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Abstract 
This study used daily observation data obtained from the Nigerian Meteoro-
logical Agency (NiMet) to investigate the temperature trend of Nigeria from 
1981-2015. The data were homogenised using the Quantile Matching (QM) 
method and Quality Controlled. The data have been transformed into three 
sets of data with different periods: daily, monthly and yearly. The datasets 
(daily, monthly and yearly) were checked for autocorrelation and if they were 
found auto correlated, the Modified Mann Kendall (MMK) and the Pre- 
Whitening (PW) methods were used and compared, if not the normal Mann 
Kendall (MK) test was applied. The results showed for the different methods, 
variations in the trend from one station to another and for the minimum and 
maximum temperature. These variations were observed in the different me-
thods and data screening the performance of each of the methods in the data-
sets. The general trend was found to be increasing. The variations in the tem-
perature increase the Diurnal Temperature Range (DTR) that impact human 
health and increase the probability of occurrence of extreme events. 
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1. Introduction 

A trend is a long-term change (increase or decrease) in a time series. A trend 
analysis is ordinarily used in climatology to know how the temperature for ex-
ample, changes with time. It is also useful in predicting the future behaviour of 
climate parameters. In Africa temperature and precipitation are the two most 
studied parameters in terms of past, present and future trend because of the 
economy that is based mainly on agriculture [1]-[7]. Knowing and controlling 
the two parameters is very important to maximise the agricultural production. 
Regional temperature and rainfall over the West Africa region have changed 
with the time and this has caused damages to the ecosystems and the interrela-
tionships between them [8]-[15]. Trend analysis has been greatly carried on dif-
ferent parameters in many part of the world [16]-[25]. The Mann Kendall (MK) 
trend test have been widely used and adapted several times in different studies. 
The Modified Mann Kendall (MMK) and the Pre-Whitening (PW) methods 
were developed and applied on auto correlated and noised data to remove the 
noise and the serial correlation so as to increase the power of the trend analyses 
and their results [19] [26]-[36]. 

In Nigeria trend analysis has been done [37]; statistical approaches have been 
directly used on the data such as the kurtosis and skewness coefficients to detect 
changes and variations in the temperature and rainfall values. Similarly, [38] did 
in the South West of Nigeria a study on trend and variability of temperature. He 
used the least square regression and the normal Mann Kendall to determine the 
trend and applied the t-test and the standardized index to detect variability in 
the temperature. In this study observation data were first obtained from the Ni-
gerian Meteorological Agency and Quality Controlled. The data were further 
transformed into three datasets with different time periods; daily, monthly and 
yearly data that were then auto correlated to detect serial correlation in the dif-
ferent datasets; if they were found auto correlated, the two methods (MMK and 
PW) were used to evaluate the trends without losing the power of the results, if 
not the normal MK test was applied. A comparison was then made between 
them especially the MMK and PW to detect the power and the circumstances of 
each of the applied method. 

2. Materials and Methods 
2.1. The Study Area 

Figure 1 shows the study area, Nigeria, one of the biggest countries in West 
Africa in terms of land mass and population. The country covers a land mass of 
approximately 923,769 square kilometres (km2), (with 909,890 km2 of land area 
and 13,879 km2 of water area) [39]. 

The twentieth century has been among the driest periods of the last several 
centuries; the well-advertised droughts of the 1970s and 1980s were only the lat-
est of several significant such episodes to affect West Africa in this century. At 
least two of these droughts have severely affected large areas of Northern Nigeria  
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Figure 1. Study area. 

 
and the Sahel. These drought periods are indications of the great variability of 
climate across tropical Africa and across Nigeria, the most serious effects of 
which are usually felt at the drier margins of agricultural zones or in the regions 
occupied primarily by pastoral groups. Although average temperatures vary little 
from coastal to inland areas, except the North East of Nigeria which has greater 
extremes [40]. Nigeria was selected in this study because of its exposure to ex-
treme events such as droughts and heat waves recorded in 2016 in Lagos and 
because it covers five climatic zones in West Africa. Nigeria could then be rep-
resentative of the West Africa. 

2.2. Materials 

Observed daily temperature data from synoptic stations across Nigeria for a pe-
riod of thirty-five (35) years were acquired from the Nigerian Meteorological 
Agency (NiMet) archives. The dataset includes minimum and maximum tem-
peratures (TMIN and TMAX respectively) for 17 stations from 1981-2015 
(Table 1 shows the 17 stations). The data were used to detect minimum and 
maximum temperature trends in Nigeria. The stations were chosen taking into 
account the different climatic zones of the country (the Coastal, the Tropical 
Rainforest, the Guinea Savannah, the Sudan Savannah and the Sahel) in order to 
cover all the country and the stations were to have continuous record over the  
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Table 1. List of stations. 

