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China was the first country to face the COVID-19 
coronavirus pandemic. Owing to the prompt 
and decisive actions of the authorities, and the 

consolidation of society, the country has passed the 
peak of infection and economic activity is gradually 
 recovering.

The paper shows how COVID-19 affects key industries 
and the work of supply and transportation networks. Using 
input-output spatial data, migration index indicators, and 
pandemic spread statistics, we modeled different scenarios for 
changes in Chinese provinces’ production and consumption 
following the COVID-19 pandemic. Calculations were made 
for 31 provinces and 42 sectors of the Chinese economy. We 
obtained a model that shows how the coronavirus outbreak 
influences carbon dioxide emission, levels of hazardous 

waste, and the Energy-Resource Efficiency Rating. Based 
on the financial and migration flows between Chinese 
provinces, we chose the most effective post-outbreak 
model. Our main recommendation is that one does not 
need to segregate consumers. It is necessary to distribute 
the damage as evenly as possible between all provinces 
equally. We believe that such an approach will allow the 
Chinese economy to suffer the least possible amount of 
damage and facilitate a faster recovery. Finally, we analyze 
the development of bilateral post-epidemic financial flows 
between China and Russia until 2025. In all scenarios, a 
temporary decline is expected.

The results of the study may be useful for other 
countries in developing policies to overcome the post-
epidemic crisis.
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The world is experiencing social and economic 
turmoil. Humanity is faced with environmen-
tal degradation, new viral outbreaks, and an 

uncontrollable decline in GDP [Ward et al., 2016]. 
Nowadays, it is essential not only to maximize 
profits, but to maintain economic stability and 
protect bio-diversity [Chou et al., 2018]. The most 
critical thing is to find a way to maintain balanced 
socioeconomic development and overcome post-
epidemic crises [Cao, 2019].
Since the widescale reforms in 1978, China has 
made remarkable progress in economic develop-
ment [Yan et al., 2020]. After the financial crisis 
in 2008, the global economy entered a downward 
trend, but China’s economic development main-
tained a medium-low growth rate. The high resil-
ience of China’s economic growth provides ample 
room for coping with external shocks in order to 
achieve high-quality development. The Chinese 
government put forward a sustainable development 
plan that considers not only quantitative growth, 
but also qualitative improvement in quality of life 
[Bei, 2018; Pan et al., 2019; Yan et al., 2020].
The COVID-19 coronavirus outbreak in Wuhan, 
China sparked a global epidemic at the end of 2019. 
As a result, on January 31, 2020 the World Health 
Organization declared an international emergency 
[WHO, 2020]. As with several crises, the repercus-
sions of coronavirus can also be felt in the global 
economy and on financial markets. Many analysts 
compared coronavirus to the 2003 SARS out-
break. Even though this can offer useful informa-
tion, there are radical differences between the two 
events. China controls a much larger part of the 
global economy and markets than it did 17 years 
ago. According to World Bank statistics, China’s 
share of global trade increased to approximately 
14% in 2019 compared to 5% in 2003. Furthermore, 
its share of the MSCI Emerging Markets Index rose 
to almost 35% in 2019 from 8% in 2003 [Bouoiyour, 
Selmi, 2020; Wen et al., 2020]. Thus, China’s econ-
omy is taking a significant hit from the COVID-19 
coronavirus outbreak [Allam, Jones, 2020]. 
Recent years have seen growing interest in studying 
prospects for economic development in post-epi-
demic periods. This interest has arisen along with 
the emergence of many new infectious diseases 
(over 30 in the past 25 years, including HIV/AIDS 
and severe acute respiratory syndrome (SARS)) as 
well as the return of old threats such as pandemic 
influenza [Wen et al., 2020]. In the same way, at-
tention was turned to the new coronavirus in 2019. 
The exponential increase in the confirmed num-
ber of COVID-19 cases is of great concern for the 
global community [Wong et al., 2020]. The recent 
dynamics of the coronavirus outbreak allows one 
to suggest that this virus is more contagious than 
SARS was in 2003 [Lippi, Plebani, 2020]. Nowadays, 

