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ABSTRACT

Rainfall is one meteorological parameter that affects virtually all human activities. For
instance, the amount of rainfall received in an area is an important determining factor
in estimating or quantifying the amount of water available to meet various demands,
such as agricultural, industrial, domestic water supply, and power generation. Climate
change has generally been accepted to be a result of the emission of excess greenhouse
gases. It has caused an increase in flooding, severe and more frequent droughts,
increase in wildfires, and heatwaves in various parts of the globe. Climate change is said
to have a considerable impact on the variability in hydro-meteorological variables such
as rainfall, temperature, and evaporation. In this study, we carry out a parametric

analysis of rainfall variability over some selected locations in Nigeria and determine the
trend using surface observation data from seven weather stations. The datasets of
rainfall used in this study were acquired; from the Nigerian Meteorological Agency
(NIMET) for a period of 80 years (1980 to 2010) from seven locations; which are Abuja,
Enugu, Ikeja, Ilorin, Maiduguri, Port Harcourt, and Sokoto, representing the six
geographical zones of Nigeria. The results gotten showed an upward movement in the
trend line which indicated an increase in the amount of rainfall received by the study
areas. While some Cities (Maiduguri, Sokoto) received a large increase in the amount of
rainfall received yearly, others received a slight increase such as Lagos, Port Harcourt,
Ilorin, Abuja and Enugu

Contribution/Originality: This study contributes to the existing literature about the evidence of variability in
rainfall across Nigeria. This study will therefore help the government to introduce policies that will help in

cushioning the effects of climate change as regards agriculture and land usage.

1. INTRODUCTION

Climate change and variability impact have been studied and reported worldwide and more studies are
currently going on [17]. Climate change has generally been accepted to be as a result of the emission of excess
greenhouse gases. It has caused an increase in flooding, severe and more frequent droughts, increase in wildfires,
and heatwaves in various parts of the globe [27]. There is said to be a considerable impact of climate change on the
variability of hydro meteorological variables such as rainfall, temperature, and evaporation 37, [4], [5]. From the
mentioned parameters, rainfall is said to be the most important component of the water cycle and its variability is
closely related to drought and flood. These can threaten the supply of water, irrigation for agricultural purpose and

the socio-economic development [67, [7]. As reported by the Intergovernmental Panel on Climate Change (IPCC),
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rainfall-induced hazards have become more intense and frequent over the past decade which is caused by
anthropogenic influence [87]. Due to increased concern about climate change, climate data is becoming of
paramount importance to the scientific community and society as decisions by citizens, businesses and governments
depend on the availability and correct interpretation of this data [97. Besides rainfall and temperature fluctuations,
increasing occurrence of extreme events such as droughts, floods, and heavy storms in Africa are cited as important
characteristics of climate variability [107]. Rainfall is one meteorological parameter that affects virtually all human
activities. For instance, the amount of rainfall received in an area is an important factor for the quantifying of the
amount of water available to meet various demands, such as agricultural, industrial, domestic water supply, and
power generation [117. It is therefore beneficial to emphasize that researches on rainfall variability are crucial in
reducing the consequences of extreme climate hazards such as droughts and floods. This is because the quantity of
water present in the soil, which is utilized by crops, is dependent on some important rainfall characteristics such as
onset, length, and cessation, which influence the success or failure of the cropping season [127, [187]. Several
studies including Intergovernmental Panel on Climate Change [147, [15], [16] have shown temperature and
fluctuation in rainfall frequency and intensity experienced a rise. This is said to pose a great challenge to peasant
farmers in a lot of countries. African Countries, especially those in West Africa; are said to be more prone to the
impact of climate change [177]. This is therefore said to be a result of their considerable dependence on rain-fed
agriculture, also their poverty that leaves them vulnerable to climate stress. Findings from the Fifth Assessment
Report of the IPCC indicate that although the West African monsoon winds are likely to weaken, there will very
likely be an intensification of monsoon precipitation which is a result of an increase in atmospheric moisture.
However, the report stresses that monsoon retreat dates will be delayed thereby increasing the length of the
monsoon season [187].

