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ABSTRACT

Water is a fundanmental element in the econom c and soci al devel op-

nment of any country.

A survey of surface water devel opnent in the Upper Benue Basin is
made here in and availability of necessary data for water resources

devel opnent di scussed.

A set of average nmonthly Tenperature and Rainfall data have been
used to estimate nonthly streanfl ow val ues at three gaugi ng stations by
t he Book keepi ng technique of the dinatic VJater Budget analysis. After
afewtrials, each time using a set of values for \Jater Hol di ng Capacity
of soils and other factors of the Budget analysis, nonthly streanfl ow
val ues were arrived at which conpare favourably with correspondi ng

observed (neasured) strcanflows at the gauging stations.

Anot her set of Tenperature and rainfall data is then used in
conjuction with the final set of values of \Jater Hol ding capacity and
other factors like overland runoff (Orect Runoff) and channel conveyance
coefficients to estimate nonthly Runoff for three consecutive years

at one of the gauging stations.

The result of this exercise shows that the dimatic Vater Budget
nmet hod can be reliably applied to the various sub-basins of the Benue

R ver to estimate streanflows fromrai nfall data.
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CHAPTER I

.THE UPPER BEIUE RIVIR BASIN AND THE RIVER B8ASIN DEVELOPMENT AUTHORITY

1.1 THERO2DVERTON &

Water second only to air is a very essential requirement
for the existence of any living thing on earth whether plant or
animal, micro or macro in nature. In fact the further the advance-
ment in technology the more is the necessity for water as a component
of development realised in all aspects of national development. It
can be said that water is one of the important fundamental natural

resources laraely determining the economic potential of any nation.

The need to harness efficiently the water resources of a
country thereforc, cannot be over-emphasisced. However, liigeria like
any other developing country lacks grossly, the technology to manage
its water rcsources. To identify such potentials water data have
to be available adecuately. GStream flow data if adequate would
have saved the sitnation, unfortunately even rainfall data is for
from being adecuate both in terms of coverage and continuity and

or reliability.

Moreover, even where some rainfall data is available it
often proves difficult if not impossible teo utilise it for computa-

tion of stream flows mostly due to non-availability of other data on



relevant variables in the formulae necessary for the computations.

The aim of this project includes demonstrating the applica-
bility of a simple method of stream flow computation from rainfall
data. This method 'mown as "climatic water budget" requires the
following paramelers to compute a stream flow from a water shed

using rainfTall data:-

i) Hean monthly or daily air temperature
ii) lican monthly or daily rainfall
iii)d Yater holding capacity of the soils in the area under
consideration.

To estimate runoff from rainfall the Penman Method would
require wind Speed, Wet and dry bulb temperatures and sunshine
duration/cloudinesns data in addition to the information on temper-

ature, rainfall and water holding capacity cnumerated above.

While the first two parameters can easily be measured, the
third can be estimated reasonably using existing rainfall data and
corresponding stream flow data relevant to the water shed being

considered as illustrated in Chapter 1V.

Average monthly temperature for five stations and average

monthly rainfall for 26 stations all relevant to the Gongola basin



have been providecd by Knabe and Kowal (1972). Long term values
were not available for this thesis. Average monthly stream flows
for 4 stations sprcad evenly over the basin are also available.
Using the three sets of data above, soil holding capacities of the
areas covered by cach of the 26 rain gauge stations have been

estimated.

Using the fina)l estimated soil holding capacities and
another set of temperature and rainfall records, monthly stream flow
at one of the stations have been computed for 3 years and the
computed stream flow values compared with the corresponding

measured discharge values.

1.2 CREATION OF RIVER BASIN AUTHURITIUNG S

In consideration of the importance of water Resources, the
then Military Govirnment of Nigeria established eleven River iasin
Development Authorities in 1976. The Authorities' various areas
of jurisdictions were formulated on the concept of River Basins as
development units which was conceived as carly as 1970 as a result

of studies financed by the Federal Ministry of Water Resources.

Bach Basin Authority is to carry out a number of functions
spelt out in section 2 sub-section (I) of decree lo. 25 of 1970
and modified in section 4 of decree lo. B7 of 28th September,

1979 and Act llo. 7 of 1st October, 1981 as enumerated below:-
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, _I(,a)

(k)

: *.; ()

()

(e}

(£)

(g)

purpose use .

_wo undertake comprehensive development of both -

surface and underground water resources for multi-

To uncdertake Schemes for the control of floods and

crosion, and for water shed management including

afforestaticon,

To congtruct and maintain dams, dikes, polders, wells,
borcheoles, irrigation and drainage systems and other

worlis necessary for the achievement of the Authority's

function under this section.

To pfoﬁide Qa£ef from rééourcés aﬁd 1é£eénﬁﬁdék the
control of the futhority for Irrigation purposes to
foarmors and recoghised associntions as well as for
urban water supply schemes for a fee to bo determined

I»y the Autheority concerned, with the approval of the

Ministere

The control of pellution in rivers, lakes, lagoons
in the Authority's areas in accordance with nationally

laid down standards.

To roscttle porsons affected by the - works and schemes
specified in this section or under special resettlo-
ment schemes.

To develop fisheries and improve navigation on the
rivers, lakes, reservoirs, lagoons and creeks in the

Authority's area.



(h)

(i)

(3

(k)

To undertake the mechanised clearing and cultiva-
tion of land for the production of crops and live-
stocl: and for forestry in areas both inside and
outzide Irrigation Projects for a fee to be determined
bv the Authority concerned with the approval of the

Minister.

To undertake the large-scale multiplication of
improved seeds, livestock and tree seedlings for

distribution to farmers and for afforestation schemese

To process crons, livestock products and fish
produced by farmers in the Autherity's area in

partnership with State fgencies and any other person.

To assist the State and Local Governments in the
inmplementation of the feollowing rural development work

in the Authority's area:-

i) The construction of snall dams, wells and
boreholes for rural water supply schemes and
of feeder-roads for the evacuation of farm

produce.

ii) The provision of power for rural electrifi-
cation schemes from suitable Irrigation dams
and other types of power stations under the

control of the Authority concerned.

iii) The establishmen: of agro-service centres.



iv) The establishment of grazing reserves and

v) The training of staff for the running and
maintenance of rural development schemes and
for general extension of work at the villaqe

level.

1.2.2 Surmary :

The functions of the Basin Development Authorities is an over-
all development and optimization of the land and water resources
potentials of the whole country. The iachinery for the over-all
development of water resources has therefore, been set with the
creation of the llasin Authorities. 'hat remains is to monitor and
control it so ithat the development will be realised effectively

and efficiéntly-

One of the eleven Basin Authoritics is the Upper Benue River
Basin Development Authority, the area of jurisdiction of which is the
area drained Iy the River Benue and all its tributaries lying within

Bauchi and GCongola States.

1:3 AREA UIDER STUDY:

1.3.1 Location:

The Upper Benue Basin is the area drained by the upper
reaches of the lenue River and its tributaries lying in Bauchi and
Gongola States bounded by Latitude 6° 03 N, to the south and Longi-

'
tude 9° 30 E, to the VWest and the International Boundary with



Cameroun Renublic to the east (see Pig. 1.3.1).

The description of the area of jurisdiction of the Upper
Benue River Dasin Development Authority is "the area drained by
the Benmue River and its tributaries from the International
Boundary with Remublic of Cameroun down to and including the
Pal River Basin on the Northern Bank and Donga River Basin on
the Southern Bank". This tallies with the description of the area

under stud-.

1.3.2 Draincge:

The arca under study is traversed by the Benue River from
whicﬁ the Basin derives its name. It is the main river draining
the area and it has four major tributaries, three on the southern
bank and onc on the northern bank. Three of the four tributaries
lie within the study area i.e. Riv-rs Donga and Taraba on the

sourthern ban': and River Gongola on the neorthern bank.

The Denue River has rumberous smaller tributaries which
include Rivers Pai and Kilange on thie northern bank and Rivers
Mayo Belwa, liayo Ine and Lamurde on the southern bank to name some

of those lving in the study areca.

Most of the Rivers mentione! which also lie in the
study arca have some literature moestly written by Consultants
commissioncd to undertake Agricultural and other water

Resources pre-icasibility and or fcasibility studies.

Schemcltic representation of mcan annual discharge of

the Benue Dosin is given at Fig. 31.3.2. A brief description
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10

of some of the major and smaller tributaries is reviewed here
under which will reflect their develooment potentials when their

hvdrology is considered later.

1633 The Demie Basing

River Benue originates on the Cameroun Highlands
flowing in the westerly direction, in the Cameroun republic, for
about 140 kilometers and intersects the licerjia-Cameroun boundary
upstream of Rasin llausas It then flows in the south-westerly
direction for about three-quarters of its total length to join
the River Miger at Lokojae. The liger inturn flows southwards
to drain into the atlantic Ocean in deltaic formes The total
catchment area of the Benue River within the Nigerian territory
is about 200,000 smquare-kilometers, three-quarters of which lies
within arca of study estimated at 150,000 square kilometers.

Roughly two-thirds of the study area lies in Gongola .tate.

At the high point in the Benue Basin on the Cameroun High-
land, the elevation is about 600 meters. The elevation at the
confluences with CGongola River at Numan and with the Higer
River at Lokoja are roughly 145 m and 120 meters respeclively

above mean sca level (AameSels)e

River BDenue traverses Turunian Cretaceous terrain mainly
formed by arkosic sandstone of the Bima - vola formation from
the Cameroun horder downstream to Yola., Alluvium of Sandy
composition lines both margines of the river forming almost a
continuous stripe Below the sandstones lics the Pre-Cambrian

undifferentiated basement complex. Cretaccous sandstone seems
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Table 1.3.2 Mean aAnnual Runoff from
The Upper Benue BRasin

S/No. Gaugfng station/catchment | Mean Anngal Runott
(%x106m™)
1 [ (a) Renue at Ccameroun/Nigeria
| boarder 22,000
(b) Benue at Lau 31,500
(¢) penue at Ibbi 61,500
2a Kilanage 500
3. Gongola 6,156
4. Mayo-Ine 14520
5 Mayo=pelwa 500
6. Donga 18,400
7e Taraba 14,800
EBIBHBBSBL’---BIBﬁ;u::::-:--":---ﬂnt.—.‘.:.'|=:===I:z::==--'-lﬁu_.:’l‘lﬂz"‘-=-Il-
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to fill a great arca and is extensively covered by recent river
sands forming the Upper Benue Plane that extends to the east in
the direction of the Cameroun border. sSmall rhyolitic and basal-

tie volcanoecs of post-Cretaceous age occur nesr the Ribadu and

Wuro=Bokki arecas {HIDROSERVICE, 1982).

Downstream of Yola the Benue has the characteristics of
a low-land River with many sand banks crossing through alluvial

beds most of its remaining lencth.

1e3e4 The Gongola Basin:

The Gongola Niver originates on the Jos Plateau.s It is the
largest Benue Trihutary on the Northern Bank and it is roughly
500 kilometers long. It flows in a North-Easterly direction from
its source for about 330 kilometers and then bends to the south to
joint the River Benue at Numan. The total catchment area of
Gongola Rivir is approximately 54,000 square kilometers (SHAWHOIT
1972) which forms about 26% of total catchment area of the Benue

Basine

At the high point in the Gongola Plasin on the Jos
Plateau, the elevation is 1,300 meters and the elevation at the
confluence with the Denue is about 145 meters. The Gongola
River, after leaving the foot hills of the Jos Plateau, runs

over a lower Platcau (DAUCIT PLATCAN).

Downsixrcam of Ashaka, which is roughly located at the elbow

where the River turns, it has the character of a low-land
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River with many sand banks and few rock nutecrops in the river

bed itself. In the stretch from aAshaka to Dadin Kowa, the
reservoir arca oi Dadin Kowa Dam, which is now under construction,
the River has cut into an older fiood plain of a considerable
size. The Rivcr valley cross-section in‘this area consists of a

series of terrnces and is far less nhilly than the area downstream

of Dadin Kowa.

The Bima 11ills dominate the area around Dadin Kowa with
the peak of the !!ills rising about 600 meters above the Geongola

River planc, 5 lkilometers upstream of .«din Kowa (SHAWMOUT, 1974).

1:.3:5 The Iilange Basin:

The 123 1anvie River is one of the smaller Northern bank
tributarics of the Benue River. It originates around the liadura
Mountains noar lubi and flows southwards to join the Benue River

at VWuro Doldii.

The Kilance is about 140 kilometers long and has a
total catchment area of about 5,480 kmz, comparatively vervy
small. The Kilange River Basin lies within the basement

complex of Pre-Cambrian granites and mimmatites.

1.3.6 The Donga Basin:

The Donca [liver, one of the three major southern bank
tributaries of the Benue originates on the Mambilla Plateau and
flows fairly cteenly for about 40km after which the slope

decreasn:s to about 0.1% for another 15 kilometers. The Niver



then, plunges dovm the escarpment falling 950 meters over a

distance of 90Iim i.e. at an average slope of 1.0 percent.

Further dewnstream the slope reduces and gradually
flattens and the River meanders in an alluvial bed at a slope
of 0.03% from Donga town to jein the Benue River near the
village of Jibu. Donga River is about 400 kilometers long and
has a catciment area of about 17,000 square kilometers. At
the source of the Donga River on the Mambilla Plateau, the
elevation is about 1,750 meterg and the elevation at Abong, 139
kilometers from the source, is 240 meters. The elevation at the

confluence with the Benue is about 130 meters.

b e P The Taraba Basin:

The Taraba River, like the Donaa River originates on the
Mambilla Platcaou., It flows from the Plateau down the escarpnent
in the north—westerly direction. The slope of the River bed
reduces and flattens as the Taraba River approaches River [Benue,
River Taraba joins the Bemue at Garin bDali. The Taraba hus

similar features to that of Donga River,

The elevation at the source of the Taraba is about
658 meters above nean sea level and the elevation at the
confluence with the Benue is about 135m. The Taraba is 230
kilometers long and has a catchment arca of about 34,000

square kilometers.



16

1.3.8 The lHayo Ine Basin:

Mayo Inc Dlliver is one of the minor southern bank tribu-
taries of the Denue, It originates from around the foot hills
of Shebghi lMountains and flows in northerly direction in a
deeply inclsed channel. North of Dulumi the topooraphy becomes
undulating and the character of the River changes as it passes
through an arca of relatively wide and complex flood plain which
extends to ilts confluence with the Benue 40 kilometers long and has
a catchnment arca of about 5,500 square kilometers bounded by
mountains and hills to the south and east. The lower portion of
the Mavo Ine Tasin lies on the Bima sandstonej a Cretaceous rock

deposited over the basement complexa

1.3.9 Summary:

All the major southern bank tributaries of the Benue
River arise from the Mambilla hiah lands and the Benue itgelf
arises from hills in the Cameroun Renublic. The Gongola River
which is the only major northern bank tributary and the lonocst
tributary of the Benue originates from the Jos Plateau. All the
tributaries originate from highlands and flow steeply over
escarpments and then assume characteristics of low=land Rivers

as they flow downstream to their respective confluences.

