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Supplementary Note 1: Modeling the effectiveness of NPIs on local
and international transmission

The effectiveness of NPIs on international transmission, denoted by γ̂i(t) ∈ [0, 1] for country i at time t, is
captured by the reduction in international movement compared to the pre-pandemic level. Then,

Gij(t) = Gji(t) = Gijmin {1− γ̂i(t), 1− γ̂j(t)}, (S1)

where Gij is the number of individuals travelling between country i and country j before the pandemic. After
full reopening, γ̂i(t) = 0. To model how countries introduce and relax NPIs to control local transmission before
full reopening, we consider the local effective reproduction number-based adaptive policy adoption strategy,
which is represented by the following sigmoidal function with shape parameter k:

ci(t) = cmild
i (t) +

cstringenti (t)− cmild
i (t)

1 + ek[1−Re,i(t)]
. (S2)

Here, Re,i(t) is the local effective reproduction number for country i at time t; cstringenti (t) and cmild
i (t) are the

effectiveness of the most stringent and mildest NPIs implemented by country i at time t. After full reopening,
ci(t) = 0.
Re,i(t) is computed as the dominant eigenvalue of the Next Generation Matrix (NGM) associated with the
dynamical system considered. The local disease transmission dynamics within country i (when it is isolated
from the metapopulation network) are represented by the following equations:

∂tSi(t) = Λi(t)− ϕi(t)Ni − λSi (t)Si(t) + εVi(t) + ψRi(t)− υSi(t),

∂tVi(t) = ϕi(t)Ni − λVi (t)Vi(t)− εVi(t)− υVi(t),

∂tE
S
i (t) = λSi (t)Si(t)− σES

i (t)− υES
i (t),

∂tE
V
i (t) = λVi (t)Vi(t)− σEV

i,m(t)− υEV
i (t),

∂tI
S
i (t) = σES

i (t)− αISi (t)− υISi (t),

∂tI
V
i (t) = σEV

i (t)− αIVi (t)− υIVi (t),

∂tRi(t) = (1− ν)αISi (t) + [1− (1− ϵ)ν]αIVi (t)− ψRi(t)− υRi(t),

∂tDi(t) = ναISi (t) + (1− ϵ)ναIVi (t).

(S3)

This system has 4 infected states (ES
i , E

V
i , ISi , and I

V
i ). The infected subsystem is

∂tE
S
i (t) = λSi (t)Si(t)− σES

i (t)− υES
i (t),

∂tE
V
i (t) = λVi (t)Vi(t)− σEV

i,m(t)− υEV
i (t),

∂tI
S
i (t) = σES

i (t)− αISi (t)− υISi (t),

∂tI
V
i (t) = σEV

i (t)− αIVi (t)− υIVi (t),

The infected subsystem is composed by the state variable x = [ES
i , E

V
i , I

S
i , I

V
i ]. Then, we can construct the
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transmission term VF,i and the transition term VF,i as follows.

VF,i =


0

0

[1− ci(t)](1− η)β
IS
i (t)+IV

i (t)
Ni

Vi(t)

[1− ci(t)]β
IS
i (t)+IV

i (t)
Ni

Si(t)
 ,

and

VV,i =


αIVi − (σ + υ)EV

i

αISi − (σ + υ)ES
i

(σ + υ)EV
i

(σ + υ)ES
i

 .
Hence, the transmission matrix MF,i and the transition matrix MV,i become

MF,i =


0 0 (1− ci)βSi/Ni (1− ci)βSi/Ni

0 0 (1− ci)(1− η)βVi/Ni (1− ci)(1− η)βVi/Ni

0 0 0 0
0 0 0 0

 ,
and

MV,i =


σ + υ 0 0 0
0 σ + υ 0 0

−(σ + υ) 0 α 0
0 −(σ + υ) 0 α

 ,
Therefore, the next generation matrix for country i is given by

NGFi = MF,iMV,i
−1

=


0 0 (1− ci)βSi/Ni (1− ci)βSi/Ni

0 0 (1− ci)(1− η)βVi/Ni (1− ci)(1− η)βVi/Ni

0 0 0 0
0 0 0 0



1/(σ + υ) 0 0 0

0 1/(σ + υ) 0 0
1/α 0 1/α 0
0 1/α 0 1/α



=
(1− ci)β

αNi


Si Si Si Si

(1− η)Vi (1− η)Vi (1− η)Vi (1− η)Vi
0 0 0 0
0 0 0 0

 .
The local effective reproduction number of country i is the dominant eigenvalue of NGFi, which is (1−ci)β

αNi
[(1−

η)Vi + Si].
Currently, many countries have largely reopened. Even China, one of the countries maintaining stringent
COVID-19 policies, eased its zero-COVID policy on November 11, 2022, so we assume that all countries
will no long relax the remaining COVID-19 restrictions after November 11, 2022, until full reopening. The
CHI score for each country before November 11, 2022, is obtained from the Oxford COVID-19 Government
Response Tracker [1]. We assume that cstringenti (t), cmild

i (t), and γ̂i(t) for country i are linearly associated
with its CHI score CHIi(t), i.e.,

cstringenti (t) = a1CHIi(t) + b1,

cmild
i (t) = a2CHIi(t) + b2,

γ̂i(t) = a3CHIi(t) + b3.

