
ISSN (Print): 2476-8316  
ISSN (Online): 2635-3490  

Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol. 6 No. 1 March 2020 

 

*Author for Correspondence 

E. O. Falayi, A. T. Adewole, A. D. Adelaja,T. O. Roy-Layinde, DUJOPAS 6 (1): 47-59, 2020                               47 

 

Wavelet spectrum analysis of Air temperature  
and Relative humidity in some  

selected stations in Nigeria 
 

*E. O. Falayi1, A. T. Adewole3,  
A. D. Adelaja1 and T. O. Roy-Layinde2 

 
1Department of Physics,  

Tai Solarin University of Education,  
P.M.B. 2118, Ijebu Ode, Ogun State, Nigeria. 

 
2Department of Physics,  

Olabisi Onabanjo University,  
P.M.B. 2002, Ago-Iwoye, Ogun State. Nigeria. 

 
3Federal College of Forestry,  

P.M.B. 5087, Jericho, Ibadan.  
Oyo State. Nigeria. 

*Email: olukayodefalayi@gmail.com  
 

      

 

Abstract 
The variation of air temperature and relative humidity in eight meteorological stations across Nigeria 
were examined using wavelet power spectrum analysis. Five-minute meteorological parameters were 
obtained from TRODAN data, Centre for Atmospheric Research, National Space Research and 
Development Agency, Federal Ministry of Science and Technology, Anyigba, Nigeria. Wavelet power 
spectrum (WPS) technique approach was used to analyse air temperature and relative humidity in a 
time scale. The WPS is prevailing at the scales band about 128-256 months with strong intensity. The 
global wave spectrum (GWS) was employed to investigate the prevailing periods of both air 
temperature and relative humidity data for the different stations during the year. From the result, the 
wavelet transforms reveal that the relative humidity increases while the air temperature is reduced as 
a result of moist air. This depicts that rainfall determines relative humidity, but independent of 
maximum temperature. 
 
 
Keywords: Wavelet power spectrum, global wavelet spectrum, scaled average, air 
temperature and relative humidity. 
 
 
INTRODUCTION 
The atmospheric transmittance coefficient can be predicted using meteorological variables. 
Meteorological variables are temperature, cloud cover, relative humidity, sunshine-duration 
and precipitation data used in estimating the irradiative energy budget of the Earth and 
energy transfer around the Earth and the atmosphere. Temperature is among the major 
parameters of meteorological variables and used in the calculation of evapotranspiration, 
solar irradiation and soil temperature at various magnitudes. In agriculture, air temperature 
determines the product of the crops and livestock (Fuwape et al., 2016). Relative humidity is 
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the quantity of water vapour available in the air and can have influence on weather and 
climate as well as global climate change.  The relative humidity and temperature are the 
causes of changes in aerosol coefficient and decrease in atmospheric visibility.  
 
Meteorological variables have been used to evaluate and estimate solar radiation.  
Reasonable outcomes were produced using the atmospheric transmittance model, others in 

literatures employed diffuse fraction or clearness index. Some research was used to measure 
precipitation and temperature based on hourly solar radiation estimation and the techniques  
perform effectively (Sen, 2007; Bocco et al., 2010; Khatib, et al., 2011; Ibrahim, et al., 2012;  
Will et al., 2013; Dong et al., 2013). Different mathematical models have been used to 
evaluate solar radiation; they are statistical approaches, linear regression, nonlinear, artificial 
intelligence techniques and Fuzzy Logic (Bocco et al., 2006; Cao and Lin, 2008; Mohandes, 
2012; Yadav and Chandel, 2014).  
 
WPS is a mathematical techniques, useful for analysing time series with different scales 
(Torrence and Compo, 1998; Zossi, 2008; Percival and Walden, 2000; Liu and Babanin, 2004). 
It is a very useful device in time series analysis of meteorological signals, creating an 
encouraging new horizon to the research activities in determining the climate trend (Lone et 
al., 2014). It is practicable to obtain information on the peak of the periodic signals within 
the time series, and how the peaks varies with time (Santos and Freire, 2012; Falayi et al., 
2017a). The application of these mathematical devises does not exclude meteorology and 
climatology for investigating the related parameters. WPS regarded as a day to day tool for 
exploring the power variation within the time series. Each scale of the wavelet transform is 
linked to a frequency band, the wavelet transform break-down the frequencies identified in 
the atmospheric transmittance. Meteorological variable time series are non-stationary and it 
is important to apply transformation to break down series into the time and frequency 
domain.  In recent times, wavelet transformation appears to be appropriate techniques for 
such analyses.  
 
Due to the important role played by temperature and relative humidity in our daily 
weather, it becomes a necessity to study their variability using wavelet spectrum analysis so 
as to be useful in predictability. This research paper examines the variation of 
meteorological parameters, air temperature and relative humidity in selected eight stations 
in Nigeria, using wavelet power spectrum analysis. 
 
