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This article has explored the impact of coronavirus disease 2019 (COVID-19)-induced decline in consumer durables and mobility on nitrogen dioxide (NO2) emission in Europe by providing empirical and graphical justifications based on consumer price index (CPI) and gross domestic product (GDP) deflator indexes. The empirical estimations show that carbon dioxide (CO2) and NOx emission along with other greenhouse gases drastically decreased in the wake of COVID-19-induced lockdowns and decrease in the demand of consumer goods in Europe. This means that COVID-19 improved environment in the European region. However, high cost (e.g., unemployment, loss of life, and social segregation) makes COVID-19 an unstable solution to environmental woes where positive impact of COVID-19 on environment achieved in short run cannot be guaranteed in the long run. Besides environment, COVID-19 drastically curtailed economic activities and exposed them to the risk of economic crisis particularly in case of Europe.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) was detected in December 2019 in Wuhan city, which is located in Hubei province of People's Republic of China (Birtus and Lǎzǎroiu, 2021; Irfan et al., 2021d,e; Mitchell, 2021; Ahmad et al., 2022). COVID-19 is an existential threat on many fronts (Stevens, 2020; Smith and Machova, 2021; Irfan et al., 2022b). It halted economic activities, increased unemployment, declined cross-border trade, reduced mobility, and weakened social fabrics (Hopkins and Potcovaru, 2021; Irfan et al., 2021f; Rydell and Kucera, 2021). However, despite all its disadvantages, COVID-19 has positively contributed to environment in different countries and regions since its outbreak in Wuhan (Chakraborty and Maity, 2020; Wang and Su, 2020; Irfan et al., 2021a). As per latest reports of the WHO, there were 89,048,345 reported cases of COVID-19 and total number of 1,930,265 confirmed deaths due to coronavirus disease 2019 until 10th January 2021 (WHO, 2021). Coronavirus disease 2019 (COVID-19) reached at the peak across the globe and touched the climax in many of the countries (Iqbal et al., 2021). In some countries of Europe and Africa, such as UK, Italy, Spain, and Greece, transmuted forms of COVID-19 caused widespread disaster in form of huge loss of human lives, but the severity of coronavirus disease 2019 is not confirmed yet (Ali et al., 2021; Tanveer et al., 2021; Shi et al., 2022). Henceforth, COVID-19 has direly affected economic activities and human lives; particularly, it extremely affected consumption and mobility at the larger extent (Razzaq et al., 2020; Wu et al., 2021; Xiang et al., 2022).

Coronavirus disease 2019 has changed our way of life and world busiest airports have suspended their operations due to severe wave of coronavirus disease 2019 (Irfan et al., 2021b; Wen et al., 2022). Railway transport suspended their operations and train station gives a deserted look without masses after the spread of COVID-19. Strict lockdown imposed by the government officials due to the spread of COVID-19 (Hao et al., 2021). Due to these lockdowns, supermarkets were closed and industrial units stopped production (Kumar et al., 2020; WEF, 2020). Eventually, due to strict lockdowns, masses are forced to stay isolated at homes and there is high probability for uncertain future along with rising unemployment after COVID-19, which has seriously decreased the demand for consumer and durable goods in addition to human mobility (WEF, 2020; Irfan et al., 2022c). Huge financial losses incurred in various sectors such as transportation, tourism, and aviation (Irfan et al., 2021a, 2022a). Such a disciplinary measures, such as strict lockdowns, are taken by the governments across the world in order to control widespread coronavirus disease 2019 (Kim, 2020; Irfan et al., 2021c; Islam et al., 2022) and these strict official measures seriously affected social and economic activities globally (Khan et al., 2021; Nuvvula et al., 2022). Harmful and unhealthy effects of COVID-19 also risked global recession and unemployment (Ahmad et al., 2021; Abbasi et al., 2022). In sum, normal way of life is changed and socioeconomic activities are significantly reduced due to COVID-19 (Rauf et al., 2021; Razzaq et al., 2021).

Despite the detrimental effects of COVID-19, scholars look at COVID-19 from different perspectives (Chandio et al., 2021; Rydell and Suler, 2021; Watson and Popescu, 2021). They claim that due to the suspension of socioeconomic activities and strict lockdowns along with decrease in consumption have significantly reduced nitrogen dioxide (NO2) and emission of other harmful gases (He et al., 2020b; Elavarasan et al., 2021). NO2 is closed associated with economic and human activities (Tan et al., 2009). NO2 pollutes the atmosphere in the urban and industrial areas. NO2 is composed of primary and secondary pollutants and it is severely harmful for the climate, atmosphere, and human lives as well (Atkinson et al., 2018; Kovacova et al., 2019; Kliestik et al., 2020). As per statistical reports of the WHO, NO2 emission from fuel combustion causes approximately over 3.8 million mortalities per year all over the world. Additionally, exposure to ambient (outdoor) NO2 emission is cause of total number of deaths over 4.2 million per year globally (Ogen, 2020a). Recently, NO2 emission significantly decreased after COVID-19 strict lockdowns. Accordingly, as per point of view of environmental experts, they believe that COVID-19 is a “blessing in disguise” (Muhammad et al., 2020; Durana et al., 2021). Thus, decrease in CO2 and NOx emission after COVID-19 was a blessing in disguise for over stressed environment (Manuel and Nuno, 2020; Muhammad et al., 2020). The National Aeronautics and Space Administration (NASA) published statistical reports about NO2 emission, which claims that NO2 emission significantly decreased by 50% in some areas such as Wuhan, London, and New Delhi (NASA, 2020).

Hence, we want to examine relationship empirically whether COVID-19-induced decline in consumer goods and mobility in particular case of Europe has any impact on NO2 emission or not? A study of Castellanos and Boersma (2012) confirmed that decrease in consumption significantly reduced NO2 emission in a region. Even though, there are numerous factors, which contributed to NO2 emission, but production and consumption are principal as well as significant causes of NO2 emission (Tukker et al., 2006; EEA, 2015; Majeed et al., 2021). Altogether, Europe is not only hardly hit by COVID-19, but it also imposed strict lockdowns, which significantly reduced the human mobility (Hasanat Shah et al., 2021). Accordingly, Europe is an ideal region to be focused to explore the post-COVID-19-induced decline impact of consumption and mobility on environmental degradation (NO2 emission). Accordingly, it is highly expected that post-COVID-19-induced decline in consumption patterns and restrictive mobility due to lockdowns will significantly reduce NO2 emission in Europe.

There are lot of studies, such as Rahaman et al. (2020), Mumtaz et al. (2021), Mumtaz et al. (2021), Xu et al. (2021), Lin et al. (2021), and Rehman et al. (2021), have evaluated the post-COVID-19 impact on the different sectors of the economy with particularly focused on the health sector. Additionally, there is also bunch of studies, such as Birtus and Lǎzǎroiu (2021), Watson and Popescu (2021), Rydell and Suler (2021), Smith and Machova (2021), Rydell and Kucera (2021), Hopkins and Potcovaru (2021), Mitchell (2021), and Stevens (2020), provided invaluable insight while exploring the postpandemic COVID-19 impact on consumer behaviors, choices, purchasing habits, and human psychology. No doubts, these studies are quite invaluable in context of analyzing the postpandemic COVID-19 impact on the whole economy globally and human consumption patterns especially, but policy implications of these studies are not based on empirical justifications. To the best of our knowledge, this is the first study, particularly for European countries, which has empirically and graphically analyzed the impact of post-COVID-19-induced decline in consumption patterns and restrictive mobility on NO2 emission. Although, the study of Hasanat Shah et al. (2021) provide valuable insight to understand the impact of post-COVID-19-induced decline in consumption patterns and restrictive mobility on NO2 emission for particularly in case of Europe, but this study also suffers from significant shortcomings. This study has explored the impact of post-COVID-19-induced decline in consumption patterns and restrictive mobility on environmental degradation (NO2 emission) by using satellite images and qualitative analysis. Accordingly, this study shed light on this topic on general perspectives, but it does not provide discussion and policy analysis based on empirical estimations.

