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Abstract: In this paper, the results of correlations between air temperature and electricity 
demand by linear regression and Wavelet Coherence (WTC) approach for three different 
European countries are presented. The results show a very close relationship between air 
temperature and electricity demand for the selected power systems, however, the WTC 
approach presents interesting dynamics of correlations between air temperature and 
electricity demand at different time-frequency space and provide useful information for 
a more complete understanding of the related consumption. 
Key words: power system, electricity demand, air temperature, linear regression, wave-
let coherence 

  
 
 

1. Introduction 
 
 The electric power system is a very complex system. It is composed of a large number of 
different elements such as generators, lines, transformers, etc., but it also has a lot of different 
consumption categories such as household, industrial, transportation, and others. Short, me-
dium or long-term planning requires thorough understanding of consumption characteristics 
which are defined by their load curves. The load curves represent characteristics of the power 
system’s load variability as a function of time, and their analysis can be performed for some 
customer groups, some geographic areas or the power system as a whole, where it is very 
important to identify the main factors affecting the consumption of electricity, such as growth 
and structure of Gross Domestic Product (GDP), demographic change, housing standard, the 
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mobility of the population, climate change, change in energy efficiency, habits and customs, 
etc. Air temperature is one of the factors that could significantly affect the consumption of 
electricity, which is evident in its seasonal variations. Several different approaches to deter-
mining the influence of air temperature on the electricity consumption are presented in Refs. 
[1-7]. Also, variations of air temperature are an important factor in the forecast of electricity 
consumption, especially the short-term and mid-term, as reported by References [8-10]. On 
the other hand, in the past few years, Wavelet Transform (WT) has found its application in 
almost all fields of science. A wavelet n (t) is a small wave with a finite duration (compact 
support) or finite energy. It is called a wave because of its oscillatory nature, and it is small 
because of the final domain in which it is different from zero (compact support) [11]. Due to 
the time-frequency property, the WT has the advantage over other techniques for signal 
processing and analysis. Also, the WT has found application in the analysis of load curves or 
analysis of electricity demand with a focus on load forecasting [12-14], clustering data [15] or 
power balancing [16].  
 In this paper, a linear regression and Wavelet Coherence (WTC) approach have been 
conducted to explore and illustrate the impact of air temperature on electricity demand for 
three different European countries (United Kingdom (UK), Slovakia (SK) and Bosnia and 
Herzegovina (B&H)). A linear regression is a commonly used mathematical method in dif-
ferent scientific areas. A detailed mathematical elaboration can be found in many books and 
papers, while its practical application in the field treated by this paper can be found in [1, 4, 
17-18]. A linear regression is used in this study to analyse temperature sensitivities of selected 
power systems electricity demand, while WTC is used to analyse/explore co-movement be-
tween time series of air temperature and electricity demand at different time-frequency space. 
This paper is a continuation to our research presented in [19-20], where the Morlet wavelet 
function is used to perform time-frequency analysis of a power system’s load variance [19], 
which allows the identification of characteristic periods of electricity consumption over time 
and a better understanding of the dynamic behaviour of the related consumption [19]. The 
study presented in [20] also used a linear regression and WTC approach to explore inter-
relationship between GDP, seasonal air temperature variations and quarterly electricity 
demand on a 1971-2011 time series for the UK. The results of the wavelet correlation at 
different time-scale space for the UK indicate that significant correlation is to be found on 
a long-term basis for GDP (8 years) and at an annual basis for seasonal air temperature 
changes [20].  
 The methodology (WTC) used in this paper has been proposed in [21-22], where the 
Morlet WT analysis has been applied to estimate the spectral characteristics of a data time 
series, showing the fluctuations of the periodic components as a function of time and allows to 
explore the relationships between two time series. This methodology has been used in many 
areas of science [23-29] and the software tools used in this paper are available in [30] pro-
vided by authors of [22]. 
 This paper is organized as follows: methodology and data used in this paper are presented 
in Section 2. Data analysis, results and discussions are presented in Section 3, while Section 4 
provides conclusions.   
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2. Data and applied methodological approach 
 