 
DATA AND METHOD OF ANALYSIS 
The 5 min interval data of air temperature and relative humidity were obtained from the 
Centre for Atmospheric Research, National Space Research and Development Agency, 
Federal Ministry of Science and Technology, Anyigba, Nigeria (www.carnasrda.com). Eight 
Nigerian meteorological stations (Abuja, Anyigba, Bauchi, Eburumili Agu Eba, Jos, Nsukka, 
Yola and Makurdi) are considered for this research. The geographical stations with their 
altitudes and data range of studied stations are enumerated in Table 1 
 
 
 
 
 
 
 
 

http://www.carnasrda.com/
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Table .1: Geographical coordinate’s altitudes and data range of studied stations 
 

S/No Stations Latitude Longitude Altitude 
(m) 

Data Range  

1. Bauchi 10° 18' 37N 9° 50' 38E 621 2013 - 2017  

2. Eburumili 
Agu Eba 

6°51'28.14"N 7°24'28.15"E 359 2008 - 2013  

3. Jos 9°17'33.58"N 12°23'26.69"E 260 2008 - 2017  

4. Makurdi 7°22'24.79"N 8°48'42.77"E 140 2008 - 2017  

5. Abuja 9.0667° N 7.4833° E 536 2007 - 2012  

6. Anyigba 7° 15ˈN 7° 11ˈE 420 2011 - 2017  

7. Nsukka 6°51'28.14"N 7°24'28.15"E 359 2007 - 2013  

8. Yola 9°17'33.58"N 12°23'26.69"E 260 2009 - 2016  

 
 
Wavelet Power Spectrum (WPS) 
The WPS technique was used to analyse the air temperature and relative humidity. The 

mother wavelet  developed the wavelet transform of a function  using both 

dilation and translation as given in equation (1) (Torrence and Compo, 1998). 

      (1) 

 The translation or position stands for b and the scale or dilation of the wavelet stand for 

 (Lau and Weng 1995). The convolution integral is the wavelet transform of the 

signal  and the mother wavelet  as stated in equation (2)  (Trauth, 2015). 

    (2) 

The conjugate of  is defined as . The mother wavelets used is defined in equation (3)  

   (3)  

where  represent time, while wave number is  (Torrence and Compo, 1998; Trauth, 

2015). 
 
Global Wavelet Spectrum (GWS) 
The average power with time and the level of confidence produce GWS. The time series of 
the WPS is provided by the consistent evaluation of the GWS. GWS configuration is mostly 
determined by the distribution of feature magnitudes. Equation (4) is used to examine the 
mean variation of the entire time series on each scale, defined as the GWS as suggested by 
Torrence and Compo, (1998) 
 

     (4) 

where  is the length of the series .  is the referred to as wavelet power spectrum 

(Lafrenière and Sharp, 2003). 
. 
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Scale-average time series 
The mean variance in a particular band is called scale-average time series. Scale-average 

time series investigate the modulation of time and frequency within the identical time series 
(Santos and Ideião, 2005). The scale-average time series can be obtained from Equation (5).  

     (5) 

  

The lowest resolvable range is ,  is the factor for scale averaging and  controls the huge 

scale. WPS depicts time and frequency characteristics of relative humidity variation (see 
Figs. 1 (a–c) -8 (a–c)). WPS of the large energy distributions of the relative humidity were 
observed. It is a better technique to examine the inconsistency of the mode that dominate 
with time-frequency during its variation. 
 

 
Figure 1 (a) showing relative humidity time series graph for Abuja between 2007– 2012. (b) Depicts the WPS for 
Abuja for relative humidity between 2007– 2012, with concentration of WPS between 128 - 256 months. (c) Shows 
the GWS, while the breaking lines symbolize significance level of 5% (d). The breaking lines in scale-average time 
series symbolize confidence level of 95% at Abuja. 
 

 
Fig. 2: The same as Fig. 1 but for Anyigba between 2011and 2017 
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Figure 3: The same as Fig. 1 but for Bauchi between 2013 and 2017. 

 
 

 
  
Figure 4: The same as Fig. 1 but for Eburumili between 2008 and 2013. 
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      Figure 5: The same as Fig. 1 but for Jos between 2008 and 2017. 

 

 
  Figure 6: The same as Fig. 1 but for Yola between 2009 and 2016. 

 

 
      Figure 7: The same as Fig. 1 but for Markurdi between 2008 and 2017. 
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  Figure 8: The same as Fig. 1 but for Nsukka between 2007 and 2013. 

 
We used wavelet approach to analyse the air temperature time series across the selected 
stations in Nigeria, noticed in a series of time scales of yearly variation, using the sampling 
intervals described in section two (see Figs. 9 (a-c) – 16 (a-c)). 
 

