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Abstract: This study examined the relationship among carbon dioxide emissions and linkage effects
using Input–Output (IO) data of the information and communications technology (ICT) industry
between South Korea and the USA. As we wanted to find out if the ICT industry, which the world
is passionate about, is a sustainable industry. The linkage effects are analyzed to determine the
impact of ICT industry on the national economy, and CO2 emissions of the industry are analyzed to
determine how much influence it has on air pollution. In addition, we classify ICT industry by ICT
service and manufacturing industries as the key industries in Korea and the US. Data were collected
from OECD ranging from 2006 to 2015 in order to quantitatively estimate backward linkage, forward
linkage effect, and carbon dioxide emissions. The results indicated that ICT manufacturing industry
in Korea has high backward and forward linkage effects. CO2 emissions from ICT service is more
than from ICT manufacturing in both Korea and the US. We wanted to find out if the ICT industry,
which the world is passionate about, is a sustainable industry. As a contribution, ICT manufacturing
and service industries in Korea and the United States are directly compared, and CO2 emissions over
10 years are analyzed in a time series.

Keywords: IO analysis; CO2 emission; ICT service; ICT manufacturing

1. Introduction

Global warming is the most serious problem facing humankind today. It is because,
due to human activities, greenhouse gases (GHG) are increasing at an unprecedented rate
and are accumulating in the atmosphere. Such global warming raises the global tempera-
ture, leading to abnormal weather conditions and destruction of ecosystems, and it will
soon affect a wide range of areas beyond them, from energy supply to human health. The
necessity of reducing GHG for the survival of humankind has become an important agenda
of the international community. Korea is a country that emits many greenhouse gases.
However, in order to become a country responsible for reducing greenhouse gas emissions
and responding to climate change in the international community, Korea has presented
a challenging goal of reducing business as usual (BAU) by 37% by 2030 [1]. Low carbon
and GHG reduction are becoming a target not only for Korea, but also for countries around
the world. The key strategies for low carbon in major countries are summarized in energy
efficiency improvement, energy conversion, and resource circulation. [2]. First, they set up
a strategy to reduce production costs and reduce greenhouse gas emissions by increasing
energy efficiency and reducing energy consumption. In addition, they seek sustainable
growth by replacing final energy consumption in industries with clean energy such as
fossils, electricity, and renewable energy, and they strive to build a resource recycling
economy system that reuses and recycles resources in industrial processes that emit large
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amounts of greenhouse gases. The Korean government creates the foundation necessary
for low-carbon and green growth for the harmonious development of the economy and
environment. They attempt to promote the national economy development by using green
technology and green industry as new growth engines. Furthermore, Korea aims to im-
prove the quality of life of people by building low-carbon society and to leap forward as a
mature advanced country that fulfills its responsibilities in the international community [3].
To this end, the first step begins with reducing greenhouse gas emissions. Additionally, it
is necessary to focus on securing innovative technologies such as developing low-carbon
fuel processes and air pollution reduction facilities, while preparing a specific roadmap for
the stable supply of green hydrogen and green energy and formation of an appropriate
price. However, since Korea has an industrial structure different from those of countries
that are strongly pursuing low carbon, their domestic reality should be considered.

Table 1 shows share of added value in ICT industry in 4 countries and the average of
OECD. Korea has the world’s best network infrastructure built and distributed and has
a favorable environment for developing the Fourth Industry such as Internet of Things,
autonomous vehicles, and Big Data analysis. However, the information and communication
technology (ICT) industry in Korea is more concentrated in the ICT manufacturing sector
than in other countries [4]. Thus, software and ICT service sector is inferior to countries such
as the United States and Japan. Despite the high share of added value in ICT manufacturing
industry, the share of the ICT service industry is below the OECD average [5].

Table 1. Share of added value to GDP in the ICT industry (2015).

Country ICT Manufacturing Communication Software
and Service

Sum of ICT
Industrial

Korea 5.6% 1.0% 1.6% 8.2%
USA 1.5% 1.5% 2.1% 5.1%
EU 0.8% 1.2% 2.0% 4.0%

Japan 1.7% 1.9% 2.4% 6.1%
Average of OECD 1.0% 1.2% 1.9% 4.1%

Source: Authors’ own calculations on the data form [5], ‘OECD digital outlook 2017′, based on 2015 data;
comparison of EU (23 country’s) and OECD (33 country’s).

However, the growth of ICT manufacturing industry in Korea, which is so strong, has
slowed over the past five years. Its growth rate fell sharply from 50% in 2010 to −9% in
2015, but in the United States it fell from 10% in 2010 to 5% in 2014 [6]. Moreover, Korea
is the second country in the world with the highest proportion of manufacturing to GDP
after China [7]. On the other hand, the proportion of the service industry is lower than that
of the US, the UK, and France [7]. The growth rate of ICT service industry in Korea was
around 5% in 2011, but it has since declined. The growth rate of ICT service industry in the
US fell sharply from 10% in 2012 to −5% in 2013. However, in 2014, it turned to a positive
growth rate of 4% [6]. As such, it is appropriate to analyze ICT industry by categorizing it
into manufacturing and service sectors because the growth rate and major powerhouses
differ according to the type of final product. Additionally, this also helps in establishing a
low-carbon strategy.

