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Abstract

This paper presents the impact of climate change on surface water resources of Ilorin. The study
involved the collection of data on meteorological and hydrological variables. The hydrometeorological
variables were subjected to statistical, trend, and reduction pattern analysis. The statistical analysis was used
to determine statistical parameters while Mann-Kendall and regression analyses were used to detect the
significance of the trend in each variable. Reduction pattern analysis was used to depict the fluctuation of the
variables over time. Based on the analyses, it was discovered that there is tendency for an increase in rainfall
while there is tendency for decrease in evaporation. It was also discovered that there will be no significant
changein min. temperature, max. temperature, Oyun streamflow, and Asa streamflow.
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2003).Increases in the concentration of greenhouse

1.0 Introduction gases reduce the efficiency with which the earth’s

The surface of the earth is heated by solagurface radiates to space. It results in an ineckas
radiation emanating from the sun at short wavelesgt absorption of the outgoing infrared radiation by th
between 0.15 and fim (Burns 2003). Each square atmosphere, with this radiation re-emitted at highe
meter of the earth receives an average of 342 whétts altitudes and lower temperatures (Burns 2003).
solar radiation throughout the year (Burns 2003). This resulting change in net radiative energy,
Approximately one-third of the incoming solar which is termed radiative forcing, tends to warne th
radiation is reflected back to space in the form ofower atmosphere and the earth’s surface (Wigley
thermal infrared, or longer-wave radiation, at2001). The amount of radiative forcing that occisrs
wavelengths of 3-50um (Burns 2003). Of the dependent on the magnitude of increases in the
remainder, a portion is partly absorbed by theoncentrations of greenhouse gases, the radiative
atmosphere, but most (168 watts per square meter) properties of the gases, and the concentrations of
absorbed by land, ocean, and ice surfaces (Bu®3)20 existing greenhouse gases in the atmosphere. Qveral

Some of the outgoing infrared radiation iSCO, accounts for 65 percent of the total radiative
absorbed by naturally occurring atmospheric gases-fercing resulting from anthropogenically released
principally water vapor (kD)—as well as carbon greenhouse gases, methane contributes an addifienal
dioxide (CQ), ozone (@), methane (Ch), nitrous percent, chlorofluorocarbons, 10 percent, and mitro
oxide (NO), and clouds. This absorption is termed thebxide about 6 percent (Burns 2003).
natural greenhouse effect because these gasesh whic Climate change will lead to rising temperatures
are termed greenhouse gases, operate much likeaad changes in precipitation. Under these condition
greenhouse: they are “transparent” to incoming tshorthe rivers may experience a range of impacts, dicty
wave radiation, but “opaque” to outgoing infraredlower water levels and shrinking surface area. The
radiation, trapping a substantial portion of sucheffects of warmer water also include decreased emyg
radiation and re- radiating much of this energykb@c  carrying capacity, decreased volume of water (bgzau
the earth’s surface. This natural process is alitic the  of higher evaporation rates), and increased
sustenance of life on earth, elevating surfacgoncentration of nutrients and pollutants becadise o
temperatures by about 33° Celsius (C) (Burnseduction in volume of water for diluting chemical
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inputs (Burns 2003).There are at least four appres.c 21 Statistical Analysis

that are used to study the potential impact of atem The statistical measures used for analysis in this
change on the hydrology and water resources of research work are described below

catchments and river basins: 1. Estimates obtdiged

applying arbitrary changes in climate input to Arithmetic Mean

hydrological models, 2. Spatial analogue technig8es
Temporal analogue techniques, and 4. The use of
results from GCMs, either directly or by downscglin
(or disaggregating) to the appropriate catchmesiesc
These approaches provide insight into the behawbur
hydrological processes in a higher temperature and
increased or decreased precipitation regime, leut th
hydrological changes do not arise from and are not

The arithmetic mean, denotéd of a set of n
numbers X X, ..., % is defined as the sum of the
numbers divided by n. The arithmetic mean (usually
synonymous with average) represents a point about
which the numbers balance. In statistics, the aueétic
mean is commonly used as the single value typital o
set of data. The formula for arithmetic mean isvamo

necessarily consistent with the physical forcingraies below.

and interaction that are responsible for climai@ngje

associated with increased concentrations of GHBan _ Il + :_,:E Foeee 4 :"5;1
atmosphere.(Arora & Boer 2001) X = — ]

(1)

The potential hydrological impacts of climate
change estimated by changing the climate inputs t\%/here)"(= Mean
hydrological models are studied by a number of X1, Xo, ..... X, = Variables
researchers including: Singh and Kumar (1997), Road Median
et al (1996), Miller and Russell (1992), Kavvasaét The median is another measure of central
(2006), Arora and Boer (2001), to mention but a.few location that, unlike the mean, is not affected by

