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Abstract
As an air pollutant closely related to urban tra�c and heavy industrial capacity, the variation of NO2
(Nitrogen Dioxide) concentration can directly re�ect the strength of socio-economic activities. Using the
weekly average results of daily product synthesis of tropospheric NO2 column concentrations from OMI
satellite inversion, a weekly-scale variation series of standardized socioeconomic activity index during the
Spring Festival period of 2019-2021 is constructed. The results show that the Spring Festival holiday also
suppresses socioeconomic activity in normal years, but the Coronavirus disease 2019 (COVID-19)
epidemic leads to an extended period of 2-3 weeks of weakened socioeconomic activity in China after the
holiday, while the minimum value of socioeconomic activity intensity decreases by 0.12. Although socio-
economic activity is signi�cantly suppressed in the short term, the intensity of socio-economic activity
rises steadily with the gradual resumption of work and production everywhere from the third week after
the Spring Festival in China and has reached 60.91% of the highest level before the holiday in the seventh
week after the holiday.

1. Introduction
The outbreak of Coronavirus disease 2019 (COVID-19) in Wuhan, China, in late December 2019 has
spread for nearly two months, with more than 80,000 con�rmed cases and 4,000 deaths reported in
mainland China as of December 30, 2020, causing serious harm to the physical and mental health of the
general public in China. At the same time, to block the transmission of the virus to the greatest extent
possible, preventive and control measures such as city closure and travel restrictions have been gradually
implemented in Wuhan, Hubei Province, China, and other areas affected by the epidemic since January
23, 2020. Since mid to late February 2020, socio-economic order is being restored in an orderly manner as
the epidemic is gradually brought under control. Except for Hubei Province in the core area of the
epidemic, the resumption of work and production in the vast majority of provinces is gradually taking
place. However, the epidemic is still in the state of external prevention of importation and internal
prevention of spread, and it is not feasible to obtain relevant data to evaluate the overall socio-economic
impact of the epidemic on China in the short term through a large-scale socioeconomic survey, so it is
necessary to explore a feasible monitoring method to quantitatively assess the short-term change
process of socioeconomic activities.

Nitrogen dioxide (NO2), as an important pollutant gas, is also one of the six atmospheric pollutants that
the environmental protection authorities of various countries are focusing on (Kong et al., 2020; Liu and
Du, 2016). NO2 mainly comes from emissions from urban tra�c and heavy chemical industries, biomass
combustion, soil release, and lightning, among which NO2 in winter is mainly released from
anthropogenic activities (van der A et al., 2008). The three most important sources of anthropogenic NOx
emissions are industry, transportation, and power plants, contributing 42.0%, 35.2%, and 19.2%,
respectively, to the total anthropogenic NOx emissions in China in 2017, according to the Chinese multi-
resolution emission inventory (Zheng et al., 2018). Therefore, changes in industry and transportation may
lead to signi�cant changes in NOx emissions. For example, during the Spring Festival (SF) holiday, the
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longest holiday in China (one day before SF to �ve days after it), many factories will stop production, and
therefore NOx emissions from industry will decrease.

Emissions from vehicle exhaust from urban tra�c and emissions from energy-intensive heavy industries
such as steel and chemical industries, as the main sources of NO2 in the atmosphere, can effectively
re�ect the changes in socioeconomic activities in China, especially in eastern China. The accuracy of NO2
monitoring results based on ground stations is relatively high, but it is di�cult to meet the needs of large-
scale monitoring and to grasp the spatial and temporal variation patterns of pollutants from a
macroscopic perspective (Gao and Yu, 2015). Therefore, for analyzing the impact of the epidemic on a
national scale, remote sensing-based monitoring methods have obvious advantages.