CO2 emissions in ICT industry are included not only from the electricity consumed in
the use of products and devices, but also from the energy used in the products. Ericsson [8]
largely categorizes CO2 emissions of ICT industry into user devices, networks, and data
centers in consideration of these points. Since CO2 emissions are different for each sector,
applying low-carbon strategy of countries with a high proportion of the service industry
may be a strategy that does not take into account the specificity of the industrial structure
of a country that is strong in the manufacturing industry. The active national-level response
to overcome the limit of reducing CO2 emissions should be implemented in a flexible
environment according to the industrial sector.

According to a study by Belkhir and Elmeligi [9], by 2040 if the carbon emission of the
ICT industry remains as it is, it will account for up to 14% of the global carbon emission.
In addition, countries around the world are actively working to strengthen industrial



Processes 2021, 9, 1043 3 of 16

competitiveness using ICT technology. Therefore, we want to understand how much ICT
industry has an impact on CO2 emissions in a country in this study as it is becoming more
and more important.

Although it is focusing on the development of industries related to the fourth industry
such as Artificial Intelligence, Big Data, and autonomous vehicles, it is questionable whether
these industries can be said to be eco-friendly and sustainable industries that can grow
with other industries together. In other words, the research questions of this study were:

1. We confirmed that ICT industry in the US and Korea was a sustainable industry.
2. We checked whether there was a difference in the influence of the manufacturing

sector and the service sector of ICT industry on the national economy.

We selected input–output analysis as the theoretical method, and compared changes in
ICT manufacturing and ICT service industries in the US and Korea. We also compared CO2
emissions of the two countries. To be a sustainable industry, we needed to make sure that the
industry pollutes the air less. The United States has the world’s highest sales and industry
share of ICT industry and has the largest number of companies in ICT service among
the global representative digital companies [10]. We think it is important to compare and
analyze the connection between CO2 emissions and linkage effects in ICT manufacturing
industry in Korea and ICT service industry in the United States. This is because the world
wants to foster industries with low carbon dioxide emissions and high productivity. In
order to discover a sustainable industry in this future as we have mentioned, we will
derive CO2 emissions from ICT manufacturing and ICT service industries in Korea and the
US from 2006 to 2015, and analyze backward and forward linkage effects. After analysis,
we will present the direction of low-carbon development that suits the conditions of
each country.

This study is organized as follows. Section 2 introduces the importance of CO2
emissions research and previous studies related to ICT manufacturing and ICT service and
establishes hypotheses. Then, Section 3 explains research methods and data. In Section 4,
we describe the results of the analysis. Finally, in Section 5, policy suggestions are made
through analysis of the results

2. Literature Review and Hypotheses Development

According to the OECD, ICT (Information and Communications Technology) industry
is defined as the production of goods and services products that are primarily used to
represent information processing and communication and transmission by electronic means.
ICT industry can be divided into ICT manufacturing and ICT service business, and in detail,
it can be classified into computer parts, electronic and electrical equipment manufacturing,
information and communication related business, and software business [11]. Table 2
shows the definition of each ICT industry. In 1998, OECD member countries agreed to
define the ICT sector as a combination of manufacturing and services industries that
capture, transmit, and display data and information electronically [12].

Table 2. Definition of ICT manufacturing and service industries.

Sector The Principles Underlying the Definition

ICT
manufacturing

Industry

• Must be intended to fulfil the function of information processing and
communication including transmission and display.
• Must use electronic processing to detect, measure, and/or record
physical phenomena or control a physical process.

ICT
service

Industry

• Must be intended to enable the function of information processing and
communication by electronic means.

However, there was a debate about the principle of selecting the ICT industry and
the interpretation of the principle in 1998. As a result, the definition of ICT industry
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classified ICT industry by adding a section called ICT trade. Table 3 shows a list of in-
dustries belonging to ICT industry according to the 4th International Standard Industry
Classification (ISIC).

Table 3. The list of ICT industries (ISIC Rev. 4).

Sector ISIC Rev. 4 (2007)

ICT
Manufacturing

2610 Manufacture of electronic components and boards
2620 Manufacture of computers and peripheral equipment
2630 Manufacture of communication equipment
2640 Manufacture of consumer electronics
2680 Manufacture of magnetic and optical media

ICT Trade 4651 Wholesale of computers, computer peripheral equipment, and software
4652 Wholesale of electronic and telecommunications equipment and parts

ICT Services

5820 Software publishing
61 Telecommunications

6110 Wired telecommunications activities
6120 Wireless telecommunications activities
6130 Satellite telecommunications activities
6190 Other telecommunications activities

Meanwhile, the OECD continued to work on the definition and classification system
for the content media industry based on the prospect that structural changes that would
occur in the content production and distribution industry as the number of content users
increases due to the spread of ICT technology. Additionally, this was reflected in ISIC
revision 4. When transitioning from ISIC revision 3 to ISIC revision 4, they included the
production and distribution of information and cultural products, information technology
and data processing, and information service activities. ISIC revision 4 classifies the
information and communication service sector into one section and classifies the ICT
industry as Table 4 [13].

