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ABSTRACT

An exami nation of rainfall characteristics in N geria
and an attenpt at regionalization of annual rainfall using
the widely accepted technigue of principal conponent analysis
have been nmade in this study. The study was based on rainfal
records for the period 1901 - 1984, at forty stations dis-
tributed all over the country.

The Swed and Eisenhart's runs test indicated that with
the exception of Ibi, the series for the stations were
honogeneous. The standardi sed coefficients of skewness and
kurtosis, and the chi-square test showed that the series for
80%of the stations were nornmally distributed. The Mann-
Kendal | Rank test indicated that 75%of the stations were
i nfl uenced by random processes, and that the randommess did
not exhibit any regional patterns. However, the renaining
25% showed downward trends which appeared to be regional.

An S-node princi pal conponent anal ysis was perforned
on the inter-station correlation matrix of the rainfall data
for the period 1941 - 1984. The earlier years had too nmany
m ssing data values and were therefore excluded from the
analysis. Thirteen principal conmponents which accounted for
81.3%of the total rainfall variance were extracted. Since
the initial principal conponents did not exhibit any regiona
pattern and therefore uninterpretable, they were subjected
to orthogonal (Varimax option) and oblique (Golimn option)
rotations to inprove on the interpretation. The varimax
rotation isolated three distinct, significant and interpretable
princi pal conponents PClI, PC2, and PC3 which explained 42. 2%
of the total variance in the original data set. Omng to

their geographical l|ocations the first conponent is naned the
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Sout hern Conponent, the second, the Northern Conponent and the
third, the Mddle-Belt Conponent.

The PC | oadings were plotted in the co-ordinate systens
PCl - PC2, PCI - PC3, PC2 - PC3, and the distinct clusters
of stations mapped. Seven honbgeneous rainfall regiona
groups were identified, namely, the Southern Coastal Area
covering stations |ike Lagos, Benin, Ondo, Kwale, Owerri and
Port - Harcourt; Calabar which stood alone on account of the
effects of relief; the Southern Upland which conprised
QOgbonoshOyOyo, Ilorin, Offa, |Ibadan, Akure, Auchi, Nsukka and
Enugu; the Mddle-Belt which included Lafia, Yola, Ibi, Bida,
and Kaduna South; Jos, which stood al one due to the influence of
Jos Pl ateau; the North-Wst nmade up of Sokoto, Birnin Kebbi,
and Yelwa and North-East which conprised Katsina, Kano,

Hadejia, Potiskum Maiduguri and Nguru.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

Rainfall is the most important source of water supply
for general economic activities in Nigeria., However, it is
highly seasonal. The rainy season starts by May in the
North and ends by October, while it begins by March and ends
by November in the South. Apart from this seasonality,
the ralnfall suffers from extreme fluctuations from year to
year, and in its distributions across the country. These
fluctuations sometimes result in drought in some areas, and
flood in others. Knowledge and experience of the fluctuations
reveal that various regions of the country do not suffer
equally, and thls is reflected in spatial variations in the
extent and severity/intensity of droughts and floods.

From this perspective, it has been observed that while
some areas have 'normal' rainfall conditions, others experience
either drought or flood. Expectedly, the synoptic conditions
will differ from place to place, although, the general
condition is governed by the orderly movements of two air
masses, namely, the tropical maritime (mT) air mass from
the Atlantic Ocean and the tropical continental (cT) air
mass from the Sahara Desert (High et al., 1973). The
character and intensity of the prevailing weather conditions
are determined by the surface location of the moisture
boundary zone separating the two alr masses. This boundary
zone is known as the Inter-Tropical Discontinuity (ITD).

The periodic fluctuations of the rainfall in the country can
be ascribed to the fluctuations of the ITD., Thus, whenever

the ITD advances inland in response to the increasing insolation



and decreasing pressure in the continental interior, the
whole country enjoys heavy rainfall, but when it fails to
advance inland, the amount of rainfall in the north is
reduced, and this may result 1n drier conditions in the
interior while at the same time the areas south of the ITD
may enjoy excessive rain (Oguntoyinbo et al., (1978).

There is a general close relationship between the
latitudinal distribution of rainfall and the latitudinal
movement of the ITD, This implies that the surface position
of the ITD in Nigeria varies not only seasonally but alseo
from day to day. According to Adejokun (1966), the avéfage'
rate of the movement of the ITD ranges from 2.0° to 5.0° of
latitude per month, with the southward movement being faster
than the northward advance, This fact accounts for the
gradual advance of the rains over the country at the beginning
of the wet season and their abrupt retreat towards its end.
Orography also has a relatively modifying effect on the
rainfall pattern as reflected in the high rainfall amounts
in Jos Plateau and Calabar. However, as shown by Nicholson
(1981), rainfall abnormalities over West Africa in general
may not be easily explained in terms of even latitudinal
distribution. That implies that in Nigeria, for example,
different sub-regions within the country may have unique |
ways of responding to changes in the general atmospheric

circulation pattern as manifested in the rainfall distribution.

STATEMENT OF THE PROBLEM

In Nigeria, rainfall is the principal controlling element

in agriculture. The amount of rainfall that is normally received

decides which types of agriculture could be carried out and which

crops to be cultivated.



The seasonal rainfall distribution determines the moisture

range in which field preparation begins and when sowing and

harvesting can be undertaken., Introduction of hybrid plant
varieties that require constant supply of moisture along
with innovative farming methods is also constrained by the
rainfall regime in the country. In addition, the rainfall
variability from year to year is the main factor responsible
for the fluctuation in agricultural yields and total agricul-
tural production. Either a deficiency or a surplus of rain
can cause crop failure, as has been the case during the drought
of 1968-1973 and 1979-1983. Almost every year, one part of
the country or the other suffers from such calamities. Although,
it is difficult to prevent natural calamities such as drought,
previous studies (Gibbs, 1975jAdefolalu et al.,1985) have shown
that its effects can be minimised by making adequate contigency
plans. |
In view of this background, the problem of the study is
identification of the characteristic spatial patterns of
rainfall variation in the country. Also problems of fore-~
casting seasonal and short-term trends in rainfall are
compounded by insufficient rain-guage stations which are
not standardised and uniformed as well as inadequate knowledge
of the nature and the development of the rain-producing |
systems. However, there 1s a need for analytical study >n
the spatial and temporal aspects of the country's rainfall
distribution for this will help in understanding the character

of rainfall

1.3 OBJECTIVES OF THE STUDY

The overall purpose of this study is to investigate the

characteristics of rainfall in Nigeria with a view to grouping
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1.5

4
the country into homogeneous rainfall regidns. Specifically,
the objectives are to:
{a) Examine some of the statistical propertles of the
available rainfall time series;
(b) Examine the rainfall fluctuations in Nigeriaj;
(¢) Use the principal component analysis (PCA) procedure
to obtain a regionalization of Nigeria based on annual

rainfall.

SIGNIFICANCE OF THE STUDY

There is the need to characterise the country's rainfall
in order to understand the availability of water resohrces
and also shed some light on the combination of spatial and
temporal factors that cause these patterns. The knowledge
of rainfall characteristics will help in the planning of
agricultural activities and also in predicting and planning
against the consequences of drought and flood. Provision
of high density rain-guage network would be expensive., If
the rainfall patterns could be represented by fewer sub-
regions that are homogeneous, then fewer rain-guages would

be needed to capture the patterns.

DATA AND METHODOLOGY

The data for the study were obtained from the Nigerian
Meteorological Services, Oshodi, Lagos. The data set consisted
of daily rafnfall records of sixty-nine stations for the
period between 1901 and 1984. The stations, 60% of which are
located in the northern part of the country, were randomly
selected, and they represent the best available network of

climatological stations (Fig 1).
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For each station, the daily rainfall values were summed up
to yield the January - December monthly totals. Subsequent
analyses were performed by the computer. Initial analyses
were carried out on the data to obtain the descriptive
statistics and some measures of dispersion. The series for
each station were tested for homogeneity and randomness using
the Swed and Eisenhart's (1943) runs test. 1In addition, the
frequency distribution were examined for normality using the
standardised coefficient of Skewness and Kurtosis, and confirmed
by chi-sguare test. The Mann-Kendall Rank test was used to test
for trends against randomness in the time serles. A five-year
moving average was applied to smoothen the periodicities in the
graph of the original series for some selected representative
stations to bring out the trend.

It was found that sixty nine stations were not all suitable
for the principal component analysis since some contained
many missing values. As Barring (1988) observed, two many
missing values may lead to degeneration of the matrix which
could make the analysis blased, and in e xtreme cases impossible.
Thus, only the rainfall series for the period 1941-1983 at
forty stations were used for the principal component analysis,

The missing values were replaced by their means.

ORGANIZATION OF THE THESIS

The thesis examines the features of rainfall in Nigeria.
It attempts to partition the country into homogeneocus ranfall
regional groups.

Chapter One, which is an introduction, outlines the general
background of the study along with a statement of the problem,
the objectives and significance of the study. It discusses

the data used and methodeclogy adopted in the investigation.



Chapter Two deals with the review of the literature and
theoretical framework, It examines briefly the various methods
used in classification and regionalization studies and gives
a detaliled discussion of the technigque of the principal
component analysis,

Chapter Three deals with the data analysis and discusses
the results of the initial statistical tests.

Chapter Four examines in detall the features of rainfall
and weather systems in the country, and examines the rainfall
patterns using the statistics generated during the preliminary
analysis of data. Trends in rainfall during the period of
study were investigated in terms of rainfall fluctuations.

Chapter Five presents and discusses the results of the
principal component analysis while Chapter Six gives the

summary and conclusion of the study.
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CHAPTER 2

LITERATURE REVIEW

INTRODUCTION

Many different methods have been used for the study
of rainfall characteristics in relation to atmospheric and
agricultural production and their effects on crop grouth
and yield. Ilesanmi (1969) calculated mean five day rainfall
for the period 1951 - 1968 for Nigeria. The percentage
of the mean annual rainfall that occurs at each five day
interval were derived and the accumulated percentage
determined and plotted. The time of the start of rainfall
was defined as the first point of maximum positive curvature.
Similar studies oy Walter (1967) and Stern et al., (1982)
in Nigeria have defined the onset of the rains in terms of
the date when accumulated rainfall exceeds certain threshold
values. Earlier studies in Nigeria by Hamilton and Archbold
(1945) and Garnier (1967) have suggested that the main rains
start much earlier in the southern Nigeria and advance
northwards under the influence of large scale weather
systems associated with the Inter-Tropical Convergence
Zone and this was confirmed by Ilesanmi (1970), Based on
potential evaporative demands of crops, Bencit (1977) defined
the start of the rainy season as the date when accumulated
rainfall exceeds and remains greater than half of potential

evapotranspiration.

Regionalization is the grouping of individual locations
or areas in a spatial framework which are correlated with
respect to their particular attributes or variables. (Atwoki,

1973) . AN



In most regionalization and classification studies, the
underlying principle is to minimize within-group differences
and maximize between-group differences. The primary purpose is
to obtain an efficient arrangement of information in a simplified
and generalized form. Essentially, it is a way of organizing
or imposing order on complex phenomena. Regicnalization or
classification may be done in a subdivision procedure which
is accomplished in a series of steps using defined criteria
(Abler et al., 1971) or by aggolomerating individuals into
classes according to some grouplng procedure. The basic
assumption of any regionalization or classification is®that
there exist some sort of pattern and organization in the
phenomenon, such as in geography where spatial considerations
are important.

In recent years, there has been an increase in the
number of classification and regionalization studies of
climatic elements in the literature. Dyer (1975) and Gregory
(1975) delimited the regional patterns of the annual rainfall
in the United Kingdom and South Africa respectively. Similar
studies were carried out by Ogallo (1986) in East Africa and
Goosens (1986) in the European Mediterranean countries.
Ehrendorfer (1987) established a regionalization of Austria's
precipitation for summer and winter half-year totals. Anyadike
(1987) classified and regionalised West African climates into
ten regions while Barring (1988} delimited the spatial patterns
of daily rainfall in Central Kenvya.