 The word 'regression' in mathematical terms was coined in 1855, and it is a research results 
of the English scientist Francis Galton. Regression analysis evaluates potential relationship 
between two variables by means of a regression line, and a detailed mathematical description 
of this approach is available in a number of books and papers. For basic analyisis and relative 
comparisson it has been considered a relevant tool in this work as well.  
 The second methodological approach, proposed in [21-22] and used in this paper as well, 
originates from a relatively young mathematical discipline, applied in different scientific 
areas. Continuous WT (CWT) of a time series xn, (n = 1, 2, 3, ..., N)  with a wavelet function  
n(t) and equal time intervals *t is defined as [28]: 
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where: * – denotes the conjugate complex value, N – are the the number of points in the eva-
luated time series and n (t) – is the wavelet function at scale s, translated in time by m.  
 Equation (1) describes the convolution of the time series with a scaled and translated 
version of the wavelet function. The local wavelet power spectrum ( ) 2sWn  is obtained as the 
squared absolute value of the wavelet coefficients (or squared amplitude), while the Cross-WT 
(XWT) of two time series, xn and yn, is defined as ∗= y
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nW * represents thereby the cross-
wavelet power. At each defined scale, the cross-wavelet power of two time series suggests the 
local covariance between the analysed data sets and provides an insight into their power 
similarity. This ability provides excellent features to determine the relationship between the 
two time series and their common power in the time-frequency domain [22-28].  
 The WTC can be explained as a measure of the intensity of the covariance of the two time 
series in the time-frequency space or the local correlation between the time series in the time-
frequency space. The WTC is defined as the squared absolute value of the smoothed cross 
wavelet spectra normalized by the product of the smoothed individual wavelet power spectra 
of each series [21-29]: 
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where S is a smoothing operator. The squared wavelet coherence coefficient is in the range  

( ) 10 2 ≤≤ sRn  and values close to zero indicate weak correlation, while values close to one 
provide evidence of strong correlation [21-29].  
 The phase-difference between the two time series is defined as an argument of the smo-
othed real and imaginary fragments of the cross-spectrum [29] and it provides information on 
the delays of the oscillations between the two time series. 
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 To illustrate the impact of air temperature on electricity demand, we have selected three 
different European countries – UK, Slovakia and B&H, for further analysis. The data on daily 
electricity consumption and daily average temperatures in the UK for the period 2005-2011 
are presented in Figure 1 and have been taken over from [31-32], respectively. In general, the 
UK represents one of the economically most developed countries of the world. However, in 
the last few years a reduction in electricity consumption has been identified (Tab. 1). For the 
period 2005-2011, average daily temperatures in this region were found to be ranging from –
7.0 °C up to 24.5 °C (Tab. 1). Time series in Figure 1 are represented by 2.556 sample points. 
 

 

Fig. 1. UK – daily values of electricity demand and 
mean air temperature for 2005-2011 

 
 
 Daily electricity consumption and daily average air temperature for Slovakia for the period 
1997-1998 are presented in Figure 2 and have been taken over from [33]. Slovakia is a central 
European country with a stable economy and in the period from 1997-1998 it has experienced 
an increase in electricity consumption. Average daily temperatures were found to be ranging 
from –14.2° C up to 26.5° C (Tab. 1). Time series in Figure 2 are represented by 730 sample 
points. 
 

