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Shock Propagation in Dual-Circulation Production Networks: 
Characteristics and Simulation

Qunyong Wang, Yue Li, Yan Xue*

This article constructs a dual-circulation production network framework on the basis 
of integrating inter-country and China’s multi-regional input-output tables, identifi es 
the propagation and attenuation of sectoral shocks in dual-circulation production 
networks, and measures the effects of US-China trade frictions on the networks. 
The research finds that: (1) The asymmetry between domestic- and international-
circulation production networks has increased, and with a few sectors becoming key 
sectors to dual-circulation production networks, sectoral shocks grow increasingly 
critical for aggregate volatility. (2) Based on the above analytical framework, the 
global extraction method (GEM) is adopted to simulate the GDP losses in scenarios 
of China-US i ndustry-wide chain interruptions, certain sectoral frictions, and supply-
side and demand-side chain interruptions. The simulation fi nds that increasing the 
domestic substitution rate will reduce the value losses caused by China-US chain 
interruptions, which is applied for both countries. However, even if full substitution 
can be achieved, the value losses cannot be avoided completely in the China-US 
decoupling. Whether it is the demand-side chain interruptions plus insufficient 
market substitution in China, or the supply-side chain interruptions plus insuffi  cient 
supply substitution in the US, will cause great losses to their economy.
Keywords:  dual-circulation production network, network shock attenuation, risk 

identifi cation and prevention, global extraction method (GEM)

1. Introduction

The world economy has been in a period of profound changes and adjustments 
since the 2008 global fi nancial crisis. Faced with a radical transformation unseen in 
a century, the internal endowments and external environment for China’s economic 
growth have undergone qualitative changes since the introduction of reform and 
opening up. The report of the 20th National Congress of the Communist Party of 
China (CPC) made it clear that “China has entered a period of development in which 
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strategic opportunities, risks, and challenges are concurrent and uncertainties and 
unforeseen factors are rising. Various ‘black swan’ and ‘gray rhino’ events may occur 
at any time.” From a global perspective, global value chains (GVCs), as the driving 
force for economic growth in many countries/regions, have gradually waned under the 
crisis of trade protectionism and geopolitics; from the viewpoint of China’s economy, 
the factor endowments and dividends that once pushed its integration into GVCs are 
gradually exhausted. Under such circumstances, China would fall into a period of 
economic stagnation and the middle-income trap, if china do not adjust its pattern of 
economic growth as soon as possible. To this end, it is imperative to forge new growth 
momentum that conforms to the current era and China’s economic endowments. The 
14th Five-Year Plan for Economic and Social Development has outlined for the fi rst 
time that “China will quicken its pace in fostering a new development paradigm with 
the domestic economy as the mainstay and the domestic economy and international 
engagement providing mutual reinforcement”, which is a major strategic decision 
taken by the CPC Central Committee in light of the new development stage, new 
historical tasks and new environmental conditions (Liu, 2020) and points to the way 
of creating new impetus for China’s high-quality development under the profound 
changes unseen in a century.

Risk prevention is an issue that cannot be ignored in the midst of creating a 
new development paradigm for China’s economy. The current period is completely 
diff erent from the hyper-globalization era in which China’s economy was driven 
by the embedded international circulation, but has seen anti-globalization 
accompanied by mounting uncertainties such as geopolitical confl icts. Therefore, 
as shaping a high-quality new paradigm for development, how to “prevent and 
defuse risks”, “improve the ability to prevent and resolve major risks”, and set up 
systems against shocks becomes a major issue in theoretical research and practical 
development.

Related literatures are mainly focused on the new development paradigm and the 
eff ects of shock on networks. The former category of literature works on creating a 
new development paradigm. The logic of evolution and the path of realization behind 
the dual circulation forms the foundation of this research interest. Throughout the 
current theoretical research concerning the new development paradigm, diff erent logics 
are shared among several schools from political economy (Li et al., 2021; Pei and Liu, 
2021; Qiao et al., 2023) to GVCs (Johnson and Noguera, 2017; Fan et al., 2019), and 
from the theory of economic integration (Huh and Park, 2020; ADB, 2021) to social 
network analysis (Li and Liu, 2022). The political economy, for instance, mostly 
examines from the perspective of Marxist capital circulation and social reproduction, 
and with the expansion of domestic demand as a point from which the logic of “taking 
the domestic economy as the mainstay” begins, it stresses the smooth circulation 
throughout production, distribution, exchange and consumption (Pei and Liu, 2021; 
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Li et al., 2021). The theory of GVCs takes the inter-regional input-output theory as 
the logical starting point, emphasizes decomposition (Huang and Ni, 2021; Jiang and 
Meng, 2021; Ma et al., 2021; Liu et al, 2023), and judges the interactive relationship 
between domestic and international circulations by the interaction of added value and 
domestic and international demand. A logical starting point from which the theory of 
economic integration begins is the construction of integration indicators. This school  
of thought attempts to quantitatively measure intra-regional tightness of internal 
and external linkages by constructing comprehensive regional-economic-integration 
indexes that can reveal factor flows and price deviations in a given region (ADB, 
2021), with a further effort to find out the respective contributions of internal and 
external linkages to the region’s economic growth (Huh and Park, 2020). In contrast, 
studies that analyze dual-circulation issues from the network perspective are rarely 
seen. The logic begins with locating the role and function of each node in network 
structures to examine the mutual support between the nodes and the law of evolution. 
Among them, Li and Liu (2022) analyzed the “domestic circulation” networks in 
China’s national economic circulation, while He and Yu (2022) analyzed the industrial 
linkages between China and the world market in the “international circulation”. 
Nevertheless, the analysis of networks constructing the dual circulation is not yet 
suffi  cient.

