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Abstract
' rhisresearch was aimed at studying the characteris
Nigeria. The data used were monthlyrainfall (mm)
Oshodi, Lagos, 1981-2015 (35 years) Sor Makurdi
1983-2015 (33 years) and Ibi, 198]-2013 (33
comparism, simple linear regression, reg
(SD), skewness, kurtosis and cumulative

ticsof annual rainfall over Guinea Savanna Zone,
obtained from the Nigerian Meteorological Agency,
Lokoja, llorin, Jos, Lafia, Minna and Kaduna, Abuja,
(33 years). Long term rainfall mean, multiple mean
resston coefficient, maximum, minimum, standard deviation

ble and figures. The conclusion r of variation (CV) were used for analysis. Results were presented
in table and figures. nciusion revealed moderate inter-annual rainfall variation, alternate upward

7 o ‘er - 3
and a.tri,}‘ ’f}mf 4 [;f’”d;q by well as a general upward trend in recent years. It was also discovered that inter-
rainfatl char ﬂ??"v”-‘f Ics vary across the data collection points even though they are within the same
S ” gy
climatic zone. Recommendations focused on the need for similar studies to be carried out to cover other

characteristics of rainfall over the study area and in other ecological regions of Nigeria. Short—term
weather forecast was also advocated.

Key words: Rainfall, variability, global warming, water resources, weather forecast

1.Introduction

Weather affects man in almost all his daily activities. In every part of the world, the weather patterns have
determined the traditional patterns of food, clothing, housing, agriculture, transportation and social
festivals (Asnani, 2005). In Nigeria, rainfall seems to be the most important climate variable because of its
role in human activities. The most important human activity in Nigeria remains agriculture which is still
largely rain-fed due to inadequate technology for mechanised farming. Rain is also a major source of
water for domestic uses and recharging of underground water. According to Eke (2017), rainfall is without
doubt the single and most critical physical climatic variable influencing human activities in West Africa.

Rainfall is unevenly distributed across Nigeria as it varies over climaticzones and meteorological stations
in onset, cessation, duration, number of rain days, daily, weekly, monthly, annual, pentad and decadal
distribution; frequency, magnitude as well as type. Over the Guinea Savanna Zone, Nigeria (GSZN),
rainy season generally starts in April and ends in October with changing patterns inform of carly/late
onset, early/late cessation, normal/abnormal duration (shorter or longef than normal) as wal as
normal/abnormal accumulated daily, weekly, monthly, and annual. According to Dada (2016), rainfall
patterns have changed over the years as a result of global warming and climate change.

Upward and downward trends in both annual and inter-annual rainfall are witm.-:sscd in Nigeriaand itisan
important feature of rainfall. The study of Tornongo (2016) observed anincreasing trend of rainfall in most
years over Gboko, Benue State. Also, Okoro (2017) observed an increasing trend in 1'umt"gll over _Blde.l.
Niger State between 2007-2016. The alternate upward and downward trends in ramfal! pxlrcr Ni geriaare
becoming a major concern to both government and public. Increasing rainfall trTnlél n.su 1; 1T1051:y 1:1;0
flooding as witnessed in September, 2018 in states like Kogi, Niger, Benue and Kwara. According to

lornongo (2016), the inter-annual variation of rainfall mostly in northern Nigeria is much and ‘l'csul{ into
climate and Wcal,hcr hazards especially floods. Previous studies OnZGNS(Zi\I:[J rlegnrdm% 1.::;1118111[;0?:5::8 loﬁn
indiv; i : : irc GSZ ohammed, 2010; Dada, 2016;
Individual dat i ints without focusing on the entire GS ! i e
Iurnongo fg:%?g:jgcgg?;?%kom 2017). Hence, this rescarch is aimed at studying the characteristics of

annual rainfall over the entire Guinca Savanna Zone, Nigeria (GSZN).

l?«‘.'l‘hc Study Arca -
"heGuinea Savanna Zone, Nigeria (GFZN)_lb cen
longitudes 4°~10°E andlatitudes 6*=11°30'N (Figure 1)

1zal|y located in Nigeria. 1t is located between
The study arca is characterized by two (2) major

