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Abstract 
Surface temperature variations in West Africa stations (Cameroon, Cote d’Ivore, Ghana, Niger, 
Nigeria, Senegal and Togo) were investigated using datasets obtained from the archives of World 
Bank Data Group between 1901 and 2015 (115 years). Wavelet power spectrum (WPS) based 
approach was engaged to evaluate the surface temperature time series in a sequence of time scales. It 
was observed that there is more concentration of power between 1950 and 1970 year bands, which 
demonstrates that the time series has a strong annual signal with a confidence level of 95%. 
Statistical approach was also used to determine the minimum, maximum, mean, standard deviation, 
kurtosis and skewness. We noticed that Senegal (SEN) has the highest temperature and a Cameroon 
(CMR) exhibit low temperature from the selected stations in West Africa. The monthly spatial and 
temporal changes in temperature displayed increasing trends which were found in the annual, 
monthly maximum and minimum temperature during the period 1901 to 2015. The spatial variability 
illustrates that the lower latitude corresponds to lower temperature variability while the upper 
latitudes corresponds to a higher temperature. This variability is associated with the upward and 
downward movement of the intertropical convergence zone (ITCZ) as controlled by air mass flow. The 
temperature patterns might also be influenced by the changes in cloudiness consequential from 
variations in atmospheric circulation, and variations in aerosol content in the atmosphere 
 
Keywords: Surface temperature, wavelet power spectrum, climate change, maximum 
temperature and minimum temperature. 
 
 
INTRODUCTION 
Climate variability and alteration are increasingly posing a danger to West African 
socioeconomic growth and the environment. West African country's dependence on natural 
resources make them susceptible to climate change due to high climate variability impact 
such as an increase in temperature, alterations in yearly rainfall, and sea level increase. It is 
fundamental to identify if changes in the dominating climatology structures in West Africa 
will be enlarged with rising global mean temperature. African climates are changing due to 
human activities that have released huge quantity of greenhouse gases (GHGs) into the 
atmosphere. Climate change is affected by enlargement in the release of GHGs through the 
burning of fossil fuels, burning of wood, burning of solid wastes, bush burning, 
deforestation, raising of livestock, decomposition of organic wastes. All these activities 
change the balance of the equilibrium between the natural GHGs and the man-made GHGs 
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(Dessalegn and Akalu, 2015). Collins, (2011) and Niang et al. (2014) opined that Africa 
experienced an increase in surface temperature at a faster rate than the projected global 
average increase in surface temperatures during the 21st century. Regional Climate 
projections of 2007 reported by the Intergovernmental Panel on Climate Change (IPCC), 
established that in the year 2050 the average temperatures in Africa are calculated to amplify 
by 1.5 – 3 °C, and the warming of Africa continent is probable to be greater than the Earth 
(IPCC, 2007). 
 
In Africa, climate change has also become more significant over the last decades. Eastern 
Africa, has recorded an increase in cases of droughts, west African has experienced 
exceptional levels of torrential rainfall, the forests in Equatorial Africa have undergone a 
reduction in rains, while there has been an increase in ocean acidity around the southern 
coast of Africa. These widely altered weather patterns and extreme climatic conditions 
threaten agricultural production, food security, health, and water and energy security. The 
wider implication of this scenario is that the growth and development of Africa are grossly 
undermined. West Africa temperature has increased by roughly 1°C over 50 years (IPCC, 
2013).  It was also revealed that the yearly precipitation is increasing and rainfall has been 
more regularly in the last two decades, resulting in the partial recovery of precipitation 
(Ibrahim et al., 2014). The climate model simulation offers a variety of results for changes in 
global average temperature. However, there is a critical need for data, capacity building, 
teamwork (at both national and international levels), funding, human and technological 
resources to help build up efforts to deal with current and future effects of climate change 
(Guiot and Cramer, 2016; James et al., 2017) 
 
