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Abstract

Trend in rainfall data have a great impact on the hydrological cycle and thus involve both the character and quantity of water
resources. Analysis of trend in rainfall data also aids to see the result of rainfall variability on the occurrence of drought and flood.
The aim of this research is to detect and estimate the magnitude of trend associated with rainfall data from Akure and Calabar
which are located within the coastal region of Nigeria using non-parametric Mann-Kendall test statistics. Monthly data for thirty
six (36) years spanning from 1980 to 2016 was used as input parameters for the analysis. Infilling of the missing records was
done with the aid of expectation maximization algorithm which is unarguably one of the best missing value analysis techniques.
Preprocessing of the rainfall data was done by conducting numerous time series validation test such as test of homogeneity, test
of normality and outlier detection. Homogeneity test was aimed at testing the assumption of same population distribution; outlier
detection was to detect the presence of bias in the data while test of normality was done to validate the claim that climatic data are
not always normally distributed. In addition to testing the normality assumption of the data, normality test was also employed to
select the most suitable trend detection and estimation technique. Results of the analysis revealed that the rainfall data from Akure
and Calabar are statistically homogeneous. The records did not contain outliers and they are not normally distributed as expected
for most climatic variables. The non-parametric trend detection and estimation analysis revealed that the rainfall data from Akure
shows statistical significant evidence of a decreasing trend with a computed M-K trend value of -129. Although, the rainfall records
from Calabar do not have sufficient statistical evidence of a significant trend, the computed M-K trend value was +50 which is;
evidence of an increasing trend.
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Introduction

. results will likewise suffice as a comparison for extreme precipita-
Adequate planning and management of water resources for

. . . tion events predicted by generalized time series forecasting models
sustainable development is an issue of concern and have developed p ye g

such as least square regression and multivariate regression model

(3.

into a widely studied area. Accurate knowledge of the past and
present trend of climatic data can aid in visualization and charac-

terization of the water resource situation both in the past and even Trend in rainfall data have a great impact on the hydrological

presently [1,2]. The trend results will not only provide a general
idea of any changes noticeable within the climatic data, it will also
point out certain concerns for the area regarding extreme precip-
itation events such as drought and flooding. Climatic data trend

cycle and thus involve both the character and quantity of water re-
sources. Analysis of trend in rainfall data also aids to see the result
of rainfall variability on the occurrence of drought and flood [4]. Al-
though numerous variables such as temperature, vegetation affects
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the hydrological cycle, precipitation remains the key climatic vari-
able that governs the hydrologic cycle and the availability of water
resources. Numerous studies have analyzed the changes in precip-
itation patterns in global as well as regional scale. Recent studies
have also suggested that analysis of hydro-climatic variables should
be done at the local scale rather than at a large or global scale be-
cause the trends and their impacts may be different from one loca-
tion to the other [5].

There are many different ways in which changes in hydro-mete-
orological series can take place. A change can occur abruptly (step
change) or gradually (trend) or may take more complex forms. A
time series is pronounced to have trends, if there is a significant
correlation (positive or minus) between the observations and time.
Trends and shifts in hydrologic time series are usually introduced
due to natural or artificial changes. Natural changes in hydrologic
variables are usually gradual and are caused by a global or regional
climate change, which would be a representative of changes occur-
ring over the study area. Changes in monitoring variables that may
not be able to be extrapolated over a study area could be caused by
a gradual urbanization of the area surrounding the monitoring site,
changes in the method of measurement at the monitoring site, or by
moving the monitoring site even a short distance away. The artifi-
cial change is usually mentioned in the overall record at a monitor-
ing site, but this information is not always shown in the sites’ data
series. Thus, variables that appear to have a trend may actually just
represent a change in climatological conditions near the monitor-
ing site. In such a case, the affected climatological data should be
changed so that the values are better represented of the study area
as a whole [6].

