i land

Article

Could Air Quality Get Better during Epidemic Prevention and
Control in China? An Analysis Based on Regression
Discontinuity Design

Xinghua Zhao, Zheng Cheng * and Chen Jiang

check for

updates
Citation: Zhao, X.; Cheng, Z.; Jiang,
C. Could Air Quality Get Better
during Epidemic Prevention and
Control in China? An Analysis Based
on Regression Discontinuity Design.
Land 2021, 10, 373. https://doi.org/
10.3390/1and 10040373

Academic Editors: Su Young Woo, Jae

Hyoung Cho and Myeong Ja Kwak

Received: 26 February 2021
Accepted: 31 March 2021
Published: 4 April 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Political Science and Public Administration, Shandong University, Qingdao 266237, China;
201720080@mail.sdu.edu.cn (X.Z.); 201720085@mail.sdu.edu.cn (C.J.)
* Correspondence: 201720084@mail.sdu.edu.cn

Abstract: Though many scholars and practitioners are paying more attention to the health and life of
the public after the COVID-19 outbreak, extant literature has so far failed to explore the variation of
ambient air quality during this pandemic. The current study attempts to fill the gap by disentangling
the causal effects of epidemic prevention on air quality in China, measured by the individual pollutant
dimensionless index, from other confounding factors. Using the fixed effects model, this article
finds that five air indicators, PM; 5, PMjg, CO, NO;, and SO,, significantly improved during the
shutdown period, with NO, showing the most improvement. On the contrary, O3 shows an inverse
pattern, that is, O3 gets worse unexpectedly. The positive impact of epidemic prevention on air
quality, especially in terms of PM; 5, PMjg, and NO,, become manifest five days after the resumption
of labor, indicated by the result of a regression discontinuity design. These findings are still robust
and consistent after the dataset of 2019 as a counterfactual sample is utilized. The findings of this
paper make contributions to both environmental governance and pandemic prevention, with relevant
guidelines regarding the health and life of the public and governmental behavioral management
strategies discussed.

Keywords: air quality; shutdown period; fixed effects model; regression discontinuity design

1. Introduction

At the end of 2019, an unexpected novel coronavirus, known as COVID-19, broke out
and quickly spread around the world, both in developed and developing countries [1,2].
Its rapid infection rate has bestowed on the people of the world an enormous catastrophe.
This is a new type of severe acute respiratory syndrome coronavirus, which is highly
infectious and can spread rapidly. In the absence of adequate vaccination of the majority
of the population, social distancing and lockdown of areas are deemed the only resultful
solutions to contain the diffusion of COVID-19. In response to the threat caused by the
pandemic, many countries have considered and implemented measures that restrict human
mobility flow as their main means to prevent disease [3-5].

In order to stop the spread of COVID-19, the shutdown measures taken by the govern-
ments have had a serious impact on human activities and the economy [6]. The lockdown
has been the strictest in time and space in the history of the world [7], compared with the
temporary control measures taken during the meetings or major sports events in recent
years. It has led to economic downturns and recessions [8], people’s purchase and consump-
tion have been reduced, and isolation policies have led to a significant reduction in traffic
travel. Therefore, emissions of environmental pollutants have reduced, and this seems
to have led to cleaner air in cities and regions with polluted air, and scientists are trying
to figure out why this is more evident in some places. Visually, the National Aeronautics
and Space Administration (NASA) monitored the emissions of NO, during two periods,
one from January 1 to 20 and the other from February 10 to 25, and demonstrated that
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the air index was significantly reduced during the epidemic through simple comparative
analysis, especially in China and northern Italy. These two countries were among the first
to implement complete city closures due to COVID-19.

Empirical research conducted in the academic field, combined with satellite observa-
tions, found that global daily carbon dioxide emissions declined sharply and air pollution
reduced during the pandemic and shutdown [9]. Xuelin Tian studied the changes in urban
traffic volume and air pollutant concentration in Canada after the epidemic outbreak and
found that both of them decreased simultaneously due to the lockdown policy, reaching
the lowest level in April 2020 and rebounding in May 2020, but it still took a long time to
recover to the level pre-pandemic [10]. To systematically study the extent to which strict
lockdown period measures affect air quality is a unique opportunity. Hence, a growing
number of researchers are trying to explore this topic, which was confirmed by other coun-
tries and territories, including Egypt [11], the US [12], India [13-15], Brazil [16], European
counties [17-19], and other places [8] which have also confirmed changes in air pollution
during the pandemic.