—Hg7

———— —
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prevailing winds namely; Tropical Maritime Airmass (mT) and Tropical Continental Airmasg (cT)
(Adakayi, 2000 cited in Ama, 2017). The alternate occurrence of these prevailing winds leads 1, the
occurrence of two (2) distinct scasons which also occur alternately. These scasons are wet (rainy) anq g
scasons. Rainfall is moderate with 60% falling in July, August and September. Rainfal| oceury |
association of squall lines, lightening, thunderstorms and strong winds (Ama, 2017: Omasoro, 201 7), The
highest mean temperature is recorded in March. Dry season is experienced between October.Apm
(Mohammed, 2010).

The relief of the study area is made up of both high and lowlands (Maxlock, 1980 cited in Omasoro, 2017,
Olayinka, 2017). Itis predominantly underlain by Precambrian gneisses, granite and schists of crystalline
basement complex. Its, soils comprise mostly sand, silt, clay and laterite (lornongo, 2016; Omozuapo,
2016; Oshin, 2008 citedin Ama, 2017, Omasoro, 2017).

The vegetation of the study area is savanna (Physical Setting, Niger State cited in Okesola, 2016). This
vegetation has been severely altered by man through numerous activities such as bush burning, farming,

firewood harvesting, mining/excavations, constructions and settlement. :

TP L [

4y
-
LA /
- “@dulingo |/

.\2-.

LY ® Duta cotecton oty i

B ournie paren

s firines Mo 803 Horue

3 ] Cursa Savanna drea of Sty
e Sy

State boventary

Figure 1: The Study Arca
Source: National Space Research and Development Agency (NASRDA) (2018)

Materials and methods

Sccondary data on monthlyrainfall (mm) which were in numerical form for Makurdi, Lokoja, Ilorin,
Lafia, Minna Jos and Kaduna, 1981-2015; Abuja, 1983-2015 and Tbi, 1981-2013 were used for this

study.These data were sourced from the Nigerian Meteorological Agency, Oshodi, Lagos. The data points
are evenly distributed across the GSZN.

The annual rainfall (imm) was calculated thus:
Lety =years, x =monthly rainfall (mm)

Y=yt vty + e Y2
W= vatyatpa+ eens Yau2

Y=Yt P +yisa+ R NT:
n

yi=) i

i=1

where;=1.2,......... £ ) 0 number of months ina year

Simple linear regression analysis was used to ascertain the relationship between the independent and
dependent variables per year. It was calculated thus:

y=mx-+c¢ 2

L_FT
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where: y = dependent variable, x = independent variable, ¢

’ ) =intercept o
To specify how much of the variation in the dependent ptofthetrend on

: . Y axis, m=slope
i variable is ch . pe.
independent variablex, R-square (R*) was used sfid el aracterized

by a variation ;
1
” ated as thus: 0On in the
- 1 -_.__b,‘/-.f Yes iine
AT = 555:1wc‘.u 3 )
. _\n o . 2 .
S5Crcti—tine” z’l“’- (:yi {Tn'{'i + b)
T
. — "N)e e A2
55Cmean, = Zb'i V)
i—1

where: SSE =sum of square error, regline = regression line

The annual rainfall mean was calculated after Ekeruo etal (1989)as thus:
Ly

X =i 4
N

Where:d = medn, Yx = sumofrainfall, N = numberofyears

Multiple mean comparism was used to detemine the difference in terms of meari annual rainfall
the data collection points.

across

The skewness coefficient was used 0 determine the measure of deviation of the data from symmetry of
the distribution. It was calculated after Brown (2016) as thus:
G T My /Mys

J
Where: my = (x — X)e and m, = y{x - §)*/® 5

To determine the tailedness of the probability distribution of a real-valued random rainfall, kurtosis was
used and calculated after Brown (2016) as thus:

7.
wl =

and excess kurtosis =g, =a, 3
My

+ 2
Where: m. = Y.(x — X)ymand m, = Y. (x — X)x 6

In equations 7 and 8, n=sample size, myzand m, = 3rd and dth moments of dara set,my =
varianee