Station Latitude Longitude Elevation (m) 

Asaba 6.20 6.73 46 

Benin 6.32 5.60 80 

Calabar 4.97 8.35 63 

Eket 4.65 7.94 14 

Ikeja 6.60 3.35 38 

Jos 9.93 8.89 1290 

Kaduna 10.52 7.44 632 

Lokoja 7.81 6.74 44 

Maiduguri 11.83 13.15 354 

Minna 9.60 6.55 260 

Oshogbo 7.78 4.54 304 

Sokoto 13.02 5.25 302 

Uyo 5.04 7.91 38 

Warri 5.52 5.73 6 

Yelwa 10.88 4.75 243 

Yola 9.23 12.47 174 

Zaria 11.13 7.68 664 

 
period 1981-2015 with less or no missing data. (Figure 2) 

2.3. Methods 

The collected observation data needed to be convert and prepared for the 
processing and analysis. Thus, the data were converted into ASCII comma sepa-
rated values (.CSV) files as required for homogenisation using “RHTest” pack-
age in R statistics software. All the columns were structured as following se-
quences: YEAR, MONTH, DAY, TMAX, TMIN (the unit is the degrees Celsius). 
The two files were converted into time series (TS) using R statistics software. 

The data were tested for homogeneity, as homogeneous data are highly rec-
ommended in most of climate analysis [41] [42] [43]. The homogenisation was 
done to detect change-points/breakpoints in the data and adjust them for further 
analysis. This was necessary in order to avoid biased results [44] [45] [46]. For 
that purpose, the Quantile Matching (QM) method was applied to the data for 
adjustment using RHTests4 [47] [48] package in R statistics software. A Quality 
Control (QC) was carried on the data using the QC function of the World Me-
teorological Organisation (WMO) Expert Team on Sector-specific Climate In-
dices (ET-SCI) ClimPACT2 software to detect duplicates, missing values, out-
liers and relation TMAX/TMIN values as TMAX is logically higher than TMIN. 
This analysis reduced the number of stations from 17 to 11 stations (Table 2 
shows the maintained stations). The stations that were not considered showed 
anomalies after the homogenisation such as TMIN > TMAX. 
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Figure 2. Distribution of stations in the climatic zones of the study area. 

 
Table 2. List of suited stations. 

Station Latitude Longitude Elevation (m) 

Asaba 6.20 6.73 46 

Benin 6.32 5.60 80 

Calabar 4.97 8.35 63 

Eket 4.65 7.94 14 

Ikeja 6.60 3.35 38 

Kaduna 10.52 7.44 632 

Lokoja 7.81 6.74 44 

Oshogbo 7.78 4.54 304 

Uyo 5.04 7.91 38 

Warri 5.52 5.73 6 

Yelwa 10.88 4.75 243 

 
To analyse the trend in the temperature time series, the daily data of each sta-

tion are transformed into monthly and yearly data using a mean based function 
for calculation as the temperature data is being analysed. An autocorrelation was 
carried on each station using not only the daily dataset but also the monthly and 
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yearly datasets. The autocorrelation was carried on to determine the serial cor-
relation in the datasets. The autocorrelation test is given by Equation (1): 
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where y  is the sample mean of the data, n is the number of sample. 
The climate data as time series over the 1981-2015 period were subjected to 

the Mann-Kendall (MK) and Sen’s Slope tests in order to discover or determine 
the existence of trends in the time series [34] [35] [36] [49]-[54]. This method 
developed by Mann (1945) and Kendall (1975) and subsequently modified by 
Sneyers (1990) is a well-known and used non-parametric method. The simple 
Mann-Kendall test, a non-parametric statistical test was carried on the dataset 
with no autocorrelation in the time series, while the Modified Mann-Kendall 
(MMK) [19] [27] and the Pre-Whitening (PW) [35] [55] methods were applied 
in case the dataset was revealed to be serially correlated. The last two methods 
were compared to evaluate their performance. The magnitudes of the slopes of 
the time series were measured using Sen’s Slope method. The Mann-Kendall sta-
tistic test is given by Equation (2): 
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where Xi and Xj are the sequential data values, n is the data set record length. 
This methodology was developed using the homogenisation and quality con-

trol of the station data before proceeding to the trend analysis using three dif-
ferent methods where not only the normal Mann-Kendall method was used 
(annual data), but also the MMK and PW methods were used and compared. 
The applied method is recent and good to explore since it is advised that the 
climatological data is homogenised and quality controlled before further analysis 
to harmonise and remove breaks. It has also been proved in previous studies 
[19] [27] [33] [34] [35] [36] that the auto correlated data should be processed 
using a Bootstrap or MMK or the Trend Free Pre-Whitening (TFPW) method to 
remove the noise. This method is bringing different view on trends in Nigeria. 

