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The recent variations in olimate and their conssquences
on men affairs particularly on agricultural production call
far a closer oxamination of variations which characterise oli-
mate and the effects of such variations on crop produ_ction. |
This thesis applies the concepis of water use and the water

balance in examining climatic effects on ci*0ps.

~ Most of the literature on crop—cllmate raelationship ava:.l
able in Nigeris are on macrc or meso scales in which the efi‘ects
of climate on agricultural production were based on rainfall
obtained ouiside the'immediate environment. of -crops. Only very
few studies dlsoussed the mean annual and mean seasonal varia-

tions. in water need of crops. In contrast to these studies the

‘present study examines crop-climate relationship on a relatively

mioro'sca.le by using ‘pértinént olimatic information abtained

fran Pive experimental sta.tlons. These sté.tioﬁs have a good geo-~

graphical spraa:l in Nigena. _ |
Specifically, this study identlﬁed and examined four

main features of rainfall :'r.n H:.germ. These includet

(a) ~the mean annual raini’all of. 'ITh:I.Oh ‘the 1940-85 rainfall
' ¥
- da.ta. were ana.lyaed.- AP

(®). thﬁ yoarly ralnfall varistions in Nigeria of which the = -

¥

LA e

annmual valuaa of preoxpitaticm fqr egtch of & ﬁhe years 1950-85

C e l
were computed as mmenta.gea of the averages of ths per:i.od
1940-76 for eash of tb.e atatlons;

(o)« the locational va.ria'bicma and g : :




iy

2

)

P4,

\bl

(a) ' the application oftm cmc:ept of seasoz:la.lity (Oliver, -

1 1980) with respect %o mean anmual rainfall distributian
in Nigeria as well as the year to year veriations in the
study locatioms.

Similar features of potential evapotranspiration (FE) in the
country were discussed. The study also examified the mean water
Yalance in Wigeria in ganeral and the five basic locaticns in

particular and emphasizes the water balance conditions not only |F
within the growing seasam but also during each stage of the '
growing season. Fijnally, correlations betweeﬁ precipitatian (P) |
PCI, FE, and P-FE on one hand and crop yields on the other hand
were computed.

In doing these, olimafic data were collected.f‘ro:_n stations i
other then the five basic stations (fige1) for ccmpé.x#tive analys%s
and general discussims on Nigeria. In addition, a review of |
the literature and past regé,amh yielded some deta employed in '

f

the study. = S oo |
The stma,y shows that campletely differe_ﬁt ‘pattems of rainfall
distribution ecour within the seme olimetio Tegian amd stations
located relatively clomse to cne -another, _it alao _qgom that
although all parts of Wigeria experience variatioms in olimate,
over the past fifteen 'J'eara, the variations ha:ve bean more pro- '
nounced partioular]y in the Yocations in the northern part of
Nigeria. These ooﬁitimv-igv; greatly affected agricultura.l t
production over wide- areas. 'I'ha atudy also cani’:.rms previous

conclu.mans that the oharantaristlcs of crop yields are reeults -

of a complexity of :l.n'beraoting factora of the physical environment.'

it
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A8 in many other countries of the world, ome of the
-p_urthems facing Nigeria is a deoline in agrimﬁtural produ-
otion. In recent years, this phenomenon has led to the short-
age of food and a conssquent rise in the amount of money spant
an food importation in the oowtry. In 1975, 1976, 1977 and
1978, for example, Nigeria spent ¥297.9 millicm, H440.9 millien,
N736.4 million and ¥1,027.1 million respectively on food imports
(Table 1.1)s This situation was not different between 1980 - 84
when the amount of money spent on food importatian continued
to inorease. The state of affairs wherely Nigeria has beoome

an importer of foodstuffs appears surprising particularly

.because of the vast agricultural potentials‘ 6ffered by her phy-

gioal environment,

Table 1.1 FOOD IMPORTS IN NIGERTA, 1960 - 1984

(¥ MILLION, EXCEPT OTHERWISE STATED).

Index of TFood Anrmal Food Annual
Years Productian Changes | Imports Changes
1975 - 100 % ENE %
1960 131.0 - na | -
1961 145.7 11.2 - -
1962 149.2 2.4 - -
1963 162.9 942 43.8 -
1964 157.9 ° 33.1 23.3 —46.8
1965 16142 T 2.1 4641 97.9
1966 139.0 13.8 5146 1.9
1967 13643 1.9 42.6 17.4
1968 143.8 545 2844 -33.3
1969 174.0 21,0 41.7 46.8
1970 140.0 1945 57«7 38.4
1971 119.0 14.5 .| 87.9 5243
1972 27.0 27,0 9541 8.2
1973 99.9 14,22 12643 33.8
1974 % 118.2 © 1 1843 % [ 155.0 22,7 e
1975 100.0 | 15.4 297.4 92.2




Table T.1 {Cantd,)

Index of Food Armmual Food Anmial
Years Production Changos Imports | Changes
1975 - 100 % + '
1976 8547 1403 440,9 48.0
1977 81.1 ~5e3 73644 670
1978 7246 10,5 | 1,027.1 139.5
1979 68.8 5¢2 | 76645 ~25.4
1980 7061 1.9  11,437.5 8745
;) 1981 T1e4 19 | 2,111.5 4741
1982 4T 4.6 ! 1575946 -178
1983 7246 “2.7 [ 1,377.9 | -27.8
1984 81.5 1.2 ! 1,052,1 -33.3
Ne3. = not available
S Sources (1) 'Cantra.i_ Bank of Nigeria
(2) Federal Office of Statistics
One of the major factors of thé physical enviromment
‘responsible-for the decline in agriculiural productiwn in
¥ the comtry is the climate, which varies in time and space.
Reoent olimatic events and their impact on £96d production
‘ have clearly shown the vulnerability of ocrop yields to cli-
matic variations, | ﬁ'_pical examplea of swch climatio events
\’_ include the droughts of 197073 which adversely affected
!7_. - o= .
; Figeria, particularly north of latitude 11°N, and those of

1983 which affected the ‘ten ndrthern states of the comntry

as well as Oyo, Anembre, and Ino States in the south, thus -
showing -tha.t- even in areas experienoing appreciable rain—
fall, adverse effeots of climatic véi:iatictis on crop

. yields can be considerable,.

g r————
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These types of climatié events and their consequences
are likely to continue plaguing Figeria unless droug"ﬁt occour-
rences can be predicted or at least indications of their
occurrence known, so that steps can be taken to cmtéract
their effecis. Viewed against this background, the need
to examine the climate in relation to crop produciion can
hardly be debated and needs no elaboration..

As noted by Agboola {1979) and based on the
experience of ths ;wacent c;,limatic events in Nigeria and
their consequences on crop production, moisture characier—
istics of the environment appear to be the most important
aspect of climate affecting crop production in Nigeria.

It is‘ therefore n.ot surprising that most sfudiea on the rolé
of clinate md agrioultural productivity in the country
emphasize the signifiomnce of moisture characteristics parti-
cularly rainfall, uhos__é variations in recent years have |
caused a lot of conobrn to both the government and the people

of the cowmtry,.

JF -

The work of Ad.e“ (1962) was one of the
earliest studies in Higeria in which rainfall was related
to crop production. —"}.*;is rstud.v noted that rainfall distri-
Yution and intensity sfe importent olimatic charaoteristics
whioh affect orop produstion in Nigeria. In a related study,
Ogumtoyinbo (1967) ohserved that the emount and the distritution |
of ra.:.nfa.ll during the growing season of orops are_more ilnport-
ant to ofop growth a::d ;_mod.uotiém than the amm:aliohls.-

Eilk
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Howaver, he used'ra:ihfall'l alone to assess the moisture
conditions of erop anvi:miment - without considering ;')ther
avernues through which moisture is received or expended,
and this does not present the true piofture of the effects
of moisture characteristios on crop production. There is
therefore the necd for t_he applicatimn of the concept of
waler balance which enables a relatively more accurate
assessment of water a.v*a.:i.}.e:ble1 and water need2 of crops.
" In comparison with the studies on-the rainfail,

fewer studies relating water availability and crop weter

"need to crop production are availlable in West Africa in gen-

eral and Nigeria in partioular. A typica.l example is the

work ty Kowal ra_.nd. Knabe (1972) who discussed crop production

in relation to water availability and crop water use.in the

Northern States of Nigeria. Other similar stuiies include

‘those of Kowal and Faulkner (1975), Kowal (1969),:Og-mtoy:inbo

(1969), and Eigh ot als, (1973). Unfortwately, most of

these studies have been done on relatively global or regional

scales. ' T

1. Water availability refers to the proportion of

moistute within range of plant root systems

2,  Vater need is the amount of moisture required to
keep the plant in_.a strong and healthy condition -
from whioh good yield can ‘be expected. :
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There are much fewer studies on micro areas of which

the works of Kowal (1968) whlch examined storage of water
and iis use by crops at Samaru, Nigeria, and Chapaé and
Rees (1964) on water availability and consumptive water use
in oil palm nurseries at the Nigerian Institute of Oil Palm
Research Benin, are examples. Yet micro studies are rela-
tively more significant to agriculture than the global or

regional studies, since the water need of a crop in any

location depends on the microclimatic factors of the location.

‘Viewed from this perspective, the need. for crop water use

studies on a micro-scaleé level cannot be overemphasized.

The preéent researg¢h contends that for agriculture-

not to suffer set backs—as was ‘the case durlng the Sahellan

droughts-of the 19?05 and 19805, thorough knowledge ofg_

the microclimatic éonditions, espec1ally ;he“mozsture chara-

P —"

Mnger1a, as in many other areds. ..

cteristices, 1s needed

The emphasis in the present reseadrch whlch has been carried

R L
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Studies such as this are highly desirable because
the concept of water use cen be used as a guide to e;'z'plor- '
ing the moisture characteristics and water needs that set
limits on the production of various crops in different
locations or regioms,
The present research is therefore aimed at
(i) assessing the variability in micro—climates
with respect to water balance and
(ii) examining ‘the relationship between ths
ﬁoisture characteristics of climate and
their relevance to crop production.
Thus, the problem that the study addresses concerns the
e'ffecffs of microclimatic variations on crops and the possi—
bility of detemmining adverse weather conditions given some
'bé.sio climatic data. The study aims at examining the varia-
tionsci_n the  water use of orops ‘employing the concépts ‘of.

water balance and seasonality index., Apart from considering

- the water balance components individually as "master faotor",

the approach g;ves congideratian to the joint effects of
the ocompments acting together.
The specific objectives of the study includes
(2) To examine the variations of precipitation in
Nigeria with pa:‘ﬁ&ﬁlaf reference to the
mloroolima;; of the . -study locatioms (Fig. 1).
(h) To scompute tha potemtial evapotranspiration
(PE) for same of the crops cultivated in the

five etudy locations (Figure 1)
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{(¢) To compute the water balance for each study
location and assess the variabilities I.ﬁhioh
characterize the water balmces during the
growth stages of selected basic cr0ps.‘
~ (d) To find the relatiomehip between some water .
balance componentie and crop yields in the
study locationss
Specificaily, the present study focuses an five
of the major crops,namely,yam, cassava, maize, groundnut and
gsorghum, The stuciy stations (Fig. 1) ‘includer |
(i) 'The Fational Root Crops Researdh
Institute, Giudike,
(ii) The Internatima.l Institute of Trop:.oal
Agriculmg,"rbadan:‘.
(441) Oko-Obe, Agege Agricultural Ertensicn
(iv) Agricultural RéSearoh Institute, - .
(v) Agrioultural Research Institute | o
s . B
. . = ; I l_
- e - = §
; ST




-

/"—‘_-’ .\-—'—\ —— - //"‘;/
[ Sokoto '\ -7~ ke -~
) o - RN o
\ 7 Kaguna ) Ngury .
! | 0 Gusau r/ Maidu
i ! ~ _ g
. Lo Tghano Potiskum "
. BIARIK o
i ‘ : ¥
/ 5?‘&RIS' S
\’ : CBauchi : ,"
.
!
/
//
i
!
{
\
| Lokoja , ;
3 lb%dan Makurdi iy
tJITAR ;
{ /.
! £ PR J
nugu S A
~Agege o e

.
mUmudike 7

s

0 Synoptic Stations
o Study Locations

Warri

!
Calabar,
Port-

& Harcour

n

co-9

FIG.1. NIGERIA: SHOWING THE STUDY LOCATIONS

Ll



24

-

. L S
% R - '

& : . v

The selection of tﬁeée stations was based on three -
considerations, Fa.rst, they are among the fow stations
which keep records of crop yields and climatic data pexrti~
nant to the detemination of evapotranspiration'and the :
water balance. 8900@3, the distribution of the five study
locations has a fa.iriy €904 geographic ' 8pread, representing
the three main ecologioal zones in the country, namely, the
forest zone in the south, the iramsitional zome in the middle
belt and the grasslaml regicms o the north. While Umudike
and Agege represent the forest zone, Ibadah represents the
transitional zone, and Samaru and Kano represent the'_ Savanna

zone. - Thirdly, the selection of few stations will permit

an indepth study of the microclimate crop relationship in

each study location. "F:ig. 1 shows these five study loca.tions

-and the various other statmcns used for comparative analysis

and general d:.scussiona oen ngena. Deta.ha of the method.o-H

logies for data oollection and computa.tion am disoussad in

chapter 4 - e T
_ Both the rela.t ve]y lo::ngonth]y and seasonal) periods

and the relatively ahm:-t (waekly) _periods. have been-used in

~ the present study, 'I'he"'éhort period water ‘nalame aocotmting
'aspeot will ‘beazsed to invastigate tha moisture _oonditions

dﬁrmg the various stages od;' crop growth. Enphasis will 'be

. a-..-,p-k L

plaoed on the period.e ﬁn‘*“whioh—water is natu:rally a:va.lle.'ble

B e e

for erop pwodmtion.rth;-ough ra.infa.‘l.l.

o
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The present thesis has been divided :'u;-bo nine
chapters. PFollowing this introductory chapter whick empha~
sizes the need for the research, the next chapter (chapter
two) gives a general appraisal of the physical background of
the study areas with particular reference to geclogy and
topography, cli:ﬁate, goils and vegetation., This chapter
is important because the physical characteristics play
significant role- in fhe agricultural production of the study
areas. For example, the physical characteristics of any
area mainly detexmine the type of crops suitable for the
envircrment and the farming practices to be adopted.

Chapter three deals with a review of the liferature

particularly as applied to Nigeria and West Ai_’rica., while

chapter four gives detailed ana.iysis of research methodclogy

- and data requirements employed in the study.

Chapter five deals with the analysis of rainfall pat-
tems end seasonal distribution, while chaﬁers six and seven
discuss c‘rop water use and the ﬁater balance of the .study
locations,

" 'In chapter eight the relationship between microclimates
and crop yields are examined, The last chapter (Chapier nine)
nresents conclusions and recommendations based on the outcome
of the researoh. It is hoped that the results of the study,
will provide useful tool for planning and development and for

Turther research work particularly on climate and agriculture.
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Introductiont

Agrioultural systems in West Africa in gemeral and
Figerie in pdrticular are largely controlled - hy environ-
mental factors such as climate, soils, vegetation and topo-
graphy. For example,Agboola (1979) noted that climate is the
moat important of the environmental factors influencing
agricultural productian in Nigeria. Even soils which are
the essentiai medium for plant growth as well as thell voge-
tation and topography, whic}_.l largely influence soil ‘formation,
are products of the present and pa.st. climates. It is, there-
fore, not ‘surprising that climate, pa.rﬁcularly rainfall,

can effect the choice of a farming system and cropping pattern

in various parts of the comtry. For example, the "type of

crops grown in Nigeria are indirectly affected y rainfall
through its influence on soil formation, or aireétly through
rainfall characteristics such as the amomt, duration, inten—
sity, variations and reliability {Agboola, 1979). |

As illustrated in Fig. 2.1, the zoning of the

rainfall from south to north refleots the oropping pattems:

Thus, for example, fram the l_:oa.st to the transf‘timal gone

usually referred to as the Middle Belt where total annual
rainfall varies botween 400mz and 1“250mm, root orops such
as yam, cassave and cosoyam are mainly grown. m-tha other
hand, from the southom part of the Middle Belt of Figeria

vhere an average anmal rainfall is approximately 1250mm, to




s
w /1]

Root C_rops ' | N

Gra__in Crops

/ /" Maize
. — /’\ Groundnui
' %r»,,, Beniseed
//—“
- o~ Isohyet

S~ —

!

..... Northern limit of major root cropst .

Tl e e e = -

]

S

-

1 kS S
o

~—a— Southern limit of grain crops \
- . . i M

F16.2.1: NIGERIA - ({LIMATE AND CROP ZONES

[

i



"

w3 - }

the extreme north of the cowntry where average annua.l Tain—
fall may be 1esrs than 500mm:, gram grops such as millet and
guinea corn are grown, The northern parts of Figeria which
experience rainfall varying 'betwqan approximately 500mz and
1000mn also specialize in the growth of,groundnuts. Beni-
seed is grown towards the southern pa.ft of. the Middle Belt
mainly along the Berme trough where annual rainfa.ll.'- -
averages about 1250mm., Maize is oommonly g:rown throughout
the country, but it is more important in the Middle Belt
where anmual rainfall-varies between approaximately 1200mm
and 1250mm, _, -

~ In spife of these generalizations made for both northern
and southern Higeria.; each of the study locaticns exhibits
somevwhat peculiar environmental eharacteristics. and imieed

has preference for relatively peculiar agricultural systems.
e T LI R o W e

ma——h

Judged a;ga.inst this background, proper understanding of the

relationships between physical charactéristios of each study
location and crop 'produbtion demnand grea’cer.considerati_éns. ,
The following discussions give. detailsd ic’;esa:r'ip‘!:ions of the

physical characteristics of each of the study locations.

2e2 The National Root Cropg desearch Insiitute,

Unudike, (ARTU):

2¢2e1. Geology and Topography:

‘I‘he.Nationa.l Root Crops Research Institute, Umudike
(ARTU) is located on latitude 53N and lingitude 75 Es The
area. on which the reseafch gstation is located is dominated Yy
plains under 200 meters above see level (Fige. 2.2). These
plains resulted from alternating denudational activities
waich have provided the vast quantity of aggradational mat-
erials. |

(Eeologioally, ARTU lies on the Tertiary deposiis des-—

Ay b

cribed by Buchanan and Pugh (1955) as the "Bende-Ameke Croup',
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which lies between the Lignite Group to the no:;'th and the
"Coastal Plains sand" to the south. BEssentially the Bende-
Ameke deposits are characterized ly clayey sandstone and
clays, and are locally highly fossilifercus. For
example, there are exposures of lignite aliternating f:rith
gritty clays and plant remains and shells which outcrop

on the surface,

B “L.“-’L;H

— @27272 -Climate: ~

ﬁ“T};;:"‘:%iny.'sea.son in ARTU usually sterts from early
e -l ' .

Harch and ends in October with an annual total averaging

—  about 2100nm (Table 2.1)s There are two distinct seasons

in the year, namely, the wet secason (March-October) when

___T,z;..—_-—'-'rjzhé_‘""fﬁiﬁ‘f'é.lrl averages about. 250mm a month, and a relatively

- .

dry season {November ~ Fobhrusry)-dusing whiich® périod“the = ~
average monthly rf,mi’a.ll rarely exceeds 40mm.

. rx_"_ag_nfal%"&i;ributim, which generally exhibits the bi-
modal characteristics ccmn-anly associated '.n_t?h the southern
stations of Nigeria, Esug.lly reach the peak approximately

in Jwne and, Septeniﬂlger (Fige 2.3). However,‘-:aria.tions do

occur in these characteristics. For example, in 1973 and

1981 the rainfall pesk occured in June and August, and Mardh
and July respectively in these years. In some years, there

may be more :than two peék:s as it wa“si for example, the ocase

in 1950, 1951, 1980 and 198%-(Fig. 2,3). During the rainy
season, the rainfall usually comes in the form of thunderstorms,
with strong winds} Rainfall is usually st its meximum at night-
time and during the early morning hours pa;’ticularly at the
beginning and end"of the rainy seasan. ’ |
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TAELE 2413 o SUMMARY OF METECROLOGICAL CONDITIONS AT ARIU, 1970-85

(5°30'N_7°30'E: AUTITUDE 122u)

ra

i«

MONTHLY | MONTHLY MEAN oF . RELATIVE | MEAN | MEAN ' MEAN DALLY EVAPRATION(Eo)
MONTHS | RATNFALL | DAILY AR TRMPERATURES HUMIDITY - | WIND SUN~  RADIATION
TOTALS IN SCREEN { C) )| SPEED | SHINE j
) per | Min | Mean 2 )] G| ) | e gy Bste | Plone! [
. om®  day _ ‘ a
Jan. | 19,0 | 31 | 20 . 26 i . . 63 4 8 | a9 . 348 o 112 o143 .
Feb 47.8 33 1 21 27 .. 65 | 110 560 - 376 126 119
Mar 11650 32 0 22 27 : 70 o121 4,6 L34 120 117
» Apr 2092 32 23 28 75 108 5e3 375 119 7
Hay 265.8 32 22 27 78 : 100 5e5 364 117 68
June 270.0 29 P21 25 61 111 4e2 318 85 57
July | 27665 28 - 22 25 85 | 121, -1 2.7 219 75 52 .
Ang 267,0 29 22 26 82 F 132 2.2 260 87 - 54 R
Sept | 328,9 29 22 26 | 82 I 11 2.6 217 100 41 -
Oct 250.3 | 30 22 | 26 . 80 ’1. 103. | 3.6 314 110 59
Nov 78.9 31 22 - ] 84 "} 82 ! 4.9 - 318 125 76
Deo | 1640 32 22 1 27 i 69 *i 89 53 305 106 128
., Total 2166;2 : P 1 | 1282 997
Mean | 180.1 i M 22 1 26 _ 5 ' 106 | 4.1 304 207 83
¥ |

-]

SQURCE: The National Root Crops Research Institute, Umulike

NOTE: ¥enthly values of Mean daily radiatia and Evaporation (Eo) were estimated by the author,
See Chapter Four for the methodologies employed.
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From early November, when the dry seasbn éta;ts,
the weather clears rapidly as the wind shifts from the humid -
south westerlies to the drier northesterlies th% latter winds
characterized by the dusty “"harmattan" conditién;. The dry
season, which ends in February, is characteriqud Yy litile
rainfall, For example, the average rainfall during the 1970-85
dry season months of December to Febiua;ry was <Imly 27mn per
wmonth compared with tho average of the wet seaéon rainfall
which was approximately 230mm per month.

ARIU has an anmual average relative.humiéity‘of 75 per-—
cent, The relative humidity is highest duringstherrainx_geasdn
when it is usually between 80 and 90 percenta ?Réla@ive mmidity
is lowest during the dry season when values oé 60 percent or
less are usually recorded. . | '

Dus o its latitudinal location, ARIU réceives abundant

and constant insolation. The maXimum hours of ﬁaximum possible
|

sunshine vary betwean approximately 11-12 hours. The average
i

hours of actual sunshine, are however relatively low averaging
.

about 4.2 hours for most periods in the year because of generaly
heavy cloud cover, The station is characteri%ed by relatively
high temperatures with little variations dur%né the year.

For example, the mean daily maximum air temp§ratures range

from 23°C t0'2800; while the mean daily minimum values range
‘ |

from about 20°C to 23°C (Table 2.1).
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Soilas

The soils of ARTU £all within' the
breed group of ferrallitic soils. Theae
soils are derived from semi—consolidated
sand and sandy clay deposits with
occasional mixtures of shale and sand-
stone fragmenis varying in depth. Among‘
the soil series identified in the location
are well drained red to yellowish séndy
loam, and ferruginous concretions formed
where drainage is impeded on the
imperfgctly drained area. This situatiaﬁ
ié for example, the caée at the summits of
the low mownds and the sides of gentle
slopes in the area. The ferrallitic soils
which dominate most of Umudike are rich in ,
free iron, but have a low mineral resefva
and are therefore not very fertile, However,
the red and'brown soils derived from sand-
stone and shales form the basis of
subsistence agriculture in Uﬁudike}areé

(Fed. Agric. Research Publication, 1973).
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2e244 Yegetation:
The vegetation in ARIU is ordinarily

congidered as part of the tropical rain-
forest which is the dominant n;ez.fu;‘ai
vegetation in most parts of southern

Nigeria. The 'mgetatlon is characterlzed.

by a large number of tree species of
different heights and ages, In virg'in form,
the floor is fairly open with a 8hollow layer
of decomposing leaves, and rotting branches,
The forest is also characterized by the
prevalence of woody trees, olimbing plants and
epiphytes, The under-growth la.rgely consists
of woody plents such as séedlirg and sapling
trees, shrubs and young woody climbers,
Although ecanomic trees of the rainforest
commﬁnity are exiremely numer-ous in specises
and varied in sizes, the oil palm (Elasis
Guineensis) appears to be the most important.
Thus, Unmudike area is g-ene.rall,y colopized hy
oil palms some of whick are found in rrotected

To8eIves,
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In most cases, however, uncu;tivafed patchab.of 0il
palms occcur between crop farms. At ;?ne end of ARIU,
which lies on the eastern part of tﬁq trukB road,
which runs from Umﬁahia-Ibeku tOHnSh%p to Ikot-Ekpéne,
there are stretches where short grasses ;medominéie}
ILying close to the grasses is an area mainly covered
by scme economic trees for example, oranges, and
palm trees.

The western part of the trunk B road to the
segments of land lying contiguous to the cultivated'.
area is covered with aecﬁndgry bushes which are
the remnants of the typical equatorial foreat which
have virtually vanished in the area. |

The Intermational Institute of Tropical

Agriculture, Tbadan (IITA):

Geology and Topography:

IITA, Ibadan, (fig. 2.4) is located near
Tbadan which lies on latitule 7°26'N and longitude
1°54'E. The rocks in the area sre predeminsntly
the Pre-Cambrian basement .complex, which areths
oldest known rocks in Nigeria, and which are
principally composed of metamorphi§ and ignéous

rocks, for example, granite, gneisses and migmetitess
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Topographically, the IITA lies in an
ares characterized ty undulating uplands, with a
geﬁera.l elevation of about 220m above .'_sea level. -
However, the area is surrounded by a range of
lateritized quartzitio hills} tending generally
in a8 northeast-southwest directio;'l.
Climatet

The ITTA lies esséntially in a transitional
Zone 'be.tween the humid tropical and - sﬁbhmid.
tropical climates. The area is characterized b4
two distinct seasons as many other stations in’
southern Nigeria., These include the vWet seaacm
which ocoufs approximately between Apx;il ;“— -
October, and the dry season which occurs betwoen
November - March, The rainfall distribution is
also characteristically bi-modal with two peaks
usually occurring in June and September. Tus,
tJuly - August exhibits the cha.racteristic.s of the
"Little Dry Season® betwoen the two 'ra;;nfai‘l peaks.
During the rainy season a significant portion of 'ths
rains come as relatively intense thundératdrma, .
often with moderate to strong gusty winds and. a
greater preference for night-time oocurenbes.

Rainfall is however variable. For exanple, d?ata.-
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colleotcd for the present study show annual
rainfall values which vary between 916mm (1971)

and 1770mn (1985). Also, it is unususl to have
occasional rainfall peak in Angusf, which, as noted
above, exhibits the characteristics of the "Little .
Dry Season". This is, for example,the case in 1972
and 1980 (Fig. 2+5)s Purther details of rainfall
characteristics in the location are diﬁoussed in
Chapter 5.

December through February constitute the
major dry season with . hot days and oool nights.
During this time, the sir is wconfortably dry and
dusty, partioularly during dé.;y—time hours, Late.
niéht-time and early morning hours tond’ to be ool
and misty. | | |

Like most Southern Nigeria .sta.tibns,‘ ten;pe:ira—
tures at IITA are :t“aily evenly distributed throuéhout
the year. Mean amnual temperature is approximately
2600 waile 'mean monthly temperatures _va.:‘ry between

approximetely 21°C and 31°C (Table 2.2)s
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Tg.ble:‘ 22 .,

o Ggnter Ly SUMMARY OF METEOROLOGICAL -CONDITTONS AT THE ITTA, IBADAN ' N
L B 1970-1085 (6°35¢N,  3°20'E: AITTTUDE 244m)
< |nowmy | mowTHLY Mman oF RELATIVE | MEAN | MEAN MEAN DATLY 1

{RATNFALL = DATLY ATR TEMPE:ATURES HUMIDITY | WIND SUN- RADIATION EVAPGRATION (Eo)
MONTES i ; 1IN SCREEN (°C) . SPEED SHINE

t ' . I . .‘ g 0&1/

; (mm) Max | Min | ¥ean e %7 (km/D) | (hrs) - Est. ?i?sgan

H

i 1
Feb . 10.27 34e2 | 231  28.7 65 14 647 384 120 153 .
Mar | 75.23 3349 23.5 | 2847 69 72 646 416 140 174
pw | 150059 | 324 | 231 | 27.8 15 72 6.2 393 125 151
May | 157,37 | 30.9 22,7 | 26,8 78 60 6e2 382 115 141
Jue | 164,79 | 29.6 22.6 | 2641 _ 81 61 5.7 352 i 95 119
July | 173493 2748 22,1 | 2449 ! 83 74 3.7 287 , 75 97
g {119.63 2746 21.9 | 24.8 83 70 0 2.6 259 i m 88
Sept |162.36 | 28,5 217 | 2541 82 72 1 3.2 ¢ 301 | 90 102
oct i 205.2 299 | 22.1 1 25,9 79 | 61+ 5.2 1 367 106 116
Yov f 43,69 3t.2 ; 22,4 26.8 4 48 T4 : 448 120 116
Dac T 2.68 | 31.6 0 20:5 {2641 60 50 - T ¢ 364 10 122
Total %_1255.77 ; | : i |
Mean | 104.62 | 30.8 | 22,2 | 26,5 5 ’ 63.5 i 5.6 | 38 : 108 126

SOUECE: =~ ITT4, Tbadan

HOTE; Honthly values of mean daily rad.:.a.t:.on and evaporatlon(Eo) est:unated. hy the suthor,
See Chapter an- for methodologies employed. '
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The mean ryelative humidity at IITA is_
approximately 75 per-cent. Between Jume and Sepfember
relative hunidities are generally high, the mean values
exceeding approximately 80 percent., Relative humidities
of less than 65 percent are usually recorded in the dry

8QASOI,. -

Soilss

The soils in IITA are classified as a.lfi.sols.
About 85 percent of the land surface are clayey
skeletal, kaolinitic, isohyperthermic and oxic
palenstalf (IIT4, 1979).: '

These soils are medium to 1'ight téxtured near
the surface with sandy clay to clay sub-soil and -
with a layer of angulha.r and sub—angular:quarhz-,or
concretionary gravels at varying depths below the
surface,. These s0ils are derived from fine grained
bioti te gneiss and schists parent Amater.ilais.‘

In newly cleared la;ncl, the oréenic cai'bon
content of the surface layer ranges from 1.5 to
2.0 percent. The mixture content‘ at thé uppsr
limit of ava.ila,bie water to the surface layer

ranges fram 10 to 15 percent by weight a.nd 3105

percent at the lower limit (IITA, 1979).
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The maximum available water is about 3 to Scm
§er 30cm depth of the soil (IITA, 1979) .

If the soil surface is protecied from_
orust formation hy mulching, infiltration rate |
is high and soils are well drained. Serious

" gheet and rill erosion result when the soil is -
orwsted, and the rate of infiltration reduced
(rITa, 1979). |
Vogetations

IITA area lies on a tr.nsitional zone
between the tropical grassland to the north and
the reinforest to the south of Nigeria. Much of
the vegetation in the area, howevor, hﬁs plant |
ppecies which are more typical of the'rain.
Toreat.

Within this transitional zone, the TTTA is
located on about 1,000 hectares of land out of
which about 500 hsctares still remain under
secondary forests. The femaining 500 hectares
have been developed for experimental purposes

¢ IITA, 1979).
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Climate:

The climate of Agege is typi‘ca.ll\y humid.
Rainy season starts in March or April and |
lants until October. Annual rainfall totals
vary from 1030ma to 2000mn: and the seasonag;l
distribution is bi-modal with June and -Seﬁtembér
having the two rainfall peaks (Fig. 247) Like
other stations located in humid tropical regions of
southern Nigeria, & significant portion of the ra.insl ‘
come as relatively intense thundérstorma, oftan
Wwith moderate to strong winds and a preference
for nigh$- time occurrences.

The dry season starts in Movember and.
lasts untii Petruery or early Marche Tempél'atures
are generally high and evahly distribute@. throughout
the year. Day time temperatures aTe high, usually more
than 3000 while night-time temperatures are relatively
low with values generally less than 2400.

Relative hmidities are éeneraliy high
fhroughﬁlt the year. For example, mean monthly
average relative humidities reach a maximum
between June and August during which period va.l\iaa
more than 85 percent are usually recorded. During
the dry season of November to Friruary, the air
is characteristically dry with lower values -of.

relative humidity (Table 2.3).
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Table 2,3:

SUMMARY OF METEOROLOGICAL . CONDITIONS 4T ARP, AGEGE, 1 970-85
(6235'%,, 3°20'E: AITTTUDE 39m).
 MONTELY | MONTHLY sy 1p | RELATIVE | vman |y MEAN DATLY . ~
. RETHFALL | DAILY ATR TEMPERATURES HUNIDITY | woi SON- RADIATTON EVAPCRATION(Eo)

| IN SCREEN (oC) SFEED | SHINE - |
MONTHS - _ . . ‘

' . o ‘ _ _ (g car/ - : | Class

| (mm) Max Hin Mean | % (km/D) (hrs) P ~ Est, 'A' pen

Bob 5041 33.9 22,9 | 2844 & 2 ose ,‘ BT f 105 b g8
Mar’ 68,6 ;_ 33.7 [ 2341 : 2844 " 80 _ 35 ; 4.8 4 33 5 115 ! 109
April T 100,20 33,6 2343 | 28.5 81 33 ' 5.7 . 388 _ (LT 117
May 192.2 35 | 22,5 ' 2700 83 3. 52 ! 240 | 105 | 59
June  223,5 297 | 21.8 . 25.8 | 87 | 32 | 3.8 | 282 . 81 38
July , 179.5 28,8 | 215 25,2 87 | 38 L 2.9 | 25 75 ; 44
fug o 98.2 . 28,9 | 21,3 | 2501 8 | 31 . 2. 256 M 57
Sept | 139.4 S €96 1 21,5 | 256 85 ; 33 © 341 289 | 97 1 49
Oct | 134.9 . 2.8 I 21.9 - 26.5 84 P © 5.5 318 ’ 103 } 46
Nov | 63.2 Mt bo219 26,5 B n 55 ap f 04| 100
Dec 1 9.4 32.0 20,8 26,4 ' 82 L 32 C 5.2 . 269 ' 100 | 121
Total ' 1279 : . ¢  m i 1002
Mean ' 106,6 3.3 1 21,9 26,6 8 L33 45 | 33 i 98 . 83.5

NOTE; Monthly values.of mean daily radiation and evaoo“a'blon(Eo) estimated by the author,
See Chapter Four for methodologies employed, :



u
va

T~y

B Y

.,
P

R )

%

2e443.

