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Abstract 7 

To cope with the coronavirus disease (COVID-19), national or subnational regions have carried 8 

out anti-pandemic measures such as locking down, which may improve their air quality. This paper 9 

examines the relation between air pollution and work resumption from a novel post-pandemic 10 

perspective. Using unique data on detailed industrial electricity consumption in China, this paper 11 

doesn't find a positive relation between post-COVID-19 work resumption and air pollution during 12 

the early-stage recovery. This result is obtained after controlling for province and date fixed effects, 13 

as well as local weather conditions. However, the positive relation is found for a particular 14 

subsample of large industrial enterprises and April. This finding indicates that large industrial 15 

enterprises may recover first, and the resumption is progressing gradually. Finally, several policy 16 

implications are provided, which are essentially helpful for other countries’ post-pandemic recovery. 17 
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1. Introduction 36 

To contain the COVID-19, a global public health crisis indeed(Wang et al., 2020), so many 37 

countries or regions have adopted various effective counter-virus measures to reduce person-to-38 

person interaction, e.g., restricting transportation (private or public), encouraging social distancing, 39 

and even locking down cities (like China). Notwithstanding that the cost of these defensive measures 40 

is so huge, these measures still could bring some substantial social benefits(He et al., 2020). More 41 

specifically, environmental quality (air(Collivignarelli et al., 2020; Dantas et al., 2020; He et al., 42 

2020; Kanniah et al., 2020) or water(Yunus et al., 2020)) improvement and the resulting health 43 

benefits(Chen et al., 2020) may to some extent offset the cost of these anti-pandemic measures. 44 

Unlike previous studies using data before or during the pandemic(Dang and Trinh, 2021; 45 

Khomsi et al., 2021; Wang et al., 2021), this study creatively makes full use of a confidential official 46 

dataset to examine the relation of the COVID-19 and local air pollution from a “post-pandemic”1 47 

perspective. That is, the local disclosure of the data on post-pandemic work resumption gives us an 48 

excellent opportunity to conduct this research. Hence, the core question is whether or not the rapid 49 

work resumption in a post-pandemic short-window period has pushed up or restarted the ambient 50 

air pollution, and how does this impact differ at the aspects of enterprise size and time evolution.  51 

The null hypothesis of this study is that the early-stage post-COVID-19 recovery has a negative 52 

effect on local air quality after controlling the impact of other factors. This may arise because the 53 

recovery reverse the unintended anti-pandemic improvement of air quality(Dang and Trinh, 2021; 54 

Kumar et al., 2021; Wang et al., 2021). The empirical analyses use a comprehensive dataset at 55 

                             
1
 This is a relative concept, which in this study mainly refers to the work resumption activities after the 

pandemic. 



 4

province-by-day level from March 3rd to April 21st in 2020. In particular, this study matches the 56 

official unique confidential data on post-COVID-19 recovery2  provided by the China Southern 57 

Power Grid (CSG) to the air-quality data collected from the Ministry of Ecological Environment 58 

(MEE) and constructs a panel containing 250 province-dates. By using the fixed-effect panel 59 

regressions, this paper does not find a positive relation between the post-pandemic recovery and 60 

ambient air pollution so that rejecting the null hypothesis. This result is obtained after controlling 61 

for province and date fixed effects, as well as local weather conditions.  62 

In addition, two various heterogeneous analyses are conducted from the perspective of 63 

enterprise-level characteristics and time evolution. Interestingly, the positive relation is found for a 64 

particular subsample of large industrial enterprises and April. On the one hand, this finding indicates 65 

that China's large industrial enterprises have undergone a remarkable recovery, hence no doubt 66 

throw a knock-down counterpunch to some news on faking recovery(Krawczyk, 2020; Yuan 67 

Ruiyang, 2020). This finding also suggests the success of China's powerful package of stimulating 68 

policies, as well as the wisdom of the street-stall and small-store economy. On the other hand, nearly 69 

all coefficients in the subsample of April have transformed into positive, which implies that China's 70 

domestic economy is gradually recovering over time. Furthermore, several additional tests are 71 

conducted to validate the robustness of the main results, mainly including substituting the measure 72 

variable of post-COVID-19 recovery by the resumption rate (RR), adjusting the study sample, and 73 

using the substitutable model settings. Overall, the core findings are insensitive to various 74 

robustness checks. Finally, some policy implications for other countries to recover during the post-75 

pandemic era are provided.  76 

                             
2 In this study, I mainly use the industrial electricity consumption to proxy the post-COVID-19 recovery. 
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China provides an ideal setting to test the hypothesis for two reasons. First, it is the first country 77 

afflicted with the COVID-19, and also the first one to embark on the work resumption. This work 78 

provides an indirect evaluation of China's public management policy during the post-pandemic era, 79 

which has received much attention by academics, industry representatives, and policymakers. 80 