To show how spread out the data values are, standard deviation () was used and calculated as thus:
T :
g== =3 % — 1)’
NN (x; — 1)

~i—L

7

Where: g=mean, x=total annual rainfall, T =sum,n=number of dataset (years)

Cumulative of variation was calculated after Umar (2010) to detemmine the degree of variation in
rainfallover the years as thus:

sp B
CV =— X 100%

b i on s aviat ¥ =
\f\("he['c:CV = Cunlulativc Of variation, SD— St?.l'ldald db\lt‘lloll,l mean

%‘;‘;Slﬂ;s ?Ftlslt?;ﬁl:iilzﬂnual rainfall (mm) over data collection points in the study area. The study area

enj derate annual rainfall as well asrainfall variability.Rainfall variability oyér the sét;dl); algeléllti}:j?l‘;‘;sl
njoys moderate a | (space and time) patterns of occurrence ;iuc to differences ot
e and tem}lj'm‘a:j f ftorsamong which are relief and vegetation. The highest ra;.;n ?697 ‘l ot
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faduna o e)‘(perlencmg %plw :r:d Nigerian Meteorological Agency(NlMet) (2017) g(i?e::ils are due to the
o cx?cr}elg_clllrl CL)’,\C};W I\Illivéfa::ia frrom-2006 to0 2017.The alternate upward and downwar
annual rainfa

. : S St ,2012).
effects of global warming, climate variability and climate change (Audueta )

ogical stations over the
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and Jegede, ; Ojoye, ; Ad
spells and droughts over the study area.
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In addition, rainfall of above normal (above the mean) (table 1) in all the data collection points i

; : : — Sthe gj
effect of global warming occasioned mostly by the socio-economic activities of man among Which aréfect
flaring (Audu, 2013), fossil fuel consumption, farming, over grazing, lumbering, ul-bam-Zatigas
construction and industrialization.Adakayi (2015) observed an increase in maximum temperatyr, oon’
Northern Nigeria. NiMet (2017) confirmed increase in temperature across Nigeria in recent years, e
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Figure4: Annual rainfall over Ilorin, 1981-2015 Figure 5: Annual rainfall over Jos, 1981-2015
Source: Authors’ computation, 2018  Source: Authors’ computation, 2018
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Figure 6: Annual rainfall over Lafia, 1981-2015Figure 7: Annual rainfall over Abuja, 1983-2015
Source: Authors’ computation, 2018 Source: Authors’ computation, 2018
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Table 1:Simple statistical analysis of annual rainfall (mm) over the data collection points

Lafia Abuja  Minna  Jos Kadun

Data point /  Makur Lokoja  Ibi [lorin

: d
gl [233.0 124992 142120 1191.69 1237.09 120235

Mean(mm) 1173.50 121322 1061.92 o 030 TS0 6B 86sey

855.60  962.60 850.60 1759.8
mﬁm;ﬂ) 761.50  804.50 71850 697.10 839.90 1088.20 818.40 81470 7934

g) (2015) (1987)  (1995) (2008)

(2003)  (1982) (2003) (2001) (198

Kj:;(mm) 1617.10  1767.10 1569.1 2466.6 1617.10 201170 1543.20 1582.70 1658.99

year (1999) (2009) (2014) (1999)  (2002) (2012) (2014)
(1999) (2002)

Skewness  .157 557 530 1.874  -.039 638 -.236 -.261 438
Kurtosis -.526 -134  -292 7358 -248 925 022 3.809 384
SD 212,92 23468 20603 30298 193.59 200.78 16335  126.77 19537
Cv 18% 19% 19% 24% 15% 14% 13% 10% 16%

Source: Authors' computation, 2018 ‘ ) )
The implications of the results on water resources and agriculture are enormous. When rainfall is above

normal, there will be abundant surface and underground water. Excessive surface water leads to soil
erosion and flooding as well as high water level in water bodies which also leads to riverine flooding and
landslides (as experiented in Kogi State in 1999) as well as high rate of recharging of underground water
especially where rainfall is concentrated within few months, weeks and/or days. Above normal rainfall is
due to global warming which is causing high rates of evaporation and relative humidity. Below normal
rainfall, leads to acute shortage of surface as well as underground water (due to low infiltration) which
also affects domestic water supply especially in rural areas with high dependence on rain water harvesting
and collection of water from streams, ponds, rivulets, lakes, dams and rivers.

