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ABSTRACT ARTICLE HISTORY
To comprehensively assess the economic impacts from China’s Received 8 February 2022
tourism industry caused by COVID-19 in 2020, this article devel- Accepted 27 October 2022

ops a new multiplier calculation and decomposition method
based on the social accounting matrix (SAM). This method is suit-
able for situations in which multiple industries are simultaneously
exposed to external shocks, especially comprehensive industries
like tourism. By categorizing all industries as being in either the
tourism sector or the nontourism sector, we calculate the output, JEL CLASSIFICATIONS
value-added and employment impacts of COVID-19, then decom- 732; C63

pose them into four levels: direct, indirect, spillover and reverber-

ation effects. There are some subindustries of both the tourism

and nontourism sectors that were severely affected. Compared

with the calculation results from the traditional SAM method, the

method developed in this paper identifies quite different indus-

trial structures, although there is almost no difference in the

total impacts.
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1. Introduction

Since its outbreak, COVID-19 has devastated the global tourism industry. To block
or slow the spread of the epidemic, countries have adopted regional blockades or eco-
nomic restrictions, requiring people to strictly maintain a social distance, and the
international tourism industry has been severely impacted. In 2020, the number of
global international tourists dropped by 73%, and the number of tourists in the Asia-
Pacific region dropped by 80% (UNWTO, 2021). China’s tourism industry has also
been severely affected by COVID-19. In 2020, domestic tourism revenue decreased by
CNY 3.50 trillion compared with 2019, a year-on-year decrease of 61.10% (Ministry
of Culture and Tourism, PRC, 2021), and inbound tourism revenue decreased by
US$114.3 billion compared with 2019, a year-on-year decrease of 87.1% (Source: Data
Center of the Ministry of Culture and Tourism, PRC).

Impact monitoring, valuation, and forecasting is one of the key themes in the early
literature on COVID-19 and tourism (Yang et al., 2021b). Research into the impacts
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of COVID-19 on the tourism industry has advanced somewhat. Henseler et al. (2022)
found using a computable general equilibrium (CGE) model that the shocks transmit-
ted via international and domestic channels had negative impacts in all Tanzanian
sectors. Wu et al. (2022) adopted tourism satellite account (TSA) method to calculate
the direct contribution of domestic tourism to Guangdong’s economy and found that
it declined from 2.53% to 1.20%. Skare et al. (2021) adopted panel structural vector
auto-regression (PSVAR) to measure the potential effects of COVID-19 on the tour-
ism industry worldwide; they found that COVID-19 outbreaks have had a much
larger destructive impact on the travel and tourism industry than previous studies
had indicate. Pham et al. (2021) adopted a CGE model to analyse the short-term
impact of inbound tourism on the Australian economy during the epidemic. Their
results illustrate that the pandemic directly affected tourism through a decline in out-
put and employment not only in characteristic tourism industries such as accommo-
dations, restaurants, and transportation, but also in a range of other industries. Tsui
et al. (2021) adopted a dynamic GMM model and found that the COVID-19 pan-
demic has had significant negative impacts on the tourism and aviation sectors in
Hong Kong. Ugur and Akbiyik (2020) used text mining technology to study the
response of travellers during the epidemic and found that tourism was one of the
industries most affected by the COVID-19 pandemic. Yang et al. (2021a) compiled a
COVID-19 tourism index to monitor the impact of the pandemic on the tourism
industry, and their results showed that the global average for the COVID19 tourism
index based on a sample of 100 countries was 27.483 as of October 24, 2020, com-
pared to a benchmark of ‘normal’ levels (100). Among the above studies, the compil-
ation of various indexes and the use of econometric research methods tend to aim to
focus on analysing the direct impact of the tourism industry, and subsequent indirect
and induced impacts are rarely involved. The CGE model is prone to controversy
due to the selection of the functional form of economic behaviour modelling and the
calibration of important parameters, so it is difficult to use this tool for practical pol-
icy guidance (Akkemik, 2012).

In terms of calculating the indirect and induced impacts after the tourism industry
is subjected to exogenous shocks, compared with CGE model analysis, input-output
(I0) analysis (Archer & Fletcher, 1996; Frechtling & Horvath, 1999) and social
accounting matrix (SAM) multiplier analysis (Wagner, 1997) are two classic methods
(Song et al., 2012). Of these two methods, IO analysis has been more widely adopted.
IO tables concisely describe the IO relationships among industries. Therefore, only
from the perspective of interindustry relations can the indirect and induced impacts
on the tourism industry affected by exogenous shocks be measured or the position of
the tourism industry within an economy be assessed (Archer, 1995; Archer &
Fletcher, 1996; Baster, 1980; Frechtling & Horvéath, 1999; Henry & Deane, 1997;
Oosterhaven & Fan, 2006; Prasad & Kulshrestha, 2015; Ruiz, 1985; West & Gamage,
2001), the IO analysis method is very applicable (Fletcher, 1989).

However, the IO open model (type I model) involves only the IO relationships
among industries, and the IO partial closed model (type II model) usually adds only
two sectors — labour compensation and household consumption - as the endogenous
accounts on the basis of the open model to participate in the multiplier calculation.
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The economic information contained in the IO model is relatively limited. The SAM
method comprehensively describes the income-payment relationships among indus-
tries, factors, and major institutional sectors, contains more economic information,
and solves the problem of expenditure leakage well. Therefore, the SAM method is
closer to actual economic operations. However, the compilation of the SAM requires
much more economic data. Because these data often come from different depart-
ments, their statistical calibres are not uniform, and errors and omissions are thus
unavoidable. It is almost impossible to directly determine that each row sum equals
the corresponding column sum in the matrix. Appropriate methods have to be used
to balance the preliminarily compiled unbalanced matrix. Therefore, since the tourism
industry has been subjected to exogenous shocks, there have been some attempts at
multiplier operations based on the SAM (Akkemik, 2012; Incera & Ferndndez, 2015;
Jones et al., 2010), but compared with IO analysis, the frequency of SAM adoption
is lower.