1.4 METEONOLOGY ¢

1.4:1 Clinnte:
The arca to the northern bank of the Benue River is

characterised by a tropical sub-humid and thorn wood land
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vegetation according to Holdridges classification of world's

life zones as reported by HIDROSERVICE (1952). The vegetation of the
area to the gsouthorn bank is mainly of the savanna type lving
between Sudan savaina to the North and the Tropical rainforests

of the south.

The overall climatic characteristics of the Benue Basin,
like the rest of the country, is determined by the Equatorial
maritime and Tropical Continental air masses. The boundary
between these two lnown as the Intertrorical Discontiruity (1TD)
moves across the country with the chanue of seasons general ly on

the North/south dircction.

During the period from December to February the 17D is
situated over the Southern parts of the country and Nerth=tasterly
dry winds occur throuchout the Northern parts of the country
often carrying very fine dust giving rise to the Harmattan Weather.
The Harmattan is characterised by great temperature fluctuationse
During the night imes temperatures fall as low as 10°C and at day

times, temperaturcs rise up to 40°c. The Harmattan is dry and hazv.

The ITD, on rcceding Northward the Squatorial Maritime air
masses move in and bring about the rains generallv under south-

westerly windse.

1.4.2 Rainfall:

The mean annual rainfall ranges from 765mn in the !lorth
of study arca with a distinct isolated arca of higher rainfall

around the ladura Hountains near Mubi to rainfalls of over 2,000mn
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annually ncar Gembu on the Mambilla Platcau (lee Fige 1.4.2).

The rainy scason generally starts in March, peaks in
August and ends in October. Drought spells occur quite often in
the study area North of the Benue River either due to delayed
rains at the beginning of the season or lack of enough rains in the
months of July oand iAugusts Vhen such incidences occur crop
yields arc very small, and in the far llorth, sometimes zero, a
very rare situation south of the Benue River. The Donga Hasin for
instance, has congidierable potential for rainfed Agriculutral

Development (IRT, 1278).
1.4.3. Rain Gauge Network:

Rain gauge is perhaps the most common of all the llydro-
meteorological meosuring Instruments, sccond only to Thermometer,
in the country. Though so, the distribution of rain gauges is
very sparscs lloreover, the maintenance of the gauges is very
poor and the records they yield un-reliable. PFP. (1982) report
that there were no meteorological stations or rain gauves sited
within the Kilange Basine. The Consultants had to use records from
stations as far apart as Yola and Mubi which they believe were
indicative of rainfall patterns in the low irrigable and the hiah
hilly areas respectively. In the Donga lasin, MRT, (1978) have
also reported thalt there were only nine rain gauge stations
relevant toc the Donga catchment and only four of these were
functional. Out of the nine stations also, only four were riaht

in the catciment area. The distribution of rain gauges in the
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catchment (all rcloevant gauges) was one gange in every 2,700
square kilometers. Compared to the minimum acceptable distri-
bution by the VWorld ileteorological Oroanization (1974) of 100-
25km2 to one gauqe or 250-1,000km2 to one gauge for difficult

areas, the percenta e distribution is 11 to 45% only.

By 1974, only 11 functioning rain-gauge stations existed in the
whole of Gongola catchment area of 54,000km2 gilving a distribution
of about 5,000km> to a gauging station. This distribution is also
very poor in fact worse than that of longa catchment area mentioned
above. ilean monthly records summarised by SHAWHOHT (1972} exist for
Bauchi, 1906 - 1972 and for Biu, 1940 - 1972 also are available.
Shorter records exist for Gombe and Tafuwa-Balewa also. All the
stations exhibit nissing records during the period 1966 - 1972

perhaps due to the unrest in the country during the period.

Other records, Damafura, 1952 - 1965, Fika, 1952 - 1966, Darazo
1953 - 1970, did not only show missing rocords during the period, but
no records cxist for the pericd after 1972. The poor availability
of data in the Gongola, Kilange and Donga Catchments is applicable

to the whole studv area and to the whole country at large.

1.4.4 Evaporation:

Lvaporation data is very essential for the estimation of
storage volumes of a reservoir., It is moreso if a proposed

reservoir is to bec sited within a region of long dry secasons like
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in the area ilorth of ienue River and othor parts of Horthern Hiacria.

Scarcity of cvaporation records is worse than that of rainfall
in the study arca. PFor the Gongola Basin, monthly evaporation
records for Dauchi; iaiduguri and Yola were the only reliable
avallable by 1274, liche evapcrimeters were available at each of the
three stations and in addition class 'A' Pon were available at Yola
and Maidugquris A1l sets of data have nunercus gaps in them (LinuioiT,

1973) .

In the Donga Catchment evaporimeters were available at bDonga and
Ibi only. "The Pan at Ibi was installed in 1977 and therefore, hes

a short records

1.4.5 Surmarsy s

Rainfall varies from scarce in the lorth, making rainfed agricul-
ture difficult and viryv risky to aburdlant and steady in the south of
the area of study. Rains sometimes delay in the Morth such that
grasses do nolt grow carly enough. When the rains finally begin
to fall, it is often torrential causing s lot of erosion due to Lidgh
runoffs, since there is no grass cover to break the speed of flow

into the strcams.

The sparse distribution and poor up~lccop of rain gauqes
result in too few, short and unreliable dzta ecsentiel for watcr
resources developucent planning and dosions.  This situation

arises from the fact that most of the gauges have been left in
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the care of persons who are unenlightened on the importance of
the gauges. It is perhaps common knowledge that mest of the
Primary Schools use to have rain gauges in their premises.

Some puplls were assigned to maintain and record the measure-
ments. When the schools close for holidays the gauqges were
abandoned and corresponding data missed. Perhaps these measure-—
ments were considered, by the Authorities vis-avis puplls, of
academic importance only. Other causes of the deplorable
situation include inaccessibility in the hilly and mountainous
areas which form high rainfall belts and lack of appropriate

manpover at all levels.

1.5 HYDROLOGY :
1.5.1 Runoff:

The design of any major water licsources scheme cannot be

satistactory without adequate hydrolegic information.

For the design of dams and other flood control structw s
flow volumes and patterns in rivers at the proposed sites for
the structurcs have to be determined to scme level of accuracy.
To achieve this, runoff records over a long period for a proposed

site have to be available.

Like rainfall data, runoff records are very scarce and
less reliable in many cases. The 0w records available are

too short and or discontinuous for their purposes.
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Water level noosurements have been mede on the Gongola River
at Dadin Kowa by Inland Waterways Division (I.W.D.) of the Federal
Ministry of Transtort and Aviation since 1942, The record is quite
discontinuous to ay,; 1965, From then to 1973 the record is fair with
only missing figures here and there featurino mostly during the dry
seasons. A similar record exists, compilod by the Irrigation Division
of the defunct Horth Dastern State of Nigeria for the period 1968 to
1973, at the same station at Dadin Kowa. The two records when compared
for the over=lapping period from April, 1968 to February, 19732 no
consistent relationshis have been found between them (SHAWCUTy 1974),
The differences botween the daily gauge heloghts as measured on the

two sets of gauges varied considerably over the period.

Cne might deperd on obgserved gauge heights and estimated
rating curve at a soction along a river channel in estimating
reservoir volumes. Uroblems associated with this are so numerous that
such a rating curve is often rendered umreliable. Relation between
stage and discharge might be distorted in any one rainy season due
to bed shiftse This is not unexpected where river channel runs
through alluvial plains like most of the lencth of the Benue River doun-
stream of Yola anc¢ lower sections of its tributaries. 1In the
alluvial plaings the channel gradient is so low and therefore, the
flow velocity reduccs considerably forcing the bed load to settle
down resulting in lift of the river bed. The bed ghift factor is more

pronounced when scdiment and bed load are considerable.
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Tt hos been reported that the most frequent causes of

unreliabilit seem to be the following:

i) “he staffs are not firmly fixed, they are often
torn-off by the river current. The torn-off st "fg
re often the lowest oncs which account for the

ncorcity of data on low flow (ALTE, 1981).

i1) The observer is often not well trained - it has
been observed that some observers do correct the
readings on the staff, but it has been impossible
to understand what criteria they use in making the

corrections (ALTS, 1881).

iii) Discharge measurements made are often too few for

the purpose of producing a rating curve (ALTS, '81).

iv) Stace measurements at low flows could be rather
unreliable in meandering rivers as it is possible
for the river channel to move to opposite banks in
cifferent years, hence the gauge staff could be
isolated in some years and the gauge readinas may
indicate much lower flow values than that actually

flowing (MRT, 1978).

1e5.2 Sediment Transport:

The amount of material moving as bed lead and sediment, and
silt carricd by a stream affects consicderably, the life-span of
a rescrvoir created across such a stream, In the design of a

reservoir, thcrcefore, a provision has Lo be made to take care of



the volume being lost over the life time of the reservoir.

The volume of settleable material flowing into the
reservolr is cctimated for the design life-span of reservoir
and added to the live storage volume of the reservoir. The volume

so estimalted is known as 'dead storage'.

The major acent of siltation is erosion. FErosion is higher
when the soil surface is bare and moreso when it is loose, There-
fore, it is not unexpected to encounter serious siltation
problems in ile reservoirs in this country especially in the far
North. Apart from the fact that the veaetation is scanty in
the far MNorth, annual burning of the bushes is a strong
tradition in lligeria, a phenomenon agoravating the problem of
siltation in this region. Brown (1972) investigated the hvdr-
ologic effcct of a bushfire in a catchment in south-eastern
New South nles and reported that runeff and sediment loads
were greater than before the fire. Improper land use and over-

grazing are other erosicn aids and therefore, siltation helpers.
Ly

In 1955 and 1956 NEDECO (1958) conducted measurement of
silt, sediment and bed load at Hyankawola on the Donga River.
Their report shows that the waters of Donga River were much
cleaner than that of the Bemie and a strip of black water
(i.e. clecar water) was evident for some distance along the
Benue boyond the Donga - Benue confluence. However, the
reverse ic the case in recent times, indicating higher silt
content in Donga than the Benue, 'This may be due to

increased human activities within the catchment of the Donoa

River.
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The total suspended sediment load in River Donga secmed
slightly less than comparable suspended sediment loads from other
rivers world wide., NEDECO (1958) estimated sediment load at 1.1
million tonnes anmnually; at Manya and FRT (1978) gave a fiqure of
S5.41 million tonnes at the same station. The sediment load has
increased te Zive folds in two decades which can only be explained

by unsatisfactor land management.

SHAWHONT (1973) has estimated reservoir sedimentation
at Dadin Kowa: 4.91 x 106 m3 anhually corresponding to 7,37

million tonnese.

Data is not available to facilitcotn comparison of
sediment trangrort over the years in the Gongola kiver unlile

in the Donga lliver.

Generally, sediment transport hzs not been given enough
attention thouch very important in determination of res:rvoir

capacities.
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CHAPTER 1II

PHYSICAL ACQHIEVENENTS

21 AGRICULTURAL DEVELOPMENT

Emphasis have been laid on Agricultural development by
successive Govermmcnts beginning 1975, The 'Operation Feced the
Nation', ‘'Green Revolution' and the 'Go Back to Land' campaigns by
recent regimes are clear evidences of efforts being made by Nigerian

Governments to boost agriculture to a status of economic saviour.

Though Hinistries of Agriculture have been in existence for
about two decades their agricultural activilies have never expanded
beyond pilol projects, hardly making any impact on the community.
The pilot projects range from about 4ha to about 70ha. scattercd
here and there most of which were taken over by the Basin Authority

in Gongola and Bauchl States in 1977 and 1978.

2s:1.1 Agriculture

with the creation of River Basin Authorities, in 1977
Agriculture assumcd a new dimension in igoria, Investigations
have been undertaken to explore fully the land and water Resources

of the country.

Feasibility studies have been commissioned through indigenous
and expatriate congsultantse Many reprorts have been completed and
quite a number of them have been acciopted and the recom endations

therefrom are being implemented. The reports have revealed
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tremendous Agricultural and Hydroelectric power potentials of the
country. hile investigations continued, the pilot farm schemes
taken over from the ministries were expanded and irrigation methods
introduced 'n all the schemes. There was only one irrication schene
among the firms taken over on an area of 6%a in 1977. The total
area put under irrigation by the end of 1983 was 1,600 ha while the
total areca cultivated including rainfed rose to 13,000 ha in the s/ me
period. In addition the Authority has been managing the operation
and maintenance of Liri Dam which supplies irrigation water to
Savannah Sugar Estote. The area put under irrigation by the end of
1983 by the sugar company was 2,000 ha about 17% of the ultimate

development of 12,000 ha.

The total grain yield from the 13,000 ha in 1983 was 11,000
tonnes against forccast yield of 21,000 tomes, a 50% loss due to

the drought rccorded that year.

In the Upper Denue a gross total area of about half a
million has has so far been identified to be suitable for irrigated
agriculturcs The estimated yileld from this area is aboutl Lwo

million toni:es of grains and vegetables annuazlly (table 2.1.1).
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TABLE 241.1 WSVELOPMENT POSSIBILITI!S AND DERIVABLL BENI FITS

'

FI0IT THE UPFER BEMNUI RIV.R DASIN.

- e -

Sub=Basin or Ultimate Ultimate annual
8/N Project Area Development yield *(Tonnes of
Possihility*(ua) grains or vegetable)
i Dapin Hausa 150,000 653,250
2e Yola Reclamation 1,200 20,000
3. Mayo Inc 30,000 350,000
4, Kilange 17,000 74,000
S5e Gongol.a 50,085 428,644
6 Donga 26,696 305,244
7. Toraba A3,000 227,800
8. Shina Jioawal 155,000 97,000
TOTAL 472,981 2,155,938

#*lHectarace (UPPER BEI'UE BASIH AUTHORITY 1982), Tonnage

(estimated by Author)e

This alone will vield about 0.8 billion laira revenue annually
assuming a con:crvative average cost of 4400/ton.of produce. This
fiqure is about four times the Authority's capital expenditure;

since its inception, of 215 million laira.

2-1.2 Liverstock

Por ma:iimm profit the benefits of farming must be
utilized te the last bit. To achieve this, fodder from the farn

land must be utilised. Livestock is therefore integrated into
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Agriculturce The Dasin Authority has incorporated livestock farming
in its programmese. Apart from aiding participating farmers to manage
their livestocks, the Authority establishes its own livestock fariis.
The major ranch, called Yelwa ranch, is situated on the Mambilla
Plateau and had a total of about 1,300 heads of cattle at the end of

1983.

2.1.3 Poul bry

Similarly, poultry farming is being undertaken by the Authority.
The intention is to make maximum use of the agricultural produce and
the accrueing byve-products to maximise benefits, To yrun a poultry
business on larae scale, feeds have to be produced in large
quantities on reqular basis at reasonable costs. This can only be
pessible if the raw materials are produced and preferably processed
by the poultry owncrse The Authority started the poltry farm at its
headquarters in Yola with a laying flock of 1,500 in 1981 and is

being expanded to about 10,000 layers.

274 Pisheries

It is obvious to create large water bodies during the course
of harnessing flood water for the purpose of irrigation. To
maximise benefits, the Authority has embarked on fish farming in which
both natural and artificial lakes under the jurisdiction of the
Authority will find additional use. Ponvis and hatcheries have beon

constructed on total of about 43ha in its various projects. 1t has
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been estimated that participating farmers numbering 500 made a

total catch of about 500 tonnes in 1983. Dadin Kowa Dam one of the
Dams being constructed by the Autherity is expected to yield about
20,000 tonies of fish anmially when completed. Fish yield for other
dams which are undecr construction or at proposal stacge are not

available.