3. Results 
3.1. Daily Trend 

The autocorrelation on the daily maximum and minimum data revealed a strong 
serial correlation in the time series for all the stations. The Modified 
Mann-Kendall (MMK) was then applied to the temperature time series of each 
station data from 1981-2015. The MMK results are presented on the Table 3. 
The MMK test appeared to be strongly significant before adjustment, but the 
corrected p-value was less significant. The values of MK tau (τ) were significant-
ly low leading to equivalently low statistical trend of the series. The slope of 
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Theil-Sen (Sen’s Slope) was also significantly close to zero confirming the low 
magnitude of the trend. The results of the MMK test on the different sites re-
vealed a significant but very low trend in general for TMAX. Benin, Lokoja and 
Yelwa had non-significant (p-value > 0.05) trends for both the calculated and the 
corrected p-value. The Kendall tau are very low and their slopes are equal to 0, 
no statistical trend. Kaduna had a highly significant trend in the non-corrected 
p-value (0.000017) and a less high significant trend in the corrected one 
(0.02241) but the magnitude is equal to 0. The PW method test is also widely 
applied to resolve serial correlation in auto correlated times series and to im-
prove on the trend analysis. The results (Table 4) of the test showed significant 
trends for all the stations and a negative magnitude for all the stations. The up-
per and lower confidence interval bounds for the slope were all negative except 
for Warri were the upper bound is equal to 0. The de-trended time series auto-
correlation was very high. The linear regression slopes of the stations were also 
negative for all the stations. 

For TMIN the MMK results on Table 5 showed that the corrected p-values 
are significant for all the stations except for Eket that had a non-significant 
trend. The slopes were very low in all the stations, but Ikeja alone recorded a 
negative slope. The results of PW method presented on Table 6 revealed 
non-significant trends for Asaba, Lokoja, Oshogbo, Warri and Yelwa. The over-
all trend for each station was positively very low, with only Eket station having a 
negative relatively high trend. 
 
Table 3. Modified Mann Kendall test results of daily maximum temperature data. 

Stations Z p-value Zc Corr. p-value tau N/N*s Sen’s Slope 

Asaba −12.374 3.608E−35 −7.391 1.452E−13 −0.0730 2.803 −0.0000736300 

Benin −0.884 3.764E−01 −0.206 8.364E−01 −0.0052 18.348 0.0000000000 

Calabar 49.933 0.000E+00 16.134 1.469E−58 0.2945 9.578 0.0001167640 

Eket 14.714 5.280E−49 3.607 3.103E−04 0.0867 16.643 0.0000508075 

Ikeja 35.516 2.767E−276 23.590 4.863E−123 0.2094 2.267 0.0001843318 

Kaduna 4.300 1.705E−05 2.283 2.241E−02 0.0253 3.547 0.0000000000 

Lokoja 0.103 9.177E−01 0.066 9.477E−01 0.0006 2.481 0.0000000000 

Oshogbo 12.814 1.371E−37 7.667 1.761E−14 0.0756 2.793 0.0000437563 

Uyo 24.134 1.099E−128 17.046 3.745E−65 0.1423 2.005 0.0001289629 

Warri 10.528 6.421E−26 6.577 4.797E−11 0.0621 2.562 0.0000468323 

Yelwa 3.489 4.840E−04 1.417 1.565E−01 0.0206 6.064 0.0000000000 

1) Z is the original (uncorrected) Mann-Kendall test Z statistic. 2) p-value is the original (uncorrected) 
Mann-Kendall test p-value. 3) Zc is the corrected Z statistic. 4) Corr. p-value is the corrected p-value con-
sidering the autocorrelation. 5) tau is the Mann-Kendall’s tau statistic. 6) N/n*s is the Value of the correc-
tion factor standing for the ratio of the number of samples N divided by the effective sample size (n*s). 7) 
Sen’s Slope is the slope/magnitude of the linear trend according to Sen test.  
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Table 4. Pre-Whitening test results of daily maximum temperature data. 