This study aims to assess the parametric analysis of rainfall variability over some selected stations in Nigeria.
This is going to be achieved by determining the variation in rainfall patterns in the study areas, by using the annual

and monthly mean deviation.

2. METHODOLOGY
2.1. Study Areas
2.1.1. Port Harcourt

Port Harcourt is the Capital city of Rivers State, Nigeria. It is located at latitude 4° 49’ 27" N, and longitude 7°
2" 0" E [19], [20]. Port Harcourt experiences heavy rainfall of about 2369.06mm, valid for the year 1931-2014
[217. The rainy season lasts for about eight months (March to October), and the so-called dry months are not free

from occasional rainfall [227].

2.1.2. Abuja

Abuja the capital of Nigeria lies at latitude 9° 4" 20" N, longitude 7° 29" 28” E, and an elevation of 840 m (2760
ft) above sea level. The city is located in the Federal Capital Territory (FCT) whose land area is about 8000 km?
[237]. Abuja has two (2) distinct seasons namely: rainy season which occurs 6 - 7 months (April to October),
amount ranging from 1558 to 1682 mm (1986 — 2016), with temperature measuring up to 40°C in May. The dry
season lasts about 5 to 6 months (November to March) with dry winds which reduces the temperature to as low as

12°C [247, [23].

2.1.8. Ikeja
Ikeja, which is the capital city of Lagos Nigeria. It is located at latitude 6° 36' 21 " N and longitude 3° 20' 56" E.

It has an annual average temperature of 23.0°C (73.4°F). The warmest months are from February to April, where
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daytime temperatures can exceed 29°C (84.2°F). Rainfall season usually throughout the year with mean annual

rainfall ranging between 1,500 mm and 2,300 mm (1996 - 2014) [25].

2.1.4. Maiduguri

Maiduguri is the capital of Borno State is located at latitude 11° 49" 51"N and longitude 18° 9" 8" E. It is
characterized by two major seasons wet and dry. The wet season lasts for 7 months (April to October) with a peak
during the months of July and August. The average annual rainfall is 552.1 mm. Average yearly maximum

temperature is about 85.2°C while the minimum temperature is about 19.9°C [267].

2.1.5. Enugu

Enugu is located approximately at latitude 6° 27" 85" N and longitude 7° 32' 56" E [267] and is the capital city
of Enugu state. It is situated on the eastern fringe of Udi escarpment at a height of about 223 m above sea level. As
a result of Enugu being located in the tropics, it is characterized by high radiation all year around. Enugu records a

mean daily temperature of 26.7°C (80.1 °F) and a mean annual rainfall of 2000 mm (2000 - 2013) [27], [28].

2.1.6. Ilorin

[lorin, the capital city of Kwara State, Nigeria, is located on latitude 8°29’47” N and longitude 4°32'30"E. The
climate of Ilorin is characterized by both wet and dry seasons. The temperature in Ilorin ranges from 33°C to 34°C
from November to January, while from February to April; the value ranges between 34°C to 53°C. The monthly
mean temperatures are very high varying from 25.0°C to 28.9°C. The total amount of annual rainfall in the area is

about 1200 mm (1971 - 2000) [297].

2.2. Dataset Used

The dataset of rainfall used in this study was acquired from the Nigerian Meteorological Agency (NIMET).
For the cities of Enugu, Abuja, Enugu, Ikeja, Ilorin, Maiduguri, Port Harcourt, data for the total of 31 years (1980 -
2010) was collected, and for Sokoto, data for the total of 29 years (1982 - 2010). These cities represent the six
geographical zones of Nigeria. The summary of the data collected is shown in Table 1. In this study, we study the
parametric analysis (trend analysis) of rainfall variability over some selected locations in Nigeria and determine the
trend using surface observation data from seven weather stations, (one station from each of the six geopolitical

zones in Nigeria). The stations used for this study is highlighted in the Figure 1.