Many methods have been used in the analysis of
meteorological data and most of them are grouped together

into regicnalization and classification procedures.



10

These include elementary linkage analysis, map-pattern

or correlation method, factor analysis and principal component
analysis (PCA) or eigenvector analysis. All these are
discussed briefly but detailed discussion of principal
component analysis which is used in this study is made.
Generally, most classification and regionalization

procedures are based on the matrix of similarity coefficients
obtained from the raw data, usually summarised in an n x m
data matrix, where n is the number of objects and m is the
number of attributes (varlables) by which each object is
described (Ayoade, 1977). From this, a similarity
coefficient matrix is computed. This is a square matrix

of the order of n. There are various types of similarity

coefficeints and the one selected is largely determined

'by the nature of the data being analysed since these

similarity coefficients have their own assumptions. Once
the appropriate matrix of similarity coefficients is
obtalned, grouping takes place according to a particular

kind of algorithm.

ELEMENTARY LINKAGE ANALYSIS

This technique, developed by McQuitty (1957) allows grouping
to be carried out by Inspection of the matrix of correlations
among objects to be classified. Since every object is
assigned to a group in terms of its highest index of
association with another object, the lower limit of
associations used in building the clusters is exclusively
determined by the data. But the groups so defined are
characterised by the fact that every member of a group

would have a higher correlation with some other member of
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that group than it would with any object not in the group

(Ayoade, 1977).

The limitation of this grouping procedure is that the
number of groups obtained depends exclusively on the number
of reciprocal pairs which might change from one sample
to another. The method is, however, simple and has the
advantages of speed and objectivity provided the sample
is small. This technique has been used by Gregory (1965)
and Ayocade (1972} in their studies of rainfall characteristics
in Sierra Leone and Nigeria respectively. According to
McQuitty (1957), elementary linkage analysis gives a
grouping result that approximates to that of orthogonally
rotated factor analysis., This has been confirmed by

Gregory (1975).

MAP-PATTERN OR CORRELATION TECHNIQUE

This technique was developed by Lund (1963) to identify
recurring map-pattern configuration. It is a method which
correlates two variables in a manner analogous to the
simple correlation of time series of two or more variables.,
This technique involves the measurement of similarities
between variabies. The correlation technique is useful
in differentiating between two synoptically distinct
climatic anomalies,

Nicholson (1980) and Blasing (1981) pointed out that
the main weakness of this method is its being dependent
on correlations between time periocds (weeks and months)
rather than stations. A significant advantage of this
approach is that various meteorological parameters can be

grouped into map types. Lund(1963), used map-pattern
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method to classify a large number of daily weather types,
Blasing (1975) modified the method for climatic studies
and compared it with PCA which produces orthogonal
characteristic anomaly pattern, thereby reducing the
variance in a statistically efficient manner. The

result of Blasing was also discussed by Blasing and
Lofgren (1980), who used the map-pattern correlation
method in their description of characteristic climatic
anomaly patterns over the North Pacific sector and Western

North America.

FACTOR ANALYSIS (FA)

Factor analysis is a key techique in multivariate
studies (Cattel, 1965 and Rummel, 1970). This is a method
of studying the convariance structure of a set of inter-
related variables (Muliak, 1972; Lawley and Maxwell, 1971).
It is capable of analyzing correlation matrices into as
many common factors as possible, and describing the
variables so0 as to account for all the observed correlation
(Cattel, 1965).

The primary aim of factor analysis is to deliver a
parsimonious description of a data matrix. This model
differs from other eigentechniques as the total data
variance is separated into categeries. The first catégory,
the common variance (communality), contains only that
variance which is common to two or more variables. There-
fore, it is a measure of the overlap of variables in the
analysis. The interpretation of the analysis is based
totally on this common variance. The second category,
the unique variance is the remaining variance which is

not common. This is typically considered to be largely
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comprised of error variance and therefore, is treated as a

residual. This residual is discarded prior to analysis
through the use of communalities in the principal diagonal
of the dispersion matrix (walsh et _al., 1982)

The major weakness of factor analysis is in the
estimation of the common variance., That is, if unity is
not placed in the principal diagonal of the correlation
matrix, then an estimate correlation must be calculated.
The communality estimate can critically affect the factor
loading, unless the sample size is very large (Dickman,
19603 and Pennell, 1968). )

Early application of this technique was made by
Steiner (1965), who analysed 16 variables for 67 stations
in the United States, McBoyle(1971) who provided
a computer classification of Australian climate. Walsh,
et 81.,(1982) and Richman (1983) applied this model to
preciplitation data and geopotential height in the United
States. Atwoki (1975) used this method in the delimitation
of rainfall reqgions and regional patterns of climatic
fluctuations in Uganda,

PRINCIPAL COMPONENT ANALYSIS

Principal component analysis (PCA) is a variant form
of factor analysis, when the Principal diagonal of the input
correlation matrix is set to unity. Therefore, the principal
component analyis differs in that a variable is assigned a
perfect correlation with itself while in factor analysis
a varilable should not have 1.0 correlation with itself
since emphasis is placed on the covariances between variables
within the input matrix, rather than the variances. This

apparently minor difference from the more general model
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creates much mofe mathematically elegant operations
{Richman, 1981). _

Principal component analysis was developed by Hotelling
(1933). Harris (1964) and Gould (1967) discuss the
philosophical and statistical rational behind this
technique. Lawley and Maxwell (1971) and Harman (1976)
point out that it works best when all the variables are
measured in the same units since the method is dependent
on the total variance of the original variables.

Principal component analysis has been used by many
authors in meteorological and climatological studies as
data reduction devices and a technique to aid in forecasting
atmospheric parameters (Gilman, 1957) and a procedure to
identify coherent modes of various climatic parameters such
as rainfall, temperature (Barnett, 1978; and Richman, 1983),
The first application to meteorological data was by
Fukuoka (1951). Kutzbach (1967) analyzed the spatial
distribution of the January monthly means of sea-level
pressure, surface temperature and precipitation over North
America., S3ellers (1968) studied monthly rainfall over
Western United States for a 36=-year period, performing a
different analysis for each month. Klaus (1978) carried
out similar analysis using mean annual rainfall south of
the Sahara, and performed a spectral analyses of the time
coefficient of the selected elgenvectors, Correlations
among time - dependent amplitudes of eigenvectors of
temperature, precipitation and sea-leval presure over
United States were investigated by Walsh and Mostek (1980)
while seasonal and annual values of temperature and
precipitation in the same area were analysed by Diaz and

Fulbright (1981) in connection with the frequency of synoptic
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scale systems. Similar analyses were performed by Molteni

et al., (1983) in Northern Italy, Ehrendorfer (1987) in

Austria using annual rainfall and Goosens (1988) in

Buropean Mediterranean countries using annual mean
temperatures. It is a method which involves an orthogonal
transformation whereby each of the n original variables is
explained in terms of new principal components so that the
first component extracted accounts for the largest percentage
of the total variance (Harman, 19763 Morrison, 1976)}. One

of the advantages of principal components is that it
frequently enables the dimensionality of the data to he
reduced with little loss of information by grouplng one or
more of the smallest size components. It also has the
advantage of depending on, and exploiting the inter-relation~
ships among the data themselves., However, it has certain
characteristics which limit its usefulness in certain
situations. The first limitation is related to its reflection
property. This means that an elgenvector pattern is fixed,
but its signs assume both negative and positive values.,

Thus, the method classifies the negative of each eigenvector
as a realistic departure pattern. The ogther constraint is
related to its orthogonal property, which regquires that modes
of variations represented by the eigenvectors be statistically
independenct, whereas in nature, the modes of atmospheric
behaviour are not necessarily so constrained (Blasing, 1975).
Due to the orthogonality constraint, the principal components
depend on the particular domain used for the analysis, for
example, a principal component which describes the variability
of rainfall in Nigeria will not necessarily be evident in a

similar principal component analysis when the domain encompasses

the entire Africa. In many meteorological applications, the
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principal component analysis has been used because it is
mathematically elegant, variance-oriented and requires no

initial assumption of any statistical model in the data set.

2.5.1 Number Qf Components To Retain

The exact number of principal components that should
be retained had been a subject of some controversy.
Retaining too few components results in the blending of
spatial patterns which are actually more discrete, while
retaining too many components delineate areas which Eepresent
nothing more than randomly generated variations (Richman,
1981). A number of statistical tests are available for
calculating the appropriate number of factors to retain.
These include Kaiser's (1958) test, the Horn's (1965) test,
the Scree test, and maximum likelihood test. Richman (1981)
surveyed a number of these tests to determine an appropriate
number of components to retain, He concluded that none of
the methods was entirely satisfactory. Cattel (1958)
recommended overfactoring by extracting components accounting
for 99% of the variance and then rotating. The trival
components can then be left uninterpreted. Perhaps the best
available test to separate out the noise eigenvalues are
the Preisendofer and Barnett (1977) and Monte Carlc's test,
In the present study, the Kaiser (1958) criterion is used
to determine when to stop factoring since the Preisendofer-
Barnett method and the Monte Carlo's test are not in the
computer package used. According to Kaiser's criterion,

factoring is stopped when the eigenvalue is less than 1.0.
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2.5.2 Rotation

The unrotated principal components loading matrix

contains components accounting for decreasing amounts

of variance. The first unrotated PC accounts

for the largest amount of variance of all the data

points. And each consecutive component is orthogonal

to the others and accounts for the maximum residual

variance remaining in the input matrix (Richman, 1981).

A problem arises when the first component is located

between two or more distinct clusters of inter-

related variables, thus resulting in spatial pattepns

which cannot be easily interpreted. Rotation is

therefore usually aprlied to facilitate the interpreta-

tion,.

There are two types of rotation, namely oblique and
orthogeonal. The orthogonal type rigidly rotates the
predetermined principal components to better define a
distinct grouping or cluster of inter-correlated data,
while retaining the constraint that the individual
components remain orthogonal to each other. The ortho-
gonal rotation include varimax, quartimax and equimax.
These types usually yield similar results, but the
varimax routine is more widely used. This is because
the varimax method conserves the independence of different
PCs more than others (Kaiser, 1958). The oblique rotation
does not constrain orthogonality, thereby allowing the

rotated component to more precisely identify the data cluster,
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These include the oblimin, Harris-Kaiser Case II, and
promax. One of the most widely used oblique transformations
is promax because it uses an oblique Procrustes rotation

to achieve a simple structure solution. In most component
analytic studies, once the meaningful principal components
have been identified, they are orthogonally rotated to a
simple structure. In the present study, varimax and
oblimin which are in the computer package were applied

and the results compared.
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CHAPTER 3

DATA ANALYSIS

3.1 INTRODUCTION

The validity of any statlistical analysis depends
essentially on the quality of the data and the objectives
of the study. Conseguently, a number of preliminary

tests were carried out, These include:

(a) Test for homogeneity, which tests the null
hypothesis that the rainfall series for each

station came from identical and random population,

(b) Test for normality, which tests the null
hypothesis that the rainfall series for each

station is normally distributed,

{c) Test for trend against randomness which tests
the null hypothesis that the rainfall series

for each station is random.

In order to be able to discuss the rainfall
pattern of the country, the mean annual, mean monthly,
standard deviation of the mean monthly rainfall and
coefficient of variation of the mean monthly rainfall

for each station are computed.

A fiveeyear moving average which eliminates cyclical,
seasonal and irregular patterns in the annual rainfall
series for some selected representative stations are

calculated and graphed.
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3.2 HOMOGENEITY AND RANDOMNESS OF THE SERIES

The annual rainfall for each station for the period
between 1901 and 1984 were tested for homogeneity and
randomness using the Swed and Eisenhart's (1943) runs
test. A count of runs above and below the median were
made, ignoring missing data values. Too many runs would
indicate oscillation, while too few runs would indicate
trend. If neither oscillation nor trend is present, the
series can be taken as random. The mean, median, number
of cases N, number of runs R and the probalility of too
many or too few runs are detailed in Table 3.,1. Fotr the
series to be homogeneous and random at 5% level, the
probability of getting too few or too many runs should
lie within 0.025 and 0.975 inclusive (Owen, 1962).