Thus, this study extends the study of Hasanat Shah et al. (2021) with significant differences. First, we analyzed the impact of post-COVID-19-induced decline in consumption patterns and restrictive mobility on NO2 emission on empirical basis through the methods of consumer price index (CPI) and inflation, gross domestic product (GDP) deflator indexes. Second, we have formulated variable for death rate as per confirmed COVID-19 cases (% annually) from empirical dataset. Additionally, we have formulated variables to understand the marginal percentage change of consumer price index [% (Δ CPI)] after COVID-19 and the marginal percentage change of mobility index [% (Δ mobility)] after COVID-19 in Europe to provide more rigorous empirical analysis and also provide interesting policy implications based on empirical results. We notice that death rate as per confirmed COVID cases (% annually) is quite high and demand of consumer goods significantly declines after COVID-19 in Europe. To the best of our knowledge, this is the first study based on Europe, which provided rigorous analysis empirically and graphically to explore the impact of post-COVID-19-induced decline in consumption patterns and restrictive mobility on NO2 emission. Rest of the article is organized as: Section Theoretical Framework discusses theoretical framework. Section Empirical analysis and framework provides insight about dataset, descriptive statistics, and empirical analysis. Section Conclusion discusses the policy implication.



THEORETICAL FRAMEWORK


Coronavirus Disease 2019 Cases in Europe

A number of pandemic diseases spread out in the advent of 21st century. COVID-19 is officially acknowledged as the sixth pandemic disease of this century. These universal pandemic diseases, which resulted in the large number of fatalities and costed huge budget in terms of billions of dollars (Allocati et al., 2016; Fan et al., 2019; Kovacova and Lewis, 2021). COVID-19 postured serious human, economic, and social challenges to the entire human being across the world and it damaged the human health system at the large extent. Nowadays, COVID-19 is a serious health concern in Europe (Hasanat Shah et al., 2021). COVID-19 broke out from Hubei province of mainland of China in the month of December, but soon it became super-spreader in every knock and corner across the world. On 24th January 2020, the first case of COVID-19 was reported in Europe in France and in the month of March, COVID-19 spread across all the major countries of Europe. On 8th November 2020, the number of new cases reached the climax when Europe reported 341,150 new cases on a single day. On 20th December 2020, the total accumulative cases of COVID-19 in Europe were 236,734,046 (WHO, 2021). There is no break and recession in the decline of COVID-19 cases and thus, COVID-19 cases will further intensify and accelerate, unless it is not properly curbed by usage of authentic vaccines such as “The Netherlands” and “Sentinel-5 Precursor.”



Nitrogen Dioxide Emission in Europe

Nitrogen dioxide is the amalgamation of oxygen and nitrogen. NO2 is not only a primary, but also a secondary pollutant and it is a serious cause of respiratory problems. NO2 not only directly degrades human health issues, but also damages health indirectly by significantly contributing to global warming (Webb and Hunter, 1998).

Nitrogen gases do not react with oxygen at normal temperature, but these gases react with oxygen at higher temperature and resultantly, the reaction of nitrogen gases with oxygen produces NO2. Fuel combustion is non-natural sources of NO2, but forest fires and lightening are natural sources of nitrogen dioxide (NO2). Non-natural sources of NO2 can further be classified into mobile and stationary sources. For instance, the combustion of gasoline in automobiles is a mobile source of NO2, while NO2 emissions coming from coal-fired and electric power plants are non-natural stationary sources of NO2 (Duncan et al., 2016).

As per statistical figures of Table 1, we notice that road transport and industrial production units are principal cause of NO2 emission, particularly in case of Europe. Figure 1 uses data from the Copernicus-5P satellite to show the average nitrogen dioxide concentrations from 13 March to 13 April 2020, compared with the same period of time from 2019. Figure 1 reports that COVID-19-induced lockdown and decline in consumption significantly decreased NO2. Equally demand for electricity in Europe after COVID-19 decreased by more than 25%. Less demand for electricity means that Europe is consuming less fuel energy and accordingly less NO2 will be released in the air. Beside stationary sources, mobile source of NO2 in Europe also reported a sharp decline after COVID-19 (Hasanat Shah et al., 2021). Please see Figure 1, the impact of decline in mobility and industrial production significantly reduced amount of nitrogen oxide emission in March to April 2020.


Table 1. Sources of nitrogen oxide emission in European countries.
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FIGURE 1. Nitrogen dioxide (NO2) concentration over Europe. Source: Hasanat Shah et al. (2021); ESA1.




Consumer Durables in Europe

Industrial activities and change in lifestyle both in the developed and developing countries exploited environment in order to grow rapidly (Castro, 2004; Adams, 2009; Irfan and Ahmad, 2021, 2022). Some scholars justified the degradation of environment (using Kuznets' inverted-U hypothesis) and suggested that environment heals itself after a certain level of development (Allen and Webber, 2010). But, environment never recovered from the shocking emission of carbon dioxide (CO2), NO2, and other greenhouse gases. Therefore, some sane voices raised the issue of environmental pollution on international forums and tried to find balance in economic activities and environment (e.g., Sustainable Development Goal 13). But, addiction to consumerism and heavy reliance on consumption for rapid development, both in the developed and developing countries, failed them to bring effective changes (Calvin et al., 2015). Consumption contributes roughly 75% of share to the GDP of the European Union (EU) countries and it contributes roughly 70% to the share of US GDP. Developed capitalist economies heavily depend on consumption for rapid economic development (EEA, 2015). Even though, consumer products significantly contribute toward economic development of the country, but heavily dependence on the consumption might be cause of environmental pollution and degradation (EEA, 2015; Panayiotis, 2019; Hazuchova et al., 2020; Lazaroiu et al., 2021). Consumption contributed 70% to the GDP in developed countries in 2019, while the contribution of consumption to GDP in developing countries was 75%.2 Irresponsible consumer behavior caused environmental pollution and global warming (Adams, 2009). Table 2 shows that consumption of utilities and fossil fuel jointly contribute 60% to global emission in 2018. Table 3 reports the main variables used in the study.


Table 2. Main sources of carbon in 2018 [gigatonnes of carbon dioxide (CO2) equivalent].
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Table 3. Variables, theoretical justifications, and data sources.
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Mobility

The process of globalization intensified local as well as cross-border mobility. Generally, people in developed countries were more mobile, but recently economic activities in developing countries intensified mobility there. International travel increased by leaps and bounds in the last three decades. Only 228 million people crossed international border on airplane in 1980. This number reached to 1 billion in 2012 and crossed the figure of 1.5 billion by the end of 2019. The UN body forecasted that international traveling could plunge by 60–80% in 20203 and most of this decline will come from the developing countries. This means that almost a billion people will skip international air traveling after COVID-19 in order to avoid infection and inconvenience. Similarly, road transport in the first half of 2020 was 50% down compared to average road transport in 2019.