Inthe area of agriculture, rainfall below the mean has negative effects in form of crop failure. Crop growth
and yields are usually affected inform of delayed planting, poor germination, stunted growth, low
flowering and low yield. According to Anuforom (2016), soil moisture conditions respond to
precipitation anomalies on a relatively short scale; while the ground water, steam flow and reservoir
storage reflects the longer-term precipitation anomalies.

Conclusion and Recommendations

This study is to ascertain the characteristics of annual rainfall over Guinea Savanna Zone, Nigeria
(GSZN). The findings revealed moderate inter-annual rainfall, diverse spacio and temporal rainfall
variation, alternate upward and downward trends as well as a general upward trend in recent years. The
lowest accumulated mean rainfall amount was recorded in 1983 while the highest was in 2014. The range
is 446.96 mm. It was also discovered that rainfall characteristics vary across the data collection points
even though they are within the same climatic zone. It is therefore recommended that similar studies
should be carried out to cover other characteristics of rainfall over the study area and in other ecological
regions of Nigeria. Rainfall forecast (very short, short, medium and long-term) should be given more

attention with its results disseminated to the grass root so as to serve as early warning against both annual
and inter-annual rainfall variations,
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e painfall wimichampii ,
Heav) "””f.I pacsan accwnlllatedralﬂfallof.iommandab /d -

\ioeria during the wet season hence this reseay ove/day (24 hours) is witnessed in

heavy mu;_fai! in‘ the Guineci Savanna Zone, Nigiﬁ;a??ég%a'g;;ai aa_imelc;' ALF examingfig .tre"d of
1981-2015 obra_med Jrom Nigerian Meteorological Agency (M. Met)y O;:f;' ' Emm) ('iata spanning from
are [.,,lt,,\gnred in both table and figures, while the non-parametric ['ests-ma:‘; Kzfsz}lwfm used'th;mks
used for analysis. T!re @Seamh concluded thata s ignificant positive trend in hea rain}a(;fjvr:f iho IW?S
area with gﬂr'eat variability across the data collection points was observed. This is }?;(el to giverise !f;::'?m A
qooding. The recommendations focused on similar research to be condu‘c!ed in othef ecflo ic‘;] zonef :‘;’:
Vigeria as well as heavy rainfall forecasting and the construction of more drainage neMork.g

Key words: Rainfall, heavy rainfall, rainfall intensities, weather and flooding.

Introduction

Rainfall is an important element of weather and it varies over time and space in onset, duration, intensities,
cessation, frequency and type. In the tropics, rainfall is seasonal occurring mostly in wet season. Rainfall
is very important in Nigeria mostly because of its use in agriculture, domestic water supply and ensuring
stream flow (hydrology). According to Salahu (2017), rainfall is a seasonal phenomenon in tropical
monsoonal climate and it occurs in spells.

Rainfall intensities vary as well over time and space. According to Meera and Priyanca (2015), rainfall

intensities can be categorized into: no rain (0.0 mm/day), very light (0.1-2.4 mmfday){ light rain (2.5-7.5
mm/day), moderate rain (7.6-35.3 mm/day), rather heavy (35.6-64.4 mm/day), qxcepnonally heavy (120
mm/day when the amount is near the heaviest in a month or season), heavy rain (64.5-124.4 mm/day),

very heavy (124.5-244.4) and extremely heavy (>244.5).

i | authors in Nigeria. Odekunleet al
fall has been variously defined by severa _ ‘
(2008): Dami (2008) as well as Ifabiyi and Ojoye (2013) referred tO_hegvSeram(ftfgL ﬁfg a:rc:ar;‘:]ﬁtfar; 25
rain >S,0 mm/day (24 hours). Over the Guinea Szlavaréna i%:ﬁ,ggggrﬂ - :‘Bove/day ()2/4 e

i i ted ral
on this study, heavy rainfall refers t0 28 3¢5 © : i limate variability and climate change (Audu
ainfall is ex in Nigeri esult of global warming, clim . _
I’dmld'll e in I\I ilgzls-lli:j: ;cZn carried out in Nigena and the study area or; rrla.mfall ('Ibfraal?lols :rt‘ile,
;;)({ !3 -8 ] 3)' Ste\;crqao 1581)1 Il-Iowever none of these studies seem to study the trend of heavy rain
& sAuduetdail, = : s

GSZN. This forms the basis for this research.

