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REGRESSION ANALYSIS OF 

HOUSEHOLDS’ ELECTRICITY 

CONSUMPTION BASED ON AIR 

POLLUTION AND METEOROLOGICAL 

PARAMETERS  

 
Abstract: This research investigates the complex relationship 

between households' electricity consumption and a range of 

environmental factors, such as air pollution and 

meteorological parameters. Data regarding air pollutants  

     [    
 ]  and     [    

 ], as well as meteorological 

parameters temperature [°C], relative humidity [ ], and 

atmospheric pressure [   ] were collected from the Federal 

Hydrometeorological Institute of Bosnia and Herzegovina, 

while data related to electricity consumption were obtained 

from the Public Enterprise Elektroprivreda BiH d.d. – 

Sarajevo. Measurements and data collection were done for a 

period of time from January 2020 until March 2022 allowing 

for seasonal variations to be taken into account. The research 

findings reveal strong negative correlation of households' 

electricity consumption with temperature, moderate positive 

correlation with     , and    , as well as weak positive 

correlation with relative humidity and very weak positive 

correlation with pressure. Linear regression model developed 

in this research showed that temperature, humidity and 

concentration of air pollutant      were significant 

variables and had impact on households' electricity 

consumption. The results of this research provide valuable 

insights into the complex dynamics between households’ 

electricity consumption and environmental factors, and can 

help policymakers, electricity providers as well as households 

to develop better ways to save energy and develop better 

electricity consumption strategies.  

Keywords: electricity consumption, households, air 

pollution,  meteorological parameters, regression 

 

 

1. Introduction  
 

Households’ electricity consumption affects 

various aspects of the society such as 

economic, environmental, health, and policy 

making and is fundamental element of 

sustainable living, economic stability, 

environmental preservation, and global 

energy security. Climate change is expected 

to impact electricity markets through both 

demand and supply. Higher temperatures 

will increase cooling demand, decrease 

heating demand, and reduce thermal power 

plant production. Also, geographical 
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variability in non-thermal electricity supply 

is evident (Mideksa & Kallbekken, 2010). 

As stated by Mideksa & Kallbekken (2010), 

more research is needed to understand the 

effects of climate change on the electricity 

market, including regional studies, extreme 

weather events, air conditioning adoption 

rates, and thermal power supply sensitivity. 

Weather's impact on residential electricity 

consumption is a topic with limited scholarly 

attention. Research often examines the 

relationship between energy consumption 

and weather variables like temperature, 

precipitation, humidity, wind speed, cloud 

cover, and sun duration (Kang & Reiner, 

2022). The study by Bessec and Fouquau 

(2008) explores the relationship between 

electricity demand and temperature in 15 

European countries over two decades. 

Findings show a non-linear relationship, 

more prominent in warmer climates. The 

study also reveals a notable increase in 

energy demand responsiveness to 

temperature during the summer. 

The study by Ralston Fonseca et al. (2019) 

looked into the effects of climate change on 

electricity demand and power plant dispatch 

(using the Tennessee Valley Authority as a 

case study in the United States). It uses a 

linear regression model to analyse the non-

linear relationship between electricity 

demand and air temperature. Moreover, 

Ralston Fonseca et al. (2019) highlight the 

U-shape of that relationship because of the 

use of electricity for heating in the winter 

and cooling in the summer. The results 

suggest that climate change could 

significantly affect the hourly load curve's 

structure and seasonal variations, potentially 

influencing power supply costs (Ralston 

Fonseca et al., 2019). The work conducted 

by Silva, Soares, and Pinho (2020) examined 

the relationship between average 

temperatures and electricity consumption in 

Portugal, and the results also showed a U-

shaped relationship. The study by 

Auffhammer & Aroonruengsawat (2011) 

examined the impact of human-caused 

climate change on California's residential 

electricity consumption. It used a dataset of 

electricity invoices from three investor-

owned utilities. Results showed a significant 

temperature response across climate zones, 

suggesting a potential 55% increase in 

consumption by the end of the century. The 

study also considered higher electricity 

prices and population growth scenarios. 

The assessment of the influence of climate 

change on global energy consumption is 

crucial for the investigation of both 

mitigation and adaptation strategies. 