There has been research in the context of China where the change of air quality
experienced a similar pattern. The Finnish Research Centre on Energy and Clean Air
reported that measures taken in China to curb the spread of COVID-19 have resulted
in a 25% reduction in CO, emissions. Xu used air quality data from January to March
2017-2020 in three cities of China to examine the influences of epidemic prevention on the
atmospheric environment, and found when the epidemic control initiatives were taken
during February 2020, the concentrations of atmospheric PM; 5, PM;g, SO,, CO, and NO,
were lower than that in February 2017-2019 [20]. The reduction in air pollutants is closely
related to travel restrictions during the pandemic [21]. Le combined ground observation
and satellite remote sensing data to study the changes in air quality during the epidemic
period, and estimated that the reduction of pollutant concentration by control measures
was up to 90% [22].

However, it is worth noting that the foregoing literature about the relationship be-
tween epidemic prevention and the environment has numerous drawbacks that need to be
addressed. First of all, the Chinese mainland was the first major area where the outbreak of
COVID-19, which began during the Chinese Lunar New Year, with two opposing mecha-
nisms were formed to influence the quality of the atmosphere, increasing the complexity
of environmental changes during epidemic prevention and control. Specifically, one is
called the “holiday effect”, a reduction in pollutants emissions as a result of a plethora of
factories getting closed and employees being on vacation during the Spring Festival [20].
However, according to Tan [23], China’s holiday is not alone in improving air quality
during holidays, as Christmas also produces an analogous pattern of finer weather than
during non-holidays [24]. The other is the “heating effect”, which generates unintended
negative effects on ambient air quality. Drawing on an analysis of regression discontinuity
design, Almond demonstrates that a collective heating plan adopted by northern cities
increases the emission of suspended particulate matter [25]. It is further developed by the
finding that the concentrations of air index in northern cities are higher than in southern
cities [26].

Secondly, most conclusions that air quality could ameliorate during periods of con-
tainment of COVID-19 are presented in the form of a descriptive analysis of data, through
a simple comparison of air indicators between the epidemic and non-epidemic period,
but lacks empirical causal inference pursued by social science. Thirdly, some studies have
shown that the variation in air quality can be explained by meteorological conditions of
the corresponding day [27,28] and the air quality of the previous day, which needs further
exploration.

In view of the various aspects of deficiencies in the extant literature, the current
study utilizes the regulations of postponing the resumption of labor to February 10 for
24 provinces of China as an excellent opportunity to explore the effects of initiatives
for preventing and controlling the epidemic on air quality at the national level, by the
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method of a regression discontinuity design, which is considered to be significant for causal
inference. Specifically, February 10 is taken as the time discontinuity, and we construct two
samples, namely, where those before that time-point are regarded as the control group, and
those after that time-point as the experimental group, to tackle several questions: (1) Does
a causal association exist between delaying the resumption of production and ambient air
quality? (2) When can the positive impact of reducing air pollution become manifested?
(3) What are the differences in magnitudes of the effects of epidemic prevention and control
on improving different air indicators?

2. Materials and Methods
2.1. Data Collection

To ensure the accuracy and validity of the analysis, the dataset including relevant
indicators of air quality used in this article comes from the World Air Quality Index Project
(WAQIP) initiated and founded by several contributors from diversified fields comprising
environmental science, systematic engineering, data science, and visual design in 2007,
whose aim is to enhance air pollution awareness of global citizens and provide unified and
world-wide air quality information for scholars, practitioners, and even the public. To date,
this project supplies transparent air quality data for more than 100 countries, covering more
than 30,000 stations in 1000 major cities via two websites. China owns 210 environmental
monitoring stations that are included in this project. Additionally, WAQIP also provides an
Open Data framework that comprises daily air monitoring data at the city level, which has
been constantly updated since 2014.

