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Seafood industries of Busan in South Korea have currently suffered a notable

decline in both regional output and value-added unlike the production growth in

the past. In this situation, this study tries to evaluate the economic contribution of

Busan’s seafood industries using the hypothetical extraction method (HEM), a

well-established technique that has rarely been applied in fisheries contexts.

Also, this study is a rare attempt to utilize the theoretically rigorous HEM to

quantify the economic contribution of seafood industries within the SAM

framework, addressing the limitation of IO models that do not consider

distributional effects. The results showed, among others, that Wholesale Trade

and Transportation Services are key industries for fishery managers and

policymakers to recognize, as the economic contribution of the seafood

industries to these sectors account for a large share of the regional economy

due to their strong direct and total linkages. Interestingly, this study also

discovered that the seafood industries make substantial contributions to

several unexpected industries compared to their direct contributions, such as

Real Estate & Leasing and Health & Social Services, due to accounting for the

distributional effects captured in the SAM model.
KEYWORDS

economic contribution, hypothetical extraction method, input-output model, seafood
industries, social accounting matrix model
1 Introduction

Busan is one of the regions in South Korea where the seafood industries are well

developed. In 2023, fisheries production (all raw fish species traded in local fish market) in

Busan accounted for 12.3% (561 billion KRW) of the national total (4,548 billion KRW)

(National Federation of Fisheries Cooperatives, 2024). In the same year, the region ranked
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first in the nation for fishing capital (vessel gross tonnage of 231,645

tons), the quantity of seafood processing (407,792 tons).

Although Busan’s seafood industries still account for a

significant portion of the nation’s total seafood production, their

status has been deteriorating. Figure 1 shows that wild capture

fishery production (all landed species inside and outside fish

market) in Busan has steadily decreased from 381,212 tons in

2000 to 238,845 tons in 2023 (Ministry of Ocean and Fisheries,

2024). This decline could be directly attributed to (i) the depletion

of major commercial fish stocks from global warming, such as

mackerel (Hong and Kim, 2021; Seung et al., 2024) and overfishing,

(ii) intense competition in the global seafood market (Ahmed,

2006), (iii) trade barriers such as tariffs (Kim and Yang, 2008),

and weakening fishing capacity (Lee and Cheong, 2013).

In the last decade (2010-2020), the share of total regional output

from the seafood industries in Busan, encompassing both upstream

and downstream sectors, dropped from 16.01% to 7.62%, as

represented in Figure 2 (Busan Metropolitan City Fisheries

Industry Statistics, 2023). Here, upstream (backward) sectors refer

to industries that supply inputs to seafood industries while

downstream (forward) sectors purchase inputs from seafood

industries (Seung and Kim, 2020; Miller and Blair, 2009). The

former includes fish box or fishing net manufacturer, whereas the

latter involves seafood restaurants. The reduction in output from

both the seafood industries and related sectors may have led to

significant negative economic impacts on the broader economy of

Busan. Given the deteriorating condition of Busan’s seafood

industries, fishery managers and policymakers are increasingly

concerned about the economic contributions of these industries

and how to improve them. To develop effective policy instruments

that overcome these challenges and mitigate their negative

economic impacts, fishery managers and regional policymakers

require a deeper understanding of the economic contributions of

the seafood industries.

A widely used tool for analyzing the economic impacts of changes

in an industry or the industry’s economic contribution to a region or
Frontiers in Marine Science 02
country is the input-output (IO) model (Clouse et al., 2023). This

model calculates economic impacts (or contributions) based on the

interrelationships among various industries, generating multipliers. At

this juncture, it is important to distinguish between economic impact

analysis and economic contribution analysis. There are two types of

analyses that can be performed using economic impact models, such as

Input-Output (IO) and Social Accounting Matrix (SAM) models,

which are also known as fixed-price models. These analyses are

economic impact analysis and economic contribution analysis.

Economic impact analysis is an ex-ante analysis that typically

examines changes in sales, value-added, and employment resulting

from a change in final demand. In contrast, economic contribution

analysis is an analysis that measures the current status of an industry

(or industries) and quantifies its role or importance in an economy.

This paper conducts an economic contribution analysis. It is important

to note that economic impact models cannot compute the welfare

effects because they do not account for the substitution effects in

production and consumption due to their fixed-price nature. For

welfare analysis, a computable general equilibrium (CGE) model

would be necessary, as it allows prices to be determined endogenously.

Although IO models have been widely used, it has a critical

limitation: it cannot analyze the distributional effects, meaning it

does not consider how income from industries flows to value-added

sectors, households, and regional governments. To address this

limitation, a social accounting matrix (SAM) model, which extends

the IO model, is used. The SAM model incorporates several

institutional accounts, such as households and regional

governments, allowing it to capture distributional effects. For

more detailed discussion of the linkages between institutional

accounts income and their spending in SAM modeling, which are

more accurately captured by treating them as endogenous variables,

see, for example, Holland and Wyeth (1993).

This study assesses the economic contribution of the seafood

industries (Wild Capture Fishery, Aquaculture, and Seafood

Processing sectors) in Busan using the hypothetical extraction

method (HEM). HEM measures the impact on a country’s or
FIGURE 1

Fish production from wild capture fishery and aquaculture in Busan from 1970 to 2023.
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region’s total output resulting from the hypothetical removal of an

industry (or a set of industries) within an economic impact model,

such as an input-output (IO) model. When an industry is removed

from the economy, its purchases of intermediate inputs will cease

(backward linkage), and its sales to other industries will also be

eliminated (forward linkage), resulting in an economy-wide

decrease in production. The total decrease in the economy’s

output is calculated as the difference between the total output

before and after the industry’s removal, providing a measure of

the contribution (role or importance) of the industry to

the economy.

By using HEM within a regional SAM modeling framework,

this study has several advantages over many previous contribution

studies. First, this study overcomes the limitations associated with

traditional IO models by employing a SAM model. Second, this

study employs HEM, a well-established method for measuring an

industry’s contribution within the regional economic analysis

literature (Kay et al., 2007). However, this method based on

SAM is rarely applied to the fishery sector and its result will

represent more comprehensive economic importance than that

based on IO such as previous studies in the next paragraph,

especially at the regional level in terms of differences between

local and import contributions. Third, this study disaggregates the

whole seafood sector and related sectors into smaller industries.

