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Abstract

A novel coronavirus (COVID-19) has caused viral ymenia worldwide, posing a
major threat to international health. Our studyorépthat city lockdown is an effective way
to reduce the number of new cases and the nitrdigaide (NGQ) concentration can be used
as an environmental lockdown indicator to evaluhteeffectiveness of lockdown measures.
The airborne N®@ concentration steeply decreased over the vastrityajf COVID-19-hit
areas since the lockdown. The total number of nesslyfirmed cases reached an inflection
point about two weeks since the lockdown and cdildreduced by about 50% within 30
days of the lockdown. The stricter lockdown willljnenewly confirmed cases to decline
earlier and more rapidly, and at the same time releiction rate of Ne©concentration will
increase. Our research results show that Bidellite observations can help decision makers

effectively monitor and manage non-pharmaceutit@irventions in the epidemic.

Plain Language Summary

Since governments adopted epidemic control measi€s levels in most of the
affected regions dropped significantly and NNgatellite data can be used as an environmental
indicator of lockdown and can help explain the iempéntation of government

non-pharmaceutical interventions.
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1. Introduction

Large-scale COVID-19 viral pneumonia through hun@muman transmission poses a
severe and acute public health emergdiimang et al., 2020a; Li et al., 2020). As the epidemic
worsened, most countries imposed city lockdown andarantine measures to reduce
transmission to control the epidemic. The Chineseeghment has gradually implemented a
city-wide quarantine of Wuhan and several surrongdities as of 23 January, flights and trains
to and from Wuhan have been suspended, and pudntisport has been halted (Cyranoski et al.,
2020; Wu et al., 2020). The entire northern Italy waargmtined since 9 March 2020, and three
days later the government extended it to the wioalentry (Paterlini, 2020). The Spanish
government declared a national emergency, staoin5> March (Legido-Quigley et al., 2020).
In Germany, since 18 March, 16 states have clgsaljc gatherings of more than two people
have been banned and most shops except supermankepharmacies have closed (Dehning et

al., 2020).

The worldwide lockdown, which was imposed to stio@ spread of the novel coronavirus,
not only caused an economic downturn but also apde® result in cleaner air in urban areas
usually heavily affected by pollutiofiLian et al., 2020; Schiermeier, 2020). The most important
measure of the lockdown policy was the reductiortraffic and control personnel flow, and
traffic pollution is an important factor influengrair quality and public health. Vehicle exhaust
and evaporation emissions are the main emissionca®wf ozone and secondary particle
precursors near the ground in cities and reg{@hsu et al., 2019; Yuan et al., 2013), and the
spatial variation of nitrogen dioxide (N} fine particulate matter (PM) and black carbon (BC)
may also be significant affected by traffic flowndéy (Clougherty et al., 2013). A study in Los

Angeles showed that nitrogen oxides (N@ere identified as a source of pollution for ligh
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vehicles, with NGQ, NOy, carbon dioxide (C¢), BC, and fine particle number (i) identified

as diesel exhaust sourgdsssum et al., 2018; Fan et al., 2018). In South Korea, source analysis
studies have shown that there is a high correldtigtveen estimated traffic volume and NO
concentration (Kim et al., 2015). NOevels can be used as a proxy for exposure to
traffic-related composite air pollution and to asséhe impact of scenarios designed to reduce

traffic-related emissions (Brnnum-Hansen et all&@ohansson et al., 2017).

In this report, we study the parameters of envirental indicators for city lockdown. Using
the automatic ground detection data and satelta tb analyze the trend of lockdown and the
total confirmed new cases in major cities in Chiaag using satellite data to further study the
impact of lockdown on virus transmission in cougdgrmainly severely affected by the epidemic,
in order to help policymakers to formulate effeetiontrol measures to reduce the spread of

COVID-19.

2. Data and measur ement

The ground observation data of five pollutants:oBMarticulate matter (PMN), sulphur
dioxide (SQ), NO,, and carbon monoxide (CO) in cities in Hubei Pnoe were selected for
analysis, data source: http://wagi.info/. The daban January 24, 2020, to February 23, 2020,
are selected as the representative data sincedke@own, and December 24, 2019, to January 23,
2020 as the before lockdown data (Figure 1). Thmraatic monitoring of PMs and PMo
adopts the micro-oscillating balance method and3thbsorption method, respectively. S@as
determined by the ultraviolet fluorescence metid@; by the chemiluminescence method, CO

by the nondispersion infrared absorption method gewsl filter correlation infrared absorption
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method. The average concentration of major citigls severe epidemic diseases was selected as
the representative of NCOconcentration of China, including Wuhan, Nancha@Ggangzhou,

Hangzhou, Changsha, Beijing, Shanghai, Hefei arehgbhou.