The data on air quality are not the raw pollutant concentration, but are transformed
into the Air Quality Index (AQI) of individual pollutant indicators through a specific com-
puting method (Air Quality Historical Data Platform. https://aqgicn.org/data-platform/
register/, accessed on 25 February 2021). AQI is a nonlinear, dimensionless index that
describes Air Quality quantitatively. The higher the value, the more serious the air pollu-
tion is, and the greater the harm to human health, so when we check the figures for PM; 5,
they correspond to the PM; 5 individual AQI (noted as AQIPM; 5). Since the WAQIP only
provides six air indicators without CO,, namely, PM; 5, PM1p, NOy, SO;, CO, and Oj3, this
paper also selects these six as the air quality measurement indicators. The time span of
the historical air quality data available at the city level depends on the time of visiting the
website. Daily urban air quality index data collected by this paper ranges from 1 January
2014 to 29 March 2020, covering 189 cities. Meteorological conditions of the correspond-
ing day are also obtained as control variables from the weather posting website*, which
are weather conditions mainly including minimum temperature, maximum temperature,
windy weather, sunny and rainy conditions, and so forth. Because there are missing values
in some cities, the number of air quality indicators is not consistent. The details are shown
in Table 1.

2.2. Model Specification

The data used for the empirical analysis is in the form of a daily panel structure at the
city level, to which the panel regression model should have been established. According to
the Hausman test, the p-value is significant at the 1% level, which means the Fixed Effects
model is more suitable when running panel data regression.

Considering the Fixed Effects model in panel regression:

Yi = o + pY;—1 + Bishutdownperiod + B;X;; + €4, @)

where i and t denote the city and year, respectively. Y}; is the dependent variable, represent-
ing the air quality index of multiple pollutants that comprise PM, 5, PM;g, SO,, NO,, CO,
and O3 of one city at time-point f. Since ambient air concentrations involve time correlation,
to a certain degree, endogenous problems may arise. To avoid this, ¥;;_1, the dependent
variable with a lag of one day, should be included in the above equation, of which p is the
coefficient needing to be estimated. The shutdown period is the core independent variable
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of interest in this paper, and 1 is the estimated magnitude of the effect of postponing
production on the air environment. The bold symbol X; is a set of control variables, such
as meteorological conditions, weekends, and holidays, while ¢;; is the error term.

Table 1. Variables description.

Variable N Mean St. Dev. Min Max
PM2.5(Log) 9617 4.751 0.479 2.079 6.51
NO2(Log) 9614 2.377 0.697 0 4.205
PM10(Log) 9587 3.946 0.595 0.693 6.477
SO2(Log) 9576 1.685 0.851 0 4.234
CO(Log) 8729 2.131 0.525 0 4.5
O3(Log) 8777 3.42 0.381 0 4913
Shutdown period 9621 0.334 0.472 0 1
Cut 9621 —9.022 14.71 —34 16
Spring Festival 9621 0.196 0.397 0 1
Windy weather 9621 0.833 0.373 0 1
Sunny weather 9621 0.251 0.433 0 1
Weekend 9621 0.157 0.364 0 1
Holiday 9621 0.039 0.194 0 1
High temperature 9621 9.33 8.573 —-20 32
Low temperature 9621 0.426 9.68 -33 23
PM2.5(Log) (lag 1) 9428 4.74 0.485 2.079 6.51
NO2(Log) (lag 1) 9427 2.388 0.699 0 4.205
PM10(Log) (lag 1) 9399 3.943 0.6 0.693 6.477
SO2(Log) (lag 1) 9389 1.688 0.852 0 4.234
CO(Log) (lag 1) 8558 2.139 0.522 0 4.5
O3(Log) (lag 1) 8609 3.412 0.385 0 4913

Although numerous variables that might impact air quality are controlled in the Fixed
Effects model, there may still be problems with missing variables, such as pressure, due to
limitations arising from data availability. In consideration of the fact that 24 provinces have
set clear dates for resumption of work and the weather conditions within a few days before
and after it, the time point is considered as having no significant difference, and the only
difference is whether the production activities have taken place. Therefore, two periods
before and after February 10 can be regarded as local randomization, and a regression
discontinuity design can be utilized to identify the causality between the shutdown period
and air quality.

The equation of regression discontinuity design is:

Yit = a; + pY; -1 + Bisdperiod + yicut; + 'yzcut‘l2 + ')/3,cui,‘l3 + BiX; + ¢ir- 2)

For one city whose subscript is i, the date of resumption of work is cut;. The sdperiod
(consistent with the shutdown period in the Fixed Effects model) is defined as the dummy
variable; namely, if t > cut;, the sdperiod is coded as 0, and otherwise coded as 1. Binomials
and trinomials corresponding to cut? and cuf? in the above equation are further estimated,
aiming to obtain a non-linear relationship. Other parts are in line with the fixed effects
model.