Second, China is facing to some extent severe air-pollution problems, and more importantly it has 81 

been quantified the air quality improvements result from the COVID-19 outbreak in recent studies 82 

(e.g.,(Chen et al., 2020; He et al., 2020)).  83 

This work sheds new light on the recent hot spots in the literature of the environmental impacts 84 

of public-health shocks (like the COVID-19). The contribution of this paper is threefold. First, 85 

although many existing studies have found that the COVID-19 has reduced ambient air pollution to 86 

some extent(Dang and Trinh, 2021; Khomsi et al., 2021; Wang et al., 2021), the existing methods 87 

without exception use the data during (or before) the pandemic for analysis. Instead, this paper uses 88 

the post-COVID-19 work resumption data for re-examination, thus enriching the strand of literature 89 

on examining the relation between public health events such as the pandemic and air quality. To my 90 

best knowledge, this is among the first in the literature to investigate the influence of the COVID-91 

19 on air quality from a post-pandemic perspective. Second, from the perspective of economic 92 

development, the empirical results of this paper can not only provide an indirect test for China's 93 

powerful policy package on stimulating recovery but also provide policy implications for other 94 

countries that struggling to find a cure for domestic economic recovery. Third, this paper also 95 

contributes to the branch of literature on the economic recovery during the post-pandemic era. The 96 

current studies on post-COVID-19 economic recovery is relatively lacking. Thanks to its unique 97 

political advantage, China is the only major global economy to realize post-COVID-19 economic 98 
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recovery. Hence, making full use of the official post-COVID-19 electricity data in China, this study 99 

to some extent bridges this knowledge gap. 100 

The remainder of this paper is organized as follows. The following section “Pandemic 101 

lockdown, work resumption in China” provides the background on China’s virus containment as 102 

well as the status of post-pandemic recovery. Section 3 describes the data and discusses the variables 103 

and empirical strategy. Empirical findings are presented in section 4. The last section concludes.  104 

2. Pandemic lockdown, work resumption in China 105 

The rapid and widespread COVID-19 has had an immeasurable impact on China, the country 106 

with the second-largest economy and the largest population in the world. A rich set of regulations 107 

are implemented to counter the COVID-19, among which the policy of locking down cities is one 108 

of the most cost-effective and initiative. This section briefly reviews the outbreak of COVID-19, 109 

preventive measures, and the work resumption in China. More visually, the timing of China's anti-110 

COVID-19 is mapped in Figure 1.  111 

In December 2019, an unknown virus, later known as COVID-19, emerged in Wuhan, 112 

China(Lu et al., 2020; Zhu et al., 2020). After being aware of the person-to-person transmission of 113 

the virus, China's central government took the quick measure of locking down Wuhan City on 114 

January 23, 2020 to prevent its further spread. This may because China have learned valuable 115 

lessons from its 1911 battle against the pneumonic plague in Manchuria. With the exponential 116 

growth of confirmed cases, however, many other cities have begun to announce the implementation 117 

of closed management.3  118 

                             
3
 As of 12 February 2020, a total of 207 cities have taken measures of locking down cities.(wiki on 

COVID-19 pandemic lockdown in Hubei, accessed 03 October 2020); 
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There is no doubt that the pandemic outbreak has caused an unprecedented blow to the global 119 

major economies, including China. Thanks to China's unique political ecology, China's rapid 120 

powerful enforcement of a battery of anti-pandemic measures featuring the city locking down has 121 

yielded such great success that the pandemic has then gradually receded, even though China was 122 

one of the most affected economies in the early. Hence, with the effective control of the pandemic, 123 

restarting the economy becomes particularly pivotal to China's central government. From the date 124 

of 10 February 2020, one week after the Chinese Spring Festival holiday, many regions in China 125 

started to resume work, including the south-five provinces. In fact, the progress of work resumption 126 

is relatively slow in the initial stage. Besides, limited to the data availability, the time frame of this 127 

paper is from March 3rd to April 21st in 2020. Overall, the anti-epidemic tough measures such as 128 

locking down have a serious impact on people's lives, work, civic culture, etc. (Crossley et al., 2021; 129 

Durante et al., 2021; Engzell et al., 2021; Hensvik et al., 2021). Therefore, the domestic economic 130 

recovers as soon as possible is particularly critical in the post-pandemic era. Thanks to the 131 

innovation of public management policies, China has taken the lead in resuming work and achieved 132 

remarkable results among the global major economies. 133 

Figure 1. Timing of China's anti-pandemic. 134 

Note: Compiled by the author from publicly available figures. The sample period is from March 3, 2020 to April 21, 135 

2020, with a purpose of capturing the effect, impact, and heterogeneity of the initial resumption in China. 136 

                             

https://en.wikipedia.org/wiki/COVID-19_pandemic_lockdown_in_Hubei 
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3. Data and method 137 