Stations lbound trend trendp ubound tau p-value autocor valid_frac linear intercept 

Asaba −0.0045 −0.0033 −2.310 −0.00262 −0.0927 0.000291 0.7052 1 −0.003886046 35.41285 

Benin −0.0039 −0.0031 −2.137 −0.00212 −0.1040 0.000046 0.6630 1 −0.003495636 33.35541 

Calabar −0.0011 −0.0006 −0.431 −0.00015 −0.0713 0.004825 0.5805 1 −0.001676837 31.65528 

Eket −0.0023 −0.0017 −1.224 −0.00115 −0.1063 0.000027 0.6677 1 −0.001855519 28.79394 

Ikeja −0.0037 −0.0030 −2.134 −0.00233 −0.0970 0.000156 0.7445 1 −0.003707738 33.00451 

Kaduna −0.0035 −0.0024 −1.697 −0.00072 −0.0522 0.040016 0.8243 1 −0.002845725 32.54061 

Lokoja −0.0041 −0.0030 −2.102 −0.00203 −0.0769 0.002588 0.7564 1 −0.003700171 32.89766 

Oshogbo −0.0048 −0.0037 −2.580 −0.00279 −0.1020 0.000059 0.7540 1 −0.004242316 31.89032 

Uyo −0.0035 −0.0027 −1.898 −0.00184 −0.1036 0.000046 0.6882 1 −0.002764263 33.71527 

Warri −0.0029 −0.0020 −1.431 0.00000 −0.0710 0.005568 0.7014 1 −0.002637105 32.41589 

Yelwa −0.0051 −0.0037 −2.612 −0.00258 −0.0555 0.029356 0.8117 1 −0.004180887 35.46455 

1) lbound is the lower bound of the trend’s confidence interval. 2) trend is the Sen’s slope (trend) per unit time. 3) trendp is the Sen’s slope (trend) over the 
time period. 4) ubound is the upper bound of the trend’s confidence interval. 5) tau is Kendall’s tau statistic computed on the final de-trended time series. 6) 
p-value is Kendall’s p-value computed for the final de-trended time series. 7) autocor is the autocorrelation of the final de-trended time series. 8) Valid_frac 
is the fraction of the data which is valid once autocorrelation is removed. 9) linear is the least squares fit trend on the same data. 10) intercept is the intercept 
of the Sen’s Slope (trend). 

 
Table 5. MMK test results of daily minimum temperature data. 

Stations Z p-value Zc Corr. p-value tau N/N*s Sen’s Slope 

Asaba 33.3999 1.377E−244 11.44085 2.6132E−30 0.19696 8.5226 0.00013 

Benin 42.4154 0.000E+000 30.61594 7.5110E−206 0.24992 1.9193 0.00014 

Calabar 33.6190 8.864E−248 23.37139 8.3537E−121 0.19812 2.0692 0.00009 

Eket 2.5380 1.115E−002 1.47272 1.4083E−01 0.01497 2.9699 0.00002 

Ikeja −27.3672 6.740E−165 −12.80005 1.6385E−37 −0.16129 4.5713 −0.00010 

Kaduna 7.6666 1.766E−014 4.50675 6.5829E−06 0.04509 2.8939 0.00000 

Lokoja 26.3244 1.009E−152 21.33255 5.6635E−101 0.15473 1.5228 0.00013 

Oshogbo 13.5189 1.209E−041 5.76806 8.0000E−09 0.07967 5.4932 0.00001 

Uyo 31.9123 1.803E−223 14.45624 2.2897E−47 0.18811 4.8731 0.00010 

Warri 61.1400 0.000E+000 41.31460 0.0000E+00 0.36040 2.1900 0.00022 

Yelwa 32.7041 1.364E−234 23.06495 1.0415E−117 0.19285 2.0105 0.00031 

 
Table 6. PW test results of daily minimum temperature data. 

Stations lbound trend trendp ubound tau p-value autocor valid_frac linear intercept 

Asaba 4.796E−05 8.475E−05 0.0593 0.000118 0.0268 0.2908 0.5827 1 0.000768 20.607 

Benin 0.000E+00 0.000E+00 0.0000 0.000000 −0.0906 0.0005 0.4886 1 −0.001039 18.620 

Calabar 0.000E+00 0.000E+00 0.0000 0.000000 −0.0777 0.0028 0.3025 1 −0.000688 21.210 

Eket −8.421E−04 −7.143E−04 −0.5000 −0.000656 −0.1165 0.0000 0.4100 1 −0.001990 20.605 

Ikeja 0.000E+00 0.000E+00 0.0000 0.000000 −0.0701 0.0069 0.5945 1 −0.001431 21.670 

Kaduna 0.000E+00 0.000E+00 0.0000 0.000235 0.0269 0.2909 0.7986 1 0.001306 20.000 

Lokoja 0.000E+00 0.000E+00 0.0000 0.000000 −0.0255 0.3195 0.7810 1 −0.000313 15.740 