the great challenge is for China to overcome the 
coronavirus outbreak. One of the opinions is that 
the influence of coronavirus on major projects 
such as China One Belt – One Road (OBOR) is 
limited and that delays will only impact them in 
the short term. Delays and the cessation of work 
on OBOR projects revealed, or rather, once again 
emphasized growing dependence upon China’ new 
infrastructure. Even though the epidemic has de-
clined in China itself, the governments of other 
countries such as the US, Italy, Spain, Germany, 
the UK, Iran, South Korea, and others are terrified 
of new outbreaks. 
Even before the outbreak of the coronavirus epi-
demic, the Chinese government made severe 
adjustments to OBOR development plans. For ex-
ample, it decided to slightly lower the tasks set for 
OBOR due to the severe slowdown in the devel-
opment of the Chinese economy and an increasing 
wave of criticism in partner countries, who were 
dissatisfied with the conditions set by Beijing and, 
in particular, financial ones. However, China is 
convinced that the country would be able to fulfill 
the tasks set for the economy despite the pandemic 
and the OBOR project is the key task. China’s in-
exhaustible resources and the stubbornness with 
which the Chinese people achieve their goals give 
reason to say that sometimes they can even do the 
impossible. China was the first to be impacted by 
the pandemic and now can use this opportunity to 
build the international community’s confidence in 
it and show the world that it is a reliable partner 
capable of stabilizing the global situation. 
In this paper, we compare situation in China’s 
provinces and industries in order to identify which 
ones are most vulnerable. We perform a systematic 
analysis of the current position of and prospects 
for the Chinese economy, considering the estimat-
ed level of financial exchanges between China and 
Russia. Changes in production and consumption 
for each province of China are modeled. Historic 
input-output data serve as the information base as 
well as the latest statistics on migration and infec-
tion rates for COVID-19 coronavirus.

Literature Review
The Pandemic’s Impact upon the Global Economy
China’s economy is globally connected through 
trade, investment, and tourism, and any slowdown 
or persistent travel and transportation restrictions 
are likely to put pressure on global supply chains 
and potentially create worldwide economic fallout. 
Measures undertaken to hold the outbreak have sig-
nificantly curtailed domestic and global transpor-
tation links, thus preventing the transportation of 
many products and decline of manufacturing inputs. 
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Production has slowed across China, with sharp 
slowdowns in sectors concentrated in Hubei, such 
as auto parts, LCD panels, and pharmaceuticals. 
Manufacturing that recently shifted offshore to 
other parts of Asia still often depends upon inter-
mediate inputs from China and thus is not insulat-
ed from China’s production slowdown. At the firm 
level, companies in sectors such as hi-tech and 
automobiles or those that are exposed to China’s 
tourism, retail, or other service sectors could take 
a significant hit. According to the United Nations 
World Tourism Organization, in 2018, China’s out-
bound tourism sector spent $277 billion, of which 
an estimated $36 billion was in the United States1. 
US business will probably be affected by China’s 
slowdown, including through shortages of inputs, 
the cancellation of some commercial activity, and 
potential increased costs related to an appreciating 
US dollar [CRS, 2020]. 
The major outbreaks can have a substantial eco-
nomic impact upon the affected country, which 
is illustrated by the cases of SARS, MERS, and 
Ebola. According to some estimates, if the current 
epidemic is overcome within three months, it will 
likely lead a 0.8% drop in real GDP. In case of it 
lasting for nine months, the coronavirus outbreak 
will result in a 1.9% decline in GDP. GDP may fall 
more substantially if there are extended restrictions 
on movement and therefore upon trade and com-
merce [Smith et al., 2019]. Preliminary input-out-
put data suggest that China’s countermeasures and 
suppressed demand could limit the long-term eco-
nomic impact of the COVID-19 outbreak [Duan et 
al., 2020]. In the short-term period, unfortunate-
ly, industrial production is expected to drop 18%. 
China hosts more than 18 million small and medi-
um enterprises that account for almost 80% of jobs 
and 50% of private firms’ exports. These business-
es have been severely affected by the coronavirus 
outbreak. Widespread disruptions in production, 
surging inventory costs from depressed domestic 
consumption, and rigid expenditures upon rents, 
wages, and interest altogether have impacted the 
fragile capital chain of SMEs, thus probably lead-
ing to numerous bankruptcies. The Chinese gov-
ernment has made swift and decisive efforts to 
control the spread of the virus. Depending upon 
the time taken for the outbreak to peak, measures 
able to mitigate short-term economic risks include 
campaigns for supporting small companies, policy 
incentives such as subsidies, delayed tax payments, 
reduced mortgage interest rates, and restoring 
market confidence through greater publicity and 
public scrutiny. 
SARS is believed to be the first deadly infectious 
disease of the 21st century. Starting in the Chinese 
province of Guangdong in November 2002, by 

August 2003 it had spread to 29 countries and three 
regions, leading to 8,422 infections, of which there 
were 916 deaths. SARS was an unexpected nega-
tive shock in Hong Kong. The major adverse effects 
were on the demand side, with local consumption, 
tourism, and air travel services severely affected 
in the short term. The manufacturing base in the 
Pearl River Delta was unaffected, so the economy 
did not experience a supply shock, as the export 
of goods via Hong Kong continued. Initial alarmist 
estimates on the negative economic impacts were 
not borne out. After taking control of the outbreak, 
fear and panic quickly subsided and the economy 
rapidly rebounded [Siu,Wong, 2004]. 
The COVID-19 coronavirus outbreak has a much 
wider scale, thus illustrating the fact that  infec-
tious disease outbreaks can lead to severe economic 
disruptions [Brahmbhatt, Dutta, 2008]. Pandemics 
has already affected international trade as a whole. 
As World Trade Organization emphasized: “World 
trade is expected to fall by between 13% and 32% 
in 2020 as the COVID 19 pandemic disrupts nor-
mal economic activity and life around the world” 
[WTO, 2020]. 

