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Abstract

Significant quantity of water for infiltration, percolation into the soil, runoff, stream flow, floods and erosion
come from rainfall. This study focuses on detection of trends and periodicity in annual rainfall for five stations
in the southwestern region of Nigeria. In this study, the trends in annual rainfall of each of the five stations for
the time period of 1961 — 2014 were detected using the widely used modified Mann — Kendall test. The results
of Mann — Kendall test statistic (S) which measures how strong the trend in rainfall is also indicates whether it is
increasing or decreasing. According to the Mann — Kendall test, only Abeokuta of all the five stations indicates
statistically increasing trend in annual rainfall. No trend in annual rainfall was detected for Ikeja, Oshodi, Ibadan
and Ondo. Spectral analysis of the rainfall data revealed significant cyclical patterns (periodicities) in annual
rainfall of south west Nigeria. The periodicities of annual rainfall of all the stations in the region range from
3.78 — 11.37 years with 3.78 — 9 years being the range of the strongest periodicities in annual rainfall in the
region.
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INTRODUCTION Evaluation of the variation in seasonal and annual
Precipitation is the supply of water of all forms of  rainfall using the Hurst exponent and Mann Kendall
falling moisture that is measurable. These include test methods was carried out by Li et al., 2011 in
dew, rain, hail and sleet commonly expressed as Xinjiang China. Xueet al., 2013 used the ensemble
depth of liquidwater on horizontal surface in daily, empirical mode decomposition method to determine
monthly and annual rainfall. Rainfall is an important the rainfall periodicity characteristics at various
hydro-meteorological factor which produces an scales. Analysis of rainfall during summer and spring
enormous impact on tropical agriculture. Being the within the watershed of the Yangtze River China by
most important part of the hydrological cycle, its empirical mode decomposition method was done by
influence on various hydrological processes Deng et al, 2013 and similarity of rainfall periods
occurring due to complex interactions is dominant. In were reported in these seasons.

addition, changes in its pattern can have both positive

and negative impacts on human health, ecosystems, Rainfall periodicity is a characteristic that is
plants and animals (Onoz and Bayazit, 2012). commonly used in the analysis of hydrologic time
Significant quantity of water for infiltration, series (Padnamabhan and Rao, 1988; Dalezios and
percolation into the soil, runoff, stream flow, floods Tyraskis, 1989; He et al, 2016). Many important
and erosion come from rainfall. Increasing rainfall studies on rainfall periodicity have used various

trends has the potential of increasing the rate of  methods and techniques for identifying periods
occurrence of floods thereby impacting water quality. (Kennett and Engdahl, 1991). Though several studies
On the contrary, a decreasing rainfall trend translates on rainfall variation, trend and periodicity
to an increase in period of drought. (Afangidehet al., 2010; Omogbai, 2010a; 2010b;
Ekweet al., 2014) have been carried out in Nigeria
A lot of studies have been conducted have been and West Africa, there is still much to be desired in
conducted in the last several years that quantified respect of rainfall trend and periodicity in south
rainfall variation using several methods in several western region of Nigeria. This article therefore
regions. Coulibally, 2000 applied wavelet technique studies the rainfall trends and periodicity in some
in identifying and describing temporal and spatial stations in southwestern Nigeria so as to establish
variations of seasonal precipitation in Canada. This future trend pattern in rainfall which is useful in
study offered insights into the dynamical relationship planning future development in terms of agriculture,
between the dominant modes of climate variation in economy and social life in the study area.
the Northern hemisphere and seasonal rainfall.
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MATERIAL AND METHOD

Description of the Study Area

The study area is South-Western region of Nigeria
(Figl.1) bordered on the West by the Republic of
Benin, the River Niger to the East, the Atlantic Ocean
to the south and to the North by Kwara and Kogi
States of Nigeria. The area lies between longitude 30°
and 7°E and latitude 4° and 9°N and thus west of the
lower Niger and south of the Niger Trough.

