. I'co- irii-.
~J-;"j 0:). But. ,1. \'101'13. or ·::'T')iir.c: - the uui-f'r.cc 2J1d Uill1\')'G:r~OUlld \!;·'i.('J.'8 of :;)1(',;, " e>:,-Dt';f.l
ht-ve n coc.v.o.i ori[,ill ;,.'](1 j)I~CI'l~JO',Jt so 'tht-t when pn:fl:J(U out as cronl',r:,,}<',tcr -tlJ~'J Ull1
;'10 lo»:,:C:1' C('lt'~1'ii'l)' '. ~.(! t'il" f] I-'L' of' t11Cl-iVCT'. Tlh'rc arc 3cvcr;::,1 01,;1('1' -L;,-!),-;~; 0:
tit~lr;fC'P uj~llin the, )':'.)In, I)~~ v;~~',yi.lle il',l:lort;':ncej thc~;,' includ(; !ll_,-to": 11 1,;,:';nlt~;,

("00(1 (:'.':,11' ,'.1':; ir, thc' E.?"'J-C~J ;~Ild l)JI~bcl DJ"l7;r: of ;]yri::lj (1(,C(0:lP0~:;(d Cl'J::.:t:-,1 J -i I, •. roci~:,

':--,:l in :'::.ri;~ 0: SU(;::.2l, ojQ-o~di :·Y'o..l,l;:;, ,lncl YL'r.Cli; Ll~lcl oihu' rocks an(1 Goils, such 8T
volcanic .:....3h t l()c~s ~)ji fracture'1 ch~rt r>, ",hi eli [:.re only of l08C'\1 il1t(~rest ;.:::;
<:~',~Ui.fL'1'2.

The cllCl'icc',l CO;.11;o"Jiiir)n 0(' L':ron.'ld·,I'·~lC'!· OftcE li.r'lj.t::; 8(,v(!I'<'lytJ,C' w~C'~ to
l;!lich it rc'!~ l)c ]-'l;t. 'i~le}j~ l:i.1LlitG are the S"':lr", as {'c'r 0nI'f;':'(;f~ C'.net other 1.''':;':''l':;;

{fl~t j~j~!8r~ Cr 011.:1'_'.'..,,,t,:,1_' ::~. IrJG~": su1)j0c:tr~'1 to !";_h'l':lli".::lti('!l, it:1 d-:c'I,ical COf:)P(1~~'.tjon

calls fer clo~cr inve::3'~iGation a.11,1 conuidt'l~~~tion.

GROUNDWATER DEVELOPMENT IN THE NEAR EAST

Tile tl':'ii.i·liC:1; ..l I·,.:'·~..:bo:l:::; or C10J.nrlll;:!1,er (1eVe1opmcllt in thl' J).'rr Bust ;1c:.:iC'11
h2ve bc'cn I'J \.'~lllc of v:~r:.'L·Is.; f0rm:i c'.IJd li [tine devices, 8,nd by the ill[,"(·;nic)1l:) f;:.,";~.em

of infil tl·:·.:~:i.on G~·llcrj (;~'; h'Oln1 ,,",; fO[:;:')T~<3, ]:}PT2Z fUl(: othel.~ n;.-:.r.:(:<-~. 0})(,11 \·.'l'l) ~;,

IP,inl;y }c:J'i.'_-ClUC: ;::',',rj cd'l.cll 1.ifl'.'(l, ;-'1"'--' still 0J' jll,~'ori.i-'.1lC:'., e~;r:cct,'1l..l~-r on -t;", 3b2Y'iY::
::~'1,l s:::,v;:".'HJ;'h \',}Wj'f' c'.ni rn~~l or- hllJ-:l:n. f'(l;·",~r r,,j.;:;,'·~ 1:8.te1' fur (ll'in\:inr: 0rt(~:1 f'1'(.:fl
Cl'cr:.t (lcjl'LJ.:-::. 'l11C l'c,'~·l'~·.l'; still furrdf-:!l C'·uurJiu".. t<2:L' for irriC~.I.~:;_l'l1 3chem,:;s,
tnt tl;.-<i.}' 'j 1T~;')0"tc·,.:-_,:r; i!_; lll~c:r-ea~~illl';' v.s cilci :'(>3 t:,.\:c O'V-\")' the t;!Dk o~' po.;,1",il1.':: \;p
thr; rl·01J.!~I.l\:. L·T.

GrO\u"l:' '.tel' I/"V,'] e)j);'('~'.1 mj;:'-;'~ he V:"ll i:f; iL'1 j ntc{)'c·.l COf,'POlIPf,i. or ove'l',l)]
1.':'.tCl' Y:'S(.IU'Tr::; (>,V('lo:,'I';'nl; lJCJ1t;(; rY'CI,:(II;\";,<,ir-]' ;li'\.-r.10!'):l,?nt can lH' CC',18i(~CJ'CI) 1n
rl:l;':tj(';l L; tll sUrfc\('.l~ ',ri<;J 'lev(;-lUl"1~'(jL, vi I;) the l:lo~;1, .;'fecttvc 111 ili7,flli 0,1 of
direct r;J'('(~i:'it;.ti.ol1, ~'Il'.; (-) its (j,rq ol1];yin l.h(, I:~or(" ·',-,·id ,'rei,S of '(,he ];.'Ci0n.
:'-,(j (;I.'Il~;j(_" 1'((', tYO~:XII-:,,·<~.-t,'r I '-,'V']IJ~,:.~I;Jlt. f:>11:--; Hi,cL"r t}p'('" rY'.,:ain h(';U1iJlCITC: (i.) T1,..bc-

, ) ···t . e., ... \ .. I .i'/('ll i:tl"i(>_,~,j';J; \ii ~Fi)I~"I:l(~"',,:·},y lrrjt:~·. Jon ·.i.Il j·;)!J-Jt..'u <ll'(':>;,'j Dl).l 01',,_

\':n~r~r 0'1 -L1'r: l"8i:qr,_':~ uf "'\'..:Jlrr' "I::'. ~::l"''y'i·,c'h.
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Tul\cw"Jll development involves lJringine Lar-ge areas under irriGation with
Groundwnter, pumped in Lar-ge amounts from standard 'tubcwe Ll.e sunk to Li mi. ted depths.
Such devclopm~nt is possible mainly in the alluvium aquifers of the large river
basins wher-e there is strong recharge to balance h i.gh extraction. Except i onn.l Ly ,

it can be of major Lmpor t.nnce in certain desertic areas, <,,_8 the New Ve.L'l ey of
Ec;ypt, in Har-r-adh and other oo.sen of Saud i Arabia and in Kuf r-a and the Fc aaan of
Li bya, though the wat er may be dr-awn from storage, not current r-echar-ge , Hithin
the Near East Re/Sion, gr-oundwrrt e r- development for tubewell 'i.r-r-igo.t i.on is best
exompl i.f'Lcd in the Indus basin of Pakistan. ThPTC, the [';l'ounfhmtcr r-oeer-vc c are
e rrt i.mat.cd nt bet ween ?,345 x 109 and 1,123 x 109 cubic mct r-ee (from s i.x to ten
t imc s the nnnua'l. f'Low of the Indus river itself), end it is planned to pump f z-om
-l.ubowcL'l s some 62 x 109 cubic metres per annum, of wh'i ch only 40-;-;: ,,,,ill be ob t a.i.ned
from current infiltration and GO;'~ \-lill be "mi.ned" from capital r-c eer-vc e of grouncl.
uatci-,

Suppl ement.ar-y irrigation with gr-oundwrrt.e r-, or development. of small irrigation
schemes, is the form of gr-cunclwat.er- dcvc Lopmerrt suitable to ar'e ns wher-e 't hcr-e is
SO~i1C' useful pr-o c i p i t a't i on , but more Hater is required to ensure good harvests,
while g.r-oundwa.t cr- is present but not in large amounts. Such devc I opmc-nt may be
consi.dc r'cd as an insurance 8.gainst crop looses and famine in dry ,y~a.rs, and as
a mean s of [<-ericul 't uraL di vcr-s i f i ce t.i on , LncLud i.ng fruit 't re e s and vc gc't ab l e pro
duc't i on in ar-eas of present mono-cut t ur-e , Suchv dcve Lopmcn't of £:roW1d1Hltr::r is to
be Found in the hi.ghcr rainfall ar-eeo alone the coastal zones of 1iby,~ and Egypt,
in parts of Jordan, Lebanon c~d in northern Syria ~ld Iraq wld also in Iran, Afghc~-

i stan and Pak i a't an , South of the deaer-ts , it is also found in Sud an , Somali, the
Asir and 'Pi hama of Saudi Arabia and the Yemons , though on a smaller scale in this
tropical aavannah zone them in the northern parts of the Rcg i on ,

Proper development and control of l7oundwater, 't oge'the r- with construction of
haf'Li r s and c i e't er-na in su.i.'t e-bl e &.rcas, can lead to full and cont i.nu.i.ng utilization
of the erazing potential of the vast Qxpanses of steppe and savannah country ""hich
form such a high pe r-cerrt age of the lands of the Near East Reg i on , Lack of water
for man and beast has in the past made it difficult to rrrazc Hide ar-e ae of Good
pas-tui-e , but this lack of wa't ez- has also prevented over-.gr-aatng: new vra.te r develop-
men't can destroy the exi s bi ng ecological balance. Unwise development of water,
particularly croundwater, may lead to over-grazing arolmd watering points, to
deterioration of pastures, to de s t.r-uc-td on of tho more palatable veget at.Lon and to
initiation or acceleration of erosion, mainly aeolian er-orri on , Hence, strict con-
trol of stock watering points must be established from the beginninei watcrine points
must be constructed in sufficient number to allow flocks to move to alternative water
when one or many have to be ~hut-do~m to control'local over-grazing. In addition to
problems of control, this tY1'€ of gr-oundwater development presents problems of mai n-
't cnance of the weLl s , boreholes I haffirs and cisterns and of the pumping installa-
tions. Many countries have found that the open-well and animal-powered extraction
are in the long run the easiest to maintain. But rate of extraction is 1m'll and
control difficult or impossible .. '

INVEST! GAT! ON AIiD DEVELOPMENT OF GROUlIDliATER RESOURCES

Only gover~~ents can wldertake large-scale groundwater resource surveys,
but wlether Buch groundwater investie~tions should be undertaken directly by a
government, or by agreements with consultants ar.d contracts with drilling firms,

is a difficult decision. A judicious blending of policy, planning and direct work
by a government department, plus consultants for specific problems and the exe
cution of major operations by contractors (drilling, geophysical surveys,
groundwater development by tubewells) would seem the beat solution.
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rllicn considering groundwater development for agriculture, it is desirable
to strese once more the integrated approach. This does not apply solely to
integration with other water resources, such as rivers, streams and direct rainfall,
but also to inteeration with all the other inputs required for a successful use
of water. In particular, Boil survey and land classification work is required
to dete~nine where irrigation water may best be used. Where groundwater is being
developed for stock, well location must take into consideration as many relevant
factors of pasture, animals and proposed operation-control as pooaible, though
on the cteppe and savannah hydrogeological conditions will often restrict aeverely
the points where successful boreholes or wells may be constructed.

In considering large-scale GToundwater development for irrigation, standard.
de~ignl conBtruction and equipment of tubewells offer major economies in capital
co~t as well as in oper<~~ion (including maintenance and replacement co~tB). Sources
of power must be considered, and where electrical power is avsc LabLe, its potential
use for pumping may in turn justify the installation of a multi-purpose damI so
that there is integrated use not only of the water but also of the hydro-power.
Standardization of equipment will also influence supply of spares and the develop
ment of an efficient maintenance system; it should integrate with the import and
local manufacture policy of the country.

It should be emphasized that the development of groundwater, in particular
for irrigation, is only one step in many to enable the farmer to produce more and
to lead a better life. Hence, there is need of ancillary and supporting services
at all levels, including credit facilities, extension, marketing research and
cr-ganf aat Lon, if full (or any) benefit is to be derived from such groundwater
development.

COSTS AND ECONOMICS OF GROUNDWATER DEVELOPMENT AND USE

Costs and returns for investments in gz-oundwaber- development must be known
with reasonable accuracy before governments or private investors can make valid
d~ciBions in the allocation of their resources. The economic considerations
given here relate only to irrigation. The aims of this analysis are: (1) to
discuss the conditions of costs and returns under which an investment in gro\md
water is profitable; . and (2) to compare the costs and returns of groundwater with
those of surface water development and use.

Costs of Groundwater Prospection and Development

The components for the total coat for groundwater development and use
may be put into five groups and these are discussed below:

General Background Costs: These cover the supply of basic information,
such as topographical mapping, geological survey and hydrological ob
servations.

(ii) Prosp8ction Costs: include expenses incurred for hydr-ogeol cg-i cc.I mappine;,
collection of data on existing Hells and boreholes as v1(:11 as sprine
regimes, hydro-chemistry, the drilling and -tr-nt-cpumpi ng of some ovpl or-e
tory boreholes and pons i.bI y special investiC'1tions. At present,
'2:25 - ~)50/k.m2 for extensive g-r-oundwa't cr' pre-i~vestm~mt sur-veyc and ..
S150 - ~~35Q/k.m? for intensive investigations i.ncLudi ng r-es aar-oh-ct rrri.m ng
mas be 't aken as c-eneral Lndi cab i cns of magn i. tude.

Dcvelon!l]cnt Oost os Development cout.o are comprised of drilling, testi!1e
and eq~ipl()ent (casinG, pump, motor-, screcnc , [.'T{wel-pl."_c~cine, etc.) 2..nd
the cost of the wat.er- distribution system and land pr-epnr-a'ti on for irri
Gation. The range of costs for each of -theae componcnt items is w'i.de ,
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Cost of the pump anrl water "rill vary \'Ii th both depth and yield of
meter. '1111e cost of pump and motor ranges from ~~38 - 75/h&. Cost
of dr'Lk Li ng may be as 10\'1 as ~{1/m for aha'l Loo t.uuewe Ll s and up to 3100
for deep wel I e , Cost of caai.ng and screens viII V8.ry t1i th dd amebcr' and
depth.

The cost of water distribution systems needs to be ncc ourrt ed .ror-,
unless {;To1.U1dllater development is uacd to supplement the water in
existing cnna.L syat ems , Li.nang of canal s in advised for costly pumped
wat.er-, The cost of such distribution ayat ema wi.Ll, vary wi de Ly , but
without lining may be estimated as ~30 to ~50/ha yet could reach 3100/ha
for systems usine rci~forced concrete undercround conduits.

To prepare the 12~d carefully by levelling and eradine can cost as
much as ~1?50/ha rf' f'Le Lda are of 2, r-eas onabLe size and the terrain
uneven, but as an averaee they may be estimated at arounu 3100/ha.

[av) Use Costs: need to be aepar-at ed into fixed cants and v ar i abke cos te ,

F'iycc't Costs do Dot change ,·,i th the quarrt i ty of Hater pumped per- ye ar-j
they include depreciation and interest all investment, and the pump
operator's 'vIae-OS if he is engaged on an annual basis. Depreciation costs
may lie be-tween ~55 and ,',)230/ha. Dcpr-ecio-l.i.on rates Hill be different
for various components of the. investment and a rate of D5~ is aaeumed as
an ever-ego eiving "useful Li f'c" of l2Y? years, though part of the
equipment may last Longe r ,

Variable Costs 01' oper-at i ona.L costs are the Stun of fuel or powe r
costs, Lubr-Loa't i on ana maintenance, repairs and labour costs if the
attendant is not cngaceel on an annual basis. These conts are shorm

in Table 1 below as they relate to hID 'i mpor-t arrt situations. Part A
enows cost per ha end per m3 of Hater for a 12" deep "Tell and par-t 13
shows the aerne Lnf'or-mu'ti on for a 6" shallow 'tubowe Ll ,

(v) Control and J.iwiJp:cment Costs: arise from the need to Get up an orGaniZer
tion for collection of data to determine extraction rates and also for
the enforcement of the law. However, at present little information is
available on the magn I 'tude of such costs.

RchU'J1n to G!'0tUldHater Usc in Irl'ir-;.:1ti on

The iden~ific2,tion of' returns to B'l'oundvtatcr use is generally more difficult
as ,?o~p;tred with coa-t estimates. Returns Hill vary according to crops CTolm,
e r rt ctoncy of va.t er- usc, eencral level of managemen-t and use of production tech
noloC'y, includin~ input? o·~hcY' than water and I'a nal.Ly the price for the products.
Bec2,m,e, of the ui do var-La't i on s , only a f'cw comparative examples can be given in
~erI!1? o~ addi~iOl:<l.l net yield increases (by net yield Lnor-e aao s is meant the a ncr-e o.co
1n yi e l dn on l1'rlG~ted lands 8.S compnr-od Hi ill non-irl'ieated Lrcid e after deduction
of all 'buc ccet c athol' t.han uat.c r- f'r-oc the returns) per ha required for I'ayine -tho
cost of' Hater. 'I'hey are ehoun in 'I'ab Le 2:
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'l'/.m;; 1

.

Type of Cost
A, B

Deep 12 11 tubeHell 3I1a110'.[ (; II 't.ubcwc Ll

-- .-

Er-r'Lgtvt ed Area: 240 ha 40 ha

-- $(ha "I
.

,~ n: 1,

.Fj-:~cc1~.!22f~tu l./
ltepr'cci.u'ti on ,d 8% 18.40 4.40
Int.oi-oe-t at 6" 13.Go 3.30

"
Vnri;"\.blc e081:8

Fuel (!>ol1er)- 11.17 22.10
Lubrjcation + lHain- 2.80 1.89

ten.:ulce
Rcpndr-a ]I 1.64 1.83
Labour .J 1.12 6.12
For d.i at r-i bu'ti on (included) 9.00

dr-atnagc 6; land
pr-epar-c't i on ~/

frotal costs ~l/ha $ 115.53 S 55.24

Total costs cent./m3 ¢ 2,31 ¢ 0.90

l/ Based on "55,000 for A and $2,200 for B and an annual use of
6,600 and 4,300 hours.

2/ Based on 10% value of pump and motor, valued at l/3 of total
- installation coste for tubewells.
3/ At US$0.50 per d~y.
~I For B, $lOO!ha and depreciation, maintenance and interest at 9%.

TABLB 2

Qu~ntitic8 of snecified roducts re liired in net additions
to ields 1101. to av fOl~ the cost of irri cttion ltater from oor01.U1(hmter sourCCG

pric~/~f product S'i tuation A Sd-tua't i.on n
----- ~~ m, t ,

Per ha cost
115.53 55.24Hater -or

"---
~·nl'2;-~t 10 1.66 m, 't , O.'n
Bur-Ley 50 2,33 loll

[JUG,T Deets 15 7.77 3.GO
Ve[~ct~cl)1(;3 ')0 ?,33 1.11

S~(;IJ Cot ton ?OO O.l;rl O.;'~1
--_._, -----"- ,-, ----- ..- ._~----

.._.._---- _.__ . --- ----"-_.- -'---"-
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Comp<U'ison of the costs of gr'01Uld\'later nnd surf<\ce Hater cl.cvclonment

and nsc

Recent deoade s howe seen many ohanges in the compar-a't i va COBts of [~round-

wrvtcr- and surface H;):ter development. Thus, interest charges have r-Laen ahar-pLy
and this favours [;I'0undHatcr development, which usually has Loner- i~vestmcn: costs
per ha than sur-f'acc Hater schemes. Aeain, the cost of labour has lnCre2B~Q versus
equipment and powcr-, yet teclmological developments have Lower-ed the r-eLzrt i vc cost
r>f' ,1 ....~".;"'0" and pumpd ng,

The Lnformrrt i on collected in the Hear Eust for the Indicative Harld
PleJ1 of FAG h2.8 ahovn that Hi thin the Rcg i on surface Hater development costs
r~1ecd from $250/ha of equipped area to Sl,500/ha. The aV8r8£c cost rOT

these schemes was ce t Lma-bod as appr-oxi.ma't.eLy 81,000/he. equipped, and c:ivcn
the cvcr-oge cr-opp'ing .in t ens i ty of 8G?~" this is equivalent to ~)l, 162/ha for
irrigated cr-opped land. Ua i ng the ennua.l cost factor of 9.55;, the avcr'cgn
aru,ual cost is cstimat0d to equal SIIO.O~~,a of cropped areaj this rs only
e l i.gh't Ly beLow the h.igh-eoou't Gl'olU1clwatcr development shown. under S'i -tunt i on A
of Table 1 and just about double the costs for Situation B.

Comparative d.rt a from the net an Study of the HIP show that per hectare
the annual cost of surface Hater schemes comes to about S66.50/ha, still hi ghe r
than the cost a shown for 3i tuation B.

The I~W study for the ReGion of Africa, S9uth of the Sahara, has sholm
considerably hiehcr oosts at about $105. The evidence thus points to grolmd
water development being stron&ly competitive with surface water development,
and given many other advent egca gr-oundwat.e r development may often present a
mor-e attractive proposal in comparison Hi th large-scale schemes based on surface
Hater.

These apparent cost advantages need to be qualified by the different
f'cr'e i gn exchange components of groundwater and surface water development.
In gencr-n.I, a higher per-cerrt ege of gr-oundwa't e r- deve Lopmen't costs Hill require
f'or-e i.gn exchange as compared to surface water development; the use of "shadow
pr-i cea" for f'or-e i.gn exchange may change the relative advantages. A fur-ther
consdder-atd on is the relatively high unskilled human labour component in
surface Hater Schemes and this may be a desirable feature in those countries
where rural unemployment is high.

From the productivity point of view, groundwater schemes have many
adv~~tRCCS. Their flexibility in operation, the security of the availability
and timinG' of wa't er- deliveries and low conveyance losses are all in their
favour. D1 addition, the favourable seasonal. water availability gives to
those schemes served by groundllater sources a much Hider choice in selection
of h i.gh pr-of'I t crops than exists for most surface water based schemes »h i ch
rely on the run of the river.

FINANCING OF GROUNDWATER DEVELOPMENT

'1\10 major considerations arc discussed here wi.th respect to grotU1d'l'later dev
elopment for Lr-r-Lgtrt i on , Pi r-st , from what sources could capital resources come,
~ld secondly, if servicing and rep~ent are involved, what form could they take?

Direct covernment f i.nanci.ng thrOUGh budge't allocations is nearly a'lwcye th0
sovrce of funds for bdckr,round information collection, for prospecting for grclmd
wat e r and for the manae;ement and oontrol of groundwater expLo'i t at t on ,

nroundvatcr- development may be planned under government or private f'Lnanc i ng,
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If Government d o Lnvcu't i ng d'i r-co't Ly in L'l'01.U1(hmtc}· dcvc Lopmen t end uill r-e-l.r i.n

the manar-emcnt of the scheme as HoD., suffi c i cnt dove Lopmcrrt f'untl c ;~ld an cpc r-o.ti cn a'l
bu:\::;ct need to be pr'ovi dcd , These nhcvd d be r-cv oLvir.g f'unrl.s ; 'tho uauc r- r-c'tcu
char-god uhoul.d 0.110\-1 for the replenishment of the: devc Lopmcrrt Fund end for 'the i'..rnuo.I
coat of oper-rrt i.on , un Loaa Government .intcndo to subsidize the scheme for cocit-L 0 1 '

political r-cncons , Gr-oundwa'bur- schemes lend themselves Lde a'l Ly for uo i ng vol unoLr i c
8l'l.J.CS of uc.t cr- as the base for Hater paymerrt e , It appecr-c , hooovor-, th;:\.t often <"

combined form of a f'Lxed "betterment levy", combined wi-th oat er- r-at-en based Oil t.hc
quanti-by of Hater consumed cf'f'er'e rrt t r-ac t i ve advant.age a,

If the eovc'rnment itself is bor'r-oui.ng to f'Lnance either the total or the
I'or-c i gn exchange part of the investment, then loan r-epaymen-t schedules should hc.r-,
mon i.ae Nith receipt of those portions of the scheme's revenues wh.i ch are meant, for
cupital services.

It is a different situation when gz-oundwat.cr- development is 'thr-ough private
individuals or Groups. Here government support for development 2nd use costs may
talco the form of loans or subs.Ldf eu, Direct subsidies, though at a Lower- level,
may serve 8,8 Hell as subsidized Loans in .incrcani ng the tempo of private investment,
and. their administration is muoh simpler and cheaper than loan systems. Considerable
f'Lnano i.a.L incentives can be eiven by the Government through subsidies on fuel and
power.

With respect to financing, g-r-oundwa't er- schemes have some distinct edvent agc s
over Lar-ge-caca.Le surface-Hater schemes in that they take only a short period to
construct, oeai be constructed piecemeal, Hell by \·11311, and thus are not burdened
ruth heavy interest payments on capital invested before the schemes become productive
and can provide the bast s for repayments.

'fhroueh it~ relatively high foreign exchange cost component, groundwater develop
ment often provides goocl oppor-tundties for aid financinG \-rhich becomes attractive both
to recipient and donor country.