Another category of literature probes into the effects of shock on networks. In 
recent years, as the production process is disintegrated to interconnected activities 
and distributed to diff erent economies, global production networks have taken shape 
and extended rapidly (Cheng, 2015; Los et al., 2015), and hence the “eff ects of shock 
on networks” has become a research frontier of the academic community. Studies 
by Acemoglu et al. (2012), Caliendo et al. (2014) and Carvalho (2014) proved that 
the asymmetric structure of production networks can enhance the effects of shock 
to cause greater macroeconomic volatility, which has also been verified by many 
empirical scholars (Tsekeris, 2017; Turco et al., 2019). Most of the above studies 
are based on intra-country input-output data. But in fact, what is more applicable to 
China’s dual-circulation issues should be based on a combination of inter-country and 
inter-provincial input-output tables, a kind of inter-regional input-output data. Now, 
the network analysis of external shocks on inter-regional input-output is still at an 
initial stage. Scholars including Dong and Ma (2020), Liu et al. (2020), Barauskaite 
and Nguyen (2021), and Gao et al. (2021) have made productive practices and 
accumulation, with studies either on inter-country input-output networks, or China’s 
inter-provincial input-output networks. However, the research on the shocks to dual-
circulation production networks is still absent.

The marginal contributions of this article are as follows. (1) A dual-circulation 
production network framework based on input-output models is constructed as an 
attempt. By integrating inter-country and China’s multi-regional input-output tables, a 
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composite input-output table covering China’s inter-provincial data and foreign countries/
regions is formed. On this basis, the dual-circulation networks for intermediate goods 
trade and fi nal goods are constructed as the basic analytical framework for this article. 
(2) The shock propagation of US-China trade frictions in domestic and international 
production networks, and the economic losses caused to diff erent regions and industries 
are measured. For the first step, based on Pareto Distribution characteristics, the 
Bayesian Approach is employed to identify the propagation and attenuation of sectoral 
shocks in networks, and the shock attenuation differences between domestic and 
international circulation networks are compared; in the second step, the impact of short-
term shock in dual-circulation production networks is measured quantitatively with the 
global extraction method (GEM), which examines the eff ects of chain interruption and 
substitution rate to varying levels on diff erent industries of China and the US.

The rest of the article is presented as follows. Section 2 integrates inter-country 
and China’s multi-regional input-output tables and constructs a dual-circulation 
production network framework; Section 3 works on shock propagation and attenuation 
in production networks; Section 4 measures the eff ects of US-China trade frictions on 
domestic and international circulation networks and identifi es regional and industrial 
risks; and Section 5 off ers the conclusions and policy insights.

2. Construction of Dual-Circulation Production Networks based on Input-output 
Tables

To depict the basic situation and linkages of China’s industrial and supply chains 
in domestic and international circulations more comprehensively from the supply 
side and the demand side, identify the weaknesses and risks in the dual circulation, 
and off er data support and policy arrangements, we construct the dual-circulation 
production networks based on inter-country and China’s multi-regional input-
output tables as a foundation for subsequent research on the shock propagation in 
networks.

To this end, the underlying data and linkages required for dual circulation 
production networks need to be linked fi rst. The input-output tables representing inter-
regional fl ows of resources provide the fundamental linkages that make the network 
construction possible. As the inter-regional input-output tables within a country can 
show the economic ties among domestic regions and international input-output tables 
can show those among global economies, the two can be linked to demonstrate inter-
regional input-output relationship at home and abroad for the study of cross-industry 
dependence and integration (Schweitzer et al., 2009; Yao et al., 2019).

This article attempts to integrate domestic and international input-output tables 
to serve data for the fundamental linkages between dual-circulation production 
networks. The OECD Inter-Country Input-Output (ICIO) table for 45 sectors in 
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67 economies is used for the international circulation, while the CEADs-compiled 
Multi-Regional Input-Output (MRIO) table containing 42 sectors in 31 provinces 
and cities of China is used for the domestic circulation. The two sets of data are new 
and comprehensive at industry classifi cation. Since MRIO tables are not continuous, 
in this article, the three newest sets of data for 2012, 2015 and 2017 are selected for 
use. Given the inconsistent industry classifi cation standards, ICIO and MRIO tables 
are consolidated to cover 21 sectors in this article by drawing on the approach of 
Gao and Wang (2020).1