Oshogbo 0.000E+00 0.000E+00 0.0000 0.000000 −0.0392 0.1270 0.6826 1 −0.000697 13.530 

Uyo 0.000E+00 0.000E+00 0.0000 0.000000 −0.0652 0.0113 0.4387 1 −0.000676 18.790 

Warri 0.000E+00 0.000E+00 0.0000 0.000000 −0.0496 0.0551 0.3637 1 −0.000477 18.150 

Yelwa 0.000E+00 0.000E+00 0.0000 0.000000 −0.0161 0.5269 0.8692 1 0.000481 20.330 
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3.2. Monthly Trends 

The monthly datasets showed autocorrelation in the time series, necessity the 
use of the MMK and the PW methods. The transformed daily TMAX data into 
monthly TMAX data showed for the MMK that the trends in Benin, Lokoja and 
Yelwa stations were not statistically significant (>0.05) both for the calculated 
and the corrected p-value. The Z statistic confirmed by the Kendall tau showed 
that there is a trend. The Kendall tau is low varying from 0.00038 in Lokoja to 
0.338 in Asaba. Benin station had a negative Kendall tau that is confirmed by the 
Sen’s Slope value which was also negative. Lokoja station had no trend (Sen’s 
Slope = 0). All the other stations apart from Lokoja and Benin had a positive and 
low magnitude. For example, Kaduna station that had “Non Available” Kendall 
calculated Z statistic and the corrected p-value revealed an increase in the tem-
perature of 0.001˚C for the considered period in Table 7. 

The PW method used for monthly TMAX dataset showed a negative Kendall 
tau for Asaba and Benin stations. The linear regression also was negative for the 
two stations. The linear regression also showed negative values for Lokoja station. 
The monthly slope trend of Asaba station was found to be negative displaying a 
downward trend, likewise, the overall trend (trend over the 35 years). The trends 
for the other stations were all positive both for the monthly trend and the overall 
trend except for Lokoja station that had no trend (slope = 0) for the monthly 
trend and very low slope (0.0044˚C) for the overall trend. The trends of the sta-
tions were not statistically significant as the p-values were all greater than 0.05 
(α > 0.05) except for Calabar station that showed positively low but statistically 
significant trend (see Table 8). 
 

Table 7. MMK test results of monthly maximum temperature data. 

Stations Z p-value Zc Corr. p-value tau N/N*s Sen’s Slope 

Asaba 10.3572 3.8833E−25 4.5599828 5.11578E−06 0.33833 5.158872 0.00474 

Benin −1.0698 2.8469E−01 −1.2203395 2.22336E−01 −0.03496 0.768567 −0.00092 

Calabar 8.6524 5.0444E−18 12.7215357 4.48949E−37 0.28265 0.462584 0.00333 

Eket 3.4176 6.3175E−04 3.5886014 3.32457E−04 0.11165 0.906971 0.00181 

Ikeja 7.6163 2.6110E−14 10.8194042 2.78583E−27 0.24880 0.495540 0.00617 

Kaduna 0.8907 3.7310E−01 NA NA 0.02911 −1.103138 0.00101 

Lokoja 0.0111 9.9112E−01 0.0104893 9.91631E−01 0.00038 1.126574 0.00000 

Oshogbo 2.4758 1.3294E−02 6.2903000 3.16853E−10 0.08088 0.154911 0.00250 

Uyo 5.2842 1.2627E−07 8.9117183 5.02477E−19 0.17262 0.351587 0.00433 

Warri 2.6344 8.4277E−03 3.0559582 2.24343E−03 0.08607 0.743157 0.00174 

Yelwa 0.8235 4.1021E−01 0.8764292 3.80797E−01 0.02691 0.882917 0.00099 
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Table 8. PW test results of monthly maximum temperature data. 

Stations lbound trend trendp ubound tau p-value autocor valid_frac linear intercept 