 

Fig. 2. Slovakia – daily values of electricity 
demand and mean air temperature for 1997-1998 

 
 B&H hourly values of air temperature and electricity demand for 2008-2010 are presented 
in Figure 3. The data on electricity demand (power system loads) have been provided by EPC 
Elektroprivreda B&H-Sarajevo and represent a consumption of about 700.000 costumers. 
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Hourly air temperature oscillations presented in Figure 3b have been taken over from the 
Federal Hydrometeorological Institute of B&H, where measurements are given for the area of 
the city of Sarajevo only. It can be observed that, compared to the other two countries, the 
temperature here oscillates in quite a vast range from !15.6 °C up to 36.7 °C (Tab. 1). Time 
series in Figure 3b are represented by 26280 sample points. Daily electricity consumption and 
average daily temperatures presented in Figure 3a are calculated from the data in Figure 3b. 
 For the three selected power systems, from a first look an obvious relationship between air 
temperature and power system electricity consumption can be observed. Rise of temperature 
in the summer months significantly reduces electricity consumption, while on the other hand, 
temperature fall in winter causes the opposite (Figs. 1-3). Basic information on yearly elec-
tricity demand and air temperature depicted in Figures 1-3 are presented in Table 1. 
 
 

3. Results and discussions 
 
 This section contains the main results and findings of the analyses performed for the 
selected data sets, using the previously described two methodological approaches for time 
series comparison. In the first part a temperature sensitivity analysis using a linear regression 
approach is presented, whereas in the second part a time frequency analysis using WTC is 
depicted and explained. Discussion is given along the relevant paragraphs.  

 

 
 

Fig. 3. B&H – a) daily values of electricity demand and air temperature for 2008-2010, 
b) hourly values of electricity demand and air temperature for 2008-2010 

 
3.1. Temperature sensitivity analysis using linear regression  
 Mathematically, the interdependence between air temperature and electricity demand using 
linear regression is given as: y = ax + b, where: y represents electricity demand, x denotes air 
temperature and a and b are the respective regression coefficients. The Pearson correlation 
coefficient is defined as yxxyr σσσ /2= , where 2

xyσ  represents the covariance of the x and y 
time series, while xσ  and yσ  are the standard deviations of x and y, respectively. r-square 
(r2)  is a coefficient used for evaluation of the representativeness of the regression model, 
which is based on analysis of the respective variance. It is defined as the ratio of the sum of 
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squared deviations interpreted by regression and the total sum of squares of deviations. The 
coefficient ranges from 0 to 1 and the regression model is more representative if the indicator 
is closer to the upper value.  
 

Table 1. Basic information of yearly electricity demand and air temperature from Figures 1-3 

UK Slovakia B&H 
 

 avg. daily EC  avg. daily EC  avg. daily/hourly EC 
Year GWh min max GWh min max GWh min max 
1997 – – – 5 198 !10.0 25.3 – – – 
1998 – – – 5 250 !14.2 26.5 – – – 

– – – – – – – – – – 
2005 332 974.2 !1.0 22.1 – – – – – – 
2006 340 721.8 !1.4 24.5 – – – – – – 
2007 333 411.5 !1.5 19.7 – – – – – – 
2008 331 599.2 !0.3 21.1 – – – 4 797.5 !10.47/!12.8 27.11/36.3 
2009 314 271.2 !3.0 22.5 – – – 4 499.3 !11.05/!15.6 26.24/35.8 
2010 319 700.5 !7.0 19.9 – – – 4 583.6 !8.43/!12.8 26.30/36.7 
2011 307 033.7 !1.4 22.0 – – – – – – 

