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Abstract:

This paper examines the homogeneity of variance among the regional climatic variables using stratified
process in computing the weighted mean and variance. It also determines effects of covariance on climate
change using Gaussian-seidel method . Its measure the rate of change on average regional temperature and
its effects on climate change in Nigeria. Our finding indicates that there are variations in average
temperature in all the regions due to temporal and spatial variation associated to weather conditions, these
influence the persist increase in average regional temperature in Nigeria. The Sahel and Guinea savannah
contribute more to persistence in climate change due to extreme weather conditions associated to the two

regions.
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1. Introduction

All climate series data are heterogeneous in nature
owing to climatic variation and other geographical
factors which are responsible for spatial
heterogeneity on average temperature in Nigeria.
Kingsley and Israel(2020) cited the research work
by Peterson and Easterling (1994) argue that
heterogeneous climate series may contribute to
deviation in computed statistic values obtained
from each region. Therefore, this paper will
stratify all the regional temperatures and then
obtain the statistic value for homogeneity test on
regional variance.

This study tends to estimate the coefficients of
autocorrelation for regional climate change using
a reference sites from each region that are
randomly selected using hierarchical clustering to
select the samples that has similarity on
persistence level. The regional data can be
clustered into homogeneous series. In this process
cluster analysis with k-mean method will assist to
determine the distance between two or more
regional climatic variables before modelling the
climate factors (Ukhurebor, and.,

Abiodun,2017b).

We seek to determine the basic assumptions on
analysis of wvariance on past and current
observations in stratified groups with unequal
sample size. These observations were sampled
from a normal distribution that is identical and
independent. If these observations follow the
preceding assumptions, then variance of each of
these strata is referred to as homogeneity of
variance, under the condition that these
observations are influenced by the presence of
heteroscedasticity. We observe that the presence
of heteroscedasticity in time series data contribute
to more persistence on climate change when
measuring the rate of change in temperature of a
given location. It also contributes to unequal mean
levels of variance on each stratum

Statement of problem

The heterogeneity of climatic variables is a major
constraint in studying climate change. The climate
changes are influenced by unpredictable weather
conditions known as random components and
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other man-made factors such as lack of update of
measurement tools used to read average
temperature and rainfall in each regional climatic
variable.  These variations contribute to
persistence on climate change and it makes
impossible to predict the likely weather condition
at a particular time. This research intends to adopt
stratified techniques to discover which of the
regions experiences more heterogeneity in
climatic variables and how that contributes to
persistence on climate change in Nigeria.

2.0 Literature review

Modelling of climate factors will help us to
measure the extent to which climate variability
influences climate change. In other to achieve
this, it will require high level of accuracy and
reliability of all the observational data to be used
in determining the persistence in the climate
characteristics. Every research data must be
produced with high quality. The instruments for
collecting the data must be efficient, reliable and
scientifically update. In case any of the
instruments has any technical problem in
measuring on observational data, it must be
adjusted because it may influence the result
obtained in the field.

The climatic variables are said to be homogeneous
if the climatic variations are detected and removed
using any of the statistical tools by mining the
climatic data into K clustering before stratification
process. A climatic variable is a continuous
variable that is collected within a long period of
time, it must possess qualities of homogeneous
series and these qualities should not be influenced
by the residual effects that occurred between the
past and current changes on the observations.
These residual values can be detected using the
autocorrelation function to determine the shift
between the past and the lag observations at a
specific period of time. Also exponential weighted
moving average (EWMA), moving average chart
can be wused to detect the large shift in
climatologically data (Montgomery 2012). The
quality control techniques help to detect the
randomness in climatic variables and it can be
used to obtain the homogenisation of climatic
data. To detect changes in temperature and
precipitation, CUSUM and EWMA chart will be
helpful to measure at what point it changes to
other points. Ukhurebor, and Azi, (2019) Mention
Zhang (1998) he observed that amount of rainfall

varies in season while the temperature changes are
not uniform at each regional, owing to spatial and
temporal variations that may exist between the
different regions . Several research studies were
carried out to determine the trends in temperature
considering the spatial and temporal variations
(UKhurebor, Azi; Abiodun,., and Enoyoze,2017c;
Ogolo and Adeyemi, 2009). We observed that
climate change in each region has a significant
impact on agricultural production, management of
water resources and overall economic growth. The
food security is dependent on water availability to
be supply plants and animals. The average
temperature has negative impact on environmental
degradation (Ukhurebor,., Batubo, Abiodun, and
Enoyoze, 2017d; Joshua,2013). As of today,
climate change has negative effects on human
health, temperature, rainfall and humidity
contribute to outbreak of infectious disasters such
as malaria, cholera, etc. (Ukhurebor, and
Nwankwo, 2020; Ogolo, 2009). The effects of
change in regional climate are dependent on the
location such as topography, wind pattern,
altitude, precipitation, and temperature.  The
persistence in weather conditions depends on
changes in climatic variables in each region (
Enoyoze and Abutu 2012).