2.1..5 Forﬂstry

The sub-saharon region of Africa has been experiencing descrt
encroachment phenom.non. Erosion has also been threatening the land
regources and gtability of natural and artificial earth reservoirs

and channel bankse.

Agricultural development invelves larqge scale clearing of
bushes and forests likewise earth movement. These activities
encourage both dercrt encroachment as well as land erosion. To
eliminate the unvanted side effects of these developmental activit-
ies and minimise the desert encroachment and erosion phenomena
the Basin Authority places emphasis on aforestation. In 1983
about 400,000 peedlings of forest and fruit species were raised
and distributed to organisations and individuals. Among proposecd
aforesztation progranmes are water-shed management programmed over
an area of 5,600 KH2 in the Dadin Kowa Dam catchment area and a

citrus plantation covering 2,000 ha in Baicsa.
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242 Water Regources Development

For agriculture to thrive in a region of scarce rainfall and
erratic rainy seasen like in Niéeria, particularly the northern part
of the country, water resources must be fully harnessed for maximum
exploitation. It is moreso if the agricultural development is to be
harmonised with the growth of the industries knowing that power is

the livewire of industrial development.

2e2el Reservoir Construction

The Upper Benue River Basin has 16 dams under its area of
operation most of which are at proposed st ges (table 2.2.1). iliri
Dam is completed while Dadin Kowa and Gubi Dams are nearing comple-
tion, Cham and Balanga dams are at low level of completion (5% - 10%
completion)s There are alsc 2 small dams of below half a million
cubic metre storages and seven ponds which provide drinking water
for livestocke 17 medium and small dams have been proposed for
construction during the fifth National Development Plan period

(1986 - 1990).

By the year 1990 about 16 billion cubic metres of waler is
expected to be stored in reservoirs of the dams for irrication,
industrial and domestic water supplies. This represents 26% of
the total (61.5 billion Mg) annual runoff from the Upper Benue
Basin measured at Tbbi (see table 1.3.2). Advantage of the

irrigation water rescrvoirs is taken to produce electricity wherever
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high heads can be cconomically created during the construction of such
reservoirss. Dam Projects are often econcmically more feasible when
they are designed to serve multi-purpose use where excess water over
irrigation requirements is utilised for power generation and the
reservoir itsclf is utilised for fish farming. A living example is
the Dadin Kowa Dam Project which was first conceived for power
generation solely, but later found infeasible. However, it was

found feasible vhen irrigation and fisheries were made the major
components of develonment and electric pover generation a third

product.

2:242 Hydro-electric Power:

Invastigation reports (UBR 1982) have shown the poscsibility of
generating upto a tetal of 1,661 MW from scven dams one of which
is Dadin Kowa Dam already under construction. This represents
about 20% of the Projected total grid available electric power
(8116 HH}. for the country by the year 1990, Proposed dams of major
power potential are Cembu (1,170 MW), Suntai (200 MW) and Dasin-liausa
(150 MW). Construction of these dams are expected to be undertakon
during the next naticnal plan period (1986 - 1990), Further invesli-
gations may recveal more of suitable sites lfor hydro-electric power
potentials. The Upper Benue River Basin therefore, represents a

substantial percentage of the power potentials of the country.

¢ .EPA (SEPTEMBER, 1962).
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CHABRTHER III

ESTIHATION OF S5TREAM FLOW BY 'THE CLINGTIC WATER BUDGET iTHUD,.

3.1 TIE VATER BUDGET AND DETERMINATICNH OF UNMEASURLD FACTORS

The wvater budaet hereunder is used to determine factors
necessary for lhe comvutation of stream flows in the Gongola !'iver
Basine. nRecords of average monthly temperature from five synoptic
stations and average monthly rainfall records from 22 rainfall
stations, in addition, has been reproduced from a publication of the
Anhmadu Dello University Press “"An /qroclimatelogical ftlas of the
MNorthern italtcs of Nigeria 1972" by Howal and Knabe (Annex 1).
Stream Tlows have baen reported by Shawmont (1972) and Divanm (1277).
These records in conjuction with {low rccords are used to cstimate
one of the principal requirements water holding capacity of soils,
for the computation of stream flows by water budget method. In
addition runoff co-efficients for strrecam flows are also estimated.
The estimated values of water holding capacity and runoff cocf{icients
are used in conmutation of stream flow values for three consccutive

years, 1980 -~ 19282, at Dadin Kowa in Chapter V.

3.1.1 Definltion of the water budact
The water budget has been defincd as the daily, weekly or
monthly accounting of moisture in-flous, cut-flows and storaes

at a particular place or over a geoararhic area (Mather 19772).
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3.1.2 Factors Influencing the later Budget

Most of the factors affecting the budget are princinally
climatic such o5 precipitation, evanortranspiration, moisture
storage in the s0il, surface run-ofi and the movement of water

through the root zone in the soil.

3.1.3 Application of the water budget

The budaet has a wide range of application ranging from the
study of climate, soils, vegetation and ocean levels to the study
of hydroleogy, ocriculture, irrigation schedulling, land usc,
forestry and envirommental factors such as ground water recherge/
urbanisation rclationse The water budiel is herein utilised to
demongtrate its applicability in deternining stream flows from
rainfall and teuperature data. One of the major sub-bzsins/Congla
vasin, being U»pical of the Upper Derue sub=basins is chosen for
the purpose of the project study. This sub=basin seems to hrve
more hydro-metcorological data necessary for aprlication of the
budget than any other in the Upper Benue basin a phenomenon which

can easlly be cxplained. The Gongola river as seen in Chapter 1

Traverses three States viz:

(a) Platecau State where it criginates;

(b) Bauchi State in which most of its length lie, and

(c) Gongola State in which it joins the Benue River.
Meteorological rcecords, for quite long periods, have been

recorded at Jos and Yola airports and at potiskum and Bauchi
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aerodromes all of which are quite relevant to 'he sul-basin
under studys Other places where fairly adequate meteoroclogical
data relevant to the GCongcla sub-basin, are to be found includcd
Pankshin and Gindin Akwati in Plateau State and Dadin Kowa in
Bauchi State. Useful stream discharge records are available for
stations at Dindima, Dadin Kowa, Garkida and Bare for sometime
before tﬁe 1970% wihile only those at Dindima and Dadin Kowa have

been the only oncs nroperly maintained in recent times.

3.1.4 Blenents of the water buldgoel and their determination:

Of the ltiwee parameters of the water budget, Rainfall (P),
Actual evanotrangpiration (AE), and soil storage (ST), only rain-
fall is often directly measured while Evapotranspiration and soil
storage arc derived or estimated from temperature and soil types

respectively.
From the ecquation:

P = DR + 837 4+ AE + RO

Direct Runoff (DR) plus Runoff (R0) from moisture surplus give
rise to stream flow. Conveyance coefficient has been introduced to
account for losses to ground water storaoc and open water evaporation
when the stream flows from a gauging station to the next one.
Evapotransviration can be tetermined using serveral techniques such
as: Mass transport, acrodynamic or profile techniques, eddy corrcla-
tion technicques, energy budget technicques and empirical (book
keeping) tochnicques. Of the six methods of determining evap-

otranspiration the book keeping technicue as developed by
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Thornthwai.tz is cmploved herein. Wator holding capacities of Lhe:
soils in the study arca are estimated by assigning assumed values to
the soils and using these and a set of rainfall and temperature
records, flous arc determined at stations whore discharge record
exist for the time corresponding to the set of rainfall and
temperature recordss The so computed discharge values are comprred
to the measuwred valucse The assigned watir holding capacities are
then adjusted and the same preocess repeated until a fair comparison
is obtained by rocgression analysis between the determined and

measured valucs of stream flows.

The first assigned values of water holding capacities (\IC) are
assumed by loocking at table 3.1.3, which gives ranges and averaoe
values of WIC for diffcrent soil types and Fig 3.1.3. which gives
broad classification of the soils in the basin. WC is defined as the
quantity of water in millimeters that can be retained per meter depth

of soil above wiilch excess is released for deep percolation.

3,145 Definition and determination of ecvapotranspiration.

Actual Evapotranspiration (AE) is the water loss from a place,
an area or a geogravhical zone which actually takes place, It
depends among other things, on the water available in root zone of
the solls, the vegetation cover of the arca and the percentage of
in-coming solar radiation reflected from the surface of the area.
It is not casy if not impossible to mcasure or calculate the actual

evapotranspiration dircctly.

To calculate AlZ, potential evaporanspiration (Pi) is

determined first. 'l is defined as the water loss from a large
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homogencous vegetetion covered area that never suffers from a
lack of water (ideal situation). Potential evapotrinspiration is
primarily a function of climatic condition (energy from the sun)
and is not a function of type of vegetation, type of soil, soil
meisture content or land management practicos while Actua)
evapotranseiration depends on all these bther factors in sddition

to the clinatic fzctors.

3.7.6 Potential Lvapotranspiration (PE)

Thorntiwalte, fitting datalof evaporation from water sheds
and irrigation plots to air temperatures, obtained the following
expression for unadjusted_potential evapotranspiration (unadj.Po).

Unadj P (em/month) = 1.6 {g_o_g']a
I -
thaze & = noon nenthly temperature (°C)
I - annual heat index determined from the sum of the
2 month heat Index values (I)= =1
wiiere
i - lonthly heat Index
a - a none linear function of the heat index equal to

a= 6.75 % 10'713 e 7«11 % 10'512 + 1.79 x 10‘21

+ 0.49.
These enrersions are comnlicated and mathematically
inelegant. .oy can only be cvaluated readilly with the use of
tables and nonocrans (llather 1978). Unadjusted PT is the water

loss for @ 30=dar month with each day 72 day light heours long.
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This value is adjusted by a factor which takes into consideration
the differences in length of the actual day and month which re

either longer or shorter than 12 hours and 30 days respectivelv.

34147 Procodwre for calculating Unadj. PE and adjustments.

The procdure has been illustratcd using data from Jos,
Plateau State and another data from human, Gongola Ltate. The
former station is one of those relevant to the source of Gonwola
river and ihe laltter relevant to the end of the river where it flows
into the Benue, Five synoptic stations were the only reliable ones

relevant to thc b sin for the period considered for this purpose.
They arci-
© 1. Jos
P Bauchi
Je Maiduguri

A, Potiskum

B Yola.

Therefore the whele of the basin is zoned into five by
method of Thicsren polygon welghting method and each zone covered

by one of these stations (FIG. 5. 14).

At Jos average monthly temperature varies from
oC oC - .
20,2 =24,2 °, Temperature is high in March te Hay and low in

Jamiary, July and August.
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Undajusted 30-day potentisl evapotranspiration has been
closely related to air temperature by Thornthwaite through the

expression PE = 1.6 {; 10t:}a, parameters as explained above
I

<$ection 3-1-6).

It is necessary to adjust the value of PE by taking into
consideration the actual number of day-light hours per day as well
as the variation in number of days in the month from 28 to 31 as
mentioned above. Table 3s1e7c Provides values of the monthly heat
index (i} for different monthly temperatures (row 3 of table 3.1.74).
Summation of these 12 monthly values provides the annual heat
index (I) for the stations (row 3 column 13 of the same table)

i.e. 113.

Table 3e1e7D provides values of undajusted daily potential
evapotranspiration from informations on the annual heat index
(I) and mean monthly temperature (1°c). DLifferent I values are
given along the top of the table. The ncarest I value on the table
is 115.0. The values of unadjusted PE corresponding to the monthly
temperaturcs under I value equals to 115.0 are in row 4 of table

3. 1. 7&.

Table 3.1s7E provides latitudinal values of the product of the
number of days in the month multiplled 1y the mean daily duration
of sunlight expressed in units of 12 hours. These are the correction

factors (row 5 of 3.1.7A) by which the unadjusted daily PE is
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Table 3.1.7C,
Monthly values gf heat Index (i) Corresponding to Monthly mean
temperatures (T C) ‘

™ N A o2 A A - A Y i & ]
0 Kib] N 02 0l A NS My nt
i 09 An N T . A8 1138 A8 .0 21 23
2 .25 27 .29 A1 R 15 i b .39 42 44
3 A6 4% 51 53 A6 SR it 63 (i1;] hY
4 T 14 1 R0 82 KS 8RB a1 94 97
5 1.00 1.03 1.06 1.09 1.12 1.16 1.19 1.22 128 1.29
6 1.2 1.315 1.39 142 145 1.49 1.52 1.56 1.59 1.A1
7 1 66 1.70 1.74 1.77 1.81 1.25 1.9 1.92 1.96 2.0
b 2. 208 2.12 2.8 2.19 2.23 2.27 2.3 .38 2y
9 244 248 2.52 256 2.60 264 169 2,73 bl )i d 2Rl
10 2.86 2.90 2.94 2.99 103 308 3.2 36 1.21 1.2
1 1.30 31 31.39 144 3148 3.53 158 162 167 172
12 176 I.RI1 1.86 191 1.96 4 .00 408 4.10 415 A
13 4.25 4.10 4.5 4.40 445 4 50 455 4 .60 465 4. 70
14 4.75 481 4 86 491 4.96 501 507 5.12 517 sn
N 5.28 533 5.38 544 549 5.58 560 5.65 571 570
16 5.R2 5R7 5.91 598 .04 6. 10 6.15 6,21 626 h 12
17 6,18 H44 A 49 f.55 b.hl fi b A12 h78 6 R4 fh 90
18 695 7.01 7.07 713 7.19 7.25 7.31 1.37 743 749
19 1.55 7161 767 1.73 .79 7.8 7.9 7.97 803 R.10
20 R.16 8.22 8.28 R.34 B4l K47 8513 8.59 866 8.72
21 R.78 B.BS 89 R.97 9.04 9.10 9.17 9.23 9.29 9 36

942 949 955 962 968 975 982 988 995 10.0]
1008 1015 1021 1028 1035 1041 1048 1055 1062 10.68
1075 1082 1089 (095 11.02 1109 1116 11.23 1130 1137

1144 1050 1157 1164 1171 1178 C1BS 1192 1199 12.06
12,13 1221 12,28 12,35 1242 1249 1256 1263 1270 12.9R
1285 1292 1299 13.07 1314 1321 1328 1336 1343 [3.50
13.58 1365 13,72 13R0 1387 1394 1402 1409 1417 [4.24
1432 1439 1447 1454 1462 1469 1477 1484 1492 1499

15.07 1515 15.22 1530 1538 1545 1553 1561 1568 1576
15.84 1592 1599 16.07 16.15 1623 1630 1638 1646 16.54
16,62 1670 16,78 1685 1693 1701 17.09 17.17 1725 1732
1741 1749 1757 17.65 17.73 1781 1789 1797 [(Rn5s 18I}
18.22 1830 1B38B |B46 1854 862 1B70 1879 1BB7 IR9S

as 19.03 1211 1920 19,28 1936 (945 1953 1961 1969 19.7R
16 19.86 1995 21003 20.11 2020 2028 2036 2045 2053 2062
37 2070 20,79 2087 2096 21.04 2113 2121 21.30 2138 2147
38 21.56 2164 21,73 21.81 2190 21,99 2207 2216 2225 223}
39 2242 2251 2259 2268 22.37 2286 2295 2303 2312 2V
40 23.30

ot Sl W M e R B B R RS A R b
B = O D RN A
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multiplied to produce the adjusted monthly PE (row 6 of table
3.1.7A)s "he closet latitude to Jos is ‘1001!, therefore the values
of correction factor against 10% in table 3.1.75 are written

at row 5 of table 3.1.7A:

The sane rrocedure is applied to produce adjusted i for
Numan using termperature records at Yola and the regult is in

Table 3.1.7B.