Since the 1990s, with the increasing concern of humans about the atmospheric environment and the
emergence of environmental satellites for earth observation, Global Ozone Monitoring Experiment
(GOME), Scanning Imaging Absorption Spectrometer for Atmospheric Chartography (SCIAMACHY),
Ozone Monitoring Instrument (OMI), Tropospheric Monitoring Instrument (TROPOMI), and other satellite
sensors have been applied to the remote sensing monitoring of NO2 column concentration in the
troposphere(Boersma et al., 2014; Bracher et al., 2005; Gri�n et al., 2019; Martin et al., 2004; Russell et al.,
2011). Because of the advantages of satellite remote sensing data in the analysis of NO2 pollution
spatial and temporal variation patterns, the relevant data have been widely applied to environmental
pollution monitoring in different regions of China, such as Beijing-Tianjin-Hebei (BTH), Yangtze River
Delta (YRD), Pearl River Delta (PRD), and Shandong Province(Heng et al., 2015; Wei et al., 2018; Zheng et
al., 2014; Zhou et al., 2015).

In addition to the analysis of NO2 pollution patterns in long time series, relevant studies on the impact of
major events on pollutant emissions, such as the parade to commemorate the 70th anniversary of the
victory of the War of Resistance and the APEC meeting in 2015, have also appeared (Tao et al., 2009;
Zhang et al., 2017a). Also, for related economic issues, studies are analyzing the impact of economic
recession on NO2 pollution emissions at the national scale in the United States (Russell et al., 2012).
Taken together, the relevant studies show that using NO2 pollution concentration to analyze the short-
term change process of socioeconomic activities during the outbreak has good application prospects.

In the study, based on OMI (Ozone Monitoring Instrument) satellite remote sensing data by establishing a
standardized NO2 emission index, we attempted to analyze the change process of NO2 concentration in
2020, quanti�ed the potential impact of the epidemic on socio-economic activities in China, and explored
the feasibility of using pollutant remote sensing monitoring technology to analyze the short-term change
process of socio-economic activities at large scales.

2. Data And Methods

2.1 Data and processing



Page 4/18

The primary data used in the study are remote sensing inversion products from the OMI satellite sensor, a
hyperspectral atmospheric environmental monitoring sensor carried on board the NASA (National
Aeronautics and Space Administration) Earth observation satellite Aura, launched in 2004. The sensor,
jointly developed by the Netherlands, Finland, and NASA, contains three channels, UV-1, UV-2, and VIS,
with an amplitude of 2,600 km and can cover the globe once a day(Anoruo, 2020). The main monitoring
targets of OMI are a variety of trace gases including O3, NO2, SO2, CH2O, etc. The tropospheric column
concentration products of OMI that can effectively re�ect the NO2 pollution emission characteristics are
mainly based on spectral information in the visible wavelength range of 405 ~ 465 nm, obtained by
Differential Optical Absorption Spectroscopy (DOAS) inversion. In this study, we use the OMI Level 3
product OMNO2d from the o�cial NASA (National Aeronautics and Space Administration) website, which
is stored in HDF-EOS5 format, and the �le contains tropospheric NO2 column concentration (TropNO2)
and total NO2 column concentration (TotNO2) data with a spatial resolution of 0.25° × 0.25° and
uncertainty of about 15% in the product(Zhang et al., 2017b).

To de-minimize, the in�uence of clouds on the monitoring results, Cloud-Screened daily products of
TropNO2 were used in the analysis. Since there is a serious data de�cit in the daily NO2 data of OMNO2d,
in order to obtain relatively effective monitoring results, weekly-scale monitoring products are established
by mean synthesis of daily products every 7 days. Considering that the SF holiday also has a large
impact on socio-economic activities, in order to objectively analyze the short-term impact process of the
epidemic, the weekly average TropNO2 products for the three SF seasons (7 weeks before to 8 weeks
after the SF) during 2019–2021 were analyzed.

The industrial thermal anomaly and radiation intensity data were obtained from the daily product dataset
of 375m resolution multispectral data from the VIIRS sensor carried by the Soumi-NPP satellite. In this
study, the thermal anomalies falling on industrial land were extracted by combining land use
classi�cation data and excluding the interference of factors such as re�ected sunlight from buildings.