Transport is responsible for energy-related global carbon emission. Figure 2 shows that cars and trucks are the main contributor to greenhouse gases. Recently, sharp decline in mobility due to COVID-19 has significantly reduced demand for oil and, therefore, less carbon (and other greenhouse gasses) was released into air. Residents of congested and populous cities in the developed countries such as London, Paris, Beijing, and New York are enjoying noise-free environment because of low mobility. Transport mobility also causes inconvenience to wildlife, e.g., road transport in Canada alone kills more than 1 billion bees annually, while cars killed 1,600 billion different insects in Holland in 2011.4 Similarly, air transport disrupts the navigation system of migratory birds.


[image: Figure 2]
FIGURE 2. Global Greenhouse Gas Emissions, 2018. Source: International Council on Clean Transportation.


Today, the economic development of developed and developing countries heavily depends on trade across the international borders, especially in energy, goods, and services. However, such exchanges severely spoiled the environment. In the last four decades, transportation facilitated a lot in terms of cost-efficiency, but its environmental effects did not heal-up. Transport burns fossil fuels, which release hazardous gases such as NO2 and empirical evidence suggests that road transport significantly contributes to global warming (He et al., 2020a,b). Road transport is a main cause of nitrogen oxide emission in Europe (see Table 1).




EMPIRICAL ANALYSIS AND FRAMEWORK


Dataset, Variables, and Source

Nitrogen dioxide (NO2) is the dependent variable, while consumer price index (CPI), confirmed COVID-19 cases, COVID-19-induced deaths, and other control variables are explanatory variables of this empirical study. We are analyzing the impact of COVID-19-induced decline in consumer durables and mobility on NO2 emission in Europe by empirically and graphically analyzing through consumer price indexes and inflation, GDP deflator indexes for particularly focused on European region.



Descriptive Statistics

The results for descriptive statistics are given in Table 4. For European countries, the mean value of COVID-19-confirmed cases is 12.5 and its maximum and minimum values fall within the range of 24 and 1, respectively. The mean value of death rate of COVID-19-infected cases (annual%) is 2.01 and these values fall within the range of 3.52 and 0.82, respectively. Additionally, the mean value of CPI (2020) is 1.41, while an average range of CPI (2020) assumes values within 1.24–12.27. Additionally, the mean value of CPI (2019) is 2.21, while an average range of CPI (2019) assumes values within 0.25–15.17.


Table 4. Descriptive statistics.
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If we make comparative analysis of the values of descriptive statistics of CPI (2020) with those of CPI (2019), we noticed that the mean value of CPI (2020) significantly decreased by 0.80 index points compared to those of CPI (2019). Additionally, the minimum values of CPI (2020) turned to negative digits (−1.24), which imply that the demand of consumer goods significantly reduced after COVID-19 compared to consumption patterns before COVID-19. The mean value of inflation, GDP deflator index (2020) and inflation, GDP deflator index (2019) is 3.36 and 2.90, respectively. An average range of the inflation, GDP deflator index (2020) assumes values within −3.60 to 14.82. Conversely, an average range of the inflation, GDP deflator index (2019) assumes values within −3.60 to 14.82. If we make comparative analysis of the values of descriptive statistics of GDP deflator index (2020) with those of GDP deflator index (2019), we noticed that the mean value of CPI (2020) significantly increased by 0.46 index points compared to those of GDP deflator index (2020).

As per our descriptive statistics results, which are shown in Table 4, we noticed that demand of consumer goods significantly decreased after COVID-19 because mean value of CPI significantly decreased by 0.80 index points in 2020 (CPI is aggregate composite of all the average indexes of all the consumer goods). The correlation matrix results are given in Table 5. We noticed that there exists a negative association between COVID-19 cases and consumer price indexes. Additionally, there is also negative relationship exists between death rate of COVID-19-infected cases (% annually) and consumer price indexes, which strongly support our theoretical and empirical estimations for European region.


Table 5. Correlation matrix.
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Statistical and Graphical Analysis

Our statistical and numerical figures are given in Table 6. We noticed that there are 327,680 confirmed total number of cases in Austria until 16th December 2020 and there are 4,648 confirmed deaths until 16 December 2020 in Austria.


Table 6. Cases of coronavirus disease 2019 (COVID-19), COVID-19-induced deaths, and consumer price indexes in Europe.
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Additionally, in Austria, CPI significantly decreased in 2020 compared to that of 2019. In case of other European countries, i.e., Belgium, Bulgaria, Croatia, Denmark, Finland, France, Germany, Greece, Hungary, Italy, Lithuania, Malta, Netherlands, Norway, Poland, Portugal, Romania, Spain, Sweden, Switzerland, Turkey, and UK, CPI also significantly decreased in 2020 relative to CPI of 2019 due to large number of COVID-19 cases and high number of COVID-19-induced deaths, but GDP deflator index did not affect significantly due to post-COVID-19 pandemic. All the numerical and statistical summary reports are given in Table 4.

From the graphical trend in Figure 3, we noticed that consumer price index in 2020 decreased significantly relative to CPI of 2010. We infer your graphical analysis that decrease in the values of CPI significantly decreases the demands of consumer goods in European countries.


[image: Figure 3]
FIGURE 3. Comparative analysis of consumer price index (CPI) 2020 and CPI 2019. Source: Author's Calculations.


From the graphical trend in Figure 4, we noticed that CPI of 2020 significantly decreased compared to inflation GDP deflator index of 2020, which implies from your graphical analysis that decrease in the index values of GDP deflator index in 2020 after COVID-19 is quite minimal compared with the marginal difference of CPI of 2020. Henceforth, we conclude that demands of consumer goods significantly reduced in European countries.


[image: Figure 4]
FIGURE 4. Comparative analysis of gross domestic product (GDP) deflator 2020 and GDP deflator 2019. Source: Author's Calculations.


From the graphical trend in Figure 5, we noticed that there is a positive correlation between confirmed cases of COVID-19 vs. COVID-19-induced deaths. The trend behavior in Figure 3 shows that as far as confirmed number of cases of COVID-19 is increasing in European region, COVID-19-induced deaths are also multiplying significantly. Thus, there is positive proportional relationship between confirmed number of cases of COVID-19 and COVID-19-induced deaths as per clearly depicted in the graphical presentation in Figure 3.


[image: Figure 5]
FIGURE 5. Cases of coronavirus disease 2019 (COVID-19) vs. COVID-19-induced deaths. Source: Author's Calculations.




Empirical Results and Analysis

For empirical analysis, we have generated variable for death rate as per confirmed COVID-19 cases (% annually) from empirical dataset. Additionally, we have formulated variable for % (Δ CPI) after COVID-19 and % (Δ mobility) after COVID-19 in Europe. Our empirical result estimations are given in Table 7. We noticed that death rate as per confirmed COVID-19 cases (% annually) is quite high in the European countries.