This section mainly profiles the data and introduces the model setting. On the one hand, this 138 

paper integrate a unique dataset composed of three types of data, i.e., the local air quality data, the 139 

official work resumption data, and the local weather data. On the other hand, the main variables 140 

used and the empirical model are described in detail. 141 

3.1 Data 142 

To comprehensively study the influence of the COVID-19 pandemic (as discussed above, here 143 

mainly refers to “post-COVID” work resumption) on regional air quality and its impact mechanism, 144 

this paper synthesize multiple sets of statistical data and finally construct a unique confidential 145 

dataset at the province level with data for nearly two months (from March 3rd to April 21st in 2020). 146 

In particular, for the main empirical analysis, the comprehensive database principally includes the 147 

city-by-day air quality data, the province-by-day official statistical data for electricity consumption 148 

of industrial enterprises, as well as the city-by-day weather data. The details are as follows. 149 

First, the urban air quality data -the main outcome variables in this paper- derives from the 150 

Ministry of Ecological Environment (MEE). Since 2001, the Ministry of Environmental Protection 151 

(MEP, reorganized to MEE in March 2018) has begun to officially disclose the daily air pollution 152 

data, which to some extent is also considered to be the beginning of the Chinese government's 153 

attention to its environmental issues. This daily indicator disclosed officially by the MEP is the Air 154 

Pollution Index (API). Since 2013, however, a more detailed renewed indicator -Air Quality Index 155 

(AQI)- has replaced the original API, which comprehensively considering the monitoring 156 

concentrations of six main air pollutants (i.e. SO2, NOx, CO, O3, PM10, and PM2.5) and consistent 157 
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with the calculation formula of AQI in the United States. The AQI monitoring data set is the most 158 

comprehensive, effective, and real-time official air quality data that reflects China’s air quality, 159 

which has been widely used by a battery of researchers (see, e.g. Li et al., (2018), H. Liu et al., 160 

(2017), Luo et al., (2020), Tong et al., (2016)). 161 

Second, the official province-by-day panel data set on electricity consumption of industrial 162 

enterprises primarily derives from the China Southern Power Grid (CSG), one of the big two state-163 

owned power grid enterprises in China. More specifically and accurately, this top-secret data was 164 

provided by the CNAO's Guangzhou Resident Office via a confidentiality deal, one of whose main 165 

responsibilities is to audit the operation of China's central enterprises including the CSG. After 166 

verification by the CNAO's Guangzhou Resident Office, this data set is more convincing, which 167 

provides an excellent opportunity to study the transmission mechanism behind the relation between 168 

the post-COVID-19 work resumption and the variations in local air quality. 169 

Third and finally, the data on weather conditions at the city level -the main control variables in 170 

this paper- is collected from the National Climate Data Center, which is affiliated with the National 171 

Oceanic and Atmospheric Administration (NOAA). This study considers various weather variables, 172 

including the dew point temperature, wind speed rate, air temperature, and sea level pressure. Then, 173 

the three data sets are combine for the sample of province-dates. And one should note that, the mean 174 

values of city-by-day of the air quality and weather data for each province are calculated in order to 175 

match to the province-by-day industrial electricity consumption data.  176 

3.2 Variables and description 177 

Dependent variables. As mentioned above, some previous studies have investigated the 178 
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causation or correlation between the ambient air pollution (or quality) and the pandemic lockdown 179 

(or halting production). This paper, however, focuses on the influence of post-pandemic recovery 180 

on air quality. Realized this, following the method of other studies (Dang and Trinh, 2021; Khomsi 181 

et al., 2021; Wang et al., 2021), this paper takes the air quality as the dependent variables. More 182 

specifically, the natural logarithm of Air Quality Index (AQI), fine particulate matter (diameter ≤2.5 183 

microns (PM2.5) and diameter ≤10 microns (PM10) ), ozone (O3), nitrogen dioxide(NO2), sulfur 184 

dioxide (SO2), and carbon monoxide(CO) are used as the measures of the air quality. It is worth 185 

noting that, the lower the AQI, the higher the air quality; while the lower the other six indicators, 186 

the lower the air quality. At the same time, the ambient AQI is calculated based on the other six air 187 

pollutants following the technical regulation promulgated by the MEE4. Unlike some other studies, 188 

however, this work not only includes the AQI but also includes the six other air pollutants. Taking 189 

into consideration of the calculation rules of AQI and the Chinese environmental setting as well as 190 

China’s environmental context, more attention to the PM have been paid compared to the other 191 

pollutants. While the results of all the six pollutants are provided in this study. 192 

Independent variables. Notwithstanding that a rich data set on China’s post-pandemic work 193 

resumption is provided by the CNAO’s Guangzhou Resident Office, this paper mainly focuses on 194 

two key indicates on the industrial electricity consumption in view of reflecting the economic 195 

recovery directly. More specifically, the province-by-day total daily electricity consumption of 196 

industrial enterprises (ELE)5  is used as the barometer of industrial enterprises’ recovery in the 197 

baseline models. Meanwhile, this paper also constructs a proportional index -the enterprise's 198 

resumption rate (PR)- as an alternative measure in Section 4.3. The PR equals the ELE divided by 199 