As can be seen from Table 3.1, only Ibi with a
probability of 0.0086 showed a significant departure
from homogeneity at 5% level. From statistical tables
of Owen (1962), for N = 59, the number of runs (39) lie
outside the range 25-34, It can be inferred that since
39 is more than the upper limit 34, there are too many
runs for Ibi which suggest oscillation. Also the results
show that with the exception of Ibi, there are neither
too few nor too many runs about the median for all the
stations, indicating that the series for each of the
stations is random. Inspite of this apparent inhomogeneity
and the oscillatory nature of the series for Ibi, all the
forty stations will be used in the subsequent analyses

since its inclusion will nct affect the results.
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STATISTICAL PARAMETERS OF THE RUNS TEST FOR DATA

HOMOGENEITY . AND RANDOMNESS

TOTAL NO OF PROB
NO OF CASES OF

STATIONS MEAN MEDIAM RUNS R N RUNS R
BEN IN 2038,0 2026,0 34 79 0.,9143
CALABAR 2956,8 2919.,0 36 84 0.9373
ONDO 1575,.5 152%,.0 35 79 0.,8728
JOSs 1381.,0 1380,0 31 63 0.6011
MAIDUGURI 634,3 641,71 32 70 08323
BIRNIN KEBBI 779.9 764 .4 27 62 0.8998
YANDEV 1317.0 1308,0 26 45 0.1800
OWERRI 2440.6 2408,0 27 66 0.9588
BIDA: 1212.0 1231.0 34 57 0.0887
KADUNA SOUTH 1289, 3 1260 ,0 35 67 0.4020
MAKURDI 1283,7 1279.0 22 42 0.5000
PORT=HARCOURT  2508.5 2508,0 37 71 0.3098
ILORIN 1269,2 1260.0 33 68 0.6875
KATISINA 686,9 690.8 24 61 0.9658
YOLA. 948,4 947.8 34 75 0.7618
YELWA. 997,7 988,6 19 43 0.8257
LOKOJA 1137.7 1106,0 31 69 0.8358
AKURE 1412,2 1374.0 28 44 0.,0636
OTURKPO 1431.6 1460 .0 24 38 0.9317
ENUGU 1787.7 1807.0 34 56 0.0887
NSUKKA 1565.7 1586,0 20 43 0.7340
SOKOTO 707.1 T707.1 33 71 00,7273
MINNA 1299,9 1298,0 40 69 0.1109
KANO 823,8 814,8 40 80 0.5890
POTISKUM 719.4 714,.8 18 49 0.9795
IBI 1134,2 1133,0 39 59 0.,0086 *
NGURU 500.6 509.0 17 43 0.9409
BAUCHI 1086,9 1073.0 40 70 0.,1677
KABBA 1492.7 1417.,0 19 39 0.4331
OGBOMOSHO 1189.1 1135,.0 34 64 0.4005
LAF IA 1280.6 1264.0 24 53 0.7996
IBADAN 1239.6 1230,0 44 78 0.1809
AUCHI 1261, 3 1284,0 21 37 0.7996
LAGOS 1833,0 1837.,0 36 70 0.5060
oYO 1168.2 1161.0 37 79 0.7530
UYo 2464.8 2446,0 15 37 0.1171
KWALE 2193.6 2213.0 25 46 0.3828
OFFA. 1268.6 1187.0 29 60 0.6988
HADEJIA 627,.7 623.5 25 55 0.7951
PANKSHIN 1081.1 1037.0 30 53 0,2004

Not significant at 5% level.
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TEST FOR NORMALITY OF THE SERIES

The frequency distribution of the series for each
station was tested for normality using the standardised
coefficient of skewness 2; calculated, following Brazel,

et al,(1986) as:

N 3 M _ 2 % %
24 -{E;txi- x)/@/{;éicxi-x)m] }/(sm) (1)

and the standardised coefficient of Kurtosis Zos

calculated as? ' .
N _)4 ] N % % 2 Jz} > %
= -X) /N X,=X) /M| {=3)/(24/N
z, Q[i%lcxi / /Ei X7 /C2a/N) (2)

where Xi is the annual rainfall, X is the long-term
mean, and N is the number of years in the series. The
two statistics were used tc test the hypothesis that
the series for each station were normally distributed
(Brazel, et_al, 1986). If the absolute value of Z, or
Z, is greater than 1.96, a significant deviation from

the normal curve is indicated at the 0.95 confidence level.

In addition, the chi-square test using ten equal
probability class intervals calculated, according to

Walpole (1568) as:

k 2
2 (o,~ e,)
VD Yphe Wil 44 (3)
i=1 €4
was applled to the frequency distribution, where'X? is

a value of the random variable X? whose sampling

distribution is approximated closely by the Chi-square
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distribution, o, and e, are the observed and expected
frequencies respectively for the ith cell, and k
is the number of cells, If the computed chi-square
is less than the corresponding table value, we conclude
that the distribution is uniform (Walpole, 1968).

Table 3.2 shows for each station, the mean X, standard
deviation, number of cases N, standardised coefficlents
of skewness Zi’ standardised coefficient of kurtosis 22,
number of degrees of freedom, computed chiesquare and
the critical values of chi-square. The absolute values

»

of 21 and 22 for thirty-two stations are less than 1.96,
indicating that the series for these stations are normally
distributed. However, on examination of the series for
the remaining eight stations = Ondo, Owerri, Port Harcourt,
Enugu, Ogbomosho, Lagos, Offa and Pankshin, it was found
that a few high values created unexpected skewness in
their frequency distributions. The standardised
coefficients of peakedness are equally high for Owerri,
Enugu, Ogbomosho, Lagos, Offa and Pankshin.

The chi~square test indicates that the series for
thirty four stations are normally distributed, since
the computed chi-squares are all less than the table.values.
The calculated chi-squares for Owerri, Yandev, Lagos, Oyo,
Offa, and Pankshin are higher than the table values,
indicating a deviation from the normal distribution.
Surprisingly, Ondo, Port-Harcourt, Enugu and Ogbomosho
are found to be normally distributed by the chi-square

test as opposed to the case of the standardised coefficients

of skewness and kurtosis Z_l and 22 above, Probably, the few
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TABLE 3.2 DpDISCRIPTIVE STATISTICS OF THE ANNUAL RAINFALL

= mE

0o Lo, (] A O

mH (@I O [ | <, pom}

< B4 OEHHMD Uwn &

v} Q< « ) DT F4 [ DY

[F3] = = H Ml o) o Db

0 L L Z Z. bz 2 HAaH

STATION g u e 1 2853 & 55
BENIN 79 2038,0 335.3 0.65 1,16 6 4,063 12.592
CALABAR 84 2956.8 537.8 1.49 2,35 5 4,562 11.070
ONDQ 79 1575.5 317.9 3.77 1.73 7 6.766 14.067
Jos 63 1381,0 178,2 =0,.,08 =0.56 5 5,748 11.070
MAIDUGURT 70 634.3 150.1 =0,79 =0,78 6 2,672 12,592
BIRNIN KEBBI 62 779.9 148.4 -0.,84 -1,19 5 5,782 11,070
YANDEV 45 1317.0 197.6 0,19 =1.23 3 7.893 7.815
OWERRI 66 2440.6 345.5 11.77 32.28 2 8,892 5.991
BIDA 57 1212.0 177.3 0.36 -0,07 4 5,453 9.488
KADUNA SOUTH 67 1289.3 191.9 0,86 =1,07 & 2.579 12.592
MAKURDI 42 1269,.2 199,7 =0.,08 =0,20 3 0,746 7.815
PORT=HARCOURT 71 2508.5 412,3 =7,97 =1.09 6 6,405 12.592
ILORIN 68 1269,2 225.,9 0,40 -1.34 6 6,413 12.592
KATSINA 61 686,9 147,22 =0,50 =1.25 5 3,958 11.070
YOLA 75 948.4 167.,0 1.08 0,25 5 4,443 11.070
YELWA 43 997.7 169,7 =0,38 =0,10 2 0,469 5.991
LOKOQJA 69 1137.7 252.7 D0.99 1,29 3 6,437 7.815
AKURE 44 1412.2 252.6 1,32 0,21 1 1.390 3.841
OTURKPO 38 1431.6 375.4 0.08 1.56 1 0,650 3.841
ENUGU 56 1787.7 271.7 2.40 3,53 3 4.726 7.815
NSUKKA 43 1565,7 284,141 =0.,74 0,66 2 0.284 5.991
SQOKOTO 71 707.1 146.3 0,58 0,53 5 3,699 11.070
MINNA 69 1299.9 211.8 0.96 0,61 61.196 12,592
KANO 80 823.,8 176.4 0,20 =0,62 6 2,425 12,592
POTISKUM 49 T19.4 207.0 0.61 =0.72 3 4,129 7.815
IBI 59 1134,.2 164,2 0,38 =0.,03 5 1.721 11.070
NGURU 43 500.6 127.9 0.51 0.67 1 0.998 3.841
BAUCHY 70 1086.,9 156.3 0.86 0,37 5 6.183 11.070
KABBA 39 1492.7 314.9 1.80 0,10 2 3,531 5.991
OGBCMOSHO 64 1189.1 290,2 3.51 2.88 4 5,714 9.488
LAFIA 53 1280.6 237.3 1.35 0.72 3 6,218 7.815
IBADAN 78 1239,6 262.2 1.63 0.03 6 2.021 12.592
AUCHI 37 1261.3 287.8 (0,23 0.74 1 0,041 3.841
LAGOS 70 1833,0 386,5 2.83 2.88 3 9,033 7.815
oYOQ 79 1168.,2 258,9 0.92 0.11 614,368 12,592
uYo 37 2464,8 348.8 1.37 0.14 1 0.932 3.841
KWALE 46 2193.6 333.0 1.25 0.57 2 2.713 5.991
OFFA 60 1268,.6 275.5 4.19 4,06 411,213 9,488
HADEJIA 55 627.7 125.2 1.29 0.43 3 2,287 7.815
PANKSHIN 53 1081.1 246,5 5,16 1.87 1%1.689 3.841
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stations are not normally distributed as a result of the
inherent errors in the data., These results indicate the
differences in the power of the two tests. 1t would appear
that the chi-square test is better, since it yields more
number of stations which are normally distributed. Since

the time series for B5% of the stations are normally distrie
buted, statistical tests which imply normality can be applied

to the series.

TEST FOR TREND AND RANDOMNESS

The Mann = Kendall Rank Test was applied to test for
trend and randomness of the series., This statistic is

determined, following Brazel, et al., (1986) ass

Need
T -Eﬁ].('i\i)/N(N—‘l) -1 {4)
i=l

Where ng Fepresents the number of subsequent terms

{from Xi+1 to Xn) in the time series that exceed Xi and
N the number of years. A test statistic

| %
('n)t - O:tg [(4N+‘10)/9N(N-‘1)] (S)

where tg is the two-tailed probability of the Gaussian
distribution which is equal to 1.96 at 0.95 confidence level.
If T lies outside the bounds of (T)t, it can be concluded
that some form of trend exists in the time series (Brazel,

et al., 1986). The statistic T and the critical value

(T)t, including the number of cases for each station, are

presented in Table 3.3,
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The Mann=Kendall Rank test results in Table 3.3
indicate that the time series for 75% (30) of the stations
are influenced by random processes since T lies within the
critical values (T)t for each station. This randomness
does not exhibit any regional patterns. The remaining
25% (10) of the statlons show negative trends which appear
to be regional, These stations are Birnin Kebbki, Katsina,
Lokoja, Oturkpo, Minna, Kano, Potiskum, Nguru, and Pankshin
in the North, and Calabar in the South. The downward trend
in these Northern towns could be as a result of the severe
drought of 1969-1973. Surprisingly, some northern staktions
such as Sokoto, Maiduguri and Hadejla show positive trend
while Calabar in the South shows a downward trend. These
inconsistencies could be as a result of unforeseen data

error.