Following the methodology of Dietzenbacher et al. (2013) and Ni and Xia (2016), 
the proportional factor is assumed to be constant for relevant data extrapolation. For 
example, the coeffi  cient of intermediate inputs from abroad for each subregion in the 
ICIO-MRIO table is the same as that for China in ICIO tables; and the coefficient 
of distribution from each subregion abroad in the ICIO-MRIO table is the same as 
that from China to abroad in ICIO tables. The steps of consolidation are as follows. 
Firstly, ICIO and MRIO tables are consolidated to 21 sectors, and MRIO tables 
are converted into dollar-denominated tables by annual average rate of exchange. 
Secondly, the ICIO-MRIO table is constructed with direct inputs of data that need no 
extrapolation. Thirdly, based on the proportional factor as assumed, the distribution 
of intermediate and fi nal goods imports and exports of mainland China’s 31 provinces 
and cities across global economies is extrapolated. Fourthly, the ICIO-MRIO table is 
adjusted to equilibrium according to the row-column balance in input-output tables. 
With a reference to Yao et al. (2019) and Lv et al. (2021), the international-domestic 
intermediate goods and final goods trade networks are constructed upon the ICIO-
MRIO table, followed by an international-domestic industrial linkage network. 
Details of the methodology of integrating input-output tables, the consolidated data 
structure, and the descriptive statistical characteristics of networks are available upon 
request.

3. Short-Term Shock Propagation and Attenuation in Production Networks

The dual-circulation production networks have been constructed in the previous 
section, on the basis of which the dynamic feedback at the time when the networks 
are subjected to short-term shocks will be observed to see the scope of impact and 
evolution. Then, the direct consumption coefficient matrix will be generated upon 
intermediate goods and final goods trade networks, and the shock propagation 
and effects in the dual-circulation, domestic-circulation, international-circulation 
production networks are to be examined in the industrial-linkage dimension.

1 MRIO tables are converted into dollar-denominated tables by annual average rate of exchange.
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3.1. Model Setup for Shock Propagation and Attenuation in Production Networks

The input-output matrix, also called the direct consumption coefficient matrix, 
is taken as fundamental network data. With the total output matrix (X) and the 
intermediate goods trade matrix (Z), there is the direct consumption coeffi  cient matrix 
(A=Z/X) as defi ned, and its fi rst-order out-degree is as shown in Equation (1), which 
results in ( d d1

out out, ,… n ), a set of fi rst-order out-degree of the economy (ε).

d ai ij
out = ∑ n

j=1  (1)

Drawing on the model setup of Acemoglu et al. (2012), the volatility of total output 
is expressed as:

(var Ωy dn i)1/2 =  
 
 

1
n ∑ i

n

=1( out n, )2
 (2)

where the out-degree of sector n is denoted as di
out n, ; and the volatility of total 

output is a function of network out-degree (Ω). The longer (thicker) the tail of 
the out-degree distribution, the larger the volatility of total output. First-order 
out-degrees can only offer partial information about inter-sectoral input-output 
relationship. Acemoglu et al. (2012) found it possible that economies with the same 
first-order out-degree sequence have significantly different structures to present 
aggregate volatility to varying levels. Further analysis is therefore needed for high-
order out-degrees of the input-output matrix. The equation of calculating k-order out-
degree is as follows:

d d ai j ij
out k out k, , 1= ∑ n

j=1
−  (3)

where the k-order out-degree of node i is denoted as di
out k, . Equation (3) represents 

the total value of sector i supplied to each sector’s production units after the 
intermediate goods manufactured by other sectors are put into further manufacturing 
and pass the k-order transfer.

If the out-degree distribution follows a power law distribution, the aggregate 
volatility will be expressed as:

(var Ωy nn )
1/2 = ( − − −(β β δ1 /) )  (4)
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where the shape parameter β ∈[1,2]  represents the scaling form in the tails of 
the degree distribution and δ > 0  is a constant. If the economy exhibits fat-tailed 
distributions of inter-sectoral network out-degree sequence, the attenuation rate of 

aggregate volatility will be less than n(β β−1 /) , and less than n  when β < 2 .1 Acemoglu 
et al. (2012) argued that the shape parameter (β) declines as the inter-sectoral networks 
become increasingly tightly related and intricate. In this regard, this article establishes a 
theoretical relationship between inter-sectoral network characteristics and the eff ects of 
sectoral shocks, which will be discussed empirically below.

3.2. Shock Propagation and Attenuation in Dual-Circulation Networks

As to verify the shock propagation in production networks, the Bayesian 
Approach is used to estimate the shape parameters of power-law out-degree 
distributions of domestic- and international-circulation industrial linkage networks. 
The estimation results are shown in Table 1. The Bayesian estimation and estimation 
results of dual-circulation industry linkage networks are available upon request. 
To highlight the shock attenuation in networks over time, the shape parameters are 
sequentially estimated from first- to tenth-order out-degree distributions. When the 

shape parameter estimate is β̂ , the aggregate volatility attenuates at a rate of n(β βˆ−1)/ ˆ . 
Acemoglu et al. (2012) predicted that the theoretical rate of attenuation should be n , 
i.e., with a shape parameter of 2 and at the theoretical rate of attenuation, sectoral 
shocks average out quickly without drastic aggregate volatility. The lower the shape 
parameter, the higher the asymmetry of dual-circulation networks. That is, the fact 
that a few sectors are important suppliers for dual-circulation networks leads to a low 
attenuation rate of aggregate volatility under microeconomic shocks, and because 
of inter-sectoral linkages, sectoral shocks can be propagated through interconnected 
sectors to cause huge aggregate volatility. The higher the shape parameter, the 
lower the asymmetry of dual-circulation networks. That is, the even distribution of 
important suppliers in dual-circulation networks results in a high attenuation rate of 
aggregate volatility under microeconomic shocks, so sectoral shocks disperse quickly 
and generate little aggregate volatility. The shape parameter of fi rst-order out-degree 
represents the attenuation rate of direct shocks in production networks and those of 
high-order out-degrees represents the attenuation rate of indirect shocks.

