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Abstract: With the development of global value chains, more and more countries are involved
in global trade, which has brought an extensive social impact. Past studies on the employment
impact of trade have pointed out that free trade has significantly boosted employment in developing
economies, with large populations working in export-related jobs along the value chains. Recently,
the COVID-19 pandemic has caused global trade protectionism to become more rampant. This study
aims to establish a trade employment effect accounting model, based on the comparison of multiple
scenarios, to discuss the employment impact of trade lockdown on major developing and developed
countries. Specifically, based on a multi-regional input–output model, we map the flow network
of trade-induced employment in 15 major global economies, and the scenarios of free trade and
restricted trade are simulated to determine the employment impact of protectionism across multiple
trade patterns. The results show that the current labor flow induced by global trade mainly flows
from developing countries such as China and India to developed countries such as the EU and the
United States. In the total employment induced by trade, the proportion of final products trade
reached 42.82%. Trade protection would cut 19.86 million jobs worldwide. Under the trade restriction
scenario, employment in developing countries would be reduced, with China and India losing
45.24 million and 10.10 million jobs, respectively. People working in the final product processing
trade face the greatest risk of unemployment, especially in manufacturing and services. Among
developed countries, the EU and the US would add 5.52 and 2.23 million jobs due to industrial
repatriation.

Keywords: employment; trade protectionism; multiregional input–output model; scenario analysis

1. Introduction

Global trade contributes one-fifth of the world’s GDP. As more and more countries
participate in global value chains (GVCs), the flow network of production factors becomes
increasingly complex [1]. While promoting economic prosperity, GVCs have created a
large number of jobs, especially in developing economies [2]. The export-oriented trade
strategies implemented by developing countries such as China and India have given full
play to the advantages of cheap labor in their own countries. Lower production costs create
greater market demand for their products and services, which in turn, generates more
employment. Therefore, it is generally believed that the liberalization of export trade has
had a positive impact on employment in developing countries [3,4].

However, recently, trade protectionism has begun to rise in some regions, such as the
Sino-US trade war [5,6] and Brexit [7]. In particular, since 2020, the COVID-19 epidemic
has spread globally. To curb the spread of the virus, many regions have imposed strict
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lockdown measures [8], and many countries and cities set up excessive import tariffs or
non-tariff barriers to enhance the competitiveness of local products [9]. The freedom of
global trade has been greatly hindered. In this context, we question how the employment
impact of trade liberalization will change, and whether it will lead to severe unemployment
in developing economies. This work aims to study this issue.

Previous studies have only explored the impact of regional trade restrictions on in-
dividual participating countries but rarely dealt with the employment impact of trade
lockdown on a global scale. To explore the difference between the trade employment
impacts on developing and developed countries, we establish an accounting model for
global trade-related employment based on the multi-regional input–output model (MRIO).
The two scenarios of normal trade and restrictive trade are set up to determine how protec-
tionism might change this effect. Specifically, at first, we established the employment flow
networks induced by global trade and discussed the countries’ trade-related employment
and the evolution from the industry level and trade pattern level. Secondly, a comparative
analysis of countries’ employment under the two scenarios is carried out to discuss the
impact of trade lockdown. The impact mechanism is also discussed from the perspective of
trade patterns and sectors.

The rest of the study is arranged as follows. The second section systematically sorts
out and reviews the relevant literature and proposes the main contributions of this study.
The third section introduces the technical route and data sources, including the MRIO
model and the trade-employment impact accounting model. The fourth section discusses
the employment impact of trade liberalization and trade lockdown from the perspective of
trade patterns and sectors. The fifth section is the conclusion and limitations of this study.

2. Literature Review

Scholars have been exploring the impact of international trade on employment since
the early 20th century. Trade liberalization is the result of a market economy. Hayek et al.
pointed out that the advantage of the free market is that it provides people with the greatest
degree of freedom to use the information that only they have [10]. He criticized European-
style conservatism and believed that too much government intervention could lead to a
crisis [11]. Keynes linked foreign trade and employment theory and believed that economic
growth and employment increases caused by foreign trade would have a multiplier effect
through the industrial chain [12]. A series of empirical studies on developing countries
support this conclusion. Krueger was the first to study the employment impact of export-
promotion and import-substitution and found that in developing countries, export-oriented
trade strategies can take advantage of their cheap labor, expand production and exports, and
thus promote the increase in domestic jobs [2]. The trade policies of these countries greatly
affect the scale effect of promoting employment [13]. Jenkins studied the employment
effect of Vietnam’s trade and found that export trade liberalization greatly promoted the
development of labor-intensive industries in Vietnam and led to employment, but this
positive effect was also offset by import substitution [14]. Wang et al. studied the impact
of foreign investment on China’s labor market and found that foreign investment has a
positive impact on employment in China, especially in the service industry [15]. Chen
et al. studied the economic and employment benefits of China’s export trade in 2002 and
2007. It is found that the economic and employment effects of China’s non-processing
export trade are greater than that of processing export trade, which is more dependent on
imported intermediate inputs [16]. Empirical studies on developed countries have shown
inconsistent conclusions. Greenaway et al.’s research on the UK from 1979 to 1992 showed
that trade increased domestic productivity in the UK, but reduced the demand for labor,
and import competition may increase unemployment in the short term [17]. Katrin and
Winkler studied the impact of trade integration between China, Eastern Europe, and
Germany on employment and found that regional trade freedom exacerbates labor income
inequality [18]. The research on the employment effect of US trade found that the increase
in employment brought about by US export trade basically offset the negative impact
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of China’s import competition [19,20]. Ricardo’s trade theory of comparative advantage
explains the basis and gains from trade. Under the free-trade scenario, the domestic labor
cost of imported goods is generally higher, and the domestic labor cost of exported goods is
generally lower. Of course, this is not absolute, because, in addition to labor, a comparative
advantage is also reflected in factors such as technology costs and environmental costs [21].
Therefore, it can be seen that the impact of trade on employment in different countries is
different. Export trade can drive the increase in domestic employment, while import trade
can offset this effect to a certain extent [22].