Ukhurebor,; Azi; Abiodun, and Ojiemudia,(2018)
cited the work of Tuomenvirta and Alexanderson
(1997) that recommended the use of standard
Normal Homogeneity to define the homogeneity
of climatic series. The procedures assume that
there must be a significant difference between the
observed and reference series before obtaining
homogeneity series. The only approach used to
obtain the difference is parametric method since it
assumed that the series are from standard normal
distribution. It  involved the  sequential
segmentation of the series into two independent
segments and the test statistic will be used to
compare the mean for each of the two segments
before and after the point of segmentations.
Moreover, it can be used to identify a single shift
at mean shift and double shift at mean with their
mean and variance at series. However, these tests
are expressed to identify the average run length
and to evaluate abrupt changes in a series.

Ukhurebor and Nwankwo (2020) cited the work
of Hoskling (1997) suggest the use of regression
techniques to determine the homogeneity in
temperature. The simple linear regression can be
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used to obtain the homogeneity temperature by
obtaining the difference between the estimated
values and the observed values and then compute
the residual sum of squares. The steps to compute
the residual sum of squares by increasing
segmentation points, from fitted regression line
the average run length and abrupt changes on line
can be estimated. The fitted regression lines
sometimes meet at the segmentation point. Any
point within the segmentation points are seen as
homogeneity. The homogeneity can be
determined using likelihood ratio test to obtain the
estimate mean from the sample drawn from
population . This test involves the difference in
the means between the two segments using
student’s test to ascertain the trend of
homogeneous series even if the likelihood ratio is
not found to be significant. The procedure will
help to recognise numerous breaks in the trends of
regression line. If the trend breaks then the non-
parametric test will be used define multilevel
effects based on fitted regression line.

Ukhurebor, Olayinka, Nwankwo, and Alhasan.
(2019) cited the study of Vincent (1998) to
advocates for the usage of regression models to
detect the periods of homogeneity and
heterogeneous in climatic variables by defining
the abrupt changes in the trend of the observation
and the probability that homogeneity will
occurrence. The procedures of obtaining
homogeneity series using simple linear regression
is by computing with a reference series which as
serve as independent variables and the series
being examined will be dependent variable. The
data series are considered to be homogeneous if
the residuals from the regression line are
independent, with zero mean and variance is one.
The residual values can be detected using Durbin-
Watson test to test for significance at lag one. If
the autocorrelation exists, then it requires another
regression to determine the linear trend. If
autocorrelation in the residuals of this second
model exist, then the model is discarded and a
third model is examined. The first model with a
step function are added to the third model and
compute the sequential increases in the time at
which it occur. The minimum residual sums of
squares obtained from the regressions line will be
identified as points of discontinuity. If
autocorrelations occur in the residuals sum of
square from the regression line go to the next step,
the fourth model is considered and then move to

the last regression line which is the trends before
and after a step.

The regression analysis is most appropriate
technique used to identify heterogeneous in
climatic data, when there is variation. This
method is used by researchers in many countries
(Ukhurebor, and Umukoro,.2018).. They are
aiming at detecting the behaviour patterns of
heterogeneous and change in the average run
length in the trend. To define the characteristics of
a data series based on centred and smoothness of
the trend, the heterogeneity of series influences
the results obtain from an estimated regression
line owing to variation in weather conditions. This
research intends to observe the trend of climatic
characteristics based on the variations from each
stratum.

3.0  Methodology

Let y;; be a homogeneous random sample drawn
from heterogeneous population through a
stratified process by dividing the observations into
strata. Yy; where h is number of stratum in the
region and i observation from each region at strata
i for all regional climate variables, then the
distribution is said to be normal if y;~ f(x;;) €

N(y, 8%)

Where  y;: Observation recorded by research of
time i

x;;:Observation assumed to be a reference series
at time j and location i

Xt The candidate series such as temperature or
rainfall observed daily or average monthly
climatic characteristics.