Ways to Find a New Sustainable Economy
The Chinese government recognized the prob-
lems and undertook several steps, which resulted 
in some improvements. These reactions, however, 
were criticized as insufficient. In recent years, the 
Chinese public has realized the dangers of govern-
ment environmental policies. The economic boom 
in China dramatically accelerated the destruction 
of country’s resources since decisions were not 
made with rational and economic use of said re-
sources in mind. The result was the severe deple-
tion and imbalance of ecosystems, and as a result, 
an increase in pandemics. 
The current environmental situation in China is 
not only the result of today’s political choices, but 
also of the approaches, attitudes, and institutions 
that are brought forward over the centuries. Over 
the last few decades scientists have been trying to 
find a path towards a new sustainable economy. 
Emphasis has been placed upon the transition to 
a green economy by researchers such as Herman 
Daly [Daly, Farley, 2004; Daly, 2007], Cuttler J. 
Cleverland [Cleveland, 1999], Robert Costanza 
[Costanza et al., 2015], and others. Other research-
ers focus on quality of life and energy efficiency 
economy, such as Charles Hall in his work “EROI 
and Wealth of Nations” [Hall et al., 2014] and 
Jessica Lambert in the paper “Energy, EROI and 
quality of life” [Lambert et al., 2014]. In the new 
post-pandemic model of the economy, profit-mak-
ing should not be the paramount task, but efforts 

Vasiev M., Bi K., Denisov A., Bocharnikov V., pp. 7–22

1 Available at: https://www.e-unwto.org/doi/pdf/10.18111/9789284421138, accessed 19.04.2020.
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to ensure balanced development should be empha-
sized. However, sustainability is a critical factor.2 
Achieving the sustainable, gree development of 
human civilization is the most important and am-
bitious program of the international community 
aimed at ensuring a better future. Nevertheless, the 
implementation of this paradigm in all countries is 
far from perfect, despite the unprecedented efforts 
made over the past three decades [Bocharnikov, 
2018a, 2018b]. 
It is now well-known that regions in Russian and 
China develop in a disproportionate manner. The 
level of economic development of regions and prov-
inces is characterized by the gross regional product, 
the ratio of cash income to the subsistence level of 
the population, poverty level, and population den-
sity. Statistics for these indicators showed the areas 
for the most probable anthropogenic “penetration” 
of various forms of economic activity. The limits of 
the previous model of economic growth have been 
achieved, as a result, extraordinary public health 
challenges have arisen [Bocharnikov, 2012]. Thus, 
it is precisely in these areas of increased anthropo-
genic activity where various diseases and catastro-
phes suddenly arise. Scientists unanimously argue 
that the post-viral economy should be green, so-
cially, ecologically, and environmentally oriented.

Data
Our research is based upon publicly available 
inter-provincial input-output tables which have 
been published by the China’s National Bureau 
of Statistics every five years since 1992. We use 
the most recent officially published data for 2017. 
Research has been done on the basis of China’s 
thirty-one provinces. Russia input–output data 
for 2014 is from the WIND economic database3. 
Environmental, economic, and social data were 
used from the China Environmental Statistical 
Books and the EPS database4. Statistics on the 
spread of COVID-19 in China, including for Hubei 
province, for the period of January-March 2020, is 
presented the health section of the WeChat health 
platform. An inter-province migration index is 
contained on the Baidu Qianxi database5. Python 
code and calculation results as well as the data are 
available on the GitHub website6. A full list of data 
sources is represented in Table 1. China industries’ 
abbreviation sheet is available in the Table 2. All 
data were cross-checked for consistency before 
processing, with the use of overlay tools and visual 
comparison. 

Methodology
Input-Output Efficiency Analysis
Input and output analysis can systematically reveal 
not only the direct and obvious, but also the indi-
rect, tacit links between various industries in the 
production process [Chen, 1990; Yan et al., 2020]. 
Input-output analysis provides a basis for studying 
the industrial structure and carrying out multiple 
quantitative analyses [Leontief, 2008]. The con-
struction and usage of Input-Output Tables has 
been part of the analysis of China’s economy since 
1960. In 1973, Chen Xikang together with his col-
leagues constructed the first experimental input-
output table for evaluating the national economy. 
Since then, the technologies of preparation, re-
search, and application of input-output tables in 
China have rapidly improved [Yan et al., 2020].  
The modeling of public Interprovincial Input-
Output Tables [Oliveira, Antunes, 2011] and the 
Migration Index process is as follows: 
Step 1: Calculate the closeness of links between 
the financial and migration flows for every prov-
ince. Beijing, Tianjin, and other provinces (31 in 
total) are considered as separate subsystems, with 
their boundaries, and calculations made for every 
Subsystem-Province. Figure 1 shows an example of 
the China provinces’ input-output table.
Step 2: Calculate input production efficiency and 
the potential reliable transportation channels, 
which are playing an essential role in the each 
provinces. For example, the authors ranked the 
transfers of products between provinces (thirty-
one provinces multiplied by forty-two sectors’ in-