Table 7. Analyzing the empirical impact of COVID-19-induced decline in consumer goods and mobility on nitrogen dioxide (NO2) emission in Europe through data estimation.
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Due to high death rate of COVID-19 cases, the marginal percentage change of consumer price index [% (Δ CPI)] after COVID-19 is significantly decreased in the whole European region. Additionally, the marginal percentage change of mobility index [% (Δ mobility)] after COVID-19 also significantly reduced in Europe. We conclude from our empirical estimation that COVID-19 affected economic and consumption activities in European region. On the contrary, environmental experts claim that COVID-19 is blessing in disguise. It healed the environment due to decrease in the demand of consumer goods. Consumer goods emit huge amount of NO2 gases. Due to less demand of consumer goods, NO2 emission will significantly decreased in the atmosphere. Accordingly, less emission of NO2 will heal the environment due to less use of consumer goods in Europe.




CONCLUSION

The United Nations considers that environmental degradation is one of the serious and the challenging issues of the 21st century. Environmental pollution, including NO2 emission, is quite detrimental to human health. NO2 is not only harmful for degradation of human health, but also damages human health indirectly by contributing to the global warming (Hasanat Shah et al., 2021). In order to completely control COVID-19 pandemic, especially European countries and China, strictly imposed lockdown and forced the public to quarantine at homes and closed the public places. All the business and economic activities are suspended due to vast spread of COVID-19. Despite all of the tireless efforts to heal environment and reduce emission of hazardous gases, human efforts achieved little success in the context of achieving the goal of sustainable environmental development.

From our empirical estimations, which are given in Tables 4, 7, we can claim that COVID-19 is blessing in disguise and it healed the environment to the larger extent by reducing the demand of consumer goods and significantly decreased the mobility in Europe. Consequently, due to decline in demand of consumer goods and decline in mobility, it significantly decreased the environmental pollution (reduced NO2 emission) in Europe. Our graphical Figures 3–5 strongly support the empirical estimations that COVID-19 provided a breathing space to the environment to heal and refurbish at least in the short run (see Table 7). However, in the couple of months, our empirical and graphical results confirm that COVID-19 extensively improved the environment in addition to strict lockdowns that significantly reduced NO2. COVID-19 is blessing to explore innovative ways to make environmental friendly development.

Our empirical and graphical result estimations agree with those of Hasanat Shah et al. (2021), which explored this relationship qualitatively by satellite images and proved that NO2 emission is quite lower in countries with strict bans on mobility and also concluded that lower emission of NO2 is associated with lower demand of consumer goods. Equally, our correlation matrix results strongly support (see Table 4) that decline in consumption is correlated in NO2 emission. Additionally, due to strict official lockdowns, work online will definitely change our consumption behaviors and mobility patterns, which will significantly decrease NO2 emission to large extent. Nevertheless, it is not quite sure whether human behaviors of COVID-19-induced decline for demand of consumer goods and less mobility patterns will keep persistent in the long run? Anyway, we confirm that COVID-19 improved environment in the European region. However, high cost (e.g., unemployment, loss of life, and social segregation) makes COVID-19 an unstable solution to environmental woes where positive impact of COVID-19 on environment achieved in short run cannot be guaranteed in the long run. COVID-19 is a blessing in disguise for environment, at least in short run.

We can claim from our empirical and graphical results that environmental experts and policymakers working on environmental healing can learn a lot from COVID-19 and can provide persistent environment friendly policy, which can bring real changes on environmental fronts in the long run. Our empirical analysis of this study is based on annual dataset. For further study, we can make our analysis and estimations more rigorous by collecting dataset based on daily or monthly basis and provide more unbiased result estimations due to more availability of sample observation; this will provide robust checks to our result estimations, if the dataset will be available on monthly or daily basis for the future study.

Actually, this empirical study is typically based on the analysis of post-COVID-19-induced decline in consumption and mobility on NO2 emission in Europe and this empirical study is based on maximum 1 year and our dataset of the variables is available on annual basis and we cannot apply proper regression methods due to availability of dataset of only 1 year on annual basis. Conditionally, availability of our dataset of this empirical study is based on daily or monthly or quarterly basis and then we can further extend the idea of this study by applying rigorous panel regression methods for future study direction and more interestingly explain our results empirically and providing interesting policy implication by following result estimations of panel regression methods. Thus, we consider it as limitation of this study that we could not be able to apply rigorous panel regression methods due to availability of dataset of this proposed study on annual basis for only maximum 1 year.
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FOOTNOTES

1https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-5P/Air-pollution-in-a-post-COVID-19_world

2https://data.worldbank.org/indicator/NE.CON.TOTL.ZS

3https://en.mercopress.com/2020/05/08/international-tourist-arrivals-could-plunge-60-80-in-2020-the-worst-since-1950-wto-forecasts

4https://www.irishexaminer.com/property/homeandoutdoors/arid-20459133.html



REFERENCES

 Abbasi, K. R., Shahbaz, M., Zhang, J., Irfan, M., and Lv, K. (2022). Analyze the environmental sustainability factors of China: the role of fossil fuel energy and renewable energy. Renew. Energy 187, 390–402. doi: 10.1016/j.renene.2022.01.066

 Adams, W. M. (2009). Green Development: Environment and Sustainability in a Developing World, 3rd Edn. Routledge.

 Ahmad, B., Da, L., Asif, M. H., Irfan, M., Ali, S., and Akbar, M. I. U. D. (2021). Understanding the antecedents and consequences of service-sales ambidexterity: a motivation-opportunity-ability (MOA) framework. Sustainability 13, 9675. doi: 10.3390/su13179675

 Ahmad, B., Irfan, M., Salem, S., and Asif, M. H. (2022). Energy efficiency in the post-COVID-19 era: exploring the determinants of energy-saving intentions and behaviors. Front. Energy Res. 9, 824318. doi: 10.3389/fenrg.2021.824318

 Ali, S., Yan, Q., Sajjad Hussain, M., Irfan, M., Ahmad, M., Razzaq, A., et al. (2021). Evaluating green technology strategies for the sustainable development of solar power projects: evidence from Pakistan. Sustainability 13, 12997. doi: 10.3390/su132312997

 Allen, D. O., and Webber, D. J. (2010). Environmental Kuznets curves: mess or meaning? Int. J. Sustain. Dev. World Ecol. 17, 198–207. doi: 10.1080/13504501003787638

 Allocati, N., Petrucci, A. G., and Di Giovanni, P. (2016). Bat-man disease transmission: zoonotic pathogens from wildlife reservoirs to human populations. Cell Death Discov. 2, 16048. doi: 10.1038/cddiscovery.2016.48

 Atkinson, R. W., Butland, B. K., Anderson, H. R., and Maynard, R. L. (2018). Long-term concentrations of nitrogen dioxide and mortality: a meta-analysis of cohort studies. Epidemiology 29, 460–472. doi: 10.1097/EDE.0000000000000847

 Birtus, M., and Lǎzǎroiu, G. (2021). The neurobehavioral economics of the COVID-19 pandemic: consumer cognition, perception, sentiment, choice, and decision-making. Anal. Metaphys. 20, 89–101. doi: 10.22381/AM2020216

 Calvin, K., Rose, S., Wise, M., McJeon, H., Clarke, L., and Edmonds, J. (2015). Global climate, energy, and economic implications of international energy offsets programs. Clim. Change 133, 583–596. doi: 10.1007/s10584-015-1482-3

