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Analysis of Rainfall Trend and Pattern in Owerri, Imo State, Nigeria

ABSTRACT
The study analyzed the rainfall trend and pattern for Owerri municipal,, Imo state.. The data

data archive given in millimeter (mm) was downloaded. In order, to achive the aim of the

research, data analysis was conducted on the rainfall data. Some of the “statistical methods used

near normal condition to very.wet condition (1981 — 1990), near normal condition (1991 — %

2000), extremely dry conditions to, near normal condition (2001 — 2010), and near normal
condition to extremely dry condition (2010 - 2020). The hypothesis was tested using chi-square,
the null hypothesis was accepted. The study generally shows there is a little or no singnificant
change'in the rainfall pattern and trend in Owerri from 1998-2020 and hence recommend that
there.should:-be more monitoring of rainfall activities in order to curtail it excesses in flooding

and agricultural loss.
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Globally, investigation on rainfall variability and trend analysis has been in practice over the
years; determining the sudden changes of rainfall pattern in different regions. Rainfall is the most
critical meteorological phenomenon on earth for the natural environment and human life, making
it the most vital ecological factor (Kipkorir, 2002 cited in Sekelaet al., 2019). Rainfall is
categorized as a form of precipitation in the hydrological (water) cycles. Rainfall.can be
described as the droplet of water on the earth’s surface due to over-saturation of condensed water

vapour in the atmospheric cloud (Dorling, 2020)..

variability in different regions. Thus, it was discovered that:the hydrological process of water
cycle has being affected by climate change. In addition, the Intergovernmental Panel on Climate
Change (IPCC) quoted that Precipitation and temperature are the two most importance variable
in the field of climate sciences and. hydrology frequently used to trace extent and magnitude of
climate change and variability. However, the increase in air temperature and variability in
precipitation are already. evident in different parts of the world and their impacts on the
environment {e.g.,:ecosystem and biodiversity) and human system are becoming evident (Kotir,
2011).The study. on.precipitation has received much attention as understanding rainfall patterns
is necessary..for assessment of climatic change, managing agricultural issues and also water
resources management over the past few decades (Seleshiet al., 2004 cited in Mekonnenet al.

2021;Guhathakurtaetal., 2008 cited in Chetanet al., 2021).
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Evidently, analysis on rainfall trend and pattern in Imo state have shown the following problems
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Increase rate of pest and disease, and Waste pollution in the environment (Okorie, 2015;

Maduka, 2010; Okorieet al., 2014; Nnaji, 2009 cited in Duru, 2016).The need to analyze rainfall
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1.1. HYPOTHESIS

Ho: There is no-significant different of rainfall trend analysis from 1981 to 2020 in Owerri

municipal.

1.2. THESTUDY AREA

region of Nigeria. It has an area of 58 km? and a population of 127,213 according to the 2006
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season begins in April and last till October (“Imo state”, 2021).

The Southeast region is said to be hot and wet, dry in the Southwest and a steppe climate with

little precipitation is found in the far North over the years, the length of the rainy season

in the Southern region, resulting in-a short dry season often referred to as the “August break”.

This break enables the region to.harvest and plant in crop for the next period of rainfall, making

(Haider, 2019).
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Fig 1: The Geographic Location of Owerri municipal, Imo State Nigeria.
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Therainfall data from 1981-2020 used for this study is purely secondarydownloaded and -

extracted froma remote sensing file.

...SOURCE OF DATA
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The rainfall datasets were obtained from the CHIRPS data archive. The data were downloaded

from these web archived saved in Network Common Data File (NetCDF) format. This Climate




Hazards Group Infrared Precipitation with Station data (CHIRPS) was developed by the United
State Geological survey (USGS), which uses a Cold Cloud Duration from thermal infrared with a

similar approach to the one of the TAMSAT.

product with 2-day latency, sparse World Meteorological Organization’s Global
Telecommunication System (GTS) gauge data are blended with CCD-derived rainfall estimates
at every pentad. In the second phase, which yields a final product with an-average latency of
about 3 weeks, the best available monthly (and pentadal) station data.are combined with monthly
(and pentadal) high resolution CCD based rainfall estimates to_produee fields that are similar to

gridded monthly station (Becker et al., 2013).

as follows;

Coefficient of variation:
This is used to compare the variability of any two distributions which may be measured in

different units. It is expressed as a percentage of the standard deviation to the arithmetic mean.

In mathematical notation;
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- {Comment [DOP58]: JOIN THIS

{ Comment [DOP59]: 2.3 ]
=== {Comment [DOP60]: , ]
=== {Comment [DOP61]: out ]
{ Comment [DOP62]: DELETE ]
{ Comment [DOP63]: is explained ]




standard deviation x100%

Coefficient of variation =
Mean

The model method gives answer to objective 1, 2, & 3, which determines the amount of rainfall

experience in each month of the years.

Standardized Anomaly Index calculates the difference between the annual:total:of a particular

year and the long term average rainfall records divided by:the standard deviation of the long term

data.

In mathematical notation;

Whereag .

