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ABSTRACT 
 

Urban centres in Sub-Saharan Africa have been undergoing unprecedented urbanization in the 
past decades at annual rates of almost 4%; with attendant impacts on the cities’ thermal 
conditions. This study aimed at characterizing the noon-time maximum temperature of two 
selected cities each in the Sudan and Tropical Rainforest zones of Nigeria. The study utilized daily 
ERA Interim (European Reanalysis) grid-based 2 meter above ground daily noontime maximum 
temperature (°C) data of the European Centre for Medium-range Weather Forecasts (ECMWF) 
from 1990 to 2019. R Statistical package version 3.6.1 was employed to detect the trend and 
seasonality in the maximum noon-time temperature of the four cities using non-parametric Mann-
Kendall trend and seasonal trend tests. The statistical properties of the data were first analyzed by 
graphical examination of the data, using time plots, and boxplots. Also, the normality test of 
Shapiro-Wilk (S-W test) was applied. Pettitt test was then employed to test for single change-point 
detection in the temperature series. The study revealed higher mean temperature values of 
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27.49°C and 25.56°C respectively for Birnin Kebbi and Kano both in the Sudan, and lower 
temperature values of 24.08°C and 23.17°C respectively for Ibadan and Owerri located in the 
Tropical rainforest. The Tau statistics for Kano, Ibadan and Owerri are 0.07084, 0.09848 and 
0.09113 and the corresponding p-values are 0.0447, 0.0053 and 0.0098 which are less than 0.05 
alpha value; indicating significant trends for the three cities. The results also show significant 
seasonal increase at 0.05 significant levels in the maximum noon-time temperature series for all 
the locations. The study recommends urban landscape planning and design for optimization of 
outdoor thermal comfort and creation of heathier urban environments for the city dwellers. 
 

 
Keywords: Spatio-temporal; noon-time; temperature; cities; Sudan savanna; tropical rainforest; R 

statistical package. 
 

1. INTRODUCTION 
 
The last three or four decades have witnessed 
unprecedented urbanization, particularly in the 
developing countries [1]. Specifically, Sub-
Saharan Africa is urbanizing quickly, with cities 
and towns growing at an annual rate of almost 
4% over the last two decades [2]. Urbanization 
has been identified as the foremost 
anthropogenic activity with huge and irreversible 
consequences on contiguous ecosystems [3]. 
Most of the urban cities in Sub-Saharan Africa 
are characterized by unplanned, hasty, rapid 
urbanization processes which affect the ecology 
of the cities and often lead to negative 
environmental impacts, including elimination and 
fragmentation of native habitats, generation of 
anthropogenic pollutants, increase in Land 
Surface Temperature (LST) and reduced 
humidity [4,5]. Many scientific studies have 
shown that urbanization also results in changes 
in the micro climates of cities [6,7]. The 
consistent rise in urban atmospheric temperature 
results mainly from heat discharged by 
increased energy consumption, increased built-
up surfaces which possess high heat capacities 
and conductivities, and decrease in vegetation 
cover [8,9]. Studies have already established 
negative relationships between cities and urban 
health globally, particularly; high ambient 
temperatures which are known to increase 
mortality or morbidity [10,11] and such fatalities 
have increased steadily over the past several 
decades [12,13]. Effective and coherent 
development of adaptation strategies to the rising 
urban climates requires a better understanding of 
the spatial and temporal variations in the local 
climate of these urban centres. This study 
therefore aimed at characterizing the noon-time 
maximum temperature of two selected cities 
each in the Sudan and Tropical rainforest zones 
of Nigeria from 1990 to 2019. The two selected 
cities in the Sudan Ecological Zone are Kano 
Metropolitan Area (Kano State) and Birnin Kebbi 

(Kebbi State) while those of the Tropical 
rainforest are Ibadan Metropolitan Area (Oyo 
State) and Owerri (Imo State). The temperature 
data grid points were extracted from the core 
areas of the four cities. The geographical 
coordinates of the grid points are indicated in 
Table 1. 
 