 Castellanos, P., and Boersma, K. F. (2012). Reductions in nitrogen oxides over Europe driven by environmental policy and economic recession. Sci. Rep. 265, 1–7. doi: 10.1038/srep00265

 Castro, C. (2004). Sustainable development: mainstream and critical perspectives. Org. Environ. 17, 195–225. doi: 10.1177/1086026604264910

 Chakraborty, I., and Maity, P. (2020). COVID-19 outbreak: migration, effects on society, global environment and prevention. Sci. Total Environ. 728, 138882. doi: 10.1016/j.scitotenv.2020.138882

 Chandio, A. A., Jiang, Y., Akram, W., Adeel, S., Irfan, M., and Jan, I. (2021). Addressing the effect of climate change in the framework of financial and technological development on cereal production in Pakistan. J. Clean. Prod. 288, 125637. doi: 10.1016/j.jclepro.2020.125637

 Duncan, B. N., Lamsal, L. N., Thompson, A. M., Yoshida, Y., Lu, Z., Streets, D. G., et al. (2016). A space-based, high-resolution view of notable changes in urban NOx pollution around the world (2005-2014). J. Geophys. Res. Atmos. 121, 976–996. doi: 10.1002/2015JD024121

 Durana, P., Perkins, N., and Valaskova, K. (2021). Artificial intelligence data-driven internet of things systems, real-time advanced analytics, and cyber-physical production networks in sustainable smart manufacturing. Econ. Manag. Finan. Mark. 16, 20–30. doi: 10.22381/emfm16120212

 EEA (2015). Consumption, European Environment Agency. Available online at: www.eea.europa.eu/soer/2015/europe/consumption (accessed December 22, 2020).

 Elavarasan, R. M., Pugazhendhi, R., Shafiullah, G. M., Irfan, M., and Anvari-Moghaddam, A. (2021). A hover view over effectual approaches on pandemic management for sustainable cities–the endowment of prospective technologies with revitalization strategies. Sustain. Cities Soc. 68, 102789. doi: 10.1016/j.scs.2021.102789

 Fan, Y., Zhao, K., Shi, Z. L., and Zhou, P. (2019). Bat coronaviruses in China. Viruses 11, 210. doi: 10.3390/v11030210

 Hao, Y., Gai, Z., Yan, G., Wu, H., and Irfan, M. (2021). The spatial spillover effect and nonlinear relationship analysis between environmental decentralization, government corruption and air pollution: evidence from China. Sci. Total Environ. 763, 144183. doi: 10.1016/j.scitotenv.2020.144183

 Hasanat Shah, S., Ameer, W., Jiao, G. W., and Amin, A. (2021). The impact of COVID-19 induced decline in consumer durables and mobility on NO2 emission in Europe. Global Econ. Rev. 50, 43–53. doi: 10.1080/1226508X.2021.1877562

 Hazuchova, N., Antosova, I., and Stavkova, J. (2020). Food wastage as a display of consumer behaviour. J. Comp. 12, 51–66. doi: 10.7441/joc.2020.02.04

 He, L., Zhang, S., Hu, J., Li, Z., Zheng, X., Cao, Y., et al. (2020a). On-road emission measurements of reactive nitrogen compounds from heavy-duty diesel trucks in China. Environ. Pollut. 262, 114280. doi: 10.1016/j.envpol.2020.114280

 He, M. Z., Kinney, P. L., Li, T., Chen, C., Sun, Q., Ban, J., et al. (2020b). Short- and intermediate-term exposure to NO2 and mortality: a multi-county analysis in China. Environ. Pollut. 261, 114165. doi: 10.1016/j.envpol.2020.114165

 Hopkins, E., and Potcovaru, A. M. (2021). Consumer attitudes, values, needs, and expectations due to COVID-19. Anal. Metaphys. 20. doi: 10.22381/AM20202114

 Iqbal, W., Tang, Y. M., Chau, K. Y., Irfan, M., and Mohsin, M. (2021). Nexus between air pollution and NCOV-2019 in China: application of negative binomial regression analysis. Process Saf. Environ. Protect. 150, 557–565. doi: 10.1016/j.psep.2021.04.039

 Irfan, M., and Ahmad, M. (2021). Relating consumers' information and willingness to buy electric vehicles: does personality matter? Transport. Res. Part D Transport Environ. 100, 103049. doi: 10.1016/j.trd.2021.103049

 Irfan, M., and Ahmad, M. (2022). Modeling consumers' information acquisition and 5G technology utilization: Is personality relevant?. Pers. Individ. Dif. 188, 111450. doi: 10.1016/j.paid.2021.111450

 Irfan, M., Ahmad, M., Fareed, Z., Iqbal, N., Sharif, A., and Wu, H. (2021a). On the indirect environmental outcomes of COVID-19: short-term revival with futuristic long-term implications. Int. J. Environ. Health Res. 1–11. doi: 10.1080/09603123.2021.1874888

 Irfan, M., Akhtar, N., Ahmad, M., Shahzad, F., Elavarasan, R. M., Wu, H., et al. (2021b). Assessing public willingness to wear face masks during the COVID-19 pandemic: fresh insights from the theory of planned behavior. Int. J. Environ. Res. Public Health 18, 4577. doi: 10.3390/ijerph18094577

 Irfan, M., Elavarasan, R. M., Ahmad, M., Mohsin, M., Dagar, V., and Hao, Y. (2022a). Prioritizing and overcoming biomass energy barriers: application of AHP and G-TOPSIS approaches. Technol. Forecast. Soc. Change 177, 121524. doi: 10.1016/j.techfore.2022.121524

 Irfan, M., Elavarasan, R. M., Hao, Y., Feng, M., and Sailan, D. (2021c). An assessment of consumers' willingness to utilize solar energy in China: end-users' perspective. J. Clean. Prod. 292, 126008. doi: 10.1016/j.jclepro.2021.126008

 Irfan, M., Hao, Y., Ikram, M., Wu, H., Akram, R., and Rauf, A. (2021d). Assessment of the public acceptance and utilization of renewable energy in Pakistan. Sustain. Prod. Consump. 27, 312–324. doi: 10.1016/j.spc.2020.10.031

 Irfan, M., Ikram, M., Ahmad, M., Wu, H., and Hao, Y. (2021e). Does temperature matter for COVID-19 transmissibility? Evidence across Pakistani provinces. Environ. Sci. Pollut. Res. 28, 59705–59719. doi: 10.1007/s11356-021-14875-6

 Irfan, M., Razzaq, A., Suksatan, W., Sharif, A., Elavarasan, R. M., Yang, C., et al. (2021f). Asymmetric impact of temperature on COVID-19 spread in India: Evidence from quantile-on-quantile regression approach. J. Therm. Biol. 104, 103101. doi: 10.1016/j.jtherbio.2021.103101

 Irfan, M., Salem, S., Ahmad, M., Acevedo-Duque, Á., Abbasi, K. R., Ahmad, F., et al. (2022b). Interventions for the current COVID-19 pandemic: frontline workers' intention to use personal protective equipment. Front. Public Health 9, 793642. doi: 10.3389/fpubh.2021.793642

