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We investigate the impacts of COVID-19 on global value chains by examining bilat-
eral trade in finished machinery products from January to June in both 2019 and
2020. We use the numbers of COVID-19 cases and deaths as measures of the impact
of the pandemic. Specifically, we investigate how these impacts affect value chains in
three scenarios—countries that import finished machinery products, countries that
export finished machinery products, and countries that export machinery parts to
countries exporting finished machinery products—to assess the impacts on demand,
output, and supply chain, respectively. In our analysis, the largest negative impacts
were from supply chain effects, followed by output effects. In contrast, we did not
find significant impacts from demand effects. We also found that output effects are
not so strong in intra-Asian trade compared with trade in other regions.
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1. INTRODUCTION

HE ongoing coronavirus pandemic (hereinafter, COVID-19) has disrupted
T global value chains (GVCs) worldwide since its beginning. The decrease

and delay in materials exported from China has resulted in decreases in
production or changes of input sources in many countries. For example,
according to an interview survey by the Japan External Trade Organization
(JETRO), a Mexican affiliate of a Japanese firm was forced to switch its input
sources from China to South Korea. Moreover, the decrease or delay in exports
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from China has decreased production in ASEAN countries, resulting in a reduc-
tion of their exports to Japan. According to the results of a questionnaire by the
Japan Institute of Logistics Systems, as a result of the difficulty in importing
goods from these countries, a Japanese firm switched its input source to domestic
suppliers. These induced switches of input sources negatively affect firms’ opera-
tions and reduce their exports of final goods.

This study examines the extent to which countries’ exports of final goods have
been disrupted since COVID-19 began affecting supplier countries. Conceptually,
a supplier country that is affected by the spread of COVID-19 experiences a drop
in the production of inputs. The resulting decrease in the amount of exported
inputs and their increased price raises importers’ costs and reduces their produc-
tivity in terms of final-good production. This, in turn, reduces the export of the
final goods from the input-importing countries to other countries. Thus, the trade-
reducing effect of COVID-19 spreads throughout GVCs. We also consider the
effects of COVID-19 on countries that export and import final goods. On the sup-
ply side, the decreased workforce and diminished productivity in exporting coun-
tries reduce the supply of final products. On the demand side, decreased earnings
and lockdown measures in importing countries reduce the demand for final prod-
ucts. We take into account these direct effects of COVID-19 on trade.

We empirically investigate the impacts of COVID-19 on GVCs by examining
bilateral trade in finished machinery products from January to June in both 2019
and 2020. Between these two periods, the world exports of finished machinery
products decreased from US$1,551 billion to US$1,287 billion.! Our dataset
includes exports from 35 countries to 185 countries. To measure the prevalence
of COVID-19, we use the numbers of COVID-19 cases and deaths collected by
the European Centre for Disease Prevention and Control. Using these data, we
investigate three country scenarios to capture pandemic-related economic damage
to the GVC: (1) a country that imports finished machinery products; (2) a coun-
try that exports finished machinery products; and (3) a country that exports
machinery parts to the country exporting finished machinery products. These
three country scenarios capture demand, output, and supply chain effects, respec-
tively. We empirically investigate which of these effects has the largest impact
on international trade during the COVID-19 pandemic period.

Our findings can be summarized as follows. First, COVID-19 did not have a
significant effect on demand for finished machinery products in importing coun-
tries, whereas the finished machinery trade is significantly hurt by higher rates of
COVID-19 infection in both countries exporting finished machinery products
and countries exporting machinery parts to those countries. In short, the impacts

' The data source is explained in Section 3. Similarly, the world exports of machinery parts
decreased from US$1,531 billion to US$1,373 billion.
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of COVID-19 are primarily on the supply side, affecting both the outputs and
inputs that play a crucial role in machinery trade; the impacts on demand play a
less significant role. In particular, we found that the supply chain effect has
greater impact on the finished machinery trade compared with the output effect.
The insignificant result in importing countries is consistent with the finding by
Hayakawa and Mukunoki (2020), which find that the pandemic in importing
countries had no significant effect on fotal trade. Second, the output effect is not
so strong when looking specifically at intra-Asian trade. This may be because
some Asian countries exempt the machinery industry from workplace-closure
orders due to its importance in the economy.’