Simulated changes in precipitation, runoff, and extremely large or extremely small data values. Whe

Eog m|0|s_tur|e may t:e ufselgl d':eCtE/ 0 eSt;\T_ﬁlte socrjne determining the median, the data values are fnsked
ydrological aspects ot climate change. Viller an in order from the smallest value to the largesu®alf

Russelll (19€if221f0r exgmple de.ter(r;‘nlrgt_d the changelln there is an odd number of data values, the mediémei
annual runoff due to increase in GHG in concerurai middle value; if there is an even number of dataes

for 33 major n_ver basms.around the world ugr@ th the median is the average of the two middle values.
output from Giddard Institute for Space Studies GCM
and found that the majority of river basins expeced
an increase in mean annual unrouted runoff.

Standard Deviation

Standard deviation is a measure of variability
20 Materials & Methods that are based on all the data in a set. Standasidtibn
can also be described as the square root of varianc
he formula for calculating variance is shown in
equation below.

The data collected for this research wor
include: Rainfalllmm), Maximum Temperature(°c),
Minimum Temperature(°c), Evaporation(mm), and
Stream flow(x1® m®. The meteorological data were
obtained from NIMET office (Nigerian Meteorological Z?’Zlix—i]z
Agency), off Kappa bus stop, Oshodi, Lagos, while t S = 2
streamflow data were collected from Kwara stateai/at n—1
Corporation.

The meteorological data collected span between
1989-2008, while the streamflow data for Oyun span 2
between 1972-1991 and that of Asa span between 1966 = S 3)
1985.

The methods of analysis used in the analysis of

i : Where &= Variance; o = Standard deviation; X =
this paper are explained as follows:

Variable; X = Mean;
n = No. of Variables
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Because the unit of measure for the standard a
deviation is the same as the unit of measure fod#ia, Cs= E 4
it is usually preferable to use the standard dmriaas
the descriptive measure of variability.

o Wh

Minimum ere

This refers to the minimum value out of a given
set of variables. It has no definite expression a= n Eﬂ* (q — q_)g (5)

. . = i
(n—1)(n—2) 1

Maximum

Maximum refers to the highest value out of a
given set of variables. It is gotten by comparitigtee and o = standard deviation
variables in the set and picking the one with tighdst This dimensionless measure relates to the third
value. moment of the data and is a measure defining thpesh

of the distribution.
Skewness The analysis was carried out on the hydrologic

Skewness can be defined as the lack ofnd meteorological data to determine; Mean, Median,
symmetry of a distribution. The expression forStandard —deviation, Minimum, Maximum, and
coefficient of skewness is given below Skewness) using Microsoft Excel. The statistical

summary obtained for Rainfall, Max. Temperature,
Min. Temperature, Evaporation, Asa streamflow, and
Oyun streamflow is presented in Tables 1-6
respectively.

Table 1 Summary of the statistical analysis fomRai (mm)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Parametersg

Mean 483| 6.14] 32.02 97.1 163.64 182,84 173.11 .2B49241.72) 139.01 14.32 4.8

O
[=)

Median 0.00| 1.50] 23.75 100.25 15040 17115 162.834.75| 261.00 144.0p 4.95 0.00

Std. Dev | 11.74 9.00 25.15 52.3 80.14 70/68 79.9%0.777| 68.49| 59.21] 18.88 12.12

w

Min. 0.00 | 0.00| 0.00f 25.80 352p 7250 81.p0 44|5012.40| 42.50| 0.00  0.0(q

Max. 39.30| 33.10 92.1p 223.00 355.f0 360,70 394.384.60| 343.60 248.3p 55.40 46.60

j=—)

Skewness| 2.4 1.76 0.7] 0.6[ 0.66 0.84 135 111 .44-0 0.07 1.10| 2.89

Table 2 Summary of the statistical analysis for MBamperature (°c)

Jan Feb Mar| Apr| May Jun Jul Aug Sept Ot Nov Dec

Parameterg
Mean 28.45 25.99 2852 26.84 2665 2575 2506 8826.53| 28.32 30.12 30.32
Median | 33.300 34.39 35.35 34.17 3180 3035 28.75.62829.40, 30.90 33.2Ff 33.43
Std. Dev. | 12.29 1546 1417 14.32 12{10 1147 11.6196 | 9.36| 9.75/ 10.38 10.39

Min. 0.00 | 0.00| 0.00f 0.00 0.00 o000 0.00 oO0.p0 0/00.000 0.00| 0.00

Max. 34.73| 36.54 38.74 36.20 34.13 35/66 35.08 B4.B84.46| 33.80 35.59 35.76

Skewness| -2.11 -12P -156 -150 -189 -1|8 -1.93.71| -2.56| -2.82 -2.81 -2.8

(2]
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Table 3 Summary of the statistical analysis for MieBmperature (°c)