X; = Normalized departure
6;= Standard deviation
r;; = Annual rainfall for the station in the year j

7;= Mean annual rainfall for the station i

S.A.l VALUE CATEGORY
2.0+ Extremely wet
1.5t01.99 Very wet
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1.0to0 1.49 Moderately wet
-0.99t0 0.99 Near normal
-1.0t0-1.49 Moderately dry
-1.5t0-1.99 Severely dry

-2 and less Extremely wet

Table 1: Standardized Anomaly Index (McKee,1993)

The table above provides the index of rainfall intensity in any geography area. This model

provides answer to objective 3 by determining the wettest rainfall from 1981 to 2020.
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3.3.7.HYPTHOSIS TEST

Null hypothesis was tested using chi-square.

X2=y % ........ ’Equation 6‘ { Comment [DOPES]: (3
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OR= the observed rainfall outcomes
ER= the expected rainfall outcomes
> = the sign of summation.

X? = Chi square

For further analysis using the critical value or chi-square tabulated, X3 we deduce; —{cOmmem [DOP71]:,
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Rainfall (mm)

Where
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Df = degree of freedom
r = the number of rows
¢ = the number of columns

Alpha|() = the level of significance or confidence limit (0.05, 0.01 and 0.001)...
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DECADAL RAINFALL .
This analysis revealed decadal rainfall trend and pattern of the study area with their standardized
anomaly index values. o8 N\ O
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Rainfall (mm)

Fig 24l shows 1981 to 1990 decadal rainfalls fluctuations with an increase in trend analysis of

Fig 2: Decadal rainfall from 1981 to 1990
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2133.5mm in 1981 and 2667.4mm in 1990. According to S.A.l value (fig 2b), 1981 rainfall is

“very wet”). However, 1983 is recorded to have the lowest rainfall of about 1662.9mm.

DECADAL RAINFALL FROM 1991 TO 2000
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Fig 3: Decadal rainfall from 1991 to 2000
Fig 3a: shows decadal frainfall from 1991 to 2000 fluctuation with a slight increase in trend -{ comment [poP78]: DELETE

pattern of about 2413.7mm to 2454.5mm and the S.A.l value (fig 3b) are -0.1 and 0.03
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respectively (i.e. “near normal”). The peak of rainfall on this chart is 1995 of about 2962.2mm

with the S.A.I value of 2.03 (extremely wet). Also, 1992 accounted as the lowest rainfall on the

chart having 2040.4mm.
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Fig 4: Decadal rainfall from 2001 to 2010°
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Fig 4.a: shows fluctuation of decadal rainfall from 2001 to 2010 with an increase in rainfall trend

analysis of 1828.9mm to 2579.7mm. The SAI values (fig 4b) presented that -2.6 in 2001
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(extremely dry) and 2010 as 0.99 (near normal). Thus, 2001 has the lowest rainfall while the
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Fig 5: Decadal rainfall from 2010 to 2020

Fig 5a: shows the decadal rainfall distribution chart from 2011 to 2020His said to be 2640.4mmto -
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745.1mm. Thus, the data analysis for 2020 Me’re calculated from January to June. However, -
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2013 rainfall is said to have the lowest rainfall of about 1927.2mm and its peak in 2019 of
2711.4mm. Fig 5b: shows SAI valve fluctuations that 2013 having -0.45 and 2019 of -0.99 (near

normal).

Therefore, the following rainfall patterns h/vereobserved\ for the different decade analysis;
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were observed

1981 — 1990 were near normal to very wet conditions rainfall distribution.

e 1991 — 2000 were near normal conditions in rainfall distribution.

e 2001 — 2010 were extremely dry to near normal condition in rainfall distribution.

e 2010 — 2020 were near normal to extremely dry conditions in rainfall (based on 2020 data

were from January to June).




THE WETTEST ANNUAL RAINFALL

Based on the Standardized Anomaly Index from 1981 to 2020, 10 wettest years that occur during

the period were observed to illustrates the interval of which the b/ear'é experience high rainfall. { Comment [DOP88]: years
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Fig 6a: wettest rainfall analysis
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Fig 6b: wettest rainfall analysis

1990& 1995were 5Syears, 1995 to 1999 was 4years, 1999 to 2008 was 9years, 2008 to 2010 took
2years, 2010, 2011 &2012 were ayear, 2012 to 2018 was 6years while 2018 to 2019 was a year
interval to experience their wettest rainfall

Hypothesis

The observed rainfall values obtained for 1981 to 2020 and the expected rainfall values obtained

using moving average were used to determine the hypothesis.