 Irfan, M., Shahid, A. L., Ahmad, M., Iqbal, W., Elavarasan, R. M., Ren, S., et al. (2022c). Assessment of public intention to get vaccination against COVID-19: evidence from a developing country. J. Eval. Clin. Pract. 28, 63–73. doi: 10.1111/jep.13611

 Islam, M. M., Irfan, M., Shahbaz, M., and Vo, X. V. (2022). Renewable and non-renewable energy consumption in Bangladesh: the relative influencing profiles of economic factors, urbanization, physical infrastructure and institutional quality. Renew. Energy 184, 1130–1149. doi: 10.1016/j.renene.2021.12.020

 Khan, I., Hou, F., Irfan, M., Zakari, A., and Le, H. P. (2021). Does energy trilemma a driver of economic growth? The roles of energy use, population growth, and financial development. Renew. Sustain. Energy Rev. 146, 111157. doi: 10.1016/j.rser.2021.111157

 Kim, S. (2020). How South Korea Lost Control of its Coronavirus Outbreak. The New Yorker. Available online at: newyorker.com/news/news-desk/how-south-korea-lost-control-of its-corona virus outbreak (accessed April 25, 2020.).

 Kliestik, T., Valaskova, K., Nica, E., Kovacova, M., and Lazaroiu, G. (2020). Advanced methods of earnings management: monotonic trends and change-points under spotlight in the Visegrad countries. Oecon. Copern. 11, 371–400. doi: 10.24136/oc.2020.016

 Kovacova, M., Kliestik, T., Valaskova, K., Durana, P., and Juhaszova, Z. (2019). Systematic review of variables applied in bankruptcy prediction models of Visegrad group countries. Oecon. Copernicana 10, 743–772. doi: 10.24136/oc.2019.034

 Kovacova, M., and Lewis, E. (2021). Smart factory performance, cognitive automation, and industrial big data analytics in sustainable manufacturing internet of things. J. Self Govern. Manag. Econ. 9, 9–21. doi: 10.22381/jsme9320211

 Kumar, S. U., Kumar, D. T., Christopher, B. P., and Doss, C. G. P. (2020). The rise and impact of COVID-19 in India. Front. Med. 250. doi: 10.3389/fmed.2020.00250

 Lazaroiu, G., Kliestik, T., and Novak, A. (2021). Internet of things smart devices, industrial artificial intelligence, and real-time sensor networks in sustainable cyber-physical production systems. J. Self Govern. Manag. Econ. 9, 20–30. doi: 10.22381/jsme9120212

 Lin, K., Mumtaz, A., Rahaman, M. A., and Mok, K. H. (2021). Social quarantine and its four modes: conceptional exploration and the theoretical construction of the polices against COVID-19. Front. Public Health 9:614476. doi: 10.3389/fpubh.2021.614476

 Majeed, A., Jiang, P., Ahmad, M., Khan, M. A., and Olah, J. (2021). The impact of foreign direct investment on financial development: new evidence from panel cointegration and causality analysis. J. Compet. 13, 95–112. doi: 10.7441/joc.2021.01.06

 Manuel, P. D., and Nuno, L. C. (2020). COVID-19 could leverage a sustainable built environment Sustainability. 12, 5863. doi: 10.3390/su12145863

 Mitchell, K. (2021). COVID-19 sentiments, attitudes, habits, and behaviors in LGBTQ+ populations. J. Res. Gender Stud. 11, 20–30. doi: 10.22381/JRGS11120212

 Muhammad, S., Long, X., and Salman, M. (2020). COVID-19 pandemic and environmental pollution: a blessing in disguise? Sci. Total Environ. 728, 138820. doi: 10.1016/j.scitotenv.2020.138820

 Mumtaz, A., Manzoor, F., Jiang, S., and Anisur Rahaman, M. (2021). COVID-19 and mental health: a study of stress, resilience, and depression among the older population in Pakistan. Healthcare 9, 424. doi: 10.3390/healthcare9040424

 NASA (2020). Available online at: https://earthobservatory.nasa.gov/images (accessed March 12, 2022).

 Nuvvula, R. S., Devaraj, E., Elavarasan, R. M., Taheri, S. I., Irfan, M., and Teegala, K. S. (2022). Multi-objective mutation-enabled adaptive local attractor quantum behaved particle Swarm optimisation based optimal sizing of hybrid renewable energy system for smart cities in India. Sustain. Energy Technol. Assess. 49, 101689. doi: 10.1016/j.seta.2021.101689

 Ogen, Y. (2020a). Assessing nitrogen dioxide (NO2) levels as a contributing factor to coronavirus (COVID-19) fatality. Arch. Med. Res.

 Ogen, Y. (2020b). Assessing nitrogen dioxide (NO2) levels as a contributing factor to coronavirus (COVID-19) fatality. Sci. Total Environ. 726, 138605. doi: 10.1016/j.scitotenv.2020.138605

 Panayiotis, T. (2019). “Does the environmental kuznets curve exist in the chinese regions?” Global economic review. Perspect. East Asian Econ. Ind. 48, 363–377. doi: 10.1080/1226508X.2019.1656543

 Rahaman, M. A., Islam, M. S., Khan, A. A., Sarker, B., and Mumtaz, A. (2020). Understanding “quarantine,” “social distancing,” and “lockdown” during “COVID-19” pandemic in response to global health: a conceptual review. Open J. Soc. Sci. doi: 10.4236/jss.2020.810019

 Rauf, A., Ozturk, I., Ahmad, F., Shehzad, K., Chandiao, A. A., Irfan, M., et al. (2021). Do tourism development, energy consumption and transportation demolish sustainable environments? Evidence from Chinese Provinces. Sustainability 13, 12361. doi: 10.3390/su132212361

 Razzaq, A., Ajaz, T., Li, J. C., Irfan, M., and Suksatan, W. (2021). Investigating the asymmetric linkages between infrastructure development, green innovation, and consumption-based material footprint: novel empirical estimations from highly resource-consuming economies. Resour. Policy 74, 102302. doi: 10.1016/j.resourpol.2021.102302

 Razzaq, A., Sharif, A., Aziz, N., Irfan, M., and Jermsittiparsert, K. (2020). Asymmetric link between environmental pollution and COVID-19 in the top ten affected states of US: a novel estimations from quantile-on-quantile approach. Environ. Res. 191, 110189. doi: 10.1016/j.envres.2020.110189

 Rehman, S., Rehman, N., Mumtaz, A., and Jindong, J. (2021). “Association of mortality-related risk factors in patients with COVID-19: a retrospective cohort study,” in Healthcare, Vol. 9 (Multidisciplinary Digital Publishing Institute), 1468.