For countries lifting all COVID-19 restrictions, cstringenti (t) = cmild
i (t) = γ̂i(t) = CHIi(t) = 0. Then, b1 =

b2 = b3 = 0. We denote the values of cstringenti (t), cmild
i (t), γ̂i(t), and CHIi(t) for China on April 15, 2022 as

cstringentCHN , cmild
CHN, γ̂CHN, CHICHN respectively. Then,

a1 = cstringentCHN /CHICHN ,

a2 = cmild
CHN/CHICHN ,

a3 = γ̂CHN/CHICHN .
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The values of cstringentCHN and cmild
CHN are inferred from real-world and real-time data in Shanghai, China [2]. The

value of γ̂CHN is obtained from OAG [3]. See parameter values in Supplementary Table 4.

Supplementary Note 2: The change in gross value added

The pre-pandemic, maximum, and actual GVA for firm ai at time t are represented by x∗aiq
L
ai (i.e., L

∗
ai), Lai(t),

and xAai(t)q
L
ai, respectively. The total GVA change for firm ai at time t relative to the pre-pandemic level is

represented by

∆GV Atotal
ai (t) =

xAai(t)q
L
ai − x∗aiq

L
ai

x∗aiq
L
ai

=
xAai(t)

x∗ai
− 1.

We define the pandemic-induced GVA change as the change in labour input due to illness or COVID-19
restrictions on economic activities. Thus,

∆GV Apandemic
ai (t) =

Lai(t)/κai(t)

L∗
ai

− 1

represents the pandemic-induced GVA change for firm ai at time t relative to the pre-pandemic level. We
define the competition-induced GVA change as the change in production capacity due to competition between
firms. Thus,

∆GV Acompetition
ai (t) =

Lai(t)− L∗
ai

L∗
ai

−∆GV Adirect
ai (t)

represents the competition-induced GVA change for firm ai at time t relative to the pre-pandemic level. Then,
the supply disruption-induced indirect GVA change for firm ai at time t relative to the pre-pandemic level is
represented by

∆GV Asupply
ai (t) = ∆GV Atotal

ai (t)−∆GV Apandemic
ai (t)−∆GV Acompetition

ai (t).

Supplementary Note 3: Market structure change regression

We present details of the regression results reported in Table 1 in the main text. We use the Ordinary
Least Squares linear regression model to estimate the relative role of hypothesized factors on market structure
changes for different sectors. We consider three dependent variables: sectors’ market structure changes over
the projection horizon under three global reopening scenarios. Denote the market structure change over the
projection horizon for sector a as ∆Ma. We define

∆Ma =
∑
i

[Mai(T )−Mai(0)]
2, (S4)

where Mai(t) represents the market share of firm ai at time t, T is the length of the projection horizon.
∆MEarly

a , ∆MModerate
a , and ∆MLate

a represent the market structure changes for sector a under the early,
moderate, and late full-reopening scenarios, respectively. We separately test the distribution of market struc-
ture changes over the projection horizon among sectors under each global reopening scenario. Results show
that under all reopening scenarios, sectors’ market structure changes over the projection horizon follow a log-
normal distribution (Supplementary Figure 1). To reduce skewness, we use log transformation to normalize
dependent variables.
We investigate four hypotheses. The first hypothesis is that the variations in market structure changes among
sectors result from the heterogeneous impacts of COVID-19 restrictions on production and final demand.
The model includes two such independent variables: the impact-to-labour multiplier (ϑPa ) and the impact-to-
demand multiplier (ϑDa ). The second hypothesis is that sectors with a larger diversity in exposure to supply
chain risks among firms are more likely to experience larger market structure changes. We propose a metric,
namely, risk diversity, to measure this factor. A firm’s exposure to supply chain risks is defined by multiplying
its market share before the pandemic by the CHI score of the country in which it is located. We quantify
diversity based on Shannon entropy. Thus, the risk diversity of sector a is calculated as∑