Jan Feb Mar| Apr| May Jun Jul Aug Sept Ot Nov Dec
Parameters

[=)

Mean 18.54) 19.61 22.31 21.98 210 2094 2(0.30 92121.34| 21.10 20.99 20.58

©

Median 19.50, 21.2% 23.49 23.40 22,60 2200 21.505(@121.42| 21.40 21.5¢ 20.60

Std. Dev | 4.83| 6.8 548 543 537 541 4099 1155940Q. 1.28| 1.71| 1.96

Min. 0.00 | 0.00| 0.00f 0.00 0.00 000 0.00 18{30 18.08.39| 16.60 16.20

Max. 23.61| 259 26.42 25.00 23.90 25|67 22.71 ®p.22.53| 23.46 23.39 24.49

Skewness| -3.18 -26L -391 -4.09 -382 -3158 -4.1491 | -2.36/ -0.60 -0.96 -0.0

N

Table 4 Summary of the statistical analysis foafitwration (mm)

Parameters  Jan Feb Mar  Apr  May J||m Ju  Aug Sept ©Oblov | Dec

Mean 7.83| 903 7.2 548 355 288 247 25 2.3584 2 5.51| 6.80

2
Median 8.05| 9.65 740 590 353 290 250 2{35 24580 | 5.60| 5.60
Std. Dev | 3.33] 3.3 3.01 192 122 091 080 0.74380.0.65| 1.57| 1.57

Min. 0.00 | 0.00| 0.00f 0.00 0.0p 0.00 0.00 0.00 0}{00.000 0.00| 0.00

Max. 12.40| 13.80 13.6p 850 550 420 330 310 03.8.84| 8.00| 8.00

Skewness| -0.74 -0.83 -0.30 -1.b1 -1/64 -228 -2.2887| -1.06| -1.10 -0.57 -0.57

Table 5 Summary of the statistical analysis for 8s@am Flow (x19n°)

Jan | Feb| Man Apr| May Jun Ju Aug Sept Ort Nov Dec

Parameters b
Mean 145 1.01 125 3.26 11.63 1580 26.62 48.43 .6162 52.45| 2.39| 2.65
Median 148 099 129 290 12.05 14090 17,55 35.088.76 | 43.67] 19.01 2.211
Std. Dev | 0.74| 0.64 0.83 339 577 819 20.83 37.587.86| 24.57] 14.96 1.9p

Min. 0.15| 0.07] 0.04 0.0Q 189 231 113 574 9.505.8Q| 3.47| 0.15

©

Max. 296 | 3.09 3.10 13.19 22.33 33.20 7000 14%.007.20| 93.7q 69.43 7.46

Skewness| -0.04 172 0.59 233 0.24 0§22 096 162.48 0 0.41| 1.78| 1.17

Table 6 Summary of the statistical analysis for @@ream Flow (x1%n°)

Parameters Jan | Feb| Mar Apr May Jupm Jul Aug Sept Qct Nov Dec

Mean 0.34 0.77 1.73 1.89 145 1f7 1|64 145 3.9P411.46| 1.15

Median 0.04f 0.3§ 142 159 110 144 1]12 140 3.IB4| 0.82] 0.37

Std. Dev | 0.61) 0.9% 1.11 1.04 1.07 1726 190 1.1851[1.0.97| 1.63 1.84

Min. 0.00| 0.02] 043 0.683 0.64 0.79 0.1 013 132650 0.03| 0.00

Max. 2.27| 3.66 5.07 514 544 6.52 9pR4 3|97 9.28735.90| 7.70

Skewness| 2.3%5 2.09 197 190 2096 309 3.74 0.882|10.67| 1.81 2.71
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Mann-Kendall Analysis

Zsfollows a standard normal distributiong & used

Let the time series consist of n data points and &S & measure of significance of trend. Y |& greater
T; and T are two sub-sets of data where i=1, 2, 3, ..., than Z,,, wherea represents the chosen significance
n-1 and j=i+1, i+2, i+3,..., n. Each data pointid Ay . : _
used as a reference point and is compared with allhypothesis is invalid, meaning that the trend is
the T, data points such that:

1 forTj > Ti

Sign (T) =

0forTj=Ti

—1 forTj <Ti

(6)

The Kendall test’s S-statistic is computed as:

(7)

n—1v'n
i=1 J=i+1

sign (Ij—Ti)

The variance for the S-statistic is defibgd

) n{n-1)2n+5)- ., tj (DE-1)(2i+5)

(e} =

(8)

18

in which { denotes the number of ties to extent i.