These sectors are often presented in a highly aggregated manner in

publicly available data (such as that from the Bank of Korea). By

breaking down these sectors, this study can quantify the economic

contribution of the smaller seafood industries. Finally, but most

importantly, this study identifies a number of non-seafood

industries that policymakers should target to increase the

contribution of the seafood industries.

When it comes to literature reviews regarding the economic

contributions of fisheries and other marine sectors, numerous

studies have been carried out so far. Morrissey and O’Donoghue

(2013) and Lee and Yoo (2014) employed an IO model to assess the

economic contributions of marine sectors, focusing on both

backward and forward linkage effects in Ireland and South Korea,

respectively. Similarly, Garza-Gil et al. (2017) used an IO model to
Frontiers in Marine Science 03
evaluate the economic significance of fishing and aquaculture in

Galicia, Spain, considering their contributions to value-added

and employment.

Other research has adopted a SAM model to address the

limitations of the IO model. For instance, Arita et al. (2011)

applied a SAM model to determine the backward and forward

linkage effects of the fisheries sector within Hawaii’s economy,

examining how income distribution varies based on labor skill

levels. In a recent study, Kim and Seung (2020) investigated the

economic contributions of wild fisheries and aquaculture in

Gyeong-Nam Province, South Korea. They used an adjusted

demand-driven SAM modeling approach, setting regional

purchase coefficients to zero to prevent double counting.

Most previous efforts have separately calculated the backward

and forward linkages to measure economic contributions

(Morrissey and O’Donoghue, 2013; Lee and Yoo, 2014; Arita

et al., 2011; Sigfusson et al., 2013; Wang and Wang, 2019, 2021).

However, when measuring forward linkages, these studies relied on

the Ghosh (1958) model, which has serious theoretical issues if used

as a quantity model (see Oosterhaven, 1988, 1989). In contrast, the

HEM is an established approach (Strassert, 1968; Schultz, 1977;

Miller and Lahr, 2001; Temurshoev, 2009) for quantifying the

economic contribution of an industry or a group of industries.

Despite its wide acceptance, there have been only a few

applications of this method in the fisheries sector (Johansen et al.,

2019; Sakurai and Shibusawa, 2021). However, those applications

were conducted within an IO model. This study is a rare attempt to

employ HEM within a SAM model, providing more accurate

estimates of economic contributions than previous efforts due to

the distributional effects of institutional accounts.

This study is structured as follows. The methods section

describes the structures of Busan SAM model and the HEM. The

data section outlines the data used, enumerates the steps to

disaggregate the seafood industries-related sectors, and describes

how Busan SAM was constructed. The result section presents the

measured economic contributions, followed by discussion, which

offers explanations of the results, including policy implications. The

final section includes conclusions.
FIGURE 2

The share of the seafood industries in total regional output and employment in Busan from 2010 to 2020.
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2 Methods

2.1 Busan SAM model

This study utilizes the Busan SAMmodel (Supplementary Table

S1 in Supplementary Material Appendix), which consists of fifty-

two accounts. This includes forty-four endogenous industry

accounts, five non-industry endogenous accounts, and three

exogenous accounts. The non-industry endogenous accounts

comprise two value-added accounts (labor and capital), as well as

households, enterprises, and regional government. Finally, the

exogenous accounts include the national government, investment

and savings, and trade with external regions.

SAM direct coefficient matrix (S) is derived by dividing

elements in each column in the SAM by its column sum as

shown in Equation 1:

S =

A 0 0 C 0 G

L 0 0 0 0 0

K 0 0 0 0 0

0 Lh 0 0 Kh Tr

0 0 E 0 0 0

Tb 0 0 Th 0 0

2
666666666664

3
777777777775

(1)

where:

A = matrix of technical coefficients.

L = matrix of labor income payment coefficients.

K = matrix of capital income payment coefficients.

Tb = matrix of coefficients representing business tax payments

by industries to regional government.

Lh = matrix of coefficients representing the distribution of labor

income to households.

E = matrix of coefficients representing the distribution of capital

income to enterprise income.

C = matrix of coefficients representing household

consumption demand.

Th = matrix of coefficients representing household payments of

income tax to regional government.

Kh = matrix of coefficients representing the distribution of

enterprise income to households.

G = matrix of regional government demand coefficients.

Tr = matrix of coefficients representing regional government

transfers to households.

Then, the SAM model can be expressed as (Equations 2, 3):

X

VA(L)

VA(K)

IN(H)

IN(E)

IN(RG)

2
666666666664

3
777777777775

= S  

X

VA(L)

VA(K)

IN(H)

IN(E)

IN(RG)

2
666666666664

3
777777777775

+  

ex

eva(L)

eva(K)

ein(H)

ein(E)

ein(RG)

2
666666666664

3
777777777775

(2)
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or

X

VA(L)

VA(K)

IN(H)

IN(E)

IN(RG)

2
666666666664

3
777777777775

= (I − S)−1

ex

eva(L)

eva(K)

ein(H)

ein(E)

ein(RG)

2
666666666664

3
777777777775

(3)

where:

X = vector of regional industry output (endogenous).

VA(L) = vector of labor factor payments (endogenous).

VA(K) = vector of capital factor payments (endogenous).

IN(H) = vector of total household income (endogenous).

IN(E) = vector of total enterprise earnings (endogenous).

IN(RG) = vector of regional government income or

revenue (endogenous).

ex = vector of exogenous demand for regional output.

eva(L) = vector of exogenous labor income payments.

eva(K) = vector of exogenous capital income payments.

ein(H) = vector of exogenous income to households.

ein(E) = vector of exogenous enterprise earnings.

ein(RG) = vector of exogenous income to regional government

including national government transfers and regional government

non-tax revenue.

(I-S)-1 = SAM multiplier matrix.