i

pailogpai, (S5)
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where

pai =
Mai(0)CHIi∑
j Maj(0)CHIj

,

represents the normalized exposure to supply chain risks of firm ai. Sectors where production hubs are
located in highly restrictive countries have larger values of risk diversity (Supplementary Figure 3). The third
hypothesis is that the market structure change of a sector is associated with its degree of self-reliance. We use
the fraction of self-supplied demand to measure this factor, which is defined as∑

j Z
∗
aj→ai∑

j

∑
b Z

∗
bj→ai

for sector a. The fourth hypothesis is that the market structure change of a sector is associated with its
topological position on the global supply network [4]. To measure this factor, we construct a sector dependency
network, where a node represents a sector, and an edge represents the total trade flow between two sectors
before the pandemic. We use the eigenvector centrality [5] of a sector on the sector dependency network in
this hypothesis in the main text. We also consider the betweenness centrality and the degree of a sector in
this note. They are defined as follows.

• Betweenness centrality [6]: the extent to which a sector lies on the shortest paths between other sectors
on the sector dependency network

• Degree: the number of edges (excluding the self-loop edge) of a sector on the sector dependency network

Each independent variable is normalized by subtracting the mean and dividing by the standard deviation.
The distribution of each independent variable is presented in Supplementary Figure 2. We report the pair-
wise Pearson and Spearman correlation coefficients of independent variables in Supplementary Table 1. All
correlation coefficients are lower than 0.5 except except the correlation coefficient between the eigenvector
centrality and degree, indicating that the independent variables are generally weakly correlated. Due to the
high correlation between degree, betweenness centrality, and eigenvector centrality, we consider three sets of
regression models, each of which includes one independent variable of them. Regression models including the
eigenvector centrality generate the best result, thus, are presented in the main text. Other regression models
are presented in the Supplementary Tables 2 and 3.

Supplementary Figure 1: Distribution of market structure changes over the projection horizon among sectors
under different global reopening scenarios. a, The early full-reopening scenario. b, The moderate full-reopening
scenario. c, The late full-reopening scenario. ∆M, Market structure changes over the projection horizon. A
two-sided Kolmogorov–Smirnov (KS) test is performed to assess whether market structure changes among
production sectors follow a log-normal distribution. The figure in each panel is the KS test P value. The
smallest KS test P value is 0.816, indicating that the distribution of market structure changes among production
sectors can be well fitted by the log-normal distribution.
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Supplementary Figure 2: The distribution of normalized independent variables.

Supplementary Table 1: Pairwise Pearson and Spearman correlation coefficients of independent variables

ϑP ϑD
Risk
diversity

Fraction of
self-supplied
demand

Betweenness
centrality

Degree
Eigenvector
centrality

ϑP 1 -0.304 0.185 0.172 0.24 0.036 0.03
ϑD -0.304 1 -0.102 -0.124 -0.123 -0.194 -0.192
Risk
diversity

0.185 -0.102 1 0.405 0.148 -0.013 -0.014

Fraction of
self-supplied
demand

0.172 -0.124 0.405 1 0.138 0.261 0.261

Betweenness
centrality

0.24 -0.123 0.148 0.138 1 0.47 0.445

Degree 0.036 -0.194 -0.013 0.261 0.47 1 1
Eigenvector
centrality

0.03 -0.192 -0.014 0.261 0.445 1 1
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Supplementary Table 2: Regression analysis of variables associated with sectors’ market structure changes
(with degree)

Independent variables ln∆MEarly ln∆MModerate ln∆MLate

Impact-to-labour multiplier (ϑP ) 1.041 (0.212)∗∗∗ 0.994 (0.218)∗∗∗ 1.013 (0.213)∗∗∗

Impact-to-demand multiplier (ϑD) 0.156 (0.212) 0.132 (0.218) 0.119 (0.213)
Risk diversity 0.685 (0.22)∗∗∗ 0.736 (0.227)∗∗∗ 0.709 (0.222)∗∗∗

e Fraction of self-supplied demand 0.689 (0.227)∗∗∗ 0.609 (0.234)∗∗ 0.586 (0.228)∗∗

Degree −0.222 (0.211) −0.274 (0.217) −0.271 (0.212)
No. Observations 65 65 65
R2 0.542 0.515 0.521
Adjusted R2 0.503 0.474 0.481
F-statistic 13.963∗∗∗ 12.522∗∗∗ 12.842∗∗∗

Residual Shapiro-Wilks p 0.068∗ 0.049∗∗ 0.019∗∗

ln∆MEarly, ln∆MModerate, and ln∆MLate represent the logarithm of sectors’ changes in
market structure over the projection horizon under the early, moderate, and late full-reopening
scenarios, respectively. R2, the square of the Pearson correlation coefficient. The normality of
residuals is evaluated by the Shapiro-Wilks test. Figures in parentheses are standard errors of
the coefficient. ∗Significant at the 10% level; ∗∗significant at the 5% level; ∗∗∗Significant at the
1% level.