2.8. Data Analysis

The dataset used is aided using Microsoft Excel and the Python programming language. The descriptive
statistics used to consist of the standard deviation, the linear regression for the analyses of the study. The
descriptive statistic is used to make the data presentation organized and provides concise information to make the
analysis easier. A simple formula can be used to compute the standard deviation; this standard deviation can then
easily be compared with different observation. In this study, the standard deviation was achieved by using Microsoft
excel. Linear regression is one of the simplest methods to calculate the trend of data in time series. The equation of
the linear regression line is given in Equationl.
¥V =a+bX (1)
Where:
X is the explanatory variable
Y is the independent variable ‘a’ is the intercept (value of y when x=0).

‘b is the slope [307].
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ABUJA
ENUGL
IKEJA
ILORIN

PORT-HARCOURT

SOKOTO

Green — Abuja Station, F.C.T.

Purple — Enugu Station, Enugu State.
Blue — Ikeja Station, Lagos State.

Black — Ilorin Station, Kwara State.
Yellow — Maiduguri Station, Borno State.
Brown— Port Harcourt Station

Rivers State. Red — Sokoto Station, Sokoto State.
Figure-1. Map of Nigeria showing study areas.

The slope of regression outlines the trend whether positive or negative. In this study independent variable, Y is
rainfall, while the explanatory variable X is the month or year. Linear regression requires the assumption of normal
distribution.

The regression line as a trend line in linear trend estimation is an application of linear regression. A trend line
represents a trend, the long-term movement in time series data after the components have been accounted for. It
shows whether a particular dataset has increased or decreased over the period. Trend lines typically are straight
lines, although some variables use a higher degree of polynomials depending on the degree of curvature desired in
the line. Linear trend estimation expresses data as a function of time. In this case, the null hypothesis is that the
slope of the line is zero or there is no trend in the data. The pluviometry anomaly for the different stations was also

calculated.

3. RESULT AND DISCUSSION

The time series plot of monthly rainfall at Abuja Figure 2, shows the outline of rainfall, which indicates the
presence of seasonality in the maximum and minimum amount of rainfall in a year. The maximum rainfall
experienced at Abuja in a month is 554.9 mm which occurred in the month of August of the year 1994. IFor a total of
343 months related to the analysis between 1982 to 2010, 92 months did not experience any rainfall. The months
with a minimal record of rainfall are November, December, January, and February. A mean annual rainfall recorded
was 1431.4 mm was experienced between 1982 and 2010. The trend line shows that there was an increase in the

annual amount of rainfall experienced.

38
© 2021 Conscientia Beam. All Rights Reserved.



International Journal of Climate Research, 2021, 5(1): 85-48

Table-1. Annual Amount of Rainfall recorded for the 7 cities observation.