This article compiles an SAM based on Chinese IO tables (2017), which were most
recently updated in 2019; develops a new SAM multiplier decomposition method that
distinguishes industry categories; and adopts this method to measure the COVID-19
tourism impacts on China’s output, value-added, and employment. The marginal con-
tributions of this work are as follows. First, in terms of methodology, an SAM multi-
plier decomposition method is developed that is capable of assessing the economic
impacts of joint shocks in multiple industries. This method is expected to be widely
used in other similar shock scenarios. Simultaneously, this method can be used to
test whether the traditional SAM multiplier calculation method overestimates the eco-
nomic impact when multiple industries are jointly affected. Second, a reasonable esti-
mation of the output, value-added, and employment impacts of COVID-19 on
China’s tourism industry is conducive to responding to similar exogenous shocks cur-
rently and in the future.

2. Methodology
2.1. Traditional SAM multiplier decomposition

Pyatt and Round (1979) derived a SAM multiplier, which is a widely used method of
SAM multiplier decomposition. Assuming that the SAM of an economy includes
three types of endogenous accounts - industries, factors and institutions - the average
expenditure propensity matrix is as follows:

An 0 Ap
An == A21 0 0 (1)
0 A As

where A;; denotes the income-payment relationships among industrial accounts, A3
denotes the expenditures (consumption and investment) of the institutional accounts
(residents and enterprises) for the industrial accounts, A,; denotes the income
obtained by the factor accounts (labour and capital) from the industrial accounts, A3,



4 W. ZHOU

denotes the income obtained by the institutional accounts from the factor accounts,
and Aj; denotes the transfer payment within the institutional accounts.

X1, X, and X3 are denoted as the total income of industrial accounts, factor
accounts and institutional accounts, respectively; X = [X1 X, X3]T. Yy, Y, and Y3
are denoted as exogenous injections (such as final consumption and export) into the
industrial accounts, factor accounts, and institutional accounts, respectively; Y =
v Y, Y3]T. Based on the definition of average expenditure propensity, the fol-
lowing must hold:

A, xX+Y=X (2)
Then, formula (2) can be rewritten as follows:
X=(-A4,)""Y =M,y (3)

where M, is the SAM multiplier matrix. Taking the diagonal matrix of A, and mark-
ing it as A,, A" = (I-A,)(A,—A,). After a complete economic cycle, M, can be
decomposed as follows:

M, = (I-A°) (I + A"+ A?)(I-4,) " = MaMaMa (4)
Stone (1978) wrote formula (4) in the following additive form:

Ma =1+ (Mal _I) + (Ma2 _I)Mal + (Ma3 _I)MaZMal
=I+T+0+C (5)

where I is the direct multiplier matrix, T is the net effect matrix of the transfer multi-
plier, O is the net effect matrix of the open-loop multiplier, and C is the net effect
matrix of the closed-loop multiplier.

2.2. Another SAM multiplier decomposition method

The tourism sector is a comprehensive industry involving diverse products and serv-
ices such as accommodations, food and beverage services, transportation, communica-
tions, culture, sports and entertainment, wholesale and retail trade, and business
services. Once exogenous shocks occur, these industries are directly affected, and
then, indirect and induced impacts are brought about by the intricate income-pay-
ment relationships among endogenous accounts. Therefore, there are certain difficul-
ties inherent in summarizing the economic impact when various industries are
jointly affected.

From the existing literature, three ways to deal with this problem are identified.
The first is sector integration; that is, tourism-related output (income) and input
(expenses) are separated from original industries and then merged again into the
tourism industry. Then, IO or SAM multipliers are calculated with the tourism indus-
try as an endogenous account (Akkemik, 2012; Jones et al., 2010). The problem with
this approach is that it requires the integration of multiple products and services that
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are very different into one industry, violating the product or service homogeneity
principle of the industry category (West & Gamage, 2001). The second way to
deal with this problem is decomposition and weighting, that is, to decompose
tourism expenditure into various related industries, use these percentages of cor-
responding industries as weights, and then calculate the corresponding weighted
average multiplier based on the IO or SAM multiplier of each industry (Bryden,
1973). This is currently the most widely used approach. The third way is through
pure tourism derivation, which means choosing an industry that simply provides
tourism services, such as the travel agency industry, as the starting point for
exogenous shocks and then calculating the subsequent indirect and induced
effects based on the IO or income-payment relationship (Li et al., 2001; Liu et al.,
2011). The implicit premise of this approach is that the exogenous shocks to all
subindustries of the tourism sector are sequential rather than joint. In other
words, the tourism agency industry is first affected, and then followed by other
industries through the IO or income-payment relationship; however, this assump-
tion is unreasonable.

Even the widely used decomposition and weighting approach may have some
problems, as it does not regard the tourism sector as a whole. The multipliers of each
subindustry are calculated independently, and then, the weighted average is calcu-
lated. This approach may ignore or distort the influence mechanisms among subin-
dustries of the tourism sector, among different nontourism industries, and between
the tourism industry and nontourism industries as a whole.