1 The attenuation rate of n  is that predicted by Acemoglu et al. (2012) for the standard 
diversifi cation.
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Table 1. Estimation of Shape Parameter (β) of Dual-Circulation Industrial Linkage Network Out-Degree 
Distribution1

Network type International-circulation networks Domestic-circulation networks

Order of 
correlation 2012 2017 2012 2017

1
1.9622 1.8624 1.9116 1.8579

(0.1168) (0.1109) (0.1181) (0.1147)

2
1.5606 1.5620 1.4571 1.4373

(0.0929) (0.0930) (0.0900) (0.0888)

3
1.4521 1.4480 1.3167 1.2614

(0.0865) (0.0862) (0.0813) (0.0779)

4
1.4271 1.4084 1.2924 1.2229

(0.0850) (0.0839) (0.0798) (0.0755)

5
1.3551 1.3190 1.2541 1.1616

(0.0807) (0.0785) (0.0775) (0.0717)

6
1.2853 1.2947 1.2246 1.1431

(0.0765) (0.0771) (0.0756) (0.0706)

7
1.2251 1.2227 1.1946 1.1265

(0.0730) (0.0728) (0.0738) (0.0696)

8
1.1596 1.1594 1.1685 1.0946

(0.0691) (0.0690) (0.0722) (0.0676)

9
1.1332 1.1166 1.1531 1.0814

(0.0675) 0.0665) (0.0712) (0.0668)

10
1.0862 1.1224 1.1510 1.0900

(0.0647) (0.0668) (0.0711) (0.0673)

Note: In the estimation results for each order, the fi rst rows are parameter estimates and the numbers in 
parentheses are standard errors.

The shock propagation and attenuation are shown in Table 1. First, the attenuation 
rates in the dual-circulation, domestic-circulation and international-circulation 
networks are all lower than the theoretical prediction. It implies the asymmetric 
distribution in three types of networks, i.e., the presence of a few important suppliers 
causes sectoral shocks to spread widely over the networks, generating larger aggregate 

1 The shape parameter estimates for the international circulation in this paper, which are based on 
OECD’s ICIO table, are close to those for global production networks that are obtained by Barauskaite 
and Nguyen (2021) based on WIOD tables, proving the rationality of estimation in this article. The 
2002 shape parameter of US production networks estimated by Acemoglu et al. (2012) using US 
input-output data was 1.46, lower than that of domestic-circulation networks, but the two are not 
entirely comparable as the Acemoglu et al.(2012)’s estimation did not use inter-regional input-output 
tables. 
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volatility than  that in the theoretical case.1 In particular, for the attenuation rate (fi rst-
order out-degree) of direct shocks, the average shape parameter of dual-circulation 
networks is 1.85. The average shape parameter and that of international-circulation 
networks is 1.90, which indicates that the attenuation rate of aggregate volatility in 

the international circulation is not more than n n(1.90 1 /1.90− ) = 0.47 , while the average 
shape parameter of domestic-circulation networks is 1.91, which reveals that the 
attenuation rate of aggregate volatility in the domestic circulation is not more than 

n n(1.91 1 /1.91− ) = 0.48 , implying that the lower bound of fi rst-order average attenuation rate 
of volatility in the domestic circulation is slightly above the international level. It is 
proved that the asymmetry of the international circulation is higher than that of the 
domestic circulation. Sectoral shocks are easier to spread widely over international-
circulation networks to cause aggregate volatility and can be dispersed and averaged 
out more quickly in domestic-circulation networks with little volatility, which, to a 
certain extent, reveals the fact that the domestic circulation is able to mitigate the 
shocks caused by external demand fl uctuations to the domestic macro-economy. With 
regard to the attenuation rate of indirect shocks (second- and higher-order out-degrees), 
the average shape parameters of the second-order, fifth-order and tenth-order out-
degrees, for example, are 1.55, 1.32, and 1.07, respectively, in international-circulation 
networks and 1.46, 1.19, and 1.10, respectively, in domestic-circulation networks, 
which remains consistent with the attenuation rate of aggregate volatility lower than 
the theoretical prediction.