The employment impact of trade largely depends on trade policy. In recent years, the
employment impact of trade patterns evolution and the complexity of global value chains
has also attracted widespread attention from scholars [23]. China’s entry into the WTO has
promoted the prosperity of global trade, and the competition effect and scale effect brought
about by it also have a significant impact on the labor market of some countries [24,25].
He et al. used micro-survey data to reveal the impact of the Sino-US trade war on Chinese
enterprises’ employment needs and found that industries facing higher tariffs were greatly
affected, and the jobs provided were significantly reduced [26]. Some scholars have also
studied the employment impact of the Sino-US trade war from a macro perspective. Li
and Whalley pointed out that the US trade lockdown measures led to an increase in the
demand for domestic products, but this effect was passed on to the service industry due to
the increase in value, which eventually led to the loss of manufacturing employment [27].
Ciuriak et al. specifically quantified the potential impact of steel and aluminum tariffs
set by the United States [28]. Carvalho et al. pointed out that the trade war has caused
welfare losses to both China and the United States [29]. At the same time, as production
becomes more fragmented, the network of global value chains becomes more complex,
with more complex employment implications. The impact mechanism of intermediate
product outsourcing and final product outsourcing on the labor market is different [30].
The production of intermediate goods in the value chain can increase the labor demand
of downstream industries [31]. Szymczak et al. systematically studied the relationship
between global value chains and labor markets and found that the employment-promoting
effect of exports is especially reflected in the trade of intermediate products [32]. Moreover,
the impact of trade on the employment of countries is closely related to their position in
the value chain. Less-developed countries are located downstream of the value chain, and
the positive impact of trade on their employment is very weak [33]. Most of the current
research on the impact of trade lockdown on employment focuses on the Sino-US trade
war, and very few studies involve global or developing economies. In addition, the process
of globalization has made the value chain a complex network, and it is difficult for regional
research to quantify the overall impact and impact mechanism.

Input–output models are widely used to measure the economic, social, and environ-
mental impacts of global trade. For example, Wiedmann et al. point out that a multi-
regional input–output model can make it possible to map the social impact of global
trade, with the general direction of this impact flowing from developed to developing
countries [34]. Yang et al. calculated the embodied labor flow in the Asia–Pacific trade
network based on the MRIO model and found that the social impact of trade in the region
is uneven [35]. Feenstra et al. quantified the impact of China’s participation in the global
supply chain on the U.S. job market based on a multi-regional input–output model and
found the key role of trade in intermediate goods [36]. In addition, the model is also able to
simulate trade lockdown scenarios in two ways. The first method assumes that exports are
eliminated and import demand is replaced by domestic goods and services; that is, “total
substitution”. Using this method, Xu et al. measured the sustainability performance of
developed and developing countries under trade and no-trade scenarios, covering multiple
social indicators to measure the impact of trade freedom [37]. The second method assumes
that exports are cancelled, and domestic technology replaces foreign technology used to
produce imported goods, that is, ‘technology substitution’ [38]. This method has been
widely used to study the economic, social, and environmental impacts of trade-restrictive
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measures, and most of the indicators of the social dimension are employment [39,40]. This
study covers global economies, with large technological differences between countries. In
the case of complete trade lockdown, the substitution of domestic technology for importing
a country’s technology will inevitably bring about errors caused by differences in produc-
tivity levels. Therefore, the second hypothesis is more realistic than the first and suitable
for this study.

Therefore, the contribution of this paper includes two aspects. First, most current
research focuses on the local social impact of regional tariffs and trade restrictions, and
few studies quantify the employment impact of global trade lockdown. This study aims to
address this reality in order to provide policy makers with reference information on the
social impact of trade lockdown. Second, this study is the first to build a global trade-related
employment accounting model based on a multi-regional input–output model. The model
can simulate the induced employment of various trade patterns under the free trade and
trade lockdown scenarios. This provides a methodological reference for related research.

