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l. Introduction

The fourth industrial revolution is the on-going
industrial revolution driven by intelligent in-
formation technology. The digital innovations
related to artificial intelligence, big data analy-
sis, cloud computing, and the internet of things
are driving hyper-connectivity between all
products and services through global networks,
thereby advancing the data-driven economy. In
particular, the data-driven technologies com-
bined with new technologies and established
industries and services contribute to the new
business models, thereby bringing about the so-
called digital disruption.

The recent digital innovation has been acceler-
ated by the market needs to the extent that the
mass production system of the established in-
dustries needs to be changed into a personal-
ized production system. All the materials and
phenomena in the physical world with analogue
characteristics have been transformed into digi-
tal data to a substantial degree, in terms of
speed as well as magnitude. In addition, artifi-
cial intelligence systems which can find opti-
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mal solutions through data analysis have been
utilized widely in various socio-economic areas.
The digital innovation taking place in the wake
of the fourth industrial revolution is having dis-
ruptive effects on products, production pro-
cesses, and business models of the established
industries.

I1. Digital Innovation and
Trade Pattern

Digital innovation will bring about revolution-
ary changes in all activities in the social and
political sphere, not to mention the areas of
technology, industry, trade, and other economic
transactions. In a recent research, the OECD
(2018) presents the following future scenarios:
the “iChoose” scenario, where individuals will
play a leading role in economy, politics, and
societal activities through deregulation and in-
novations by the governments and corporations;
the “platform government” scenario, where
governments are changed into a platform gov-
ernment to manage the mutual relationships
among the citizens, corporations, and societal
organizations; the “Tech Titans” scenario,
where the large companies leading global tech-
nology innovation will play pivotal roles in all
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economic activities, providing better personal-
ized services for the general public than the
governments; and the “Artificial Invisible
Hands” scenario, in which artificial intelligence
replaces the many coordination functions of
governments and corporations, guiding the
people to make better choices in improving
their welfare.

The information on production and consump-
tion collected through the internet of things will
be conducive to an optimal production system
and smarter consumer choices through big data
analysis and artificial intelligence, bringing
about fundamental changes in the world econ-
omy. In particular, digital innovation will have
various impacts on international trade patterns
according to technology characteristics and dif-
ferent levels of technology development. Let us
take the example of a smart factory. In the em-
bryonic stage of the smart factory, the interna-
tional trade pattern will be determined by the
individual levels of technology because the dig-
ital innovations are not differentiated from the
previous production systems. In the growth
stage of a smart factory, the reshoring of the
production activities will be facilitated by the
comparative advantage in terms of technology
and location, changing the trade pattern sub-
stantially. In the maturity stages of the smart
factory, the factories will be located in the con-
sumer markets by a distributed manufacturing
system. The trade pattern will be transformed
toward the servicification of manufacturing.

I11. International Comparative
Analysis of Digital Innova-
tion

In this study, we analyzed the level of digital

innovation and digital utilization by country
and industry. The level of digital innovation —
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measured by number of patent grants, number
of citations, and H index — is analyzed using
data on utility patents related to digital innova-
tion technology, among those reported to the
U.S. Patent and Trademark Office (USPTO),
while the analysis for the level of digital utiliza-
tion uses both industrial robots data in the
World Robotics Reports and ICT access and
usage data in the OECD.Stat database.

According to the results of our analysis, signif-
icant improvement was made in the world’s
digital innovation (number of patents), led by
the U.S. and Japan, showing a stair-step in-
crease in the years of 1998 and 2010. However,
the number of patents in Japan has remained
relatively flat since 2000, while the number in
China and India has increased rapidly since the
mid-2000s.

The quantitative and qualitative level of Ko-
rea’s digital innovation is steadily rising, but
still relatively lags behind the U.S. and Japan.
In particular, considering the recent decline in
Korea’s rank on the H index, and the improve-
ment in the level of digital innovation shown in
China and India, Korea is likely to experience
the same decline as the EU member states.