2eded.

2.5,

245414

TN

Ferrallitic soils oharaoterize the AFFA area,
The soils are pa.rtly derived from loose sand,y sedlments
and partly from cla.yey sediments which are ‘genera.lly
brown in colour, but which sometimes look pale when

leacking occurs, T contrast to the heavy ;leached read

and brom ferrallitic soils found in Unudike, area, the

80ils in Agege are very productivé. They dre uaua.ll,y
deep, friable, boTous, and have high organic material
ocontent, Besldes, they are usually we1l drained and
easily oultivated,
Yegetation:

The natural vegetation of AEFA is the low-
land rainforest, Bordering this forest to the south
and west is the Swanpy forest, The original vegeta~

tion has however been degraded by human a.otiv;.ty to

dgrioultural Researoh Institute, Semary (ARTS);

Geolog and Topo&:am}::

Agricultural Research Institute, Samalru
(ARIS) ig located near Zaria which lies on latitude
11 B'N and longitude 7 41'E. A8 for many other
areas of northern Nigeria, the Research Institute is

located in 5 regian covered by tho Pre-cambnan base~
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ment complex which, as already noted :'mcludejs'
the oldest known rocks in Nigeria, and which' are .
principally camposed of metamorphio' én@ igneous
rocks, such as granites, gneisses and mignatitea,.
although there are also extensive areas of
sohists and q_uarbzifes. Over most of the a.réa
underlain by the basement complex, there is &
thin discontinuous mantle of weathered gneisses
|
and granites (du Preez and Barber, 1965)e
The depth of the weathered materials is very
irregular and probably of the order of 18m
extending to a depth of up to 73m in some arcas,
Sama.ru is located in an area which is : 1
approxmately 650 meters above sea level (flg. 2.8).
This area consits of a rollirlg park-like terrain,
with inselbergs rising a few humired metz;es above
the general plain,
Climates
The climate of ARIS is éubhun_aid tropical,
The rainy season usually starts in May and ends in
September, while the dry season usﬁga.lly stafts in
October and ends in April, The méan axmual‘ra.in-

fall is about 97Omm. However, the .va.ria.hiliw in

rainfall is high and the value msy be more than 1200m

in some years (Fig. 249)e July and August are
normally the wettest months recording about half

the annual rainfall totals. The rainy season is
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charasterized YWy the preva.lance'_. of the humi(_l
south-westerly airstreams being.!replaced in the
dry season by the north—east winds which are also
the extremely dry and dust-laden harmattan winds.

Mean air temperatures are usually very high'
in this région. The mean mon‘thl,y" temperatures vary '
from 21°C to 30°C. However, the d.:Lu.rnal variations
in temperatures exhibit wider razié‘,‘e.

For example, during the hot 'a:f'ternoons,
temperatures may be as high as 310(? while during
cool nights they may be as low as 13°C. This is
especially the case during the dry months of October
to April, l .

Relative mumidities may be as IJ,ox«“r as 20 -
percent or less during the dry seaéon, and as high
as 80 percent or more during the wet season. A
sunmary of climatological conditioms at ARIS is
ghown on table 2.4.

As for most parts of_northérn Nigeria, the
801l types in Samaru are the ferruginous troﬁical
soils. These so0ils, developed from acid
crystalline rocks of the baserﬁent_-cqnplex, are.
generally well drained. They have a texture of loamy
sands to sandy loam on the surface ho.riz;nns and sandy
clay loam to clay loam or clay in the sub-surface
horizon. These soils are Permeabls and have' a moderate

steady infiltration rate (Kowal and Knabe, 1972). The
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Table 2.4 SUMMARY_OF METECROLOGICAL CONDITIONS AT ART,,  SAMARU 1968-85
S (12°8'8, 7°%1'Es _ALITTODE 565n)

MONTHLY MONTELY MEAN OF RELATIVE | MEAN | MEAN MEAN DATLY

“+ | RAINFALL| DATLY ATR TEMPERATURES HOMIDITY | WIND | SUN- RADIATION | = EVAPCRATION (Eo)
woyrgs | TOTALS | IN SCREEN (°C) |  BPEED SHINE ‘ ' :
(mm) Max Min |. Mean % (km/D) | (brs) g oal/ Est. .Class
. om e 'A' pan
Jan | 0,0 2947 13.6 | 21,7 | 15 i 80 8.3 479 130 233
Feb 040 | 33,7 -1 16s5 1 2541 | 14 89 - 9.0 549 135 272
Mar 2.8 | 3603 20,0 | 28.2 @ | 22 112 8. | 526 155 313
April 40,0 ] 26,5 | 229 | 29.7 38 157 8.2 | 576 175 253
May 124.7 34.1 22,1 | 2841 . 58 162 | 7.9 502 ~ 136 | 203
June 142.8 3129 21.9 | 26.5 | 64 140 748 470 140 T
July 199.0 2943 2343 24eT 13 " 116 6.3 436 : 125 178
Aug 2490 2845 28,5 | 24.2 16 ' 90 5.7 1 413 140 147
Sept 117.6 29.7 29.7 | 24.8 ¢ 70 18 6.8 | 4T ' 150 146
QOot 36.1 32.2 32.2 25.7 1 52 69 8.4 502 145 258
Nov 0.0 - | 31.4 et | 2341 | 25 58 9.0 | 506 138 219
Dec 0.0 30.6 30,6 | 221 19 70 846 | 486 135 219
Total  [972.0 : 9356 |
Mean 81.0 | 32.2 18.6 | 25.4 - 44 1 101.8 | 7.8 ; 493 147 208

SCURCE: Agricultural Research Institute, Samaru,

NOTE: Maithly values of mean daily radiation and evaporation(Eo) were estimated hy the author,
See Chapter Four for the methodologies employed

-
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total content of available pla'nf nutrients in
these so‘ils is very low becws}e of leaching,
y run-off and soil erosion., In pddition, there
is a high loss of nitrogen and: sulphur dus .to
fires and ¢ removal of crop residues (Kowal
and Knabe, 1972).
- 2e5ede Vegetations
r Samaru lies in the Cuinea savanna Z0one,
which borders the tropical rain;f‘orest to the south,
.and the Sudan savenna to the north,  The Guinea
savanna has the greatest south-r{o_rth diversity
r > in vegetation formation. For.eiample,
to the southern part of Samaru a.r;aa is a mixture _
of tall grasses and trees, Wiioh' further south
merges imperceptibly into the ra.j".'n:f:‘ores't. To the -
' northern part there is a mixture .Io'f short graéses
and trees. Typical trees found in the Samaru area
include acacias, baobabs, locust bean and shea utter,
Host of these attain an average height of 8 metres
to 16 metres and are fire resistant. The grasses

are coarse and oonsist mainly of Hyperrhenia/Andropogm

e 4

species which may attain a height of over 2 metres.

2.6, The Agricultural Research Institute, Karo (ARTK):
’ ol

26414 Geology and Topography:

&y

. | The Agricultural Research Institute, Kano
(ARIK) lies on latitule 12°3'N and longitude 8°32'E,

Geologioally, Kano lies in a region'covered Yy the
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Pre-cambrian basement complex and as already noted
for ARIS, these rocks are mainly composed of
metamorphic and igneous rocks,‘subhfas granites,
gneisses and migmatites, although there are aleo
extensive areas oquc.}mists and quartzites.

As shown in figure é.10, Kano is located in
& generally undulating plain, which rises to a
height of 472m to the north—gast;:480m to the
north-west, 495m on the west and ABB to the south,
Smooth rounded inselberges are fc#nd_to the western
and south-western parts of the city. For example,
Daula and Gorun Dutse hills which.rise to the
height of 534m amd 51Tm respeoti{ely above aeailévﬁl
ara found to the western paft of .Kano city, while
to the east, are two other pramipént hills which
Tise to a height of about 488m (fige 2.10).
MRIK is located on & plain near 'a relatively
high area between Ja Oji and Taiauni on the
sduth-easiern part of the citye
Climate:

ARTK is situated in the gjame climatic regioﬁ
as Samaru, although ARIK experiences relatively drier
climatic conditions. The rainy season usually starts inA
May and last unt:l September (Fig. 2.11). The rainy
season is characterized Yy thé pfavalanoe of the humid
soutﬁ-westerly air-streams which 18 replaced hy‘the

north-east winds in the dry season., The rains are
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preceded by dust-stoms partioularly during the |

month éf May. Temperatures are generally high through-

out the year in Kano., For example, mean monthly temp-;

eratures vary between about 20°C and 30°C with December

and January usually recording the lowest temperature

values and April and May usually recording the

highesat temgeratures. Higher variations occur in

daily tempar.atures.' For instanoe a day time

temperature of 33 °c and a night 'I::.me temperature

of about 10° C are regular occurrences partlcula.rly

during the months of October to Aprll. | _

Relatlve lnm1d1ty may be as high as 80 percent

in Kano durmg July and August but hmidity usually
fa.lls to less than 20 percent in the d.ry seasone J
Low relative humidity values experienced in this ' o b 1
area during the months of November to April reflects
the influence of the oxtremely dry harmattan winds which .
are very strong during this Period. A sulnmazy ‘of

¢limatological conditions at ARIK is presented in
Table 2,5,

N
S
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SOMMARY OF METECROLOGICAL CONDITIONS AT ART, KANO, 1968-1985

Table 2,5
. (12°3'N, 8°32'E: AITITUDE 472m)
MONTHLY | MONTELY MEAN OF RELATIVE | MEAN 'MEAN | MEAN DATLY :
RATNFALL | DATLY ATR TEMPERATURES HUMIDITY WIND SUN- | RADIATION, ~ EVAPGRATION(Eo)
wonrms | TOTALS | IN SCREEN (. °C) - SFEED . SENE
14 . ‘ al C L
(mm) | Max Bin | Mean % (/D) | (brs) in" dm/r Est. Piche
Jen 0.6 | 29.9 12,9 { 21.4 33 164 8.6 461 180 - 128
Feb 0.0 32.9 1541 23.9 29 - 150 . 8.9 501 190 136
Mar 0u4 36e4 | 193 | 2749 25 169 9.0, ' 512 193 148
April | 11.78 28,5 24.0 | 30.5 31 186 8.3 | 567 195 132
May 28,08 3649 24,0 | 30,5 50 | 196 8.6 | 553 175 144
June 10849 34.0 22,8 | 28.4 69 198 8.6 511 155 135
July 16643 3047 21.4 | 2641 82 202 T+6 510 140 117
Aug 249.8 29.6 20,8 | 25.2 88 158 6ed 460 145 100
Sept 103.3 3.4 21.0 | 26.1 83 146 8.1 . 514 165 110
Oct 8.4 34.4 19.6 | 27.0 64 135 8.3 . 538 170 127
Nov 0.0 33.3 1549 24.6 41 137 9.4 507 158 129
Dec 040 3046 13,3 | 22 39 138 Yol 490 158 137
Total | 686,9 2083 1515
Mean { 5742 333.2 ! 19.1 2642 53 165 85 510 174 127
SCUURCE: Agricultural Research Institute, Kano.
NOTEs Monthly values of mean daily radiation and evapoLatiorn (Bo) estlmc.ted by the author
See Chapter Four for the methodologies employed.
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Soilst

The Kano region lies within the ferruginous
soil groups which are characteristically browa or
reddish-brown, and are simila.x; to soils found in
arid and semi-arid . regions of West Africa. These
goils have developed on wind-blown sands derived
fram acid crystalline rocks of basement éonlplex.
Specifioally there are light, freely drained
sandy loam in ARIX and these have proved highly
amenable to intensive cultivation. Although
goils in Kano region ave sensitive to erosion
and are susceptible to drought, they generally
contain high natural fertility.

Vegetagion:

JRIK lies in the Sudan savanna region of
Nigeria which is bordered to tlie south ty the guinea
savanna and to the north ty the sabal Savannae Tha
sudan savama is characterized hy continuous gré.ss

gover with scattered trees which include acacias,
boababa, locust bean and sﬁea butter treese. éhe
grasses which imclude Eyperrhenia/Androbagon Species,
are coarse and grow to an a#ex:,age -height of about

2 metres. When compared with the guinea savamma, '
in which Samaru is loocaled, grasses of . the Kano
area are shorter thus reflecting the relatively
reduced rainfall, which in turn affects the soil

moisture regime in the area.
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Thé trees amd plants shed their leaves
while the grasses lie dormant during the dry season
to prevent excessive water loss; During the rainy
season, the vegafation flourishes again.

As already noted for the other stations,
meost of the original vegetatiom in Kano area bhas heen
depleted due to man's intereference through clearing
for agriculture as well as through habitations The

result is that in this area of relatively low rain-

- fall and relatively high rainfall wvariability, man's

depletion of the natural vegetation has produced a
vulnerable ecosystem that reacts exiremely sensitively

to the process of desertification.
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Chapter Three

LITERATURE _REVIEW

The Water Balance and its componentss

In different parts of the w&_rld., a lo;b of
studies have been carried out on the relationship
between the water balance and its different components
on the ane hand and agrioulturz;,u.l produ.ctimﬁ on the other.
A review of relevant literature indicaled that nost of the
earliesat studies which related water balance components to
agricultural production focusased on rainfall effects
(see for exam_plé, Gangopadhyaya and Sarker, 1965; Abbo,
1905; Comish, 1950; Graingor of aley 1975; Layoook, 1958;
Yao, 1969). Even in Nigeria, most of the earliest studies
were also carried oub on rainfall effects wn agri.oultural
production as whown for ezample by the studies of Adejuwon
(1962), Ogmtoyinbo (1967), Chapes and Rees (196|4), Kowal
and Adecye {1973) and Bemnoit (1977). o

In cantrast to rainfall, much fewer studies have
been carried out on the other components of the water
balance. For exanple, in many parts of the worlti in
genoeral and NWigeria in particular studies on evapotranapii‘ar
tien and potential evaporiranspiration inclﬁxie those carried
out by Penman (1548), Thornthwaite (1948), Garnier (1956),
Kowal and Faulkner (1975), England (1963) and Stephensans: . . .
and  Bteward (1963). Si_milarly, studies a s'o'ill moisture
inolude those carried out Ly Mather (1968), Fergusa (1968),

Baier and Robortsan (1967), Nix and Pitzpatrick (1969) and
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Denmeed and Shaw (1954). Among the studies available on run-
off are those of Wiesner (1970), Chorley and Kennedy (1971),
and Mather {1974)s In all these studies; analyses were made
Iy using either measured or computed datae |

Studies Involving Measured Datat

Rainfall is the most commonly measu;t"ed. of é.l.l
the water balance ocomponents. It is, therefore, not sur-
prising that all available studies used measured rainfall < -
data. In cantrast to rainfall, measured data on evaporation
and evapotfans;airatim are not comménly ﬁﬁlabie and there-
fore are not widely used as in rainfall sudies. There are
many reasons for this., For example, most instruments for
measuring evaporation, evapotranspiration and potential evapo-
transpiration are relatively more  expensive than ra.in@.lgge
which is used for measuring razinfall, Moreovér, as noted Yy
Sellers (1974), none of tha'many instﬁments for measuring
em1>orati®, ovapotranspiration and potential evapotranspira-
tion is adequate for all studies requiring these paramcters.
Outside Nigeria, same of the stulies available on evaporation
and evapotranspiration measurement include those of England
(1963); Bayness (1948); Fuchring et al., (1965); Latey - and
Peters (1957); Peter and Russel (1959); _MS.‘ati (1972);
Dastane (1974); Hughes (1963) and Kohier‘gz._gi;, (1958)%

The most commonly used instrument for measuring
evaporation is the Class'A' pan of the United States Weather
Bureau. This instrument is circular, measuring 122om in

diameter and 25cm deep. It is made of ga.lvanized iron and
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mounted on a wooden open frame platform about '150111 above
the ground surface to allow for free circulation of siir.r _.
The pan is nomally filled to a deptk of 19cm. Evaporatioh
measurements arc made daily at 10. Qelle lc;oa.l time {0900
hours G.M.T) ly counting the number of cups of water which
must be added or subtracted to reset the water to the normal
ilevel, -

Thore are other types of evaporation pans which .
are used in studies involving the parameter.l These include
the sunken tank, which is about 4m2 in area and 0.6m deep;
the depth of water is 52.5cm. This tank is set in the ground
with a flange 7.5 cm below the upper rim, level with the
ground. Another ﬁ"orm is the raised tank, which is 30cm
by 126cm and 42.5cm deeps. The depth of the water in the
tank is 35cm. Wooden bearers are used o x'aise.the tank so
that the water surface is about 450111 above the ground. In
both the sunizen and raised -tanl:s the amount o!:’ water percol-
ating daily o the bottam of the tanks is subtracted from the
amont suprlicd Yy i:rigation of rainfall, The difference
is the amount loszt by evaporation,

A lot of problems are usually associated with the
use of the Class'A' or other pans for measuring evaporationy
First, rain drops can cause water in the *ank to Bi)lash
during heavy storms, Secondly, birds and animals ean drink '
water from the tank, Thirdly, the pan walls nay be heated
which can increase the rafe of avax;oration. A1l 'l;hese, as
well as the instzllation position of the pan, inﬂuence the

reliability of measured evaporation data. An examination of



data available from these pans also shows that data

on evaporation ratee differ from pan to pan (see for
example, Fughes (1963), Harbeck (1958), Kohler ot al.
1958), Dutton and Bryson (1962) and Yamamoto and Kondo
(1964). |

Of the many other types of ’ev;a.porimeters the
Piche evaporimeter is perhaps the most frequently used in
agrioultural studies (Sellers, 1974). The Fiche evapo-
rimeter is composed of a long, narrow.glass tube, 22.5cm
long with an iniernal diameter of 1imm. and an external
diameter of 14mm. It has a closed and an open e_hd.. The open
end of the tube is covered with a wetted filter paper diso
held Yy a spring fitted with a disc ccllar. The tofal
evaporating surface is given in centimeters and water is
“applied to the evaporating surface from a reservoir in the
evaporimeter which is normally graduated in millimefers'.

As with the pan evaporinieters, there are a lot of
problems associated with the use of the Piche avaporimeter.
First, dirt or dust may accumulate on the filter pa.per
disc to affect the rate of evaporation. Secandly, the
instrument is usually housed in a Stevensoﬁ's goreen
which is different from the natural envirénment. Thirdly,
the small size of the instrument males 11;very sqmi?_bive to .
wind speed., These are some of the problems which méke avap- .
oration measures from Piche bear little or nor relation to .
evaporation from land or water surface (see Barry; 1973; Sellers,

1974 ).
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In some of the studies on evapoiranapiration,
measurements wore made by using lysimetér (see for
example, Mollroy and Angus, 1962; Van Bavel et ale, 1963).
Bagically, there are two types of lyéimeters.u.Theae
include the drainage lysimeter and the weighing lysimetier.
The drainage lysimeter, which appears to be the most |
commonly ugsed, consists of large tanks buried in the
grouﬁd to measure percolation of watér through the soils,
The tank is filled with soil and grass. Sometimes,
crop is planted insiead of grass., IWhan ﬁater enters
through this grass or cropped surface, part of it drains
through the lysimeter outlet pipe inte an overflow
chamber. The difference between the amount of water
entering the lysimeter, and the amount draining into the
overflow chamber represents evapotranspiration. Similarly)
weighting lysimoters are large tanks filled with 99-’}1 ond
vegetation to that of the surrounding tut wnlike the
drainage lysimetor, are supported on some types“of
weighing meﬁhanism. Bvapotranspiration rates are obtained I
from weighing changes of the lysimeter. There are many
problems associated with the use of the lyﬁimeter. For
example, therc ray be a blockage in the dradn-pipo.énd
this may affeoct the passage of water. Also, the aitiné
of the system may be affected by advection. However, as
noted by Dastane (1974), efficient use of lysimeters gives
results that represent all meterclogical eleménts that

affect crop growih,
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Most studies on evaporation in Nigerisa hawve
used data from the Class ‘'A' pan which is also the |
instrument used YWy the Nigerian Meteorological Service
in most of the few stations which measure the. oompqn_ent'.
Among the available studies which have used the pan {
evaporation data are Ayocade (;19’{6); Davies (1965), |
Gilchrist (1961), Oguntoyinbo (1967), and Obasi (1972).
A few studies have, however, used the Piche evaporation
data (see for example, Igeleke (1971) and Ojo (1969): The
eparliedt studies on evapotranspiration involviﬁg the use
of lysimeter data include those which use the Garnier—type -
evapotranspirometer. This instrument was canstrugted ‘ '!

with an oil drum which measures 57.5cm in diameter, The

- 0il drum was cut down by one-third and placed in the

ground. The tank was fitted with a pipe 1';.’.’85@ in diameter
vwhich leads fram the base into the collection (overfloﬁ)
chamber, Xt is filled with a layer. of gravel and stones
at the bottom, about 10 - 15cm deep. The rest of the tank
is filled with free drain soils of the sort of textura of
sandy loam. Grass is grown in the tank. The overflow A
chamber is zlso made of an cil drum with the j:op cut off,
4 suitable collection tank (a 4-gallon kerosene tin), with
& smaller tin inside it for convenience when the overflaw
is amall, is placed inside the overflow chamber, The
evapotranspirometer tank protrudes about 2.5cm above its
surrounding to prevent swamping ly rainwater., The soil
inside is, however, level with the soil of the outside

surface {0jo, 1977).
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lore recently some other studies have employed other
types of lysimeters. These include studies Yy Kowal

and Kassem (1974) and Kowal Kassam (1973) who used the
hydraulic weighing lysimeter at Samaru., This instru-
ment measures (366 x 366 x 122cm deep)s It is eaaentia.lly
similar in design to that described hy Dagg et. 2ley
(1970) except that nylon-reinforced butly rubber sensors
and a mercury reduction pressure-water monometer ;rere

incorporated in the designe.

Studies Involving Computational Techniquest

In Yesi Africa in general and Nigeria in ‘
particular studes on the other cofnponen'ta of the watqr
balance such as soil moisture storage and run-off have
been based om computed data. Tﬁe studies of Garnier (1965),
0jo (19695 1977) and Obasi (1970) are examples. These
studies determined soil moisture storage and mm-off for
various locations using the wa,ter‘bo.lance ‘bt.aok—keeping
procedure while assuming that an averaze soil in West
Africa contains 300mm of water at field capacity (see
Garnier, 1965 and Ojo, 1977). Aléo, because of the
difficulties of getting measured data on avaporation
in Nigeria and other i)arts of the world, a lot of work
has been carried out on this parameter, using.data
derived from computational techniques, Two ocategories of
the techniques may be recognised, These inoluds those
involving (a) metecrological approach and (b) the olima~

tological approzch,.
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The meteoroiogical approach falls into two
groups, mamely, the aerodynamio (or mass transfor)
mctiiod and the energy budget method, .The asrodymamio
metkod, considers the Physical factorg such as..the ver—
tical gradient of hmidity and the turbulance of the
air flow whieh control the removn] of vapour from tho
evaporating surface, The mathbmat_icai oxpreseion of the

meteorological arproach is written in the form:
E = "‘kw dq/dz e4d 2o -0'0 (301)

where dq/dz- 18 the moizture gradient between the surface

and the air flow, and kw the turbulent; tranafer coefTicient,

The energy balance method is based on the fundamental
Principles of +4he conscrvation BNOTLY. 4dccording to the
principles, the nes ra.digtion wailables gt .the surface
(Ra) is used fop a number of Precesses ineluding the
transfer of sensible heat (H) 1o the atniosphere, of
latent heat (E) to tne atmosphere, and of sensible heat
into the ground (G)e If 211 tne other avenues of energy
dispositian zro assumed to beg negligible, the squation-
which expresceg the energy budget approacﬂ can be written

in the form:

I = H+.IE+ G ¢%e Lae eese (3“2)



*

N

The insimmments for mea.sui:ing any of the
components in equation 32 however; are vew expensive
and therefore very few measured data are available on
any of thenm in many parts of:the,world.. This is parts.—
cularly the case in Africa in general, and Nigeria in
particular. In Nigeria, for empié, among the few
stations where measured data onl Rn have been doné an
adhoo basis are Benin City (FIFR), Ibadan and Semaru,
At present, there are no studies which utilize ﬁéasmd
data on H and Ge

The climatological a.pproach involvea the use of
clima'tig data whioch are compronly measured and whioh are
therefore readily awailable for estimating varié.tions in
evaporation or poiential evapotranspiration. "I'hs atudies
of Thornthwaite (1948); Penman (1948) and Budyko (1956)
are examples of the climatological approach, Edtl:iér'atuxliés
based on the climatological approack inclule those of Panman
(1963); Van Bavel (1966); Papadalkis (1966); Buhuke and Ma.i:ay
1969); Christianson and nargzweavés (1969); Jensen and Haise
(1963)5 Jensen ot al., (1970) and others. The most widely
employed of all ithese techniques are howsver the Thron-
thwaite's approach and the Penman's equation,

Thornthwaite used temperature to derive en

empirical equatiom which may be expressed in the formi

PE = 1.6F (10'1'/1)5‘ ces . ees  (303)
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where T = mean monthly temperaturé (°C):

a = an empirical function of I
12
T 151
1 e J(Ts) 101

Thus, Thornthvaite expressed PE as an eirponential:
functien of {be mean monthly air temperature with the
day length and month factor applied to correct the
relationship for latitude and seascn. .

Among the studies which employ Thornthwaite's
approach are Mather (1954); Decker (1962) and Palmer and
Havens (1958). In Nigeria, Garnier (1956) used a modified
form of Thornthwaite's approach., This equation may be
expressed in the form: o

z = .67%2.198 .ooo Voo .Oti (3‘4)

where y is the measured PE and x is the mean daily FE
ocomputed Ly Thornthwaite's method .plus a saturation deficit
expressed in millimeitreg,

Probably, the main feason why Thornthweitets
approach is 80 commonly employed is because the a.pproaoﬁ
involves the use of temperature data which is very commonly
measured in many parts of the world, Moreover, even from
the earlier days of the derivation of the approach,
Thornthwaite has had tables for computing FE using.his

techniquea. These tables simplifed the computaticnal

techniques.,
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Permzn's equation, unlile Thornthwaite's approach
malie use of most of the meteorclogicel elements such as
radiction, wind, and humidity which affect evaporgtion.
Details of this approach are discus:éd in Chapter Four.

As will be noted in this chapter, Fenman's apprcach prov-

ides more accurate results in many parts of the world than
Thornthwaite's ap roach. This iskfor example the case in

West Africa in peneral and Nigeria in particular.

Because Pernman's approach has bécn found to
rroduce more accurate results in Nigeria than
Thornthuzite's equation, it has been the more commonly
employed approuch particularly since the past decades.
Among the studices avéilable in Nigeria in which Penman's
approsch was used are Davies (1965), Cbusi (1970) and Kowal
and Knabe (1972). The approich hoe wlse been employed in
this study. There are many reasons forlthis. For example
as noted by Chang (1959) the use of many climutic variables
such @s radiation and humidity would provi&e a relatively
more rational result than the use of temperature aione.
Moreover, in dry are2s where warm air advection occur, PE
obtained by using Thornthwaite's approach will be
correspondingly high,

Recently, the concept of rotential maximum
evaptranspiration, Pfhax. was introduced in the
Literature of evapotranspiration ir Nigeria by Olaniran

(1281).
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The oomputational techniques involved in the
egtimation of PEmax. were deri%red from the

oquations of Pemman (1948); MoCulloch (1965) and
Pruitt (1960). This new model has however not been
applied in agricultural studies. Besidés, onlj few
direct comparisans have been malc between the measured

potential evapotranspiration and computed PEmaxJ

Crop-Water Relationshipt

A lot of studies have been carried out on crop-
water relations in different par‘l_;s of the '_world;
Probably the earliest of these studi_es ae those related
to the oconcept of effectivéness of precipitation. According
to Dastane (1974) effectiveness of precipitation ocan be
assessed Yy establishing the :;ela‘{;ionships neﬁreen the cli-
mate and vegetation in terms of moisture indices. One of
the earliest scholars, Transeau, who employed the looncept
expressed the effectiveness of precipitation as the amml
rainfall divided by computed free water evaporatione '
The results are expressed as moisture indices (Transeau,
1905), Lang in his own studies introduﬁed a factor in
which rainfall was divided by termperature (Lang,'1920);"
Do Martonne(1926) was one of the earliest scholars
who used the term'dridity index" (A) which he eﬁpresséd
as precipitatian (em) divided Yy temperature (%): Mayer
(1926) used the effectiveness of soil moisture which, 80coT-
ding to him, is proportional to the precipitatioﬁ:(mm) d;vi-

ded Ly saturation deficit (mm of mercury) of the air.
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Recently, De and Ray (1973) used.a moisture index

based on the annual rainfall and potential eva.pot‘ra-ns-
piration (PE) while working ox.r:t agronomic i)raotices for
seasonal crops in the U.S.A. As noted. by Dastane (1974)
this approach is riot. satisfactory from the point of vie"vf
of crop production., hccording to him (Destane), affective
growing seasoil rainfall should have been considered instead
of annual rainfall.

Besides,some of these studies discussed above,
which expressed crop-water Il-elationﬂ_ in terms of éffe—
ctivaness of precipitation other studies cre available
in literature in which crop wa.tei' use wvas expressed by
considering._a nmumber of other climatio factoré. A

summary of +‘hese studies and the variables considered in

each study is shown in Table 3.1.
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Table 3,1 PARAMRTERS T0O FREDICT CRGCP EVAPO'I’RKNSPHATION
j - Variables congidered (+)
T
: | : |
,’ N
ol i Entity
F ogula f I | measured
| g
! ( 5 !
! o
2 |3 ;
gl g ! 8
+ | m ‘:? b 7 3 o
2ia g g5 ® migal $1.G
9153 5] & 88| JolE g2
IR A R
Hg ol % -5..4; Pl |aRis| A g’
il ’qf-.-wup. ol 518
e e
&4 E a [ i nl o (& | &
112131405 61718)9 phai12 13|14
1 H {
Rohwer, 1931, usa It g ++[ BT orop
Blaney-Morin, 1942, Usa o+ ,-r ' ’ I+ + BT orop
ohnson, 1942, ysy + ; I+ BT of valley,
: / : : entire growing
: ! f * 8eason
Thornthwaite, 1943, usa + I e BP crep, .
j i ' edequate
Penman, 1948, vk +l [+ 1+ ’++ o Eo or ET crop
Hlaney—Criddles, 1960, ysy ARy | : f Cu crop
Balstead, 1951, ysy +!+ {+ | I , - BT orpp
Bause, 1952, Cermany - M AR 4 Ly  ET orop
Turo, 1954, France L 4 ET orop
'I‘urc—-Langbein, 1954, France ‘+ : f ! c ]+ Eo or Hp orop,
, !f oy l ; l annual river
3 B baﬂm
r  Halkais, 1955, yga ; P+ e ,f CU orop
'I‘hornthmite-ﬁather, 1955 It | Py R ET orop and
[ I i 80il water
Van Bavel, 1 956, Usa ' balance
Ha.rgreaves, 1956, Usa J+ T ’+ g l+ BT orop
Ivanov, 1957, Ussp + |+ + b + o} Eo or BI orop
: +i+ ,‘ , ! 4 ET orop under
o ' i i - adequate moig
e Maklcink, 1957, Hollang + + |+ ] ( P+ I Bp gra.ss fure
~ Bijtoma, 1957, Hollang 4 + [+ + BP orop
Yollroy, 1961, Australia |y |, #le ] ] ! Basic water
© Olivier, 1961, yx +] &+ +i+ ' J heeds for orop/
’ ' | i land wnit
Jensan-Baise, 1963, ysa +] [o] i 1 L+ Br evop
Christianaon, 1966, Usa ++! + [ + [+ . 4+ + Fo
Gastane, 1967, Indig l L ‘ } ET orpp
Linsoro, 1967, Australig i b+ 4 ] + | b l E f BT orop
—— i

mw = Evapotranspiration : :
CU = Consumptive use of water ‘ C
Bo = Evaporation frop U.S. Clasg & evaperimetor placed in 8 grass field,

Souroe: Dastane (1974).
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As already noted, much 1mportance has been
given to the relatlonshlp betwqen the moisture aspects
of elimate and agricultural production in different parts
of the world, In Nigeria, research studies particwlarly
o micro scales a:é relatively very few and these dated
‘back to the'eawly 1970's when +the rioneering work of
Kowal (1972) was mublighed, Researching on 801l-wate*—
plant relatlonsuly at Samaru, the study Yy Kowal (1972)
emphasized the gvallablllty of goil water for rlants asg

affected by meteorological conditions, Otker studies an

microclimates and water use of crops have been ocarried

out Ty other writers. Some of these include those Yy
Koval and Knabe (1972), Kowal and Androws (1973), Kassan
and Kowal (1973) and Kowal ang Faullmer (1975). Tor
exanple, the work of Kassam and Kowal (j973) focuased
cn water use and growth of gero millet at Samaru, Northem
Nigeria, while Xowal and Andrews (1973) examined the por-
formance of rain-fed sorghum in terms of adaptability to
climate in a dry sub-humid region of northern Nigoriae
Some of the issues examined in moét of these studies
particularly those on the analysis of vari.tions in watef
use during crop growth cycles are Particularly important
Tor practical Purpose and of interast in the presgnt

study,
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Chaptar Four

HESEARCH MPTHGDOLOGY AND DATA REQUIREMENTS

4¢1. Introductiont

The data input in the study inolude monthly-
precipitation (mm), evaporation (mm), potential evapo-
transpiration {mm), aotual evapotranspiration (mm), wet

and dry bulb temperatures (°C), daily global radiation

-
,/(T.y), net radiation (ly), sunshine hours (hrs), relative

humidity (percent), wind speed (km/day), and crop yields

o
P

(yields/heotara}, — 7
Among these, measured values were oollected for

evaporation, temperatures,_sunshine hours,relative
g T T :

L A

humidity and wind-speed from the five experimant_a.l stationg -
for the poriod 1970-85; Precipitation data were also ool
lected for the other stations shown in figure 1 for the
period 1950-85. The measured data were supplemented ty
oomputed data using teohniques discussed later in this
chapter,

The following analyses give detailed discussions

on the various data requirements and data analyses employed

in the present study, '

-
.
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Measured Climatic Datas

In terms of income, the water balance equaticn

may be expressed hyi

P+I+ D = PE + sf '+ SURessel4el)
where P is precipitation, I is irriga.tion,_ D is dew
depoaition, PE is evapotranspiration, ST is the mois- -
ture storage in the soil, and SUR is the water surplus.
For the present stwly, in which émphasis ié placed
rainfed agriculture, irrigation and dew depositian are
not oconsidered as major sources of water supply. Cbnse-
quently the contributions of II and D are assumed .to be
negligible.

As already notéd in cha.pte_rI 1, five. expreimental
farm staticns and thirty—t_‘ive syndptic stations were
used in the present study. In all the locations, rain-
fall data used were recorded nth Snowdon raiﬁguage,
127 om (5 inchs) in diameter and with aperture 45.7ocm
(18 inch,) above the grmmd. Rainfall for any da&,
at the synoptic stations is the amount recorded between
07000 hours (0600 hours G;M.T.) on that day and Q700

hours (0600- hours G.M.T.) on the following dasr.