Y« The reference series observed from existing
candidate series with minimum variance or
standard error at a sequential pattern, by random
selection

N: Number of observations from research area

Ny: Number of observations at each stratum in the
location

n: Number of samples taken at all locations
ny: Number of samples at strata in the location

ey,: Correlation coefficient between the candidate
and reference series

Wh:  The weighted value i.e. wy, = % where Ny,
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strata from each region of Nigeria while N
population size of total observations taken at time

(t).

Zt: The absolute difference between Yt and Xt
at time (t)

Zi =Y — X
_ ZW] t
U, = The weighted mean on stratified
regional cllmatlc variables
ZW'Z(Zt_ l‘z)z .
2 J
o; = — 3w, The weighted

variance on stratified regional climatic variable

Standardise normal
single shift on trend

homogeneity test for

Let yi------- y: be a set of series which are
assumed to have a fixed mean level from y-series
for a single shift and said to be normally
distributed to reference series from different
locations.

'f(yt: “y,6Y) = \/Z,lr—gy

2
z= [> (oh = 08n) T dy,

1 2
o 50 ~ )

Where Z,~( a, b) are the minimum and maximum

observations from points Z;.

Compute the linear
candidate and

following proposed model.

trend between the
reference series using the

series plot against time (t) to observe the trend of
homogeneity series between the candidate and
reference series.

Read off the maximum and
temperatures or precipitation

minimum

Thax = Max (0, wjy,+ (1 —w;)Z,4 ) >
R, and = Min (0, wjy, + (1 -
wj)Zt—l ) < Rh

TM in

Ry; Rate of change in Temperature

Rate of Change on Regional Temperature in
Nigeria

The rate of change on regional temperature
assume an interval between z, < z < z;,. These
intervals are taken from Z; series computed from
the difference between observed and reference
series. The intervals are obtained using a< z; < b.
The rate of change on temperature can be defined

b
as Ry = [, (0f — 05n)? f(¥)dy.
Ry: Rate of change on temperature
Computing the rate of change on average

temperature we seek to use Jacobian
transformation to generate new random variable.

R = [, (oF = 0f)? —=e 2 O™ dy
Let Z2?=(of — th)Z. Differentiate with
respecttoZ. R, = 312% [—e?]b

Discussion of Results

Co=wiye+(1—w))Z_4 C,: Cumulative
Analysis of Variance on Regional Climatic Variables Using Stratification Process
Strata | Region Variation in | SS DF |MS |F F-value
Temperature
Sahel savannah Between Groups | 4.526 7 0.646
Sh=1 Within Groups | 2.960 |20 |0.146 | 4.428 | 1.275
Total 7.486 | 27
Guinea Savannah | Between Groups | 4.215 7 0.589
Sh=2 Within Groups | 2.270 |20 |0.114 |5.186 | 1.275
Total 6.485 | 27
Rainforest region | Between Groups | 4.850 |7 0.692
Sh=3 Within Groups | 1.461 |20 |0.073 | 9.479 | 1.275
Total 6.311 | 27
Coaster region Between Groups | 1.253 7 0.179
Sh=4 Within Groups | 1.539 |20 |0.086 |2.081 | 1.275
Total 2.792 27

Ho : The variations in temperature for all the regions are the same at a given period of time t
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H;: The variations in temperature for all the regions are not the same at a given period of time t

The results from our findings indicate that the
variations in temperatures for all the regions in
Nigeria are not the same throughout the years,
since the F — tabulated values are greater than
the p-values. The variations between and within
the temperature in each region varies based on the
region and the time of the year. We observed that
the amount of deviation in temperature persists
more in the Sahel and Guinea Savannah. This has

contributed to continuous persistence on climate
change in Nigeria owing to extreme temperatures
experienced in the Northern region of Nigeria and
its contributory effects on environmental
degradation and socio-economic growth in
Nigeria.