The concept of heavy rain

e lies between longitudes 4~10°E of the
he Guinea Savanna Zone¢, Nigena (GSZN)'. 1 .

;ch Meridian and lztitfdcs 6°—11°30'N of the equator(Figure ] )-F To thte %’glr‘e :rl: :’s;d&??nggs
Grecashigh lian Zone while to the south; it is bordered by the i o .d hed Octob
SUdanofsare sl,tudy area, These are the l'ain!}’ or wet season (ApnI-October) andt ; ry sgaliolr;( c OTT-,F
P . 1?;1153 local wir'1d known as harmattan is CXPefien.ced bet\gwgef:.nAI‘;‘é"ﬁind?F 2807‘60$1Wﬁle eer
Anpr:—l;l;]’ r\;ririfall ranges between 761.50 mm-2456.90 bral, 1423, /A0EH_KAGIGS- ui
a

mm (Bin
i Vusufand Yusuf, 2008; Audu 20123;Yusuf, 2012; Audu etal; 2018). Mecan annual temperature
f”" 20 ")8_03"C. Dry season relative humidity is about

30%, while the wet season relative humidity is
12 ‘ :
is abOL 0" Audu, 2012b). The average daily wind speed!

The Study Area.
The study areaist

s about 89.9km/hr.
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The relief of the study area consists of gently undulating Plé;in-,hﬂl;, ridges_ ;21(111 gla:fj;«‘; \:Ii::t;lh:siggs of
. : in the study area 1 1ger,

300m-900m (Ola, 2001). The major drainage features in  Wstsiaals dams S0Eh.g8 Tom
duna, Dinya, Sarkin Pawa, Gurara, Usuma, Awum an ; : i

5221;; ﬁi;?znd érlﬁforo; wide flood plains along the rivers and the confluence at Lokoja (Audu, 2012,
Auidit 2,012b' Garba et al, 2018). The vegetation consists of thick grasses (mostly in the wet season)ang

scattered deciduous trees.
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Figure 1: The Study Area

Source: National Space Research and Development Agency (NASRDA) (201 8).
Materials and Methods

Daily rainfall data sourced from the Nigerian Meteorological Agency, Oshodi, Lagos; were used for this

research.The data collection points were Makurdi, Lokoja, Ilorin, Lafia, Minna Jos Kaduna, 1981-2015;
Abuja, 1983-2015and Ibi, 1981-2013.

The daily rainfall data were in numerical form and measured in millimeter (mm). The heavy rainfall data
were extracted from the daily rainfall through the use of micro soft excel. All the cells containing the
considered data were selected. The conditional formatting was then chosen, cells rules were highlighted
and the greater than was clicked. The available text box with the desired threshold value of > 50 mm was
then clicked and all the dates with rainfall greater than this value were extracted. The criterion used to

determine this value was the threshold value of heavy rainfall earlier defined for this study as rainfall of
about 50 mm and above/day (24 hours).

Trend (S) analysis was used to determine the increase or
i1s designated by either positive sign or negative sign,
2016). The method used to detect the trend of rainfall

decrease in heavy rainfall, The presence of trend
while zero implies no trend (Adamu and Umar,
over the study area was the non-parametric tests
: ; Attah, 2013). The non—parametric tests used were

il, 1950; Sen, 1968 both cited in Karbulut et a/, 2008: Longobardi
and Villari, 2009). The Mann-Kendall statistic S of t St (1 Kendsl

: he series X is given by M 1945): dall et al
(1975)cited in Somsubhra and Dwayne (2016) as: &l y Mann (1945); Kendall e
S = Z?:ll 2}1=i+1 sgn(xj — xi) 1

Where sgn is the si

gnum function. The variance associated with Sis calculated from Mann (1945 cited in
Somsubhraand D

wayne, 2016), Mdarres and Sarhadji (2009 cited in Somsubhra and Dwayne, 2016) as:
V(s)=n(n—1)(2n+s)—zL“=1tk(tk—1)(ztk+5)2
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where ”?is ,1>10, the test statisti h

X ; statistics Z(§) i € numbe

”H”plb SlZCI : (S) 18 calC ] T Of data : .