Ky

¥ *;
w
Ty
43_5
*
LS
b
F
[
&+
£

¥

At the experimental stations on the other hand,
rainfall for arw-day is the amtunt recorded between
10.00 hours (0900 hours G.M.T.)} on that day and
10.00 hours (090C hours G.M.T:) on the following daye
A rain day is defined as a day oﬁ which & measurable
amount of rain equals to or grgatsr‘ than O.25mm is
recorded {WMO Bulletin, 1975). _
Evaporation values we:eimeagured at IITAL, Ibadan,
and ART, Samaru, with the Class 'A' pan. At &RIU,
Unudike; AEF, Agege, and ARI, Kano, f;he measured values
of ev;aporation were obtained YWy using the .Piche |
evaporimeter. Evapqtfanspiration measui'emeﬁta.usin.g
the lysimetei' system were available at anly ARI, Samaru.
The Class'A' pan type in use at IITA, Ibadan
and ARI, Samaru is thatof the U.S, Weather Bureau and
recommended by the World Meteprological Organization
(¥MO) for the measurement of evai:o.ration, as alraady
noted in chapter three, The Piche evaporimeter in use
at ARI, Umudikey AEF, Agege and ARI, Kano, has also
been described in chapter three. As already noted hy
previous writers; data obtained Yy using these :Lnstru;
ments usually compare more favourably with data maasured '
during the rainy season than during the dry season

(0jo, 19693 Davies, 1965). Consequently, for the



L=

(k4

'y

‘3:_1

o

*
x

-66-

microclimatic aspects of this study, data obtained
from the instruments during the rainy season have been
used.

The lysimeter system is use at ARI, Semaru is

‘the hydraulic weighing lysimeter (366x366x122 om deep)e

‘The instrument was gituated about 60m from the northern

edge of the expesrimental field with a fetch m ,th?
dominant wind direction (south-north) of about 120m
(Kowal and Kassam, 1973). The lysimeter system
consists of a soil-filled tank in which crop is planted. -
Water is supplied to the tank either as rainfall or
through irrigation and the quantity recorded. When
the so0il has settled and achieved stubility.at field
6apaci‘hy, eﬁpotra_nspiration rates are ol.)ta.inedllnr
woighing changes in the lysimeter. In order to elimi-
nate the advection effects, the lysimeter surface was
ususally surrounded hy a buffer zone with similar
irrigation treatment and the same type qf‘ vegetation
as in the lysimeter system.

Measured values were also used for computing
gome climatic information or for examining the relation~
ship betwee_n climate and crop yield in the present |
study, Probably the most comnamly measured of these
parameters is the temperature whioh -ié normally recorded

with the ord.ina:r."y thermometer expoesed in the Stevenson's
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screen, about 122m (48 inch,) above the ground. ‘The
thermometer consists of a fine-bore glass tube with a
scale marked on the side. At the bottom of the tube,
the bore is enlarged into a budb filled with a liquid,
usually mercury or alcohel, Above the liquid is a,vﬁcuum.
When the temperature rises, the liéuid expandé out of thé
bulb into the glass tube. The tube is scaled to be read
at the highoci poiné to which the liquid has expunded in
the bulbs Wet bulb and dry buldb (Tw and Td) temperafures
are measured with two thormometers attached on a support.
One of the thermometers has a thin layer of tight-fitting
muslin wrapped around the bulb. This thermometer with the
muslin is the wet-tuld thermometer, while the ofher one is
the dry-tulb thermometer. The muslin of tho wet-buld
thermometer is kept wet when in use, As the moisture in
the muslin gf the wet-tuld evarorates, the latent heat is
absorbed by the evanorating moisture, causing g fall in
the air temperature below the temperature of the dry bulb
themometer which records the curreni air temperature,
Relative humidity is commonly obtained hy using
the dry and wet btulb thermometers enclosed in a Stevenson's
soreen. This is dohe first Yy obtaining the "depressian"

of the wet bulb (the difference between the dry ilb and
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the wet bulb terperature). The wet bulb depression
combined with the dry bulb temperature is used to read
off the values of thoe vapour pressure and the relative
himidity froem the hygrometric tables. Sometimes the

vapour pressure volues are cammputed by using the following

expressiont
RH .
ea = 100x eS cen TR 4.1
where e, = wvapour pressure; &g = saturation vapour

rrossure obtained Trom a table and Rﬁ_ = relative humidity.
Duration of bright swnshine i measured with tho
Campbell Stokes Tropical Sunghine Reéorder. This instru-
ment consists of a glass sphere mounted concentrically
in a section of a spherical bowl, the diameter of which
allows the rays of the sun to be focuszsed sharply on a
card held in grooves cut into the bowls The ca.rd.é are
sub—divided infto hourly intervals and Tigured every three
hours. As the sun moves acréss the sky, its fooussed
image burns a trace on the card so 'Eh.a‘b by Imea.aui'ing the.
trace at sunset, the duration of surishine may be- accurately

measuraed,
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Wind run per day in all the study locations is
recorded with the cup counter anamometer, mounted 2 metres
above the ground. The Anemometer provides the mun of
wind on a set of counter wheels up tp 9999,99 nautical
or statute miles or kilometres. Three conical cups 12,7om
(4499 inohes) in diameter with boaded edges are attached
to a central spindle, which in turn is' connected hy worm
gearing to a revolution counter of the anemometer., The
naximum gust for the month is read from a Dine's Pressure
Tube or Cup Generator Anemometer,

Computed Climatic Informationt

The parameters which he.ve_ been computed for .the
préesent study include global radiation (Qiq), net
radiation (Rn), and potential evapotranspiration (FB)S
Although it is possible to measure these important
companents the need to compute them arises  from
the fact that relizble measured velues are not available
in any of the study locations. Iven in Ibadan and
Samaru, where some measﬁred values of PE and (Q+q) a;'e
available, the data are not usually continous. .In addi-
tion, they do not cover Trelatively long beriods. In the
present study, potential evapotrngpiration (PE) is'oom'l-
puted hy using the modified Pemman's (i9u8) formulal
m use of Pemnah“s modified formuls is probably Bupported.
Y studies such as those of Chapas and Rees (1964), Obasi
(1970) and Kowal and Knébe (1972) who have shown that.of
all the empirical approaches currantly in use for
oqnputing.m in ¥Yest Africa, Penmant's api:roach provides

the most accurate results. Besides, the method offers the

—
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poseibility of a.sse_ssihg seperately the factors cmt_:ol—
ling evaporation, namely, ra.dia.ti.on,. aerodynamic factor,
humidity and wind speed (Olaniran, 1981),. The following
discussions give deta.‘ilé of the computational teckmiques
uging the modified Penman's a_pproach employed in this
study.

Computing Eveporation ., Evapotranspiration and

Potential Evapotranspiration Using modified. .

Panman's approach:

Following Penman (1948), evaporation (Eo) used in

this study was calculted Yy using the following equations
Rn FAN +7Y Ea e taw sew (402) 1
O+ 7Y

Eo

where Eo is tho open waier evaporation, A is the slope
of the saturation vapour pressure at air temperature,
is the psychromeiric constant $ Rn is the net radiation and,
Ea is the aerodynamic consiant. The following d.isouésions'
give details of the computational ‘technique; used for the
two main compments, (ise. Rn and Ea) of the equating,

Net Radiation (Rn.):

The net radiation term is wsually regarded as
the most important of the two major components of the
evaporation formula (Chang, 1960; Ojo,‘ 1969)s The equatiom
usually employed Tor the computation of the parameter'ahd ‘
which is used in this study is expressed in the forms ‘
B = (Qa)(1-% )-Tess see oo {403)
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where Bn is the net radiation, Q is the direct solar
radiation, q@ is the diffuse sélar,rgdiation,n( is
the albedo or reflectivity of ithe surface, and I is
the effective cuigoing or net longwavé raﬁiaticn from

the surface cxpressed in the fom:

ceenrerrene(dad)

I = I-1I
™y
where 11\ is the infrared radiation from the earth's
surface and {L is the counier radiation from the

atmosphere, The total or global radiation (Q+q) values
have been estimated by using the Angstrom-~type equation,

which can be expressed in the form:

(Q.H-_l) = 00 (Mbn/N) XX RYEREYX] (4-5)‘

where O is the amount of solar radiation incident _
on the top of the atmﬁsphere at a éiven locafion, n is
the actual duration of sunshine (hours), W is the maxi-
mum possible duraticn of sunshine (hours), and a and b
are the regressian conastantis. The.constants used in
this study are thosec obtained by Davies (1965), These

constants arc shown in table 4.1.
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Table 4.1: REGRESSION AND CORXELATTON OF MONTHLY

RELATTIONSHIPS TETWEEN SOLAR RADIATION
St oime s w iy oULAN HADIAT TON
AND SUNSHINE IN WEST AFRTICA

Month a b b o r2
Jan -040 | 872 . 960 921
Feb 11 «986 «953 #908
Mar | 071 | .155 975 | .951
April T | 651 £953 +908
May 126 | 655 4953 .08
June «125 o547 «969 «939
July 209 | .536 970 | 941
Aug 214 | 606 OT3 T
Sept 336 | .497 957 - 916
Oct 97 | .552 95916
Nov 167 622 »958 i .918.
Dec 026 | 782 950 f .903

SOURCE: Davies (1965)

In this study, equation 4.5 has been used in the
computation of global radiation, In prefious studiés,
this equation have been uscd to compute global radiation
for Nigeria (sec for example, Ayoada (1971); Davies
(1965); Kowal and Knabe (1972) andlfbr West Africa’
(0jo, 1952; 1973).
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Aair in mm,

In computing the absorbed solar radiation
(Q+a) (1- s. ) appropriate albedo values ( o ) were

taken from the work of Oguntoyinbo (1970) Table 4.2,

Table 4.2: LEAN ALREDO VALUTS _OVER DIFTEIENT

CROPS T NIGERTIA

Guinea Corn ‘
(Sorghum ) 21
Growndnut .16 ‘
Maize . 1 7
Yam 21
Cassava «21

sormcm Oguntoyinbo, 1970, : 'j

The net ef‘i‘ecﬁve outgoing radiction (1) in equation
4+3 was computed by using the fo]_.lowing eq@tion:

I = 6Ts4(o.56.0.09ﬁd)(0.10+o.9on/N)'....(4.6).
e St e of e vepmmuins maree.

The use of equation 4.6 is probatly supported
by the studies of some writers who have also employed '!:his'
equation to obtain the effective radiatjon (I) oomponent , -
of the net radiation (Rn) for the country (see for exam;c;le,’:r
Obasi (1970), Ayoade (1971) and Kowal ang Kriabe (1972},
Because of the lack of data an Ts the present wri%er !
employs Ta instead of Ts in computing equation 4,6 zg

hzs been done in other previoug studies,

' the[



g

443430
\
:ék
#
tA. Y
* 403044
s
#

Tl

The Aerodynamic Term (Ea)

The aerodynamic term (Ea) in equation
4.2 is a function of the wind velocity (u) and
the evaporative power of the air (es;_ - %)y
where e, and e are respectively sa:t\.'_z:cation
and actual vapour pressures at air |
temperatures.
£(u) is usually expressed in two forms:

f(u)1 = ) sssses (407)

u

100

0635 (1.04

u
f(u)2 = 0,35 (0.54.1—06) sesressnse (4‘8)

where u mm/sec is the wind run at 2m high.

Many studies (e.g. Penman, 19.56;
Businger, 1é56; Tanner and Pelton, 1960; Van Bavel,
19663 Davies, 1965; Igeleke, 19713 Ojo, 1969; Obasi,
1972) have estimoted Fa using equatian 4.8, similar1y3
"gtudy,

eguation 4.8 has been used in the nresent

The < and ¥ Terms:

The vzluesg of the slope of the saturation
vapour pressure at air temperature (A ) and the
psychrometric constant (¥) used in this study were

obtained from Chang {1971).
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The Pan Factors:

Evapotranspiration rates vary with crops and
with the different stages of plant-lgrowth ( Dagg, 1965);
Porter, 1976; Kassam and Kowal 1975; Durt et. aley 1981
Terjung ets ale, 1984}, Tor the present study,' four
atages of crop growth have been used, These include
the initial stage, crop develormeni sta e, mid-season
stage and the late-season étag,e (i)ooren'bos and Pruitt,
19793 Terjung ot al., 1982; Ojo et. ale, 1986). During
the initial siage, which includes the germination and
early growth periods, the field is-usua.lly bare and dry.
Conseguen‘tly‘,‘ evaporation proceeds at .rela.tively low
rates, The second stage includes the period of crqp'
develomment culminating in the att;a.inment of- the effec-—
tive full cover. As the crop developg and the leaf -
area increases, the rate of evapoiranspiration inoreases,
maximum rates ocour at the attainment of effective
full cover whem the leaf area is at its maximum. Accord-.
ing to Porter (1976), the marimm evapotranspiration is’
partly caused by the greater arca of the transpiring
surface, its roughness, and partly by the geometry of

the transpiring surface.
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The third growth stage is from the period of
attainment of effective fi111 &rowmd cover to
oommenoemen;t of maturity while the fourth stage is

from the end of the mid-~seascn un'til. full maturity or
harvest. During this last stage of the crop, leaves
become senescent and growth is cmc.entrated in seedling_
or fruiting (Wan'gati, 1969), The rate of evapotrmns-
piration declines, ,

The use of the pan factor is usually employed
in converting Eo to FE,

This factor, defined as PE/Eo, can be computed y
using the following expreasion:

FE = £ EOu o o 5 6 ¢ o & (410)
where PE ig the crop water use or potent:.al evapotrans-—
plratlon, Eo is evaporation fram open water, 11
is the pan fact ¢oTy empirically determined.

Various valuos of 'f' for some crops have ‘been .
obiained hy mam; writers in diﬁ"erent pai-ts of the world
(see for exanple, Porter, 1976; Denmead a.nd Shaw, 1962;
ard Dagg 1965), Writing on ¢limate and égriculmra in
East Africa, Porter (1976), for exanple, showed 'that
Pields with young plan ‘s usually have an PE/Eo ratio of
about Os5. He (Porter) further showed that the ratio
inoreases through the growing seasm as the plant feaches
full vegetative cover and deslines as the plant reaches

maturity (Table 4.3),
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Table 4.3.1

-7

Et/Bo VAIUES FOR CROPS IN. DIFFERENT

MAWTIIS OF THETR SEASON

Crop Month 1 2 | 3 4 5 6
Beans 0.75{ 0490 { 1425] 1,35 0,85 | 0.60
Cassava 0450 | 0,70 | 0,70 | 0,70 0,70 0,70
Finger Millet 0;50 0480} 1,00 | 1,00} 0,70 | 0450
Groundnuts 0.50 | 0.80 | 0,90 | 0.90| - -
Maize O.SO‘ 0490 ;1.00 1420 | 0,80 0.50
Rice - 0,65 | 1,70 ] 1.30| 1,30 1,30 | 1.30
Sorghum 0,50 | 0,80 1.,00{ 1,20} 0,50 -
Soybeans 0.55| 1.05| 1.10] 1410 - -
Sweat Potatoes 0450 | 0470 ['0.70 ] 0&TO| '~ -

SOURCE: P. W. Porter (1976).

Sy

In Nigeria, Kowal and Kassam (19%4), and Kassam and
Kowal (1975) have done some work on the estimation of the
pan factor, 'f£!, of some crors. Kowal and Kaszan (1974),
for example, noted that 'f' values for;maize during the
initial growth stage vary between 0.39.to 0,98, At this
stage, when the crop has germinafed and fibrous roots are
produced, cr?p cover is small and the leaf area index (ZAI) -
is about 2,2. Similarly, 'f! values vary between 0,86 to
1416 during the second stage of growth‘when-the leaves

oxpand and roots increase in depth. -
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Thus,1AI ususlly increases to a maximum of 3.8,
During the third stage of maize growth whlch
k coincides with the pericd of tasseling, 'f' values

decrease to about 1.2, When the maize cobs are ready

e

for harvesting (i.e. during the fourth growth period)
LAT decreases from 1.2 to 0.2, while 'f!' values
decrease from 0,98 %0 0,58 (Kowal and Kassam, 1974).

[ - In the present study the results cf some of

& ‘
the authors who have worked on the pan factor of the
' varous ¢rops being considered have been used (Table.
404)0
&
f




:}

%

':! L e
Table 4.4, DAN FACTORS FOR SELECTED CROPS
DURING AN AVERAGE GROWING SEASON
Crop Pan factor Sourée Remarks
Lal
1., Maize 0,32 Kowal and Endrews| Initial stage
(1974)
0«71 " Crop development
. stage
0.85 Kid~season stage
0.56 | Late scason stage
; ]
2. Groundnut: 0.67 Kowal and '
: Andrews (1973) | Initial stage
! , :
b 0496 Crop development”
stage
077 Mid-season stage
0e33 Late seascn stage
: . _
3. Sopghum | 055 -- Kagsam and - : '
Kowal (1975) Initial stage
0.66 Crop development
' stage
I 0696 ‘Mid-season stage
| :
0,50 Late season stage
4. Caséava 050 Porter {1976) Initial stage
0.70 Crop development
slage '
0470 Mid-season atage

0.70

e season staga‘

VLR TR
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4.3.6. Seasonality indexs

Seasonality which characterizes rainfall
distribution in Nigeria has important agricultural
implications, For example, seascnal rainfall
@istribution is a major factor controlling the time
of planting, the length of the growing season and
the time of harvesting of crops under the rainfed
agricultural system gencrally practiced in Nigeria.
’I'here‘ are some years in which rains may start late and
cease early with the result that crops may fail in

the country, . However, even when the rainy season .

" is long and the seasonal totals above the ‘normal! for

any location, rainfall distributiod, during the cropp
ing season, is of parmmht iniportance in ggricultural
produétion. Because of the importance of seasonal .
rainfall distribution as far as agricultural production
is concerned, there is the need‘ to analyze seasonal - B
rainfall characteristics in the country. |

“Among the statistical methols developed in the
literature for analysing rainfall variations ave
average variability, relative variability, eta.nda.ni
deviation md goeffioient of variatims. However, the
present study uses gle‘_bf ‘the mosf recently developed
indices on seasonality of ra.i.nfallw_rariations. - This
index developed hy Oliver (1980) is kmown as the

Precipitation Concentration Index. (PCI). ' -

Ch ey
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The Index gives accurate information on
precipitation ceagonality and provides a dimension-
less value thot permits tbe assessment of rainfall
distribution in comparative agroclimatic studies
(Oliver, 1980). The index can be symbolically

expressed in the form¢

PCI = | zr22 X 100 . 4. . (4.11)
(izr )

where r is the monthly rainfall (Oliver, 1980).

The index has its limits between O and 100 which per-
mits grouping sets of data. according to derived values.
An index of less'thén 10 sugsests evenly distributed
rainfall, while increasing values indicate increasing
seasonal concentration of rainfall, An index above 20
denotes marked seasonal concentration (Oliver 1980).

’ The advantage of using th_e PCI :m ana.lysing
rainfall seasonality is that the resulting index is
bounded hy limits ranging from a value appréa.ching 0
for uniform distribution to 100 for maximum seasmnality,
while other statistical expressions have an c¢pen—ended
scale. Thus, the PCI allows better comparison to be
made between sté.tions; Compared with the use of anmual |
r:iiin;.ll, the PCI is helpful in identifying variations
in seasonality of rainfall distri'bu‘ti_on during crop
growing seasons which annual rainfall tetals cannot
show. The analysis of spatial patterns of climates
and irrigatioﬁ.'f in Pakistan (Oliver et. al., 1978),

and the study of regional patterns of rainfall in the
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United Siates of America, Africa and Australia
(O1iver, 1980) lend support to the advantages of
using PCI in the analysis of seasonal rainfall

distribution.

Regression Models
Crop-weather analysis models .such as

factorial yield weather model (FWYM) have been applied
to climate-crop relationships (Baier, 1973). Simi-
larly, empirical - statistical crop-weather models
(e.g. multivariate regression models in which several
climate variables are related. to crop_.:responses such
a.s‘y.ield) are usually employed (see for.example,'
Thompscn, 1969: McQuigs, 1975; Mota da and Wendt

1975; Lomas and'éhashqua., 1973). In the present
study, the regression model has been 'a.pfliéd to obtain
some climate-crop relationships. Basica.ily, the simple

regression model is expreéssed in the form:

\‘/n a,+h'xi +E'i...0l0(4.13)

vhere Y is the estimated or predicted crop yields,

using the climatic data x. The variations in predi-
cted crop yields are mssumed to be as a result of the
variations from the 'normal! climate as indicated Ly

climatic variables, %, during a particular period.
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The constanis a and b are the coefficients
of regressicn associated with a numbef, ny, of
climatic variables,rand €, is the wexplained
difference between the actual and the estimated or
vredicted crop yields.

The coefficient b 1in the regression

equation 4.13 is expressed as:

. 31 n n
w o AEEmye - (Ex) (Ew) (4.14)
\,&zx';‘ - (2]

while the coefficient a is expressed as

a = .J; - hil .e 0; .e (4-15)

Crop and Crowing Season Datat

Crop data used in the present study were

obtained from the study locations, namely, ARI,

Umudixe; AEF, Agege; IITA, Tbadan; ARI, Samaru;
and ARI, Kano. Other information obtained include
sowing dates, length of the growing seasons and

harvesting dates for each crop (Table 4.5).
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Table 4.5. GROWING SEASCON PERIODS

Cro 5 Sowing Dateg of Length of
Top dates harvesting growing period
in days
Cassava Barly May November 210
Maize - April July 133
Sorghun Hid-May late Oct/
November 154
Groundnut Early June October 126
SCOURCE: Experimental Stations
Table: 4.6. CROP DEVELOFRERT STAGES IL' DAYS
Crop Stage Stage tage Stage Total
I I1 IIx v
Cassava | 24 &4 122 24 210
Maize 13 35 63 21 133
Sorghun | 18 42 7 21 154
Gromdnutl 14 30 63 20 126

SOURCE: Experimental Stations
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Information on crop developuient stages from the
time of planting to harvesting (Table 4.6), as
well as data on crop yields (in kilograms per
hectare) were also obtained for the crops

under study from the loca{ions. The cassava
yield data obtained from ARTU and ASFA is for

the périod 1974—80,Whi1e the maize yield data cbi-
ained from IITA is also for the same period. The
groundnui yieid data obtained from ARIS and ARIK

cover the period 1970-82, and 1953-78 respectively.
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Chapter Five

DISTRIBITION OF PRECIFITATTON I NIGERTA

S5e1. Introduction:

In recent years, a lot of concern has been
shownn by both the scientific commnity and the
general publiec on rainfall characteristics in West
Affica in general and Nigeria in particular,

Some of these studies, as already noted, inclule
those of Agboola, 1979; Jenkinson, 1981; High et.
al., 1973; Runting et. al., 1973; Ogmtoyinbo,
19823 Gregoxy, 1982; Nicholson, -1979;' Lamb, 1980;
0jo, 1982, 1983, TDespite these various étﬁdiés,

the variability that chavacterizes the weather

and the climate of West Africa and indeed of
Nigeria r;ama;ins one of the most important em‘riron-
mental probléms which have not been fully understood
and as Sllcl;l demands further discussions,. |

This chapler, therefore, intends to examine
some aspects of precipitation characteristics in
Niger:"La with. particular reference to spatial and
temporal distribution., The chapter also intends
to examine more oritically, the variability and
the seasonality characteristics during the period
1950-1985 for which data are available for . many
stations in Nigeria. The seasonality characteristics

of rainfall distribution are examined because a

deficient rainy season handicaps agriculture as well
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as the socic—economic life of a nation

(Lamb, 1980).

lean Annmual Rainfalld

The latitudinal exient of Nigeria (i.e. approx.
5% - 14°1) gives the country a wide variation in rain-
fall distribution from south to north. More significan-
tly, rainfall has a high degree of %rariabili.ty from place
to place. Besically, the distribution of rainfall in
the country is controlled by the séasonal migration T~
and pulsation of the interiropical discontinuity (ITD)
accompanied Ly two a:.r masses. TheGe aiT masses
include
(a)  the tropical continental air (¢T) which originates
from the Sahare deser‘!; end is c]ﬁaracteristical]:;
dry and dusty, and .
(b)  the Jcrropica.l maritime (0T} air which originstes
over the Atlantic ocean and is warm and humid.
The nT air mass ﬁﬂuence‘s the coastal areas of ligeria
tﬁroughout the year resulting in rainfall for about
8-12 months of the y_enar; The ITD migrates northw;a:nds.
‘with the apparent movement of the sun so that y Judy
or August every part of the coumtry is influencgd y '
the nT air and consequently experiences rainfalls
In cmfs;ra.st to the coastal areas, the cT air
mass influences the extreme nor‘shez;n part of Nigeria
for a greater part of the year resulting in dry and dusty

conditions. Between December and Fehruary when the
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dry season conditions are most intense particularly
in northern Nigeria, the influence of ¢T air mass

is felt down to the coastal areas and rainfall is

e

‘minimum throughout the country. DBecause of the
influence of altitude, more rainfall is experiénced
in stations located on relatively higher altitudes
than the surréunding areas. In such areas as 'tﬁhe
- ’ Jos Flateau and the eastern uplands of Nigeria,
relatively higher rainfsll ceccurs thus illustrating
the significonee of relief in the pati sern of the
rainfall &istribatiozl. Other imporiant factors of

rainfall in_the_ccwuniry are vhe various oynomlc

" disturbonces, *Ja_tlcularly “the line oouallq and

- ‘_‘2-' . -
= SN k. the disturbance 1J.nes. When these OCCUT . thm:r-_:.. .
/—. , . o _ iy - T rre——— ‘

———— ... P t,ha'ﬁ e
effec ts“"“e’"*"u 1 some aress exXperience showery

e
weather while some other a:tem'"axperlence heavy
s T
& : rainfall. For example, the occurrence of distur-

—

bance line over an area is assm1ated with msta— -
blllty charac ue.hl_.ed by thunde*stomms and Squa.ll
winds. Sm:r.larl;y', the occu_rrence of line scualls

is associated with intense instability accompanied

Y
A e

by torrentizl rains characterized by thunderstorns

and lightning often with strong ¥#inds. .-
The combined effects of these various fac-

tors result in‘a pattern of distribution of rain-

fall which generally decreases from the ooa.strinland

in Nigeria. As shown in fig. 5.1, the coastal aveas

have the highest{ ammual amounts of rainfall which

are generally mors than 2000mm.
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For example, the Forcados-Brass axis and the
Fastern Uplands receive more than 4000mm of rain-
fall per year. The southeast also has ‘an annual
rainfall b-uireen 2500 and 3000mm. For.instance,
mean anmual rainfall for Calabar and Port Harcourt
during the 1941-1985 period are 2900mm and 2400mm
respectively, In the southwest of the country the
mean annual rainfall ranges between 1500 and 2500mn.
For instance, the mean annual rainfzll for Legos,

Tkeja and Ienin are 1850mm, 1510mm and 2130mm resve-

'ctively.

In t-e lower Niger-Benue trough, annual

rainfall is beiween 1000mm and 1300mm as, for example,
illustrated Wy mean annual rainféll figures for
Lokoja (1170mm), Makurdi (1280mm) and Ibi (hoomm).
In the upper segments of the Niger aﬁd.ﬁenue.val—
leys, and extending fo the latitudes oflPotiskum?
Kano-Sokoto, ammwal rainfall toials are  between
750mm and 1100mm. For example, the mean anmual
rainfall values for Zarié, Kano, Sokoto  and
Potiskum are 1Q60mm, 850mn, 690mm and 740mm resec-
tiveiy. The higher mean annual . rainfall over the
Jos Plateau (a:éout 1é70mm) than for locsdtions en
the same latitude illustrates the significance of
relief in the pattern of rainfall disiritution, as

already noted. The extreme northeastern part of

,'\3
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Nigeria has the 1lowest mean annual rainfall
as shown by Nguru with 530mm and Maiduguri
640mm of rainfall,

Yearly nRainfall Variationda in Nigeria:

The yearly patierns of precipitation was
examineda in the present stﬁdy. In doing this,
the annual values of precipitation for each. of
the years 1950-85 were computed as percentages
of averages of the period 1940-76 for each of
the stations used in the study. The wuse of
the period 1940-76 for the establiéhment of
averagge condition satisfies tne Dbasic concept

in climate studies since a 30-year or 35-year

- period 1s normally required for the determination

of climatic averages (Barry and Chorley, 1972).
Morebver, 19&0-76- period was chosen beeguse it
represents a period'of- heavy rainfall in the
1960s and a pierod of drought during the early
1970s. Besides, the picture. of rainfall
characteristics in Nigeria 'in +the present
writers previous study was daerived mainly from
the 1940-76 .averages (Ijioma, 1981). On the
other nahd, each of the years 1350-85 was selected
tfor the calculation of pefcentage average to
evaluate rainfall variation characterist ¢s 1in
terms of confrast. with conditions that preceded,
overlapped\and followed the period 19&0-76 in

which the average condition- was derived.
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Each of the distributionrmaps (fig. 5.2)
fer the years, 199%0~85, show four categories of
spatiael distributional patternc, The arcas sho-
wing less then 75% of the rormal rainfall amounts
are uscd ito represent greatly below rormal condi-
tion vhilc areas showing 75-997 are used for
below normel cercition. The areas.showing 101=-125¢
represent aoove rormel ccnditicn vhile areas
with more than 125% represent greaily above
normel rainfell conditiens. The reason for sele-

: than 799 of '"normel!

to resresent greatly below normal rainfall”
- - R B R ‘ e -

R

- - conditicn is bocauvee A0
- ﬂ . AT
————ioretbc gstatiens in MWeeria wvorsgailccted by
™ L= - th
B e j —a - .

the well-known droughte.-6f-~1973 and 1583 were
i -

less than 750 of.tlie normal value as against .
avn e Lo

other. years when the incidence of.drcught was less

e ———

- ———n . ) ar '
- severe. Moreover, Boudet et. al., (1976) and Odingo

(1976) pcinted out that in the Vest Alrican  sub-
region (which has been persistently affected b;
drought conditions), annmual rainfall in any par-
ticular year during the drought years is about

50-70% of the average annual rainfall.
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G.5.2 ANNUAL RAINFALL FOR EACH OF THE YEARS 1950-1985
- AS A PERCENTAGE OF THE 1940-1976° MEAN ANNUAL
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As illustrated in fig. S.1, some areas to the
northeast of Nigeria experienced rainfall amounts which

were greater then 125 of mean rainfall in 1950, 1952-55

1969, 1961 and 1967 while some areas in the northwest
recorded similsr corditions in 1950, 1951, 1953, 19%4-57;
i95¢ ané 1964, Despite the rainfsll conditions in both

the northewst and northwest of Nigeria described above,

larce arecs in northern Wigoria witnessed rainfall amountis

of 100=125" of the expected values in 1950, 1952-5%, 1959-C0,

1663, 1968 and 1978 while comparatively large areas witnezsed
mean rainfall anounts of 75-997 of the mean anrual rainfﬁll
in 1956-57, 1970-75, 1977 ard 1980-3%. During the period
1980-£5 in whicl large areas in northern
infail conditions and & relatively larger ares indi-
cated reinfall conditions below the nertal values, rainfall

greatly below mean values (i.e. 7521} occurred in 1966,

_

1971-73 and 1985' in fhéiettrcre uortherh p;f% 6f'§ig;;ia. Also
in the northwest rainfall amounts which were less than 7%

of the moymal amounts occurred in 1968, 1974, 1979 and 1982.
wher the whole of northern Nigeria is considered, large areas
witnessed rainilall amounto of lesc thar 79 of the expected

values in 1983,
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The spatial variations in year-to-year rain-
fall distribution whick ocecurred in the north can
also be observed in southemn Nigeria, However,
the riorth showed greafer variability than the south
in which only two intervals (i.e. rainfall amounts
of 715-99% énd 101-125% of the annual means) predo-
minate. For example, fig. 5.1 revealed that much
area in t?ﬁe south received 75-99% of the annual
tainfall amountis in 1950, 1962, 1964~65, 1977-78
and 1983 wivh the exception of 1950 when the area
around the Miger Aelia resorded lecs tham TRT, of
the mean rainfall. In 1951-53, 1963, 1969 and 1979
101-129;!2 of the moan annual rainfall were received
in th;a southﬁest vhile ﬁmh of the southeast received

75-99% of the mean annua) valuses during the same
period. Similarly, the greater part of southeastem

Nigeria was characterized by rainfall amounts of

101-125% of the mean values in 1968, 1970-71, 1973,

1976, 1982 and 1984,

The southwest received about 75-99% of the
mean rainfall in 1971, 1973, 1976, 1982 and 1985
while 1965 and 1970 recorded rainfall amounts s
greater than 1250 of the mean value. Furthermore, i
101-125% of 't;he mean anmial rainfall values ocourred

along the coastal area of Nigeria in 1959-61 while
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much area Irom the Niger-Benue confluence
down to the cozst experienced 101-12%‘ of the
normal rainfall amounts in 1960, 1971-T2
and 1974 |

Locational Analysis:

The absve discussicns show that a lot of
climatic variatios occur in time and space. For
instance, the marked zonation of raj_nfail regimes
in Nigeria illusirated in fig., 5.1 "does not consis-

tently respond as an entity to climatic fluectua—-

.

tions bul may occasionally show marked @ifierences
as illustrated in fig. 5.2. Suck spztial differen-

all distribution have nerurred in the

- = . __ces8 in rainf
_._.--l'"—-—_"‘-—-r-—:-_: - — i

past in tﬁe commtry. For example, below average
rainfall occurrea"in‘t;e_'south of ngena in 1915-
1935 while the north ‘experienced betier rainfall
conditions, Also, in 1961~70, heovy _:bai’r}fall occur-
red in the gouth ahd below average rainfall in

the nortk  (Oguntoyinbo, 1978). Sometj%es these
variations are so muchlt];at stations close to ane
another sometimes experience contrasting climatic
conditions, Ix_zd.eed, while some sfatio;ixs. are recei-
ving fa.infall above the mean, others ncja-b- -far from

them may be experiencing rainfall below the mean.

veg g Ei.iw!i PN N 4.' i 'k;; i
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These results emphasize the need for microclinatic
studies particularly in examining clﬁnate_—cro;;
relationships.

The need for microclimatic studies in climatle~
crop relationships is further illustrated Ty exami-
ning the c¢limatic trends at the Research Institules
and comparing these trends with some other mearly
locations. |

As already noted, data for the Research

Institutes were unfortuhately available for periods

e —

sho*‘ter‘than uge 35-year period used 1n the pre.aeno
chapter 'in the examination of the yearly rainfall

variations in Figeria. Da‘ha. for ARIU were for

i I -

" example, ava_lable for only 15 years (1970-—1 985)

| At AEFA, date were aveilable for 13 years (1972-1985),

while at IITA, ARIS and ARTK, "f:hey were available
for 10 years, 15 years and 21 years respectively.