Supplementary Table 3: Regression analysis of variables associated with sectors’ market structure changes
(with betweenness)

Independent variables ln∆MEarly ln∆MModerate ln∆MLate

Impact-to-labour multiplier (ϑP ) 0.99 (0.213)∗∗∗ 0.948 (0.22)∗∗∗ 0.972 (0.216)∗∗∗

Impact-to-demand multiplier (ϑD) 0.209 (0.206) 0.195 (0.214) 0.179 (0.21)
Risk diversity 0.693 (0.216)∗∗∗ 0.753 (0.224)∗∗∗ 0.728 (0.22)∗∗∗

Fraction of self-supplied demand 0.591 (0.215)∗∗∗ 0.495 (0.223)∗∗ 0.476 (0.219)∗∗

Betweenness centrality 0.322 (0.203) 0.313 (0.21) 0.283 (0.206)
No. Observations 65 65 65
R2 0.552 0.52 0.523
Adjusted R2 0.514 0.479 0.483
F-statistic 14.562∗∗∗ 12.773∗∗∗ 12.944∗∗∗

Residual Shapiro-Wilks p 0.166 0.042∗∗ 0.016∗∗

ln∆MEarly, ln∆MModerate, and ln∆MLate represent the logarithm of sectors’ changes in
market structure over the projection horizon under the early, moderate, and late full-reopening
scenarios, respectively. R2, the square of the Pearson correlation coefficient. The normality of
residuals is evaluated by the Shapiro-Wilks test. Figures in parentheses are standard errors of
the coefficient. ∗Significant at the 10% level; ∗∗significant at the 5% level; ∗∗∗Significant at the
1% level.
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Supplementary Figure 3: The risk diversity values of sectors with varying marker structures and CHI values
among firms. We assume there are only two firms in a sector. We observe a higher risk diversity in the sector
where the larger firm is located in the country with a higher CHI value.

Supplementary Note 4: Model parameter settings

The model works in a weekly time step. In the main text, we set ϕi = 0.01day−1, k = 100, ρ = 0.01,
φ = 0.7, nai = 3, and Ithre = 1e − 3. Since no data is available to inform the values of these parameters,
we perform comprehensive sensitivity analyses to examine the impact of these baseline assumptions on the
main results (Supplementary Figures 16-23). The values of other parameters are informed by existing literature
(Supplementary Table 4). We do not consider the mutation of the virus. We set the transmissibility of the virus
based on data of the currently circulating variant of concern-Omicron (https://www.who.int/activities/
tracking-SARS-CoV-2-variants). We define vaccinated individuals as those who have received a booster
dose after completing the initial vaccination protocol (two doses). We set the efficacy of vaccines based on the
efficacy of a booster dose.
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Early full-reopening; Part-1

At the end of the restriction period
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Supplementary Figure 4: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the restriction period under the early full-reopening scenario. Countries and sectors
are presented with three-letter codes. The description of country/region and sector codes can be found in
Supplementary tables 6-7.
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Early full-reopening; Part-2

At the end of the restriction period
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Supplementary Figure 5: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the restriction period under the early full-reopening scenario. Countries/regions and
sectors are presented with three-letter codes. The description of country/region and sector codes can be found
in Supplementary tables 6-7.
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Early full-reopening; Part-1

At the end of the projection horizon
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Supplementary Figure 6: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the projection horizon under the early full-reopening scenario. Countries/regions and
sectors are presented with three-letter codes. The description of country/region and sector codes can be found
in Supplementary tables 6-7.
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Early full-reopening; Part-2

At the end of the projection horizon
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Supplementary Figure 7: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the projection horizon under the early full-reopening scenario. Countries/regions and
sectors are presented with three-letter codes. The description of country/region and sector codes can be found
in Supplementary tables 6-7.

11



Moderate full-reopening; Part-1

At the end of the restriction period
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Supplementary Figure 8: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the restriction period under the moderate full-reopening scenario. Countries/regions
and sectors are presented with three-letter codes. The description of country/region and sector codes can be
found in Supplementary tables 6-7.
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Moderate full-reopening; Part-2

At the end of the restriction period
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Supplementary Figure 9: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the restriction period under the moderate full-reopening scenario. Countries/regions
and sectors are presented with three-letter codes. The description of country/region and sector codes can be
found in Supplementary tables 6-7.
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Moderate full-reopening; Part-1

At the end of the projection horizon
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Supplementary Figure 10: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the projection horizon under the moderate full-reopening scenario. Countries/regions
and sectors are presented with three-letter codes. The description of country/region and sector codes can be
found in Supplementary tables 6-7.
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Moderate full-reopening; Part-2

At the end of the projection horizon
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Supplementary Figure 11: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the projection horizon under the late full-reopening scenario. Countries/regions and
sectors are presented with three-letter codes. The description of country/region and sector codes can be found
in Supplementary tables 6-7.

