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Abstract: This study examined the intricate effects of the COVID-19 pandemic on international trade
complexity. Focusing on major international trading entities such as Hong Kong, Korea, China,
Japan, and the U.S., we evaluated how confirmed COVID-19 cases and government responses
influenced trade patterns, particularly in exports and imports. We employed a seemingly unrelated
regression (SUR) analysis with cyclic regression coefficients to scrutinize changes in trade relationships
between 2020 and 2021. Korea serves as the central country for this analysis, and the findings extend
to other nations. The results revealed the varied impact of COVID-19 on trade across countries.
Exports from Korea to China were correlated with COVID-19 case numbers and government actions
in both countries. Additionally, imports from China, Japan, the U.S. and Vietnam—excluding
Hong Kong—were significantly influenced by confirmed COVID-19 cases in Korea, reflecting the
demand dynamics. Government interventions also played a substantial role in shaping trade patterns.
Previous studies have primarily focused on financial markets and supply chains, whereas our study
analyzed the changes in trade with Korea’s five largest trading partners: China, the U.S., Japan,
Vietnam, and Hong Kong. Notably, we utilized long-term data and changes in major trading partners
in Asia over time.

Keywords: COVID-19; international trade; Asian countries; seemingly unrelated regression

1. Introduction

On 11 March 2020, the World Health Organization (WHO) declared COVID-19 a
pandemic, with critical global impacts since its outbreak [1]. As of 1 April 2022, WHO
reported 486,761,597 confirmed cases (cumulative) and 6,142,735 deaths [2]. This pandemic
significantly affected international trade, leading to a decline since WHO declared a national
emergency due to COVID-19, causing fluctuations in gradual growth (Figure 1).

The COVID-19 pandemic has impacted both exporting and importing countries. The
spread of COVID-19 prompted various levels of social distancing and lockdown orders.
From an exporting country’s standpoint, these measures affected industrial production,
leading to a sharp decrease in the labor force and a subsequent reduction in the produc-
tion of goods, thereby hampering exports. Additionally, disruptions in marine and land
transportation cycles increased logistics costs and potentially caused delays in exports. In
essence, exporting countries encountered challenges of reduced production and supply
chain disruptions.

For importing countries, the spread of COVID-19 was anticipated to decrease demand.
However, there might be an offsetting effect due to an increase in overseas direct purchases
resulting from the expansion of telecommuting, among other factors.
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Figure 1. World exports (US Dollars, Millions, FOB). 

For importing countries, the spread of COVID-19 was anticipated to decrease de-
mand. However, there might be an offsetting effect due to an increase in overseas direct 
purchases resulting from the expansion of telecommuting, among other factors. 

Furthermore, these effects may vary based on the severity of COVID-19 cases among 
countries and governments’ crisis response measures. This can act as a factor affecting 
international trade, shipping, and air logistics. Notably, ocean freight rates surged due to 
the spread of COVID-19, and operational efficiency at ports significantly declined [3]. 
Government measures are also expected to impact the operation of maritime transport 
and port authorities. 

This study aimed to examine the complexity that emerged in international trade due 
to COVID-19. We analyzed the Special Administrative Region of Hong Kong and major 
international trading entities such as Korea, China, Japan, and the US. Specifically, we 
examined how the number of confirmed cases and government responses in each country 
affected international trade (exports and imports). Korea was selected as the central coun-
try, and the results could be applied to the analysis of other nations. 

This study contributes to existing research in several ways. Firstly, the analysis pe-
riod spans from early 2020 to the end of 2021, constituting a relatively long term compared 
to existing literature that primarily focused on the early stages of the COVID-19 pandemic. 
Secondly, the construction of panel data and an appropriate model allows for dynamic 
analysis. Thirdly, we analyzed the impact of the spread of COVID-19 using country com-
parisons and evaluated the correlation between confirmed cases among trading countries 
and government measures. Fourthly, we examined how the influence of variables on trade 
changes over time. 

Analyzing how the spread of COVID-19 differs by import and export trade and by 
country is critical. This has implications for intergovernmental cooperation among coun-
tries to promote trade, such as cooperation in quarantine systems or collaboration in trade, 
transportation, and logistics systems. Cooperation becomes crucial when unloading at 
ports and airports is not possible. Additionally, cooperative discussions on the effort re-
quired to build a supply chain and improve the logistics system under the impact of in-
ternational trade between private companies will be possible. 
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Figure 1. World exports (US Dollars, Millions, FOB).

Furthermore, these effects may vary based on the severity of COVID-19 cases among
countries and governments’ crisis response measures. This can act as a factor affecting
international trade, shipping, and air logistics. Notably, ocean freight rates surged due
to the spread of COVID-19, and operational efficiency at ports significantly declined [3].
Government measures are also expected to impact the operation of maritime transport and
port authorities.

This study aimed to examine the complexity that emerged in international trade due
to COVID-19. We analyzed the Special Administrative Region of Hong Kong and major
international trading entities such as Korea, China, Japan, and the US. Specifically, we
examined how the number of confirmed cases and government responses in each country
affected international trade (exports and imports). Korea was selected as the central country,
and the results could be applied to the analysis of other nations.

This study contributes to existing research in several ways. Firstly, the analysis period
spans from early 2020 to the end of 2021, constituting a relatively long term compared to
existing literature that primarily focused on the early stages of the COVID-19 pandemic.
Secondly, the construction of panel data and an appropriate model allows for dynamic
analysis. Thirdly, we analyzed the impact of the spread of COVID-19 using country com-
parisons and evaluated the correlation between confirmed cases among trading countries
and government measures. Fourthly, we examined how the influence of variables on trade
changes over time.