By industry, the level of digital innovation is
focused in the category 26 (computer, electron-
ic and optical products), 28 (machinery and
equipment n.e.c.), and 62 (computer program-
ming, consultancy and related activities) indus-
tries. Among these industries, category 62 in-
dustries have shown dramatic increase recently.
When comparing the level of digital innovation
in major countries (USA, Japan, Korea, Taiwan,
China, India) within the period of 2010-15, it
was found that all category 26 and 28 industries
were at a high level in all major countries. Ko-
rea’s level of digital innovation by industry is
currently positioned between the U.S., Japan,
China and India, according to the analysis by
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country. In the category 62 industry especially,
Korea is at a lower level than India.

Overall, industrial robots indicate an increase
in the level of digital utilization. Around 72%
of the world’s industrial robots are installed and
operated in the U.S., Japan, Korea, China and
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Germany. Korea has installed the third most
robots in the world, and operates the fourth
largest number of industrial robots actively. In
particular, the number of robots in operation
per 10,000 workers in Korea is 631, the largest
rate recorded in 2016.

Figure 1. The Trend of Patent Grants by Major Countries

Unit: number of utility patent grants

World USA Japan
8,000 5,000
7,000
6000 4,000
5,000 3,000
4,000
3,000 2,000
2,000 1000
1,000
0] 0
ONT VRO NT VWX T O NTWVWXONTW®EON T O NTOVUONTO®EON T
A ND DO OO0 0 A DD DO OO0 S DO NH DO SO OO oo
aO o oS00 Cc oo R R R R E-E-E-E-R- R LR R R E-E-E-E-R- -
Ao H AN NN NSNS A HH A NN SN NN HeH Ao AN NN NSNS
Korea China India
1,400 250 120
1,200
’ 200 100
1,000 0
200 150
60
600 100
400 40
200 0 20
0 0 0
O N T WO NTWEO N T O N T WO MNT WK o N T O N T WK OMNTWO®XO NS
SO NSO o o R - R DTN DO o
H O nHSSSSOS58 S D HaOHHnHS O O855 885 S HAH O HOOSSSS S S
HH A AN NN HeHH A AN NSNS HHH A A NN NN NN
Source: Author’s calculation based on USPTO DVD-ROM.
Figure 2. The Ratio of Patent Grants by Industry
Whole period (1990-2015) 1998-2000 2010-15
62 [computer programming, 62 [computer programming,
consultancy and related activities) “"""‘"II""“'""'i"’l"!'f'i activities} 62 [computer programn |'g.|[m
T B.T% r 32 (other 4.9% | |[ consultancy and felated adthlits
32 (other Hl manufacturing) | 13.9% |
manufacturing) I 7.3 | ||
SR |I| I 32 (othier Il
M ,l |,| manutatturingf .I
N !ll 261 o |
computer, — =
’ 26 {computer, electronic and optical == elet?ﬁ [c.nrvp:ter,_ .
electronic and optical products) T
" products) 41.0% urn.ducl.'.i
\ 41.5% \ 43.9%

28 (machinery and
equipment n.e.c)
A5.4%

28 (machineryand |
equipment ne.c.)
42.9%

Source: Author’s calculation based on USPTO DVD-ROM.

._\..

28 (machineryand |
equipment n.e.c.)
34.5%

International Comparison and Trade Effects of Digital Innovation



January 18, 2019

Table 1. Major Countries’ Number of Patent Grants Related to Digital Innovation Technology by
Industry (2010-15)

Unit: number of utility patent grants

Major Industries USA Japan | Korea | Taiwan | China | India

code name

20 | Chemicals and chemical products 207 135 31 21 6 1

26 | Computer, electronic and optical products 14,376 | 8,314 | 4,730 | 1,655 405 340

27 | Electrical equipment 177 67 33 43 14 0

28 Machinery and equipment n.e.c. 11,010 | 10,237 | 1,245 786 272 39

32 Other manufacturing 1,437 1,703 431 345 51 1

62 Computer pr(_)g_ramming, consultancy and 9.413 | 245 63 26 )8 75

related activities

Industry Total 36,939 | 20,889 | 6,591 | 2,909 792 456

Source: Author’s calculation based on USPTO DVD-ROM.

|\/|any of the robots that were installed and in
operation during 2011-16 are used in the
manufacturing of automotives, electrical and
electronics, metal, plastics and chemical prod-
ucts. Korea uses a large number of robots in
the electrical and electronics sectors, unlike
other major countries that use many robots in
the automotive sector.

|_astly, as for the other indicators of digital
utilization, the usage of ICT at enterprises is
not very high in Korea, with the exception of
RFID utilization, despite the very high usage
rate of high-speed internet at enterprises
(99.3%) and households (99.5%).