The literature on GVCs is growing rapidly.> Among many studies in this
area, the following studies have examined the impacts of COVID-19 on GVCs,
as we do in this study. Inoue and Todo (2020) simulate the economic effect of
a possible lockdown of Tokyo on production not only in Tokyo but also in
other parts of Japan, through supply chains. They demonstrate that were Tokyo
to be locked down for a month, the indirect effect on other regions would be
twice as large as the direct effect on Tokyo, leading to a total production loss
of 5.3% of the annual GDP. A similar analysis was conducted for the United
Kingdom by Pichler et al. (2020), which sheds light on input—output linkages
across sectors. George et al. (2020) focus on the epidemiological dynamics, that
is, the transmission of diseases across countries and industries, through supply
chains. Bonadio et al. (2020) estimate that the COVID-19 shock is expected to
decrease real GDP by 29.6% on average, and a quarter of the total is due to
transmission of the shocks through GVCs. These recent studies performed sim-
ulation analyses of the effects on GVCs, whereas we examine these effects
directly by using worldwide trade data collected during the COVID-19
pandemic.*

The remainder of this study is organized as follows. Section 2 provides a theo-
retical background of the possible effects of COVID-19 on GVCs. After
explaining our empirical framework in Section 3, we report our estimation results
in Section 4. Lastly, Section 5 presents the conclusion and discusses policy
implications.

For instance, the Malaysian government has exempted manufacturers of electrical and electron-
ics (E&E) from the Movement Control Order. See https:/www.fmm.org.my/FMM-@-Members’
_Advisory-;_UPDATE_2-;_COVID-19_Movement_Control_Order.aspx.

* Murakami and Otsuka (2020) present an excellent review of existing studies in GVCs.

* Fuchs et al. (2020) also examine the trade impacts of COVID-19 by using export data from
China. Specifically, they empirically investigate whether previous economic linkages established
through trade and investment as well as political relations are associated with the China’s export
pattern of critical medical goods.
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2. CONCEPTUAL FRAMEWORK

In this section, we discuss the theoretical background to the effects of COVID-
19 on the trade of machinery goods when exporters procure inputs through
GVCs. An exporting country and an importing country of finished machinery
products are denoted by country i and country j, respectively. The prevalence of
COVID-19 in country i and in country j affect trade between them. Impacts from
COVID-19 in countries that supply inputs to country i also have an influence on
trade. Let country k denote a third country exporting inputs used for the produc-
tion of the finished machinery products in country i. We summarize the trade
effects of COVID-19 in these countries separately.

We start by theoretically examining the impacts of COVID-19 in exporting
countries. An increase in the number of COVID-19 cases/deaths in country
i reduces the supply of goods because the COVID-19 infections and deaths
reduce labor participation. In addition, lockdown measures and the resulting
decrease in mobility within workplaces further decrease productivity, unless
remote work is sufficiently effective to maintain production activities. Given that
the production of finished machinery products is relatively difficult to do at home
or other remote location, COVID-19 decreases the production of outputs. For
instance, Dingel and Neiman (2020) estimate that the share of jobs that can be
done at home is 22% in the manufacturing sector. A decrease in outputs, ceteris
paribus, reduces exports of these products. We call this negative effect on trade
the “output effect.” One countervailing effect is that finished machinery products
might be exported more frequently, rather than supplied domestically, if domes-
tic demand also decreases in the exporting country. Thus, although the net effect
on trade in exporting countries is not straightforward, the impact of COVID-19
is expected to decrease exports if the output effect is sufficiently large.

Next, we discuss the impacts of COVID-19 on importing countries. Higher
rates of COVID-19 in country j can decrease workers’ earnings in that country
due to a decrease in work hours or the loss of jobs due to lockdown measures.
Decreased earnings directly reduce the aggregate demand of the country. For
instance, Bekaert, Engstrom, and Ermolov (2020) calculate that a decline in real
GDP growth in the United States in the first quarter of 2020 was due mainly to
an aggregate demand shock. Lockdown measures also decrease demand for prod-
ucts by restricting people’s mobility and access to the retail market. These
demand shocks have negative impacts on trade. COVID-19 may also reduce
trade by changing the composition of demands. Although the demands for some
essential products, such as medical supplies and food, may increase, the demands
for finished machinery products are likely to decrease because they are durable
goods that are not purchased on a daily basis. Eaton et al. (2016) suggest that
spending on durable goods decreases more than that on nondurable goods when

© 2021 Institute of Developing Economies.
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a country is hit by negative demand shocks. Carvalho et al. (2020) use individual
transaction-level data from Spain to show that the COVID-19 lockdown mea-
sures there decreased the market share of durables such as automobiles, com-
puters, and furniture, while the market share of food increased. The demand shift
from durable to nondurable goods has a negative effect on the imports of fin-
ished machinery products. We sum up these negative effects on trade as the
“demand effect.”