3. Method and Data
3.1. Multi-Regional Input–Output Model

The input–output method [41] mainly includes the single-regional input–output
model [42] and the multi-regional input–output model [43]. This study adopts the lat-
ter. This study assumes that the world contains n countries (regions), and each country has
k sectors. The products of each sector can be directly consumed or used as intermediate
inputs, and countries export intermediate and final goods; then, the trade system of n
country can be written as: 

X1
X2
...

Xn

 =


Z1
Z2
...

Zn

+


Y1
Y2
...

Yn

 (1)

Among them, X is the total output matrix and Xi is the output matrix of country i.
Xi = ∑r Xir, Xir is the country i’s sectoral output matrix that is directly or indirectly used to
meet the demands of country r. Zi is the output of intermediate goods in country i, and Zir
is the country i’s sectoral output matrix that is indirectly used to meet the needs of country
r. Yi is the output of intermediate goods in country i, and Yir is the country i’s sectoral
output matrix that directly meets the needs of country r.

X1
X2
...

Xn

 =


A11 A12 . . . A1n
A21 A22 . . . A2n

...
...

. . .
...

An1 An2 . . . Ann




X1
X2
...

Xn

+


Y1
Y2
...

Yn

 (2)

A is an intermediate input coefficient matrix, which is also a direct consumption coeffi-
cient matrix. Aii is the demand matrix of the unit output of country i for the intermediate
goods of country i. Air is the demand matrix of the intermediate goods of country i by
the unit output of country r, which reflects the inter-industry trade between the exporting
country i and the importing country r. In particular, apq

ir is the demand matrix for the
intermediate goods of sector p in country i for the unit output of sector q in country r.

Air = Zir/Xr (3)

Air =


a11

ir a12
ir . . . a1k

ir
a21

ir a22
ir . . . a2k

ir
...

...
. . .

...
ak1

ir ak2
ir . . . akk

ir

 (4)
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apq
ir =

zpq
ir

Xq
r

(5)

Equation (2) can be written as:
X1
X2
...

Xn

 =


I − A11 − A12 . . .− A1n
−A21 I − A22 . . . − A2n

...
...

. . .
...

−An1 − An2 . . . I − Ann


−1

Y1
Y2
...

Yn

 (6)


X1
X2
...

Xn

 =


L11 L12 . . . L1n
L21 L22 . . . L2n

...
...

. . .
...

Ln1 Ln2 . . . Lnn




Y1
Y2
...

Yn

 (7)

L is the Leontief inverse matrix [44], L = (I − A)−1, where I is the identity matrix. Lir
indicates that country r needs to, directly and indirectly, consume the quantity of country
i’s product for every unit of final product provided by country r. Therefore, L is also called
the matrix of complete consumption coefficients. Bii = (I − Lii)

−1 represents the domestic
Leontief inverse matrix [45].

Lii = Bii + Bii

n

∑
i 6=j

AitLti (8)

The dimension of employment column vector e is n × k. Its elements are the total
number of employees in each country and sector. ε is the diagonal matrix of the labor input
coefficient per unit product, the dimension is (n × k) × (n × k), and the elements on the
diagonal are the labor input coefficients per unit output of each country and sector.

εi = ei/Xi (9)

ε =


ε11 0 . . . 0
0 ε22 . . . 0

...
...

. . .
...

0 0 . . . εnn

 (10)

Combining Equation (7), the equation for employment can be written as
E1
E2
...

En

 =


ε11 0 . . . 0
0 ε22 . . . 0
...

...
. . .

...
0 0 . . . εnn




L11 L12 . . . L1n
L21 L22 . . . L2n

...
...

. . .
...

Ln1 Ln2 . . . Lnn




Y1
Y2
...

Yn

 (11)

Ei is the total employment of country i, and these labors are used for two purposes,
namely to meet domestic demands and to meet export demands. Eii represents the number
of jobs for domestic demand. Eir represents the number of jobs for foreign demand, i.e., the
labor working for exported goods and services (Tir).

Ei = Eii + ∑
i 6=r

Tir (12)

Ei = εiBii(Yii + ∑
i 6=r

Tir) (13)

Further, since a country meets the final demand of foreign countries through the export
of intermediate and final goods, the employment induced by exports can be further divided
into the employment embodied in intermediate goods exports and the employment embod-
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ied in final goods exports. With the complexity of global value chain networks, intermediate
exports are further divided into final stage intermediates and GVCs-related intermedi-
ates [46]. Therefore, employment induced by exports is subdivided into three components.