Table 4. The 2006–2007 OECD ICT sector definition (based on ISIC Rev. 4).

Sector ISIC Rev. 4 (2008)

ICT
Manufacturing

2610 Manufacture of electronic components and boards
2620 Manufacture of computers and peripheral equipment
2630 Manufacture of communication equipment
2640 Manufacture of consumer electronics
2680 Manufacture of magnetic and optical media

ICT Services

5820 Software publishing
6110 Wired telecommunications activities
6120 Wireless telecommunications activities
6130 Satellite telecommunications activities
6190 Other telecommunications activities
6201 Computer programming activities ICT
6202 Computer consultancy and computer facilities management

activities ICT
6209 Other information technology and computer service activities
6311 Data processing, hosting, and related activities
6312 Web portals

There is a slight difference in whether detailed enterprise groups should be included
in ICT manufacturing industry or ICT service industry by era, but as a result, it shows
consistency in classifying ICT industry into ICT manufacturing industry and service
industry. According to Global Industry Classification Standard, S&P capital IQ industry
classification, ICT industry is classified into Semiconductors & Semiconductor Equipment
industries, Technology Hardware & Equipment (ICT manufacturing), and Software &
Services industries and industries related to digital technology such as IoT, fifth generation
technology standard, cloud, big data, and AI software are evaluated as key drivers of the
fourth industrial revolution.

Several researchers have also divided ICT industry into the manufacturing sector and
the service to study their impact on the national economy as Table 5 [14–17].
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Table 5. Research on ICT industry divided into manufacturing and service sectors.

Researcher Country Year Aim of the Study

Xing et al. (2011) China 2002
Analyzing the form of convergence between ICT

manufacturing industry and ICT service industry, and
identifying their role

Rohman (2013) EU 1995, 2000, 2005 Analyzing the strengths of ICT industry by comparing the
multiplier effects of ICT industry and non-ICT industry.

Hong, J.P., Byun, J.E.,
and Kim, P.R. (2016) Korea From 1995 to 2009 Examining structural changes and growth factors of ICT

manufacturing and service industries

Abubakar, Y.A., and
Mitra, J. (2010) EU From 2001 to 2003

Investigating factors influencing regional innovation by
contrasting high-tech manufacturing (ICT manufacturing)

and knowledge intensive services (ICT service)

Korea commercialized 5G, the basic infrastructure of the 4IR, for the first time in the
world. Currently, 24 countries have commercialized 5G or are planning to do so, and
Korea is evaluated as a world leader in 5G commercialization [18]. In addition, they have a
well-distributed ICT infrastructure, excellent accessibility, and a favorable environment for
responding to technology related to the fourth industry. The global cloud market is worth
USD 243 trillion [19], and the top three global companies (Amazon, Microsoft, Google)
account for 57% of the market [20]. American companies already dominated more than
half of global ICT service market (as of 2018) [21]. By comparison, Korean Cloud market
is USD 2 billion, which is only 1% of the world market. ICT industry in Korea is more
concentrated in the manufacturing sector than in other countries, so the software and ICT
service sectors are inferior to rival countries such as the United States and Japan [5].

Table 6 shows the R&D investment status of major countries by industry in 2019. Of
the 2500 companies, there are a total of 70 Korean companies, and they invested about
USD 3.67 billion in R&D budget for a year [22]. Among them, 16 ICT manufacturing
industries invested about USD 24.95 billion, and five ICT service industries invested
USD 846 million. This means that 70.2% of the R&D budget of Korean companies is
invested in ICT manufacturing and ICT service industries. The US has the highest R&D
investment ratio in ICT manufacturing and ICT service industries, and Korea has the lowest
investment ratio in ICT service industry at 0.6% compared to other countries. While the
US invests intensively in ICT service, ICT manufacturing, and health industries, Korea is
excessively focused on ICT manufacturing. Therefore, it is necessary to promote the future
development of Korea by expanding investment in ICT service industry as the ICT service
industry is an important sector that connects various industries in the new era [23].

Table 6. R&D investment by industry and share by country (2019).

Country Korea EU USA Japan China Other Total
ICT

Manufacturing
277068
(10.9%)

350194
(13.8%)

1039653
(40.9%)

282468
(11.1%)

369681
(14.6%)

220856
(8.7%)

2539921
(100%)

ICT Service 9396
(0.6%)

192305
(11.6%)

1111437
(67.1%)

68112
(4.1%)

222116
(13.4%)

85530
(3.2%)

1655896
(100%)

Health 8362
(0.4%)

591757
(26.6%)

1089259
(49.0%)

172388
(7.8%)

60838
(2.7%)

300892
(13.5%)

2223497
(100%)

Manufacture of motor
vehicles and transportation

56601
(3.4%)

795317
(47.7%)

240605
(14.4%)

424664
(25.5%)

110945
(6.7%)