A central factor in the modeling and analysis of the trend is the
ability to establish whether a change or trend is present in the cli-
matological record and to quantify this trend, if it is present. The
trend in a time series data can be expressed by a suitable linear
(parametric) or nonlinear (non-parametric) model depending on
the behavior of the available data. The linear model is widely used
in hydrology and the simplest of the linear models normally em-
ployed for trend detection is the Student’s t-test which requires
that the series under testing should be normally distributed [6].
Most importantly therefore, whether or not the sample data follow
anormal distribution has to be examined prior to the analysis in or-
der to choose the appropriate model for trend detection and anal-
ysis. Unfortunately, most researchers ignore this important check.
If normality is violated (if the available data do not follow a normal
distribution), then, the nonparametric test such as the Mann-Ken-
dall Test is commonly applied to assess the statistical significance
of trends [7,8].

Research Methodology

Description of Study Area

Nigeria is located in West Africa between latitude 40 N and
140 N and between longitudes 20 E and 150 E. It has a total area
of 925,796km? The ecological zones of the country are broad-

ly grouped into three, which are Sahel, Savannah and the Guinea
zones. Nigeria is affected by the Tropical Continental and Tropical
Maritime air masses. The Tropical Continental is responsible for
the dry season while the Tropical Maritime is responsible for the
rainy season. The intervening periods of transition from the real
onset and cessation of rain falls between February and April and
between September and November respectively. Also a depression
is indicated in the rainfall amount during the month of August and
this has been named the little dry season or August break or mid-
summer [9].

The Nigerian coastal zone sprawls a total of eight states, out of
the thirty-six states of the Federation, namely: Akwa-Ibom, Bayelsa,
Cross River, Delta, Edo, Lagos, Ondo, and Rivers. The coastal states
are estimated to account for 25% of the national population. The
coastal areas stretch inland for a distance of about 15km in Lagos
in the West to about 150km in the Edo/ Delta and about 25km east
of the Niger River. The coastline stretches for about 853km com-
prising inshore waters, coastal lagoons, estuaries and mangrove
especially in the Niger Delta. Figure 1 shows the Nigeria coastal
zones. The areas chosen as case studies for this study are Calabar
the capital of cross River State which is located within the coasted
mangrove swamp region and Akure the capital city of Ondo State.
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Figure 1: Nigeria's Coastal Zones.
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Rainfall Data Collection

The data needed for this study was collected from Nigerian Me-
teorological Center, Oshodi, Lagos State, Nigeria. The data includes
monthly precipitation data for 36 years spanning between; 1980
to 2016. Table 1 shows the records of the data from the different
states under study

Table 1: Rainfall records for the states under study.

S/no Study Area Rainfall Records No of missing values
1 Akure 432 47
2 Calabar 432 25

Preprocessing of Data

Climatic data collected was processed and used on monthly
and seasonal basis for analytical convenience. Pre-processing of the
data was aimed at:
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i. Analysis of missing values
ii.  Detection of outliers
Test of Homogeneity
iv.  Test of normality

Trend Detection using Mann-Kendall Test (M-K Test)

The test is usually known as Kendall tau statistics and has been
widely used to test for randomness against trend in hydrology and
climatology. It was employed in this study because it is a non-para-

Results and Discussion

The rainfall records collected from Akure and Calabar showing

the missing values is presented in Tables 2a & 2b respectively.

Table 2a: Akure rainfall data showing the missing records.

metric ranked based procedure which is robust to the influence of -

extremes and good for use with skewed variables [6]. In addition, s

the test is highly resistant to the effects of outliers. The test was - —

used to assess the presence of trends that is associated with the oo

time series data.
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Table 2b: Calabar rainfall data showing the missing records.

based on the outcome of the correlation statistics which is critical
to the fundamental assumptions of missing value analysis using ex-
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From the correlation statistics of Tables 3a & 3b, a Probabil-
ity (P) value of 0.256 and 0.428 were observed. Since P>0.05 we
accepted the null hypothesis HO and concluded that the data were
missing completely at random. Based on this conclusion EMA was
then employed to fill the missing values. The complete rainfall
records for Akure and Calabar is presented in Tables 4a & 4b re-
spectively. To detect the presence of outlier in the rainfall data, the
labeling rule method was employed. The labeling rule is the statis-
tical method of detecting the presence of outliers in data sets using
the 25" percentile (lower bound) and the 75% percentile (upper

Lower Bound Q, —(2.2x(0Q; - 0,) (3.1

Upper Bound Q, +(2.2x (0, - Q,) (3.2)

At 0.05 degree of freedom, any data lower than Q1 or greater
than Q3 was considered an outlier [10]. The descriptive statistics
of the data based on the outlier detection analysis is presented in
Tables 5a & 5b respectively.