2.2 Methods

2.2.1 Standardized socio-economic activity index
In order to quantitatively analyze the changes in the intensity of socio-economic activities in a speci�c
region, a standardized socio-economic activity index (SSEI) on a weekly scale is established using the
highest pre-holiday weekly average concentration in the region in that year as a reference, with the
following equation:
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2.2.2 Kernel density estimation
Kernel density estimation (KDE) is used to calculate the unit density of point and line element
measurements in a speci�ed neighborhood, which can visualize the distribution of discrete
measurements in a continuous region (Jiang et al., 2017), and the raster value is the unit density. If there
exist thermal anomalies x1, x2, ..., xn, then the kernel density at any thermal anomaly aggregation area xi

is estimated as:

Where K is the weight function (Gaussian function is used in this paper), h is the search radius, and x-xi

denotes the distance from the estimated point to the sample xi.

In this paper, the kernel density of thermal anomalies is estimated based on their spatial distribution and
the magnitude of radiation intensity to re�ect the scale of industrial production in each region.

3. Results And Discussion
3.1 Characteristics of TropNO2 column concentrations in China during the SF season in the last three
years

By comparing the course of weekly mean TropNO2 column concentrations in China during the last three
SF seasons (Fig. 1), it can be seen that all three SF seasons show a trend of gradual decrease before the
festival and gradual increase after the festival. The highest weekly value in 2019 was
6.22×1015molecules/cm2 in the 5th week before the SF; the highest value in 2020 was
5.30×1015molecules/cm2 in the 7th week before the SF; the highest weekly value in 2021 was
5.87×1015molecules/cm2 in the 7th week before the SF. The lowest NO2 column concentrations in the
three years of the SF season occurred in the �rst week after the SF in 2019. NO2 pollution takes time to
dilute, transform, and settle after formation, so the lowest NO2 values often lag slightly behind the
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pollutant reduction process(Zhang et al., 2017a). In contrast to 2019, the lowest value in 2020 occurs in
the second week after the SF. In terms of the minimum values of weekly concentrations during the SF
season, the weekly minimum value of the SF season in 2020 (1.72×1015 molecules/cm2) is
1.19×1015 molecules/cm2 lower than the weekly minimum value of the same period in 2019
(2.91×1015 molecules/cm2), and the extended process of pollutant concentration reduction and the
concentration. The reduced minimum should be directly related to the impact caused by the COVID-19
outbreak. The weekly minimum for the SF season in 2021 (2.80×1015 molecules/cm2) is
1.09×1015 molecules/cm2 higher than the weekly minimum for the same period in 2020.

Figs 2-4 show the weekly variation process of TropNO2 column concentration before the SF (from Dec
2nd, 2019 to Jan 19th, 2020), NO2 distribution during the SF week (from Jan 20th to Feb 2nd, 2020), and
weekly variation process after the SF (from Feb 3rd to Mar 29th, 2020), respectively. In general, before
and during the SF week, the national high concentration of NO2 range a lot, and show a gradually
decreasing law; after the SF, the national high concentration of NO2 is less, especially the �rst and second
week after the SF NO2 concentration is the smallest, and from the third week after the SF shows a
gradually increasing law. In addition, from its spatial distribution pattern, its main high-value distribution
areas coincide with the hotspot areas of socio-economic development, in which BTH, YRD, and PRD areas
all show high-value areas of NO2 pollution.