2. MATERIALS AND METHODS 
  

2.1 Description of the Study Area 
 

Tropical Rainforest Ecological Zone corresponds 
to Koppen’s tropical humid climate (Af) climate 
type. The zone occupies 9.7% of Nigeria’s total 
land mass but is the most densely populated, 
source of Nigeria’s bulk timber and a home to an 
enormous number of biodiversity plants animals 
[14]. The average annual rainfall of this 
ecological zone is about 2500mm at the south 
and about 1220 mm at the northern fringes of the 
zone, and a mean yearly relative humidity of 
about 76.05 % [15]. It is characterized by a long 
period of rainfall lasting between March/April and 
November, and a dry period lasting between 
December and March [15]. The zone has a 
monthly mean minimum temperature of about 
22.49°C and a monthly mean maximum 
temperature of about 31.24°C. The average 
yearly temperature of the zone is about 26.6°C 
[15]. 
 

The Sudan Savanna Ecological Zone of Nigeria 
extends between latitudes 9° 30' and 12° 31' N 
and longitudes 4° and 14° 30' E. It occupies 
about 22.8 million hectares [15] and spans 
almost the entire northern states bordering the 
Niger Republic. It occupies over one quarter of 
Nigeria's total area. According to the Federal 
Department of Forestry [16], it stretches from the 
Sokoto Plains through the Northern section of the 
High Plains of Nigeria to the Chad Basin and 
includes areas around Sokoto, Kaduna, Kano 
and Borno States of Nigeria. The region has a 
unimodal annual rainfall range of between 600 
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and 1140 mm [14,17], falling over a period of 
100-150 days. The relative humidity is generally 
below 40%, except for the few rainy months 
when this can rise to 60% [17].  Rainfall in the 
zone lasts from May/June to Septembe,            
while the dry period lasts between September 
and April. The zone has the largest population 
density in Northern Nigeria, produces                    
important economic crops such as groundnuts, 
cotton, millet, and maize and has the                 
highest concentration of cattle in the country [17]. 
The map of the study locations is presented in 
Fig. 1. 
 

2.2 Data Used  
 

Data used for this study is daily ERA Interim 
(European Reanalysis) grid-based 2 meter above 
ground daily noontime maximum temperature 
(
o
C) data products of the European Centre for 

Medium-Range Weather Forecasts (ECMWF) 
from 1990 to 2019. Era-Interim is a global 
frequently used atmospheric reanalysis data. The 
spatial resolution of the data set is approximately 
80 km on a default grid size of 0.75° x 0.75° 
latitude/longitude but was projected on 0.125° x 
0.125° (14 km by 14 km) latitude/longitude grid. 
Maximum temperature was used because; being 
an hourly data there is no significant variation 
between the minimum and maximum values of 
the same hour.  
 

2.3 Methods 
 
The data which was downloaded in Network 
Common Data Form (NetCDF) format was 
extracted for the four selected cities using the 
Grid Analysis and Display System (GrADS) 
software into comma separated values (CSVs). 
To detect the trend and seasonality in the 
maximum noon-time temperature for Birnin 
Kebbi, Kano, Owerri and Ibadan Nigeria, non-
parametric Mann-Kendall trend and seasonal 
trend tests were employed. In order to achieve 
these, statistical properties of the data were first 
analyzed by graphical examination of the data, 
using time plots, boxplots, density plots and Q-Q 
plots. Also, the normality test of Shapiro-Wilk (S-

W test) was applied. Pettitt test was employed to 
test for single change-point detection in the 
maximum temperature series. The brief 
discussions of the statistics are as follows: 
 
2.3.1 Shapiro-wilk test for normality 

 
The Shapiro-Wilk test is one of the most powerful 
tests for verifying if a climatic series are normally 
distributed [18,19]. Recently Shapiro-Wilk test 
has become one of the most preferred because 
of its good power properties as compared to a 
wide range of alternatives [20]. The S-W test is 
similar to computing a correlation between the 
quantiles of the standard normal distribution and 
ordered data points of the climatic series. The 
null hypothesis is that the population follows a 
normal distribution against the alternative which 
states that the population does not follow normal 
distribution. According to Shapiro and Wilk [21], 
the test statistic equation is given as follows: 
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where, )(iy is the ordered sample values and ia

is the constant generated from the means, 
variances and covariances of the order statistics 
of a sample of size n from a normally distributed 
population [22]. 
 