To solve the reliability problem of the calculation and decomposition of the SAM
multiplier when multiple industries are simultaneously subjected to the initial exogen-
ous impact, it is necessary to develop another multiplier decomposition method. We
try to divide industrial accounts into two categories: industries that are simultan-
eously affected by exogenous shocks are categorized as type i industries, while other
industries are categorized as type j industries. The average expenditure propensity
matrix for formula (1) can be rewritten as follows:

A,‘,’ A,J 0 A,‘3
Ai A; 0 A

A, = Jt j J (6)
Az,’ A2j 0 0

0 0 Az As;

Similarly, Xj, Xj, X, and X3 denote the total income of the type i industries, type j
industries, factor Taccounts and institutional accounts, respectively; X =
[XZ- X X, X3] . Y, Yj, Y; and Y3 denote the injections of type i industries,
type j industries, Tfactor accounts and institutional accounts, respectively; Y =
[ Yi Y] Y2 Y3:| . Then,

A, xX+Y=X (7)
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For brevity, we set the following:

o= (I—-Aj)
B = As(I—Az)  Andy
Y= A+ An(I-As) ' Andy
e = (I-4;)

_ 8
N = Ap(I-As) ' Apdy ®)
8 = Aji + Ap(I-As) ' Apdy
0=As(I-As)"
¢ = Ap(I-As) "
Solving the equations involved in formula (7) obtains
11—l
X = [01 —B—=7(e—m) 16]

X {'y(g—n)*l X [6(A32Y2 =+ Y3) + Y]] =+ (p(A32Y2 —+ Y3> + Yz} (9)

Based on formula (9), the exogenous impact of Y;, Y}, Y, and Y3 on type i indus-
tries can be calculated.

Referring to the decomposition concept presented by Muradov (2016), the matrix
written as B=LH can be decomposed as follows:

B=LH =1+ (L-I)+ (H-I) + (L—I)(H-I) (10)

Then, the first factor of formula (9) can be decomposed as follows:

=B —y(e=m)'5]
=[1—op- ofly(s—n)flﬁ]il x o !

=I+ (=) + {[1 — o B — o y(e—m) 8] - I}

+ (a7t =1) x {[I—oz_IB—oc_ly(a—n)_ISTI —I} (11)
The following can be observed regarding the decomposition result of formula (11):

1. The first item is an identity matrix, which reflects the direct output impact of the
initial shocks on type i industries;

2. The second item (o '—I) reflects the indirect output impact of the initial shocks
within type i industries;

3. The third term TJ[I — o 'B—aly(e—m) 9] o } represents the spillover out-
put effect on all industries of the initial shocks; and

4. The fourth item (o' 1) x qf[[ — o B — o y(e—m) 18] e I} reflects the rever-
beration output effect produced by the spillover effect among type i industries.
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The second factor of formula (9) can be decomposed as follows:

v(e—m)~' x [0(A3, Y5 + Y3) + Y| + 0(AnY, + Y3(4Y;
= [v(e=m) '8+ 0] AnYz + [y(e=m) O + 0] Vs +v(e—m) 'Y, + Y,

= T, T T]x|/ (12)

Y3

Observing formula (12), the four exogenous shocks of Y;, Yj, Y, and Y3 all affect
X;, but only Y; is directly influenced by the multiplier (7; is 1), which is shown in
formula (11).

In the same way, solving the equations involved in formula (7) obtains

-1

Xj=[e—n—8(a—p)"
X {6(0‘_13)71 X [@(A3 Yy + Y3) + Yi] + 0(A5 Y, + Y3) + Y;} (13)

The second factor of formula (13) can be rewritten as follows:

8(0—B) " X [@(A3, Y2 + Y3) + Vi + 0(A5, Y, + Y3) + Y;
= [3(a—B) "0+ 0]AnYs + [3(a—B) '@ + 0] Y3+ 8(a—B) Vi + Y, (14)

Then, the output impact of injections of type i industries (Y;) on type j industries
is as follows:

T x3(a—B) T x V; (15)

X; = [e=n—8(a=p)""]

Formula (15) shows that injections of type i industries (Y;) produce output impacts

within type i industries first (i.e, (a—B) ") and then affect X; through two compo-

nents: the intermediate input of type j industries to type i industries (A;;) and the

induced impact of type i industries on type j industries (i.e., Aj3(I—A33)71A32A2,').
The first factor of formula (15) can also be decomposed as follows:

[e—m—8(a—B) 'y =1+ (') + {[1 —e - '8(a-p) 1y - 1}
+ (e71=TI) x {[I —gn— 8_18(0L—[3)_1V]_1 - I}
(16)

The four terms in formula (16) represent the direct, indirect, spillover, and rever-
beration output effects of injections of type i industries on type j industries.

Thus far, after type i industries are subjected to exogenous shocks, the output
impacts of all levels on all industries are as follows:
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1. Direct effect

AY; }

AX; _
AXdirect = [ij]direct = |:6(('X—[3)_1 % AY, (17)

2. Indirect effect

AX; (a™'=I) x AY;
AXindirect = |:AX :|ind,-,ed = l( ‘| (18)

j e 1=I) x §(a—B) " x AY;

3. Spillover effect

AX;
AAXspillover = AX.
] spillover

{[I —a p— oc‘ly(s—n)_léi]_l - I} x AY;
- (19)
{[I e — e 18(a—p) Y] - I} x 8(a—P) " x AY;

4. Reverberation effect

AX == '
reverberate AX
)

L reverberate

_ (0 1—1) x {[I—oﬁlﬁ—orly(s—n)flﬂil —I} x AY;

(e71-1) x { [I—e'n —8718(O£—B)71’Y]71 —I} x 8(a—P) " x AY;
(20)

The specific meanings and influencing factors of direct, indirect, spillover and
reverberation effects are shown in Table 1, and the specific impact mechanism is
illustrated in Figure 1.

2.3. Decomposition of value-added and employment multipliers

Let diag(Cys) denote the diagonal matrix of the value-added coefficient of each
industry, obtained by dividing the value added of each industry by its total output in
the IO table. Then, the value-added impact at all levels of exogenous shocks of type i
industries on all industries can be calculated as follows:

T
AVAy = diag(AVA), = {2;’] x diag(Cya) 1)
J 1k

where k represents ‘direct’, ‘indirect’, ‘spillover’ or ‘reverberation’, denoting direct,
indirect, spillover or reverberation effects, respectively.
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Table 1. The specific meaning and influencing factors of four effects.