3.2 Temporal variation of industrial thermal anomalies
under the in�uence of epidemics
The number of industrial thermal anomalies can indicate the spatial distribution of industrial production
as well as the various characteristics, and the magnitude of radiation intensity can characterize the scale
of industrial production and energy consumption, which indirectly re�ects the air quality condition (Sun et
al., 2020; Sun et al., 2019). Figure 6 shows the distribution of industrial thermal anomalies and the
change of kernel density of radiation intensity in the BTH in the SF season in 2020. In general, it seems
that the thermal anomalies are mostly distributed in three heavy industrial cities, Tangshan, Tianjin, and
Handan in China. Comparing the temporal changes of thermal anomalies before and after the SF in the
three regions, it is easy to �nd that the number of thermal anomalies in the YRD stays at 50 before the SF,
decreases gradually from the �rst week before the SF until the second week after the SF, and then the
thermal anomalies increase substantially; the thermal anomalies in the BTH region decrease gradually
from the seventh week to the third week before the SF. In the following three weeks, the number of
thermal anomalies remained around 50. The number of thermal anomalies increases substantially from
the SF week; unlike the other two regions, the number of thermal anomalies in the PRD region is always
maintained at a low level during the SF season. Comparing the radiation intensity of thermal anomalies
in the three regions (Table 1), the radiation intensity of the BTH region before and after the SF is always
maintained around 1.6 MW; the radiation intensity of the PRD region gradually decreases from the
seventh week before the Spring Festival, reaches the lowest value in the �rst week after the SF, and then
rises rapidly; the radiation intensity of the YRD region gradually decreases from the second week before
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the SF until it reaches the lowest point in the Spring Festival week, and then starts to rise gradually. Due
to the heavy industrial structure in the BTH region, which is dominated by heavy industries with high
pollution and high energy consumption such as thermal power generation, iron and steel, and cement,
such industries did not stop production during the epidemic because of the existence of uninterruptible
production processes(Xia et al., 2018). The results of this study also veri�ed the �ndings.

Table 1
Thermal anomalies (TA) and radiation intensities (FPR, Unit: MW) in the BTH, YRD, and PRD regions.

Weeks relative to
the SF

TA of the
BTH

FRP of the
BTH

TA of the
PRD

FPR of the
PRD

TA of the
YRD

FPR of the
YRD

-7 131 1.65 37 3.13 45 3.51

-6 146 1.46 35 1.92 52 3.31

-5 74 1.65 3 0.61 38 3.40

-4 81 1.70 17 2.14 50 3.73

-3 56 1.71 17 1.61 55 3.54

-2 56 1.60 22 1.49 29 3.68

-1 55 1.77 1 1.19 72 3.14

0 65 1.79 23 0.81 67 2.48

1 91 1.65 0 0.65 53 3.01

2 141 1.62 4 1.66 45 2.97

3 222 1.83 8 1.61 151 3.94

4 80 1.20 7 0.90 100 4.39

5 146 1.70 2 1.60 113 4.12

6 327 1.64 8 1.94 130 4.53

7 431 1.77 5 2.75 215 3.89

8 264 1.58 6 2.01 60 3.99

3.3 Time-series changes of SSEI under the in�uence of the
epidemic
Calculating SSEI according to Eq. 1, it can be seen that the SSEI reached its highest value in the 5th week
before the SF season in 2019, rapidly decreased to bottom in the 1st week after the SF, and rapidly
recovered to 66.8% of the highest value in the 3rd week after the SF, and then kept �uctuating and
changing around 70% due to short-term meteorological processes (Fig. 6). The lowest value of the SSEI
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was only 0.32 in 2020 due to the epidemic, which is lower than 0.15 lower than that of 2019, and the
lowering period lasted longer. The SSEI starts to recover gradually in the 4th week after the SF in 2020
and reaches the highest value of 0.61 in the 8th week after the SF, which is only 0.12 different from the
value of the index in the same week of the SF season in 2019, so it can be seen that although the
epidemic has had a serious impact on socio-economic activities nationwide, the SSEI rises week by week
from the 4th week onwards as the effectiveness of epidemic prevention gradually emerges, indicating
that socio-economic activities are steadily recovering. The SSEI decreases to the lowest value in the
second week before the SF season in 2021 and then remains around 0.5 until the third week after the SF,
and gradually increases from the fourth week after the SF until it reaches the highest value in the eighth
week.