                             
4
 Refer to: https://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201203/t20120302_224166.shtml. 

5
 Actually, the natural logarithm of ELE (ln(ELE)) is used in the baseline models. 
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the average daily electricity consumption in December 2019. Obviously, the higher the two values, 200 

the better the degree of resumption of enterprises in the corresponding province. Generally speaking, 201 

the electricity consumption is more proper as the measure of the work resumption than any other 202 

indicators such as back-to-work persons, since it directly links to the production activities. Another 203 

reason is that some other statistical indicators are rough enough when counting whether one factory 204 

has resumed work. For instance, even if only one or two persons return to work, it is considered that 205 

the factory has resumed work in some cases. So, the other indicators are abandon and the more 206 

effective indicator of electricity consumption are chosen as the measure of work resumption in this 207 

study. 208 

Control variables. To control the confounding influences of any other factors on the ambient 209 

air quality, this paper introduces two types of control variables. On the one hand, a number of studies 210 

contend that the weather conditions can affect the ambient air quality (see, e.g., (Clancy et al., 2002; 211 

Cropper et al., 1997; Kelsall et al., 1997; Zhong et al., 2021)). Thus the weather conditions (Weather) 212 

are controlled in the empirical models, mainly including the air temperature (AT), dew point 213 

temperature (DPT), sea level pressure (SLP), wind direction (WD), and wind speed rate (WSR). On 214 

the other hand, the thermal power generation in which coal-fired power generation accounts for a 215 

large proportion may also confound the regressions (Du et al., 2020; Sheehan et al., 2014; Yuan et 216 

al., 2018). Hence, the province-month-level thermal power generations (TPG) are included in the  217 

empirical models. 218 

Descriptive analysis. Table 1 shows a brief description of the main variables, its acronyms 219 

used in the analysis, main summary statistics, as well as the number of observations for the total 220 

sample. From the descriptive statistics, one could easily get the following preliminary findings. First, 221 
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the province-daily electricity consumption of large industrial enterprises is not surprisingly even 222 

larger than that of general ones, with a magnitude of around 11,320 kWh on average. Second, 223 

judging from the official electricity consumption data obtained, the work resumption is quite 224 

encouraging in the sample period, with a resumption rate at 73.1%. Third, the work resumption 225 

seems to be in good condition on the surface, which also could be seen from Figure A1. While the 226 

air quality does not seem to change from good to bad. Because, whether by province or not, the AQI 227 

has reached the first (good) level6 on average (see Table A1 for details). The only exception is 228 

Yunnan province, whose AQI (63.163) however is only slightly higher than the threshold of the first 229 

level. Meanwhile, another detailed violin profile of electricity consumption and AQI by province 230 

are displayed in appendix Figure A2. 231 

  232 

                             
6
 The classification standards of the AQI and air pollution levels are: 0-50 (good), 51-100 (moderate), 

101-150 (Unhealthy for Sensitive Groups), 151-200 (unhealthy), 201-300 (very unhealthy), >300 
(Hazardous). 



 13

Table 1. Summary statistics and description of variables. 233 

Variables Obs. Mean S.D. Variables Obs. Mean S.D. 

ln(ELE) 250 9.980 1.117 ln(NO2) 250 2.802 0.405 

(province-daily electricity consumption of enterprises, 10,000 kWh) (nitrogen dioxide) 

ln(ELE_L) 250 9.632 1.292 ln(O3) 250 4.480 0.359 

(province-daily electricity consumption of large industrial enterprises, 10,000 kWh) (ozone) 

ln(ELE_G) 250 8.500 1.085 ln(CO) 250 -0.418 0.221 

(province-daily electricity consumption of general industrial enterprises, 10,000 kWh) (carbon monoxide) 

PR 250 73.1 13.6 ln(WSR) 250 3.243 0.339 

(enterprises’ resumption rate, %) (wind speed rate, m/s) 

ln(AQI) 250 3.752 0.432 ln(AT) 250 5.193 0.251 

(air quality index) (air temperature, ℃) 

ln(PM2.5) 250 3.152 0.514 ln(DPT) 250 4.782 0.496 

(fine particles, designated PM2.5, with a diameter of 2.5 μm or less) (dew point temperature, ℃) 

ln(PM10) 250 42.34 17.09 ln(SLP) 250 9.147 0.0530 

(inhalable coarse particles, designated PM10, which are coarse particles with a diameter of 

10 μm or less) (sea level pressure, hPa) 

ln(SO2) 250 1.981 0.467 ln(TPG) 250 4.266 0.917 

(sulfur dioxide) (province-month-level thermal power generation, 100 million kWh) 