 
 Correlations between electricity demand and air temperature for the time series in Figures 
1-3a, applying the linear regression approach, are presented in Figure 4, where for relative 
comparison of the electricity demand, UK data are presented in 100 [MWh] units. The va-
riables of air temperature and electricity demand in all three cases are normally distributed, 
and the values of calculated coefficients (r and r2) are: UK: r = !0.7084 and r2 = 0.502; 
Slovakia: r = !0.8833 and r2 = 0.780; B&H: r = !0.6438 and r2 = 0.414. 
 It can be observed that electricity consumption in Slovakia has the lowest dispersion, 
hence the correlation coefficient for Slovakia is the highest. Due to the volume of data, all cor-
relations are significant to a very high degree. The reason for the relatively lower correlation 
for B&H is the fact that the electricity consumption begins to grow when average daily 
temperatures exceed 20EC (Fig. 4). Also, results presented in Figure 4 which relate to the 
daily consumption and air temperature changes for UK, Slovakia and B&H, indicate that for 
these systems there is a relatively strong linear dependency between air temperature and 
electricity demand. 
 The results of the regression analysis show that all regressions and coefficients are signi-
ficant, while the coefficient of determination is the highest for the model of Slovakia. This 
means that 78% of the variability of electricity consumption in Slovakia can be explained by 
the average daily air temperature variation. For the UK model this value goes down to 50%, 
while for B&H it accounts only for 41% of the time series. In other words, for the UK time 
series plotted in Figure 4 as the daily electricity demand against daily mean air temperature, 
the fitted curve shows temperature sensitivity of the electricity demand of about 
15.500 GWh/EC (Tab. 3), with a relatively high coefficient of determination approximately 
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50%. Also, a strong linear dependency of air temperature and electricity demand is observed 
for Slovakia and B&H, where air temperature sensitivity of electricity demand for Slovakia is 
at about 226 MWh/EC, whereas for the B&H system it is at about 78 MWh/EC. 
 

Fig. 4. Correlations between electricity demand 
and air temperature for selected power systems 

 
 
 However, regression statistics for hourly B&H electricity demand have a very low coef-
ficient of determination, indicating that the linear regression approach is not suitable for 
analyses of the hourly time series from Figure 3b. Also, it is expected that the electricity 
demand depending on air temperature is not the same for all months or all seasons of the year. 
A detailed regression analysis on the monthly scale of a daily consumption and air tempe-
rature changes is also accompanied by very low values of coefficient of determination (r2), 
which indicates the need for other approaches.  

3.2. Wavelet coherence between air temperature and electricity demand   
 To explore and illustrate the co-movement between air temperature and electricity demand 
at different time-frequency (period) space, in this section the WTC approach is applied. The 
WTC indicates to the regions in time-frequency space where the two time series co-vary and 
the colour code in Figures 5-7 indicates different WTC ranges, ranging from blue (low power) 
to red (high power), adding to the significance of the regions [19, 25]. The phase difference 
between the two time series is defined by arrows [21]. The orientation of the arrows indicates 
the level and type of correlation, as well as the relative bond between the studied phenomena, 
in terms of their time shift [27]. The WTC of UK air temperature and electricity demand for 
the period 2005-2011, is presented in Figure 5. Evidently, this approach provides some 
important information about the dynamic behaviour of the time series under study and the 
WTC graph reveals the co-movement of the two time series, offering an interesting insight 
into the studied phenomenon. The first characteristic period can be identified in the period 
between 16 and 32 days and several intervals during the observed time horizon. Also, air tem-
perature and electricity demand in the UK in this period and identified intervals are out of 
phase. This is especially evident in the days around New Years 2007-2008, 2008-2009,  
2009-2010 and 2010-2011. 
 In the period between 64 and 128 days, significant correlations between time series are 
identified for the interval 2007 and at the end of 2009 and early 2010, also with out of phase, 
while for the period about 256 days, air temperature and electricity demand co-move out of 
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phase during all observed time interval. This indicates the high seasonal dependence between 
UK electricity demand and air temperature variations.   
 

 

Fig. 5. WTC of daily values of air temperature and electricity demand for UK in the period of 2005-2011 
 

 Using the same approach, the WTC of air temperature and electricity demand time series 
for Slovakia is obtained, for the period of 1997-1998, as presented in Figure 6. In the 16-64 
day bands and the first half of 1997 an interesting area is identified, where the time series are 
completely out of phase. Also, significant correlation between electricity consumption and air 
temperature in this power system is evident during the last months of 1997 and 8-32 day 
bands. Out of phase co-movement are identified in the first half of 1998 and 16-32 day bands, 
while for the second half of 1998 no conclusion could be drawn. 
 