The employment induced by country i’s final product exports is

E_ fi = εiBii ∑
i 6=r

Yir (14)

The employment induced by country i’s final stage intermediate product exports is

E_ii = εiBii ∑
i 6=r

AirBrrYrr (15)

The employment induced by country i’s GVCs-related intermediate product exports is

E_gi = εiBii ∑
i 6=r

(AirBrr ∑
t 6=r

ArtLtrYrr + Air ∑
t 6=r

LrtYtr + Air ∑
t

Lrt ∑
u 6=r

Ytu) (16)

3.2. Accounting Model of Trade Employment Effect

In the scenario of a complete trade lockdown, the export trade of each country would
be cancelled. Instead, imported products are produced using domestic technology. This is
the domestic technical hypothesis, which has been widely used in the existing literature.
According to the above formula, the amount of employment in country i working to meet
the needs of country r, that is, the amount of employment embodied in the export of goods
and services in country i to country r, can be expressed as:

Eir = E_ fir + E_iir + E_gir (17)

The employment embodied in exports consists of three components. The first term
(E_ fir) is employment embodied in final goods and services exported from country i to
country r. The second item (E_iir) is the employment embodied in the intermediate goods
exported from country i to country r. These products also need to go through the final
process in country r. The third item (E_gir) is employment embodied in global value
chain-related intermediate goods exported from country i to country r, which also need to
undergo one or more processing steps in other countries.

E_ fir = εiBiiYir (18)

E_iir = εiBii AirBrrYrr (19)

E_gir = εiBii(AirBrr ∑
t 6=r

ArtLtrYrr + Air ∑
t 6=r

LrtYtr + Air ∑
t

Lrt ∑
u 6=r

Ytu) (20)

In a scenario of trade lockdown, countries need to use domestic technology to produce
substitutes for imported goods. This part of employment is avoided in a normal trade
scenario. Therefore, under the trade lockdown scenario, the employee of country i needs
to work for the original imported goods and services in addition to its own needs. The
employment in country i working for producing goods originally imported from country
r is Eir

′. Similarly, it can be divided into three parts based on trade patterns.

Eir
′ = E_ fir

′ + E_iir ′ + E_gir
′ (21)

E_ fir
′ = εiBiiYri (22)

E_iir ′ = εiBii AriBiiYir (23)

E_gir
′ = εiBii(AriBii ∑

t 6=i
AitLtiYii + Ari ∑

t 6=i
LitYti + Ari ∑

t
Lit ∑

u 6=i
Ytu) (24)
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Thus, under the trade lockdown scenario, employment in the territory of country i
consists of two components: Satisfying domestic demand and satisfying avoided import
demand. The latter is divided into three parts based on trade patterns.

Under the trade lockdown scenario, the country i’s employment embodied in avoided
final goods imports is

E_ fi
′ = εiBii ∑

i 6=r
Yri (25)

Under the trade lockdown scenario, the country i’s employment embodied in avoided
final-stage intermediate goods imports is

E_ii ′ = εiBii ∑
i 6=r

AriBiiYir (26)

Under the trade lockdown scenario, the country i’s employment embodied in avoided
GVCs-related intermediate goods imports is

E_gi
′ = εiBii ∑

i 6=r
(AriBii ∑

t 6=i
AitLtiYii + Ari ∑

t 6=i
LitYti + Ari ∑

t
Lit ∑

u 6=i
Ytu) (27)

The balance of employment under the two scenarios is considered the effect of trade
liberalization or trade lockdown. BEi can be divided into the impact of final goods trade
BE_ fi, final-stage intermediate goods trade BE_ii, and GVCs-related intermediate goods
trade BE_gi.

BEi = BE_ fi + BE_ii + BE_gi (28)

BE_ fi = εiBii ∑
i 6=r

(Yir −Yri) (29)

BE_ii = εiBii ∑
i 6=r

(AirBrrYrr − AriBiiYir) (30)

BE_gi = εiBii ∑
i 6=r

(AriBii ∑
t 6=i

AitLtiYii + Ari ∑
t 6=i

LitYti + Ari ∑
t

Lit ∑
u 6=i

Ytu

−AriBii ∑
t 6=i

AitLtiYii − Ari ∑
t 6=i

LitYti − Ari ∑
t

Lit ∑
u 6=i

Ytu)
(31)

BEi > 0 denotes that the employment of country i under the normal trade scenario
is greater than that under the trade production scenario, which means that trade freedom
can bring more jobs to country i, while trade lockdown will reduce employment in that
country. BEi < 0 denotes that trade freedom cannot bring more jobs to country i, while
trade lockdown will increase the number of jobs in this country.

