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Abstract

The study examines rainfall characteristics in Warri metropolis for the past 30 years
(1986-2015). Rainfall data was collected from the archives of Nigerian Meteorological
Agency; and oral interview was also conducted. The study exploited rainfall
characteristics such as daily, monthly and yearly amount of rainfall, intensity, frequency,
variability, trends, return period and fluctuation of rainfall. Simple Linear Regression
analysis and Standardized Rainfall Anomaly Index (SAI) were used to analyze the data.
Among other findings, the correlation coefficient (-0.156) shows a negative relationship
between rainfall and time (years). The trend line regression equation
Y=243.75-0.4572X, confirms that rainfall in Warri Metropolis is decreasing at the rate
of -0.45 per year. Recommendations given included continual monitoring and study of
rainfall characteristics and other climatic data and dissemination of such information
for planning purposes, drastic reduction of gas flaring in the metropolis, legislation
against indiscriminate deforestation and need for proper urban planning.
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Introduction

The prevailing pattern of rainfall in an area influences virtually every aspects of the place
as well as survival of lives therein, ranging from shelter/housing systems, transportation,
agriculture, religion to socio-cultural activities. A change in the known pattern of rains
will definitely present a new set of challenges to which the inhabitants are hitherto used
to. The existence and reality of climate change is no longer a question of doubt, the
consequences are seen and felt everywhere. Indeed the earth’s climate has not been static
since inception but the rapidity, frequency and severity of the consequences of climate
change in the last few decades are however, alarming [1].
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Afangideh, et al., [2] highlighted the current and projected manifestations of climate
change to include global warming (increase in temperature), rise in sea level, shifting of
global climate zones, changes in the intensity, quality, duration and general pattern of
rainfall leading to drought, desertification, and flooding; melting of glaciers/polar ice and
increased incidences and severity of extreme weather events, among other effects. Indeed
the occurrence of most natural disasters including flood is directly or indirectly attributed
to the nature of weather and climate of such environment.

As an index of weather, precipitation, especially rainfall characteristics such as its
amount, frequency, intensity and general patterns had witnessed different types of
changes globally in the last few decades, and has continues to change. Odjugbo, P.A.O.
[3] asserted that climate change has caused a shift in the normal timing and length of wet
and dry seasons, shift in the seasonal variability of weather and climate; and increased
seasonal fluctuation of water bodies. Some parts of the world experience no or little
rainfall with low intensity and frequency; some other parts experience excessive rains
with high intensity and frequency while others experience moderate rains. Each of these
rainfall characteristics has far reaching implications, both positive and negative. For
instance, in the aviation sector severe weather conditions such as haze, thundering,
rainstorms (all which are related with rain or rainy season) often lead to cancellation and
delay of flights. Early or excessive rainfall duration/amount and intensity influences
flood events, while early cessation, low rainfall duration and low amount often lead to
drought. There are also consequences on agricultural, health and other sectors [4].

Like most elements of weather and climate, the impacts of climate change with reference
to rainfall could both be positive and negative and the Warri Metropolis is not an
exception. For instance, rain provides source of water for domestic consumption,
industrial use in the metropolis; rainfall characteristics (duration, intensity, thunderstorm,
etc) influence the transportation system, business activities, agricultural production and
health status of the residents. Different parts of the world experience different types of
extreme weather events and disasters such as hurricane, heat wave, wildfire, and flood
among others.

Climate Change and Rainfall Pattern

Ekwe, et al., [5] Reported that the trends in the rainfall pattern over India between 1901
to 2003. The difference in mean annual rainfall over the regions of West and Central
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Africa because of the severity in drought conditions was confirmed by Igweze, et al,
[6]. Their findings and results showed that long-term trend of rainfall series over these
regions depict major climatic discontinuity. Ekpoh et al., [7] considered the changing
pattern of rainy days in Nigeria from 1919 to 1985, showed that the trend suggested a
general decline in rainfall values in recent times. Rainfall values for the years under study
suggested values between 265.37mm and 320.2 mm.Rainfall characteristics in Nigeria
have been studied for dominant trend notably [6]. They found that there was a
progressive early decline of rainfall over the country. Following the pattern, they reported
a noticeable and significant decline of rainfall frequency in September and October
which coincide with the end of rainy season in almost every parts of the country
especially in the Northern and Central parts [5]. As this may not be true in all parts of the
country, there is vital need to update these researches even using data up to current years
(preceding year) to appreciate the dynamism of climatic data. The need to monitor
rainfall patterns and other characteristics due to their far-reaching implications are well
established above.