Second, there are fat tails in the attenuation, indicating that the eff ects will persist in 
the networks for long once external shocks occur. This means that the higher the order 
of correlation, the lower the shape parameter estimator of dual-circulation networks, i.e., 
the attenuation of aggregate volatility slows down and sectoral shocks will persist in the 
networks. As it indicates, the attenuation of high-order linkages is slower than that of low-
order linkages and the eff ects of direct shocks are dispersed faster than indirect shocks, 
and direct shocks will cause non-negligible aggregate volatility through high-order 
linkages when the eff ects are diffi  cult to be dispersed, a law holds true for both domestic- 
and international-circulation networks. In 2012 dual-circulation networks, for example, 
the shape parameter estimator of fi rst-order out-degree is 1.86, fi fth-order 1.21, and tenth-
order 1.09. This attenuation is consistent with the argument of Acemoglu et al. (2012) that 
high-order linkages imply cascading eff ects in the economy and that shocks propagate in 
production networks and produce a sustainable and huge impact on the macroeconomy.

Third, the shock performance in recent years has declined compared to earlier 
years, revealing the rising asymmetry of dual-circulation networks and difficulty 

1 Parametric tests are performed in this article. From the calculated results, the shape parameter 
estimates of dual-circulation, domestic-circulation and international-circulation networks are 
signifi cantly less than 2, namely the theoretical attenuation rate of sectoral shocks.
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for sectoral shocks to disperse, which may lead to greater economic fluctuations. 
The shape parameter estimates of first- to tenth-order out-degrees of domestic-
circulation networks in 2017 generally decreased compared with 2012, meaning that 
the asymmetry of dual-circulation networks has risen. A few sectors in some provinces 
have become important suppliers; both direct and indirect shocks attenuate more 
slowly in domestic-circulation networks; and single sectoral shocks will spread widely 
nationwide and generate cascading effects through high-order linkages. The shape 
parameter of fi rst-order out-degree of international-circulation production networks has 
shown a downward trend year by year, indicating a slower attenuation of direct shocks 
in international-circulation networks, and greater aggregate volatility will be caused. 
However, the shape parameters of high-order out-degrees have not shown evident 
rises, meaning that the attenuation rate of indirect shocks generated through high-order 
linkages has remained stable in international-circulation networks which had not been 
signifi cantly impacted by cascading eff ects during 2012–2017.

4. Loss Measurement of Short-Term Shocks in Dual-Circulation Production 
Networks

It is found that single sectoral shocks can spread over dual-circulation production 
networks. That is, the impact of international shocks will spill over to domestic 
networks to form cascading eff ects. Here we intend to further analyze how the short-
term shocks from US-China trade frictions impact on dual-circulation production 
networks on the basis of previous work.

4.1. Model Setup and Shock Measurement

This article draws on the way Gallegati et al. (2019) worked on the impact of Brexit 
on the UK production networks and the European Union, and uses the extraction 
method (Dietzenbacher et al., 2019; Los et al., 2016) to quantitatively simulate the 
economic losses caused by short-term shocks from inter-country industrial chain 
interruption. In particular, the hypothetical extraction method (HEM) of Los et al. 
(2016) directly sets interrupted inter-regional trade to zero. When it is applied to the 
issue of China-US chain interruption, the underlying assumption will be that there 
are no such substitutes globally, but it is far from reality. For this reason, here the 
global extraction method (GEM) proposed by Dietzenbacher et al. (2019) is extended 
from the extraction of intra-country single industry to inter-country industrial chain 
interruption as a solution to measure the value losses caused by China-US chain 
interruption with substitutes taken into account. The model is set up as follows.

In the ICIO-MRIO table, X is the total output matrix (2037×1) representing each 
sector’s output; A is the direct input coefficient matrix (2037×2037), where [row i, 
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column j] represents the intermediate inputs from sector i required for the outputs of 
sector j. In the fi nal demand matrix (2037×97), [row i, column r] denotes the fl ow of 
final goods from sector i to region r, and summing the columns yields Y (2037×1). 
From the row balance in the input-output table, there is Z1+Y=X, where intermediate 
goods are denoted as Z, fi nal goods as Y, and outputs as X. By the defi nition of direct 
input coeffi  cient matrix, we have Z=AX, so there is X=AX+Y, i.e., X=(I–A)–1Y. The GDP 

of each sector can be expressed as GDP V I A Y= −ˆ ( )−1 , where V̂  is a diagonalized 
matrix composed of a vector of value-added coeffi  cients (1×2037).

Due to the termination of inter-regional trade caused by trade frictions, new direct 
input coeffi  cient matrix A* and fi nal demand matrix Y* are obtained. With A* and Y*, the 
GDP loss of each sector can be calculated by Equation (5):

Valueloss V I A Y V I A Y= − − −( * *)−1 ( )−1  (5)

In order to fi nd out the impact of short-term shocks on dual-circulation production 
networks, this article applies the global extraction method (GEM) to industries directly 
affected by shocks for extraction, which allows for the identification of severely 
damaged regions and industries, namely the vulnerable nodes in response to risks.