Type i industries

(industries Type j industries
affected directly) Influencing factors (other industries) Influencing factors
Direct effect Direct impact of Industrial The total impact on The 10 relationship
injections on type distribution of type i industries between type i
i industries exogenous shocks directly impacts and type j
the output of industries,
type j industries distribution of
factor
compensation,
institutional
income and
expenditure
structure
Indirect effect Indirect impact 10 relationship The indirect impact 10 relationship
caused by among within type among
injections within subindustries j industries subindustries
type i industries within type within type
i industries j industries
Spillover effect Reduced effect of 10 relationships Reduced effect of 10 relationships
injections into among all the direct effects among all
type i industries industries, on type j industries,
on all industries distribution of industries on distribution of
factor all industries factor
compensation, compensation,
institutional institutional
income and income and
expenditure expenditure
structure structure
Reverberation effect ~ Further impact of 10 relationship Further impact of 10 relationship
spillover effect among spillover effects among
within type subindustries within type subindustries
i industries within type j industries within type
i industries j industries

Source: Authors’ estimation.

DE ij industry j1 industry
Exogenous
. ; IE ® | RE IE @ RE
tmpac i, industry j» industry

Type i Type j

Institutional

Factor

compensation income

Figure 1. Mechanism underlying the four effects.

DE: Direct effect, IE: Indirect effect, SE: Spillover effect, RE: reverberation effect.
@IO relationship @Primary distribution ®Secondary distribution

@Institutional expenditure (consumption and investment)

Source: Authors’ estimation.
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Similarly, let diag(Cg) denote the diagonal matrix of the employment coefficient in
each industry, obtained by dividing the number of employees in each industry by its
total output. Then, the employment impact at all levels of exogenous shocks of type i
industries on all industries can be calculated as follows:

T
x diag(Cg) (22)

AEy = diag(AE), = {AX
k

)
The meaning of k is the same as in formula (21).

3. Data
3.1. Tourism and nontourism sector division

As mentioned above, the tourism industry is a comprehensive industry that provides
a variety of products and services; there has been ongoing debate regarding how to
properly count the output, value added and employment of this industry in the
national income accounting system. To solve this practical problem, the United
Nations (UN), the World Tourism Organization (UNWTO), the Statistical Office of
the European Communities (Eurostat), and the Organization for Economic
Cooperation and Development (OECD) jointly compiled the ‘Tourism Satellite
Account: Recommended Methodological Framework 2008 (TSA: RMF2008) in 2010,
and this document clearly states:

A tourism industry represents the grouping of those establishments whose main activity is
the same tourism characteristic activity. (TSA: RMF2008, p.25)

The specific tourism activities include 12 types, as shown in the second column of
Table 2, and we map these 12 types of tourism-specific activities to the industries in
China’s Input-Output Tables (2017). We merge some of these activities because the
current available statistical data in China do not allow the proportion of tourism
expenditure in each establishment to be obtained. For example, we can obtain the
transportation expenditure of domestic or inbound tourism, but we cannot identify
the proportion of transportation expenses in the subdivided form.

Therefore, when studying the economic impacts of COVID-19 through its impacts
on domestic tourism, this article sets 5 industries — wholesale and retail trade; trans-
portation, storage and post; accommodation; food and beverage services; and culture,
sports and entertainment - as being within the tourism sector and the remaining 38
industries as being in the nontourism sector. When studying the impacts of COVID-
19 from inbound tourism, the telecommunication, software and information technol-
ogy service industry is considered a supplement to the tourism sector. The reason for
this differentiated treatment is the difference in the availability of data on the expend-
iture distribution of domestic and inbound tourism in statistical data. Since the pro-
portion of travel agencies and other reservation services expenditure is not available,
we have to classify leasing and business services activities within the nontourism
industry. From this perspective, the results in this article will be underestimated to a
certain extent. Expenditure on travel agencies and other reservation services is
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Table 2. List of categories of characteristic tourism activities and their corresponding industries
in China.

No. Activities Corresponding industries

1. Accommodation for visitors Accommodation

2. Food- and beverage-serving activities Food and Beverage Services

3. Railway passenger transport Transportation, storage and post
4. Road passenger transport

5. Water passenger transport

6. Air passenger transport

7. Transport equipment rental

8. Travel agencies and other reservation services activities Leasing and business services

9. Cultural activities Culture, sports, and entertainment
10. Sports and recreational activities

11. Retail trade of country-specific tourism characteristic goods Wholesale and retail trade

12. Other country-specific tourism characteristic activities NA

NA = not applicable. Sources: TSA — RMF2008, 2017 Input — Output Tables of China.
Source: Authors’ estimation.

classified as ‘other expenditure’, which accounts for a relatively small proportion of
domestic and inbound tourism expenditure over the years, and so the underestima-
tion will not be significant.

3.2. Compilation of the 2017 Chinese SAM

Based on China’s 2017 IO tables, combined with the corresponding year’s China
Statistical Yearbook, Finance Yearbook of China, China’s Balance of Payments and
Date of Flow of Funds of China and other statistical data, we first compiled the
Macro-SAM 2017 (shown in Appendix A.l1). The matrix includes 10 accounts:
Commodities, Activities, Labor, Capital, Households, Enterprises, Government,
Savings-Investment, Inventory, and Rest of the World. Then, the Commodities and
Activities accounts are further divided to obtain the subdivided SAM 2017 as follows.
Based on the Chinese IO tables (2017) with 149 and 42 accounts, we compiled 10
tables with 43 accounts. In this table, the ‘Accommodation and Catering’ account is
split into two accounts: accommodation and food and beverage services. The reason
for this treatment is that the two accounts are both important subindustries of the
tourism sector, as each accounts for a large proportion of tourism expenditure.
Therefore, the Commodities and Activities accounts are both 43 x 43, and the subdi-
vided SAM is 94 x 94.