Combined Weighted Mean and Variance on
Regional Climatic Variables

Table shows the weighted mean and variance observed and reference series on region in Nigeria

Regions Rainforest Guinea Coaster region | Sahel
(RR) Savannah (GS) | (CR) savannah(SS)

Up, 3.67 9.24 2.08 10.53

of 7.99 8.94 2.56 10.68

The weighted mean and variance from each
region are not equal owing to variation on climatic
conditions. The Sahel savannah has the highest
average temperature level of 10.53 with variance
of 10.68. Also, the Guinea Savannah of Nigeria
has the average weighted temperature of 9.24 and
variance of 8.94. The finding shows that the
average temperatures in Sahel and Guinea
Savannah contribute to persistence in climate
change owing to climatic conditions of the
regions.

The Rainforest and Coaster region have the
average weighted temperatures of 3.67 and 2.08
respectively. The minimum weighted variances of
the regions are more precise than other regions
where there are more extreme temperatures.

Akaike Information Criterion on Stratified

different regions at time (t).

The model is defined as Y, = XX Y Z; a; + ¢;.

where Y; = Years of time (t),
the minimum and maximum temperatures.

aj = estimated parameters

The estimated parameters can be selected from the
model using AIC technique to evaluate the mean
square error on climatic variable from each
region. (AIC), =T lIno, + 2k

Where AIC = Akaike information criterion
h = region of strata h

T = number of observations

k = parameters in the model minimum

Regional Climate Variables a = the mean square error at strata h
Let Z; be climatic variables selected from

Strata | Region AIC |[K|MSE | T

Sp =1 | Rainforest region 3199 |2 | 282 | 325

Sh =2 | Guinea Savannah 3348 |2 | 298 | 325

Sp=3 | Coaster region 29.38 |2 | 256 | 325

Sh=4 | Sahel savannah 67.94 | 2 | 10.68 | 325

The Akaike information criterion on selection of
sample of 325 observational data on climatic
characteristics in Nigeria for both rainfall and
average temperature indicates that the selected
sample of 325 is suitable to fit a model on climate
change associated with average temperature. The

mean square error (MSE) on selected sample by
stratification process indicates that minimum
MSE for all regions and its value will take care of
the expected error term that may likely correlate
on past and current observations in each region.
The sample selection process shows that it is
suitable to fit the model using correlation matrix
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to evaluate the variations between and within the
observations.

Use of Correlation Matrix to test homogeneity
of variance between and within regional
climatic variables

In this research, Gaussian-Seidel Method was
used to determine the amount of variations
between the observed and reference series from
the computed correlation coefficients. An iterative
method was used to evaluate the absolute climatic
variability between climatic change associated
with all the series between and within each region.

Correlation matrix are obtained from the four
regions between 1990 to 2017 based on the
average temperature observed on monthly bases

as X; and references series as Y;.

Basic procedure:

v
v

Compute the correlation matrix
Compute the determinant matrix for each
region

Solve for Z; and repeat until all the Z; in each
region are obtained

Compute the absolute relative changes on the
amount of variation accounted for at each
region after each iteration are computed.

Let Zj represent a climatic variable as i
temperature and j™ region which form a linear
matrix Y = ZZZZUO!] +€j, =1

v

v

th

Y, =Reference Series

Yy Y, Y3 Y,
X1 Pxpy Pxiy, | Pxiys | Pxjys
X2 Pxayi Pxays | Pxpys | Pxays
X3 px3y1 px33’2 px33’3 px33’4
X4 Pxyy Pxsy, | Pxsys | Pxsys
cov(xiyj) . . ..
Pry; = oo where Pxiy; IS correlation coef ficient
Xi“Vi
The correlation matrix on average temperature in the four regions of Nigeria
Z RR GS CR SS
[RR 1.00 —-0.54 0.09 0.26}
pr =1 GS —-054 1.00 —0.24 0.18
[CR 0.09 -0.24 1.00 0.36
SS 026 0.18 0.36 1.00

Average temperature for each region is RR = 29.3,
GS=30.5CR=28.1,SS=36.5

Let Z;: Rainforest (RR)
Z, : Guinea Savannah (GS)
Z3. Coastal Region (CR)
Z, : Sahel Savannah (SS)

Z,=21.6, Z;=30.4,
35.6

RR =29.3,GS =305 CR=27.6and SS = 34.7
Z,—0.54Z, + 0.09Z;5 + 0.26Z, = 29.3

Z3=2417, Zy

-0.547, + Z, - 0.24Z5 + 0.182, = 30.5
0.09Z;, - 0.24Z, + Z3 + 0.36Z, = 27.6
0.26Z; + 0.18Z, + 0.36Z3 + Z, = 34.7

We seek to evaluate the amount of variation
associated within the temperature in all the
regional climatic variables using Gaussian-Seidel
elimination method in the above equations.