In addition to the direct effects on importing and exporting countries, COVID-
19 impacts in country k, which supplies the inputs to country i that are used to
produce finished machinery products, may reduce trade from country i to country
j through GVCs. A disruption in input production in country k caused by
COVID-19 decreases the volume of inputs supplied to country i. It also increases
the price of those inputs.® The resulting increase in input costs raises the produc-
tion cost and decreases the productivity of the exporters in country i, as is
suggested by Halpern, Koren, and Szeidl (2015). Blaum, Lelarge, and
Peters (2018) also show that increased input costs raise the prices of final prod-
ucts, thereby reducing their demand. These effects through the output—input link-
age reduce the output and export of final products. Indeed, Barrot and
Sauvagnat (2016) show that, if suppliers are hit by a natural disaster, their cus-
tomers experience a substantial drop in the sales of their products. Boehm,
Flaaen, and Pandalai-Nayar (2019) show that US firms that relied on Japanese
inputs experienced large drops in production after the 2011 earthquake in Japan.
Acemoglu and Tahbaz-Salehi (2020) theoretically investigate how disruptions to
supply chains magnify negative shocks. We denote the negative effect on trade
of downstream products caused by a negative supply shock in the supplier coun-
tries of upstream inputs as the “supply chain effect.”

3. EMPIRICAL FRAMEWORK

This section presents our empirical framework for investigating the impacts of
COVID-19 on GVCs. Our simple model is as follows:

Because the domestic supplies of finished machinery products in importing countries also
decrease with the spread of COVID-19, it is ambiguous whether import demand decreases. How-
ever, it is natural to suppose that the demand effect outweighs the output effect because people
usually do not need to purchase these goods during a pandemic such as COVID-19; therefore,
total demand for finished machinery products can be assumed to decrease.

If a third country exporting the finished machinery products is affected by COVID-19, exports
from country i may increase due to a substitution effect. Hayakawa and Mukunoki (2020) con-
firm that the spread of COVID-19 in an exporter’s neighboring countries has a positive effect on
exports.

© 2021 Institute of Developing Economies.
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Trade;j = exp{aiRTA;; + a; In GDP;; + a3 In GDPj, + a,COVID;,
+asCOVID;, + agSCOVID;; + 5 + 8, } - €41 (1)

where Trade;, is the export value of finished machinery products from countries
i to j in time . As a time-variant country-pair element, we introduce a regional
trade agreement (RTA) dummy variable that takes a value of one if the two
countries are members of the same RTA, and a value of zero otherwise (RTA ;).
It controls the trade effect of RTA that became effective during the sample
period. The time-variant exporter/importer characteristics include the respective
country’s logged GDP (In GDP;, and In GDPj,). In this study, we furthermore
assume that time-variant exporter/importer characteristics include the extent of
the damage of COVID-19 in three countries (called COVID variables), including
for the importing country (COVID},), the exporting country (COVID,,), and coun-
tries exporting machinery parts to country i (SCOVID;). The variable 6; is the
country-pair fixed effects, which control for the time-invariant country-pair char-
acteristics such as the geographical distance between the two countries. Macro
shocks are captured by year fixed effects, ,, and €, is a disturbance term.

Our data sources are as follows. The study examines data from two time
periods: January—June in 2019 and January—June in 2020. We obtain monthly
data on exports of finished machinery products in reporting countries from the
Global Trade Atlas maintained by THS Markit.” The 35 reporting countries and
their 185 partner countries (i.e., importing countries) in our dataset are listed in
Appendix 1.® Machinery products are defined as those in the general machinery
(HS84), electric machinery (HS85), transport equipment (HS86-89), and preci-
sion machinery sectors (HS90-92). Kimura and Obashi (2010) carefully classify
HS six-digit codes in these industries into finished products and intermediate
products. By using this list, we restrict the study products only to the HS codes
that are categorized into finished products and aggregate their exports at a
country-pair level.

As mentioned in Section 1, we use the numbers of COVID-19 cases and
deaths as measures of the impact of the pandemic, with data obtained from the
European Centre for Disease Prevention and Control.” These data were collected
on a daily basis from reports from health authorities worldwide. We use the total
number of cases and deaths from January to June in 2020.'° The numbers are set

7 https://connect.ihsmarkit.com/gta/home.

8 The data for the 35 countries are all data where we can get access.

? https://data.europa.eu/euodp/en/data/dataset/covid-19-coronavirus-data.

19 Note that the database reports 27 cases for China on 31 December 2019; we added these cases
to our 2020 variable for China.