As can be noted from fige. 5.3a a lot of varia-
tions occur in rainfall patterns beiween ARIU and
Aba in sPiée of the fact thet both stations ave

in the same climatic zone.

]
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Fig. S. 3¢c. Patterns of relative variability of rain-

- falt  in TITA, IBADAN and [BADAN
AERODROME: 1970 —1985.
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. below normal rainfall was more persistent in Aba
= - T T - -

5 "'105" -’ . &r.

For example, at ARTIU, sligh'bi;y' abova normal
rainfall occurred in 1970, greatly above average
rainfall in 1973 while above normal rainfall condi-
tions occurred in approximaiely every other year
from 1978-1984., During 1975-76, rainfall was
approximately nomal for the location,

In contrast to ARIU, below normal rainfall
for Abz occurred in 1971-72, 1974-76, 1978, 1981
and 1985, vlile above normal. comditions occurred in 1970,

1977, 1979-80, and 1982-84. 1In general, relatively

o g L

than in ARTU befween 1971-78. lioxeover, in 1973

when Aba had approximately normal razinfally. ARIU

had . greatly above normal ra.infa.ll, ';, and in 1975
when Aba revcéztled groeatly below nomal rainfall,
reinfall cordition in ARIU was normal. 7

The pattern in AEFA and Tkeja (ﬁg. 5e3b)
also illustrated the fact that a lot of variations
can be expected in stations located very close
to another, TFor example, the periods 1971-72,
.1975-76 and 1981-85 had 'belbh_f normal rainfall
in AEFA while rainfall -'nelorir.l- ;he normal . values per-

sisted in Tkeja from~1971-77 and 1982-85., n

.the other hand, above average rainfall amounts

were ohserved in 1970, and 1978-80 in AEFA while

Tkeja had sbove average rainfall in 1970, 1978+79

and 1981 during the study periode
bt - ﬁ":'—:t.ll-:{« .

-
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Below nomal rainfall persisted in 1971-74
in ITTA. This is followed Wy above normal rainfall

in 1975 ané agein below normal rainfall in 1976

and 1977. In Ibadan, which is close to IITA, the

perieds 1971-72 and 1974-77 were characterized by
rainfall below normal conditions for the location.
Above normal rainfall occurred in the location

in 1970 and 1973 during the period 1970-77 as against
the conditions in ITTA in which above normal rainfall
occurred in 1970 and 1975. The years.1978-82 withes-

sed above normal rainfall conditions in both stations

T T e - -

i

but the amnual amounts were greator in IITA than in
Ibadan. 1 25‘4 of the nomal rainfall occurred in
IIT4 in 1979 and 1980 respectively, while in Ibadan
the values were respectively 11575 and 1204 during
the same periocds.

| Below normal rainfall occurred in 1970-73,
1975-76 and 1979-85 in ARIS while rainfall slightly
above nc;rma.l accurred. in 1974 md_1973. The year
1977 witnessed rainfall amount which was'1_25% of the
normal value for the ioca.tion, indicating a relatively
wet year. In conirast to ARIS, Vra.infal'l below normal
occurred in Kadwna in 1970-73, 1976~78 and 1981-83
while 1984-85 witnessed greatly below normal rain—
fall copditions for the location, For instance,

as low as 60% of the mean annual rainfall for Kadima
occurred in 1985.'?%19!43@1‘, the years with_a,ﬁp'vwa
normal rainfall for the location were 1974, 1975
and 1979, ° 'Inigf]@,,;}géz_-,_mtanée, aboutne@}f the
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mea;zq annual rainfall was recorded wﬁile: in 1975
and 1979 about 105% and 114% were recorded
4 respectively.
Fig. 5.3e¢ indicates that 1971-75 and 1978-85
were periods of below nommal rainfall with more
gevere conditions occurring in 1972-73 and 1982-85
vwhen rainfall amounts range from 50-75% in ARIK.
e ————— Above normal rainfall amownts were recorded in the

-

,’_';.-;_-s‘tation in 1970, 1976 and 1977. In contrast to
i ARIK, the pu-dud-i571:77_and_1981-85 in Kano were
characterized Ly rainfall amounis below normal
T :

at o

o R f-“':-’—-u._‘ for the lecation. Greatly belew normal rainfall
alugroccurred in 1973, 1976 and 1983=85 when 50-75%

. o —o - : )
of the normal rainfall value were observed. However,
S -
1971, 1978 and 1980 hn2 121=12%% of the normal

b

. rainfzl]l for +this location.
‘; ” -

The causes of the variations in rainfall

as illustrated in fig. 5e.3a-e can be estl_ablished

using the hypothesis of change in the position of

IID {Kraus, 1977) or the displacament of subtropical
- ' . anticyclones and the associated equatorward displace-
man't.of ITD (Bryson, 1973; Hinstanmhw"(:)). In
West Africa in peneral, fluc‘tuatic;ns in the move-
ments of the ITD and the accompanying a.u' masses

are normally aocompaniéd by fiuctua.tions in the

)

amount of precipitation reeeived in a particular
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location {0jo, 1982). However,
thorough widerstanding of climatic fluctuations

in West Africa in general and Nigeria in particu-

.-;95:',

lar, should slso take into accowmt such factors
as
(i) wvariable moisture convergence into the
region |
(ii) changes of stability and ve:-tiéal motion
(iidson, 1977) or
(iii) wveriable convective activity due to
.ckhanpes of sea suﬁme temperature

o U (iv) wind strength or convergence, or

L e e - —— T g L T S
i (¥) change of “the slope of ITCZ (Nicholson, 1979)
_ P

Variations in rainfall discussed above illus-
{trate the problem of validity of the resulis of
v , regional and microclimatic studie;s based on data obi-
ained from syhoptic stations. Thus, there is thé
need to increzse the density of climaiic stations in
Nigerié, and 2lso the density of observation pointis in

each climatic station with a view to obtaining: represen-

v

tative data for regional and microclimatic studies..

In a comparative vein, Ojo (1986) noted that climatic
variations limit the representa‘l‘;iveness of the available
data for regional and microclimatic as well ag microme-

teorological research and consequently the wvalidity

N

of the resulis of any impact studies carried out wn

these scalss.--
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- 5¢5¢ Seasorality Index:

Che mean mumal map of Precipitation

Concenyration Index (PCI) for Nigeria is shown in

fige 544. As can be seen from the map the annuml
PCT valaes over Figeria vary from less than 115
to over} 277, T:e lowest index values occur in +he
southeast and southwest where the index values vary
o from les: than 11% to more than 123, There is a
J— T ——— e _'h-;'-"wi_ .
general .ncreaze in the PCT values from: the coast
tga - o,.
_il‘hvs, alang the latitudcz off 6-8°H, for
7 Lne Lay :

[
PCI values range from about 149 to 167,

_inland.

—

The valuei increase grodually northwards 4o the

north of dprroximately latitude . 10°N where values

———. - - ——

[—. - -

——ieof TioTe "531;178‘" are observed, Over the Jo.s Plateau,
the PCI vajues are generally less than 17% reflecting
- | . ~ the si@ififmelief which causes greater
. cndmare eveily distributed rainfall over the platesu
than in the su:r.oxmding areas along the same lati-
tude. The EFII va.lueé increase shé.rply no:thwa.:tds'
of latitude 1O°N where values greater than about

187 are obseived. The general inecrease in the TCI

values inland reflects the increase in the concent—

ration of raihifall into fewer months of the year.
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The highest index values occur in the extreme north,
particularly tc¢ the northwestern and mnortheastern
parts of the commtry where volues greater than 2T
can be observed,

Fige 5.5 shows the distribution of PCI in
the five main stztions (i.e. ARIU, AFTA, Hm,
ARTS and ARIK) used in the present study. The
figures illustrate the need for a detailed study
of the charactcristics of climate for individual
locations purticularly for impect anzlysise It

also demonsizcoies .vhe influence of local veriaticons
e - iR T e T L

more clearly +thwn on the general mav. Fellowing
previous stuﬂies, the followlin.:; classifications
inte nomal, _'boloz} normal, and above nommal and
great];,f- above normal conditions have been made
for. the purpose of determining the characteristics
of variations in the rainfell concentrations
for the various locatioﬁs.

hs shown in fig. 5.4 discussed above, if
an index value of 13% obtained as the average value
for ARIU is considered as nommal for the locatian,
fige 545 showing the yéé.rly average of the PCI
departures for ARTU irid.-:icates‘tha“l: 1971, 1974 and
1980 exhibit normal conditions of rainfall conceni-
J;-ation with index valuss between +¢. The years
of above nomal rainfall distributions with standard
deviations betwoen +6 and +26 inclule 1970,

1 9’]"2—73: 1976-79,. 1981 and 1983 vhile greatly above r.

R SFC I
RO + .
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normal pa,ttém of rainfall distribution

(ie@s +2.46 ) occured in 1985. (n the other
hand, 1975, and 1982 and 1984 had below normal
rainfall distribution witﬁ standasd deviations
between -26 and -G . Thus, in 1975, 1982
and 1984 conditions showed; that rainfall was more
evenly spread during the year than for the average
situation, In AEFA, where an index of about 13%
is also tie "normal"™ for the station, the years
that may be regarded as having nermzal comditions
of rainfall disiribution with values ranging bet-
ween +& include 1973, 1976*7'-7*821@-1979’;?’0;-‘
The years 1570-72, 1974, 1978, 1981-82 and i984-85
showed above normal rainfall disiribation pattern

wiile only 1983 showed greatly above normal pat-

_'t'.ern.

In IIT4, with an average PCI valve of 14%
the year 197;4 @d normal pattern of rainfall distri-
bution with PCI values ranging between +6 , while in
1970, 1972, 1976 and 1978-85 above normal pat;tems
of rainfall distribution occutred in the location.
Greatly above the nomal pattern of rainfall distri- | .
bution, indicating marked rainfall seasonality, occurred
in 1977+ In contrast to fhis, below normal conditions,
vith siandard deviations between -26 and -0 ,

occurred in 1971, 1973 and 1975.

wy
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It may be noted that in -the stations located
to the southem part of Nigeria, the year-to-year
variations of the PCI values show that years with
above or Lelow normal conditions are not necessarily
the same for the locations, For example, in ARIU,
the lowesi index value wae 119 with a standard
deviation of -0.8, and this occurred in 1975 and

1982, In ITTA, the lowestPCI value which was 115

as for ARIU, occurred in 1971 and 1973. In AXTA,

on the other h-ﬂ.d, the lowest FCI value was 13%
and this occurred in 1973, 1976-77 and 1979-80.
In conirast to the low values, the highest

€T value of 15% for ARIU occurred in 1985 while in

. AEFA, the highest PCI value of 18% ocourred in

1983, Similarly, in IITA, he highest FCI value
which was 25% was observed in 1 977.

Bimilar patterns of distriﬁu.tion observed
for the southermn locations were apparent for the
northern locations. For exampie, in ARIS thé mean
PCI value is 21% and 1972 and 1978 had normal can—
ditions (i.e., 21% which is the average value).
Relatively lower-values than the. nean were observed
for 1976, 1981 and 1982. The PCI valuss for these

years devarted from the mean value by between

0,560 and -1.10¢" . The values compubed for

P

R

v

these years were 16% and 19% respectively. The
years 1971, 1973, 1977 and 1983-85 in which PCI
values were 265?1, 24%,‘. 24%, 27% 187 and 22“’ reap-

ect:wely saovedfmm intense seasona.liw of ra.a.nfa.'l.l
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distribation,

At ARTE, the mean index velue is 24,
Between 1970 and 1985, only 1981 had inder value
vhich was normal for the location, However,
values for 1975 and 1984 were 20% and 21% respec-
tively indicating relatively more evenly distri-
buted rainfail than the nomal value, Index
values for 1974, 1976, 1978, 1980, 1982-83 and
1985 were 307, 27%, 28%, 260,274 and 30‘3%
Tespectively. Thus, the values_ for these years
show nmore intense cmcen'tratipn of rainfall -
thaz; for the average condition. The years with
rel?!. marked seagonal concentra.ted rainfall include
1 972—73, 1977 and 1979 which recorded index values
of 34?3, 367 and 37% respective]&. -Also, the yea.:‘-sr
1970 and 1971 showed marked sea.som_lty with index
values of 3% and 3% respec tively.

In gwaneral, the degree of seasonality does
not necessarily increase wi th increase in rainfalil
veriability. For instance, 3.n AZTS, negative
variability in rainfall was cha:acteristic of 19723
yet rainfall was relatively well é.-pmad over Pive o
months in this year with rainfall seasonality index
of 1%, lower than the normal value. In contrast

to this, the variability was positive in 19773 yet

"
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rainfall wes more concentrated than nommal,
with rainfall seasonality index of 24% which was
3. above normal, In ARIK, rainfall was above

averaze in 1970 and 1977, yet the index values

were 33% and 4G% respectively indicabing very

intense concentratian. The results of the
analyses indicate a lot' of veriations in the
year—to—year distribution of the seasonality
indices in both spatial and temroral dimensions.
hcaée varictions are particularly important

becavse of their influence on agriculiures..:
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Chapter Bix

CROP W, USE

The Concept of Crop Water Use

In recent years most researchers in the
field of agriculture and other related fields
have seen the need for determining crop water
need (i.e, the amoount of water required to keep
8 plant in sirongand healthy conditions from
which high yiélds can be expected), in relation

to waiter availsbility within the rangze of plani's
5 ang I

root system (see for exanple, Howzly 1972; Lowal

and Knabe, 1972 and Burt ei. al., 1981) This is
probably begouse of the problems which are usually

created by water stress, a situaiion caused by

shortase ol water. loreover, it is m acceptable

fact that provided other fagtors such as plant
nutrient, pests and weeds ' do not 1imifp1ant
Ic:;;rowl:h, crop ﬁelds depend mainly on cli&;ate parti-
cularly water and solar energy. This conditiom
has led to the application of the concept of poien—
tial evapoiranspiration (PE), which as noted Wy
Kowal and Inabe provides a means of describing

and measuring several important hydrblogica,l or

hydroclimatological parameters, especially maximum
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crop water reguizement for a particular climatic
area. Withoui doubt, TFE is an importent parameter
the compuirtion of the watcr bulget, which is
sonetimes uset o deternine the extent of water
stress of & ovop (Kowal and Inmabe, 1972). It is
the purpose of {this chaptcv to exanine the charzo-
toristics of TE in their temporal and spatial
perspeciives. The gpatisl analyszis iz carcied
out for Nigeria while the locational analysis is
carried oul Tor the five main study locaitions,

liean Annual Po uenu*:."_m_ eptrananiration (‘_@l

Distribution for Higeriat

— . -

. —f_‘-,_._,_" — "

Fige 6.1 sliows the mean annual r;o‘uentia.l
evapotranspiration (FE) for Nigeria. The figure
was drawn using the monthly averaé-es of PE.
computed for 30 siaztions in Iiigeri:—.. Tae FE .vﬂu;c
were computed using Penman's formula (Pelm:za-n,"‘l%S)
and the required set of climatic d;ﬂ;a oltained
from the Nigerian Heteorclogical Service in Lagoe
(Obasi, 1972), The accuracy of ile calculated TR
has been validated My using pan evaporation data
and”the relctianships are found to be good. For
exa.ﬁple, figs 6.2 which shows the relationship of
measured FE and cclculated pan evap.ofgtion ~oin
Tbadan {Table 2.2) has a correlatlon coefficient

of 0,65 (r=0.65) which is sigli:{‘icantly high.
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F'ig. 6.1..The Mean Annual Potential 'Evapotranspiration (PE)
for Nigeria .in {(mm]. _
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The isolines in fig. 6.1 have been drawn at
the interval of 100mm year 's Over the south

& (i.es from the coast to about 7°30'K) the mean
annual TE renses from about 1000mn to 1300mm while
.in the middlc belt (fi.es 7° 30'H to 11°F) the
PE values rmlgé from abéut 1400mm to about 1700mm.
In the north (i.e. 11°0 to 13°H) ihe FE vaiues

2

- are between 1800mm and 2100mri.
In generzly there is an increcse from the
coast inland with a distortion accurring arcund

_ o : the Jos Flateau {see for examjzle, Ojo, 1972 Obasi,
: o — e e o T
v *—’4\\ e _;1‘972;:]?0;& ard EKnabe 1972). This pattemn of

f Elad - . . o .
| — distrjbx_{::.onnss’pmba‘bly becavse of the generzl

_ increase of the net radiation received from the
coast inland (Ojo, 1972}, This _cnmlusién:is
probably supported by Kowal and Knabe =~ (1972)
who noted that there is a close statistical |
rela'bionship between evapoiranspiration and
latitude to the extent that the mean annaa.l
evapotranspiration increases Ly about 63.5mm

o (2.5 inches) for every degree of latitude inland.

The relatively lower net radiation in the south

than in the north proﬁa.b]:,r reflects the high

-t

w'w'} ~
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Percentage' frequexlcy "of thick clouds which
along the coast almost all the year r@ﬂ. This
reduces the incident solar radiaiion aﬁd conseq—
uently net radiation réequired for evapotranspira—
tion. This condition is not surprising because
the influence of n? air mass is felt over the
south, particularly in areas near the coast, for

& greatver part of the year. In contrasi to ihe

south, the high potential evapotranspiration values

- ~=i——Fer the northern areas reflect the near clear

643,
6e3els

skies observed over the regian for mezt nsrts of
the year. This condition is as expected because
for the greater part of the year, the north is

under the-influence of oT air mass and the agsso-

ciated north easterly winds.

prevail

Locational Variations of Potential Bvapotranspiration(PE ) .

Yearly Variatiome: ”

An analysis of year-to-year variations in
PE rates in the five 'I:ypicé.l sfud;& locations shows
that relatively low values of PE usually occur
during the years with relatively heavy rainfall.
This observation supports the ﬁem in previous

studies which emphasized the fact that there is
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generally an inverse relationshin in the pattern

of distribution of rainfall and PE (see for example,
Kowal and Knabe (1972), Stephens and Steward (1963},
Stoenescu ¢l et._aley (1963} and Roberison (1964).
Table 6elshows exmamvles of the relationships bet-
ween yearly vaviciions in potenvial evapotrans—-

’ piration (FE) and rainfall (P) in the study locations.

A

In £0I0, - $he - period -1970-05 was characterized
Wy relatively high PE rates, TFor example, in 1974,
1977 and 1983 YE rates were about 3.8om d.a.y'--I (1380mm
year ), 3e6rn do.y (1318 mm year 1) and 3.5mm d.a;;_’I ‘
(1295mm :,'ew— ) rospectively. These were yeé,rs in
which relatively 1ow_ra.j.t;1fa.11 values of about 5.6mm
1 {2038 yea.r'-1), +1mm dav—l..! 575 year 1y and

) et bt I
,,—:néiJM*i":'f e "‘“‘yea: 1) were "observed respectively

- -

£ f01~1 . Mﬂ"”uqq e ‘1?9-&33;—0234#*.16-".":’;2131” hand, low s
PE rates of approximately 3.0m_-;,d’é§-'i_{_ 1 i%r-m-’ y_gr:l)“

3.3m day | (1%“@@?_‘?‘% day-'ﬁ (1035m yea.r-1)
anit” 375 day AT1885mry e ') GEairred. in 1973, 1900,

1682 and 1985 respoctively. These years coincided

with years of relatively heavy rainfall. . For«insimnce,
rainfall ‘was 1.5m aey! (2?311'-1 M ) 1#-1973; §42nm, day
(2276am yoar™") in 19803 6.7mn dsy™' (2342m youx™) 1n 1985.
In AEFA ,PE ; radtes were cmpa:ra.tiﬂlj high in 1971, 1?72,
. | 1975-76 and 1981, For example, PR averaged 3.7Tmm dsy |

(1364zm year ') in 1975 wnile
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‘rainfall averaged 2.4mm day (863mm year )

in the same yeaT. Similarly in 1976 and 1981,

‘FE rates aver eged 3,8mm day (1394mm yoar 1)

and 3.6mm d_a;,r (1322mm year ) respectively

while rainfall averaged 2.6mm da;f- (95%mm

yoar 1) and 2.8m day | (1016am year ') respect-

ively. In coniraswy, PE rates were low in 1970,
1974, 1978-79 and 1980 while rainfall wvas rela~

tively high in the station. Tor ingtance,

— ____,_..-:-—-—‘i'_ﬁ"1970._1978 and 1980 PE a.verag;:ed about 3.4mm

(1240m‘1 ,)'ea:r ), 3, 5mm day (1279::11'-1 yearq)
AT - ) respectively .rh.;le
rainfall valu:—s"jﬁ‘em 4 obmm day (16T4mm year )

ing 1970;‘ '3 omm day | (144mz your™ ) in 1978 and

. ——
b— —— gy o em—

,4.5mm clay (1625mm yearT ) in 1980. In IITA,

—

high PE values occurred in 1971-74, 1677 and 1984.
For example, mean FE values varying fram 3.9mm
a,y-1 (140T0m yéa.r—1) to 3.66mn d.ay_1 (1328mm yearﬂ‘l)
occurred in 1971, 1972, 1973, and 1984, whereas
rainfall values were relatively low varying from _
about 2.45m day | (895ma year ') in 1973 to 3.01mn

1 (1099mm year ') in 1972, 1In this same location,
low FE velues occuvred in 1975, 1979 and 1986 with
an average valus of 3.3mm d.a.y'“1 (1209m year'1) in
1975, 3edam day” (1230mn yoax™ ") in 1979 and 3.5m

(1252:mn year ) in 1980+ In contrast, rainfall

%
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was relatively high with values of bout 3+9mm
T (1419 year 1), 4.1mm day | (1507mn year )
and 4.2mn day-1(1549unn yea.r—1) in 1975, 1979 and
1980 respectively. ‘
In ARIS, the period 1970-85 wos character-
ized by FE rates ranging between a minimm value
of approximaiely 4.9mm day-1 (1800mm year”1) in

1974 =nd a maximm of about (2389mm year—1) in

1973, Within this peried, relatively lower I

"‘--—_—a._";-.—-
values thazn the values for othor years in the

loca ulon, ocCuTT ecl in 19?0, 1974, 1975, 1977—79
and 1981. These Je&s, particularly, 1974, 1978
and 1979 coincide with periods in which highest
rai;xfé.'il amo-gn‘ts occurred in the location. For
instance, in 1978 and 10?2,"‘PE a.veraged 5e2mm

day~! (1896m year ') and 5.0mn day | (1850mm

yeér-1) in these years respectively in contrast
to rainfall which averaged 3.8mm day_1 (1375mm

year“1) in 1978 and 3.04mm da;}"1 (1141mm yoar ')
in 1979, On %he other hand, relatively high FE

values for the location occurred in 1971-75, 1976,

1980 and 1982-85, For example, in 1971, 1986, 1980. -
and 1985, FE rates averaged dbout 5.0mm day | (2145m .
yoar 1), 5. o d&v (2124mm ifear_' )y 5.87mm day |
(2144m year ') and 6.0 mn day | (22004m ym"')
respectively.  Rainfall emounts in these years were
206om sy (933m year™) in-1971,-3.0m dsy ' (1099m
yoar') in 1976 wad 1.9 aay” - (676m yaa.r 1) in 1953.

3 . tE e
Woo- + '

=
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The year-to-gear FE patterns in ARIK also
{llustrate the fact that there is gensrally an inverss
relaticnghip in the pattern of distribution of rainfall
and TE., For example, the years 1971-75 ard 1978-85
has rainfall deficits in the location, and exhibited
relatively high FE rates. The period 1971-75 had
PE rates varying between 6idum day | (2334mm year ')
and 6.8m day | (2486mm year ') while the period 1978-
85 had PE values which varied from 6.2mm (2248mm goar 1)
%o about 679m day | (2516mm year '). For example,
in 1976, PR was 5.3émm da;y"1 {(1960mum year 1)s while

S -

rainf&ll_wao; 2. 36mn day 1*@2‘@ &oarﬂl )% Also, in
1976 and 1977, PB rates were 5.63m day | (265Tm
ytar;q) and 537mm day | (2108um year ') Tespectively,
vhile rainfall amounts ware. 2‘.3;111-_4;7-1 (3351;11 ;';31‘-1)
and..zafa‘fm dw-1 (860um yea.r"'4 )s Thus, the relatively
wet years h.ad. relatively lorﬁar PR rates than the. |

relatively dry years. . . "~
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onthly Viriptions:

Fige 6.3 shows the seasonal distrilbution
of FE in the Tive basic study locations (i.e. ARTU,
LFTA, TITA, 735 ond ARIK). In ARTU, {(fig. 6.3a),
the mean TE value was approo:ﬁ.mately 1M12mm in Janaaay,
while in Februcyy the value was svout 126mme The
relatively higher PE value in Febtrucory than in
January for the location, probably reflects the

b

comparatively aigher net radiation in Febrisxry then

i . . - .
i i === 101 JEMUATY. For instance, riet radiation values

are about 130 cal cmﬁ? day = in Januory and 140

éa“"cm =2 aav_ldzpfebnzaxy (030, 1972). .In March,

—-‘_‘,'-—-:-ﬂ"‘""

6me from the February value.. }19' April and lay the
T e e o
FB values further decrease to 119mm and 117mm Tes-

pectively. Desg te the high net radiation values .. "
-

&

(i.6¢s 160 cal cm 2 day_1 in March, 200-cal on e

cla;yr“‘i in April and 190 cal cm__e d.;'a;‘,"m1 in May (0jo,
1972}, the FE rates in these months are lower than
in February. The decrease probably reflects the
increase in humidity. For example, relative bumucll‘ 5
is about 70% in March, 75% in April and 78% in lay

over the station.
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During the months of June to September, the
relative humidity values over ARIU hawve increased
to more than 80%, thus reducing the evaporability
of the air. IPurther, there is greater cloudcover
over the locaiion than for the other months. This
condition reduces the solar energy and conseguehitly
the net radiation. This in tum is reflected in
the relativgly lower ‘values. of FE. For exanple,
the mean velues are approximately 85am in June,
75mm in July, OTmm in August and 100mn in September.

Ry October and Yovember, conditions have
started 0 chonge and PR values -in ARTU ha,ve becane
compafa.tively nigher than the mea.n- values for
September. Fo-r instance, B valtlxes are 110mm and
125mm-respectively for these moﬁ;hs. 'This is because
clovdiness over the location has started fo dec-
reases. The relaliively lower cloud cover results:
in increase of sclar and net radiation; and conse-
quenitly increzse in the TE rates. Xy December, the
influence of the ¢T air mass has becﬁme stronger.
This results in relatively lower PE rates then for
November due %o dust particles and harmatian haze
which reduce solar and: net radjiation. The mean
PE value for December is approm;ately 106mm

compared with 125mm for November.

-
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4 lot of veristions can occur in the

seasonal distribution of the PE. These variations
which reflect the changes in weather conditions are
more relevant than the mean values for explaining
crop—climate relaticnship at a relatively micro
scale. ie year 1973, for instance, wzs 2 typical
wet year in ARTU as already noted in chapieTr 5.

In this year, the monthly FE values irdicated-rela~
tively lower rates for most months than for the

rnean conditions, TFor example, IE values in Jamuary

and February were about 12mm and 6mm respectively

lower than ithe mean conditions. In HMarch-June and
August-Decenber of the same year, monthly TE rates
were lower than the mean values by amcunts ranging

between 3dmm and 18mm. Tt was only in August that

' the PE value wes greater than the mean value 4y

about émm. 1In contrast to the 1973 conditionms,

the monthly PE rates in 1981, which was a relatively
dry yea.r.in JETU were co&nparatively higher than

the mean valuos. f‘of example, IE values in Janvuary -
April were higher than the mean values hy beiween

3mmand 6!1!1'30
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Sigificantly, scasonal varictions were
also observed in AEPA and IITA during the period
1970—85, for which data were available. For example,
in AEFA (fig. 6.3D) the mean PE value in January

and Pebruary weoe 106mm and 105‘1:‘1 rcapectively. The

e e —ien

[ — ———

values Tose %0 aboad. 115:?.111 in March and about 116mm
. o ﬂ-l-.-wt_?(
gy T TN . .
e — i APTE L 4 e Rdiayy ~bhe -mean=FE: values ~had 'decreasod

to about 105w, This decrease in PR rate probably
reflectsthe influence of relatively greater cloud

cover and nigher humidity than for -ihic earlicr months.

r

The monthe of June and September in AFRFA

are charactelil '*ea by greater cloud cover and “eh.ilvel,y

A
—-—

. ._.iower-solar onerg; and consequently net radiat»j.-’m. This
/ ' N -

. condition exx slaing the relatively low values of FE
during this period., For instance, FE values ranged
from about 75m to 97mm in the location during the

e .
rericd. In October.and Hovember, PE values rose to
Pl - - ‘.‘ -
about 104mm. This is not surprising because cloud
cover had becoze 1e 2 than in the previous months

Y

and net radiziion values had incrcased to 210 cal
=2 day—1 and . 200 cal cm-_2 day"1. This explains the
v relatively lower rate of PE, which decreaszed to about
100mm o |
4 lot of yearly variations also occurred

in the FE rates in AEFA. TFor instance, in 1974,

a relatively wet year in AEFA, the PE values were
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appro}:im-ately 100mm in January, 109mm in February,
M0mz in llarch, 12%mm in April, and 11%um in May
compared with the mean values of 106mm, 105mm,
115mm, 116ma and 10%um in Januery, Felruary, Karch,
Arril and Mgy respectively. Similarly, from June
to September, the PE values varied from about 96mn
to 112mm in 1974. while the mean velues for these
manths veried from 75mm to 97mm. FE rates were
120mn, 11%m and 116ma in October, liovember and
December respectively while the mean values for
these ::zontm, were 103mm; 104mm an_:ik'i OO.m Tespec-
tively In 1973 vhich was a relatively dry ;ear
for A.EFA, i Vﬂlues in Janmary, Pehruary, M a.rch,
April and May were greater than the mean values
for these months by approximately Gmm, 15mm, 8mm,
10mm and %nAmspectively. Also the FPE values fror;
June to Séptember in 1973 ranged_ frqm Cmm to 105am
while the mean values for these months ranged from
T5mn to 97m.rf;. Relatively high PE values were z2lso
observed_ from October to December of 19"{3 than for
the mean values for these moniis. For example,
the 1973 PE cate in October was greater han the
meanlvalue by Tom while the values in November and

December were greater than the mean values hy about

13am and 15mm respectively. ‘
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in Jamary and 120mm in Felruory were observed. The
relatively lowver TE
for the location can probably be expiained by the

cmnpaz;atively higher net radiztion in february. For
exarzple, in Januvery, the me-an net radiation in ITTA
was approximctely 140 cal cmhz day_1 vhile in Februcory
it was 170 cal cm ° day_1 (0jo, 1572)s In Harch and
April, mean TE volues were about 140mm and 125mm

respectively while in lioy the mean veluve wes appro-

xinately 115m. As would bé exjecied, the high

B Ry cmer——— D

) et T =
"values of P& in these months reflect the high net

radiation values. For example, in March the mean
_ | -2, =1

net radiation velue was about 230 cal cm  day ,

while in April and May the mean net radiation values

o and 210 cal cm'_2 day—1

were 220 ¢l cm—z'da;f
Tespectively.

The PE values decreased to 95&1::1 in June,
75mm in July, 77am in August and 90mm in September.
The June -~ September condition reflects the

influénce of nT air mass and the associzted higher

relative humidity of the air in the location.

rate in January than in Fehruary
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By October, the mean FE veiues had increased
to 106mne This is because the influance of mT |
alr mass hos decreased over the locotion and
the nei radiction had increascd o oboub 220 cal
cm.—2 d.a,y'“1 as aginst 190 cal - de{;’-‘! oheerved
for September. During the month of ovember,
vhe influence of cT air mass hal become stronger

— eOVRE=tC<locotion resulting in z comparatively

higher FD rateg of about 120mum. 3~ December, FE

—

B L

. . RN A -
raies were Teloiively lower tham for Hovember
averaging coouwi 110mm. This nrobably reflecis
relatively lower value of ned raliztion for December

than for November (Ojo, 1972).
e
Fige G.3c shows the mean values of FE in.
IITA. Compared 1&%2} ihe mean walue.of 115mm in
January, vhe FE rates in Januory 1971., 1§74 and
1980 were 110ma, 109mm and $8nnm —~csvectivelys. In
March the IE.values were 125mnu, 127 and 132mm
for 19'{1, 1974 and 1980 respeciively. Similar
variations can —Ee ébserved for other yeaxs in ihe

- location during the period eovered Yy the present

study.
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When figs. 6.3a-c are compared to Tigte 643d. ‘and e
it oo De seen that mean annuzl trends sinilar tc thot
wlich occu.red in ARIU, AEFA and ITT4, desc-ibed above,
also occurred in A%IS and ARTII, The major differmnce
occurs moxre in the montihly rates as s.:o'-;'ﬂ W Ligher
PE values in ARIS and ARIH, than in the “imwee sowbhern

m

locations. In AREIS, for e.;.a:““sle, the mecan TE wales

during the months of J;.naa.Ly and February ave relatively

&
<y
3

igh reaching values of aspromimately 130mn

and: 135w in February. The ilarch mean TE velue is 155am

high velues of PE reflect the influence of ihe o air
mass over the location at this fime of the year, and
the higher PE rates in March and April than for
January end February result from the rela“f_r:clu higher
values 'of net radiation. For example, net rediztion
N -2. =1
values in Harch and. Amril are 230 cal em < day and

- —
210 cal em ~ day 1 in January and February,

H
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By Hey and June the net radiavion valuce are still
a2 b PRI, | e 1 _2 - —1

relatively high recching aboul 290 cal cm — Loy and

—2 3 -—1 - d. 2 4 A a £
280 cal cm ~ day  respectively bul the F& volues ror
these monihs sre comparabively low when comnared with
thot for the previcus nonths. For instance, t.c mean
TE value is about 150mn in Hay and 140mn in
Jane, Tuis decrease reflects the influence of mT air

macc over the location at this time of the yecar.

—— - . -.— - -, Lt -_. - 3 . o ba - — 2
— In July, fhie influence of the »7 air nasc resules

in rreator cloud cover and conciderable. Toduciion of

16
solar and net radiation. Consequently,FE values ore

relatively lower than for the other months. Iy,

PR
August, relatively low velues of ¥E as for Juiy alco
occur in the locaticn for +the same rezson that the
influcite of uT air mass and the associated clcudiness
-

conditions reduce the-net radiation available for, -~

ot

evapoiranspiretion. Ry September, PE value Increases

aching azproximately 150mm, bui hy Octobir, the FE

&

rates begin to decrease.' Ry Hovember and Decertber,

the FE rateg similar %o ithose for January and February
occur- in the location. For example, in lovember the
mean PE value is about 130mm while it is 135mm in

Decenber.