2.3. Variables Specification

Air quality: In the current study, common indicators gauging air quality are collected,
captured by particulate matter (including PM; 5 and PMyg), carbon monoxide (CO), ni-
trogen dioxide (NO,), sulfur dioxide (SO;), and ozone (O3). The data form is not the
original pollutant concentration, but the AQI of individual pollutants through a series of
calculations. AQI is a dimensionless index, and its value ranges from 0 to 500 with the
meaning that the bigger number represents the worse atmosphere quality. In the empirical
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analysis, we take the logarithm of AQI. For example, PM; 5 is marked as PM; 5(Log), as are
other variables.

Shutdown period: We take February 10 prescribed by 24 provinces as time discon-
tinuity (Seeing Figure 1 and Appendix A for details), to investigate whether there is a
systematic difference in air quality within several days before and after that time-point. In
China, the 30th day of the 12th month in the lunar calendar (24 January 2020) is viewed
as the first day of the Spring Festival holiday, and so the time span ranging from January
24 to February 9 constructs the shutdown period influenced by the epidemic. As a result,
the equilibrium sample in this paper, beginning from 7 January to 26 February 2020, is
constructed for research needs. It includes 51 days for three periods, namely during the
epidemic, before the shutdown, and after the resumption of work, comprising 17 days
each, extracted from the original air quality data and meteorological data. The coding rule
for the shutdown period variable is that the time period between January 24 and February
9 is assigned 1, and O for the remainder.

Xinjiang

Production Date

EL
L] 1oFe
| |otFes

no date
no included

Figure 1. Resumption of labor in Chinese provinces.

Meteorological conditions: Relevant indicators of weather conditions are collected as
control variables, consisting of the daily minimum temperature, daily maximum tempera-
ture, windy weather, and sunny weather. Windy weather and sunny weather are dummy
variables. Their coding rules are that the existence of wind on the corresponding day is
coded as 1, otherwise coded as 0; sunny weather all day is coded as 1, otherwise coded as 0.

Other control variables: Primarily, the holiday effect and the weekend effect [29-31] are
considered important predictors for variation in air quality as well. Aiming to disentan-
gle the net effect of the shutdown period on air quality from other confounding factors
that might derive from the above two effects, the paper constructs the holiday variable
and weekend variable separately. Among them, in view of China’s State Council which
extended the Spring Festival holiday, the period ranging from 24 January to 2 February is
regarded as the Chinese Spring Festival holiday and coded as 1, while the remainder is
coded 0. In addition, two holiday time-points, namely 8 and 14 February, which represent
the Chinese Spring Lantern Festival and Valentine’s Day, respectively, are coded as 1, and
the rest coded as 0. Due to the weekend effect, Saturday and Sunday are assigned as 1, and
weekdays as 0. Frequencies and percentages for dummy variables, means, and standard
deviations for continuous variables for the entire sample are reported in Table 1.
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3. Results
3.1. Fixed Effects Regression Results

According to Table 2, there is a negative association between the shutdown period
adopted by provincial governments and individual pollutant AQI except for Oz, while
controlling for the Chinese Spring Festival, meteorological conditions, and weekend and
holiday effect, significant at the 0.01 level. To be more specific, each individual AQI
confined to five pollutants except Oj in the shutdown period is lower than that in the
non-shutdown period, meaning that the regulation of shutdown does have an important
role in improving the air environment. From Models (1) to (5), there exists a positive impact
of the initiative of shutdown on the air quality in terms of NO,, PM; 5, PM;g, SO;, and CO,
with the estimated coefficients of —0.178, —0.039, —0.103, —0.055, —0.037, respectively. In
other words, compared with the non-shutdown period, the AQI of individual pollutants
decreases by approximately 17.8%, 3.9%, 10.3%, 5.5%, and 3.7% during the shutdown
period, respectively, with NO, decreasing the most.

Table 2. Fixed Effects model.