This paper adopted the level 3 daily global gridd@@5°x0.25°) nitrogen dioxide product
(OMNOZ2d) provided by the Ozone Monitoring Instrurh€@MI) onboard the Aura satellite as
the daily NQ data, which can be obtained  from GES DISC
(https://cmr.earthdata.nasa.gov/search/concepts@1B6111-GES_DISC.html). We selected
the Column Amount N® Trop product to calculate the changes in the w©pperic NQ
concentration impacted by the control measures ast EAsia, Western Europe and North

America (Figure 2):

VA= % x100% @)

1

Nl_NZ

IR= x100% 2

1

where VA is the relative variation ratio, IR is theprovement rate, Nis the average
concentration of the pollutant one month before thekdown, and N is the average

concentration of the pollutant one month sinceldle&down.

The tropospheric NOdata from 1 January 2020 to 2 December 2020, welected to
analyze the variation in NQover time in China. The NOsatellite data of Italy, Germany,
France, the United States, Iran and Switzerlaricbia the time of the first case in each country
to 20 April 2020. Due to the satellite orbit, ddfatalues occur among the daily data that were
determined via piecewise linear interpolation owrere. Border data from the US Centers for
Disease Control and Prevention (CDC)

(https://www.cdc.gov/epiinfo/support/downloads/sbflps.html) were selected to obtain the
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borders of each country. To remove the influenceveéther factors, a 7-day moving average
was calculated. To compare the relative changesigriee different countries, the data for each

country were standardized.

The daily number of confirmed cases in each couatrg region was obtained from the

World Health Organization (WHO) (https://www.whd/in.

3. Results

3.1. A spatial comparison of pollutants before aimde the lockdown in Hubei Province.

Figure 1 shows the change in pollutant concentratioHubei Province one month before
and since the lockdown of major cities. Compareth wefore the lockdown, NQSG, PMo,
CO and PMsconcentrations all decreased to a certain extemte O, experienced the most
notable decrease. Since biomass and coal combusteomajor S@ and CO sources, they
exhibit the lowest rate of improvement (Khalil &t 4988; Huang et al., 2012). Both the PM
and PMoconcentrations decreased to a certain extent (3ark¥34.3%, respectively) as a result
of the reduction in fugitive dust, particulate neathnd important precursors produced by motor
vehicles and factories (Huang et al., 2019). Stdi@ve shown that the contribution of tail gas
emissions to the total mass of PMloes not account for the main part, but mainly €rmom
other sources such as biomass combustion and mhetegeransmission of secondary particles
(Chen et al., 2012). Therefore, the impact of straffic control during the lockdown on Pidis

not notable, and the spatial difference is lardé, £is not suitable as a city lockdown indicator.

After the improvement of petroleum product quabtandards, the NOemissions of per

vehicle have decreased slightly, but the notabvtr of vehicle ownership increased the
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proportion of NQ traffic source emissions. In addition, after theplementation of emission
standards for coal-fired power plants, multipleht@cal improvements greatly controlled the
NO: emissions from coal-fired sources, which also aokd the correlation between d@nd

city lockdown effect (Liu et al., 2020). The effesftlockdown on NQwas significantly greater
than that on the other pollutants, with an averaggentration reduction of approximately 60.3%

(95% CI: 56.8-64.0%) in Hubei, which can be appleesl an environmental indicator of the

lockdown effect.
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Figure 1 The improvement rate of the major pollutants dmeldistribution of the accumulated
epidemic numbers in each city of Hubei Province moath since the lockdown.

3.2. Changes of airborne N@Plummets over COVID-19-hit area since the lockdown
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In East Asia (Figure 2a), compared to before tlikdown, the total emissions of N@
eastern China have significantly decreased by appedely 56.6%. In South Korea, where the
local government implemented the most extensivéingggprogram and quarantined people
infected with the virus without shutting down thetiee city, monthly NQ emissions were
reduced by about 18.0% (Han, 2019; Bauwens eR@20). Recent studies have shown that in
East Asia, N@ experienced the most significant reductions byosinB83%, 33%, and 19%
decrease in Wuhan, Seoul, and Tokyo, respectivatynpared with February 2019
(Ghahremanloo et al., 2020). In western Europeu@igb), the monthly Nconcentrations
have decreased sharply in Italy by 47.5%, partibula the north (82.4%), where the outbreak
is the most severe. This could be due to the remudh road traffic and the decrease in
economic activities in the industrial heartlandaasesult of the widespread lockdown policy
(Schiermeier, 2020). Other countries such as Geymaanmark, and Poland also experienced
notable reductions. This is consistent with theultesof the European Environment Agency
(EEA) (EEA, 2020). In the case of Spain's two latggties, in light of the sharp reduction in
traffic, the reductions of N©concentrations were 62% and 50%, respectively adid and
Barcelona (Baldasano, 2020). However, in certagasrsuch as northern and southern Spain,
the NQ concentration has risen, possibly because of lasuce measures and increased
emissions from coal-fired power plants, as welireteorological factors (Curier et al., 2014). In
the United States (Figure 2c), one month sinceldbkdown, the overall decline in NQs
relatively small. The N@concentration is increasing significantly in trestmidwestern regions