© 2021 Institute of Developing Economies.
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to zero for the same January—June period in 2019. Although we use both the
numbers of cases and deaths, these two kinds of numbers are not necessarily per-
fectly correlated because the mortality rate differs widely across countries. Nev-
ertheless, an increase in either number induces the government to implement
measures to suppress transmission, which has an effect on people (e.g., stay-at-
home orders) and companies (e.g., workplace-closure orders). Furthermore, the
strictness of such policies (e.g., recommended vs. required) also differs
depending on the number of cases and deaths. Thus, to obtain robust results, we
model using both numbers.

Specifically, our COVID variables are constructed as follows. COVID;, and
COVID;, are the number of cases/deaths in an exporting country and an
importing country, respectively. As mentioned above, SCOVID,, captures the
extent of COVID-19 impacts in countries supplying machinery parts to the
export country, country i. SCOVID;, is calculated as the weighted average of
the number of cases/deaths among those suppliers to country i. Specifically, this
variable is constructed as follows:

Partsiinore
SCOVID;, = —— | XCOVIDy|.
=2 [(ZIP ar szi2019> kt}

Partsyino10 represents imports of machinery parts from country k in country i in
year 2019. We use the share of imports of machinery parts from each country
from January to June in 2019 (i.e., the pre-COVID-19 period) out of the total
imports of machinery parts as weights. Data on imports of machinery parts in the
35 reporting countries are obtained from the Global Trade Atlas. We add a value
of one to these three variables and then take their logs.

The data sources for other variables are as follows. We obtain the data on
GDP from the World Economic Outlook Database on the IMF website. We use
2018 GDP figures for January—June 2019, and 2019 figures for January—June
2020 because GDP for 2020 has not yet been realized.!! Also, we intend to
avoid GDP variables from containing the impacts of COVID-19 because we cap-
ture those impacts solely by our COVID variables. Because we focus on the trade
in the first half of each year, we can interpret our inclusion of GDP in the previ-
ous year as controlling for the demand/production conditions just before the first
half of each year. We obtain the RTA dummy variable from Egger and
Larch (2008) and its 2020 update by using the RTA information available on the
World Trade Organization website.'> We estimate our equation by the Poisson

"' GDP is shown in billion US dollars.
12 1n 2020, the following RTAs came into effect: European Union—Singapore, Eurasian Economic
Union—Iran, Chile-Indonesia, Hong Kong—Georgia, Peru—Australia, and Hong Kong—Australia.
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Table 1. Basic Statistics

Variable Obs. Mean SD Min Max
RTA dummy 11,232 0.354 0.478 0 1

In importer’s GDP 11,232 3.889 2.290 -3.170 9.973
In exporter’s GDP 11,232 6.741 1.284 3.762 9.973
In (1 + importer’s cases) 11,232 3.999 4.576 0 14.767
In (1 + exporter’s cases) 11,232 5.152 5.468 0 14.767
In (1 + supplier’s cases) 11,232 6.370 6.381 0 14.221
In (1 + importer’s deaths) 11,232 2.231 3.035 0 11.745
In (1 + exporter’s deaths) 11,232 3.563 4.036 0 11.745
In (1 + supplier’s deaths) 11,232 4.949 4.960 0 11.236

Source: Authors’ calculation.

pseudo maximum likelihood (PPML) method. The basic statistics are reported in
Table 1.

Before reporting our estimation results, we provide an overview of world-
wide COVID-19 impacts and data on machinery exports. Figure 1 depicts the
daily numbers of worldwide COVID-19 cases and deaths. In March 2020,
both the cases and deaths increased exponentially. Therefore, in April, to slow
the spread of COVID-19, many countries imposed some form of restriction
on the movement of people and business activities. Several countries declared
citywide or nationwide lockdowns. Also, many countries imposed an entry
ban on foreign travelers. As a result, the magnitude of increase in cases and
deaths plateaued in April. Afterward, however, the numbers of cases and
deaths move differently. Although cases started to increase considerably,
deaths gradually decreased. That is, we observe a dramatic decline in mortal-
ity rates.

Figure 2 shows the change in world machinery trade in 2020 relative to that in
2019. Since the trade data in China are not available for January and February
separately, we examine the sum of trade values in those two months. In January—
February, trade in both finished goods and parts was slightly smaller in 2020
compared with that in 2019. As shown in Figure 1, COVID-19 spread across the
globe in March. Consequently, the machinery trade started to dramatically
decrease around the world starting in March. This decrease was larger for trade
in finished machinery goods than for trade in machinery parts. In May 2020,
trade in finished machinery goods and machinery parts was respectively more
than 30% and 20% lower compared with 2019 levels. However, machinery trade
started to recover in June, perhaps because most of the countries gradually
started to lift their lockdown policies.