= + qarres and Sarhadi (2009 cited ; ulated fr. points in

2016): M - (2009 cited in Somsubpyra agcrln [I}\:Iva;n (1945 ¢ 8roup . In case where the
: yne, 2016) as: wayne

JV(S)if 5>0
_lo, ifs=0
Z (S) . £+1 E

. -
JV (S).if 5<0

<itive value of Z (s) indicates i ;
2’1:\ 4 are considered signi ﬁcar?tlir;"crei?ng trends, while negative Z (5) valu ‘
ate -Z._ 9y for e desied e absolute values -|Z(s)| ar e reflects decreasing trends.
Jeviate -41-9/, ired value of « (taken as 0.05 in this stud i)igreater than the standard normal
. udy

.

The Theil-Sen approach (TSA), a commonl

series was used in this study. T W 'llsed method to quantify the magnit A

iyl ensitivity to extr);m:i ;ﬂﬁ: 1S consid ered more robust than the ]eas%{]sqﬁj?eosfr;r::;géhguln time

<lack and Smith, 1982 cited in S s and better performance even for normally distributed d raby

S y 12 .omsubhra and Dwayne, 2016). In general, the sl uted data (Hirsch,

values of a time series X was estimated from Somsubhra and Dwayne (20 1’6) zsstﬁ}l: Q between any two
us:

=5k kx4

For a time series X having n observations, there are a possible N =n(n - 1)/2 values of Q that can be

cali:ulated according to Sen’s mfathod. The overall estimator of slope is the median of these N values of Q.
The overall slope estimator Q* is thus calculated after Somsubhra and Dwayne, (2016):

Qiw-112, &add
Q+ G, - Quanyn N evend
)
2
s were calculated u sing the

o, confidence interval
Dwayne, 2016). The

Where significant trends in the data were detected, 95
/(2002 cited in Somsubhra and

non—parametric techniques as described by Salmi et @
quantity €, was first calculated as:

CO{ — Z-_ "'(xz V(S) 6
Where Z is again the standard normal deviate, V (5) is as defined earlier and X is taken as 0.05. Indices M,

and M, were determined from:

_ N—y
= 7
= N- Ca

."42 == 5 8

Where Nis as previously defined.
sitive and negative values of five
| meaning there is no significant
fall trend (8) over Lokoja.
al trend is positive

or Makurdi. Thereare equal po
ro (O)geneml trenc
esult of heavy rain
ied and as such the gener

Results and Discussion

Figure 2 shows heavy rainfall trend (S)OVET ¥ 0 e
(5) each while its tied 1s one (1) 11.61‘108 given ;lsl ows the T
irend in heavy rainfall at the station. Flgt{ree “51:1 st
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Figur_e 2: Trend of heavy rainfall over Makurdi, 1981-2015 Figure 3: Trend of heavy rainfa]] over
Lokoja, 1981-2015 ‘
Source: Authors' computation, 2018 Source: Authors' computation, 2018

Figure 4 is the result of heavy rainfall trend (S) over Ibi. There are five (5) positive and four (4) heavy
rainfall trends as well as two (2) tied hence, there is a si gnificant positive generaltrend in heavy rainfall iy
the area.Figure 5 is the result of the heavy rainfall trend (S) on Ilorin. There are seven (7) positive and four

(4) negative trends with zero (0) tied hence general positive trend. Therefore, there is a significant trend in
heavy rainfall over Ilorin.
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Figure 4: Trend of heavy rainfall over Ibi, 198 1-2013Figure S: Trend of heavy rainfall over llorin, 1981-2015