At faman (Yola temperature records) the average monthlw
temperature vorics from 25°C to 31.6°C. 1If averaqe nonthly
temperature cicceds 26.5°C the relationship between evapotranspiration
and air temperotwre is independant of 1 (liather 1978) hence table
3+1.7 providesn values of unadjusted daily PE for temperatures
higher than 26.5°C irrespective of the I value. The highcst I value
in the table is 140 while the I value for Human (row 3 colwwm 13
of table 3.1.7!) is 161, Thereforc vhen I valué is greater than
or ecual to 179 and temperatures less than or equal to 26. 5%C values

of unadjusted caily PE ceorresponding to I equal to 140 are satisfacte

Orye.

3.1.8 Procodure for computing nctuil evapotranspiration.
Actual cva otrangpiration (AE) is calculated from PL by
considering two things. Whether the potential evapotranspiration
is satisfied, = situation cccuring only when the water holding

capacity (W) 1o satisfied and there is still a surplus of
precipitation to sctisfy PL or the surclus precipit tion is not

enough to satis™ (W1IC) let alone 1. ‘Therefore to compute ..ctual
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Table 3:%.70,

Values of Unadjusted Daily Potential Evapotranspiration Igm‘sdj.PE)
In Millimeters For Different Mean Monthly Temperatures (T C). And
Annual Heat Index (I) values.

(After J.R. Hather, 1978). -

r .
J15.0 1175 120.0 }.25 [25.0 1275 130.0 1325 1350 1375 (400
T-ﬂ(-
1350 0.8 OB 07 (7 07 06 06 06 05 05 05
1375 08 0B 08 07 07 07 06 06 06 05 05
1400 08 08 08 07 67 07 071 06 06 05 0S5
142 09 N9 08 08 08 07 07 07 06 05 05
1450 09 09 09 08 08 08 07 07 06 06 06
1478 1.0 10 08 09 08 08 08 07T 07 06 06

1500 L0 1.0 1o 09 0.9 0.9 0.8 OB 07 0.7 0.7
15.25 1.1 i) 1.0 10 0.9 0.9 0.9 0.8 ns 0.7 0.7 .
1550 1.2 1.1 1.1 1) 1.0 10 09 09 08 08 OB
1575 1.2 1) 1.1 11 1 10 10 09 09 08 0K
1600 1.3 1.2 1.2 L1 1.1 1.1 o 10 09 09 09
1625 1.3 1.2 12 LT i1 1.1 1.1 .o L0 09 0%
16,50 14 1.3 2 L2 L2 14a 1.1 11 1o 09 09
1678 L4 13 13 I2 1.3 1.2 12 Ll 10 1.0 10
1700 1.5 1.4 1.3 1.3 1.3 LY 1.2 1.2 1l 1.0 1.0
1725 16 1.5 1.4 1.3 1.3 1.3 1.3 v I N SO 1]
1750 16 15 15 14 14 14 1.3 A S P SHE & S - %
17,75 1.7 1.6 1.5 1% 1.5 1.4 1.4 1.4 1.3 1.2 132
1800 1.8 1.7 16 1.5 1.5 i 1.5 1.5 1.4 1.3 1.3
18.25 1.8 1.7 1.6 1.6 1.6 1.6 1.5 1.5 14 1.4 1.4
1850 1.9 18 17T 16 16 16 18 16 1.5 14 14
1875 19 1.8 1.8 1.7 13 1.7 16 16 1.5 1.5 1.5
1900 1.9 1.8 1.8 1.7 L7 1.7 LT LT 16 1.5 1.5
19.25 20 19 19 18 1.8 1.8 1.7 0% (N B 16 1.6
19.50 2.1 2.0 1.9 1.9 1.9 1.9 18 18 1.7 1.7 14
19.75 2.2 2.0 2.0 Ly 1.9 1.9 1.9 1.9 1.8 1.8 1.7
20.00 2.2 2.1 2.1 10 2.0 2.0 2.0 20 1.9 1.9 1.8
2025 23 2.2 12 24 21 2.1 2.1 2.1 20 20 19
2050 24 2.3 2.3 22 22 2.2 2.2 2.2 2} 3% | 2.0
20,75 2.5 24 23 23 23 2.3 2.3 2.2 2.2 2.1 2.1

|
2000 26 25 24 24 23 23 23 213 22 2122 2!
21.28 2.7 2.6 2.5 24 24 24 24 2.3 2.3 23 &3
21.50 2.7 2.6 2.5 25 24 24 24 24 2] 23 2.3 !
21.78 2.8 2.7 2.6 25 2.5 5 2.5 p 5 24 24 8
2200 29 28 27 26 26 26 26 26 26 15 25
2228 30 29 28 27 21 27 27 21 21 26 26
228 31 30 29 23 28 28R 2R 28 28 272 21
2278 32 31 A0 2Y 29 29 29 29 19 28 218
2300 313 3.2 KN 30 3o 30 10 io 10 29 29
2).25s 13 33 3.2 KN 3.1 i il kN | 1 30 30
2150 34 34 33 12 32 3.2 32 3.2 3.2 kN L |
2375 35 5 34 13 12 1.2 32 3.2 3.3 32 LR |
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Table 3.1.7D. (continued)

NS0 1125 1200 225 1250 127.5 130.0 1325 1350 1375 1400

™

00" 35 23S 14 3 33 33 Xy 3y A3 33 32
M.28 A6 36 XS 14 34 34 34 34 34 34 313
2450 37 37 o 38 38 3s 35 1S 33 15 34
2475 38 38 37 36 36 A6 A6 36 36 36 DS
15.00 39 19 38 3is 38 38 3B 31y 14 3IB 17
2525 40 40 39 39 39 39 39 319 39 39 38

25,50 4. 4.1 40 40 40 4D 40 40 40 40 39
25,75 4.2 4.2 42 42 42 A2 A2 42 42 42 Al
26,00 4.3 43 43 43 43 43 43 43 43 43 42
26.25 A4 44 44 44 44 44 44 44 44 44 43
2650 45 45 45 45 45 45 45 45 45 45 a4

Values of Unadjusted Daily Potential Evapo transpiration
for Mean Temperatures Above 26 5°C
{Unadjusted Potenrial Evapotranspiretion in mm)
e 0.0 0.1 6.2 0.3 04 N5 0.6 07 vy oy

26 4.5 4.5 4.6 46 16
27 4.6 4.7 4.7 4.7 4.8 4.8 4.8 4.8 49 49
28 4.9 5.0 58 5.0 5.0 5. 5.1 51 S 5.2
29 5.2 5.2 5.2 5.2 53 53 53 53 54 5.4
30 54 5.4 5.4 5.5 5.5 5.5 5.5 55 56 56
Kl 5.6 5.6 5.6 5.6 57 5.7 57 57 517 S8
12 5.8 58 5.8 5.8 58 58 59 5.9 59 5.9
13 5.9 5.9 .9 59 6.0 6.0 6.0 6.0 6.0 6.0
M 6.0 6.0 1.0 6.0 6.1 6.1 6.1 6.1 hil 6l
s 6.1 6.1 6.1 6.1 6.1 6.1 61 6.1 61 6.1
36 6.1 6.1 6.2 §.2 6.2 6.2 62 6.2 6.2 6.2
17 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2 6.2
I 6.2
Note:-

Only the poFtion of table relevant to computation of UnAdj.Py for
Gongola Dasin({T9C creater than 20°C) is reproduced above.
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Table 3.1.7E.

Mean Possible ilonthly Duration of Sunliéht In The Northern Hemisphere
Adjusting Factor (F) For UnAdj. PE (Expressed in Units of 12 Hours)
(After J.R. liather, 1978).

J F M A M g 5 A -8 &) N D

Narthern
Latitudes
g* 31.2 282 312 303 31.2 303 3n2 312 303 312 303 31.2
¥ o31.2 282 31.2 303 312 303 312 312 303 31 303 a2
112 282 3112 0.3 31S 06 312 A2 303 312 300 309
31.5
3
3

309 282 ‘309 303 315 306 & 3l 03 312 30:0 30.9
309 279 309 306 318 309 S50 31S 303 309 300 306

1
3
4
5 306 279 309 306 318 309 1.8 31.5 303 309 297 306
6 306 279 309 306 318 312 318 315 303 309 297 303
7 303 276 309 306 321 312 321 318 303 309 297 303
8 303 276 309 309 321 315 321 318 306 306 294 300
9 300 276 309 309 324 315 324 318 306 306 294 300

10 300 273 309 309 324 318 324 321 306 306 294 297
1 297 273 309 309 327 318 327 321 306 306 291 297
12 294 273 309 31.2 327 321 330 321 306 303 291 294
13 294 273 309 31.2 330 321 330 324 306 303 288 294
14 294 273 309 31.2 330 324 333 324 306 303 288 299

15 291 273 309 31.2 333 324 336 324 306 303 285 29.1
16 29.1 273 309 31.2 333 327 336 327 306 303 285 288
17 28.8 273 309 315 336 327 339 327 306 30.0 282 288
18 288 270 309 315 336 330 339 330 306 300 282 285
19 285 27.0 309 315 339 330 342 330 306 300 279 285§

20 285 270 309 31.5 339 333 342 333 306 300 279 282
21 282 270 309 315 339 333 345 333 306 300 276 282
22 282 26.7 30.9 318 342 356 345 333 306 297 2716 279
23 279 267 309 318 342 339 348 336 306 297 276 276
24 2719 267 309 31.B 345 342 348 336 306 297 273 276

25 279 267 309 318 4S5 342 351 336 306 297 273 213
26 2716 264 309 321 348 345 351 336 306 297 213 2713
27 276 264 309 321 348 345 354 339 306 297 270 270
28 273 264 30.9 3201 351 348 354 339 309 294 270 270
29 273 261, 309 321 351 348 357 339 309 294 267 26.7

30 270 261 309 3124 354 351 360 342 309 294 267 264
31 270 26.1 309 324 354 351 360 342 309 294 264 264
32 267 258 309 324 357 354 363 345 309 294 264 26
33 264 258 309 32T 35T 357 363 a5 309 290 6.1 258
34 264 258 309 327 360 360 366 348 309 291 261 258

35 261 255 309 327 363 363 369 348 309 29.1 258 2535
36 261 255 309 330 363 366 372 348 309 291 258 252
37 258 255 309 330 366 369 375 351 309 291 255 249
38 255 252 309 330 369 1372 3715 351 312 288 252 2489 .
39 255 252 309 333 369 372 378 354 312 288 252 2146
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evaptranspiration, monthly precipitation, in this case monthly
rainfall (P) haos to be compared with Pi. Zvapotranspiration is
assumed to talic place only after the portion of rainfall that
immediately drains overland refered to as direct runoff (DR)
reaches the girean (lather 1981), thercfore JR is deducted from

le nades

P before the commcrison

Again Jos and fhuman stations are used to demonstrate the

computation of actual evapotranspiration.

Monthly rainfall at Jos varies from 2mm in the driest months
of December ond Jaruery to 32Cmm in the wet month of July. Annual
average rainfzll ccuals 139%ame Climatic water supply (rainfall)
and climatic water demand (evapotranspiration) at Jos are out of
phase in geven nonths, Jans to April and Octomber to December

respectivelys

The firsk stép in the computation of Actual evapotranspiration
(AE) from computed notential evapotranspiration (PE) is to seperate
the portion of the rainfall that will runoff overland (DR) and the
remaining portion Zrom which the rest of computations will continue

is refercd to us effectiv ra’nfall (eff).

The Ueds z0il conscervations service (8C§) has prepared a series
of tablas o iwnosromng by which the amount of daily cverland
runoff froa “ilcase poocloliatlon can he estimated fro

infeemation on slonc, ¢rocund covery soll type and antocccdent

precipitation (ilathux, 17€2). Unfortunately, such an information



is not availoble for the purpose of this project. Evalualion

of overland runoff (DR) from intense rainfall by 5¢S method is a
four-step process (Mather 1981). The first step involves
determining the hydrolegic scil group in the area frén a master
list prepared by the 5C5. The soils are classified from A

through D on the basis of runoff potential, The second sten is

to determine the five day antecedent soil moisture condition on
the basis of the precipitation record for the five preceding

days. The Lthird gtep is to determine th actual runoff from
precipitation, This decision is made on the basis of the land cover,
the cultivation treatment, the hyvdrologic condition of the soil,
and the hydirologic soil group of the particular soils. The fourth
step is to determine for each daily rainfall episode in the period
under considcration, the actual amount of overland flow (UR) that
occurs from the information on antccodent five day moisture
condition, Invdrologic seil group, and the run—off curve mmber,
Daily valucs of the so computed overland  runoff are then summed

up for the month .

Since the information necessary for computing DR similar to
the 5CS method is not available, D! for each station is assumed
on the basis of slope, vegetation cover and value of the monthly
rainfall.s Por Jos DR is assumed to be 10% for the months of
May and June and 5% for July, August and September. The 10
value for [Hav ond June is chosen becausze in these months the

grounds would not have been covered by grass after bush fires
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might have burnt the grasses in the preceding dry season. fince
Jos is on the plateau where River Gongola originates the slone
is quite steen in the area. These two factors combine to leave
no room for surisce detention of the runoff and therefore
infiltration ic inhibited and overlarnd runoff is high in the
early months of the wet scason. The value of 5% for the months of
July through Sentember assumes that during this peried the qrass
cover increas:s to maximum. These results for DR are written in
row 8 of the budoet (Table 3.1.8A). Actually the shape of
discharge curve could be adjusted by altering the chosen

percentages for DR especially in period of Deficits {(low 7).

The D iz then subtracted from (i) monthly rainfall values
and the remli (Peff) is the portion that will enter into the rost

of the stages for computing AE.

The next step in the computation is to compare the effective
rainfall (Peff) and PE by subtracting the latter from the formecrs
The result gives a series of positive and negative figures,
the former indicating soil water rech rge period by Peff or
period of soil weter retention equals the holding capacity of
the so0il, while the latter indicates removal of water (loss)
from soil retention through evapotranspiration. The results are

entered in row 10,

Soil water retention values (ST) are then computed from
the values of Pefl - PE. It is at this juncture that the

holding capacity (11IC) of the soil must be known. After three
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Table 3.1.88B.

Soil Moisture Retention (ST) For Water Holding Capacity (WHC) -
300 millimeters.

(After J.R. Mather, 1978).