© 2021 Institute of Developing Economies.
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Figure 1.
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Figure 3. Intra-Asian Machinery Trade in 2020 Relative to
Trade in 2019
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Given that Asian countries are major suppliers of machinery products, we
examine changes in intra-Asian trade in machinery industries. In this paper, we
define Asia as the 16 countries that have negotiated the regional comprehensive
economic partnership; namely, the 10 ASEAN countries as well as Australia,
China, India, Japan, South Korea, and New Zealand. These countries have devel-
oped sophisticated international production networks. The results are depicted in
Figure 3, which shows a slightly different change from Figure 2. The trade of
machinery parts in Asia shows a similar trend to that in the world average.
Machinery-parts trade started to decrease, particularly in April, and to recover in
June. In contrast, the trade of finished machinery goods has remained at a low
but relatively stable level compared with that in 2019, though it decreased con-
siderably in May. Nevertheless, the magnitude of the decrease in machinery trade
is smaller in the intra-Asian trade than in the world average.

4. EMPIRICAL RESULTS

This section reports our estimation results. We cluster standard errors by country
pairs. Table 2 shows our baseline results.'> In this table, we introduce our
COVID variables one by one. The RTA dummy variable and importer’s GDP
have insignificant coefficients, whereas the coefficients for exporter’s GDP are

13 Some singleton observations are dropped due to our inclusion of fixed effects.
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Table 2. Baseline Estimation Results

(1 2 3) 4 () (6)
RTA dummy 0.039 0.031 0.022 -0.009 0.047 0.048
(0.110) (0.112) 0.111) (0.103) 0.111) (0.112)
In importer’s GDP —0.085 —0.081 —0.181 —-0.254 0.004 0.031
(0.251) 0.251) (0.246) (0.240) (0.243) (0.238)
In exporter’s GDP 1.726%*%  1.710%*%*  1,767**%*  1785%** ] 457*%* 1 170%**
(0.343) (0.345) (0.322) 0.311) (0.350) (0.392)
In (1 + importer’s —0.002 —0.003
COVID) (0.003) (0.004)
In (1 + exporter’s —0.014%%*  —0.020%**
COVID) (0.004) (0.004)
In (1 + supplier’s —0.053%*  —(0.099%:**
COVID) (0.026) (0.029)
COVID measure’ Case Death Case Death Case Death
Log pseudolikelihood —-3E+10 —-3E+10 —-3E+10 —-3E+10 -3E+10 -3E+10
Pseudo R-squared 0.9965 0.9965 0.9966 0.9966 0.9965 0.9966
No. of observations 11,232 11,232 11,232 11,232 11,232 11,232

Note: This table reports the estimation results by the PPML method. The dependent variable is the
export value of finished machinery products. The standard errors reported in parentheses are those
clustered by country pairs. In all specifications, we control for country-pair fixed effects and time
fixed effects.

fCOVID measure indicates the measure of COVID-19 variables. Case and Death represent the
numbers of confirmed cases and deaths, respectively.

k%% and * indicate statistical significance at the 1%, 5%, and 10% level, respectively.

significantly positive. Among the COVID variables, importer country has an
insignificant effect. In contrast, both the number of cases and deaths in exporting
countries have significantly negative effects on finished machinery trade. Thus,
decreases in workforce size and productivity in exporting countries result in
decreased trade. These results are consistent with those obtained for total trade in
Hayakawa and Mukunoki (2020). Another noteworthy result is that the damage
to suppliers as a result of the pandemic has a significantly negative effect on
trade. These results imply that the impacts on the supply side, in terms of both
outputs and inputs, play a crucial role in machinery trade, rather than affecting
trade on the demand side.

Next, in columns (1) and (2) in Table 3, we introduce our COVID variables
simultaneously. The results are qualitatively similar to those in Table 2.
Although the demand effect is insignificant for both the cases and deaths, the out-
put and supply chain effects are significantly negative. The average logged-numbers
of importing-country deaths, exporting-country deaths, and supplier-country deaths

© 2021 Institute of Developing Economies.
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in 2020 are 4.46, 7.13, and 9.90, respectively.14 Thus, using the estimates in
column (2), we can see that importing-country deaths increase trade by 0.2%,
while exporting-country deaths and supplier-country deaths decrease trade by
12% and 76%, respectively.'® Thus, on average, the largest negative impact on
trade can be found in the supply chain effect, followed by the output effect.
One reason for the insignificant result of the demand effect might be that the
rapid increase in online shopping and teleworking raised the import demands
for electric machinery products, such as personal computers, smartphones,
microphones, and cameras.