2 Available at: https://www.wbcsd.org/COVID-19, accessed 13.04.2020.
3 Available at: https://www.wind.com.cn/en/edb.html, accessed 13.04.2020.
4 Available at: http://olap.epsnet.com.cn/, accessed 13.04.2020.
5 Available at: http://qianxi.baidu.com/, accessed  13.04.2020)
6 Available at: https://github.com/rufimich/Virus_prov, accessed 13.04.2020.

Source: [Yan et al., 2020].

Figure 1. Example of a Chinese Regional  
Input-Output Matrix 

 

 

 

Beijing

TianJin

Hebei
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put) from Hubei to other provinces. At the same 
time, the calculation results could show deliveries 
from Hubei (forty-two industrial sectors) to other 
provinces (thirty-one provinces *forty-two sectors 
input). Thus, on the basis of the input-output data, 
financial flows between Chinese provinces were 
modeled.
Step 3: On the basis of the migration index data, 
interprovince migration flows were modeled. 
Step 4: On the basis of the Chinese and Russian in-
put-output data, Sino-Russia financial flows after 
the coronavirus outbreak were forecast.

SARIMA Analysis
The authors used Python 3.4. modeling [Sarker, 
2014; Scellato, 2013]7 to show how COVID-19 influ-
ences China’s economic, social, and environmental 
factors. The authors tested twenty-three sustain-

able factors. The testing methodology consists of 
the following steps: (1) the authors employed fac-
tor analysis; (2) the authors identified the most in-
fluential factors for Chinese provinces’ sustainable 
indices; (3) the authors built the SARIMA (sea-
sonal autoregressive integrated moving average) 
regression model.

Scenario Modeling
The authors calculated four different scenarios for 
the provinces’ post-coronavirus economy by using 
the net-science methodology [Suarez et al., 2015]. 
In the end, the authors analyzed post-crisis finan-
cial flows between China and Russia. The scenario 
decision–making scheme is illustrated in Figure 2.
After determining the set of parameters for lower-
ing the production level in Hubei province in ac-
cordance with each scenario, the reallocation of the 

Таble 1. List of Research Indicators

Area Indicator Code Measure

Social

Population P bln
Unemployment rate UR %
Urban Land area, sq. km LA thousands of hectares

Highway density HD
The ratio of the total length of all roads of the 
province to the province's area (Km roads /  
100 km ^ 2 of the total area of the province  
(km / 100km ^ 2))

Passenger traffic PT 10000 p

Average number of trips per person TPP units

Number of employed persons EP 10000

Economic

GDP GDP bln
GDP/person GDP—P bln
Total investments in environmental pollution 
control TIEPC bln

Energy Efficiency Rating * ENR index
Energy consumption (10,000 tons  
of standard coal) EC ga/population

Technological Efficiency Rartiong * TE index

Environmental

Ratio of wilderness areas RWA %
Ratio of protected wilderness areas RPWA %

Ratio wilderness area/population RWP %

Total water consumption TWC hundred mln.cub.m
Сonsumption of gasoline GC hundred mln.cub.m
Hazardous waste* HW ten th tons
Waste water discharge WW thousand meters cub

CO2 emissions CO2 kg per kg of oil equivalent energy use

Eco-Efficiency Rating * ERE index
Note: Indicators marked by (*) are calculated using the ERA- Interfax methodology [Interfax, 2010]. Other indicators are taken from the EPS database 
(http://olap.epsnet.com.cn/).
Source: authors.

Vasiev M., Bi K., Denisov A., Bocharnikov V., pp. 7–22

7 See also: Applied Social Network Analysis in Python (University of Michigan online course). Available at: https://www.coursera.org/learn/python-social-
network-analysis/lecture/ZhNvi/clustering-coefficient, accessed 11.01.2020.
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resources deficit level of each region were forcast. 
Then, according to the four scenarios, the authors 
forecast resource distribution for every province.

