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Abstract
This article analyzes the impact of large-scale mass activities and extreme weather on the outbreak of
COVID-19 in Wuhan, con�rming that the South China Seafood Market is indeed the origin of the Wuhan
epidemic, and found that the probability of respiratory transmission is low in open space, while food
transmission is possible. At the same time, it was found that the outbreaks of SARS in Beijing in 2003
and COVID-19 in Wuhan in 2019 were both related to extreme weather. By investigating genomics and
epidemiological data, it was determined that the �rst COVID-19 case in Wuhan was in November, and the
beginning of the epidemic was in late November. Comparing the climate of November, December and
January in Wuhan from 2011 to 2020, it is found that there are a lot of extreme weather events in Wuhan
from the end of 2019 to the beginning of 2020, including strong winds, heavy rains, large cooling after
continuous high temperature, and continuous low temperature and rainy after large cooling, the
temperature suddenly rises and then drops rapidly, the wind continues to weaken for many days and then
suddenly increases, and long rainy days, etc.

1. Introduction
According to the WHO-China joint research report (Joint Report) [1] and the multi-center origin theory of
COVID-19 [2–5], the seafood market in Wuhan is not the birthplace of the new crown epidemic. Therefore,
what this article is trying to solve is not the origin of COVID-19, but the question of why Wuhan became
the largest outbreak point in the early stage of the epidemic. The novel coronavirus pneumonia epidemic
is affected by multiple factors such as virus subspecies, geography, climate (temperature, precipitation,
wind speed, etc.), population (population composition, density and mobility), public health conditions,
politics and culture. Among them, the relationship between large-scale events in Wuhan and the epidemic
has not been studied in detail.

Most studies have shown that the occurrence, development, and spread of diseases, especially infectious
diseases, are closely related to meteorological conditions, including human coronavirus. The reason is
that meteorological factors not only directly affect the reproduction and spread of biological pathogens,
but also can affect the resistance of susceptible populations [6–17]. Many articles have studied the
relationship between Wuhan weather and COVID-19 [6–11]. These articles have noticed 2 points: (1) As
the capital of Hubei Province and one of the largest cities in Central China, Wuhan is located in the middle
of the Yangtze River Delta, which has a typical subtropical, humid, monsoon climate with cold winters.
Cold and humid, dense population, and developed transportation are favorable factors for the outbreak of
COVID-19 in Wuhan. (2) From July 20 to the end of November 2019, the temperature in Wuhan was
higher than normal. In November 2019, Wuhan's climate changed signi�cantly: the �rst ten days were dry
and warm, there were one strong cold air and two cold waves in the middle and late ten days, and there
was light to moderate rain in the second ten days. The temperature from December 1st to 15th was
higher than that of previous years, and it was a rare warm winter without rainfall. It was rainy and rainy in
January 2020. However, these articles lacking the analysis of detailed description and several key points.
Generally, lower respiratory tract infections in Wuhan usually occur from December of the �rst year to
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April of the second year, and the incidence of lower respiratory tract infections is at most January of the
second year [12]. The outbreak time of COVID-19 and previous lower respiratory diseases are not
signi�cantly different. However, COVID-19 has never been an epidemic in humans. In other words, these
articles can only explain how the old epidemic spread, not how the new epidemic arose from nothing.

The spread of SARS in Mainland China has formed two export clusters centered on Beijing and
Guangdong Province. Guangdong is the origin center of SARS, but there is no signi�cant spread of
radiation around it, and Beijing not only has the more serious epidemic situation, but also has signi�cant
space radiation spreading ability [18]. Wuhan is not the origin point but the second outbreak point, and a
large number of extreme weather events also occurred at the beginning of the epidemic. Therefore,
studying the relationship between extreme weather in Beijing and the SARS outbreak is of great help in
studying the cause of the COVID-19 outbreak in Wuhan.

In response to the above problems, this article intends to study in detail the relationship between large-
scale events and extreme weather in Wuhan and the epidemic, which has useful implications for
clarifying why COVID-19 outbreak in the world and help prevent the next outbreak of an epidemic.