15



Late full-reopening; Part-1

At the end of the restriction period

P
D

R
W

H
T

G
R

O
V

_
F

O
S

D
C

_
B

P
F

B
O

C
R

C
T

L
O

A
P

R
M

K
W

O
L

F
R

S
F

S
H

C
O

A
O

IL
G

A
S

O
X

T
C

M
T

O
M

T
V

O
L

M
IL

P
C

R
S

G
R

O
F

D
B

_
T

T
E

X
W

A
P

L
E

A
L
U

M
P

P
P

P
_
C

C
H

M
B

P
H

R
P

P
N

M
M

I_
S

N
F

M
F

M
P

E
L
E

E
E

Q
O

M
E

M
V

H
O

T
N

O
M

F
E

L
Y

G
D

T
W

T
R

C
N

S
T

R
D

A
F

S
O

T
P

W
T

P
A

T
P

W
H

S
C

M
N

O
F

I
IN

S
R

S
A

O
B

S
R

O
S

O
S

G
E

D
U

H
H

T
D

W
E

AUS
NZL
XOC
CHN
HKG
JPN
KOR
MNG
TWN
XEA
BRN
KHM
IDN

LAO
MYS
PHL
SGP
THA
VNM
XSE
BGD
IND
NPL
PAK
LKA
XSA
CAN
USA
MEX
XNA
ARG
BOL
BRA
CHL
COL
ECU
PRY
PER
URY
VEN
XSM
CRI

GTM
HND
NIC

PAN
SLV
XCA

DOM
JAM -100

-80

-60

-40

-20

0

20

40

60

80

100

R
e

la
tiv

e
 c

h
a

n
g

e
 in

 m
a

rk
e

t s
h

a
re

 (%
)

Supplementary Figure 12: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the restriction period under the late full-reopening scenario. Countries/regions and
sectors are presented with three-letter codes. The description of country/region and sector codes can be found
in Supplementary tables 6-7.
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Late full-reopening; Part-2

At the end of the restriction period
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Supplementary Figure 13: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the restriction period under the late full-reopening scenario. Countries/regions and
sectors are presented with three-letter codes. The description of country/region and sector codes can be found
in Supplementary tables 6-7.
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Late full-reopening; Part-1

At the end of the projection horizon
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Supplementary Figure 14: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the projection horizon under the late full-reopening scenario. Countries/regions and
sectors are presented with three-letter codes. The description of country/region and sector codes can be found
in Supplementary tables 6-7.
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Late full-reopening; Part-2