TABLE 2: CHI SQUARE TEST FROM 1981 TO 1990
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Decadal | 1981 |1982 | 1983 1984 [1985 (1986 |[1987 |[1988 |1989 |1990

rainfall

Observed | 177.79 | 176.81 | 138.58 | 196.08 | 212.99 | 172.76 | 191.73 | 191.41 | 197.58 | 222.28

value (O)




Expected | 187.80 | 187.80 | 187.80 | 187.80 | 187.80 | 187.80 | 187.80 | 187.80 | 187.80 | 187.80
value (E)

-10.01 | -10.99 ( -49.22| 8.28| 25.19| -15.04 3.93 3.61 9.78 34.48
O-E

100.20 | 120.78 | 2422.61 | 68.56 | 634.54 | 226.20 | 15.44 | 13.03| 95.65| 1188.87
(0 -E)’

0.5335] 0.6431 | 12.900 | 0.3651 | 3.3788 | 1.2045 | 0.0822 | 0.0694 | 0.5093 | 6.3305
(O -
E)YE
Total = 26.016

Degree of freedom, Df= (r-1) (c-1)

= (2-1) (10-1)

=@ ©

At confidence limit 0.001 (99.999%), X% =127.878

Therefore, Table 2] 27.878 > 26.016]; we accept the null hypothesis (Ho).
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TABLE 3: CHI SQUARE TEST FROM 1991 TO 2000
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Decadal 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
rainfall

Observed

value (O) | 201.14 | 170.03 | 192.88 | 205.34 | 246.85 | 196.23 | 193.58 | 192.06 | 236.49 | 204.54
Expected

value (E) |203.91 | 203.91 | 203.91 [ 203.91 | 203.91 | 203.91 | 203.91 | 203.91 | 203.91 | 203.91
O-E -2.77 |-33.88 |-11.03 | 1.43 42.94 -7.68 |-10.33 | -11.85 | 32.58 0.63
(O - E)2 7.70 1148.13 | 121.75 | 2.03 1843.50 | 59.04 | 106.79 | 140.52 | 1061.20 | 0.3919




(O -E)YE |0.0377 | 5.6304 | 0.5971 | 0.0100 | 9.0406 | 0.2896 | 0.5237 | 0.6891 [ 5.2041 | 0.0019

Total = 22.0242

Tables 3 have the same interval with tale2. ~{ comment popgo): pELETE
Thus, at confidence limit0.005 (99.995%), X4=23589 . _—{ comment [poP100): of
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TABLE 4: CHI SQUARE TEST FROM 2001 TO 2010

Decadal | 2001 2002 2003 2004 | 2005 2006 2007 2008 2009 2010
rainfall

Observed

value (O) |152.41 |[192.26 | 198.88 | 198.38 [ 191.1 | 203.12 | 197.92 | 218.58 | 210.08 | 214.98

Expected

value (E) |197.77 |[197.77 | 197.77 |'197.77 | 197.77 | 197.77 | 197.77 | 197.77 | 197.77 | 197.77
17.21

O-E -45.36 |-551 |[1.11 0.61 -6.67 |5.35 0.15 20.81 |12.31

(O-EY 2057.53 |1 30.36 [1.2321 |,0.3721 | 44.49 | 28.62 |0.022 |433.06 | 151.54 | 296.18

(O - EY/E | 10.4036 | 0.1535 | 0.0062 | 0.0019 [ 0.2250 | 0.1447 | 0.0001 | 2.1897 | 0.7662 | 1.4976

Total = 15.3886

Table 4H,h§¥§,t,h§,$§m§ IntervaIWIth[tabld 2&3. e { Comment [DOP103]: DELETE
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TABLE 5: CHI SQUARE TEST FROM 2011 TO 2019

Decadal |2011 |2012 |2013 2014 2015 |2016 |2017 |2018 |2019




rainfall

Observed
value (O) | 220.03 | 216.1 160.6 | 168.35| 173.77 | 184.4 | 189.39 | 210.63 | 225.95

Expected
value (E) | 194.36 | 194.36 | 194.36 | 194.36 | 194.36 | 194.36 | 194.36 | 194.36 | 194.36

O-E 25.67| 21.74| -33.76| -26.01| -20.59 | -9.96 | -4.97| 16.27| 31.59

(O - E)? 659.06 | 472.72 | 1139.59 | 676.40 | 423.86 | 99.16 | 24.68'| 264.79 [ 998.07

(O -E)YE | 3.3910 | 2.4322 | 5.8633 | 3.4802 | 2.1808 | 0.5102 | 0.1270 | 1.3624 | 5.1352

Total = 24.4823

Degree of freedom, Df = (r-1) (c-1)
=(2-1)(9-1)

=) ©)

Thus, at confidence limit|0.001.(99.999%), X* = 26.125

no significance difference in rainfall trend in owerri from 1980-2020.
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..]SUMMARY, RECOMMENDATION AND CONCLUSION {comment poP116}:
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The study assessment analyzed the rainfall trend and pattern in Owerri municipal, Imo stateH.W/,,</ - {cOmment [DOP117]:
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municipal had a significant increase in rainfall trend and pattern from 1981:to 2019. Chi-Square
test provides the hypothesis test which prove that there is no significant different in‘rainfall trend

analysis from 1991 to 2019.

However, with reference to rainfall distribution chart, the month with the higher rainfall is said to
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e .More studies should be done and perharps annually to help both Government and

Farmers to.plan effectively.

o More careful attention should be given to the perennial flooding in the town because the

rainfall trend is not decreasing.



e Farmers should account on the month of April - October for the cultivation of crop. [This -

Analysis of rainfall trend and pattern is increasingly becoming important owing.to the fact that

most people in the study area rely on rainfall for farming and also for the precarious nature of the
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