Note: Unit of observation is the province-day. Data source: The information on post-pandemic recovery comes 234 

from the CNAO's Guangzhou Resident Office; data on air quality and weather are from the Ministry of Ecological 235 

Environment (MEE) and National Climate Data Center of NOAA, respectively. 236 
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3.3 Empirical model 237 

This paper runs fixed-effect panel regressions to test the relation between ambient air pollution 238 

and early-stage post-COVID-19 work resumption. And, the industrial electricity consumption are 239 

used as a proxy measure for the post-COVID-19 work resumption. The main regression takes the 240 

following form. 241 

���� = ��� + ������� + ���� + ��� + ��� +∈���   (1) 242 

where i and t index province and designated day separately. The dependent variable ����consists 243 

of seven strands of outcomes, i.e. AQI, PM2.5, PM10, O3, NO2, and CO, which is represented by 244 

P equals 1, 2, 3,...7, respectively. And, the logarithmic form of the above seven outcome variables 245 

are used in the specifications. The independent variable ���� indicates work resumption, which is 246 

defined as either the province-daily electricity consumption of enterprises (logarithm, in the baseline 247 

model) or the resumption rate (in the robustness model). ���� is a vector of controls at the province-248 

date level, including the natural logarithm of province-day-level weather conditions (ln(WSR), 249 

ln(AT), ln(DPT), ln(SLP)), and province-month-level thermal power generation (ln(TPG)). � is 250 

the coefficient, and � is the random error term. Besides, this paper takes advantage of the panel-251 

data nature of the dataset to include province fixed effects (���) as well as date fixed effects (���) in 252 

the model specifications. These fixed effects can eliminate many potential sources of omitted-253 

variable bias that may confound the inferences. In particular, the province fixed effects ���subsume 254 

province-specific characteristics that are time-invariant, such as economic and geographical 255 

conditions, industrial structure and policies, and environmental policies. While the date fixed effects 256 

��� absorb common shocks to all provinces on a given day.  257 

Hence, the ��� is the most concerned coefficient in this paper, which captures the influence of 258 
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the post-COVID-19 work resumption on ambient air pollution. If coefficient ���  is statistically 259 

significantly positive, thus one can infer that the post-pandemic work resumption pushes up or 260 

restarts the ambient air pollution. 261 

Overall, the comprehensive data set and empirical models in this study have two notable 262 

advantages for the analysis. First, the post-COVID-19 work resumption data is derived from the 263 

CSG and also double-checked by the CNAO’s Guangzhou Resident Office, which provides enough 264 

confidence to precisely capture the post-pandemic recovery, especially in the industry sectors. 265 

Besides, electricity is a barometer of the whole economy, and all indicators in this study are based 266 

on electricity consumption. Second, the fixed-effect panel regressions allow us not only to control 267 

all unobserved province-specific time-invariant characteristics that influence the dependent 268 

variables, but also all general macroeconomic factors affecting all province over time. 269 

4. Empirical Results 270 

This section mainly first describes the results of the baseline models. Next, two various 271 

heterogeneity analyses are shown, from the perspective of enterprise scale and sample period. 272 

Finally, a battery of robustness checks are performed to defend the main findings, including an 273 

alternative measure of post-pandemic recovery, an adjusted sample, and two different model settings. 274 

4.1 Air Pollution and Work Resumption 275 

The main results from the baseline empirical models corresponding to Eq. (1) for the relation 276 

between the air pollution and post-COVID-19 work resumption are depicted in Figure 2. The 277 

dependent variable is the logarithm of seven ambient air quality indicators, i.e., AQI, PM2.5, PM10, 278 
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O3, NO2, and CO, which are plotted with different symbols7; and the independent variable is the 279 

logarithm of industrial electricity consumption. 280 

 281 

Figure 2. Regression results for post-COVID-19 recovery and air quality. 282 

Note: The figure shows the regression results of four various models. Specifically, Model 1 is one simple OLS model, 283 

Model 2 controls the weather conditions (including WSR, AT, DPT, and SLP), Model 3 further controls the thermal 284 

power generation, and Model 4 further controls the time trend (including the day and week trends). Unit of 285 

observation is the province-day. Sample period 03/03/2020 - 21/04/2020. All models have controlled the province 286 

and day fixed effects, and the dependent variables of which are all the electricity consumption. Six independent 287 

variables are included in the plot, with different symbols. (The regression results of PM10 are not included because 288 

of the wider confidence interval.) The dependent and independent variables in all models are all in logarithms. The 289 

estimated coefficients and their 95% confidence intervals (error bars) are plotted. The detailed tabulated form can 290 

be available from the author. 291 

                             
7
 It's worth noting that the regression results of PM10 are not included because of the wider confidence 

interval, and the detailed tabulated form including the results of PM10 can be available from the author. 
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Surprisingly, the most interested coefficient ��� are all not significantly positive in the four 292 

different models, which casts doubt that there is no or weak influence of post-COVID-19 work 293 

resumption on ambient air pollution. More specifically, Model 1 in Figure 2 presents the regression 294 

results after controlling only province and day fixed effects but not the other variables. One can find 295 

that although the coefficients for the four indicators are positive, statistically insignificant. Not to 296 

mention that the coefficient for the other two indicators are negative. Considering the systematically 297 

complex influence of weather conditions on ambient air pollution, Model 2 in Figure 2 further 298 

controls four weather variables. It shows that except for NO2, the other five all turn to negative. 299 