Here, X, VA(L), VA(K), IN(H), IN(E), and IN(RG) are

endogenous variables while ex, eva(L), eva(K), ein(H), ein(E),

and ein(RG) are the exogenous variables. Once the SAM

multipliers are derived, the change in the endogenous variables

can be computed by multiplying the change in the exogenous

variables by the SAM multiplier matrix.
2.2 Hypothetical extraction method

In input-output (IO) literature, key sectors are defined as

industries that substantially contribute to a regional or national

economy. Numerous key sector analyses have identified which

sectors hold the greatest potential for economic contribution.

Early examples of these analyses include works by Rasmussen

(1956); Chenery and Watanabe (1958), and Hirschman (1958).

Rasmussen (1956) used the Leontief inverse matrix to quantify

total backward and forward linkages, while Chenery and Watanabe

(1958) employed the direct IO coefficient matrix to assess direct

backward and forward linkages. In both instances, the strength of

these linkages was gauged by the column sums and row sums in the

respective matrices. Other studies, such as those by Beyers (1976)

and Jones (1976), used the output distribution matrix from the

Ghosh model (1958) to calculate direct forward linkages and the

Ghosh inverse matrix to determine total forward linkages.

However, to measure the total linkage or the total contribution

of an industry, distinguishing between the backward and forward
frontiersin.org
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linkages is not appropriate (Miller and Lahr, 2001). Rather, a HEM

(Strassert, 1968; Schultz, 1977) is more suitable for measuring the

total contribution of an industry. When HEM was first developed, it

was used to measure the economic contribution of an industry

using the “total linkage” measure.

Some argue that the total linkage should be divided into

backward and forward linkages (Meller and Marfan, 1981; Cella,

1984; Clements, 1990; Dietzenbacher and Linden, 1997). However,

these two linkage measures are subject to a double-counting

problem. That is, the forward linkage effects are present in the

backward linkage measure and vice versa (Temurshoev, 2010).

The total linkage measure in the original HEM (Paelinck et al.,

1965; Strassert, 1968) does not have this problem and is argued to be

“totally adequate” for measuring the economy-wide contribution

(Miller and Lahr, 2001; Temurshoev, 2010). Following the

endorsement by these two studies (Miller and Lahr, 2001;

Temurshoev, 2010), this study uses the original HEM version

based on the Leontief model where the seafood industries are

hypothetically extracted.

The HEM approach calculates the change (decrease) of total

output for each sector in an economy if a specific sector(s) is

eliminated (Miller and Blair, 2009). Technically, this involves

replacing the elements in the row and column for the sector to be

extracted in the direct-input coefficient matrix (A) with zeros and

replacing the element for this sector in the final demand vector (f)

with zero. This yields the new direct input coefficient matrix, �A, and

the new final demand vector, �f . The output after extraction is

derived as �x = ½I − �A�−1�f . Then, the reduction in the total output, or

the economic contribution, is calculated as TL = i0x −   i 0 �x. See
Miller and Blair (2009) for details.

Since this study uses a SAM model, Busan SAM considers the

five non-industry endogenous accounts (labor, capital, enterprises,

households, and regional government) as well as the industry

accounts, as presented in the matrix of Busan SAM in Methods

section. We zero out the column and row elements for both

industry and the five non-industry endogenous accounts in the

original SAM direct coefficient matrix (S), while also zeroing out

their corresponding final demand elements. The multiplier matrix

is now ½I − �S�−1 where �S is the SAM direct coefficient matrix

obtained after the extraction. Also, the post-extraction output

vector �xSAM includes the five non-industry endogenous sectors

(va(L), va(K), in(H), in(E), and in(RG)) as wel l a s the

industry sectors.

Similarly, the new final demand vector includes the five non-

industry sectors (eva(L), eva(K), ein(H), ein(E), and ein(RG)) in

addition to the final demand for industries’ output (ex). Finally, the

economic contribution in the SAM model is computed as TLSAM =

i0xSAM −   i 0 �xSAM. To measure the contribution to the total regional

output, this study considers only that portion of the TLSAM which

shows the changes in the industries’ output.

Due to its theoretical soundness, the HEM approach is widely

used in the literatures (see, for example, Miller and Lahr, 2001;

Temurshoev, 2009) as the most suitable approach for assessing the

total contribution (total linkage). This study represents an

exceptional, especially the first in South Korea, application of this
Frontiers in Marine Science 05
method to fisheries within a SAM framework. This study

hypothet ica l ly extracts the three seafood industr ies

simultaneously, which include Wild Capture Fishery,

Aquaculture, and Seafood Processing. The contribution to the

regional economy is measured in terms of three key variables:

total regional output, total regional employment, and total value-

added (combined labor and capital income).
3 Data

3.1 Multi-regional input-output and non-
industry values

To develop the Busan social accounting matrix (SAM), this

study begins with a multi-regional input-output (MRIO) matrix for

2015 (Bank of Korea, 2020). The MRIO data includes 17 regions,

with Busan being one of them. This MRIO dataset contains

information on the following: (i) inter-industry transactions

within each of the 16 regions; (ii) employee compensation, (iii)

operational surplus, (iv) indirect business taxes, (v) final demand,

which encompasses consumer demand, investment demand,

government demand, and both domestic and foreign exports for

commodities, and (vi) transactions between industries within the

region and those in other regions.

All 16 regions outside of Busan are included in the Rest of the

World (ROW) account, which encompasses the rest of Korea as

well as all foreign countries. The trade flows between Busan and the

ROW are estimated using the MRIO data. To estimate total

government demand, this study first combines government

expenditure and government investment for each commodity in

the Busan IO data. The single government sector in the data is then

divided into two components: national and regional. In this context,

the regional government comprises both the provincial government

of Busan and all lower-level governments, such as those of Gun

and Gus.

To determine the allocation of total government demand for

goods and services between national and regional governments, this

study first subtracts the expenditures of the regional government—

estimated using the Local Finance Integrated Open System (LFIOS)

(Ministry of Public Administration and Security, 2024)—from the

total government demand. This calculation yields the demand for

the national government. Additionally, national government

revenues (such as taxes) and expenditures on items other than

goods and services (for instance, transfer payments) are estimated

using data from the National Tax Service Annual Report (NTSAR)

(National Tax Service of Korea, 2016, which provides data

for 2015).