NATIONAL GROUNDWATER POLICIES

Unle3G there is a definite national policy regarding groundwater (and the same
cpplies to surface water) the investigation, utilization and conservation of this
important naGural resource will be retarded, misdirected and wasteful. The water
policy mBJ- vary according to the e~isting situation and factors prevailin~ in any
one country or region. The purpose of a water policy, is to enBUr€ the most

benef'ti c i a'l w:d opt i.mum use and conoervation of available waters, taking as a base
the h~droloG~c cycle~ present water ~emands and future needs indicated by populntion
gr-owth , A decLar-a't i on on wa't e r- pok i cy may take place either in the preamble of a
gr-oundwat.er legal enactment or in any consolidated Ha'ter Act or Code and could be
based on the follorrine principles: '

(i) Definition of groundwater to include all kinds of waters located below
the surface.

(ii) Grounduater beinG a natural resource, should either be declared as
Gtnte, crown or public property or subject to state control.

(iii) Irid i vi.dua'l s end corporations may establish only a legal r-Lglrt to use
Haters, 3C di stinct from an ovner-sha.p right.

(iv) Kds.1.;ing rights nay be r-ccognl s od , consistently Hi -th cvrd labili ty of
water, beneficial use, competine cl3lms, Government water policy.

(v) Righ'ts to use shall be controlled and administered by the state.
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(vi) Priorities to use V'oundwater should be flexible GO D.G to satiofy
present and future r-equd r-emont.s , Ch211cinc c'i r-cuma't ancca , provided that
first priority be civen to household cOlloumption.

(vii) Legal protection of e~istinr, <'~d future users and riGhts to usc.

(viii)Government right to control oxt.ract.t on in areas cndunger-ed by depletion
of aquifers 'thr-ough reduction, suspension or modification of existinG
rights to use.

(ix) Government right to control and prevent Haste, misuse and ovcrc-expl o.itatiol1
of gr-oundwat.er-,

(x) Government does not guarantee groundwater to usera, and cannot be
responsible for damage or injury ca~ed by a laNful user to another
Lawf'ttI user.

The theoretical principles outlined above are meant only as an illustration of
the baa i c considerations involved, and each count ry , on the b ao i.n of its par-t i cul.ar
od r-cumat.nnces , must determine its ovm gr-ounduat.e r policy. In a state wher-e only
gr-oundvat er- is or might be avtu.LabLe a gr-oundwat.e r policy may be defined; in other
countries where surface waters also exist, a global water resources policy, including
both surface and gr'oundua't e r-, is more desirable. In all cases, the need of ngri
culture must be defended, ~s agricultur~l uses are the ereutcst consumer of water.
The price of Hater must be flexible so t.ha't the incomes der-i.v ing to the state from vut.ez
resources are assessed not only on pur-e Ly economic and financial factors. but nl.ao on
social factors.

The lack of a gr-oundwe.te r policy, uncorrbr-ol.Led pumping and/or ovcr-pumpt ng
may cause depletion of ,~uifcrs, intrusion of sea waters in coastal are~s,

salinization and destruction of otherwise good lands, degr-ad a't i.on of water qua'l i.ty,
pollution, and spreading of water-borne diseases.

GROUNDWATER LEGI SLAT! ON

wat.cr legislation in general, end gr-oundwat.er- leGislation in par-t.i cul er-, are
the means through vrh'ich it is poas i ble to effectively implement and enf'cr-ce <'Jl::

dea i r-ed Hater policy. Legislation by i 't ae Lf", does not constitute the panacea for
eo l vi.ng problems and, in turn, is strongly influenced by the 18Cal systems f'o.LLoued
and must take into consideration the aocl ol oga ce.l , religious and philosophical
character of the people of any particular country or reGion.

The purpose of water legislation is to ensure, on the basis of water
avaa Labd Lit.y, the rational use of' such resource, its concer-vatd cn , in order 't o
satisfy present and future water demands. This may be achieved by bringine
under unified, coordinated or centralized administrative control past, eci s Li ng
and future uses of water. Special provisions are necessary for the control of
ground "raters ei ther in a separate unde r-gr-ound water act or as a chapt er- of' a
consolidated water code.

A basic water code or act could include provisions Hi th respect to the
t'ol.Lowi.ng i t.ems r

(i) Ownership of wat cr-r to be clearly defined Ni th respect to both eur-J'acc
and groundwater. If public owner-sb i p of va't cr- is not f('i.\silJ18, the
r-i.ght of the atat e to at least control end regulate such ovmr-r-ahi p r e
i ndf spenaabtc, Public ouncr-ahi p ehonLd include the r-Iver- bed, the
embankments and any o Lhcr required appur-t enance s ,
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(ij) ~~;_C11t to u:~C wat.er-r muc t. b(~ distinct from ownc-r-eh i p d()lt. A l"Jw.te:!'
1<"'[;';-',1 enactmcrrt should f'r-arnc r-ul.ea wi f.h respect to the: o.r i g-ins of -thi G

right r var-I oua purposes of u't i L'i zn-l.Lon t i-eoor-n i z ancc I r~,')11 oc at i on , 1'C

ndIuc t.mcnt of cx.i s t i ng r-ight a of U:30, lind c;rp,ntinc of nCH riGhts of uee
con a ist en'tLy wi th ava.l Lnb i.Li-ty of unt.o r-, conf'L'i ct i ng \\I;:1,tc1' dcmanda on
the same waters Mel Government wat c r poli cy,

(iji)',htC'l' Conacr-vrvt i on r f.rJ.1CSC pr'ov.i sionc relate to public health aepccts ,
to c onucr-vutLon of land and Hater r-csourcc c , improved 1'1<"'-[.C1' cuppl.Le a ,
lh'C1.inD.[;e, watcrlo~cinG and salinization, aba't cmcrrt end pr'cvcnt i on of
po llu t i on.

(Lv ) \"lelia!' rj."'llh; ;1clr:linistT.~.tion v.nd \;,-:"tr~r out.hort ti o se Allocation of Ha-cf<r
to users as to their cmount , purpose <:U1U timinG ehouLd bo centralized in
a Hater administration, accor-d i ng to c i.r-cums t ance a , at the state, basrin
or as a minimum at sub-lias in levels in the case of Lar'ge basins. An
Ln s-ti 't ut i onnl .i.ced , coor-d i n a't ed 2.I1cl ob Li grrt or-y c ocpcr-a't i on is Lndi c pcn ar.Ll e
among all c:'~i3tinG ve tcr- cont r-ol Li ng au'th or-i.t i c c , Such 8. Hater aUIJILni-
sLr-rrt ion Hill be empower-od to r-ecogrri ae e:~istin~ r-i ght s , Grant nCH rir:hts,
and t eeue Li ccnceaj per-mi t s , au'th or-Lza't i onu or concessions.

(v) 11<_1.(;1' Rates 2.nd cb u-r-c ae The wa't cr- If'::islation nhc.Ll, cmpo-..rer the vat ei-
admi.n i rrt i-a't i on to c ut.nbl i sh pr-ocedui-e s for 't.hc O~S(;88mcn1.T l(,v:rin::; and
collection of ua't.c r- r-ot cc , Ch2.J'~0S and. I'ee a ; such pr-ov i c i ona to 1)0

flexible in order t o c on s i dcr- not only d i f'f'c r-orrt 't ypc s of ua't.cr- USCG, hut,
't ogeLhc r- wi-th cc on onu.c nud financial factors, a.Lee social factors.

(vi) Govor-nracrrt fineer-ci-c.' r-ont.ribu-t i on i i~1cludin/j cred i t f'ec i Li t i cn , fiscal
facilit~,-cions or c.ccupt.i ona , f'Lcr.a b i Lit.y in vc.t.er- charges and fees et c , ,
to be be.cod on Government pcL'icy in these matters.

(vii) C'ri t cr-i a f'co- r-o.ti ur- of p r i or-i t i oa (',11(1. i"_pprovC1.1 of pr-oje ct s t Based on
--~ ._~-''''---. --

f i.nnnc i nL, e conor.u c , social end t.c chn i cu.l f'ec't or-e ,

(viU_) :GCY1'J riei a1 us~:-~ c,f 1'1';::'1.(;1': Dotnc s t i c , 2£1'icul t.ur-a.l , hydr-opovo r , wa't c r-i.ng
of anirrw!f:i, i ndua't ri rd , fishine, transportation, etc.

(ix) !J."!l.~----EE.0tcction ~.nd control of hvclr<'l.ulic structuTPS <U1d ua't er-wor'ka t In-
clurlinc; u i nimum a t andar-d s specifications, approval and inspection pr-ocedur-ec,

Control of h2.l'.'1~'U]_ effects of Hater: Floods, salinization, soil er-oai on ,
ovcrfl-(i~!, poor da-n.i ni'Ce, etc.

(':i) [Je.t.et- C'uc,litv f 2,011uticlfl control, health preservation: In c Locc
col L--~i·,oJ'{"L:.i.on and c oor-d i n at i on wi -th other responsible authori ti oc (HE'al th,
Iridua t i-y , e t c , ).

(::-:ii) Pr-omot i on of \-'..-dJ-:c uecr-e-t nss oc i a't i on s t l.s a means to combine mnny users
in"Lo-(Jnr~ Lcgu.l entity, whi ch wou'l d participate locally in Hater ~~(lmini8t.ration.

(}~:'L:i.i) Pc-v-rc to rlr-rJ ,C'l,',' protcc-l--wl zones or cc-ce s: In tho C;~S'J or {,ir~Cr[:';'llC:,'

cir::li;M]li'IJCSt;: 0.)'0 'Ghts, I'J coc c , depl e t i on of .tqu i I'e r'n , \12,tC'1' )·lCh"l.S
oonf'Lic.l.u, po l Lu't i c. spr82,ClinC of wa't cr-bor-ne d i uc ancu , i.ut.x-ua i on of ~~(,".

ord.o r- cl.c ,

(xiv) CO()J'(~_;_'I~'bo:J ~,,- irrtcrooi.nr-oii on pith rrUH'l' "n~'r,~nll-jlt~, ,'J'r,-'("li~l;': \L'.t'>t·,
such~~_~: ro:'e;";0~~~1;_;hi~;-·)l(1l;:;trlC, lruJd t t.l,_!: ,:, I _I.-r:il r-. :'("":\, !.1 i ~1 ~lll:'

muni.cipr-I end t01"~' :,--'l,',nnirl,::, oLc ,
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(xv) ~ler[18ni2.tlon and. enforcement: to Lnc Lude Judicial and admi.niabr-a't i vo
protection of water rights and c l atms agn.i n s t such determination, inspection
and sanctions.

{xvj ) Se<J.tlcmce of' entry into force and of imnlementrttion:
quantity of water utilized, etc.

(xvii) Repealing of pro-existine "Tater legislsti on.

(:xviii)Fm·rcr to issue r'ertul at Lone ,

By areas, basins,

With re spect
above also apply.
include:

to groundwater legislation, most of the provisions outlined
However, specific legal measures are required ~mich may

(a) Licensin~ of drillers, who have to be qualifiedj through their licences
it is easier to control groundwater development.

~b) Exploration or prosnectina licence, as different from a water utiliz~tion

licence, of a short-term duration, since water availnbility, QuL~tity and
quali ty may not yet be known ..

(c) Utilization or ;,.b;,;h~<tction Ij GC'nce, pcr!tlits: These could f ol Low the same
procedure as for nur-Eace Hater, af't.er- an aqud f'er' has been atr-uck , to
succeed the exp.l oration 1ioe)100.

(d) J.leterinr: of abs t r-aot.i.on , whenever- feasible, to be established On economic,
technical and eoc i a.l CroUI:!ds.

(e) Hodificn.tic1n of exiflti.nr; lC'7islation which may affect gr-oumluat.er- control,
such .1.3 the civil code , land Lccc , according to the necessities d i c't a't ed by
a net... constitution or a Government water policy.

GOVERNIlENT ORGANI ZATI ON FOR GROUNDWATER

Insti tutions and or'gun i ea't i.ona for gr-oundwat.er- cannot be separated from
Lnrrt i tutions and organizations for "!a:ter resources in general, since they are
a part of the name resource.

Generally many l.li n.i stries and other more or less autonomous authorities are
responsible for sectori~l aspects of water resources without adequate coordination.
'later users' associations, either recognized by legislation or by cus-tom, also
exercise authority.

Plannine the development and conserva.tion of g-r-oundviat.cz- r-eeour-ce e requires -'l.

comprehensive and unified approach, wh'i ch calls for the need of bringinc water
under centralized administrative management through the issuing of water utilization
permi ts, licences, authorizations and concessions. as well aa for the coordination
of various projects, 'thr-ough adequate institutions and organizations.

Institutions ruld orG~izations may be envisnged either at different levels -
nat l onal., r-cg.i onn.l , baefnwade , 1000.1, international - or according to the di.f'f'c r'on t
f'uno t i ons 'they ~1'C- ceLl.cd to per-form - political, t cchn i c a'l , execut Jvc , cocr-d i nut.Lng ,
wlvisory, enminiGtrativc, legal.
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~;'!ni7,ntio-'1 vi.. the' lbtion"l Level

The poli tical and 't echn i ca'I coordination as veI I as the adtni.rri a't r-a't Lve
control over wrvtor- resources mo..Y be achieved by ae't t i.ng up e.t Lc arst a
Nat i onaI Urvt er- Counc i 1 componcd of those Mi.n i.rrt cz-a havi.ng acc't or-La'l

r-cnpon s i b.i LiLy for uc.t.e r-, Such a body woul.d enSU1'" coor-d i.nrrt i on t~t the
hiGbc~'t political 1<:..w01, and uould have the f'uno't i.ono of (i) f'r-z-mi.ng the
ovc r-n'l 'l \-IC'.-ter po l i.oy of the na.t i on , (ii) deciding on the a.Ll ocrvt i.on of funds
anf \1i'tsr For- d i f'Tc.v- n-t pur-poncu , and (iii) dcc i d i ng on i-c i.mbur-uemcnt
po Li ci cc, paymcn't of ua't cr- chG.l'C;cS and r-cLat.od f'a nanc i a l poli.cy matters.

In ndd.i-t i.on 0. 't ccbn i ca.L and economic ilater Board or Oomm'i ea i on could
be set U]), compos-e-d of the senior Le chnic'i ana and economists r-espons i b Ic
in the var-t OUG ],lini St:!'i'3S C'J1U rurthor-i tie~;, including r-cpr-eaont nt i.yes of 'the
wat.o r- USCCf.,1 ce.eocr ot.t one , This body uoul d ensure nn 'inst i t.u't i one.Li z ed and
ol)liCcd,(1l'~r .irrl.erc-Id.n i rrtor-i.a'l coordination. at the technical nnd economic
LevcLc ut. the D<'.tjO!12.1 level; its functions could be either advi.oor-y or
cxncut i.ve ,

Still a't the »nt i ona'l level, a Central Hater Administration is nece s ser'y
in 01'(1.,';1' to: (i) crccu't e the political and 't echn i ca.L decisions 't aken by the
Na't Lone I Council anJ the Commission, (ii) adrni n'i e't er- the rights to use water
t.ht-ough the issuing of rlater permits, aut.hor-i aab i.ona and coucocs l ons , (iji)cvi.,J
uat.c , oooi-d i nrrtc eli I'f'e r-errt projects befor-c their cxccu't ion, ( i v) ert and.ar-d i i':'.;. end
pool <,\11 .inf cr-ma't Lon end date". r-eLa t i ng to vaber- r'e cour-ce s , (v) prepare a rnaat.er
ua't e r pl2J1 and regional plans; and (vi) control, authorize or cxcout.e Lnd i v.i duo.I
pr-ojeot.s ,

RC8'i011al Lnat at.ut Lcne may be envi.oeged either an Branches or Departments
of a unified Hater LJ"'linistrntion· or eo more or less autonomous bodies at the
basin, aub-cbae i.n or local levels r-eapona i b Le for a par Li.cul cr- ,·;ater
utili 7,L'.tic'n, project 01' area.

Or,c-::mi ~8,tion cd the LOFer Level

Locnl, dep~rtmcnt~lr district or municip~l water authorities which exist
at the> Loner- level, should be either Lrrt egr-a't ed or at least coor-d i nc-ted at the
bo.s i n or eub-cbca i.n level in order to avoid acgmerrt i.ng wa't er-eheda or aquifers by
artifici<11 admi rrint r-a't i vetdavi sri onc , Hater user-a' associations e::ist in many
coun't r'Le s , The~r ar-e Generally errccient , but SlO1·; in adupt i ng to Lncr-eaeed
Govez-nmcn't control. 'I'ha i r- cr-c-c-t i on often provides a solution to conf'Lf.c't i.ng
C',1StOI;1,:1T.Y and t.r-ad.i t.a.one.L "Tater rights, and should be encour-aged ,

Hhcneve r- Int er-nut Lcnal. equ'i I'e r-s or basins are present, proper Lrrt cr-na't i ona.I
insti tuti one arc r-equ'i r-ed in the form of International River or Basin Boards
or Oommi cs t onc in order to: (i) exchange hydr-o'l ogt c and other dat a, (ii)
submit prcposcd pr'o jc ot a affect inc another co-baa-in state, (iii) establish
joint. 'ter.hn i.co.I coopc r'tvt i.on f'or- integrated development, (iv) prevent and
cc t t l.c 1.'['-[."1' d i oput.c s 1,'[i th reference to the equitable uppor-t i onmerrb of wat-er'
r-c cour-coc , and (v) pcol and. combine efforts to f'acd Li t at o Lrrt e r-ntrt i ono.I
fin anc inj; ~':)1d '''.~_,:~i:,t;'J~cc.

tht1:. j'CS~',~;c"L to ~:..,(, chf:: orr-nt funcl.: on.. - ; nil n('r;p:,;,'~'T,': 110 I1hic-;)',

'1:(',tc1' j:,;::;L:,'Lul,io::.'.: (,'1: O'Y'~;:'ni:'~,i~o;lc'~ con l d ~)Cl'.['(.T"", tllt'J !I'l:;! Y;"',' "ro-, C'.::'-'
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to case, depend'ing 011 Government policy, avai Lub i Ltt.y of per-aonncI end o'tb er
1 Deal condi t i ens ..

Such institutions may be ct-nvo- (i) a dcve Lopmon-t institution, i.e .. ;:L.!}

or-gnrri ztrt i on set up to pLun , construct a.nd/or opez-rrt c one or aer-o specific.'
pr-o jccts ; in this case, the area under its juri sd i o t.i on {a chol c river buo iu ,
a par-t thereof, a project ar-e a.) Hill have to 1)(' de I i.ncd , [J.S vre l.I 2~S its
relationship wi th the central Governmen-t ue-t cr- or-garri ce.t i on , or (ii) Q

regulE'-tory institutiol', in whi oh case it HilllicoorclinD,t" act Ivit.i as , al Loc-rte
funds and unt er-, but unould not under-take nor-lee \:hich might ce,U8C' Lrrtc r-agcncy
rivalry with other developing institutions. In General, a rc{:,:"ulr:.tor.v
author-i t.-:,r should be fully Gover-nmcrrt.al. and b'-oJ' constitute the ucvcr-ovcnt
Central Hater Administration.

The type of Hater or-guni za't i.on , its nature, power-s and functions, may var~r

from coiurt.r-y to countr-y, neo or-di ng to c i r-cumat anous , and. there is no clear cut
I'or-rnu'l a v a'l i.d for £\.11 occco , Fa.na.Ll.y , the need for training in Hater adnri.n i eLr-a't i on
and lc~islation cannot be underestimatrd.

TRAINING OF STAFF FOR GROUNDWATER DEVELOPMENT AND USE

If the inve~tigation, development and use' of a country's resources of
g-r-oundurvt er- are to be carried out successfully, then Government wi l I have to tc·h~

a Lead in this Hork, and Hill nc ed trained personnel to staff the various: orC;8..n i 'Ci'.~,-i on a
to direct and control thc ampl.eraen t at.Lon of development projects and to ensure ·l·h~t

the 1e£:8..1 and administrative operations required for harmonious uue and conac r-vnt i on
of r;roundHatcr ar-e fully ef'f'ec't i ve , This paper- does not dee.I Hith HiP r-cl.rvt crl
extension and t.r-e.ini.ng of farmers and labourers to utilize croW1dll2.ter, thou.'jh t:1C
importance of such ucr-v i cea cannot be over-estimated; the paper- c oncc.rbr-at.eu co
't r-a'i m ng of staff for Uovcr'nmerrt ak posts.

First, it is nocc cs at-y to estimate the number- of trained. men r-cnu i r'ed in t.l.e
various rli sci.p l Lnc s , 'I'he number- trained should be related to "the nuube r r'equ.i r-cd ,
allo\1ine for wae't agc PJ1U probable evpens i on of the gr-oundwat.e r- opcr-e.t i ons ,

Second, staff for trainine should be selected wi th care.
ope r-a't i on s , crrt a.i Li nr; nuch f'i c Ldvror-k , at Leact at the beg-i nn i.ng
is most dc ai r'ub'l.e that t.r-uLneeu should be 'bhoac vrho really wish
field.

For C:~O\).r.c1.1.'f\tC':r

of a career, ].1;

to Hark in the

T:iJirJ., the inqtjtn.J:;p or und ver-s i t y for training should be selected Hith core,
It is dcn.i r-abl e that primary -tr-ain i ng at 't echni.ca'l college or school, or at a
un'ivcr-ni ty, should be Hi thin the country. Thereafter, the eradu~',te should l'ror~-;:

for SOJnC1 t uc to four years in his own courrt t-y , under good direction. After
pr-ac't i ca.l cv-erd ence , f'e Ll owshf ps abroad for a second degr-ee or S}Kcil'li~El.tion

thrOUGh cOW:'SI3 and seminars are desirable, but not necessary.

Fourth, it is necessary that Government upe to the full the s't nf'f they hr-v..
trained. Too often, gr-adua't ea slip into the most senior post avrd Lab.Le, and not
into the lJorl,: for tzhi ch they have been trained. If at all possible, the CTc'dn:~t,('

or -te clm i o i an ehou'ld be employed under- supervision of someone wi t.h good expe r-Lcnco ;
o-the r-ni.s c the knovil.edgc cained at school or college may be used fncor-r-ect.Ly ,
Staff should be encoura&cd and helped to at~8nd seminars ar,d meetings, 2nd to pr8c0nt
papers on their '-lork and. the results of their investigations.

Finally t refresher courses should not be omi t t ed , The rate of change in -tho
technoloeY of water and groundwater is very great, 2nd it is easy for staff to Idll
beh.Lnd, There should e.Lao be corrt Lnuoue t r-ai.n i ng on-the-job.

The basis of a Government's effective direction and participGtion in the
Lnve s-t i ga.t ion , deveLopment , use and conser-vat.i cn of its groundwater r-csour-ces uill
be its staff. If the staff is good , the work will be Good; if the ntaf'f is Q<,.d,
the work will be bad. Trainin& and develop~cnt of sta;r ~re basic to success.



ON ESTIMATION OF AREAL AVERAGE PRECIPITATION
BY A WEIGHTED MEAN METHOD

by p. I. Raman and H, Virji

ABSTRACT

A climatic factor based on the extent of the influence of normal precipitation
at a point to OV~r an ~ea, is ccmp~ted for each raingauge inside a given square grid
Fitted over the area of interest. The result is • get of weights which, when multiplied
by the observed rainfall at each gauge, give the total volume of rainfall over the area.
Once the weights have been determined for a given gauge network in the area, the method
is suitable for computation of mean areal rainfall over any given catchment area.

RESUME

En se fondant sur la megure dans laquelle les pr~cipitations normaleg relev~es

en un point d~terminent les pr~cipitatians de llensemble d'une zone, on calcule un
coefficient climatique pour ch~cun deg pluviom~tres d'un r~geau quadrillant la zone
consid~ree. On obtient ainsi une s~rie de valeurs pond~r~es qui, mUltipli~e9 par 1a
hauteur de pluie relevee A chaque pluviom~tre, donnent Ie Volume total de p1uie tom bee
sur 1a zone. Une fais que les valeurs pond~ree9 ont ete d~terminees pour un reseau
pluviometrique donne de 1a zone, la methode convient pour calculer 1a lame d1eau moyenn~
tombee sur un bassin versant quelconque.

*

INTRODUCTION

* *

Estimate. o£ volume
point rainfall measurements.
ment for different durations

of water precipitated over an area depend on the reports of
Reliable estimates of average precipitation over a catch

is a prerequisite for all hydrometeorological investigations.

Methods ot estimating areal average precipitation have been described in the
literature (3, 4, 6). However, most method. require detailed study of rainPa1l data,
which is a ti~e-eQD.uming process. IncreaBing use oP catchment models in hydrology and
water resources studies requires an efficient and rapid method of computing ar~a1 esti
mates oP rainfall £rom point raingauge dAtA.

