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Abstract
Background COVID-19 is a global pandemic. The purpose of this study is to explore correlations between the novel coronavirus
(COVID-19) and meteorological indicators from cities across China.
Methods We collected daily data of the cumulative number of infected, recovered and death cases, and the meteorological
indicators including average temperature, wind speed, relative humidity, precipitation and air quality index (AQI) from 12 cities
in China during the period of Jan 23 to Feb 22, 2020. Correlation tests were chosen for data analysis.
Results The average temperature and AQI showed significant association with the mortality rate of COVID-19. The mortality
rate was not correlated with wind speed, relative humidity or precipitation. Meanwhile, higher average temperatures and more
precipitation were beneficial for the recovery rate of COVID-19, but the recovery rate was not correlated with wind speed,
relative humidity or AQI.
Conclusions Our study provides a new basis for correlations between COVID-19, meteorological indicators and air quality index,
which can help authorities to combat COVID-19.
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Introduction

On December 31, 2019 a type of pneumonia of an unknown
cause was detected inWuhan, China and reported to theWHO

(World Health Organization) by China’s Country Office [1,
2]. Soon afterwards, the WHO announced a name for the
disease: coronavirus disease 2019 (COVID-19) [3, 4].
COVID-19 is an infectious disease caused by a newly discov-
ered coronavirus. Scientifically named, severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) as per the
International Committee on Virus Classification (ICTV) on
February 10, 2020 [5, 6]. Most people infected with SARS-
CoV-2 experience mild to moderate respiratory illness and
recover without requiring special treatment. However, elderly
and young patients with baseline health impairments are more
likely to develop serious illness and even die [7]. Since SARS-
CoV-2 can spread through droplets of saliva and discharge
from the nose when an infected person coughs or sneezes,
the Chinese government enacted strict measures to mitigate
the spread of the infection to control the epidemic. Such as
population migration control, quarantine for all confirmed
cases and those who had close contact with confirmed and
or suspected cases, as well as, asking people to wear masks
in public places. Yang [8] reported that the said series of
control measures in China significantly reduced COVID-19′
s size and consequent impact, and at the time, the measures
were expected to remain until the end of April 2020. As of
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now, and regrettably, no specifically proven vaccines or treat-
ments for COVID-19 exist, although human trials are ongoing
[9–11]. By September 22, 2020, SARS-CoV-2 had caused
90,898 infections with 4,744 deaths in China, and
31,362,666 infections and 966,272 deaths in 205 countries
around the world, with the worldwide situation still not opti-
mistic. As such, the importance of SARS-CoV-2 studies re-
quires little more justification, in particular, the epidemiolog-
ical and virological studies of COVID-19 that will help us to
control it more effectively.

It is believed that the COVID-19 epidemic is related to
many factors, including meteorological, geographical, biolog-
ical, environmental and behavioral factors. All of these factors
need to be considered in order to estimate risk level areas and
for the prevention and control of the disease by public
health organizations to surveil and contain it more suc-
cessfully [12–14].

Previous studies have supported an epidemiological hy-
pothesis that weather conditions may affect the survival and
spread of droplet-mediated viral diseases. It has been docu-
mented that the temperature and its variations might have
affected the 2003 SARS outbreak [15]. Meteorological factors
played an important role in the outbreak of COVID-19 in
China and the temperature may be useful in predicting the
potential spread of COVID-19 in other countries [16]. Daily
COVID-19 death counts were positively associated with the
diurnal temperature range, but had a negative association with
relative humidity from January 20, 2020 to February 29, 2020
inWuhan [17]. The effects of low temperatures, a mild diurnal
temperature range and low humidity was said to increase the
spread of COVID-19, conversely, it was said the warmer
weather in China from January 20 to March 2020 minimized
its spread [18–20]. A recent meta-analysis showed that the
overall intensity of the COVID-19 epidemic in China reduced
slightly following the days with higher temperatures [16].
However, other researchers who have investigated the effects
of temperature, humidity, precipitation, and wind speed on the
rate of COVID-19′s spread in China between January 23 to
March 1, 2020 found that the doubling time of the number of
cases was positively correlated with temperature, and nega-
tively correlated with humidity, and estimated that weather
variables could only explain 18% of the variation in the dis-
ease doubling time [21]. The maximum temperature and nor-
mal temperature were positively associated with incidence
rate of daily COVID-19 cases in Oslo as people disobeyed
the government’s “stay-home” rules under the warmer weath-
er, whereas precipitation was negatively associated [22]. The
association between COVID-19 and the average temperature
and average relative humidity across the provinces was incon-
sistent in China [23]. Since then, the correlation between me-
teorological indicators and the COVID-19 epidemic are still
uncertain. Much more research is required to provide more
precise conclusions.