At the end of the projection horizon
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Supplementary Figure 15: Each country/region’s changes in market share relative to the pre-pandemic level
by sectors at the end of the projection horizon under the moderate full-reopening scenario. Countries/regions
and sectors are presented with three-letter codes. The description of country/region and sector codes can be
found in Supplementary tables 6-7.
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Supplementary Figure 16: Supply-chain impacts of different global reopening scenarios. a-l, The total,
pandemic-induced, supply disruption-induced, and competition-induced gross value added (GVA) change rel-
ative to pre-pandemic levels in all (blue; a-c), high-CHI (red; d-f), mid-CHI (orange; g-i), and low-CHI
(green; j-l) countries/regions under different global reopening scenarios. The left, middle, and right panels
correspond to the results under the early, moderate, and late full-reopening scenarios, respectively. The grey
area and the solid grey line indicate the restriction period and the end of the restriction period. The grey
dashed line indicates the pre-pandemic level. The total, pandemic-induced, supply-chain disruption-induced,
and competition-induced GVA change are represented by shaded areas, solid, dotted, and dash-dotted lines,
respectively. ρ = 0.002. Other parameters are the same as in the main text.
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Supplementary Figure 17: Supply-chain impacts of different global reopening scenarios. a-l, The total,
pandemic-induced, supply disruption-induced, and competition-induced gross value added (GVA) change rel-
ative to pre-pandemic levels in all (blue; a-c), high-CHI (red; d-f), mid-CHI (orange; g-i), and low-CHI
(green; j-l) countries/regions under different global reopening scenarios. The left, middle, and right panels
correspond to the results under the early, moderate, and late full-reopening scenarios, respectively. The grey
area and the solid grey line indicate the restriction period and the end of the restriction period. The grey
dashed line indicates the pre-pandemic level. The total, pandemic-induced, supply-chain disruption-induced,
and competition-induced GVA change are represented by shaded areas, solid, dotted, and dash-dotted lines,
respectively. ρ = 0.02. Other parameters are the same as in the main text.
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Supplementary Figure 18: Supply-chain impacts of different global reopening scenarios. a-l, The total,
pandemic-induced, supply disruption-induced, and competition-induced gross value added (GVA) change rel-
ative to pre-pandemic levels in all (blue; a-c), high-CHI (red; d-f), mid-CHI (orange; g-i), and low-CHI
(green; j-l) countries/regions under different global reopening scenarios. The left, middle, and right panels
correspond to the results under the early, moderate, and late full-reopening scenarios, respectively. The grey
area and the solid grey line indicate the restriction period and the end of the restriction period. The grey
dashed line indicates the pre-pandemic level. The total, pandemic-induced, supply-chain disruption-induced,
and competition-induced GVA change are represented by shaded areas, solid, dotted, and dash-dotted lines,
respectively. ρ = 0.05. Other parameters are the same as in the main text.
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Supplementary Figure 19: Supply-chain impacts of different global reopening scenarios. a-l, The total,
pandemic-induced, supply disruption-induced, and competition-induced gross value added (GVA) change rel-
ative to pre-pandemic levels in all (blue; a-c), high-CHI (red; d-f), mid-CHI (orange; g-i), and low-CHI
(green; j-l) countries/regions under different global reopening scenarios. The left, middle, and right panels
correspond to the results under the early, moderate, and late full-reopening scenarios, respectively. The grey
area and the solid grey line indicate the restriction period and the end of the restriction period. The grey
dashed line indicates the pre-pandemic level. The total, pandemic-induced, supply-chain disruption-induced,
and competition-induced GVA change are represented by shaded areas, solid, dotted, and dash-dotted lines,
respectively. φ = 0.3. Other parameters are the same as in the main text.
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Supplementary Figure 20: Supply-chain impacts of different global reopening scenarios. a-l, The total,
pandemic-induced, supply disruption-induced, and competition-induced gross value added (GVA) change rel-
ative to pre-pandemic levels in all (blue; a-c), high-CHI (red; d-f), mid-CHI (orange; g-i), and low-CHI
(green; j-l) countries/regions under different global reopening scenarios. The left, middle, and right panels
correspond to the results under the early, moderate, and late full-reopening scenarios, respectively. The grey
area and the solid grey line indicate the restriction period and the end of the restriction period. The grey
dashed line indicates the pre-pandemic level. The total, pandemic-induced, supply-chain disruption-induced,
and competition-induced GVA change are represented by shaded areas, solid, dotted, and dash-dotted lines,
respectively. φ = 0.9. Other parameters are the same as in the main text.
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Supplementary Figure 21: Public health impacts of different global reopening scenarios. a-h, Time series of
the average prevalence (a-d) and cumulative mortality rate (e-h) in all (a, e), high-CHI (b, f), mid-CHI (c,
g), and low-CHI (d, h) countries/regions under different global reopening scenarios. Dotted, dash-dotted,
and solid lines correspond to the results under the early, moderate, and late full-reopening scenarios. Other
parameters are the same as in the main text.

25



World

0 1 2 3 4 5

-40

-20

0

20

G
V

A
 c

h
a
n
g
e
 (

%
) Full reopening

a

Total

Pandemic

Supply-chain

Competition

World

0 1 2 3 4 5

-40

-20

0

20

Full reopening

b
World

0 1 2 3 4 5

-40

-20

0

20

Full reopening

c

High-CHI countries/regions

0 1 2 3 4 5
-80

-60

-40

-20

0

G
V

A
 c

h
a
n
g
e
 (

%
)

F
u
ll 

re
o
p
e
n
in

g

d

Total

Pandemic

Supply-chain

Competition

High-CHI countries/regions

0 1 2 3 4 5
-80

-60

-40

-20

0

Full reopening

e
High-CHI countries/regions

0 1 2 3 4 5
-80

-60

-40

-20

0

Full reopening

f

Mid-CHI countries/regions

0 1 2 3 4 5
-60

-40

-20

0

G
V

A
 c

h
a
n
g
e
 (

%
)

F
u
ll 

re
o
p
e
n
in

g

g

Total

Pandemic

Supply-chain

Competition

Mid-CHI countries/regions

0 1 2 3 4 5
-60

-40

-20

0

Full reopening

h
Mid-CHI countries/regions

0 1 2 3 4 5
-60

-40

-20

0

Full reopening

i

Low-CHI countries/regions

0 1 2 3 4 5

t [years]

-40

-20

0

20

G
V

A
 c

h
a
n
g
e
 (

%
) Full reopening

j

Total

Pandemic

Supply-chain

Competition

Low-CHI countries/regions

0 1 2 3 4 5

t [years]