In China’s SAM 2017, we set 6 accounts — Commodities, Activities, Labor, Capital,
Households, and Enterprises — as endogenous accounts and the other 4 accounts as
exogenous accounts.

3.3. Direct impact of COVID-19 on the tourism industry and its distribution

As shown in Table 3, affected by the epidemic, China’s domestic and inbound tour-
ism revenue dropped sharply in 2020, especially that of inbound tourism, which
dropped by as much as 87.1%. To determine the specific industrial distribution of the
decline in domestic tourism revenue, we obtained the composition of each trip of
domestic casual tourists of urban and rural residents from the ‘Tourism Sample
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Table 3. China’s decline in tourism revenue in 2020.

Revenue in 2020 Revenue in 2019 Decline in 2020
Domestic tourism 2.23 (CNY x 10%) 5.73(CNY x 10'%) 61.1%
Urban residents 1.80 (CNY x 10') 475(CNY x 10'3) 62.2%
Rural residents 0.43 (CNY x 10") 0.97(CNY x 10"%) 55.7%
Inbound tourism 170 (USD x 10°) 1,313(USD x 10°) 87.1%

Source: The data for 2019 come from the ‘China Statistical Yearbook of Culture, Relics and Tourism 2020’; the
domestic tourism revenue data for 2020 come from the Ministry of Culture and Tourism, PRC, ‘Domestic Tourism
Data in 2020" (http://zwgk.mct.gov.cn)/zfxxgkml/tjxx/202102/t20210218_921658.html), February 18, 2021; and the
2020 inbound tourism revenue data come from the Data Center of the Ministry of Culture and Tourism, PRC, ‘China
Tourism Economic Blue Book (No. 13)".

Table 4. Per capita expenditure of domestic residents per trip (%).

Transportation Accommodation Food and beverage Shopping Scenic tour Other

Urban resident 36.3 17.5 229 12.7 5.4 52
Rural resident 34.9 12.6 25.2 14.8 4.8 7.7

Source: ‘Tourism Sample Survey Data 2018" by Ministry of Culture and Tourism, PRC.

Survey Data 2018 of the Ministry of Culture and Tourism, PRC, as shown in
Table 4.

From the website of the National Bureau of Statistics of China, we can obtain
inbound tourism revenue for each category in 2019 and then divide it by the total
revenue of inbound tourism to obtain the composition of the inbound tourism rev-
enue for the year. Inbound tourism revenue is derived from expenditures on long-dis-
tance transportation, accommodation, food and beverage services, sightseeing,
entertainment, commodity purchases, intracity transportation, post and telecommuni-
cations and other services, and the percentages of the revenue from these categories
are 30.62%, 15.27%, 12.22%, 4.47%, 3.37%, 23.08%, 2.63%, 0.57% and 7.76%, respect-
ively. Decomposing the decline in domestic and inbound tourism revenue in 2020
according to the tourism revenue structure of each type, we can obtain the industrial
distribution of tourism revenue decline in 2020, as shown in Table 5.

3.4. Value-added and employment coefficients

The industrial value-added coefficient can be directly calculated by dividing the value
added of each industry by its total output in the IO table (2017). The employment
coefficient is calculated as follows. First, the labour compensation data of each indus-
try are obtained from the IO tables (2017). Second, the per capita annual salary of
urban enterprises in each industry in 2017 is obtained from the ‘China Labor
Statistical Yearbook 2018’, where some industries need to merge to be consistent with
the industry division of the IO table (2017). Third, the labour compensation of each
industry obtained in the first step is divided by the per capita annual salary in the
corresponding industry obtained in the second step to obtain a preliminary estima-
tion of the number of employees in each industry. Fourth, we sum the estimated
industrial employment data according to the three industries. The number of employ-
ees in the primary industry is directly replaced by the corresponding number in the
‘China Labor Statistical Yearbook 2018’, and the numbers of employees in the sec-
ondary and tertiary industries reported in the ‘China Labor Statistical Yearbook 2018’
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Table 5. Industrial distribution of tourism revenue decline in 2020.

Domestic tourism (CNY x 10°) Inbound tourism
Urban resident Rural resident Total usD x 10° CNY x 10°
Transport, storage 10,708.5 1,884.6 12,593.1 380.06 2,621.43
and post
Accommodation 5,162.5 680.4 5,8429 174.59 1,204.24
Food and 6,755.5 1,360.8 8,116.3 139.69 963.50
beverage services
Wholesale and retail trade 3,746.5 799.2 4,545.7 263.84 1,819.81
Culture, sports and 1,593 259.2 1,852.2 89.58 617.87
entertainment
Telecommunication, NA NA NA 6.51 44.90
software and
information

Technology service

Notes:

® The decline in inbound tourism revenue denominated in CNY is obtained by multiplying the decrease in USD by
the 2020 annual average exchange rate of USD/RMB, which is 6.8974 and comes from the National Bureau of
Statistics, PRC.

@ Regardless of the composition of revenue from domestic tourism or inbound tourism, since it is not clear which
industries are involved in ‘other revenue’, this part of revenue is ignored here.

Source: Authors’ estimation.

are divided by the respective estimated values of the two industries in the third step.
Thus, we can obtain the conversion coefficients of employment in the secondary and
tertiary industries. Finally, the conversion coefficients calculated in the fourth step are
multiplied by the estimated value of each industry (calculated in the third step). The
final estimated number of employees in each industry is then obtained.