3.5 SUMMARISING AND CHARACTERIZING RAINFALL PATTERNS IN NIGERIA

In order to be able to examine the rainfall variation in
Nigeria, the descriptive statistics, mean monthly rainfall,
standard deviation of the mean monthly rainfall, and the
coefficient of variation of the mean monthly rainfall, were
calculated for each station over periods between 1901 and

1984. The mean, X, was computed as:

N
% - 1%1’(1 (6)
N

where each Xi is the monthly observation in the year and,

N is the number of years (sample size).
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TABLE 3.3 DETAILS OF MANN—-KENDALL RANK TEST
FOR TREND AND RANDOMNESS

NUMBER OF
STATION CAsES N T (T)t

BENTIN 79 0,132 0.150
CALABA _ 84 =0,247* 0.146
ONDO 79 0.022 0.150
JOs 63 -0'123 0.169

=0 0.16

IR TN REBBT &3 “8.2ear  0:191
YANDEV _ 45 0.004 0.202
OWERRI 66 0,018 0.165
BIDI _ 57 -0,.,123 C.178
KADUNA SOUTH 67 -0,048 0.164
MAKURDI 42 -0,004 0.210
ILORIN 68 -0.055 0,163
KATISNA 61 ~0.236" 0.172
YOLA _ 75 -0.067 0.154
YELWA 43 -0.174 0207
LOKOJA 69 -0,168" 0.161
AKURE 44 -0,049 0,205
QOTURKFO 38 -0,263* 0,222
ENUGU ' 56 -0,061 0,180
NSUKKA 43 «0 012 0,207
SOKOTO 71 -0,138 0,152
MINNA 69 -0 4250" 0.161
KANO 80 =0,208" 0.149
POTISKUM 49 -0 ,257* 0193
IBX 59 =0 .,068 0.175
NGURU 43 -0,347* 0.207
BAUCHI 70 ~0,132 04160
KABBA 19 ~0,112 0,219
OGBOMOSHO 64 ~-0.126 0.168
LAFIA 53 —0.093 0.185
IBADAN 78 -0,031 0.151
AUCHI 37 -0,051 0.225
LAGOS 70 ~0.042 0.160
OYGC 79 ~0,045 0.149
UyYoQ 37 -(1,099 0.225
KWALE 46 -0.154 0.200
OFFA 60 -0,009 0.174
HADEJIA 55 0,069 0.182
PANKSHIN 53 =0,.208 0.185%

* indicates existence of trend
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The standard deviation s was calculated as

X4=%) (7)

where X, is the month's observation in the year, X the

mean and, N the number of years.

The coefficient of varlation CV, was computed as

v = 2x100 . (8)
X

where s is the standard deviation, and X the mean.

The computed values of the mean, the standard
deviation, and the coefficient of variation were used in
mapping thelr spatial distributions in Figures 4.2, 4.3,

and 4.4 respectively in Chapter Four.

A five-year moving average of annual rainfall for

some selected stations were calculated and plotted on the
same axes with the original data to show the trend. The
rainfall values for the first five years were added and
divided by five to obtain the average which is recorded
against the mid-point of the c¢ycle. Next the average of
next five year's rainfall, ignoring the first year was
calculated. This process continues until the data points
are exhausted. The trend of the original data and the five-

year moving average are shown in Figure 4.5 (Chapter Four).

ANALYTICAL PRCCEDURE OF PCA

Generally, the data used in principal component

analysis consists of n observations made on p variables.
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In this study, forty three annual rainfall values at forty
stations are analysed. According to Beaudion and Rousselle
(1982), these observations can be represented in a
p~dimensional space, where each axis represents a variable.
The objective of principal component analysis is to
transform the original p - axis system into a new one
having the properties that the new principal axes are
orthogonal and the principal components are arranged in
descending order of importance, such that each component
explains the maximum amount of variance of the observations
left unexplained by the previous components. *
To obtain the principal components, the 40 x 40
inter=station correlation matrix R is firstly computed
from the original 43x40 data matrix A. Each element of
R is calculated from the general equation:
NSX X, = FX X,
r = (9)
(nsxd =Ex D X2 - 5x,)2)*

where X‘l and X2 are the respective annual rainfall
values at stations one and two, and N the number of

observations. The lower triangular of the computed

correlation matrix is detailed in Tabkle 5.1, Chapter Five.

Next the forty elgenvalues (A) of R are derived

following, Kendall, (1975), by solving the characteristic

equation

laoRao - Aaola0| = 0 i
where I is the 40x40 identity matrix. For, each

eigenvalue (A\) of equation (10), a non-zero vector e
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can be derived such that
20R20%1 = 40%1 (11)
where the vector e is called the characteristic vector
or eigenvector of the correlation matrix R assocliated
with the corresponding eigenvalue A . The significant
elgenvalues calculated, together with the percentage of
total variance explained are given in Table 5.2 Chapter
Five whlle the calculated eigenvectors are shown in
Table 5.3, Chapter Five, .
According to Kaiser(1958), only the eigenvalues for
which Ay 51 (i=1,...,40) should be retained. In this
study, the first thirteen eigenvalues were greater than 1

and are therefore retained for further analysis. The

percentage of total variance Vi explained by each principal

component is calculated as:

100%&

_ for i=1,.,.,13 | (12)
13
':E}H

i=1

The initial eigenvectors obtained were subjected to
orthogonal and oblique rotations in order to improve on the
results. The mathematics of the rotation procedure is
complicated and.is therefore not outlined here. The
orthogonally (varimax option) and obliquely (Oblimin option)
rotated eigenvectors are shown in Tables 5.4 and 5.5

respectively of Chapter Five.
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In pre-computer era, the arithmetic involved in

principal component analysis was rigorous. Nowadays, there

are many computer-based statistical packages which perform

the analysis quickly and accurately.

COMPUTER PROGRAMMING

The preliminary computer analysis to calculate the
descriptive statistics, measures of dispersion, including
the summary print-cut of the monthly rainfall values were
done on the Ahmadu Bello University Control Data Corporation
Cyber 72 computer system. The Swed and Eisenhart's "(1943)
runs test, test for normality, Mann-Kendall's Rank test,
the moving average and the rainfall trend were carried out
on the University of Nigeria - University of Dublin Linkage
Facilitlies on Operations Research and Data Processing.

Since the Cyber 72 Computer system of Ahmadu Bello University
could not handle the principal component analysis, this was
carried out on the Abubakar Tafawa Balewa University Digital
Equipment Corporation VAX 11/780 Computer system using

SP55~X. The programs used are shown in Appendices A, B and C,
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CHAPTER 4

FEATURES OF RAINFALL IN NIGERIA

ORIGINS OF RAINFALL

Rainfall in the tropics is said to be largely associated
with the passage of the synoptic scale disturbance (Riehl,
1954). Also local factors such as orography, land and sea
breeze effects could influence the properties of the basic
currents (La Seur, 1960), and cause changes in the effect
of such disturbances. Johnson (1963) associated the rainfall
patterns to both lower and upper tropospheric systems while
Alaka (1964) pointed out that synoptic systems are associated
with meso-scale as well as short-lived mobile convective
scale systems which Garnier (1967) and others in West Africa
referred to as Line-squalls. Thus rainfall in Nigeria and
West Africa is produced by atmospheric processes, convective,
and non-convective systems and orographic uplift.

During the rainy season (April - October), a basic
feature of the lower atmosphere over West Africa is the
thermally=-induced low pressure cell over the Sahara with its
axis located between latitudes 18°N and 22°N. At the same
time, the sub-tropical high pressure over the south Atlantic
intensifies and extends equatorwards. The resulting gradient
between the two pressure systems induce a low-level south-
westerly air (south-west monsoon) from the south Atlantic,

At the surface, this warm, mcocist and convectively unstable
southwesterly airstream can penetrate deep as far inland as
the southern fringes of the Sahara desert, reaching altitudes
20° - 22°N in August. The depth of this south-west monsoon

decrease inland from the Guinea coast.
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Above this south-=-west monsoon at about 3km is a hotter and
drier northeasterly alrstream from the Sahara. Near the

3km and 12km levels, these easterly winds concentrate into
narrow bands of jet streams known respectively as the African
Easterly Jet (AEJ) and the Easterly Tropical Jet (ETJ). The
position and intensities of the jets iInfluence the formation
of synoptic-scale features such as easterly waves, line-
squalls and thunderstorms. These move westwards, giving rise
to strong surface convergence, enhanced cloud development and
rainfall (Okulaja, 19703 Kamara, 1986).

Secondly, large amount of rainfall is generated By
convective systems. Kamara (1986) has identified two types
of convective systems. They are the local convective rainstorm
and the line-squalls., The lccal convective rainstorm is
associated with intense heating of the land surface which
results in rapid convection, giving rise to towering cumulus
and cumulonimbus. When they occur, large areas have showery
weather and many areas experience rainfall. This is highly
localised and mostly experienced in the southern coastal
towns of Nigeria (Adefolalu, 1983), The line-squalls on the
other hand, are assocliated with the instability phenomena.
Eldridge (1957) suggested that they have elongated structure
which was confirmed by Forsdyke (1960). Hamilton and Archbold
(1945) and Garnier (1967) observed that periods of active
line-squall coincide with enhanced easterly wave activity
over West Africa., They move from east to west during the
night and early morning, with highest frequency at the onset

and towards the end of the rainy season (September to October).
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Most of them originate from West Central Africa, the high-
lands of Eastern Nigeria and Western Cameroon, The line=-
squalls are characterised by high temperatures, low humidity
and torrential rain, accompanied by lightning and thunder.
These line-squalls are responsible for a high proportion
(about 60 = 70%) of the total rainfall received in many parts
of the country (Adefolalu, 1983}, Okulaja (1970) made a
synoptic analysis of weather conditions in West Africa for

26 - 28 July, 1960, He found that the line-squall on the

26, first manifested itself on the surface as line distribution
of heavy cloud with heavy rain.

The effect of orography as a rain producer is highly
localised. This 1s associated with mountain barriers which
can deflect, block, or enhance air uplift. As the south-
westerlies approach these mountain masses, the winds are
forced to rise up, and beyond the condensation level, where
adiabatic expansion results in cooling, condensation, cloud
formation and rainfall, It has been noted that the amount
of rainfall is significantly greater on the windward side
than on the leeward slopes of mountains. Such variations
in rainfall concentration reflect fundamental differences
in the distribution and concentration of heat, moisture and
general convective instability between the two sides of the
mountain (Kamara, 1986). This type of rainfall is experienced
in Calabar and Jos.

It is also noteworthy that the non-convective system of
rainfall is produced by the low level convergence. This
produces air ascent convergence in the horizontal flow of air
masses. This means that large-scale surface convergence below

the Easterly Tropical Jet promotes widespread instability within



35

the moist maritime tropical airmass which result in the

development of thick and continuous layers of medium-level
altostratus and altocumulus clouds and low=level stratus and
stratocumulus clouds over very wide area. It occurs in West
Africa where there is a marked deepening of the low level
south=westerlies between June and September, resulting in
widespread and prolonged monsoon rainse. This is similar to
the type of rainfall found over southeast Asia during summer.
The rainfall is characterised by light continuous downpours
with occasional spells lasting from a few hours to several
days. Generally, the periods of maximum convergence ;ainfall
coincide with minimal thunderstorm activity, which suggests
differences in the mechanisms that organise the thunderstorm

and massive uplift of the monsoon air.

THE WEATHER SYSTEM IN NIGERIA

The weather conditions in Nigeria have been described
by Hamilton and Archbold (1945}. The general pattern of
weather is similar to those experienced over West Africa.
These weather conditions result from the general circulation
of the atmosphere and its associated airmass over the globe,
modified by local conditions. However, rainfall in Nigeria
exhibits a definite alternating wet and dry seasons in response
to the pressure belts assoclated with the apparent movement
of the overhead sun (Oguntoyinbo et al,,1978). Belts of
distinctive weather have been observed to show pronounced
migration across the region. This migration is strongly
associated with the north-south movement of a zone of sharp
discontinuity between dry ¢T and the humid mT. This boundary
zone is known as the Inter-Tropical Discontinuity in West

Africa. The ITD assumes its northernmost position in August
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around latitude 20°N and attains its southernmost position in
January between latitudes 5°N and 7°N. Generally, places
north of the ITD would have little or no rainfall, while
rainfall will occur in places some distances south of the
position of the ITD. The tropical continental airmass tends
te be predominant.in the northern part, while the tropical
maritime airmass dorminates the south. For this reéson, the
rainy season is longer in the southern than in the northern
part of the country., This relationship of these weather
zones to the location of ITD may be perceived by reference to
the idealised cross section in Figure 4.1. .