Some aspects of the climate of north-western Nigeria, focusing more on rainfall, its inter-
and intra-annual variability and patterns of distribution. Their study found that climatic
conditions in north-western Nigeria have altered substantially as four drought episodes
took place within the last three decades of the 20" Century. They asserted that the rainfall
of that region has fluctuated substantially. Such fluctuations affect both inter-annual and
intra-annual rainfall patterns. Fluctuations in inter-annual rainfall totals are not confined
to the mean-state conditions but also affect the standard deviation and the coefficient of
variation. Their study revealed the Sahel as a climatically sensitive region in which
rainfall exhibits considerable variability on multiple time scales[7].

The studied rainfall seasonality in the Niger Delta region, using both monthly and annual
rainfall data from 1931 to 1997 Adejuwon, J.O. [8] indicated a wet season with over
95 % of the total annual rainfall in the area. It also showed a long wet season from
February/March to November and a short dry season from December to
January/February. The northward part of the region was observed to have increase in
rainfall, adding that the variation of rainfall in the locality could probably be as a result
of rainfall determinant factors different from the inter tropical discontinuity. The
Objective of this study is attempted to examine rainfall characteristics and pattern in the
past 30 years and its implication on flood occurrences and other weather extremes in
Warri Metropolis.
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Materials and Method

Rainfall data from 1986 to 2015 were collected from the Nigeria Meteorology Agency
(NIMET), Warri station. Rainfall characteristics the research exploited include daily,
monthly and yearly amount of rainfall, intensity, frequency, variability, trends, return
period and fluctuation of rainfall.

Coefficient of variation was used to determine the percentage deviations in rainfall values
for the study period; it showed the degree of variability in the monthly and yearly means
of rainfall. Five-year moving average was used to detect fluctuations of rainfall in the
metropolis from the dataset collected. To calculate the intensity of rainfall, both yearly
and monthly run of 30 years, the formula below was adopted after[2];

annual rainfall amount (mm)

Intensit infall =
ntensity of rainfa annual rainfall duration (days)

This method of analysis, according to Ologunorisa, T.E. [9] has been used by Sharon
(1979, 1981); Adelekan, (1998) and several others in the study of rainfall trends.

Simple Linear Regression Analysis

This statistical method was employed to determine the patterns/ trends of rainfall in the
study area. [6] and [9] had adopted this tool in similar studies.

Standardized Rainfall Anomaly Index (SAI)

According to Ologunorisa, et al.,[ 10] this technique is very effective and most commonly
used for studying variability of regional climate change studies. Hence, it was employed
to assess variability of rainfall in the study area. The equation is

Y(X-X)
STD

SAI =

Where;

x = annual rainfall totals

X = mean of entire series

STD = standard deviation of mean of the series
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Results and Discussion

Descriptive Pattern of Monthly Rainfall Amount in Warri Metropolis

Table 1 shows the monthly pattern of rainfall over the period of study. The highest
monthly rainfall recorded was 14580.80 mm in the month of July, followed by 12430.00
mm in September, 11723.80 mm in August and 10344.40 mm in October. It can be
concluded that rainfall was at its peak in the months of July, September, August and
October in the study area. However, the lowest total of 869.80 mm occurred in the month
of January, followed by December with 1037.80 mm and February with 1766.60 mm.
This period can be categorized as the period of low flow over the 30 years period of
study. The mean monthly rainfall recorded was also highest in the month of July (486.03
mm) and lowest in the month of January (28.99 mm).