IV. The Impact of Digital In-
novation on International
Trade

This chapter examines the impact of digital
innovation on international trade. Digital in-
novation denotes new products and processes
based on data and software codes. Since it is
widely known that there is a positive correla-
tion between innovation and productivity, it is
natural to conjecture that digital innovation
would have an impact on international trade

due to changes in fundamental productivity.
We select a structural approach rather than a
reduced-form econometric approach due
mainly to the paucity of relevant data.

T'he world comprises N countries and J sec-
tors, in which a particular country is denoted
by n,i € {1,...,N} and a particular sector by
j,k€{1,..]}. Consumers in each country
supply their labor inelastically at wage rates
wy, in country n and demand consumption
baskets according to Cobb-Douglas prefer-
ences with country-sector specific share a{;
over their consumption of final output bought
at prices PI{ in all sectors. Given prices and
income, consumers maximize their utility sub-
ject to the budget constraint.

\Ve add fundamental productivity into a mul-
ti-country and multi-sector Ricardian model
with input-output linkages, trade in intermedi-
ate goods, and sectoral heterogeneity in order
to quantify the trade effects from digital inno-
vation. Representative firms in each country
and sector produce a continuum of varieties of
international goods. Following Eaton and Kor-
tum (2002) and Caliendo and Parro (2015), we
model efficiencies as random variables so that
firms producing intermediate goods differ in
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their productivity level z{; drawn randomly
from a Frechet distribution. Given the realiza-
tion of productivity level at intermediate good
sector j in country n, we introduce funda-
mental productivity Tr{ to the production
function for intermediate goods as follows.

Vi) = 20 (T Tm ()™

\Where l{; is the labor demand, mﬁ'j is the
demand for material inputs by firms in sector j
from sector K, yﬁ'j is material share from sec-
tor k in the production of sector j and lastly
1- yf; = Zy,'f'j . The structure of production
technology shows input-output matrix for each
country. From cost minimization, unit cost
bundle cé is derived.

Final goods or composite intermediate goods
in sector j, YI{, is produced by Ethier (1981).
We assume that the final goods cannot be gen-
erated by assembling intermediate goods from
different sectors other than sector j. The opti-
mal demand function for intermediate goods is
derived from final good producer’s maximiza-
tion problem.

International trade is costly. A unit of any in-
termediate good in sector j shipped from
country i to j requires producing k. >1
units in country i. Final good producers
search for the lowest price of intermediate
goods across all locations and assemble them
to provide their buyers in their own country.
Using some properties of the Frechet distribu-
tion, we calculate bilateral trade share T,
and total expenditures X{'1 for all countries and
sectors.

On equilibrium under trade costs and exoge-
nous variables, a wage vector and prices satis-
fy equilibrium conditions, including a number
of optimal behavior of consumers and produc-
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ers and market clearing conditions in each
country.

\Ve highlight the link between digital innova-
tion and productivity and between productivity
and international trade on a general equilibri-
um setting to answer counterfactual questions.
In order to perform the counterfactual analysis,
we first calculate changes in equilibrium fol-
lowing the popular hat calculus.

Cost bundles (N x ] equations)

,\an_[ (P])yn
k=1

Price index (N x ] equations)
-1/67
st mielel) " @)
Bilateral trade share (N X N X ] equations)
i —9J
~] _ ] n Khi
= (1) [
Total expenditures (N X ] equations)
o ” R
XrJerJFZ{c.:l Vr{ ?I=1XinXin +
al (WnLp )Wy Ly,

where it is assumed that the world trade is bal-
anced.

Given a system of equations as above, we
next measure digital innovation by extracting
patents data pertinent to new technology such
as Atrtificial Intelligence, Big Data, Machine
Learning, Cloud Computing, and others rec-
orded in the United States Patent and Trade-
mark Organization from 2011 to 2015 (Figure
3).