However, the present empirical estimates 

primarily focus on Western countries, 

particularly the United States (Li et al., 

2019). In this study, the authors utilised daily 

household energy consumption data to 

investigate the potential alterations in 

electricity consumption within the Shanghai 

region, specifically concerning climate 

change. In cases where the temperature falls 

below 7 °C, it has been observed that a rise 

in daily temperature of 1 °C leads to a 

decrease in electricity use of approximately 

2.8%. During days with temperatures 

exceeding 25 °C, it has been observed that a 

mere 1 °C rise in daily temperatures results 

in a substantial 14.5% escalation in 

electricity use. As household income rises, 

the sensitivity to weather conditions remains 

consistent for hotter days in the summer 

while it intensifies throughout the winter. 

The estimated behaviour is used with a set of 

downscaled global climate models (GCMs) 

to establish a correlation between future 

annual variations in global mean surface 

temperature (GMST) and annual residential 

electricity consumption. It has been observed 

that there is a positive correlation between 

annual electricity consumption and annual 

Global Mean Surface Temperature (GMST), 

with a 9.2% increase in electricity 

consumption for every one °C rise in GMST. 

When comparing the data, it is observed that 

there is a significant increase of up to 36.1% 

in annual peak electricity usage for every 

one °C rise in annual Global Mean Surface 

Temperature (GMST).  

 



International Journal for Quality Research, 18(3), 927–938, 2024, doi: 10.24874/IJQR18.03-20 

 

 

 

929 

In different climatic areas, households' 

electricity demand reacts to air temperature 

differently. A study by Salvo (2018) showed 

that in Singapore, with a tropical climate, 

with the increase in air temperature, the 

consumption of electricity increases, 

especially in households with a better 

socioeconomic status. In their research, 

Mashhoodi, Stead, and van Timmeren 

(2020) examined the household energy 

consumption determinants in the 

Netherlands at both local and national levels. 

The study's results indicate that national 

determinants include the number of frost 

days and wind speed. In contrast, local 

determinants encompass income, household 

size, building age, surface-to-volume ratio, 

population density, summer days, and land 

surface temperature. According to this study, 

local determinants are crucial and should be 

considered when creating policies related to 

household energy consumption. 

Humidity affects human discomfort and 

space cooling demands. As Earth's 

temperature rises, relative humidity is 

expected to decrease. However, the impact 

on electricity demand remains uncertain. 

Integrating humidity-based indicators into 

electricity consumption assessment is very 

important. Apparent temperature-based 

models show superior predictive capabilities, 

predicting greater demand across all regions 

in the southeastern United States (Rastogi et 

al., 2021). In the work by Beccali et al. 

(2008), an artificial neural network model 

was used to predict household electricity 

consumption in a region and evaluate the 

impact of air conditioning equipment on 

consumption, using data from Palermo, Italy, 

from June 2002 to September 2003. The 

dataset encompassed many variables, such as 

electric current intensity, temperature, 

relative humidity, global sun radiation, 

atmospheric pressure, and wind speed. 

The presence of air pollution has the 

potential to impact individuals' involvement 

in outdoor activities. Suboptimal air quality 

may discourage individuals from engaging in 

outdoor activities, resulting in a higher 

prevalence of indoor pursuits requiring 

electricity. The study (He et al., 2020) 

reveals that particulate air pollution increases 

electricity consumption in residential 

buildings and retail industries while reducing 

solar panel electricity generation. Lower-

income and minority ethnic groups are 

disproportionately affected, increasing 

electricity expenses. This highlights the need 

for environmental justice in energy 

policymaking and more comprehensive 

evaluations of environmental protection 

policies. The study by Salvo (2020) explores 

the impact of ambient particle pollution on 

residential energy consumption in Singapore. 

It reveals a positive correlation between 

increased       levels and residential 

electricity demand. The research compares 

this relationship to heat and electricity 

consumption, examining differences across 

socioeconomic groups. Implementing local 

pollution control measures can reduce 

household electricity demand and 

consequently electricity generation and 

carbon emissions. Research by Pasic et al. 

(2023) analysed      and meteorological 

parameters in Sarajevo with and without 

temperature inversion, and it was showen 

that in January, except at 13:00 hours, the 

values of      were significantly lower 

without temperature inversion. The study by 

Leffel et al. (2022) investigates the link 

between air pollution reduction and 

industrial growth in 96 major world 

metropolitan areas. It argues that economic 

growth initially increases pollution but 

decreases as the economy transitions from 

manufacturing to services. The research 

found that     ,      ,    , and     

reductions are associated with local growth 

in the public administration, environmental, 

and health services industries. 

In contrast, pollution increases are associated 

with growth in the manufacturing and 

mining industries. This study by Eom et al. 