Dependent Variables
1) (2) 3) @) (5) (6)
NO;(Log) PM,5(Log) PM;o(Log) SO, (Log) CO(Log) 0;(Log)
Shutdown period —0.178 *** —0.039 *** —0.103 *** —0.055 *** —0.037 *** 0.045 ***
(0.012) (0.010) (0.012) (0.012) (0.011) (0.010)
Spring Festival —0.014 0.092 *** 0.035 *** 0.037 *** 0.020 0.073 ***
(0.013) (0.011) (0.013) (0.014) (0.013) (0.011)
Weekend —0.072 *** —0.086 *** —0.062 *** 0.004 —0.057 *** 0.064 ***
(0.010) (0.009) (0.011) (0.011) (0.010) (0.009)
Holiday —0.140 *** —0.112 *** —0.185 *** —0.080 *** —0.0971 *** 0.041 **
(0.019) (0.017) (0.020) (0.021) (0.018) (0.017)
Windy weather —0.083 *** —0.118 ** —0.044 ** —0.013 —0.069 *** 0.039 **
(0.018) (0.017) (0.019) (0.020) (0.017) (0.016)
Sunny weather 0.133 *** —0.032 *** 0.073 *** 0.089 *** 0.056 *** 0.076 ***
(0.009) (0.009) (0.010) (0.010) (0.010) (0.008)
High temperature —0.005 *** 0.016 *** 0.003 * 0.004 *** —0.002 * 0.014 ***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Low temperature —0.015 *** —0.011 *** —0.016 *** —0.022 *** —0.005 *** —0.010 ***
(0.002) (0.001) (0.002) (0.002) (0.002) (0.001)
NO;(Log) (lag 1) 0.675 ***
(0.007)
PM;5(Log) (lag 1) 0.536 ***
(0.008)
PMjo(Log) (lag 1) 0.574 ***
(0.009)
S0 (Log) (lag 1) 0.494 ***
(0.009)
CO(Log)(lag 1) 0.588 ***
(0.009)
O3(Log) (lag 1) 0.477 ***
(0.011)
Observations 9420 9617 9373 9355 8541 8583
R* 0.595 0.347 0.376 0.299 0.363 0.349
Adjusted R* 0.586 0.333 0.363 0.284 0.350 0.335

Note: *p<0.1% p<0.05** p < 0.0L.

On the contrary, Model (6) reveals a counterintuitive phenomenon that O3 (ozone), a
gaseous pollutant and major secondary photochemical oxidant, gets unexpectedly worse
during the shutdown period; namely, the individual AQI of O3 increases by nearly 4.5%,
which is in line with the empirical results from the research of Sicard et al. [32], who
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demonstrates that compared with the same period in 2017-2019, the average daily ozone
concentration in the Nice, Rome, Turin, Valencia, and Wuhan urban stations increased
by 24 percent, 14 percent, 27 percent, 2.4 percent, and 36 percent, respectively, in 2020
during the lockdown. O3 formation is a nonlinear function of nitrogen oxides (NOx) and
the reactivity of gaseous organic molecules [33], which namely depends on the volatile
organic carbon (VOC)-NOx ratio. The implementation of stringent lockdown measures
reduced emissions of NOx more than VOCs, thereby increasing the VOCO-NOx ratio and
thus increasing O3 production.

The negative influences of Spring Festival on air quality concentrate on four indicators
of PM; 5, PMj, SO,, and O3 at a significant level of 0.01. Specifically, the individual AQI
of PM; 5, PMjp, SO,, and O3 increased by 9.2 percent, 3.5 percent, 3.7 percent, and 7.3
percent, respectively, which is attributed to the burning of fossil fuels for winter heating
and where residents set off fireworks and firecrackers to celebrate Chinese New Year. In
concordance with previous studies, various pollutants except for O3 significantly improve
during vacations. Variation in air quality in terms of NO,, PM; 5, PM;, and CO between
weekends and weekdays is quite predictable from the extant evidence. Moreover, there is a
variation in pollutants” AQI during windy weather, sunny weather, highest temperatures,
and lowest temperatures on the significance level ranging from 0.1 to 0.01. Air pollutant
indicators lagging behind by one day have a negative impact on the air quality of the
corresponding day, holding other variables constant, with a significance level of 1%.

3.2. Regression Discontinuity Results

Regression discontinuity is designed based on the principle of local randomization,
and this method generally utilizes the data near the discontinuity for analysis. For the
sake of robustness, this research used three to seven days before and after the time-point
of resumption of labor as the symmetric bandwidth, and then Fixed Effects models were
estimated separately. When running a regression discontinuity design, a set of models are
estimated based on various conditions that consist of binomials or trinomials, and include
or exclude control variables to elicit every individual air indicator covering four different
models. Results are shown in Table 3.