3.3. Data Source

The data used in this study consist of two parts: The input–output tables and the
employment lists. We used the global multi-regional input–output table provided by the
World Input–Output Database (WIOD) [47]. It covers 43 major economies and the rest of
the world (ROW). Each country has 56 departments. The data source is the official statistics
of various countries and is widely used. We use the newly released input–output table for
2000–2014. This study period is highly representative, and it covers many large-scale events
in the global trade market, such as China’s accession to the World Trade Organization, the
global financial crisis, and the Transatlantic Trade and Investment Partnership Agreement.
To assess the employment impact of trade, we used socioeconomic accounts provided by
the WIOD database. It contains the lists of employment in each country and sector. In
addition, to explore the evolution of trade employment effects, inflation effects need to be
eliminated. Therefore, all the input–output data and other currency data are converted into
2010 constant US dollars using the price index and exchange rate provided by WIOD. For
ease of analysis, the results based on the MRIO model are aggregated to 15 economies and



Sustainability 2022, 14, 7128 8 of 19

7 sectors. See Tables A1 and A2 in the Appendix A for country and industry classification
information, respectively.

4. Results and Discussion
4.1. Trade-Related Employment

With the continuous development of global value chains, more than 15% of the
world’s labor is engaged in value chain-related production and service activities. In 2006,
this proportion reached 18.76%. This section analyzes the composition of trade-induced
employment. As shown in Figure 1, between 2000 and 2014, the size of global trade-related
employment generally expanded, and only fluctuated during the financial crisis. In 2000,
trade-related employment was 351.79 million and reached 445.44 million in 2006, with an
average annual growth rate of approximately 4.05% during this period. Since then, global
trade has begun to tighten, multinational companies have gradually laid off employees, and
the scale of global trade-related employment has gradually shrunk. In 2008, the financial
crisis broke out and spread globally, which brought the lowest point of trade-induced
employment in 2009 at 383.17 million. Since then, as the trade situation has improved,
its employment impact has gradually increased. In 2014, the number of trade-related
employment was 457.14 million.
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From the perspective of the composition of trade-related employment, the trade-
related employment of the 15 economies covered in this study accounts for more than 80%
of the global total. Among them, China, the European Union, and India occupy the largest
share. As shown in Figure 1a, in 2006, when the effect of trade employment was the most
obvious, the scale of trade-related employment in China, the EU, and India reached 182.95,
51.35, and 52.88 million, respectively, accounting for 41.07%, 11.53%, and 11.87% of the
global total. The main reason for this is the large trade volume of these countries. China and
India are both populous countries, and most developed manufacturing is labor-intensive.

The three trade patterns play different roles in the global employment scale. Among
them, the trade of final goods leads to the largest amount of employment, followed by the
trade of final-stage intermediate goods, and the trade of GVCs-related intermediate goods.
In 2014, the employment numbers caused by these three patterns were 195.75, 168.36, and
93.03 million, accounting for 42.82%, 36.83%, and 20.35%, respectively. With more and
more countries participating in international trade, the level of the international division
of labor has been continuously improved. The processing of final goods also tends to be
specialized. For example, major trading countries such as China and India, relying on their
labor cost advantages, are widely involved in the assembly of final goods, which brings a
broad employment market. This ultimately leads to a very strong employment effect on
final goods’ trade.

Further, Figure 2 shows the role of the three trade patterns in some major countries,
whose trade employment effect is more obvious. Here, the final stage intermediates and
the GVCs-related intermediates are collectively referred to as intermediates. It can be seen
that China and India show the same characteristics, that is, the amount of employment
caused by final goods trades is greater than that caused by intermediate goods trades. With
its abundant natural resources, Russia exports a large number of raw materials or primary
processed products, so the employment related to trade in intermediate goods accounts for
the largest proportion. In developed economies such as the European Union and the United
States, the employment impact of intermediate goods trade is slightly higher than that of
final goods trades. This is because these countries’ exports are dominated by intermediate
goods with higher economic value added. In general, it can be seen that most of the trade
employment effect of developing countries comes from the export of final goods, while
most in developed countries come from the export of intermediate goods.
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4.2. Employment Flows Embodied in Trades

This section provides a detailed analysis of the employment flows induced by global
trade. Figure 3 shows the main flows in 2000 (a) and 2014 (b). The flows represented by the
arrows in the map on the left cover the employment flows of greater than 3 million people
embodied in trade, and the colors of the regions represent the roles of the economies. Net
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importers of embodied employment are marked in red and net exporters are marked in
blue. The bubble chart on the right shows the value of net exports (blue, positive) and net
imports (colorless, negative) by country.
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In 2000, there were 351.79 million people worldwide working for the production of
goods and services along global value chains. As each country’s role in the global value
chain is different, the employment induced by their imports and exports is also different.
From the flow map in Figure 3a, it can be seen that the most important flow of employment
related to international trade is from developing countries such as China and India to
developed countries such as the EU and the United States. On the one hand, export trade
activities have brought a lot of employment opportunities to developing economies; on
the other hand, the relatively cheap labor force in developing countries has also saved a
great deal of production costs for developed countries. In 2000, 21.71, 17.33, 17.48, and
3.51 million employments were embodied in exports of goods and services from China
to the US, EU, Japan, and Korea. There are 9.25 and 8.70 million embodied employment
flows from India to the EU and the US. In addition, there are also flows to the US from
the EU, Indonesia, and Mexico. Overall, in 2000, the United States was the largest net
importer of embodied employment, with net imports of 68.39 million people. The EU is
second with a net import volume of 51.13 million people. Japan again. The largest net
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exporter of embodied employment was China, with net exports of 87.31 million people.
India, Indonesia and Russia followed.