In addition, many of these studies only considered meteo-
rological factors, which limits the reliability of their results.
We also acknowledge that air quality index (AQI) is an im-
portant factor for many respiratory infectious diseases, as bad
air quality led to increased mortality in the city ofWuhan [24].
The weather can also affect the AQI directly, as rainfall re-
duces atmospheric pollutants. Moreover, COVID-19 can be
partly transmitted by aerosols [25], in which there is a close
relationship between AQI and aerosols [26]. Yet, no studies
have explored the interaction between meteorological factors
and AQI with new COVID-19 cases, the mortality rate and
recovered rates in the early stages of the population migration
control in China. In this study, we chose 12 cities across China
to investigate the relationship between the meteorological fac-
tors and AQI with the epidemiology of COVID-19 from
January 23 to February 22, 2020. We attempt to clarify
the roles of these two indicators on the spread of
COVID-19 in China.

Methods

Data collection

Twelve cities: Guangzhou, Chongqing, Hefei, Shanghai,
Beijing, Harbin, Xinyang, Changsha, Nanchang, Xianning,
Shenzhen, and Wenzhou were chosen as the study objects,
due to their representative spread around China, and because
they are first-tier populous Chinese cities. We obtained the
official daily reported total number of infected cases, recov-
ered cases and deaths in the 12 cities during the period from
January 23 to February 22, 2020. We also collected the data
for meteorological indicators including average temperature,
wind speed, relative humidity, and precipitation. Data sources:
https://rda.ucar.edu/datasets/ds083.2/index.html (NCEP FNL
Operational Model Global Tropospheric Analyses). The AQI
was based on the levels of six atmospheric pollutants, namely,
sulfur dioxide (SO2), nitrogen dioxide (NO2), suspended
particulates smaller than 10 μm in aerodynamic diameter
(PM10), suspended particulates smaller than 2.5 μm in
aerodynamic diameter (PM2.5), carbon nmonoxide (CO),
and ozone (O3) measured at the monitoring stations
throughout each city in China. The AQI was calculated via
methods described elsewhere [27] and the data for the six
related atmospheric pollutants were from https://www.
cnemc.cn/. AQI was classified via the Ambient Air Quality
Standards (GB3095-2012) and the Technical Regulations on
Ambient Air Quality Index (HJ 633–2012). Wuhan was ex-
cluded from this study as it was the first place to report a
COVID-19 case and the number of COVID-19 patients in
Wuhan were dozens of times higher than other cities, and in
some cases, hundreds of times higher. Such huge gap in cases
between Wuhan and other cities makes Wuhan a more
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suitable independent research project as its inclusion would
obfuscate the statistical analyses.

Statistical analysis

All data was input with EXCEL 2016, following statistics
analysis using SPSS 21.0. One way ANOVA was used to
determine whether there were differences among the meteo-
rological factors of average temperature, wind speed, relative
humidity, precipitation and AQI among the 12 specified cities.
Multiple regression correlation analysis was used to determine
the correlation between average temperature, wind speed, rel-
ative humidity, precipitation, AQI and mortality, recovered,
and new case incidence rates. The recovered and morbidity
rates in the cities were defined as below:

Recovered rate = number of recovered cases with COVID-
19 / number of total infected cases × 100%;

Morbidity rate = number of deaths by COVID-19 / number
of total infected cases × 100%. At the test level, a P < 0.05was
considered statistically significant.