Analyzing how the spread of COVID-19 differs by import and export trade and
by country is critical. This has implications for intergovernmental cooperation among
countries to promote trade, such as cooperation in quarantine systems or collaboration in
trade, transportation, and logistics systems. Cooperation becomes crucial when unloading
at ports and airports is not possible. Additionally, cooperative discussions on the effort
required to build a supply chain and improve the logistics system under the impact of
international trade between private companies will be possible.
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2. Literature Review

Numerous papers have recently been published examining the impact of COVID-19
on trade. Friedt and Zhang [4], utilizing monthly export data from Chinese provinces,
reported that the primary factor contributing to the decline in Chinese imports during
the pandemic was the production disruption in countries supplying intermediate goods.
Barbero et al. [5] employed a gravitational trade model, analyzing monthly trade data
from 68 countries between January 2019 and October 2020. They revealed that COVID-19
had a more substantial negative impact on bilateral trade in countries that were members
of regional trade agreements before the pandemic. Additionally, the negative impact of
COVID-19 was significant in relation to indicators of government actions, with exports
between high-income countries being the most negatively affected. Büchel et al. [6] investi-
gated the impact of COVID-19 on international trade in goods using trade data from the
Swiss Federal Customs Service for the period between January and July 2020. They ob-
served an 11% decline in Swiss trade compared to 2019 during this period, attributing it to
the federal lockdown in mid-March negatively impacting both the supply and demand side
of foreign trade. Demir and Javorcik [7] focused on export transactions backed by letters
of credit and documentary collection, finding them to be more resilient to the COVID-19
crisis compared to transactions using open accounts or cash in advance. Vidya and Prab-
heesh [8] measured trade interconnection between countries before and after the COVID-19
outbreak, predicting a sharp decline in trade for most economies by December 2020. Li
and Lin [9] established a global general equilibrium for 26 countries using 2018 data as a
benchmark and simulated the trade effect of COVID-19. The simulation results indicated a
significant impact on trade and exports for all countries. Hayakawa and Mukunoki [10]
estimated the gravitational equation using various variables for COVID-19 damage. Their
findings showed a significant negative impact on international trade in both exporting and
importing countries. They identified heterogeneous effects across industries, with negative
effects on non-essential and durable goods persisting for a long time, while positive effects
were observed in the industry providing medical products. Xu et al.’s [11] study, similar to
the present one, investigated the gap in shipping trade between China and three regions
(ASEAN, the European Union, and the United States) from February to October 2020.
They found that the government’s preventive and control measures against COVID-19
negatively affected export trade while import trade increased. Various studies have also
conducted impact analyses on economic aspects [12–14], global supply chain disruption,
demand decline [15,16], stock market returns, and volatility [17,18] in the context of the
COVID-19 pandemic.

Moreover, studies have delved into the impact of COVID-19 on maritime transport, the
primary mode of international trade [19–25]. Michail and Melas [26] specifically linked the
outbreak of COVID-19 to dry bulk and dirty tankers in the shipping industry, a derivative
of international trade, highlighting the negative effects on the shipping market.

While previous studies have examined the impact of the COVID-19 pandemic on
financial markets and supply chains, and some have analyzed trade during the pandemic,
this study distinguishes itself by adopting a relatively long-term perspective (2020–2021)
and incorporating changes in major trading partners in Asia over time. The focus is on
analyzing shifts in trade with Korea’s five largest trading partners: China, the United States,
Japan, Vietnam, and Hong Kong. The study aims to unveil the impact of government pre-
ventive and control measures on trade, providing insights not only for trading companies
but also for logistics and shipping companies in making strategic decisions.

3. Materials and Methods
3.1. Data

In this study, trade statistics relied on import/export data from Korea. Figure 2 shows
share of Korea’s major import and export countries as of the end of 2021 [27]. As shown in
Figure 2, Korea’s five major exporting countries are China, the U.S., Vietnam, Japan, and
Hong Kong, while the major importing countries are China, the U.S., Japan, Australia, and
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Saudi Arabia. Given Korea’s profile as a nation predominantly importing raw materials and
exporting industrial products, exports take precedence in its trade dynamics [27]. Among
the importing nations, Australia primarily imports coal, and Saudi Arabia predominantly
imports crude oil, resulting in a trade structure centered around a single cargo [27]. To
comprehensively examine the effects of COVID-19, with a focus on various industrial
products, this study centers on exporting countries.
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Figure 2. Share of Korea’s major import/export countries as of the end of 2021 (%).

Confirmed COVID-19 cases are anticipated to negatively impact both imports and
exports. However, government measures to combat COVID-19 are expected to mitigate
this negative impact. The analysis period spans from January 2020 to December 2021. The
dependent variables in this study are Korea’s exports (ex) and imports (im) by country.
Independent variables include the monthly number of confirmed cases by country (Con-
firmed Cases; CC), the monthly number of confirmed cases in Korea (Confirmed Cases;
koCC), the government response index (GRI), and government response measures in Korea
(KoGRI). Cumulative confirmed cases were chosen as an independent variable under the
assumption that concerns about the cumulative number of confirmed cases would exert a
greater impact on imports and exports than new cases [28].

To scrutinize how the number of confirmed cases influences imports and exports, the
number of confirmed cases in each country was adopted as an independent variable, as
seen in previous studies [4,11]. The GRI was selected from the COVID-19 Government
Response Tracker [28] database, as it incorporates various indices, such as the containment
and health index, stringency index, and economic support index, among others. The GRI
provides a comprehensive evaluation of these indices, offering an estimation of the effect
on imports and exports that reflects the policy efforts of each country. In essence, this index
encompasses the severity of sub-concepts, economic support (income support and debt
relief), and other relevant factors [28].