To grasp the short-term impact process of the epidemic on the economic hotspot regions in China, the
change process of the SSEI of the three major urban clusters (BTH, YRD, and PRD) in the SF season of
2020 was analyzed (see Fig. 7). The SSEI of the PRD region decreases most signi�cantly in the previous
period due to the epidemic, with the SSEI dropping sharply to 18.4% of the highest value, while the YRD
and BTH regions also drop to 22.8% and 31.9% of the highest value, respectively. The PRD region has the
largest decrease, which may be directly related to its highest reliance on foreign workers. A series of
preventive measures such as "city closure" and tra�c restrictions have signi�cantly pushed back the
wave of returning workers, with limited recovery in the PRD region in the �rst few weeks after the holiday.
However, as the main heavy chemical base in the three major urban clusters, the pillar industries of the
BTH region, such as iron and steel metallurgy and petrochemicals, are resource-based industries with
high pollution and energy consumption, which require high continuity of factory production, and thus the
SSEI drop is the smallest(Bo et al., 2017; Le et al., 2019; Zhao et al., 2021). The drop process of the SSEI
in the BTH region is similar to that of the national average, reaching the lowest after the 3rd week after
the SF, while the drop process in the YRD region The decline process in the YRD region continued until the
4th week after the SF. Due to the lack of data for two weeks, it is not possible to know the recovery of
socioeconomic activity in the PRD regions at that time, but from the overall trend, the overall recovery in
economically developed regions is slightly better than the national average. The situation is slightly better
than the national average.

4. Conclusion
Based on the weekly synthesis results of tropospheric NO2 column concentrations from OMI satellite
inversions, the SSEI differences for the 2019–2021 SF season were compared by constructing SSEI, and
it was found that the COVID-19 epidemic caused some signi�cant effects on socio-economic activities in
China in the short term. For example, 1) the epidemic prolonged the period of reduced socioeconomic
activity after the SF holiday by 2–3 weeks; 2) the epidemic caused the lowest value of SSEI to decrease
by 0.12 relative to a normal year; 3) the SSEI in China steadily rebounded from the third week after the SF
and recovered to 61.1% of the highest value before the SF in the eighth week after the SF, and economic
hotspots such as the BTH and YRD also showed similar trends.
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Since conventional research methods are di�cult to obtain information on the changes of socio-
economic activities on a large scale in a short period, it is impossible to assess the scope and extent of
the socioeconomic impact of the epidemic. provide a new quantitative analysis method, which re�ects
the short-term suppression and recovery process of socio-economic activities in China by the epidemic
and the SF holidays. Of course, due to the differences in the industrial structure of different regions, the
index can only analyze the time-series change process for the same region, and the differences in the
proportion of heavy chemical industries in different regions have some in�uence on the results. In
addition, although the overall precipitation in China during the SF season is limited, the widespread rain
and snow processes still cause the problem of insu�cient effective monitoring results. At the same time,
the method is mainly suitable for large-scale analysis because the atmospheric pollutants may move
with atmospheric activities in a small area during the monitoring period.
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Figures

Figure 1

Weekly variation of average tropospheric column NO2 density of China during the recent three Chinese
Spring Festival periods.
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Figure 2

Decreased weekly tropospheric NO2 column density in China from Dec 2th, 2019 to Jan 19th, 2020.
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Figure 3

Variation of tropospheric NO2 column concentration in China during the Spring Festival from Jan 20 to
Feb 2, 2020. BTH, YRD and PRD denote the Beijing-Tianjin-Hebei, Yangtze River Delta and Pearl River
Delta regions in China, respectively.
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Figure 4

Weekly variation of tropospheric NO2 column concentration in China from Feb 3 to Mar 29, 2020.
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Figure 5

Kernel density of industrial thermal anomaly and radiation intensity in the BTH region.



Page 17/18

Figure 6

Weekly variation of the SSIE in China during the recent three SF periods.

Figure 7
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Weekly variation of the SSIE of three metropolitans in China during the 2020 Chinese Spring Festival
period.