The weather data comes from the weather website (https://www.tianqi.com). The data for the three days
of 2012.1.15, 2020.1.6 and 2020.1.7 are missing, and the data is supplemented by the Weather Post
website (http://www.tianqihoubao.com).

1 When Did The Covid-19 Outbreak Start In Wuhan?
Joint Report indicated that there is no unrecognized circulation of SARS-CoV-2 in Wuhan Within two
months before the outbreak in December 2019 [1]. There were earlier reports suggesting the �rst case
could be traced back to Dec. 1 in Wuhan city in the scienti�c literature [19] or Nov. 17 in Hubei province in
the newspaper reports [20]. Lin et al. [21] estimate the number of cases that should be reported in Wuhan
by 10 January 2020, as 3229, based on the con�rmed cases outside Hubei province that left Wuhan by
23 January 2020. The date of �rst infection is estimated as 30 November 2019. Time-resolved phylogeny
analyses have inferred the time of the most recent common ancestor of all sequenced SARS-CoV-2
genomes to be in November [22–26], and the earliest occurred in the �rst ten days [26]. Wertheim et al.
[27] analyzed the virus's genetic information and conducted epidemiological computer simulations, which
put the virus's origin date at between mid-October and mid-November 2019. On December 8, 2019, a
patient from the seafood market in Wuhan was admitted to the hospital for 7 days of fever, cough and
dyspnea [28]. Because the median time from the �rst symptom to dyspnea is 5.0 days [29], this person
may have onset around November 26. According to the above evidence, it can be concluded that the �rst
case occurred in Wuhan in November, and the outbreak began in late November.

2 Large-scale Events And The Covid-19 Outbreak



Page 4/18

The �rst four hospitals to receive COVID-19 patients were Wuhan Youfu Hospital, Wuhan Red Cross
Hospital, Hubei Province Xinhua Hospital, and Wuhan Central Hospital (Houhu District) [30–32]. In late
December, Wuhan Xiehe Hospital and Wuhan Tongji Hospital also received COVID-19 patients. Tongji and
Xiehe are major hospitals, and patients with serious illnesses will choose these two hospitals [30].
Eventually, most patients will be referred to Wuhan Jinyintan Hospital, a specialist hospital for infectious
diseases [31]. The distances from Youfu, Red Cross, Houhu, Xinhua, Xiehe, Tongji, and Jinyintan to the
seafood market are 0.06 km, 1 km, 1.2 km, 1.6 km, 3.7 km, and 4.3 km respectively. Hankou Railway
Station is 0.6 km from the seafood market. Youfu is the closest to the seafood market and is also the �rst
hospital to receive COVID-19 patients. The �rst hospital to report the epidemic was Xinhua. Li Wenliang,
the �rst to disclose the epidemic, was a doctor from Wuhan Central Hospital [32].