In this figure the surface position of the ITD is
indicated by a straight line intended to illustrate the way
in which bumid air exists as a tongue penetrating into the
dry air. North of this juncture, lies dry easterly air with
generally cloudless skies while to the south of it, there is
a mass of molst southwesterly air at the surface and the
dry easterly air aloft., The structure of this south-westerly
and its contrast with the northeasterly are reflected in the
different weather zones. The locations are shown by letters
A to D in Figure 4.1 by Walker (1958)., Zone A lies north of
iTD. It is a region of dry air and little cloud consisting
mainly of high cirrus and some medium clouds especially at
dawn. The weather type is characterised by strong harmattan
conditions during December to early February. It is a rainless
zone with relatively cool nights. The north-ecasterlies bring
light and gusty wind in the mornings. There are also periods
of a few days of extensive haze caused by fine dust suspended

in the atmosphere.
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Zone B, lying immediately to the south of the ITD extends for
some 240 - 320 km. The weather is mainly dry with rather
warmer nights and hotter days inland and on the coast.
There may be an isolated rain shower or thunderstorm but
these are not common. There is usually a marked increase
in night temperatures and humidities giving a sense of stick~
ness. This is felt more in the south than in the north.
Zone C lies south of zone B and extends southwards for 600 -~
800 km. Periods of raln are short and of high intensity.
The atmospheric condition is asscociated with disturbance lines,
such as thunderstorms, giving wide -~ spread but variaSHe and
sporadic rainfall. Humidity is generally high and diurnal
temperature range is small. Zone D lies to the south of
Zone C, It is characterised by high humidity and relatively
low and constant temperature. It is a region of much stratus
cloud with a base of only 200 -~ 300 metres in the sky. Above
this layer, relatively stable conditions and sometimes tem-
perature inversions are prevalent. These inhibilt upward
movement, thus reducing the quantity and intensity of the
rainfall and is sometimes regarded as responsible for the
little dry season. Zone E is the most southerly zone which
penetrates a relatively short distance inland in July and
August, The weather conditlons a#e similar to those of zdne D.
Not all the five weather types shown in Fig, 4.1 are
experienced in all parts of Nigeria. Type A is rarely ex-
perienced at the coast while types D and E are confined to the
south. Broadly speaking, weather zone A prevails over much
of the northern part of the country during the dry season
months of November - April. During this period, most of the

south enjoy weather zone B, with the weather zone C prevailing
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along the coastalareas particularly the Niger-Delta area.
From May to QOctober, weather zones, B and C prevail over
the north while weather zones C, D, E prevall over the
south with varying frequencies, The location of the ITD
and its effect im January (Fig. 4.1) is typical of dry season
conditions. North of the surface 1ITD, all areas are
continuously under <T air, while south of it, areas are
under mT air. This implies that Kano corresponds to zone

A while Ilorin corresponds to zone B, As the ITD, moves
northwards in July, the mT air dorminates the country.
Hence, weather zones B and C prevail in the north while
weather zones D and E prevail in the south. And as such,
Kano enjoys weather zone C, Ilorin experiences weather zone

D and Lagos enjoys weather zone E.

THE RAINFALL PATTERNS

During the preliminary analysis of the data, the mean
annual rainfall, mean monthly rainfall and coefficient of
variation of mean monthly rainfall were determined. The
result of the analysis were used in discussing the variation
of rainfall pattern across the country. The resultant maps
of the patterns are presented in Figures 4.2, 4.3 and 4.4
respectively,

Figure 4.2 shows the distribution of the mean annual
rainfall in Nigeria. The amount of the rainfall decreases
from the south to the north. The highest values received
in the south are within isohyets 2,400mm and 3,000mm. They
vary from 2,441mm in Owerri, through 2,465mm in Uyo and
2,509mm in Port-Harcourt, to 2,957mm in Calabar. These
high values could be explained in terms of the orientation

of the coast across the wind path, or in terms of the effects
of the disturbance lines that are most frequently generated
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1

to the east of Nigeria (Adedokun, 1978). The very high values
in Calabar in the east and Jos in the north are attributable

to the altitudinal effects of the Cameroon Mountains and the

Jos Plateau. The low amounts, on the other hand, occur in the
south=-west within isohyets 1,200mm and 1,500mm. They range from
1,168mm in Oyo, through 1,189mm in Cgbomoshe, 1,240mm in Ibadan,
1,269mm in Ilorin and Offa, to 1,412mm in Akure. These low
values may have resulted from the effects of the easterly

extension of the dry belt of Ghana and Togo.

As the rainfall decreases inland, the relatively high values
in the norih are experienced in Yelwa (998mm) and Yola (948),
This may have resulted from the orographic influence of the
North~Central Plateau and Mandara Mountains. Low values occur
at Nguru (501mm) and Hadejia (628mm}. This might be due to the

effects of continentality.

The central portion, known as the Middle Belt, which includes
the Niger-Benue trough stations, has similar characteristics
as the south-western Nigeria, The rainfall amounts range from
1,138mm in Loko3a, 1,281mm in Lafia, 1,212mm in Bida, 1,317mm
in Yandev, to 1,432mm in Oturkpo. The low values may be ascribed
to the low land nature of the land which runs parallel to the
Niger-Benue trough. This may have caused the deflection of the

south-westerlies, thus resulting in minimal rainfall in the area.

The rainfall patterns for the mean monthly rainfall are
shown in Figures 4,3,1 to 4.3.12. There is a general east-to-

west and south-to-north decrease in the wonthly rainfall, with the
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isohyets running east to west., Figures 4.,3.11, 4.3.12, 4.3.1
and 4.3.,2 indicate that the greater part of the country is
rainless from November to February while the southern

coastal stations experience rain to a certain degree. For
example, the values of rainfall in November (Fig.4.3.11) are
176mm in Calabar, 132mm in Port-Harcourt, 75mm in Lages,

and 47mm in Ondo, while the amounts in December vary from
43mm in Port-Harcourt to 46mm in Calabar. The decrease in
rainfall at this time is due to the southward movement of the
ITD., This pattern persists in January (Fig.4.3.1). By
February (Fig. 4.3.2) and March (Figure 4.3.3), rainf4ll has
extended a little inland, with Benin receiving 38.8mm, Owerri
47.4mm and Kwale 43,4mm., The amounts are higher in March
within which Akure, Enugu and Kabba had 108.8mm, 76mm and
64.5mm respectively., The highest rainfall values from
January to March are found in the south-eastern Nigeria.

This is because the rain-bearing south-westerlies accompaning
the mT air, strike the coast at right angles, coupled with the
effects of the Cameroon Mountain (0jo,1977). Zonal patterns
also occur in April and May (Figures 4.3.4 and 4.3.5) with
rainfall generally decreasing from the coast inland. The
values range between .5mm and 212mm in April and between 23mm
and 292mm in May. It is evident from the maps that there are
more areas with greater amounts in May than in Apriil. All
these reflect the influence of the northward movement of the
ITD and the dorminance of the south-westerlies.

June and July (Figures 4,.3,6 and 4.3.7) are the periods
of the heaviest rainfall, with great variations as well.
Rainfall is evenly distributed all over the country as the
ITD, is in its northernmost limit. This is in agreement with

the general pattern of rainfall in the tropics.,
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Fig. 4.3 Distribution of mean monthly rainfall
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The effects of relief are noted in the distribution of rain-
fall. For example, Jos has highest rainfall values of 213mm
in June and 317mm in July in the north, which is much higher
than the stations in its surroundings. High values alsc
occur in June and July in the south-western. The values
range from 163mm in Ogbomosho through 183mm in Ibadan,

192mm in Akure to 442mm in Lagos in June, while those of

July are 133mm in Ogbomosho, 156mm in lbadan, 186mm in Akure
and 279mm in Lages. This may be due to the curvature effects
of the coastline in bringing about convergence. On the other
hand, the south-eastern part experiences higher rainfall
amounts in July than in June, The values are 440mm in Calabar,
352mm in Uyo and 356mm in Owerri in July, while in June,

the amounts are 404mm in Calabar, 304mm in Uyo and 310mm

in Owerri. This may be explained in terms of increased
moisture content of the mT airmass as the ITD is farthest
north. The August (Figure 4.3.8) pattern of rainfall dis-
tribution is similar to that of July, with the exception of
abnormally low values in the south-west. This is associated
with the period of high sun when the ITD is farthest north
and the mT air attains its maximum depth, The abnormally low
rainfall has been regarded as the little dry season in the
south-western Nigeria. It receives lesser amount of railn
than other parts of the country at this period. The values
range from 91mm in Oyo, 87mm in Lagos through 314mm in Port-
Harcourt to 375mm in Uyo. The retreat of the rain-bearing
south-westerlies is reflected in the rainfall patterns for
September and October (Figures 4,3.9 and 4.3.10}. Rainfall
is much higher in Septenber than October, although the

orientation of the isohyets is similar to what obtains in

April and May. As the ITD retreats towards the coast, the
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pattern reverts to that of dry season.

Figures 4.4.1 to 4.4.12 represent the mean monthly
coefficients of variation (CV) of rainfall which are generally
inversely related to the mean monthly values (Udo, 1970).

Low CVs are observed over high rainfall areas and high CVs
over.low rainfall areas. The highest CVs are found mostly
in the northern part especially during the dry season
(November - February). The values are above 700% in Maiduguri,
Katsina, Sokoto and Kano in January to March. The lowest
values are found in the south with 42% and 50% in Lagos and
Calabar respectively. Similar patterns occur in April to
June as could be seen in Figures 4.4.4 and 4.4,.6)}. The CVs
are generally low over the country in July (Figure 4.,4.7)
and August (Fiqure 4.4.8). The highest values are 69% (Oyo)
and 71% (Ilorin) in July and B86% (Offa) and 100% (Ibadan)

in August, These are mostly found in the south-west, This
is consistent with the fact that rainfall is generally more
areally widespread and less variable during this period.

The dissimilarities between the mean monthly rainfall
values and CVs lie in the fluctuations of the ITD which
alternatively brings the stations under the influences of hot,
dry cT air and moist mT air. As a result of this, there is
a northward decrease of rainfall variability across Nigeria,
and higher variability in the southern part is due to the
greater relative frequency of thundershowers there. Secondly,
it is due to the fact that Nigeria receives over 70% - 80%
of the mean annual rainfall during the rainy season. Thirdly,
rainfall in July to August is generally widespread and less

variable,
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FLUCTUATIONS IN RAINFALL

The graph of the original rainfall series was smoothed
using a five-year moving average over varied number of years
(1901 - 1984) for some selected stations to illustrate the
changing patterns in the annual rainfall. By using the
moving average method, cyclical, seasonal and irregular
patterns were eliminated, thus leaving only the trend
movements., The representative stations were Calabar, Enugu,
Ibadan, Lagos, Port-Harcourt from the south, and Jos, Kano,
Kaduna South, Maiduguri and Sokoto from the north. Figures
4,5.1 to 4.5.10 show the graph of the original data and the
five-year moving average indicating a broad pattern of the
long-term trends from which periodic fluctuations can be
deduced.