Results
Regression Modeling Results
The authors analyzed the input–output financial 
flows and the migration index between China 
provinces. In Table 3 and Figure 3 it is possible to 
see the mutual correlation between regional prod-
uct from X- province and Y-migration index. 
OLS regression results show that the minimum re-
lationship between financial flows and the migra-
tion index is 1.099147 e+06 which is very close. It 
can be concluded that when migration flows are 
blocked in Hubei province, production will com-
pletely stop. Figure 3 clearly shows that when any 
virus spreads from a particular region, the regions 
that are closely connected to the source of the vi-
ruswill suffer the first.
The authors assumed that quarantine in the Hubei 
province would be six months. That situation 
would reduce annual production by half and re-
duce consumption by a quarter. How much would 
production in other regions be impacted? 
The authors tested whether or not the financial 
flows between China provinces and industries 
would fall by 25%. If supply of raw materials and 
parts from Hubei to other provinces ceases, pro-
duction plans would be interrupted and this would 
impact all regions within the supply chain. 
We can conclude that during the epidemic, eco-
nomic activity is declining in all provinces. Mainly 
coronavirus spreads due to close economic ties and 
population flows. There is a very high correlation 
between them. If a source of the virus appears in 
a particular region, the regions that are economi-
cally connected to it will be the first to suffer. The 
authors evaluated the quality of the regression. If 
the government stimulates economic activity in 
all provinces proportionally, then in accordance 
with the principle of entropy, it will be possible to 
achieve the smallest reduction in China’s GDP.
We used Python 3.4 to calculate the flows between 
provinces. Considering Beijing, Tianjinand, and 
other provinces (31 in total) as particular closed 
subsystems, we made calculations for every prov-
ince. Our calculations revealed that that all the 
regions have an efficiency value near 1.5 and a po-
tential value of about 5.8, with minimal differenc-
es. Nevertheless, in terms of open systems, when 
considering the input and output from other prov-
inces, the results are completely different. Figure 4 
shows the financial flows between provinces. The 
most substantial flows are between Guangdong, 
Zhejiang, Jiangsu, Yunnan, Shanghai, Hebei, 

Таble 2. Abbreviation Sheet  
for Chinese Industries

Industry Code

Agriculture Agri

Coal mining products CoalM

Oil and gas production products OilgasM

Metal mineral products MetM

Non-metallic minerals and other mineral 
products NMetM

Food and tobacco Food

Textile Tex

Textile clothing shoes and hats leather down and 
its products Cloth

Wood work and furniture Wood

Papermaking Paper

Petroleum Fuel

Chemical products Chemi

Non-metallic mineral products NonMetP

Metal smelting and calendering products MetSm

Metal products MetInd

General equipment General

Special equipment Special

Transportation equipment TransEq

Electrical machinery and equipment Electri

Communications equipment ComEq

Instrument and meter Instr

Other manufactured products OtherM

Scrap waste Waste

Metal products EquiRepair

Production and supply of electricity and heat ElectriH

Gas production and supply GasPS

Water production and supply WaterPS

Building Building

Wholesale and retail WhSR

Transportation Trans

Accommodation and catering Accom

Information transmission Inform

Financial Fin

The real estate Estate

Rental and business services Rental

Scientific research and technical services Science

Management of water conservancy Cons

Resident services ResS

Education Edu

Health and social work Health

Culture Culture

Public administration PublA

Source: authors.
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Source: Authors methodology.
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8 The index was calculated by using the Interfax-ERA methodology [Interfax, 2010].

Shandong, Beijing, Tianjin, and Inner Mongolia. 
Moreover, the flows illustrate the increasing links 
between China’s central and western provinces 
such as those between Hubei and the Anhui and 
Jiangxi provinces. 
Cross-regional entropy of the migration index 
closeness was measured amid the pandemic and 

in the post-crisis period. The higher the economic 
entropy of a region, the more stable the region is, 
the more interconnected it is, and the more sus-
ceptible it is to coronavirus. The effect of entropy 
also extends to migration flows. The most vulner-
able areas are Jiangsu, Zhejiang, Guandong, and 
Shandong. The graph shows that financial flows 
are directly proportional to migration flows. As a 
result, regions with the highest migration indexes 
are the most susceptible to viral outbreaks.

SARIMA Model Results
The authors found dependencies between cases 
of infection and death from COVID-19 corona-
virus and socioecologial and economic indicators 
for Chinese provinces (see Table 4). As a result, 
the authors obtained a model illustrating how the 
COVID-19 coronavirus outbreak influences car-
bon dioxide emissions, the level of hazardous waste, 
and the Energy-Resource Efficiency Rating (ERE)8. 
The model isas follows (see Table 1 for definitions 
of variables):
dfg1.columns=[‘P’, ‘UR’, ‘EP/P’, ‘UL/P’, ‘HD/GDP’, 
‘PT/P’, ‘TR’, ‘WAR’, ‘HW’, ‘TWD’,’ESE’, ‘WA_P’, 
‘GA’, ‘CO2_P’, ‘GDP’, ‘EC/P’, ‘ERE_GDP’, ‘TE/
GDP’’TIEPC’, ‘PGR_GDP’, ‘Proc_D’]
m1 = smf.ols(‘Proc_D ~ CO2_P + HW + ERE_
GDP’,data=dfg1)