39552
(2.4%)

1667684
(100%)

(manufacturing) industry 30992
(4.0%)

206451
(26.9%)

188392
(24.6%)

144571
(18.9%)

149339
(19.5%)

46685
(6.1%)

766430
(100%)

Chemical industry 3687
(1.3%)

68402
(23.3%)

65787
(22.4%)

99087
(33.8%)

19540
(6.7%)

36859
(12.6%)

293362
(100%)

Aerospace and Defense
industry

4074
(1.5%)

120838
(45.8%)

109282
(41.5%)

-
(0.0%)

4331
(1.6%)

25049
(9.5%)

263574
(100%)

Other 17839
(1.3%)

393693
(29.5%)

233973
(17.5%)

236951
(17.7%)

321055
(24.0%)

131807
(9.9%)

1335318
(100%)

Total 408019
(3.8%)

2718957
(25.3%)

4078388
(38.0%)

1428242
(13.3%)

1257847
(11.7%)

854230
(7.9%)

10745683
(100%)

Source: Authors’ own computations on the data collected from [22,24].
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As is well known, ICT industry is the future food of not only Korea and the United
States, but also major countries. Moreover, low carbon and greenhouse gas emission
reduction policies are also being implemented for the future. The US announced 2013
Climate Action Plan, reducing carbon emissions and leading international community’s
efforts to respond to climate change [25]. In China, CO2 emissions once increased by
15–17%/year due to rapid economic growth but based on the “National Plan for Response
to Climate Change (2013–2020),” they are pushing for reduction of emissions and changes
in energy mix [3].

In order to simultaneously foster sustainable development and the development of
the future food, the ICT industry, CO2 emissions of ICT industry should be lower than that
of other industries, and economic linkage effect should be high. After the collapse of the
dot-com bubble in 2000, research in the ICT industry shifted to industrial analysis. As a
result, it has been expanded to the academic doctrine that ICT industry serves as a driving
force for innovation and a catalyst for innovation [26,27].

ICT industry has the power to induce innovation and speed up the innovation of
companies. It can also penetrate the economy as a whole, affect all industries, and cause a
technology shock [27]. Mas, de Guevara [28] find that all of them experienced growth in
the ICT sector. In OECD countries, the ICT sector’s share in GDP has remained relatively
constant since 1995, implying a growth in total value added as GDP has also grown in
that time [5,11,29]. Mattioli and Lamonica [30] classified linkage effects of the ICT industry
in the overall economy, and said that ICT industry had a low backward linkage effect
and a high forward linkage effect, resulting in a strong supply side to the industry as
a whole. As such, it is the ICT industry that has a large linkage effect on the national
economy [16,30–34].

However, if the ICT industry is the industry that causes environmental pollution
due to high CO2 emissions, then the ICT industry cannot be said to be a sustainable
industry. Therefore, many researchers are continuing research to measure CO2 emissions
of each country and CO2 emissions of major industries in order to find industries with
less environmental pollution [33,35–39]. Loefgren and Muller [35] studied the relationship
between energy use efficiency and carbon emissions and suggested a plan to improve
carbon emission efficiency as an effective method to reduce carbon emission. Zhou et al. [36]
used DEA to estimate the CO2 emission efficiency of OECD countries. Jaeger et al. [39]
concluded that low-carbon-based growth is optimistic for economic growth and job creation
in their research Lee et al. [38] conducted a study to measure the productivity of the Korean
manufacturing industry based on CO2 emissions. Moon et al. [37] analyzed linkage effects
of all Korean industries from 2005 to 2015 in a time series to derive eco-friendly industries
with high linkage effects.

As ICT industry is highly competitive, air pollution reduction measures such as carbon
emissions management are needed to become a sustainable industry. Therefore, we would
like to examine the relationship between linkage effect and CO2 emissions of ICT industry.
In addition to service-based intangible industries such as big data and artificial intelligence,
the ICT industry also includes hardware manufacturing industries such as semiconductors
and automobiles. In addition to service-based intangible industries such as big data and
artificial intelligence, the ICT industry also includes hardware manufacturing industries
such as semiconductors and automobiles. There are a number of studies comparing the
impact of the ICT industry on the national economy and the productivity performance
of the ICT industry [27,31,32,40,41], but few studies have classified the ICT industry into
manufacturing and service industries [34,42]. There are not many studies comparing the
ICT industry between Korea and the United States [43,44], either. However, depending
on the shape of final product, the influence on other industries or the influence from other
industries may differ. Therefore, we will analyze linkage effect and CO2 emissions of
each industry by dividing ICT industry into ICT-Service and ICT-Manufacturing sector
according to International Standard Industry Classification from OECD. Additionally, to
test the difference, we developed hypotheses as Table 7.
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Table 7. Statistical Hypotheses of the Regression Model.

Hypotheses

H1 The linkage effect between Korean ICT manufacturing industry and the US one is different.

H1a The backward linkage effect between the Korean ICT manufacturing industry and the US
one is different.

H1b The forward linkage effect between the Korean ICT manufacturing industry and the US
one is different.