The development trend of the Wuhan epidemic is from the periphery of the seafood market to the area
along the Yangtze River. A relatively concentrated high-incidence area is formed near the Baibuting
community. There is no large-scale tertiary general hospital near the Baibuting community, and the
spread of the epidemic is most likely related to the public event "Banquet for ten thousand families". On
January 18, 2020, the " Banquet" in Baibuting Community was held, with more than 40,000 residents
participating [33]. In addition to the Banquet, the large-scale events held in Wuhan during the early stage
of the epidemic included the East Lake Lantern Festival [34, 35] and the Hubei Spring Festival group visit
theatrical performances [36]. On December 31, 2019, the 6th Lantern Festival opened, and more than
20,000 tourists were received during the opening two days [34]. On January 17, 2020, the Small New
Year's Eve of the Lantern Festival was held [35]. On January 22, Wuhan City issued a notice on the
suspension or cancellation of cultural tourism activities and cultural performances where people gather
[38]. Therefore, the end date of the Lantern Festival is 2020.1.21. The opening day of the Lantern Festival
was much earlier than the Banquet, and its duration and number of participants far exceeded the
Banquet. The Lantern Festival is held in the Tingtao Scenic Area of East Lake, which belongs to the city
center. During the duration of the Lantern Festival (2019.12.31-2020.1.23), there was no major cooling
weather, but 16 days of rain fell. The weather on January 17 and 18 was: 7 ℃ / -1 ℃, cloudy, northerly
wind 1-2; 8 ℃ / -1 ℃, cloudy, northeasterly wind 1-2. The weather on the day of the Banquet was fair, but
the weather was not good for most of the duration of the lantern festival. The Lantern Festival did not
promote the epidemic. On January 21, the theatrical performance of the Hubei Spring Festival group visit
was held in Hongshan Auditorium. Large-scale performances with dense crowds and audiences sing
along may be conducive to the spread of the virus through droplets. However, Hongshan Auditorium did
not form a concentrated area of the epidemic. Baibuting, Hongshan, and Tingtao are 6.5, 11.7 and 12.2
kilometers away from the seafood market respectively. Both the Lantern Festival and theatrical
performances take place in the city center. A large number of documents indicate that the COVID-19
epidemic generally occurs in the city center, while the seafood market and Baibuting are on the edge of
the city, indicating that the respiratory tract transmission in the open space is less likely to spread, while
food transmission is an important way of epidemic spreading.

From October 18th to 27th, 2019, the 7th World Military Games was held in Wuhan, with 9,308 soldiers
from 109 countries participating [37]. Participants concentrated in the military village on the southeast
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bank of Huangjia Lake in Jiangxia District. Junyun Village is 21.8 km from the seafood market. The
possibility of the spread of the virus by the athletes of the Military Games can be ruled out. There are two
reasons: (1) It is almost impossible for the Wuhan epidemic to start in October 2019. (2) The vicinity of
Huangjia Lake and the large hospitals that receive athletes, such as Jinyintan Hospital, were not the
outbreak centers at the beginning of the epidemic. In summary, the seafood market is indeed the starting
point of the Wuhan epidemic. Wuhan Roulian Food Co., Ltd. is an upstream enterprise in the seafood
market. Although there is no report on the connection between Wuhan Roulian Food Co., Ltd. and the
epidemic, its role is worth studying. Wuhan Roulian Food Co., Ltd. is 9.9 km from the seafood market.

Figure 1 shows the geographic information of the South China Seafood Market, hospital, Baibuting, etc.
related to the outbreak in Wuhan.

3 Correlation Between Extreme Weather And Sars And Covid-19
Pandemic
3.1 SARS in Beijing in 2003

In the spring of 2003 in Beijing, the remaining cold of the severe winter in 2002 was still there. Beijing
stopped heating supply on March 15, and people felt it was cold. It was from this day or so that Beijing
ushered in a SARS outbreak.

From the winter of 2002 to the spring of 2003, the climate in China was characterized by large
�uctuations in temperature and severe changes on many occasions. In the main epidemic area, western
South China, the temperature in spring is lower than usual, while the temperature in most parts of China
is higher than usual [16]. Gao et al. [17] analyzed the humidity, rainfall, air humidity and wind speed in the
winter of 2002 and the spring of 2003 (November 6, 2002 to June 5, 2003) in Beijing for a total of 201
days. The climatic characteristics of the period are summarized as follows: Compared with previous
years, the average maximum temperature is lower and the average minimum temperature is higher, the
temperature is generally lower, and the temperature �uctuates greatly; the rainfall and air humidity are
higher, and the wind speed is lower. The obvious increase in temperature and rainfall occurred after
March 6. The abnormal climate change in the Beijing area in the winter of 2002 and the spring of 2003
may be an important factor that caused the SARS epidemic in the Beijing area in 2003. Zhang Yanling et
al. [13] also pointed out that the development of the SARS epidemic in Beijing is related to high
temperatures, humid air, and variable weather. The average temperature in Beijing in mid-January reached
-0.1 ℃, the highest since 1916 in the same period. The average temperature in February was
1.8 ℃ higher than the historical average. In the spring of 2003 in Beijing, there were three cases where the
temperature difference was greater than 15°C in a short period of time [38]. Beijing has always been dry
in spring, with high humidity in spring 2003 [13]. The precipitation in the winter of 2002-2003 was 17.8
mm, 85% more than normal (9.6 mm). The precipitation in Beijing in March 2003 was 32.8 mm, 295.2%
more than normal (8.3 mm). A total of 11 snowfalls or rains occurred in March. Among them, a
moderately rainy weather with precipitation of up to 16.7 mm occurred on March 19, which is rare in the
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same period in history. The precipitation in the middle of the observatory is 31.7 mm, which is the highest
value in the same period since the observation record of precipitation in 1875. Due to the heavy rainfall,
there were more foggy days in the spring of 2003. Beijing is usually windy in spring, and there are more
windy days, but in the spring of 2003, the wind in Beijing was weak and there was not a single dusty
weather [39].