Asaba −0.0062 −0.0008 −0.1584 0.0047 −0.0105 0.8284 0.7765 1 −0.0013 34.323 

Benin −0.0053 0.0002 0.0427 0.0053 −0.0043 0.9295 0.7804 1 −0.0004 32.599 

Calabar 0.0023 0.0046 0.8971 0.0068 0.1149 0.0174 0.7130 1 0.0042 31.413 

Eket 0.0006 0.0038 0.7503 0.0072 0.0638 0.1866 0.7744 1 0.0035 28.263 

Ikeja 0.0024 0.0070 1.3560 0.0117 0.0421 0.3835 0.8009 1 0.0067 32.019 

Kaduna −0.0060 0.0008 0.1498 0.0068 0.0028 0.9541 0.5930 1 0.0011 31.552 

Lokoja −0.0059 0.0000 0.0044 0.0060 0.0180 0.7102 0.7696 1 −0.0003 32.361 

Oshogbo −0.0037 0.0026 0.5152 0.0089 0.0228 0.6375 0.7879 1 0.0021 30.800 

Uyo 0.0011 0.0062 1.2000 0.0113 0.0774 0.1093 0.7541 1 0.0056 32.601 

Warri −0.0017 0.0025 0.4779 0.0065 0.0181 0.7085 0.7659 1 0.0024 32.014 

Yelwa −0.0061 0.0015 0.2881 0.0085 0.0112 0.8181 0.6932 1 0.0009 34.559 

 
The TMIN showed a pattern similar to the TMAX in the trend. The MMK 

showed a statistically significant trend in all the stations both in the calculated 
p-value and the corrected p-value. Only Lokoja station had a “Non Available” 
result with the corrected Z Kendall and p-value, but the calculated ones showed 
very strong significance. The slopes were all positive but low with only Ikeja sta-
tion having a negative slope for the period under study (see Table 9). 

The PW method for TMIN on Table 10 showed a negative trend value, ex-
plaining a downward trend for Ikeja station for both the monthly and the 35 
years period. This explains the negative linear regression of the trend of the sta-
tions. All the 10 other stations had positive trends for both the monthly and the 
35 years’ period. Literature reviewed that the overall period (35 years in this 
study) trend is always greater than the unit trend (monthly trend). From all the 
trends, only 4 stations (Asaba, Benin, Uyo and Warri) were statistically signifi-
cant (α < 0.05). The other seven (7) stations were not statistically significant. 
 

Table 9. MMK test results of monthly minimum temperature data. 

Stations Z p-value Zc Corr. p-value tau N/N*s Sen’s Slope 

Asaba 10.357 3.88330E−25 4.55998 5.11578E−06 0.3383 5.159 0.0047 

Benin 12.397 2.72227E−35 31.12259 1.19168E−212 0.4050 0.159 0.0048 

Calabar 10.767 4.90707E−27 19.56538 3.05140E−85 0.3517 0.303 0.0033 

Eket 2.558 1.05204E−02 2.98983 2.79131E−03 0.0836 0.732 0.0015 

Ikeja −8.543 1.31016E−17 −6.76118 1.36876E−11 −0.2791 1.596 −0.0034 

Kaduna 1.892 5.84908E−02 3.05120 2.27928E−03 0.0618 0.385 0.0015 

Lokoja 6.319 2.62794E−10 NA NA 0.2064 −0.474 0.0043 

Oshogbo 3.134 1.72410E−03 7.22762 4.91541E−13 0.1024 0.188 0.0013 

Uyo 10.658 1.59164E−26 18.04238 9.05632E−73 0.3482 0.349 0.0034 

Warri 16.693 1.46180E−62 29.24242 5.60557E−188 0.5453 0.326 0.0068 

Yelwa 7.457 8.88000E−14 18.83285 4.06257E−79 0.2436 0.157 0.0097 
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Table 10. PW test results of monthly minimum temperature data. 

Stations lbound trend trendp ubound tau p-value autocor valid_frac linear intercept 