The large contribution of the supply chain effect suggests that the negative
effects of COVID-19 on trade are larger for firms that have developed GVCs
with countries more seriously hit by COVID-19. It also implies that firms in sup-
plier countries did not have sufficient inventory of inputs. From another point of
view, however, the large supply chain effect indicates that trade of finished
machinery products will recover sharply if the COVID-19 cases/deaths decline in
supplier countries. For instance, Meijerink, Hendriks, and van Bergeijk (2020)
suggest that world merchandise trade after the COVID-19 pandemic seems to
follow a sharp “V-shaped” pattern and recovery from the trade collapse appears
to be taking place much more quickly than those of the Global Financial Crisis
in 2008-9. Restored supply chains in machinery products might drive a faster
recovery.

In the remaining columns, we account for the gap in months between ship-
ments and contracts to some extent. Specifically, in columns (3) and (4), we
replace the dependent variable with the trade values only in June, and we replace
the variables for COVID-19 with those from January to May in columns (5) and
(6).'® The results of the COVID variables in both robustness checks show similar
results to those in columns (1) and (2).

The results of some more robustness checks are available in Appendix 2. First,
to take logs, we added a value of one to the COVID variables. Our results do not
qualitatively change even if adding a very small number other than one

4 The non-logged numbers are 86, 1,242, and 19,898, respectively. Because exporting countries
(i.e., reporting countries in the Global Trade Atlas) include many European countries and the
United States, the average number of exporting-country deaths becomes larger than that of
importing-country deaths. Also, many countries import machinery parts from the United States,
where the number of deaths as of the end of June 2021 is more than 130,000. This yields a
rather large number of supplier-country deaths.

> The numbers are computed by 4.46 x 0.0004 x 100, 7.13 x (—0.0165058) x 100, and

9.90 x (—0.077233) x 100, respectively.

One may suggest differentiating between the flow and stock of COVID-19 burden. We avoid

this issue by examining the trade aggregated over time (i.e., examining only one time point in

each year). We leave this issue for future analysis with a longer study period.
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(Appendix Table 1). Second, in our study sample, the numbers of exporting and
importing countries are 35 and 185, respectively. To check if the insignificant
results for importer’s COVID-19 are not driven by an asymmetric study sample,
we estimate our model for the symmetric study sample by restricting importing
countries only to the 35 reporting countries. The results are reported in Appendix
Table 2 but again show the insignificant coefficients for importer’s COVID-19.
Finally, in the previous tables, we used the number of cases or deaths as a mea-
sure of COVID. As its alternative measure, we also use their ratio to total popula-
tion, which is named COVID per capita. The results are reported in Appendix
Table 3 and again show the robust results of the significantly negative coeffi-
cients for supplier’s COVID-19.

In Figure 3, we found a slightly different trend for machinery trade in Asia,
compared with the world average. To investigate differences in the effects of
COVID-19 on trade, we introduce the interaction terms of our COVID variables
with an Asian dummy (Asia), which takes a value of one for intra-Asian trade.
The results are reported in Table 4. As for Table 3, we examine the dependent
variable and COVID variables measured by different time periods. Non-
interacted COVID variables have similar results to those in Table 3. Although
the coefficients for importing-country impacts are insignificant, exporting- and
supplier-country cases and deaths have significantly negative coefficients. The
coefficients for the interaction terms with the Asian dummy are significant only
in the case of exporters.'” The coefficients for the interaction terms between
exporting-country impacts and the Asian dummy are estimated to be significantly
positive, indicating that exporting-country COVID-19 cases and deaths do not
have strong negative effects on the intra-Asian trade of finished machinery
products.

It is worth discussing these results on the interaction terms. The insignificant
results in the interaction with supplier-country impacts may be because firms in
Asia tend to use just-in-time (JIT) production systems in machinery industries.
Thus, because they do not have enough inventory for machinery parts, COVID-
19 impacts in supplier countries negatively affect the exports of finished machin-
ery products, as in the case of other regions.'® In contrast, the nonnegative
impact of COVID-19 in exporting country on intra-Asian trade might be because

'7 These results do not change even if we exclude China from the exporting- and importing-
country variables, or if we exclude the RTA dummy and the GDP variables.