Coal-fire power generation plays an important role in China’s power system, which also affects the 300 

ambient air quality so that confusing the identification. Realized this, Model 3 in Figure 2 further 301 

controls the province-month thermal power generation, which indicates similar results as in Model 302 

2. Finally, given the date effects, Model 4 in Figure 2 further controls the day and week trends, 303 

which also show similar results as before. Combined, One cannot find a statistically significant 304 

positive influence of the post-COVID-19 work resumption on ambient air pollution.  305 

4.2 Heterogeneity analysis  306 

Scale of enterprises. With information on the electricity consumption of large and general 307 

industrial enterprises in the data set, this paper can investigate the possible heterogeneous effects 308 

across differential enterprises' size. Panel a in Figure 3 shows the regression results of the two 309 

subgroups, which shows that there is a positive influence between the electricity consumption of 310 

large industrial enterprises and the ambient air pollution, especially for AQI, PM2.5, PM10, and 311 

NO2. However, a nearly reverse effect is found in the subgroup of general industrial enterprises.   312 
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 313 

(a) Enterprise scale 314 

 315 

(b) Sample period 316 

Figure 3. Heterogeneity effect. 317 

Note: The figure depicts the results of two heterogeneity effects, i.e., different enterprise scale (a) and sample 318 
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period (b). All models control the weather conditions, thermal power generation, day and week trends, as well as the 319 

province and day fixed effects. The explanations of dependent and independent variables are the same as Figure 2. 320 

The estimated coefficients and their 95\% confidence intervals (error bars) are plotted. And, the detailed tabulated 321 

form can be available from the author. 322 

March and April. As mentioned above, the data set in this paper includes the resumption 323 

information for March and April 2020. This is because that the CNAO’s Guangzhou Resident Office 324 

only collects and checks the statistical information of the two months. Hence, the analyses in this 325 

study are mainly intended to reveal the relation between the ambient air pollution and the post-326 

pandemic work resumption in the early stage. Besides, considering the fact that as time goes by, the 327 

work resumption will get better and better, so this study regresses the sample in March and April 328 

2020 respectively. As shown in Panel b in Figure 3, from March to April 2020, the influence changes 329 

from negative to positive in general. 330 

4.3 Robustness checks  331 

Alternative measure of post-pandemic recovery. Making full use of the data set, this study 332 

gives another regression result based on an alternative measure of the post-pandemic work 333 

resumption, i.e. resumption rate (RR). Specifically, the RR indexes the proportion of enterprises 334 

whose electricity consumption exceeds 30% of its average daily electricity consumption in 335 

December 2019, which to some extent indicates the variation of post-pandemic recovery. 336 

As shown in the first panel (Top left) of Figure 4, all coefficients for the six indicators are 337 

negative. Not surprisingly, one still cannot get a result supporting the null hypothesis which 338 

assuming the post-pandemic recovery causes the deterioration of air quality. That is, the main results 339 
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in this subsection are generally consistent with the baseline model. 340 

 341 

Figure 4. Robustness Checks. 342 

Note: The figure shows four panels of robustness checks. More specifically, the first panel (Top left) depicts the 343 

results of an alternative measure of post-pandemic recovery, i.e., the resumption rate. The second panel (Top right) 344 

depicts the results of adjusted sample, i.e., dropping the data of Guangdong province. The third panel (Bottom left) 345 

depicts the results of FGLS model, while the last panel (Bottom right) depicts the results of LSDV model. All models 346 

control the weather conditions, thermal power generation, day and week trends, as well as the province and day fixed 347 

effects. The estimated coefficients and their 95% confidence intervals (error bars) are plotted. And, the detailed 348 

tabulated form can be available from the author. 349 

Adjusting sample. Among the provinces in the data set, Guangdong province is somewhat 350 

heterogeneous. This heterogeneity mainly includes but not limited to: 1) As a megacity in China, 351 