As is depicted in Table 3, when the bandwidth is three days, some pollutants, such as
PM; 5, PM;p, and NO,, improve, deriving from the shutdown period caused by epidemic
prevention, with the evidence in Models (3), (4), (7), (8), and (11). Akin to the results of
the Fixed Effects model, compared with the non-shutdown period, O3 is still deteriorating
during the shutdown period, as revealed by Models (21) and (22). Furthermore, with the
increment in the number of days of bandwidth, the effect of air improvement is beginning
to manifest gradually, proved by some insignificant parameters becoming significant.
Especially when the bandwidth is at least five days, all the models demonstrate that there
is a positive association between the shutdown period and air quality in terms of PM; 5,
PMjj, and NO,, at the significance level of 0.01. Two other pollutant indicators, SO, and
CO, show a similar trend of improvement, with the results being not very robust. Moreover,
O3 even appears to have conflicting coefficients in various models.
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Table 3. Regression discontinuity design.
Dependent Variables
PM, 5(Log) PM;o(Log) NO,(Log)
(1] (2 (3) @ (5) (6) 7) ®) ()] (10) (1) (12)
Bandwidth 3
Sdperiod 0.0003 —0.008 —0.079 ** —0.069 ** —0.001 —0.032 —0.100 ** —0.068 * —0.007 0.040 —0.139 *** —0.061
(0.031) (0.030) (0.036) (0.034) (0.037) (0.035) (0.043) (0.040) (0.037) (0.035) (0.044) (0.040)
Bandwidth 4
Sdperiod —0.047* —0.032 —0.143 *** —0.125 *** —0.029 —0.053 —0.261 *** —0.238 *** —0.160 *** —0.075 ** —0.337 *** —0.211 ***
(0.026) (0.025) (0.032) (0.029) (0.034) (0.034) (0.043) (0.041) (0.038) (0.035) (0.049) (0.044)
Bandwidth 5
Sdperiod —0.182 *** —0.071 *** —0.247 *** —0.152 *** —0.152 *** —0.114 *** —0.385 *** —0.278 *** —0.261 *** —0.114 *** —0.503 *** —0.274 ***
(0.026) (0.024) (0.034) (0.030) (0.031) (0.032) (0.044) (0.041) (0.036) (0.033) (0.050) (0.042)
Bandwidth 6
Sdperiod —0.328 *** —0.065 *** —0.348 *** —0.130 *** —0.195 *** —0.109 *** —0.419 *** —0.231 *** —0.308 *** —0.108 *** —0.555 *** —0.254 ***
(0.026) (0.024) (0.037) (0.030) (0.031) (0.032) (0.044) (0.040) (0.034) (0.032) (0.048) (0.040)
Bandwidth 7
Sdperiod —0.435 *** —0.071 *** —0.419 *** —0.083 *** —0.171 *** —0.086 *** —0.387 *** —0.188 *** —0.271 *** —0.064 ** —0.474 *** —0.173 ***
(0.026) (0.025) (0.037) (0.030) (0.030) (0.033) (0.041) (0.039) (0.033) (0.033) (0.044) (0.038)
Polynomial binomial binomial trinomial trinomial binomial binomial trinomial trinomial binomial binomial trinomial trinomial
Control variables excluded included excluded included excluded included excluded included excluded included excluded included
Lag order 1 1 1 1 1 1 1 1 1 1 1 1
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Table 3. Cont.
Dependent Variables
SO, (Log) CO(Log) Os(Log)
(13) (14) (15) (16) 17) (18) (19) (20) (21) (22) (23) (24)
Bandwidth 3
Sdperiod 0.055 0.036 —0.075 —0.045 0.009 0.003 —0.022 —0.010 0.089 *** 0.072 ** —0.005 —0.004
(0.041) (0.042) (0.049) (0.049) (0.033) (0.032) (0.038) (0.036) (0.031) (0.032) (0.036) (0.036)
Bandwidth 4
Sdperiod —0.025 —0.005 —0.268 *** —0.188 *** —0.097 *** —0.084 *** —0.206 *** —0.173 *** 0.029 0.034 —0.139 *** —0.111 ***
(0.039) (0.039) (0.050) (0.048) (0.034) (0.032) (0.042) (0.039) (0.028) (0.028) (0.036) (0.034)
Bandwidth 5
Sdperiod —0.042 0.002 —0.307 *** —0.177 *** —0.155 *** —0.073 ** —0.339 *** —0.216 *** 0.036 0.066 ** —0.114 *** —0.058 *
(0.037) (0.037) (0.048) (0.045) (0.032) (0.030) (0.043) (0.037) (0.026) (0.026) (0.033) (0.031)
Bandwidth 6
Sdperiod —0.010 0.016 —0.234 *** —0.113 *** —0.188 *** —0.040 —0.386 *** —0.194 *** 0.041* 0.080 *** —0.045 0.005
(0.034) (0.035) (0.045) (0.042) (0.031) (0.029) (0.042) (0.035) (0.024) (0.025) (0.031) (0.030)
Bandwidth 7
Sdperiod 0.034 0.033 —0.131 *** —0.033 —0.200 *** —0.025 —0.361 *** —0.111 *** 0.046 ** 0.080 *** 0.032 0.055 **
(0.032) (0.033) (0.041) (0.039) (0.028) (0.028) (0.039) (0.033) (0.023) (0.023) (0.029) (0.028)
Polynomial binomial binomial trinomial Trinomial binomial binomial trinomial trinomial binomial binomial trinomial trinomial
Control variables excluded included excluded Included excluded included excluded included excluded included excluded included
Lag order 1 1 1 1 1 1 1 1 1 1