To make measurement results close to the real level, we not only use the value-
added coeffi  cient and direct input coeffi  cient in the ICIO-MRIO table, by the practice 
of Gao et al. (2021), but also update the fi nal demand matrix using the GDP growth 
rates of economies and provinces in 2021 compared with 2017 released by the World 
Bank and China Statistical Yearbook:

Y Yr r
update = ×

GDP
GDP

r

r
2017

2021

 (6)

4.2. Measurement of External Shock Eff ects from US-China Trade Frictions

Huang et al. (2018) decomposed in detail the eff ects of US-China trade frictions 
on the GVCs of the two countries and even major trading partners through GTAP, and 
simulated the impact at diff erent trade-friction scales, with similar results to the GDP 
loss ratio simulated in this article, and their fi nding that US-China trade frictions might 
contribute to the US GDP growth is consistent with the simulation results here. Fan 
and Zhang (2018) constructed a heterogeneous fi rm model with variable profi t markup 
for discussing the impact of tariff  changes over imported intermediate and fi nal goods 
on the welfare level of a country/region. In this article, trade frictions are analyzed 
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from perspectives of chain-interruption scale, substitution status, and substitution ratio, 
and three scenarios are simulated as follows. Scenario 1: The China-US industry-wide 
chain interruption is simulated by simultaneously extracting the bilateral trade across 
all industries. Scenario 2: China-US trade frictions in certain industries are simulated 
by sequentially extracting the bilateral trade in sector i. Scenario 3: Supply-side and 
demand-side chain interruption are simulated for China. For the losses caused by chain 
interruption with substitutes taken into account, this article sets the substitution rate as 
100%, 50% and 30% respectively to simulate the level of substitution of intermediate 
inputs and final good supplies in China and the US, following the practice of ADB 
(2021). There are three types of substitution, including: (1) The international-domestic 
co-substitution of intermediate inputs and final good supplies in chain-interrupted 
industries; (2) The full international substitution of intermediate inputs and fi nal good 
supplies in chain-interrupted industries; and (3) The full domestic substitution of 
intermediate inputs and fi nal good supplies in chain-interrupted industries.

(1) Scenario 1: The China-US industry-wide chain interruption. The ratio of China-
US chain interruption in all industries is set at 10% and 50% respectively and the 
substitution rate at 100% and 50% respectively.1 The GDP loss ratios of the US, China 
(along with its top five provinces/cities with the severest losses) and the rest of the 
world under diff erent conditions are shown in Table 2. When the substitution rate is 
100%, the US and the rest of the world’s GDP rises instead by occupying the Chinese 
market, which is similar to the losses from US-China frictions measured by Huang 
et al. (2018) using GTAP. China’s GDP loss ratio ranges from -0.16% to -0.81%,2 
with Guangdong, Zhejiang, and Jiangsu ranking the top. In reality, the US and the 
rest of the world will not be able to fully substitute China’s production capacity, and 
as the substitution rate falls, they will also suffer GDP losses from China-US chain 
interruption. Generally speaking, the loss ratio faced by China is higher than that of the 
US in the scenario of industry-wide chain interruption.

Table 2. GDP Loss Ratio of China-US Industry-Wide Chain Interruption (%)

Substitution rate R=100% R=50%

Chain interruption F=10% F=50% F=10% F=50%

US 0.0624 0.3242 −0.0315 −0.1484

Mainland China −0.1601 −0.8130 −0.2230 −1.1189

Guangdong −0.3838 −1.9459 −0.4780 −2.3995

1 Only the “international-domestic co-substitution” is reported here; and “full international 
substitution” and “full domestic substitution” are detailed in the attachment, which are arailable upon 
request.
2 The loss ratio is the loss in value as a share of regional GDP.
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Substitution rate R=100% R=50%

Chain interruption F=10% F=50% F=10% F=50%

Zhejiang −0.3461 −1.7493 −0.4162 −2.0863

Jiangsu −0.2504 −1.2719 −0.3224 −1.6187

Shandong −0.1784 −0.9038 −0.2397 −1.2013

Tianjin −0.1625 −0.8308 −0.3206 −1.6098

Others 0.0018 0.0089 −0.0002 −0.0010

Note: The distribution coeffi  cient is calculated by the proportion of inputs from each country/region.

(2) Scenario 2: Respective chain interruption of diff erent industries in China and the 
US. In the agricultural chain interruption, for example, the US agriculture halts inputs 
to all industries across Chinese provinces, while Chinese agriculture does the same to 
all US industries. For each industry, the chain-interruption ratio is set at 100% and the 
substitution rate at 100%, and the distribution coeffi  cient is diff erent in the international-
domestic co-substitution (by the proportion of inputs) and the full domestic substitution 
(ρ=1). The results in the case of full international substitution (ρ=0) are available upon 
request. For example, if the US agriculture stops inputs to China’s S sector, in the 
case of full international substitution, China will shore up S sector’s demand gap with 
agriculture of other countries/regions; and in the case of full domestic substitution, 
China will fill the gap with agriculture of domestic provinces. Table 3 reports the 
GDP loss ratios of China and the US in the two cases after the i-th sector in bilateral 
trade is extracted, respectively.1 The fi ndings are as follows: (1) The losses from chain 
interruption vary across industries in China and the US. For China, the GDP losses 
caused by manufacturing chain interruption (Communications Equipment, Computer 
and other Electronic Product Manufacturing, Apparel and Textiles, etc.) are large; and 
for the US, Services, Transportation Equipment Manufacturing, Transportation and 
Warehousing will cause huge losses from decoupling from China. (2) The losses vary in 
diff erent cases of substitution. In the international-domestic co-substitution and the full 
domestic substitution, the extraction of Textiles, Electrical Machinery and Equipment 
Manufacturing, and Communications Equipment, Computer and other Electronic 
Product Manufacturing will drive up the US GDP, while the extraction of Agriculture, 
Extractive Industries, Transportation Equipment Manufacturing, Transportation 
and Warehousing can contribute to China’s GDP. However, both countries will face 
GDP losses with full international substitution. This suggests to a certain extent 

1 It only reports the losses at 100% substitution rate after the i-th sector in China-US bilateral trade 
is extracted, respectively, where “international-domestic co-substitution” is the distribution by 
the proportion of inputs from each country/region. The losses at 50% and 30% substitution rate, 
respectively, are detailed in the attachment, which are available upon request.
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that the substitution by local supply chains can reduce more GDP losses from trade 
frictions.