Several researchers have used different methods to examine meteorological and climatic 
parameters such as rainfall, temperature and wind-speed.  In this regard, wave transform is 
a numerical technique evolved to examine stationary, non stationary, asymmetrical time 
series and to display short event in the time series. It is an imperative mathematical tool that 
provides a time for frequency display of an analysed signal in the time area (Percival and 
Walden, 2000). Santos et al., (2010) examined monthly variation of rainfall data about 
Matsuyama city, the main frequency factors in the time series are investigated by the 
wavelet power spectrum.  It was noted that more concentration of power between the 8–16-
months bands have a strong annual signal. Pisoft et al., (2004) considered cycles and trends 
in the Czech temperature series using wavelet transforms for the time period between 1930 
and 2001. They observed prominent oscillations between 12–14 years in all series and 
increase of temperatures. Falayi et al., 2017 studied the effect of temperature, wind speed 
and relative humidity over Covenant University, Ota, Nigeria, employing wavelet power 
spectrum. The periodic cycle of 512-1024 minutes bands has the strongest intensity during 
January - April, July – August and November- December months.  Adepitan and Falayi 
(2019) investigated the variability changes of both the monthly average rainfall and 
temperature of Nigeria using wavelet analysis. It was noted that the variability of the 
considered monthly average rainfall and monthly temperature parameters was more 
significant on thirty-year-average basis than yearly and decadal basis. The main purpose of 
this research is to examine the time series analysis of surface temperature from 1901 to 2015 
using wavelet power spectrum (WPS) over Niger, Nigeria, Senegal, Cameroon, Benin, 
Ghana and Cote d’Ivoire. 
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METHODOLOGY 
 
Data acquisition  
Monthly surface temperature data were collected from the archives of World Bank Data 
Group 
(http://sdwebx.worldbank.org/climateportal/index.cmf?page=downloadscaled_data_dow
nload&menu=historical) of some selected stations in West Africa. The data obtained covered 
a period of 115 years (1901 – 2015) for seven locations in West Africa listed in Table 1.  
 
Table 1 shows the concern countries in West Africa with geographic latitude, longitude 
and altitudes.     
Country           Code           Latitude (º)          Longitude (º)     Altitude (m) 

Cameroon        CMR               4.0ºN                  9.7ºE                     9m  
Togo                TGO                6.2ºN                  1.3ºE                    25m  
Benin               BEN                6.4ºN                  2.4ºE                       5m  
Cote divore      CIV                 5.3ºN                  3.9ºW                    8m  
Ghana              GHA                9.4ºN                  0.9ºW                  183m  
Nigeria             NGA               6.6ºN                  3.3 ºE                     39m  
Niger                NGR               13.5ºN                 2.2 ºE                  227m  
Senegal             SEN               14.7ºN                 17.5 ºW                  22m 

 
Wavelet power spectrum analysis  
In order to evaluate the temporal structure of the annual surface temperature variability, 
wavelet power spectrum (WPS) analysis was employed. It is one of the latest tools for signal 
analysis and considered as fluctuation that decomposes rapidly with zero mean localized 
within frequency and time. WPS is a robust device to explore the prevailing approach of 
variation and to assess how it varies with time, through decompose a nonlinear time series 
into time frequency space. The WPS is a function  (a, x) (t) acquired from the mother 

wavelet  (t) through dilation and translation as expressed in Eq. 1 (Torrence and Como, 

1998). 
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where a, is the scaling parameter that calculates the level of compression and x is the 
translation parameter that decide the time position of the wavelet. The convolution integral 
of the mother wavelet   (t) is given as; 
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where *  is the conjugate of   . While the morlet wavelet o  is expressed in Eq. 3 
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)( o  is the wavelet value of the nondimensional time t, and ow  is the nondimensional 

frequency. In order to satisfy an admissibility condition, for this study, ow  = 6.  Figs. 1 (a-g) 

depicts the wavelet power spectrum analysis to estimate the time-frequency of the surface 
temperature variations over the selected stations in West African stations between 1901 and 
2015. 
 
 
 
 

http://sdwebx.worldbank.org/climateportal/index.cmf?page=downloadscaled_data_download&menu=historical
http://sdwebx.worldbank.org/climateportal/index.cmf?page=downloadscaled_data_download&menu=historical
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(g) 
 

 
Figure 1 (a-g). Wavelet power spectrum analyses of temperature (a) CMR (b) CIV (c) GHA (d) NGR (e) NGA 
(f) SEN and (g) TGO between 1901 and 2015. 