The test statistic Zcan be calculated as:

level (usually 5%, with dp5=1.96), then the null

significant.

The non-parametric Mann-Kendall analysis is
commonly used for hydrologic data analysis, to
detect trends. The null hypothesis in Mann-Kendall
test is that the data are independent and randomly
ordered. The Mann-Kendall test does not require the
assumption of normality, and only indicates the
direction but not the magnitude of significant tlen

The Mann—Kendall test procedure was used
to analyse all the parameters. The analysis was
carried out and the results in Table 7. The time
series consist of n data points (n =20) andrd T
are two sub sets of data in the series where i =
1,2,3,...... n-1 and j = i+1, i+2, i+3,...n. Each data
point T; is used as a reference point and is compared
with all the T;data above it as shown in equati6. (

Equation (6) implies that if Tis greater than
T; the value of T will be 1, and the second condition
shows that if Tis less than ;T the value of T will be -

1, while the last condition implies that if 3 T;, then

the value will be 0. Mann Kendall analysis is stert
from the bottom and is computed towards the top
values because the reference point is being comipare
with all the T values above.

The Kendall's S — statistic was computed
using equation (7). After computing the Kendall's S

5-1 fmr-j' =10 value, the variancesf) and test statistic Zwere
v calculated using equations (8) and (9) respectively
zs=40 forS=20 9)
5+1
— for§ <0
@
Table 7 Summary of Mann-Kendall Analysis
Possibility of
Hydrometeorological Autocorrelation positive trend-
Kendall's S Zs o Remarks
Parameter Factor Significance at
5% level
] Trend is not
Evaporation 0.727 -90 -2.888 NO o
significant
. Trend is
Rainfall 0.219 94 3.082 YES o
significant
) Trend is not
Min. Temperature 0.326 31 1.038 NO o
significant
Max. Temperature 0.383 2 0.097 NO Trend is npt
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significant
Trend is not
Oyun Streamflow 0.262 10 0.292 NO o
significant
Trend is not
Asa Streamflow 0.092 -40 -1.265 NO o
significant
direction of the trend of the variable: increasifnigpe
2.3 Regression Analysis

sign is positive, and decreasing if the sign is

Simple Linear Regression is one of the most negative.

useful parametric models to detect trends. The mode

for Y can be described by the equation below:

Y=aX+b
(10)

where, X=time (year), a=slope coefficients; and

b=least-square estimates of the intercept.

The slope coefficient indicates the annual
average rate of change in the hydrologic

characteristic. If the slope is statistically sfiggantly

different from zero, the interpretation is thatist

The method of linear regression requires the
assumptions of normality of residuals, constant
variance, and true linearity of relationship. Fbist
research, checking the normality of the data was
done by a special test for normality by using the
Ryan-Joiner method. The test of Ryan-Joiner was
carried out using MINITAB software by calculation
of Ryan-Joiner coefficient. The MINITAB software
was also used to carry out autocorrelation test and
probability plot of each of the parameters. Thé ful
result of the analysis of rainfall is shown beldvhe
autocorrelation function and probability plot for

entirely reasonable to interpret there is a changerainfall is presented in Figure 1 and 2 respedyivel

occurring over time. The sign of the slope defitres

Resultsfor: RAINFALL
Autocorrelation Function: RAINFALL

Lag ACF T LBQ
1 0.219093 0.98 1.11

g0 Autocorrelation for RAINFALL [=|[® =] op Probability Plat of RAINFALL ===

Autocorrelation Function for RAINFALL
(with 5% significance limits for the autocorrelations)

1.0
0.8
0.6
0.4
0.2
0.0
-0.24
-0.44
-0.64
-0.84
-1.04

Autocorrelation

Percent

Probability Plot of RAINFALL

Hormal

Mean 100.2
StDev 2142
N i)
RJ 059
P-Value  =0.100

T T
50 75 100 125 150
RAINFALL

Fig. 1 Autocorrelation for RAINFALL Fig.2 Probability Plot of RAINFALL

2.3 Regresson  Analysiss  RAINFALL
versusYEAR
2.3.1 Linear regression

The regression equation is

RAINFALL = - 2260 + 1.18 YEAR
Predictor Coef SECoef T P
Constant -2260 1612 -1.40 0.178
YEAR 1.1810 0.8068 1.46 0.161
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Total 19 8720.0
R denotes an observation with a large standardized
residual. Durbin-Watson statistic = 1.39977. The

S=20.8067 R-Sq=10.6% R-Sq(adj)=5.7%

Analysis of Variance

Source DF SS MS F P scattered plot of rainfall with time is presented i
Regression 1 9275 9275 2.14 0.161 Fig. 3.
Residual Error 18 7792.5 432.9
€D Scatterplot of RAINFALL vs YEAR = S
Scatterplot of RAINFALL vs YEAR
140 -