Results

Descriptive analysis

There were significant distributional differences in daily me-
teorological factors, including average temperature, wind
speed, relative humidity, precipitation and AQI in China from
Jun 23 to Feb 22, 2020 across the 12 cities. The average
temperatures in these cities (except Harbin) were higher than
the national average temperature of -2.25 . The data indicated

that the higher the latitude the lower the average temperature
in China during the studied period (Fig. 1a, Table 1). Thewind
speeds varied greatly among the 12 cities. The average wind
speeds are shown in Fig. 1.b The cities of Harbin, Shanghai,
Wenzhou, Guangzhou and Shenzhen, displayed an average
wind speed of more than 3 m/s from Jan 24 to Jan 25, Feb 5
to Feb 6, and Feb 14 to Feb 16 (Fig. 1b, Table 1).

The relative humidity and precipitation in the 12 cities pre-
sented significant distributional differences (Fig. 1c, d,
Table 1). Heavy snow and rains appeared in large areas in
China from Feb 14 to Feb 17. Precipitation reached 10 ~
25 mm in Chongqing and Xinyang, 25 ~ 50 mm in Hefei,
Shanghai, Changsha, Nanchang, Xianning and Shenzhen,
and more than 50 mm in Guangzhou. The AQI was poor in
Hefei, Shanghai, Changsha, Nanchang, Xianning, and
Shenzhen in February, while severe air pollution (AQI >
200) lasted for three days in Beijing (Fig. 1e, Table 1). One-
Way ANOVA analysis showed significant differences in the
meteorological factors including average temperature, wind
speed, relative humidity, precipitation and AQI among the
12 cities (Table 1, P < 0.01) (Fig. 2).

Correlation analysis

Multiple regression correlation analysis showed that:

1) The mortality rate caused by COVID-19 was negatively
correlated with the average temperature, with a correla-
tion coefficient of -0.711 (r = -0.711, P < 0.05). However,
the COVID-19 mortality rate was positively associated
with AQI, with a correlation coefficient of 0.702 (r =
0.702, P < 0.05). This indicates that the mortality rate

Table 1 The meteorological factors from 12 cities in China

City Average temperature (0C) Wind speed (m/s) Relative humidity (%) Precipitation (mm) Air quality index

Guangzhou 15.48 ± 3.54 1.88 ± 0.81 65.10 ± 17.40 4.85 ± 13.01 59.13 ± 9.86

Chongqing 9.69 ± 1.94 1.51 ± 0.55 77.61 ± 10.76 0.90 ± 1.40 68.97 ± 13.42

Hefei 6.23 ± 3.26 1.88 ± 0.61 76.96 ± 16.46 1.70 ± 5.06 69.42 ± 15.58

Shanghai 7.40 ± 3.00 1.85 ± 0.57 72.81 ± 17.52 4.22 ± 7.66 56.16 ± 13.09

Beijing -0.26 ± 2.87 1.68 ± 0.83 58.77 ± 15.92 1.12 ± 4.56 87.10 ± 18.67

Harbin -13.82 ± 6.07 1.87 ± 0.67 68.58 ± 8.23 0.11 ± 0.41 74.61 ± 14.13

Xinyang 7.41 ± 3.90 1.71 ± 0.63 69.05 ± 18.93 1.11 ± 2.70 81.39 ± 16.61

Changsha 7.98 ± 3.65 1.81 ± 1.01 75.43 ± 18.97 5.71 ± 9.51 64.52 ± 14.95

Nanchang 8.96 ± 3.11 1.24 ± 0.49 75.85 ± 16.06 6.93 ± 14.53 60.26 ± 8.29

Xianning 6.80 ± 3.24 1.74 ± 0.68 74.68 ± 11.60 4.23 ± 7.32 59.00 ± 11.38

Shenzhen 16.74 ± 3.00 2.50 ± 0.57 68.54 ± 16.23 3.00 ± 5.99 50.35 ± 12.40

Wenzhou 9.86 ± 2.46 1.45 ± 0.62 72.77 ± 15.38 1.88 ± 4.77 52.58 ± 11.72

F 115.63 5.84 4.02 2.41 12.38

P < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

Data were shown as mean ± SD
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may rise when the average temperature decreases and the
AQI increases. There was no correlation between

mortality and wind speed (r = 0.118, P = 0.728), no cor-
relation between mortality rate and relative humidity (r = -