Descriptive statistics of the variables employed in this study are outlined in Table 1.
Standard errors and means for the sample categories are presented to gauge the variability
of the variables. The variables encompass Korea’s import and export data by country, the
number of confirmed cases, and government countermeasures (GRI) for each country.
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Table 1. Descriptive statistics.

Variable Definition Unit Mean Median Std. Dev. Skewness Kurtosis

Chex Export from Korea
to China m$ 12,311,601.0 12,107,564.0 1,729,142.0 −0.04013 2.279989

Chim Import from China
to Korea m$ 10,313,032.0 10,524,718.0 1,785,010.0 −0.27290 3.784056

HKex Export from Korea
to Hong Kong m$ 2,838,370.0 2,806,012.0 490,359.8 0.17234 2.062000

HKim Import from Hong
Kong to Korea m$ 157,824.3 152,512.5 50,014.2 0.83501 2.995644

Jpex Export from Korea
to Japan m$ 2,298,311.0 2,346,900.0 299,762.7 −0.28697 2.053611

Jpim Import from Japan to
Korea m$ 4,194,383.0 4,085,545.0 549,639.3 −0.25522 2.225669

USex Export from Korea
to the US m$ 7,084,074.0 7,219,431.0 1,185,691.0 −0.31699 2.128292

USim Import from US to
Korea m$ 5,446,066.0 5,506,044.0 806,986.9 −0.08515 1.589191

VNex Export from Korea
to Vietnam m$ 4,384,963.0 4,420,536.0 711,443.8 −0.51286 3.178735

VNim Import from
Vietnam to Korea m$ 1,856,012.0 1,848,374.0 213,066.0 −0.23367 2.002283

ChCC Confirmed cases in
China Cases 28,916.0 30,705.5 6157.9 −4.18792 19.49395

ChGRI GRI of China Index 1640.8 1649.7 295.3 −1.86923 8.474372

HKCC Confirmed cases in
Hong Kong Cases 220,259.3 268,907.5 150,735.6 −0.29873 1.418800

HKGRI GRI of Hong Kong Index 2004.2 2111.9 416.6 −2.34347 8.982595

JpCC Confirmed cases in
Japan Cases 16,048,736.0 7,895,601.0 19,127,279.0 1.00819 2.552839

JpGRI GRI of Japan Index 1465.6 1575.6 406.9 −1.95516 6.776954

USCC Confirmed cases in
the US Cases 625,000,000.0 631,000,000.0 535,000,000.0 0.22501 1.590511

USGRI GRI of US Index 1708.7 1870.7 526.6 −2.34328 7.541412

VNCC Confirmed cases in
Vietnam Cases 5,656,610.0 45,800.0 12,394,271.0 2.15671 6.502968

VNGRI GRI of Vietnam Index 1736.5 1829.0 461.2 −2.35665 8.727254

KoCC Confirmed cases in
Korea Cases 3,597,055.0 1,841,995.0 4,485,765.0 1.55896 4.711105

KoGRI GRI of Korea Index 1660.7 1766.9 409.2 −2.97964 11.92697

3.2. Methodology

This study utilized Zellner’s [29] seemingly unrelated regression (SUR) model to assess
the heterogeneous characteristics of various import and export countries. The application of
the SUR model is an efficient estimator compared to independently estimating the formula
for each public transportation method [30]. For instance, when the SUR model is applied,
each model is simultaneously estimated by considering the correlation of error terms for
demand models for several products or test performance for various subjects.

If G represents multiple variables of the i-th object among N samples set as dependent
variables, G regression models can be developed, and the regression coefficients of each
model can be calculated using the ordinary least squares (OLS) method. Alternatively,
they can be estimated independently (equation-by-equation OLS). However, if the error
terms of the G regression models are correlated, the SUR model estimator, based on the
generalized least squares (GLS) method, is more efficient than the OLS estimator. The
application of the SUR model to the G models also has the advantage of testing cross-
equation parameter restrictions on the regression coefficients of the same independent
variable included [29,31–33].
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In essence, the SUR model extends the application of the GLS estimation method to an
equation system with G-dependent variables. The equation system of the i-th entity with
G-dependent variables can be expressed as Equation (1) [31,33].

yil
...

yig
...

yiG

=


x′ 0 0 0 0

0
. . . 0 0 0

0 0 x′ig 0 0

0 0 0
. . . 0

0 0 0 0 x′iG





β1
...

βg
...

βG

+



εil
...

εig
...

εiG

, (1)

where yig is the value of the dependent variable of the g-th model for the i-th individual, xig
is the exogenous variables vector of the g-th model for the i-th individual, and βg is a vector
of Kg×1 regression coefficients for Kg exogenous variables included in the g-th model. εig
is the error term for yig. In Equation (1), if the error terms included in the G equations for
the i-th entity are correlated, then E[εjε

′
j′ |X ] = σij′ and j 6= j’ at the time σij′ 6= 0. At this

time, if the N × 1 error term vector for each model is defined as εj (j = 1,2, . . ., G), then

E
[
εj|X ] = 0, E

[
εjε
′
j|X ] = σij IN , E

[
εjε
′
j′ |X

]
= σij IN

(
j 6= j′

)
. (2)

Therefore, the conditional covariance matrix Ω of the error term for all exogenous
variables X is expressed using Equation (3).