(2020) uses real-time smart metre data to 

examine households' reactions to air 

pollution in South Korea. Results show that 

a rise in       concentration leads to an 
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11.2% increase in power consumption, 

similar to a 3.5°C increase in summer 

temperature. The extent of energy-intensive 

adaptation positively correlates with 

households' lifestyles, with higher levels 

observed during weekends and daytime 

hours. The study emphasises the need for 

policy formulation to balance mitigation and 

adaptation efforts. In their work, He et al. 

(2020) evaluate the environmental 

externalities of particle air pollution using 

customer-level electricity data from 

residential and commercial consumers in 

Arizona. The research uses an instrumental 

variable panel regression methodology to 

examine the relationship between particulate 

matter air pollution and electricity 

consumption in residential structures and the 

retail and leisure service industries. The 

findings show a positive association between 

air pollution and electricity consumption. 

Also, it has been found that air pollution 

harms the overall electricity output of 

distributed solar panels. 

As stated by Costa et al. (2014), the primary 

air pollutants in Europe are particulate 

matter (  ) and nitrogen dioxide (   ). 

The analysis (WHO Regional Office for 

Europe, 2011) used particulate matter 

(    ) data collected from 357 cities, 

comprising 33 countries, from 2004 to 2009. 

In 2009, the average levels of      

exposure exhibited a range of 10–14 μg/m3 

in countries such as Iceland, Estonia, 

Finland, and Ireland, whereas in Turkey and 

Bosnia and Herzegovina, the range was 

higher, precisely 58–61 μg/m3. In the 

context of Bosnia and Herzegovina, the data 

exclusively relates to only one city included 

in the analysis. European Environment 

Agency (EEA) obtained data on      levels 

for 2018. Moreover, 3,015 stations were 

analysed concerning the annual limit value. 

The stations were located in all 37 reporting 

countries in 2018. The annual mean value 

for     , as set by the World Health 

Organisation Air Quality Guidelines (AQG), 

was found to be surpassed in 53% (1,594) of 

the monitoring stations. This was observed 

in all reporting countries except Estonia, 

Iceland, and Ireland. Nitrogen dioxide 

concentrations exceeding the annual limit 

and corresponding World Health 

Organisation (AQG) values were observed in 

sixteen member states and three additional 

reporting countries. For Bosnia and 

Herzegovina, the     concentration was 

below both mentioned annual limit values 

(EEA, 2020). In 2021, there were recorded 

amounts of      in 11 reporting countries, 

with 6 of them being European Union (EU) 

Member States. These concentrations 

exceeded the EU annual limit value of 40 

µg/m3. Except for Iceland, all reporting 

countries recorded readings above the World 

Health Organisation's annually 

recommended 15 µg/m3 threshold. Also, 11 

countries, comprising nine member states of 

the European Union, have reported nitrogen 

dioxide (   ) concentrations that exceed the 

annual limit value of 40 µg/m3 set by the 

European Union. Concentrations exceeding 

the World Health Organisation's yearly 

recommended level of 10 µg/m3 were 

recorded in all 37 nations that provided data 

(EEA, 2023). 

Sarajevo Canton is considered one of the 

most polluted regions in Bosnia and 

Herzegovina (Federal Hydrometeorological 

Institute of Bosnia and Herzegovina, 2023). 

The research question addressed in this study 

relates to how meteorological parameters 

and air pollution in Canton Sarajevo 

influence household electricity consumption. 

The meteorological parameters examined in 

this study include temperature, relative 

humidity, and atmospheric pressure, while 

the pollutants considered include      and 

   . 

 

2. Research methodology 
 

The meteorological data for this research 

were gathered from the Federal 

Hydrometeorological Institute of Bosnia and 

Herzegovina, which is located in the part of 

the city of Sarajevo, the capital of Bosnia 

and Herzegovina, called Bjelave, at an 
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altitude of 630 m as depicted in Figure 1. 

The institute is situated at the location 

where, 122 years ago, the foundations for the 

first meteorological station in Bosnia and 

Herzegovina were established. Today, it 

serves as the central institution for 

monitoring all weather-related phenomena. 

Data collected at this meteorological station 

included the concentration of air pollutants 

      [     ],     [     ], temperature 

[  ], relative humidity [ ], pressure [   ]. 
The data related to electricity consumption 

were obtained from the Public Enterprise 

Elektroprivreda BiH d.d. – Sarajevo. 

 

 
Figure 1. Sarajevo Meteorological Station 

(Bjelave). 

 

Data were analyzed using descriptive 

statistics and the linear regression as 

depicted by equation 1. 

 ̂     ∑    

   

   

 

 

(1) 

where: 

 ̂   expected value of households’ 

electricity consumption as dependent 

variable, 

    concertation of air pollutants      and 

   , temperature, humidity and pressure as 

independent variables (        ,  
    regression coefficients (        , 
    regression intercept. 