that have not yet been locked down.
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Figure 2. The relative variation in the monthly average tgpheric NQ concentration before
and since the lockdowm, East Asiab, Western Europe;, North America. Source: Analysis of
data from the NASA Ozone Monitoring Instrument (QMI

3.3. The temporal evolution of the N©oncentration and the total number of newly condid

cases in China.

since the strict city lockdown, the N@oncentration in the main virus-affected cities in
China decreased significantly (Figure 3). Consisteiith the satellite data, the ground
monitoring results showed that compared to the itiomd before the lockdown, the monthly
average NO@ concentration since the lockdown decreased appeaiely 55.7% (95% CI:
51.5-59.6%) in eastern China. Since the lockdowa,tbtal number of newly confirmed cases
reaches an inflection point after approximately tmeeks (the incubation period of the virus is
14 days). The most significant improvement was néed in Hangzhou, where the HNO
concentration decreased approximately 68.1% andethéemic was quickly brought under
control in this region. Likewise, Zhengzhou, ChdrysGuangzhou, and Nanchang are good
examples. Wuhan, the worst virus-affected areahim& also exhibited a downward trend. The
total number of confirmed new cases reached 13pt8&ebruary 12 due to the inclusion of

clinically diagnosed cases (Wei et al., 2020), ltexyin a new delayed peak in the figure.
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The national emergency response has delayed thadspf the epidemic and greatly limited
its range. Studies have shown that before emergeesgonse initiation, the basic case
reproduction number @Ris 3.15, and after intervention measures werdampnted in 95% of
all places, the averageoRalue has dropped to 0.04, the total number ofishctases has
decreased 96% (Tian et al., 2020). The declinbarcase rate is related to the implementation of
measures such as the suspension of public traasiporin the city, the closure of entertainment
venues and the ban on public gatherings. The coteNO, can reflect the implementation

intensity of these control policies.
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Figure 3. Temporal variation in the NGconcentration and number of new cases in China. Th
dotted line indicates the average value of;N§@fore and since the blockade. ** indicates
significant difference at the 0.01 level (bilat¢rand * indicates significant difference at the
0.05 level (bilateral).
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3.4. The temporal evolution of the N©@oncentration and the total number of newly coméd

cases in the COVID-19-hit areas globally.

About two weeks since the implementation of stioctkdown measures in COVID-19-hit
area, the total number of newly confirmed casesast regions has dropped, and NNgnissions
also decreased significantly (Figure 4). As a tteshé strict lockdown of COVID-19-hit areas
other than those in China is also effective ang égmsmplement. The lockdown measures might
have already prevented tens of thousands of deatlurope (Flaxman et al., 2020). The
occurrence time of the inflection point of the ngwlonfirmed cases is mainly related to the
implementation effect of non-pharmaceutical intaeti@n measures, and the reduction rate of
NO: is also related to the policy implementation staftherefore, the reduction rate of N€an
be used to characterize the degree of non-pharmealeintervention to determine when the
inflection point of newly confirmed cases appeditse NQ emissions significantly decreased by
an average of 36.6% and the total confirmed newsasached an inflection point 12 days later
since the lockdown in Italy. Studies have showrt 88000 deaths have been averted in this
country due to the implemented intervention meas(fflaxman et al., 2020). N@eclined less
(27.1%) in France, and the time for the total numbk confirmed new cases to reach an
inflection point was delayed. In Germany, the MNgnissions decreased the most, by 54.7%, and
the total number of confirmed new cases reachedfdaction point within 8 days since the
lockdown, which occurred earlier than in other does. Due to the relatively low number of
confirmed cases in Iran and Switzerland, with tleelide of NQ after the strict control,
confirmed new cases also reached the inflectiontpsarlier. In the the worst-affected states,
United States, N©emissions decreased by an average of 43.1% inYely Washington and

California, and the total confirmed new cases deapgignificantly, showing signs of easing.
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Figure 4. Temporal variation in the NOconcentration and number of new cases in the
COVID-19-hit areas. The dotted line indicates therage value of N®before and since the
blockade. The starting time is when the first cages detected in the area. ** indicates
significant difference at the 0.01 level (bilatgradnd * indicates significant difference at the
0.05 level (bilateral).