Next, we proceed to concord the extracted

patents data to International Standard Industri-
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al Classification Revision 4. Then, we use the
constructed patents data (Figure 3) to generate
changes in fundamental productivity at sector-
level to examine the trade impact of digital
innovation. In addition, we consider changes
in fundamental productivity at country-level of
estimates from previous studies (e.g., Craft
2004; Craetz and Michaels 2015; O’Mahony
and Timmer 2009; McKinsey Global Institute
2017).

In all cases, we use data from the World In-
put-Output Table released in 2016 to calculate
exogenous variables such as input-output coef-
ficients, value-added share, and share of con-
sumption expenditures for the model.

Figure 3. Patents Records Relating to Digital
Innovation at Country-industry Level

Indlutstry

Note: Author’s calculation. Brighter color represents higher
number of patents for digital innovation. Such patents are
concentrated in the computer, electronic, and machinery
sectors in the US, Japan, Korea, and EU.

\Ve consider ten different scenarios depend-
ing on productivity shocks (changes in TI{)
from sector-level and country-level. However,
we can only show part of the main results in
Table 2 due to space limitation.
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Table 2. The Impact of Digital Innovation on
Trade Volumes: Counterfactual Predictions

(unit: million US$)

Country | Industry- | Country-level(2% uniformly)

level US only | Leading The
countries | world

Total 157,033 | 155,222 | 372,620 | 681,369

(100.0) | (100.0) | (100.0) | (100.0)

U.S. 65,736 76,148 | 109,805 144,603

(41.9) (40.6) | (21.0) (16.3)

Japan | 27,842 3,951 29,896 37,193

(17.7) (2.1) (5.7) (4.2)

E.U. 24,621 16,807 | 93,440 126,816

(15.7) (9.0) (17.9) (14.3)

Korea | 4,918 2,472 21,540 26,321

(3.1) (1.3) (4.1) (3.0)

Note: Author’s calculation. The figures in parentheses sh
ow the share out of ‘Total'. Parameter values are calcul
ated based on WIOT and tariffs are from WITS. Leading
countries include the US, EU, Japan, Korea, and China.

Counterfactual analysis based on a variant of
the Ricardian model shows that digital innova-
tion is beneficial to international trade. In oth-
er words, if digital innovation boosts funda-
mental productivity, it triggers growth in in-
ternational trade at both sector-level and coun-
try-level. If countries/sectors have higher
productivity due to digital innovation, those
become much more competitive in producing
goods or services, affecting trade share, price,
expenditure, and many others within the mod-
el. As fundamental productivity induced by
digital innovation becomes higher and the
number of countries that experience enhanced
productivity becomes larger, the model pre-
dicts that world trade volumes will grow larger
accordingly. However, the growth in trade
volumes is uneven. Although digital innova-
tion contributes to the growth of world trade
volumes, the increases in world trade are con-
centrated in certain countries and/or sectors
that lead digital innovations.
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V. Conclusions

This study provides the following implica-
tions for Korean private companies and its
government. First, Korean private companies
need to expand their R&D investments in
software and programming related to Artificial
Intelligence (Al), internet of things, and big
data — areas in which the quantitative as well
as qualitative level of Korean patents are rela-
tively low compared to the U.S. and Japan.
They need to strengthen their competitiveness
in digital innovation technologies. For its part,
the government must step up wide-ranging
deregulation measures to facilitate digital in-
novations related to data flow and technical
interoperability.

Second, efficient policy governance needs to
be set up to systematically support digital in-
novation in private sectors. This is because the
digital policies in the age of the fourth indus-
trial revolution are expected to have wide-
ranging effects on the economy as well as so-
ciety. According to an OECD study (2017) on
national digital strategy governance, OECD
member countries have allocated respective
responsibilities to various ministries. A sys-
tematic governance system needs to be estab-
lished to lead development, and to monitor
and co-ordinate implementations.

Third, the Korean government needs to coop-
erate with WTO member countries to revise
the international trade rules related to digital
trade. In particular, trade rules such as the
Technical Barriers to Trade (TBT), Intellectu-
al Property Rights (IPR), and Telecommunica-
tion Agreements need to be urgently revised
through WTO negotiations. KisP
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