"Frozen three feet is not a day's cold." The SARS incident in Beijing in 2003 was a qualitative change,
while the quantitative change began in 2002. In 2002, the weather in Beijing set several hundred-year
records, which is relatively rare in recent years [40]. Weather terms such as warm winter, rainy season,
sauna, cold winter, cloudy and snowy days have become popular words in common people's lives. The
autumn of 2003 in the capital was extremely short, and the winter quickly approached. The average
temperature in October is the lowest since 1925 in the same period. The average temperature in late
October was the coldest record for the same period since 1940. On October 27, the daily average
temperature at the Observatory in the city was 2.0 ℃, which was the lowest day in the same period since
1949; the lowest temperature on October 29 was minus 3.4 ℃, which was the second lowest temperature
in late October since 1953. From December 2002 to February 2003, the winter in Beijing was severely
cold. Since December 18, 2002, there have been six consecutive days of snowfall, setting the longest
number of snowfall days since Beijing had a meteorological record. The snowfall in Beijing is the largest
in the past 50 years. In history, there were only 4 consecutive days of snowfall in 1916 and 1968,
respectively.

3.2 COVID-19 in Wuhan from 2019 to 2020

Most studies have found that temperature is the most signi�cant factor affecting the COVID-19 epidemic
[41-45]. In general, as the temperature increases, the survival rate of the virus will decrease [43]. Research
by Riddell et al. [44] showed that low temperature is bene�cial to the survival of SARS-CoV-2 virus. The
South China Seafood Market, Beijing Xinfadi Wholesale Market, and Dalian Kaiyang Seafood Company's
epidemic are all related to the transportation of cold chain food. The low-temperature and humid
environment greatly prolongs the life cycle and spreading distance of the virus. 

During SARS period, the air quality in surrounding cities such as Shenzhen, Zhuhai, Zhongshan, Foshan,
and Dongguan was better than that of Guangzhou, but SARS broke out in surrounding cities [15]. In
recent years, China has been vigorously focusing on environmental protection, and in fact, air quality has
improved greatly. At least, the air quality in Wuhan in 2019 and 2020 is better than in previous years, so it
will not be a special factor.

The consensuses obtained from the analysis of synoptic and climatic features during SARS spreading in
China 17 years ago are as follows: The average temperature of winter in 2002 is higher than in former
years. There is a remarkable temperature-dropping process before SARS high incidence comes. The
superior relative humidity is propitious to SARS incidence. The abnormal change of climate is the
inducement of SARS [13-17]. Throughout history, the occurrence of major plagues is related to climate
anomalies. There were also obvious climatic anomalies before the occurrence of COVID-19.
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Joint report identi�ed 174 SARS-CoV-2 infections throughout December in 2019, of which only some of
the 74 clinically con�rmed cases may be con�rmed cases [1]. The details of these patients have not been
released, and many cases are retrospectively investigated. In addition, patients with mild and
asymptomatic infections are rarely recorded. Therefore, this article does not attempt to correlate climate
with the date of onset of the case.