H2 The linkage effect between Korean ICT service industry and the US one is different.
H2a The backward linkage effect between the Korean ICT service industry and the US one is different.
H2b The forward linkage effect between the Korean ICT service industry and the US one is different.

3. Materials and Methods

This study uses IO tables from Korea and the United States provided by the OECD
for 10 times from 2006 to 2015 [45]. ICT industry was divided into ICT manufacturing
and service industry according to the fourth International Standard Industry Classification.
CO2 emissions are based on CO2 emissions embodied in domestic final demand provided
by the OECD from 2006 to 2015 [45]. This is because when analyzing linkage effects, it is
analyzed as domestic production, so that CO2 emissions must also be analyzed as occurring
in the domestic production process to enable an accurate comparison [37]. When analyzing
CO2 emissions of ICT industry, the same industry classification standard as in the analysis
of the linkage effects is applied to determine whether there is a difference in CO2 emissions
depending on the final output type.

Linkage effects suggested by Hirschman [46] are to derive the production induction
coefficient using the IO table, and to indicate the degree of industrial activation through
the derived production induction coefficient. Linkage effects of Hirschman [46] is that an
industry induces production directly or indirectly to all industries within a country, and the
degree is expressed as production induction coefficient. It can be said that the greater the
production inducement coefficient, the greater the power to revitalize the entire industry.
The linkage effects can be divided into backward linkage effect and forward linkage effect.

Backward linkage effect can be expressed as the pulling power that induces the input
of intermediate goods in the process of an industry producing final goods [47]. In other
words, the backward linkage effect is the power of dispersion because one industry induces
production to other industries through demand for intermediate goods in the process of
producing final goods, and the production inducement continuously promotes production
to others [48,49]. The high coefficient means that it has strengths as a “demander” in the
national economy [27].

Forward linkage effect is a production inducing effect that occurs when the final
goods of one industry are input as intermediate goods of other industries. Forward
linkage effect is explained as an interaction that directly triggers the structural relationship
between supply and demand for intermediate goods across the industry as a business
client inputs a product [47]. It is also explained by the reaction that occurs when the entire
national industry is activated, the sensitivity of dispersion, and the effect of inducing
supply [30,48–50]. The high value of this coefficient can be said to be a strength as a
“supplier” in the national economy [27].

To explain these effects with a formula, we use the production inducement effect
matrix, which is created based on the IO table that presents the transaction figures between
industries in a certain form is used. IO table shows the interdependence of goods and
services between industries, the input of production factors, and the sales process according
to the final demand of products. The horizontal direction represents the sales breakdown
of products in each industry and consists of intermediate demand sold as intermediate
goods and final demand sold as consumer goods, capital goods, and exports. Additionally,
here, excluding income becomes the total output. The vertical direction shows the input
structure of each industry, and it can be divided into intermediate inputs of raw materials
and value-added inputs such as labor and capital, and the total is the total input amount.
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The effect on production inducement is the direct or indirect production fluctuations caused
by the final demand through the input coefficient.

The concept of the effect on production inducement was proposed by Leontief [51]
based on Keynesian multiplier theory. The effect on production inducement by the direct
production factor can be expressed as follows.

(1− a)−1 =
1

1− a
= 1 + a + a2 + a3 + . . . (1)

where 1 is the direct production factor, a is the primary effect on production inducement,
and a2 is the secondary effect on production inducement. Therefore, the effect on produc-
tion inducement is expressed as the sum of infinite geometric series of (1− a)−1 when a is
0 < a < 1. With this logic, the production induction coefficient can be obtained through
the inverse matrix (I − A)−1 of A, which is the matrix of aij, and this is called Leontief
inverse matrix.

(I − A)−1 = I + A + A2 + A3 + A4 + . . . . . . (2)
I on the right side represents the direct production effect of each industry to satisfy the

final demand for each industry’s product of by one unit. A is the primary production in-
ducement effect, which is the input unit of intermediate goods necessary for the production
of final goods in each industry. A2, the secondary production inducement effect, is the unit
of input of intermediate goods required for the production of each industry as a result of the
primary production inducement effect and A3, A4, . . . . . . are the 3rd, 4th, . . . . . . production
inducement effect. Therefore, (I − A)−1 means the production inducement coefficient,
which is the sum of the direct and indirect production inducement effects caused by an
increase in final demand by one unit. Since the production inducement coefficient has the
property of a multiplier representing the inducement effect derived from the final demand
for an industry.

The linkage effect is the theory suggested by Rasmussen [52] and Hirschman [46]. If
the element of the production inducement matrix is rij and the Leontief inverse matrix,
(I − A)−1, is changed to ∑

i
Bij, the backward linkage effect and forward linkage effect can

be expressed as follows [53].

FLi =
∑n

j=1 rij
1
n ∑n

i=1 rij ∑n
j=1 rij

(3)

BLi =
∑n

i=1 rij
1
n ∑n

i=1 rij ∑n
j=1 rij

(4)

FLi = Sensibility Index of Dispersion;
BLi = Power Index of dispersion;
rij = The factor of Leontief Inverse Matrix;
∑n

j=1 rij = The sum of columns of Leontief Inverse Matrix;

∑n
i=1 rij = The sum of rows of Leontief Inverse Matrix.