Between 2000 and 2014, as the scale of global trade continued to expand, the employ-
ment network embodied in trade also became more complex. As can be seen from Figure 3b,
compared with 2000, the most important feature of the flow distribution in 2014 is that
China’s role has become more diversified. Except for the EU, the United States, and Japan,
China’s embodied employment export destinations also added Canada, Australia, and
Russia. China’s imports of embodied employment have expanded. In 2014, embodied
employment of 5.19, 3.16, and 3.07 million people flowed into China from the EU, India,
and Indonesia, meeting China’s needs for various goods and services. From the bubble
chart on the right side of Figure 3b, we can see that the distribution of net exporters and
net importers of embodied employment in 2014 is basically the same as in 2000. China and
India remained the largest net exporters of labor, with net exports of 109.35 and 60.09 mil-
lion people, respectively. The United States and the EU remained the largest net importers
of labor, with net imports of 56.52 and 39.35 million people, respectively.

Further, Figure 4 presents the industry distribution of the above-mentioned major
employment flows. The Sankey diagram on the left shows the source industries of each
economy’s embodied employment imports, and the Sankey diagram on the right shows the
industries where their embodied employment exports go. Commercial and public service,
Manufacturing, and Agriculture are the most important sectors involved in the embodied
employment trade. Manufacturing, Commercial and public services, and Agriculture
accounted for 40.6%, 26.1%, and 22.4% of the total U.S. embodied employment imports,
respectively. In the EU, the three industries also have a similar distribution. China is the
largest exporter of embodied employment, and manufacturing is the main channel for
labor outflows. There are 34.71 million people working for manufactured goods exports,
accounting for 33.85% of the total employment embodied in China’s exports. Commercial
and public services and Agriculture accounted for 30.49% and 26.38%, respectively.
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4.3. Trade Lockdown’s Impact on Countries’ Employment

Considering the rising trend of trade lockdowns in recent years, this section presents
the changes in the employment of various countries under the trade lockdown scenario. As
shown in Figure 5, the upper histogram presents the temporal evolution of global relative
employment as the trade-related industries return. In this no-trade scenario, labor originally
working for exporting goods is replaced by labor working for import-substituting products.
Relative employment refers to the amount of labor that produces import-substituting goods.
The lower column-line shows the difference in employment under the two scenarios, which
reflects the employment impact of trade lockdown and is subdivided into the impact
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of three trade patterns. The graph on the right shows the employment impact of trade
lockdown on participating countries.
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As shown in Figure 5a, under the scenario of trade lockdown, the global related
employment in 2000 was 298.64 million, of which China, the EU, and India accounted
for 30.23%, 17.80%, and 7.20%, respectively. In a normal scenario, global trade-related
employment is 351.79 million. This shows that trade has led to an increase in employment,
while trade lockdown will reduce some jobs. In terms of technology and the division of
labor in 2000, the positive impact of global trade on employment was 53.15 million people.
From the bar chart on the left of Figure 5b, it can be seen that from 2000 to 2014, the impact
of trade on the global job market has been positive, and this effect reached a peak in 2006.
In 2006, compared to the no-trade scenario, trade freedom increased global employment by
83.77 million people. Since then, with the financial crisis and the contraction in global trade,
the positive impact of trade on employment has gradually diminished to 19.86 million
in 2014.

As far as the three trade patterns are concerned, the positive impact of final goods
trade on employment is the most obvious. As shown in Figure 5b, trade in final goods
dominates the total impact of trade. A very small part of this is offset by the negative impact
of trade in final-stage intermediate goods. The impact of GVCs-related intermediate goods
trade is not obvious. In 2000, trade restrictions would cause the loss of 53.15 million jobs
worldwide, of which the restrictions on final goods trade would reduce it by 58.42 million,
and the final-stage intermediate goods trade would increase it by 7.65 million. The role of
trade in GVCs-related intermediate goods is weak. Most of the final products on the global
value chain are processed and assembled before they flow to the final consumer countries.
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This process requires a lot of labor. Therefore, changes in the trade situation have a greater
impact on this link.