Asaba 0.0032 0.0056 1.088 0.0079 0.1645 0.00066 0.2433 1 0.00618 20.141 

Benin 0.0029 0.0050 0.977 0.0070 0.1518 0.00168 0.3687 1 0.00506 18.360 

Calabar 0.0013 0.0031 0.611 0.0051 0.0893 0.06474 0.4863 1 0.00300 21.187 

Eket −0.0030 0.0007 0.127 0.0041 0.0054 0.91193 0.4803 1 0.00101 19.634 

Ikeja −0.0062 −0.0038 −0.748 −0.0015 −0.0886 0.06669 0.5175 1 −0.00428 21.998 

Kaduna −0.0046 0.0009 0.178 0.0060 −0.0263 0.58633 0.7213 1 0.00068 19.852 

Lokoja −0.0014 0.0032 0.620 0.0070 0.0510 0.29136 0.5528 1 0.00256 15.349 

Oshogbo −0.0009 0.0022 0.424 0.0052 0.0319 0.50978 0.4295 1 0.00208 13.989 

Uyo 0.0009 0.0027 0.524 0.0046 0.0830 0.08606 0.4478 1 0.00293 18.242 

Warri 0.0050 0.0068 1.324 0.0087 0.2053 0.00002 0.4261 1 0.00685 18.341 

Yelwa −0.0016 0.0062 1.203 0.0136 0.0365 0.45067 0.7150 1 0.00719 19.784 

3.3. Annual Trends 

In the annual trend, the autocorrelation test revealed no serial correlation in the 
time series. The normal Mann Kendall trend test was then applied on both the 
TMIN and the TMAX data. The annual trend analyses for TMAX (Table 11) 
showed a negative S statistic for Asaba and Benin stations confirming the exis-
tence of negative monotonic trends. Similarly, the Z statistic was negative for the 
two stations. The statistical relationship between the Z statistic and the Kendall 
tau negative values were observed in Asaba and Benin stations (where Asaba had 
τ = −0.5361 and Benin had τ = −0.1395 respectively). The magnitude of the slope 
was therefore carried on by a negative trend slope of the two stations, only Benin 
station showed a non-significant trend. Similar to Benin station, Lokoja station 
showed a non-significant trend though the S revealed a positive trend. Except for 
Benin and Lokoja stations that had a non-significant trends and Asaba station 
that showed a negative significant trend, all the stations revealed a positive and 
significant trend for the TMAX. 
 

Table 11. Mann Kendall test results on yearly maximum temperature data. 

Stations Z n p-value S varS tau Sen’s Slope 95 percent confidence interval 

Asaba −4.516 35 0.0000063 −319 4958.33 −0.5361 −0.02578 −0.03510878 - −0.01718395 

Benin −1.165 35 0.2442 −83 4958.33 −0.1395 −0.00633 −0.018455342 - 0.006410959 

Calabar 6.788 35 0.0000 479 4958.33 0.8050 0.03899 0.03458630 - 0.04380365 

Eket 4.488 35 0.0000 317 4958.33 0.5328 0.02095 0.01272016 - 0.02850750 

Ikeja 7.243 35 0.0000 511 4958.33 0.8588 0.07178 0.06492097 - 0.08110274 

Kaduna 2.812 35 0.0049 199 4958.33 0.3345 0.01507 0.006592466 - 0.024005668 

Lokoja 0.795 35 0.4265 57 4960.00 0.0958 0.00399 −0.005205479 - 0.013025897 

Oshogbo 4.857 35 0.0000 343 4958.33 0.5765 0.03012 0.02302033 - 0.04025557 

Uyo 6.504 35 0.0000 459 4958.33 0.7714 0.05455 0.04588951 - 0.06274249 

Warri 3.920 35 0.0001 277 4958.33 0.4655 0.02269 0.01291507 - 0.03170091 

Yelwa 2.357 35 0.0184 167 4958.33 0.2807 0.01701 0.002249459 - 0.031086104 
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The annual trend of TMIN revealed a negative monotonic trend in Ikeja station. 
This is observed from the results depicted on Table 12 with the negative S and Z 
Kendall statistics values where the Z is strongly related to the Kendall tau. The 
Sen’s Slope revealed a negative trend for Ikeja but statistically significant using 
the p-value. All the other 10 stations had a significant positive trends. This is 
evident in the slopes that revealed the magnitude and direction of the trend. 

 
Table 12. Mann Kendall test results on yearly minimum temperature data. 

Stations Z n p-value S varS tau Sen’s Slope 95 percent confidence interval 

Asaba 6.1066 35 0.00000 431 4958.333 0.7244 0.05639 0.04250228 - 0.06686356 

Benin 6.9019 35 0.00000 487 4958.333 0.8185 0.05921 0.05366819 - 0.06765427 

Calabar 6.5611 35 0.00000 463 4958.333 0.7782 0.03966 0.03307859 - 0.04510242 

Eket 2.5563 35 0.01058 181 4958.333 0.3042 0.01850 0.005588505 - 0.033669868 

Ikeja −6.0782 35 0.00000 −429 4958.333 −0.7210 −0.04128 −0.04861883 - −0.03215952 