1304
1204
1104 -

100+

RAINRALL
L ]
[ ]

a0 '

80 -

70
L]

60+

T T T
2000 2005 2010

YEAR

T T
1990 1985

Fig. 3 Scatter plot of rainfall vs year

The same procedure was repeated for other variahbghe results are presented in Table 8

Table 8 Results of regression analysis

) ] Statistical
Hydrometeorologica Regression o )
] significance (P | Sample Correlation R-Square
Parameter Equation
value)

Evaporation Y =-0.203X + 41( 0 0.036 62.20%
Rainfall Y =1.18X — 2260 0.161 0.807 10.60%

Max. Temperature Y =-0.063X + 15Q 0.865 0.364 %20

Min. Temperature Y =-0.145X + 309 0.477 0.199 2090
Asa Streamflow Y =-0.166X + 336 0.147 0.273 6.60%
Oyun Streamflow Y =0.003X-5.1 0.007 0.693 0.70%

2.3.2

Also, regression between Oyun streamflow
and rainfall, evaporation, mean temperature, and

relative humidity was done and the result is as

presented below.

Multiple Regression

Oyun streamflow and Rainfall/Mean Temperature (
Q=JRT)

Q =-0.005R - 0.036T + 3.090
Oyun streamflow and Rainfall/Evaporation (
Q=IRE)

Q =-0.008R - 0.114E + 3.029
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Oyun streamflow and Rainfall/Evaporation/Mean
Temperature ( QRET )

Q =-0.056R +1.881

Oyun streamflow and Mean Temperature (Q¥

Q =-0.008R - 0.093E — 0.017T + 3.301 Q=-0.037T + 2.584
Oyun streamflow and Rainfall/Mean Oyun streamflow and Evaporation ( {5
Temperature/Relative Humidity (§RTH) Q =-0.004E + 2.155

Q =-0.010R - 0.296T + 0.058H + 6.481
Oyun streamflow and Rainfall ( §R ) 2.4 Reduction Pattern Analysis

Reduction pattern analysis was carried out onalculated and compared with the mean of the whole
all the variables. Using rainfall data as an exangile data. The difference (subset average-total mean) in
steps taken in the analysis are explained as felloweach subset was recorded and the percentage cimange
The mean of the rainfall data for the 20 year mkrioeach was also calculated. The same procedure was
was calculated. The calculated mean was theepeated for all the other parameters. The fluzinat
subtracted from the value for each year and thef the variables with time are shown in Figures3.1
difference was plotted against time. After thie tlata and the percentage reduction of all the parametebs
was divided into four subsets with 5 year periodhea year intervals are presented in Table 9.

After the division, the average for each subset was

50.000
40.000

1€.000

5.000

A

o
=]

Figure 3.3 Fluctuation of Minimum Temperature (1989-2008)

-2.0000

-3.0000

30,000 g \ /\

20,000 9 0000 \/
= 3
E 10.000 /\ /\ A i 50001985 1990 1895 2000 200) 2010
= 000 2 )
g \O({ 5 -10.000 Year [time)
£ 100001985 1990 199 000 2005 2010 K
“ -20.000 Year(time) g -15.000

30,000 £ 20000

o]
-40.000 2 25000
-50.000 30000
Figure 3.1 Fluctuation of Rainfall (1989-2008) Figure 3.2 Fluctuation of Maximum Temperature (1989-2008)
3.0000

5
) /\_—A/\ f-/\ /'\.z 20000
-g 0
318 1990 1995 200 200 2010 T 10000
E’. 3 Year (time) %
§ 2 00000
F i
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£ & -1.0000 .
§ -15 Year (Time)
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Figure 3.4 Fluctuation of Evaporation (1989-2008)
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Asa Streamflow (m3/s)

12.0000
10.0000
8.0000
6.0000
4.0000
2.0000

in

0.0000

A

-6.0000
-8.0000

Figure 3.6 Fluctuation of Asa Streamflow (1966 - 1985)
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Time (year)
-4.0000

Oyun Streamflow (m3/s)
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Figure 3.7 Fluctuation of Oyun Streamflow (1972-1995)

_02001970 975 980 198 1w \Fé%
-0.400

2000

Year (Time)

Table 9 Percentage Reduction of the variables

% change | % change | % change | % change | % change | % change
) % change . .
Periods Max. Min. R. evaporatio | Asa Oyun

Rainfall | Temp. Temp. Humidity | n discharge | discharge

1989-1993 -19% 3% 0% 3% 50% -10% 0%
1994-1998 -0.90% 3% 5% 1% 25% 38% -50%
1999-2003 -0.90% 6% 5% 13% 0% -10% -50%

2004-2008 20% -13% -10% -13% -25% -24% 0%

Variation (Trend) Of Variables With Time

In order to show the variations

in the

Excel. The annual average value of each variable
was plotted against time (year) and the trend dihe
each plot is shown on the figures. Also, the equati

hydrometeorological variables, relative to time, of each variable plot is shown on the figures. The

variation analysis was carried out on all the results of the variation analysis are presented in
variables. The analysis was done using Microsoft Figures 3.8-3.14.