Recent work on the subject includes a paper by Diskin (1), who suggests A
Monte-CarlO method for evaluating Thiessen weights. rvan ~t &1. (2) have used an inter
polation process to construct contours, the areas between the contours being subsequently
integrated to give the volume of rainfall. Rockwood (5) used a modified polygon weight
ing method to estimate areal rainfall from weighted point precipitation values. While
the Thiessen method has the advantage of simplicity, the interpolation technique sugg~g

ted by Ivan~. permits a better representation of rainfall distribution. However,
the technique suggested by Rockwood has the advantage of both of the above methods. This
paper describes this method and its applicability in relation to oth~r methods.
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THE PROPOSED METHOD

Consider a basin of total area A and mean areal rainfall P
A-

If there are n
precipi tation recording stati on! wi thin the baJ!in and the ThiesJen Polygon method of
estimating average Areal rainFall is used, we ha'\J'e:

Where Pi
a, being

1
Vi • .!i.,

A

i. evident that

- precipitation recorded at the station i, and the weighting factors
the area of the Thiessen Polygon represented by the station p.. It

1

1

Therefore 'A • ~

i-I

Thies.en

The Thie••en Polygon method useg a weighting factor which depends only upon the
ratio of the area 01 the polygon (representative area) in~exed by the precipitation re
cording station to the total basin area. When point precipitation records are extended
to &real precipitation estimates, one should consider the influence o£ the long-term
climatic effects attributable to topography and other phy~ical factors besides the
weighting due to area representativeness. ThUS, it is necessary to re-define the
equati on of areal preci pi tat! on as:

P.
1

Where P. is the climatic factor defined as
1

f. ~ (NAP .)
1 &l

(NAP....)
1

ouch that (NAP a1)

and (NAP.)
1

• normal (long term) annual areal precipitation over the representative
area indexed or repregented by the station ii

2 normal annual point precipitation at the station i.

The climatic factor then represents the ratio of long-term areal precipitation
to the lang-term point station precipitation, thereby taking into account the long-term
topographic and climatic influences Over the area.
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The new weighting factors can now be written as

ai • (NAP ai )

A (NAPi)

It can be readily seen from (4) that when the value of the Climatic Factor is
unity, then the weighting factors are reduced to those of the Thiessen type; i.e., in
the ideal case where the actual precipitation at the station is perfectly representative
of the rainfall over the indexed area, then the Climatic factor is equal to one. This
suggests that the regular Thiessen type analysi s gives accurate estimates for ideali zed
situations only, whereas equation (2) is applicable to all non-idealized cases.

I h . ~i Af t e area rat~os A:::I i are considered as percentages, then we may vri t e
as

(NAP .)
aa,

(NAPi)

Also, if a representative area enclOses several (say x) precipitation recording
stations, then the value of (NAP.) may be estimated as the arithmetic mean of the spot

1
normal annual values at these stations. In such a cage the spatial location of p . within
the representative area a, may be taken as its centre. The final equation for ar~al
precipitation may nov be ~itten as:

• x

APPLICATION OF THE METHOD

The method requires a grid which would divide the area of the catchment into
representative small areas or zones of influence that may be attributed to a number of
rain-measuring stations inside or in the vicinity Or the catchment. Index precipitation
sta.tions (one for each representative area) are chosen as representative of the rainfall
in these areas.

The normal mean annual isohyetal map is also required to check unreliable data
and to evaluate the factor NAP. It is necessary to planimeter the area enclosed by
isohyets within the representa~ive area to arrive at an estimate Or NAP. This has to be
done only once for each small area and the weighting factors, once established for an
index station (actual or hypothetical) can be used against all spot values, actual or
interpolated (daily, monthly or annual) at these stations.

Par practical an ajyt i caj purposes, a square 20-minute grid (for map scale
1 : 1,000,000) vas adopted. Actually, this grid can be as small as practicable, but the
zo-m nu te grid appeared to be sufficient for manual evaluation purposes. A smaller grid
can be used when the method is programmed for computer,

The method was applied to all the catchments in the project area of the Hydr-ome t

Survey of Lakes Victoria, Iyoga and Albert. Appropriate veighting factors ....ere evaluated,
and these in turn were applied to the spot 1967 annual rainfall values at the index
stations. Resulting estimates of 1967 annual rainfall over these catchments are
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summarized in Table 1. For comparison purposes, the corresponding ra1n£all estimates ob
tained by the regular isohyetal method and the arithmetic mean method are also tabulated.
AS9uming the estimAte. obtained by isohyetal method as the most reliable ones, then 't hos e
obtained Dy the present grid method lie within 1 per cent of the former estimates for all
catchments.

For elaboration of the actual processing involved in the present method, a
worked out ex~ple is attached for Nyando t Sondu, Gucha-Migori, Hara and Mori Catchments
(Figure 1, Tabl•• 2 (a) and (b)).

For this project area, since veighting factors for all index stations are now
avai labIe, estimates of areal mean preci pi tati on for any durati on can be determined by
applying the appropriate weights to the corresponding spot rainf~ll values at the index
stations. Several points of interest need further elaboration. These are: Is there a
necessity to ifttroduce the Climatic factor:

(NAPa) ,X

([NAPi)
x

From the attached illustrative examples, it is apparent that the corresponding values of
An (per cent) and W (Which inclUde the elimatic factor) are very close. This implies
that either the ind~x stations chosen to correspond to representative areas are very
nearly ideal or, more probably, the grid is small enough to allow the station precipita
tions to be represehtative of the respective areas. Of course, as the grid is made
progressively smaller, one obtains the station precipitation representing progressively
smaller areas around it and hence the areAl representation would be closer to ideal.

The variation about the ideal (unity) in the case of the above chosen grid is
ahout ~5 per cent. It therefore appears that a slightly larger grid also could have
been utilized to demonstr.te the correction of inherent non-representativeness of
stations by the climatic factor.

The weighted factors are time independent; i.e., they apply equally well for
evaluation of monthly or annual precipitation estimates. This is borne out byapplica

tion of the weighting factors to the northern shores of L~e Victoria and Sio Catchments
for evaluating lIonthly rainfall estimates (Table 3). The corresponding rainfall esti
mates obtained by the isohyetal method and the arithmetic mean method are also given.
It is encour~ging that the results obtained by the present method are in close agreement
with those obtained by the 1aohyetal method.

CONCLUSION

The resul ta obtaiBed by the method are indicative of its valid! t y , The method is
as easy to use as the Thieasen polygon method, but takes into account the effect of other
parameters such as altitude exposure and long-term variations in climatolo,ical elements.
The method is suitable for manual evaluation and adaptable for computer programming.
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Table 1

Comparison ot estimate! ot 1967 annual areal average
precipi tation obtained by 3 method'

Value of precipitation obtained by
Catchment (project area of
hydromet survey of Lake.
Victori •• Xyoga aDd Albert)

1. N"zoia, Yala,
Northern lavirondo GulP

2. Ruiti, ~.bale, [atonga

3. Lake Victoria (PIUS i.land.)

4. Ny."dO, 5Ollclu. Mara, Gucha-Kigori

6. Northern .hores of Lake Victoria
plus Sio

7. Rvana, Guru-uti. Kbalagati,
Duma, Sariati, Simiyu

8. Magogo, IS&nWa, Nyakerenei
and Southern ohore. of Lake
Victoria

9. Lake Albert IllDd area

10. Lake lyoga Basin

P1&Jlimetry

IMl

1,538

913

1,436

993

1,454

967

1,176

1,269

Weighted
normal

mean....
1.513

907

1,445

1,222

970

1,462

947

1,129

1,262

Ari thmetic
mean

mm

1.630

998

1,340

1,611

1,416

1,186

1,136

1,160

1,577
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Table 2(a)

Mori Catchments - Computation
Ii • A .(NAP l.x

n n &

(NAP), x • 1

o£ weighting £actors

No.
A {%l NAP NAP,

I

NAP
Iin & 1 __a

NAP,
n

mm mm 1

1 3.91 1,412 1,350 1.05 4.09
2 4.03 1,286 1,175 1. 09 4.41
3 0.27 1,100 1,190 0.92 0.25
4 0.76 838 820 1,02 0.78
5 2.33 1,200 1,325 0.91 2.11
6 3.79 1,438 1,375 1,05 3.96
7 4.42 1,754 1.760 0.99 4.40
8 4.42 1,518 1,600 0.95 4.19
9 0.97 1,190 1,180 1.01 0.98

10 2.09 781 750 1, 04 2.17
11 4.42 1,263 1,300 0.97 4,29
12 4.42 1,734 2,025 0.86 3.78
13 4.42 1,394 1,360 1, 02 4.53
14 3.76 1,184 1,120 1, 06 3.97
15 3.42 948 900 1.05 3.60
16 4.42 1,342 1,350 0.99 4.39
17 4.42 1,481 1,500 0.99 4.36
18 4.42 1,203 1,20 0 LOO 4.43
19 2.88 962 975 0.99 2.84
20 0.61 900 850 1, 06 0.65
21 1.51 900 875 1,03 1, 55
22 4.33 1,109 1,150 0.96 4.17
23 4.42 1,487 1,50 0 0.99 4,38
24 4.42 1,399 1,380 1, 01 4.48
25 4.42 1,132 1,125 1,01 4.44
26 4.39 938 950 0.99 4.33
27 1.51 910 910 1.00 1, 51
28 1.67 1,202 1,200 1,00 1,67
29 2.36 1,387 1,40 0 0.99 2.34
30 1.64 1,241 1,250 0.99 1,63
31 2.36 1,100 1,120 0.98 2.32

I32 1,97 958 950 1,01 1,99
33 0.82 900 850 1,06 0.87 :
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Table 2(b)

Gucha-Migori. Mara and MaTi Catchments
Computation of areal rainfall using the weighting factors

Ii 2 A .(NAP ).X
n n a ,x-l

(NAPi)

which gives estimated 1967
annual rainfall Por the
catchment as 1. 222 mm

1 No.
I

Ii P 1967 1 P Ii

I
n n

Annual n n

1 4.09 1,550 6,339.50
2 4.41 1,400 6,174.00
3 0.25 1.190 297.50
4 0.78 1,000 780.00
5 2.11 1,360 2,869.60
6 3.96 1,375 5,445. 00
7 4.40 1,600 7,040.00
8 4.19 1,480 6.201.20
9 0.98 1,475 1,445.50

10 2.17 800 1,736.00
11 4.29 1,560 6,692.40
12 3.78 1,500 5,670.00
13 4.53 1,300 5,889.00
14 3.97 1,000 3,970• 00 I

15 3.60 1,200 4,320• 00
16 4.39 1,200 5,268.00
17 4.36 1,160 5,057.60
18 4.43 1,130 5,005.90
19 2.84 925 2,627.00
20 0.65 810 526.50
21 1.55 900 1,395.00
22 4.17 1,300 5,421.00
23 4.38 1,400 6,132. 00
24 4.48 1,050 4,7D4.00
25 4.44 975 4,329. 00
26 4.33 820 3,550.60
27 1. 51 1,075 1,623.25
28 1.67 1,300 2,171.00
29 2.34 1,175 2.749.50
3D 1.63 1,100 1,793.00
31 2.32 1,050 2,436.00
32 1.99 950 1,890.50
33 0.87 800 696.00

33

L
n 2 1

P Ii
n n 2 122245.55,
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Table 3

ComParison of 1967 monthly precipitation estimates
obtained by various methods

North@rn shores of Lake Victoria and SIO catchments

Weighted Arithmetic

1967
Planimetry normal mean

mean
mm mm mm

January 24 20 28
February 37 35 36
March 130 130 118
April 190 189 144
May 251 249 260
June 108 112 121
July 84 85 70
August 95 90 93
September 101 106 92
October 160 159 158
November I 224 240 217
December , 68 62 74

I I

I

-- " - , ) I T



PRELIMINARY ESTIMATION OF EVAPORATION FROM LAKE VICTORIA,
BY THE WATER-BUDGET METHOD

by A. I. AUfi

ABSTiACT

The problem of determining evaporation from large surfaces of open vater has
not yet been solTed. The approach has alvays Deen to use different methods and compu
tations, compare and evaluate the results to serve" the basis for the final estimates
in the v.ter-balance studies. The determination of evaporation from Lake Victoria by
balancing the other factors vas necessitated due to the lack of evaporation-measuring
instrument. around the lake during the period of di.cu••ion (1959-1967).

This paper briefly describes the procedures used in estimation of the average
annual evaporation £rom the lake by the vater-budget method.

RESUME

Le probl~me de la d~termination de l'~vaporation de grande. surfaces d1eau
libre nla pas encore ~te resolu. Jusqull present. on a utilise differentes methodes et
divers calculs; on a compar~ et evalue les r~gultat9 dev~t servir de base aux
estimations finales dans les etudes du bilan hydrique. Si lion a determine l'evaporation
du lac Victoria en se fondant sur les autre! facteurs du bilan, c 'est en raison de
l'absence d'instruments fvaporometriques autour du lac durant 1a periode consideree
(1959-1967).

L1auteur expose bri~vement les procede9 utilises pour evaluer l'evaporation
moyenne annuelle du lac. llaide de la methode du bil~ hydrique.

*

1NTRODUCTI ON

* *

man.
10od,

The lakes of the world are basically a natural resource ava! lable For use by
Throughout the history of civilization, lakes have supplied such basic needs as
primary vater supply and transportation routes.

From the point of viev of the hydrologist, the yield of the lake and the actual
loss of vater by evaporati on from the lake I s surface are of considerable interest.

There are some methods for estimating evaporation such as
budget, direct method (evaporation pans) and empirical equations.
has certain advantages and disadvantages in its use.

vater budget, en~rgy

Each of these methods

This very short note is aD abridgement of a,more or less detailed stUdy for
estimating evaporation from Lake Victoria by the vater-budget method. This study can
give a somewhat clear picture of the order of evaporation from the lake and, by so doing,
it viII bring to light several issues which have to be stUdied in the fUture 4
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The period used in stYdy is from 1959-1967 where some provisional dAta of in
flows of some feeding streams and rainfall are available in concurrence with the some
vhat long terms of outflow.

SHORT DESCRIPTION OF LAlE VICTORIA

Main characteristic! of the lake. Lake Victoria lies between 3° 001 south,
O~ 30 1 north of the equator and longitude 32~ 35 ' And 34° 30 1 east. Its drainage basin
extends from 3° 00 1 south to 0° 3D' north of the equator and longitude 30

0
00' and

36° OOt east. The surface area of the lake is 69 000 xm2, including the iSlanis, while
the area of its drainage basin, excluding the lake itself, is about 195 000 km. Lake
Victoria as a whole hal a rather regular form, being almost semi-circular. Its maximum
length is 315 km, while the maximum width is 275 km. The shore line is about 3 400 km.
The mean depth is ab!ut 40 m, while the maximum known depth is 82 m. The volume of
the lake is 2 700 km. The lake draws its supplies from a group of streams which tlow
into the lake, of which the major tributary is the Iagera River. The Victoria Nile is
the only outlet of Lake Victoria. It leaves the lake at Jinja at the head of Napoleon
Gulf by the Ripon Falls.

General hydrological characteristics, The extreme range between the maximum
and the minimum lake levels is 3.15 m during the period 1896-1967. The average annual
total outflow from the lake is 23 milliard m3 for the period (1912-1967), which makes
the average o~ 63 million m3/day. The maximum ten-day means of the discharge exit is
1~8 million m Iday (11-20 May 1964), while the minimum ten-day means is 28 million
m Iday (1-10 February 1923).

Climate and rainfall. The average rainfall of the lake is about 1 400 Mm. The
rainfall has a veIl-marked maxima in April and an ill-defined one in November-December.
Fairly well-defined minima occur in January and JUly, but there is rain in every month
of the year. The driest part! lie along the southern shores in Tanzania, the wettest
Are localized along the vest shores and also in the north-east, which are on the moun
tainous parts. The temperature is moderate where the annual mean around the lake is of
the order of 24

oC.
There is, of course, little variation in the normal temperatures

from month to month throughout the year. The winds on Lake Victoria are variable and
generally not very strong.

Salinity of the lake. Lake Victoria is the second largest freshwater lake in
the world (next to Lake Superior). The water of the lake contains very little dissolved
matter owing to the fact that its principal vater supply is the rain which falls upon
its own surFace. Analysis showed only 65 ?arts per million of dissolved solids, and it
is worth noting that the water of the lake is always perfectly sweet.

ESTIMATION OF EVAPORATION 8Y USING THE WATER-BUDGET METHOD

The water budget method is a simple and direct technique using measurable
parameters like inflow, outflow, rainfall, change of 9torage and evaporation. The writer
herein tried to estimate evaporation from Lake Victoria by using the water-balance tech
nique. Using the data available for the period in hand, the vater-balance parameters
were approached in the following manner:

The known water-balance equation could be formUlated in the following manner:

E : I + P - 0 + U +~ S



- 290 -

Where I inflow
P • rainfall
o =: outflow
U underground seepage (outflOW or inflow)

AS = change in storage
L = evaporati on

A. Inflow "I". There are several streams flowing into Lake Victoria, of which
the Kagera is the lugest (see Plate 1). Some of these streams are gauged such as Kagera,
Gucha, Sondu f Nyando, N20ia and Sio, and the annual water yield of these rivers has been
computed. Their aVl!rage total c on t r-Lbu t i or. to the lake is estimated to be of the order
of 67 per cent of the total estimated surface inflow.

The inflow of the ungauged streams has to be catered for by applying different
runoff coefficients to the rainfall of the different feeding watersheds. The annual
rainfall for each river has been determined and used to obtain a first approximation of
the annual runoff as mentioned above. The assumption of the runoff coefficient was
based on the nature of the ~iver and also on the comparison of these rivers to the
gauged ri ver-s ,

For the vest swampy rivers such as latonga and Ruizi, the runoff coefficient
has been assumed to be 0.7 per cent. For the southern tributaries such as Magogo, Simiyu
and Mbalagati it vas aS9umed to be 6-8 per cent while for the eastern streams, the runoff
coefficient was assumed to be between 10-15 per cent.

Table 1 shows the summary of the total annual inf~ow from all the gauged and un
gauged streams flowing into Lake Victoria in millions of m •

B. Rainfall "FI', It La rather difficult to estimate the accurate annual rain
fall over Lake Victoria, due to the fact that there were not enough raingauge stations
inside the lake during the period 1959-1967. There are only about 10 raingauges at the
islands, and about 40 along the lake shores (see Plate 1). The arithmetic mean is
applied for its simplicity for the determination of the average rainfall over Lake
Victoria. Table 2 shows the average annual rainfall over the lake in milliards.

c. Outflow "0", The outflow from Lake Victoria is controlled by the sluices
of the Owen Falls Dam (construct~d in 1954) which is located immediately downstream of
the Ripon Falls. The outflow from the lak~ is by far the best known parameter in the
water balance, and i9 certainly measured with a margin of error of :!:2 per cent and prob
ably even less. Table 3 shoys the total monthly and annual exit .flow in millions of
cubic metres.

D. TJnderqraund see page (out £1 ow or inFlow) "U!", There is no di rect informati on
about seepage, but as the lake is surrounded by high lands, serious outward seepage is
unlikely, and there is not likely to be any considerable inward seepage other than that
entering the streams, and so included in the runoff from the basin.

E. Change in stc:--age uA S'", The lake being very large. its storage capacity is
enormous, even for very ~ 3.11 variations of level. Every centimetre of increase in the
level corresponds to t he ,- torage of 0-69 milliards in the average. If the observations
are made over a au Ff'Lc i er.v Ly long time, the significance of 11 S.....hich is not cumu Lat i ve ,
will decrease and may be qn or-ed . fut for a short period, DS has to be calculated.
Table 4 shows the change .n storage for the years under d i s c-u s s i on ami all the values
of flo ....s or volumes of ''';:'"<;>1' in n.i Ll i on s of cubic metres.
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Col. (1): Entebbe gaug'e on January first in any year is taken a9 the mean of the last
10 d.ys' mean gauge reading in December and the last 10 days' mean gauge read
i ngg in January.

Col. (2): Gives the difference in gauge readings.

Col. (3): Equal the values in Col. (2) x 69 000 km
2

being the sur face area of Lake
Victoria.

Having computed all the above-mentioned parameters, evaporation could be math
ematically estimated from the vater-balance equation ag previously stated (see Table 5).

SUMMARY AND CONCLUSI(liS

From the above preliminAry study for the period 1959-1967, the following con
clusion5 are arrived at:

A. Inflow.
porti on of inflow into
and the gauged porti on
for 67 per cent of the
5iderably in error due

On the basis of the estimated runoff coefficient, the ungauged
Lake Victoria only amounts to 33 per cent of the total inflow,
of inflow of Iagera, Sondu, Nyando, Nzoia an~ S10 river accounts
inflow, However, the ungauged portion of 33 per cent may be con
to the use of incorrect runoff coefficient'S,

B, Rainfall. The determination of rainfall over the lake is not very accurate
due to the Lack of an adequate number of raingauges.

c. Outflow. The determination of outflow is very accurate, especially in com
pari!on to the accuracy with which the other vater-balance parameters are being measured.

D, Groundwater, This paper has assumed that groundvater inflow or outflow is
non-existent or negligible.

E. Evaporati on. The evaporati on es timates for the peri ad 1959-1967 range from
650 mm for the vet t es t year, 1961 to 1375 mm for the relatively dry year, 1959. The mean
annual evaporation over the lake is of the order of 1 075 mm, The ever-eee value may be
an under-estimate of the long-term value since the period con~idered, 1959-1967, wag
generally a vet peri cd,

FUTURE STUDI ES

The r!5ults obtain~d in the foregoing study hav~ b~~n b~ged on all available
data, 1967. Improvements in these re~ults can be achieved if:

(i) The network of ra.ing~uges in the lake area and river gauging stations are

extended in density and areal coverage;

(ii) Small index catchments are set up for detailed studies of variation of
~unof£ coefficients to be applied to 5tream~ contributing to the inflo~,

but difficult to gauge properJYi

(iii) Evaporation estimates are obtained by the other methods such as mass

transfer and energy budget, and a comparison made wi t h the estimate
obtained by the water_budget method.

One of the objectives of the Hydromet Project i~ to undertaie extension and
improvement of hydrometeorological netvor~s with the ultimate view to determining

reliable e s t i metea of evaporation of the lake. In accordance with this, it is stipulated
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to set up additional data-collecting stations (about 25 hydrometeorological, 160 rainfall,
50 hydrological and 11 lake-level recorders t besides a network of radi ati on and lake
surface-temperature measuring instruments. Seven index catchments are also to be studied
in detail).

This will increAse the accuracy oE the final estimates, since the relative
accuracy in all parameters such as inflow as the gauged portion will increase from 67
per cent to 90 per cent of the area of interest.
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* * *
Table 1

Summary of the total annual inflow from all the streams flowing into Lake Victoria in
OlIO jm1 a en m

No.
,

Name of river 1959 1960 1961 1962 1963 1964 1965 1966 1967

Gauged streams
1 lagera 5 030 6 450 5 200 9 410 11 790 11 360 8 060 8 250 6 730
2 Gucha 630 730 1 230 1 195 975 845 675 975 825
3 Sondu 830 1 250 2 100 1 975 1 960 1 900 745 1 190 1 845
4 Nyando 540 620 980 830 835 685 470 625 770
5 Nzoia 2 010 2 060 4 720 3 670 4 450 3 740 1 450 2 125 3 360
6 Sio 250 360 510 630 480 450 240 350 520

Total 9 290 11 470 14 740 17 710 20 490 18 980 11 640 13 515 14 050

Ungauged streams
1 Isanga 174 180 290 174 250 174 189 180 184

2 Magogo 162 166 288 260 202 209 166 137 212

3 Simi)"U 550 560 890 590 890 600 940 790 735

4 Mbalagati 200 200 200 200 200 200 200 200 200

5 Rvan a 760 780 985 800 840 625 687 625 75(

6 Suguti 92 100 119 110 99 93 92 103 115

7 Mori 127 145 242 218 208 165 131 156 188

8 Mara 1 325 1 295 2 025 1 960 2 125 1 565 1 255 1 280 1 75C

9 . Yala 700 875 1 225 1 030 1 160 910 770 860 94C,

10 i Rui loi 57 50

1

72 68 76 58 49 78

3~11 I [atonga 98 104 120 99 120

1

102 89 104 55

12 North Shore 44 45 59 46 53 49 38 42 44

ill 'South Shore 756 875 1 490 1 110 1 147 1 100 944 1 040 1 14

14 Kavd r-ondo gulf streams 846 895 1 385 1 175 1 040 1 020 890 1 030 9ld
I Total

h ~ ~~g I,~ ~~gi,~ ;~g I,~ ~~g ,2 ~~o I,~ ~~g 1 , ~ ~~g I,~ ~~~i o? ~~~l
'- Grand Total I, 00
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Table 2

Average rainfall along the shores. islands And over the lake

Year Shores Islande Over the Lake
millimetres millimetres millimetres milliards

1959 1150 1704 1320 91.080
1960 1226 1768 1374 94.806
1961 1595 2038 1680 115.920
1962 1331 2186 1506 103.914

1963 1358 2107 1549 106.881

1964 1287 1/340 1398 96.462
1965 1160 1596 1245 85.905
1966 1310 1621 1383 95.427
1967 1242 1687 1356 93.564

Table 3

Total monthly and annual exit flow in million cubic metres

Year Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec • . Total

1959 1559 1410 1587 1567 i 1724 1638 160911499 1404 14411 1443 1553 18430
I

1960 1537 1461 1687 1885 2062 1939 1832, 1672 1585 1614 1570 1578 20420

1961 1523 1365 1517 1617 1804 1709 1653 1590 1547 '1616 1946 1690 20580

1962 3014 2686 2994 3065 3525 3455 3459 3350 3217 3365 3204 3382 38720

1963 3479 3157 3626 3563 3895 4102 4155 4013 3670 3633 3536 3989 44820

1964 4253 3787 4145 4230 4549 4400 4613 4285 4118 4205 3882 4009 50480
I I

1965 44'10 4124 4596 4285 4403 4313 [ 3701 3549 3294 3312
3311 I

3520 I 46880

1966 3523 3175 3623 3657 4233 42521 3647 3461 3332 3367 3301 3380 42950
I

1967 3301 2886 3103 30421 3417 3285 i 3298 3156 2923 3007 2993 1 3348 37760 I, ,
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Table 4

45

;~-- --1
- I

50 '------1
90 _I

00

I

.._----,
It,.