Kaduna 3.3515 35 0.00080 237 4958.333 0.3983 0.02064 0.00913242 - 0.03208904 

Lokoja 5.6522 35 0.00000 399 4958.333 0.6706 0.05773 0.04387763 - 0.07095408 

Oshogbo 3.2663 35 0.00109 231 4958.333 0.3882 0.01967 0.009215753 - 0.029984631 

Uyo 6.277 35 0.00000 443 4958.333 0.7445 0.03849 0.03210228 - 0.04894521 

Warri 7.4984 35 0.00000 529 4958.333 0.8891 0.08267 0.07718493 - 0.08942586 

Yelwa 6.8735 35 0.00000 485 4958.333 0.8151 0.11688 0.1030335 - 0.1292066 

4. Discussion 

This study showed that there are variabilities of the temperature over time dur-
ing the period 1981-2015. The variability in the temperature have been observed 
by [37]. The temperatures had an increasing trend in some stations [38] and a 
decreasing trend in some other stations. For example, in the daily TMAX data, 
the MMK showed a low increasing trend over the 35 years except Asaba station 
that had a low decreasing trend. This shows that the temperature has increased 
during the period 1981-2015 and will increase in the future years in Nigeria in 
the actual climate conditions. But the PW test exposed a totally decreasing trend 
in all the stations both for the unit trend and the 35 years’ trend. For the daily 
data there was a difference in the results presented by the two methods especially 
for the daily TMAX. The MMK seems to perform wel in that case and moreover, 
the de-trended and deseasonalised data gave a similar trend to the results ob-
tained by the MMK for each of the stations. In the Table 5 and Table 6 the re-
sults showed the trend analysis on minimum temperature data using the MMK 
and the PW respectively; the PW performed better confirming like in the case of 
Table 3 and Table 4 the conclusion that the MMK method is a good test for 
daily data. 

For the monthly datasets, the PW method test performed as good as the 
MMK. The monthly data had a cyclical trend that the pre-whitening could easily 
remove by removing the noises and de-trending the data. For example, the 
MMK used for maximum monthly temperature showed a decreasing trend for 
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Benin station while the PW showed a decreasing trend for Asaba station with a 
negative linear regression for both stations. The PW method performed better in 
this case because the deseasonalised trend data showed a clear decreasing trend 
for Asaba. Benin station also had a decreasing trend. The PW method revealed 
the decreasing tendency of Benin station confirmed by the linear regression val-
ue. For the minimum monthly temperature, the two tests, MMK and PW me-
thod showed the same results whereby Ikeja station had a negative trend slope. 

In the case of daily temperature datasets, the autocorrelation test showed no 
serial correlation over the time. Therefore, the simple Mann Kendall and Sen’s 
Slope were applied on the daily temperature dataset in order to detect the mag-
nitude of the trends. The yearly data have always been easier to handle because 
in most cases, the noises are less or absent when compared to the monthly and 
daily data. The MK test showed a negative trend in the TMAX for Asaba and 
Benin station while a positive trend was observed in the TMIN leading to a de-
crease in the Diurnal Temperature Range. Similarly, Ikeja station recorded a de-
creasing trend in the TMIN, while an increasing trend was observed in the 
TMAX. These variations in the annual temperature trends of TMIN and TMAX 
in the different stations were also observed for the daily and monthly datasets. 
This implies that, daily mean temperature is increasing and the DTR which is 
the difference between the daily TMIN and TMAX, is increasing as well and may 
lead to health-related issues [56]. Some stations showed an increasing trend for 
both the TMAX and the TMIN. The stations that recorded an increase in the 
trend for TMAX and TMIN displayed a general increase in the mean tempera-
ture for the different datasets. An increase in the temperature could lead to se-
vere Heat Waves under climate change. 

In the three datasets, daily, monthly and annual, the different trends revealed 
a negative trend of Benin but more for Asaba station when considering the 
TMAX and a negative trend for Eket and Ikeja stations but the emphases is put 
on Ikeja station for all the different datasets. 

5. Conclusions 

The transformation of the data in different datasets during the analysis was to 
study the behaviour of the autocorrelation for the different datasets, daily, 
monthly and annual. The use and the comparison of the two different ap-
proaches, the Modified Mann-Kendall and the Pre-Whitening methods revealed 
that the daily data could be cumbersome to handle compared to the monthly 
and especially the yearly data. The comparison of the two methods showed bet-
ter performance of the MMK method with the daily data, but a good perfor-
mance of PW method for the monthly data. The two approaches may present 
some weaknesses, but they are comparable and good for different cases of analy-
sis like choosing the MMK method for daily trend analysis or PW method for 
monthly trend analysis. The annual data did not require the use of MMK and 
PW methods because yearly data have less noise and the autocorrelation test re-
veals no serial correlation in most of the cases. Nigeria is experiencing an in-
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crease in the temperature in almost all the stations and a decrease in some other 
stations like Ikeja mainly, Asaba and Benin depending on the temperature, 
minimum or maximum. The mean temperature is increasing in many stations 
and also the DTR. The increase of the DTR and in the mean temperature could 
impact communities by affecting the homeostatic mechanism, cardiovascular 
and respiratory diseases that can lead to death (old people and children), by in-
creasing the malaria development across Nigeria especially in the South. It has 
been proved that the increase in the temperature threats natural life and lead to 
the extension of some species. 
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