4

1

B
)
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k1 ARTE, the January and Felruary F3
rates cre relatively high reacuing ‘s volue of zbout

180w in Januery and 190 in Petruary. By licrch

-y

and Anril, the values Dbecone relatively Ligher fhan

for Jamozy and Pebruary. Tor instance, *lic mean

s values are anprox’ aately 193am in Mexeh ond 195m

! in April. The relavively high values restit from +he

k reletively high values of net radiation of alout 200
-2 =t . -2 . -1 .

r cal cn  Guy  in March and 23C cal em  dgy | in

. e . -2 el e
Aoril, commarsd with aboui 160 cal em © day  and 270

-2 . -1 . o
cal em " dgy  in J anuory and Ielouary resnoctively.

aBsbaiand June, mean FT values are, .

approximavely 170mm aid 155am Tespectively indicating

I
comparatively lower PE rates than for the nrevious
= "-mbn‘tns.r_-*i;‘ese relatively low.PE ratesg in May and June
. - ‘:,1-’ o

probably reficct the influence of nT air nass and- -
e — N .
}g | i

-~ . . -"""
, vhe.eonSecquent increase in. fhe ralative midity velues
o ——_—————piey . : - PR - R
r o . A :
. - which, on-the average, are arproximately 50% and 695
]

respeciively for May and Juwie os against values beiween

25 and 35% observed from. Januczy 4o April in the
location.

. .
LI ‘ . - T
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The influence of mT air mass is also
strong over the location in July and August.

Similarly, the relative humidity is relatively

high during this prriod than for the earlicr
montihs. For example, relatvive humididy is abous
82 in Juiy and about 837 in August. As o

resuiv of these, relatively low FE valucs of aboud

M’"}._Se;;uc nber_and October, the FE values.
A

e m——

begin vo increase and are coaporatively higher than -

. in Jurr and August. Tor czxaomnle, the Septener mean

7 - s : U .

B e S .
e PE velue ic about™i6Sim while the velue is 1 1C0am

- ‘ -
- in October. . _ e B ,
/’7//—‘——\& -
“"*guvem'ber and December, the mean FBE refop—""

— e d——_ A — L..J/
w - R
N I, o

= ‘_-__'.__-,._—‘l-'\'_-—._ .
. aTf8.similar “te those of “Sepiember and Octobe‘, with
__,f"é/‘v' , -t
x : each nonth indica tmg PE rates of ap*)“oxma.,e],y 158mm.
v As illustrated in fige 6.3a~¢, the patiern of
‘seasonal dl-:s ibution~of TE in the five basic study
locationg exhibit twe well na:rlfed periods wlien the

highest values of FE occur. The first period

(Feltruary to Aprdl in ARIU, AEFA and IITA and
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February to May in ARIS and ARIK) coincides with
the period before ile rains while the secaid period
(October to Wovember in ARTU, AEFA and ITTA ond
September and October in ARTS and ARIK) coincides
with thé end of the rains. As already ém;imsized,
these periods are u;sually characterized by less
idity and lover cloud cover Tesilting in incr-
egséﬁ%la_rﬁéﬁ'&”nev@ raﬂiati; ana conseguently
incr_ease in FPE rates. 4lso evident in fig. 6_.33.—9

0

e e tvwo periode of minimum PE values in the

B

tations wiich coincide with the pegls 0.0
;—.*—_’_"

season in July and August and the dry season period

e g

4]

of DeCémbél_"_f.l_l_d_. Jeamiary. T Thé-rclatively lower IE rates
. J_ . . L .

- ‘ - - * . 0 - .

in the locations during July and August poriray the
strong influence of mT air mass and the associated
high izidity and cloudiness conditions. These

prevent much of sol:y radiation from reaching the

'su_':-fa.c.e and conseguently net radiation available for

evaporation. Similarly, ‘the relatively low FE raies

in December and January reflect the relatively low

-

net radiztion available at-the stations Quring this

time of the year.
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. Chapter Seven

THE WATER BATANCE

troduction

FEN
PrEaic]

The significances of the epplication of
wateT balance approach in cle‘aem:'mhﬂ;g erop watexr
Tequirements camnot be overemphasized (see for cxample,
Brinqhambaut and Walen, 1963; Van Bavel and Lilliard,

1060}, Because of tihis

0575 Dags;. 19655 Garnicr,

Rt ]

enploy the approach in detd Uemlr'lng tne COonGLY

WS e gt ) e
signiflicancey a~munber of writers have avtempicd io
maotive

water use in many. parts of the world: (see for ezanple,

Steple-and Lehane {1954) and Ching et al., (1963).

In Higeria, qdles such as those W Kowa... and Knzbe

(1972) have also use& the wa:te*‘ balance apyroach in

d.ete::.mhﬁng the crop water use of ‘some basic - cTOpSs.
However, wvery few of these studies have examined the- -

L3

concept in relation to ihe crop growth stages, The

present chaper therefore applies the azproach %o

canditions not only during the growing scason, but also
'I:o co’ld.:r.tlons durlng the various growth stages of the
d:l.f;e*'enu crops ugsed in this Suudy The study a.nplles .

the concept, .-first to the whole cowmtry anc then to

each of the five é}:perimen al stations for wivich the

water balance was computed on weekly basis.
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As noied by Kowal and Kuebe (1972), mosiiive
waier balance values indicate ihe extent. te.iuhich ihe T
soil profile is being recharged with water while- the
negovive values indicate vhe exvent %o which whe
vegevovion mast depend on woter from the reserves cocu-
mulsited duxing the T,ljeccdi:';;_ wetter period. Brcides
rrovicing o means fou the ooszessment of the stcos
and end of vhe growing scason, the negnitude of changes
i ¢ e m— - .
in seil water storege nrovides a means of zs.essing
drov; i sasards,
In the computotion of +the waten ‘i:a.lalce,f e
comj.;}lita.;ion'al technigues defeloned by "‘hom Linraiue
(1957) was used. For ihe ._oad\, o3l woisture sf;orage,-
- ""'--‘_b
capacity was assumed to be 10Crm. Similar zssumotiions
were mefe by Kowal and Xnabe (1972), Kowal (19";’2) and -
Kowal and Andrews (1973), when they showed %hat about
100w of water held between the field capacity ond wil-
ting »oint can be available for tratspirciion Wy s'nallowr
rooted  crops such IEE.SOIgh‘Ll‘T:, gromdnut, mcize and
cassova. Following Kewal 26 Knabe (1072) and Kow

and ndrews (1973), the begimming of the growing scaton

was Cefined as the month in which rainfall is about 16€mm.
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Algo, Tollowing the same writers, the groving
season iz cssumed to start in the week when rain-—
fall iz grecter than helf potential evapotrans-
viration (i.0. P S 0.5PE).

The patierns of mean amual water surnplus

ané meon amucl veter deficit in Nigeria are | shown

in fioc. 7.1 and T.2. The ncan yalues of irater
surcluc and deficit éomputed for 30 stations in
Wigeria (Obasi, 1972, _1)35. 114-120) wore used in
drawing +ihesc figurés. Appendix A(1-32) shows the
tables of computed values of the water ba.imlce;

Hean Jovwal Wator Balunced . - -

decrecse of water surplus Trom the south to the nozth

of lligeria in a gonal nattern. The highest velues of

more i 1000um cccur south of approximetely latitude

. . : . o
ration o, 2tveen eprroximately latifudes 1071 and

0. . .
12", tho mean values of {he wataer survlus are relatively

low ronging between about 0 and 150mm. These values

, o
decrcase to about 300mm around approximately 8 He. The

relatively high valuss of waier surplus over the Jbs

Plateau than other areas in the same latitude are indi-

cative of relatively higher rainfall over +the plateaiu.

U

AC cent be seen from fig. 7.1, there is a gradual

6717 vhore rainfall is high and —otential evanoirangpi-

~
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Jater surnlus of more than 2000mm ié genefally
charccteristic of the Higer delta and arecs lying
to the southeast of the comtzy.

The pattern of distribution of mean ammual
vator Ceficil in Wigeria (fig. 7.2) contrasts
witl: the paticm of mean anmual watér sufplus‘
(fige T+1)s Unlike the mean annual wator surplus
which ineresses southwards and shows an irregulax
patior:i of distributicn norih of approximoiely 1hfii
tudo GOH, tﬁe pattern of distributicn of the mean
water deficite shows an inerensc northwords and
exhibits o relatively uniform pattefn for ﬁost'parts
of the country. South of asproximately latitude
6°N, the pattern is characterized by a relatively rapid
gradient indicating a relativelj i, rapid change from
the coost o approximately this latitudes Along
the coast, the values of water deficits are génerally
lean thmn 250mm yoar—1. Thene incréase inland té
about 45.mm§yeaf-1around latitude 7?30'N. The pattern
of the mean water deficits is alzo generdly zonal.
The highest values'occur to the northeast and northwest
where over 1200mm year-1 and 13C00mm year-T are gengra}ky
characteristic. In general, almost all parts of ;qigeria
exporience some water deficits but thq deficits are

v

relatively lower in the south than in the north.'
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12°N

1 10°N

8°N

6°N

4°N

Fig- 7-1. Nigeria: Mean Annual Water surplus in  {mm}
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A lot of varistions different from the general
patierm gl own in figs. 7.1 and 7+2. occur wwith the
differont locotions in Nigeria. A4s alrecdy noted, the
lmovledge of the details of these variations is scme-
times significant forAmicro climatie andlysié and for
the @rlication of climate to nlanning and develomment.
For exa:rle, the values of the mean water curplus in
ARTU, A7T5% and IITA are about 1190mm yea:“T, 530mn

~1 -1 1 i
year = and 430mm year respectivoly., Similarly, the

values of the mean water deficits in thosc locations
._']-

9]

. -1 =1
are about 260mn year ', 300mm year = and 250mm year
respoctively, Thus, water surplus excecds water- defi-
cits on an avergge basis in the three locations. Simi~-

larly, in no:+then Higeria, the mecan values of water

_ ~1 i -
gurdlus In AMIS and ARTH are about 250mn year .and 1110mm year !

respectively, In contrast, the mean'wata: deficits are about
10005 yearé1,and 1320mm yearh1 respectively. This
indicetes considerable water deficiis in fke locations

which represents conditions that can he foﬁnd in ﬁorthern
Higeria. ®uch greater variations than ﬁhelannual varia~
tiens ate wsually characteristic of the seasonal'variatidns.. 
An illus.ration of sweh veriations will now be ma@e by
discussing the seasonal characteristibs of fhe waLer
balance in the five experimenial stations used in the

present study.
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Fig- 7. 2.

Nigeria: Mean
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Seasonal VWater Balance st the Ixperimental

Stations

Pig. Te3 shows, that for all the eﬁperimeﬁtal
locatiaus used in this siudy, four distinct periods
can be identified in the seasomal water cycle. The
firgt neriod coincides with the poriod of water-
deficit, which is hereby referred to as édil moisture
usase (£ig. 7.3)e The second pericd is characterized
by soil moisture recharge, while the third period is
the time of high water status in the soil profile,

The fourth period features a nrogressive increase

in 8oil water deficit due to the gradual drying up

of so0il moiszture. imilarnperiods-in the annual
water cycle have been previously distinguished ot
Sameru Ly Kowal (1968). The following analyses give -
details of the characteristics of the water balaice
cycle in each location,

ARTU is characterized by soil moisture usaée
in January and February. This is.due to the fact that
the rainfall is usually 1ou averagingzhout 30mﬁ momth—1
vhile potential evapotranspiration‘is hiéh-averaging
about 119mm month e By the end of March, the goil
moisture begins to be recharged due to increased rain-

fall which amounts to an average of about 16Ommnm0nfﬂh1
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During this time, rotential evapotranspiration fgie

is relatively low avefaging about 120mm month—1. The
s0il moisturo recharge continues to build up and hy
June the soil is completely recharged. This is
expecled because of the relatively high'rainfall an@
relatively'low poitential evapotranspiration ra%es which
characterize the location during this time. For
example, in 1973, April, May and June had 325ms, M5u
onf St&m of rainfall respectively in AU, wvhile pote-
nitial eva;ofranspiraxion was 11%mm in April, 11Tmm in
Moy and 85mam in June for the location, From July to
the end of.September, the s0il moisture ié full and

the location experiences water swrplus duc to increased
rainfall and low potential evapotranspiration rates.

Ty Octobor rainfall startis to decline while potential
evapoiranspiration rate increases remulting in the
decrasse of soil moisture. TFor example, mean fainfall

in October is zbout 250mm while the-mgan ?otcntidl'evapo-
tranzpiretion is 110mm. Rainfall contimues to decrease
while potential evapotranspirction fate continues to
increxse dawing the months of November and December
resulting in water deficits in the locaticn. The_mean
rainfall is 78mm in November and 16mm in December as
compared with the mean potent;al evépotranspiration

-

of 125wm in November and 106mm in Decembers
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The pattern of water balance at ANFA ghovrs
thot soll moisture usage is found between January

and ilarch mainly ﬂecause the amount of rainfall_is
relatively low averaging ﬁbout 50mm a monih,

In centrast, the rate-of potent;al‘evapotranépiraﬁion

is relatively higher than the rainfall for these-months,
averaging aboul 109mm a month. By APril when the rainy
season starts, the soil moisture recharge begins thereky
increasing the amount of moisture stored in the soil
Profiles The average rainfall foﬁ April is about 120mm,
vhile the botential evapotrangpiration is approximately 3
116mm.  The soil moisture cenvinues fo build up from
April until July when the soil moisfgre cto:aée is full,
During ihis p.ricd, the avercge - monthly rainfall is
over 200m: and the potential ovapotranspiration is very

low averaging 8%5wm. The soil noisture storage capacity

=]
2]

neintained from July | until October vhen rainfall
starts %o decline and ﬁoﬁential evarotranspiration rate
starts vo increase. For exXarirle, the mean rainfall

at ABPA is approxiﬁately 140mm in Oqtober, while poten-
tial evaepotranspiration rate iz obout 104mne Ry November,
anéd December, relatively high po%en{ial evanotranspiration
rates,'comparéd with the relatively low. rainfall amounts,
progressively reduce the soil moisture with the result

thot water deficits are exporicenced in the location



e

ff':‘

£y

fr

ty

Y ~ 481

!

during these periods. For example, in the.loqation,
the average potential evapoirensuiration in
Hovenber is about 104mm while the mean rainfall is
only 63w, Similarly, in December, the mean pot-
ential ovanotranspiration is about 100mm while the
Decenber rainfall is only 9mm.

In TITA, Januoery to Mavch is characterizeq
by coil nmoisture defiéi% becavse rdinfall is fery low
and rotential evapotranspiration rates arc highe For
insvance, the averqge‘monthly rainfall during this;ﬁ
period is approximately 32mm forlthé locatioﬂ, while
the average monthly potential evapoiranspiration is
about 125mm. Soil mbiéture contines to build up
from approximately April, as o result of increase
in rainfill and relatively low evapptranspiraiiqn rate.
By July, the soil meisture is near field canacity and
Yy Aucust or September the soil is at its capacity.
Betweeh July and Sepiember the average monithly rainfall
is zbout 170am, vhile the rate of wpotenti: 1 ovapotrang-
piration is about 80mm. Rainfall starts io dcciina)

in Qctobur while potential gvepotrangpiration increases.
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Yy Hovenber the nean rainfeall ig about 43mm while
notential evapotrangniration is avproximately 120mm,
The month of December is usually dry‘rjecording‘a mean
montlly rainfall of only 3mm and a mean nonthly poten-
tial evapotranspirat:‘lon‘ of about 110mm,

- ‘ In contrast to the water balr—.;ncé characteri-
stics of the southemm locations as illmtra‘ted by con-
Gitions in ARITU, ARTA and 1174, the norihen stations
(iecs 2BTS ang ANTX) exhibit longer periods of water
deficitzs and relativély shorter periods of 801l moig-
twre siotus, I:Ioreover, »eriods of water va:-rjlus which
characteriza the southern stations'fox" the greater

- part of the year ave lacking in the stations lodated

in the north (see for exanple, fig. 7.3). Tor oxample,

in 4RIS, relatively large roisture deficits characterize

the zi;um‘chs of J mmary to April. The rea.sdn for thig

is mainly because theve iz usr.zall‘.y lit2le or do-rginfall

in tle location during this period mile the votential _-

’ evanotransniration Tates are high,

¢
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For example, the mean monthly fainfall‘fron Januany to April
is about 1Cmm, while the mean potential évapotranapiration
rate is about 148mm, The soil moisture recharge usually starts
in May which is the start of the rainy sezson. Howevef, beca-
use of high potential evapotranspiration rate in the location,
 usually more than 150mm month ', the soil moisture deficit still
persists, The soil becomes recharged frog about July when raiﬁ—
fall averages 200mm, and the poténtial evapotrangpiration is
only approximately 125mm. From July to'Septehﬁer high moisture
content is maintained in the soil'prbfile. This is ﬁot sur~
Prising beqause in September the average mqnthly'rainfall for
the location is about 210mm while the averaée monthly potential
evapotrangpiration is approximately 150mm. The rainfall starts
to decline by October when.the average monthly figﬁfe is gbout
40mm and the botential evapotranspiration rate is as high
as 145mm. November and December are characterizéd by seil
moisture deficits dus to lack of rainfali and the relatively
high potential evapotranspiration rates which sometimes Treach
valﬁes greater than 140mm.

The pattern of water balance at ARTK shows that
_ there is moisture deficit from Januéry to June. Within this
period, the months Januzry to March have no rainfall ﬁhile
the mean monthly rainfall of.about 50mm is recorded between
April and June, The potential evapotranspiration rates for

the location are very high
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betueen Januury and June, with a nonthly mean‘
rate of aboui 180mm. The recharge of 'the soil
moistu e steris approximately ]_t‘l July and Yy Augugt
or Sepienber there is usually comple?e s0il moi-
sture reclharge. Also between August and Sept em'bcaJ. _
the rainfall averages 180mm while the potential
evanovrangpiration averages about 140mm. Ry Octobér,
rainfall declines to a mean value of about ‘lOmm
while the months of November ond December are
usually characterized by laci: of réinfall. On

the otner hand, these two monihs have high potential
evapoiranspiration rates usually more than 160mm
a monih. Thus, there arc usually large soil moisture
deficits from October to December in the station,

Hator DBalaonce During the Cropning Scason:

The water ba.lemcés at ARIU I ARTA and IITA during
the 1975-78 cropping seasons (aprendix & (1-16)- prowde
typical exs mples of variations in moisture
characteristics during the various c¢rop growhth stages
in the

study locations of southern Higeria. As already

noted the period 1975-78 was selected for this shudy
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because the needed data for computaiional
analysis we:é available. TFor the same reason,
tho »oriod 1970=T74 was selecied for the analysis
of the water balance during the various stsges of
gorglum and groundnut growth in ARIS and ARTK
(appendix A (17-32). The potentiél evapotrang—
piration value for each crop used in the present
analysis wére obtained by applying the pan
Tootor for each crop (Table 4.3) to evaporation
(Eo) values computed for the various study loca-
tions during the period under consideratione.

Water Balance During the Cassava Cropning

Seasons

An examination of appendix 4 (1~4) shows that
the Pirat atage of cassava groﬁth at ARIU lasts for
a neriod of ghout 3 weeks after planting. Generally,
this peried is characterized hy :aihfall amounts
below the potential evapotranspiration rﬁtés; For
examdle, in 1975, 1977 and 1973 rainfall wes less than
poteniial evapotranspiration so that deficits of 21 +8mm,
31.8mm and. O.1mm fesyectively wee ‘recorded Tor these

years. In some cases, however, there were Yezre when
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the rainfall value was higher tlan the poténtial
evapoiraispiration. This is for example the case
in 1976 vhen there was a rainfall surplus of 52mm.
Lesnite the moisture deficits usually observed in
the locaticn during the firsit S'tage_ of cessava
groitth, the moisture regquirements of cassava cutiings

to produce sprouts and advéntitious_foots are gétisfied
in {the location. This is because the firsi rains

soften tae growd and allov tillage. This fact is
probably susported hy the common practice of fammers

who plot cassava cuttings after tho first rains.

During the second stage of the cassava growth, fram
approx;mateiy the 4th week of planting £111 the {1th
weels, rainfall is usually greater than evepotronspira~
tien and the seil is graduslly recharged. I'or example,
the total rainfall values were 453.3mm; 398.5mm; 463, 6mm;
and 441.3am in 1975, 1976, 1977 and 1978 respectively.
The povential evapotranspiration valués were respect
ively 140.2mm; 211.6mm; 147.2mm; and 131.84m for these
yeaws. As illustrated in apendix 4 (4 i 4) the end

of the second growth stage (i.e. 11th week after planting
of cassava) in ARIU was marked by rainfall surpluses '

over evapotranspiration rates. These surpluses provided
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approzimotely 42mm of meisture durirg the period

in 1975; 43mm in 19763 40.Tma in 1977 and 34.8mm

in 1978 as the soil water recharge. Thus, the
moistu. e conditions.in ARIU between 1975 and 1978 -
were favourable for cassavﬁ growth during the second
stago, in whick the croé shoots expand and the

depth and spread of the root systems increase.

'’he third stage of the cassava growth
(approximately 12ih - 26¢h weck after vlanting)
witnesned rainfall greater than poientizl evapotrans-
piration in ARIU. Fep oxampie;.iﬂ fhe'20th week vhen
the leaf aréa aporoaches the maximum value (William
and Ghazelli, 1978) rainfall was higher than poten-
tinl ovenoiranspiration by 19.5mn iﬁ 19753 23.fmm
in 19763 72.4mm in 1977 . and 120.9mm in 1973,
Similarly, in the 26th week which usually coincides
with the flowering of cassava, and which marké the
end of the third growth stage, rainfell wds in excess
of eva;otrmlspiraticn.hy 33¢8mm in 1975, 107.7mm in
19%,1m&mjn1w7mﬂ1¢L&min1W& Thusy at
the end of the thiﬁd growth period the cumulative

moigture surpluses of 627.7mm in 1975, 608.5mm in 1976,
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658.6mn in 1977 and 756mm in 1978 were availcble -to |
rechorge the soil. The beginiing of the Zowrth stage
of the crop (i.e. the 27th - 30th week after planting)
ususlly coincides with the time of tuber faimation.
During thig period, rainfall is normally more than = -
_obonbial evapotranspiration in ARlTU. For instance,
in the 27+th weel: excess of rainfall over potential
eva~obranspiration was 110mm in 1975; 3tmm in i976 and.
91.9am in 1977. In 1978, however, it was only ®,3mm.
Excess of rainfall over poténtial evapotranspiration
continued fc be observed in ARIU up to the 20th week
which marics the snd of the fourth gfowth stage. For
instoee, on the aﬁerage, rainfall was 84mm while
potential evanciranspiration was 14mm in 1975. In
1976, 1977 and 1978, the mean rainfall vaiués were res-
pectively 60.9mm, 5%.5mm and 61.3mﬁ waile meén potential
evarotranspiration velues were 1‘espect‘ively 1’{rm;1, 16mm
and 15¢5mnm,

The gitustion in ITThL in 1975:and,1977 (apjendix
4 (5 - 8) shows that the firsi stage of cassava growth
was characterized by higher rainfall améunts than pot~
ential evapotranspiration values, The ﬁéisture surp;

luses averaged 10.3mm and T2mm in each of the two years
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resdeciively., On the other hand, 1976 and 1978
exhibived rainfall amownts below rotential
evanoyoansniration rates and these conditions provided
meisture deficits averaging 11.%9mm and 5.5 respect-—
ively. During the second sitage of the cascava growth,
from the Ath week of planting till the 11tk weck,
rainfell re.s 214.5mm greater than potential evapotrans-
virction in 1975, 155.04 in 1976 azﬁ 61.13mn in 1977.
However, a close exaninatiom of d})pendix 4 (5 - 8) shows
that although total rainfall during the second stege
of cuassava growth in ITTA exhibited positiw.re values in
these years, some weeks recorded rainfal_l amtz;tulis
below the poiential evapot:-:.népi:'ation; ratesé.'
For :i_nsi;:mce,the 7th weel: in 1975 recorded rainfall
whick was 20,06mm beloow po*tentié;l evapotransniration,
so in 1977, the 4th, 5th, 9th and 11th weeis recorded
rainfell amounts which '.:ére 16, 1, 5.4@1},2.6211:1 and
18.2mn respeciively below notential evapotranspirﬁ.‘bion.
In 1978, rainfall was 25.5Tmn below potez:rti.al -
evanotiranspiration during this second staso ol cassava
growths Similar conditions which oocur duriné the second stage

of caszava growth in ITRA were observed during the third

[



8,

4

&

fx

(.,

-164~

stage. This period extends from the 12th weel to

the 26th week. Tor inatance, in 1975 mean »ainfall

was 20,5 greater than the petential evapotranspira—

. tion. This provided the cumulative moisture surplus

of 307.1mm to recharge the soil. However, during the
17th, 18ikh, 215t and 26th weels, rainfall below roten-
tial evaretranspiration rates was observed (amopendix
A (5~ 8}, Also in 1976, 1977 and 1978 the mean rain-
fall omeunts were greater than the rotentizl evapoirans-
piration retes by 2.7mm, 20.4mn and 21.0mm:respo¢tively
and the cunulative moisture surpluses at the end of this
growih svage in these years were 265.2mm, 382.9mm
and 273.2mm respectively.

The feurth stage of the cassava'grouth, which

as alrczdy noted, extends over the 27+th to 30th week,

is usually marked by rainfall amounts below potential

evarotranspiration rates in II74. For.instance, the
rainfall emounts which were 5.5mm, 59.5mm and 56.%mm
below notential evarotianspiration rates occurzed in -
1975, 1976 and 1978 respectively, while in 1977, the
rainfall amount waz 22.5mm above potential'evapotrans—
piration, A4s illustrﬁtod in appendix A (5 - 8) there
was Bo rainfall during the last three wéeﬁs of the

fourth growth stage in 1976 and 1978 while the potential
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evapotransbiration averaged about 20mm and 21mm resp-
ectively. Despite the variations ﬁhich cccurred in
the weeilly water balance values during the cassava
groving seasen, the water balance for the entire
period anpears to saticfy the moisture réquirements
of cascava during the growing seasﬁn. For instance,
during the 1975 growing season, rainfall was 483 +6mm
over voltentisl evapotranspiration. Simiiarly, in
1976, 1977 and 1978, rainfall amounts over potential
evayotiranswiration rates were 225.6mm, 604.9mm and -

21643 respectively.

Water Balance During the laize Cropping

Season:

Appendices A (9 - 12) and A (13 - 16) illustrates
the weekly water balance during the maize growth stages
at AU and IT7A, Ibadan respectively. In ARIU,
the first stage of growth (i.e. 2 weeks after planting)
whicli coincides with the germinzation and production of
fibrous roots in maize is choracterized by rainfall
which s below po{ential everotranspiration In 1975

i

and in 1977 resulting in moisture deficits of 13.7mn

and. 19.4mm respectively. However, in 1976 and 1978,
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rainfall amounts were over potential gvanotrang~
piration by Ge1mm ana 10, Tmm respectively. .The

second siage of the maize growth begins'at approximately
the 3rd week and ends at about the 7th week. This is
usually the period for the expansion of leaves

and increase in the derth and sﬁrea.é. of roots.

As shown in appendix A (9 - 12) the second stage .a
was characterized Yy moisture sgrp'l.uses reculting from
exgess :'-.nfal_l over poiential evapdfh:t‘mspira‘tidn m
ARIU during the 1975 - 18 growing seasons. For
examnlo, in 1975 rainfall varieci from 6.0am to
109,3mm, while potential evapoiranspiration values

varicd from 21.4mm to 26.5mm. Thusgon the average,

rainfall wé.s approximately 5.0mm over po‘tentiai avapo-
transpiration in 1975. 4lso in 1976, 1977 and 1978,
the curuletive tvainfall surpluses at the énd of '-the-
second. grovth stage in ARIU  were 206.1mm, 63.2mm,
and 115, 3mam ‘respectively. The third stoge of maize
growth covers about nine weeks (i.e. from the 8th
week to the 16th weel). This period wus g'enora,l.]\v

characverized by moisture surpluses in ARIU,
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For instance, during the 8th weck which moarls the bég—
imming of third growth atage, rainfell was above
potential evapotranspiration by about 71.2mm in 1975;
4.9mm in 19763 44.9mn in 1977 and 70.4mm in 1978,
Similorly, between the 12th weel: and the 16th weelt,
when the maize silk d¥ies up and withers, iﬁdicuting
maturity of cobs, rainfall amounts vere above.poteﬁ—
tial evepotranspiration, providing moisture surplusés
of about 485 mme in 1975; 380mm in 1976; 295.4ﬁm and
603mm in 1978. However, aB- illustrated:in appendix
A (9 - 12) there H;:e some weeks when rainfall amounts
wele below potential evap&transpiration. Examnles
include the 10th woek . in 1975, 14%h week in 1976 and
the Ot wecl in 1977. These deficit conditions wore
however iemporary. In addition, they did not cfeate‘
moicture deficit problems for maize.crop during this
third siace of growth since the .cumulotive moisture at
the end of this period was nositive.

Haizé cobs can be harvested green at the end
of the 16th week after planiing, quever, the fourth
stoge covers approximately three weeks beginiing from
the 17th week to the 19th wecl:, Like the third atage
of maize growth in ARTU, the 4th stage is characterized
by excosses of rainfall over potential evapotranspira-

ticn. Tor example, average rainfall was 33.7mm dﬁring



&

o

[

&

[} L ' # 4,

this sioge in 1975. Similarly, the 1076, 1977 and 1978
cro*u‘m‘..g geasons recordec avorage rzinfell wvelues of
874500, 52.3mm, and 79.6mm respectively during this
stare. On the other hand, mean notential evarotrans-
mirciion rates were 16.4mn in 1975, 25mm in 1976,
12.80m iny1977 and 23.8mc in 1978. . When aprendiz A
(¢ - 12) and & (13 - 16) ave compared, it con be seen
thes similar variations in water balance choracieristics
wvhich occurzed during the 1975 - 78 maize cronying
season in ARTU, were, in general, observed in TITA,
The mein difference is that rainfzll amowiis wrexre
relotive h.crhr—w‘ in ARTU ik han in ITA. 45 ghown in
appen(l A (r3 - 16) for IITA, the first siase of maise
grc;'r-rth experienced rainfzll ;._'rh:.ch was cnly be Zmr'over
pc;-béntiél evapotranspiration. rate in 1975 while in 1978
rainfall was 19.9mm in -excess of potential evapotrans-
r .
Plratien rate. During this first stage, conditions in

1976 and '1977 were in contrast to 1975 and 1978, Ts,

in 1975 and 1977, rainfall amounis werse 13. Sn'* and 20.%am

belos ouen*t:).a.l evapotralcm__atlm ra.tes in t"c location.

Duzring the second growt:h stage of maize, the 1975 and

1978 cropping seasons again witnessed moisture surplus

of 56e6mu and 151.1mm respectively, while moisture

deficits of 19.8am and " and M.M'?ccurre{i in 1977
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evapovranspiretion rafes. These conditions sihich

£ % . ’ A J; .
and 1978 regpectively. 4 close examination of gmoendix

b

16) revezls that in 1975 rainfall amcunis were

B
P
-—t
Wi
!

and Ttk sreers in contrast, had reinfazll amowiis
belew »otentizl evepciranspiration retes. Alsc in
1078, only the 3rd and 64k weeks experienced rainfell
mnotmtsag’reatei‘ than 1‘otentiai evapotiransiiroiion
rates. In 1976 and 1977 in which rainfell deficiis
were observed duxing the second growth mericd, the

s in 1676 and the 5ih week i1 1677 had

YiE

occurred in the second, third and even the fou;-"#h
growth stages in IITA indicated that even wiihin each
growth periody a lot of variations might occur so that
both water surplus and water deficits mught be charac-
teris.'bic. Fo:; examiale, at the B beginning of tke third
growth neriod (i.e. the 8th week after planﬂ;:ing) rain-
fall was less than potential evapotranspiration hy 38mm
in 1975. The subsequent weeks witnessed mois’cﬁre surp—
luses due to increase in rainfall. In the 1976 crop-

ping season, rainfall was greatef than pobential
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evapottansriretion resulting in water survlus at the

end of the third growth stzge. Similarly, the third

growil stage hod rainfall which was appfox-’- nately

284272 above | notential evapotranspiration. Howcver,

in 1977, which appeared to experience relaiively lower
rainfall during the maize groving, season ,pofential evé.potfans—
piration was 36.1mm. It was only between the i2th week

and the 14th week that rainfell amounis thoi were greater

tho the votenti eva by plirati Ted, Thus
thon the votential potranspiration occurred, Thus,

ct
5

e cumulotive rainfeall deficit at the end ol the third

owblh period in the 1977 cropring season waz 109.8mm.