Although small inventory of parts due to the JIT systems intensify the adverse shocks of
COVID-19, it does not necessarily mean that firms should abolish JIT systems to mitigate future
shocks. Miroudot (2020) and Pisch (2020) suggest that the JIT systems themselves will help
develop more resilient supply chains, including inventory management. The reason is that firms
employing a JIT system have better information about demand conditions and superior coordi-
nation abilities with suppliers, enabling them to manage future risks more effectively.

18
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firms in Asia retained some finished machinery products in their inventories. That
is, their inventory adjustment may enable manufacturing firms in Asia to continue
to export, even when their production operations are decreased or delayed.
Indeed, according to questionnaires conducted by JETRO and some organizations
in Malaysia, Indonesia, and the Philippines, many Japanese manufacturing firms
reacted to workplace-closure orders by adjusting the amount of final products held
in their inventories."”

Another important reason for the nonnegative effect of COVID-19 impacts in
exporting countries involved in intra-Asian trade is that factory operations were
often exempt from lockdown and workplace-closure orders. In many countries,
factory operations were banned by workplace-closure orders. In Asian countries,
however, some industries were permitted to operate if adequate infection control
measures (e.g., social distancing) were taken. This typically includes those that
produce essential products, such as medical supplies and equipment and food
products. Some Asian countries also allow operations to continue in export-
oriented companies, firms in Special Economic Zones, or industries that require
production to maintain the supply chain. Permission for these industries to oper-
ate can be found in some Asian countries, including China, India, Malaysia, and
the Philippines, though it is also observed in other regions (e.g., Mexico). Given
that such exemptions generally apply to the machinery industry, the negative
effects of COVID-19 on exporting countries involved in machinery trade may
have been mitigated.*

5. CONCLUDING REMARKS

This paper investigates the supply chain effect of COVID-19 on trade by using
monthly trade data of finished machinery products. Although there have been
some simulation analyses examining the impacts of COVID-19 on GVCs, this is
the first paper to use observed trade data to examine how the COVID-19 pan-
demic has disrupted trade of final goods through input—output linkage. Our

19" Although it is difficult to compare inventories across countries and regions, the ratio of invento-
ries to shipments has recently increased in Japan and South Korea while it remains stable in the
United States. See the White Paper on International Economy and Trade 2020 (p. 310) released
by Japan’s government. https://www.meti.go.jp/english/report/data/wp2020/wp2020.html. Fur-
ther, the ratio of inventories to monthly sales for general and electronic machinery industries are
higher in Japan than in the United States. See https://www.meti.go.jp/english/press/2020/pdf
/0707_001a.pdf.

As is consistent with these insufficient inventory and exceptional treatment stories in Asia, we
can find similar coefficients when estimating for Asian exports to non-Asian countries. Namely,
when Asian countries export regardless of destinations, the output effect is small while the sup-
ply chain effect is large. The estimation results are available in Appendix Table 4.

20
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empirical findings indicate that exports of final goods decrease if an exporting
country imports inputs from countries more seriously affected by COVID-19.
We have also confirmed that COVID-19 impacts on exporting countries have a
significantly negative effect on their exports. From a quantitative viewpoint, the
former supply chain effect was found to be larger than the latter output effect. In
contrast, the COVID-19 impacts in importing countries do not have significant
effects on trade. These results indicate that both the output effect and the supply
chain effect play a key role in identifying the impacts of COVID-19 on trade in
a world with increasing connectedness through GVCs.

We also find that the negative effects of COVID-19 on exporting countries are
smaller in intra-Asian trade. This result is perhaps because some Asian countries
permit the machinery industry to operate even when workplace-closure orders
are in effect or because manufacturing firms in Asia can mitigate negative supply
chain shocks by adjusting their existing inventory of finished goods. In short, our
results suggest that addressing the supply chain effect is most important for ame-
liorating the impacts of the COVID-19 pandemic on trade. It does not mean,
however, that firms should shift their input sourcing from foreign suppliers to
domestic suppliers. The localized sourcing of inputs instead exacerbate the nega-
tive impacts of COVID-19 on the domestic economy. A diversification of input
sourcing including both domestic and international markets and “dual sourcing”
of the same inputs from suppliers in different countries should help prevent the
spread of negative shocks through value chains. Improving inventory manage-
ment and providing exceptions of lockdown policies for manufacturing of key
inputs will also mitigate the negative effects. We hope this paper sheds new light
on how to confront these challenges.
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APPENDIX 1. STUDY COUNTRIES
35 Reporting Countries (ISO 3166 country codes)

ARG, AUS, AUT, BEL, BRA, CAN, CHE, CHN, CIV, DEU, DNK, ESP, FRA,
GBR, GRC, HKG, IDN, IRL, ISR, JPN, KEN, KOR, LUX, MEX, MYS, NLD,
PHL, PRT, RUS, SGP, SWE, THA, TWN, USA, ZAF.