Year I GE
Rise +
Fall - .(milli

(1) (2) I (3)

i
---

1959 -_1-0.43L -t --- f---

--.!2.60 10.33 - 0.100 - 69_2____________
.~-_._-~-

1961 10.350 I + 0.015 10
I

I + 1.080 7451962 11.430

1963 11.880 + 0.450 310
-- ---

1964 120390 + 0.510 351

196') 12.38') - 0.005 - 3
- 1---- --

1966 1l.97') - 0.410 - 282

1967 11. 845 - 0.130 l--~,
- 0.065 Ii 1968 1l.780 - 44

----

Table 5

Summary of all the items of the vater budget to
estimate the annual evaporation

YearI Inflow I Rainfall P Outflow 0 t,.S .\ Evaporat i on E

milliarde mm IIlilliard, milliarde milliards mm milliards

1959 15.180 1320 91.080 18.430 - 6.900 1375 94.730

1960 17.740 1374 94.806 20.420 1.035 1320 91.090

1961 24.130 1680 115.920 20.580 74.520 650 44.950

1962 25.550 1506 103.914 38.720 31.050 865 59.695

1963 28.900 1549 106.881 44.820 35.190 810 55.770

1!164 25.850 1398 96.462 5°.480 - 0.345 1045 72.177

1965 18.080 1245 85.905 46.880 _ 28. 290 1238 85.395

1966 20.140 1383 95.427 42.950 _ 3.970 ll82 81.585

1967 21. 310 1356 93.546 37.760 - 4.,,85 1185 81.581
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PRACTICAL ASPECTS OF RAINFALL NETYOR~ OPERATION

by H. T. Mllrth

ABSTRACT

Recognizing the gap between network design and implementation in some
developing countries, the need for a more practical approach and for personal con
tact with station operators is stressed. Relative merits of various types of
equipment and important points regarding site selection and raingauge installations
are discussed. Practical hints are given on the routine of observation, recording
and data return. The procedure of rainfall station inspection is described in
detail.

RESUME

Etant donne l'ecart entre la conception et la realisation des reseaux
hydr-ome t eor-o.Log Lque s dans certains pays en voie de developpement, i1 y a lieu
d'insiter sur la necessite d'examiner avec plus d'attention les methodes pratiques
et de se mettre davantage en contact avec lea operateurs de chaque station. Les
merites relatifs des differents types d'~quipement, lea criteres concernant la
selection du site et l'installation des appareils p.Iuvd ome'tr'Lque e font l'objet
de discussions. On donne des conseils pratiqu€s au sujet de l'observation, de
l'enregistrement et des donnees chiffrees. Les procedes d'observation des stations
pluviometriques sont decrits de fason detaillee.

*

INTRODUCTION
* *

Network design is discussed in a number of papers of this conference
~ wea~th of l~terature Bud guidance material has been published over the recent
WHO glves an lmpressive account of its contribution to this subject in one paper
under this agenda item.

and
past.

Yet, the advances on the scientific and strategic work on networks are
not matched by a corresponding progress in the actual development of networks in
Africa. This discrepancy between planning and execution is a much encountered fea
ture of developing countries. It might be appropriately called the "implementation
gap!! and appears to be widening.

. Obviously, serious problems are encountered in operating hydro-meteorolo-
glcal networks, and agencies offering technical assistance should think about ways to
provide more practically orientated help.

Shortage of skilled manpower is one principal cause given by a number of
authors. While t~is is true, the reasons may be more subtle than appear at first
sight. Apart from special networks that are installed and operated by professional
services, many hydrometeorological stations are run by non-professional staff.
Observers at rainfall stations may range from scientifically trained 3gricultural
dGsist~nts to office messengers, factory clerks, or policemen, with little or no
technical education. Also of consequence is the permanency (or the l~ck of it) of
individual observers and operating agencies, which may range from many years at
~ission st~tions to a few months at administrative centres. With such large range3
in the educational background and continuity of operators, a formal training is not
possible. The alternative must therefore be sought it the provision of suitable
operational guidAnc2 to such stations. Th~re appear to be Serious shortcomings in
that guid8nce material is often not supplied, or 3upplied so infrequently th~t it
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C2nnot be found ~t lh~ otation, written in 3 style and lnnguage that is not under
stood by the observer, or not thorough and detailed enough, thus leaving room for
individual erroneous interpretation.

The latter two points are likely to arise when such material is compiled by
someone who never left his desk nt service headquarters. The author of ~ successful
pr~ctical guide to hydrometeorological station op0ration must have extensive field
experience in thQ operation of such stations. A large amount of notes on deficien
cies detected during station inspections is a good basis for drafting of practical
guidance material aimed at avoidance of such shortcomings.

There is a great need for a c:ontinuou. and thorough personal contact
between station ope z-nt or-e and hydrometeorological services.

The following notes summarize practical
tion, inspection ~nd field work over five yeors.
of ordinary (not recording) raingauge operntion.

E"UIPMENT

experience gained during instnll~

They limit ttemselves to the ~sp~ct

There is a wide r~nge of commercially produced raing3uges on the m3rket.
Most of them are good ve Lue for money. They can be divided in three types:

Type P: Cheap g3uges, often wedg~-shapcd, made from plastics, measuring
sc~le engraved on gnuge.

Type I: Inexpensive metnl gauge made from golvanised iron sheeting, with
soldered joints.

Type C: Same kind of gauge DS Type I, but made from copper sheeting with
soldered joints.

The chcice b8tw~en the three types listed d~pends primarily on the avail~

bility of funds.

Type P should not be used in permament rAinfnll stAtions. Type C involves
~ high initial investment, but low replace~ent costs. The reverse is true for ty~c

I. Type C entails 0 l~sser risk of inAccuracies through leakage when inspections
are not t or infrequently, c2.rried out. Theft and d8magc inflict much great0r
finnncial lo'ses with type C thqn with type I, thus s2curity is n oajor point of
consideration. Typo CIS potenti~l attraction to thieves cnn bu considerably renuc~d

by painting the outer surface of the gauge. A Type C gnuge is more liable to be
dented and d8form~d but less ~~sily perfor~ted thnn ~ type I gnuge.

Rainf~ll melsuring devices c0mprise ~n6rnved sc~l~ on pl~stic wedges,
metal cyclind~rs with dipsticks, pl3stic and glass m~~suring cyclinders.

The glass c y c Lf.nd or i:.:, expensive but a Lkowe pc r-ma nen t Ly nc c ura t.e mca sur-c-.
ment , The longer e nd narrower the mor- .... ac c ur-o t e , but the gr-ea t e r t.h e risk of br-ct.k-.
age. Th8ro is the ~dditicnal d~ng,-,r th~t Dbs0rvcrs, inste~d of r~porting br2ak~gc,

substitute ordin3ry m~:J.suring gl:J.sscs as used in hospitols 8nd labor~tories, withcut
r8g~rd to the volume/section/height rel)tion.

Gr-odu o t ed cyc Li.ndo r s mnde from c Lco r h ar-d p.lo s t i c would be ,J good c cmpr-c-,
mise between c c c ur-e cy and fragility, but n r-e not ge ner-a Ll.y avr. i.LnbLc ,

Mct31 cyclinders and dipsticks arc very durnble, but the: m03.SUrements bo
come difficult and inaccurate when dipsticks become grimy 3nd hydrophobe with ~ge.

Agn.in, there is D. risk t.hn t lost dipsticks az-e r-epLac ed by or-d i.nc r-y gr-cdu-rt e d r-uLcr-s ,
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INSTALLATION

3election of site: The criteria of sit~ selection nrc well treated in te~t

books and guidance literature. Howeve~ it is often not possible to satisfy them.
Ob60rv~tion points ~re by necessity linked to nvnilability of personnel and communi
c~tions nnd must therefore be situ0ted within T01sonnble dist3nce of observers place
of work or residence. ',~hnt is the use of an Lde a Ll.y exposed gauge if it. r-oad Lng
ent~ils so much hardship for the observer thnt he will dodge this chore whenever
possible? One major problem is the abund~nt ~nd fnst growth of veget3tion in port~

of the tropics. In many places 310ng the const it is simply impossible to find e
site free of palm trees. If it is not possibl~ to fell polms nnd control future
growth, the risk of some r~in-sh~dowing must ba ~ccepted.

Trc0s with thin foliage m~y be tcler~ted up to 60 degrees from the horizon
t31 iJ they cover less t.hc: 10% of the sky ring between 30 and 60 degrees e Leva t Lcn ,
Complete tr~0 shadowing up to 60 degrees from the horizont~l c~n be accepted for ~

g~uee Gt~nding in the centre of a dcns0 forest cle~ring. It is sometimes necessnry
to ~ccept horizon elev~tions up to 45 dQgrees ne~r high mountains. Rooftop sites
are frowned upon by network designers, but arc un~voidable in some urb~n are~G.

Providing th~t there is no 3ctunl r~in sh,dow effect, nny natur~l protec
tion ~nd shelter from high winds improves the exposure of tpe gauge. Sites cxpoGcd
to high winds should be avoided. Whore this is not possible, as on mount~in tOP5
and ridges, nn ~rtificial wind break should be fitted around th~ gauge.

~~len choosing a site, much considcr~tion should be given to potentinl
vegetation growth ~nd construction activity in the future. Rninfnll recorus 3tt2in
their full climatic value only after 30 Y0ars of coninuous recording, and changes
in the gauge environment arc undesirable. Even worse is ~ forced movement of the
gauge to another site, however small th;;: distnnce.

Mounting th0 gouge: Two items ~re of great importance. Firstly, the
g nuge rim, and thus the rain ca t.c hLng circle, must be, and r em-d n. level {h or-Lzont c Lj ,
This can be achieved by burying the lower part of th0 g~ugc in the ground. A hole
with vertical walls, only just larger thAn the gauge bottom, should be dug. The
bottom of the hole is then lined with sm~ll grovel which is adjusted until the gauG~

z-cs t.e level on it. Then the space between g:1Ugc and hole wall is pnc k e d wi th
exco.v3ted soil. ~atering oround the g~uge nnd t3mping the ground with a wooden r~~

will produce a good compaction. Setting the gauge into a concrete foundation impro
ves the security of the equipment nnd reduces corrosion. It does not necessarily
pr~vent a gauge from being tilted out of plumb by earth movem0nts.

Secondly, rain splash on th~ ground must not ent~r the gauge. This can
norm~lly be achieved by keeping th0 distance b0tween the ground und the rim of the
gauge 30 cm or more.

Sometimes, a gp.uge must be kept well above the ground for reasons of
security. In such 0 cnse, a sturdy concrete or iron pillar with solid foundations
should be constructed. G3uges which stnnd fr~e, or fix~d by wir8, on top of wood0n
posts nre frGqu~ntly out of plumb ns the post surf3ces we~ther, or the whole pole
Icons over.

OBSERVATIONS, RECORDING AND RETURNS

Observers should have absolutely clear and non-ambiguous instructions on
procedures of r~infall obscrv~tion, recording and dnta returns. They should be
frequently reminded of the most important points, such as time of observ~tiQn,

importance of "N'i.L" records, and dn tee for dn ta returns by telephone, 't e Le gr am or
mail.
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This cnn be achieved by printing such instructions in larg~ letters ~t th~

top of the record forms. Print at the bottom of th~ forms is soon rendered illegibl~

by creaSes and fingermnrks. Better still, is the ~nnuol issue of sp~ciDlly printc~

c o Le nd ar-e for r a Lnfa Ll, ob s e i-ve r s , Instructions on the most -i.mpo r t.c n t points should
b8 repented on e3ch c~lendar le~f, and d~tes r~quiring tr3nsmission of returns m~rk,,(l

by boxing, encircling, or different colour print. Volunt~ry observers Ore oft~n

very busy with their main Occup3tion and need this kind of reminder. Instructions
~nd reminders by letter prove to be rather ineffective.

Only one reading is generally ~nde every 2~ hour6, at Q fixed hour during
d~ytioe~ This means thQt 3. 24-hour rainfall period spreads over two c~lend~r days.
\1hatever deoision is made as to which date the observed rainfall refers, it is
essential that the observer is not reqUired to figure it out. He should always
record his measurement against the d8te on which he makes it. Any adjustment, such
as to the previous date when observations 3re made in the morning, should be effected
at the data-processing centre.

It is Lmpe r-n t Lve to enter a "N'i.L'! record whenever no mea s ur-e ab Le r-aLnfa Ll.
is observed. A blank should be reserved for the occasions when the observation wuS
missed altogether. If "NfL' is not recorded, and dry days are simply shown by COl

blank, it will La t e r- be impossible to decide whether HnO r-eLn" or "no cb ae r-vc t i.cn"
nppli~s. This has 0 great be~ring on the an~lysis of 24-hDur rlinf~11 maxima. If
the maximum recorded on a certain date is preceded by one or more blanks, it is
impossible to be sure th3t this maximum is a true 24-hour rainf011. If, howov8r,
the maximum r-ec or-d ed is preceded by "Nil", there ca n be no doubt.

It is important to keep duplicate rccords for CJch st3tion as returns m~y

get lost in the mail. This can be achieved by issuing the station annually with nne
large record card for 365 (366) entries, in addition to tW01vE smoller mailing c0rds
for monthly returns. Pre-punching of a nnua L record c a r-ds , and issue of a. protective
file cover, encour~ge orderly retention of station record5. Prc-franking and
addressing on the reVerse side of th0 monthly return c1rds encourages timely postin~.

All c~rds shoulJ be of durable paper or card-bonrd to withstand daily handlinR.

The following hints on nc t.ua L reading and r-ec or-d Lng procedure help t.h o
observer:

Read the gaug~ d0ily at the prescribed time, although you may be sure
that no rain has fallen. Even during long dry spells the routine of doily rnin
gauge inspection should not be broken. During prolonged inattention the gauge
mcy become infest.ed with insects or blocked by airborne debris and may fail to
function at the first rnin thereafter.

When measuring r3in, make sure to have the measuring cyclinder standing
truly upright, ~nd the eye at the level of the water surf3ce. Alw~ys take
pencil and paper to the gouge. An nmount ment~lly noted mqy soon be forgotten
over a sudden distr3ction before it h3S been recorded. When the measuring
c~clinder h36 to be filled many times, due to l~rge r~illfall amounts, mork each
f1.11 on the paper", An unc xpe c t.ed distraction may e oon make you wonder how many
times you h~d alrendy fill~d the cyclinder.

After the measurement is complot01i, check whether tha funnel stem is
cleGr by looking through it. Obstructions, ~urly detected, ~re 83sily rumov~d

by blowing through it. If this do c s not help, fill the f unne L with wa t e r and
sh~kc it in the direction of the stem until the blocknge is cleared. Do not pueh
Q wire or raJ through the stem as this m~y compact and worsen th0 obstruction in
tho c~se of sand or ter~ite blockage. Check funnel, inn0r can 8nd outer c~n [c,r
leaks, 3nd report such immedi:ltely to the data collecting ~g0ncy. Entur the
rL0dings d~ily in the records sheet (book). Check when the next r~turn is du~

to be made. Store the mcr-aur-Lng cylinder safely with its opening d ownwn r ds ,
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The agency oper~ting ~ r3inf~11 st~tion should be 3dvis~d to have a
sGcond person instructed ~nd fnmiliarized with the routine of observation, record
ing end returns. Otherwise the quality of dn t a will Buffer, or ob ae r-va t Lon a will
stop altugether, when the first observer is absent on leave or sickness.

INSPECTION AND SURVEY

Regular inspection of nIl st3tions in the network s~rvcs a number of
specific purposes, such as:

Updating of particulars of st~tiont

check on gauge exposure,
check on state of equipment,
maintenance,
check on observation and recording procedures,
survey of prospective sites for new stations,

but above all it provides the perBon~l contact between th0 hydrometeorological
service nnd the individual oper~tor which is so necessary for G good functionine
of the network.

Therefore, it is very important to have network inspectors with n
flare for good public r-o Lat.Lone in addition to technical knowledge. \fuen
selecting personnel for this job, on0 should benr in mind the hardships ~nd

physical strains associ~ted with prolonged travel in remote areas, which may
prove too much fer nn older person. Because of very long nbsences from home,
th~ family status must be considered. Sobriety and personal integrity are
essential in the p~rson of inspector, os he is in ch~rge of a driver, vehicle
and equipment. Hoving to make decisiomon the opening nnd closure of stations

requires objective judgement and readiness to acoept responsibility.

The frequency of rainfoll station inspections. depends on the permanency
of obeer-ver-s at the e t.rt t one and on the q uo Ld t y of the gu uge s , Once in four
yo~rs is considered ~n absolute minimum, once in two years may be indicated in
m:'l.ny c c ee s ,

Experience h~5 shown th~t up to 5 g~uges eGO be inspected
densely gauged rur3l ora~s, 2 to 1 gnuges in sparsely gnuged areas.
routine tak0S. on average, on~ hour at ~ stntion, more when a gauge
replqced a mov~d, or a new observer instructed.

on one day in
The inspection

has to be

Inspection schedules enn be ~rr~ngcd in such a way th~t the inspector
w0rks three weeks in the field and then returns to base for the remnindcr of the
month. This ensures n de qu a t.e t Lme for service and r-e pa Lr- to the inspection vehicle
~nd nllows the inspuctor to write his report. pl~n for the next trip. and replenish
his equipment.

The inspector should be given clenr written instructions on his task, tLe
inspection pr-oc edure , und the nu thor-L ties vested in him. An example is J. t t ac hed
in Appendix A. De t a Ll.ed notes on 311 r-e Levan t obe er-v-i t.Lon during fns pcc t.Lons .... r-c
en t o r-od in en inspection book or inspection form. On return to base the

inspector is required to write an inspection report, containing a summary of all
station particulars requiring amendment action, and statistics on the quality of
exposure, equip~ent and observation routine.

ilhcn planning t.h c next trip. the Lna poc t or- should consult the network
p Lc nnc r- on r-c qu Lr-crnen t a for opening of new station in d-a t a-cape r-s o u r-c a s , Eac h trip
shculJ include ~n clement of survey of potenti3l gauges sites. Whenever possib~,

the inspector shoulu himself supervise the in5tDllntion of n~w GDUG~S and Dssist in
t.hc c orome nc c men t of opc rs t Lone ,
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CONCLUSION

. The above notes do not claim to be npplicQble universally, nor tu be
eXh~u~t1ve. To the professional they may appear unnec~ssarily c13bornte but field
~xp~~~en?e has shown th3t attention to detail is b~dly required. To the obsarver
~~ ~ i~eltd ~nd to the network Lnepec tor they should be of pr-nc t.Lc a L use and may

us e p 0 1mprove the standard of oper~tion.

APPENDIX A

.dTRUCTIONS FOR IN3PECTION OF RAINFALL ~TATIONS

Preparation of Inspection Trip:

Rainfall stntions should be inspected at 12~st once in four ycnrs. ~hen

selecting an ar~n in which th~ raingauge network is to be inspect~d, due considera
tion must be given t8 thv s83sonnl wc~ther in r~l~tion to rc~d conditions ~nd type
of 3vailable v0hicle.

Select n number of s t.n t Lons which c cn be .i.n s pc c tcd in three weeks, 'N::.r1':
inG on ~ daily 1ver~ge of four st~tions where the network is dense, ond ~ppr~prin

t~ly less where tr3velling dist~nccs 3re erent. The insp~ctor should th8rcDft0r
return to bcac for follow-up ac t i on on the Lns pe c t Lon r-cauLts and t o :1110w t hc
vehicle to be checked and serviced bufor2 prccc0ding on th~ next inspection.

Make 3 list of all stations to b0 visit~(it showing their n~me, rcgistr::
tion numbe r , g c cg r-nph Lca I c cor-d i.no t e s , 31 ti tude and operating n genc y , Put:l
t.r-ans par-ent papo r- cv e r-Lay on C\ r-oad rna, Lpr-e f er-ab Ly 1:1,000,000) nnd mark the
stntion position given by the geographic coordin':tes with ~ dot. Put nn idcotifj.
c3tion letter ~gainst the dot ~nd ~gninst the st,ticn in the list. 3tudy the road
network to determine the most econ0mical route f0r visitinG ~ll stntions, keering
in mind ~ possible return to ~ base at the end Qf eJch d~y. Then put ccnsccutivt
numbers in order of "II visits agn Lns t the s t o t Lon Lden t Lf'Lc-i t i.on , Tr-'C02 f r cm the
mnp the routes to be t3kcn. This p3per is n travel guid~ for the inspcctcr uurin~

the s af'a r-L,

Obtain a supply of r~inf~ll st~tion insp~ction f0rms ~nd enter only th8
r-egLs t.r-ct Lon number- of the s tr- t Lons to be visited. In c cn s uLt a t Lon with the: c r'Li.c e t'

in charge of the regional c Li.met o section, 's nd on hand of the r a Lnf'e LL stQ.ti::,~~ ri Le.: ,
entor on the back of the report sheets 311 inform~tion relevant to thu r~rfcr~~nce

of each s t a t-l on , This ah ou Ld Lnc Ludc c c r-r-ec t.ne s e of r i l l Lna returns, t i.me of ,ji.'
patch, accur3cy of sums, recordine ~f NIL rninfall, etc. Fut ,II st'lti~n rGr~rt
sheets and same b1ank ones, on 0 file with a str0ng protoctive COV8r (L0itz fil~

with cardboard cever box w~s fcund useful). A13~, put ~ s~t of 111 v~lid circulars
~nd instructions to rai~f0l1 cbservcrs on this file.

Obt3in equipMent, buds~ting for 70% r,in~~ui~~ r,;pl'\CCGCllt, 8lf' J~~lsu~inB

cylinder replacement, 100;::; bo t t.Lc supply.

M~k~ sure th~t thu empty h.~~tlcGt which c~n b~ b0u~ht CllC'lply s2c0nJh~nJ. -r0 of d
Good size ~nl] fit the inner c~ns in width ~nd l~nKth.

M~ke sure th1t the inspectiGn v~hicle is lic~l1s~;I, in ~00:~ mccll~nical

or-dcr- , equipped With es e en t i.o L spares, -i nd s c r-v Lcc d , .ru f f i.c Lcrrt cash fc r j-u r ch a c e
of retr~l, oil nnd t,: C0v~r bre~kdown s0rvic0 must bo c'lrri~J.

Tho first-~id kit must b0
form) ng~inst intcstin~l disorder.
drugs bef~r~ st~rtine ~ slfari.

complut~ ,nJ cGnt~in S0m~ muJicinc (JC. M~x~

It is WiS0 t., o oremc nc c t"kint: :'1nti-[>~,l,riul
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At t empt to n r-r Lvo o t 'l. s t-i t Lon during n"rnl.,l workinl: hcur-e (OH.OO-12.}O,
14.00 - '17.30). Ask I c-r- the pe r-s on in ch -rr-ge o f t.h c cpur-.' t ing aGency, no t f c-r- the
r.'1.inf:lll observer. Do no t on t c r- tho gr-c.unda and pr-r.c ood t o thl..' rnini~:lueC (wh i c h Y'jU
r1:-.y hnvo s po t t.ed on looking ar-ound) until you h-iv o met tho owner- «r- tho man-u.ei- of
t.h c property. Introduce ycu r-ec Lf properly nnd cxpLo t n t.hc pur-pone of your- v Ls l t.,

Ask for permission to move on t.hc premises for the; purpose of Lnc pc c t i.ng t hc rcir_
c>:uge.