Fig. 1 a-e Meteorological map from Jan 23 to Feb 22. a Temperature,
b 3 m/s Wind Speed, c Relative Humidity, d Precipitation, e Air Quality
Index. Average temperature, Wind Speed, Relative humidity, and

Precipitation data sources: https://rda.ucar.edu/datasets/ds083.2/index.
html (NCEP FNL Operational Model Global Tropospheric Analyses).
Air Quality Index data sources: https://www.cnemc.cn/
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0.344, P = 0.301), and no correlation between the mortal-
ity rate and precipitation (r = -0.566, P = 0.070).

2) The recovered rate of COVID-19 was correlated with
average temperature and precipitation (P < 0.05) with
correlation coefficients of 0.629 and 0.652, respectively.
This indicates that the recovered rate may rise when the
average temperature and precipitation increase. There
was no correlation between the recovered rate and wind
speed (r = -0.342, P = 0.303), no correlation between the

recovered rate and relative humidity (r = 0.424, P =
0.193) and no correlation between the recovered rate
and AQI (r = 0.423, P = 0.195).

3) The new case incidence rate was not correlated with av-
erage temperature, wind speed, relative humidity, AQI or
precipitation (r = 0.070, P = 0.837 for average tempera-
ture, r = -0.165, P = 0.838 for wind speed; r = 0.380, P =
0.248 for relative humidity; r = -0.179, P = 0.589 for AQI;
r = -0.229, P = 0.498 for precipitation, respectively). The

Fig. 2 a-c Epidemiological
overview of COVID-19 in the
12 cities. a Daily data of new
cases in the 12 cities, China; b
Daily data of recovered cases in
the 12 cities, China; c Daily data
of death cases in the 12 cities,
China
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results show there is no correlation between these climatic
factors and AQIwith new incidence across these 12 cities;

4) The equation of regression presents as:
Mortality rate = -0.031 × temperature + 0.026 × AQI -

0.682; R2 = 0.586; F = 5.667; P = 0.029;
Recovery rate = 0.491 × tepmmperature + 2.002 × pre-

cipitation + 47.150; R2 = 0.566; F = 4.856; P = 0.042.

Discussion

The total number of infected patients was 76,936 in China,
with 22,888 recovered cases and 2,442 dead up to February
22, 2020. This present study explored correlations between
meteorological indicators and AQI during the COVID-19 ep-
idemic across 12 cities under China’s population migration
control measures. Our results show that the mortality rate of
COVID-19 is negatively correlated with average temperature,
but positively correlated with AQI. The recovered rate of
COVID-19 was both positively correlated with the average
temperature and precipitation from January 23, 2020 to
February 22, 2020 in the 12 Chinese cities. There was no
correlation between meteorological factors and AQI with
new COVID-19 cases.

As is well-known, viruses depend on their hosts for repli-
cation and survival. Viruses can also variate during meteoro-
logical changes [28], which can cause outbreaks of new dis-
eases, such as SARS-CoV and MERS. The COVID-19 out-
break was first reported in winter. Thus, the respiratory sys-
tems of the population were more susceptible in the cold en-
vironments due to its uncontrolled spread. Some studies on
SARS-CoV showed that the outbreak was correlated with
temperature [15, 29]. The study of MERS also showed that
the activity of the virus decreased in hot and humid environ-
ments [30]. In China, in regards to SARS-CoV-2 the average
temperature was still relatively low even when spring came.
Meanwhile, severe air pollution occurred in February in
Beijing, with an AQI > 200, which was partly correlated with
the mortality of COVID-19.