2.3.2 Mann-Kendall trend test 

 
Mann-Kendall test is a non-parametric method 
which is widely employed to check the null 
hypothesis of no trend versus the alternative that 
there exists a monotonic increase or decrease in 
trend of a climatic time series data. The test 
statistic S is computed as follows:  
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Table 1. Temperature data points for the study cities 
 

Urban centre Latitude Longitude Ecological zone 

Birnin Kebbi 12° 22' 30" 4° 22' 30" Sudan 
Kano 12° 0' 00" 8° 30' 00" Sudan 
Ibadan 7° 22' 30" 3° 52' 30" Tropical Rainforest 
Owerri 5° 22' 30" 6° 52' 30" Tropical Rainforest 
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Fig. 1. Nigeria showing selected cities in the Sudan Savanna and Tropical Rainforest zones 
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Where p is the number of the tied groups in the 

data set and jt is the number of data points in 

the jth  tied group. The statistic S is 

approximately normally distributed for data 
values greater than or equal to 10 and provided 
that the following Z-transformation is employed: 
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The significance of trend is usually assessed 
using Z critical value. A positive Z value indicates 
upwards or increasing trend while the negative Z 
value reveals downward or decreasing trend. 
 
The statistic S is closely related to Kendall’s   

as given as follows: 
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2.3.3 Sen’s slope estimator 

 
A simple non-parametric procedure to estimate 
the true slope and intercept if a linear trend is 
present in a time series was developed by [23]. 
The slope is calculated as follows: 
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For (  nji 1 , where q is the slope, X 

denotes the variable, n is the number of data, 
and i, j are indices. 
 

Sen’s slope is then computed as the median 

from all slopes: b=median iq . The intercepts are 

calculated for each time (t) as given by: 
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and the corresponding intercept as well the 
median of all intercepts. 
 
The Sen’s estimator of slope is the median of 

these N values of iq . The N values of iq  are 

ranked from the smallest to the largest and Sen’s 
estimator is: 
 

























2
1

2

2
1

2

1
NN

N

qq

oddisNifq

q
 

 
A 100(1  )% two-sided confidence interval 

about the slope estimate is obtained by the non-
parametric technique based on the normal 
distribution. 

 
2.3.4 Pettitt’s test for change-point detection 

 
The Pettitt test is a non-parametric test after [24], 
used to detect a single change-point in climatic 
or hydrological series with continuous data. The 
null hypothesis is that the observations follow 
one or more distributions that have the same 
location parameter (no change) while the 
alternative hypothesis states that there exists a 

change point. The ranks nrrr ,..........,.........2,1 of  

nxxx ,..........,.........2,1  are used to calculate the 

statistics: 
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The test statistic is the maximum of the absolute 
value given as: 
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The change-point of the series is located at TK , 

provided that the statistic is significant. The 

significant probability of TK  is approximated for 

05.0p  with: 
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2.3.5 Mann-Kendall seasonal test 

 
The Mann-Kendall statistic for the gth season is 
given as follows: 
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The mean of gS  is 0g  and the variance 

including the correction term for ties is: 
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According to [25], the seasonal Mann-Kendall 
statistic for the entire series is calculated as: 
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The statistic gS is approximately normally 

distributed, with: 
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If continuity=TRUE then a continuity correction 
will be employed: 
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3. RESULTS AND DISCUSSION 
 

The descriptive analysis of maximum noon-time 
temperature, the time plots for the four cities, 
trend analysis of the period 1990-2019 using 
Mann-Kendall, Sen’s slope estimator, Pettitt tests 
for change point and Seasonal Mann-Kendall 
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test were investigated using R statistical package 
3.6.1 version. The results and discussions are as 
follow: 