Scenario Modeling for Chinese Provinces
By analyzing cross-sectional data on the indus-
tries in the provinces and the sustainability of their 
transportation channels, the authors compiled four 
scenarios. Figures 5-10 show  the modeling results 
of the drop in production in provinces in the case 

Figure 2. Decision Making Scheme  
for Scenario Modeling

Figure 3. Interprovincial f lows (million dollars) and the level of migration
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of a six-month shutdown in Hubei for both regions 
and industries. 
Scenario 1. Economic activity in Hubei falls by 25% 
and product supplies to other regions are halted. 
The shortfall is distributed proportionally among 
all Chinese provinces that, due to a lack of resourc-
es, stop production and, as a result, stop supplying 
products to other regions. In this scenario, produc-
tion in all provinces would drop 25%. 
Scenario 2. Products are delivered primarily under 
small contacts. Contracts for large amounts would 
be delayed for as long as possible (see Figures 5 
and  6). In this case, the provinces and industries 

would suffer moderate damage. However, the poorly 
developed regions would most likely face a longer 
recovery period. The results of scenario model-
ing showed that not all unused resources in Hubei 
would be redistributed between other provinces.
If the extensive travel restrictions and quarantine 
policies continue, offline services including re-
tail, catering, tourism, hospitality, transportation, 
and education and entertainment services would 
suffer the most [McCloskey, Heymann, 2020]. 
Government measures to cushion the shock such 
as loan payment deferments, social security con-
tribution deferments, tax payment deferments, 
emergency credit facilities, and so on may be insuf-

Figure 4. Financial Flows between Chinese Provinces 
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Таble 3. OLS Regression Results

Dep. Variable FinansialFlow R2 0.850
Model OLS Adjusted R2 0.845
Method Least Squares F-statistics 104.7
Date Sun, 12 Apr 2020 Prob (F-statistics) 2.68e-11
Time 06:45:49 Log-Likelihood -647.35
No. Observations 31 AIC 1297.
Df Residuals 30 BIC 1298.
Df Model 1 Covariance Type HC1
Omnibus 18.892 Durbin-Watson 2.013
Prob(Omnibus) 0.000 Jarque-Bera (JB) 28.197
Skew 1.443 Prob(JB) 7.53e-07
Kurtosis 6.674 Cond. No. 1.00

coef std err z P>|z| [0.025 0.975]
MigrationIndex 1.36e+06 1.33e+05 10.231 0.000 1.1e+06 1.62e+06

Note: in this and further tables and figures, unless indicated otherwise, the source is the authors’ results obtained from the Python calculation: https://
github.com/rufimich/Virus_prov., accessed17.04.2020.

Source: authors’ calculations.
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ficient to prevent the widespread bankruptcy of an 
enormous amount of Chinese SMEs, most of whom 
probably do not have many months of operating 
cash on hand. It is highly uncertain whether the 
aforementioned government measures will effec-
tively contribute to the survival of such companies. 
Well before the COVID-19 crisis, directives from 
central leadership for state banks to increase lend-
ing to SMEs largely fell flat. If the outbreak contin-
ues into Q2 2020 and significant travel restrictions 
remain in place, the cash flows for many SME ser-
vices firms will inevitably be crushed. Defaults 
on loans and commercial payments will surge, as 
will layoffs. This will weigh heavily on consump-
tion, which will in turn hurt goods manufacturers. 
If bankruptcies become widespread, the recovery 
will necessarily take much longer. 

Scenario 3. This is similar to Scenario 2, however 
this scenario takes into account state support for 
the most affected provinces (see Figures 7 and 8). 
This is the worst case scenario. If this came to 
pass, all provinces would suffer, but the most 
poorly developed regions would be even more af-
fected. Henan, Hubei, and Zhejiang would sustain 
the greatest losses because they are the leaders in 
terms of cumulative confirmed infections among 
all the provinces. All sectors would be damaged, 
more significantly than in other scenarios. At the 
same time the rating of each industry is similar to 
that in the first scenario. 
Scenario 4. First, China provinces would give pri-
ority to contracts for orders from neighboring re-
gions based on existing partnerships. The closer 
the customer is to the manufacturer, the more like-

Table 4. OLS Regression Results

Dep. Variable Proc_D R2 0.770
Model OLS Adjusted R2 0.744
Method Least Squares F-statistics 25.17
Date Tue, 17 Mar 2020 P(F-statistics) 5.58e-08
Time 01:38:57 Log-Likelihood 87.049
No. Observations 31 AIC -166.1
Df Residuals 27 BIC -160.4
Df Model 3 Covariance Type HC1
Omnibus 7.226 Durbin-Watson 1.952
Prob(Omnibus) 0.027 Jarque-Bera (JB) 6.013
Skew 0.724 Prob(JB) 0.0495
Kurtosis 4.599 Cond. No. 1.38

coef std err z P>|z| [0.025 0.975]
Intercept 0.0138 0.003 4.924 0.000 0.008 0.019
CO2_P 0.0039 0.002 2.166 0.030 0.000 0.008
HW 0.0277 0.003 8.546 0.000 0.021 0.034
ERE_GDP 0.0072 0.003 2.691 0.007 0.002 0.012

Figure 5. Effects of the Drop in Production by Region (Scenario II)
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Figure 6. Effects of the Drop in Production by Industry (Scenario II)
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Figure 7. Effects of the Drop in Production by Region (Scenario III)
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Figure 8. Effects of the Drop in Production by Industry (Scenario III)
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Note: for the definitions of industry abbreviations see Table 2.