1400

Sokoto Maiduguri Ilorin Abuja Ikeja PH Enugu
Amount Amount Amount Amount Amount Amount Amount
year (mm) * sd (mm) * sd (mm) * sd (mm) * sd (mm) * sd (mm) * sd (mm) * sd
1980 558 + 65 621 + 74 1237 = 103 1686 £ 111 2544 + 157 2091 £ 176
1981 557 £ 72 461 + 62 1287 + 143 1471 = 182 2531 + 163 1704 £ 140
1982 569 + 95 354 *+ 49 1215 + 101 1297 + 124 1084 + 104 2148 + 126 1567 £ 110
1988 619 *+ 82 264 *+ 34 1157 + 96 1309 + 133 895 * 98 1808 + 136 9138 + 100
1984 467 + 56 349 * 47 1311 £ 119 1282 + 108 1876 £ 117 2328 + 168 1779 + 150
1985 427 + 52 414+ 50 11388 = 103 1513 + 146 1315 = 76 2202 + 153 1931 + 138
1986 476 + 64 510 £ 73 1328 £ 111 1559 £ 116 1071 £ 76 2184+ 113 1451 + 94
1987 373 + 40 366 + 55 1214 + 101 1384 + 144 1676 + 146 2707 + 169 1452 + 109
1988 697 £ 91 623 + 86 899 + 75 1241 *+ 96 1940 £ 160 2209 + 128 1461 £ 108
1989 586 = 73 610 = 69 795 + 66 1227 + 96 1369 *+ 108 1838 + 120 1644 + 187
1990 654 + 103 429 + 63 1020 *+ 85 1438 £ 113 1607 + 159 2366 + 194 2083 + 178
1991 772 + 78 486 + 65 1468 + 122 1500 *+ 124 1677 £ 139 2074 + 131 1961 *+ 133
1992 549 *+ 67 585 + 86 932 + 78 1377 £ 105 1181+ 118 2201 + 155 1707 £ 115
1998 642 + 85 491 + 70 1158 + 96 1529 + 130 1646 = 75 2597 + 219 1578 + 120
1994 762 + 125 4563 + 56 1242 + 104 1626 + 167 1205 *+ 83 2422 + 154 1456 £ 109
1995 510 + 74 689 t 94 1409 + 117 1309 *+ 126 1630 *+ 84 2487 + 153 2168 + 150
1996 667 = 89 631 + 74 945 + 79 1399 + 119 1590 + 75 2414 + 147 1919 *+ 1386
1997 646 = 71 550 = 58 1884+ 111 1386 + 98 2020 + 168 1890 *+ 100 2262 + 141
1998 846 £ 119 686 = 91 1596 + 133 1487 £ 120 1045 + 85 2537 + 157 1497 £ 116
1999 712 + 97 843 + 116 1539 + 128 1588 + 137 1547 + 98 2500 + 157 1508 £ 116
2000 720 + 106 591 + 85 990 *+ 83 1198 + 106 1299 + 125 1977 £ 152 2018 = 143
2001 732 + 106 728 + 95 697 *+ 58 1379 + 1383 1392 + 100 2122 + 130 1677 £ 182
2002 769 + 84 494 + 62 902 + 75 2021 + 182 1795 + 128 2071 + 158 1722 + 130
2008 790 £ 109 653 £ 87 1084 + 103 1706 + 159 1518 £ 103 2468 + 151 1891 £ 151
2004 627 + 93 757 £ 100 1294 + 118 1540 + 127 1694 + 112 225 *+ 146 1770 £ 124
2005 633 *+ 68 897 + 96 1306 + 109 1514 + 146 1485 + 109 2015+ 115 1717 £2 118
2006 740 £ 101 520 * 65 1304 + 119 1312 £ 116 1499 + 116 2572 + 187 2096 + 153
2007 636 = 83 926 + 125 1361 £ 113 1390 *+ 124 1649 + 124 2813 + 176 1911 £ 187
2008 515 * 58 601 + 89 1471 + 123 1186 = 118 1816 + 139 1919 + 118 1798 + 128
2009 601 + 63 606 + 75 1343 + 112 1418 + 123 1391 + 146 2564 + 153 1434 + 183
2010 1147 + 127 662 + 87 11938 + 99 1548 £ 131 1655 £ 111 2488 £119 1697 + 123
2000
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The time series plot of monthly rainfall at Enugu is shown in the Figure 3. This explains the variation of
rainfall at Enugu between 1980 to 2010, and indicates the presence of seasonality in the maximum and minimum
amount of rainfall in a year. The maximum rainfall experienced at Enugu in a month was 508.3 mm, which occurred
in the month of July of the year 1990. A total of 372 months was analyzed, and a low number of 88 months
experienced minimal rainfall, these include November, December, January, and February. A mean amount of rainfall
of 1737.3 mm was experienced between 1980 to 2010. In the year 1983, there was a serious dip recorded followed

by series of variation. The trend line indicates an upward trend in the amount of rainfall occurring at Enugu.
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Figure-3. Rainfall at Enugu for the period 1980 — 2010.