3.5. The results since the epidemic control inG@¥/ID-19-hit areas globally.

Following the implementation of strict epidemic t@h measures, the newly confirmed
cases dropped by more than 50% within 30 daysealNtt» mutation point, especially in most
countries in Europe and the Western Pacific Regidmgre the decline was more significant
(Figure 5a). The reduction in the number of newbnfomed cases is closely related to the
intensity of interventions. The indicator effecttbe reduction rate of Nxonfirms that among
the top 50 countries with the cumulative numbecaifirmed cases, stricter intervention is more
conducive to epidemic control. When the N@duction rate is only about 25%, the intensity of
the government intervention measures indicated maitlhave a significant effect on the control

of the epidemic (Figure 5b). Studies have showr tmy after the government authorities
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imposed a contact ban did the spreading rat¢ dropped to 0.09, which is lower than the
recovery speed, and the exponential growth of rese€ turned to decline (Dehning et al., 2020).
In Wuhan, China, due to the strict lockdown, thénested effective reproduction number Rt fell

below 1.0 on February 6, 2020 (M@utation time) (Pan et al., 2020).

In addition, in the new wave of the outbreak in d&p&, France, the United Kingdom and
other European countries are bringing back a loekdand escalating restrictions. Consistent
with the first wave of outbreaks, local N@vels declined significantly with the implememnbat
of non-pharmaceutical interventions, and the nundberewly confirmed cases declined within
14 days (Figure 5c). Therefore, it is feasible &8 INQ as an environmental indicator for
guantitative research, which helps to assess theaef and timing of non-pharmaceutical

interventions to guide current and future respoitseggobal pandemics.
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Figure 5. The results of the strict epidemic control measuge The reduction rate of new
confirmed cases within 30 days at the N@utation pointjp, Changes in the rate of decline in
NO2 and the reduction rate of newly confirmed casesesthe implementation of strict epidemic
control measuresc, Temporal variation in the NOconcentration and number of new cases
during the second wave of epidemics. The dotteslildicates the average value of Né&fore
and since the blockade. ** indicates significarffestence at the 0.01 level (bilateral), and *
indicates significant difference at the 0.05 lefmllateral).

4. Conclusion and Discussion

Urbanization and rapid transportation system deuaknt accelerate the spread of
COVID-19, and only strict containment measures e#actively prevent a second and third
outbreak (Huang et al., 2020b; Huang et al, 2028e)dies have shown that it is difficult to
reduce the number of cases significantly in a gradual multi-stage policynd that such a policy

decision implies that the government is willing to risk antiease in COVID-19 cases and deaths
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in exchange for decreased economic and isolatigradts, which may not be desirable from an
objective point of view (Karnon, 2020). Our resudtsow that approximately 15 days since the
implementation of the lockdown policy, the numbénewly confirmed cases will decline , and
an earlier decline can occur with stricter lockdoweasures. Although the the immediate
adoption of a lockdown policy may lead to many gedyeing adversely affected financially, the
impact is short-term, and the control of the epimem long-term. International guidance
supports a range of mandatory social isolation oreas extensive case detection, and isolation
and contact tracing. Compliance with quarantinedives is absolutely critical to saving lives,
protecting the most vulnerable in society, and gnguthat the national security system can cope

and care for the sick (lacobucci, 2020).

NO2 can be used as an environmental indicator to gudhe effectiveness and intensity of
interventions and can be incorporated into assedgsmef the implementation of existing
outbreak control measures in countries and intdigtien of future scenarios and case numbers.
In addition, NQ would help provide policymakers with information strengthening, easing and
selecting appropriate measures to contain COVICaa8 other future global pandemics. For
details, please refer to the Global Prediction &ystof the COVID-19 Pandemic
(http://covid-19.1zu.edu.cn). However, there arensoareas where NQroncentrations are not
influenced by local emissions. For example, thexpreted increase of Nbserved in other
areas such as southern and northern Spain andgfatie United States could be due to the
meteorological influences. Therefore, we need id NG mutation points to screen out areas
suitable for this research method. Like Figure fSN©O> drops significantly and there is a
mutation point, then the number of newly confirmeages in the region will also decrease. We

selected the top 50 countries with cumulative caméd cases and find the N@utation points
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in each affected area. The results showed thaegbaint of NQ mutation, in more than 70% of
areas, newly confirmed cases dropped by more tl@df. 3n more than 23% of the regions,
newly confirmed cases have dropped by more than, ®#th as Ireland, Austria, Germany,

Japan, China, etc.
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