In c one uLtc t Lon with t.h c ope r-c t.or , c he c k t.he correct station n-irtc , map
loc~tion, m'l.iling nddress, telt:'phane nu~b0r (if ~ny) nnd r~~d '":lcceSG. If the ple:o
is difficult 't c find make a ppr-opr-La t e nc t.c a »n how tc. ~(,;t t.h c r c , Alwnys on t.or-
n Lt Lmo t c r- r-e nd Lngs for ~NH 1013 and time, unless true nLt Lt.udc c on be: oecc r t-c.nc.'
frcr:1 ~ bench m:::rk.

Insp~ct the g~uSe w~th respect tG exposure, inst~11ati0n ~nd st~tc of
~quipment. The gauge should be so ~xposed th~t its horizunt,l distRnce fr0Q ~ny

surround~ng object is not less th'n twice th~ heiGht of the object ~bovc th0 r~in

gaugc rim. This mcnns t h-i t. no ob j cc t must aub t.cnd In nngLo of mor-e t.hnn 30
0

f r-om
t-he h or-Lz on t c L, ,1.S seen from the r-n Lngaugo rim. Pr-ov Lded t bc e c rules -i r-o c dho r-c.. to,
the presence of objects t~nding to shelter the rnin-C;3ugc from the wind is ~dv,~ta

geous.

If the gauge is bndly Qxposed, try to loc~te , G~tisf'lctory 3ltcrnQtivu
s t t o on t.h c e tr t.Lon , 'I'hcn «xpLc i.n the mutter t.) t hv proprietor end obtain his
permission before you nove the ~:)uge.

The r-a Lng a uge is set up with its rim ho r-Lzont nL -md cx-ic t Ly 30 em (12
inches) above ground level, the enrth being p0ckcd firmly round the lower part 0f
t.hc outer can which is sunk into the ground. The positioning of r-a Lngauge a on to~,

of pillnrs and wQ0den p01es, for re3S0ns of security, must be discour~ged. Wherg
intorference from children or animals is fcared, Q stout fence (not e%Ceedin~ 30
angle from the rimlevel) should be mnde rounJ the GauEc. Gruss 3round the SauGo
must be kept short.

In esse the raingauge or mC8sure is non-stQnd~rd, describe the equipncnt
unc.c r "r-cmc r-ks ' on the report sheets. Ne ke a note on the ownership of such equip
ment~

Check whether all metal parts of the gauge ~rc fr~e from lC3ks and corro
sion. Replace them where n cc e s aa r-y, Blow t h r ough the s t.om o f the funnel t c mck c
sure that it is not blocked. Remove any blocknr,e or debris in tho stem by i~8~rsin~

and shaking the funnel in wnter. Check the rim which rnust be horizunt~l, circul~r,

without dents 3nd of 5 inches (12~7 em) di3metcr.

The gloss mC1surc must be free of cr3cks, clc3n ~nJ t~c sc~le w2ll le3i b1;.
Vin and a bottle brush will remove any algae deposits. Glass mansures should be
g r-aduc t cd in mm , she r-e n new mm -c mea aur-c is Ls s ued to r-e pLac e 3D Lnc h-emon aur-c ,
the latter should be ret~ined as sp~re in c~se uf bre2kage.

Rc quo a t 't o e c c t.h o pe r-sc.n who reads and reo r-d s t he r-nLnfa Ll., Make sure
thet he

1) r-ends the ~~,~ul3'e at the correct time,
2) r.:lnds the r3inmensure correctly,
3) cn t e r-e NIL when no r-cdn oc c ur-ud ,
4) keeps ststion rdct,rds on n p8rm~nunt file,
5) h3s sufficient return c9rds for th.:l rem3indur of tho y0nr,
6) knows tno t he s hou Ld ma i.L return cr r-ds on t.h c first ,.k,y of the month,
7) has [In JiInstruction for R,inf'1ll Obs0rv,--,rs d

•

In co e., the e t.o t Lon is r cpc r t Lng we ek Ly or mon thLy r,,:inf,ll, m-ike cu r-c
thc t t hc observer is fau i.L'i.or- with c ompu t.c t.Lon , r-cc or-d i ng and t.rcnsnuss t on pr-cc cd ur-.»:



VATER AND RURAL DEVELOPMENT;
A REVIEW or WOR[ PROM TANZANIA

by L. Ber-r-y

ABSTRACT

Th~ present statuI, needs and future development of vater supplies in rural
Tanzania are viewed in this paper from an ec cnceri c an<1 social angle.

RESUME

Ce t t e contribution fait le point de a ..s pec t s econoeu que s e t s oc'i aux tie ] "et at
actuel, des bes cd n s e t du df!.veloppement Fu t ur- des r-es s our-ce s en e aux dan s Je s r-eq i ons
rurales de la Tanzani~.

*

* •
INTRODUCTION

In much of AFrica, drinking water for man and beast is poor in quantity and
quality. A major efFort by the Government, private institutions and individuals in the
last decade has been mad-e to improve the sit.... ation in rural Tanzania. Nov the country
has firmly committed itself to a further 20-year effort, during which period &11
Tanzanians, rural and urban, will drink From an improved, clean and healthy water s our-ce •

In a country of scarce resources, both of manpower and finance, such a massive
commitment suggests a very high national valuing of vater and an instinctive if not de
fined opinion that thiw programme will have important economic, social and poli tical
results.

The Bureau of Resource Assessment and Land Use Planning (BRALUP) and the
Economic Research Bureau of the University of Dar es Sala~ have initiated a research
progr~me in support of the rural water development progr~me and vater developm@nt in
general. Most of the York has begun at varioul times during the last four years, and
although a range of results 1s available and is reported in this paper, a substantial
part of the research programme is still under vay.

Research unde'r t ak en ranges from hydrology and meteorology through planning
studies to aid the physical and ec on omt c Layou t of projects and their integration with
other activities, to specific s t udd e s of water use and other parameters of de s i gn , They
all relate to the central theme of this section of the conference, tiThe application of
hydrology and hydrometeorology in social and econcmic development in Africa". The
..,ork: lnc]u.deg:

~ater needs - perceived, latent, current and future:

Water resources - e xi s t ence , qu an t i ty , quality;

The ec on crd c s of t nve s tmen t in rural vat er- supply - cos r s and benefits, l e as t -.
cost approaches. planning implicati ons , design cri teri a;

(c v ) The impact of rural vet er- development;

(v) Research and development implications, integrated gurveys, project selection etc.

ti)
{Li. )

(ii i)
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Implicit in the research approach is the need to provide better frameworkg for
the implementation of the rural water programme, yet at the same time to provide a feed-
back on the results of the programme. Even a well-designed, finely executed water
scheme may have unforeseen and indeed unfavourable as well as favourable impacts on an
area. The provision of good water may make For bad land use, at least in the short run.

\lATER RESOURCES

The Government of Tan%ania supports an extensive and growing monitoring of its
major rivers through a well-designed gauging-station network, and a raingauge network
which though numbering 700 gauges has recently come under critical comment (BRALUP
Research Papers 11 and 12). There is no similar network for groundwater Observations,
though the importance of such studies hAS been r-ecogni zed. At. local level in any
particular area, there are little dat a available on small catchment flOWS, even on
periodicity of flow and on flow fluctuations. Yet in rural vater developments, on
small and medium J!cales, such data are often needed, and very brief (one or two years)
measurements of minimum flow are all that is available. A locali zed mapping of resources
and testing of them is needed, and current research programmes attempt to decide the
best way of doing this.

\lATER NEEDS

Three per cent of Tanzania has permanent stream courses, and the rest makes do
with various degrees of' intermittent surface flows. Some people live close to good
potable water, others may walk up to 10 miles (and seasonally more) for this basic

commodity. There is then a varying degree of need and a resultant ordering of priorities
in rural vater development. The pressing need tor many areas is proven by the constant
demands for help through the regional development committee and other agencies.

Given a need for water - how much and hoW' near, and what quality, become vital
social and economic questions. Table 1 illustrates a range of data obtained in
Tanzania on per capita water consumption in rura.l areas, nearly all froo central stand
pipes.

Distance to vater is an important factor in time used. The spacing of distri
bution points is importaat in terms of cost and the effects of improved water supply.
Studies suggest that where a distribution point is within Five minutes of the home,
Yater use increases and time savings are important. The scattered nature of the popu
lation will mean that even with improved supplies people will still have to walk up to
a mile for ~ater unless they wish to concentrate their housing near the source.
Quality of water provides another basic imponderable. A clean source is obviously
called for, but available basic data suggest that as long as the tap is outside the
house, many of the health benefits may not be realized. Primary infection such as
bilharzia may be eliminated at the source, but secondary pollution is a great hazard.
As finance ....ill not normally alloy inside connexion, future work must aim at reducing
t he secondary poIlu ti on.

THE ECONlJMICS OP INVEST~ENT IN RURAL \lATER SUPPLY

Tanzania c omm i t n.en t to rural 'Water supply is couched in social rather than
economic terms, though it is clear that in relation to the Yay in .....hi c h water deve j op
men! is carried out, least-cost alternatives are vital, and t be s e may lead to choices
of one set of projects ove-r another. There are also major problems of assuming the
ben e f i t s of rural vat er .iu pu t s , and these will be c on s i de r e d in the next section.
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Table 1

Rates of water use

I Per capi t a dai IyName of Number of
investigator sites

consumption in Remarks
litres

Stanislavd:i 1 Daily range Probably
14,6 - 41. 8 underestimated
Average: 23.2

Crawford 1 Average: 59.1 Likely :
overestimated I

I
1Jhite et aL 19 Si te range: Only include vater!

4.4 - 20,8 carried to the

I
Averilge: 11.4 house

Warner, unpiped 21 sr t e range: - " - ,

I
5.0 - 26.4
Average: 12,7 I

I
Warner, piped 11 S'i t e range: - " - I

9.1 - 22.7 I
Average: 14.1

Fer-a t er- 6
(But measured in 14.2 - 27.4 - " -
dai Ly range; wet and Average: 18.7 I
dry season)

I
Tschannerl

,

2 Average: 12.7 I
et aL areas 15.0 ,

Range 5 - 40 I,
Iajula tl....!l. 4 Averages: 9 - 23 i - " -,

The economies of cost relate to type of resource, type of supply area, design
criteria employed, strategy and tactics employed, etc, All of these things need to be
considered together in project design to achieve true economies. For exampl~, a least
cost dam site (least cost in terms of Shs. p~r m3 of stored vater) may be expensive if
the area and design criteria employed will result in only 30 per cent of the stored
water being effectively used.

BRALUP research has been aimed at improving the planning process in rural
water development, involving:

(a) Methods o.f obtaining basic population .figures for the ar-e a and investigations
of immi gration and emi grati on effects to obtain more effective long-term popu

lation figures; this is v i t a I when design periods may spread over 20 years.

(b) Problems of most effective location of outlets to:

(il
(ii)

(iii)

Serve present population needs;
Encourage nUCleated settlement in line vith government policYi
Promote the most effective future land use procedures, particularly
vhen cattle are to be served;
Relate vater to integrated development.
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(c) Problem. of vater quantity used in various circumstances.

THE BENEFITS OF RURAL WATER SUPPLY

In a long-range programme of rUTal vater development, there is a real pos9i
bility of le59on5 £rom one stage of the operation being incorporated into later phases.
One of the undefined aspects of rural water development is the type And scale of beneA~.

social and political, which it brings. There are m~y problems in evaluating such
benefits. firstly because of complementary changes which occur in the area, and secondly
because of the expensive type of research this involves. In Tanzania, Hr. D. Warner of
the Economic Research Bureau has conducted a survey of 26 villages in 10 districts, and
in 10 of these a follow-up survey after improved vater was instAlled was made. BRALUP
has made studies of the impact of rural water supply in Ismani (Iringa District), in
Nzega District (McXay, Conyers and Ferster), in Gsiro area of Morogoro District and in
Lushoto District. ReSUlts from these studies should At this stage be considered as
tentative.

Heijnen and Conyers in an earlier review came to the following conclusionsl

(a) EFfect on digtance travelled to obtained water' Warner's Figures indicate a
significant decrease aFter improved supplies.

(b) TIme and energy spent on getting water: Generally it can be stressed (White,
1969; Warner, 1970 and Ferster'g work) that there are considerable time gav
ings with improved supplies, but in places queuing at the tat may be time
consuming.

(c) Quantity of vater used: There is no clear Answer yet to the relation between
improved water supply And quantities used, if the improved supply is not a
house cannexion. Some increase does appear to occur, but a number of factors
are involved (White, 1969).

(d) The use of time saved: An improved supply saves time and labour, but so far
no research has found an answer to the question of how this time is used. We
generally hypothesize that for savings of women's time in particular, this may
be an important benefit.

(e) The effects ot improved water supplies on live~tock husbandry: These are multi
fold - sometimes possitive, sometimes negative - and the Answer relAtes very
much to the over-.ll context of the animal/land system And the care with Which
additional water is related to other Aspects of the animal industry (Murray
Rust 1970, Nzega Reports BRALUP 1970/71).

(f) The effect of water in encour.qing nucleation of settlement: Although in the
long run the presence of vater may promote growth of settlement, the
evidence 90 far g~thered suggests th~t vater m~y not be the main factor in
promoting settlement. at least unless it is ~ccompanied by other influences,
particularly roads.

The general conclusions from research so far completed point to the importance
of an integrated approach in rural development. The impact of water appears to be
greatest when it is linked with other infrastructural or community project~.
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A WELL-DESIGNED AND OPERATED HYDROLOGICAL NETWORL IS A
PREREQUISITE TO AN ECONOMIC DEVELOPMENT OF WATER RESOURCES

by Teshome Wortie

ABSTRAcr

A nation exploits its water resources to better the living standard of its
people. Full utilization of water resource. call. for short- and long-term planning.
Hydrological data are the basic ingredients in sound and economic planning and develop
ment of water resources. The first step in hydrological data-collection is a well
designed hydrological network. This paper stresses the well-plann@d hydrological net
work as a fUndamental requirement to any sound water-resources project. The factors
affecting the design of hydrological network (surface water) and the value of hydrolo
gical data have been pointed out. Even though the final goal is the establishment of
an optimum network, the paper realizes the difficulty the developing countries have in
order to achieve this goal, and recommends establi9hing the minimum .cc~ptable hydro
logical network.

In the absence of any set of formUlae, the paper cites the experience of
Mr. Langbein and the general rules Adopted by WMO as useful guides for designing minimum
acceptable density of a hydrological network. It a190 enumerates some of the problems
that stand against establishing a minimum stream-gauging network in developing countrie9,
and concludes by stressing the need to give higher priority to hydrological operation in
order to reduce structural and economic failures,

RESUME

C'est PGUl" ameliorer Le niveau de vie de ee s habitants qu t une nation e xp Lod t e
ses ressource9 en eaux. L'uti1isatian A fond des re950urc~s en eaux demande une
planification a court et a long terme. Des donn~es hydrologiques sont A la base
d'ane plani£ication et d'un d~veloppement !olide et ~conamique des re990urces en eaux.
Un r-es e au hydrologique bien concu c cna t i tue Le premier echelon d t un r as s embLemen t de
donn~es hydrologiques. Le depliant met ItAccent sur un r~seau hydrologique bien
organis~, ceci ~tant une condition £ondamentale pour tout proj~t de r~serves en eaux
bien Fonde , Les .facteurs qui jouent un rtlle dans 1a conception d tun r eseau hydr-oj o
gique ~ffi surface) et la valeur des donnees hydrologiques ont bien et~ mis en r-e Li e P,
Bien que Le but soit l'installation d'un r-e ae eu en tout point favorable, Le dep Id an t ae
rend compte des difficultes auxquelles les pays en voie de developpement doivent faire
face afin de realiser cet objectif et recommande d'~tablir un r~seau hydrologique
minimum acceptable.

Par manque de formules, Ie depliant cite les experiences fAites par
Monsieur Langbein ains! que r ea directives g~n~rales adop t ee s parl'OMH comrne guid~

utile pour la conception d'un reseau hydrologique minimum acceptable. II y Figure
~galement une enumeration des probl~mes defavorables a l'etablissement d'un r~seau

hydrometrique minimum des pays en veie de developpement et Ie termine en appuyant sur
la necessite de donner plus de priorite a l'operation hydro1ogique en vue de reduire
des d~£auts st~ucturaux e~ economiques.

I NTRODUC TI ON

Comprehensive vater-resources planning of a country is direct~d towards the
complete inventory and the full conservation, control and utilization of the country's
water re90urces. A prerequisite for efficient and sound planning is a carefully designed



- 310 -

hydrological network that provides a detail~d and continuing inventory of the ~ater

supply of the nation. This inventory includes the amount, the fluctuation and the
distribution of both surfacevater and groundwater supply yith respect to geography and
time. It also includes the variability of quality and temperature of water and the
amount and concentration of sediments.

The hydrological network is a representative placing of measurement or data
collection stations. The network of stations is first established to provide the basic
data for making the original detailed water inventory, Since developments in water
utilization have an impact on further Future developments, the network must be elastic
enough to permi t modi ficati ens to meet changing condi ti on s , Therefore, the cr-i gi nal
netyork of stations has to be updated or expanded or improved to give more accurate and
reliable information,

DENSITY OF NETWORK AND LENGTH OF RECORD

The Ultimate goal of any stream-gauging operation is the e s t ab'l i a hmen t of an
optimum netyork,

There are no numerical formulae to compute either the optimum density of hydro
JogicaJ. stations in the network or the optimum length of record to be collected at any
station. The j ocar icne of key stations where long-term records are required are often
obvious to the hydrologist, but the location of the supporting stations requires care
ful consideration. Long-range plans of water-resource exploitation must be considered
if optimum benefits are to be realized From cperat i on of the network. At those
regions yhere future development is more or less imminent because of high economic
feasibility~ detailed water data shOUld be collected for many years. Apart from pro
viding adequate in.forrnati on on discharge ver-I ati on and stage fluctuation of a stream
with time, a long-period record is desired because the sampling error inherent in a
short-period record of measurements cannot be overcome by even the most sophisticated
stochastic manipulation of the data. A shorter period of record is justiFied at those
s i res where the data will be used to fill minor gaps in the knowledge of the areal
hydrology of a ba5in, or at those sites that have a loW priority for future development.

In the countries where exploitation of water resources has just begun, estab
lishment of an optimum network would take a long time. Therefore, the more immediate
need is the planning and establishment of networks of minimum acceptable density. The
minimum density is one which will ~void serious deficiencies in developing and managing
water resources of the country.

Before location of any station is decided upon, it s hou Ld be well c on f i r-rr ed
that the station location represents the area. A measurement of the flow in a river
represents only the flow frorr. its particular catchment area. It should be kept in
mind that there is • limit also to this area representativeness. The greater the number
of stations, the more accurate will be the results obtained.

VALUE OF HYDROLOGICAL DATA

To design a hydrological data-gathering system properly, the relative value of
alternative types of data must be assessed. The value of any type of data must be
measured in terms of its ultimate uses. One use is to provide general regional infor
mation, and this has t r-ar. s Fe r- value. It represents natural conditions and may be
used in combination vi th simi lar data at other si t e s to gain a regional deseri pti on
of the s t r-e amf l c .... of an e.r-ea , A second use is for project operation and design. Data
may be obtained for oper~tion or flood warning. A surfacewater streamflow gauge may be
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maintained at a potential reservoir 9i te to gain information on which to base the de
sign of • water-resource project. Sometimes auch • gauge has two measures of value.
Although its primary worth may relate to itl project design purpose, if it measures a
natural bas Ln , its inherent information has transfer value at least until such time as
the dam is built and vater stored in the reservoir.

A measure of the value of data used for project design may be assessed by
measuring the value of net benefi ts foregone as • regul t of the lack of data. I f a true
optimal design and the associated costs and benefits for a given project are kn cen , the
change in value, as • result o.f non-optimal design based on a sample of data, can be
measured in terms of th~ net b~nefit foregone through under-design or over-design.

Unreliability in the ultimate design results in part from errors in hydrological
data, both measurement errors and sampling errors. Measurement errors may be reduced by
more and better equipment and manpower, !IO .5 to Obtain more accurate or more frequent
measurements of flow. Therefore, there is a need to have some criteria for choosing
the level of accuracy desired for each type of data. The accuracy desired should be
related to the ultimate use of the data, which determines its relative importance in
relation to other types of collected data. Thus, the relative importance of an
established stream£low station is related to the planned use for the data. This
importance determines both the accuracy required and the maximum feasible cost neces
sary to obtain that level ot accuracy.

Sampling error is a much larger component of total error than is error in
streamPlaw measurement. If a streamflow record is to be used for reservoir design.
the sampling error is of the overriding importance in determining the final, design.

Any set of data collected over time at a site provides an estimate of vh&t may
occur in the future at that site; the longer the record, the better the estimate. The
deviation of this estimate of the future from what will actually occur during the period
of interest, say the project'g economic life, is essentially a result of sampling error.

DESIGN OF MINIMUM HYDROLOGICAL NET\lORI

The hydrological (hydrometric) network usually consists of the folloving
stations: streamflowj river, lake and reservoir stages; sediment transport and
sedimentation; quality of water and water temperature. The main objective of the
hydrological network is to assume an adequate record of time variations in streamflow and
stage, including floods and droughts; in sediment discharge and concentration, and in
quality and temperature of vater.

Some of the factors that affect network design are climate, vater use, hydro
geological characteri stics of the regi on, populati CI'1 and accessi hi Ii ty. These factor~

have to be given thorough consideration if the designed network is to be useful and
successful.

The desirable or the most useful density of hydrological networks should re
flect the hydrOlogical regimen of an area as ~ell as the ultimate use to which the
data are to be put. It is difficult to specify the required density of gauging stations
on a unit area basis. &.It the experience of other countries on area densities of their
networks and the recommendations put forward by WHO provide useful guides.

Mr. Langbein has made a study about the densities of stream-g~uging stations of
various countries, which has ShOVD a very striking comparison. He h~s found that the
~eal density of stream-gauging stations varies between zero and 5 per I 000 km

2•
The

median is about 0.3 stations per 1 000 km2• Nevertheless, all contain inadequacies to
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some degree. Even in a region where there are five stations per square kilometre. there
wcu Ld be a lot o£ small streams that are ungauged. Even though it is virtually impos
sible to establish a perfectly adequate network, the figures of the numbers of gauging
stations in the various countries of the world allow one to establish a comparative scale
of adequacy.

The figure attached shows the data on density of gauging stations ~n the various
countries. Densities are shown in terms of number of sta.tions per 1 000 km of total
area. The "relative densi t y'' lines represent the percentage of the various countries
that have densities le.~ than indicated. These lines can serve to compare the relative
adequacy of gauging stations.

Most European countries, with the e xcept t on of Great Britain,
that appr-oxi.mat e 70 per cent to 90 per cent adequacy on this di agram.
of the USA plots at about 70 per cent. According to this diagram, the
densities in the developing countries are only 10 per cent adequate or
posi ti ens of Ethiopia, Congo (Iinshasa) and the Sudan.

have densities
The areal density
gauging s t ati on
less. Not e the

This international evidence indicates that a gauging station density of about
0.2 station per 1 000 sq. l::m should be conceived as a minimum programme, This dens Lt y
is the horizontal hatched line on the figure. In arid regions with few streams and
sparsely settled, this density may set a goal that is too high. Therefore, in the
figure the "r-e aa cnab'le objective" is decreased for regions o£ 10'" population densi t2"
In the same way, for densely populated areas, a density of 0,2 station per 1 000 km may
be too r cv: and the "reasonable objective" is increased for regions of high population
densi t y , The "reasonable objecti veri represents a eanpromi se between uni form adequacy in
regard to population and that desirable on a purely geographical basis,

Considering the areal variation of rainfall and runoff, the population density,
the accessibility of the region and other factors, WMO has adopted some general rUles.

These rules are clearly indicated in the \fMO "Guide to Hydraneteorological Practices".
Since the guide is familiar to practically all of us, there is no need to elaborate on
these general rules in this short paper.

ODDS AGAINST MINIMUM HYDROLOGICAL NET\lORI

There are many odds against establishing even the minimum hydrologic.1 network
in most of oar countries. These odds are very striking and are almost the same in
practically all African countries. They are scarce finanei al resources, acc e a s i bi Ii ty
of the region and lack of understanding the importance of hydrological records.

The establishment of the hydrological netvor~, no doubt, Yould incur a Fantastic
initial investment. The operation and maintenance cost of the netvorl, especially hydro
logical stations, is a continuing expense. This, of course, puts heavy veight on the
scarce financial resources a developing country can provide, This makes most of the res
ponsible people reluctant to give high priorities to the collection of hydrological data
But there is one point to be realized, That is, For any project the cost of collection
of sufficient hydrological data and its analyses is very insigniFicant ..,hen compared to
the total project cost. Therefore, there is a need to understand the advantages and
benefi ts obtained Fr-cm long-term and reliable hydrological data in order to improve the

dengity of a hydrological network.