The temperature in winter 2019 is higher than in previous years. The cold wave caused by strong cold air
will signi�cantly increase the mortality and morbidity of cardiovascular, cerebrovascular, and respiratory
diseases. Fig. 2 and Fig. 3 show the daily maximum temperature trends in November and December from
2011 to 2019, respectively. Between 11.23 and 11.25 in 2019, a large temperature drop occurred in
Wuhan, and the temperature remained low for 7 days after the temperature drop (Fig. 2). 

Table S1 gives an overview of the weather in Wuhan in 2017, 2018, and 2019 (clear, overcast, cloudy, rain,
snow, fog, and wind). Fig. 4 and Fig. 5 show the average temperature and statistics of rainy days of
Wuhan in November, December, and January from 2011 to 2020, respectively. The winter of 2019.11 to
2020.1 is very special, and the main feature is the existence of multiple mutations. Details as follows.

   (1) The weather in November and December of 2019 has changed abruptly.   From Fig. 2, it can be seen
that the temperature drop range from 11.24 to 11.25 in 2019 is as high as 15 ℃, which is the largest
temperature drop during the same period in history. The temperature of 11.25 is only 3 ℃, and the
temperature for 7 consecutive days from 11.25 to 12.1 is less than 10 ℃. The temperature on November
23, 2016 was the lowest temperature in the history of the month, but after this day, the temperature was
higher than the same period in 2019, and there was no continuous rain. From Table S1, there was only
one light rain from 2016.11.24 to 2016.11.30, and the rest were cloudy or sunny. The weather for the six
days from 2019.11.18 to 11.23 was overcast, light rain, cloudy, overcast, sunny, cloudy, and �rst wind,
light wind, light wind, light wind, light wind, light wind. The reason for the heavy cooling of 11.25 was the
northeast wind 6 and light rain on 11.24, which was in sharp contrast to the 5 days of breeze and 1 day
of level 1 wind in the previous 6 days. There was also a heavy temperature drop at 11.17 (Fig.2), and
there was also a light rain that day. The reason for the heavy temperature drop was northwest wind level
6. Before 11.17, the number of sunny, cloudy, and overcast days from 11.1 to 11.16 was 6, 6, and 4,
respectively, which is rare in good weather compared to before 2019. From 2011-01-01 to 2020-03-01,
there were no gales above 6 in Wuhan, and 6 gales occurred only in 3 days. Two of them occurred in
2019.11, all of which caused a large temperature drop. Among them, the great cooling of 11.25 is the
largest cooling in November ever. In November and December of 2011-2019, Wuhan experienced only one
heavy rain on December 18, 2019, and the rest was light or moderate rain.   From Table S1, there was no
rain between 12.1 and 12.16 in 2019, and there were 11 days of breeze. On December 17th and December
18th, two large temperature changes occurred, which were 8 ℃ and 13 ℃, and the historical rankings are
4 and 1, respectively. The high temperature of 12.17 jumped from 11 ° C at 12.16 to 19 ° C, and then
quickly dropped to 6 ° C at 12.18. The winds from 12.16 to 12.18 were level 2. The reason for the heavy
temperature drop at 12.18 was the only heavy rain in December in history, while the rest was light or
moderate rain.
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The two heavy winds of November 6 and heavy rain in December 2019 is responsible for the pneumonia
epidemic, especially the two strong winds of six. There was very little wind for 6 days before the strong
wind and a big temperature drop of 11.24. If the wind in the environment is strong, the wind will dry the
environment and blow away the accumulated virus, which will greatly reduce its toxicity. The seafood
market has small outdoor wind and no wind indoor, which is conducive to virus reproduction. There are
many virus clusters. When encountering heavy rain, it will �ow to the nearby area with sewage
over�owing. Strong winds, heavy rains, and severe drops in temperature make people less resistant to
diseases and are susceptible to diseases.