4. Results

Table 8 shows the FL effects of the ICT manufacturing industry between Korea and
USA during the entire study period from 2006 to 2015.

Table 8 shows the results of linkage effects analysis of ICT manufacturing industry
in Korea and the United States. Backward linkage effect of Korean ICT manufacturing
industry is 1.24 on average over 10 years, which has a large influence on other industries.
On the other hand, that of the US has a small influence at 0.85. Backward linkage effect
represents the influence of an industry on all industries when demand for an industry
increase. If backward linkage effect of the ICT manufacturing industry is large, it means
that the impact on all industries is large [54,55]. Therefore, it can be said that while Korean
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ICT manufacturing industry has a great influence on all industries in the country, in the US
it does not.

Table 8. Comparison of linkage effects of ICT manufacturing between Korea and USA.

Year

Forward Linkage of
ICT Manufacturing

Backward Linkage of
ICT Manufacturing

Korea USA Korea USA

2006 1.719 0.777 1.262 0.946
2007 1.604 0.728 1.245 0.966
2008 1.528 0.807 1.241 0.923
2009 1.823 0.862 1.281 0.867
2010 1.54 0.806 1.253 0.832
2011 1.791 0.819 1.282 0.835
2012 1.644 0.825 1.239 0.816
2013 1.586 0.915 1.2 0.803
2014 1.573 0.889 1.213 0.781
2015 1.716 1.005 1.177 0.771
Avg. 1.652 0.843 1.239 0.854

The forward linkage effect of the Korean ICT manufacturing industry is 1.65 on av-
erage over 10 years, which has a great influence on other industries. On the other hand,
that of the US has a small influence at 0.84. The large forward linkage effect means that
when the demand for products of all industries increases, the influence that an industry
will receive is large [54,55]. In other words, the large forward linkage effect of ICT manu-
facturing industry means that the output of the industry is used as intermediate goods in
the production process of other industries. Since this indicator is analyzed from the stand-
point of intermediate goods used during the production process of output, it also means
dependence on other industries. Therefore, we can say that Korean ICT manufacturing
industry plays a large role as a factor of production when producing other industries, but
that of the United States is not sufficiently performing such a role. Table 9 shows the results
of linkage effects analysis of ICT service industry in Korea and the United States.

Table 9. Comparison of linkage effects of ICT Service between Korea and USA.

Year
Forward Linkage of ICT Service Backward Linkage of ICT Service

Korea USA Korea USA

2006 1.028 0.894 0.891 0.874
2007 1.013 0.887 0.907 0.87
2008 0.939 0.897 0.897 0.86
2009 0.949 0.992 0.922 0.923
2010 0.938 0.957 0.919 0.93
2011 0.917 0.929 0.933 0.936
2012 0.905 0.926 0.919 0.945
2013 0.927 0.932 0.91 0.928
2014 0.947 0.933 0.918 0.94
2015 0.92 0.972 0.932 0.939
Avg. 0.948 0.932 0.915 0.915

Backward linkage effect of Korean ICT service industry is 0.91 on average over 10 years,
which has a small influence on other industries. That of the United States is also 0.91, which
has a small influence. ICT service industries of the two countries have small backward
linkage effects, so their influence on other industries is small.

Forward linkage effect of the Korean ICT service industry is 0.95 on average over
10 years, with a small influence on other industries. That of the US is also 0.93, which has a
small influence. If the forward linkage effect of ICT service industry is small, it means that
even if the demand for other industries increases, the demand for that industry also does
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not increase. In other words, since the dependence on other industries is low, even if the
demand of other industries increases, there is little possibility that the relevant industries
will be put into the process as a production factor.

Table 10 presents a summary of the statistical test results of the two hypotheses and
four sub hypotheses in this study. This study compared ICT manufacturing and service
sectors between Korea and USA to the relationship linkage effects. The hypothesis H1
that linkage effects of Korean ICT manufacturing industry and the US are different was
accepted. (p < 0.000). On the other hand, the hypothesis H2 that the linkage effects of the
ICT service industry in Korea and the US are different was rejected, and the pattern of
the linkage effect of ICT service industry between the two countries is drawn as shown in
(Figure 1). The result of this study show that ICT manufacturing sectors of Korea and USA
have very different linkage effects.

Table 10. Results of hypothesis testing.

Hypotheses p-Value Results

H1 The linkage effect between the Korean ICT
manufacturing industry and the US is different. - Accept

H1a The backward linkage effect between the Korean ICT
manufacturing industry and the US is different. 0.000 Accept

H1b The forward linkage effect between the Korean ICT
manufacturing industry and the US is different. 0.000 Accept

H2 The linkage effect between the Korean ICT service
industry and the US is different. - Reject

H2a The backward linkage effect between the Korean ICT
service industry and the US is different. 0.980 Reject

H2b The forward linkage effect between the Korean ICT
service industry and the US is different. 0.445 Reject
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(b) USA (2006–2015). Source: authors’ own computations on the data collected from OECD stat [45].