The information regarding regional government revenue is

sourced from the Annual Local Tax Statistics Report (ALTSR)

(Ministry of the Interior, 2016, for 2015 data) and regional tax

statistics (Busan Metropolitan City Statistics, 2022a, for 2015 data),

which encompass both direct and indirect taxes. Data on

government subsidies and social welfare payments to households

are derived from local finance expenditure statistics (Busan
frontiersin.org
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Metropolitan City Statistics, 2022b, for the year 2015). Moreover,

data on household tax payments to both national and regional

governments was estimated based on the data for 2015 from

NTSAR and ALTSR. The data sources used for constructing

Busan SAM are listed in Supplementary Table S3 in

Supplementary Material Appendix.
3.2 Seafood industries separation and
balancing

Fish production and processing are not categorized as separate

sectors in the 33-sector MRIO dataset. In this dataset, fish

production (Wild Capture Fishery, Aquaculture) falls under

the Agriculture, Forestry & Fisheries Product sector, while

Seafood Processing is classified within the Food & Drink sector.

To separate Wild Capture Fishery and Aquaculture from

the Agriculture, Forestry & Fisheries Product sector, and to

separate Seafood Processing from the Food & Drink sector, this

study used the 165-sector MRIO data for 2015 (Bank of

Korea, 2020).

Additionally, the 170-sector single-region IO (SRIO) table for

Busan (Kim et al., 2012, for 2010) was employed to identify sectors

that have strong backward and forward linkages to the seafood

industries. Specifically, the respective intermediate input use ratios

for the smaller seafood and related sectors (Wild Capture Fishery,

Aquaculture, Fishing Net & Rope, Wholesale Trade, and Retail

Trade) and other sectors estimated from the 2010 SRIO data were
Frontiers in Marine Science 06
used for disaggregating the aggregate sectors in the 2015 MRIO data

as in Kim and Seung, 2020. Consequently, the final number of

industries included in Busan SAM model is 44 (Supplementary

Table S2 in Supplementary Material Appendix). For more details,

see Table 1 and Supplementary Table S4 in Supplementary Material

Appendix. The Busan SAM (Supplementary Table S1 in

Supplementary Material Appendix) was constructed using the

estimated data above.

To balance the SAM that still has empty cells due to unavailable

data, this study adjusted the elements in the exogenous accounts

(five elements in the investment & savings row corresponding to

household, enterprise, regional government, national government,

and ROW) until the column sums matched the row sums by filling

residuals. The ratios of balanced values to each account total ranged

from 2.9% to 34.2%.
4 Results

4.1 Regional technical coefficient of
seafood industries in Busan

This study first identified the top ten industries that provide the

highest value of intermediate inputs to each seafood industry (see

Table 2). It is important to note that the technical coefficients in

Table 2 represent the purchase of locally produced intermediate

inputs by the seafood industries and do not include imported

inputs, which are detailed in Table 3. According to Table 2, the
TABLE 1 Industry classification for Busan SAM (BOK 33-sector and seafood-related 13-subsector).

Sectors Aggregated categories Disaggregated categories Remark

Seafood industry backward
subsectors
(6 sectors)

Food & Drink

Feeds Including fish feed

Non-alcoholic Beverages & Ice
Including ice for seafood
freshness and storage

Textile & Leather Product Fishing Net & Rope

Wood, Paper & Printing Wood Product Including fish containing box

Machinery & Equipment Internal Combustion Engine & Turbine
Including engines for fishing
vessel

Transportation Equipment Ships
Including fishing vessel and
repairment

Seafood industries
(3 sectors)

Agriculture, Forestry & Fisheries
Product

Wild Capture Fishery Raw fish production

Aquaculture Raw fish production

Food & Drink Seafood Processing
Intermediate or finished
seafood products for retail

Seafood industry forward
subsectors
(4 sectors)

Transportation Services Storage & Warehousing Services
Including raw fish and seafood
products

Wholesale & Retail Trade
Wholesale Trade Including seafood wholesale

Retail Trade Including seafood retail

Restaurant & Lodging Services Restaurant Food & Pubs
Including seafood dishes
provided to commercial and
institutional restaurant
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TABLE 2 The top ten backward-linked sectors by the size of the technical coefficients (TC) of seafood industries in Busan.

No.
Wild Capture Fishery Aquaculture Seafood Processing Sum of seafood industries

Sector TC Sector TC Sector TC Sector TC

1 Others 0.019
(-)

Electricity, Gas & Steam 0.115
(0.010)

Wild Capture
Fishery

0.277
(0.055)

Wild Capture
Fishery

0.156
(0.032)

2 Transportation
Services

0.016
(0.038)

Agriculture & Forestry
Products

0.105
(0.061)

Seafood
Processing

0.131
(0.076)

Seafood Processing 0.072
(0.042)

3 Wood Product 0.015
(0.028)

Feeds 0.031
(0.016)

Wholesale
Trade

0.042
(0.033)

Wholesale Trade 0.029
(0.023)

4 Finance &
Insurance

0.014
(0.009)

Other Food & Drink 0.025
(0.015)

Transportation
Services

0.029
(0.006)

Transportation
Services

0.023
(0.019)

5 Wholesale
Trade

0.012
(0.010)

Others 0.023
(-)

Other
Manufacturing

0.024
(0.005)

Other
Manufacturing

0.015
(0.003)

6 Ships 0.011
(0.025)

Wholesale Trade 0.022
(0.017)

Retail Trade 0.013
(0.010)

Finance & Insurance 0.009
(0.005)

7 Chemical
Products

0.007
(0.017)

Fishing Net & Rope 0.021
(0.076)

Aquaculture 0.010
(0.002)

Others 0.009
(-)

8 Fishing Net
& Rope

0.007
(0.026)

Finance & Insurance 0.017
(0.011)

Other Food
& Drink

0.009
(0.010)

Retail Trade 0.008
(0.007)

9 Wild Capture
Fishery

0.007
(0.003)

Ships 0.016
(0.035)

Electricity, Gas
& Steam

0.008
(0.001)

Electricity, Gas &
Steam

0.008
(0.001)

10 Restaurant
Food & Pubs

0.006
(0.006)

Health & Social Services 0.014
(0.003)

Chemical
Products

0.006
(0.030)

Wood Product 0.007
(0.013)
F
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The values in the bracket are import coefficients.
TABLE 3 The top ten backward-linked sectors by the size of the import coefficients (IC) of seafood industries in Busan.