The area comprises the whole of Kwara, part of
Kogi,Osun, Oyo, Ogun, Lagos, Ondo, Ekiti, Delta
and a little part of WesternBayelsa States. The total
land area is about 191,843 square kilometers (Iloeje
1981). Like the other parts of the country, the
climateof south-western Nigeria is dominated by the
influence of three major wind currents which are the
maritime tropical (mT) air mass, the continental
tropical (cT) air mass and the equatorial easterlies
(Ojo, 1977, Tloeje, 1981). The mT air mass has as its
origin, the southern high-pressure belt located off the
coast of Namibia, and its trajectory, picks up
moisture from over the Atlantic Ocean, crosses the
Equator and enters south-western Nigeria.

The cT air mass originates from the high-pressure
belt North of the Tropic of Cancer picking up little
moisture along its path and is thus dry. The two
masses (mT and cT) meet along a slanting surface
called the Inter Tropical Discontinuity (ITD). The
equatorial easterlies are rather erratic cool air masses,
which come from the East and flow in the upper
atmosphere along the ITD. Occasionally however, the
air mass dives down, undercuts the mTor ¢T air mass
and give rise to line squalls or dust devils (Iloeje,
1981).

The stations chosen for this study which represent
southwestern Nigeria include Oshogbo the capital of
Osun State, Ibadan, the capital ofOyo State,
Abeokuta, the capital ofOgun State, Ondo, a town in
Ondo State and Ikeja, the capital of Lagos. The
latitude, longitude and elevation of these stations are
shown in Table 1.

Data Source

The 12-month accumulation data on rainfall was
obtained for five stations, including Abeokuta, Ikeja,
Ibadan, Osogbo and Ondo from Nigeria
Meteorological Survey agency (NIMET). The data
used in this study is for the time period of 1961-2014
for all the stations except for Abeokuta where only
data for 1981-2014 were accessible. Table 1 gives
the summary of years of coverage of rainfall data and
durations for all the stations.
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Table 1: The latitude, longitude and elevation of the
study

Station Latitude Longitude  Elevation
Ibadan 03%54°F 07%26'N 227.2
Tkeja 03%20'E 06%3sN 394
Ondo 04° 50°E 07%06'N 287.3
Oshogbo 04%29°E 07%47'N 302.0
Abeokuta 03%20°E 06%19'N 104.0
Ado-Ekiti 05%06’E 06° 1N 778

Table 2: Summary of stations and years of coverage
of rainfall and durations for the stations

Station Period Duration (years)
Abeokuta  1981-2014 33
Ikeja 1961-2014 53
Ibadan 1961-2014 53
Oshogbo  1961-2014 53
Ondo 1961-2014 53
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Fig. 1: Map of Nigeria showing stations used in the
study.
Mann Kendall Test

A statistical test commonly used in analyzing
climatologic (Mavromatis and Stathis, 2011) and
hydrologic time series (Yue and Wang, 2004) is
Mann-Kendall test. The test is a none-parametric test,
which means it is not necessary that the data are
normally distributed. In addition, it is less sensitive to
abrupt breaks due to inhomogeneity of time series
(Tabariet al., 2011). All none-detects in the data are
assigned a common value that is less than the
smallest value in the data set. In using this test, the

null hypothesis Hy which assumes there is no trend is

tested against the alternative hypothesis Hy , which
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assumes there exists a trend (Onoz and Bayazit,
2012).

Let Xq, X7, Xq, . X, be 1 data points
where X i is the data point at timej, the Mann-Kendall

statistic 5 is given by

S = Tho1 Dieper Sign(x; — 1)

k=14 j=k+1
(1
where
Lifx—x,>0
sign(xj —xk) =+ 01if X — X = 0
—lifx—x.>0

2)

Xj and X, are the annual values in years J and k,
k = j, respectively (Motiee and McBean, 2009). A
very high positive values of 5 indicates there is an

increasing trend and a very low negative value 5 is

an indication of a decreasing trend (Drapela and
Drapelova, 2011).

If . < 10, the absolute value of 5 is compared
directly to the theoretical distribution of 5 derived by
Mann and Kendall. The null hypothesis Hy

rejected to favour the alternative hypothesis Hy at

is

certain probability level if |S| = § as2 Where S
represents the smallest S5 with the probability less

than ¢,/ 2 to appear in case of no trend.