160 - ot
140 - .
*
~ 120 -
£ .’ * *
£ 100 - +
= 80 - o ya7ex-5382
T 60 | ¢ R2=0.459
m
-4 [10 -
20 -
0 :
1985 1990 1995 2000 2005 2010
Time (Year)

Maximum Temperature {°c)

Figure 3.8 Variation of Rainfall with Time (1989-2008

40
2 . .
+4%
30 (Asas 2 LT YVL AN NN TN
25 .
20
15 +
10 y=-0.185x+401.0
R?=0.068
5
0
1985 1990 1995 2000 2005 2010
Time (Year)

Figure 3.9 Variation of Max. Temp. with Time (1989-2008)
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7
_ 5 b y=-0.197+398.2
t eett ‘e Es R=0561
; 20 -
E " ¢ »6 4 *
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£ * 5 3
¢
g 10 ) ’0
£ y=-0.098x+217.8 3 Py
E 5 R?=0.051 1
fo o
1985 1990 1995 2000 2005 2010 1985 1990 1995 2000 2005 2010
Time (Year) Time (Year)
Figure 3.10 Variation of Min. Temp. with Time (1989-2008) Figure 3.11 Variation of Evaporation with Time (1989-2008)
60 -
45
}_ 50 - ¢ :E 4 .
S0 g 35 y=-0.007x+15.59
3 y=-0.442x+8950 3 3 R?=0.003
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. 0
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Figure 3.13 Variation of Asa streamflow with Time (1966-1985) Figure 3.14 Variation of Oyun streamflow with Time (1972-1991)

explanation of the regression method. The result s

Resultsand Discussion are presented in Table 8

Results Reduction Pattern

Reduction analysis was carried out in order to
study the deviation of the data for five year pésio
from the overall mean of the whole data. This
o o analysis was done on all the parameters and the
summarising the data. The statistical parametersresults are as shown in Tables 9. Also, reduction

include: Minimum, Maximum, Mean, Median, .
. pattern analysis was done on the complete data for
Standard deviation and Skewness. The results of the

istical h b din Tables 1-6 each variable to show the fluctuation of the vddaab
statistical tests have been presented in Tables 1- with time. The results are presented in Figures 3.1

3.7.

Statistics

The hydrometeorological data were evaluated
by various statistical tests for the purpose of

Mann-K endall

For the purpose of determining the Variation (Trend)
significance of trend, Mann-Kendall analysis was In order to show the variations of the

adopted and the result of the analysis has beerhydrometeorological variables, the variables were

presented in Table 7. plotted against year. The variations are as shown i
Figures 3.8-3.14.

Regression
Regression analysis was also carried out on Discussion of Results
the data in order to detect the trend, using MINBT A
software to carry out Ryan-Joiner test, Statistics
autocorrelation test and also for the probabilityt p Rainfall of llorin, for the 20 year period has

of the parameters. The result of the regressiona minimum value of 0.00mm and a maximum value
analysis has been presented in the Table after thexf 394.10mm. Also, it has a mean value of
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100.73mm over the 20 year period. From the significant positive trend is not demonstrated for
analysis, it was observed that rainfall is usuatiyts Min. Temperature i.e. increase in min. temperature
peak between May and September, and rainfall is atof llorin is not significant. The Evaporation varla

its minimum between December and February. For for llorin has a test statisticsZalue of -2.888, which
the maximum temperature of llorin from 1989-2008, is less than 1.96 (test statistic for a signifi@afevel

the maximum value is 38.74°c, the minimum value is of 5% i.e. 4. This result indicates that a
15.88°c, and the mean value is 27.55°. It was alsostatistically significant positive trend is not
observed that the maximum temperature is highestdemonstrated for Evaporation. In other words, the
between February and April, which can be referred evaporation rate in llorin will decrease with time.
to as the peak of dry season. The minimum The streamflow of Asa has a test statistiosZlue of
temperature has a minimum value of 11.11°, a-1.265, which is less than 1.96 (test statistic dor
maximum value of 26.42°c, and a mean value of significance level of 5% i.e. ¢4,9. This result
20.89¢°c. It was observed from the analysis that theindicates that a statistically significant positivend
minimum temperature has two peak months; Marchis not demonstrated for Asa streamflow, this means
and August. Also, it was observed that the minimum that the streamflow of Asa river will have no
value from January-July is 11.11°c while the significant change over time. The streamflow of
minimum value ranged between 16°c and 18.3°c Oyun has a test statisti Xalue of 0.292, which is
from August-December. Evaporation of llorin for the less than 1.96 (test statistic for a significareeel of