{Soil Moisrure Retained afrer Different Amounis of Potential Evapotranspiranon Have
Occurred Water-Holding Capacity of Soil Is 300 mm|

Accum

P.PE 9 ! 3 4 3 b : & v
eff

Warer Retained in Soil

L

0 300 299 298 297 296 295 294 293 292 291
1n 290 289 288 287 186 285 284 28 282 281
20 250 279 278 278 2N 276 275 274 213 272
30 =71 270 269 268 26h 267 266 265 264 263
40 262 261 260 260 59 258 2587 256 255 254

50 254 253 152 251 250 249 248 248 247 246
60 243 244 244 243 242 241 240 240 239 238
70 237 236 236 335 234 233 232 232 231 230

80 229 228 228 27 226 28 225 224 32 222
90 1 74| 120 119 119 218 27 216 215 218

100 214 214 213 212 212 211 210 209 209 208
110 207 207 206 205 204 N4 203 202 202 201
120 00 200 199 198 198 197 196 196 193 194
130 194 193 192 192 191 191 190 189 189 188
140 187 187 186 186 185 184 184 183 182 182

150 181 181 180 179 179 178 178 177 176 176
160 175 175 . ¥4 V730 173 ¥I2 0 172 1y im0
170 170 169 168 168 167 167 166 166 165 144
180 164 163 163 162 162 1864 160 160 1589 159
190 158 158 157 157 156 156 155 155 |54 |54

200 153 153 152 152 151 154 150 150 149 149
210 148 148 147 147 146 144 145 145 144 144
220 143 143 142 142 14] 141 140 140 139 139
230 138 138 138 137 137 136 136 135 135 134
240 134 133 133 132 132 132 131 131 130 130

250 130 129 128 128 128 127 127 126 126 124
260 125 125 124 124 124 123 123 122 122 121
270 121 121 120 120 119 119 119 118 118 117
280 117 117 116 116 115 115 115 114 114 114
290 113 113 112 112 112 1 111 110 110 e

300 109 109 109 108 108 108 107 107 106 106
310 106 10§ 105 105 104 104 104 103 103 103
320 102 102 102 101 101 101 100 100 100 99
330 99 98 og 98 98 97 97 97 96 96
340 96 95 95 93 94 94 94 93 93 93

350 92 92 92 92 91 N 91 %0 90 %0
360 B9 89 B9 B8 88 38 88 87 87 87
370 86 86 86 86 8BS 85 BS 84 84 84
380 34 83 B3 83 82 82 82 82 81 Bl
390 81 a0 80 80 B0 80 79 79 19 78



Table 3.1.8B (continued).
ACcum,
P-PE 0 1 2 7 4 5 ’ &
eif - ’
Warer Retained in Soil
4no 1 78 78 77 17 7 17 16 T6
410 16 15 15 75 14 7L 74 74 74
420 73 73 72 72 12 12 11 T
430 1 0 0 10 70 T 69 K9 bp
440 68 68 68 68 67 67 67 £1 Mk
450 66 66 66 65 3 hE 6Ha (¥4 td
460 64 A4 63 63 63 A1 63 62 A2
470 62 62 61 61 61 61 61 6 A0
480 60 60 59 59 59 39 59 B LL
450 58 58 57 57 57 57 57 56 56
500 56 56 55 55 55 55 i35 54 34
510 4 54 54 53 53 53 53 53 32
520 52 52 52 52 51 51 Nl 5] $1
530 50 50 50 50 50 50 49 49 49
540 49 49 48 48 48 48 48 48 47
550 47 47 47 47 46 a6 46 46 4k
560 46 45 45 45 45 45 45 44 41
570 14 44 44 44 44 43 43 41 43
580 43 42 42 42 42 43 42 a2 42
590 41 41 41 41 1] o e 40 40
600 40 40 40 39 39 19 19 19 19
610 38 iR 38 38 38 38 38 38 18
620 3 3 17 37 37 37 36 36 16
630 16 36 36 36 36 36 s 35 15
640 15 35 35 34 34 34 M M 34
650 34 34 33 n 13 33 33 13 33
660 32 32, 32 2~ "32 N 32 32 12
670 12 i1 k) 31 a1 31 i, 31 K3 |
680 30 30 3o 30 k0] 30 30 k1] 3o
690 30 2. 9 2 29 29 29 b ] 29
700 28 8 el 28 28 28 28 28 28
710 - 28 > & i 27 - 27 27 217 27 27 27
720 27 26 26 16 26 26 %6 26 26
730 26 26 26 26 25 25 F i 25 24
740 25 25 25 25 25 24 24 24 24
750 24 24 24 14 14 24 14 24 13
760 23 23 23 23 3 23 23 23 23
770 22 22 22 22 2 n 22 2 22
780 22 22 by ] 22 22 2] 21 21 21
790 21 21 21 21 21 2l 21 20

21

tn

wn



Table 3.1.8B (continued).

Accum
P-PE 0 i g 2 4 5 ¢ 7 ] v
Warer Retained in Soil
KO 20 0 - 0 A 20 X0 bt 20 10
g10 20 20 20 20 20 19 19 19 19 19
820 19 19 19 19 1y 19 19 19 19 18
80 18 18 18 ¢ 18 18 18 18 IR IR
840 18 18 18 1% 18 15 1 117 s 17
K50 17 i 4 " 17 17 17 17 17 17 17
R6D 17 1* 7 17 16 14 16 16 14 s
£70 16 16 16 16 i 1. 6 if 6 it
L) 16 16 16 16 15 15 15 15 15 15
850 15 15 15 15 15 15 15 15 18 15
200 15 15 14 14 14 14 14 14 14 14
910 14 14 4 14 14 14 14 14 14 12
920 14 14 14 14 13 13 13 13 13 13
910 13 13 13 13 13 13 13 13 13 13
340 13 13 13 13 12 i 12 32 2 2
950 12 12 12 12 12 12 12 12 12 12
960 12 2 12 12 12 12 12 12 12 12
970 12 12 i i1 1 1 11 i 1 11
980 1 1 11 il 11 il 1 11 11 11
290 11 11 11 1 11 11 11 10 10 10
1000 10 10 10 10 10 10 10 10 10 10
1010 10 10 10 i0 10 10 10 10 10 10
1020 10 10 10 10 10 10 10 10 10 10
1030 9 9 9 9 9 9 9 9 9 9
1040 9 9 9 9 9 9 9 9 9 9
1050 9 9 9 9 9 9 9 9 9 9
1060 8 8 8 8 ] 8 ] 8 a4 8
1070 8 ] 8 8 R 8 8 1 8 R
1080 ] B 8 8 8 8 8 8 8 B
1090 8 8 8 8 8 B 8 B 8 B
1100 7 7 7 T ? 7 7 7 7 7
1110 b 7 7 7 7 7 7 7 7 7
1120 7 T 7 7 7 7 7 7 7 7
1130 7 1 7 ? 1 7 1 7 7 7
1140 6 6 6 b 6 6 6 6 6 &
1150 6 b 3 6 6 [ ] 6 6 b
1160 6 & 6 6 6 (3 (3 6 6 [
1170 6 6 6 6 6 6 6 6 6 6
1180 6 6 6 [ 6 6 6 6 6 6
1190 6 6 6 6 6 5 5 5 5 5
LI R I R I IR
1200 5 5 1300 4 1 1400 3 1
1210 5 5 1310 4 4 1410 3 3
1220 5 5 1320 4 4 1420 3 :
1230 5 - il 1330 3 : 1430 J -
1240 5 5 1340 3 3 1440 p. 2
1250 4 4 1350 3 3 1450 2 >
1260 4 A 1360 3 3 14610 - 2
1270 4 4 1170 3 3 147G 2 s
1280 4 4 1380 k) 3 1480 2 .
1290 4 4 1390 3 k] 1490 2 =

6



successive assumptions of WHC and computing total runoff (direct
runof f plus runofi f{rom surplus) each time comparing the results with
the corresponding mcasured runoff values, the value of WiC = 300mm

for Jos is arrived at.

It is then assumed that the holding capacity of the soil is
satisfied towards the end of the rainy season say in September.
Then the first nagative Peff=PE value (=51mm) which occurs in
October is locatcd in table 3.1.8B and the figure corresponding
to this in the first column of the table represents the amount
of water remaining in the soil storage (?53mm). The negative value
(=51) is then added to the next value in November, ignoring the
signs, to give (51 + 79) 130, This value is again located in body
of the table and the corresponding fiqure in the first column read
(191) which represents the amount of water still in storage at Lhe
end of Novembere ‘This exercise is continued until the last neqative
(=ve) value of Peff-PL is treated similarly for the month of
April after wihich the value of Peff-Pl is positive (+ve)s The
value of 37 for April is 61 and, coincidently, the value for
Peff-PE in HMay is also 61+ This means that not only does the
precipitation in llay satisy PE but also increage the amount of
moisture in soil storage by 6Imme The storage therefore becomes
(61 + 61), 122mm. The next value of Peff-PE, which is also
+ve is added to the storage (122 4+ 111), 233mm. This process
is continucd until the full soil storage capacity, 300mm,

is attaineds In this case the situation occurs in July.
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The value of Pelf-pPL for July is 223 and the value of 5T in

the preceding month is 233mm. Therefore only 67mm out of 223mm
of the Peff-PE value is used to bring the soil storage to
capacity (233 + 67), 300mm. The remaining, 156mm, goes into the
rest of runoff computation. The subsequent sve values of
Peff-PE go as a whole into the rest of the budget computatlon as

can be seen later.

The next step in the determination of 4E is to compute the wvalues

of month to month scil storage change (415? Je The value is =ve

when therc is a decrease from one month to next and +ve when

there is an incrcasece The value is zero when there is no change,

a situation which occurs when ST remains at capacity value or

very low (row 12). Finally, AE is computed by adding Peff todiT
(ingnoring the sign) for months in which AST is =ve. In months in
which ST values are +ve or zero AE equals PE because during this

period the climatic water demand is fully satisfied.

Similarly, AE is determined for !luman station except that a

different situation occurs in the process of computing ST values.

For Jos the sum of all the Peff-PF values condiering the signs
is positive, the values of accumulated potential water loss with
which to start accumulating the -ve values of Peff-PE is therefore, O.
For Numan the case is different. The sum of the Peff-PE values is
negative 80 that it is necessary to use the successive approxima-
tion method of obtaining the value (=1084) to start the accumula-

tion of Pcff-PE valucs.
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The watcr retention capacity of the soil in Numan is assumed to
be 350mm. Using table 3.1.8D the value of ST equal to the total
Peff-PES (~992) is found in the body of the table. It is found
to be 20, This would be the storace in the soil if the 4T at the
beginning of the dry period (-ve P-PL) had been at capacity
(350mm). Actually it will be scme value less than this since

the ST was some value less than 350mm at beginning of the <y
period becauce 5T was never satisfied Lo capacity at Numan. To
the value of 20 is then added the sum of the +ve Peff~PE values
(15) to obtain a new estimated value of LT of 35 at the end of
the moist period. This value is found in body of table 3.1.{0D

to give the amount of potential water loss necessary to result

in this value of 5T, This value is found to be BO5. HNow the
total -ve Pef{~PEs (992) is added to this value (1797) and the
new value of 57, at the end of dry period, in the body of the
table opposite 1795 is found. The value is 2. Again the total
+ve Peff-PE (15) is added to this ST (17) and the value corrcspond-

ing to this on boarder of the table is found (1064),

The sum of ~ve (Peff-PE) is added to this figure to get

2054 and the 57 corresponding read in the body of the table.

This value is again added to the sum of positive Peff-lL
(16)s This is acain located in the body of the table and the
corresponding sum of Peff-PE read in the first column (1082).
This again is alded to the sum of —ve Fef{-PE (2074) and the
value of ST corresponding to this figure is located in body

of table (1), “his is added to the sum of +ve Peoff=F: to aive 106,



Table 3.1.8D.
So0il Moisture Retention (OT) For Water Holding Capacity -350

millimeterss.
(After C.H. Thornthwaite and J.R. Mather, 1957).

PE 0 1 2 k} 4 5 ] 7 B
WATER RETAINED 1IN SO1L
450 9 96 95 o5 95 o4 - o a4
460 9 93 93 %2 % 92 92 a1 9
470 90 %0 90 90 A9 Ag B9 89 88
480 8g an 88 o7 a7 87 87 86 86
450 85 a5 BS5 85 A4 a4 B4 A4 B4
500 83 83 K] B3 B2 82 a2 82 B1
510 81 a1 g i) 80 A0 A0 19 19
520 18 78 78 78 T 7 T7 177 76
530 16 16 16 15 75 15 75 75 T4
540 T4 T4 T4 73 13 73 13 713 12
550 - 12 72 72 A 1A} 7 T & 10
560 70 10 70 69 69 69 69 69 68
570 €68 68 68 67 67 67 67 67 66
580 66 66 55 65 65 65 65 ES 65
590 B4 54 G4 64 63 63 63 63 [k
600 62 62 82 62 62 13} 61 61 61
610 60 €0 60 5O 650 50 60 59 59
620 59 59 59 58 58 58 58 58 58
£30 57 57 57 57 56 56 56 56 55
640 56 56 55 55 55 55 55 55 54
£50 54 54 54 53 53 53 53 53 52
660 52 52 52 52 52 52 52 51 51
670 51 51 51 51 50 50 50 50 50
680 50 50 50 49 49 49 49 49 48
690 41 45 48 48 AT 47 17 47 47
700 47 47 47 46 46 46 46 46 45
710 45 45 15 45 45 45 45 45 44
720 44 44 44 43 43 4] 43 43 43
730 43 43 43 42 42 42 2 42 2
T40 42 42 41 41 41 41 41 41 41
750 410 40 40 40 an 4n 40 40 40
160 319 39 39 a3 a5 as a9 a3 33
770 38 a8 Ja k[ KT} a8 kKl ki ] a8
T80 - ar ar ar ar 37 ar a7 a ar
790 36 36 38 36 36 a5 35 6 35
800 s 38 35 35 35 34 M M 3
810 34 34 34 kL] 34 34 34 33 k]
820 33 kk] 33 33 13 33 33 kK 32
830 32 2 32 32 12 32 32 12 32
g0, 3 3 3 a1 3 3 2 3 3
850 30 30 30 30 n R 0y 10 0
860 30 30 30 29 29 29 29 29 29
870 29 29 29 28 28 26 28 26 20
8o 28 28 28 24 27 27 27 27 27
8BS0 27 27 27 21 27 27 27 26 2




Table
PE 0
900 26
310 26
920 25
930 24
M0 23
950 23
980 22
a2 22
980 21
9% 20
1000 20
1010 19
1020 19
1030 18
1040 18
1050 17
1060 17
1070 16
1080 16
1050 15
1100 15
1110 14
1120 14
1130 14
1140 13
0
1150 13
1160 12
1170 12
1180 12
119 1
1200 1
1210 1
1220 10
1230 10
1240 10
. 1250 1
1260
1210
11280
1290
Note:-

Portion relevant to computation of ST wvalues at Numan is

3.148D {continued)

1

2

3

WATER ReTaingo 1w Soib

25
25
25
24
24

23
22
21
21
20

20
19
18
18
18

17
16
18
15
15

15
14
14
13
13

4

26
25
24
24
21

22
22
21
21
20

18
19
18
18
17

17
16
16
15
15

15
14
14
13
13

LI B I

reproduced above.