Ω = E
[

εε′
∣∣X] = ∑⊗IN , (3)

where Σ denotes a G × G matrix with covariance σij′ as an element, IN denotes an N × N
identity matrix, and ⊗ denotes the Kronecker product between the two matrices.

Applying the OLS method to the equation system with the stated correlation in the
error terms ensures the consistency of the regression coefficients values. However, due to
the existence of a correlation between error terms, the SUR estimator based on the GLS
method is more efficient. The SUR estimator of the regression coefficient is expressed in
Equation (4).

β̂ =
{

X′
(

Σ−1 ⊗ IN

)
X
}−1{

X′
(

Σ−1 ⊗ IN

)
y
}

(4)

In Equation (3), Σ, IN , X are the same as described previously, and y means a depen-
dent variable vector (GN × 1) with N individuals for each G model. The SUR estimator β̂ is
estimated sequentially after initially estimating the covariance matrix Ω using the residuals
obtained through OLS estimation that does not assume a correlation between error terms.

The generalization of the matrix and system of equations models in this study is
as follows:

∆logYei,i,t = β0 + β1∆logCCi,t + β2∆logGRIi,t−2 + β3∆logCCk,t + β4∆logGRIk,t−2 + εi,t (5)

where Yei,i,t represents the import/export(ei) with country i in period t. The countries are
China, the United States, Japan, Hong Kong, and Vietnam. CCi,t is the number of confirmed
cases in country i in period t. GRIi,t−2 is the government response measure in country i in
period t− 2. CCk,t is the number of confirmed cases in Korea in the t period, and GRIk,t−2 is
the government’s countermeasures in the t − 2 period. The time lag between the t − 2
periods is due to countermeasures being implemented immediately after the occurrence of
a confirmed case, while the effect on import and export becomes statistically significant
after at least two months.

3.3. Unit Root Test and Multicollinearity Test

Unit root tests were conducted on all variables to assess the stability of the data
before analysis. The analysis revealed a unit root in the original time series (level data).
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Consequently, all variables were log-differenced to test for unit roots, resulting in stationary
time series for all variables, as presented in Table 2. The table displays the results of the
Augmented Dickey-Fuller (ADF) test, applying a lag of 5 to log-differential variables.

Table 2. Unit root test.

Test Critical Values ADF Test
Statistic Prob.

1% Level 5% Level 10% Level

Chex −3.78803 −3.012363 −2.646119 −5.999263 0.0001

Chim −3.857386 −3.040391 −2.660551 −4.555971 0.0024

HKex −3.857386 −3.040391 −2.660551 −4.266986 0.0044

HKim −3.78803 −3.012363 −2.646119 −5.405238 0.0003

Jpex −3.78803 −3.012363 −2.646119 −3.885526 0.0081

Jpim −3.78803 −3.012363 −2.646119 −7.518619 0.0000

USex −3.857386 −3.040391 −2.660551 −5.245058 0.0006

USim −3.769597 −3.004861 −2.642242 −4.131366 0.0045

VNex −3.769597 −3.004861 −2.642242 −4.781995 0.0010

VNim −3.78803 −3.012363 −2.646119 −5.2326 0.0004

ChCC −3.78803 −3.012363 −2.646119 −13.7749 0.0000

ChGRI −3.769597 −3.004861 −2.642242 −21.34417 0.0000

HKCC −3.831511 −3.02997 −2.655194 −3.276495 0.0309

HKGRI −3.78803 −3.012363 −2.646119 −5.249747 0.0004

JpCC −3.831511 −3.02997 −2.655194 −4.106955 0.0056

JpGRI −3.769597 −3.004861 −2.642242 −9.541732 0.0000

USCC −3.808546 −3.020686 −2.650413 −2.944233 0.0579

USGRI −3.769597 −3.004861 −2.642242 −2.730207 0.0850

VNCC −3.769597 −3.004861 −2.642242 −4.326835 0.0029

VNGRI −3.808546 −3.020686 −2.650413 −6.748324 0.0000

KoCC −3.769597 −3.004861 −2.642242 −12.23117 0.0000

KoGRI −3.769597 −3.004861 −2.642242 −27.34188 0.0000

Multicollinearity exists when two or more of the predictors in a regression model
are moderately or highly correlated with one another. However, when it exists, it can
negatively impact our analysis, thereby limiting our research conclusions. Some of the
common methods used for detecting multicollinearity are as follows:

n The analysis exhibits the signs of multicollinearity—such as estimates of the coeffi-
cients vary excessively from model to model.

n The t-tests for each of the individual slopes are nonsignificant (p > 0.05), but the overall
F-test for testing all of the slopes is significant (p < 0.05).

n The correlations among pairs of predictor variables are large.

However, relying solely on pairwise correlations is limiting, as linear dependence can
exist among three or more variables. Many regression analysts use variance inflation factors
(VIF) to detect multicollinearity [34]. The results of the multicollinearity test are presented
in Table 3, where some variables exhibited multicollinearity. Rather than removing these
variables, we opted to assess their statistical significance by examining the significance
level of the SUR model.
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Table 3. Multicollinearity test results: variance inflation factor (VIF) calculations.