The southern stations (Lagos, Ibadan, Calabar and Port-
Harcourt) experienced below-average rainfall between 1910
and 1920, while Kano and Sokoto had an upward trend of wetter
years from 1915-1928, and Kaduna South and Maiduguri from
1923-1928. The wetter years in the north may be as a result
of pronounced dry period in the high-sun season (August break)
in the south. During this period, a pronounced rainfall
minimum occurs in the south. There followed a countrywide
period of downward trend from about the mid-=1930s to mid-
1950s, especially in the north, leading to numerous local
famines. The period between 1951 and 1960 showed a pattern
of alternating wet and dry years with a general upward trend
towards increasing rainfall in the south. This may be
attributed to the strenghtening of the moisture bearing south-
westerlies during the rainy season. The decade 1961 to 1970

had some years of very heavy rainfall, particularly in the

south (Figures 4.5.1 - 4.5.5). In the north, a drier episode
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set in, in the mid-1960s, then progressed and turned to
severe drought, which spread to other parts of the country
between 1969 and 1973. On the whole, the south experienced
above average rainfall in the period 1951 to 1970 and the
peak in the decade 1960 to 1969.

The period 1969 to 1973 was marked by severe drought
conditions. These conditions might be due to the southward
shift of the subtropical high pressure belt and the Easterly
Tropical Jet causing an increased subsidence and low-level
convergence over West Africa and a decrease of molsture
flux and upper level easterly flow into Nigeria (0jo,1977).

Generally, over the years, there has been alternating
downward and upward trends, indicating no significant trend

in the annual rainfall.
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CHAPTER 5

RESULTS AND DISCUSSION OF PRINCIPAL COMPONENT ANALYSIS

The annual rainfall values at forty stations for forty three
years (1941 - 1983) were subjected to an S-mode principal
component analysis. According to (Richman and Lamb, 1985) an
S-mode PCA seeks associations among stations over a set of time
periods for a fixed parameter. The inter-station correlation
matrix, an input into the next stage of the PCA procedure was
first generated. This symmetric matrix is detailed In Table 5.1.

From the Table, it is evident that the correlation coefficients
between stations are generally low, the highest being ¢,76 for
Akure against Ondo. Stations nearer to each other displayed
nigher coefficlients than those which are farther apart. For
example, Ondo has significant correlations with Akure (0.76),
Ibadan (0.71), Lagos (0.63) and so on. Similarly, Jos correlates
with Kaduna South (0.58), Lafia (0.46), Bauchi (0.41) and so on,
while Kano relates with Katsina (0.59), Hadejia (0.36) and Potiskum
{0+33). On the other hand, Maiduguri in the northeast has low
correlation with Oyo (-0,07), Owerri (0,13}, Lafia (0.16), and
so on. This is in agreement with Pandzic (1986) in his factor
analysis of temperature field in a relatively small area. The
results indicate that stations which are under the influence of
common physical factors appear to have significant correlations
with each other and they follow regional patterns. This presupposes
that the results of the principal component analysis will probably
follow the same pattern since it is based on inter-station

correlation.
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The application of the PCA procedure on the 40x40 correlation
matrix reduced the forty stations (variables) to thirteen
principal components (PCs). The variance extracted by each of

the PCs and their eigenvalues are presented in Table 5.2.

TABLE 5.2 EIGENVALUES AND VARIANCES EXTRACTED BY EACH PC

% OF  um % OF

PC EIGENVALUE VARIANCE VARIANCE
1 9,72 24,3 2443
2 4.49 11,2 35,5
3 2.67 6e7 42,2
4 2.38 5,9 48,2
5 2417 Sed 53.6
6 1.85 4.6 58.2
7 1.58 4.0 62.2
8 1.55 3.9 66,0
9 1.39 3.5 69.5
10 1,32 3.3 72.8
11 1,23 3.1 75.9
12 1.13 2.8 78.7
13 1.05 2.6 81.3

Table 5.2 shows that the thirteen PCs account for 81,3% of the
total variance of the annual rainfall of which 24.3% was extracted
by the first PC. The first three PCs together account for 42,2%
of the total variance, indicating that these components can
account for most of the variances of the annual rainfall in
Nigeria. 1In similar studies, Gregory (1975) noted that the first
three components could account for 68% of the total variance of the
annual rainfall over United Kingdom, while Dyer (1975) observed
that only 47.2% of the total variance of the South African annual
rainfall could be extr;cted by the first three components with the
first accounting for 27.,95%. Thus the results of this study is in

line with their findings.
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The principal component loadings (unrotated) of the thirteen
PCs on the forty stations are detaiied in Table 5.3. It is
evident from this Table that there are too many stations (28)
in PC1 with component locadings greater than the absolute value
of 0.30. Harris (1967) recommended absolute value of 0,30 as
the minimum loading for interpretation when the input is based
on correlation matrix. The PC1 shows no definite grouping of
stations. Many northern stations such as Kano (0.40), Minna
(0.53), Yelwa (0.44), Yola (0.42), Bida (0.57) and Jos (0.47)
are grouped with the southern stations - Benin (0,64), Calabar
(0.55), Ondo (0.80), Nsukka (0,.,64), Owerri (0.67), Ibadan (0,66),
Lagos (0.60), and Enugu (0.38) as being influenced by the same
physical processes. This is clearly not in agreement with the
earlier discussion on rainfall patterns in Nigeria. Almost all
the stations (Ondo, Minna, Kano, Ibadan, Auchi, Kabba and Oyo)
loading on PC3 also have significant loadings on PC1l, Thus,
the result do not exhibit any regional patterns and therefore
uninterpretable.

To improve the principal component interpretation, the
eigenvectors were subjected to orthogonal (varimax option) and
oblique (oblimin option) rotations. Anyadike (1987) observed that
rotation has the effect of repartitioning and shifting of the
variances towards higher factors, while Richman (1986} noted
that it attempts to isclate subgroups of stations which covary
similarly, thereby ensuring the usefulness of S-mode analysis
for regionalization. The orthogonally and obliquely rotated
PCs are presented in Tables 5.4 and 5.5 respectively.

The results indicate that the varimax rotation isolated

three distinct, significant and interpretable principal components
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PC1, PC2 and PC3, while the oblimin identified two, namely, PC1
and PC2, Considering component loadings greater than or equal
to 0.30, it could be observed that the PC1 and PC2 in both cases
are similar. However, as many as thirteen stations are loaded
on PC1 in the varimax option, while only seven load on it in
the oblimin option. Similarly, eight stations load on the
varimax PC2, while six load on the oblimin PC2. The PC3 in the
oblique rotation does not represent any definite pattern, since
the northern stations Potiskum (C.43), Nguru (0.69) and Ibi (=0.53)
are mixed up with the southern stations Oyo (0.75) and Uyo (=0.76).
Thus, the orthogonal varimax components best represent the input
data and are used to describe the spatial patterns of PC1l, PC2
and PC3, The various stations loading on each of the three
principal components, both unrotated and varimax rotated are
detailed in Table 546, while their spatial patterns are presented
in Figure 5.,1. The PC1 accounts for 24.4% of the total variance
in the rainfall data. The unrotated PC1 (Fig,5.1.1) does not
exhibit any regional pattern, and is totally uninterpretable.

It is evident from Figures 5.1.2, 5.1.4, 5.1.6 that the
PCA has identified three distinct geographical rainfall reglons
Owing to their locations, the PC1l, PC2, and PC3 respectively, may
be named Southern component, Northern component and Middle-Belt
component, It should be noted that lines separating the different
dominant regions are by no means sharp frontlers, they simply
indicate the locations where the influence changes from one
component to another (Ehrendorfer, 1987).

The varimax rotated PC1 (Southern component, Figure 5.1.2)
is associated with the stations (towns) of southern Nigeria

(considering the cut-off eigenvalues of 0.30 and above).
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TABLE S.6: STATIONS LOADING ON THE THREE SIGNIFICANT
PCs -« UNROTATED AND ROTATED EIGENVECTORS

UNROTATED VARTMAX ROTATED

STATION EIGENVECTOR EIGENVECTOR
PCT onpo 0.80 0.80 *
OGBOMOSHO 0.76 0.65 *
AUCHI _ 0.72 0.51 *
AKURE 0.69 0.79 *
OWERRT 0.67 0.41 *
IBADAN 0.66 0.75 *
OFFA 0.65 0.41 *
NSUKKA 0,64 D31 *
BENIN 0.64 Q.65 *
MAKURDI 0.62 0a.26
KADUNA SOUTH 0.61 0.21
KABBA 0,61 0,37 *
LAGOS Q.60 0.87 *
ILORIN (.59 0.46 *
IBI C.59 0.16
BIDA 0«57 0.27
CALABAR 0.55 0.34 *
YANDEV 0.54 0.20
MINNA 0.53 0.17
JOS 0,47 0.11
YELWA C.44 Q.13
LAFIA 0.44 0.08
YOLA 0.42 0.23
KWAL.E 0.41 0.11
KANO 0,40 0.14
ENUGU 0,38 0.17
OTURKPO 0.33 0.08
PANKSHIN C.30 0.13
pC?2
KATSINA C.77 0.79 =
KANOQ 0.68 0.76 *
POTISKUM 0.68 : 0.56 *
SOKOTO 0.64 0.53 *
HADEJIA Q.60 0,73 »
NGURU 0.59 0.45 *
MAIDUGURI 0.56 0.74 *
BIRNIN KEBRBRT 0.50 0.39 *
BAUCHI 0.48 0.18
oYO -0,33 =0.26
PC3
oYO 0,73 0.10
uYyo 0,63 -0.21
IBI1 =0,50 0.43 *
IBADAN 0.31 =0,13
ONDO 0.31 0.24
BAUCHI -0,20 030 »
LAFIA -0.18 0.55
JOs -0.12 0.85 =
YOLA ' 0.12 0.59 =
KADUNA SOUTH 0.11 0.62 »
BIDA 0.01 0.38 «

* Indicates significant component loadings (20.30)
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Fig.51. Spatial distribution of the loadings on
PC1 (unrotated and rotated ).
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Fig. 5.1 continued : Spatial distribution of the loadings
on PC2 (lunrotated and rotated ).
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51.5. UNROTATED PC3

SCALE:—
? ‘PO ZIOUKm 516. VARIMAX ROTATED PC3
.

Fig. 5.1 continued : Spatial distribution of the
loadings on PC 3 (unrotated and rotated).
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The examination of the variable loadings shows that high values
(20.60) occur mainly in the south-western stations, Lagos, Ondo,
Akure, Ibadan, Ogbomosho and Benin, while low ones are experienced
in the south-eastern stations Calabar, Nsukka and Owerri. Thus

the suthern component explains rainfall variation most frequently
found in the south and portrays the degree to which stations

covary with the seasonal duration and intensity of rainfall across
the region. Rainfall in Nigeria, as in most tropical regions, is
generally convective in origin, causing large spatial variation

in the rainfall patterns. The significant PC1 stations are highly
influenced by the warm moist mT from the Atlantic ocean, orographic

effects of the Cameroon Mountains and nearness to the sea. These

physical processes generate high amounts of rainfall. The region
described by PC1 is the wettest part of the country, and the rainy
season (April- October) is particularly longe.

The second component, that is the Northern Component
(Fig.5.1.4) explains 11.2% of the total variance and is correlated
with the far north. The high loadings appear in Katsina (0.79),
Kano (0.76), Maiduguri (0.74) and Hadejia (0.73), while Birnin
Kebbi (0.39), Nguru (0.45) and Sokoto (0.53) have low values.

This region is characterised by low amounts of rainfall as
discussed in Chapter Four. The long-term mean varies from 501 mm
in Nguru to 824 mm in Kano. The PC2 stations are predominantly
influenced by the dry cT air from the Sahara desert and their
continentality. Due to these physical factors, the Northern
Component region has a shorter period of rainy season (May-
September), longer dry season (October-April), and long, dry,

cold, and dusty harmattan (generally from November to March).
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The PC3 (Middle Belt Component, Fig.,5,1.6) is correlated
with the Middle Belt and extends into the windward side of the
Adamawa Highlands in the north-east. It explains 6.7% of the
total variance. The high loadings appear in Jos (0.85), Kaduna
South (0.62) and Yola (0.59), while low ones occur in Ibl (0.43),
Bida (0.38) and Bauchi (0.30). This region is influenced by the

low=1lying nature of the area and the altitudinal effects of the
Jos Plateau and Adamawa Highlands. The PC3 stations experience
moderate amounts of rainfall due to the above physical factors,

In order to classify the rainfall stations into homogeneous
regional groups, the significant component loadings of PC1 were
plotted against PC2, then PC2 against PC3, and PC1 against PC3
(Pandzic, 19863 Atwoki, 1975}). The graphs which show the clusters
among stations are presented in Figures 5.2.1, 5.2.2 and 5.,2.3.