Source: Authors' computation, 2018 Source: Authors' computation, 2018

The result of heavy rainfall trend (S) over Lafia as shown in Figure 6 shows six (6) positive and three (3)
negative trends with two (2) tied. The general trend therefore is positive and it means that, there is a
significant trend in heavy rainfall.Figure 7 shows the result on heavy rainfall trend (S) over Abuja.
According to the result, there are six (6) positive values, three (3) negative values and two (2) tied given
riseto general positive trend which indicates that there is a significant trend in heavy rainfall.
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Trend of heavy rainfall
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Figure 6: Trend of heavy rainfall over Lafia, 1981-2015 Figure 7: Trend of heavy rainfall over Abuja,
1983-2015

Source: Authors' computation, 2018 Source: Authors' computation, 2018

Figure 8 displays the result of heavy rainfall trend (S) at Minna. The result reveals that Minna has gvctgz
positive values, four (4) negative values and two (2) tied hence having general positive trend. By
result, there is a significant trend in heavy rainfall.
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Table 1: General trends (Q) in heavy rainfall over the study area.

General trend (Q) Remark

S/N Data pqint 0.03 Positive trend

1 Makgrdl 0' No significant trend
2 quOJa 0.03 Negative trend

3 Ibi ‘ 0.i8 Positive trend

4 Ilorin 0 No significant trend
5 Lafia 0.06 Negative trend

6 Abuja 0.06 Positive trend

; -I[‘glsn"a 0.03 Positive trend

9 Kaduna 0.12 Positive trend

Source: Authors' computation, 2018

The Q results shown in table 1 indicate that there is no significant trend in heavy rainfall over Lokoja and
Lafia, Abuja and Ibi have negative trends while the remaining stations have positive trends. On regional

basis, there is a positive trend in heavy rainfall over the study area.

Results of the overall estimator of slope (Q*) are shown in Figurel3. Makurdi, Lokoja and Minna have
negative Q* while Ibi, Ilorin, Abuja, Lafia, Jos and Kaduna have positive Q*. On a regional basis, the

study area has a positive Q*.
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‘.' <] - 4 = ~ o = > e
T e e e
£ && N & ™ % NI S

Data collection points

Figurel3: The overall estimator of slope (Q*) (median of N values of Q)

Source: Authors' computation, 2018

The 95% (0.05) lower and upper confidence intervals are: M, for all the data points = 60, 445 501. 27,
while M, is =60,452,638.73 which means that the data are significant.

Conclusion and Recommendations
This research has confirmed a significant positive trend in heavy rainfall over the study area with great

variability across the data collection points. A positive significant trend in standard normal deviate in
heavy rainfall was also observed. The implications of these results are that more flooding is eminent over
the study with surplus surface and underground water during the wet season. Heavy rainfall with high
intensity results in hydro-meteorological hazards such as landslide, soil erosion, water pollution as well as
flooding over the study area. According to Oriola (2000), excessively heavy and prolonged rainfall is the
commonest universal cause of floods. Jimoh (2000) opined that Ilorin recorded serious flood disasters in
1973, 1974, 1976 and 1979. The Nigerian Meteorological Agency (NiMet) (2017) stated that heavy
rainfall in the months of August/September caused the Rivers Niger and Benue to over flow their banks
causing some of the worst flooding seen in Benue and Kogi States since 2012. In each of these states, over
100, 000 people were displaced with Lokoja worst affected. According to Asnani (2005), each season in
the tropical region has its well marked diurnal cycle of weather. The seasonality of weather with its own
daily cycle makes “persistence” principle very useful in 24-hour forecasting in the tropics. Similar
research in other ecological zones is recommended to make this study holistic covering the entire country.
Efforts should be geared towards heavy rainfall forecasting using modem methods/equipments such as
the Numerical Weather Prediction (NWP) and other models to serve as early warning tool. More drainage
network should to be constructed especially in cities, while settlements that are too close to large water
bodies should be made temporal. These measures would aid in the mitigation and adaptation to the
adverse effects of heavy rainfall especially flooding in the study area.
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