Dependent Variable Independent Variable Centered VIF

Chex

ChCC 8.885369

ChGRI(-2) 2.628776

KoCC 6.162145

KoGRI(-2) 3.713037

HKex

HKCC 3.662980

HKGRI(-2) 7.738799

KoCC 2.158777

KoGRI(-2) 5.870335

Jpex

JpCC 18.29394

JpGRI(-2) 14.06982

KoCC 13.31710

KoGRI(-2) 9.364787

USex

USCC 6.115973

USGRI(-2) 4.451580

KoCC 5.715250

KoGRI(-2) 5.372404

VNex

VNCC 11.75435

VNGRI(-2) 5.833888

KoCC 12.42780

KoGRI(-2) 5.979388

Chim

ChCC 8.885369

ChGRI(-2) 2.628776

KoCC 6.162145

KoGRI(-2) 3.713037

HKim

HKCC 3.662980

HKGRI(-2) 7.738799

KoCC 2.158777

KoGRI(-2) 5.870335

Jpim

JpCC 18.29394

JpGRI(-2) 14.06982

KoCC 13.31710

KoGRI(-2) 9.364787

USim

USCC 6.115973

USGRI(-2) 4.451580

KoCC 5.715250

KoGRI(-2) 5.372404

VNim

VNCC 11.75435

VNGRI(-2) 5.833888

KoCC 12.42780

KoGRI(-2) 5.979388
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4. Results
4.1. Seemingly Unrelated Regression

In general, the model of this study cannot be estimated using Ordinary Least Squares
(OLS) when a relationship exists between error terms. In such cases, the model can
be effectively estimated using seemingly unrelated regression (SUR), as advocated by
Zellner [29], as previously mentioned. SUR yields superior results compared to OLS,
providing a basis for comparison of the analysis outcomes. The individual equations input
into the SUR model are as follows:

∆logChext = β1 + β2∆logChCCt + β3∆logChGRIt−2 + β4∆logKoCCt + β5∆logKoGRIt−2 + ε1t, (6)

∆logChimt = β6 + β7∆logChCCt + β8∆logChGRIt−2 + β9∆logKoCCt + β10∆logKoGRIt−2 + ε2t (7)

∆logHKext = β11 + β12∆logHKCCt + β13∆logHKGRIt−2 + β14∆logKoCCt + β15∆logKoGRIt−2 + ε3t, (8)

∆logHKimt = β16 + β17∆logHKCCt + β18∆logHKGRIt−2 + β19∆logKoCCt + β20∆logKoGRIt−2 + ε4t, (9)

∆logJpext = β21 + β22∆logJpCCt + β23∆logJpGRIt−2 + β24∆logKoCCt + β25∆logKoGRIt−2 + ε5t, (10)

∆logJpimt = β26 + β27∆logJpCCt + β28∆logJpGRIt−2 + β29∆logKoCCt + β30∆logKoGRIt−2 + ε6t, (11)

∆logUSext = β31 + β32∆logUSCCt + β33∆logUSGRIt−2 + β34∆logKoCCt + β35∆logKoGRIt−2 + ε7t, (12)

∆logUSimt = β36 + β37∆logUSCCt + β38log∆USGRIt−2 + β39∆logKoCCt + β40∆logKoGRIt−2 + ε8t, (13)

∆logVNext = β41 + β42∆logVNCCt + β43∆logVNGRIt−2 + β44∆logKoCCt + β45∆logKoGRIt−2 + ε9t, (14)

∆logVNimt = β46 + β47∆logVNCCt + β48∆logVNGRIt−2 + β49∆logKoCCt + β50∆logKoGRIt−2 + ε10t (15)

Here, the initial “ex” in the formula denotes export, and “im” signifies import. “Ch”
represents China, “HK” represents Hong Kong, “Jp” represents Japan, “US” represents the
United States, “VN” represents Vietnam, “CC” represents Confirmed Cases, and “GRI”
represents Government Response Index. For instance, in Equation 6, the dependent variable
signifies Korea’s exports to China, where “ChCC” is the confirmed case in China, “ChGRI”
is the government action in China, “KoCC” is the confirmed case in Korea, and “KoGRI” is
the government action in Korea. εt represents an error term in the t period.

Estimation using the SUR model demonstrates higher efficiency compared to the OLS
model, as noted by Zellner [29]. The SUR model comprises seemingly unrelated regression
equations that are interrelated. It encompasses multiple regression equations, analyzing
them while considering the correlation of error terms between these equations. In the
realm of world trade, where intricate factors often influence one another, the information
in the error term is frequently correlated. The SUR model proves to be a suitable tool for
considering such complex factors. The analysis results of the SUR model are presented in
Tables 4 and 5.
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Table 4. Regression results (SUR) for trade (Export).

Dependent Variables Coefficient Std. Error t-Statistic Prob. R-Squared

Chex

Constants 2,755,566 2,899,861 0.950241 0.3433 0.899476
ChCC 1.569573 0.549094 2.858476 0.0048

ChGRI(-2) −7.603143 13.53470 −0.561752 0.5750
KoCC 0.155260 0.041676 3.725366 0.0003

KoGRI(-2) 680.2137 368.9428 1.843683 0.0670

HKex

Constants 2,813,991 338,061.5 8.323903 0.0000 0.551745
HKCC 1.953855 0.812988 2.403302 0.0173

HKGRI(-2) 264.5897 349.4195 0.757226 0.4500
KoCC 0.028519 0.021133 1.349461 0.1790

KoGRI(-2) −630.6404 330.5574 −1.907809 0.0581

Jpex

Constants 2,276,348 140,006.4 16.25888 0.0000 0.734538
JpCC 0.005333 0.005315 1.003352 0.3171

JpGRI(-2) 573.3913 236.4426 2.425076 0.0164
KoCC 0.021524 0.020057 1.073136 0.2847

KoGRI(-2) −595.5373 195.5090 −3.046087 0.0027

USex

Constants 7,130,185 423,811.0 16.82397 0.0000 0.818476
USCC 0.001126 0.000205 5.484495 0.0000

USGRI(-2) 32.91608 6.004971 5.481471 0.0000
KoCC 0.028940 0.045900 0.630502 0.5292

KoGRI(-2) −2561.219 456.6334 −5.608916 0.0000

VNex

Constants 5,288,172 507,681.5 10.41632 0.0000 0.682445
VNCC 0.036603 0.022279 1.642979 0.1022

VNGRI(-2) −56.01063 12.90683 −4.339611 0.0000
KoCC −0.020431 0.068446 −0.298497 0.7657

KoGRI(-2) 1186.450 336.9515 3.521129 0.0006

Table 5. Regression results (SUR) for trade (Import).