No.
Wild Capture Fishery Aquaculture Seafood Processing

Sum of seafood
industries

Sector IC Sector IC Sector IC Sector IC

1
Coal &
Petroleum
Products

0.141
(0.001)

Fishing Net & Rope
0.076

(0.021)
Seafood
Processing

0.076
(0.131)

Coal &
Petroleum Products

0.063
(0.001)

2
Transportation
Services

0.038
(0.016)

Agriculture & Forestry
Products

0.061
(0.105)

Wild
Capture
Fishery

0.055
(0.277)

Seafood Processing
0.042

(0.072)

3 Wood Product
0.028

(0.015)
Coal & Petroleum Products

0.048
(0.001)

Wholesale
Trade

0.033
(0.042)

Wild Capture
Fishery

0.031
(0.156)

4
Fishing Net
& Rope

0.026
(0.007)

Ships
0.035

(0.016)
Chemical
Products

0.030
(0.006)

Chemical Products
0.024

(0.007)

5 Ships
0.025

(0.011)
Chemical Products

0.024
(0.010)

Wood, Paper
& Printing

0.015
(0.004)

Wholesale Trade
0.023

(0.029)

6
Public
Administration
& Defense

0.020
(-)

Wholesale Trade
0.017

(0.022)
Retail Trade

0.010
(0.013)

Transportation
Services

0.019
(0.023)

7
Chemical
Products

0.017
(0.007)

Feeds
0.016

(0.031)
Other Food
& Drink

0.010
(0.009)

Fishing Net & Rope
0.013

(0.004)

8
Non-alcoholic
Beverages & Ice

0.016
(0.001)

Other Food & Drink
0.015

(0.025)
Metal
Products

0.009
(0.004)

Wood Product
0.013

(0.007)

(Continued)
fr
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three industries from which Wild Capture Fishery purchases the

largest amounts of intermediate inputs are Transportation Services,

Wood Product, and Finance & Insurance.

Aquaculture sector purchases the largest quantities of inputs

from Electricity, Gas & Steam, as well as from Agriculture &

Forestry Products and Feeds. In contrast, the Seafood Processing

sector heavily relies on inputs from Wholesale Trade,

Transportation Services, and Other Manufacturing, in addition to

Wild Capture Fishery and Aquaculture. Overall, the seafood

industries in Busan are heavily dependent on three main

industries (excluding the seafood sectors themselves): Wholesale

Trade, Transportation Services, and Finance & Insurance (the last

two columns of Table 2).
4.2 Import coefficient of seafood industries
in Busan

Table 3 presents the top ten industries ranked by the size of

import coefficients for the seafood industries. It shows that the

leading products imported by Wild Capture Fishery are Coal &

Petroleum Products, Transportation Services, and Wood product.
Frontiers in Marine Science 08
The data reveals that Wild Capture Fishery relies more on imports

of these goods than on locally produced alternatives.

Notably, several industries listed in Table 2, such as Wood

product, Fishing Net & Rope, Ships, and Chemical Products, also

appear in the top ten list of Table 3. In contrast, the top three

products imported by Seafood Processing for their operations

include commodities or services produced in Wholesale Trade,

Chemical Products, and Wood, Paper & Printing. Overall, the

seafood industries as a whole rely more on imports of Coal &

Petroleum Products, Chemical Products, andWholesale Trade than

on their locally produced versions.
4.3 Total economic contributions of
seafood industries in Busan

Table 4 illustrates the economic contributions of the three

seafood industries to the Busan economy. The contribution to the

total regional output was calculated to be 5,131,877 million KRW,

representing 2.83% of the total regional output (181,467,332 million

KRW) for the base year (2015). The combined direct contribution

of all three seafood industries amounted to 3,486,930 million KRW
TABLE 3 Continued

No.
Wild Capture Fishery Aquaculture Seafood Processing

Sum of seafood
industries

Sector IC Sector IC Sector IC Sector IC

9
Electric &
Electronic
Equipment

0.014
(0.001)

Finance & Insurance
0.011

(0.017)

Professional,
Scientific &
Tech. Serv.

0.008
(0.006)

Ships
0.012

(0.005)

10
Storage &
Warehousing
Services

0.012
(0.003)

Electricity, Gas & Steam
0.010

(0.115)

Storage &
Warehousing
Services

0.008
(0.005)

Storage &
Warehousing
Services

0.010
(0.004)
fr
The values in the bracket are technical coefficients.
TABLE 4 Total economic contributions of seafood industries in Busan.

Variables The Busan economy
in the base year (2015)

Total
contributions

Seafood industries’ direct contributions (% of total
contribution in parentheses)

Wild
Capture
Fishery

Aquaculture
Seafood
Processing

Sum of
seafood
industries

Industry output 181,467,332 5,131,877
1,493,079
(29.1%)

71,281
(1.4%)

1,922,570
(37.5%)

3,486,930
(67.9%)

Employment
(FTEs)

1,437,772 29,312
6,920

(23.6%)
807

(2.8%)
6,064

(20.7%)
13,791
(47.0%)

Labor income
(employee compensation)

41,592,470 1,060,331
537,767
(50.7%)

13,599
(1.3%)

126,383
(11.9%)

677,749
(63.9%)

Capital income
(business surplus)

22,504,893 384,018
57,379
(14.9%)

8,099
(2.1%)

59,762
(15.6%)

125,240
(32.6%)

Regional gov’t revenue
(indirect tax)

10,649,153 99,065
921

(0.9%)
61

(0.1%)
5,688
(5.7%)

6,670
(6.7%)

Household income 55,712,748 1,267,259
All units are in million KRW except for the employment variable that uses the number of laborers (FTEs) per million KRW.
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(the last grouped column of Table 4), accounting for 67.9% of the

total contribution. Among these, Seafood Processing made the most

significant direct contribution at 37.5%.