&T
From the beginning of the fourth growth stage $ill the

end of the growing season {i.e. from.the 16th to 19th

. weels) rainfall was less than the potentizl . evepotrans-

piratian in 1976. This resulted in a cunulative water
deficit of 41mm at the ond of the cropping season. In
contrast. to this,; the ‘fouﬂl.h groﬁh period ‘witnessed
rainfcll amounts whichk were higher than 'péte'ntial
evapoiranspiration and which exhibited cmul:-.tive moig-
ture zurplus of_ 1.9mm and 11.6mm respeciively in 1975
and 1978 cropming seas_c;z_ls. T

Tie above analysis ehows that a lot of variations

can occur in the water balance characteristics -from cne
stage of crop growth t’o-'another. Even though the entire

growing season may have.excess of rainfall over potential
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evorotranspiration, the occurrcnce of moisfure
¢eficits in.a narticular siage of crop growh, Jor

ingteance Guring the first stage of cassave growmik

in 1975 crooning season at ARIU and the thixd

£
s

stzge of casszava eronping secson in 1976 aé 1977

4o

II%4A, nzy ceduce the yield below the poienticl

level. Iiovever, the results of the analysis shovw thav
in Lot locations these vericiioms are such thoi e
seriod in '..*Z:ich.mo.istu.re deficits occurred os o
res;_’l-;; ol _t'nc occrrence of--:'ajlﬁ’ail below po'teni:iél
evanotrssiration is usually nore than conpensated
for Iy neriodis which experiencé rainfall above
potential evapotrénsbiration. |

Water Balance During the Sorghum

Crovning Seasontg

Lopendices A (17 - 20) and & (21 - 24) show the
resulis of the compuieatvion of the water balance ai
ARIS and ARTK —during the 1970 and 1972-T4 sozgium grow-
ing seasons. In 1970, the Pirst stage of sorghum growth, |
which corresponds 6 the first two weeks aftier sowiné

records rainfall amowmt which was 26,1m more than
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~ the 1970 growing'sea_é_o'g_'m 160.5mme

potential evapotranspiration in ARIS. fThis ig

because the 1st weelt of the growing peried had rainfall

7

of aboul 43m and potential evapotrénsfzﬂiratian of dout
. [

22.3m. 1In the 2nd week, rainfall was 28,7mm while
potential evepoiranspiration rate was 22,9mm, During
the secod growth I;ériod, waich began in the 3xd week
and eneded in the 8th weelk, rainfall total wos 270.3mm
averaging about 35.05mm a week while toial poitential
evenovransdiration was 161.5m giving an average of
26.9 & week. The cumulaiive moistureé surnlus ot the
el_ac"t o #he second growsh stage wos T5.07nm for the loca~
tion, e third stage of- sorghum é:t‘oxrf;h was cheoracter—
iged by relatively high rainfall resching a velue of

96.6rm in the 9th weeke The average potentisl evapo-

traspiration during this period was 31.5m a weecit.

r'l‘hus, There was a ocwmsiderable water surplus of about

118.9m at the erd of the thimd growth cycle. The
fourth st'agéﬁ:of sorghum growth in ARIS witnessed a total
rainfzll of only 4.9mm which was recorded in the 20th
week, -Potential evapotranspiration during this siage
totalled 55.§ﬁm with 2 wetldly average of 1B.4mm. Des-

pite the ve¥y low rainfall experienced in the locabtion

-

*bha noisture surplus &t the end of

during this stage,

e

1
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' Amendix 4 (17-20) reveals a lot of variations _—

in the patterns of weekly water balance For the 1972~

14 creuoing sezsons. For example, J;n 1972, the ; t
’ -

entire growing season period had: g weekly mcan rainfall )

of 25,7mm and a weekly mean potential evapotranepira~
tion mofe of 371; 1, In ‘i973 and 1974, mean weel-ly rain-
fall volives were 471.6mm and 50. 3mm respectively, while
the roilential evapotranspirziion values were 29 3mm

213 and 2%.1mm in 1974, Tn 1972, the 1st week
of sorg:um growth was marked by a peak rainfall of
60mr in escess of potentizl evapotranspiration as
agaihct that of 1973 md 197# vhich had rainfzll amounts
below motential evapotranspiration Ty Ou8mm and 2.8mm
respectively. There was a downward trend in the rain-
fall during the whole period of the .seco'nd.'grmrth stage
in 1972 ad 1973 while in 1974 the reverse was the ~
case. During the third groxrth s:t:age there ware umrard
trends in rainfall in 1972, 1983 and 1974 cro.m:.ng
seasas. The fourth growth stage witngssed 2 downward,
trend in the ra.i.nfa.li resulting in moisture deficit --

in all the cropping seasms. The pattems of water

|
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balance for ARIS S,JOWC‘d two peels of moisture

surnlwrr- occurTing  during the first and third growth stages
in 1972, thrs;g pec__s which cccurred durinf.;: ‘.;he thiri (
stage in 1973 and four peaks which occpr:_rgd duzing ‘
the second and +third growth stages in 1974.
In A2IK, the first growth stage in 1970
sorglum growing season . witnessed a slight moisture
deficit. Tor examnle, the 1é‘a week of the growing
period recorded rainfall of zbcut 32.5mm wihile the
potential evapotranspiration was 22.7mm.. Also,

during the second weeir of this growth siage, rainfell

was only 4.n:':‘ W '1119 poter .tial evapotranspireiion was
22.7mm. Therefore, at the end of the first stage of
crop growth, the cunulative moisture deficit was

8.Tmme During 'i;he second growth stage of sorglhum :.n

ARTH, the {otal rainfall amounted to 226,3nm while -

Y

‘ the total potential evapotrmnspiration was. 103.6m.,
resuliing in a moisture surplus of 42.Tmm 2d 2
cumulative moisture surplus of 33.0mm from the begin-
ning 6i‘ the first st_a@e to the end of {the second

& | | stage. The thind grovth stego witnessed much rainfall

. and mlat:.ve],v lower potenulal evapotranspira.ion rate. -

M,
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< This 1od o Tainfall amount of 236.4mn in excess of

A potanticl evepotranspiration. Decrease in rainfell
vas observed from the sterh of the founth growth
stage and this continued until the end of the growth 1y
period. The total amount of ra.infa.ll.during't}-.is .

reriod ves 10.2ma while potenitial evapolrancsnis ~ation

rate wag 49.911113 resulting in a water d.eflcl.. of Y

f’_' i

! ' 19, 7mme The cumulative water surplus from the first

A,

stage was 230.4mm, The 1972-73 cropring scasons

i

/ were pencrally characterized by moisture deficits for

ogt of the growsh stages. This can be explained in
o | terms | c.{,':'lCdl tural drought conditions which adver-
sely affected crop yields in the locatian during the
1972-73 growing seasons as already noted in & previous
study (Ijioma, 1981)e 4s can ;e seen in appendiz A o

(21 = 24) it was only in the third growth stage (i.e.

)

from the 10th to the 13 th weel;) of 1972 growing season

that rainfall was greater than potential evapotmspira.—

tion. The other stages of the - crop grovth experienced

- rainfcll amountis whlch weTe lower than po tential

evamt:‘uns—)lratlan. Simila.rly, in 1973, rainfall was

L

-

1N
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ditions resulting fram the

greater than potential evapotranspiration from the

fgr owing

5th 4o the 11th weeke. For ihe entire
season of 1972 and 1973 in ARIK, rainfall wes less
than poiential evapotranspiration ty about 132mm
and 188am in 1972 and 1973 respeciively. The
moisture characteristics were more fa}rowable

$ ,
for murglm:u growﬂ; during the 1974 cropping season
vha that of 1972 and 1973, For . example, during
the Tirst growth stage of 1974, rainfall was grealer
ﬁmﬁ noiential evapotranspiration by 2.5t
.‘ I.J-.a:"_nfall stafted to increase from the 4tk week
and this confmued until the beginning of the third
stage (ie.e. the 12th week) when it started bo declines
At the end of the second stage, the todal rainfall was
46.4m greater than-potential cvapotranspization.
m&:‘h{; the first week of the third growth stage, rain-

fall was in excess of poiential evapotbanspiration hy

18.2m1. - However, the last two weeks of this siage

evapotrahspiration,j*although excess of moisture con-

rainfall recorded in previous

L

i1
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veells more {than compensated for the arpsrent

moisture def ficifsy, The fourth stage of the crop

¢ i i i
growil erxverimced no rainfall while potfential eva-
potransiration rate was 1 8mm 2 week. The cumulative

water surrlus was 37.5am for the 1974 crop scasai.

Hater Bolance During the Groundimut Cropping
. i 5

Secason:

Lppendices & (25 - 28) and & (29 - 32) illust-
rate the resulis of {the weter balance commusotion
during the 1970 and 197274 groundnut growing
seasois av ELRIS aﬁd ARTK respeé‘.:ive'ly._ In ;&318,
the anowmt of rainfall during the first stage of
groundnut growth in 1970 wae greater than potential
evapo*rmlsmratlon by 36 8mm. During the second growth
stage, from 3rd week to 'the b6‘l:h weelx, ra.mﬁ.ll averaged
27mm 2 week, whi]__e potential evapotranspiration aver-
aged 24.4mm. The Tth week after planting, which
coincides with the hegm‘mg of the. third growth -
stage, was characterised by increase in rz}:infa.lll
reaching 42.4mm and a relatively low potential evapo-
transpiratiam ra.te of about 35.6mm. Raa.ma.ll contimed

to increase wntil tha 91:}1 week when 96.6mm of rainfall

oocurred. However, potem‘iial- evapotranspiraticn was--
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lover with 2%.5mm. This results in a moisture
surylus of 67.1mm. By the 121:11’ we!ek, a value of s
2542mm was recorded for rainfall while poteniial
Ty

everoiransniretion was 32.5m.

Aoinfall values increzsed ogzin in the
13tk reci: *.-:Zzen' it was 51.9mm more than potential
evanctransviration. By the end of' the third
growih citage which corresnonds to the 15th weel: é.f‘“cer
pla;-:ti;nf.', reinfall decreased to 37.8am, which wos
5.29m below potential evapotranspiration. The
mmuia'tj.-re rainfall frén the beginning of the first
staze 0 the end of the third stage during the 1970
season in ARIS was 294 .3mm, During tﬁe fourth-
growin period, rainfall decreased -in ARIS averaging
about 11.6mm a week while potential evapotranspira-
tion averaged 30.%mm a week, Despite the relatively
low rainfzll amounts .and relatively high poteﬁtial
evapctranspiration rates during the same perioﬁ; the
cumulaiive rainfall at the end of the entire ground-

nui growving season was 233, mnhe

et

[
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In 1972 crorping season in Id?IS the mean
rainfcll dusing the first stage ' o:[‘ groundnit growth

was 73.5mm while mean potentizl evapotranspiration

war 16.8am. During the second stame of growadinut

growsh, rzinfall varied between 16.5mm and 3CG.Z4mn
per m?ei:. A%t the end of the period there was 2
cunmildciive moisture surplus of about 93am. The

third sizse was cheracterized Yy relatively high

rainrcll shile the potential evaroiranspiration rate
averz ol 3C,.6mm. | The cumulciive mozatme surslus

P

at.tho.ond of the third groith stage was 158.6mnm.
Rainfell amount decreased from the beginning of the
fourth siage when it averaged 22.3mm. On %he other
hand, »oiential evapotranspizgtim.averaged about

34¢8mme During this stage, rainfall was 37.6mm less

than notential evapctranspiration. The cumilative

moisture surplus was 121imn for the whole period. The
1973 and 1974 grom.ng sea.soné in the location ;. had

moishure sa:*:luses as the 1970 and 1972 seasons

described above., For e::ample, the total values of

4
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were 914.3mm and 1106.7mm Tespectively while

-

poventizl evapotranspiratio rates were 643, Tmm
in 1973 and 641.8mm in 1974. The cumlative
moisiture surnlus at the end of the 1973 season Y
waz 350.3mm while that of 1974 rwcas 472.1r;1m.
Appendix A (29-32) indicates that the first
gro{r'th stase of ground;nut durmgr- the 1970 crop-
ping season 1n ARTX recorded rainfall amount which
was oly 2.7mm over potential evapétrmspi:fation.
The beginning of the second growih stage em_)gr'i-—
enced a decrease of rainfall by. about dmm. - This
led to o water deficit of 12,8mm. During this
seéond stage of growth, from the 3rd week to the
6th weelr, rainfall averaged 12.5mm and potential '

evepotranspiration averaged 24.5mm. Thus, for the

‘whole of the second growth stage in ARI¥, rainfall

was 46.5:‘;1';.7; below potential evapotramspiratian. o -
The third growth stage of groundnut was choracter—

ized Wy an increase in_rainfall and a relatively . --
lbwer increase in the potential evapofi‘mspiratiom. - -

For instance, ramfall .'gveﬁrage&h69'.-9m per weelk e

while the potential"i‘eﬁfétranspira{cim averaged . -

33.8mm per week. Thoe Tif_cre’a.‘sé in rainfell resulted

in the soil becoming fully recharged. The cumulative
: T g .
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'moistire surplus at the end' of tiis stage vas

278.4mn. The average rainfoll was 46mm and the
average sotential evapotrangpiration was 30.%mm !

during the fourth growth stage. For the entirve

unpt

grow:m.; mwriod, the cumiletive moisture surplus as
323, Garie

The 972 and 1973 groumdnut groiring scasch
st ART: were characterized by water defioits because
rainfall was 1ess than potential evapotrans;iai:htim;
For insuance, with the excention of the 1st weel: of
the first growth stage, the st and 2Iz1d weel of
the secoRd growth period and 124h and 13th weel of
the third growth period, rainfall amounts were lese;
than paténtlal evé.potranspiration during the 1972
cropp;ng seascm in AB;K'(appendix A ‘(305;3 ' Thé
.resu.l‘c, in AR.IK wa.s 't';h;:bm';he 19’[2 crdpping geasan rec-
orded a cumulative moisture deficit of only 7.3mn.
Simila.rL’»;, in 1973, the first stage of groundnut grm&h
withassed rainfall amm..mt which was 20,%m below
rotential evapotl*anspj.;tfation while the second stage
recorded rainfall which was below potential evapo-
transpiration Wy 12.8mm. During the third stage
of growmdnut growbh,% "A_V:fthe 7th week, -9th week and 10th ‘ .
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weelr were characterized ly a relatively heavy rain-

fall averasing about 95.2mm. The remaining weeks during

thiz growth period recorded mean rainfall ol 21.4mm.

n

Tor the whcle of the thimd growth period, rainfall
was 90.9mm zbove potential evapotranspiratian. I
eve:*., the fourth stage of groumdnut greowih Led rainfell
belei ~oiential evapotranspiration by 61.1mm with the
rezudt that 1973 cropping season recorded a curalative
moisiure deficit of 28.8mm. |

Conditions sinilar to that of the 1973
crop-ing season were obsarved for 1974 cromming
scasci. A4S can be seen from ap-endix A (29 - 32), +he
Tirst stage of groundnuv growth erperienced rainizll
1-:1_11011 was bhelow poten‘;,ial evapotranspira‘l:icgl in the
1st week and above poterttial evapotranspiration in the
second weell. Thué, the first stage of crop érdxrth '
recorded rainfall in excess of poiential evapotrans-
piration by 13mm. The s.e-sdnc‘a' stage of crop growrth
was nocked Yy moisture deficit conditions. During
this stage, rainfall averased 21.4mm, while.poten'l:ial
évapotrmspiration averaged 25.5am resulting in a moi-
sture deficit of 16.6mm. The third growth siage recorded

an average rainfall of S5mm per week and an swerage

i
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povential evapotranspiration of 38.6mm per veell.
The cunulotive moisture surplus fron the first siage
of gromdmt growth to the end of the third grovih

period wos 144.6mm.  During ithe fourth growth siage,

chk
[
@

mean 1‘a:infail was 25.611_7:.1 while pectential evapo-
trans-iration averaged 27.8mn. Thus, at the end of
thig singe rainfall was aboui 6.%am below motentii
evapot:""mspira‘ui;an. For {the envire 1974 crop=ing
seasan, the cumulative rainfall was 138mn.

4 comparison of weeldly water balance during
the groundaut growing seasons for the years e::;-:ic;-'_ed
in thig 5413.15'53'.5 shows a lo{ of vé..riations Trom ome
grcwih stage to another. There are also marled
coﬁtmt. in the characteristics of the water balance
from ac location to anot}_zer—. For instance, iﬁ LRTS,
peal: rainfall amoz.mfs which were qﬁite in ex_cess of
potenvial -evapotransp:i_ration occurred in the an aé

3rd sioges of 1970 groxmd.nu{; crooping season. D1 con—

trast 1o this, the stage had rainfall amounts which

were relatively lower than potentizl evapoiransnization
for i{l:e location. The 18t and 31d siages of 1972 as

well oz the 3xd and 4th stages of 1973 growing season
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experienced peal periods of water sur-lus while

the 4%h siare was charecterized by moisture deficiis.
In ARIT, the 3rd and 4th sicges experienced moigt-—

ure sicpluses in 1970. Im 1972 and 1973, the neisiure
sorpluces occurred during the 3=d stese for 1972 and

2nd ond 374 stases for .1 a73, ‘Appendiccs & (17 - 20)

ané (25 - 28) revealed tho* the 1si and 4%h sieges

of crod growth in ARIS had mol 'uu.re surluscs

durins the 1970 and 1972-74 growing seasons, wiile

the cane groren stages werc cheracterized b molsture

g
deficitz in .&“12:. Moreover, the patiem of diszuribu-.
tion of rzinfzll exhibited z relatively even disiribu-
tion curing th ing seasons considered for ARIS
vlon CUTIg vhe CIroPpping sSeasons conslaer 10T sih
in the study. The patierh in ARII showed more concen-
trated distribution occurring mainly more in the 2nd

and 3rd growth stages than in ARTIS. The cmcentration

- of periods of water surplus to {wo stages of crop

growth in LIK is not surprising because of itle injecnse
segsonalivy of precipitation dar:mg the period covered

by the study (Fige 5.43)e

w
N
———
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The Water Delance ané Asricult

ural

Drouvpit:
Palmer (1964) recognized
occur over an arcc.

the meteorclogiccl

when the-anowy: of

cone percentagses ol long

'
-

tie agriculitural droughts whick are

related 1o seasonzal crops mnd vegetation

cevelopment. _
The
can occir during any of the g

any loccuion

as ihis type of droug

may often be imper-

oresent research indicatesthat agricultural drcuhns

ceptible, except when it resuiis to the wilting . of crops.

in general, its effects on cron growth and produciion

can be considerable., Al these imply that the rezults

of the water balance analyszis discussed above, and the

moisture availesble during the growth sisges of croos,

particularly during the period of crop establishment

and the stage of flowering in most crops, are very cri-

tical for crov yield. TFor optimum crop yield, there is

-
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the need to time crop planting when rainfall will

mect cool's noisture reguirenment. Furthemore,
the rezlt of ihe preseni study esphasizes tie

need o uxly drrigatiom to crons in order to

sanelicrgaie the effects of coriculuural droughus

curing neriods ¢f adverse weather conditions.

i



i

i 4

*

5

r A

-
TN
3 ey
-3

1
- "
e

-

Chavter Eight

8. RELATTONSEIP BRTWERN CLIMATIC VARIARLES

AND CROP YIELDS

Bets troduction:

In the previous chapter, the variations of
the major components of the water .ba.lance wére dis-
cussed. The results of the analysis clearly indicated
the need {0 examine climatic variatiocns no-t only on |
macro or meso scales but alBlo on micro scales. This
is particularly true of Nigeria where climatic variat-
ions very significantly influende- agriculfural syé't:ems. .
The results of the study also indicated the need to -
critica.lly examn‘.ne.the relationship between 'tile water
balance .components'md crop productivity. However,
in addition to the water balance componenisy other
factors of the envirmimept also affect crop producticn.
Some-of_tl_xese-factors include seed quality, diseases,
weeds and max;;\gement factors._ Most of these other
environmental factors axn'é however usually influenced
directly or i;;iirectly Yy olimate. For example,

the reproduction potential of some diseases and weeds

are to a large exte{zjinﬂueno_ed by the climatic factors,

Moreover, the uptake of essential nutrients from

e
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the soil By planis depeiqu 1r~.rgely on the availcbi-
lity of =0il moisture. Thus, the growth and the
develomant of crops denend very much on the climatic
Tactorz. To show the extont of the denendence of the
crops used in the present study, the present chavier
exanines some aspects of the relationships batireen
climete and crop yields.

45 clready indicated in chapter four, the
stotictical approach emp:oyed in the analysis is the
regression analysis medel. The crop yield data in
‘f.g/lm_.1 were used .as input vaeriables in the regression
analysis. The climafic v;—*-*i:-.bleé used include Treci-
'pi‘ta’sion (), poteﬁtial evapoiranspiration (E‘E),
precipitation concentration index (PCI) and P-PE.
Details of the _mqthodology of these indices have been
discussed in chapter four. The resulis of the coau-
taviongl anzlysis are sh&-ﬁu in table 8.1. As’siom
in thiz table, the analysis was limited t¢ only oane
crop in eack of +the fifevlocations. This is because
of lack éi‘ crop yield data for all the crops imn:slvvad
in the present atud\y from each of the ;experimental
locatims. In some of the locations where daia lon

crop yields were availatle in the "Ammual Repo:{s",
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8.2.

the data were not usually continuous. In
addition available c**op ricld data usually -

c over VeIy I few Fears.,

Relziionshinp beiween Climaie and Crop

Produciticia:
AIOQUCL-C 8

Toble 8.1 shows the relationships betieen tho

four climatic varizbles and crop yields. As can

" be notcd Trom the table,the results of the analysis

for cascava ot ARIU revealed thot about 16 of
veriations in caseava yield are explainable in
terns of variations in precioitaiion (P) as . agpinst

3%

&
(]

‘or precipitatian concentration index (FCI),
14% for potential evapotranspiratidn (PE) and

36% for P-FE,

&
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Table 8.1: RELATIONSHIPS BETWEEE FOUR CLIMATIC . T
| VARIABLES AND CROP YIELDS. -
STATIOH CRCF STATISTIC VARIABLES
P ECT PE P-PE
4RTU Cassava r 0.4z -0.62 0.37 0.60
r° 0.19 0.38 0.1k 0.36
a 0.32k 2.2k0 4,327 0.568
b 0.229 6.210 12.316 0.295
level of .
gignificance 0.01 0.01 0.01 0.01
AEFA Caszava r 0.38 ~C.65 0.46 0.52
r? 0.15 0.2 0.21 0.27
a 0.656 1.380 6.485 0.797
b 0,461 12.0 ! 14,25 0.314
: level of
5 significance | 0.01 0.01 .| 0.0 0.0
TITA Maize r 0,80 -0.57 0.50 0.65S
1l 0.6k 0.32 | o.t | o.k2
a ~0,171 S.53% ¢ -1.976 " 5.720
| b 1 5,296 10,750 | 14.557 | 11.310
i level of - ' : ' :
significance{ 0.05 0,01 i 0.01 0.01
ARIS Ground- . % :
i nut r . 0.19 ~0,46 l 0.76 0.68
| 2 0.03 0.2 | 0.57 0.46
a 0,176 1,779 l -3.990 | -2.4h
| b 1,998 1.261 | 13.8%0 | 3.880
level of |
i significance { 0.01 0,01  0.05 0.05
ARTK Groundnut r T 0.2 ~0.47 0.8k =0.77
2 1- 0.0t 0.22 0.70 0.59
a -0,164 ~0.639 | -85.916 | -2.985
b I 2.366 6.946 | 16.97% | 3.985
ievel of . ' 3
signifidance | = 0.01 0.01 0.05 7 | 0.05




Similarly, in AEFA only about 15’f of veriztions
in cascova yield is due to veriations in precipi-

)
tation (), while 42% of voriction in cassave yield
are explaoined by precizitation concentration index
(PCI), 21% for potentizi evapotravispiration (FE)
and 275‘.? for P-FPE. In boih locations, the relatively
high j;elaticnship between PCI and cassave yicelds
lends supnort to the earlier observation made in
chapiter four that the seasonality whick charscterice
reinfcil distribution has impertant agriculvucal
implication. }:oreover,_ the inverse relationsaip
éxis%:‘ng etween PCI and cassave yield indicates
that an -:'..ncrease in the concentration of rainfall
during a cromu.ing season igads {o 2 decrecse in crop
yield. I'I'he results of the analysis also indicate —
the importance of P-PE as a factor of climate
in inﬂuéncing crop production.

The relationships for maise at IITA saow thot
about 64% of variations in ma.izé yield can be ezplained
i terms of vari;a.tims in precipitatian (P) while 4257
32% and 24% can be explained hy the vaTiations in P-FE, -

PCT and PE. The—relative significance of precipitation

as a factor of maize production is clearly established
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by these results. The relatively high correlaiion
beitweanl P-FE and maize yields alsc lends support io

: ¥

the feect already noted about the relationship between

P-PE ond ¢rop production in any location. The inverse

relztionship between PCI and maize yields wes cbserved

in %le locaiion .as was the case bhetween PCI and ces-
save yield in ARIU and AEFA.

The resui'bs on the relziionship between climzie
and growdaut yield at ARIS and ARIK (Teble 8.71)
also lnd.lcate the relative sigrificance ol ihe zoten-

-

tial evepotranspiratiom ('.""3) 011" growidnut y;, as in
both locasions, For lI‘-:bﬁZ'lCQ, the results of the
analysis rcvea.led that about 57% of variations in gr ound—
nut yields are e;tp‘la.inable in terms of variations in
potentirl evepotranspiration  (IE), against 465 for
P-PE, 21% for precipitation ooncentration index (ZCI),
and 31% for precipitation (¥) at AIS. Ab ARTE, the
varictions in groundnut y:.elds w._mh cal be ex lained
in terms of variations in P-FE, potential evanotrans—
piration (PE), procipitation concentraticn index (CI),
and precipitation (P) are 59%, 70%, 22% and 4% respec—

tively. Also, for both locations, a fairly strong

relationship exists between P-PE and groundnut yields,

s

My
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althoush these relationshing are inverse. There
is alzmc an inverse relationship bedween PCI and g-ound-

nut Field

]

.
at A7I5 and ARIK. As already noted ahove,

. about 217 of the variations in growndiut

. yields is explainable in terms of the varietions

-

in ICI vhile about 22% of the variations in growid-
nut yieidsz in ARIY is explainable in terms of thc -
verigtiadrs in PCI. The relationships in botk loca-
tions ore significant at 10% level of statistical
significonces The resulis of the analysis revealed
ver; ronc relationships exisiing between nrecipito-
tion (P) and groundnut yields at ARIS and ARTK. Tor
insiince, only about 3% of the variations in groumdnut
yields in ARIS can be explained Yy the varictions in
precivitation, Similarly, énly a;bout 4% of {he voria-
tions in grc;wldnut yields in ARTK can be explained Ly
the varigiions in Precipitation. OCne 1-Aroullc1 normal 1y
expect a sirong rela‘;bion.ship- between precivitation (F)
and groundrnut yields but in-ARIS and ARIX, ther weak
relavionships between ‘the %o rarameters is aitrita-
table to the modest rainfall required Yy the czop

(Agbools 1979). - o
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Chapter Nine

9 SUIifLRY AWD CCICLUSICN

9.1. Introdaction

The recent climztiic events and their
consequences have shown thot the effects of
climate on human affairs should not be taken
for :j:;_{,ca In West Africa, the significance
of clinate  in jlezmiﬁg and_devclopmen*_t of o
nation's cconomy has recen'tlyl b.een'recogliz-ed,
particularly fdllom’.ng the recenf climatic
events and their conéequences in the region.
in Nigeria, for exanple, the adve:l*:se consequel-
ces of cliratic variability has particularly
been reflected on agricultural productibn
(Ojo, 1583). As shown in the present study
(see for exanple, £igs. 5.1 and 5.2) a lot
of vatictions ha.vé ocourred in the Painfall
disrtri’tmtim of Nigeria, and there is every
.Teason to beliewe tl}ap;____g'ariations x;rill c;ont:inue ‘
in the future. Since‘_“"agriculutural systems in
Tigeria depend very much on climate because of
the lov agricultural ‘béchnology (&Agboola,

1979), and since the mresent - stage of Nigeria's

P - "
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Rt
T e o



i

scientvific and technological develoment maies
if @ifficult to cmirol weather to any sig-

: i
nificant degree (Ijioma, 1987), there is an
urgent need for wnderstanding thé cheracteris-
tics of the weather and climate and the effecic
wkich thcse charactéristics have on crop pro-

ductiui. The understanding of climatic charac-

teristics will meke it possible to exploit and

utilize the more valuable zspects of climate bo
inecrecse food prociuc‘tion and to reduge, if
poseible, avcid the adverse elfects. -

The present study has ana.iysed some
aspecis of the charactefistics of climate with
pariicular emphesis r inTall and the water
balance, The mean annual, yearly variations
9. of rainfall and seasonality of rainfall were
exanined. In addition, the concepts of crop A
water use and the water balance were examined.
The folloring discussions summerize the major

findings and examine the implications of these

it

findjngs. . ) T

.

e n
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occurred in ARIU in

i

9.2 Kajor Findings:

The analysis of rainfall characterisiics
!
in Nigeria shows that although, in general, the

pattern of rainfall distribution is zonel dec—

reasing from tre south tewards the north, a lot
of varigtions occur even within

the same climz

vie
region.

Thus, completely different pattems are

exhibited within the same climatic region and

stations located relatively close to one anocther.
he onmplsr

L“""U

)

sis also revealed that although 211

~

en)
O

arus

'_

T liigeria experience variations in cli-
mnate,

he variations have been more pronocunced
over ©

vhe Dasy iweniy years particularly in northemrn
Higeria.

These conditions have greatly ai‘i‘ecterl

agricultural production over wide areas.

The analysis of precipitation seasonality
index also reveals that = lci of variatioms occar“ed
in Nigeria in both space and time dimensions in +h
rainfall distribuéicn. For instance, in the study

locations Sy fairly well dlstrlbuted. rainfall occurred

in some years while in others, the distribution was
characterized by in‘ce.nsg _zja_a.infé.ll concentration

relative to the normal condition. Even for loca-
tions in the same oclimatic region the patterns

-

of sezsonal concentrations are not necessarily the
Sames

For example, fmr],y well distributed ra.:mfall
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period as already noted in section 5.5. These
variations are particulzrly important because of
the influence they have on the agricultural
calendar in the different parts of the countr&.

Some researchers have noted thai
potential evapoiranspiration (PE) is a conser-
vative element which does net vary much from one
location to angther in the same region unless
there is significant change in moisture
characteristics between these locaticns; and +that PE

decreeases when the amount of available moisture

increases (Stephens and Steﬁard, 1963; Stoenescu

et. al, 1963; Robertson, 1964). While this conclu-

sion is correct to a certain degree; the present

étudy has shown thzt a lot of variations occurred in
PE over space and time in Higefia. It ﬁas also been
shown that sometimes these variations can be so much
iﬁ a ioéation particularly during periods of below
normal rainfall as to_craate moisture problems to

CI'OPS8.
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The zesults of the regression analysis

mace fov the various locations indicate thot the
t i

characteristics of crop yields are resulis cof a
cémple:-:it;: of interacting factors. Thus, no
one fep'i;c: con a.deqwzt.ely explzin the varisziionsg
in crop yields in any locality. When any of
these components is altered, the entire systens
is affecicd either positively or negatively
depending on the direction of alteration.
Sinilorly, clanges in any of the climatic veorio-
bles, paiicularly those considered in this

analysis, considerably affect crop yields.

Imolications of the Study:

The  findings of the study have
implica'biqlis for the applications of climetic
information in various aspecis of agriculiural
and xm{er resource plaming and develoment,
There zre for example, implications for the
develomment of agriculture 1n Rigeria 1n view
of the cur:ent emphasis placed on rTural develop-

ment through agricultural develoment.
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The Tollowing discussions on the implications

of thwe =rczent study are divided into two sgeciions.
: i

The Tirst scction discusses the general implico~

tione o3 ggriculiural and water resource noage-

nent oné >laming. The second smeetion considers

the implicavicns of the study to agriculiural

develcomeni in Kigeria.

(i) General Implications:

-

This study was wdertalen te exanine
te voriations in climafe and its relotion-
i 10 erep ﬁroducfion. There is no doubt
clint the water rescurce implicavions o‘.-.".f:;his
ostudy can be a guidé to planners in forestzy,
water resource develoment, energy vroduction
ané building construstion. I=Ioreover', lmow—
ledze abou:b variations in climate cowld be
arslied in desertificesion 'Acontrol, and alle-
~viztion of crop and animal disecases. In
adtivion, farmers in different paris of the
"world could use information on climate to

i the appropriate time to apply
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Tertilicer +0 crons, SPToy CIOpES apainst
veeds and pests and irrigate farms. Cli-
= ' o 1
e mosic infommation can also help in
choosing the varicties ol crovs whick oxe
beet suited to vericus localivies. It
crm alse be used in plzuning the best
e ne ods of providing efficient storage
- N
farilities. The following discussions

sive exanmples of thesec general implico-

tiene, with particulor reference to

In recent years, climatic v..:.ur:t:o;:s
hove led to floods in different p._.r‘L"' of
the cduntry. I‘or examples, "1006. d sasters
occurred in Tlado village (Lagos)in 1976.
oy _ Other flood disasters include those of the
Ormpa flood in Ibadan in 1978 and T-.e::"‘
floods whieh occurred in 1978 and which claimed
nany lives and property. There are e;l;so

censtant floods in the Ndiegoro area in Aba

-3

(Ino State) where buildings have been sub-
merged, veluable top stil eroded, mumicipal

water supply sysiems disrupted, communication

vhy,

-

£ c. o= N -
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ad electricity supply lines often des—
troyed and the aesthetié quality of the
environment destroyed. In these areas,

as ir; other parts of.the country con-
stantly devastated by floods, development
hes been retarded.

Like floods, droughts are very
destructive. In Bormo State, for example,
droughts of the 1969 - 73 and 1981 - 85
caused farmers to migrate to the scuthern

sector of the state and to the neighbouring

‘countries of Cameroon and Chad. Some other

farmers were forced io stay in the villages
and engage in trading, hunting, firewood
cutting and selling while some people moved
to Yoﬁe f_‘lood Plain to farm and rear
livestock.

Inplications on Agricultural Development

in Nigeria
The findings of this research also
have agrioultural implications. For example,

the findings can be used by the farmers and
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other.people engaged in food productimi
ang distribution,

In recent years, successive
~cvermments have pursued policies which
fovour inerease in food nroduction.
Tovever, there had been very litile
suscess in the imvlementation of these

volicies, This is partly due tc the

)]

act that such policies did not give
adecuate emphasis on the sigificance

of climate. -

Exanvles of such programmes and policies include

the Farm settlement schemes estéﬁlished in the

south;;n pa&t of Nigeria in the early 1960s with

the nein aim of producing eéxport crops such as

cocoz, palm produce, rubber and even yams, cassava,

maize and other food crops; the World Bank kssisted -
Agriculivral Development Froject (ADP) establiched

in 1975 and aimed at increasing the productivity

of the rural farmers through the adoftion of new
technolqu; Ehe Kational Acclerated Food Production

=~  Project (WAFPF) set up in 1972; the Operation Feed
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the Viotion (OFY); the River Dasin Development

Authority Schemes (REDAS); the Creen Revolution
% . L

[

Programr sy vhe NYSC faming schemes; the Graduate
Farmers! Sciemes (GFS); and the Rural .

Sclocl Forms, Relisble records that provide
informotion on these programmes are not available.
However, several writers have ncted a lot of
loceliced crop failures and losses of crops and
usefvl farm lands due to climatic variations,

For exmamule, Kowal (1972); and Kowal and

Adeoye {1973) noted thai %he @roughts of 1972 - T3
causcd.ﬁhe noor harveéts recorﬁed in the northe:g
paris of LKigeria during these years, A4lso
Adetinberu and Hikanjiola (19_87) noted that floods
residiing from early rains which fall in February
and ezrly FMarch, destroy crops in the Dcére
secticii of Osun rivér valley. These views are
further supported by the devastation of about 10
square ki}.ome:bers of farmlands and the destruction
of a lot of economic trees estimated at about ®103
miliion hy soil erosicn at Orlu, Imo State (Ijioma,

and Arnsi, 1986)s In this regard, information
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on c¢limatic characteristics and their impacts
on crop nroduction, examined in this thesis,
become  very valuable in exe::uting the various .
progroames and projects on crop production in
Nigeriza.

Another major problem of climate on
erop production in Nigeria is the diseases and
pests which reduce yields below their potentisl
levels. There have been heavy losses of crops
becauze of this factor and perticularly because
the use of pesticides whick can reduce the
effecis of diseases are almosi non-existent
in the rul‘ai areas.

At present, résearch institutes in
Nigeria have made significant progress in exa~
mining many climate related problems. For
exanple, & lot of programmes have been carried

out at the Nigerian Stored Agricultural Research

Institute, partidularly in developing and

perfecting the techniques for the cultivation of

the rool and grain crops and fruite and vegetables.

e

=
»




findings

In recent years, cther research

by the research institutes in Nigeria

£y include:

(i)

)
(11)
(1ii)
&
(iv)

the develoment of nine varieties of
rice which are suited to various rice:
ecologies and whick can yield 5 - 6.5
tonnes per hectare compared with the
traditional average of about 2.3 tonnes
per hectare.
the develomment of Tive improved
varieties of maize_yielding up to 7
tonnes per hectare  compared with
traditional average of 2.5 tof;x;es
per lgectai'e.
the develoment of hybrid maize and
sorghum va:_-ieties capable of yield-
ing up to 12 and 6 tomes resepé‘t_ivelfy'.
the development of eight early maturing
and quick' regenerating varieties of <
cassava with yield potential of up'to
25 tonnes per hectare compared with the

traditional av'e_ragia of 9 tonnes: per

hectare and
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(v) +he development of special dwarf

varieties of oil-pealm which fruit.

in 2 - 3 years instead of the tradi-

ticnal varieties which take uwaﬁs

of 10 years to mature (Umebali, 1987).