Dependent Variables Coefficient Std. Error t-Statistic Prob. R-Squared

Chim

Constants 3,367,167 4,040,174 0.833421 0.4058 0.817359
ChCC 1.103938 0.767528 1.438303 0.1522

ChGRI(-2) 11.82608 17.62857 0.670847 0.5032
KoCC 0.220241 0.057793 3.810878 0.0002

KoGRI(-2) −164.8619 497.8159 −0.331170 0.7409

HKim

Constants 158,290.7 43,072.20 3.675007 0.0003 0.354964
HKCC 0.179989 0.108031 1.666086 0.0975

HKGRI(-2) −54.91931 44.53351 −1.233213 0.2192
KoCC 0.003177 0.002749 1.155635 0.2495

KoGRI(-2) 34.00363 42.36556 0.802624 0.4233

Jpim

Constants 4,154,091 292,284.6 14.21248 0.0000 0.575709
JpCC −0.005673 0.012415 −0.456963 0.6483

JpGRI(-2) 838.0596 533.1658 1.571855 0.1178
KoCC 0.086290 0.046246 1.865886 0.0638

KoGRI(-2) −808.8721 434.0727 −1.863449 0.0641

USim

Constants 5,064,251 314,156.1 16.12018 0.0000 0.811930
USCC 0.001123 0.000150 7.497226 0.0000

USGRI(-2) −11.40261 4.764915 −2.393036 0.0178
KoCC −0.120421 0.033740 −3.569066 0.0005

KoGRI(-2) 146.6877 353.1224 0.415402 0.6784

VNim

Constants 2,026,098 187,044.8 10.83215 0.0000 0.525000
VNCC −0.004888 0.009217 −0.530304 0.5966

VNGRI(-2) −7.944791 5.071507 −1.566554 0.1191
KoCC 0.040327 0.027988 1.440904 0.1515

KoGRI(-2) 85.12596 128.5287 0.662311 0.5087

4.2. Description of Analysis Results

The results revealed that the negative coefficient (β) indicated that the variable pri-
marily affecting exports was the government’s action (GRI). Consequently, Korea’s exports
were predominantly influenced by the COVID-19-related measures implemented by the Ko-
rean government. Similarly, the negative coefficient (β) indicated that the variable mainly
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impacting imports was the counterpart government action (Partner_GRI). In essence, trade
was primarily shaped by governmental measures in response to the COVID-19 pandemic.
Other government measures had a predominant effect on Korea’s exports, while Korea’s
government measures primarily influenced Korea’s imports. Additionally, a small coeffi-
cient size suggests a minor impact on imports and exports. However, caution is necessary
when interpreting variables with non-significant p-values. For instance, Korea’s exports
to China (Chex) have a p-value of 0.5750 for China’s government measures (ChGRI-2),
indicating no significant effect. Similarly, Korea’s exports to Hong Kong (HKex) show
non-significant p-values of 0.4500 for Hong Kong’s government measures (HKGRI-2) and
0.1790 for confirmed cases in Korea (KoCC). On the contrary, Hong Kong’s confirmed cases
(HKCC) and Korea’s government measures (KoGRI-2), with p-values of 0.0173 and 0.0581,
respectively, are interpreted as having a more substantial impact. Additionally, R-squared,
indicating the model’s goodness of fit, varies but generally falls within appropriate values
ranging from 0.35 to 0.89.

As shown in Table 6, a significant characteristic finding is the varied direction of
coefficients and levels of statistical significance for each country, with crucial implications
for cross-border trade. These results suggest the importance of tailored policies in each
country’s trade strategy.

Table 6. Sign of the coefficients.

Dependent Variables Partner_CC Partner_GRI Korea_CC Korea_GRI

Chex + − + +
Chim + + + −
HKex + + + −
HKim + − + +
Jpex + + + −
Jpim + − + −
USex + + + −
USim + − − +
VNex − − − −
VNim − − + +

Firstly, Korea’s exports to China were heavily dependent on the number of confirmed
cases in Korea and China’s government measures. Exports were also influenced by other
countries’ government measures, underscoring the significant impact of these measures
on trade with China, Korea’s largest trading partner. Imports from China were affected
by the number of confirmed cases in Korea, reflecting the dependence on imports of raw
materials, parts, or finished products from Korea.

Secondly, imports from China, Japan, the United States, Vietnam, and Hong Kong
were significantly affected by confirmed cases in Korea, likely due to the demand situa-
tion in Korea. Particularly, a positive relationship existed between confirmed cases and
Korea’s income, reflecting increased purchases of home appliances and overseas goods due
to telecommuting.

Thirdly, Korea’s exports were influenced by the government measures of other coun-
tries, such as the United States and Vietnam. However, Korea’s government measures
had a negative impact on exports, influenced by factors like social distancing leading to
business closures and subsequent production setbacks.