Table 5a: Descriptive statistics of Akure rainfall data
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1 . : B Errer
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Table 4a: Complete rainfall records for Akure using expectation
maximization algorithm.
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Table 4b: Complete rainfall records for Calabar using expecta-

tion maximization algorithm.
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ance and standard deviation of the rainfall data was observed to
be 8.143E3 and 90.2362 respectively. Using the weighted average
definition, the 25" percentile (Q1) was observed to be 40.475 while
the 75" percentile (Q3) was observed to be 187.575. Adopting the
labeling rule equation (3.1) and (3.2), the lower and upper bound
statistics were calculated as follows:

Lower bound = 40.475 - (2.2(187.575 - 40.475)) = -283.145
Upper bound = 187.575 + (2.2(187.575 - 40.475)) = 511.195.

From the result of Table 5b, it was observed that the mean
rainfall within the period under study was 249.089 while the vari-
ance and standard deviation of the rainfall data was observed to
be 3.235E4 and 1.7987E2 respectively. To be 87.475 while the 75
percentile (Q3) was observed to be 376.100. Adopting the labeling
rule equation (3.1) and (3.2), the lower and upper bound statistics
were calculated as follows:

Lower bound = 87.475 - (2.2(376.100 - 87.475)) = -547.50

Upper bound = 376.100 + (2.2(376.100 - 87.475)) = 1011.075
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The extreme value statistics of Akure and Calabar rainfall data
which shows the highest and lowest case numbers is presented in
Tables 6a & 6b respectively.

Table 6a: Extreme value statistics of Akure rainfall data.

Extreme Walues

Caze Nurmber Walue

Rainfall Highest 1 127 463.0
2 a0 384.4

3 176 3796

4 114 3703

5 104 3I57.4

Lowe st 1 fci- ¥ li]
2 372 .0

3 47 5

4 84 2

5 2645 1.1

Table 6b: Extreme value statistics of Calabar rainfall data

Extremea Values

g Mok er Wl g

Raintall Highest 1 354 aa81.4
2 280 a61.7

3 295 B27.2

4 199 T96.6

S 177 F04.2

Lowest 1 312 1
= 144 A

E 228 3

4 134 5

S 288 5]

From the result of Table 6a, it was observed that the highest
rainfall value is 463.00mm which is less than the calculated up-
per bound of 511.195mm. The lowest rainfall value was observed
to be 0.00 which is greater than the calculated lower bound of
-283.145mm. Since no rainfall value is greater than the calculat-
ed upper bound or lower than the calculated lower bound, it was
again concluded that the rainfall data from Akure is devoid of pos-
sible outliers. From the result of Table 6b, it was observed that the
highest rainfall value is 881.40mm which is less than the calculated
upper bound of 1011.075mm. The lowest rainfall value was ob-
served to be 0.10 which is greater than the calculated lower bound
of -547.50mm. Since no rainfall value is greater than the calculated
upper bound or lower than the calculated lower bound, it was again
concluded that the rainfall data from Calabar is devoid of possible
outliers.

To ascertain that the rainfall data are from the same population
distribution, homogeneity test was conducted. Homogeneity test is
based on the cumulative deviation from the mean as expressed us-
ing the mathematical equation proposed by Raes et al. [11].

(33)
where
= The record for the series X1 X2 ----------- Xn

X,

x = The mean
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S, = the residual mass curve

For a homogeneous record, one may expect that the Sks fluc-
tuate around zero in the residual mass curve since there is no
systematic pattern in the deviation Xi’'s from the average values .
To perform the homogeneity test, maximum rainfall values were
extracted from the monthly rainfall data and analyzed using the
Rainbow software. Results of the homogeneity test are presented

in Figures 2a & 2b respectively.
e ™
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Figure 2a: Homogeneity test of Akure rainfall data.
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Results of Figures 2a & 2b shows that the data point fluctuate
around the zero center line an indication that the rainfall data are
statistically homogeneous. To further confirm that the rainfall data
are statistically homogeneous, test of hypothesis was done as fol-
lows:

HO: Data are statistically homogeneous
H1: Data are not homogeneous

The null and alternate hypothesis were tested at 90%, 95% and
99% confidence interval that is 0.1, 0.05 and 0.01 degree of free-
dom and results obtained are presented in Tables 7a & 7b respec-
tively. From the result of Table 7a & 7b, the null hypothesis (H0) was
accepted, and it was concluded that the rainfall data collected from
Akure and Calabar, are statistically homogeneous at 95% and 99%
confidence interval that is 0.05 and 0.01df.