As mentioned earlier, the current employment flows embodied in the global trade of
final goods are mainly exported from developing countries to developed countries. The his-
togram on the right of Figure 5b also presents this finding. Free trade has greatly increased
jobs in China and India. The employment reduction brought about by the trade lockdown
has the greatest negative impact on these two countries. Taking 2014 data as an example,
trade lockdown will cause a total loss of 19.86 million jobs worldwide. Among them, the
reduction of employment in China and India reached 45.24 million and 10.10 million. The
negative impact of restrictions on trade in final goods was most pronounced in China and
India, which eliminated 48.97 and 17.87 million jobs, respectively. Trade affects countries
differently, with free trade reducing labor requirements by 5.52 million and 2.23 million
in the EU and US, respectively. This effect is mainly driven by trade in final goods and
final-stage intermediate goods. These countries move labor-intensive manufacturing and
assembly processes to developing economies, where cheap labor is available, thereby re-
ducing their own costs. When protectionist measures are implemented, these industries
would flow back to developed economies, increasing the demand for local labor.

4.4. Trade Lockdown’s Impact on Sectors’ Employment

Because the industry structure of economies differs, the employment impact of the
evolving trade situation is also different. On the basis of the aggregate analysis, this
section presents the key driving sectors of the employment impact. Figure 6 shows the
sectoral impact of the three trade patterns on employment across economies. The bar values
represent the difference in employment for that sector of the economy under the free trade
and no-trade scenarios, representing the impact of free trade. For example, participation in
free trade increased employment in China’s manufacturing sector by 24.19 million.

From the value of the horizontal axis, the key sectors of the employment impact of
each trade pattern are different. The final goods trade mainly produces employment-
promoting effects through manufacturing, followed by agriculture and commercial and
public services. The impact of this pattern on each country is also different. The free
export of final goods has played a role in promoting employment in various industries
in China, with the most obvious positive impact on manufacturing and commercial and
public services, which added 24.19 million and 11.39 million jobs, respectively. China’s
manufacturing industry is an important channel for labor outflows, and thus, is the sector
most vulnerable to the trade situation. Moreover, the positive impact of free trade in final
goods in India is mainly reflected in agriculture and commercial and public services, which
added 6.92 and 6.52 million jobs, respectively. Conversely, free trade in final products
would reduce Russia’s manufacturing sector by 6.80 million jobs, suggesting that in a
trade-restricted scenario, the return of manufacturing would bring more jobs to Russia.

The employment impact of the two intermediate goods trade patterns on sectors varies
greatly between countries. The final-stage intermediate goods’ trades have the effect of
reducing employment in the United States mainly in manufacturing and commercial and
public services, with a reduction in employment of 0.87 and 0.78 million, respectively. The
effect of this pattern on the reduction of EU employment mainly comes from Commercial
and public services, with a reduction of 2.35 million people. Manufacturing and service
industries are important channels for labor output from developing economies and labor
inflow from developed economies. In the scenario of trade lockdown, the processing
and assembly of intermediate products are all completed within the country. Although
the results show that trade lockdown can increase employment in developed economies
through intermediate goods, it also reflects that in the scenario of free trade, the level of
labor division in developed economies’ supply chains needs to be improved.
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Figure 6. The three trade patterns of restrictions on employment of sectors. Final goods trade (a),
Final stage intermediate goods trades (b), GVCs-related intermediate goods trade (c).

5. Conclusions

This study aims to explore the employment impact of trade lockdown. We establish a
multi-regional input–output model covering global 15 major economies and quantify the
evolution and industry distribution of trade-related employment across countries under
trade liberalization and trade lockdown scenarios. In addition, we measure the employment
impact of multiple trade patterns on countries and explore the impact mechanism of trade
lockdown from the perspective of the global value chain.

The findings show that between 2000 and 2014, employment induced by global trades
expanded from 351.79 million to 445.44 million. Among the subdivided trade links, the
trade in final goods leads to the most employment, followed by trade in final-stage inter-
mediate goods and GVCs-related intermediate goods. The trade-induced employment of
the 15 economies covered by this study accounts for more than 80% of the global total,
of which China, the European Union, and India account for 41.07%, 11.53%, and 11.87%,
respectively. At present, the induced employment mainly flows from developing countries
such as China and India to developed countries such as the European Union and the United
States. Most of the trade-related employment in developing countries such as China and
India is caused by the export of final products, while in developed countries such as the
European Union, most of the trade-related employment is caused by the export of higher
value-added intermediate products. In the employment network, commercial and public
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service, Manufacturing, and Agriculture are the most important sectors with embodied
employment inflows and outflows.

Upon comparing the results under the trade liberalization and trade lockdown scenar-
ios, it is found that trade lockdown would generally reduce employment in developing
countries and increase employment in developed countries. Under the scenario of trade
lockdown, China and India would lose 45.24 million and 10.10 million jobs, respectively,
while the EU and the US would gain 5.52 and 2.23 million jobs. However, for the world, the
impact is negative, with trade lockdown cutting 19.86 million jobs worldwide. Since the
processing and assembling of final products are mostly labor-intensive, this link has the
most obvious effect on driving employment, so the adverse impact of trade restrictions on
this link is the greatest, and only a small part of it is offset by trade in intermediate goods.