Hoe t African countries have tremendous problems of accessibility, Because of
very few all-weather roads, establishment and operation of a minimum acceptable network
are either diffiCUlt or exceedingly expensive.
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The minimum acceptable network may call for key station5 to be e5tablished in
very remote and inaccessible areas. To establish and operate these stations vouJd re
quire the use of helicopters or small fixed-wing planes. This makes the undertaking
very expensive, and it thins out the network. For high-tlov measurements, remote stations /
would require the stationing of crews at the ilolated sites for about three to four
months. With helicopter operation, our experience in the Blue Nile River has shown that
sometime5 one streamflow measurement would cost more than USSSOO. Therefore, in de9ign-
ing the network, the area representativeness of the station, the cost of establishment,
operation and maintenance of the station shOUld alvays be weighed and kept in mind.

The lAck of understanding the importance of hydrological records and the con
!equences of inadequate data by most decision-makers have ere. ted much delay in the
establishment of adequate hydrological networks. The return on the investment on
hydrological establishment may not be imminent in a very short time. Investment on hyd
rological operation i. similar to that of statistical research. It takes time, patience
and constant effort. Experience has shown that undermining the importance of the
hydrological record has led to disfavour of the timely e!tablishment of a hydrological
network. This in turn affects the economic and safe development of water resources.

CONCLUSION

Hydrological data are the fUndamental basis for the design of all types of
water-resources development projects. Adequate and long-range hydrological data are
essential in the planning of development schemes, the design of hydraulic structures
and the optimum development and management of vater resources. These data are the
deciding factors Por determining the economy and safety of hydraulic projects. The lack
of SUch data may also lead to delay in embarking upon projects.

The hydrological network design is the first step in the collection of
hydrologic~l data. Good and sound design of the network leads to a more representative
and reliable record, which leads to more economical water-resource development. The
pressing need of systematic &nd vise development of our practically untouched water
resources potential calls for giving higher priority to hydrological operation than it
is enjoying at present.
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CONCEPTION ET FONCTIOI1l1EMEI1T DES RESEAUX D'OBSERVATION
METEOROLOGIQUE ET HYDROLOGIQUE EN TUNISIE

par 1. Division des Res50urces en Eau de Tunigie

1- INTRODUCTION - CONC~TION DES__~_~

Le reseau d'cbservation hydrometeorologique Tunisien est relativement

ancien, Les premieres mesur-es datant de la fin du 1ge st ecje ,

La mise en place de ce reseau a ete realisee par trois au quatre genera

tions dfhydrologues, ce qui explique une certaine heterogeneite due a des conceptlonS

et surtout a des motivations differentes suivant Ie s epoques et Leo urgences du

moment.

Nous en venons finalement au defaut origihel essentiel de ce reseau

camrne beaucoup d'autres il a ete cree a la demande) sous la pressIon des facteurs

economiques a court. terme,

II en est resulte la mise en place d'un re~eau lourd a gerer comportant

trois cent trente~trois points de mesure dont 8) equipes dVau mains un limnigraphe,

47 equi.pes d t une ecnejLe Li.mru.met r-i.que oampj,o , Les aut re s et.ant, dec points de me sur-e

periodique des debits dVetiage (pour 71) au non periodique (pour 1e reste).

Ce reseau j tel qu'il est, est efficace quant aux besoins actuels du pays.

Cependant il ne fonctionne pas de fa~on optim~du point de vue cconomique et ne

couvre sans doute pas taus les besoins futurs. Depuis quelques annees nous en avons

entrepris la rerorme de .recon a aboutir a. une exploitation rationnelle r'epondarrt a

la fois aux objectifs a court terme dee autorites nationales et aux objectifs a long

terne de connaissar;ce des reglmes hydrologiques, indispensables au developpen~nt

fut ur du pays.

Panni Les ohjectifs a court terrne nous devons sLgne.Ie .: La pr-Lor-i.t.e 80·

cordee a~ reseau d'annonce de crue.

L'installatlon des stations hydrometriques repondait geperalement a Jes

b~soins precis de donnee~ hydrologiques, par exemple :

- Projet d r amdnagement de Genie ..:::ivil {bar-t-ages , ponts etc ••• )

- Projet dia~enagement hyd~ricole.

- Annonce de crue etc •••
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Des criteres classiques sont utilises pour Ie choix des sites de mesu

re si possible stabilite de la section, sensibilite, acces facile etc •••

On peut donner llexemple de Sidi Saad sur Ie Zeroud :

- Cette station controle la plus grande partie du bassin versant du

Zeroud (8900 lan2).

L~emplacG~ent choisi est l i UD des rares a partir duquel on puisse

tenter de faire des mesures (cependant tras difficles).

- C'est un poste avance pour IVannonce de crue dans la plaine de Kai

rouan : on dispose en efret d 1un delai de quatre heures pour prevenir

les effets de l'inondation a Kairouan apres Ie passage de la crue a
Sidi Saad.

NOlls devons signaler qu'un reseau d'environ cinq centspluviometres et

cent trente pluviographes fonctionne parallelement au reseau hyctrometrique,

sous Ie contrele des hydrologues, constituant liessentiel du reseau d'observa

tion pluviometrique de 1a Tunisie.

La reorganisation actuellement en cours aboutira dans sa phase finale

a la structure suivante :

l Q
) Stations primaires

Un nombre limite de stations primaires seront selectionnees sur l'en

semble du critere ci-apres :

- Station stable (si possible)

- Mesures faci1es (au au moins possibles)

Importance pour 1 'i annonce de crue

- Position interessante dans Ie bassin versant.

Cette liste nVest pas ~tative.

2°) Stations secondai~ :

Stations pnur lesquel1es les criteres de choix seront moins severes.

Elles seront etudiees pendant une duree limitee (5 ans en moyenne) en correIa·

tion avec 1e5 stations primaires. On y procedera a un grand nombre de mesures.

Apres cessation des mesures nn y conservera des echelles a maxima.

3°) Stations tertiaires :

Stations etab1ies a 1a demands en vue de besoins particuliers. Le re

seau sera modifie ega l.ement de racon a mi.eux et.ud.ier- les regimes hydrologiques

du Sud et du Sahel, grace a une mei11eure repartition des stations.
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Le reseau hydrometeorologique est organ2se en cinq secteurs geographi

ques chaque secteur etant sous 1a responsabilite d'un Ingenieur. La station

de Sidi Saad sur le Zeroud est consideree a elle seule ,omme une sixieme re

gion en egard a. son importance.

Chaque secteur est divise en zones, plus ou moins nombreueea (1 a 3

suivant l'importance du secteur).

Dans chaque zone reside une equips composes

- d'un chef de zone (Adjoint Technique)

- d'un Agent Technique

- d' un Manoeuvre et d t un Chauffeur ,

Tout Ie materiel necessaire a l'execution des mesures est a leur dispo-

sition.

Le responsable de secteur fixe Ie programme de travail des equipes deS

zones, controle Ie travail at coordonne les activites.

Le Chef du reseau coordonne les activites pour l'ensemble du secteur.

Le fonctionnement du reseau d t annonce de erue merite une mention parti

culiere,

La violence et 1a soudaa.net.e des crues sent frequenmert. la cause de

degats considerables en Tunisie. Les inondations catastrephiques de 1969 en

sent l'exemple Ie plus recent. Ceci justifie IVimportance attachee au 8ystemc

dfannonce de crue.

Le bureau d'annonce de crue du Service Hydrologique (B.A.C.) centraliae

a Tunis les renseignements hydro-pluviometriques en provenance des zones soft,

par radio (6 postes en service)"" soit par telephone. Le fonctionnement du

Bureau d t Annonce de C~ est permanent, trois equi.pes de 2 agents se relayant

toutes les 8 heures , un Ingemeur de permanence supervise Le f'onct.Lonnenerrt

du bureau et est habilite a prendre toutes les mesures pratiques qu 9il estim~

indispensables en dehors des horaires normaux de travail.

En particulier il peut met.t re les equipes des zones en et.at. d t aj.e rt.e

permanente dans les perd.odee danger-eueee ,

Lee aut.or-tt.ee civiles eont. averties en temps utilf', des dangers even-

tuele d'inondation de fa~on que les mesures de protection soient prises

a temps. Ce 5y.teme a parfaitellBnt fonctionne en Octobre 1969 et a sans doute

pennis de sauver de nombreuses viee humaines.-
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TRAITEMENT DES DONNEES DE BASE. COORDINATION
DU RASSEMBLEMENT DES DONNEES ET DE LA DI FFUSION

par la Division des Re~50urces en Eau de Tunisie

Le volume des donnees brutes recueillies par Ie Service Hydrologique Tuni

sien depuis plus de 70 ans est eTIorme tant en ce qui concerne les hauteurs d geau

que les jaugeages (executes par dizaines de milliers depuis 1946), les analyses

d t eeu et les mesur-e s de transports s ojId es , Juaqu ra ce s de r'ru.e r'ea annees Lt expl.o.i-.

tatlon qui en avait ete faits etait aS5ez reduit€ et 5e limitait generalement a la

pUblication des donnees bruteso La decision relativement recents de proceder a
l~etude rationnelle des resultats obtenu5 a conduit les responsables du Service

Hydrologique Tunisien it ut.t.La ser Les moyens mcder-nes de traitement de Lt Lnrormat Lo-i,

Depuis deux ans Ie Service utilise un atelier ffiecanographique BULL et loue

les services d?un 0rdinateur IBM 360-30. Le but que se sont fixe les responsables

est de parvenir a traiter les donnees brutes au fur et a mesure de leur arrivee au

Bureau Central de Tunis apres avoir rattrape Ie retard accumule depuis la creation

du service.

Parallelement l~exploitation sciantifique ratior~elle des donnees elaborces

est prevue par la publication de monographies par exe~?le. Pratiquernent le schema

d'operation actuel en ce qui conerne les donnees hydrometriques classiques est resu

me par Le t.cc.lcau cio-joint. On peut conct.at.cr- que les operations manuelles sont

conservees pour la verification des hauteurs limnimetriques et leur mise sur cartc~

per-f'oree s , ainsi que pour Le depouj.Llement des jaugeages de crue et d i'une partie des

jaugeages d'etiage.

Trente six programmes de calcul en langage COBOL ou FORTRAN -nt ete elabores

par lee .Ingen.Leur-s du Service depuis 2 ans et pe r-met.t ent le traitsment des r-esul.t.at s

pluviornetriques i des resultats hydrometriques, des resultats d 9analyse d geau et

de transport sol.Lde ,
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GraCl:.' aux programwc:s t.rej t.ant Lee r-csu.Lt at.s p.Luvi omet.r'.i.quea il est P()~'

s i.b.l.e d t ed.i.t.cr- un buLLct.Ln p.Luvi.omet r i.quo mcnuue L pour 600 stations, de t.r-a'i t.cr

Le s r-eeul t.at.s par- La .nct.bode de s doubles masses, de c a.Lcu.Lcr- Le s coef'f rc i.ent.s de

correlation Lnt.c r-poat.es et. 183 formules de r8greJ~jion de pcct e ii po s t e pour Leu

totaux mcnsucls et annuels at de publi~r a lYissue de c~s operations un annuaire

pl. uvi.omdt rique.

1~s donnees hyJrometriques d~une station peuvent actuellement etre 6di

tees pc r- Lt crdd nat.eur- s o.i.t. SOliS forme dt un tableau annual des debits journaliers

pour les debits seuls avec les moyenncs mensuelles et annuelles, 105 volumes ecou~

Les , La lame d t ceu ecou.Lce ct. Le debit maximum, soit SOllS forme de tableaux scmca-.

t.r-LcLs si Lt on desire en plus pub.Lae r Loo scLi.nft.os j ourne.Ljer-es des eaux: et Lea

t.onre.ges de s e.L t.r-anspor-t.es ,

Des programmes permettent le depouillement des jaugeages avec oommentaires

det.a.iLles , Lt et.ab'Ij s sement des oar-eme s de traduction hauteur-debit des stations

hydromet r.i.quas , les ber-emes d Wet.aLonnage des he Li.ce s, des mouli net.s , e t.c . .

Pour conclureJen ce qui concerne la mecanogrnphie nous signalons quYen

deux ans environ 400.000 carteS ont ete perforees dans Ie service permettant dans

une certaine mesure de cambler Ie retard accumul6.

Noue souha.i.t.e r-i.ons en definitive pouvoir constituer une "banque" de con

neBS hydropluviometriques qui seraiBnt accessibles a tout utilisateur rar 11inter

mediaire de 1 'j ord i.nat.eur- qui, quc s t.i.onne , fournirai t la reponse rapidernent so us La,

forme diune feuille dc resultats imprimes. A cet effet naus avons co~~ence a utili

ser les disques OU bandes magnetiques comme support dWinformations elaborees.

Oe at.ade ne pour-re sans doute pas St.r-e at.t.eint avant queLque s annee s ,

Lt exp.LoLt.ot.Lon sc Lent.Lf'Lque ctco donnees e.Labor-ee s ainsi obtenues cat c o.n

mencee J et nous pensons pouvoir pubLj e r dans Le courant de 1 1annee 1972 La Monogra

phie de La Hedjerda, 1 fun des fleuves les plus Import.arrt s du J1aghreb. Ce sera In

pt-emi er-e taonog r-aph.i e complete d t un fleuve important d t Af'r-tque medi.t.e r-r-aneenne ,

Ulterieurement des etudes analogues seront poursuivies pour les aut res fleuves de

Tunisie.

ParaIIele~ent des (:tudes sur bassins repr0sentatifs sont en cours qui de

vront aboutir a uno mei.Ll.eur-c connaLs aanc e des conditions de r-uj.s seLl.emcnt. ,
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INVENTAIRE ET PROSPECTION DES EAUX SOUTERRAINES, EVALUATION DES
RESSOURCE5 DISPONI BLES ET PROGRAHHATION DE LEUR EXPLOITATION

par la Division des Rpssources en Rau de Tunisie

sor::W!lE

L'invont ...... t r-o des r'e saourc ee en eau sot.t er-r-atnos a ute £:ntClrn(~

depuis 1930 en Tuni8ie et " ,HE; :.. l' origine de La creation du prer,:ier

service national dans ce do~aine, qui porte d'~illcurs Ie nom du Btrr0, u

de l'Inventaire des Hessourees Hydrau1iques ( B.I.It.H. ).

De In. sent parties les premieres pr-cs pec t i.o ns des oaux ::;outur

raines a I' aide G.c sondages, PUL3 d' etuc:.cs sur la base des e::>cai5 alJ
pompage -~ Des mOYCI:i..3 modc i-ncc do prospection so nt utilises ac t uoLl ci .cnt

dont not~l~ent 1u Gcophysi~ue.

L'ev..a.Lua't i on deG r-esno ur'c c s en cau o s t l'aboutis3cI:icnt de C(:3

travaux ; elle vise eas crrt i.e L'l emerrt la 11~i3e sur pied d. 'un pr-o gr'amrae

d'cxploitation d'~bord, puis de conservati8n et de recharge j la sur

veillance des nappes joue ici un grand role de lllcme que les modeLee

analagiques.

NallS relatons dans ce qui suit l'exp0riencc tunisienne dan8

ee domaine.

1 0 _ .Iny"c~nt:lirc des I.'.Q.~"L'-'J~J::ce3.Jt.r:!...caux s_o\...;terr2.Wll

Alors que l' l'~ydrogeologic n' Pt;.:ti t c no or-e que d o In Geolo~ic

Appliquee 108 geolo~ue8 trav~ill~nt d~ns Ie p~ys ont s~nti 13. n6ccs

site de realiscr W1 .i nvorrtc.Lr-e d c s r-e s so ur-c es en o.iux soutcrrcnncs ct

de disposer d'tl.11 c La.csc r.rc rrt de a donn{~Lr" rccue ~llics 801'.8 f'or-me d'W1

c a t a'Lo gue .

1°_ ?hasc:_

D'1l1S 3:: ~~"'Gmicrc phase, l'inv·:..ntQ.irc .J. r-e pondu ':'\ dt...'3 o b.j ec t i.fs

c:s:;cnticll(;;::c:nt.

I
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L'InventJirc s'est meme developpc du fait du manque de moycns

de prospection mo-Jcr-ne s , a c avo.i r' los sondages surtout. On c he r-cha i t

en e f'f'c t .?t trouver des sources au des pui t s de surface pour r-e soudr-o

les prOblemes poses.

Le ClaSG8~cnt de ces donnees est a llimagc de c~tte conception

de l'inventairo ; du fait du pou do donnees disponibles et de leur

liaison e t r o i. t e: aux problemas regiona.ux, on a choisi lU1 d ec o upage

calque sur I'organisation ~dministrativc du pays a l'cpoqu€, sait

5 degions - Ch~que point d'e~u inventorie porte un nurilero d'ordre

auquel etait adjoint 10 numero dc la Region; on re~lisait deux types

de fiches

Une fiche modele "All c ompo r t arrt Lcs cJ.r;;.ctf:~ristique8 du po i nt

d'cau et nota~nent les moyens de pomp~ge.

Une fiche ditc "B" donnclnt ll<lnalyse chimique de I'cau.

La base du c Las s e.ncrrt ss t la c ar-t e t opo.r-apru quc au 1/50.000

du pays qui ee r t uni.qucmc-nt de support a co c a t o.Loguo , car nous 1 "avono

di t plus haut , les points d f e au ne portent que Le nume r-o d' une des 5

Regions, lcsquelles couvront pLus a e urs cartes c hac une ,

2° Rhase
Lc d eveLopncmen t elL l' irrigation qui c omme nc a i, t a utiliscr Lc s

eaux souterr~incs de fa90n de plus en plus intense d'une part, 1c de

v eLcppc.ucrrt de l'Hyc.rogr201oEie p.rr aillcurs ont arnene W1C intensifica

tion de cot inventaire.

En cffet on c omicnc a.i t <c f'u i r'o des etudes :lyclroi!:ologic:u()s ..; I c n

scmblcs au d;unites na tur cLl cs , Etudes r:;,ui ndc cs s i t a i orrt Lc max i mum de

r-cns e i gric.acnt s ; d I au l (inv·::::nt;)iro c ompl.e t d e s points d I c au , Des rl1~t~lO

des nouvelles f urcrrt e.Lor s nu s cs en .rp pLicc t i.o n , comme 1 ~utilis,'ltion des

uhotos ae r i.onncs qui pcn'ictt-'.l,'nt un rcpt:.rClCc ~ise ct de nc i Ll.curs c orc

ditions de tr~v "il.

Ai.n:..:>i en quelques unnc c s , Lr nombrc de points d 'I_,~U i nvcnt.o r-i .' s

J.ug:TIc.nt:ti t con:~id8r,-~bl\;L:'Jnt. Toutc.fois no us n ' av ona p"_s 'our dl't~~!yt

mod i f Ld Lc c Lcs s cmc rrt c x i e turrt cr.r- .iL pcrrne t to.i t encore uno ruan i pu.l.n-«

tion rc;1~tivu1cnt a i s.r-c o t stu'tout pa r c o qui L pc r'p ct ua i t uno f:l( thode

rig01."TJUS( de tr~:~vu.il, b i t.n -l:Jc,lnlil(~e, qu t i L c t i i t; d.'.l(,gcrcu): de r-rc.c-t t r.

on c·~'_u3c ·.....vcc c..O~3 C-l.Ur\:08 i7l0,~r(;n~j noUVcJUX at encore i nnuffi s am.ncrrt

formGs.
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Plus de 70.000 points d'cGU sont invontori~s ; 10 eGt~lo~ue

des CL1UX crt d cvcnu un :3c:r'/ice f'onc t i.o nnc.L de; La Division dC~3 RC!3[;OUT

ccs en Eau qui a rc;mrl;).c~ L'<mc i on B.l.n.H.

Neue ar-r i vonn cnfi.n n 1..1 phase au 1.3. sornmc at In d i vcr-s i t o des

dem::lndes')insi que 1 t et':lt avanc L' de 'L t Lnvcnta i r-o des points d' cau d c.s

princi paLe. n.1llPC3 du pays nOWJ amsncnt a cnv i sagcr- un anvcntat r-o

systematique.

II inport "it .ilo r-o dc no t t r c sur pied uno di v i s i on plus r-at i.ori,

nGllc du p~ys en regions nc~turcll~s dont chacunc constituc unc soctior

r egi onc.Lc du Service u \Hydrogt.'olot;ic - L~ travail de cicc de ces Sec

tions consiste desort:!Qi G .:\ rt'iulis{;r l'invc.ntaire sur In base des c.rrv

tcs ~u 1/50.000 qui, tout en dcmeur~nt 10 support de l'inventaire/

en deviaDncnt I'element dL b~se.

Dans Lc nouveau c Lasscmcnt , c haque point d I eau porte; Le numr'<

ro d 'ordre et lc numer o de La carte au 1/50.000 ; une mention cst

fai te de II ancien numoro do cata'l.orue POl.U' rcalis,::r 10. soudurc avec Le

c Lass emc rrt -precedent. Les fic hes de renseignemcnt d ev i ennorrt s ~€cifi

'lues du type du point d' ouu :

Source

Puits

Sandage

Des ,,-v-andis5encnts au 1/20.000 des cartes sont prevus pour

les zones a fortos densites d~ points d'G~U.

La pr-oc ha i no et;~pc sera

s oi gricmont a at Lour..... s tr::li t.orcrrt

a d I aillcurs et? cuvte.agc.o lars

tuel.

l~ Gist! sur c~rtes perforcos des rcn

sur ordinateur ; eettc nouveLl o etCif-C

de 1.::. rri s o sur p i od du c Las s emc nt ;).c-

2°_ Prospccti...9.n des_~ Soutq,.rr,l~r.!..~~

La auc s i , no us .ivone evalu~ en Tunisic, n t rnvcr-e une s er i.c

d t (~tQ.pr-,s.

1 0 E~~~.c_ :
Les rJl"~rrli(-~l',;'; :Jrospc.ction;; dl;~> caux S,',utcrr . i ncc et i i cnt des ir

vcnt.u i r-cc J; ~,; oo i nt o :1' (.. , .... , !,'i~, 'Lins un cadre [';Lo1.ogi(~uc ::;ppropric, ;\

prr t i r- '::'l(;:-;C!~u(;L~ on :.:\~ Li vri i t .\ [1:::::3 c u Lc uLa th~orl( uc s sur La base clC3

;(inEu.lc~) c t vr.Lt c.. our '[:,ovtir:\ ll.e,:;tl.J,:t~_on rlc~) vo Lumc c d'C~1U in,t'iL

t.r-c e ; on ;~hG1J.ti:~'· it: ,r/nr.' Y' ~l',-L,,~nt a. u....:~; pr-o po s r t i ons d c c.~pt:lgc de

oour-c c.s J- t- dr.::-, .ov o r.r: .l i v r.r-.'. au Lc.: .Lc r-i ce ct 1.1Lnt f r-r.nucnt.c s ,
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Puis les for~lr:cc on t cornmcnc e :\ a rrt c rvoru r- de t aco n plus fr8

qucrrt c ; ma i s Lc s rcsult,:;ts quon t i r-a i t des oo c.ri s de pompagc qui

ava i.errt lieu c.ins Lo s CJS pm{ 1. ti fs s o bo r-n.i i.crrt gcncr::llcl"i1ent a La

dlotcrrnin~tion du debi t de pompa.tc , du r aoat t cmcnt c or-r cs po nd.in t at de

10. ql'v~lit{ cl1imiquc de Lt cau , 11 riut r-oc onna i t r-c que jusquc 1a
l'Hydrogeologic ctalt f~~tc par des Geologucs.

PHASE REC;;NTE I.;T ACTUELLE :-------------------------
La d evcLo ppcmcrrt de 1 f dydroG€:ologie en t .rrt que ac ianc e nou

velle a ?crll1is 1:1 t'c rnn t i.on d'hydrogeologues qui ont introduit des

met ho d c s nouvelles de prospection des oaux s ou t or-r-a.i.nea ,

Lcs nombrcuscs d onir.de s de sondagcs ont provo que 10.. formation

d'un Service dos_2Q.!ldag~~ QU so i n du ninisterc lie l'Agriculture SCT

vice ut i Liaant uno vin(:;t~l.inc de ;~'k'1.c~lines (rnoyormo profonclcur) et

realis:J.nt IDle c errt a i nc de sondages V1r an so i t un Li nca i r-c de l'ardI'S'

de 30.000 m~tre••

r;iais les sondap:cs c ofrt cnt c he r ,

Cec i '" fo.voris8 Lc d evo.Lopporoerrt de 1'1 Geophysique ct en ))ccr

ticulier des me t ho do s e Lcc t r-Lq uo s , Cellcs-ci mo t t a i crrt on cffct 3. no t r-c

disposition des renscignerr.cnts qui rcntabilisent sericuscmer:t les tr~l-

V3.UX: de sondages Lc s quc I.s verificnt d cao rma i.s des hypotheses, d i o i;

moins do forqgcs pour des resultnts plus complcts.