 
3.1 Descriptive Statistics for the 

Maximum Noon-time Temperatures 
for the Four Cities 

 
Table 2 shows the descriptive statistics of the 
maximum noontime temperature in Birnin Kebbi, 
Kano, Ibadan and Owerri. It shows that Birnin 
Kebbi had the highest mean temperature 
followed by Kano, Ibadan and Owerri 
respectively. The standard deviation and the 
coefficient of variation from the mean value were 

higher for Kano than those of Birnin Kebbi, 
Ibadan and Owerri in that order.  
 

3.2 Time and Box Plots of Maximum 
Noon-time Temperature for the Four 
Cities 

 

Fig. 2a, b, c and d present the maximum 
temperature plots against the time (years) for the 
four cities. The graphs reveal that the maximum 
temperatures of the cities do not depict any 
temporal trend especially for Birnin Kebbi. Those 
of Kano, Ibadan and Owerri are not quite 
discernible, although trends are suspected to be 
present. 

 
Table 2. Descriptive statistics for the maximum noon-time temperatures 

 

Statistics Birnin Kebbi Kano Ibadan Owerri 

Mean 27.49 25.56 24.08 23.17 
Skew 0.39 -0.09 0.47 0.60 
Kurtosis -0.72 -0.69 -0.59 -0.06 
Minimum 21.41 18.66 22.07 21.49 
Maximum 33.12 31.84 27.51 26.67 
Range 11.71 13.18 5.44 5.18 
1

st
 Quartile 25.69 23.54 23.04 22.32 

Median 26.86 25.44 23.98 23.03 
3

rd
 Quartile 29.58 27.83 24.96 23.85 

Standard Deviation 2.66 3.16 1.18 0.97 
Coefficient of Variation 0.097 0.12 0.05 0.04 

 
Table 3. Shapiro wilk normality test result 

 

City W-Statistic P-Value 

Birnin Kebbi 0.9591 1.8e-08 
Kano 0.9801 7.15e-05 
Ibadan 0.9620 4.7e-08 
Owerri 0.9620 4.729e-08 

 

 
 
Fig. 2a. Time plot of the time series observation of Birnin Kebbi in Nigeria against months for 

the period 1990 – 2019 
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Fig. 2b. Time plot of the time series observation of Kano in Nigeria against Months for the 
period 1990 – 2019 

 
 

Fig. 2c. Time plot of the time series observation of Ibadan in Nigeria against months for the 
period 1990 – 2019 

 
 

Fig. 2d. Time plot of the time series observation of Owerri in Nigeria against months for the 
period 1990 – 2019 

 
The box plot for the four cities is shown in Fig. 3. 
It revealed five important statistics namely: 
minimum value, 25

th
 percentile, median, 75

th
 

percentile, and the maximum value of the 

distribution as well as identification of potential 
outliers in the observations. From the boxplot 
below, it is apparent that only one observation 
was found to be above the upper adjacent value 
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in Owerri. No outliers were detected for every 
other city. The plot also reveals that more data is 
lying in the upper half of the range in Birnin Kebbi 
and Kano while those of Ibadan and Owerri are 
around the middle and lower half of the range 
respectively. In other words, the upper half of the 
maximum temperature is heavily weighted for 
Sudan Savanna cities (Birnin Kebbi and Kano) 
while those of Tropical Rainforest cities (Ibadan 
and Owerri) are otherwise. 

 
3.3 Normal Probability Plots and Shapiro 

Wilk Normality Test of Maximum 
Temperature Series for the Four Cities 

 
The normal probability plots of maximum 
temperature series for the four cities are depicted 
in Fig. 4. The plots reveal significant deviations 
from straight a line on the normal probability 
plots. Therefore, the series may not be normally 
distributed. 