Fourthly, among the five major countries (China, Hong Kong, Japan, the United
States, and Vietnam), the United States, being non-Asian, was relatively strongly affected
compared to others. South Korea’s government measures negatively impacted exports
to the United States, while imports from the United States had a positive impact. As
previously noted, exports can be considered a situation where the supply chain in Korea
faces disruptions, while imports are attributed to the creation of internal demand through
government support, leading to increased purchasing power.



Sustainability 2023, 15, 16560 12 of 17

4.3. Analysis of Time-Varying Impact: Rolling Regression

Each country exhibited varying effects on imports and exports due to COVID-19. Fur-
thermore, the impact of confirmed cases and government measures related to COVID-19 on
import and export trade was expected to differ depending on the evolving time situation.
While rolling regression analysis has been utilized in various studies to demonstrate the
importance of time change, its application has been lacking in studies related to COVID-19.
General regression analysis, assuming long-term average values, lacks the ability to de-
termine changes in estimated coefficients due to structural changes. In contrast, rolling
regression analysis allows the examination of long-term statistical changes in estimated
coefficients [35,36]. A common assumption in time series analysis is that model parameters
are time-invariant. However, given the dynamic nature of the economic environment,
assessing whether model parameters remain constant over time is a reasonable considera-
tion. Rolling regression, a time series modeling technique frequently employed in finance
and economics [37–40], was, therefore, applied in this study, combining it with Seemingly
Unrelated Regression (SUR) estimation for exports and imports to five countries over time.
Figures 3 and 4 illustrate the derived coefficients, with cyclic regression spanning from
July 2020 to December 2021. The circular regression coefficient is divided into exports
and imports, further stratified into eight cases, each considering the number of confirmed
cases and government measures by country, along with the number of confirmed cases
and government measures in Korea. The analysis revealed distinct temporal movements in
these coefficients across countries.
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Figure 3. (a) Rolling regression coefficients of the corresponding nation’s confirmed cases variables
for exports; (b) Rolling regression coefficients of corresponding government action variables for
exports; (c) Rolling regression coefficient of Korean confirmed cases variables for exports; (d) Rolling
regression coefficient of Korean government responses index variables for exports.
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Figure 4. (a) Rolling regression coefficients of the corresponding nation’s confirmed cases variables
for imports; (b) Rolling regression coefficients of corresponding government action variables for
imports; (c) Rolling regression coefficient of Korean confirmed cases variables for imports; (d) Rolling
regression coefficient of Korean government responses index variables for imports.

The rolling regression coefficient for each country’s variable concerning exports demon-
strated that most countries did not experience a significant change. However, China exhib-
ited a negative (−) and then a positive (+) coefficient after a certain period, suggesting that
while the variable of confirmed cases did not significantly impact Korea’s exports in most
countries, China and Vietnam, experiencing an initial shock, displayed country-specific
characteristics. The rolling regression coefficient for each country’s government action
variable on exports revealed mostly positive (+) coefficients for most countries, with Hong
Kong and China showing negative (−) coefficients. Although Hong Kong’s coefficient
turned positive over time, most countries displayed a declining trend. The rolling regres-
sion coefficient for the Korean confirmed case variable in exports indicated mostly positive
(+) coefficients, with a decreasing trend over time for most countries. Finally, the rolling
regression coefficient for the Korean government action variable on exports displayed an
upward trend, except for Hong Kong, signifying a gradual increase in the positive effect of
the Korean government’s actions on Korean exports over time.

Similar results were obtained for imports, where the influence of each variable man-
ifested differently over time for each country. The rolling regression coefficient for each
country’s variable regarding imports revealed rapid fluctuations for China, while most
countries displayed a certain shape without significant changes over time. The rolling
regression coefficient for each country’s government action variable on imports indicated a
downward trend for the U.S. and China, whereas other countries exhibited an upward or
fine fluctuation. This suggested that over time, Korea’s imports from the United States and
China were negatively affected by the respective government actions. The rolling regression
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coefficients of Korean confirmed cases on imports showed that most countries adopted
a mode of easing the impact, with the influence of Korea’s imports on Korean confirmed
cases decreasing over time. The rolling regression coefficient for the Korean government
action variable on imports indicated an upward trend, signifying that the negative impact
of the Korean government’s measures on Korea’s imports from each country decreased
over time.

4.4. Examples of Measures Taken by Major Countries and Their Main Impact Related to COVID-19

As depicted in online Appendix A Table A1, various government measures were
implemented in response to COVID-19, affecting trade and supply chains. In Vietnam,
stringent quarantine measures in 2021 led to challenges such as workplace and factory
operation restrictions, time movement constraints, delays in customs clearance, disruptions
in production for global companies entering Vietnam, and damage to the global supply
chain, impacting trade [41]. In Japan, the government’s heightened awareness of a crisis in
the global supply chain due to the COVID-19 outbreak led to increased demand for coun-
tervailing duties as a countermeasure [42]. The U.S. manufacturing industry, heavily reliant
on Asian imports, faced direct hits. The U.S. government emphasized building a stable
supply chain through the “White House 100-Day Supply Chain Report”, strengthening
economic interventions to overcome COVID-19 [43]. China, being the first to recover from
COVID-19, continued to expand its trade surplus; however, the analysis revealed that its
stringent quarantine policy significantly impacted initial import and export trade [44].

This study conducted an in-depth analysis of the COVID-19 pandemic’s impact on
trade in various countries using the SUR model. From a trade policy perspective, the
statistically significant negative effect of exports from Korea to China and the United States
due to the government measures of other countries suggests a need for policy cooperation
with these two trading partners. Additionally, cooperation with other major trading
countries such as Vietnam, Japan, and Hong Kong is deemed crucial for normalizing trade.