4, Results
4.1. Output impact of COVID-19 from China’s tourism sector

4.1.1. Output impact of COVID-19 from domestic tourism

The output impacts of COVID-19 from domestic and inbound tourism in 2020 are
shown in Appendix A.2. The total output impact from domestic tourism on (the first
5 industries of) the tourism sector is approximately CNY 4.79 trillion, of which the
direct, indirect, spillover and reverberation effects are CNY 3.3 trillion, CNY 429.4
billion, CNY 947.4 billion, and CNY 120.7 billion, respectively, which shows that the
output impacts from domestic tourism on the tourism sector mainly take the form of
direct and spillover effects. From the perspective of the total output impact, the trans-
portation industry has suffered the most compared to other industries, approximately
CNY 1.95 trillion, followed by the food and beverage services industry and wholesale
and retail trade industry, each approaching CNY 1 trillion.

The total output impact on the nontourism sector (the last 38 industries) of
COVID-19 from domestic tourism is approximately CNY 8.13 trillion, of which the
direct, indirect, spillover and reverberation effects are approximately CNY 2.21 tril-
lion, CNY 2.69 trillion, CNY 1.4 trillion, and CNY 1.82 trillion, respectively, which
shows that the direct and indirect effects on the nontourism sector are greater than
those on the tourism sector. From the perspective of total effects, the food and
tobacco, agriculture, chemical, finance, leasing and business services, and real estate
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industries are the most affected. The total output impact of these six industries is
approximately CNY 4.38 trillion, which is more than 50% of the total output impact
on the nontourism sector.

4.1.2. Output impact of COVID-19 from inbound tourism

Since inbound tourism has been affected by COVID-19 in 2020, the total output
impact on the tourism sector (the first 6 industries) is approximately CNY 1.09 tril-
lion, of which the direct, indirect, spillover and reverberation effects are approxi-
mately CNY 727.2 billion, CNY 106.7 billion, CNY 225 billion, and CNY 34.9 billion,
respectively. The impacts mainly take the form of direct and spillover effects. From
the perspective of the total effects, the transportation industry has suffered the most
output impact, with approximately CNY 410.1 billion, followed by wholesale and
retail trade, with approximately CNY 284.9 billion. This finding shows that since the
IO relationships among subindustries in the tourism sector, the distribution of factor
compensation and the income and expenditure structures of the institutional sectors
all remain unchanged, the relative positions of the indirect effects, spillover effects
and reverberation effects in the tourism industry remain basically unchanged.
However, due to the different expenditure structures between inbound and domestic
tourism, the output impact of COVID-19 from inbound tourism on the wholesale
and retail trade industry is ranked higher.

The total output impact of inbound tourism brought about by COVID-19 on non-
tourism industries (the last 37 industries) is approximately CNY 1.69 trillion, of
which the direct, indirect, spillover and reverberation effects are approximately CNY
462.7 billion, CNY 549 billion, CNY 295.4 billion and CNY 378.6 billion, respectively.
Similarly, this shows that the direct and indirect effects on nontourism industries are
relatively greater than the other effects. From the perspective of the total effects, the
food and tobacco, agriculture, chemical, finance, leasing and business services, and
real estate industries are the most affected. The total output impact on these six
industries due to COVID-19 inbound tourism is approximately CNY 904.9 billion,
which is more than 50% of the that on nontourism industries.

4.2. Value-added impact of COVID-19 from China’s tourism sector

4.2.1. Value-added impact of COVID-19 from domestic tourism
As shown in Appendix A.3, since the domestic tourism industry has been affected in
2020, the total value-added impact of the tourism sector (the first 5 industries) is
approximately CNY 2.26 trillion, of which the direct, indirect, spillover and reverber-
ation effects are approximately CNY 1.49 trillion, CNY 217.3 billion, CNY 492.6 bil-
lion and CNY 59.2 billion, respectively. From the perspective of the total effects,
transportation (approximately CNY 881.5 billion) and wholesale and retail trade
(CNY 638.9 billion) have been the industries most severely affected. The total value-
added impact of these two industries is approximately CNY 1.52 trillion, accounting
for 67% of the total value-added impact on the tourism sector.

The total value-added impact of domestic tourism on the nontourism sector is
approximately CNY 3.02 trillion, of which the direct, indirect, spillover and
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reverberation effects are approximately CNY 861.6 billion, CNY 989.4 billion, CNY
542.4 billion and CNY 625.9 billion, respectively, which shows that the four levels of
value-added impacts on the nontourism sector are relatively evenly distributed. From
the perspective of the total effects, the agriculture, finance, real estate, food and
tobacco, chemical, and leasing and business services industries are those that are
most affected. The total value-added impact of these six industries is approximately
CNY 1.837 trillion, accounting for 57.53% of the value-added impact on the nontour-
ism sector.

4.2.2. Value-added impact of COVID-19 from inbound tourism

Since inbound tourism has been affected in 2020, its value-added impact on the tour-
ism or nontourism sectors at each level is not much different from the impact of
domestic tourism in terms of structure and ranking. The significant difference is that
in the value-added impact of inbound tourism on the tourism industry, food and
beverage services suffer fewer impacts at all levels, mainly due to differences in
expenditure structure between domestic and inbound tourism. From the perspective
of the total value-added impact, in the tourism sector, the wholesale and retail trade
and the transportation industries have been harder hit. These two industries account
for 68.8% of the total value-added impact of the tourism industry, while in the non-
tourism sector, the agriculture, finance, real estate, food and tobacco, chemical, and
leasing and business services industries are the most severely affected. The total
impact of these six industries is approximately CNY 383.881 billion, accounting for
61.74% of the value-added impact of the nontourism sector.