CO2 emissions were analyzed along with the linkage effect of ICT industry in Korea
and the United States in accordance with the low carbonization trend of major countries in
the world.

From 2006 to 2015, ICT manufacturing industry in Korea has an average of 1.9 t
of CO2 emissions, accounting for 0.33% of the total CO2 emissions [45]. As shown in
Table 11, CO2 emissions are gradually decreasing from 0.379 in 2006 to 0.267 in 2015.
Considering linkage effect in Figure 1, ICT manufacturing industry in Korea has a high
relationship with other industries and CO2 emissions are gradually decreasing, so it is
the industry suitable for realizing the goal of low carbonization and sustainable economic
development. From 2006 to 2015, CO2 emissions in the US are 23.1 t, accounting for 0.37%
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of the total CO2 emissions [45]. In addition, compared to the entire industry, CO2 emissions
of ICT manufacturing industry in the US are gradually decreasing from 0.430 in 2006 to
0.319 in 2015. Considering the linkage effect, ICT manufacturing industry in the US is the
industry that has a low relationship with other industries and CO2 emissions are gradually
decreasing. However, since the linkage effect of ICT manufacturing industry in the US are
gradually increasing, it is the industry that can be continuously developed.

Table 11. Comparison of CO2 emission of ICT industry between Korea and USA.

Year
CO2 Emission of ICT Service

Korea USA Korea USA

2006 0.379 0.430 0.490 0.417
2007 0.379 0.429 0.458 0.425
2008 0.366 0.394 0.432 0.436
2009 0.304 0.370 0.471 0.488
2010 0.314 0.382 0.456 0.472
2011 0.353 0.367 0.412 0.469
2012 0.298 0.352 0.417 0.466
2013 0.291 0.336 0.430 0.49
2014 0.286 0.326 0.400 0.511
2015 0.267 0.319 0.420 0.518
Avg. 0.324 0.370 0.439 0.469

From 2006 to 2015, CO2 emissions from the ICT service industry in Korea average
2.6 t, accounting for 0.45% of the total CO2 emissions [45]. As shown in Table 11, CO2
emissions are gradually decreasing from 0.490 in 2006 to 0.420 in 2015. Considering the
linkage effect shown in Figure 2, the ICT service industry in Korea has a small influence
on other industries and CO2 emissions are gradually decreasing. Compared with ICT
manufacturing industry, ICT service industry has lower linkage effects and higher absolute
CO2 emissions than the manufacturing industry. CO2 emissions in the US from 2006
to 2015 are 28.6 tons, accounting for 0.47% of total CO2 emissions [45]. CO2 emissions
of ICT service industry in the US is gradually increasing from 0.417 in 2006 to 0.518 in
2015. Considering the linkage effect in Figure 2, ICT service industry in the US has a low
relationship with other industries, but it is the industry that CO2 emissions are gradually
increasing. ICT service industry in the US has similar backward and forward linkage effects
to the manufacturing industry, but CO2 emissions from its service industry are higher than
those from its manufacturing, so efforts to reduce CO2 emissions are needed.
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5. Discussion and Conclusions

In this study, we compared ICT manufacturing and service sectors between Korea
and USA to analyses the relationship among linkage effects and CO2 emissions. The ICT
industry is good for reaching environmentally sound practices because it maintains high
productivity while improving overall energy productivity in the national economy. At
the same time, due to the ICT, all economic sectors can become more energy efficient. By
increasing the energy efficiency, it reduces the environmental impacts of other sectors
because ICT allows existing processes to be optimized or enables entirely new, more energy
efficient processes [56]. We use data from OECD for the period between 2006 and 2015 and
utilized IO analysis and Leontief’s Matrix to calculate the backward and forward linkage
effects. Additionally, in order to analyze whether CO2 emissions vary according to the final
output type, the same industry classification standard used in linkage effects analysis was
applied. The results of this study show that the ICT industries sectors of Korea and USA
have a few different effects on each national economy.

The finding of this study has important implications for both theory and practice. First,
the ICT industry is classified into ICT service and ICT manufacturing industry, and the
relationship between linkage effects and CO2 emissions of the two industries is examined
in this study, in a complex manner. Existing studies have conducted comparative analysis
of linkage effects in all industries [48,57,58] or limited to one country [37,59,60]. However,
ICT industry has different growth rates and linkage effects depending on the type of final
product. Additionally, CO2 emissions are different. Its CO2 emissions can be divided into
ICT manufacturing industry, which consumes energy to produce electronic devices, and
ICT service industry, which consumes energy to utilize the produced electronic devices.
Based on these results, this study is meaningful in analyzing the effects of each industry by
dividing it into manufacturing and service sectors according to the type of final product.