 

Fig. 6. WTC of air temperature and electricity demand for Slovakia in the period of 1997-1998 
 

 A more detailed analysis can be performed with hourly values of electricity consumption 
and air temperature, as it is the case with the time series in Figure 3b. The WTC of the hourly 
air temperature and electricity demand values of B&H for the period of 2008-2010 is pre-
sented in Figure 7. In the 24 hour bands (one day) and all observed time horizon, strong 
interdependence and co-movement between air temperature and electricity demand is evident, 
with a strong phase relationship. This is very interesting as it indicates positive trends in 
electricity consumption with increase of air temperature in the 24 hour bands. 
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Fig. 7. WTC of the hourly values of air temperature and electricity demand for B&H in the period  

of 2008-2010 
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 For all three years, strong interdependence between air temperature and electricity demand 
with an anti-phase relationship is identified in the period of 512-1024 hour bands and seasons 
of autumn and winter. This is especially pronounced in the winter season, which can be 
explained by the tendency of electricity demand to increase as a result of temperature fall on 
a seasonal basis.  
 However, during the period of 128-512 hour bands, part of spring and summer are marked 
by arrows to the right, which points to a strong seasonal interdependence of the two time 
series. In other words, for the B&H power system and in the certain days of spring and 
summer, the temperature rise will cause an increase in electricity consumption. Such findings 
are not very likely to be drawn from simple plots as in Figure 3, which shows that this ap-
proach is quite effective for obtaining very important information that may contribute to a bet-
ter understanding of own electricity consumption and better power system planning. 
 

 
4. Conclusions 

 
 In this paper, a linear regression and WTC approach is used to explore and illustrate the 
interdependence of two time series – air temperature and electricity demand, using data of 
three different European countries. For all of the selected data sets used in this study, a close 
correlation between air temperature and electricity consumption is identified, with particular 
emphasis on the seasonal temperature variations which have a significant impact on electricity 
consumption. Results of the regression analysis for all of the three analysed power systems 
show a relatively strong linear dependency between air temperature and electricity demand. 
It is shown that for the power system of Slovakia, the coefficient of determination is the 
highest, where 78% of the variability of electricity consumption can be explained by the 
average daily air temperature variations, while this number for the UK and B&H goes down to 
50% and 41%, respectively. The fitted lines of daily electricity demand against daily mean air 
temperature, show temperature sensitivity of the electricity demand. For the UK these values 
are at about 15.500 GWh/EC, for Slovakia at 226 MWh/EC, whereas for the B&H power sy-
stem the values are at some 78 MWh/EC. However, regression statistics for hourly B&H time 
series and daily time series on the monthly time scale have been characterised by a very low 
coefficient of determination, which suggests potential need to explore other alternative ap-
proaches.  
 The WTC approach used in this paper enables a time-frequency analysis of the time series, 
helping identify time frames in which significant correlation between air temperature and 
electricity demand can be expected, which has been presented in the three selected test sy-
stems. Also, the analyses show that a larger number of samples (or higher sampling rate) pro-
vides a better and more detailed analysis of the studied phenomenon, offering more infor-
mation about the dynamic behaviour of the time series, and their interdependence. Using the 
B&H hourly time series, specific diurnal, monthly and seasonal characteristics have been 
identified, such as the varying seasonal correlation of temperature and electricity consumption, 
which is very useful information for power system planners and operators. This feature can be 
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observed with the linear regression approach as well, but without information on the time 
during the year in which this phenomenon occurs. It will be very interesting to use this 
approach for small consumer areas, which may gain further information about the behaviour 
of specific consumer groups. Today's technological advances in measuring and Automatic 
Measurement Reading (AMR) provide 15-minute information on consumption, and allow 
customer grouping in different categories. Analysis of small power system distribution areas 
and certain groups of consumers such as households, industry, etc., and the effect of air tem-
perature variation on the consumption of these groups will be the subject of future research. 
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