On whether the rainfall data employed in this research are
normally distributed, normality test was conducted. In addition to
checking the distribution of the data, normality test was also aimed
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at selecting the most appropriate model for trend detection and
estimation. If the data are normally distributed then parametric
model such as least square linear regression will be most appropri-
ate for trend detection and estimation otherwise non-parametric
model such as Mann-Kendall and Thiel Sen'’s slope estimation will
be employed for detection and estimation of trend in the data.

Table 7a: Extreme value statistics of Calabar rainfall data
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Table 7b: Homogeneity statistics of Calabar rainfall data
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For normality the histogram of the rainfall data collected from
Akure and Calabar should assumed the bell shaped configuration
otherwise, it is concluded that the data are not normally distrib-
uted. The histogram of the rainfall data collected from Akure and
Calabar are presented in Figures 3a & 3b respectively. From the re-
sult of Figure 3a & 3b, it was observed that the rainfall data from
Akure and Calabar are not normally distributed which is expect-
ed for most climatic variables owing to their stochastic nature. To
conclude the assumption of normality, statistical hypothesis were
formulated as follows:
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Figure 3a: Histogram of Akure rainfall data.
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Figure 3b: Histogram of Calabar rainfall data.

HO: The data are normally distributed
H1: The data are not normally distributed

To validate the strength of the null hypothesis, normal proba-
bility analysis software was employed to test the normality behav-
ior of the rainfall data at 99% confidence interval (0.01 degree of
freedom). Result of the statistical analysis is presented in Figures
4a & 4b respectively Result of Figures 4a & 4b revealed that rainfall
data from Akure and Calabar are not normally distributed at 99%
confidence interval. The implication is that non-parametric test will
be most suitable in detecting and estimating the magnitude of trend
associated with the data.
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Figure 4a: Statistical test of Akure rainfall data.
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Figure 4b: Statistical test of Calabar rainfall data.
- J

To perform the non-parametric analysis, the Mann-Kendall

Trend test was employed. The test was conducted using Environ-
mental Data Analysis Software (ProUCL). Results of the test are
presented in Figures 5a & 5b respectively. From the results of Table
8, it was observed that there was insufficient statistical evidence
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of a significant trend in rainfall data collected from Calabar. That
was not so with rainfall data from Akure as the non-parametric test
result revealed a statistical evidence of a decreasing trend with M-K
value index of -129.
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Figure 5b: Mann-Kendall trend test of Calabar rainfall

data.
AN J

Table 8: Summary of trend analysis of rainfall data.

S/No Ramfal! data Nature of Trend M-K Test Value (S)
location
Statistical significant
1 Akure evidence of a decreasing -129
trend
Insufficient statistical
2 Calabar evidence of a significant 50
trend
Conclusion

The focus of the present study was to analyze time series data
such as rainfall collected from Akure and Calabar using different
time series analysis procedures. Based on the overall results, the
following conclusions were made:

i. Expectation maximization algorithm was highly effective
for the infilling of missing climatic data

such as rainfall. It was observed in all cases that the null hy-
pothesis of missing completely at random was satisfied since
p- value was always greater than 0.05

ii.  Based on the outcome of the outlier detection analysis, it
was concluded that climatic data used

for this present analysis are devoid of possible outliers

iii. Results of normality test further support the existing
claim that climatic data are not always

normally distributed owing to their stochastic nature.

iv.  Although, the non-parametric statistical analysis based on
Mann-Kendall test revealed that

statistical evidence of an increasing trend was observed in rain-
fall data from Akure, it was also observed that there was insufficient
statistical evidence of a significant trend in rainfall data collected
Calabar.
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