Note: for the definitions of industry abbreviations see Table 2.
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ly it is that the obligations to the company would 
be fulfilled (see Figures 9 and 10).
In the last scenario, greatest amount of inequal-
ity is seen between the provinces. The higher the 
inequality, the more the province is more affected 
by the outbreak. A government decision to sup-
port only the strong sustainable provinces seems 
unethical. On the other hand, only allocating air 
to the weakest and most impacted provinces is al-
so not enough. It is advisable to choose a damage 
mitigation policy on a consolidated basis. The even 
distribution of risks and losses between all regions 
seems to be the best scenario for overcoming the 
crisis. 
The pandemic has made some mainstays of eco-
nomic theory obsolete. The pressing needs “are 
to provide critical care and to break the chain of 

transmission of COVID-19, while keeping the pop-
ulation supplied and calm, for as long as it takes to 
get the job done”9.

Analysis of Financial Relations between China 
and Russia 
At present, the One Belt, One Road (OBOR) ini-
tiative is among the main priorities for China’s 
foreign policy [Weidong, 2019]. At first glance, it 
distinguished by enough flexibility and openness 
for use on existing regional and multilateral plat-
forms. Despite this, there has been little discussion 
about the compatibility of the OBOR objectives 
with existing Russian and Chinese foreign direct 
investments (further — FDI) projects [Ma et al., 
2011; Liu et al., 2018]. In April 2019, the Second 
International Forum on OBOR took place in 

Figure 9. Effects of the Drop in Production by Region (Scenario IV)
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Figure 10. Effects of the Drop in Production by Industry (Scenario IV)
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Note: for the definitions of industry abbreviations see Table 2.
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Beijing. About 40 leaders of the countries along the 
OBOR route and more than 1,000 experts and jour-
nalists participated. Chinese President Xi Jinping 
made the keynote speech at this forum. More than 
140 cooperation agreements were signed there. The 
volume of Chinese investments in the projects of 
the countries along the route amounted to more 
than $80 billion while the volume of tax and other 
kinds of payments exceeded $2 billion. Russia is the 
one of the strategic partners in the OBOR project 
[Svetlicinii, 2018; Lanjian, Wei, 2016; Malle, 2017] 
Before the coronavirus outbreak, there were four 
prospective areas for Russian-Chinese trade and in-
vestment cooperation: energy resources, transporta-
tion, investments, and banking. It should be noted 
that development dynamics depend directly upon 
the intensity of trade [Steblyanskaya, Wang, 2019]. 
Figure 11 illustrates the bilateral Chinese-Russian 
financial flows from a historical point of view and 
a forecast until 2030. Financial flows from Russia 
to China were two to three times less intense than 
flows from China to Russia (Table 5). However, if 
we analyze the situation from another point of view, 
we can see that flows from China to Russia make 
up only 0.29% of Chinese turnover, which is a very 
small share. At the same time, the share of finan-
cial flows from Russia to China amounts to 1.08% 
of Russia’s domestic turnover, respectively Chinese 
investments hold a higher share in the Russian 

economy. In absolute terms, China’s activity in bi-
lateral trade flows is notably higher than Russia’s. 
Russia, despite its limited budget, tries to invest 
more funds to decrease this imbalance. Before 
the pandemic, Russia did not play a significant 
role in supporting China’s trade balance. Is it pos-
sible that Russian-Chinese trade will grow in the 
future? Previous forecasts (before the COVID-19 
outbreak) suggested that Russia would actively 
increase investments in Chinga, reaching an FDI 
share of 2.49% in comparison with China’s 0.28% 
by 2030. However, following the coronavirus out-
break, the authors expect financial flows between 
the two countries to decline until 2022–2025. Since 
the COVID-19 crisis is characterized by many un-
predictable factors, it is impossible  to forecast the 
situation with any reasonable degree of feasibility. 
In connection with the decline in oil prices and 
COVID-19 coronavirus, a drop in demand for fuel 
and metals is expected. However, fuel and metal-
lurgical industries provide the bulk of exports from 
Russia to China.
It must be emphasized that a wide range of options 
for the forecast decrease in trade turnover between 
the two countries can be explained by the unprec-
edented nature of the current health crisis and the 
uncertainty surrounding its precise economic im-
pact. Estimates for the expected recovery in 2021 
are equally uncertain, while the outcomes would 

Figure 11. Financial Flows between Russia and China: 2000-2030 (millions of dollars)
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depend mainly upon the duration of the outbreak 
as well as the efficiency of policy responses.