Table 1: Results of the Analysis of Monthly Rainfall Amount (mm) 1986-2015

Months Rainfall Mean STD Cv
(mm)
January 869.80 28.99 33.59 115.87
February 1766.60 58.89 51.98 88.27
March 3925.70 130.86 60.09 45.93
April 6468.21 215.61 83.32 38.64
May 8753.10 291.77 95.23 32.64
June 9941.40 331.38 100.18 30.23
July 14580.80 486.03 203.54 41.88
August 11723.80 390.79 156.82 40.13
September  12430.00 414.33 137.09 33.09
October 10344.40 344.81 149.34 43.31
November 3355.60 111.85 66.53 59.48
December 1037.80 34.59 50.46 145.88
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The results of the coefficient of variation in Table 1, revealed that monthly rainfall
amount is highly variable in the months of January, February, November and December,
in which the coefficients of variation were above 50 %. Figure 2 revealed that the month
of July recorded the highest mean monthly rainfall in the study area; followed by the
months of September, August, October and June, marking the peak of rainy season in the
metropolis. While the months of December, January and February recorded the lowest
mean monthly rainfall for the 30 years of study, marking the limit of dry season in the
area. The area generally experiences a single peak of rainfall in July.
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Figure 1: Mean Monthly Rainfall in Warri, 1986-2015
Pattern of Annual Rainfall Amount

Figure 1 shows the descriptive pattern of annual amount of rainfall received in the study
area for the period of 30 years (1986-2015). It revealed that the year 1995 recorded the
highest annual total 3437.80 mm with a mean of 268.48mm rainfall amount. Other years
with high annual mean rainfall include 2002 (276.48 mm), 1997 (273.11), 1992 (267.18
mm), 2015 (265.31 mm), 1990 (265.06 mm), 2008 (263.83 mm), 1999 (261.79 mm),
2004 (255.67 mm), 2014 (245.60 mm). While the year 2009 on the other hand recorded
the least annual total of 2296.40 mm with the mean of 191.37 mm rainfall amount. It is
followed by 2005 (197.38 mm), 2001 (199.22 mm), 2003 (202.74 mm) and 1998 (207.73
mm) respectively. The rainfall fluctuation pattern recorded on yearly basis in the area
can be said to be a function of the migration pattern of the Inter Tropical Discontinuity
(ITD) over the study area. The ITD is the rainfall producing system in Nigeria.
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Figure 2: Mean Annual Rainfall (mm) in Warri, 1986-2015

Trend/Pattern of Rainfall in Warri Metropolis

The trend in rainfall amount over time was determined using regression analysis and the
result is displayed in table 2. The p-value for the rainfall slope of 0.412 obtained is greater
than 0.05, hence, there is no statistically significant relationship between rainfall and year
at 95 % confidence level for the 30 years period of study. The R-squared statistic shows
that the model, as fitted, explains 2.40 % variability in rainfall in the study area. The
correlation coefficient of -0.156 reveals a negative relationship between the rainfall and
time (year). This suggests that rainfall is decreasing over time in the study area. Since
the decreasing trend observed is not statistically significant (that is, the trend is random),
decrease in the future cannot be categorically predicted or ascertained and the trend
cannot be attributed to a particular causative factor in the study area.

Table 2: Trend/Pattern of Rainfall Derived from Regression Analysis

Variables Regression P-value  Statistically Sample R?
Equation Significant Correlation
Warri Y=243.75- 0.412 No -0.156 02.4%
0.4572X
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The graph (Figure 2) obtained from the plot of annual rainfall amount against time has a
negative trend line and revealed that annual rainfall amount is on the decrease in the last
three decades in the study area. From the trend line equation, it can be concluded that the
rainfall amount is decreasing at a rate of -0.45mm per year during the 30 years period
under consideration.
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Figure 3: Rainfall Trend Pattern in Warri (1986-2015)