The major problems it how to commmicaie
these Tesearch findings to the farmers who will
"use ihen effeciively given the necessary informa-
ticm on the climatic characteristics. Thus, in
using the various research findings of the sgricu-
ltural research institutes there is the 1_-1eec1 to
use information on the climate. Examples of tlﬁé
informztion have been.emp'nasized m the present
study.

(iii) Recommendations:

Based on the foregoing, these rcoommcﬁda‘tionl

can be made: | '

(2) There is the need for careful assessment,
of'va.r:.'Lations in climate and their impacis
on crop produciion from time 1:0‘ time.

This will make it possible to recognige

and maké possible use of informdtion an
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i

climatic variations in Figeria.
For example, farmers will lknow the appro-
priate time for planting, appropriate
time to appiy -fertili:er to crops, spray
crops against wegds and nests an'd also
irrigote farms.

{b) There is.need to set up an interdisci-
plinary c¢limate research programme for
Iigeria with the principal objectives
of,

(i) reducing the vulnerability of the
couniry's foéd systems to climate,
(ii) examining the impacts Of. man's
induced climate change,
(iii) identifying the climate sensitive
sectors of human activity and
(iv) improving c.li.ma'te impact studies
o (lebe, 1981),
(c) There is necd for detailed study of the
' suitabilily conditions of the environment
for crop productions and with particular
referénce to {the crops produced in the

couniry, in order to
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(i) choose the crop varieties which are

best suited to various localities,

and
(ii) plan modifications on existing micro

climates to increase sultability of

the environment to the variocus crops.

Thus, an adeguete understanding of

the physical environment which

influenced crop production must be

regarded as a prerequisite for

imprqving crep growth and'producfion.'
In the response to the highly variable water
balances of the different parts of thévcountry,
parﬁicularﬁy‘in £he north, early matﬁring
¢ros varieties should be substituted for the
10051 varieties fo; better and greater yields.
This will reduce the risk of crop failures
particularly during adverse weather‘and

¢limatic conditions,
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(e)

(£)

Because rainfall and evaporation or
evapotranspiration are very important
componenis of the water resource of an

area, efforts should be made to study the
characteristics of these componenis and uze
e resulis in conBerving and maxing eifi-
cient use of rainwater. TFor examplie, 1% 1is
nossible to construct wells, boréf-holes and
large reservoirs for ccllecting rainfall

aid Tunoff on farms for use in irrigation,

In areas of ‘nigﬁ ew;raporation the solle cat e
p:o’ﬁec‘ced b3 muléhing or insercropring 3o
reduc_e the rate of eva:_.jotran;spiratim. Ty
so doing the large fluctuations in food
supplies due to fluctuations in climate may
be mdué:ed. | ‘
Because of the high"bemperatures and relatiive
hunidity conditions in Nigeria, _there iz the
urgent need to provide efficient storage

facilities for agricultural produce.
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When this is done, perishable farm

¢rops such as maize, yams and cassava

az wvell as fruits and vegetables could
be beiter processed and preserved sc that
the usual of f-season scm‘bi‘q will be
reauced,

More extension Officers should be trazincd

te diseminate current research findin:s in
agriculture- and modern production technigues.
CITicers should alsc be those wiw are reody
%o live in the midst of the farmerz for

eilectiveness.

As noted Yy 0jo (1986), there is urgent

. need for

(a). research;

(b) an improvement in the acquisition
anrd availability of climetic datz;

(¢} apnlications of the knowledre of

climate in piazming, develomme:ntt

and ranagement; and
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(@) +he study of the impacts of
clinatio variability and chanze
cf human activities and the Troia-
latior of thie findings of sic:
etudies in terms of the groavos
use., 11 these should be doue nor-
ticularly with respect to noricudiure

in Tigeria.

Problems:

L e

A number of problems magy act ee congir-
aints to the imjlimen%ation of rost of wac recé-—
mnendations made above. Such problens :1-clude:

(i) lobilizing adequate resources

for the execution of most of the
progré.meé reconmended,
(ii) Poor funding of Universities and
research institutes which has become
a perenial problen J_n Higeria,

(iii) The absence of advanced scieni:fic and
technelogical lmow-how in Hige-ia Dbasic
for solving the cowntry's economic and

sccial problems,

e
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(iv) The lack of necessary equiprent
‘ for gathering climntic and otliix

relevant informaticn.

A

(v) The shortage of profescioncily
gkilled and dedicaved perscitel
for gathering climatic and othor

inform. tion. -

Otier probvlems include irregulaxr suonply of
eleciricity, inefficient commuaication syszvem, and short-
age of litrasy maverials. Aiother problem is the
ireccessibility of information generazied locaily. IExpe-

Ly '
rience showg that vital information generated in govern-—
ment offices, established social or business organizations
cr in the individual homes can be useful tut is inacces-

-sible. This is parily because most people in the couniry

have negative attitudes towards giving out information

)

for research and iis applications,
The various problems notwithstanding, there are
prospect for a successful implementziion of the sugzes-

tions made ahove. The problem of financing progTammes

"'?;_'

and researck activities can,for example,be sclved given

) . the current iniersst shown by both the federal and state

; E
i
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governments for agricultu¥al and rural deve-
lomeni progremmes. The issue of lack of infor-
metion censciousness could be solved by organizing
user education for Nigerians at various levelis.

In foct there are existing facilities such ao the
Feceral Office of Statistict, the National Librery
of Nigeria, academic, special and public libraries
that can ensure a smooth take-off of the preject.
The problem of shortage of trained and quaﬁ¢-led

persomel can be solved bty OIg”x;ulnu shert-tem:

specialist iraining programmes. Indeed, the Ligerian

Meteorological Services and the Ministry of Science
and echnology can play vital roles in prometing:

the anplication of scientific,knowledg§ to solving
problems related to the -consequences of environmental
hazards in general and clinatic disasters in varti-
cular. It is also-very necessary that-the lfinistry
sheuld collaborate with all the relevant nationzl

and international institutions in exploiting all
possible avenues fér the transfer of lmowledge, tech-
nigues and methodologaes and the possibility of adap—
tatiocn and modlflcatlon of these before they are applied

to Higeria (Ojo, 1986).

B
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Limitations of the Research:

Liie any other research, the present study
has a nuaber of limitaiions. The major limitoition of
the study is that it bas focussed on only Iive expe-
rirentel stations in Nigeria for its detailed analyses.
Adrmiitiedly, this was partly because of the aveailabi-
lity of partinent data needed for this kind of study,
and partly because of the nagnitude of informovian
involved. 4 major limitaticn was also the financial
constraint.

Anovher 1im_;1taﬁi<m concers the aveilable
climztic and crop yield data uwh‘ich -ccrvex: reiatively
short pe:‘iods and within whick some years' dsia vere
missing. A4s noted by Ojo (1986) many of the basic
climctic and otker necessary data needed for
ciimote and climate-related studies are held by
agencies other than meteorological and hydrological
service wiits while many are scattered in Libraries,
record offices and other places, ard In mosi cascs,y
they cle incon{plete, hopelessly inaccuratie and of no

use for any meaningful research or application

DI Ogramme., -
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There iz also the added limitation of

the lacic of adeguate network and coverage of the
data. For instance, Nigeria's n.etwor}: of station
is very inadequate and the oovei‘age of the available
data cannet meel the target densities set ous Ty the
WiiC for meaningful research ard climate applicavion
rrogramme. For example, the average rainfcll data
which have the best- coverage for Nigeria, have an
averace vain guage density of only about ome rain

At L

guese to about 900 square kilometers in conirasty to

&

the situaticn in Burope where the density is usually
one gusge to zbout 50 sgquare kilometres (Ayoadé and
Oyebande, 1978, cited lin.Ojo, 1986). Also less %
fort';y stations which' méasure evapora‘a‘ion.in the
country have continucn_zs measurements of evaporavion
while much less number of steiions measure parameters
such as swnshine (hours), solar and net redistim,

as well as other significant climatic parameters

(0jo, 1586).
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The ne:.d to exanine the food produstion

- in relation fo the climzte and weather patierns is

¥
a pressing one that reguires furiher invesiige-
tion. Nuch more research is needed to vaiidcue the
‘findings -reported here, and io give further incight
into the problem of climate and crop production.

kX lore research activities are needed in this
direcition.
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Appendix A 1

WEEKLY WATFR RALANCE DURING CROP

GROING SEASONS

1975 ARIU: Cassava,
Weekly |Rainfall | Perman | PEfEO} PE  [Mater Cumulative
Feriods {mm) Eo. (mm) lsurplus Surplus
(mm) or {mm)
deficits (MM)
| Stace 1
Wk, 1 5.85 78 0.501 14 - BR,16 - RS
2 7. 78 26,6 13.3 - 5,52 - 13,68
3 b.61 29.4 14,7 8,00 - 21,77
Stuge 7 .
WK, 4 18,22 | 28,3 16.8 - 557 - 27,75
5 29, 46 25.2 17.6 + 11.86 - 15,49
6 71.73 24,5 17.7 54,17 + 3R,6R
? 106,39 23,8 16.7 + 92,69 + 131,37
g 1 91.95 23.1 16,2 + 75,75 + 207,12
9 63.87 25.9 18.1 + b5 77 + 257 ,R9
10 17.86 | 25.2 1742 +  0,6f + 253,55
11 56,21 24,5 - 17.4 + 37,83 + 291,78
Stage 3 :
Wi.12 108.52 | 21.5 15.1 + 93,42 + R4, 7R
13 30,92 21.7 1 15,2 + 15,77 + 400,55
14 68,62 21,0 14,7 + 53,92 + b5k L2
15 100,1 20.3 4,2 + 85,9 + §40,32
16 69.9 14,9 10,4 + 59.5 + 59g,R2
17 13,6 14,7 10,3 + 3.3 + 603,17
18 60.8 14,0 9.8 - + 5, + A0R, 22
19 26.8 13.3 9,3 + 19.5% + 627,72
20 65,7 17.6 12.3 + 53,4 + 6R1.12
21 38.1 17.6 12,3 + 75,9 + 707,02
22 11.1 17.% | 12.3 - 1.2 + 705,82
23 R1.3 14,0 9.8 + 73.9 + 773,%
24 23.9 21.1 15,5 + AL + TR, 72
25 3.3 21.7 15.2 - 11.9 + 775,87
26 49,5 22.4 15,7 + 33.R + 209,62
Stage 4 : : - v
Wk.,27 123.7 19,4 13.6 + 110,1 + 019,72
28 72.2 18,9 13,2 + 6,7 + 925, 8?2
29 25.4° 19.6 13,7 + 11.7 + 937,52
30 118, 2 16.3 13.5 + 1047 +1042,22

e BT



. 264

o
I

Agpgndixrk 2.

e .
1976 ARIU: CASSAVA
weekly |Rainfall Penman pr/EC | PE Viater 1 Cumulative
Fariods (mm). Ec (mm) | Surplus or Surrlus
: ) | goficite (mr) () -
C. Stape 1
Wk, 1} 2.6 1,4 n.50 115.7 - 13,1 - 131
2 37.0 | 0.8 115.7 + 21,8 + A7
3 66.0 28,0 Lyh, 0 + 52,0 +  £0.7 ;
Stag_ﬂ?
Wk, b 101.0 | 2R.C 0,70 119.6 + Ry,6 + 1423
5 9R.9 | 26,6 18.6 + 20,3 + 167,¢
6 9.1 25,9 18,1 + 71,0 boa 1RLE
7 77.8 29.9 18,1 I+ .7 b os 763,73
8 28,4 26.1 18.73 + 10.1 + 258,48
9 41,8 71,0 14,7 + 211 + 2RD,S
10 33,8 70,7 18,2 + 2.3 + 3008
1y 9.5 | 20,7 o |+ 230 + 3272
S i i S
‘ﬂ-‘ ' --W‘J—IF'T; P I a 1
Stape 3= T o : :
wK.12 2.3 zn.¢ n, 70 1.1 + 16,7 + 3l
13 uaco 210?‘_' ' ]h‘7 + ?8‘.3 + 369.7
16 15.4 21.0 14,7 + 0,7 70,4
15 35.9 20,5 18,7 +1721.9 ¢ ° 92,73
16 136.6 | 20.2 cig.2 | ¥ 77 +i §67.0
17 9.9 21,7 15.1 + 20.9 + SR7.9
18 36.0 21.6 14,7 + 20,3 + 608,2
19 35.4 21.0 14,0 + 23,7 + 631.9
20 17,7 | 20.0 16.9 + 20.% + 652.7
21 9.9 | 2v.2 © 116.7 + 63,0 + 705.7
2? 8.6 ?71.8 16.4 + 21,9 + 727.6
s 5.9 23.4 16,7 S S Y + 716.5
2u un,i 2.9 16.0 + 7.4 + 19,9
25 20,5 22.9 15.7 + 4,5 + ubb
26 1298 | 22.4 15.8 |+ 107.7 + £52.1
\ !
Stape ™ ] \
VK. 27 6.8 | 72.5 | e 163 b 302 + BB2.E
2R bg,1 2s.7 \17.3 l + 27.8 + 910.4
29 109.5 | 2b.5 \17.2 ‘ + 92,3 + 1002.7
n 82.1 24,2 16.9 ‘ + 25,2 + 1027.9
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Appendix A 3
1977 ARI?: CASSAVA . .
Weexly | Rainfall| Penman |PE/EO] PE j¥ater Cumulative
Periods (rm) Eo (mm) | Burplus or Surplus
(1)} defteste (mm) § - (mom)
Stage 1 :
Wk, 1 4,2 23.5 | 0.50f 11.8 - 7.6 7.6
2 0.0 23,5 11.8 - 11.8 - 10,4
. 3 0.0 23,3 11.7 - 11.7 - 7.8
—
Stuge 2 )
Wk, 4 5.5 22,4 0.70| 15.7 + 738.8 + 7.0
5 16.2 25.7 17.9 - 1.7 +. 50
6 65.8 25.2 18.0 + 47,8 + 531
? 43.9 1 25.5 17.6 + 26,3 + 79,4
g 71.1 29,1 17.9 + 5.2 + 132.6
9 0.0 ?8.7 20.4 - 20.b + 112.2
10 109.C 28,0 20,61 + AR89 + 2011
11 103.1 28.0 1 19,6 +' 83,5 + 284.6
Stage 3 :
Wk.12 61.5 19.6 | 0.701 13.7 + 47,9 + 332.3
13 42,7 1. 19.6 13.7 + 29,0 + 361.3
14 . 24,5 18.6 13.0 + 11.8 4+ 372.8
15 15.0 18.5 I 12.0 + 221 + 394.9
16 26.4 | 18,9 13,2} -+ 13,2 + 08,1
17 21.7 17.5 12.3 + R + B817.5
18 108,3 | 16.1 : 11.3 + 97.5 + 5150
19 82.4 16.0 11.2 + 7,2 + 5R6,2
20 B6.4 20.3 14,2 + 72.48 + 658,6
21 38.5 20.1 14.1 + 24,4 + §£83.0
22 68,2 19,8 12.9 + 54,3 + 7373
23 L.g 22.1 15.5 « 11,0 +.726.3
2b 98.6 21.7 15.2 + 83.4 + 809.7
25 185.71 21.9 - 15.3 + 170.5 + 980,2
26 27.8 | 21.9 . 15.3 + 14,5 + "199L,9
Stage U
Wk.27 108,2 23.3 0.70! 16.3 + 91,9 + 1086.9
28 51.7 23,1 16.2 + 35.5 + 1122.3
29 38.6 23,2 : 16,2 + 22,4 + 11564,7
30 40,9 | 23.0 16.5 + 2u.4 + 1169.1

i -
.

e
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ARYU: = CASSAVA

Weekly |[Rainfall| Penman |PE/EO | PE |Water Cumlative
Pertods (rm) EO {mm) | surplvs or Surplus
(mm) deficite (mm) {em)
Stage I
Wk, 1 10,1 22,6 0.50 }111.3 - 1,2 - 1.2
2 23.2 ] 22.4 11.2 | + 12.0 +  10.8
3 0.0 21.8 10.9 - 10.9 - 0.1
Stage 2 A
Wk § 65.6 | 21.7 ] 0.70 {15.2 + 50,4 +  50.3
5 22.9 22.9 16.03 + 6,87 + 57,17
6 24,0 22.9 16.03 + 77,97 +  65.14
7 92.6 22.h 15.7 + 76,9 + 76,9
8 90.6 | 22,4 15.7 + 7.9 + 151.8
9 53.9 25.7 17.9 + 26,0 + 177.8
10 6b.6 25.3 17.7 + 46,9 224,
11 B 2% | 25.0 17.5 + 19.6 + 244.3
Stage 3 : :
Wik,12 25.6 2h,5 0.70 [17.2 + 8.4 + 2%52.7
13 126.2 | 21.5 15.1 + 109.1 + 361.8
14 - 2.2 21.0 15,7 ] - - 12.5 + 3469.3
15 106.93 20.9 14,6 + G1.7 * Uh1,0
16 23,6 20.3 14,2 + 220.4 + 661.4
17 2.2 20.0 14,0 - 11.8 + 649.6
18 2.1 19.5 13.7 - 11,6 + 638.0
19 11,9 20.0 14,2 - 2.3 + 635.7
20 134.9 19.4 15,0 + 120.9 + 756.6
21 Lo, 4 19,2 13.4 + 27,0 + 783.6
22 68.4 19.4 13.6 + 54.8 + 838.u
23 55.2 19.0 13.3 + 41.9 + 880.3
2u us.n | 21,7 15,2 + 27.8 + 910.1
25 15.5 21.0 14,7 + 8.3 + 913.9
26 159.1 20.9 14,6 + 1246 + 1063.5
Stage &
Wk, 27 16,1 22.6 0.70 |15.8 + 0.3 + 1063.8
28 32,2 22.4 15.7 + 16.5 +1083.3
29 89.9 21.8 15.7 + 74,6 + 1154.9
30 106.9 | 22.3 15.5 + 91,4 + 1265,3
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Lopendix 4 §

1979 TITA, IBADAN: CAGSAVA
Weekly |Rainfall |Penman PE/EO | PE VYater | Curmlative
Periods (rm) EQ {mm) Bkurplus or Surplue
{(mm) fieficits (mm (rm)
Stage I
Wk, 1 1.9 36,47 | 0.50 18,2¢ + 13,79 + 13.7%
2 7.9 31.01 15.51 - 7.6 + 6.15
b 41,231 33.39 16.70 + 24,53 + 30,68
Stage 2
Wk, U 104,98 § 35.7 0.70 | 24,99 + 79,59 +110.27
5 38.71 | 27.16 19.01 + 19.7 +129.97
) 22,68 | 28,28 19.80 + 2.88 +132.85
7 5,81 1 36.96 25.87 - 20.06 +112,79
8 66.27 | 27,44 19.71% + 47,08 +159.87
9 26.32 27.36 19.15 + 7,17 +167.04
10 bs,78 § 27.72 19.40 + 26, R +193,42
11 68,92 1 22.66 16. %6 + 51.76 +245,18
Stage 3 :
Wk, 12 36,12 | 28.7 | 0.70| 20,09} +16.03 +261.21
13 40,99 | 30.94 1 21.66 + 18.73 +279.94
14 30,67 { 23.17 16,22 4+ 24,45 +304.,39
15 28,99 | 23.03 16.12| + 8.87 +313.26
16 3.29 15.61 10.93] - 7.64L +305.62
1?7 3.57 | 11.34 7,94 - 4,37 +301.25
1R 27.58 1 18,9 13.23 + 14,35 +315.6
19 $.53] 15.96 13.17| - 5.64 +309.96
20 16.8° | 22.05 15,601 + 1.56 +311,52
21 62.791 21.77? 15.24 + 42,9 +354, 42
2 106.4 28.42 19.89 + B8.8) 433,23
23 69.3 | 25.13 17.59 + 61,17 +hot b
24 59.5 25.9 18.13 + 30,99 +524.99
25 49,98 | 28.b42 19.739 - 17.87 +507.12
26 0.0 | 25.55 17.871 - 17.87 +489.25
Stage &
fk. 27 o.77| 28.35| o0.70] 19.85| - 19.07 +468.18
28 23.17 | 20.88 18.82 + b, 25 +474,43
29 22,471 21.21 14,85 + 7,52 +481.95
30 20,77} 27.3 19.13 + 1,66 +483.61

e 2y i e o4 = e, AT

O e S ol
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o Appendix & 6.
5 |
1976 IITA, IBADAN: CASSAVA
Weekly | Rainfall | Penman | PE/EO PE {Hater Cumulative
Periods (mm) EO {mm) purplus or Surplus
| (vm) Heficits (mm) {mm)
’ Stapge I
' Wk, 1 0.0 | 43.26] 0.50] 26.63| - 21.67 - 21.63
2 30.52 | 44,8 22,4 § + 8,12 - 13,81
3 16,29 ] 32.83 16,42 22,1 - 35.61
Stave 2
Wk, 4 35.0 38.99 | 0.70 | 27.29 + 7.7 - 27.9
5 81,02 | 35.98 25.19 | + 15.83 - 12,09
' 6 44, 871 36.96 25.87 + 19,0 +  6.93
? 16.03 | 33.88 23.72 - 7.69 - 0,76
8 43.19 | 35.84 25.09 + 1R,1 + 17,34
9 15.89 | 135.98 25.19 - 9.3 + B.04
1C 5¢.01 36.96 25.87 + 33,14 + UL1.1R
11 -1 100.59 ] 931.85 22,90 + 79.29 + 19.47
i Stage 3
Wie, 12 58.59 | 38.99 | 0.70{ 272.24 + 31.3 + 150,77
13 40,6 23.5%9 16. 54 + 24,09 + 174,86
14 . 4,691} 22.89 16.02 - 11,33 + 163.53
. 15 21.0 29.75 20.83| .+ 0.17 + 163.7
16 17.92 31.29 21.90 - 3.98 + 150,72
' 17 0.0 21.91 16.3 - 15,35 + 144 38
) 18 0.681 26.32 18,42 - 17,44 + 126,94
5 19 0.981 27.23 19.12 - 18,14 + 108.8
' 20 0.0 24,22 . 16.9% - 16,95 4+ 91,85
21 63.0 25,34 17.7% + b5 26 - +137.11
22 14,07 | 28,56 20,0 - 5.93 +131.18
23 21,0 27.79 19.55 + 1.55 + 132,73
24 61.6 28.28 19.80 ] -+ 41.R +.174, 53
25 67.2 29.19 20,40 + 46,8 + 221,
26 | 66,29 § 131,99 22.%9 + 43,9 4+ 265,23
3 Btage 4
T Wk, 27 20721 272.791 0.70 | 19.4% + 1,27 + 266.5
; 28 1. 0.0 | 30.8 21.56 | - 21.56 + 204,94
oo 29 0.0 27.58 19.71 - 19,33 -+ 225,63
30 0.0 | 28,b2 19.89 | - 19.89 + 225.59
y

;
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TITA, YBADANS CASSAVA

1972
Woeexly |Rainfall |Penman PE/EO | PE |Water Cyrmlative
Periods | (mm) EO {mn) |surplus or Surplus
() deficits (mm) (mm)
Stage 1 '
Week 25.9 | 35.7 0.0 1 17.85| * R.55 + 8.5
2 27.37 | 30.94 15.47 + 11.9 + 20.45
3 209,72 | 28.91 14, b6 +195.26 + 215.71
Stage 2
Wk, U 5.6 31,01 | 0.70 | 21.71 - 16.11 + 199.6
5 15.89 | 30.38 21.27 - 5.38 + 1942
6 52,0 33.6 23.%2 + 18.48 + 2127
4 3.3 | 37.38 26.17 + B8.13 + 220.83
8 21.0 33.67 23.957 - 2.57 + 218,26
9 .71 1 26,39 18,47 + 13,28 + 231.5
10 87.87 1 .58 24,21 + 63.97 + 295.07
11 0.0 26,04 18,23 - 18.23 + 276,84
Stage 3 ‘
Wk, 12 5.19 | 26.81 ] 0.70 | 18.77 - 3.58 + 273.26
13 10.71 | 20,02 .01 | - 3.3 + 269.96
14 17.22 |. 23.17 16.22 + 1.0 + 270.96
15 - 16.1 17.78 12.45 4+ 13,65 + 274 61
16 - g8.62 | 20.ut 14.31 + 75,31 + 348.92
1? 9'52 19025 l3.h8 ' - 3-96 + 3““096
18 50.12 | 16.1 11.27 + 33.85 + 383.81
19 8082 21'91 70?7 + 1.05 + 38“.86
20 2u,03 | 20,02 15. % + 9.09 + 393,95
21 100.03 | 24,08 14,01 + 86,02 + 479,97
22 26/18 | 23,24 16.86 + 9,% + 489,26
23 26,83 ] 24.57 17.20 + 7.3 + 96,56
24 40,53 ] 30.17 21.12 + 19.41 + 515,93
25 u6.27 | 28.92 17,04 + 28.83 + suh, 76
26 59.43 1 30.3% 21.22 + ], 21 + 582,97
Stage &
Wk, 27 16,271 28,77 ] 0.70§ 20.14 + 6h.13 ~—+ 6§37.1
28 20.3 | .26.81.] 18.77 + 1,53 + 638.63
29 0.0 | 25.51 1h,36 < 18736 + 624,27
30 0-0 26.% ‘8-82 - 18‘82 | -+ 605."‘5
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Appendix A 8

- = b, ¥
1978 IITA, IBADAN: CASSAVA
Weekly | Rainfall {Penman | PE/EC PE | Water : Cumulative
Periods | (mm) EO (mm) | surplus or Surplus
() deficite {(m) (om)
Stage I )
Wk, 1 16.8 36.68] 0.50] 18.3 - 1.5 - 1.54
2 2.59 | 43.82 21.9 -19.32 20.86
3 27.3 { 45.9 22,9 + .3 - 16.55
Stage 2 .
Vik, W 7.0 41,9 0.70] 29.h4 - 272.35 - 38.9
5 57.12 | 35.0 28,5 + 32,62 - 6.28
6 9.03 | #1.0 28.7 - 19.68 - 25.96
- 1. 7 28.68 | 38.4 26.9 + 1.73 - 2,23
"‘_;_3 9.73 | 36.3 2%.4 - 15.65 - 39.88
9.4 28.49 1 36.5 25.6 + 2,93 - 36.95
1015 35,78 | 32.9 22,1 + 12,9 - 28,05 .
11 0.7 | 265 "7t 18.8 - 18.07 -

42,12

¥k, 12 |+ 59.01 | 272.5_|_0 70 =25, 55075 - @3
13~ -2, 80t 22.2 + 19,38 + 17.01
1h | uT92 | 18.9 13.3 + 29 Lk + 38,45
15_12717.99 | 21.8 18,70 .5 308 + b,h9
167 et ey 18.8| ‘+2hs8 | + eb.07
,ﬁdf"&?"zgg;&?fs - 20.4 LY + 324 + 69.31
e “18W1 30.1 | 16.2 113 +.18.78 + 88,00
A 19 9.38 | 22.2 15.5 - 6.16 U 81.95
: “ 1 20 6.02 |- 18.7 13.1 - 7.06 + 74,88
7 21 29.68 | 23.6 16.5 + 1317 + 88,05
22 85.12 | 22,6 15.8 1+ 69,29 +157.34
23 18.13 | 25.4 -17.8 + 0.% + 157.68
24 67.79 | 29.7 20,8 + 48,97 + 206,65
25 19.56 | 22.8 15.9 * 3.9 + 210,56
26 86,31 | 33.B 23.6 + 62,64 +273,2
Stage 4 ' . - )
Wk, 27 .01 | .0} o.70] 23.8 + 7.2 + 280.4
28 0.0 | 32.6 22.8 - 22.83 + 257.57
29 0.0 | 28.6 19.9 - 19.89 + 237,68
30 | 0.0 | 30.5 21.3 - 21,32 + 216,36
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1975 ARIU: MAIZE
¢ Weekly fRainfall |Penman PE/EO | PE | Water Cumulative
Periods (rm) EC " (MM) | serplus or Surplus
() ! deficits (mm) (rom)
Stage 1 }
Wi, 1 5.84 28,0 | 0.50] 4.0 - B.16 - 8.6
2 7.78 26.0 13.3 - 5.%2 - 13.68
: .
Stage 2
Wk, 3 6.61 29.b 0,90 | 26.5 - 19.89 - 33.57
u 14,22 | 28.3 25.5 - 11.28 - L .85
5 29.46 25.7 22.7 + 6.76 - 738,09
6 71.37 | 2.5 72.1 + 49,27 + 11,18
7 109.39 23.8 21.b6 + A7, 99 + 99,17
&
Stace 3 ' '
{¥k, 8 91.55 23.3 | 1.20 20,8 + 71.15 + 170,37
9 63.87 | 25.9 3.1 + 32,77 + 203,09
10 17.86 | 25.2 30.2 - 12,9 + 190,75
11 55.21 24,5 29.4 + 25.81 + 216.96
12 108, 52 21.5 2R.8 +.79,72 - +.296.28
13 30.92 21.7 , 26.0 + 4,92 + 90,12
) 1 | e8.62 } 21.0 25,2 | + 1362 + Yu 62
o3 : 15 | 100.1 20.3 24,4 + 75,7 + 420,32
; 16 69.9 14,9 17.9 + 55,0 + 475,32
Stage 4 ,
Wk, 17 13.6 1b.7 0.65] 17.6 - 4,0 + 471,32
18 60.8 BLNY 1B.8 + 43,2 + 518,52
. 19 26.8 13.4 16,0 + 10,8 = + §29,32

-~
o
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Appendix A 10

1976 ARIU: MAIZE
Weekly |[Rainfall | Penman | PE/ED PE Vater Cumulative
Periods (rm) EQ (mm) | surplue or Surplus
(mm) daficite (mm){. (mm)

Stape 1

Wk, 13 2.6 31.4 0,852 15,7 - 131 -« 13,1
2 37.0 30,4 15,2 + 22.2 + 9.1

Stage 2

Wk, 3 66.0 28.0 n.on | 25,2 + 30,8 + 139.9
4 101.2 8.0 ?25.72 + 76,0 + 115.9
5 38,9 26.6 23.9 + 15.0 + 1%0.9
6 39.1 - 25.9 23.3 + 15,8 + 4R, 7
7 77,8 25.9 23.8 + 54,5 + 201.2

Stage 3

Wik, 8 28.8 | 26,1 | 1.20 |23.5 | + 4.9 + 206.1
9 41.8 21.0 26,2 + 16,6 + 222.7
10 . 33.8 20,7 24,8 + 9.0 +231 .7
11 37.5 20.13 28,6 +12.9 + 244,46
1?2 28.3 20,2 244 + 3.9 + 2uR.5
13 43.0 21.2 I 25,4 + 17,6 + 266,1
14 15,4 21.0 25,2 - 9.8 + 256,13
15 35.9 20.5 24,6 + 11.3 + 267.6
16 134.6 20,2 24,2 +112.4 + 380,00

Stage &

Wk, 17 89.9 21.7 G, 50 26,0 + 63,7 + La3. 7
18 . 36.0 21.6 25,2 + 10,8 + 4si g
19 35.4 21,0 25,2 + 10,2 + LAu 7

Lo -
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Appendix A 11

¥

1977 ARIU: MATZE
Weekly | Rainfall| Penman | PE/EO PE Water Cumulative
Periods (v} jixs) (»m) ] surplus or rurplus
, (rm) deficits (rm) {mm)
Stage 1
Wk, 1 5,2 23.5 | 0.50 | 11.R - 7.6 - 7.6
2 ‘0.0 23.5 11.8 - 11.8 - 19.b
Stage 2
Wk, 3 0.0 23.3 0. 50 2:1.0 -~ 21,0 ]
4 54,5 22,4 20,2 + 34,3 + 61
9 16.2 25.7 23.1 - 6.9 - 0.8
6 65.8 25.7 22.7 + 43,1 + Ub2.3
4 43,9 29.5 23.0 + 20.9 * 63,2 -
Stage 3 ‘
Wk, 8 71.1 23.1 1.20 | 25.2 o+ L4, 9 + 107,1
9 0.0 28.7 s USY 'S N L + 78,7
10 | 109.0 | 28.0 33.6 |+ 154 +150.1
11 103.1 28.0 33.6 + 69.5 + 219.6
12 61.4 19.6 23.9 -+ 37.9 + 257.5
13 52,7 19.6 ?3.% + 19,2 + 276.7
10 24,5 18.6 22,3 + 2,2 + 278.9
15 5.0 18.5 22,7 + 12,8 + 201.7
16 26.4 1R.9 22,7 - 3.7 + 295,4
Stage 4 :
Wie, 17 21,7 17.9 0,80 21.0 + 0,7 + 296,1
18 108,8 1€.1 19,3 + R9,5 + 385,6
19 Rz.4 16.0 19,2 + 63,2 + 448.8

UL B
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Appendix A 12

1978 ARIU: MATZF
Waokly ainfall | Panman | PE/EO PE Pater Cumulative
Periods {(mm) EQ (rm) Eurplus or surplus
{mm} Heficits {(mm) (mm)
Stage 1
WK, 1 10.1 22.6 0. 50 .3 - 1.2 - 1.2
2 23.1 22,4 11.2 + 11.9 + 10,7
Stage 2
Wk, 3 0.0 21,8 | 090} 18,62 | ~ 19,67 - R92
6 | 65.6 21.7 10.53 | + 46,07 + 37,15
5 22.9 72.9 70,611 + 2,29 + 39.4t
6 24,0 22.9 20.61 + 3,39 + L2,R3
7 Q2.6 22.4 : 20,16 + 72.uk +115§,727
Stage 3| -
Yk, 8 90.6 22.b 1.20 20,16 | + 70,44 + 1R5. 71
9 43,9 - 25.7 : 30,80 + 13,06 + 193,77
10 | 6u.6 25.3 n, 36} + .26 + 233,04
11 | 37.1 25.0 ) 30.0 [ + 7.1 + 200,11
12 | 2s5.6 24,6 209.6 | - 1.8 + 276,31
13 | 124,2 ?1.5 25.8 + 948.4 + 334,71
14 2.2 21,0 26.2 | - 23.0 + 311,71
15 | 106.3 20,9 25,08 | + B1.z7 + 292,93
16 234.6 20,3 25,361 +210,2h + 603,17
Stage U
Wk, 17 2.2 20.0 0,80 | 24,0 - 21.8 + 581,37
18 ¢.1 19.5 1 23,4 - 21.3 + .560,07
19 | 11.9 | 20.0 Con.t ) - 12,1 + 547,97
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1975 IITA, IBADAN: MAYIZE
Yeakly | Rainfall | Penman | PE/EO PE Water Cumulative
Pericds () EO {rm) | surplus or surplus
(mm) deficits (mm) (mm)
Stare 1
Wk, 1 31.99 36.471 0,50} 1R,24 + 13,75 + 13,75
2 7.91 31.01 15. 51 - 7.6 +  6.15
Stage 2
Wi, 3 41.23 | 13,30] o0.o0f 135,05] + 11.18 + 17.33
4 104, 58 35.7 32,13] + 72,45 + Ra, 78
5 38.71 27.16 2u b} 4+ 14,77 + R6.72
6 22.69 | 28.28 2s.u5| . 2,77 + R3,95
? 5.8 36.96 b, 36 -3z.54 +  4s. b1
_-/ Stape 3 ) ‘
= Wk . 8 ] 66.29 | 27.uu} t,20] 32,88 + 3. + . 78,82
‘,.——-"‘”" ™= 26.32 20, 0% 533.95 - 9.63 + 69,19
© 10 | Tasvet 29.72 33.26| + 12,52 + 81.7m
13 68.32 | 23.66 25.39 + 39,03 - + 121,64
12 36,12 28,7~ W k| + 1,68 + 123,32
13 40,39 | 30.54 W33 + 226 + 126,58
14 80,67 | 23,17 27.80} + 12.R? + 139,45
18 24,99 23,03 27.68] - 2,65 + 1356.R
16 3.29 15.61 10.15] . 4,86 + 129,94
Stage 4 ‘ o
Wk, 17 3.57 | 11.35) C0.65] 7.35] - 3.2 + 126,14
18 27.58 | 11.35 7.35] + 19.12 + 185,27
19 5.52 10,33] - 10,3 + 131,08