In Figure 5.2.1, five major groups of stations labelled A,B,C,D
and E are identified. Similarly, in Figures 5.2.2, four groups
of stations F, G, H and 1 are separated, However, F in Figure
5.2+.2 fairly corresponds to D in Fig.5.2.1, while G in Fig.5.2.2
corresponds to E in Fig.5.,2.1, M in Fig.5.2.3 corresponds to I

in Filg.5.2.2 and C in Fig.%.2.1 stands alone. Thus, seven
distinct Groups A,C,D,E,K,L and M adjudged to be the best in
accordance with the clustering of the stations are selected as the
homogeneous rainfall regional groups of Nigeria. The spatial
distribution of the jdentified 9groups of stations is shown in
Figures 5.3 and labelled I, II, III, IV, V, VI and VII respectively.

Two of the seven recognised groups have only one member each,
Calabar (II) on the Cross River and Jos (V) on the Jos Plateau.

Both have higher rainfall amounts than their surroundings. This

reflects the effects of Camerocon Mountains and Jos Plateau.
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Group I, which may be referred to as the Southern Coastal Area
includes Lagos, Benin, Ondo, Kwale, Owerri and, Port-Harcourt.
Group III designated the Southern Upland stretches from south-
west to south-east comprising of Ogbomosho, Oyo, Ilorin, Offa,
Ibadan, Akure, Auchi, Nsukka and Enugu. These three Groups

(I, II, and III) are described by PC1l. Generally, they are
influenced by the moist mT air mass and their nearness to the
‘sea. These groups experience high rainfall and long rainy
season, but Calabar experiences the highest rainfall amounts due
to effects of relief. The south~west (Ilorin, Akure, Ibadan,
Kabba and others) experiences little dry season for two to three
weeks., Group IV, called the Middle Belt includes Lafia, Yola,
Ibi, Bida and Kaduna 3outh. This is described by PC3, Most of the
stations lie within the Niger-Benue trough and receive moderate
amounts of rainfall as a result of the low-lying nature of the
trough. Group VI referred to as North-West comprises Sokoto,
Birnin Kebbi and Yelwa while Group VII designated North-=-East is
made up of Katsina, Kano, Hadejia, Potiskum, Maiduguri and Nguru.
Both, described by PC2 are greatly influenced by the north-easter-
lies from the Sahara desert and their continentality. The two
Groups (VI and VII) experience the least amount of rainfall,
although Group VII 1s usually drier than Group VI because of the
rain-shadow effects of the North Central Plateau. Generally,
Groups III,IV,V,VI and VII have shorter periods of rainy season
(May - October) and longer periods of dry season (November-April),
They also experience minimum rainfall peak in August when the ITD

is in its northernmost limit.

Perhaps, the only study of this nature in Nigeria was that
of Ayoade (1977). He used three classification procedures,

namely, Factor Analysis, Elementary Linkage Analysis, and
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Hierarchical Grouping Method to divide Nigeria into seven rainfall
regions. His result does not generally agree with the seven
regional groups obtained in this study. Only his groups I, and
~III have some similarity with groups V¥, VI and VII of this study.
The apparent dissimilarity could be attributed to the method and
variables employed in each case. His study used ten rainfall
variables (mean annual rainfall, rainfall seasonality index,
run-off coefficients and so on} which were collapsed into two
factors, while this study was based on annual rainfall only.

From the results, it is clear that for a more effective regiona-
lization to be obtained, over one hundred stations should be used

as opposed to Ayoade's thirty-two and forty in this study.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

OVERVIEW OF THE STUDY

Rainfall in Nigeria is the most important source of
water supply and is therefore the principal controlling
element in agriculture. The amount of rainfall received
determines which types of farming could be carried out.
However, the rainfall variability from year to year is the
main factor responsible for the agricultural yields and
total agricultural production. Either a deficiency or a
surplus of rain can cause crop failure. Consequently there
is the need to characterize the country's rainfall in order
to understand the availability of water resources and shed
some light on the spatial and temporal factors that cause
changes in the rainfall distribution. Such a characterization
would help in the planning of agricultural activities.

In the Literature Review some of the methods employed
in rainfall classification and regionalization were examined.
These included the Elementary Linkage Analysis, Map-pattern
or Correlation Technique, Factor Analysis and Principal
Component Analysis. Because of the tremendous amount of
data involved (46,152 observations) it was necessary to
employ an analysis procedure that permitted a large reduction
in the amount of data, but still providing little or no loss
of information about the spatial variability of rainfall in
the country. The Principal Component Analysis was ad judged
most suitable and modern, taking the advantage of high speed

electronic computers.
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The data for the study were obtained from the Nigerian

Meteorological Services, Oshodi, Lagos. The data set comprised

_daily rainfall records of sixty-nine stations for the period

between 1901 and 1984, The rainfall stations, which represent
the best available network of climatological stations were
randomly selected, ensuring even distribution all over the
country. Since the validity of a study of this nature
depended on the quality of the input data and the hypothesis,
the annual rainfall data for each of the forty stations
selected for PCA were subjected to initial statistical tests,
These tests included test for homogeneity and randomness,
test for normality and test for trends against randomness.
The trend of the original rainfall series was smoothed

using a f ive-year moving average between the period 19501 =
1984 for some selected representative stations to illustrate

the changing patterns in the annual rainfall,

RESULTS OF THE STUDY

6.2.71 Initial Statistical Tests

The results of the initial statistical tests
were revealing, The Swed and Eisenhart's (1943)
runs test for homogeneity and randomness showed that
with the exception of Ibi, the series for each of
the stations were homogeneous and random at 5%
significance level. There were too many runs for
Ibi which suggested oscillations in the series,
In the test for normality, it was discovered that
the series for 85% of the stations were normally
distributed. This implied that statistical tests
(such as correlation) which imply normality could

be applied to the series. The Mann-Kendall Rank
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test for trends against randomness showed that the
series for 75% (30) of the stations were influenced
by random processes. The randomness did not exhibit
any regional patterns. However, the remaining 25%
(Birnin Kebbi, Katsina, Lokoja, Oturkpo, Minna,
Kano, Potiskum, Nguru, Pankshin and Calabar) showed

negative trends which appeared to be regional.

General Characteristics Of Nigerian Rainfall

The spatial patterns of the mean annual rainfall,
mean monthly rainfall, and the coefficient of
variations of mean monthly rainfall were mapped
using the descriptive statistics generated during
the preliminary analysis.

The results showed that in the case of mean
annual rainfall, the rainfall decreased both in
duration and amount from the coast to the interior
except where orographic effects produced higher
rainfall amounts, for instance, the Jos Plateau.

The coastal areas received amounts between 2000mm

and 3000mm, spread over 8 - 10 months while the
extreme north received less than 500mm spread over

3 = 4 months. The results also indicated that Nigeria
appeared to have high, medium and low rainfall zones.
The rainfall during the rainy season accounted for
over 80% of the mean annual rainfall.

However, considering the mean monthly rainfall,
there is a general east-to-west and north-to-south
decrease in the amounts with the isohyets running
east to west. The dry season rainfall was experienced

only at the coasts while the rainfall from July to

August was generally widespread and less variable
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across the coﬁntry. The 'Little' dry season appeared
to be most marked in the south-western Nigeria.

The coefficient of variation of mean monthly
rainfall was found to be generally inversely related
to the mean monthly values. Low CVs were observed
over high rainfall areas and high CVs over low
rainfall areas.

The trend of a five~year moving average for
some selected representative stations showed that
the country had wetter years in the decade 1951 -
1960, particularly in the south. The drier episode
occurred in the mid-1930s and 1940s. Rainfall in
1969 - 1973 was scanty, resulting in the historic
drought of that period, especially in the north.
Generally, there has been alternating upward and
downward trends over the years in the country's

annual rainfall.

The Characterization Problem

The Principal Component Analysis reduced the
original data set, which contained forty variables
(stations) down to thirteen uncorrelated variables
{(the principal components) which explained 81.3%
of the total variance. The first three components
which accounted for 42.2% of the total variance
were considered significant after applying the
varimax orthogonal rotation., Owing to their location,
the first component is named the Southern Component,
the second, the Northern Component and the third,

the Middle-Belt Component.
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The Southern Component which accounted for
24,3% of the total variance explalined rainfall
variations most frequently found in the south and
portrays the degree to which stations covary with
the seasonal duration and intensity of rainfall
across the region. The Northern Component explained
11.2% of the total variance and is correlated with
the far north. The region described by this component
is characterised by low amounts of rainfall, The
Middle~Belt Component is correlated with the Middle-
Belt and extends into the windward side of the
Adamawa Highlands in the north-east, It explained
6.7% of the total variance and 1s characterised by
moderate amounts of rainfall.

In order to classify the rainfall stations into
homogeneous regional groups, the significant component
loadings of PC1 (Southern Component) were plotted
against PC2 (Northern Component), then, PC2 against
PC3 (Middle-Belt Component). PC1 against PC3 and the
resulting distinct cluster of stations mapped. From
the spatial distributions, seven rainfall regional
groups could be identified, namely the Southern Coastal
Area, Calabar, Southern Upland, Middle-Belt, Jos, North-
west and Northweast,

The result of this study was found to be slightly
in agreement with a similar study by Ayoade (1977},
who classified Nigeria into seven regional groups.
Only his groups I {(far north}) and III (Jos) had
some similarities with groups VI (North-west), VII

(North-east) and V (Jos) in this study. The apparent
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dissimilarities could be attributed to the method
and variables employed in each case. His study
was based on ten rainfall variables which were
collapsed into two factors, while this study was

based on annual rainfall only.

6.3 A CRITIQUE OF THE STUDY

The overall purpose of this study was to investigate
the characteristics of rainfall in Nigeria with a view to
grouping the country into homogeneous rainfall regicnal
groups based on the technique of principal component
analysis. Seven such rainfall regional groups were identified,
namely, the Southern Coastal Area, Calabar, the Southern
Upland, the Middle-Belt, Jos, the North-west and the North-
east.

The result obtained is important for agro-climatological
purposes, especially with regards to planting dates for
dif ferent seasonal crops. Periods of moisture can easily
be determined in each regicnal group and appropriate schedules
for supplementary irrigation and effective drainage system
can be designed to minimize risks of prelonged spells and
stabilize farming. These regional groups may be used in
developing a network of representative observatory stations.

The result of the study could be said to be reasonable
within some constraints and limitations. With hindsight,
at least one hundred rainfall stations as opposed to Ayoade's
thirty=-two and forty in this study should have been used to
obtain a better characterization., Sixty-nine rainfall
stations were selected for the study but only two-thirds
could be used since the other one-~third contained many years

of missing values,
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Certain analyses, such as the temporal analysis and regression
analysis could not be done because of time constraint. Also
further analyses could not be done due to inadequate computer
facilities occasioned by the present economic circumstances

in the country.

SUGGESTIONS FOR FURTHER RESEARCH

It should be noted that the results of this study were
based on annual rainfall and no attempts were made to
examine the seasonal data, mean monthly values, runoff
coefficilents, coefficient of variation of annual rainfall,
and rainfall seasonality index. Consequently, it will be
Interesting to repeat the principal component analysis
using the standardised annual rainfall totals, April -
October totals, the standardised April - QOctober total
and natural logarithmic transformations of annual rainfall
and April - October totals., Further more, temporal analysis

could also be done on each of the abhove mentioned data.