Figure 3 or 4 shows the annual rainfall and five year moving average curve for Warri
Metropolis from 1986-2015. The five year moving average curve shows declining trend
from 1986 to 1989; increasing trend from 1990 to 1997; declining trend from 1997 to
1999, but the curve start increasing again from 1999 and peaked at 2002. However, the
curve starts declining again till 2013, although with variation in the level of declining,
before it peaked again in 2015.
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Figure 4: Rainfall Fluctuation with 5 Years Moving Average in Warri, 1968-2015

Standardize Rainfall Anomalies Index (SAI) was used to establish the dry and wet
episodes in the study area for the period of study and the results are presented in
Table 3. For critical analysis the thirty years under consideration were divided into three
periods of ten years (decade) and the number of dry and wet episodes (years) within these
ten years period were identified. The results revealed great insight into the nature of
rainfall vis-a-vis the seasons (rain and dry) in Warri Metropolis for the past three decades.

Table 3: Dry and Wet Episodes in Warri in the last Three Decades (1986-2015)

Periods Dry Years Wet Years
(Decades)
1986-1995 1987 (-0.14), 1988 (-0.39), 1989 (-0.86), 1986 (0.24),1990 (1.10),1992 (1.18),
1991 (-0.09) 1993 (0.58), 1994 (0.17), 1995 (1.93)

1996-2005 1996 (-0.47), 1998 (-1.12), 2000 (-0.41), 1997 (1.41), 1999 (0.97), 2002 (1.54),
2001 (-1.45), 2003 (-1.31), 2005 (-1.52) 2004 (0.73)
2006-2015 2006 (-0.92), 2007 (-0.59), 2009 (-1.75), 2008 (1.05), 2012 (0.20), 2014 (0.35),
2010 (-0.86), 2011 (-0.24), 2013 (-0.43) 2015 (1.10)
**Standard Rainfall Anomalies Indices are italicized in parentheses.
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On the whole, there were 16 dry years out of the thirty years period considered in this
study. Table further revealed an average of six dry years in every ten years in the last
twenty years in the study area. Figure 5 revealed the pattern of rainfall anomalies in the
study area for the thirty years period with the sixteen dry years and fourteen wet years
on the negative and positive sides of the graph, respectively.
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Figure 5: Pattern of Rainfall Anomalies in Warri, 1986-2015
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The study revealed that the maximum total monthly rainfall for the study years occurred
in July (14580.80 mm) while the minimum was recorded in January (869.80 mm). The
maximum annual total rainfall and maximum annual mean rainfall was recorded in 1995
with 3437.80 mm/d and 268.48 mm respectively, while the year 2009 received the least
annual rainfall total (2296.40 mm) and mean (191.37 mm).

Trend analysis revealed the R? statistics of 02.4, and this is able to explain about 2.40 %
of rainfall variability in the metropolis. The correlation coefficient shows -0.156 which
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indicates a negative relationship between rainfall and time (years). This means that
rainfall is decreasing over time in Warri metropolis. From the trend line regression
equation Y=243.75-0.4572X, it can be concluded that rainfall in Warri Metropolis is
decreasing at the rate of -0.45 per year. However, the p-value 0.412 is greater than 0.05,
hence, the trend is not statistically significant at 95 % level of confidence, that is, the
trend is random. By implication, future decrease in rainfall amount in subsequent years
in the metropolis cannot be assured.

Conclusion, Recommendations and Planning Implication

The rainfall situation in the area as well as other climatic variables should be continually
studied and monitored since they have major effects on flood occurrence and frequency,
and such information should be made readily available to the urban planners, road
engineers and other concerned professional and individual alike in the metropolis for
effective planning purposes.

As a matter of urgency the Federal Government of Nigeria should make concrete efforts
at stopping or at least reducing gas flaring in the Niger Delta, not just passing legislations
that are hardly enforced. As obtained in developed nations, the oil multi-national
companies should stop the unprecedented flaring of gas in the oil-rich Niger Delta.

The Delta State environmental laws should be reviewed and updated and check to see if
there is a legislation against indiscriminate deforestation, bush burning, uncontrolled
grazing, etc, because these anthropogenic activities have implications on the climate of
the metropolis.
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