For n = 10, the statistic has the variance (crzj
defined by

o == fuln=1)(In+ 5) - IE, 1= )2 45)]
3)

where & is the number of tied groups and t; is the

th

number of data points in the § group. The

summation term in the numerator of Equation (3) is
only used for data sets that contain tied values. The

standard test statistic Z. is computed using the

equation given as
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?fars:}ﬂ
Z.=4 0forS=0 @
5+1

TfﬂT.S':::B

Z¢is a measure of significance of trend used in
testing the null hypothesis Hy . If |Z5| = Z_,,,
where & is the chosen level of significance (e.g. 5%

with £ga2: = 1.96) then the null hypothesis is

rejected meaning that the trend is significant (Motiee
and McBean, 2009).

Another important statistic obtained when carrying
out the Mann-Kendall test is Kendall’s Tau, which is
a correlation measure. It measures how strong the
relationship between two variables is. Kendall’s tau is
carried out on the data rank just like Spearman’s rank.
As it is in other measures of correlation, Kendall’s
tau assumes values ranging from +1 to +1. A

positive correlation means the rank of both variables
increase together while a negative correlation is an
indication that as the rank of one variable increases,
the other decreases.

In analyses involving time series, considering
autocorrelation or serial correlation defined as
correlation of a variable with itself over successive
time intervals prior to testing of trend is of necessity.
The chances of detecting significant trends even
when there are none are increased by autocorrelation.
To consider this effect of autocorrelation, the
adjusted variance (Sinha and Cherkauer, 2007) given
by Equation (5) is used.

1 n

Var(S) = < |-+ 5)E (5)
where

n l A j '

5 Hﬂ(n-l](n-ﬂ L[n—l]n-t— t-0p) @

71is the number of observations in the sample, 7.5 * is
the effective number of observations to account for
autocorrelation in the data. Pg(i) represents the
autocorrelation between ranks of the observations for
lags L and P is the maximum time lag under

consideration.

Spectral Analysis
The discrete Fourier transform (DFT) relates the
space domain function f(xﬂ:l to its complex

frequency domain representation f {wk]. The
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frequency domain (Fourier Domain) is spanned by a
basis of orthogonal complex exponential basis

functions. The transform pair can be written as
§-1

flo)=) Sl etd-d U

and

floJe n=0,..,N-1
=]

where N is the length of the input signal, t,, is a

set of discrete angular frequency the frequency, I

represents the pure imaginary number ¥ —1.

The DFT offers a representation of the discretely
sampled space domain function f in terms of a linear
combination of complex exponentials. Each of the
complex exponentials in the inverse transform in
equation 2.7 can be written as

gt = cosfu 1, + sinfw, 1,

()

Thus the basis for the DFT is a combination of real
cosine and imaginary sine waves, each representing a
particular pure frequency. The amount of each basis
function represented in the signal is described by the
weights of the linear combination also known as the
Fourier coefficients. These coefficients provide a
measure of the frequency content of the signal. A set

of discrete angular frequencies ¢, defined by
equation 2.9 is used by the DFT.

in

0<k<N),

—2n(N-k) N (10)
— [r<k<N-1

whered is the sampling interval.

The maximum angular frequency &, = n f 5 is the

Nyquist frequency of the signal as described in
section 2.3. For real signals it can be shown that the
negative frequency component of f {wk:} are equal

to the complex conjugate of the positive frequency
components, that is

f—w) = f*(wp)

where the asterisk*® represents complex conjugation.

(11

The squared modulus of the Fourier coefficients is
used for power spectrum estimation.

The power spectrum P( @) of the signal f(x} can

be estimated in a number of ways (Qian and Chen,
1996). The simplest method is the periodogram

which is defined for the positive frequencies @y,

0= k ENfz as

flap)|*

P(0) = P(wp) = 715

P(w) = o= (|fw)]” +|Floy)]?) .
1<k< Nfz (13)

2

(14)

Plwy,) = %L‘E (wny2)

The power spectrum provides a useful real-valued
measure of the frequency content of the signal.

RESULTS AND DISCUSSION

Rainfall Trend

On running the Mann Kendal test for the rainfall data
the results in Table 3 were obtained for the five

stations. Hyis rejected if the p - value is less than the
significance level & (alpha) = 0.05 and this means

that there is a trend in the time series. To accept
Hindicates that no trend was detected. The result is
said to be statistically significant on rejecting on

rejecting the null hypothesis. For this test the null
hypothesis was rejected for only Abeokuta.