This study also measured the contributions to employment,

labor income, and capital income (Table 4). First, the economic

contribution to total employment (Full time equivalent, FTEs per

million KRW) was calculated to be 29,312, representing 2.03% of

the total regional employment of 1,437,772. In contrast to the

contribution to total regional output, Wild Capture Fishery

contributes slightly more to total regional employment (23.6%)

compared to Seafood Processing (20.7%).

The total contribution to labor income (employee

compensation) amounts to 1,060,331 million KRW, or 2.55% of

the total regional labor income. The results further indicate that the

direct contribution to labor income from Wild Capture Fishery is

substantially larger (50.7%) compared to Seafood Processing

(11.9%). This is despite the fact that the employment levels in the

two industries are similar (6,920 for Wild Capture Fishery and 6,024

for Seafood Processing).

In contrast, the contribution to total capital income from

business surplus was 384,018 million KRW, which represents

1.71% of the total regional capital income in the base year (2015).

The results indicate that a slightly higher share of this contribution

comes from Seafood Processing, at 15.6%, compared to Wild

Capture Fishery, at 14.9%. The total contribution to regional

government revenue amounted to 99,065 million KRW, or 0.93%

of the total regional government revenue in the base year (2015).

The combined direct contribution of all three seafood industries

to regional government revenue was 6,670 million KRW,

accounting for only 6.7%. Furthermore, the contribution to
Frontiers in Marine Science 09
household income totaled 1,267,259 million KRW, which

represents 2.27% of the base year’s total household income.

Table 5 displays the decrease in output for the top 15 industries

resulting from the extraction of seafood industries, along with the

corresponding share of this decrease in total regional output.

Results reveal that the three sectors (excluding the extracted

sectors) experiencing the largest declines in output are Real Estate

& Leasing (161,057 million KRW), Wholesale Trade (157,647

million KRW), and Finance & Insurance (150,504 million KRW).

This study also assessed the contribution of the seafood

industries to employment and value-added (combined labor and

capital income) in non-seafood industries (see Table 6). The

industries that experienced the largest decreases in employment

were Retail Trade (2,668 FTEs), Wholesale Trade (1,498 FTEs), and

Other Services (1,472 FTEs).

However, it is important to note that this does not necessarily

imply that these three industries are the top beneficiaries of the

seafood industries in terms of value-added. In terms of value-added

(combined labor and capital income), the top three sectors with the

most significant decreases were Wholesale Trade (81,258 million

KRW), Finance & Insurance (76,911 million KRW), and Real Estate

& Leasing (69,634 million KRW).
4.4 Comparison of SAM model to IO model

Table 7 presents the output results from the IO and SAM

models. The table shows that the total regional output calculated by

the SAM model, amounting to 5,131,877 million KRW, is

significantly higher than that estimated by the IO model, which
TABLE 5 Total contributions of seafood industries to industry output (Top 15 sectors).

No. Sector Output (million KRW) Share of the total contribution

1 Real Estate & Leasing 161,057 3.14%

2 Wholesale Trade 157,647 3.07%

3 Finance & Insurance 150,504 2.93%

4 Transportation Services 127,291 2.48%

5 Health & Social Services 96,498 1.88%

6 Electricity, Gas & Steam 87,778 1.71%

7 Restaurant Food & Pubs 87,548 1.71%

8 Educational Services 75,365 1.47%

9 Retail Trade 75,090 1.46%

10 Other Manufacturing 69,040 1.35%

11 Other Services 65,010 1.27%

12 Public Administration & Defense 51,930 1.01%

13 Other Food & Drink 50,624 0.99%

14 Professional, Scientific & Tech. Serv. 41,375 0.81%

15 Telecommunications & Broadcasting 39,168 0.76%
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totals 4,230,318 million KRW. The difference between the two

approaches is 901,559 million KRW, representing 21.3% of the IO

model’s estimate.

Notably, the disparity between the IO and SAM results is

significantly larger for non-seafood industry sectors, with a

difference of 745,287 million KRW (82.67% of the total

difference) compared to only 156,272 million KRW (17.33% of

the total difference) for the 10 sectors closely linked to the seafood

industries. Among these, Restaurant Food & Pubs sector shows the

largest discrepancy, with a difference of 66,736 million KRW. In

contrast, the smallest difference of just 41 million KRW occurs in

Internal Combustion Engine & Turbine sector.
5 Discussion

This study examined both the direct and total contributions of

the seafood industries to other industries of the economy. Table 2

illustrates that the seafood industry has strong direct economic

linkages with the Transportation Services and Finance & Insurance

sectors. Within these industries, subsectors such as Road

Transportation Services, Other Transportation Services, and

Central Bank & Depository Institutions (within the Finance

sector) provide significant inputs to the seafood industries, as

indicated by the 165-sector MRIO. Therefore, these subsectors

should be carefully considered by policymakers when identifying

considerable direct contributions.
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Also, it is shown that while the direct contributions of the

seafood industries to several non-seafood industries are significant,

their total contributions to these industries are relatively small. In

addition, Wild Capture Fishery has a notable locally direct

contribution to Wood product (0.015), Fishing Net & Rope

(0.007), Ships (0.011), and Chemical Products (0.007) industries,

as highlighted in Table 2 (local totals of four sectors: 0.041). Yet,

these industries locally provide only a small portion of total inputs

to Wild Capture Fishery, with the rest sourced from outside the

region, as indicated in Table 3 (imported totals of four sectors:

0.096). Therefore, this finding suggests that policymakers should

consider promotion policies such as substituting imports with local

production to increase the economic importance of seafood sectors

to these industries to some extent.