 Rydell, L., and Kucera, J. (2021). Cognitive attitudes, behavioral choices, and purchasing habits during the COVID-19 pandemic. J. Self Govern. Manag. Econ. 9, 35–47. doi: 10.22381/jsme9420213

 Rydell, L., and Suler, P. (2021). Underlying values that motivate behavioral intentions and purchase decisions: lessons from the COVID-19 pandemic. Anal. Metaphys. 20, 116–129. doi: 10.22381/AM2020218

 Shi, R., Irfan, M., Liu, G., Yang, X., and Su, X. (2022). Analysis of the impact of livestock structure on carbon emissions of animal husbandry: a sustainable way to improving public health and green environment. Front. Public Health 10, 835210. doi: 10.3389/fpubh.2022.835210

 Smith, A., and Machova, V. (2021). Consumer tastes, sentiments, attitudes, and behaviors related to COVID-19. Anal. Metaphys. 20, 145–158. doi: 10.22381/AM20202110

 Stevens, A. (2020). Gender differences in COVID-19 sentiments, attitudes, habits, and behaviors: an empirical research. J. Res. Gender Stud. 10, 95–105. doi: 10.22381/JRGS10220205

 Tan, P.-H., Chou, C. J.-, Liang, Y. C. C., Chou, K., and Shiu, C.-J. (2009). Air pollution “holiday effect” resulting from the Chinese New Year. Atmos. Environ. 43:2114–2124. doi: 10.1016/j.atmosenv.2009.01.037

 Tanveer, A., Zeng, S., Irfan, M., and Peng, R. (2021). Do perceived risk, perception of self-efficacy, and openness to technology matter for solar PV adoption? An application of the extended theory of planned behavior. Energies 14, 5008. doi: 10.3390/en14165008

 Tukker, A., Huppes, G., Guinée, J., Heijungs, R., de Koning, A., Van Oers, L., et al. (2006). Environmental Impact of Products (EIPRO). Seville: Institute for Prospective Technological Studies.

 Wang, Q., and Su, M. (2020). A preliminary assessment of the impact of COVID-19 on environment – a case study of China. Sci. Total Environ. 728. doi: 10.1016/j.scitotenv.2020.138915

 Watson, R., and Popescu, G. H. (2021). Will the COVID-19 pandemic lead to long-term consumer perceptions, behavioral intentions, and acquisition decisions?. Econ. Manag. Finan. Mark. 16, 70–83. doi: 10.22381/emfm16420215

 Webb, A. H., and Hunter, G. C. (1998). “Power station contribution to local concentration of NO2 at Ground Level, Nitrogen, The Confer-N-s,” in Proceedings of the first International Nitrogen Conference, 283–288.

 WEF (2020). The Impact of COVID-19 on the Future of Advanced Manufacturing and Production Insights from the World Economic Forum's Global Network of Advanced Manufacturing Hubs. Available online at: http://www3.weforum.org/docs/WEF_AMHUB_Insight_Paper_2020.pdf (accessed March 12, 2022).

 Wen, C., Akram, R., Irfan, M., Iqbal, W., Dagar, V., Acevedo-Duqued, Á., et al. (2022). The asymmetric nexus between air pollution and COVID-19: Evidence from a non-linear panel autoregressive distributed lag model. Environ. Res. 209, 112848. doi: 10.1016/j.envres.2022.112848

 WHO (2021). WHO Coronavirus Disease (COVID-19) Dashboard. Available online at: https://covid19.who.int/table (accessed August 31, 2020).

 WHO. WHO Coronavirus Disease (COVID-19) Dashboard. Available online at: http://www.who.int (accessed March 12, 2022).

 Wu, H., Ba, N., Ren, S., Xu, L., Chai, J., Irfan, M., et al. (2021). The impact of internet development on the health of Chinese residents: transmission mechanisms and empirical tests. Socioecon. Plann. Sci. 101178. doi: 10.1016/j.seps.2021.101178

 Xiang, H., Chau, K. Y., Irfan, M., and Iqbal, W. (2022). Determinants of social commerce usage and online impulse purchase: implications for business and digital revolution. Front. Psychol. 13, 837042. doi: 10.3389/fpsyg.2022.837042

 Xu, X., Manzoor, F., Jiang, S., and Mumtaz, A. (2021). Unpacking the mental health of nurses during COVID-19: evidence from Pakistan. J. Clin. Med. 10, 3546. doi: 10.3390/jcm10163546

 Zambrano-Monserrate, M. A., Ruano, M. A., and Sanchez-Alcalde, L. (2020). Indirect effects of COVID-19 on the environment. Sci. Total Environ. 728. doi: 10.1016/j.scitotenv.2020.138813

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Ameer, Chau, Mumtaz, Irfan and Mumtaz. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyg-13-862854-g005.gif
3000000
2500000
2000000
1500000
1000000

500000

1234567890 NRBMISIEYBN0AR N

o Confimed cases 16 December 2020 ——Confmed deaths 16 December 2020





OPS/images/fpsyg-13-862854-t001.jpg
Country Road Industrial production District Other Industrial Extractions Others Total

transport combustion Processes heating mobile ‘combustion of Fuels
source
ete.
Austria kal 14 4 4 1 4 1 1 100
Belgium 60 18 2 16 0 3 1 0 100
Denmark 40 4 1 32 22 0 0 1 100
Finland 50 1 0 20 18 0 [ 1 100
France 70 9 3 6 6 4 1 1 100
Germany 59 9 2 9 " 6 2 2 100
Italy 39 9 12 19 9 10 1 1 100
Netherland 50 4 9 16 8 6 1 7 100
Norway 40 8 3 1 39 4 1 4 100
Poland 29 21 4 35 9 5 1 5 100
Spain 39 4 2 19 19 14 1 2 100
Sweden 39 20 2 5 30 6 1 1 100
UK 49 9 1 27 5 5 2 2 100

Data source: www.eea.europa.eu/publications/92-9167-031-6/page006.html, Hasanat Shah et al. (2021).





OPS/images/fpsyg-13-862854-g003.gif
2

s

234567 solunRD MY BN AR DN

— CorsumericeIndex 2020 (Annwal %)

— Consumer Pricendex 2019 (s )





OPS/images/fpsyg-13-862854-g004.gif
2

1

0

23456789101

i, GOP detiator 2020 (3 )

PRTRTRRY S e

——tnfaion, GOP defiotor 2019 (ammud %)





OPS/images/fpsyg-13-862854-t004.jpg
Variable Obs Mean Std. Dev. Min Max

COVID-19 cases 24 125 7.07 ! 24

Death rate of COVID-19 infected cases (%) 24 201 0.83 0.82 3.52
CPl Index (2020) 24 1.41 261 —1.24 12.27
CPl Index (2019) 24 221 293 0.25 1617
Inflation, GDP Deflator Index (2020) 24 252 3.36 -3.60 14.82
Inflation, GDP Deflator Index (2019) 24 270 290 -0.43 13.85

Source: Author’s Calculation.





OPS/images/fpsyg-13-862854-t002.jpg
Utiities
Oiland gas
Metal and mining
Construction
Aifine
Chemicals
Others

Source: WRI; UN environmental Programme.