1300
1310
1320
1330
1340

1350
1360
1370
1380
13%0

1400
1410
1420
1430
1440

0

O~~~ ™ o > o

oMoy

5

26
25
24
24
23

22
22
21
21
20

13
19

18°

18
17

D~~~ DD

P )

6 T
26 26
25 25
24 24
24 24
21 23
22 a2
22 22
21 21
21 21
20 20
19 19
19 19
18 18
10 18
17 17
17 17
158 16
16 16
15 15
5 15
15 15
14 14
14 14
13 13
13 13

1450
1500
1550
1600
1650

1700
1750
1500
1850
1300

1350
2000
2100
2200
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Since the final cstimated ST of 16 remains unchanged at this
point then it has been determined that the value of potential
water loss with which to start accumulation of Peff-Phs is -1082.
This procedure is presented schematically in table 3.1.8E. The
first -ve Peff-PL value is then added to this to find the ST

for the month next to the last wet month (Peff-PE +ve)l. Then

the rest of computation is done similar to that for Jos.

31,9 Determination of Runoff and total runoff

The first step in deriving runoff continuing from AL as
arrived at in 3+1.8 is to compute soil moisture deficit (D).
Here again computation of deficit (D) is demonstrated for the two
stations - Jos and lumanes Though not e:ssential if the purpose of
the water budget is to compute runoff, 0 gives prior idea of the
months in which swrplus moisture (S) will occur in the budget

(when D = C, S is probable).

Seil moisture deficit can be defined as the amount by
which PE cicecds A'ls  VWhen PE equals /M. we have a zero deficit.
D is computed by subtracting AE from the corresponding PE.

The results are entered in row 14 of the budget table 3.1.84.

Soil nmoisture surplus {5) is the awont of water in the
soil remaining ater the soil moisture holding capacity (5T)
has been catisficds From the computed ) in row 14, & is expector
to occur in the poriod from May to September for Jos and in

September for Humen, S is computed by subtracting AST from
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corresponding value of Peff-PE in the months of zero deficit.

The results have been written in row 15,

The surnlus so computed will then runoff into streams in
a style depending on the topography and soil texture of the
catchment arca of the streams. The steeper the topography the
faster the surplus reaches the stream. GSimilarly the less claycy
and the more coarse the soil particles the quicker it drains

and therefore the sooner the surplus reaches the stream,

3ince a surplus seoil moisture occuring far away from a
gauging station will reach there and pass the station gradually
over a long pcriod S has to be gportioned to compute flows at
the station. @or Jos it is assumed that 50% of 5 occuring in a
particular nonth will reach the gauging station the same month
and the remaining half will reach the station the following menthe.
Therefore the runoff in any month consist of 50% of surplus
occuring in the preceding month plus 50% of surplus occuring in

that month. Computed values of runeff cre entered in row 1c,

Total runoff (TRO) is the sum of Direct runoff and the
runoff in that month (TRO=DR+RO), This is written in TYowW 17

of the budget ond completes the computation for the station.

At Munman surplus does not occur through out the ye-ar,
therfore whaotever runoff that occurs is due to Direct Runoff
only. The final water budget for the 26 rainfall sations is

given at Annc:: II.
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Table 3ele0l detecrmination of the value of cummulative —ve

Peiff-Pli valuce for computation of 4T values at Liuman,

Z —ve o . : z +ve

{Peff-PE) = 997 . - (Peff = PE} = 15

952 - 5 20
+
as

005 «& 35

-

292 5 2

4797 * -
as

-~

.|-

992

2054 —>
+
15

1062 € — 16

+

990 .

2074 > 1

. +
15
16
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CHAPTER 1V

COMPARISCON OF COMPUTED AND MEASURED STREAM FLOW ON THE
GONCOLA BASIN

del DERIVED USEFUL FACTORS

With the ability of the climatlic water budget to provide
rcliable values of runoff or stream flow (especiallv in areas
without appreciable snow or ice), it should be possible to uie tho
walter budget results in conjuction with measured values of stroam
flow to provide valuable hydrologic information on a basin

(Hather, 1982.

In the process of computing stro.m flows, average wator
holding capacities for the soils in the areas reprosented by vach
of the rainfall stations has been estimateds Other factors

estinated are factors for direct runo’f and surplus moisture runoff.

4.1.1 Location of gauging stations and catchment areas.

Fiqure 4.1.1A and 4.1,1B locate the 5 hydrometeorological
and 26 rainfall stations, respectivcly, covering Gongola basine
Data from these stations are uscd to compute runoff values at
3 gauging stations (figure 4.,1.1C). The hydrometeorological ond
rainfall stations have been weighted by Thiessen !'olygon method
to determine the representative area covered by each s ation

(1"”\.‘_}”8 4,1.174 and 4«1-1[’-’0
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4a1.2 Comparison of computed and Measured flows.

Average nmonthly runoff from 26 stations, whose average monthily
rainfall records are available as provided by Knabe and Kowal
(1972), vicre deternmined using a set of assured water holding
capacities for the soils, % monthly runoff from soil water surplus
and % of rainfall values for direct runoff, The values of averace
monthly runoff so determined are comparcd with measured stream
discharge recordse This process was repeated by adjusting the set
of assumed values until the determined runoff values compare

favourably with the correspending measured stream flow values.

The final computed average monthly values of runoff are compared
with the corresponding measured values as reported by Diyam at
Dindima, both Shawiiont and Diyam at Dadin Kowa and by Diyam at
Bare respectivelve Table 4.1.2A shows the results of a simple
correlation -~ regression study of measurcd and computed runoff
at the 3 river gauging stations along the Gongola River. Table
4.1.1A gives the values of computed runoff for each of the 3 sets
of factors for cach gauging station. Fiqures 4,1.2 (A-I) show the
relations between computed average monthly flows and average
measured flows for different set of assimed values of vWiHC of the

scils, introduction of overland flow (DR) and conveyance factors (CF).

4.1.3 Channel Conveyance

The runoff from catchment area upstream of a gauging station
would flow past the gauging station and proceed down stream to the
next gauging station. During the flow from one station to the

next statlon further losses through evaporation and to ground water
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are expectods Convevance factors are chosen to account for these

losses depending on the length of channel between which the flow is

routed .

The computed flows at Dindima have been routed by an assumed
conveyance factor before adding the result to computed runoff from
the area between Dindima and Dadin Kowa to give computed runoff at
Dadin Kowas Similarly, the computed runoff at Dadin Kowa is
routed by scme conveyance factor and added to computed runoff from
the area downstream of Dadin Kowa to Hare gauging stations Oetails

of this are given in table 4.1.3C.

Figures 4s1.2 (J-3) shows the successive approximations of
computed monthly flow to the corresponding measured values as water
holding capacity values and runoff factors are adjusted for each
rainfall station,

From table 4.1s2A it can be seen Liiat the final values of
correlation cocefficient arrived at, for indima, Dadin Kowa and
Bare indicate close agreement between computed and measured valueo
of streamflow at these gauging staticns. Regression equations for
Dindima and Dadin Kowa stations indicate over-estimation of the
stream flows alt these stations while for Pare the regression cquation

indicates almost porfect fit on Y = X line.

With these rcsults the final assumed values of factors used
for computation of runoff have been adopted for application in the
computation of stream flow from rainfall records. This time, 14
rainfall stations covering the catchment areca of the gauging station
at Dadin Kows have boen selected and runoff at Dadin Kowa estimated

by the budget method,
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Correlation coefficients and reorcossion ecquations between

computed and nie sured avirage monthiy runoff at three gauaina

stations in e Gongola Basin.

Station Catchment Area Correlation _ Regression
Coefficient (r) Eaquation
Dindima Up—-stream of Computed/Diyam
cindima r1 = 0.89 Y,1 = 10.2+1.4x1
= (g = =8,2+1a
r, 1491 Y2 8.241 2x2
r3 = 0,92 Y3 = ‘l:'a.()+'l.‘1x3
Dadin lowa Ep—stﬁ%m of Computed/Diyam
vadin Kowa rl1 = 0.97 Y1 = 'i1.'?+1.74x1
r2 = 1.00 Y2 = b“.4+1.23x2
r3 = 1,00 ¥3 = 73.1}0.9813
"noom ' " Computed/Shawmont
r'}. = "3097 ‘:1 = ')?-6}1.633(1
r2 = 0,99 ¥2 = 19.9+1.23x?
1_-3 = 1.00 Y] = 'J?.4+C.97x3
Bare U=sltream of Computed/Diyam
:'J.:J:(,' ].-1 = 0.95 Yi = 13.6‘?1.“1
r? = ”.99 Y;! = 13-0*1.“2
r3 = 0.99 ¥3 = 1+5+41.0x

3
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CHAPTER v
COMPUTATION OF STREAM FLOWS AT DaDIN KOYA FOR THE FERICHD 1930 -~ 182
Sel Data Collection:

A tour of four out of the & svnoptic stations and 18 out
of the 22 additional rainfall stations (see chapter III) was
undertaken between December 1983 and April 1984. A short tempera-
ture record in addition to rainfall exists at Dadin Kowa. The
tour of onc and five synoptic and r :infall stations respectivelv
were not altemnted because the former is no more relevant to the
area of studr vihile a forehand knowledge of the latter being
non= functicnal was obtainasd at their respective Zonal Peadouartors
Offices but Von rainfall station was skipped because it was
considered too close to Jos. UWhile long records are available
at the synoptic stations toured, only short and sometimes
discontinous rccords are available for 1980 - 1982 at 10 rainfall
stations and nissing records for Dula and Dukku had to be estimated
by interpolations It has been found out that only the catchmont
area upstrecan of Dadin Kowa has betier station coverage (section
1.443), coverare being about 1400 kmg to a rainfall station as
against earlicr coverage of 2,000 km? to a station. loreover a
relatively qgood flow record is available for the gauging station
at Dadin Kowa a situation arising from construction of a Dam
S5km upstrean of the gauging station which has been in pregress
during this periods Therefore runoff at NDadin Kowa has boen
computed and conparison between the computed and measured Tlows

at this station made.
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Rainfall records at the 14 stations and corresponding tempercture
records relevant to the stations for the period 1930 - 19382 is

presented in Annes: IIT (A=C).

Using the temperature records and tables 3-1.7 (A & D),
ad justed potential evapotranspiration values were determined as
described in Chapter III. After deducting direct runoff (DR)
from rainfall (I’) actual evapotranspiration (AE), deficit (D),
surplus rainfall (5) and runoff (RO) are determined from Peff,Pk
and water holdinc capacity values as determined and described in
Chapter III for cach month in the period (1980 - 1982). Total
monthly runoff (TRO) is finally determincd for each station
(see table 5.1.14). Monthly runoff at Dadin Kowa are then
determined by applving runoff coefficients as determined in

Chapter III and summing up the results.

Computed monthly runoff at Dadin Kowa for 3 years are
tabulated in toble 5.1.1B, side by side with corresponding
measured valuces. Figure 5-1A and 5-1B show distribution of
synoptic and rainfall stations, respectively weightod by Thieszcen

method.

5.1.1 Interpolation of missing rocords.

Rainfall at Dukku for the whole of 1947 was not recorded
therefore had tc be estimated by interpolation. Likewise for
Bula, 1981 and 1282, simple interpolation method was employed in

this exercice.



S0

Dulzliu oad Bula stations were rnot existing »fore 1976
but some recovig for recent years 1977-1982,do exist. fula is
very close to Dunumu and it s assumad that the average annual

rainfall ~t Zumuma will be the sane as that at Nula.

H P
le Bununy = 1‘.‘.1&1:: = 1044 mm

; B
Al8%  Fyos is known = 1391 mm
but BasT (1)
| J
Ll 2L
L FB ““F\j --ew (.‘)
and KsTD_ -~
“/‘-J (3)
SIMIAELY 2y By e @
¢ p. =P :
LI ‘)B IJ PR (5)
12
¢ K =°3
. ———
1 MR (E‘J
hence B =D
p —' - - 7
' L‘J (n
[ B = !:7‘} b4 PJ sese (F’.)
B ———
« @ -
J

where 1'5J - .v rage annual rainfall at Jos

'I?'n - Lvorage anmual rainfall at Bulas

PJ - lonthly rainfall at Jos
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P = ionthly ;-ainfall at Dula.

B
similarly monthly rainfall at Bula for 1982 was comjputed usina
B P ar
°3, and PJ for 1982.
= B
o2 5 * Pygo

Since Dulziu has no station of similar availability of lata
close te it, the monthly rainfall for 1980 at Dukku was inter-
polated b ¢aliing the average valuc ol rainfall at four stations
surrounding ii,l.e Fika, Combe, Alkalcri, and Bauchie. Intrr-

polated Ziouwre: are put in brackets.

5.%1.2 Compor-igson of computed and m asured flow at Dadin Kowa

1280 ~ 1982,

Annesz IV gives the water budget of each of the 14 stations
upstream of Undin Kowa. Table: 5.7.74  shows monthly contr®butlon
of each of th~ 14 gtations to flow at Dadin Kowa wihile Table
5.1.1B gives tic computed monthly flow at Dadin Xowa side-iw
side with corrcaponding measured flows. Figure 5.1.14 gives
gravhical comarison of computed and wviasured flow at the

station.

5143 Regression lines by the method of least squares.

Musther comparison of computed and measured runoff at Dadin

Kowa is mode by calculating the equation of 1line of best fit and drawinc
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the rearssion Lincs for each year from bable 5ale1Be Commutod
and measured Ilows at Dadin Kowa for the year 1980 is given in
column 1 and 2« The line of Best fit is dorived as follo.s:- If
computed and ncasured flow are equal for each month then tiwe
equation of the regression line betwern computed and measured
flow would be ¥ = K.« This of course would be possible only if
all the Zactorgs aZfecting the runoff phenomenon can be accurately
measureds Since the computed valucs of runoff either over-
estimated or othorwise the equation of the line that best fiis
plot of computed flow acainst measwwred [low is determincd. low
closely conpuied runoff compares with mensured runoff ic indicated
by the degree i»r which the regression line (equation of the linc
of bhest £fit) aprroximated to the line ¥ = X. Let this line be
described by the straight line equation ¥ = ax + be where a

and b are constantss. Y and X are commuted and measured valuos of

runeff respectivelye
The constonts a and b are evaluted from the following

equations.

2‘;1: = 32 x“ v noH ssessvessrnene (1)
2::!:‘:1‘ = aszr + bz_xf samanasesssenss (2)

where = Yvr and E Xr are the sums of computed and measurad
monthly runo’f at the gauging station for the year and i‘-.’::2

and p ::2:.- are sums of the squares of computed and meaguraod

runoff respectively. n is the number of statistics; in this case
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No. of months in the year (12). From

S vr 2355,14 =’
S xr 2313.6  ZXr°

n = 12 Z Yr¥r

L}
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table 5.1.2A:

= 1356705.6

1152331.0

= 1216277.8

Substituting lhcose values into (1) and (2) we have

2355.1 = 2313.