Table 3. Loss Ratio of China and the US after Respective Chain Interruption in Diff erent Substitution Cases (%)

Sector
International-domestic co-substitution Full domestic substitution

US Mainland China US Mainland China

S1 −0.0622 0.0639 −0.0608 0.0796

S2 −0.0383 0.0164 −0.0377 0.049

S3 0.0091 −0.0204 0.0118 −0.0162

S4 0.1326 −0.389 0.3368 −0.419

S5 0.0805 −0.1219 0.0937 −0.1187

S6 0.0836 −0.1145 0.0917 −0.1126

S7 −0.013 0.0122 −0.0128 0.0168

S8 0.0153 −0.0521 0.0263 −0.0465

S9 0.0068 −0.037 0.015 −0.0174

S10 −0.002 −0.0289 0.0089 −0.0133

S11 −0.0612 0.0139 −0.0445 0.0481

S12 0.1062 −0.1832 0.1605 −0.1843

S13 0.4032 −0.5586 0.6876 −0.5704

S14 −0.0002 0.0003 −0.0002 0.0003

S15 0 0 0 0

S16 0.0139 −0.087 0.0259 −0.0348

S17 −0.065 0.0396 −0.0616 0.0703

S18 −0.0199 0.0055 −0.0178 0.0214

S19 −0.0043 0.001 −0.0037 0.0049

S20 −0.1074 0.1155 −0.1052 0.131

S21 0.1676 −0.2988 0.2425 −0.287

Note: Both the chain-interruption rate and the substitution rate are set at 100%. In international-domestic co-
substitution, the distribution coeffi  cient is calculated by the proportion of inputs from each country/region.

Figure 1 shows a radar chart of provincial distribution of GDP losses that are 
caused by four extracted sectors which cause the highest GDP losses in China 
(including Apparel and Textiles, Electrical Machinery and Equipment Manufacturing, 
Communications Equipment, Computer and other Electronic Product Manufacturing, 
and other Manufacturing). The deeper the curve is, the more severe the GDP loss 
is. From inside to outside are other Manufacturing, Communications Equipment, 
Computer and other Electronic Product Manufacturing, Electrical Machinery and 
Equipment Manufacturing, and Apparel and Textiles. Guangdong, Zhejiang, Jiangsu 
and Tianjin suff er the most GDP losses.
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Figure 1. Provincial Distribution of GDP Losses Caused by Chain Interruption of Four Sectors in China and the US

(3) Scenario 3: Supply-side and demand-side chain interruption. The simulations in 
Scenario 1 and Scenario 2 are both two-way, i.e., the US stops exporting to China and 
China does the same to the US. As mentioned earlier, the China-US chain interruption 
as short-term shocks can be propagated in dual-circulation networks to both the supply 
side and the demand side to cause aggregate volatility. Gao et al. (2021) measured 
the impact of emergencies on supply and demand from the upstream and downstream 
perspectives. In this article, the impact of chain interruption on both China and 
the US is analyzed from the supply-side and demand-side perspectives. From the 
viewpoint of China, the supply-side chain interruption means that it has no access to 
US intermediate inputs as well as fi nal goods and the demand-side chain interruption 
means that the US no longer buys intermediate and final goods from China. Here 
we assume 100% chain interruption in each sector, w ith a 50% substitution rate, and 
 the substitution is borne domestically and internationally by 0.5 each.1 For example, 
the supply-side chain interruption in agriculture represents that US agriculture stops 
exporting to China’s industries, while the supply-side chain interruption in agriculture 
indicates that China’s agriculture stops exporting to US industries. When assuming 
that each sector suffers chain interruption on the supply side and the demand side, 
respectively, the GDP losses of China and the US are shown in Figure 2. Clearly, 
there are large diff erences in the GDP loss ratio caused to China and the US by chain 
interruption on the supply side and the demand side in different industries. (1) For 