Regardless of whether domestic or inbound tourism is impacted, the ranking of
the value-added impacts on all industries at various levels is different from that of
the output impacts at the corresponding levels. The reason for this is that when we
calculate the value-added impact at all levels, in addition to the factors listed in Table
1, the results are also affected by the value-added coefficients of all industries.

4.3. Employment impact of COVID-19 from China’s tourism sector

4.3.1. Employment impact of COVID-19 from domestic tourism
As shown in Appendix A.4, since the domestic tourism industry was impacted in
2020, the total employment impact on the tourism sector (the first 5 industries) is
approximately 23.02 million employees, of which the direct, indirect, spillover and
reverberation effects are approximately 16.24 million, 1.82 million, 4.46 million and
0.5 million, respectively. This finding shows that the direct and spillover effects are
relatively greater than the other effects. In terms of the total employment impact, the
transportation, food and beverage services, wholesale and retail trade, and accommo-
dation industries have been severely yet uniformly affected. The total employment
impact of these four industries is approximately 21.8 million employees, accounting
for 94.69% of the total employment impact on the tourism sector.

Since the domestic tourism industry has been impacted, the total employment loss
of the nontourism sector (the last 38 industries) is approximately 32.73 million, of
which the number of direct, indirect, spillover and reverberation effects are
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approximately 7.89 million, 11.93 million, 5.997 million and 6.915 million, respect-
ively, which shows that among the four levels of employment impacts suffered by
nontourism industries, the indirect effect is more significant, while the other three
effects are relatively close. Compared with the output and value-added impacts on the
real estate and chemical industries at all levels, the employment impacts on these two
industries are lower. The reason for this is that the employment coefficient of these
two industries is relatively small (see appendix A.5 for specific values and rankings).
In terms of total employment impact, the agriculture, leasing and business services,
finance, food and tobacco, and services to households, repair and other services have
suffered the most. The total employment impact of these five industries is approxi-
mately 24.82 million employees, accounting for 75.83% of the employment impact
suffered by the nontourism sector.

4.3.2. Employment impact of COVID-19 from inbound tourism

Since inbound tourism has been affected by COVID-19 in 2020, by comparing the
employment impact on the tourism sector and nontourism sector at all levels with
that caused by the domestic tourism industry, the following significant differences are
found. First, among the subindustries of the tourism sector, the wholesale and retail
trade industry endures the most direct effects, while the employment impact on the
food and beverage services industry is weaker. The reason for this is that inbound
tourists spend a larger proportion of their total expenditure on shopping while spend-
ing a smaller proportion on food and beverage services. Second, from the perspective
of the total employment impact, within the tourism sector, the wholesale and retail
trade, transportation and accommodation industries are the most affected. Compared
with the total employment impact from domestic tourism, the industrial structure is
different. For the nontourism sector, the industrial distribution of employment
impacts from inbound tourism at all levels is approximately the same as that from
domestic tourism. The agriculture, leasing and business services, finance, services to
households, repair and other services, and food and tobacco industries are the most
severely affected. The total employment impact of these five industries is approxi-
mately 4.9 million employees, accounting for 74.67% of the employment impact on
nontourism industries from inbound tourism.

4.4. Comparison with traditional SAM calculation results

Table 6 lists the output, value-added, and employment impacts of domestic and
inbound tourism on the tourism and nontourism sectors at various levels, calculated
based on the new method, where we find that due to the impacts of COVID-19 in
2020, domestic and inbound tourism have been affected directly by approximately
CNY 3.3 trillion and CNY 727.2 billion, respectively; the total output, value-added
and employment impacts of COVID-19 from domestic tourism are CNY 12.92 tril-
lion, CNY 5.28 trillion, and 55.75 million employees, respectively; and those from
inbound tourism are CNY 2.78 trillion, CNY 1.17 trillion, and 11.7 million employ-
ees, respectively. Therefore, domestic tourism is the main type of tourism that has
been impacted. For the tourism sector, the direct and spillover effects of domestic
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Table 7. The total impacts calculated by the traditional SAM multiplier calculation method.

Total impact of domestic tourism Total impact of inbound tourism
expenditure decline expenditure decline

Output Value added  Employment Output Value added  Employment
(CNY x 10%)  (CNY x 10°)  (10% person)  (CNY x 10°)  (CNY x 10°)  (10* person)

Transportation 47,826.39 19,764.76 1,687.11 9,955.72 4,114.31 351.20

Accommodation 23,652.75 9,631.31 1,153.19 4,874.89 1,985.04 237.68

Food and 34,808.14 13,556.75 1,825.83 4,321.12 1,609.34 216.75
beverage services

Wholesale and 14,535.51 7,124.56 643.12 5,819.10 2,852.22 257.46
retail trade

Culture, sports and 7,196.81 3,086.35 308.65 2,400.76 1,029.57 102.96
entertainment

Telecommunication, NA NA NA 160.31 447.79 498
software and
information
technology service

Total 128,019.59 53,163.73 5617.89 27,342.89 12,038.26 1,171.02

Source: Authors’ estimation.

and inbound tourism are relatively higher. For nontourism industries, in addition to
the direct impact from the tourism sector, the indirect impact is also relatively great.

Additionally, based on the industry distribution data of tourism revenue decline in
Table 5, we adopted the traditional SAM multiplier decomposition method shown in
formula (5) to calculate the total output, value-added and employment impacts on
the tourism sector, the results of which are shown in Table 7.

Comparing the results in Table 7 with those in Table 6, it is not difficult to note a
certain contradiction: the total output result of the traditional calculation is slightly
less than that calculated by the new method, while its total value-added and employ-
ment results are slightly higher. This seemingly contradictory result can be explained
by observing Appendix A.5.