-40

-20

0

20

Full reopening

k
Low-CHI countries/regions

0 1 2 3 4 5

t [years]

-40

-20

0

20

Full reopening

l

Supplementary Figure 22: Supply-chain impacts of different global reopening scenarios. a-l, The total,
pandemic-induced, supply disruption-induced, and competition-induced gross value added (GVA) change rel-
ative to pre-pandemic levels in all (blue; a-c), high-CHI (red; d-f), mid-CHI (orange; g-i), and low-CHI
(green; j-l) countries/regions under different global reopening scenarios. The left, middle, and right panels
correspond to the results under the early, moderate, and late full-reopening scenarios, respectively. The grey
area and the solid grey line indicate the restriction period and the end of the restriction period. The grey
dashed line indicates the pre-pandemic level. The total, pandemic-induced, supply-chain disruption-induced,
and competition-induced GVA change are represented by shaded areas, solid, dotted, and dash-dotted lines,
respectively. ϕ = 0.005. Other parameters are the same as in the main text.
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Supplementary Figure 23: Supply-chain impacts of different global reopening scenarios. a-l, The total,
pandemic-induced, supply disruption-induced, and competition-induced gross value added (GVA) change rel-
ative to pre-pandemic levels in all (blue; a-c), high-CHI (red; d-f), mid-CHI (orange; g-i), and low-CHI
(green; j-l) countries/regions under different global reopening scenarios. The left, middle, and right panels
correspond to the results under the early, moderate, and late full-reopening scenarios, respectively. The grey
area and the solid grey line indicate the restriction period and the end of the restriction period. The grey
dashed line indicates the pre-pandemic level. The total, pandemic-induced, supply-chain disruption-induced,
and competition-induced GVA change are represented by shaded areas, solid, dotted, and dash-dotted lines,
respectively. Ithre = 0.1. Other parameters are the same as in the main text.
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Supplementary Table 4: Model parameter symbols part 1

Denotation Definition Values References

Ni Population size of country i

Si # Susceptible individuals of country i

Vi # Vaccinated individuals of country i

ES
i

# Exposed individuals without
vaccinal immunity of country i

EV
i

# Exposed individuals with
vaccinal immunity of country i

ISi
# Infectious individuals without
vaccinal immunity of country i

IVi
# Infectious individuals with
vaccinal immunity of country i

Ri # Recovered individuals of country i

Di # Deceased individuals of country i

ci The effectiveness of NPIs

cstringenti The effectiveness of the most stringent NPIs

cmild
i The effectiveness of the mildest NPIs

β The transmission rate 10/5.6 [7]

η The efficacy of vaccines against infection 0.75 [8]

ϵ The efficacy of vaccines against death 0.98 [9]

Re,i The local effective reproduction number

k Shape parameter in calculating Re,i

ΛS
i The transition rate from Si to E

S
i

ΛV
i The transition rate from Vi to E

V
i

ϕi Vaccination rate

1/ε Duration of vaccinal immunity 7 months [10]

1/σ The incubation period 1.2 days [2]

1/α The infectious period 5.6 days [2]

ν Severity of the virus (infection fatality rate) 0.03 [2]

1/ψ Duration of natural immunity 900 days [2]

υ The natural mortality rate 7.7/1000 yr−1 [11]

ζi The natural birth rate

γ̂i
Reduction in the number of international
travelers for country i before reopening

Gij
The number of individuals travelling
between country i and country j

Gij

The number of individuals travelling
between country i and country j before
the pandemic

[3]

CHIi(t) The CHI score of country i at time t [1]

CHICHN The CHI score of China on April 15, 2022 79.17 [1]

cstringentCHN

The effectiveness of the most stringent NPIs
adopted by China on April 15, 2022

0.8 [2]

cmild
CHN

The effectiveness of the mildest NPIs
adopted by China on April 15, 2022

0.6 [2]

γ̂CHN

Reduction in the number of international
travelers for China in 2020 compared to
that in 2019

0.8 [3]
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Supplementary Table 5: Model parameter symbols part 2

Denotation Definition

L∗
ai Labour input for firm ai before the pandemic

x∗ai The output of firm ai before the pandemic

Z∗
bj→ai The trade flow from firm bj to firm ai before the pandemic

y∗bj→i The trade flow from firm bj to the household in country i before the pandemic

DemHa∗

i The demand of product a for the household in country i before the pandemic

qLai The input coefficients

qbai The input coefficients

ϑPa The effects of COVID-19 restrictions on labour availability for sector a

ϑDa The utmost demand change of product a for household during the pandemic

Pai The set of intermediate products for firm ai

Lai(t) Labour input for firm ai at time t

κai(t) The production extension ratio for firm ai at time t

rai(t) The fraction of workers who are unable to work for firm ai at time t

Invbai(t) The inventory of intermediate product b that firm ai holds at then end of time t