1 The international and domestic bearings by previous ratios are also analyzed in this article, and the 
results are quite similar.
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China, the loss ratio caused by the demand-side chain interruption is generally much 
higher than that caused by the supply-side chain interruption, which to some extent 
reveals China’s high dependence on the US market demand. If the demand-side chain 
interruption appears and adequate market substitution is not available in the short 
run, the economy will suff er great losses, especially in the Apparel and Textiles, the 
Communications Equipment, Computer and other Electronic Product Manufacturing, 
and Wholesale and Retail Trade. That is why China needs to forge a strong domestic 
market and make domestic demand a more powerful engine for economic growth. (2) 
For the US, the GDP loss ratio resulting from supply-side chain interruption is higher 
than that from demand-side chain interruption in some sectors, such as Transportation 
Equipment Manufacturing, and Services; but in some sectors, such as Metal Smelting 
and Product Manufacturing, Communications Equipment, and Computer and other 
Electronic Product Manufacturing, both GDP loss ratios are similar; and only 
agriculture shows a much higher GDP loss ratio due to demand-side chain interruption 
than supply-side chain interruption. Generally speaking, the majority of US sectors are 
highly dependent on China’s supply. If the supply-side chain interruption appears and 
adequate substitution is not available in the short run, the economy will suff er severe 
losses. This conclusion reveals the basic logic behind the “de-China” multi-supply 
chain system that the US has been working on all the time.

5. Conclusion and Policy Implications

In this article, a dual-circulation production network framework for intermediate 
goods trade-final goods trade is constructed through integrating the Inter-Country 
Input-Output (ICIO) table published by OECD with the Multi-Regional Input-Output 
(MRIO) table compiled by CEADs, upon which the propagation and attenuation of 
sectoral shocks in dual-circulation production networks are probed, and the scope of 
impact and evolution are evaluated. Finally, the eff ects of China-US trade interruption 
on dual-circulation production networks are identified with the global extraction 
method (GEM), and risks are pinpointed from a regional-industry perspective to off er 
a policy focus for proactive risk prevention and resolution. The major conclusions are 
as follows: (1) The asymmetry is signifi cant in dual-circulation production networks 
and key sectoral shocks will give rise to aggregate volatility. Moreover, the asymmetry 
has increased in recent years and key sectoral shocks will cause more drastic aggregate 
volatility. (2) The simulation finds that increasing the domestic substitution rate 
can lower the loss ratio resulting from sectoral chain interruption. However, even if 
full substitution can be achieved, sectoral chain interruption still cannot be avoided 
completely. The losses caused by supply-side and demand-side chain interruption 
are determined by external dependence and substitute capacity in supply and 
demand.
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Figure 2. GDP Loss Ratio of China and the US due to Chain Interruption on the Supply Side (Top) and the 
Demand Side (Bottom)

Note: The chain-interruption rate is set as 100%, with a 50% substitution rate, and the substitution is borne 
domestically and internationally by 0.5 each.

The findings of this article contribute important policy interruptions. First, the 
coordinated regional development strategy should be pushed forward in depth to 
improve the symmetry of domestic-circulation networks. Network asymmetry is a 
major problem causing long-term and persistent shocks and may cause huge losses 
to the economy. The key to symmetry rises in domestic-circulation networks, then, 
lies in better coordinated regional development, also a major strategy for regional 
development proposed in the report of the 20th National Congress of the Communist 
Party of China (CPC). At fi rst, high-quality development need to be planned in light of 
regional resource endowments, which will help coordinate inter-regional advancement 
and narrow development gaps while avoiding a swarm of industrial layout and 
unhealthy competition with the diff erences in regional endowments taken into account. 
Next, a unifi ed national market should be formed. It means to break down diff erent 
forms of barriers to commodity and factor fl ows, such as regional blockades, industrial 
monopolies, and sectoral protectionism, and opening up institutional channels for the 
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equal exchange and two-way fl ow of factors between regions. The establishment of 
a modern distribution system across China must also be accelerated so that inter-city 
connectivity and in-depth interaction and cooperation between eastern and western 
regions will increase to benefi t the coordinated regional development.

Second, there is a need to set up systems for managing production network risks 
in the regional-industry dimension. The risks of dual-circulation production networks 
appear as evident regional heterogeneity and industrial heterogeneity. Some industries 
at the key nodes are the risk exposure and vulnerabilities of dual-circulation production 
networks, so once they are shocked, the entire networks will be aff ected due to cascading 
eff ects. For this reason, early warning systems for regional-industry production network 
risks should be set up as a way to monitor industrial chain risks involving key areas, links 
and importing countries. Furthermore, there should have a dynamic early warning list 
of regional-industry risks to make sure that appropriate measures are taken in a timely 
manner for risk avoidance. Also, for regional hubs, production and consumption should 
be diversifi ed with accurate prejudgment and targeted prevention and control of risks.

Finally, the relationship between domestic and international markets and resources 
must be handled properly. The current risks are mainly manifested as supply-side and 
demand-side dependence on the international circulation. Nonetheless, in forging a 
new paradigm with “dual circulation”, the priority should be placed on how to take 
full advantage of both domestic and international markets and resources in addition to 
the share of domestic circulation in supply and demand. This requires a precise study 
of what resources and which markets should be utilized to what extent. Relying on the 
super-large domestic market in China, the imports of available resources, especially 
high-quality intermediate goods, can be enlarged for the domestic circulation. With 
the available international resources, areas of weakness and domestic manufacturing 
support will be both improved to realize economies of scale. Regarding which markets 
are available, as the domestic production capacity grows stronger, economies of scale 
and quality improvement will make Made in China further competitive and contribute 
to its global market share. As a result, the effective linkage of “domestic demand - 
local supply - global service” and its virtuous cycle will be realized.
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