Nous ~vons ninsi mis ~ur pied uno Section de Geophysigue ~u

sc i n de notre Serv_Lce d I I:Iydro{.€olocie ut i.Li.s ant 2 e qua p e s de t o r-rc.i n

et re3.1is::-..nt unc do uzii.nc de rraspectloES par an. Elle intcrvicnt au

d uux.i emo s t ad c de 1'1, pr-o spcc t i or; a pr-e s 1 \ inventairc et propose un

pr-ogr-amme de r-oc onnr.a sunnc c prr sondages, cclui-ci dcvicnt :J.insi Lc

-tr-o Ls aemc o t.cn c do J..rl. p r-o o po c t.Lo n des c aux ao u't cr-r-a i.nc s ,

Q';'8.nt c;.u cluatriemc stade, il c s t c cns t i t uc p .. r 108 cs~-.lcJ.is de

pomp3.gc.
Naus cffcctuons on Tunisic b0UUCOUp d 1 o s S2 i s de pompag~ sur

los rru.i.ts not nriucnt lars de 1 \ ~tUd8 des nap pc.e phre a t ; LY.C3 ; CCS eSrj'lj~

sont commodes c t realisables t~:ntot avec 188 cqua pcricnt s de pOJYIpUCC

cx i s t an t o 1 t~;.nt,jt a 1 t aida de petits gr-oupcs mot o-cpompc s du Sc r-v i c c

d I nydro;,~eologic ; d aria c c d orn.ii ne los pampcs s ubmcr-s i blcs pr8~}l;ntont

bo.iuc oup 6' aV'J.nt3.gc DOur' 1; .i ns tnl Lrt ; on o t pour Leur-a oo o e i bili tCG.

II ar-r-i.vo o ouvt.nt qU(; 1 ton ::,uisse ut i I i s cr- o o s puits pr-o c hc s cornur

p i.o z oru.it r-cs c : qui cmt-L'i or; s e r-Lcua erient 1~'L c ormai s sancc dOR p-u-ome t r-e ,

hydrodynamiques Lc 1 (aqui.f er-o , 1(;8 mc t ucdo s d I interpretation sont 'fQ-

ril~oa c t couvrcnt un 1,rLrgo evontail de: pos a i o i I i.t co ,
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Ll-';, C~'l .a i s de pompagc sur Le s for1gcs sont .ius s i .impo r-tr.nto

at orrt umo ne Ln c r-vc.t i on , QU S81D du Service d'J-1ydrpgeolovie, d'l'Jl(;

Section de POITID.JJ$0 disposant d1unc gCiffic varicic d,:.; pornpcs avec leur

ma t c r i o'l de f cnc t i onnci.i.mt o t d t ins t a.l Lnt i or., L(utlli::i i t i o n de ili..~;L,O

metrc3 pour 1:1 L1Ct>urC at I\" interpretation des pornpago s cst rcln.tivc

mcnt d i f'f i c i Lo du f .i t du c ofrt de eLS ouvr-arro s no t aeu.rcnt qu.rn t il

s i ~Gi t de pr'o f on.' cur-s -=,,,U dl:l3. de 200 metres ; pcnd.mt. longtcTilPS nou.

nous s orru. G c orrt crrt cs d e interpreter los r-osul t.J.ts J~g for~ifT5 d' csn.ri

un.i qucmo rrt , Lcs quc I.s sont ac t uc Ll.cmcrrt Lns uf'f'Lsrint s , Cotto prati

que commence t out c fo i s 8. se no rmaLi scr- l:t f i n i r-a p.ir s' imposer toto.

Lemcrrt ,

A s i.xna.l cr' que Lc s cs sni.s sont de deux genres : lOG p ron i e rn

sont des css~is de reception ~ trolS p~118rs de 6 H ~L UC 12 H rcs

pcc t i voracnt 6 E, 6 H ct 12 H soit 24 H au total pour L"l r~ccption

t.cc l.m quc du f or-agc , TIs sont .immedi.n t omcrrt sUi vis upr-e s I." ouserva.

t i on d c Ln remonVe d' un css.i i di t de longue dur'e o soi t 72 H it 120 H

au debit moyen obtcnu lars d es os e.ti e de rF:cb)tion.

L'intcrpr0to.tion des mcs'ci-os os t r-oLn t i vcncrrt :::.iseo du fait

de La mul t i pLi.c i t o dcs m/thodes et de l' experience ac qui s e ,

3°- ~aluation des RC3sourccs en Eaux Sout~rr~incs at Progr3mmcs

d' Bxplol t a t aon

Les infoDl~tions rJssembl~es ~1r Itutili3~tion des wcthoucs C1.

dossus decritss sont utilisEcs pour IV~v~l~ltion des rCSGourccs on

CQUX soutcrr~in8s et la mise sur piod de ~ro~r~Jcs d'exploitation.

Naus c a LcuLo ns generalcmcnt cr. 'j un.i a Lc los rCSSQUrCl;S dyn_~-h

gucs ::::tnnuclles .Ios n.ippcs a i ns i que: leurs reserves geolagiou_c~.

Les r-or.s curc cs d yn.imi.quo s pr-o v.i c nne n L de 1 r alimcn t c.t ion Lnt • r

nrmuo.l I.o des n'flpcs pa r Ies pr-ec a pt t c t aons e t co r-r-c cpo ride rrt :\ l,'~

par-t i e de La nappe comprise entre lcs f1 uct ue.t r orie des basses e -'.UX ~:t

des h.i ut.c s c'":.u.x d u n i vr.au p.i.e zomc t r i que , ElLc.c sont d cp cnc c o s gcnc
r-at.cucnt en cxpj.o t t ct i.on ct en partes .iux cxutoircs sait SOUS forme

de so urc cs au de (~~bit pe r-cnno d:un Ouc d , Bait SOUS I'o r-rnc d'0VQpOr,~:.

t i cn C. :'h3 lcs zan .;s 00. le n i vciu p i.e zomct r i quc c.it sub.u r t.e ur mt ..

Cc t t c notion cs t -~·drtout sC'n;~~il::ll; pour 1: p.2rtic septentrionale d,- 1.-:

Tuni~=--;il. c.,u 1:1 pluviometric c s t ::·;uncri '.Ur'l:1. 300 Hun/ .m ; o.l Lo j o uc

un gr'~ntl role pOUT 1~1 clctcrmin'ltion d.. l' cxpLo i t.a t i on ..
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Les reserves geologiquQs o or-r-o s pond.mt :::ux vol ume s d ' cau

cmmagaa i nos OQUS Lc m.vonu p i czome t r-i quo d c a bassos c aux ct pr-ovl c nnc nt.

d t uno .il Lmcrrt a t i.o n pluri-annuelle. C'ost salivant 10 p.r i.nc i.puL

f'ac t cur' qui CGt j.r i s en c oris i de r'a't i.o n lors de 1 t etude dos gr'and c s

nappes du Sud Tunisien.

PROGRAlThJI:S D I EXPLQ.ITATLON

C t cst Lc but de 1,'} pr-o s pcc t i o n des ouux aout er-r-ai ncs ,

lIs deeoulcnt des resultBt~ obtenus plus hnut.

G(~n6ralcmL;nt, nous programmons comme r-ossour-c c s cxp.Lo i t abl.c s

la tot~lite dos rOS30urccs dynQmi4UCS not~mmont duns Ie cas ou uno

partie de celles-ci cst per-due aux exutio i r cs ou par' evapo r-a t i on j co

'Programme ticnt compte bien cntcndu de l' oxp l o i tati-ln cxa s t.int o qu'il

vient ronforccr.

r:e plus en plus, no us aorrmc s amcne s a .i nc Lur-c dens nos pro-

grrunmes d' cxp.Lo i tnt i on uno par-t i,o des r;servcs geologiqucs pour- f:lire.

face a des Ccnn,ndcs pLus impartantcs at no t.vuo nt dans 18 CQS des

scctours vit2UX 0u l~ mise on VQlour ~cricol~ ; c'ost ~insi 18 c~s

do In region de Grombalin, produetriee de In plus grande partie des

agr-umo s en Tilllisio et au 11 cxplaitnt ion ac t uo Ll o depne s e nett c.n..nt

les rcssourccs ; pour s~uvog~rdcr les agrumos nous sommes amenes a
puiscr sur les reservos.

G(~ncro.lcLlcnt, cotto operation est pr-o gr-ammc o sur uno durcc
limitee, '1U bout de ; Laque l.I.e d o nouvol Le s rossources devront 8tro

tr01JVeOS a mains quo leG abjcctifs vises r..'.:1.ic.nt ete Clttcints.

tffiTHODES UTILIS~ES

Pour l'ev21u'3-tion dos ressourccs di.s poru.b.Lcu ct let nrogrrun

mation de leur exploitation nous f'a i s ons tppo L g(neral,mr;nt aux

methodes clnssiqucs Gc l'hydrogeologiu utilisant des enleuls rel~ti

vc.mrnt s i.mp.Lo s qui permottont jUGqu'c\ une prevision Li.mi.t e c de l'evo

lution des nappes suite .3. leur mise en e xpl.o i t a t i on ,

Dcs m.it hod o., no uvc L'Lo a vicnnent ic i j oucr- un gr-and role et

sont de pius cn plus utilisccs;il G'~git de la ~imul2tion p~r modtlts

::ln~logi~ucs ou mQth~mQtiques.

En cffot, cos out i Ls nouveaux pcrmcttcnt de r cc ons t ; tucr,

on modele redui t, l' :J.cLluiferG c oris i d c r-e e t d t Y s imui c r un c c r ti i n

nornbr-c d I interventions sur 1::1 base d c s 01tfmcnts 11ydrogciologiqucs a
scvo i r- cartes p i c z omct riquc o , t r-ansnu s s i v i t ee , conditions aux liEliti....: •

Les avarrt agc s que 1 'on peut en t i r-cr sont ,,,uLtiplcc;
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VcrificQtion d o s c onc Lus i.o no hydrogeologiliUCG de I'Ltudc

cl;J.ssiquc, et.J.nt donne que 10:3 modc Lo s fonctionncnt sur 1,'1

base de principe3 physiques.

S'imujot i on des cxpLo i tvt i o ns pr-o j o t o os ut d ct c rmi n.it.i on l1u

c ompo r t cmcrrt ct de 1 1 evolution de 1;-:. naouc , d t o u 1:1 po~-

s i.b i j i.t.c '.1~un mc i lLcur- choix no tnnu..crit qucnd on f0.it .int c.rv-

vcnir los reserves.

Po s s Lb.i Li t e d lcx;lJninc:r Lc compo r t ev.cnt gloh~Ll d t unc tres

gr:lndc n-inpc , CQj,-U'llC c c'l.Lc du Oorrt i ncrrt aL Lrrt c r-cnLn i r-o du

Sud Tunisien, quo Lo s moycns c Lao s i qucs de l' Hydrogeologic

nc pc rmc t t c icrrt de consid0rcr j uaq u t Lc L que car- zones se po ree s ,

L'::l Tunisic a re[lli3~, ,1VCC 10 cancours e t r.ingc r-, quelques

mod e I c s ; 1 'interet dOD resultats obtonus ct 1::1 s ornmc des t r-avaux iJ,

c f'f c c t uer- nous .unenont o.ujourd'hui ,1 1::1 rm cc ~~ur pied au scin do

notre Division des :tCSSOV.TCL:G en E3.u, d'un l-:.boratoirc de.: mode-les

anaLo g'i qucs ; du pornonnc L tunisien e s t .ic t.uc L'Lcmcnt cn forma.tion

d2l1.S c C u c ns ,

4 - SURVEI"LL.,NCE:_J:S NAPY:S - l~~CH,ulGr: NATm1~j:,LE l:T ARTIFICE_LLE

Uno f'o i e qu' un pr-o grunrne d ' cxploi t~~; ion est pr-o porie c t mi s c n

a ppl Lca t i o n , il cst indi3..E.£ns,~blc dc_sui'!.rc ses cf'f'e t s p3.r +.;LJ:~l~~£__~?.l,!:!:.

picd dlun rescau de 3_~_~cill~n££

Cctto no t ion [~t~cit cnc re o d rns 18~ cspri tG en I'urri s Lo , des

Lc de but des t.r-avaux sur los C·'"'.lDC ao ut cr-r-ru no s ; cllo nous ::1 pcrm i s

auj our-d t hui. de nous r cno r-o compte a temps de cc r-t a i no s c c.t as t r-ophc o

( c orrt o...rai nct a o n P rr- La rao r- d c o nnppoc c S't i cr-c s a rrt o nc amc rrt oxpj o i t.c oo ,

fpuiscmcnt des ll:J.PPCS SOl :'.liSC.5 3.UX moues conditions d'cxploitation )

ct de prendre ~ te~ps las mesurC3 n0ccss ·~rcs.

RI:S:~>\"U TUNI3Il:N D::: §_1f~\f;'I}~.~,-J~CE D.:..:i.3 rL~PP~S.

NolJ.s 'l.vons nu s sur Died en Tunisic, un r-e s oau c tu, c ouvr-c 1,_1

r,lus Gr,-:.ndc -rir-c i c des nippc c du pays.

Dans s:). si t unt i on .ic t uc Ll.c , c c resc~~u est ce c crrt i c l l omc rrt

c onst i t uc V:r d; s u i ts .Ic s ur f'<c c ct a nt.c r-cas o (:c c t: f=.it Lc s nup nc .'

';Jhr~c.tiqu(;s ; quc.Ljuc:s nip pe s profondcs 3uulL;]:"cnt s o rrt suivics ~ 1

f'l.v_ur des for~Gc~ J'(zploit:~tl"n au de.. (~uclqucs for~gcs non utilis(s

ou '1b':::;'::'1donnL-s -~, notion de.: p i c z omc t r-o t .t.. o ur-vc i Ll xnc c CO'.i.:1CnCL

t')ut:~.::Jis ~ -·C :Lt r i ,J ir- cr- at un v:'.~~tC' rrOCr~lr:l'<l(:1 C:=3t c nv i sage pour

,;r0:Jr ui r r-r._:~:,,:::,u_...:.·_ ~CJll:~~llc..~i..~OJ!lL'trc3 ; S L r83.1i::~:,ctlnn, qui 1 l'te
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«rrt amc c , depend des credits disponiblcs ; o l l e pr-cv o i t egnlci~cnt

l':5quipm,lC>nt des pa czorre t r-c s , do limnigraphcs ( d o t e s d'lutonomie

mcns uo Ll c ) pour c nr-o gd o t r-c r' Lo s f Luc t u.rt i.o ns du m.vcau p i uz omo t r i quc ,

RECHARGE NATURI:LLE li't lLTIFICE;LIfA-:S .1!.APPBS

Lc rCGcQu do aur-vc i.Ll.rmc c d c s nippcs uc r-a a 1<:1 h~:1(; de l'ob

scrv~tion dL 11 rLcll:.Lrgc n~turcllo at clrtificicJlc dc~ n:tpDcs.

ment

sees

L,"l 1'8c>.....1"l';0 .ir-ti ti c i c.Ll.c i rrt orv i c nt qurnd on ril:\1trisc suffisarn

11 hydro/3' olo['"ie ct q u.i nd les c ond i t Loris au i.virrt c s sont 1'6<11i-

DiDponibilitc d t o.,u pour 1-...:. rcclurgc (gEnerllcl.icnt a p ir-t i r

dc}-'J c o ur-o d (en; s upc r-f i c i c La ).

Bo nn..u d i.s co s i t i ons des :=:c~uif8r(;S pour 1'1 rL.'C;1:1rge (niveaux

piczorl1C:triqucs .suf f i sanmenr r abu t t ue donc n:'~P:JCS aur-cxp l.o i >

teeS).

visons toutcfois C]l"il s'acit d t unc .ne t ho dc nouv e.l I.c qui sup

pose tU1iJ ccrt:..inc c xpe r-i a.crrtrt i c n pour s''ld::..pter .iux c cnd i t i onc loc.:1

Lc s c t dont Lc prix de r-cv ic nt [Jourr,lit etrL~' W1 f,J.Ct,,'UT Lrm.i t a.t i f ,

Une cxpErijllL'nt~""'Gion d.ins c c s cns ',;Dt ac t uc Ll.cucnt en cours c n

Tunisic QV0C II~idL des N~tions Dnics ; nous Gvons choisi qu~trc C_3

different s d' aqu.i f e r c s r-o prv.e crrtn t i f s de 1 t HydrogceoloGic du pnys e t

nous es s zyons dc t r-ouv c r- ou d1c;,dnptcr drns ChlC.l.UC e.G 1..1 mr t hod c ,1.p

propriec Q(, rL;C~Grgc.

En c a s de rt."ussl tc, Ln rcc_l~-:rgc .ir-t i f i c i c Ll.c pcructtr::i t d ' cn

vis".gc.r Lo ll rra n.:...L s c r.1C n t des c.rux " d u p:lyS C rc;.:;t-h-dirc l'utilis ',tioD

c omb i nc c des LJ.t.LX d. surf.ac o at des (;,.lUX s cut cr-r-c.i ncs .l.cns I.c c aur-c de

pLcna d i r-c c t c ur-s rt~'gion::.lux.

CONCLUSION

Lcs ciux so ut cr-r-i i m o j ouent LU1 role preponder::1nt em 'I'uni s i c,

d
t -:l ut 2nt p.l u.s c uunc bonne ptrt i c du pays t t· d'..." - c.... :::; c S pr2. lC~UCI{\Cnt cpourvuc.

de cours d9C~U· de surf~cc.

L'\ .i nvcnt n i r-o at Lu pro3pcction pc.rmcttcnt 11 evil uat ion dL'S

rcs,=ourccs d i sporu cj c s at Lc progr3JTl1TlG.tlon de leur c xpLoi t j t i on , 1"-

part r r rj,. 1.1. COJTL".1cncc L. co nacr-vc t i on ou let rcc l'lrgc dL8 n.rppus , phas c

pour l~quc.llc un resc~u dL survcil12ncc ~st primordl~l.
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Los methodes miscs auj our-d 'hui a notre disposition evol uont

rQpidcncnt ; llcxp~ricncc tunisicnne a pu jugcr de l'interct de lQ

Geophysique dc.us l~ prospection gener21c des caux sQuterruincs et des

Modelcs Ana.Log.i quc s pour l' evn.luation des rcssourccs disponiblcs ct

l~ simulation dc leur evolution compte tcnu de l'cxploitation exis

tantc ou prevue.

Nous en ~rrivons a cnvisugcr l'utilisation integrec des caux

dc surface et sout cr-r-rincs dans Lc c.adrc de Plans Dircetcurs REgionaux.



FORMATION EN HYDROLOGIE

par' 12 Coolit~ National Tunisien de La D.H.I.

SOMMAIHE-----
La mise en valeur hydro-agricole, predominante en Tunisie, passe neOeS

sairement par la formation des professiormels et des techniciens en hydrologie

droll I'importance que nous accordons a ce domaine.

L'Hydrologie tunisienne fait intervenir egalement les eaux de surfac~

et les eaux souterraines, crest pourquoi nous semmes interesses a la fois par

la formation de professionnels et de techniciens dans les deux domaines.

Si Lt ensejgnement secondaire technique a permis la mise sur pied d t u.te

formation de techniciens, il nien est pas de meme pour les hydrologu€s et 185

hydrogeologues ; en erfet la jeune Universite Tunisienne n'a pas encore attei~t

ce stade. Nou~ avons alors recours a lietranger et plus particulierernent a ~a

France pour des questions de 1an~ue.

Alors que 1a formation dihydrogeologues s~avere relativement aisee, _1

niexiste pratiquement pas d 'Institution donnant un enseignement specifique

d 9 hydr ol ogi e ( l~O!iSTOM except.e , mais dans des proportions t.res restreintes ) j

c ~ est pourquoi nous preccm.sons La creation d "uri Institut Regional dans ce SCI,S.

1 - Formation de techniciens en ~~ogie

Nous donnons ci-apres un aper-cu SUI' 1 ~ experience tunisienne dans ce

domaine qui a permisJen 1 gespace de cinq ans, de fournir taus les cadres tech·

niciens necessairesa la bonne marche de notre Division des Ressources en £au

soit : - 40 Agents Techniques (Observateurs)

- 30 Adjoints Techniques (Technicians).

1.1 - Qualification des besoins

La Division des rlessources en Eau de Tunisie est structuree en un Ser

vice diHydrologie ( Eaux de surface) et un Service dYHydrogeologie ( iaux

Souterraines ) disposant chacun d 9illl siege Central a Tunis ot de Sections Jk

gionales reparties a travers le pays. Elle est chargee d'effectuer l~Inventaire

des nessources en Eau en assurant notamment Ie fonctiannement de deux reseal~

de mesurl dans les eaux de surface et lea eaux souterraines.



- '332 -

Naus Rvions ain~i besoin

- dtObs_ervat_~~ (,\gents Tcchni.que s en Tunisie) pour cf'f'e ct uer- Lcs

lectures ct Lt ent rct.Lcn dee Lnat.run.cnt.s ou Lcs ncsures s.l mp.Lee

sur Le t.cr-ratn,

- de 'I'cchru.ci.cns (Adjoints Tcchnfque s en Tunis i e ) pour assurer Lven

cadrem80t des observnt~~rs Lt la Jiroction des S~ctionG R~gional(;

atns t qu "urc premiere .i.nt.er-pr-ot.c t i.on des mesur-es errcct.uees sur It! m

des methodes et.abl.Lc s OU des instructions reQUes. Les Techni.c i.ene

aident ega.Lement Lea Hyd.ro'Logue s et les Hydrcg eol.ogues dans In

preparation d<.)s etudes.

1.2 - .Q.2...urs d.8 formation ... C~nditions d'admission

Nalls avans bien entendu commence a tr~vailler avec un personn81 for

me sur Ie tas ct dont Ie niveau diinstruction allait de la 3° AnneE Seconu~i2 e

a liequivalent du Baccalaureat.

Los possibilitcs d0 c~rriere et de salaire limitecs et liimpossibi~

lite diinclure ce personnel dans 18 cadre de la Fonction Publique diunc part,

I tinsUffisance de fo~.tion technique et les laeunes de formation generale p; r

ailleurs nous ant amene a r-cchc rchc r une solution transitant par Lcs Lyc ee s

Techniques.

En effet Le Lyc ee Technique de Tunis assure une formation maxima Le

de 6 ans et minimale de 5 ans sanctionnces respectivement par un diplome de

Teehnicien (Adjoint Technique) et un diplome diAgent Technique (ObserYateur~

ces deux dd.pl.Smes etant reconnus pe r- La Fonction Publique de Tunis et aas ur-art

ainsi une carriere dans liAdrninistration.

Nous avons ntis au point, pour c haque cet.egcrc,e , un cour-s s pccLaL ",.1'

t.heor-Le et oxerc Lces pr'at.Lque s concernant Le s annecs terminales au de specLa..

lisations au on menageait, a cote des matieres de base (~theTIk~tiques, langul

etc ••• ) un horairc Lmpor-tarrt pour Lt hydrojog.i.e (voir annexes 1 et. 2)

et les sciences qui lui servent de base au d0 complement.

Au debut, devant l'importance des besoins nous avons ete dans Ifobli

gation d fas5urer une fon~ttion globale couvrant a 1a fois les besoins en

hydrologues ct en techniciuns ct8 l~hydrauliquc en geniral, puis nous avons

evolue vers une specialisation au point dfavoir une classe pour l~hydrologie

de surface et une classe pour lihydrogeologie.

Les eleves qui nous etaicrrt propos~s, avaient suivi normalement Ie

cycle r-egu.li.c r- d t enee.i.gncment du Lyc ee Technique et optaient eux-memevpour

notre specialite a 1a fin d0 leur avant_derniero annee, ceci avait done pour

affet de disposer dielements ayant deja une bonne formation gener~le.
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Les cours ctaient assures par lea hydrologues, hydrogeologues et

Ingenieurs des services tunisiens pour 105 ~~tiereB de lihydrnuliquc et de

l'hydrologie et par les professeurs du Lycee Technique pour les matiercs de

base.

Les examens comportaient a la fois les matieres de base et les mati~

res hydrologiques, ces dernieres etant affectces dVun coefficient eleve (voir

annexesl et 2) et 5e dccomposant en eprcuves ecrites,travaux pratiques et

epreuves orales.

1.3 - Debouches

L05 dip18mes Agents Techniques et Adjoints Techniques sont integres

dans les cadres de la Fonction Publique qui a prevu des statuts particuliers

a leur effet.

lis pae serrt une pe r-i.ode initiale de 2 ans en quaLt t.Z de Btngi.'J.ir(~s au,

cours de laquelle ils sont inities a leur m€tier puis ils sont titularises et

evoluent normalument dans leurs cadres.