In Appendix A.5, the total output impact calculated by the traditional method for
industries No. 1-10 is higher than that calculated by the new method, industries No.
11-27 show the opposite results, and the results calculated by the two methods for
industries No. 28-43 show little difference. It can be observed that the value-added
and employment coefficients of the top 10 industries are relatively high, while those
of the middle 17 industries are relatively low. Therefore, although the total output
impact calculated by the traditional method is approximately 1% lower than that of
the new method, because the value-added and the employment coefficients of various
industries play important roles, it is reasonable that the value-added and employment
impacts calculated by the traditional method are higher than those of the
new method.

5. Conclusions

This paper develops a new SAM-based multiplier calculation and decomposition
method, divides all industries into two major industrial sectors — the tourism sector
and the nontourism sector — and calculates the output, value-added and employment
impacts of COVID-19 from domestic and inbound tourism in China in 2020. We
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decompose all types of impacts into direct, indirect, spillover, and reverberation
effects, the main conclusions of which are as follows.

5.1. Overall conclusions of the impacts

In 2020, due to the impacts of COVID-19, the direct impacts that domestic and
inbound tourism endured are approximately CNY 3.3 trillion and CNY 727.2 billion,
respectively. The total output, value-added, and employment impacts from domestic
tourism are CNY 12.92 trillion, CNY 5.28 trillion and 55.75 million employees,
respectively. The output, value-added and employment impacts caused by inbound
tourism are CNY 2.78 trillion, CNY 1.17 trillion and 11.7 million employees, respect-
ively. Domestic tourism is mainly affected.

Affected by COVID-19, in terms of the output, valued-added, and employment
impacts from domestic and inbound tourism on the tourism sector, direct and spill-
over effects are more significant compared to the other types of effects. Regarding the
corresponding impacts on the nontourism sector, the direct and indirect effects are
greater. According to the meaning of the different levels of effects in Table 1, this
implies that COVID-19 will have a significant impact on the tourism sector in both
the short term and long term, while its impact on the nontourism sector will be
mainly limited to the short term.

Regardless of whether they come from domestic or inbound tourism, in terms of
the output, value-added and employment impacts on the tourism and nontourism
sectors, some industries that have been severely affected can always be found. These
industries should be the focus of our response to these impacts on tourism. Due to
its different tourism expenditure structure compared to that of domestic tourism,
inbound tourism has a relatively low impact on the food and beverage services indus-
try, while its impact on the wholesale and retail trade industry is more significant.

5.2. Policy implications

There are at least two policy implications that arise from the identification of the key
industries at four levels: First, when we respond to the effects on China’s economy
from COVID-19’s impact on tourism during different stages of the epidemic, the key
industries should also be determined differently. Specifically, when the epidemic is
still spreading, the tourism sector is still being severely affected. The focus should be
on the industries most affected, both directly and indirectly. This is because the direct
and indirect impacts are mainly short-term. As the epidemic is gradually brought
under control and the tourism sector is gradually recovering, the focus of the
response should be shifted to those industries with more serious spillover and rever-
beration effects. The reason is that the economy needs to go through a complete cycle
before these two types of effects begin to emerge.

Secondly, when we respond to the effect on China’s economy from COVID-19’s
impacts on tourism, employment goals should be given higher priority. In terms of
the impacts on output, value added and employment, the ranking of different indus-
tries differs across the four levels. After aggregating the total effect on all industries
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from domestic and inbound tourism, we find that the total effects on output, value-
added and employment are CNY15.70 trillion, CNY 6.45 trillion and 67.45 million
employees, respectively. In 2017, China’s total output, value-added and employment
were CNY 225.77 trillion (Source: China’s 2017 IO tables), CNY 83.09 trillion
(Source: National Bureau of Statistics of China) and 760.58 million employees
(Source: National Bureau of Statistics of China). Thus, the total output, value-added
and employment effects across all industries are equivalent to 6.95%, 7.76% and
8.87% of the corresponding total value in China in 2017. It is obvious that employ-
ment has been affected the worst due to the labour-intensive nature of the tourism
industry. Therefore, during all stages of the epidemic, the response should prioritize
the employment goals, which would facilitate the sustainable recovery of the tourism
sector and the entire economy.

5.3. Conclusion-related calculation method

Based on the same data, the output, value-added and employment impacts calculated
by the traditional SAM method and the new method developed in this paper show
very few differences in terms of the total amounts, which can be mutually confirmed
and tested. The implication here is that when multiple industries are subject to
exogenous shocks simultaneously, as long as the quantitative shocks can be decom-
posed into these industries, according to the traditional SAM calculation method, by
calculating the economic impact of each industry directly affected one by one first
and then adding them up, there is no double counting problem.

From this finding, an inference can be drawn: if only one subindustry (such as the
travel agency industry) of the tourism sector is chosen as the initial impact point to
estimate the economic impact rather than multiple industries that are simultaneously
impacted, then the impacts of all aspects are significantly underestimated. Therefore,
this approach should not be adopted in future research.

Compared with the calculation results of the traditional SAM method based on the
same data, we estimate a significantly different industrial structure. From the perspec-
tive of total impacts, the output result of the traditional calculation is slightly less
than that calculated by the new method, while its value-added and employment
results are slightly higher. The implication of this seemingly contradictory result is
that when we estimate the economic impact of multiple industries simultaneously
affected by exogenous shocks, these industries should be treated as a whole to partici-
pate in calculation jointly; otherwise, we obtain the incorrect industrial structure of
the associated impacts.

This paper only develops a new SAM-based multiplier calculation and decompos-
ition method for the case in which multiple industries are affected by the same shock
simultaneously. The SAM-based multiplier calculation assumes that prices and all
income and expenditure coefficients are constant, and the same is true of the method
in this article. Therefore, the method needs to evolve in terms of flexibility and dyna-
mism to improve its predictive capabilities, although this method is still applicable
when studying the effects of an exogenous impact on the characteristics of the indus-
trial structure.
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