In comparison, this study identified several industries where the

seafood industries make both substantial direct and total

contributions. For instance, the seafood industries significantly

contribute to Wholesale Trade, with their direct output

contribution being the largest among all industries, measured by

the technical coefficient (0.029) in Table 2. Additionally, their total

contribution (including direct, indirect, and induced impacts) to

this industry ranks second, amounting to 157,647 million KRW (as

shown in Table 5).

The next industry where the seafood industries make a

substantial direct contribution is Transportation Services (0.029,

Table 2). The seafood industries ’ total contribution to

Transportation Services ranks fourth (127,291 million KRW,
TABLE 6 Total contributions to employment and value-added (combined labor and capital income) (Top 15 sectors by the size of the contribution to
employment).

No. Sector Employment (FTEs) Combined value-added (million KRW)

1 Retail Trade 2,668 (9.10%) 42,267 (2.93%)

2 Wholesale Trade 1,498 (5.11%) 81,258 (5.63%)

3 Other Services 1,472 (5.02%) 23,297 (1.61%)

4 Restaurant Food & Pubs 1,393 (4.75%) 23,513 (1.63%)

5 Health & Social Services 1,134 (3.87%) 45,072 (3.12%)

6 Educational Services 987 (3.37%) 47,011 (3.25%)

7 Transportation Services 956 (3.26%) 30,605 (2.12%)

8 Finance & Insurance 765 (2.61%) 76,911 (5.32%)

9 Other Manufacturing 654 (2.23%) 30,531 (2.11%)

10 Business Support 611 (2.08%) 20,622 (1.43%)

11 Public Administration & Defense 520 (1.77%) 27,989 (1.94%)

12 Real Estate & Leasing 456 (1.56%) 69,634 (4.82%)

13 Art, Sports & Cultural Services 406 (1.38%) 11,795 (0.82%)

14 Agriculture & Forestry Products 296 (1.01%) 5,755 (0.40%)

15 Professional, Scientific & Tech. Serv. 283 (0.97%) 21,176 (1.47%)
Values in brackets represent the share of total contribution.
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Table 5). Finance & Insurance is one of the industries to which the

seafood industries make the largest direct and total contributions

(Tables 2, 5).

Notably, a considerable portion of inputs from two of these

three industries (Wholesale Trade and Transportation Services) is

sourced from imports. This suggests that the economic importance

of the seafood industries could be substantially enhanced due to

substantial total contributions as well as direct ones, if policymakers

promote local production of these services, thereby reducing

dependence on imports.

Looking at Table 4, labor income in Wild Capture Fishery

(537,767 million KRW) is higher than that in Seafood Processing

(126,383 million KRW), whereas Seafood Processing (1,922,570

million KRW) has a greater industry output than Wild Capture

Fishery (1,493,079 million KRW). This difference arises mainly

because the baseline employment per unit of output in Wild

Capture Fishery is larger than that in Seafood Processing.

On the other hand, employment contributions in two sectors

are similar (6,920 for Wild Capture Fishery and 6,024 for Seafood
Frontiers in Marine Science 11
Processing), which indicates that, in the base year, the average wage

rate in Wild Capture Fishery is considerably greater due to its high

labor income than that in Seafood Processing. Regarding

contributions to regional government revenue, the seafood

industries’ value is considerably smaller than other variables such

as output or value-added (labor and capital income). This lower

figure (6.7%) may be attributed to the government providing

subsidies to the seafood industries, which offset income.

The direct contribution of the seafood industries to Real Estate

& Leasing is relatively small. However, it ranks first in their total

contributions, totaling 161,057 million KRW (Table 5). Similarly,

the seafood industries’ direct contributions to sectors such as

Restaurant Food & Pubs and Health & Social Services are also

minimal, but their total contributions to these non-seafood

industries are significant (Table 5).

These findings result from the distributional effects captured in

Busan SAMmodel. For example, an increase in a seafood industry’s

output will lead to a higher demand for intermediate inputs

produced across the non-seafood industries. Consequently, the
TABLE 7 Total contributions to output from SAM and IO models.

No. SAM IO Difference

Total contributions 5,131,877 4,230,318 901,559

Seafood industries
(3 sectors)

3,486,930
(67.96%)

3,486,930
(82.43%)

–

Seafood industry subsectors
(10 sectors)

405,565
(7.90%)

249,294
(5.89%)

156,272
(17.33%)

Feeds
4,058

(0.08%)
2,626

(0.06%)
1,431

(0.16%)

Non-alcoholic Beverages & Ice
1,152

(0.02%)
977

(0.02%)
175

(0.02%)

Fishing Net & Rope
13,056
(0.25%)

12,922
(0.31%)

133
(0.01%)

Wood Product
24,081
(0.47%)

23,930
(0.57%)

151
(0.02%)

Internal Combustion Engine & Turbine
7,422

(0.14%)
7,380

(0.17%)
41

(<0.00%)

Ships
18,606
(0.36%)

18,490
(0.44%)

116
(0.01%)

Storage & Warehousing Services
16,905
(0.33%)

15,952
(0.38%)

954
(0.11%)

Wholesale Trade
157,647
(3.07%)

113,555
(2.68%)

44,092
(4.89%)

Retail Trade
75,090
(1.46%)

32,649
(0.77%)

42,440
(4.71%)

Restaurant Food & Pubs
87,548
(1.71%)

20,812
(0.49%)

66,736
(7.40%)

Non-seafood industry sectors
(31 sectors)

1,239,382
(24.15%)

494,094
(11.68%)

745,287
(82.67%)
The seafood industries include Wild Capture Fishery, Aquaculture, and Seafood Processing. The percentages in brackets indicate changes relative to total contributions in each sector.
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output and value-added (labor and capital) in these industries will

increase, resulting in increased income for factor owners

(households) and a boost in regional government revenues.

As a result, both households and regional governments will

increase their “typical” consumption of goods and services

regarding daily life or general budget. Households, in particular,

tend to spend a significant portion of their income on services such

as Real Estate & Leasing (housing) and Health & Social Services.

This finding could not be derived from an IO model that does not

capture distributional effects on institutional income and spending.