5. Conclusions

This study investigated the impact of the COVID-19 pandemic on international trade
between 2020 and 2021, utilizing the monthly trade data of five major trading countries
and examining the influence of each country’s confirmed COVID-19 cases and government
countermeasures.

Initially, while the overall impact of COVID-19 on trade was negative across all coun-
tries, variations in trade patterns emerged over the past two years, reflecting differences in
confirmed cases trends and government countermeasures. This diverges from prior studies
that primarily focused on estimating demand decreases as a consequence.

Furthermore, there is a crucial need for cooperation in quarantine systems and trade
policies, especially at ports and airports, border facilities where trade activities occur.
Thirdly, understanding the evolving dynamics in major countries over time is essential for
effective policy cooperation, as trade collaboration significantly impacts the economies of
nations with substantial trade scales. For instance, the strategic initiatives announced by
Vietnam and South Korea, such as the “New Southern Policy Plus” and “post-COVID-19
comprehensive healthcare cooperation”, highlight the importance of strengthening cooper-
ation in response to the pandemic. In the case of Japan and the United States, the study
suggests potential areas for investment cooperation, considering the increased job demand
in certain sectors and disruptions in the semiconductor supply chain. Finally, with China
being a crucial market for Korean companies, collaborative negotiations between the two
countries are essential to address trade and investment obstacles, especially considering
mega Free Trade Agreements.

However, there remains a need for further research. First, a detailed and systematic
analysis of the quarantine and trade policies that led to changes in multilateral trade is
required. Additionally, a comprehensive evaluation of the effects of bilateral trade is es-
sential. As the COVID-19 pandemic may become endemic [45], continuous assessment of
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its impact on trade is necessary. Management implications for various entities, including
governments, shipping, ports, airports, and logistics-related companies, should be identi-
fied. Second, future research should explore the impact of each country’s trade policies on
exports and imports from the perspective of traditional trade theory based on macroeco-
nomics. Finally, considering time series models such as the panel vector error correction
model could provide valuable insights in future analyses.

Author Contributions: Conceptualization, T.K. and S.P.; data curation, T.K., H.K. and J.K.; formal
analysis, T.K. and S.P.; funding acquisition, S.P.; investigation, T.K. and H.K.; methodology, T.K.
and S.P.; project administration, H.K.; software, T.K. and S.P.; supervision, S.P.; validation, T.K.;
writing—original draft, T.K. and S.P.; writing—review & editing, T.K., S.P., H.K. and J.K. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported by a research grant from the Gyeongsang National University in 2023.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Statistical data are provided upon request to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Estimating the Impact of COVID-19 on International Trade: Cases of
Major Countries Using the SUR Model

Table A1. Cases of government measures and major impacts related to COVID-19.

Major Countries Government Measures and Their Main Impacts Related to COVID-19

Vietnam

Strict quarantine measures created difficulties, such as restrictions on the operation of workplaces and factories,
control of gender and time movement, and customs clearance
- (Electrical/Electronics) Temporary business disruption occurred in April 2021 owing to an outbreak of
community transmission in the Bac Ninh and Bac Giang industrial complexes in northern Vietnam
- (Automobile parts) In 2021, the global supply of semiconductor chips and quarantine measures related to
COVID-19 significantly contracted automobile assembly and production and the domestic market
- (Textiles and Sewing) As a labor-intensive industry, it was severely hit by COVID-19. According to the Vietnam
Textile and Apparel Association, as of August 2021, the proportion of companies that completely suspended
operations reached 30–35%. Companies also had a utilization rate of less than 20%

Japan

In 2021, the Japanese government raised awareness of a crisis in the global supply chain owing to COVID-19, and
demand for countervailing duties increased as a countermeasure.
* Countervailing duty: A system recognized by the World Trade Organization (WTO) that imposes tariffs on an
amount equivalent to the subsidy on imports subsidized by other governments if it is recognized that they cause
harm to the domestic industry
Online shopping use increased to a record high owing to refraining from going out and shortening sales after the
declaration of emergency
- The proportion of internet shopping usage per household was more than 50% during the COVID-19 pandemic
The Japanese government has provided subsidy support for Japanese companies moving production bases, such
as China to Japan (return) and Southeast Asia, since May 2020.

The U.S.

As Asian countries disrupted US exports owing to COVID-19, US manufacturing, which is highly dependent on
Asian imports, was directly hit.
* US imports from Asia are 50% semiconductors and 20% automobiles
The US emphasizes building a stable supply chain for four industries: semiconductors, batteries, pharmaceuticals,
and rare minerals through the “White House 100-Day Supply Chain Report”
- The report mentions key allies, such as Korea (74 times), Taiwan (84 times), and Japan (85 times)
The proportion of government spending in U.S. GDP was on the decline but rose in 2020, and the government’s
economic intervention to overcome COVID-19 was confirmed numerically (12.3%−→12.8%)
- The US steel industry was hit hard by the COVID-19 pandemic, with both demand and production plummeting
in 2020 (as of the second quarter of 2020, the utilization rate is 56%).

China

Early stabilization of the COVID-19 pandemic through strict quarantine measures by the government
- Owing to the government's full publicity and encouragement, China expected to achieve 85–90% vaccination
coverage by the end of 2021.
- The first to recover from COVID-19 and continue to expand the trade surplus
The main factors were (1) recovery of overseas demand from major countries centered on the United States,
(2) supply lines that recovered first from COVID-19, (3) increases in the unit price of export products, etc.

Source: KORTA [41–44].
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