Because variables were measured in 

different scales data were normalized before 

regression model was developed. Level of 

significance in this research was α= 0.05. 

Multicollinearity between independent 

variables was examined by calculating 

Variance Inflation Factor (VIF) as shown by 

equation 2. VIF less than five indicates that 

there is no multicollinearity between 

independent variables. 

    
 

    
  

 

(2) 

where: 

  
    coefficient of determination when the 

    independent variable is regressed against 

the all other remaining independent 

variables. 

 

3. Results and discussion 
 

Monthly electricity consumptions of the 

households [kWh] in Canton Sarajevo are 

depicted in Figure 2. From Figure 2 it can be 

seen that the highest electricity 

consumptions were during January of years 

2020, 2021, and 2022 with the values of 

66,709,422.86 [kWh], 66,585,666.88 [kWh], 

and 66,802,379.77 [kWh] respectively. The 

lowest electricity consumptions during year 

2020 were measured during August and 

September with the values of 43,483,303.17 

[kWh], and 43,048,416.04 [kWh] 

respectively. During year 2021 the lowest 

electricity consumptions were measured 

again during August and September with the 

values of 44,004,882.48 [kWh] and 

44,122,168.24 [kWh] respectively.  

Average monthly temperatures [°C] in 

Canton Sarajevo are depicted in Figure 3. 

From Figure 3 it can be seen that the lowest 

average temperatures were during each 

January of 2020, 2021, and 2022 with the 

values of -0.75 [°C], 1.30 [°C], and -0.71 

[°C]. The highest average temperature values 

of 21.36 [°C] and 22.95 [°C] were in August 

2020, and July 2021 respectively. From 

Figure 2 and Figure 3 it can be seen that 

there is inverse relationship between 

monthly electricity consumptions of the 

households and average monthly 

temperatures.    
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Figure 2. Monthly electricity consumption of the households 

 

 
Figure 3. Average monthly temperature 

 
Average monthly relative humidity values 

[%] in Canton Sarajevo are depicted in 

Figure 4. From Figure 4 it can be seen that 

the lowest relative humidity values were 

during April 2020, and May 2021 with the 

values of 48.15 [%] and 55.48 [%] 

respectively. The highest average relative 

humidity values were 80.82 [%] and 85.55 

[%] in December 2020 and December 2021 

respectively.
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Figure 4. Average monthly relative humidity 

 

Average monthly pressure values [hPa] in 

Canton Sarajevo are depicted in Figure 5. 

From Figure 5 it can be seen that the lowest 

pressure value was 936.94 [hPa] during 

January 2021, while the highest value was 

949.84 [hPa] in November 2020. 

Correlation matrix of dependent variable and 

independent variables is presented in Table 

1.

 
Figure 5. Average monthly pressure 
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Table 1. Correlation coefficients matrix 

 
HEC T H P          

HEC 1 
     

T -0.93 1 
    

H 0.30 -0.50 1 
   

P 0.09 -0.22 -0.12 1 
  

     0.55 -0.59 0.53 0.39 1 
 

    0.60 -0.63 0.38 0.32 0.50 1 

 

From Table 1 it can be seen that there is high 

negative correlation between households’ 

electricity consumption (   ) and 

temperature ( ) with the correlation 

coefficient value of -0.93. That means as the 

the temperature increases the households’ 

electricity consumption decreases. It can be 

seen that there is moderate positive 

correlation between households’ electricity 

consumption and concentration of air 

pollutants       and     with the 

correlation coefficient values of 0.55 and 

0.60 respectively. That means as the 

concentration of air pollutants       and 

    increases the households’ electricity 

consumption increases.  

Also, from Table 1 it can be seen that there 

is weak positive correlation between 

households’ electricity consumption and 

relative humidity with the coefficient of 

correlation 0.30, and very weak positive 

correlation between households’ electricity 

consumption and pressure with the 

coefficient of correlation 0.09.  

Developed regression model is given by 

equation 3. 

    = 1.36 – 1.11   – 0.48   –

 0.39   + 0.42      

(2) 

From equation (3) it can be seen that 

coefficients of regression associated with 

temperature ( ), relative humidity ( ), and 

pressure ( ) are with negative sign, while 

     coefficient of regression is positive. 

All independent variables (temperature, 

relative humidity, pressure and     ), 

except    , were significant and showed 

that households’ electricity consumption 

depends on these variables. 