(2) From Fig. 4, the historical rankings in the same period of the average daily low temperature, average
daily high temperature, and average daily temperature in November 2019 were 3, 2, and 2, respectively.
The historical rankings of these three parameters in December 2019 were 2, 1, and 1, respectively. The
temperature in January 2020 showed no obvious pattern, but its rainy day was 13 days, the highest in the
same period of history, and the second (2016.1) was only 8 days (Fig. 5). Bad weather has signi�cantly
increased the number of patients in Wuhan. From January 13th to 22nd, the major hospitals in Wuhan
were already overcrowded, and it took ten hours to wait for a needle. The general trend of the climate
change from November 2019 to January 2020 is from the warm winter of November and December to the
cold winter of January (the temperature is not very low, but it is rainy).

    Why did the COVID-19 occur in Wuhan? The origin is that the special circumstances of Wuhan's dense
population, a large proportion of the �oating population, and extremely developed transportation have
encountered extreme climatic. According to the weather change, the development of the COVID-19
epidemic in Wuhan can be divided into three stages: (1) The strongest wind and light rain on November
17, 2019, and the strong cooling caused. The temperature began to drop sharply on November 24 and the
rainy weather continued for 7 days. (2) Heavy rain and strong cooling on December 17 and 18, 2012. (3)
Rain and rain in January 2020. 

Based on the above analysis, Fig. 6 shows the historical evolution of the occurrence of new coronavirus
pneumonia in Wuhan.

4. Conclusions
The seafood market was indeed the origin of the Wuhan epidemic. The probability of respiratory
transmission is low in open space, while food transmission is possible.

Both the outbreak the SARS in Beijing in 2003 and the COVID-19 in Wuhan in 2019 were related to
extreme weather. The general trend of the climate change from November 2019 to January 2020 is from
the warm winter of November and December to the cold winter of January (the temperature is not very
low, but it is rainy). The weather in November and December of 2019 has changed abruptly. From the end
of 2019 to the beginning of 2020, there are a lot of extreme weather events in Wuhan from the end of
2019 to the beginning of 2020, including strong winds, heavy rains, large cooling after continuous high
temperature, and continuous low temperature after large cooling It is rainy, the temperature suddenly rises
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and then drops rapidly, the wind continues to weaken for many days and then suddenly increases, and
long rainy days, etc. The �rst COVID-19 case appeared in Wuhan in November, and the major outbreak
began in late November. The origin of COVID-19 is mainly due to the drastic drop in temperature starting
from November 24, 2019, and the rainy weather for 7 consecutive days. According to the weather change,
the development of the COVID-19 epidemic in Wuhan can be divided into three stages: (1) The
temperature began to drop sharply on November 24 and the rainy weather continued for 7 days. (2)
Heavy rain and strong cooling on December 17 and 18, 2012. (3) Rain and rain in January 2020.
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Figure 1

Geographical information of the South China Seafood Market, hospital, Baibuting, etc. related to the
outbreak of the Wuhan epidemic. Note: Red cross - Hospital, Roulian - Wuhan Roulian Food Co., Ltd.,
Hongshan - Hongshan Auditorium. Event: 2019.12.31-1.21, East Lake Lantern Festival; 2020.1.18,
Banquet for ten thousand families; 2020.1.21, Literary performance.
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Figure 2

Chart of daily maximum temperature in November (2011 - 2019).
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Figure 3

Chart of daily maximum temperature in December (2011 - 2019).
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Figure 4

The average temperature of Wuhan city in November, December, and January (2011 - 2020). Average
daily maximum temperature (AverMaxT) = Σ daily maximum temperature/days;  Average daily minimum
temperature (AverMinT) = Σ daily minimum temperature/days;   Average daily temperature (AverT) =
(average daily maximum temperature + average daily minimum temperature) / 2.
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Figure 5

Statistics of rainy days in November, December, and January (2011 - 2020).
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Figure 6

Historical evolution of COVID-19 pneumonia in Wuhan city.
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