 
The results of Shapiro Wilk normality test 
presented in Table 3 is a further validation of 
non-normality of the maximum temperature 
series for Birnin Kebbi, Kano, Ibadan and Owerri 
from the normal probability plots. Since the p-
values are all less than 0.05 significant value, the 

null hypotheses that the series are normally 
distributed is rejected and it is concluded that the 
maximum temperature series collected for the 
period of 1990 to 2019 in for the four cities are 
not normally distributed. 

 
3.4 Mann-Kendall and Sen’s Slope 

Estimate Results of Maximum 
Temperature for the Four Cities 

 
Mann-Kendall and Sen’s slope estimate results 
of maximum noon-time temperature for the four 
cities are presented in Table 4. From the result, 
the Tau statistic for Birnin Kebbi is 0.045 and the 
corresponding p-value is 0.1976. Since the p-
value greater than 0.05, we do not reject the null 
hypothesis of absence of trend in the maximum 
temperature for the city and concluded that there 
is no significant trend. However, the Tau 
statistics results for Kano, Ibadan and Owerri are 
0.071, 0.098 and 0.091 and the corresponding p-
values are 0.045, 0.005 and 0.010. Since the p-
values are less than 0.05 alpha value, we reject 
the null hypotheses of the test and conclude that 
a trend is present in the data for Kano, Ibadan 
and Owerri respectively; with greater trends in 
the cities located within the Tropical Rainforest 
(Ibadan and Owerri). 

 

 
 

Fig. 3. Box plots of Maximum Noon-time temperature against time for Birnin Kebbi (a), Kano 
(b), Ibadan (c) and Owerri (d) 

Table 4. Mann-Kendall trend and Sen’s slope results of maximum noon-time temperature for 
Birnin Kebbi, Kano, Ibadan and Owerri 

 

City Tau p-value Sen’s 
slope 

p-value 95% Confident interval 

Birnin Kebbi 0.0455 0.1976 0.0013 0.2849 -0.0011 0.003703 
Kano 0.0708 0.0447 0.0023 0.0609 -0.0001 0.006089 
Ibadan 0.0985 0.0053 0.0015 0.0136 0.0003 0.002624 
Owerri 0.0911 0.0098 0.0011 0.0224 0.0002 0.001979 
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Fig. 4. Normal probability plot of maximum noon-time temperature for Birnin Kebbi, Kano, 
Ibadan and Owerri 

 
For the Sen’s slope estimates, the slopes                         
are all positive, indicating increasing trends                        
over the years for the four cities. However, 
Ibadan and Owerri slopes showed significant 
differences at 5% significant level, Kano at 10% 
level, while slope for Birnin Kebbi is not 
statistically different from zero. These                                   
are further validated from the 95% confident 
interval reported. Any interval that contained       
zero is reported not statistically different from 
zero at 95%, indicating that the slope                          
estimate is not statistically significant. The                  
results are similar to those of Amadi [26] whose                   
Mann-Kendall’s test results for 20 synoptic 
weather cities across Nigeria (1950-2012) 
showed general warming trends across the 
locations and indicated that 17 cities had 
significant increasing trends in the minimum 
temperature at the 0.01 level of significance 
while 16 cities revealed significant increasing 
trends in the maximum temperature at the 0.01 
and 0.05 significance levels. 

 

The mean annual maximum noon-time 
temperature trends for the four cities are 
presented in Fig. 5. It shows higher temperature 
values in the two Sudan Savanna Cities (Birnin 
Kebbi and Kano) than the cities in the Tropical 
Rainforest (Ibadan and Owerri). According to 
Najib et al. [27], temperature in Nigeria had 
higher values in the far north, occasioned by the 
effect Sahara Desert, which is characterized by 
fewer cloud cover, resulting in more solar 
irradiation; while, lower temperature values in the 
south are attributable to much higher cloud cover 
and abundant vegetal cover. 
 

3.5 Mann-Kendall Seasonal Trend Test 
Results 

 

Mann-Kendall Seasonal Trend Test Results for 
the four cities are presented in Table 5. The 
results indicate a sufficient statistical evidence of 
a significant seasonal increase at 0.05 significant 
level in maximum noon-time temperature series 
for the four cities from 1990 - 2019. 