The time series plot of monthly rainfall at Ikeja is shown in Figure 4. It explains the variation of rainfall at
Ikeja between the years 1980 to 2010. This indicates the presence of seasonality in the maximum and minimum
amount of annual rainfall. The maximum rainfall experienced at Ikeja a month was 619.5 mm, which occurred in the
month of June in the year 1997. Out of the 872 months considered, a low number of 29 months didn’t record any
rainfall. A mean rainfall amount of 1487.8mm was recorded between the years 1980 to 2010. The trend line shows

an upward trend in the amount of rainfall occurring at Ikeja.
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Figure-4. Rainfall at Ikeja for the period 1980 —2010.
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Figure 5 shows the time series plot of monthly rainfall at Ilorin. It indicates the variation of rainfall at Ilorin
between the years 1980 to 2010. This explains the presence of seasonality in the maximum and minimum amount of
rainfall in a year. The maximum rainfall experienced at Ilorin in a month was 870.8 mm, which occurred in the
month of June in the year 2008. From the 372 months considered, 76 months experienced little or no rainfall. These
months include November, December, January, and February. A mean annual amount of 1197.2mm of rainfall was
recorded between the years 1980 to 2010. The trendline shows a slight upward trend in the amount of rainfall. As a

result, flooding has become a frequent occurrence in Ilorin wrecking a lot of havoc. Communities that are located on

lower elevations and those built on floodplains are usually the ones affected [317.
llorin
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Figure-5. Rainfall at Ilorin for the period 1980 — 2010.

Figure 6 shows the variation in rainfall at Maiduguri between 1980 and 2010, this illustrates the presence of
seasonality in the highest and least amount of rainfall in a year. 372 months were analyzed, 173 months experienced
little or no rainfall (November, December, January, and February make up these months). The maximum rainfall
experienced at Maiduguri in a month was 296.4 mm. Between 1980 and 2010, there was an annual average amount
of 575.7 mm of rain. The trend line show that there was a large increase in the amount of rainfall experienced in
Maiduguri. This is proved by the flood which occurred in the city of Maiduguri in the year 1994. It was reported by
the United Nations Department of Humanitarian Affairs (UNDHA) that on the 13t of September 1994 that “Alau”
Dam broke its banks as a result of excessive rainfall, hence causing one of the biggest Flood scenario in the history

of Maiduguri [327].
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Figure-6. Rainfall at Maiduguri for the period 1980 — 2010.
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The time series plot of monthly rainfall at Port-Harcourt is shown in the Figure 7. It explains the variation of
rainfall at Port-Harcourt between the years 1980 to 2010. This indicates the presence of seasonality in the
maximum and minimum amount of annual rainfall. The maximum rainfall experienced at Port-Harcourt a month is
776.7mm, which occurred in the month of July in the year 1993. 372 months were considered, a low number of 18
months experienced little or no rainfall. An average of 197.6 mm rainfall was experienced per month between the
years 1980 and 2010. The trend line showed that there was a slight increase in the rainfall amount experienced over
the years at Port-Harcourt. In 2006, it was reported that Port Harcourt experienced an uncommon type of flooding
in which houses were submerged, economic activities experienced a crash, and a lot of people became internally

displaced in some zones [337].
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Fgure-7. Rainfall at Port-Harcourt for the period 1980 — 2010.

Figure 8 shows the variation of rainfall at Sokoto between the years 1980 and 2010, which indicates the
presence of seasonality in the maximum and minimum amount of rainfall annually. Of the 372 months considered,
183 months experienced little or no rainfall, the maximum rainfall experienced at Sokoto in a month is 355.6 mm.
An average amount of 645 mm rainfall was experienced between 1980 and 2010. To support the trend shown by the
trendline, it was reported that in the year 2007 that over 5000 people were displaced due to the flood experienced. It
was stated in the report that a Sokoto State Emergency Services’ official stated that the city of Sokoto has not

experienced this kind of flood in many years [(34].

Rainfall (mm)

1980
2009
2010

Year
Figure-8. Rainfall at Sokoto for a period 1980 — 2010.

From Figures 9 i and ii, shows the monthly and yearly rainfall anomalies respectively which was experienced at
Abuja for a period of 1982 — 2010. Observations were made that the negative deviation of rainfall that occurred in

non-rainfall months (November - April) was the same as the positive deviation of recorded rainfall for rainfall
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months (May to October). But for the years, it is observed that between 1980 to 2010, the negative deviation of

i I ‘
A A05 ra

T bt o A

rainfall was less prominent than the positive.