Determine the absolute relative change in
temperature |Tg| = |%| x 100

The following values are obtained after the iterations

Iterations | Z, | |Tpl1% | Zo | |Tgslo% | Zs | |Tesl3% | Za I Tss514%
1 34.2 | 23.9 48.5 | 37.5 276|718 -18.2 | 321.9
CURRENT SCIENCE CS 3(1), 274—283 (2023) | 279
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2 51.4 | 46.3 84.5|42.6 87.8 | 81.0 -11.3 | 274
3 73.5]30.3 48.1 | 75.6 48.5] 2.6 -37.3 | 69.7
4 57.5|27.6 78.2]38.4 49.8 | 18.2 -44.4 | 15.9

The absolute relative change in temperature is
321.9% in the Sahel savannah Nigeria from 1990
to 2017. This change indicates that there is more
persistence in climate change in the Sahel region
owing to extreme increase in temperature and
climatic conditions. The Guinea Savannah has a
maximum relative change in temperature with
81% increase from 1990 to 2017. This change
contributes to persistence on climate change.

Test for variability in regional temperature
using the observed trend on the plotted point.

The trend can be defined as:
T+max = Max (0, wpy+ (1- wy)ze—1) > Ry,

Where = R;, = 31%[ezf] .

QT

Ry rate of change in temperature
T-min = |V|In(0, Wh)’t"' (1' Wh)Zt—l) < Rh
The global average temperature across the world

in 20th century Nigeria Meteorological Centre
Bulletin (2017) observed that the rate of change in
temperature with a relatively hemisphere in the
Northern and Southern regions of Nigeria are
given next.

Regions Relative Change in Temperature

Hemisphere

Sahel Savannah 1.58-2.84
Guinea Savannah 0.89 -1.60
Rainforest Region 1.08 -1.94
Coastal Region 0.69-1.24

The rate of change in temperature can be
computed using a < Z; < b. Where a is minimum
suspected increase and b is the maximum
suspected increase.

The time plot shows the cumulative series on
average temperature in Rainforest Region
Nigeria

2500

20.00—

15.00

Mean Ct

10.00

5.00

00—

[ R N N T T Y T Y YN YN Y Y Y Y Yy

m o o oo o Mmoo B3 e B
[ R = R~ R = =

o o D o D oD oo D oo o
=2 o 29 o 2 o9 @9 5 9o o o

0.69<Z< 1.24 = 2220 [l 4
3.142

Rainforest :
%% =0.78

In Fig. 1, the cumulative points on observed
temperatures indicate nine points plotted are
above the anomaly rate of change on temperature
in Rainforest at Ry, = 0.78 T'mnax = Max (0, Why; +
(1-W,) = 0.78. These changes describe the
homogeneity on average temperature which

e e A = A = A A A =]
22 8 22 22 == = =2 3 = = =

e e I = T =T = R e e I ==
2 5 © @ © =29 29 oo o o o o

increase at point 2.0 in the year (1992), 7(1996),
7(2000), 9(2002), 10(2003), 11(2008), 11(2011),
15(2011), 9(2012), 10(2013) and 12(2017). These
observed points show that temperature level
contributes to environmental degradation.

The time plot shows the cumulative series on
average temperature in Guinea Savannah
Nigeria

CURRENT SCIENCE

CS 2 (6), 274—283 (2023) 280



CURRENT SCIENCE

Ehimony J.B et al.

40.00]

30.00

20.00

Mean Ct

10.00=

.00+

L O O A L U U

[T R T T R T R T R T T S T T R = = N = |
[ e R e R e R e e i e R R = = R =
e i L e e Bl
ocoooooocoooooo
cocooocaooocaoaoao

DDDDDDDDDDDDDDDD
DDDDDDDDDDDDDDDD
mmmmmmmmmmmmmmmmmmm

DooDoDooDoooooDoooo
DDDDDDDDDDDDDDDD

Figure 2

Guinea Savannah

1.08<Z< 1.94 = 229 119 4 o158 = 137,

3.142

In Figure 2, all plotted points in the graph shows
that there are maximum temperature at Ry = 1.37
i.e T'nax = Max (0, Why; + (1-W;,) > 1.37. These
points were two in (1990), 22(1992), 18(1994),
19(1995),  17(1998), 28(1999), 21(2000),

19(2001), 27(2002), 19(2003), 17(2004), 7(2005),
8(2008), 26(2011), 25(2012), 11(2013), 8(2015),
16(2017) and 28(2017). These points indicate the
randomness in the average temperature
experienced in the region owing to climate
variations in time and season which persists on
climate change in the region.