Table 5. Seasonal Mann-Kendall trend test results of maximum noon-time temperature for 
Birnin Kebbi, Kano, Ibadan and Owerri 

 

City S Var S Z p-value 

Birnin Kebbi 695 37678.33 3.5753 0.0003498 

Kano 1047 37677.00 5.3888 7.092e-08 

Ibadan 1490 37659.33 7.6729 1.682e-14 

Owerri 1259 37663.67 6.4822 9.042e-11 
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Fig. 5. Annual temperature trends across the four cities from 1990-2019 
 

Table 6. Seasonal Mann-Kendall trend results for individual seasons (months) 
 

 Birnin Kebbi Kano Ibadan Owerri 

Months Z(trend) P-Value Z(trend) P-Value Z(trend) P-Value Z(trend) P-Value 

January -0.250 0.8027 -1.035 0.3007 0.464 0.6426 1.998 0.0457 

February 1.106 0.2687 1.142 0.2535 0.375 0.7078 0.517 0.6048 

March 0.786 0.4321 1.374 0.1693 0.928 0.3534 -0.553 0.5801 

April 0.161 0.8724 0.000 1.0000 1.840 0.0657 1.588 0.1123 

May 0.981 0.3263 2.481 0.0131 4.069 4.72e-5 1.481 0.1385 

June 1.802 0.0715 1.945 0.0518 2.554 0.0106 1.304 0.1923 

July 1.963 0.0496 4.158 3.2e-05 4.052 5.07e-5 3.194 0.0014 

August 1.250 0.2114 3.248 0.0012 3.714 0.0002 2.588 0.0096 

September 1.856 0.063 3.105 0.0019 2.534 0.0112 2.643 0.0082 

October 1.802 0.0715 2.320 0.0203 3.676 0.0002 2.802 0.0051 

November 0.607 0.5440 -0.518 0.6047 2.356 0.0184 2.644 0.0081 

December 0.161 0.8724 0.339 0.7345 -0.143 0.8865 2.089 0.0366 

 
In Table 6, the seasonal Mann-Kendall trend 
results indicates increasing trend in almost all the 
months of the year. For Birnin Kebbi, there are 
eleven months of increasing trend of which only 
July was statistically significant at 5% level, while 
the month of January witnessed a decrease in 
trend, although not statistically significant.  
 
Kano witnessed a decreasing trend in the 
months of January and November, and 
increasing trends in the months of February - 
April and December but not statistically 
significant at 5% alpha level. However, from the 
months of May to October in Kano, there has 
been a significant increasing trend of 
temperature with the p-value <.05 alpha value. In 
Ibadan, December showed a decreasing trend 
over the years while, January to March is 

increasing but not significant statistically. 
However, there has been significant increase in 
temperature from the months of April to 
November for the period under consideration. In 
Owerri, January, and July - December have 
witnessed increasing trends of temperature over 
the years and are statistically significant at 5% 
alpha value. The months of February to June 
witnessed increasing trend in temperature but 
not statistically significant. 

 
A graphical representation of the mean                      
monthly temperature of the four cities during                    
the period under consideration is presented                         
in Fig. 6. It shows that not only are temperature 
values higher in the two Sudan Savanna                     
Cities (Birnin Kebbi and Kano); they are more 
variable seasonally compared to the two           
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cities in the Tropical Rainforest (Ibadan and 
Owerri). 