Standard errors of the coefficients (SE 

Coef), 95% confidence intervals of the 

coefficients (95% CI),   – values and   – 

values are depicted in Table 2. 

From Table 2 it can be seen that VIF value 

of each regression coefficient is less than 

five which means that there is no 

multicollinearity between independent 

variables. 

 

Table 2. Regression coefficients 

Term Coef SE Coef 95% CI   value  -value VIF 

Constant 1.36 0.07 (1.21; 1.51) 18.59 0.000 
 

T -1.11 0.06 (-1.24; -0.98) -17.81 0.000 1.67 

H -0.48 0.08 (-0.63; -0.32) -6.27 0.000 1.83 

P -0.39 0.07 (-0.54; -0.23) -5.21 0.000 1.44 

     0.42 0.11 (0.19; 0.65) 3.84 0.001 2.20 

 

Calculated   – values show that all 

regression coefficients presented in Table 2 

are significant since all   – values are lower 

than level of significance       .  

From Table 2 it can be seen that the standard 

error of the estimate is small, while both 

coefficients of determination for the training 

set and the test set are high with the values 

of 95.61% and 92.29% respectively. 

Calculated coefficient of determination 

shows that 95.61% variability in households' 

electricity consumption is explained by 
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temperature, relative humidity, pressure, and 

the concertation of air pollutant     . Table 

3 shows standard error of the estimate (  ), 

coefficient of determination (  ) for the 

training set and the test set. 

 

Table 3. Coefficients of determination (  ) 

of training and test sets, and standard error 

(  ) 

      training set    test test 

0.08 95.61% 92.29% 

 

Contribution of each independent variable in 

explaining variability of dependent variable 

is shown in Table 4. From Table 4 it can be 

seen that the highest contribution, 86.19%, 

in explaining variability of households’ 

electricity consumption comes from 

temperature ( ), followed by relative 

humidity ( ) with 3.48%, pressure (P) with 

3.00%, and concentration of air pollutant 

          2.94%.  

From Table 4 it can be concluded that the 

most important variable in the regression 

model is temperature, followed by relative 

humidity, pressure and concetratin of air 

pollutant     . 

 

Table 4. Contribution to    

Source Contribution 

Regression 95.61% 

T 86.19% 

H 3.48% 

P 3.00% 

     2.94% 

Error 4.39% 

Total 100.00% 

 

Figure 6 shows the line of equality and the 

scatter plot of the points of households’ 

electricity consumption fitted values versus 

actual values. From Figure 6 it can be seen 

that the points in the scatter plot are 

clustered closely around the line of equality, 

and there is no evidence of any tendency for 

the points to deviate from the line, indicating 

that the developed regression model’s 

predictions are very close to the actual 

values and that the model provides a good fit 

to the data. 

 

 

Figure 6. HEC fitted values vs HEC actual values 

 

Scatter plot of standardized residuals versus 

fitted values is depicted in Figure 7. From 

Figure 7 it can be seen that standardized 

residuals have equal variance along fitted 

values with no pattern, and that all 

standardized residuls are within  3 standard 

deviations. 
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Figure 7. Standardized residuals vs HEC fitted values 

 

4. Conclusion 
 

In this research, a comprehensive analysis 

was performed to investigate the complex 

relationship between households' electricity 

consumption and environmental factors, 

including concertation of air pollutants 

      and    , as well as meteorological 

parameters temperature, relative humidity, 

and pressure. Measurements and data 

collection allowed inclusion of seasonal 

variations of all variables. 

The highest households’ electricity 

consumption was in each January of 2020, 

2021, and 2022, while the lowest values 

were during August and September of 2020, 

and 2021. The lowest average temperatures 

were during each January of 2020, 2021, and 

2022, while the highest average temperature 

values were in August 2020, and July 2021. 

Similar pattern in monthly electricity 

consumptions of the households and average 

monthly temperatures was revealed. 

Regression analysis showed that 

temperature, relative humidity, pressure, and 

concertation of air pollutant     , were 

significant predictor variables of households' 

electricity consumption. The highest 

contribution in explaining variability of 

households’ electricity consumption came 

from temperature, followed by relative 

humidity, pressure, and concentration of air 

pollutant. With respect to air pollution the 

results of this research support conclusion in 

Salvo, A. (2020) where it was stated that 

residential electricity demand grows when 

      rises.  

The findings of this research offer important 

insights into the complex and dynamic 

relationship between households' electricity 

consumption and environmental factors. 

These findings have the potential to assist 

policymakers, electricity providers, and 

households in improving energy-saving 

strategies and enhancing electricity 

consumption strategies in general.  
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