 
Figure 9 (a) showing air temperature time series graph for Abuja between 2007– 2012. (b) Depicts the  
WPS for Abuja for air temperature between 2007– 2012, with concentration of WPS between 128- 256  
months. (c) Shows the GWS, while the breaking lines symbolize significance level of 5% (d). The breaking  
lines in scale-average time series symbolize confidence level of 95% at Abuja. 
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  Figure 10: The same as Fig. 9 but for Anyigba between 2011 and 2012. 

 

 

  Figure 11: The same as Fig. 9 but for Bauchi between 2013 and 2017. 
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  Figure 12: The same as Fig. 9 but for Eburumili between 2008 and 2013. 

 
 
 
 

 
 
  Figure 13: The same as Fig. 9 but for Jos between 2008 and 2017. 
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Figure 14: The same as Fig. 9 but for Yola between 2009 and 2016 
 

 
 
Figure 15: The same as Fig. 9 but for Markurdi between 2008 and 2017 
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     Figure 16: The same as Fig. 9 but for Nsukka between 2007 and 2013 

 
 
DISCUSSION OF THE RESULT 
WPS produce impartial and stable evaluation of the accurate time series; it is a 
straightforward and strong technique to specify the variability of the time series. GWS 
formation is basically powered by the distribution of characteristic scales. The large empty 
space represents the missing gap in the data. Figs. 1 (a-c) -8 (a-c) shows a different pattern of 
relative humidity across the stations using wavelet analysis approach. This relative 
humidity depicts the real oscillations of the individual wavelets, instead of their magnitude 
(see Figs. 1 (a-c) -8 (a-c)). The power concentration can simply be noticed either in frequency 
or time area. Figure 1(a) -8(a) shows the data of the annual relative humidity.  The WPS 
colours stand for energy strength, which determine the level of power concentration. The 
high energy of the frequency signal over the phase is signifying with yellow colour (see 
Figure 1 (b) -8 (b)).  Figs. 1b-8b depicts more power concentrated between the 128–256-
months with strong intensity. Figs 1c-8c displays 95% level of confidence of the significant 
peaks for the GWS. It is proportional to the concentration of power within the crosshatched 
area, the variance is minimised with zero padding as a result of time series. Figs. 1d-8d 
illustrates scale-average wavelet power refers to as the time series of the mean variance in a 
particular month. The 128–256 months engaged to investigate the modulation of a time 
series or frequency modulation by another within the same time series.  
 
To demonstrate temporal variability of air temperature using wavelet spectrum analyses, 
the signals of air temperature data is presented (see Figs 9 (a-c) -16 (a-c)).  The WPS produce 
facts on the power at a certain range and time. We used the GWS to examine the prevailing 
phase of air temperature data for the different stations during the year. Figs. 9b-16b 
illustrates that the periodic fluctuation was prevailing at the time series of 128-256 months. 
The strongest intensity is clearly shown in GWS (Figs. 9c-16c) where there is a huge power 
concentration in the same band. Figs 9d-16d exhibit that the air temperature of the scale-
average wavelet power variance of 128–256-month band across the stations. Figs 9d-16d are 
modeled by the average of Figs. 9c-16c across the range between 128 and 256 months. These 
produce average yearly variance against time.  
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Figure 1-8 display the maximum air temperature with peaks around Yola, Bauchi, Abuja 
and Markudi, Jos while reduction air temperatures are noticed Nsukka, Anyigba and 
Eburumili. Also, maximum relative humidity noticed at Nsukka, Anyigba and Eburumili 
(see Figure 9-16). The increased relative humidity occurs more in the coastal region or lower 
region where the low air temperature is observed. The years of high relative humidity agree 
with warm atmospheric situation could result in heat stress in the coastal area where relative 
humidity is usually high throughout the year. Low wavelet coefficients of relative humidity 
were noticed during the selected years might emerge from the increase in turbidity and 
cloudiness, indicating that cloudiness has the greatest impact on air temperture resulting in 
weak sky condition. From the result, the wavelet transforms reveal that the relative 
humidity amplifies while the air temperature is reduced as a result of moist air. This depicts 
that rainfall determines relative humidity, but maximum temperature is independent (Falayi 
et al., 2017b).  

 
 
CONCLUSION 
In summary, this research work examines the variation of meteorological parameters - air 
temperature and relative humidity in some selected stations in the Nigeria, using WPS 
analysis. The wavelet analysis helps to recognize large frequency within the sequence, 
which can determine the variability area in the eight regions. The periodic oscillation of the 
WPS is prevailing at the huge time scales of 128-256 months band have the strongest 
intensity. The wavelet transforms reveal that the relative humidity increases while the air 
temperature is reduced as a result of moist air. This depicts that rainfall determines relative 
humidity, but maximum temperature is independent. 
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