 
 
Histogram distribution of temperature parameters 
Table 2 illustrates the minimum, maximum, mean, standard deviation, kurtosis and 
skewness surface temperature values across the selected stations in west Africa. Both the 
kurtosis and skewness are used to explain the pattern of frequency distribution. Skewness 
determines the asymmetry of the tails of a distribution. A negative skew signifies that the 
distribution is stretching toward the left of the mean value. The positive skewness 
distributions have huge tails that stretch to the right. The zero values indicate that the 
skewness of the symmetric is at normal distribution. Kurtosis determines if data are peaked 
or flat compared to a normal distribution. Kurtosis with a high value signifies that the 
distribution has a different peak near the mean, while a distribution portrayed with a low 
kurtosis demonstrates a flat top near the mean and intense tails (Wenping et al., 2013).  
 
Table 2:  Descriptive statistics of Temperature data sets over the stations 

Stations Min (oC) Max (oC) Mean (oC) Std dev Kurtosis Skewness 

Togo 26.142 28.1506 27.0651 0.44790 -0.381 
   

 

0.038 

Senegal 26.9269 29.2035 28.0073 0.49565 -0.490 0.122 

Nigeria 26.1425 28.7144 27.3566 0.50159 -0.107 0.374 

Niger 26.0204 27.9125 26.9225 0.40744 -0.271 0.384 

Ghana 26.4320 28.3563 27.2850 0.39943 -0.279 0.144 

Cote d’Ivore 25.4598 27.1572 26.3832 0.31475 0.582 -0.324 

Cameroon 23.9721 25.4508 24.6963 0.29346          0.392 0.363 

 

Figure 2 (a-g) shows the frequency distribution of temperature parameter of the selected 
stations in West Africa. It contends with the probability plot as a technique of evaluating 
normality. The Histogram is obtained by separating the series of the data into a small 
number of bins. 
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(d) 
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(g) 

 
 
Figure 2 (a-g). Histogram distributions of  temperature (a) CMR (b) CIV (c) GHA (d) NGR 
(e) NGA (f) SEN and (g) TGO between 1901 and 2015.  
 
2.4  Contour plot of Monthly temperature variation 
Monthly surface temperature of CMR, CIV, GHA, NGR, NGA, SEN and TGO in West Africa 
from 1901-2015 are shown in Figures 3 (a-g). The rationale behind the analyses of the 
contour plot is to examine the variability and the trends of the monthly temperature over 
West Africa. It is also to recognize the intense temperature variability modes and their 
relationships with large-scale atmospheric conditions. 
 
(a) 

 
 
 
 
 
 
 
 
 
 
 



Wavelet Analysis of Climate Change in West African countries using surface temperature 

 

Falayi, E.O. et al., DUJOPAS 7 (2a): 30-43, 2021                                                                                            39 
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(e)

 (f) 

 
(g) 

 
Figure 3 (a-g). The distributions of monthly temperature variation  (a) CMR (b) CIV (c) GHA (d) NGR (e) 
NGA (f) SEN and (g) TGO between 1901 and 2015.  
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DISCUSSION OF THE RESULTS 
The WPS offers details on the relative power at a specific scale and a specific time. It explains 
the authentic variations of the discrete wavelets, rather than their size. The power 
concentration can be simply recognized in the domain of frequency or time. WPS 
investigation presents an ordinary source to estimate the time-frequency energy features of 
the observed data. We used the wavelet-based technique to investigate the temperature, 
time series between 1901 and 2015 observed in a sequence of time scales of one to one 
hundred and fifteen years, using the sampling periods illustrated in Figure 1 (a–g). This 
Figure represents the wavelet power spectrum for the temperature at CMR, CIV, GHA, 
NGR, NGA, SEN and TGO between 1901 and 2015. The WPS vary from blue (low power) to 
red (high power), and the most significant are the ones connected with red, orange, and 
yellow. The red colour depicts the maximum frequency contributing to the energy of the 
signal over that period. The low wavelet coefficients of temperature are associated with blue 
colour. Examining Figure 1 (a-g), it is obvious that there is more concentration of power 
between the 1950–1970 year bands, which demonstrates that this time series has a strong 
annual signal for the selected stations in West Africa, with a confidence level of 95%. The 
time with low variation of the power concentration within the band represents the weak 
variation of temperature.  It was noted that all fluctuations have a signature of the scaling 
spectral exponent calculated by linear regression fitting of the scaling temperature. These 
temperature analyses using wavelet transform for CMR, CIV, GHA, NGR, NGA, SEN and 
TGO can benefit climate change models and can help the studies concerning warming and 
land drying. This investigation discovered a spatiotemporal pattern of long-term trends with 
maximum and minimum temperature periods. This minimum and maximum temperature is 
revealed in the dataset of the year, which definitely could influence the period differences 
and trends. Changes in cloud cover, precipitation, soil moisture, and atmospheric circulation 
may possibly have an impact on the temperature variation  between the years 1901 and 2015 
at different geographical locations (Diai, et al., 2001; Przybylak, 2000; Braganza et al., 2004, 
Santos et al., 2010). It is likely that alterations in the observational network may possibly 
control the outcome, conversely, to validate this suggestion it would be required to 
investigate comprehensive dataset from meteorological locations for a long time. 
 