The time plot shows the cumulative series on average
temperature in Coastal Region Nigeria

20.009

15.007

10.007

Mean Ct

5.009

.00

O S N U A U

[T T R T BT T R T B Tw BT 7w R Ta R R
0 QM @O M@©OMmOn oo g
e L L e -
ooDoooooooooo
[=J =T =N =T = N = = N = T = i = R = =

O 0000000000000 Q0
Oo0o0ooo0ooogoQ =333 33 3 3
L . e el L L
ooDooooDooooDoooooo
[=J =T =N =T = = = I = T = T = N = i = I = i = R = i =

YEAR
Figure 3
Coastal Region thgt temperature con_trlbute more t_o pe_r5|stepce in
climate change owing to variation in climatic
0.89<Z< 1.60 = 2220 [¢l%0 4+ g% =087, In condition in the region.

3.142
Figure 3, all points show the maximum rate of

change in temperature at R, = 0.87 i.e T\na = Max
(0, Whyt + (1-Whp)Zi1) > 0.87. These points show

The time plot shows the cumulative series on
average temperature in Sahel Savannah
Nigeria
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Figure 4

Sahel Savannah
1.58<Z< 2.58 Ry = 2220 [-¢?% 4+ ¢1%] = 1.30

- 3.142
In Fig.4, we have nine points that are above the

anomaly rate of change on temperature in Sahel
savannah Ry = 1.30 i.e. These points are 22 at the
year (1994) T max = Max (0, wyy+ (1- wp)ze—1)
> 1.30 11 at (1996), 20 at (1999), 11 at (2002),
20 at (2004), 11 (2006), 21 (2009), 16 (2014) and
14 (2017). These points describe the persistence
on climate change owing to high temperature
experienced in the Sahel savannah.

Conclusion

The anomalies in all the four regions reveal that
there is relationship in intensities of temperature
between Sahel and Guinea Savannah; Rainforest
and Coastal Region. These intensities in average
temperature contribute to persistence in all the
four regions but its effect in climate change varies
in time and space in each region. The magnitude
between the units of increase or decreases in
average temperature depends on the time and
space its persistence in the two regions but based
on the conditional probability that the weather
conditions are similar.

In general, modelling the climate change and its
persistence is based on the time and space in each
region based on their magnitude and consistent of
the estimated coefficients from the proposal
model. The magnitude describes the distance
between the regional cluster with similarly and
dissimilarly units.

References
1. Abutu, A. (2012) :Timeline of recent flood

10.

incidents in Nigeria. Vanguard media,
http://quod.lib.umich.edu/g/gefame/4761563.0
005101.

Alexanderson, H. (1997): A homogeneity test
applied to precipitation data J. Climatology, 6,
661-675

Boko, M.l. and P. Yanda (2007): Impacts,

Adaptation and Vulnerability in Climate
Change.
Burn, D.H (1989): Cluster Analysis as

Applied to Regional Flood Frequency. Journal
of water resources planning and Management,
115,567-582.

Easterling, D.R. and Peterson, T.C, (1995): A
new method for detecting undocumented
discontinuities in climatologically time series
Int. J climatology 15, 369-377.

Hosking, J. R. M. and J. R. Wallis, (1997):
Regional Frequency Analysis. Cambridge
University Press, 224pp

Joshua J.K. and Ekwe M.C (2013): Indigenous
Mitigation and Adaptation Strategy to
Drought  and Environmental Changes in the
Nigerian Section of Lake Chad Basin int. J.
Appl. Res. Stud. 2(5): 1 - 14.

Kingsley Eghonghon Ukhurebor & Israel
Uzuazor Siloko: Temperature and Rainfall
Variability Studies within ~ South —South
Region of Nigeria. Publish in  Assumption
University-eJournal ~ of  Interdisciplinary
Research (AU-eJIR): Vol. 5. Issue. 2, 2020.
Montgomery D.C., (1991): Introduction to
statistical quality control.5th Edition 2005.
New York, Wiley

Nwankwo W., & Ukhurebor K.E. (2019a).
Investigating the performance of point to

CURRENT SCIENCE

CS 2 (6), 274-283 (2023) | 282


http://quod.lib.umich.edu/g/gefame/4761563.0005101
http://quod.lib.umich.edu/g/gefame/4761563.0005101

11.