Second, ICT service industries in Korea and the US show higher CO2 emissions than
their ICT manufacturing industries. This means that the transition from manufacturing
to service industry does not unconditionally contribute to the reduction of domestic CO2
emissions. It is thought that the power consumption in ICT industry is relatively small
compared to other industries. However, due to the spread of PCs and the increase in
the amount of Internet communication, standby power has increased, leading to an in-
crease in power consumption. The ICT industry, which people thought to be the most
environmentally friendly, is changing into the industry where CO2 emissions are gradually
increasing. However, because ICT technology is also connected with new ones that can
quickly solve these environmental problems, the world is investing intensively in ICT. The
ICT service industry is expected to be the one that can deplete CO2 emissions by expanding
non-face-to-face services and utilizing rapidly developing IT technology [61], but it is also
true that its influence on air pollution is gradually increasing. In the case of linkage effects
of the service industry, forward and backward linkage effects in both countries are about
0.9, and the influences on other industries are not significant. Though, in the ICT service
industry in the US, CO2 emissions are gradually increasing. In other words, the degree
of development with other industries is insignificant, but caution is needed because the
amount of ICT industry in the country’s total CO2 emissions is increasing. In addition, it is
necessary to change the industrial structure through the development of ICT technology so
that it can develop together with other industries.

Third, CO2 emissions of ICT manufacturing industries in Korea and the United States
are on the decline. This result implies that an increase in manufacturing output by itself
does not increase CO2 emissions. It was confirmed that CO2 emissions of ICT manu-
facturing industry in Korea and the US are on decreasing trends. In the case of Korea,
the proportion of ICT manufacturing industry is increasing, but CO2 emissions decrease,
indicating that the increase in the manufacturing industry does not affect the increase in
CO2 emissions. Rather, it can be regarded as a change in the energy-intensive nature of
the manufacturing industry. In other words, if the manufacturing industry continues to
pursue low-carbon emissions and high added value, it will become a sustainable indus-
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try. Therefore, government support should be expanded so that the ICT manufacturing
industry makes GREEN production processes, and the ICT manufacturing industry should
also make continuous efforts to create eco-friendly construction methods. As a result of
linkage effect analysis, it was found that both BL and FL in Korea exceeded 1 and had a lot
of influence on other industries, but in the US, both BL and FL were analyzed to be less
than 1. That is, the ICT manufacturing industry in Korea has a significant influence on both
forward and backward industries, but the US does not. The ICT manufacturing industry
in Korea is their flagship industry, accounting for about 10% of total production (2018),
6.7% of GDP (‘2019), and exports of USD 94 billion (2019) [62]. ICT manufacturing industry
in Korea continues to create investment and employment as the industry leading the na-
tional economy despite the recent decline in competitiveness of traditional manufacturing
industries such as steel industry and shipbuilding.

Finally, when examining ICT industries of Korea and the US by dividing them into
manufacturing and service industries in this study, it is found that that CO2 emissions
of all Korean industries increases but decreases in the case of ICT industry. Additionally,
as its linkage effects are large, it can be seen that sustainable development based on low
carbon is possible. The high linkage effects mean that ICT industry carries out production
activities and buys or sells a lot of goods and services from other industries. In this
way, the ICT industry in Korea can be said to be the central industry of the national
economy because it arouses the supply and demand of other industries and leads to
the production activities of that industry. Continued development of this industry will
entail the development of new technologies that can reduce the ever-increasing CO2
emissions through increasing government investment. In the case of the United States,
CO2 emissions from ICT manufacturing industry are on the decline, but ICT service is
on the rise. Additionally, linkage effects are less than 1, indicating that the influence on
other industries was insignificant. However, being low does not mean that it has a small
share of the total output in the national economy. The linkage effects are only a measure of
their influence on other industries, not how much of an industry’s output accounts for a
country’s total output. Actually, the United States is the global number one powerhouse
in the ICT industry, has a great added value creation effect, and is easy to converge
and combine with other industries. These results suggest that the industry should be
accompanied by efforts to reduce CO2 emissions when it develops. Unlike other industries,
ICT industry is widely applied in other fields and has the characteristics that it can improve
the efficiency of industries and technologies. In the short term, the development of ICT
industry can increase energy consumption but in the long term, it is possible to control
energy consumption and reduce CO2 emissions by applying ICT technology to energy
demand management monitoring and low-carbon optimization. The US government
should invest in technology development in ICT industry for it. This is because the
development of ICT industry is that of technologies and devices for other industries.

ICT industry is a representative industry that has a comparative advantage over other
countries in both Korea and the United States and has a large growth effect compared to
investment [57,63,64]. When the growth of the ICT industry is combined with the effect of
converting energy consumption, systematic support from government for the ICT industry
should continue because the effect of reducing CO2 emissions is large.

Despite these implications, this study has the following limitations. First, this study
compares and analyzes only two countries in ICT industry, Korea and the United States.
Future research should analyze countries that are importantly fostering the ICT industry.
Second, this study only analyzed a part of the ICT sectors in Korea and USA because of
limitation of publicly available data. Lastly, only the backward linkage effect and forward
linkage effect were considered in the analysis of linkage effect without net multipliers. In
future studies, additional analysis indicators such as employment inducement effect and
value-added inducement effect including net multipliers should be examined together.
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