Conclusion
China’s economy has taken a significant hit from 
the COVID-19 coronavirus outbreak [Redding et 
al., 2019; Wen et al., 2020]. In this paper, the au-
thors analyzed the post-coronavirus economy in 
China by employing systematic approaches using 
input-output data for 31  provinces and 42 indus-
tries and new data on COVID-19 for winter 2019-
2020. 
The authors used input-output analysis, SARIMA 
analysis, four scenario modeling, and modeling of 
the Chinese-Russian financial flows. First, the au-
thors calculated the migration index and financial 
flows model to obtain insight into the migration 
flows between China provinces. Second, the au-
thors obtained a model that showed how the infec-
tion and mortality rates of coronavirus  influences 
carbon dioxide emissions, level of hazardous waste, 
and the Energy-Resource Efficiency Rating (ERE). 
Then, four scenarios were developed to show how 

a three-month halt in production in Hubei would 
impact industry behavior in other provinces. This 
approach was applied in order to identify economic 
imbalances in the provinces and prevent the worst-
case scenario. 
OLS regression results show that the minimum 
relationship between financial flows and the mi-
gration index is 1.099147 e+06, which is very 
close. It could be concluded that when migration 
flows are blocked in the Hubei province, produc-
tion will completely stop Indeed, with the spread 
of any virus from a certain province, the first that 
will be impacted are those regions closely tied to 
the source of the virus. To define the impact of the 
COVID-19 infection and death rates upon Chinese 
regional development, 23 sustainable factors were 
tested. The obtained model attests to the pandem-
ic’s strong effect upon on carbon dioxide emissions, 
the level of hazardous waste, and the level of the 
Energy-Resource Efficiency Rating (ERE). We ana-
lyzed four scenarios for provinces’ production and 
supply flows after the coronavirus outbreak. 
Our main recommendation is that there is no need 
to segregate consumers. It is necessary to distribute 
the damage as evenly as possible. This will allow 
for minimizing the impact upon the Chinese econ-
omy and accelerating its recovery. If aid is provided 
to only certain provinces, the economic downturn 
will be more substantial as will harm from the drop 
in production (Scenarios 2-4).
Before the crisis, financial flows between China 
and Russia increased and growth was planned in 
the coming years. However, in the post-corona-
virus period, it is difficult to make any forecasts 
about the level of trade. The situation may develop 
unpredictably. Besides, it is now a real challenge 
for the Chinese economy to stop importing cases 
of coronavirus from abroad, as there are more 
coronavirus cases and deaths in the US and Europe 
than in China. It is expected that due to the falling 

Таble 5. Forecasted Bilateral Financial Flows 
between Russia and China for the 1st Half of 2020

Scenarios Imports from Russia  
to China

Exports from China  
to Russia

Mln 
USD

% of the pre-
crisis level

Mln 
USD

% of the pre-
crisis level

1 12884.5 75.0 22218.7 75.0
2 8761.1 51.0 15554.0 52.5
3 4281.1 24.9 3830.1 23.0
4 3717.9 21.6 3830.1 12.9

Note: According to the [CIC Advisor, 2020], the sum of imported 
products from Russia to China for the 1st half of 2020 was planned at 
the level of $18 bln; the total amount of exported products from China 
to Russia at the level of $29.625.

Source: authors.
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Figure 12. Structure of Imports from China to Russia, 2018 (millions of dollars)
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prices of oil and other resources, China will buy up 
assets in the Russian Federation, which will affect 
the promotion of Chinese cultural and business 
standards. It is expected that relations between 
China and Russia will grow stronger in the future. 
Due to the growing interest in the transition to a 
green economy, digitalization technologies condu-
cive to this initiative will developed as part of the 
OBOR project.
The impact of the post-coronavirus situation on 
the Chinese and global economy must be consid-
ered for further study. In order to thoroughly study 
macroeconomic trends for the development of 

China and Russia, the consequences of emergen-
cy situations (epidemics, strikes, unemployment, 
etc.) must be evaluated. With this in mind, a neu-
ral network model could be created that provides 
a basis for decision-making and the formation of 
sustainable development strategies for responding  
to crises. 

The research was accomplished with the support of the 
Fundamental Research Fund for the Central Universities within 
the projects “Sustainable Development of Green Silk Road from 
a Complex Network Perspective” (Project No. 3072020CFJ0901), 
and “Digitally Driven Green Intelligent Manufacturing and 
Energy Ecological Governance Research” (Project Number: 
3072020CFW0903). 
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