1.4 - Recyclage

Les services Lnt.er-i.eurs de La Division des Ressources en Eau pr-evo i -rrt.

des recyclages r(guliers pour leurs techniciens.

Par ailleurs les caurs regionaux de liUNESCO sont diun excellent prJ

fit et dsmanderaient a etre multiplien. La Tunisic a deja manifestc son int£r~t

dans ce sens par sa participation massive ( 26 Techniciens Tunisiens ) ?ou COUfS

organises en Tunisie en 1967.

2 - Formation des hydrologues professionnels

2.1 - Formation des hydrogeologues

Les hydrog€ologues tunisiens sont en majeure partie des geologues

universitaires titul~ires de liancicnne Licence des Sciences de la Terre (au

jeurdihui ma1trise de G6ologie) ct qui vent suivre Gn France une annee de 3°

cycle ~n hydrogeologic ( D.E.A ) sanctionnee par un certificat j le5 etudiants

rentrent en Tunisie pour prcparer unc these, g~neralement l~etude hydrogeolo

gique diune r~gion donnee qui de~lnde n0UX a trois annecs et qui une fois prE

sentee devant un Jury dY~amen leur donne Ie Titre de Docteur 3° cycle.

Ce diplome obtenu au terme de trois annccs d'etudes et de travail

apres la Licence (au la Ma1trise) a ct{ reconnu en Tunisie comme donnant le

titre de Geo.Lcgue Principal, cadre equivalent a. celui des Jngcru eur-s Pt-Lnc i.paux ,
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Ainsi a ete resolu Ie problem~ de In formation des Qydrogeologues ;

on compte aujourd'hui 7 hydrogeologu~s Tunisiens qualifies; trois sont en for

mation at de nouvelles candidatures sont envisagees pour 1972.

2.2 - Formation des hydrologues

Notre pays souffre de manque d'hydrologue3 pour deux motifs dont es

sentiellement celui £voqU€ plus haut ~t conc~rnant Itabsance dllnstitut de

Fonnation.

Les cour-e post.c-unfver-s.it.a.l r-us or-gam s ea au subventi onnes par l'UNESCC<

dans ce sens nous semblent insuffisants, car LLs sont 00 uvent or-fent.ee vers U1:

objectif trop precis pour donner une formation genernle en hydrologie et 11 nf

sont pas suivis de stages) 9ur Ie terrain, suffisant,.

Aussi estimons nous qu'il serait dfun grand interet de mettre sur pi.Jd,

dans 1e cadre de 1a D.H.I et avec l'aid~ de 1 'UNESCO, un Institut Regional de

formation en matiere d'Hydrologic pour les Pays Francophones.

En merne temps que la formation des hydrologucs africains, cet Insti

tut favoriserait une prise de conscience des gouvernements de I'importance de

l'hydrologie et pourrait amener une amelioration sensible des possibilites de

salaire et de carriere.

logues

2.2.1 - Attributions de l'Institut

Cet Institut pourrait assurer 1a formation de deux categories d'hydr1

- Hydrologuea professionels

- Techniciens hydrologues.

n eer-at t. egakement, charge d'tm recyclage periodique des deux niveai,x,

2.2.2 - Conditions d'Admission

lei sur les conditions d'admission 81 lYon veutIl importc d~insistcr

donner a la formation un niveau suffisamment valable et tenir compte des

disponibilit£s en dipl&mes du pays.

2.2.2.1 - Hydrologues

Il y a g~nuralement une double origine, soit les Universites, sait les

zc oke s d t Ingenteur-s ,

Pour les univorsitnircs, il sera n~cessaire qu'ils soient titulaires

dYune Maitrise (au du dip18me equivalent) dans les specialites de La Gcologie~

de La Physique au des Mathematiques.
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Les diplomes des Ecoles dflngenieurs doivent etre equivalents/au mini

mum)8. lao Ma1trise et concerner part acul.Ler-ement, Lt nyd raul.Lque et Lc Genie Civil.

2.2.2.2.- Techniciens Sup~rieurs :

lIs doivent servir diintermediaires entre les Techniciens et les Hy

drologues en d echar-geant c e s der-rier-e c tun certains nombre de taches concernant'

notanunent I?execution des t.r-avaux ,

Cette cat.egora e de personnel est genera.Lement teu r-epr-eaerrt.ee mais

devrait permettre de mieux eut.vre et r'endr-e plus efficaces les t.r-avaux e rrect.ucs

ainsi que Le depoui.Ll.ement, des donnees recueillies.

NallS pensons quiil serait utile de pr€voir Ifacoession du personnel

Technicien hautement qualifie a cote des diplomes.

Pour ce s dernier-s , i1 serait neces sat r-e qut LLs soient titulaires d \.1...:1

D.U.E~S en Geolo~je PhYiique) Mec~nicue de~ Fluid~s (l~r ~ycle Universita~re)

ou cte de\l~ C.~.S relatifs a la Physioue et aux Sciences de la Terre j pour leE

Ecales, les dip16mes d'2coles dVIngenieurs Genie Civil ne donnant pas liequiva

lence de la Maitrise pourraient etre adrnis.

Pour les techniciens qualifies on pourrait exiger 5 annees diexperitlCL

professionnelle dans le domaine de liHydrometrie.

Quoiquiil en soit, il est necessaire de prevoir un exarnen d 1ent r ee ~~u

pourrait etre diversifie suivant les differentes origines de candidats.

2.2.3 ~ ~tion

2.2.3.1 - Hydrologues :

Nous prevoyons une formation theorique et une formation pratique. La

formation theorique serait :

- l.U1e annee universitaire pour les dipl8m~s des Ecc.Le s d t Lngerd.eur-a

(trois annees de scolarite).

- deux ann~es universitaires pour les titulaires de Maitrise ou les

diplornes des Ecoles dispensant 2 annees dienseignement (dans ce .~~

la premiere annee sera reservee a la preparation des candidats en

matiere d'Hydrologie Generale).

La fo~tion pratique consisterait en un stage obligatoire diune annce

dans un service hydr~ etranger bien structure et serait sanctionnee par un

rapport de stage.
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II est utile que ce stage se passe dans un pays eta-anger- au candri.dat

pour maintenir psychojogj.quenu nt et pr-at.Lquere nt celui-ci dans un cadre de

formation et evt t er- IVaspecV'installation"qui revet t res souverrt Le retour du

diplome a son pays.

11 est egalement necessaire d'inclure ioi Ie recyclage periodique de~

diplomes pour maintenir et ameliorer leurs connaissances et leur experience~

ncus prevoyons pour aeia deux mois tous les trois ansa

2.2.3.2 - Technicians Superieurs :

La formation theorique comporterait une annee universitaire avec de9

travaux pratiques de laborn.toire .. II ser-a ega.lemerrt neceesetr-e de pr-evoi r une

formation pratique de 5 mois effectifs sur Ie terrain a l'etranger sanctionne

par un rapport de stage.

11 faudrait prevair un stage de recyclage de 2 mois tous les trois

ans ,

2.2.4 - Dip18mes et Debouches :

Le8 Etats ayant presente des candidats devront s'engager ales ac

cueillir dans leur administration a la sortie de l'Institut.

Les diplomes seront delivres A la fin du cycle d 'etudes ~eoriques..

les rapports de stage seront en meme temps que la condition necessaire pour

tout recrutement, a. verser pour un avancement dans Le grade.

2.2.4.1 - Hytirologues :
DYapres notre exp£rience tunisienne nous pouvons suggerer que Ie di

plome de l'Institut donne acces au cadre des Ingenieurs Principaux ou a un

cadre equivalent de La J'acon euf.vnnt.e ,

Les anciens eleves des granrles Ecolcs beneficieront des ~vantages de

leurs titres, le dipl8me obtenu donnerait l'equivalence de In titularisation et

Ie stage pratique permettrait un avancement special.

Les Universitaires pourrai0nt etre nommes Ingenieurs-Principaux apres

l'obtention de leur diplome et titularises apres Ie stage pratique.

2.2.4.2 - Technicians Superieurs :

Le diplome de Lt Inet.Lt.ut. donnerait Le grade d t Ingtn Leur- des I'ravaux ,

Los candidats dejA diplom€s d vEcoles acoeder-atent a une t.Lt.ukar-isnt.Lon

ilJlll€diat e.

Le stage pratique pe rmct.t.z-aLt. de leur donnc r un avancement. pour Les

aut res categories, oe sera 101. t.Lt.ujar-i eat.Lon,
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CONCLUSION-------
Des efforts considerables ant ete effectu€s en Tunisie dans Ie do

maine de La fornn tion des cadres moyens et super-Leurs en Hydrologic.

Quand les str~ctures de l~enseignGment du pays Ie permettent, ou

quand on trouve aisement a l~etranger lienseignement nEcess~ire, In fcrmation

peut 5e realiser asscz aisement, malgre los difficultes que l~on rencontre

souvent pour liintegration et La promotion des diplomes •

En Hydrologie de surface, par cont.re , une gr?ve Lacuna subaist e , no

tamnent pour ce qui concerne 1es profossionnelso Ciest lA un obstacle majeur

que nous proposons de franchir ~~r In criation ji un lnstitut Regional de

.for-mat.Lon en matiere d ~Hydrologie pour les paye Francophones cet.t.e initiative

pourrait peut.-Dt.r-e Int.erease r egaLemont Les pays Ang-lophones.

Lt adde de lYlJNESCO est hcut ement, souhnLt.abj.e , et IVlnstitut devr-ai t ,

a notre avis, St.r-e -u.s sur pied par cet. or-gani sme avec L' a.i.de et 1:1 collabora

tion des pays tnt er-es sesv-
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PROGRAMHE U";;:; COURS J>T Dili EXAHENS
------------~--------~-~-~--_ .._-~

Le s l§levGs suivent, 5 annees d ~ ensei gnemerrt dont 18. d cr-nl.e re, qui no us in

teresse ici, est sanctionnee ~~r un examcn pcrmettant liobtcntion du diplome

dtAgent Technique. Nous donnans ci-apres les programmes des Cours ct des Exnm~ns

concernant La formation dee Agent.s Techniques en Hydrologic de surf'ace ; Lcs meme::; pro-

grammes Leger-emerrt ronem.es noua ont permis de: sortir des Agents Techniques en

Hydrogeologie.

2 + Hydr- ulique App.l i.quec 3

2 + Arne nagement s hydrauliques 2

2 + Climatologie 4

4 + Hydromet rie J,

5 + Hydrogco'Logic 2

1 + Legislation : 1---
TOTAL 32 H.

Physique

1 - Progr2mme dcs.~~~~~ - (en heures ~~r sem~ine)

+ Ar-abe

+ Fran<1ai s

+ Droit

+ Metre

+ Topographie

+ Education

2 - Examene

Ecrit T.P. Oral

+ Arabe 3H Coef. 2 H6tre 3H Coef. 1 Lfgislation Coef.l

+ Fr-anqa.i a 3H CaLf. 2 C'li.raat.ol.ogl.e 4H Coef. 2 Pratique

+ Droit 2H Coef. 1 Hydr-ome t.r-Lc 4H Coef. 2 Service, Cocf.l

+ Climatologie 3H Coer. 2 Topographic: 4H Coer. 3 Climato. Coef.!

+ Hydromet rie 3H COQf. 3 Educat. phys , : 1 Hydr-omet.r'Le Coer.l

+ Hydrogeologie 2H Coef. 1

+ Amcnage:nent

Hydraulique 2H Coef. 1
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ANNEXE 2

PHOGtlhMME DJlS COUl:~ lCT DJ0 ,,;XMIENo

Les eleves suivent six ann&8s dV~nseign~m~ntJ dont In derniere que nous prc

sentons c L-apr-es est sonct.tonnce par un cxamen P(~ r-mct, t.nnt L! obtention du di.pl.Sme

de Tcchnfc i.en , Nous donnons ct-deesous 105 progr-ammes dc s cours et dca examens

concernant, la .rormct.Lcn en Hydr-ogCoLog.i c j Lcs !;l3r.les pr-oqr-imnc s Leger-crnent. modifiEs

ont peMnis 18 formation de Techniciens en Hyclrologi~ de surface.

1 - Programme des_~ 

+ Philosophic;

+ Mathenk~tiqu~s

(en hcures pc r scmaf.ne )

2 - Hydrogeologic

5 - Tcchniqu~ de sandage

4

1

~ Org~nis~tion de chantier: 1

+ Hyd r-eu.Li.quc Ct:nf-ro;lc

et Genie Civil

+ Metre

+ Geologie

+ Topogrc:.phie

+ Dessin Technique

Cartographie

2

2

2

3

3

- Hydrologic G0nerale

Agronoeue

- Legislation

- Education Physique

1

1

1

: 1

TOTAL: 29 li ,

Travaux Pratigues

3H Coef. 2 + Hetre 3H Coef. 1

3H Coef. 2 + Leve Topa. 3H Coef. 1

3H Coef. 2 + Dessin Technique

Car-t.ographf c 3H Coef. 1

4H Coef. 4 + Hydrogeologie 3H Covf' , 2+ Hydrogeologie

2 - Examens

Ecrit

+ Philosophie

+ Hat.hemat.Lque s

+ Hytiraulique Generale:

et Genie Civil

Co.:.:f. 2

COoJi' .. 1

Co.:;i' .. 1

Oral

+ Hydrogeologie

+ Hydrologie Gln~r~le

+ geol ogi e

+ Hydraulique Gen~r~lG

Agrono~e COGf. 1

+ Lcg.ls Lnt.Lon et reg10-

:nentation COt.:f .. 1

+ Organi sat.xcn dE; Co,~:f. 1

chcnt i er-



GROUNDWATeR IN THE SOMALI DEMOCRATIC REPUBLIC

by A. Popov, A. L. Iidwai and Said A. Karani

The Somali Democratic Re pu bk I c occupies a S1 z abl e area in north-eastern Africa,
known as the "Horn of Africa". It lies along the GUlf of Aden in the north and the
Indian Ocean in the east. In the south it is bounded by Kenya and in the ve s t by
vt nt or-t a , Tr.e country is elongated in shape with an area of about 640,000 s q , km, It
possesses 3,200 km of coastline, the longest in the African continent.

Hypsometrically the country is a part of the eastern slope of the Ethiopian
mountainous area 'Which descends towards the Indian Ocean. Based on the character of the
surface, the degree of' its dissection and the prevailing altitudes it is possible to
establish three main morphological units - i.~. (a) plains: th~s~ occur as a narro~

strip in the north but Incr-ease in width in the south-west along the Indian Ocean;
(b) inland plateau: it occupies the major part of' t he country wi t h a gradual increase
of elevation Pr-om east towards west from south towards north; (c) mountainous z.one in
th~ north with an asymmetrical structure. The mountains slope gently in the south and
steeply in the north.

Hydrography mainly consists of two permanent rivers - the Gi u ba end t t.e
Scebelli _ which rise from the Ethiopian highland and drain into the Indian Ocean after
traversing the southern part of th~ country_ The r~maining part of the country is
devoid of any important permanent surface-water supplies. There are a few seasonal,
short-lived streams which contain water for only a few days just after the rains.
Surface reservoirs are few and are far scattered; they contain rainwater for a few d aye
to three to four months. In the north-east of the country there is a small streaw in the
upper reaches of the Nogal Valley which is fed by groundwater.

Air 111asS~S of equatorial monsoon leave all their moisture on the ve s t er-n slope
of Ethiopia and descend over the Somalian plateau as dry, hot winds, North-eastern
trade winds from Asia ajs o carry hot, dry air. Humid winds blowing frorr' the Indian
Ocean are usually parallel to the shore line and do not contri bute to the moistening of
the inland areas. Average annual rainfall for most of the cou~try is 200-300 mm, but
along th~ Gulf of Aden coast in the north, the annual precipitation is less than IOC mm.
However, in the south-west~rn part of the country, annual rainfall exceeds 500 m~. No
data are available r-ec ar-d i n q evaporation. but there is no doubt that it is much I""'ore than
the annual rainfall taking into account high tewperature and dry vinds of high velocity.

The folloving geological rock formations are met with in Somalia.

( a)
A br-i ef

Pre-Cambrianj
deseri pti on of

( b)
each

Jurassic; (c) cretaceous; (d) tertiary
of the formations met within the country

and (e) quaternary.
is given below.

Pre-Cambrian rods outcrop in the north as well as in the south (Bur area) of
the country. They are represented by massive igneous and metamorphic rocks. Jurassic
and cretaceous rocks occupy relatively small areas in the north but are ve L'l developed
in the area lying between the Scebelli and Giuba rivers. They are con-posed of Li me s t one ,
sandstone and marls with thick layers of gypsum and anhydrite with subordinate inter
layers of clays. Tertiary sediments cover the rest of the territory and mainly consist
of s ha'l Low water and lagoonal Facies (coral and detrital limestone, sandstone, marl and
bands of sandy clays, gypsum and anhydrate). Quaternary sediments ar~ represented by
fragmental formations of temporary streams, eolian sands which forM large dune s OJ'! the
~~a~t of the Indian Ocean and alluvial sandy clays sediment yhich are well d~velored in
t t-e s outh-wes t er-n part of the country.
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Gt-oun dwat e r- in Soma'I i a ac qu i r-es top priority because the major part of the
C0untry depends on it solely. The study of grrnlndwater has been neglected in the past.
Some data concerning groundwater of the northern province of the country can be found in
the reports of Macfadyen (1951) and Hunt (1944-50). D~ta concerning groundwater of some
rortions of the western ?rovin~e~ are given in the reports of r-arfitzen an~ Kinzy (1950)j
IJsoni and Parisini (1951). These data are related to agricultural projects in Somalia.
A report by T. I", Ahrens (1951) titled llA Reconnaissance Gr-oun dva.t e r' Survey of Somalia.
:ast Africa", divides the terri tory of Somali ... into 12 maf n groundwater provinces based
on stratigraphical units. G. ~i1son (1958), who carried out a hydrogeological survey
in Somalia for about two years, pointed out potential sources of groundwater and recom
mended their future development. He a190 suggested that a codified vater-resources law
should be worked out. A detailed description of the vat er- resources of the sce te t t t is
given in the report of Faillace (1964), and the final report of FAO, ~hich deals with
groundwater between Scebelli and Giuba. A brief outline of climatic conditions and
~roundwaters of Somalia vas given by Robert E. Dijon (1967). He has drawn up a clear
programme for the study of development and utilization of groundwater resources. His
recommendations served as a basis for the hydrogeological irvestiqation~ sti?ulated in
the Plan of Operation of t he Mineral and Groundwater Survey Pr-o j e c t (Phase II). During
1970-71, the project carried out hydrogeological investigations of the whole country;
visited 2,000 water points and collected 800 water samples for chemical analysis. The
work r-esut r ec in the compilation of the Pi r-s t hydrogeological map in the history of the
country, on a scale: 1:2,000,000. A mere detailed hydrogeological map on a scale
1:1,000,000 is being compiled.

On the basis of the investigations carried out the country has been divided
into 13 hydrogeological units. A brief description of each of the hydro9~ological units
is given below.

1. Coastal zone of the Gulf of Aden is ch ar-ac t e r-t ze d by the deve l oprren t of a
narrow strip of coarse-grained deluvial-preluvial fans and sediments of young ~arine

t er-r-ence s , The deluvi a Ie-pr-e Lu vi a I sedi ments are water- be ar-i n q at the mouth of some of
the valleys. Water usually occurs between 10-15 m, its mineralization being 1.5-2.5 gil.
Marine sediments contain water at 3-8 m depth with mineralization ranging bet .....een 3.5 giL

2. Sloping plains occur in the north-west of the country and are compoged of
deluvial-preluvial sediments which are water-bearing at depths of 30-50 m. Mineralization
of water ranges from 1-5 - 2.5 9/1. At places it is more rr i ne r aLi zed , El ev a t ed hills
composed of basalt rocks are practically waterless.

3. t·lountainous zone stretches as a wide strip parallel to t he GUlf of Aden coast
all along the northern portion of the country. Here Occur rocks of different age and
composition from pre-Cambrian to recent. Recent Looe e sediments fill in numerous
valleys and are wat e rc-be ar-i nc in the middle part of t t.e valleys. '...'e t e r- occurs here at
de pr ns 1-3 m and its miner-al i za r i on is O.B to 2,-' '1,'l. "as s t F host rocks ar-e poor
aqu i f'e r-s , but often yield groundwater in sufficient qu an t i t y for practical i n t e r-es r in
t ce areas of -naj or- tectonic faults. This water is f r-es h cd t h mineralization ranging from
1-2 gil,

4. Darror depression represents a graban composed of Miocene and Oligocene
s ed i ment s , The sediments are water-bearing from depths of 15-40 m and with r-i n e r-aLi z
ati on ranging between 3-5 g/l.

5. Nogal depression and Taleh plateau occupy a considerable area an~ are fille~

with Taleh formation (lo",er and mi1dle Eocene) which is represented by dololTlites, silt-
s on t e s and clays wi th thick bands of gypsum and an hyd r i teo Groundwater is mai n Ly of
the karst type. Its mineralization is 3.5-5.5 gil and higr.er.
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e , High plateau - The north and west of the country is characterized by the
develor~ent of preluvial ~ediments of Auradu for~ations (lower Eocene-Pliocene and
c r e tace ou s rocks). Water occur-s at depths of from 50-60 to InO-ISO m, Mineralization
ranges between 1.5-2.5 ~/1.

The rLl1d~ platea'J. is situated at the cen t r-c of tne c o rn t r-y and is c ompo s ed of
c on t i nen t a'l and near-shore s ed i nen t a of the Miocene age. I'he J'or-ma t i on has numerous
Len s e s of groundwater wh'i c h occur at depths of 1-3 m an.t ;)5-30 m with mineralization of

2.5-4.5 giL, Deeper horizons (50-60 m) contain water wit!", rus 2-3.5 g/1.

R. The Indian Ocean coastal zone - this zone is characterized by shallow (1-3 n )
waters whi ch occur in eolian and coastal -nar-i n e s ed i men t s , Tr.e mi n e r-e Li za t i on bearing
0.8-2.5 g/l. There are nune r ou s s maLj ·...a t er- springs in the north-east of t t.e c oun t r-y
~et~~en the Cape ?uarderfui and t~e city of Cil. They 1rive water from Oligocene
sediments.

c Benadir area occupies t he eastern part i'1 t he s ou t be r-n portion of tv"'" c oun t r-y

a'~i is ch ar-ac t e r i z ed 1:::," "t ocene s e d i rnen t s (Clays, s and s , s an d s t one s ani t i e e s r cne s }:
t rey are water-bearing from fresh to saline with TDS c on cen t r-a t i on r an q i nq f r-o-' 2.5-Ll.5
9, /1 •

]0. H:iran and TJpe-er niuha is characterized by t he d eve l opnen t of Jurassic and
cr-e t aceou s s ed i r-en t s wf.i ch are c on pos ed of marl, clays, limestone with i n t e r-Laye r-s and
~ands of gypsum. There are numerous lenses of groundwater at deptrs 01 1-1 m and
15-13 m. The mineralization of groundwater is varia~le, TD3 values range fro~ 1-2 and
4-5 giL The water-bearing properties of deeper wa t e r-c be ar-i n q hori z on s have not been
studied as yet.

11. 'Lower Giuba is situated in the south of the country. This area is character-
ized by the development of recent alluvial sediments of sandy clay composition, They
are underlain by coastal marine sediments of Pliocene-Miocene age. The ~ater is saline
to a depth of 50-AO m with TDS concentration as high as 30-35 gil. At places wa t e r-
i '3 enc oun t e r-ed at de p t hs of 120-140 n vi th mi ne r-a l i. z at i on r an q i ng fro"! 2.5-5 g/I,

12. Bur reaion is situated in the i n t er-r l uvi aj area of the Gi u ba and Sce be j l i
rivers and is composed of crystalline pre-Cambrian rocks. Highly ru ne r-e Li zed ve t e r
(TDS u p to 30-60 9/1) oc cu r-s in the zone of weathering, along fissures and tectonic
Fau Lt s , Gr-oun dwa t e r- Len s e s (TDS O.R-4.: gil) ar-e contained in the loose, recent s edi -,
ments of teM?Orary streams present in the area.

13. Valley of the Giuba and Scebelli is composed of recent sandy alluvium which
contain groundwater and this water is connected with river water. Alluvial sediments
contain water at depths varying from 3-8 m and the mineralization in the majority of
cages ranges between 1.5-4.5 g/l.

14. Hot springs - There are some hot springs in the north of the country.
them are of low temperature (40

0
- 64

oC)
and low ~ineralization (1,000 to 4,000

The discharge of the sp~ings ranges from 0.15 to 8.5 l/sec.

Most of
ppm),