1

1

Note: * p < 0.1 * p < 0.05** p < 0.01.
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3.3. Robust Check

In order to obtain the robust parameter estimation, a robust check that acts as an
important part in conducting regression discontinuity design was performed via applying
the corresponding data of air quality and meteorological conditions for 2019. To be more
precise, by utilizing the same regression discontinuity estimating method, the authors
explored whether the positive effect of the shutdown period on air quality existed or not
in 2019. If it did, the improvement of air quality during the shutdown period in 2020 was
probably attributed to other complex factors, rather than delaying the resumption of work;
otherwise, this effect is confirmed as robust and consistent. In consideration of the Spring
Festival effect on atmospheric quality and the fact that Chinese citizens celebrate the Spring
Festival according to the lunar calendar, we hence constructed a counterfactual sample of
the same time-point, namely 21 February 2019 different from 10 February 2020, assumed
as the date of resumption of work that did not occur, stipulated by 24 provinces in 2019
according to the Chinese lunar calendar, rather than the Gregorian calendar.

As depicted in Figure 2, the dots are estimated parameters, and the whiskers are
95% confidence intervals. The same bandwidth is selected from three to seven days, and
estimates a set of models with or without control variables, conditional on binomials or
trinomials. Overall, all six air pollutants displayed a substantially different changing trend
in 2019, in contrast with 2020. Specifically, there is an inverse relationship between the
individual AQI of PM, 5 and the shutdown period, meaning that PM; 5 gets worse during
the supposed shutdown period in 2019. PM;j has also deteriorated, but this negative
impact becomes manifest when the number of days for bandwidth is at least six days.
Variation of NO, and CO in 2019 seems not to be explained by the shutdown regulation
from extant results. While SO, begins to ameliorate only when the bandwidth is seven
days, the changing trend of Os is still a special phenomenon.
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4. Discussion

This article expanded previous research on variations of air quality in shutdown
periods by disentangling the causal effects between epidemic control and air quality from
other confounding factors, including the holiday effect and winter heating, and so forth.
Using the Fixed Effects model, the result indicates that air quality during the shutdown
period improved significantly compared with the non-shutdown period, and the positive
effects, especially for PM, 5, PMjp, and NO, become manifest gradually on the fifth day
after the resumption of labor, which is revealed by regression discontinuity design. We
also conducted a robust check underlying a counterfactual framework based on the data of
2019. The result was further confirmed and is still robust and consistent.