12.

13.

14.

15.

16.

17.

18.

19.

CURRENT SCIENCE

Ehimony J.B et al.

multipoint  microwave connectivity across
undulating landscape during rainfall. Journal
of the Nigerian Society of Physical Sciences,
1(3), 103-115.

Odekunle, T. O. (2001):The magnitude and
frequency Characteristic of Rainfall in Ondo,
South

Ogolo E.O.and B. Adeyemi, (2009).Variation
and trends on some meteorological parameters
in Ibadan Nigeria. The Pacific Journal of
Science and Technology, (2009), 981-987.
Pandzic S and T. Likso, “Homogeneity of
average annual air temperature time series for
Croatia,”  International  Journal of
Climatology, vol. 30, no. 8, pp. 1215-1225,
2010

Patakamuri SK, Muthiah K, Sridhar V (2020)
Long-term homogeneity, trend, and change-
point analysis of rainfall in the arid district of
Ananthapuramu, Andhra Pradesh State. India
Water
12(1):211.https://doi.org/10.3390/w12010211.
Peterson, T.C and Easterling(1994): Creation
of homogeneous composite climatological
reference series: Intl. J . climatol.14 671 —
679. Techno metrics, pp. 24-38.
Tuomenvirta H, Alexandersson H, Drebs A,
Frich P, Nordli PO. (2000). Trends in Nordic
and Arctic temperature extremes and ranges.
Journal of Climate 13: 977-990.

Ukhurebor K.E., & Nwankwo W. (2020).
Estimation of the refractivity gradient from
measured

essential climate variables in lyamho-Auchi,
Edo State, South-South region of Nigeria.
Indonesian Journal of Electrical Engineering
and Computer Science, 19(1), 276-284.
Ukhurebor K.E., Olayinka S.A., Nwankwo
W., & Alhasan C. (2019). Evaluation of the
effects

of some weather variables on UHF and VHF
receivers within Benin City, South-South
region

of Nigeria. Journal of Physics:
Conference Series, 1299, 012052.
Ukhurebor, K.E., & Azi, S.0. (2019). Review

IOP

20.

21.

22.

23.

24,

25.

26.

of methodology to obtain parameters for radio
wave propagation at low altitudes from
meteorological data: New results for Auchi
area in Edo State, Nigeria. Journal of King
Saud University — Science, 31(4), 1445-1451.
Ukhurebor, K.E., & Umukoro, O.J. (2018).
Influence of meteorological variables on UHF
radio

signal: recent findings for EBS, Benin City,
South-South, Nigeria. IOP Conference Series:
Earth & Environment Science, 173, 012017 .
Ukhurebor, K.E., Abiodun I.C., & Bakare F.
(2017b). Relationship  between relative
humidity

and the dew point temperature in Benin City,
Nigeria. Journal for Applied Science and
Environmental Management, 21(5), 953-956.
UKhurebor, K.E., Azi, S.0., Abiodun, I.C., &
Enoyoze, E. (2017c). Approximation of the
dew

point temperature using a cost-effective
weather monitoring system. Physical Science
International Journal, 14(3), 1-6.

Ukhurebor, K.E., Azi, S.O., Abiodun, I.C., &
Ojiemudia, S.E. (2018). The influence of
weather

variables on atmospheric refractivity over
Auchi, South-South, Nigeria. Journal for
Applied

Science and Environmental
22(4); 471-475.

Ukhurebor, K.E., Batubo, T.B., Abiodun, I.C.,
& Enoyoze, E. (2017d). The influence of air
temperature on the dew point temperature in
Benin City, Nigeria. Journal for Applied
Science

and Environmental Management, 21(4), 657-
660.

Vincent, L. (1998). Techniques for the
identification of in-homogeneities in annual
temperature series climate, in press. Western
Nigeria. Ife Research Publications in
Geography,Vol. 8, pp. 36 —41.

Zhang, N. F., 1998, ‘A Statistical Control
Chart for Stationary Process Data.

Management,

CURRENT SCIENCE

CS 3(1), 274—-283 (2023) 283