It is however, hoped that this characterization study
could serve as a starting point for further studies of the

regional differences in rain-—generating processes.
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APPENDIX A: COMPUTER PROGRAM (IN FORTRAN 1V) FOR COMPUTING THE

7718
11

20
Z1

22

23
g

25
25

, 27

28

33

DESCRIPTIVE STATISTIC3/MEASURES OF DISPERSION AND
SUMMERIZATION OF THE RAINFALL DATA, STATION BY STATION

PROGRAM CLIMATE

DIMENSION RAINCSO,15)y YSUNCYIED ., YMBANCLIS) yMESSCLIS)YyKELED),IYEAR(ID)
1SUMSDCLS)S50C15) 4 ISCR0)CNEEF(LIS) 4 HFLGCID)

COMMON IPAGE,SKAME(T)

CPENCUNIT=S FILE="INDATAL.DAT ", STATUS="CLE ")

OPENCUNTIT=2,, FILE="INSET.DAT “STATUS="DLE ")

CPENCUNTIT =4, FILE="MEAN_INTERANNUAL LISy STATUS="HEW")
OPEN(UNIT2T o FILE="APROCT _TOTLDAT " STATUS="NEW")
CPENCUNIT=8,FILE="0UTFILELLIS ySTATYS="NEW")
OPENCUNIT29,FYILE="STANDARD _TOTL.OAT “, STATUS=2"NEW ")

IPAGE=]

18T =0

WRITE(6,7778)

FQRF#T(lGX,'STﬁTIUN'nZﬂX"HEﬁN INTER 49X, °H")

LNCT=g

00 20 K=1,158

YSUM(K)=0.,0

YMEAN(K)z0.0

MISS(KR)IEG

NCK D=0

SUMSD(KI=Q,.0

SOCK)Y=0,0

CIEFF(XI=0,0

CONTINUE

READ(2421+END=I9INYEAR, YRANGEL, YR&NGEZ.YREST CSNBMECIY I=147)
FORMATCIZ ) 1%32A0,A51XsT744)

v 22 Iﬂl;NYﬁﬁR

MFELG(I)=0

DO 22 J=l1,15

RATH(I,J)=0.0

CONTIKUZ

D0 23 I=l.NYEAK

READCE g 24)IYEARCTY o (RAINCLI ) wd=1412),1I8¢T1)

CONTINUE

FORMATCIS412F6,.191X12)

onD 26 1=14,NYEAR

OO 26 J=z1,12

IF (RAINCIZJ)LEQ., 9999 9360 T 25

YSUMCII=YSUMCUI+RAINCTIN )

NCJS)=NC )+

GD TO 26

MISSCII=MISS(D)+1

CONTINUE

020 27 Je=l,12

YMEANCJ)SYSUMOJ)ZNCY)

CONTINUE

Ce 28 I=1,NYEARR

DO 28 J=1,12

IF (MISSCUYalE S aAlNORAINCI s JIAEQ.995F49IRATNCLIyJ 20 YMEANCY)
CONTINUE

00 33 J=l.14 e im L

N(JDI=0
YHEAN(J)=0.0
YSUHCII=0.0
CONTINUE
DG 34 I=1,NYEAR
DO 34 Jml,l2
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IFCRATINCIJ).EQ.99%99.90G0 TL &

BRICDEL ISP ES]

RAINCTZ13)=RAINCILIID+RAINCI U3

IF(JeGTo3ANDLJLLT,. ll)RnIN(I.14)=RQIN(I;14)+R&IN(1aJ)
TRCSeGT a3 AND o LTS LEINCLA)=N(16)+1
YSUM{JID e YSUMCJI+RAINCIL )

GO0 TO 24

MELG(I)=]

CONTINUE

NC13)=0

HC14)=0

CO 9 I=1,NYEAR

IFCRAINCIHIADLEQ.0.0.0R.MELGCIDLE0.1) GO TO 8
YIUMCLII=YSUMCIADI+RAINCTI 13D

N{13)mNC13)+1

60O To §
RAIN(IL13)=2999%.9
CONTINUE

D0 11311 I=14NYEAR
IFCRAINCI ;14D BQe0e04O0RJHMFLGCIDLFEQa1) G0 TG 1112
YSUMCI4)I®YSUMCLADI+RATINCE14)

H{14)=eK({14)+1

GO TH 1111

RAINCL14)59995.9

CONTINUE

00 1113 I=1,NYEAR
IFCRAINCISIIDLEN.9999.9.0RWRAINCIL142.EQ.9993,90G0 T0O 1113
RAINCI+15)=CRAINCI 16)/RAINCI,L13))%100
YSUMCLISX=YSUMCLS)+RAINCIH1S)

HC15)=N(15)+]

CONTINUE RPN

00 38 Jsl,l5 .

YMEANCJII®YSUNMCII ZNCIY -

CONTINUE

0o 41 Isi, NYEAR

£EQ 41 J=1,15

IF (RAINCIHJ)EQ.9999.9) GO T0 41
SUHSD(J)=SUHSD<J)+(RAIN(I JY=YMEAHCI) 2

CONTINUE

00 42 J=1415

SOCJII=SARTCSUMSDCJIZFLOATINCGII=1))

IFCYMEANCUS)LEQLO) GO TOD 12

COEFFCJIRESDCII/YMEANCIIDINI00,0

GD TO 42
COEFF(J)=9999,9
CONTINUE -
DO 45 J=lyNYEAR '
WRITE(T46)IVYEARCIDRAINCTI 24D ISCID

CONTINUE

FORMATCL4.1X0FT. 1.11.12)

NIsHYEAR-1

AINTER=0.0.

N2=g =

EQ 7717 I=1,.N1
IF(RATINCI+1514).F0.9999.9.0R.RATNCIL14).EQ.9999,900D TO 7717
H2=MH24+1

AINTERSAINTER+ADSCRAINCI®1414)=RAINCIL14))
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2115  T777  CONTIKUE

0116 . ISTeISTel

0117 AINTER=AINTER/FLOAT(N2-1)

0118 N2aN2+1

0119 WRITECS,7T80)IST, (SNAMECS) =1, 7D JAINTER N2
0120 TT80 FORMAT(IX,I241XsTA4s2XsF1244,8K,13)

o121 WRITE(Bs9930)CSHAMECID)pd=1y7)

0122 9930 FORMATC4OX) “STATIONS *9TAG/20Xy “YEAR 32Xy "APRIL-OCT *y3X, "5TAKDARY!
0123 . 1913X, “MEAN DEVIATICN®) - :
0124 DG 5931 Ixl,NYEAR

0125 IFCRAINCIZ24).EQ.9999.9560 TO 9932

0126 POEVECRAINCI;14)~YHEANCIA))

0127 ST=(RAINCTH14)-YREANC14))/SDCL6)

0128 50 TO 9933

4129 9932 PDEV=29999.9

0130 5T*5999,9

0131 9933 WRITECS,99346)IVEARCIDZRAINCI,14),ST,PNEV
0132 9934 FORMATC20XeT492XeFBu1,6XyFT7,2913X,71242)
0133 WRITEC9,9935)IVEARCIDSST,1SCI)

0134 9935 FORMAT(I441XsFT0291Xy12)

0135  $931 CONTINUE .

0135 60 To 11

0137 99 stap

0138 END

PROGRAM SECTIONS

Name ‘ - ?_m . Bytes Attributes
0 $CCLOE L 1403 PIC CON REL LCL S5HR EXE f
1 sPDATA . 280 PIC €ON REL LCL SHR MDEXE F
2 sLeCaL _ . .. 711%  PIC CON REL LCL MOSHR NOEXE |
3 $BLANK N 32 PIC OVR REL GHEL  SHR NOEXE ¢
Total Space Allocsted o 8831

ENTRY POINTS

Address Type Name

0-00000000 t CLIMATE
VARIABLES
Address Type Name - Address Type Neome fddress
. R#4 AINTER "~ 2-00001804 Ix4 I 3-00000C00
vede 06 Y : 2% In4 K wn
i Inde M2 2-000014F4 T4 NYEAR fedx

2-G0001AFE R&& YRANGEL 2-00001AFC R#&4 YRANGEZ . Z-0Q00318¢0



0001
0002

0003

0004
0005
0eGs
Q007
4008
009
0010
po1l
ag12
6013
4016
onis
0816

29

30
31

32

S LOMMON IPAGC,SNAMECT)
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SUBROUTINE PAGERCYRANGELsYRANGEZYREST)

IPAGE=IPAGE+]

WRITECS,29)IPAGE

FORMATCIH1,30Y, "MONTHLY RAINFALL YOQTALS FOR SYMOPTIC STATIOMNS IN
INIGERIA",32X, “PAGE ",13)

WRITE(S+30DYRANGEL YRANGEZ,YREST

FORMAT(/44%, "PERIDD COVERED! *,2A4,A1)
MRITECOHs3T1DICSNAMECTI)I=1,57)

FORMATC/66%y "STATION: "2TAG)

HRITE(E432)

FORMAT(/02X, “YEAR JAN FESZ MARCH acRIL HaY JUNE
1 JULY AUG SEPT QCcY KOV QEC TOTAL APR=OCT
ZSER<ANN‘/)

RETURN

ERD

PROGRAM SECLTIONS : .

LT )

ENTRY PCINTS

- 0=00000000

VARI

Name Gytas Attributes

sCODE 163 PIC CON REL LCL SHA EXE 2¢
$PDATA 255 PIC CON REL LCL SHR MNOEXE rC
$BLANK 32 PIC OYR REL GBL SHR NOTXE PD
Total $pace Allocatad . - . - 450

Addrass

ABLES
Address

L2

Type MName

PAGER

Type Hame o Address Typa fame Address Ty
Ike I ©_ 3-00000000 I%& 1PAGE AP-G00000045 R

AP-0000000C& R#4 YREST

ARRE

L)

3-G0000004 Ax4  SNAME

¥s

Address

Typa Name o Bytes DCimonsions

e
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APPENDIX B: COMPUTER PROGRAM (IN DBA3E IV) FOR MANN~KENDALL
RANK TEST FOR EACH OF THE FORTY STATIONS

set talk off

clear all

-l ear

set decimals to 4
select cC

use stations
declare al331, bL53]

i= 1

n = 53

dn while i <= n
alil = ©
bLil = O
i= i + 1

enddo

set print on

i=1

select C

Do while .not. eof ()
BCil = c-raproct
i= i+ 1
skip

enddo

J i+ 1
do while § <= n
if bLil < bLjl |
alkl = alkl + 1

endif
J=J + 1
enddo
E =k + 1
i =1 +1
enddo
tot = 0O
1T = 1

Do while .not. Y > n
tot = tot + alll]
1 =1 + 1
enddo
t = (4 *® tot) /7 (n % {n - 1))y - 1
templ = (4%¥n+10) / (9%n%kin-1))
ttl = 1.96 % sqrt(templ)
tE2 = —tti
? LX40: 3, n, tot, t, tt1, tt2
clonse databases
close all
set prin of¥f
Retirn
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APPENDIX C: COMPUTER PROGRAM FOR PRINCIPAL COMPONENT
ANALYSIS (IN SPS3=X)

SET LENGTH = NONE WIDTH = 132
TITLE PRINCIPAL COMPONENT ANALYSIS OF RAINFALL
FILE HAMNOLE ANNM /7 NAME = TANNTYOT.DAT?®
DATA LIST FILE = ANNM RECOROS = 4
71 BENIN+CALABARJONDD2JOS s MATIDUGUR +BKEBBI+YANDEV+OWERT #BIDA,
KADSOUTH
14Xs10({1XsF6.1))
72 MAKURDI 9PHo ILORIN+KATSINA+ YOLA+YELWALLOKOJA AKURE ¢
OTURKPQ. ENUGU
(4Xe10(1XeFba1))
73 NSUKA+SOKQTGeMINNALKANO«POTISKUMSIBI+NGURU
BAUCHI »KABBA, DGBOMDSH
(4Xe10C1X4Fbal})
f4d LAFTA»IBADANSAUCHT »LAGOS+OYO UYOsKWALE »
OFFAsHADEJTAPANSHIN L
(4Xe10ULXeFbWl) ) o+
FACTOR VARTABLES=B8ENIN TO PANSHIN/
ANALYSIS=BENIN TO PANSHIN/
CRITERIA=ITERATIONC(90}/
EXTRACTION=PL/
PRINT=CORRELATION SIG KMO EXTRACTION ROTATION/
ROTATION=VAR IMAX/
ROTATION=0BLIMIN/
ROTATION=EQUIMAX/
ROTATIONSQUARTIMAX