6%a + 126 - {3)

1216277.8 = 1152331.0a + 2313.6b ...(4)

Multiplying (2) by 2313.6 and (4) by 12 we have

5448759.,4 = 5352745a

14595334.0 = 13827972a
Subtracting (5) from (&) we have

9146574.6 = B8475227a

a = 1.08-
Subtracting thiz value of a in (3)
b = -11082-

» The regression eqution is:

‘.{ - '1.08}( - 11-82

5.1.4 Corrclation Coefficient$

W 27763021) LRCE ] (E),

+ 2776320 seees (6)

LU B B N (7)

To further examine how closely computed and measured

runoff values relate, coefficient of correlation (r) between

the two values are calculated from the cquation:
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r = SXYy
SxSy . "t (8)
where SxXy = SXr¥r = SXr X YU eee (9)
n n n
SX =\fsx2 ses 1 I0Y
sx° =SxXr? - (SXr)° ... (11)
n ( n )

% wd S  seswser s vesves 00
sy’ =g’ - =)’

n
substituting values of ZYrxr VX, X,
and n as in 5.,1.2 in to (9) we have

1216277.8 - 2313.6 x 2355.1
12 p % g

Sxy

1l

= 63517.9.
Ssimilarly, substituting the value oijsz,:Ekr

and n into (11) we have::

5x° = 11152331 - (2313.6)°
s1ggen - fasgge
= 96027.6 - 58855,8
= 3717.8
Similarly:
sy’ = 113058.8 - 38517 from (13)

= 74541.5
Sx =v/8x° = 242.6 ... from (10)

and Sy =V/5Y2 = 273.0 ... from (12)

Subtituting values of Sxy, Sx and Sy into
(8) we have:

r = 63517.%
« DX «+0

0:96



Table 5.1,1B

) )

Measured and computed flows at padin
Kowa 1980 - 1982.

year 1980 . 1981 1982
Month [com= Mea- Com= Mea= com- Mea—
puted sured puted sured puted sured
Jan 15.2 2,7 13.5 5.4 12.6 5.4
Feb 7.6 2e5 67.6 4.8 6.3 4.8
Mar 2.0 2.7 3.3 2.7 3.2 2.6
Apr 0.0 0.0 17.1 2.6 80.9 2.6
May 110.6 80.4 124.6 58.9 12343 58.9
June 316.2 220.3 314.9 259.2 24648 98.5
July 562.3 535.7 563.8 669.2 624.1 448.0
Aug 914.3 750.0 992.9 910.6 935.1 1098,0
Sept 287.3 466 .6 560.7 959.0 52646 518.4
cct 86.5 160.7 132.6 166.1 230,.2 182.1
Nov 36.6 51.8 60.8 57.0 55.6 5740
Dec 16.1 26.8 28.3 4042 26.6 53.6
i L R S e T e T M D




Table S5.1.2A

Derivation of Regression cquation
between computed and mecasured monthly
runoff at padin Kowa for the year

1580
Month .4 Y ¥X X2 Y2
Jan 2.7 15.2 41.0 7.9 231.0
Feb 2.5 7.6 19,0 6.3 57.8
Mar 2.7 2.0 5.4 7.3 1.0
Apr 0.0 0.0 0.0 0.0 0.0
May 80.4  110.6 8892.2  6464.2  12232.4
June  220.3  316.2  69658.95  4B532.1  99982.4
July  535.7  B562.7 . 301438.4 286974.5  316631.3
Aug 750.0  914.3  685725.0 $62500.0  835944.5
Sept  466.6  287.3  134054.2 217715.6  82451.3
Oct  160.7  86.5  13900.6  25824.5 7482.3
Nov 51.8  36.6 1895.9  2683,2 1339.6
Dec 40.2  16.1 617.2  1616.0 259.2
2313.6 2355.1 1216277.8 1152331  1356705.6

33t F - B4 5 4 2 4 3 3 R 8 4 5 555t i i it N T 8y
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similarly regression equations and correlation
coefficients betwecen computed and measured avcrage
monthly flows for 1981 and 82 have been determined
and theF€5Y1ES ¢aputated in table 5.1.2A and
graphical representation of same given at Figurcs

5¢1.3 (B ~ D)o

Table 5.1.3A.
Correlation Coefficients and regression
equations between computed and measured average

monthly flows at padin Kowa 1980 - 1982,

Year Correlation Regression
coefficient (r) Equation

1980 0.96 Y = 1.08x=11.82

1981 0.94 Y = 0.84x420.94

1982 0.96 Y = 0.88x+54,.,63,




109

-

=X = X — MEASURED
CCMPUTED

- g
-1

1000 |
| L
] __..\
5 x| il
! )
890 ! x “ , ,.
- 1! ! \
X1 1 |
___ _ e
!
T\ J.. ____ !
e I
& g0 | ; b w ;
g 4 \5 1 i .
E . ] \ __ 1 ;
W ..h_ \ | 1
e 400 - ! \ ! 1
! | 1 !
J 1 ! \ '
h g / : p
! \ .‘P | & \
! \ \ ¥ ﬂ—
200 [ PE~ ‘ / _ H -—
‘ Ly ! . / \
5 ,/ -y // ° \
% o I (-] i v
H /fq...... ¢ ’ + mz % \s .f\ B
\ o .u/ \\ o 7 °
0 @2 bl 2t Rt oacr ...wﬁnw.-nmr.l._\\
3P Mt Mt st Nt b Mt Ml 3 s N3l Mt Mgl sl N
e 1980 < 1881 »le 1982 ————>]
TIME

FIG.5.1-1A RESULT OF SIMULATION OF MEAN MONTHLY
STREAM FLOW ON GONGOLA BASIN
UP/ STREAM OF DADINKOWA,



Computed runoff { m3x105)

1000

800

8

400

200

s
.'(-. /
S e —— | I
0 200 400 600 800

Measured rundff [ X 10)

FIG. 5.1-38 Reltion behween mean monthly
computed and measured flows at Dadinkowa.
For the year 1980

o o ~y =X
Y A08XeME2 S

111
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CUAPTER VI B .

DISCUSSION OF RESULTS AND CONCLUSIONS

Gl General Discussion.

.. Chapter I obsoerves that appreciable effort ig being made
toward planning and developing the water resources of Nigeria.

Lleven Rlver Sasin Development Authorities spread to cover ‘he

whole country (figs 142} are the agents of this development.

 Same chopior élso explains the inadequacy of water dala
necessary for nlaming and design of water resources projects.
A peculiar phoromenon featuring promingntly in hydrometeoro-
" logical activities is some kind of stacnation and or deterio-
ration bctwegn the midg of 1960s and 197Ns and even beyond.
xHoﬁevér, a dlaﬂce éf records collected during a tows of somé.
Hydro-net stations indicate a reverse of this treond in sone

areas of the Congola basin,

This development may not be unconnected with recent effforts
being nade by Ulgerian Govcenment towarrds boosting agriculture.
'Chapter IT hichelights potentials idoentified to be available for

exploitation. Chapters III and IV explain a method of egtimalling
runoff from rainfall data a strong tool in estimation of parancters -
naceszary for planning, design and management of water resourcss
and Agricultw:-al preojects. This mebhod known as Book Kecping

technique of oo uting water Dudoet of an area has diversc

applications.

FR
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6. .l't 1 AVALLABY Llll“_‘: OF DATA:

Though distribution of rainfall stations has been described
as sparse before 1970 in Kilange, Donga and Dadin Kowa basins
as reported by PFP (1982), MRT (1278) and Shawmont (1973)
respectively thc situation was worse in the Gongola Uasin in
recent tines. & look at Fige 6.1.1 (A & B) in conjunction with figures
4.1.1A and .77 wemld -eycal that rainogsuge distribution was

better durli the period before 1267 and poor thereaftera

Strrean gauaing and synoptic stations basically remain d

the same duwr-ing these perioeds but did not yield good records

In recent times, 1980 = 1982 the number of stiream gauging
stations incrocoased to four folds (from 5 = 20) in the Gongula
basin, Unfortunatcly only 10 of these have on record zero level
of gauge (tablc Ge141B). HMoreover, 9 out of ’chcsé 10 are not
useful for comuting discharge as relevant rating curves do not
exist. Illowever, a better situation obtaing in Donga and Taraba
Basins. 8 2nd 4 gauging stations respectively have adequats

informations inocessary for reading discharge off sta e obs rvotions.
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Table Ge2.10 Distribution of stream gauging stations in Upprr

Deme River Basin {1980 - 1982)

River/Bazin lo. of Nos oF Reference (.0 with

Stage Stations BM rating

Stations with zero MsL/Local curves

of gauge

1. Benue river 8 8 7/1 P
2. Gengola Dasin 20 10 7/3 2
3. Taraba Basin a 7 5/1 4
4.. Donga Basin 16 13 2/13 8
5. Kilange Basin 3 2 =/2 -
6. llayo-Ine Basin 3 3 -/2 1
7. MNMayo-Balwa Uasin 1 1 -/1 -

6.1.2 DEVELOPIENT

Success In water resources planning, development and managemcnt
in the Upper Benue Basin and in Nigeria at large will ensure
econcemic sbability and healthy citizenry of the nation because the
potentials arc abunvlantly available. then Agricultural potentials
of the Upper Dienue so far identified (1983) is fully developed it
will yield about 0.8 billion naira revenuc annually. GSimilar
revenues could be expected from other subsectors such as fisherics,
livestock, forestry and hydropower. Vith good planning and manadc-
ment, thorefore, the Agricultural scector would supplement oil in
the economy of liigeria. Moreover, all necessary foods for healthy
growth of the naltion's citizens would Le available locally and

therefore, at aflordable costs.
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64143  UAWER (LIGOURCES PLANHING Al FIAHAGCEMENT BY THE BCOK=lil.P=
ING i2./3i0D
The Dool: l'‘ceping technique of the water budget method of
computing runoif from rainfall data is equally applicable in the

determination of water requirements of crops.

Temperature, rainfall and water holding capacity data are
the basic rccuirement for application of the Book Keeping
Technicques 'Mile the first two can casily be measured the thiird

parancter can be estimated.

Compubed runoff values from Rainfall data are comparced with

measured strcean flow values at 3 gauaing stations (Figs 4.1.2(4=5).

Figures “ele2.(A=C) and 4.1.2. (J-L) present successive
approximations of computed to measured runoff at Dindima when
(1) value of water holding capacitics of soils in thc catchment
area of the ganging station at Dindima are assumed but over land
runoff (DR) is ignored (fig 4.1.2 (A&S5), (11) Fige. 4.1.2. (BeX)
show the comp:ari!:on- when DR is introduced while Fig.4.1.2 (C°L)
show the comparison when water lol'ding Capacity of the soils is

increascd,

Picqures 4.7.2 (D E & F) and 4.1.2. (M N&P) show similar compari-
sons belween conputed and measurcd runoff at Dadin Kowa while

figures 4.142. (75! & I) and 4+1.2. (0,1t & 5) show the comparison

betvween the two sets of values of flow at Bare.

The comparizon of flows at Dindima show that introduction of
DR does not affect the relation belw.en computed and mneasured

flows significantly while it affects the relation between these
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sets of values of flow for Dadin Kowa and Bare stations.

This can be explained as follows: all the stations in the

catchment arca for the Dindima gauge are wet stations (average

therefore wiiether D,R. is introduced or not surplus moisture above
WHC will eventually get to the stream. But for some stations in
the catchment orea for Dadin Kowa and linre stream Gauging
Stations some are dry stations e.ge. luman and Goniri (Annex J11).
At thesc stations VIIC is never satisfivd hence the only moisture
that will recach the gauging station from the dry station is tle
overland runo’Z (DR)., Due to unsatisfactory rainiall and strcam
gauging disiribution in Gongola hasin in rccent times onlvy

stream flow at Jadin Kowa is considercd for application of the

Book Keeping i.ctiiod of computing stream {low.

Similaor onclysis 1s carried out and final computed runoff at
Dadin Howa is comnarcd with corresponding measured flow valu s
for 1280-1982. anples of Budget Shocts is presented at snnex IV,
During the analvsis it was discovercd that computed runbff values
secm to undder-cstinate measured flow values as amount of roinfall
received d-crecs s annually from 1980 - 1282. To moke up for
ﬁhese so that . falr comparison is obtalned betwecn computed and
measurcd strean flow wvalues, DR value is increased up to 150
in some months (see Annex IV). Morcover, the mumber of dry

Stations in Geonrola basin increased. (ven Bauchi was drve in

1982 (oo Anne: 1V and Table 60 2135).



Table G130

STATION RECORDEL DI
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Year Average 1980 1981 1932
Catchmant

Area

Dindima Strean

Gauae NONE HOLIE 1 2
Dadin Kowa

Stream gauqge NONE 6 8 9
Bare Strean

Gauge 2 g 10+ 11¢

*Expected since Dindima and Dadin Yowa are part of the catchment

area for Darc siream gauge.

The less the amount of rainfall received at a dry station the

d rier it becoiws.

-

thile there are no dry stations in the catch-

ment area of the Dindima stream gauoina station when rainfall is

average and in 1980, there were one and two dry stations in 1981

and 1922 respectively.

A station is said to be dry in a year if

the amount of rainfall received thzt vear is not enough to satisfy

the Water llelding Capacity for that station.

There iz no dry station in Dadin Fowa catchment area when

rainfall is average while there wore 6, 0 and 9 dry stations in

1980, 1981 and 1982 respectively.

for Bare there are 2 dry stations

for average roinfall while 8, 10 and 11 dry stations are

probable for 1980, 1981 and 1982 raospectively.
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The above analysis shows that as the amount ef rainfall
received goes below average, computed runoff values under-
estimate measured values. The only way cne can reconcile the two
values is by increasing the DR percentage. Physical explanation
of this is that the lesser the amount of rainfall received in an
area the less the amount of water available for vegetation growth.
Therefore, the less is the vegetation cover and the more the %
of rainfall that would runoff overland. [Lven if the soil storage
is far below capacity most of the rain will find its way to the
streams by overland runoff since vegetation cover is 1less to give
enoudh detention for infiltration to take place. This is a similar
effect to that reported by Brown (1972) on Bush fire incidence in

a catchment in New South Wales.

6el.4 RELATION BETWEEN COMPUTED & MEASURED STREAM FLOW:
Table 4e.1.2A gives relations between computed and measured
values of stream flow at Dindima, Dadin Kowa and Bare when average
rainfall data is uged for the computation. Table 5.1.3A gives a
similar information for stream flow at Dadin Kowa when rainfall
records for 1960, 1981 and 1982 are used for computing stream
flowe While coefficient of correlation hetween computed and
measured flow at Dindima indicates very good agreement {r3 = 0.92)
the regression equation shows that computed wvalue over estimates
measured values, (Y3 = 15,97 + 1.1X3]. The values of ra for
Dadin Kowa and Bare stream gauging stations (1.00 for Diyam and

1.00 for Shawmont at Dadin Kowa and 0.99 for Bare) indicate
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close agreement botween computed and mcasured valuzs of styroan
flows at thoce stationse Similarly reqgrossion equations belbween
the two valucs alb Dadin Kowa show very qood fits (Y3 = 73.1

+0.,98X, for Diyam and Y., = 57.4 + 0.974,, for ShawMont) while for

3 3
Bare it shous an cxzcellent fit (23 = 155 4 1.00x3).

3!

The correlation coefficients 0.96 for 1980 and 1982 and 0,94
for 1981) betwcen computed and measurcd flows at Dadin Kowa
show close agrcement likewise the regression equations. The r
value of 1 is not obtainable in practice. The values obtained
could be due to the use of monthly valucs of rainfall. Use of

long term anitual Jata may yield more realistic resulls.