It is well-known that the generation of air pollutants is inseparable from human
economic activities. Atmospheric particulate matter is a kind of mixture which includes
PM, 5 and PMjq [20]. PM;g mainly comes from industrial exhaust emissions, fossil fuel
combustion, and motor vehicle exhaust and dust entrainment [34]. In addition to natural
causes, man-made SO, stems from the burning of coal, oil, and chemical fuels [35]. Fueling
combustion, automobile exhaust emissions, and other incomplete combustion activities
are the main sources of CO [20]. NO, mainly comes from high-temperature combustion
of fossil fuels, thermal power generation, industrial emissions, and automobile exhaust
gas [36]. Due to the rapid development of industries in recent decades, power plant
emissions, industrial waste gas, fossil fuel combustion, and other indirect causes have
increased environmental O3 pollution [37]. Hence, after city lockdowns came into effect,
jurisdictional boundaries were closed, residents were confined to their homes, and non-
essential travel in local urban areas was prohibited [6], and the reduction in human-related
activities led to an improvement in air quality, which is the most meaningful conclusion of
this paper. Of course, this finding is mirrored in many countries around the world [10,38],
both in developed and developing countries, also including China, which causes this
research result not only to have regional significance, but also global significance. In fact,
the decline of human activity will not have an immediate impact on the environment;
that is, there is a lag effect on the improvement of air quality, which is rarely discussed
in existing studies. This paper found that improvements in PM, 5, PM;y, and NO, began
to be highlighted after the fifth day, which enriches the relevant studies in the field of
environment.

It should be pointed out that this study was conducted based on 24 provinces in
China. Due to the vast territory of China, there is a great gap among provinces in terms of
economic structure and development mode. Some coastal areas depend on frontier trade,
while those inland tend to have more animal husbandry, mining, or smelting industries.
Studies have demonstrated that the lockdown effect is more pronounced in areas with a
higher degree of industrialization [39]. Regrettably, heterogeneity between provinces was
not taken into account, which is necessary for the in-depth investigation of the relationship
between epidemic prevention and control and the environment.

Research findings made in this paper have numerous implications for environmental
protection, especially for air quality and shutdown periods, and even apply to other coun-
tries with similar institutional arrangements and cultural traditions around the world. First,
the environmental condition has been greatly damaged due to an extensive mode of eco-
nomic development. Therefore, governments in China now shift their focus from economic
growth to paying more attention to serious environmental problems; for example, much
capital, human resources, and equipment are invested into environmental governance.
This regulation of postponing the date of resuming labor, on the one hand, reflects the
decline in economic activities indirectly, while on the other hand, it provides an excellent
opportunity for confirming the negative association between economic development and
air quality, which is of great significance for the rational arrangement of the government’s
attention. Second, poor air quality can threaten people’s life and health as COVID-19 does,
and even takes more lives. Furthermore, there is a relationship to a certain degree between
the environment and the spread of COVID-19. Considering these above-mentioned aspects,
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air quality ought to draw the attention of multiple levels of Chinese governments who
cannot afford to ignore environmental problems while striving to curb the transmission
of COVID-19. Third, environmental issues should be linked with epidemic prevention
in China and other countries that are confronted with similar air pollution conditions. It
is an important part of human rights, since everyone has the right to live in a healthy
environment, which can be improved by governmental efforts.

5. Conclusions

While COVID-19 is creating much chaos for human socioeconomic activities and
public health, for the environment we live in, especially the air quality, it is a reprieve.
Facing confirmed cases and deaths increasing day by day, China, the early epicenter of the
COVID-19 pandemic, has imposed a series of lockdown measures on a third of its cities
in order to reduce the spread and impact of the virus [39]. Many air pollution studies
show that human-related activities, such as industrial production [40], transportation, and
so forth [41,42] are the main sources of air pollution, and extreme measures of complete
or partial lockdown may bring these production and consumption activities to a near
standstill. Hence, the reduction in human activities caused by the epidemic provides an
opportunity to verify the impact of human activities on the environment.

This paper attempted to investigate whether the air quality will change significantly
due to the regulation of postponing the date of resumption of production prescribed
by 24 provinces, using various statistical models. The result of the fixed effects model
concludes that shutdowns exerted a significant positive impact on the air quality, indicated
by PM; 5, PMjg, NO,, SO,, and CO levels, while O3 showed an inverse pattern in that this
air indicator did not improve. Furthermore, the positive effects of postponing the date
of resuming work began to show up five days later, especially for the three indicators of
PM, 5, PMyg, and NO;, revealed by regression discontinuity. The results of this article
are still robust and consistent by using the data of 2019 to conduct a robust check. These
findings call for policy action at a national and local level to enhance the degree of public
health and life. For instance, the government should balance the relationship between
curbing the epidemic, environmental protection, and improving public health. In addition,
due to the complex relationship between O3 and other pollutants, effective treatment of O3
is also an important issue in the process of environmental governance.
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