I | . .

X

Rainfall Ancmaly (mm)
Fminfmll Anomaly (e}

Figure-9. Rainfall anomalies at Abuja.

Figure 10 i and ii shows the plot of monthly and yearly anomalies respectively, recorded at Enugu for the
period of observation. It was observed that the negative deviation of non-rainfall months was less than the positive
deviation of rainfall months (April to October). For the years, it was observed that between 1980 to 2010, the

negative deviation was more prominent than the positive.

Anomaly (mm)

Rainfall Anomaly (mm)

Ramlall

1 11

Figure-10. Rainfall anomalies at Enugu.

The Figures 11 i and ii shows the respective monthly and yearly rainfall anomalies recorded during the period
under observation for Ikeja. it was observed that the negative deviation of non-rainfall months (November - March,

and August) was the same as the positive deviation of those that experienced rainfall (April, May, June, July,
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September, and October). For the years, it was observed that between 1980 to 2010, the negative deviation of

rainfall was less prominent than the positive.
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Figure-11. Rainfall anomalies at ITkeja.
From Figure 12 i and ii which shows the monthly and yearly rainfall anomalies respectively, recorded for the
observation period, the negative deviation of rainfall for non-rainfall months (November — April) was the same with

the positive deviation of rainfall for rainfall months (May — October). For the annually situation, it was observed

that between the years 1980 to 2010, the negative deviation of rainfall was less prominent than the positive.
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Figure-12. Rainfall anomalies at Ilorin.

Figure 13 shows the respective monthly and yearly rainfall anomalies recorded at Maiduguri. From figure 13 i
and 1i, it was observed that the negative deviation of rainfall recorded for the non-rainfall months was more than the
positive deviation of rainfall for rainfall months (June to September). For the years, it was observed that between

1980 to 2010, the negative anomaly of rainfall was less prominent than the positive anomaly of rainfall.
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Figure-13. Rainfall anomalies at Maiduguri.

Figure 14 represents the plot of both monthly and yearly rainfall anomalies. From figure 14 i and ii, the
negative deviation of rainfall that occurred in non-rainfall months (November to April) was equally as prominent as
the positive deviation of rainfall that occurred in rainfall months (May to October), was the same. It was observed

for the years that between the years 1980 to 2010, the negative anomaly of rainfall was less prominent than the
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Figure-14. Rainfall anomalies at Port-Harcourt.
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From the Figure 15 i and ii which shows the respective plot of monthly and yearly rainfall anomalies recorded
in the city of Sokoto, the negative deviation of rainfall that occurred in non-rainfall months (October — May) was
less than the positive deviation of rainfall that occurred in rainfall months (June — September). It was observed for
the years that between 1980 to 2010, the negative anomaly of rainfall was as prominent as the positive anomaly of

rainfall.
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Figure-15. Rainfall anomalies at Sokoto.
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The cause of these fluctuation in the amount of rainfall across these study areas is attributed to the increasing
impact of climate change. This is majorly caused by the increase in anthropogenic activities in these areas, which is

as a result of the increased influx of people into these areas from neighboring rural areas.

4. CONCLUSION

In conclusion, this study analysed the trend of rainfall over the period of 81 years for some seven cities from the
six (6) geographical zones of the country. It was discovered that for the 31 years studied, all the study areas
experienced an increase in the trend of rainfall. While some areas (areas in the core north) experienced a great
increase in the trend of rainfall, other areas (areas in the coastal region) experienced a slight increase in the trend of
rainfall. This indicates that the annual variability was somewhat a common feature in the study areas. This increase
is proven by the frequent occurrence of flood in these areas, places that do not experience enough rainfall a while
back now experience rainfall on a frequent basis. This is attributed to climate change which has increased the rate at
which precipitation is received in some parts of the world and reduced it elsewhere. The flood caused by the
increase in rainfall over the years has caused a lot of havoc such as loss in farm produce, loss of lives and properties

etc. A lot of research should be done in order to help us as a country find a way to live with this new normal.
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