 
Birnin Kebbi and Kano recorded the highest 
monthly mean temperature values between the 
months of March and June. The results are also 
in consonance with [26] whose study 
demonstrated latitudinal dependence of basic 
temperature characteristics; with the northern 
region of Nigeria showing higher temperature 
variability than the southern region. With low 
temperature values of 20.60°C and 21.17°C in 
the months of January and December for Kano 
and Birnin Kebbi respectively, Kano Metropolis 
particularly recorded temperatures much lower 
than those of the Tropical Rainforest which are 
generally characterized by lower temperatures. 
These lower temperatures in Kano city are 
attributable to the Harmattan season which 
occurs between the end of November and mid-
March (Okeahialam, 2016) and is more severe in 
the Sudan ecological zone. The Harmattan dust 
is largely made up of dense silicon content which 
reduces radiation from the sun, and its attendant 
warmth, hence the associated low temperature 
[28]. For the cities in the Tropical Rainforest 
ecological zone, temperature peaks in March 

(25.82 °C for Ibadan and 24.41°C in Owerri) and 
declines steadily till July from when a near 
uniform temperature is sustained until 
September, after which the temperature rises 
following the cessation of the rain season. 
 

3.6 Pettitt Test for Single Change-Point in 
Temperature for the Cities 

 

Results for the Pettitt Test for Single Change-
Point in temperature for the four cities are 
presented in Table 7and Fig. 7. The results 
reveal that the general rising trend began in the 
month of February 2002 for Birnin Kebbi and 
Kano, both located in the same ecological zone. 
 
However, Birnin Kebbi is not statistically 
significant at 5% level. For Ibadan and Owerri 
both in the same ecological zone, an increasing 
trend was experienced in the month of 
November. The change in trend in Owerri was 
earlier (2001), while that of Ibadan occurred later. 
Also, an increasing change point was observed 
in November 2004 and 2001 in Ibadan and 
Owerri. The results for Ibadan and Owerri were 
statistically significant only at 10% significance 
level with p-values of .058 and .051 respectively. 

 

 
 

Fig. 6. Mean monthly noon-time temperature of the cities from 1990 to 2019 
 

Table 7. Pettitt test for single change-point in maximum temperature for the cities 
 

City U p-vale K Year-Month 

Birnin Kebbi 3943 0.2723 146 February, 2002 
Kano 5544 0.0388 146 February, 2002 
Ibadan 5251 0.0583 179 November, 2004 
Owerri 5342 0.0515 143 November, 2001 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

BIRNIN KEBBI 24.03 26.66 29.61 31.96 31.55 29.55 27.09 25.58 26.11 27.26 26.08 24.43 

IBADAN 24.37 25.57 25.82 25.14 24.67 23.60 22.77 22.71 22.78 23.20 24.09 23.95 

KANO 20.60 23.36 27.11 29.89 30.33 28.50 25.64 24.25 25.30 26.36 24.25 21.17 

OWERRI 23.64 24.41 24.41 24.13 23.57 22.68 22.09 22.09 22.16 22.42 22.98 23.45 
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Fig. 7. Pettitt’s test for single change-point detection in maximum temperature for Birnin Kebbi 

(a), Kano (b), Ibadan (c) and Owerri (d) for the period 1990-2019 

 
4. CONCLUSION 
 
This study examined the spatio-temporal 
dynamics of noon-time urban temperature in 
selected cities in the Sudan Savanna and 
Tropical Rainforest Ecological zones of Nigeria 
between 1990 and 2019. The study adopted time 
plots, Mann-Kendall, Sen’s slope estimator, 
Pettitt and Seasonal Mann-Kendall tests to 
investigate noon-time temperature trends and 
changes in four selected cities in the two 
ecological zones. The study revealed 
comparatively higher mean temperature values 
for the cities in the Sudan than those in the 
Tropical rainforest during the study period. It also 
shows that temperature is rising in all the cities 
with significant trends in three out of the four 
cities; with the Tau statistics results of 0.071, 
0.098 and 0.091 and corresponding p-values are 
0.045, 0.005 and 0.010 for Kano, Ibadan and 
Owerri respectively. The results also show 
significant seasonal increase at 0.05 significant 
levels in the maximum noon-time temperature 
series for all the locations; with greater seasonal 
increase in the cities located in the Tropical 
rainforest ecological zone. The observed rising 
trends is likely to have negative effects on the 
thermal comfort index of the cities, which should 
necessitate urban landscape planning and 
design for optimization of outdoor thermal 
comfort and creation of heathier urban 
environments for the city dwellers. 
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