Policymakers should recognize that IO-based contribution analyses

may underestimate the importance of the seafood industries to

these non-seafood industries.

When comparing the results in Tables 5 and 6, it is evident that

the contributions of the seafood industries to other industries vary

depending on the metric used. According to Table 5, the seafood

industries make the largest contribution to Real Estate & Leasing in

terms of output. In contrast, as shown in Table 6, their greatest

contribution to employment is in Retail Trade. Additionally, when

measured in total value-added (combined labor income and capital

income) (as presented in Table 6), the seafood industries make the

largest contribution to Wholesale Trade in addition to Retail Trade.

This study observed a significant disparity between the results of

SAM and those of IO models (see Table 7). The differences were

particularly pronounced in Wholesale Trade, Retail Trade, and

Restaurant Food & Pubs sectors. This is because households and the

regional government allocate a substantial portion of their income

to commodities produced in these sectors.

In contrast, the minimal discrepancy between the IO and SAM

results in the sector such as Internal Combustion Engine & Turbine

indicates that households and the regional government are unlikely

to considerably alter their consumption of this product in response

to changes in income; thus, the distributional effects in the SAM

model for this sector are negligible.

Mostly, the SAM model, which treats institutions as

endogenous, reveals contributions to output that are considerably

larger than those of the IO model. Base-year data indicate that

households and the regional government accounted for

approximately 79.1% and 20.9%, respectively, of their combined

expenditures on regionally produced commodities, totaling 37.2

trillion KRW (Supplementary Table S1 in Supplementary Material

Appendix). Moreover, 41.2% of the total revenue received by the

regional government (10.6 trillion KRW) is distributed to

households as transfer income. Thus, by making these two

institutions endogenous, the SAM model predicts a substantially

greater contribution of the seafood industries to these non-

seafood industries.

This finding underscores the importance of using a SAM model

that comprehensively captures the effect of institutional spending

on regionally produced commodities. Previous studies have

attempted to account for household spending by endogenizing

the household sector through a “closed” IO model (e.g., Garza-Gil
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et al., 2017). However, the income distribution mechanism in the

closed IO model is oversimplified, as it allocates all value-added (or,

in some cases, solely labor income) to households.

In comparison, Busan SAM differentiates between labor and

capital incomes, distributing capital income to enterprise account

before allocating these incomes to household account. By

overlooking these connections, the closed IO model may either

overestimate or underestimate the actual contribution. Moreover,

Busan SAM model endogenizes regional government, recognizing

that its revenue and expenditure will change in response to a change

in regional economic activity.
6 Conclusion

This study examined the economic contributions of the seafood

industries to the Busan economy by using HEM within a SAM

modeling framework. It is found, first of all, that the total output

contribution (5,131,877 million KRW) estimated using the SAM

model is significantly larger (21.3%) than that (4,230,318 million

KRW) calculated with an IO model, emphasizing the importance of

employing a SAM model for such analyses.

Second, this study identified the industries that are severely

impacted when the seafood industries are hypothetically extracted.

The results from this study can be helpful to policymakers in several

ways. Among others, policymakers must pay attention to these

industries when seafood sectors face challenges due to fishery

management actions or environmental shocks.

For example, fishery managers may reduce the total allowable

catch (TAC) for certain species due to declining fish stock biomass

levels or the implementation of individual transferable quotas

(ITQs), which typically result in a limitation of fisheries

production in a short-term. In this case, seafood industries should

be separated by species to differently capture their economic

contributions, rather than simply targeting regional industries—

one of the limitations of this study.

Further, fisheries production can significantly decrease due to

external factors such as climate change or other fishery disasters. In

these situations, this research will offer valuable insights for fishery

managers. It will help them design policies to compensate for the

losses incurred by the affected industries (for example, through

government relief), or develop strategies to alleviate or adapt to

these adverse effects.

Third, this study identified several industries in the region

(Wholesale Trade and Transportation Services, among others),

that are considerably affected by the seafood industries ’

extraction. However, these industries supply only a small portion

of the intermediate inputs to the seafood industries, with the rest

being met by imports. If these imports are replaced with increased

local production in these regional industries, the economic

contribution (importance) of the seafood industries could be

greatly enhanced. Because the greater the ratio of purchases that
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go to imports, the smaller the multiplier (Hoover and Giarrantani,

1999; Stimson et al., 2006; Shuman, 2007; Elvin, 2008).

Policymakers require this information to recognize the regional

seafood industries’ economic contribution and the associated benefits

for Busan residents. To promote local production and reduce

dependence on imports for improving seafood industries’

contributions, the regional government could, for instance, offer tax

incentives to the firms. An increase in local production would lead to

a greater economic contribution from the seafood industries in terms

of in-region economic importance, thereby enlarging employment

opportunities and value-added for the residents of Busan.

Finally, this study revealed that the seafood industries have a

substantial total contribution to several seemingly unlikely

industries, such as Real Estate & Leasing, as well as Health &

Social Services. This finding is derived from the application of the

SAM model. Policymakers may also want to consider identifying

these industries. While one might assume that the seafood

industries have no strong linkages with these sectors, this study

demonstrates that this is not the case.

Currently, the Busan government is investing in the

modernization of the fish market, providing assistance to vessel

owners for replacing aging fishing equipment, and automating the

fish selection process. Additionally, the city government has made

efforts to enhance the quality and diversity of regional seafood to

increase household consumption. While these initiatives are

beneficial, this study offers valuable insights into which industries

the government should target in addition to its current efforts.

This study has several limitations. First, it employs a single-

region model. A multi-regional model would be necessary to assess

the contributions of Busan’s seafood industries to other regions in

the country. Second, the results of this study may be sensitive to the

way industries or sectors are categorized. Our SAM includes 44

industries and 5 non-industry endogenous sectors. Changing the

number of industries or non-industry sectors could produce

different outcomes. For example, the results may vary if we model

different types of labor or households within the SAM. However,

this limitation is not unique to our study; all research using IO or

SAM models suffer from this limitation to varying degrees.
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