Table 2: Result of Mann Kendall test for rainfall data
for the southwestern stations

Station  Mann Kenda  Var P-  Alp Test
Kendall 1I’s (5‘) val ha Interpreta
Statistic Tau ue tion
&)
Ikeja 35.000 0.024 1796 0.8 0.05 Accept
7.00 00 Ho
0
Abeok  151.000 0269  0.00 0.0 0.05 RejectHo
uta 0 25
Ondo 139.000  0.097 1796 03  0.05 Accept
7.00 03 Ho
0
Oshog  122.000 0.089 1699 03  0.05 Accept
bo 3.33 53 Ho
3
Ibadan  133.000 0.093 1796 03  0.05 Accept
7.00 25 Ho
0
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The results of Mann Kendall test shown in Table 3
gives interesting insight into the rainfall data of the
stations under study. The Mann Kendall statistic test
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shows that there is an increasing trend in rainfall in
Abeokuta since null hypothesis, Hy is rejected.

However, the Mann Kendall test result is not the
same forikeja, Ondo, Oshogbo and Ibadan since null
hypothesis is accepted for all these for stations. This
means there is no trend detected for all these four
stations.

Rainfall Periodicity
Plots of the signal power (periodogram) against

periods (since frequency, i = ZTI[( T » T is period )

for the rainfall data from 1981-2014 of the five
stations under study are shown in Figures 2 — 6.
Figure 2 which is the periodogram of rainfall data for
Abeokuta, indicates significant peaks at 3.78 and
11.33 years periodicity with 3.8 years’ periodicity
being stronger. In Figure 3 the periodogram of
rainfall data of Ibadan station reveals three
periodicities of 5.40, 7.71 and 10.8 years with
periodicity of 5.40 years the most pronounced. Two
significant periodicities of 6.0 and 9.0 years are
exhibited by rainfall in Ikeja (Figure 4) and 9.0 years
period is more pronounced. From Figure 5, it can be
seen that there are three significant periodicities of
5.40, 7.71 and 13.5 years for rainfall in Ondo with the
strongest periodicity of 5.4 years. Periodicities of
5.89, 7.57 and 10.60 years characterize the rainfall in
Oshogbo (Figure 6) with the strongest periodicity of
5.89. The periodicities of 5.40, 7.71 and 10.8 years of
rainfall in Ibadan are almost identical with
periodicities of 5.89, 7.57 and 10.60 years of rainfall
in Oshogbo and this may be attributed to the
roximity of the two stations.

1000000

900000 +
800000
700000 +
600000 +
500000 +

Periodogram

400000 +
300000
200000 +
100000 —+

0 f f f

Period

Figure 2: Periodogram of rainfall data of Abeokuta
from 1961 — 2014
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Figure 3: Periodogram of rainfall data of Ibadan from
1961 — 2014
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Figure 4: Periodogram of rainfall data of Ikeja from
1961 — 2014
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Figure 5: Periodogram of rainfall data of Ondo from
1961 — 2014
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Figure 6: Periodogram of rainfall data for Oshogbo
from 1961 — 2014

CONCLUSSION

Trend and periodicity in rainfall for five stations in
southwestern Nigeria have been studied using Mann
Kendall statistic and spectral analysis respectively.
From the result of Mann Kendall analysis, there is an
increasing trend in rainfall in only Abeokuta out of
all the five stations that were focused on. The other
four stations, lkeja, Ibadan, Oshogbo and Ondo
showed no significant trend in rainfall in them. It
follows from the fact that only one out of the five
stations showed increasing trend that a likely sign of
temporal change in rainfall in southwestern Nigeria
may not be apparent in the rainfall records. The result
from spectral analysis revealed cyclical patterns that
are significant in the rainfall of southwest Nigeria. In
addition, the strongest periodicities of stations in the
region range from 3.78 — 9 years, while the overall
periodicities of the region range from 2.8 — 11.37
years. The study provides useful information for the
government and all agencies of government
concerned in helping them to take timely measures to
reduce the damages that can be caused by increasing
trend in Abeokuta in terms of agriculture, economy
and social activities.
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