Guangdong province is more sensitive to the work resumption because of the larger proportion of 352 

the foreign population. 2) Guangdong province is located in the Guangdong-Hong Kong-Macao 353 
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Greater Bay Area, with the largest economy among the provinces of the data set. 3) After the work 354 

resumption started, the pandemic in Guangdong province has rebounded to some extent, which has 355 

affected its further work resumption. Therefore, the sample excluded Guangdong province is used 356 

to regress the baseline model again. The second panel (Top right) of Figure 4 shows the result, which 357 

still rejects the hypothesis assuming the post-pandemic recovery caused the deterioration of air 358 

quality. 359 

Different model setting. Considering that the data in this paper is a long panel, the assumption 360 

of independently and identically distribution (i.i.d.) of the random error terms in the short panel thus 361 

can be relaxed. More specifically, considering the possible heteroscedasticity, intra-group 362 

autocorrelation, or inter-group simultaneous correlation in the error terms, the full feasible 363 

generalized least squares (FGLS) method is used to estimate the model again. The results are shown 364 

in the third panel (Bottom left) of Figure 4. Moreover, this study also uses the least squares dummy 365 

variable (LSDV) model to include indicator variables for each panel-unit, and the results are shown 366 

in the fourth panel (Bottom right) of Figure 4. Undoubtedly, the main results of the two models are 367 

still robust enough 368 

Another concern about the analyses is the problem of endogeneity, which may mainly come 369 

from the measurement error or missing variables. Notwithstanding that it is difficult to provide a 370 

perfectly clean causal identification, the results of correlation are also enough.  371 

5. Further discussion 372 

Thus far, using unique official electricity consumption data of south-five provinces in China, 373 

the relation between the post-COVID-19 work resumption and the ambient air quality has been 374 
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estimated. Counter-intuitively, however, one cannot find any empirical evidence to support the null 375 

hypothesis which assumes a negative relation between the post-COVID-19 recovery and ambient 376 

air quality. And the results are robust enough to several robustness checks. Hence, why one cannot 377 

find a positive relation between the post-pandemic electricity consumption and ambient air pollution? 378 

And how to explain this counterintuitive phenomenon?  379 

The possible explanations given are as follows: First, notwithstanding that one has not 380 

observed a positive relation between the post-COVID-19 electricity consumption and the ambient 381 

air pollution in the full sample, a statistically significant positive relation has been found in the 382 

subgroup of large industrial enterprises as shown in section 4.2.1. On the one hand, these results 383 

indicate that large industrial enterprises have undergone a remarkable recovery, which not only 384 

owing to the relatively large proportion of State-owned enterprises (SOEs) but also a powerful 385 

package of policies such as the new infrastructure, supportive electricity prices, ensuring 'six 386 

priorities' and stability in six areas and so on. On the other hand, the results also indicate that general 387 

industrial enterprises may have not experienced a significant recovery during my study period, 388 

which may be the starting point of the street-stall and small-store economy. 389 

Second, from the view of time evolution, nearly all coefficients in the subgroup of April have 390 

turned positive as shown in section 4.2.2, although statistically not significant. This to some extent 391 

implies that China's domestic economy is gradually recovering over time, which owing to a strong 392 

package of post-pandemic stimulating policies and also in line with my intuition. 393 

Combined, my results can help to understand the policies issued for recovery more 394 

systematically. After revisiting China's unique political regime and political ecology, I then plot the 395 

potential mechanism of stimulating post-COVID-19 recovery which is shown in Figure 5. Under 396 
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the pressure of the anti-pandemic and Sino-US trade war, the central government of the P.R.C has 397 

issued a series of policies to promote work resumption after the COVID-19, including cut electricity 398 

prices. Because of the political hierarchy in China, the pressure is partly transferred to the local 399 

governments. Among the response manners, the local governments may assign concrete targets or 400 

indicators (e.g., targets of back-to-work and electricity consumption) to district enterprises, as well 401 

as implementing other local management decisions. In a word, China's central and local 402 

governments have taken series of strong measures to help enterprises recover, whose effects are 403 

gradually emerging. 404 

  405 
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 406 

Figure 5. Mechanism of stimulating post-COVID-19 recovery. 407 

Note: Compiled by authors from publicly available figures. Comprehensive policies include the new 408 

infrastructure, street-stall economy, and ensuring 'six priorities' and stability in six areas, etc.  409 

Some policy implications for other countries, which would seek an effective cure to restart the 410 

economy in the post-COVID-19 era, are as follows: (i) The post-COVID-19 work resumption is not 411 

only an economic activity but also a management behavior. It is necessary to pay attention to the 412 

effective connection between economic and management science. (ii) Pay attention to policy 413 

flexibility. The large industrial enterprises may be the breakthrough and forerunner of the post-414 

pandemic recovery. While the policy-makers should sidestep the curse of attending to one thing and 415 

losing another, i.e., taking targeted measures to help general industrial enterprises recover. (iii) One 416 

of the most effective means may be to reduce the pressure on enterprises’ operating costs, such as 417 

lower electricity prices. (iv) Green stimulus packages should focus more on highly polluting and 418 

highly energy-wasting large-scale industrial enterprises, which also plays an important role in 419 

coping with climate change. (v) The last point is to consider the actual national conditions. At the 420 
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level of policy implementation (local government) in China, the number of large industrial 421 