20 year period under consideration has a minimum5% i.e. Zg9). This shows that a statistically
value of 1.46mm, a maximum value of 13.800mm, significant positive trend is not demonstrated for
and a mean of 4.89mm. It was observed that theOyun streamflow i.e. there will be significant
evaporation value for January-March is very high increase in the streamflow of Oyun with time.
compared to the evaporation value for April-

December. Asa streamflow has a monthly maximum Regression
value of 147.20x1%n°, a monthly minimum value of The Ryan-Joiner method of regression test

5.64x16m®, and a monthly mean value of showed that the data series for rainfall is normal.
19.13x16m*. The peak streamflow occurs in August, Also, it has a positive trend line and af \Riue of
which corresponds to one of the months with 0.459, which indicates that there is an averagealin
maximum rainfall. The minimum flow occurs in relationship between Rainfall and Year. Also, from
April. Oyun streamflow has a monthly maximum the regression equation- Y = 1.18R — 2260, it is
value of 9.27x1fm*® in September, a monthly observed that there is a positive correlation betwe
minimum value of 0.001xfén* in January, and a time (year) and rainfall for llorin. This indicatésat

monthly mean value of 1.63x%@". there will be increment in rainfall relative to #nas
observed earlier in the result of the Mann-Kendall
M ann-K endall analysis. Maximum Temperature has a\Rlue of

The Rainfall for llorin has a test statistig z 0.068, indicating a very weak relationship between

value of 3.082, which is greater than 1.96 (test maximum temperature and time. The regression
statistic for a significance level of 5% i.eqdd. equation of max. temperature- Y = -0.0§3I+ 152
This result shows that a statistically significant shows that there is a negative correlation between
positive trend is demonstrated for Rainfall i.e. max. temperature of llorin and time(year), meaning
rainfall for llorin has been increasing over timeda  that the max. temperature of llorin will reduce in
the trend is likely to continue. The Maximum relation to time, but at a very low rate.

Temperature has a test statistig \lue of 0.097, Minimum Temperature has a’Ralue of
which is less than 1.96 (test statistic for a 0.051, indicating a very weak linear relationship
significance level of 5% i.e. o%.), meaning that a between Min. Temperature and Year. As observed in
statistically ~ significant positive trend is not the Mann-Kendall analysis, the regression equation

demonstrated for Max. Temperature, this means thatof min. temperature- Y = -0.145F + 309 shows
the increase in max. temperature of llorin is not that the min. temperature will continue to reduce

significant. The Minimum Temperature for OVer time, at a low rate. Evaporation has’av&iue
llorin has a test statisticsZ/alue of 1.038, which is  Of 0.561, meaning that there is an average linear
less than 1.96 (test statistic for a significareeel of ~ relationship between Evaporation and Year, but the

5% i.e. Zg. This shows that a statistically trend line is negative. Also, from the regression
equation of Evaporation- Y = -0.203E + 410, it was
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observed that there is a negative correlation betwe percentage difference of 25% was also observed
evaporation and time (year) i.e. there will be from 1994 to 1998. The minimum temperature stood
continuous decline in evaporation in llorin. Asa at 4mm between year 1999 and 2003, but later
streamflow has a Rvalue of 0.066, meaning that reduced to 3mm from 2004 to 2008, with a negative
there is a very weak linear relationship betweea As change of 25%. Based on this observation,
streamflow and Year, and the trend line is negative evaporation can be said to be increasing. For the
From the regression equation of Asa streamflow- Y streamflow of Asa river, the average was 2Fr10

= -0.166X + 336, it was observed that there is a Between 1989 and 1993, the streamflow declined
negative correlation between Asa streamflow andand reduced to 19x%®° with a percentage
time i.e. the streamflow of Asa will decrease iiglat  difference of 10%. However, from 1994 to 1998, the
to time. Oyun streamflow has & Ralue of 0.003, value increased to 29x3@°, having a 38%
indicating a very weak linear relationship between difference. From 1999 to 2003, the streamflow
Oyun streamflow and Year. The regression equationdeclined again and reduced to 19%md This

for Oyun streamflow- Y = 0.003X - 5.1.shows that situation continued from 2004 to 2008 when it
there will be a decline in Oyun streamflow overdim further reduced to 16x£M° with a percentage

but the rate of streamflow reduction will be low. difference of 24%. Based on the observation, the
streamflow of Asa river will decrease with time.rFo
Reduction Pattern the streamflow record of Oyun river, the average wa