Statistical measures of skewness, kurtosis and coefficient of changeability were used for 
discerning the samples and distribution of the climatic elements measured in the 
investigation. 
Figure 2 corresponds to Table 2, which depicts the descriptive statistics of temperature, 
which are used to illustrate the distribution of the histogram. The histogram is an effective 
graphical technique for showing both the skewness and kurtosis of the dataset. . It was 
observed that SEN has the highest temperature from the selected stations in West Africa. 
The recorded maximum annual temperature is 29.2035 oC, with a corresponding higher 
mean value of 28.0073 oC were noticed. The annual temperature correlated with a standard 
deviation with the values of 0.49565. The distribution of SEN denotes positive skewness, 
when mode < median < mean.  The data were skewed right, meaning the temperature 
distribution is flat. From Table 2 CMR has the lowest temperature with maximum and mean 
annual temperature of 25.4508 oC and 24.6963 oC respectively, with positive skewness 
observed. The lowest value of standard deviation is recorded at CMR which correlated with 
the annual surface temperature. In addition, CIV shows negative skewness, indicating that 
the temperature distribution is stretching toward the left of the mean value. The temperature 
varies at different stations depending on the regional geographical conditions. From Table 2, 
all the histogram distributions obtained from the data sets are found to be platykurtic with 
kurtosis < 3. 

https://www.itl.nist.gov/div898/handbook/eda/section3/histogra.htm
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Figure 3 (a-g) shows the monthly spatial and temporal changes in temperature over West 
Africa during the period 1901 to 2015. Despite annual and decadal variability, across all 
months and locations, temperatures have increased over this period. The distribution of 
monthly temperature over West Africa in Figure 3 (a-g) specifies higher temperature in the 
months of February-April (TGO, SEN, GHA, CIV, NGA and CMR), while maximum 
temperature is noticed between March and August at NGR. The monthly variations of 
rainfall and solar radiation and percentage of cloud cover determined the temperature 
variation in West Africa. The least temperature occurs between the months of July and 
September (TGO, SEN, GHA, CIV, NGA and CMR), this is the period of minimum 
temperature which corresponds to the period to receive more rainfall compared to periods 
of high temperature. This implies that a high proportion of cloudy days is relative to low 
solar energy with low temperature (see Figure 3 (a-g)). The spatial variability in the 
investigation locations illustrates that the lower latitudes have lower temperature variability 
than the upper latitudes. This variability is associated with the upward and downward 
movement of the ITCZ as controlled by air mass flow. The temperature patterns might also 
be influenced by the changes in cloudiness consequential from variations in atmospheric 
circulation, and variations in aerosol content in the atmosphere. When high temperature is 
observed, the monthly amount of low clouds is significant. The strength of the cloudiness is 
reduced in the months of solar brightening. The solar irradiation depends on the clearness of 
the cloudless atmosphere which have impact on temperature variability.  
 
CONCLUSION 
This investigation demonstrates how the surface temperature dataset in West Africa varies 
between 1901 and 2015. There is more power concentrated between the 1950–1970 year 
bands, which reveals that this time series has a strong annual signal for the selected stations 
in West Africa. The results showed that there is a significant increase in temperature with a 
confidence level of 95%.  The SEN has the highest temperature with the values of 29.2035 oC, 
with a corresponding higher mean value of 28.0073oC. While the lowest temperature and 
mean annual temperature of 25.4508 oC and 24.6963 oC is observed at CMR. The temperature 
varies at different stations depending on the regional geographical conditions.  Contour 
plots of Monthly temperature variation were used to examine the distribution of 
temperature over West Africa.  The high temperature was observed in the months of 
February-April (TGO, SEN, GHA, CIV and CMR). At NGR, the maximum temperature was 
noticed between March and August, while in NGA maximum temperature was intense 
between February and April. 
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