185 Partner Countries (I1SO 3166 country codes)

ABW, AFG, AGO, ALB, ARE, ARG, ARM, ATG, AUS, AUT, AZE, BDI,
BEL, BEN, BFA, BGD, BGR, BHR, BHS, BIH, BLR, BLZ, BOL, BRA, BRB,
BRN, BTN, BWA, CAF, CAN, CHE, CHL, CHN, CIV, CMR, COG, COL,
COM, CPV, CRI, CYP, CZE, DEU, DIJI, DMA, DNK, DOM, DZA, ECU,
EGY, ERI, ESP, EST, ETH, FIN, FJI, FRA, FSM, GAB, GBR, GEO, GHA,
GIN, GMB, GNB, GNQ, GRC, GRD, GTM, GUY, HKG, HND, HRV, HTI,
HUN, IDN, IND, IRL, IRN, IRQ, ISL, ISR, ITA, JAM, JOR, JPN, KAZ, KEN,
KGZ, KHM, KIR, KNA, KOR, KWT, LAO, LBN, LBR, LBY, LCA, LKA,
LSO, LTU, LUX, LVA, MAC, MAR, MDA, MDG, MDV, MEX, MHL, ML,
MLT, MMR, MNG, MOZ, MRT, MUS, MWI, MYS, NAM, NER, NGA, NIC,
NLD, NOR, NPL, NRU, NZL, OMN, PAK, PAN, PER, PHL, PLW, PNG,
POL, PRI, PRT, PRY, QAT, ROM, RUS, RWA, SAU, SDN, SEN, SGP, SLB,
SLE, SLV, SMR, SOM, STP, SUR, SVK, SVN, SWE, SYC, TCD, TGO, THA,
TJK, TKM, TON, TTO, TUN, TUR, TUV, TWN, TZA, UGA, UKR, URY,
USA, UZB, VCT, VEN, VNM, VUT, WSM, YEM, ZAF, ZMB, ZWE.
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APPENDIX 2. OTHER ESTIMATION RESULTS

App. Table 1. Adding a Small Number to COVID-19 Variables

173

M @ 3) @) ®) ©)
RTA dummy 0.036 0.032 0.05 0.049 0.036 0.029
(0.112) (0.111) (0.255) (0.253) (0.112) (0.110)
In importer’s GDP —-0.045 —-0.028 —-0.426 —-0.346 —-0.049 —0.053
(0.241) (0.238) (0.535) (0.493) (0.242) (0.241)
In exporter’s GDP 1.489%#%  1.250%** 3 33Hk*  2243%#*k | 40T7F*EF ] 258%H*
(0.351) (0.387) (0.849) (0.680) (0.356) (0.386)
In (1.E-06 + importer’s 0.001 0.001 —-0.001 0.001 0.001 0.001
COVID) (0.001) (0.002) (0.004) (0.004) (0.001) (0.002)
In (1.E-06 + exporter’s —0.004%*  —0.004* —0.013***  —0.010* —0.004** —0.005**
COVID) (0.002) (0.002) (0.005) (0.005) (0.002) (0.002)
In (1.E-06 + supplier’s  —0.047* —0.086*%** —0.197** —0.362*%** —0.047* —0.072%%*
COVID) (0.027) (0.031) (0.082) (0.065) (0.028) (0.031)
COVID measure’ Case Death Case Death Case Death
Trade period Jan—June  Jan—June June June Jan—June Jan—June
Covid period Jan—June Jan—June  Jan-June Jan—June Jan-May Jan-May
Log pseudolikelihood  —2.7E+10 -2.6E+10 -1.2E+10 —-1.1E+10 -2.7E+10 -2.6E+10
Pseudo R-squared 0.9965 0.9966 0.9902 0.9908 0.9965 0.9966
No. of observations 11,232 11,232 10,184 10,184 11,232 11,232

Note: This table reports the estimation results by the PPML method. The dependent variable is the
export value of finished machinery products. The standard errors reported in parentheses are those
clustered by country pairs. In all specifications, we control for country-pair fixed effects and time

fixed effects.

fCOVID measure indicates the measure of COVID-19 variables. Case and Death represent the
numbers of confirmed cases and deaths, respectively.

Rk % and * indicate statistical significance at the 1%, 5%, and 10% level, respectively.
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IMPACTS OF COVID-19 ON GVC
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