PTFbj→ai(t) The amount of product b arrived at firm ai from firm bj at time t

PTHbj→i(t) The amount of product b arrived at the household in country i from firm bj at time t

xAai(t) The actual output of firm ai at time t

xMAX
ai (t) The maximum output of firm ai at time t

x̂ai(t) The production capacity of firm ai at time t

OrdHj→ai(t) The orders issued by the household in country j to firm ai at time t

OrdFbj→ai(t) The orders issued by firm bj to firm ai at time t

Θai(t) The reliability of firm ai at time t

φ The diminishing factor

ξai(t) The profitability of firm ai at time t

ξa(t) The average profitability in sector a at time t

Mai(t) The market share of firm ai at time t

TarInvbai(t) The target inventory of intermediate product b for firm ai at time t

nai The number of time steps of intermediate consumption in demand for firm ai

DemF b
ai(t) The demand of intermediate product b for firm ai at time t

DemHa
i (t) The demand of product a for the household in country i at time t

Ithre The threshold of prevalence

ρ The rate of evolutionary change

Supplementary Table 6: GTAP sector classification and multiplier

Sector Code Sector Name ϑPa [12] ϑDa [13]
pdr Rice 0.5 1
wht Wheat 0.5 1
gro Other Grains 0.5 1
v f Veg & Fruit 0.5 1
osd Oil Seeds 0.5 1
c b Cane & Beet 0.5 1
pfb Fibres crops 0.5 1
ocr Other Crops 0.5 1
ctl Cattle 0.5 1
oap Other Animal Products 0.5 1
rmk Raw milk 0.5 1
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wol Wool 0.5 1
frs Forestry 0.5 1
fsh Fishing 0.5 1
coa Coal 1 1
oil Oil 1 1
gas Gas 1 1
oxt Other Mining Extraction 1 1
cmt Cattle Meat 1 1
omt Other Meat 1 1
vol Vegetable Oils 1 1
mil Milk 1 1
pcr Processed Rice 1 1
sgr Sugar and molasses 1 1
ofd Other Food 1 1
b t Beverages and Tobacco products 1 1
tex Manufacture of textiles 1 0.5
wap Manufacture of wearing apparel 1 0.5
lea Manufacture of leather and related products 1 0.5
lum Lumber 1 0.9
ppp Paper & Paper Products 1 0.9
p c Petroleum & Coke 1 0.75
chm Manufacture of chemicals and chemical products 1 0.9

bph
Manufacture of pharmaceuticals, medicinal chemical
and botanical products

1 0.9

rpp Manufacture of rubber and plastics products 1 0.9
nmm Manufacture of other non-metallic mineral products 1 0.9
i s Iron & Steel 1 0.9
nfm Non-Ferrous Metals 1 0.9

fmp
Manufacture of fabricated metal products, except
machinery and equipment

1 0.9

ele Manufacture of computer, electronic and optical products 1 1
eeq Manufacture of electrical equipment 1 0.9
ome Manufacture of machinery and equipment n.e.c. 1 0.9
mvh Manufacture of motor vehicles, trailers and semi-trailers 1 0.7
otn Manufacture of other transport equipment 1 0.7
omf Other Manufacturing: includes furniture 1 0.9
ely Electricity; steam and air conditioning supply 0.1 1
gdt Gas manufacture, distribution 0.1 1

wtr
Water supply; sewerage, waste management and
remediation activities

0.1 1

cns Construction 1 0.75

trd
Wholesale and retail trade; repair of motor vehicles
and motorcycles

1 1.1

afs Accommodation, Food and service activities 1 0.25
otp Land transport and transport via pipelines 1 0.8
wtp Water transport 1 0.8
atp Air transport 1 0.8
whs Warehousing and support activities 1 0.8
cmn Information and communication 0.1 0.9
ofi Other Financial Intermediation 0.1 1
ins Insurance 0.1 1
rsa Real estate activities 0.1 0.6
obs Other Business Services nec 0.1 0.85
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ros Recreation & Other Services 1 0.25
osg Other Services (Government) 0.1 1.25
edu Education 0.1 0.85
hht Human health and social work 0 1
dwe Dwellings 1 0.75

Supplementary Table 7: Country Alpha 3 ISO codes list

Code Name Code Name
USA United States CHN China
JPN Japan DEU Germany
GBR United Kingdom FRA France
IND India BRA Brazil
ITA Italy RUS Russia
Codes for other countries can be found in
https://www.iso.org/iso-3166-country-codes.html
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