Such low temperatures and transitory air pollution were not
beneficial for the degeneration and inactivation of SARS-
CoV-2 as mortality increased. Researchers have claimed that
SARS-CoV-2 is less transmissible at higher temperatures
[31]. These studies claimed that auto-degeneration of viruses
was more common at a higher temperature [32]. The mecha-
nisms include 1) higher temperatures may denature capsid
proteins and glycoprotein spikes of enveloped viruses, which
inhibit the attachment ability of viruses to host cells; 2) higher
temperatures may damage the enzymes needed for virus du-
plication, which inhibit viral uncoating [32]. Thus, the inci-
dence rate of new cases might rise as it turns to autumn and
winter in the southern hemisphere. Although higher

temperatures benefit the degeneration and inactivation of the
COVID-19 virus, special effective public health measures are
still necessary for preventing its spread.

Aerosol transmission of SARS-CoV-2 is plausible, since
the virus can remain infectious in aerosols for hours and on
surfaces for days (depending on the inoculum shed) [25].
Aerosols can be partly influenced by precipitation [33]. The
wet scavenging of precipitation greatly reduces aerosols by
scouring pre-existing particles [34]. The inhalable particles
that settle down can reduce the quantity of SARS-CoV-2
floating in the air [35]. This is also beneficial for the recovery
of COVID-19.

The national public health interventions in China played a
key role in controlling the COVID-19 pandemic, and the me-
teorological conditions are not the only factors influencing the
disease trends. This present study revealed that meteorological
factors, such as average temperature, precipitation, AQI are
correlated with COVID-19. However, these are not the only
factors to affect the trends of the outbreak.

As the COVID-19 pandemic continues, the unexpected
particulate matter (PM) elevation has potentially profound im-
plications for the airborne transmission of the virus [36]. A
new emerging study shows plausible virus transmission via
aerosols in populous areas [37]. In our results, AQI was pos-
itively related with the mortality rate. We speculate that expo-
sure to high levels of six atmospheric pollutants (SO2, NO2,
PM10, PM2.5, CO, O3) may cause adverse effects on the respi-
ratory and cardiovascular systems, and possibly increase the
fatality rate of COVID-19 [36, 38], as COVID-19′s incidence
was enhanced by increased AQI (decreased air quality), par-
ticularly PM2.5, and NO2 [39].

The inhalable particles induce injury to the endothelial cell
membrane, which creates an inflammatory reaction and coag-
ulation abnormalities, such as blood coagulation, thrombosis,
arrhythmia, systematic inflammatory reaction and atheroscle-
rosis [13, 14]. The inhalable particles can react with different
immune cells, which can injure the structure and functions of
the immune system. Especially, the inhalable particulate mat-
ter PM2.5, as evidence shows that the mortality of COVID-19
could increase by 8% when PM2.5 increases by 1 μg/m

3 [40].
Due to its relatively smaller size, PM2.5 is more pernicious as it
can penetrate the respiratory tract and reach the alveoli directly
[41]. PM2.5 can disrupt the human respiratory barrier’s integ-
rity [42]. Thus, dysfunctional respiratory barriers are more
likely to expose deeper respiratory tissue to foreign pathogens.
However, more detailed studies on the meteorological factors
and AQI are warranted in order to help public health depart-
ments better manage the pandemic. In particular, studies with
a wider geographical spread and over a longer time period.

Our study has some limitations. First, there were only
twelve cities in this analysis, which might result in some de-
viation from the exact effect of ambient pollution and meteo-
rological parameters on SARS-CoV-2 transmission. Second,
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the study period is relatively short compared with other epi-
demiological studies. In a future study, we will collect more
data from multiple cities and areas to validate the results from
this study. Third, only four meteorological data and AQI data
were collected.

In conclusion, our work provides some useful information
about the epidemiology of COIVD-19 during the early period
of the outbreak in China. The COVID-19 mortality rate was
positively correlated with AQI and negatively correlated with
average temperature. The COVID-19 recovered rate was pos-
itively correlated with average temperature and precipitation.
Our results may help not only China, but also other countries
as the seasons change and newly considered approaches are
needed to continue to mitigate the spread of the virus.
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