From the rainfall record of 1989-2008 at 2x10’m®. From 1989 to 1993, the value stood at
llorin, the average rainfall was 110mm. From 1989- 2x10Pm®, with a zero percentage difference. A
1993, rainfall reduced to 89mm, showing a negative negative percentage difference of 50% was also
change tendency with a percentage difference ofobserved from 1994 to 1998 when the streamflow
19%. From 1994-1998, rainfall rose to 109mm and value reduced to 1xf@° The situation continued
the situation continued from 1999-2003. From 2004- from 1999 to 2003, with the value remaining at
2008, rainfall at llorin rose sharply to 132mm, wa 1x10Pm°®. However, it showed positive change
percentage difference of 20%. This result show thattendency from 2004 to 2008, when the streamflow
rainfall will continue to increase with time. The rose to 2x18m® This shows that the streamflow of
average of the maximum temperature record wasQOyun river will likely reduce over a long period of
31°c. From 1989 to 1993, the maximum temperature time if the declining trend continues.
rose to 32°c, showing a positive change tendency
with a percentage difference of 3%. The value stood Variation (Trend)
at 32°c from 1994 to 1998 and it further increated With a plot of the rainfall values against
33°c from 1999 to 2003, with a percentage diffeeenc time, a graph with a positive trend line was oledin
of 6%. However, it reduced to 27°c from 2004 t0 showing that rainfall increased with time.  The
2008, with a percentage difference of 13%. From the graph obtained from the plot of maximum
result, it was observed that the reduction in temperature against time and minimum temperature
maximum temperature is greater than the incrementagainst time has a negative trend line, with a very
i.e. maximum temperature will reduce considerably gentle slope i.e. max. temperature, min. tempesatur
over a long period of time. For ~ minimum and relative humidity has changed over time but at
temperature, the average was 21°c. From 1989 tovery low rate. Also, the plot of evaporation agains
1993, the minimum temperature remained constant,time produced a graph with a negative trend line,
with a 0% change. From 1994 to 1998, it rose to showing that evaporation in llorin has reduced with
22°c, showing a positive change tendency, with atime. The plot of Asa and Oyun streamflows also
percentage difference of 5%. The situation contihue produced negative trend lines but the slope of the
from 1999 to 2003, with the minimum temperature trend line of Oyun is more gentle than that of Asa.
standing at 22°c. From 2004 to 2008, the minimum This shows that the two streamflows have reduced

temperature reduced to 19°c, showing a negativerelative to time but the streamflow of Oyun has
change tendency with 10% difference. This meansreduced at a lower rate than that of Asa.

that the minimum temperature will reduce with time

but the rate of reduction might be low. For the Relationship between variables

evaporation record, the average was 4mm. From From the regression analysis (multiple
1989 to 1993, the value increased to 6mm, with aregression) of Oyun streamflow with rainfall and
positive percentage difference of 50%. A positive
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evaporation, it was observed that there is a negati
relationship between Oyun streamflow and
rainfall/evaporation. The regression of Oyun

rainfall and evaporation i.e. evaporation will redu
with an increase in rainfall. The result of the
regression between rainfall and relative humidity

streamflow with mean temperature also showed ashows a positive relationship between the two

negative relationship. This means that Oyun
streamflow will reduce as rainfall, evaporation and

mean temperature increase. From the regressiorof the

analysis of rainfall with evaporation, the result

variables, meaning that relative humidity will
increase with an increase in rainfall. Also, thsule
regression between rainfall and mean

temperature shows that there is a positive

showed that there is a negative correlation betweenrelationship between rainfall and mean temperature.

Conclusions and Recommendations
Conclusions

From the analysis of the meteorological and
hydrological data of llorin using five methods of
analysis, it was observed that rainfall showed a
positive trend to a significant extent. Also, itsva
observed that the month in which the peak rainfall
occurred in each of the years changed over tini; th
can be attributed to the change in climatic coodgi
From the result of the Mann-Kendall analysis, this
trend (increase in rainfall) will likely continua i
future i.e. rainfall will continue to increase wiiime.

Also from the analysis, it was observed that the
streamflow of the two rivers has reduced over time.
The result of most of the analysis method adopted
also revealed that the decrease in the streamffow o
the two rivers is not likely to persist. All théher
variables (maximum  temperature, minimum
temperature, evaporation, relative humidity) also
showed negative trend over time. This shows thet th
variables will reduce in relation to time. This
reduction trend is due to the change in climate.
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