Therefore, the trade lockdown advocated by developed countries is rather unfavorable
to the global labor market. While ensuring epidemic prevention and control, countries
should gradually lower trade barriers and give full play to the role of trade in driving
global employment. Developing countries, such as China and India, should take measures
to deal with the adverse impact of trade protection on employment: (1) Establish an
employment emergency mechanism to deal with trade conflicts as soon as possible to
prevent large-scale unemployment and layoffs due to trade conflicts in a short period of
time; (2) expand trade channels, reduce foreign trade dependence on a few countries, and
promote the diversification of import and export trade links and industries; and (3) the
structure of labor-intensive export trade should be changed to accelerate the realization of
an innovation-driven, technology-intensive, and resource-saving development pattern.

Inevitably, this study has the following limitations. First, limited by the lag in the up-
date of the input–output table, the selected research interval is from 2000 to 2014. Although
the data used are the latest available to meet research needs, they are still relatively old. In
future studies, data will be updated with the database to make the findings as relevant as
possible to current needs. Second, this study uses the domestic technology assumption to
calculate the outcome of the lockdown scenario, which means that in the no-trade scenario,
countries use domestic technology to produce the original imported goods. However, the
reality is that a country may not have the appropriate technology or resource endowments
to make it happen. In future studies, computable general equilibrium models will be used
to simulate the effects of various specific trade-restrictive measures.

Author Contributions: Data curation, S.B.; Formal analysis, S.Z.; Funding acquisition, X.W.; Investi-
gation, S.B.; Methodology, S.B. and S.Z.; Software, Y.S.; Supervision, X.W.; Writing—original draft,
X.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data used in this paper are all obtained from open data platforms.
The data of input-output tables and employment are obtained from the World Input-Output Database
(WIOD) (https://www.rug.nl/ggdc/valuechain/wiod/).

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

https://www.rug.nl/ggdc/valuechain/wiod/


Sustainability 2022, 14, 7128 16 of 19

Appendix A

Tables A1 and A2 provide details of country and sector classifications.

Table A1. List and classification of economies.

Acronym Economy

AUS Australia
BRA Brazil
CAN Canada
CHE Switzerland
CHN China
IDN Indonesia
IND India
JPN Japan
KOR South Korea
MEX Mexico
NOR Norway
RUS Russia
TUR Turkey
USA America

EU-28

Austria, Belgium, Britain, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania,

Slovakia, Slovenia, Spain, Sweden (As of 2014)

Table A2. Classification of sectors.

Integrated Sector Sector Code in WIOD

Agriculture
Crop and animal production, hunting and related service activities

Forestry and logging
Fishing and aquaculture

Mining Mining and quarrying

Manufacturing

Manufacture of food products, beverages and tobacco products
Manufacture of textiles, wearing apparel and leather products

Manufacture of wood and of products of wood and cork, except furniture; manufacture of
articles of straw and plaiting materials

Manufacture of paper and paper products
Printing and reproduction of recorded media

Manufacture of coke and refined petroleum products
Manufacture of chemicals and chemical products

Manufacture of basic pharmaceutical products and pharmaceutical preparations
Manufacture of rubber and plastic products

Manufacture of other non-metallic mineral products
Manufacture of basic metals

Manufacture of fabricated metal products, except machinery and equipment
Manufacture of computer, electronic and optical products

Manufacture of electrical equipment
Manufacture of machinery and equipment n.e.c.

Manufacture of motor vehicles, trailers and semi-trailers
Manufacture of other transport equipment

Manufacture of furniture; other manufacturing
Repair and installation of machinery and equipment

Publishing activities

Electricity, Gas and Water Supply Electricity, gas, steam and air conditioning supply
Water collection, treatment and supply

Construction Construction
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Table A2. Cont.

Integrated Sector Sector Code in WIOD

Transport

Land transport and transport via pipelines
Water transport

Air transport
Warehousing and support activities for transportation

Commercial and public services

Sewerage; waste collection, treatment and disposal activities; materials recovery;
remediation activities and other waste management services

Wholesale and retail trade and repair of motor vehicles and motorcycles
Wholesale trade, except of motor vehicles and motorcycles

Retail trade, except of motor vehicles and motorcycles
Postal and courier activities

Accommodation and food service activities
Motion picture, video and television program production, sound recording and music

publishing activities; programming and broadcasting activities
Telecommunications

Computer programming, consultancy and related activities; information service activities
Financial service activities, except insurance and pension funding

Insurance, reinsurance and pension funding, except compulsory social security
Activities auxiliary to financial services and insurance activities

Real estate activities
Legal and accounting activities; activities of head offices; management consultancy activities

Architectural and engineering activities; technical testing and analysis
Scientific research and development

Advertising and market research
Other professional, scientific and technical activities; veterinary activities

Administrative and support service activities
Public administration and defense; compulsory social security

Education
Human health and social work activities

Other service activities
Activities of households as employers; undifferentiated goods- and services-producing

activities of households for own use
Activities of extraterritorial organizations and bodies
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