Y,

E3)

e e bty

276

Avppendix A 14

1876 IITA, IBADAN: DMAIZE
Veeidy {Rainfall | Penman |PE/EC PE  (Water Curmilative
Feriocs {mm) EQ (mm). |surplus or Surplus
{ren) : deficite (mm) (mm)
Stage 1
Wi, 1 0.0 by;26 1 0,50 | 21.63 | - 21.63 - 21.63
2 30, 52 Lh 8 2.4 + B8.12 - 13,51
Staze 2
Kk, 3 14,21 32.83 | 0.90 | 29.5% - 15,3 - ?R,R§
u 35.0 383.99 15,09 - 0,09 - 28,94
5 41,072 35.98 32.3% | + R,64 - 20,3
6 Ll 87 36.96 13,26 1+ 11,61 - R,60
7 16.03 1. 23,88 30.5 - 28,63 - 33,32
Stape 3 _
W, 8 43,19 35.88 | 1.20 | 43.00 + 0.18 - 3.4
9 15.8¢ 35.98 83,18 | ~ 27.29 - 60,43
10 59.01 36.96 bh 38 + 14,66 - u5,77
11 100.59. | 31.85 8,22 + 62,37 + 16,6
12 58. 59 38.99 bg,79 {1 +11.8 + 28,4
13 40o.6 23,59 28.31 +12,29 + b0,69
14 L,69 | 22,89 27,87 | - 22,78 + 17,9
15 21.0 | 29,75 35.7 ] - 14,7 +  3.21
16 17.92 31.29 26.3
Stare 4
Wk, 17 0.0 23,91 | 0,65 | 18,20 o 2,42 + 0,79
1R 17.92 21,9 16,24 - 14,24 - 13,45
19 0.98 27.23 17.70 + 2.58 - 10,97

[ SN
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Appendix A4 15

—— e el

1977 IITA, IRADAN: MATZE
Weekly {Rainfall | Pemman 1 PE/EQ pE Water Cumulative
Periods (mm) EC (mm} ]surplus or Surplus
(rm) deficits (mm) {(mm}
Stage 1 '
Wik, 1 16.8 36.A8 ) 0,50 |18, - 1.5 - 1.54
T2 2.59 L3, 82 2i.n - 19,32 20,86
| Stage 2 o~
= Wi I~ fem27.2.0 | 85,997 0.92 81,39 - 18,09 - 3,95
L 7.0 41,95 37,74 - 0.7 - £5.69
5 s7.12 | 35,0 1,5 + 25,42 &0, 07
6 9.03 Li.o? 1k, 07 - 27.8% £7.96
7 28,43 BRI ub,1? < 17.49 85,45
Stage 3| .o
Wik, B=t—"79.73 | 36.26 | 1.20 j43.51 | - 32,7 o~ 119,23
= 9%l 28,49 | 36,57 Pu3.82 1 - 15,33 - 134,56
}Q;;?’ 35.98 32.97 39. 56 - 3.53 - 138,14
bt | 0.7_ | 26.81 12,17 1 - 31.47 - 169,61
12§ F5, 00~ sttt ) e 330 | 4 2600 - 143,61
13 41.58 | 1.7 38,05 | + 3.53 - 140,08
14 3.7 18.97 22,7 + 11,96 - 128,12
15 17.99 21,35 4- 25.62 - 7.63 - = 135.75
1€ L3.4 26488 17.87 { + 25,93 . - 109,82
Stage 8| - '
Wk, 17 17.5 20,37 | C.65 113,24 | 44 4026 - 105,55
18 59,02 16,1 1.5 + 39.5 - 3.9
19 8.82 21,91 14,24 - 5.42 - 71,48
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Avppendix A 16

1978 © IJITA, IBADAN: MAT’E
Weekly [Rainfall |Penman PE/EC | PR lWater Curmulative
Periods (gn) EO {mm) lsurplus or Surplus
' (rmm) deficits (mm) (rm)
Stage 1 »
Wi, 1 .9 35,7 | o.50 .} 17.85 1 + B.05 + 8.05
L2 27:37 | 30,90 15,2 | + 11.9 + 19.95
Stape 2
Wk, 3 209,72 28,91 | 0,90 | 26,01 | +1°%71 + 203,66
L 5.6 31.C1 27.91 - 22.M + 181,75
5 15,8 30,38 | .- 99,3 ] - 11.b5 + 1A9,9
6 fhr 135.6 0,24 + 11,76 + 181,66
7. 34,7 32,0 bl BA - 10,56 + 1711
Stage 3 . '
Yk, 8 21,0 37.67 | 1.20 ] 40,40 - 19.4 +151,7
9 3.7 26.35 3,67 | + o.04 + 151,78
10 87,78 34, 58 b3, 50 + 0§, 28 + 196,07
11 0.0 26,04 91.26 | - M.25 + 166,77
1? 15,19 26,81 32.17 - 16,98 + 167,79
13 10.71 20,02 24,02 - 121 + 138,48
14 17.2¢ 23.17 27.80 - 10.58 +123.9 -
15 16.1 17.78 21.36 - 5,24 + 118,66
16 B8R, 62 | 20,44 13.29 + 75.33 + 193,99
Stage b .
vk, 17 9.52 | 19.25 | 0.65 |12.51 | - 2.99 4+ 191.0
18 .11 16.17 10, 50 + 19,60 + 210,6
19 2.38 22.19 16,6 - 5.0? + 205.6

P
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Appendix 4 17

1970 ARIS: SORGHUM
Weekly {Rainfall | Penman | PE/EO PE Water Cumulative
Periods (wm) EO (mm) | surplus or Surplus
(=) deficits {mm) (rm)
Stage 1
Wk, 1 42,7 40.6 0.55 | 22.33 20,37 + 20.37
2 28.7 by,7 22.94 5.76 + 26,13
' Stage 2
Wk, 3 24,5 42,7 0.80 | 27,76 - 3.26 + 22,87
b .3 41,3 26,84 + 7,46 + 26,13
5 24,5 39.2 25,88 | - 0,98 + 29.35
6 24,5 37.1 27.R2 - 3.73 + 26,02
” 42,35 3.6 2R, RA + 13,47 + 39,49
B _1.48D,2 32.9 § ou.68 + 15,852 + 75,01
Stage 3
wk-_ 9 96.6 ??a:‘ - 1:0? 2?.3 b 6903 + 1’-‘“‘.31
10 7,4 31.5 : 31.5 + 39.3 + 184,21
11 49,139 25,2 25,2 + h1,15 + 225,36
12 25.2 | 301 30.1 - b4.9 + 220,u6
13 85.2 30,8 30,8 + 54,4 + 274 R6
14 66.5 28.7 29,27 + 17,23 + 312,09
15 37.8 30.8 31.42 + 6, 38 + 318,47
16 18.2 .3 3,99 - 16.79 + 301,68
17 16.5 32,4 33.05 - 16.55 + 285,13
18 0.0 36.4 37.13 - 37,13 + 2u8,0
19 0.0 3.4 37.13 - 37.13 + 210,87
Stage 4
Wk, 20 4,9 39.9 | 0.50 | 19.96 15.06 + 195,81
21 0.0 35.7 | 17.85 - 17,85 + 177.96
22 0.0 35.0 17.5 - 17,5 + 160,45
== R U o
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Appendix 4 18
1972 ARIS: SORGHUM
Weekly | Rainfall { Penman |{PE/FO| PE |Water Cumulative
Periods {om) EO . {mm) { surplus or Surplus
(mm) de€icits (mm) (rm)
Stage 1
Wk, 1 86.1 41.79 | 0.55{22.98 + 63.12 + 63,17
2 61.5 38.33 21,08 ] + 40,42 + 103,54
Stage 2
Wk, 3 6.4 .86 | 0,80 127,891 + R,51 + 112,05
4 26.74 32,2 25,761 + 0.98 +113.03
5 16,57 29.54 23,63 - 7.1 + {n5,9?
6 26,32 | 35.35 28,28 | - 1.96 4 103,96
7 36,02 39.27 3.42 + 8,6 + 108, 56
a 47,71 36,26 29.01 + 1R,7 + 127,26
Stage 3
Wk, 9 21.3% | BL2.1b ] 1,0z [b2,48] + 20,78 + 148,04
10 37.87 33.95 33.95 + 3,92 + 151,96
11 5.9 31.08 11.08) + 22,82 + 194,78
12 48,16 | 38,43 W® L3Il + 9.7 -+ 184,51
13 94,08 W, 76 W.76F + 59.%2 + 243,83
14 7,2 36.55 .27{ + 36.93 + 2R0.76
15 |  B.5 37,42 38,17 - 29,83 + 251,113
16 26,67 W65 35,34 - 8,67 + 242,46
1?7 13.51 40,1R o BRE - 27,47 + 214,99
18 26,6 41,09 41,9 - 15.31 + 199.68
19 13.51 38,43 39,20] - 25.69 +173.99
Stage &4
k. 20 26.81 39.76¢ 0,50 19.88 + 6,93 + 380,92
21 3.01 38,43 19,22 - 16,21 + 164,71
22 ", 0 L0, 7% 20.37| - 20.3 + 144,30
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Appendix A 19

1973 ARIS: SORGHUM
Weekly | Rainfall | Penman }PE/EO PE Water Cumilative
Perioas () EQ {mm) |surplus or
(mm) deficite (mm)
Stage 1
Wk, 1 22.96 3,19 | 0.55 | 23.75 - 0.76 - 0.76
2 43,65 1 43,26 27.79 + 19,R4 + 19.1
Stare 2 e |
3 36,89 | 83,26 |TOIRN-y3, 61 + 2,28 + 21,38
4 F.45 43,19 34, 55 - 25,1 - 3.7
5 2R, 28 40, 81 .65 - u,37 - BR,09
6 b?,16 40,32 37,36 + ju,R5 + 6.7
e P 38,78 u?,71 33,77 + 0,01 + 8,77
. ! 20,44 17,87 N, 29 - 12,85 - 7.0
9 75.88 33.53 | 1.02 | 33.53 + 42,35 + 3525
10 55. 44 30,8 30.8 + 24,6 +59.89
11 e hBe5s | 28,07 28,07 | + 18,48 . + 78,37
12 37.66 | 27.06 27.06 + 40,6 + PBR,97
13 61.25 27,09 27,00 | VT3,2 + 123,13
14 R, 54 28,14 7R, 70 + 56,1 + 173,27
15 £C, 06 36.95-4- 37.70 + 22,4 © 4+ 201,63
16 L9, 21 |- 3,74 3,43 + AL R + 216,83
17 | 117,67 | 31,01 raa*-’3]463 + R6,0L + 302,27
AT TE R L .72 ' 35.51 47, 34 + 330,34
19 20,09 | 32.69 33,38 13.3 + 317,0
|
Stame 4
bk, 20 0.0 33.6 0.50 | 16.8 - 16,8 + 300,29
21 0.0 33.71 16,86 - 1,86 + 2R3,43
22 0.0 33.15 ~ 16,88 + 266,85
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Appendix A 20.

1974 ARIS: SORGHUM
Haekly |Rainfull | Penman |{PE/EO | PE {VWater Cumulative
Periods (rmm ) (wm) |surplus or Surplus
(mm) deficits (mm} (mm)
Stage 1
Wi 1 21.14 43,45 1 ¢,55 1 23.9n - 2,7 - 2,7
? 43,19 | 39.9 21.95 + 21,24 + 1R,4R
Stuge 2
3 65. ?h ulou‘] OORO 31.]3 + 3?011 + Sn' Sq
b 81.34 u2.9i 34,33 + 47,01 + 97,59
5 16.1 319.27 3.2 1 L 15,32 + ‘82,27
.6 | 2513 35.68 2R.50 § - 3.37 + 78,9
V] 3,16 3,51 27,61 + 6.55 + RGBS
8 55.R4 33.39 26,73 + 29,15 + 118,.6
Stage 3
kk., 9 45,01 31.33 | 1.02 | 31.96 + 13,08 + 127,65
10 78,26 | 29.26 29,85 | + 43,41 + 176,06
11 60,66 33.07 | 3067 + 29,99 + 206,06
12 43,08 30.87 31,49 + 11,56 + 217,61
13 £7.24 23,27 13.96 | + 33.28 + 250,89
14 51,42 15,7 26,143 + 55,01 + 305.9
15 71,12 | 31.61 32,28 | + 37,08 + 344,78
16 50,82 27.51 2R, 06 + 22,76 + 267,54
17 €7.10 3.7 32.% + 3,76 + 102,30
18 83.37 35,9 36,63 + be, 7 + Lhg 0L
19 38026 3""‘03 3".0‘) - 6073 + Mz' 31
Stage &4
Wi, 20 68,18 35.7 0.5 | 17.85 + 50,33 + L92,6U
21 0.0 35.7 17.65 - 17.85 + 478,79
22 0.0 39.9 19.95 | - 19.95 +.Lsu.Bh
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Appandix A 21

2
4 1970 ARTK: SORGHUM
4
Weekly | Rainfall | Perman | PE/EQ FE Water Cumulative
Pertods |  (mm) EQ {rm) | surplus or Surplue
() deficits (mm) (mm)
Stage 1
Wk, 1 2.5 43.3 0.55 { 22,9 + 9.8 + 9.8
0 2 b, 06 uy,.2 22.6 - 18,54 - R.7
,25’5;6 1 1016 41.9 0.8 | 32,52 - 22,34 - 32,10
- ™ 4 8,38 10t nt e 1m0 | - 23,70 - 55,80
__ﬁ:f'—" 5 0.0 40,0 . 42,0 - 2.0 - 87,80
e — 6 31.50 | 80.8 : 7. € - 1.1 | - 88,90
R _ 7 95. 50 33.9 27,1 + £R.4 - 20,5
e 8 L B0L77 4 32,9 26,32 | 4+ shohs + 73,95
- e . it » _ o] i
et
“lage 3 :
. Kk, 9 34, 80 32.06 | 1.02 | 32.06 * 2,74 + 36,69
' 10 96. 01 31,96 I 3196 + £4,0% + 1IN0, 7
i1 53.03 | 31,225~ 31.22 + 21.87 + 127,61
12 87.63 | 311 3.1 + 56.53 + 179,14
" 13 20,92 | 2n 5 22,51 - 10,19 + 168.95
Y 14 60,20 29.5 29.5 - 9,18 + 159,77
15 10C. 55 28.3 .} 28,8 + 71,78 + 291,58
16 _[.~69.607| 38,09 ] W 77| o+ 3,83 + 266.38
- 717 €2,58 35.2 35,90 | + 32,48 + 299,06
18 2.0 34,0 34,68 - W 68 + 264,38
19 0.0 73,4 30,67 - 35,07 + 290,71
Stuge 4
& ¥k, 20 0.0 35.19| o.50 | 17,60 ~ 17,0 + 212.7M
21 "0 32.49 16.25 - 14,25 + 196,46
. 22 10,16 32.2 16.1 - 5.9 + 190,52
L
l*,—l'
4.2
ok - -
A o e i e eyt s Rt =
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Appendix A 22
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1972 ARIK: SORCGHTM
Weekly |Rainfall |Penman |PE/EC : FE Water Cumulative
Pariods (mom) EO (mm) | surolus or Surplus
(mm) deficits (mm) (mm)
Stare 1
Wk, 1 40,20 L4, 0.5% | 24,25 + 35,95 + 35.95
2 17.02 41,3 27,72 - 5.7 + 30,25
Stupge ?
Wk, 13 77,78 ub 8 0,90 | 40,32 - A58 + 3.7
4 u2.67 42,0 37,8 + 4,R7 + 2R,68
5 14,99 36.4 32.8 - 17,81 + 10,7
& n,57- | 3.8 — 3z.R - 28,23 - 17,b&
e =2 | 2,30 (T 3.2 32,6 - 29.3 - UR,76
8 18,00 76.1 37.5 - 13.7 - AN LA
Stage 3| .. _
] Wk, = ~43.72 1 35.0 1.02 | 35.7 - 21,6R - B2.,u4
24,64 3.2 3B.6 - 13,96 - 96,4
11 106,90 3.5 ] 32.13 - 72,77 - 23.63
12 $6.25. | 28,0 T 2R.6 + 66,65 + 43,02
13 ot o 26.6. 27.1 + 7 + 50,46
i T M | 5= 23,620 | 2001 30,7 - 7.08 + 43,38
15 ;' 50 3“‘3 350 - 3-5 + 39-:88
16 2,29 7315 -1 324 - 29.81 + 10,07
17 0.257 | 32,2 32,8 - 32.55 - 22,7
.18 0.0 32.9 33.6 |.-o= 32,9 - 55.38
19 £5.15 L0.6 RE=Ld - 16,25 - 71.63
"
Stspe 4
Wi, 20 .0 ub,1 0,50 | 22.05 - ?22.05 - 93,FR
23 1.7% u0.6 20.3 - 18,52 - 12,2
22 no 40,2 20,1 - 20.1 - 132.3

el
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_ Appendix 4 23 .
Coe ?
1973, ARTK:  SORGHUM .
Weekly |Rainfall | Penman [Pi/EO PE [Water Cumulatiee
Periods (mm) EO (mm) | surplus or Surplus
(mm) deficits (mm) (mm)
Stage 1
Wk, 1 6.86 41.3 0.55 | 22,72 - 344 3, 4y
2 7.11 40.39 22,21 - 15.1 49,54
Stage 2
== Wi, =g na1 . 52 39.83 | L.HG | 31,86 - 30,34 - 78,88
4 10, 16 39. 96 J1,64 - 21,48 - 101,36
5 39.88 | 39.62 1,69 | - 8.19 - 93,17
] bl 3175 | 38 s | W fie s 8,957 . 92,22
778538 6L 6 29,28 + 66,48 -~ 2574
8 30.23 37. 1 29,68 + 0,55 25,19
Stage 3 i )
Wk 9 89.15 35 2] 1,02 {42, 2 + 46,95 -4+ 21.76
10 100,58 | 31, 5 37, 8 + 62,78 + BL4, sk
11 Sy 45 | .29, 4 35.28 | ++ 9,17 + 93.7
12 16.26 32, 2 38.64- + 22,38 + 71.33
13 0.76 33. 6 40,32 - 39,56 + 31,77
14 36.32 29.58 35.50 + 0,82 + 32,59
19 0,25 33.:8 40,68 - L0473 - 784
16 0. 0 .86 41,83 - 41,83 - 49,67
17 33,02 34,78 41,74 - 8,72 - 58,39
i 0, 0 34.93 41,92 - 41,92 =100.31
19 0w 0 ) 37,33 W80 | o 44,80 145,11
Stage & |
Wk 20 Os 0| 39211 0.50|19, 6 =~ 19, 6 -164,71
21 0. 0{ &0, 9 20,45| - 20,45 .| -185.16
22 0. 0| 42,10 21,05] - 21,05 -187.63
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J 1 Appendix & 24
v b
o 197 ARIK: _SORGHUM
wF
Weekly |Rainfall |Penman |PE/EO PE  |Water Cumulative
Perieds (rm) EQ (wm) | Surplus or Surplus
(rum) deficite {(mm) (omm)
Stage 1 _
Wk, 1 10.6 38.16 | 0.55 | 20,99 - 10,39 - 10.39
- 2 36,4 42,7 23.49 | +12,9 + 2,52
Stage 2
Wk, 3 5.7 41,1 0.80 | 3z.9 - 27,2 - 24,68
—] 9.20 | su,3 | 35.4 -~ 26.2 - 50.8R
-5 25.1 42,4 33.9 - 8.8 - §9.68
- 6 L 45.3 39.3 31.4 + 13,9 - 45,78
o ? 751 38,7 31.0 + 4Lh | - 1,68
| 8 80.2 40,1 32.1 * 48,1 + L6,bL2
Stage 3’ “- 7 —- _ )
“ ' _ I ¥e 9~ 55,7 37.5 | 1.02 | 37.5 [ =+ 18,2 + 64,62
e 10 80.0 7.5 57,8 + 42,5 + 107,12
g 1" 75.3, 1_3%.3. 36.9 | + 38.4 + 185,52
— 124 | 66,0 35.2 o) 352 + 0.8 + 176,32
L 13 ?n-u 3“-0 / %‘o - 1306 + 162.7?
5 14 19.4 33.0 33.7 - 10,3 + 142,82
15 23.7 29.0 * 29.6 " - 5.9 . + 1“2. 52
16 53.2 31.0 31.6 + 21,6 + 165,12
17 20.3 30.0 30,6 -10,3 + 163,82
18 3.4 | 9.7 2733 ] - 28,97 + 124,80
'. stage n i@
3 ¥k, 20 0.0 35.5 | 0.50 | 18,25 | ' . 1R,2?5§ + 748,08
21 0.0 36,0 18,0 - 18,0 + 86,04
22 0.0 37.0 18,5 - 18,5 + 3.5
i
A
‘:‘"*:3?
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Appendix A 25
1970 ARIS: GROUNDNUT
Weekly | Rainfall | Penman | PE/EO FE Wuter Curmlative
Periods (rmm) EO {mm) | Surnrlus or Surplus
(wm) deficits {mm) ()
Stape 1
Wik, 1 uz2,? Lo.6 | o.42 | 17.05) + 25,65 + 25.65
2 28.7 41,7 17.51 + 11,19 + 36,84
Stare 2
¥k, 3 [ 42,7 0.61 | 26.905 - 1.98 + 35,26
L 3 81.3 25.19 £ 18,11 + 53,37
5. 24,% -39.2 23.91 + 0,59 + 53.96
6 24,5 37.1 : 22.63 + 1,87 + 55,R3
-
Stace 3 .
Wk, 7 42,35 38.5 1.08 | 35.53 + 0,77 -+ 58,6
8 60,2 32.9 ' 43,58 | + 24,67 +  B1,27
9 Q6.6 27.% 29,4R + 67,12 + 148,39
10 7.4 3.5 3,02 + 37,38 + 185,77
11 49,35 | 25.2 27.22 | #+ 22,13 + 207.9
12 25.2 30.1 } .91 - 7.3 + 200.59
13 85,2 C.B T 33,26 + 51.04 + 262,93
14 66.5 28,7 30.99 + 35,51 + 2BR,04
15 37.8 30.8 32, 51 + 6,29 + 294,93
Stage 4 )
Wk, 16 IR, 2 W, 3 0.90 | 30,87 - 12,67 + 2R0,66
17 16.5 2.8 | 29,16 - 12,6€ + 26R,0
18 0.0 36,4 32.76 - 32,76 + 235,24
- .
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Appendix 4 26

1972 ARIS: GROUNINUT

Weekly |Rainfall | Penmen |PE/EO | PE ‘ater Curmlative

Periogs |  {mm) EO , (wm) |Surplus or Surrlus

{(rm) deficits (mm {rm)

Stage 1

Wk, 1 86,1 41,79 { 0,42 | 17.55 + 44,3 bb, 31
2 61.5 38.33 16.10 + 23,17 + §7.48

Satge 2

wk, 3 36.4 3.8 | 0.61 | 21.26 + 16,14 + R2,62
L 26,74 32.°2 19,64 + 7.1 + Rq,72
5 | 16.52 29,941 - 18,02 | - 1.5 + AR,2?

— TR 126232 1 35.35 7 T er.s6 Ty B.76 + 92,98

Stage 3

Wk, 7 3,07 29.27 { 1,08 | 42,41 - 6.3 + A6,59
8 47,71 36.26 9,16 § + 8.55 + 95,14
9 21.3% | 42,14 45,51 - 28,15 + 70,99
10 37.87 33.95 .67 v 1.2- . -+ 72,19
11 53.9 31.08 33,871 T+ 20.33 + 92,52
13 48,16 38,43 41,50 | + 6,66 + 99,18
13 ou, 08 .76 37,50 + 56,54 + 155,72
1" ?h'2 36-5" 390“‘6 + 3ho7h' + 199'.“6
15 8.5 37,42 40,41 - 1.87 + 158,59

Stage &

Wi, 16 26.67 W, 65 | 0.9” | 31.19 - b,52 + 154,07
17?7 13,51 40,18 36.16 - 22,65 + 131,42
18 26,6 41,09 36.98 - 10,38 + 121,04

et i o o = e

i, e "}'ﬂ"l"
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Appendix & 27

1973 ARIS: GCROUNINJT
Weekly |Painfall | Penman | PE/EQ PE  [Water Cumulative
Periods (rom) EO (mm) |surplus or Surplus
(rm) deficits (mm) (rm
Staze 1 .
Wk, 1 22.96 b3.19 | 0,47 | 18,14 + 4,82 *  4u.,R2
? 43,65 | 43.26 18,17 | + 25,48 + In.3
Stai!’ﬁ z o T e
bR Y3 RG — 1 23260061 | 26.30 | + 10,5 + u0,8
4 9.45 43,19 26,35 | - 16,9 + 23,9
5 28,28 40,83 24,81 + 339 + 27,29
6 u7/11 40,32 26.60 | + 21,63 + bLR.8
Stage 3 o
W, - 7" +733.78 42,21 1.08 | 45.59 - 11,81 + 15,99
~8 20,44 37.87 ' 80,90 | T 20,46 | + 14.93
9 75.88 33.53 . | 36.21 + 39,67 + 85,2
10 55, %4 30,87 32.25 - + 22,18 + 78,3K%
111 W6.55 28,07 0, W2 +16.23 + 94,61
""12 | 37.66 | 27.06 29.72 | + B.b84 + 103.05
13 61.25 27.09 - 'Y 29.26 + 31.99 + 135.04
14 84,84 28,14 30.39 + 54,45 I + 1R9. 49
15 60.06 36.96 319.92 + 20,14 + 209,63
Stage
ki, 16 49,21 33.78 | 0.9n | 30,37 + 18,84 + 228,87
17 117.67 31.01 \ 27.91 + B9, 76 + 318,23
18 63.28 3,72 1.2 + 32,07 + 350,26

e it dlaantin 4T w1 b =
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Appendix A 28
1974 ARIS: GROUNINUT
Weeidy | Rainfall | Penman |PE/EQ | PE  [Water Camulative
Periods (ram) EO (mm) | Surplus or Surplus
(vm) deficits (mm) (mm
Stage 1
Wk, 1 21,14 u3.u5 | 0,42 | 18,25 + 2.89 + 2,89
2 3,19 39.9 16,76 + 26,43 - 29,32
Stage 2 o
Wk, 3 65.26 '} 41,81 ] 0.61 | 25,26 + 39.98 + $9,3
5 16,1 35.47 23,951 =+ .T.85 + 116,61
6 25.13 35,63 21,75 + .4 + 120,01
Stage 3 |
¥k, 7 w16 | .51 1.08 ) 37.27] - - 3.1 + 116.9
8 *} " 55.86 33.3 36,06 + 19.8 + 136,77
9 { b45.0 3t1.331 33.84 +.11.17 + 147,87
10 78.26 20,26 | .55 + 86.66 + 194,58
11 60.66 30,071 . " 42,08 + 28,18 + 222,71
12 43,08 30.87 33.3% + 9,71 + 232,42
13 é7.24 33.29 35.95 + 31.29 + 263.71
14 91,42 35.7 38,56 + §5,72 + 319,43
15 71.12 | 31.61 .18 + 36,98 + 356.51
Stage 4 )
Wk, 16 50.82 | 27.51 ) o0.90 | 26,76 + 26,06 + 982,47
17 67.10 31.73 28,654 + 38,56 + 421,03
18 83.37 | 3591 32,32 + 51,05 + 472,08
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! Appendix &' 29 "
)
:""f
S 1970 ARIK: GROUNINUT
¥
Weekly |Rainfzll |Penman |PE/EO | PE  IWater Gurmilative
Periods (rom) B0 (mm) {Surplus or Surplus
(ram) : deficits (mm) {rme)
Stage 1 _
Wk, 1 32.5 41,13 0.41 | 16,93 + 15,57 + 15,57
2 ""006 hla? 16-89 - 12-83 + - 207!‘
‘1 Stage 2
Yk, 3 10.16 b1,9 0.61 | 25.56 - 16,4 - 12,66
4 8.33 | wo.a_t .l oruksj - 16.08 - 28,74
5 00 80,0 Lo | 240 - 2L, b - 53.14
6 31,50 | 40.8 24,8 | + 6,61 - b6.53
Stage 3 : :
wko 7 95-50 33-9 100'8 36.6 + 5809 + 12'37
8 80.79 32,9 15.53 + bs 24 + §7,A1
9 .80 | 32,06 | w62 * 0,18 + §7,79
10 96.01 31.96 3, 52 + 61,49 + 119,28
11 53,09 | .22 313.72 | ¥19.37 + 138,65
12 87,63 3.1 33.59 + sb,0b + i92,69
13 20,32 30,51 32,95 - 12,63 + 180,06
lb 60.20 2905 31-86 + 28.3“ + 20’8.“
15 100,58 28,3 . | 30.56 + 70,02 + 278,42
Stage 4 .
] Wk, 16 69.60 | 3w.09 | 0.90 | 30.68 ] + 38,92 + 317,34
17 68,50 | 35.2 . 91.68 | + 35.82 + 364,16
18 ¢, 0 .0 30,6 - 30,6 + 323,56

C-— . - —
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Appendix 4 30
2
i
|
¢ 1972 ARIK: GROUNINUT
Weekly |Rainfall |Penman | PE/EO PE watey Cumlative
Periods (mm) EO (mm) [ Surplus or Surplus
(ram) deficite (mm) ()
Stage 1 '
g b, 1 60,20 b1 0,42 | 18,92 + 41,68 + L1, 68
2 17,02 b1.3 17,351 -0, 33 + 01,35
Stuge 2
Wk, 3 33,78 uh,8 0.61 | 27.33 + 6,05 + 47,9
4 Lz,67 42,0 ) 2%.62 + 17,05 + 64,85
5 | 14,99 36.4 22,201 - 7.21 + 57,64
é .57 | 3.4 22,20 - 17.%72 + 10,01
Stage 3
hko 7 3030 3602 ‘008 39-10 ' - 35-8 + a.?l
) 8 18,80 36.1 38,99 - 20,19 - 15,98
, 9 13,72 35.0 97.8 " - 24,08 - 40,06
' 10 24,64 3.2 3,78 - 16,18 - 50.2
11 104,90 .5 - 3h,02 + 70,88 + 20,68
12 95.25 | 28.0 30,26 | + 65.01 + 85,65
13 3"05“ 2606 28--73 + 5‘81 + 91'5
14 23.62 30.1 32,51 - 8.89 + 82,61
15 31.50 | .3 .08 - 5.5 + 77.01
St,age 4
Wk, 16 2,29 MN.5 0.90 28,35 - 26,06 + 51,01
17 0,25 | 3.2 2,68 | . 2R.73 + 22,28
18 0.0 32.9 29,61 - 29,61 - 7.33
L
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Appendix & 31
1973 ‘ARIK: GROUNDNUT
Weakly | Rainfall | Penman | PE/EC PE Water Cumulative
Paricds (mm) EO (gm) |Surplus or Surplus
(mm) deficits (mm) (rm)
Stage 1
Wk, 3 6.86 | 41.3 C.L2 | 17.35 - 10.89 - 10,49
2 7.11 40,39 16.96 9.85 - 20.%
Stage 2
ke 3 1.52 | 39,83} 0.61 | 25,30 | - 22,7% - 83,12
- —10716 7| 39.55 20,13 | -~ 13.97 - §7.09
5 39.88 39.62 28,17 | + 157 - 41,38
6 N.7% 38,5 21,49 + B.?2¢ - 33.12
Stage 3 .t
Wik, _7=3=95, 76 3%.6 1.08 | 39.53 + 86,23 * 23,11
8 30,23 37.1 ' ko 5% - peiis + 13,27
9 89.15 35.2 IR,02 [ + 51,13 + 64,4
10 100, SR 31.§ 34,02 + 66,56 +130,96
11 bha bs 29.b4 31.75 +12.7 +118,76
iz | 1626 | 3.2 3,78 | - 18,52 + 99,74
13 0,76 3.6 j— "} 736.29 - 35.93 + 65,21
14 36,32 | 29.58 /95 | + .37 + 68,58
15 0.25 | 33.8 36,50 | - 3.25% + 32,33
Stage & ) .
Wk, 16 0.0 34,81 0.90 { 31.37 - .37 + 0,96
17 37.02 36,78 31,30 | + 1.7? + 2.68
18 0.0 .93 3.43 - 3,43 - 28,75

e b b e s L e e+ e -
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1974 ARIK: CFOUNDNUT .
veekly |Rainfall [Fenman PRS0 PR frater . . Cumu}ativa '
Periogs | {mm) EC (rm)  feurrlus or . ' Surrlue
{mm) ' ¥ iseficits (mom) { o)
Stape 1 » :
z 36,4 42,7 17,93 |+ 18,147 + 13,04
Stage ? A
ke 3 5.7 41,1 | 0.61 g, 0 - 190,37 - AW
a gc?q M.} ?7.0? - 17.8? - ?hils
6 be,3 39,3 ?23.97 + 21,1 - 4,5°
Stage 3
vaek 7 ?5.1 38:? h!.ﬂn + ‘!3.3 + ?907?
8 80,2 Ln,1 41,9 + 3,89 +  fb.AL
9 5547 3.5 un,s + 15,2 £ 1,8
10 80.0 7.5 4n, s + 39,5 + 129,31
11 753 6.9 39,R8 + 5,45 + 155,76
17 64,0 35.2 1R, 02 + 27,98 + 1RL, 70
13 20,4 B0 36,77 - 16,732 + 1AR L2 '
15 23.7 9.0 1.3 { - 7.2 + 144,56
| 2
Stuce 4
Wk, 16 53,2 31.0 27,9 + 25,3 + 1AQ, RK
17 20,9 .0 | VALY - 5.7 + 1£73,1F
18 3.4 31.7 28,53 - 25,13 + 1R, 03
[ ]
L )