OPS/images/fpsyg-13-862854-t003.jpg
Variable

CPlIndex

GDP Deflator Index

COVID-19 cases

COVID-19 induced Deaths

Description

Consumer Price Index
(% Annual)

Inflation, GDP Deflator Index
(% Annual)

Confirmed number of
COVID-19 cases
Confirmed number of
COVID-19 induced deaths

Theoretical justification

CPlindex s the weighted average of
prices of a basket of consumer goods
and services, such as transportation,
food, and medical care

It shows the average rate of price
change of the consumer and whole
products in the economy as a whole
Confirmed total number of COVID-19
cases on 16th December 2020
Confimed total number of COVID-19
induced deaths on 16th December

Source

WOI

WOl

Hasanat Shah et al., 2021

Hasanat Shah et al., 2021






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Modeling COVID-19 Impact on Consumption and Mobility in Europe: A Legacy Toward Sustainable Business Performance



		Introduction



		Theoretical Framework



		Coronavirus Disease 2019 Cases in Europe



		Nitrogen Dioxide Emission in Europe



		Consumer Durables in Europe



		Mobility







		Empirical Analysis and Framework



		Dataset, Variables, and Source



		Descriptive Statistics



		Statistical and Graphical Analysis



		Empirical Results and Analysis







		Conclusion



		Data Availability Statement



		Author Contributions



		Footnotes



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

Modeling COVID-19 Impact on
Consumption and Mobility in Europe:
A Legacy Toward Sustainable
Business Performance





OPS/images/fpsyg-13-862854-t007.jpg
Country

Austria

Belgium

Bulgaria

Croatia

Czechia

Denmark

Finland

France

Germany

Greece

Hungary

italy

Lithuania

Malta

Netherlands

Norway

Poland

Portugal

Romania

Spain

Sweden

Switzerland

Turkey

UK

Death Rate

(%) as per

confirmed
covip
cases

1.42

297

326

155

164

083

1.49

247

172

299

256

3.52

0.86

157

161

0.96

203

162

242

273

225

161

0.89

343

% (A CPI)
after
covip-19

-9.73

—48.44

—46.12

-79.95

11.01

—44.51

-71.63

-57.01

—64.96

-693.30

-0.35

—122.53

—48.60

-61.11

-51.69

—40.65

51.49

—103.68

-31.27

—146.12

—72.12

—300.02

-19.09

—43.07

% (A
Inflation,
GDP
Deflator
Index) after
COVID-19

42,61

-26.77

—-19.75

—106.74

12.99

262.10

-13.86

97.46

—22.30

—437.06

2413

27.60

—45.02

-37.38

—24.43

723.96

28.488

1099

—44.75

—15.39

-32.66

375.56

6.98

190.96

Change in
mobility after
COVID-19in
Europe until 13
December 2020
(%)

—40.71

—34.43

—27.14

—38.86

—-14.43

—-39.14

—44.14

-35.43

-32.57

-56.71

—28.57

—43.00

-37.29

-21.86

—46.57

—42.43

—34.57

-46.14

—36.29

-33.14

—42.71

—29.43

—41.14

—42.86

Source: Author's Calculations. Upward arrow means increase while downward arrow means decrease.

Empirical
justification

% (AGPY |
9%(AMobilty) |
% (A CPY |
9%(AMobilty) |
% (A CPY |
% (A Mobilty)}
% (A CPY |
% (& Mobiity)}
% (A CPY 1
% (& Mobiity)}
% (A CPY |
9% (& Mobity)|
% (A CPY |
% (& Mobiity)}
% (A CP) |
% (& Mobiity)}
% (A CP) |
9% (& Mobity) |
% (A CPY |
9% (& Mobity) |
% (A CPY) |
% (A Mobilty)}
% (A CPY |
% (& Mobilty)}
% (A CPY |
% (& Mobiity)}
% (A CPY |
9% (& Mobiity) |
% (A CPY |
% (& Mobiity)}
% (A CP) |
% (& Mobiity)}
% (A CP) 1
9% (& Mobity)}
% (A GPY |
9% (& Mobiity)}
% (A CP) |
% (& Mobilty)}
% (ACPY |
9% (& Mobity)
% (A CPY |
% (A Mobilty)}
% (A CPY |
9% (& Mobiity) |
% (A CPY |
% (& Mobiity)}
% (A CPY |
9% (& Mobity)|

NO; significantly
decrease due to
COVID-19 Induced
decline in Consumer
and restrict
lockdowns

(NO2) &

(NO2) &

(NO2) 4

(NO2) 4

(NO2) &

(NO2) 4

(NO2) 4

(NO2) &

(NO2) &

(NO2) &

(NOz) &

(NO2) &

(NO2) 4

(NOz) 4

(NO2) 4

(NO2) &

(NO2) 4

(NO2) &

(NO2) &

(NO2) &

(NO2) &

(NOz) &

(NO2) 4

(NO2) 4





OPS/images/fpsyg-13-862854-g001.gif





OPS/images/fpsyg-13-862854-g002.gif
Trains
4%

Boats

planes £
11%

Trucks
34%





OPS/images/fpsyg-13-862854-t006.jpg
Country

Austria
Belgium
Bulgaria
Croatia
GCzechia
Denmark
Finland
France
Germany
Greece
Hungary
Italy
Lithuania
Malta
Netherlands
Norway
Poland
Portugal
Romania
Spain
Sweden
Switzerland
Turkey

UK

Source: www.statista.com; https://data.europa.eu/euodp/en/data; Hasanat Shah et al. (2021), https://databank.worldbank.org/source/world-development-indicators.

Confirmed
cases 16
December
2020

327,680
611,422
184,287
179,718
594,148
116,087
31,460
2,391,447
1,378,518
126,372
288,567
1,870,576
99,870
11,308
628,577
41,462
1,147,447
353,576
565,757
1,771,488
341,029
388,828
1,898,447
1,888,116

Confirmed

deaths 16

December
2020

4,648
18,178
6,005
2778
9,743
961
466
59,072
23,692
3785
7,381
65,857
863
177
10,082
395
23,309
5733
13,608
48,401
7,667
6,266
16,881
64,810

Consumer
price index
2020
(annual %)

1.38
0.74
1.67
0.16
3.16
0.42
0.29
0.48
0.51
-1.25
3.33
-0.14
1.20
0.64
1.27
1.20
3.37
-0.01
2.63
-0.32
0.50
-0.73
12.28
0.99

Consumer
price index
2019
(annual %)

158
1.44
3.10
077
285
076
1.02
1.1
1.45
025
334
061
234
1.64
264
2147
222
034
383
070
1.78
036
15.18
1.74

Inflation,
GDP
deflator
2020
(annual %)

2.31
1.29
421
-0.13
4.40
261
1.27
253
1.60
-0.84
5.92
147
1.46
1.50
2.29
-3.61
4.11
1.94
3.76
1.11
1.72
-0.51
14.83
5.86

Inflation,
GDP
deflator
2019
(annual %)

1.62
1.76
524
192
3.89
0.74
1.48
1.28
2,06
026
4.77
0.92
265
231
303
—0.44
320
176
6.80
131
255
-0.11
13.86
2.02





OPS/images/fpsyg-13-862854-t005.jpg
Variables

COVID-19 cases
Death rate of
COVID-19 infected
cases (%)

Pl Index (2020)
CPlIndex (2019)
Inflation, GOP
Deflator Index
(2020)

Inflation, GDP
Deflator Index
(2019)

Source: Author’s Calculation.

COVID-19

cases

1.0000
-0.2758

-0.0915
—0.0688
-0.2393

-0.0610

Death rate
of COVID-19
infected
cases (%)

1.0000

-0.2849
-0.2632
-0.0174

-0.1190

CPIIndex
(2020)

1.0000
0.9703
0.8742

0.9208

CPI Index

(2019)

1.0000
0.8449

0.9330

Inflation,
GDP
deflator
index (2020)

1.0000

0.8932

Inflation,
GDP
deflator
index (2019)

1.0000









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Psychology