6.2 COIICLUSIONS 3

6e2al WATER U LCURCES PCTENTIALS:

Investigation reports have revealed tremendous potentials for
water resources and agricultural developuent in Nigeria as indicated
in the Upper Denue Basine. Effective planning and management of
the Resources will case the dependance on single commodity namcly

oil for the nations economic stabilily.

64242 [ IYDRO-IETEOROLOGICAL DATA:

There is a scrious inadequacy in availablity of data
necessary for planning and design of water resources projects. To
facilitate efficient exploitation of the potentials great
attention has to be paid to Data measurement and collection in the

Hydro-meteorolocical activities of the Kiver Basin Authorites.
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BOOK KEEPING METHOD OF COMPUTING WATER BUDGET:

The Book Keeping technique of computing water Budget as

developed by Thornthwaite and Mather (1955) and subsequently

improvement by HMather (1981) is a useful tool for water shed

managementa

It can be employed to simulate runoff from a water shed

accurately if rainfall and Temperature records are available in

conjunction with soil and Topegraphic maps of the area, as demonst-

rated for the Gongola Basin.

6e2.4

(i)

(ii)

(iii)

RECOI'I:ENDATIONS @

Data collection for the purpose of water resources
plamning should be intensified to enable the nation
develop its water resources and igricultural

potentials efficlently.

The Department of Water Resources and Environmental
Engineering of Ahmadu Bello University Zaria and

similar Institutions eleswhere in Nigeria should Libark
on rescarch work to improve on this preliminary study
by taking into account water holding capacity of soil

in detail and other factors like topography land use and

50 O,

The Dook Keeping method of water Budget analysis should
be adopted for application in the water resources
planning, development and management in basins where

enough runoff records do not exist.
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FIG 6-1.1B Distrubution of minfall stations ond ovailable record in Gongola basin
1970 - 1383
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FIG. 6.1-1B (Continued)
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FIG. 6-1-112 (Continued)
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rable 6.1.3A

Selected 3 sets of paramcters assumed for successive
trials in sumulation of runcff frcm 26 runoff potentials.

FIRST SECOND THIRD

STIATICON WHC DR CF |WHC DR CF| WHC DR L
(mm) %P % {(mm) %P % (mm) %p %

1 Jus 250 - - 250 5 - 300 5-10 &2
2 vom 250 - - 250 5 - 300 " "
3 pankshin 250 -- - 250 5 - 300 " "
4 Gindi aAkwati 250 - - 250 5 - 300 " "
5 Bununu 250 - - 250 5 - 300 . " "
€ Bauchi 250 - - 250 5 - 300 t "

7 Keffin Madaki | 200 - - 200 5 - 250 " 66
3] Darazco 150 - - 150 S - 250 " "
g Misau 180 - - 150 5 - 200 " "
10 rFika 150 - - 150 5 - 200 , " L
11 Gujba 150 - - 150 S - 150 " "
12 Dpamaturu 125 - - 125 5 - 125 ° " "
13 potiskum 125 - - 125 5 - 150 " "
14 Goniri 75 - -- 75 5 - 75 " "
15 Gombe 150 - - 1506 5 - 150 ' " "

16 Meringa 150 - - 150 S - 75 " S0
17 Xwaya Tcra 150 - - 150G 5 - 50 " "
1L padin Kowa 150 - - 150 5 - 75 " G5
1% Dpamboa 150 - - 150 5 - 75 " n
20 Lskira 150 - - 150 5 - 75 " "
21 Biu 150 - - 15¢ 5 - 50 " "
22 Kwajaffa 150 - - 15C 5 - 50 L "
23 Gaerkida 150G = - 150 5 - 75 " "
24 Shani 150 - - 150 5 - 75 " "
25 fTula 100 - - 104 5 - 75 " "
26  Numan 300 - - 30u 5 - 350 " "
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JVERAGE MONTHLY ®SAINFALL AND TEMPERATURE RECORNDS FOR
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ANNEX IT

SAMPLES OF WATER BUNGET SHEETS FOR 26 REPRESENTATIVE

STATIONS IN THE GONGOLA DBASTN.
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ANNEX IIT

RAINFALL AND TEMPERATURE RECORDE FOR 14 STATIONS
RELEVANT TO THE STREAM GAUGING STATION AT DADIN=-
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ANNEX. IV

WATER DUDGET SHEETS FOR CATCHMENT AREA OF THE STREAM

GAUGING STATION AT DADIN KOWA FOR THE YEAR 1982
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GONGOLA BASIN WATER BUDGET

Year: 1982 station: potiskum

Rainfall station:potiskum Temperature: Potlskum

DR = 10% for July & Sept. Water Holding cCapacity = 150mm

DA = 15%p for August,
RawW

Month/ Jan. Fed, Mar. Apr. May. June. July BAug. Sept. Oct. Hov. Jec. year Remarks

No.4| Elex.
2 {1
3 1 AS FOR FIKA
4 UnadiPE 2.8 3.4 Be1 %7 S.7 5.4 4.8 4.4 4.8 4.9 3:X 25 -
5 Adjr 29.9 273 30.9 31,2 32,7 32-1 33.0 132.1 30.6 30.3 29,1 2%.4 -
6 AdiPE 77.7 32.C 3188.5 177.9 166.4 173.3 158.4 141.2 146.9 148.5 90.2 73.5 -
7 B 0.0 Q.0 0.0 19.2 40.2 38.3 122.7 235.2 T8.0 51.3 0.C 0.0 -
a8 DR 0.0 0.0 0.0 0.0 0.0 0.0 12.8 35.2 7.6 5.1 0. 0.0 -
9 va».n 0.0 0.0 0.0 19.2 40.2 38.3 121.3 200.0 76.0 51.3 0.0 0.0 -
10 unmm..mm -Ve -va -va -ve =ve -ve —-ve +58.2 -ve -va —ve -ve -
11 5T
12 | pst
1 ias
1“ |p
15 s
18 RC
17 TRO TRO = DR




GONGOLA BASIN WATER BUDGET

year: 1982 station: Damaturu
gainfall station: pamatura Temperature station: potiskum
DR = 10%p for June & July & sept. wWater Holding Capacity = 125mm

DR = 15%p for august.

i :ouﬁ.\— Jan. Ted. Mar. Apr. Kay June July Aug- sept. oOct. Nov. Dec. vear qemarks
zo.# Elem. __
2 | & \
5 b4
P AS FOR FIKA
5 FL-50
& AdjPE _
7 P 3.0 0+0 0.0 8.0 13.0 85.6 158.5 12 §9.% 3 PR C.C 0.0 -
g |or 0.0 0.0 0.0 0.0 0.0 3.6 15.9 16 5.0 L0 0.0 340 5
g | Pasgs 3.0 0.¢ 0.0 6.0 33,0 B2.2 150.6 102 2 <335 £2.5 0.0 0.0 -
10 | Ferr-pE - - ve THROUGHOUT
11 | stT
12 T
13 L] |
14 3 m
15 38 -
i :
16 ' RO i
17 _4.6 _ TRO = DR




year; 1982

GONGOLA BASIN WATER BUDGET

Rainfall Station: rika

DR = 10%p for June & July
DR = 15%p for August.

station: Frika
Temperature station;

wWater Holding Capacity = 20Jmm

- Month/ oan. Feb. Mar. APr. May. June July Auge. Sept. oOct. Hov, Dece. Year Remarks
zc.& Elea. .
2 |& 22.2 24.6 26.6 31.6 31.4 30.1 27.7 26.5 27.5 28.0 23.6 22.1 -
3 i 9.58 1.16 14.02 16.15 31.36 12.49 13.21 13.58 13.58 10.48 9.45 155 -
4 ynaiise 2.6 3.4 5.1 5.7 5.7 5.4 4.8 4.4 4.8 4.9 3.4 2.5 -
5 adir 29.9  21.3 30,9 31.2  32.7 32.1 32.7 3%.1 30.6  30.3  29.1  29.4 - sum of Jva Tefi-rx
[ AdieE 77.7 92.6 157.6 177.8  186.4 173.2 156.9 141.2 136.9 148.5 90.2 73.5 = is less than wgter
7 P 0.0 0. 0.0 3.3 54.9 6.0 101.1 149.4 0.0 o0O.¢ 0 0.0 = o
Y a2 0.0 G0 0.0 0.0 0.0 6.8 10.1 82.4 0.0 0.0 0.0 0.0 -
9 mumm 0.0 (.0 c.0 3.3 54.9 68.0 96.0 127.0 0.0 0.0 0.0 0.0 -
.10 mnnml -ve -re -VE -ve -ve -ve -Ve -Va -ve -ve -ve -ve
1 sT
12 DsT
13 AE 5= G
14 0 RO ~ 2R
15 5
16 - TRO =DR
17 TRO




GONGOLA BASIN WATER

BUDGET

1982
painfall station: Buni

Year:

DR = 10% for June,July & Sept.
DR = 15% for August

station: Buni
Temperature Station:

wWater Holding capacity=150mm

Raw _ )
Month/ Jan. Peb. Mar. APr. May June July Aug. sept, oct. Nov, Dev. Year remarks
No.d| glem.
2 | & .
3 i
4 unad jPE AS FOR DUKKU
s | adjr _
& AdiPE i
7 P i 0.0 0.0 0.0 0.0 14.2 120.0 130.9 135.7 116.0 58.2 0.0 0.0 -
3 DR VIRV 3.0 0.0 0.0 0.0 12.0 13.1 21-0 118 5.6 0.0 0.0 &
9 | Bes 0.0 0.0 0.0 0.0 14.2 108.0 117.8 118.7 110.2 56.2 0.0 0.0 2 9

e " sum of wve eff-PE
10 eff-pE | -133.F 11%.7 -176.1 =-188.5-178.0 _60.5 -45.7 -22.4 =-48.9 -1056.0 -151.9-161.9 =115.8

5 is less than water
31 o * #plding Capaclty
12 |pstT '
12PLU

5 tin # NC SUTPLUS -

i .
14 +D TEOC = DR
15 5
16 |RO
17 jwo N mer




GONGOLA BASIN WATER BUDGET

year: 1982

painfall station: Biu

DR = 10% for June,July 2 Sept.
DR = 15% for August.

station: Biu
remperature station: D/Kowa

wWater Holding Capacity = 50mm

,m¢1 Month/ Jan. feb. Har. ApT. May Juna July AUGe sept. ©ct. Nov. Dec- Year nemarks
No. 4] Elem. .

2 <

3 i

4 unad jre AS FOR DUKKU

5 adlp

3 AdiPE 139,53 11%.7 176.1 188,5 192.2 168.5 163.5 154.1 159.1 162.1 101.% 115.8 -

7 P 3.0 0.0 5.3 2.8 39.4 113.8 161.8 150.1 110.7 90.3 0.0 0.0 = Sun of ove Fef-pE
a8 -r 0.C 2.0 0.0 0.0 0.0 11.4 16.2 24.0 1.1 9.1 0.0 0.0 - ta Texs than Nates
3 Fogs 0.0 0.0 5.3 62.8 39.4 108.1 153.7 136.1 105.2 86.3 0.0 0.0 = holdig capscity
10 Posipr | —119.6 -118.7 -173.8 -125,7 ~152.8 -60-1 3.8 — 18.0 -53.9 =75.9 -102.9 115.8 =~

11 ST 5 =0

12 DoT TRO «3R

13 AE

14 ., D

15 m s

16 RO

17 TRO




S . GONGOLA BASIN WATER BUDGET

Teac: 1982 . . . station; gombe

ﬂq e S ’ - #ainfall station; Gomba - " pamperature station: D/Kowz.
’ o . DR = 10%P for June & July Water Holding Capacity = 150mm

DR = 15%2 for Aug. B September,

Raw - .
) B Honth/ Jan, F2b, Har. ADC. May June July Aug. sent. pct. Nov. p2c Yezr | rizacks S
o go. 4 Elen, : . : ' -
SER | S : AS FOR DUKKU . . T
- a 1 : AR
I . . .
. 4 unadlpE 4.7 4.2 5.7 6.1 6&.9 5.3 5.0 2.8 5.2 5.3 3.5 3.9 ) T
. F
5 AdIF 0.0 27.3  33.9 30.9 32.4  31.8  32.4 32.1  30.6  30.5 29.4 29.7 :
6 AdjPE 141.0 +14.7 176.1 188,5 191.2 18B8.5 152.D 154.1 15%,1 162.2 102.9 115.3 . . .
7 p 0.0 C.i .0 .57.0 28,0 1480 147.0 255.0 17B.0 77.0 0.0 6.0 . . .,
- Sum of the m..thnlu... :
8 DR .0 0.2 0.0 0.0 ° 0.0 4.8 14,7 33.1 2.7 7.7 0.2 G.2 Hum Qs the  =iy-oo -
s |Pers 0.9 §.0 0.0 ST.0 28.0  140.6 139.7 246.7 151.3 17.0 Q.0 Q.0 is less that water
10 | Feffapp | -141.0 =115-7 =176-1 =137.5-163-2 -27.9 -22.3 .62.6 -T7.8 85.2 =1D2.9 -115.B Helding Capacity.
11 |st . )
. 12 5T . ]
13 A . T ;
14 n '
= - ; . . .
15 H 3 =C o
16 20 ] . ) . + )
B . Tms =
17 TRO . . - IR )
u. } - Pb-
- . i _ R Gy



Year: 1982

GONGOLA BASIN WATER BUDGET

Rainfall station: padin xowa
DR = 10% for June & July & Sept.
OR = 15%P for August.

Station: padin Kowa

Temperature station: p/Kowa

Water Holding Capacity = 75mm

g Month/ Jau. Fs=0. Mar. Apr. May. June July Aug. Sept. Oct. Nov. Dec. Year Remarks
¥o. il Elem.

2 | &

3 |1

4 |unsdjee AS FOR GOMBE

5 AdjF

5 | adjee

7 |e 0.7 0.y 0.0 26.5 37,7 120.5 157.0 161.3 149.4 139.4 0.0 0.0

8 |o= 0.0 0.) 0.0 0.0 0.0 12.1 15.7 24.2 15.0 14.0 0.3 0.0 sum 0f .ve Teff-px
9 | Pars 0.7 G.0 0.0 26.5 37.7 114.5 149.2 137.1 142.2 132.4 40.0 0.0 i3 less than water
40 | Peffipe | -141.3 =113.7 -176.1-162.0 —152.5- 54.0 -12.8 =16.5 =-16.9 =-29.8 102.9 -115.8 Holding Capacity
11 | st

12 | ost

13 AE

14 |

15 |s B ool

L " TRO= DR

17 TRO TRO = DR
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This - T BT ]
1 Dgdih Kowa 10, Sunioi
2 .Bagel Zungur W Donga Small Schemes
-3 Dindima 12 Major Schemes
& Tallum 13 HE Dam ;-
5. Dasin Housa ¥ Mambilio Developnfent
6 ‘'Yola Reclamation ; 15 Mayo Ine
7 Lau Swor % Poi Rwver Bosin Development
4 Lower Toraba 17 Kilange River Basin Deve lopment

9 Shina Jigawal HE. Dom

Gongola
Sub-Basin s ed ¢

LOCATION HAP
UPPER BENUE RIVER BASIN DEVELOPMENT AUTHORITY

AND - THE GONGOL_A SUB-BASIN -