enterprises is small, and almost all state-owned enterprises fall into this category, so the 422 

implementation of recovering policies is relatively easier; while the number of general industrial 423 

enterprises is larger, including many small workshops and enterprise of the service industry. Given 424 

this, on the one hand, it is relatively easier to implement the resumption policy with large industrial 425 

enterprises as the entry point, and it has a more obvious role in promoting the recovery of the overall 426 

economy; on the other hand, promoting the recovery of general industrial enterprises requires 427 

innovative policy mechanisms, such as China's specific and targeted economy policy of the street-428 

stall and small-store. The developing countries, which are still in the developing stage and 429 

dominated by the secondary industry, are similar to China's national conditions. Therefore, this 430 

paper can provide a useful reference for their innovation of public management policies. 431 

6. Conclusion and Outlook 432 

Based on a battery of studies(Dang and Trinh, 2021; Khomsi et al., 2021; Wang et al., 2021), 433 

this study firstly proposes a hypothesis -controlling the impact of other factors, post-COVID-19 434 

work resumption has a negative effect on ambient air quality- which provides a novel perspective 435 

to reevaluate the comprehensive impact of the pandemic and also promotes the policy-making of 436 

greening the post‑pandemic recovery. By using unique official electricity data of south-five 437 

provinces in China, no empirical evidence, however, is found to support this hypothesis. In fact, 438 

using the unique data of work resumption across provinces in China, some positive effects in 439 

different model settings even has been found. Overall, the results are robust to a series of robustness 440 

checks on the measure index, study sample, and different model settings. 441 
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However, this study provides econometric evidence that local air quality does respond to the 442 

post-COVID recovery in China, in the heterogeneous analysis. On the one hand, a statistically 443 

significant positive relation has been found in the subgroup of large industrial enterprises, which 444 

shows that the large industrial enterprises have undergone a remarkable recovery, hence maybe 445 

indicate the success of China's powerful package of stimulating policies and the wisdom of the 446 

street-stall and small-store economy. On the other hand, nearly all coefficients in the subgroup of 447 

April 2020 have turned positive, which implies that China's domestic economy is gradually 448 

recovering over time. Finally, some policy implications for other countries to recover during the 449 

post-pandemic era are provided.  450 

Potentially fruitful areas for future research include a comparison of the effects of differential 451 

recovery policies. This includes not only different recovery policies within the same economy but 452 

also among various economies. More detailed (e.g., city- or even facility-level) and longer time-453 

scale data can be applied to the analysis of recovery policy assessment, from the standpoint of 454 

dynamic evolution. Finally, the assessment of policies in the green recovery dimension should be 455 

given more attention. 456 
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Appendix 544 

Table A1. Mean values of seven air quality indicators over south-five provinces in China. 545 

Province AQI PM PM10 SO2 NO2 O3 CO 

Guangdong 41.619  23.903  38.823  7.916  24.756  92.334  0.688  

Guangxi 46.711  26.792  44.010  9.642  19.980  74.248  0.797  

Guizhou 49.127  27.837  41.296  10.604  16.498  94.827  0.574  

Hainan 27.204  12.435  25.898  3.231  9.102  80.074  0.519  

Yunnan 63.163  37.639  55.960  8.181  17.974  123.198  0.773  

Total 45.565  25.721  41.197  7.915  17.662  92.936  0.670  

Note: The table shows the mean values of the key air quality indicators over provinces in the dataset, while the population mean values are 546 

reported in the last row. Data source: The Ministry of Ecological Environment (MEE) and National Climate Data Center of NOAA. 547 
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 549 

(a) Electricity consumption by province 550 

 551 

(b) Electricity consumption by province and scale 552 

Fig A1 Time trend of electricity consumption 553 

Note: Panel a shows the day-evolution trends of electricity consumption for Guangdong (top left), Guangxi (top right), Yunnan (middle 554 

left), Guizhou (middle right), and Hainan (bottom left). The dash blue lines in Panel a mark the provinces’ average daily electricity 555 

consumption in December 2019. Panel b shows the day-evolution trends of electricity consumption, further divided into large (white dots) 556 

and general (black dots) industrial enterprises, and the same provinces' order as Panel a. Data source: The CNAO's Guangzhou Resident 557 

Office, and the China Southern Power Grid (CSG). 558 
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 559 

(a) Violin plot of electricity consumption 560 

 561 

(b) Violin plot of AQI 562 

Fig A2. Distributions of electricity consumption and AQI. 563 

Note: The figure depicts distributions of log-transformed electricity consumption (a) and AQI (b) for south-five provinces, which merge 564 

both kernel density and box plots. The inside box boundaries indicate the 25th (lower hinge) and 75th (upper hinge) percentiles; the white 565 

dots represent the median values; and the whiskers represent the upper- and lower-adjacent values; while, the outside distribution clouds 566 

show the data distributions and their probability density). 567 
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