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Introduction

Artificial intelligence (Al) has recently gained a tremendous attention from
business leaders, technologists, policymakers, academics, and virtually all
citizens around the world. The AlphaGo versus Lee Sedol Go match in
March 2016 showcased the incredible cognitive power of an Al-powered
machine, which made people imagine what other things Al could do better
than humans in the future. Suddenly, people woke up to the realization that
their jobs may not be as secure as they thought because machines might take
them over sooner than later.

Historically, although technology developments have eliminated numet-
ous old jobs, they created more new jobs, often resulting in a net increase.
Many fear, however, that the unprecedented pace of developments in Al ro-
botics, digital technologies, and automation technologies will make more
professions obsolete much faster and at a larger scale than ever before. As a
result, policymakers are concerned that Al-powered automation will lead to
a huge net loss in jobs, which creates a wide range of serious economic and
social issues.

Previous automation technologies tend to automate manufacturing jobs
and thus displace workers mostly in the manufacturing sector. However,
Al-powered intelligent automation technologies can automate service jobs
such as call center operations, fraud detection, legal document review, medi-
cal diagnosis, and software development. Simply put, intelligent automation
is the combination of Al and automation. It has capabilities to sense and syn-
thesize a vast amount of data and can automate service processes ofr

workflows. With machine learning algorithms, intelligent automation systems
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continue to learn and adapt, eventually performing better than human workers.
Faster connectivity, greater computing power, advances in algorithms, and
abundant data collectively expand the opportunities for service job automa-
tion to a whole new level.

Several recent studies have investigated the impact of automation on jobs.
Notable studies include the ones published by Gartner, OECD, Oxford
University, McKinsey, and World Economic Forum. Most of these studies
focused on estimating the probability of automation for different occupa-
tions or the percentage of occupations that are likely to be automated. They
mostly used survey data, expert opinions, and/or data relating to charactet-
istics of different occupations to predict which occupations are more or less
likely to be automated and by how much.

Although these studies may provide high-level insights on the impact of
automation on occupations, their estimations vary substantially in part due
to their reliance on survey data and expert opinions. Furthermore, they do
not demonstrate empirical evidence of how automation technologies have
been affecting service jobs based on objective, longitudinal economic data.
As a result, when it comes to the impact of automation on service jobs, we
have numerous predictions about what is going to happen, but we do not
have much knowledge about what has happened recently and what is going
on today.

Another shortcoming of prior studies is that they tended to focus on large
economies such as the U.S., European Union, and China. However, little at-

tention has been given to smaller developing economies or certain regions,
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such as APEC member economies. Our study attempts to empirically test
the impact of Al-powered intelligent automation on setrvice jobs in develop-
ing economies around the wotld as well as APEC member economies by an-
alyzing changes in international trade in services. The impacts of Al-pow-
ered intelligent automation on APEC member economies are likely to be sig-
nificant as many of the APEC member economies rely on setvice exports for
economic growth. Furthermore, intelligent automation may not only impact
international trade in services in APEC member economies but also deepen
digital divides and social inequality. For fostering shared prospetity in the re-
gion, APEC member economies need to have evidence-based knowledge
about how intelligent automation affects their economies, such as interna-
tional trade in services. Such knowledge will help them design and imple-
ment effective policies and regulations to cope with the challenges caused by
Al-powered intelligent automation.

The objective of this study is to investigate whether and how the advances
of intelligent automationatfectinternational trade inservices.Furthermore,
this study investigates if the effect of intelligent automation is more sig-
nificant in highly automatable service industries and in developing econo-
mies wotldwide and within APEC members. To this end, weanalyze the
United Nations (U.N.) Comtrade trade data in 2000-2016 for 236 countties
in 62 service industries. We use the Occupational Information Network
(O*NET) database from the State of North Carolina in the United States
(U.S.) to measure the degree of automation in each service industry. In addi-

tion, we use by the U.N. International Telecommunication Union (ITU)’s
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ICT Development Index (IDI) to measure the level of ICT development in
each country.We utilize the World Bank Open Data for control vatiables
such as population, gross domestic product (GDP), and service industry
sizes in the exporting and importing countries.

In conducting econometrics analyses that measure annual growth rates in
global trade in services, we categotize the service industties into highly auto-
matable (finance, professional, and information) and less automatable and
compare the estimated growth rates between the two groups. We divide the
sample into three different periods to examine the effect of recent develop-
ments in intelligent automation. In addition, we divide the countries into de-
veloped economies and developing economies and compate the trade
growth rates, so that we can understand the impact of automation on setvice
industries in developed and developing economies. Furthermore, we con-
duct the same analysis for APEC member economies only to gain insights
on how intelligent automation affects services trade in APEC member
economies.

Our empirical analyses yield several notable and interesting findings. First,
we find that the global trade in services substantially increased during
2008-2014, but our estimation shows that all others being equal, the trade
has shown a declining trend in 2014-2016. Second, we find that while the
service industries that are more automatable (finance, professional, and in-
formation) experienced faster trade growth in 2000-2014, this growth has re-
versed in 2014-2016. This trend is most significant in the finance and in-

surance industties, which are the most automatable. While the estimated annual
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growth rate in trade in the finance industries in 2008-2014 is 15%, it is esti-
mated to be -20% in 2014-2016. We interpret that advances in intelligent au-
tomation or other technologies allow producers of highly-automatable serv-
ices to rely more on automation and less on low-wage offshore workers.

Third, it is found that the service exports from the developed economies
to the developing economies in the highly automatable service industries
grew consistently in 2008-2014 but declined in 2014-2016. However, the
same trend was not found in other service industries that are not highly
automatable. We also obtain similar findings when we group countries into
alternative classifications — high GDP vs. low GDP and high income vs. low
income countries. For example, we find that service exports from low-in-
come economies to high-income ones have declined in 2014-2016, partic-
ularly in more automatable service industries. Fourth, we find that trade in
services between the economies with advanced ICT infrastructures appears
to be declining in 2014-2016, but that between the economies with less de-
veloped ICT infrastructures has been rising for the same period. Finally, we
find that APEC economies experienced a decline in both exports and im-
ports in the finance/insurance industries in 2014-2016 and that within
APEC economies, trade in the information and professional service in-
dustries has decreased in 2011-2016.

Based on the empirical findings, this research proposes several policy pre-
scriptions for APEC member economies as follows. We first propose guid-
ing principles for regulations and policies for intelligent automation. We ad-

vise policymakers to regulate automation technologies based on empirical
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evidence; take an approach that advocateslight-touch, permissionless innovation,
and technology neutrality; and ensure consistency in policies and regulations
for automation. We also make several recommendations for policy direc-
tions in the areas of workforce reskilling, education, labor, social protection
and transition support, entrepreneurship, domestic service industties, infra-
structure, and interagency coordination and public-private partnership. Next,
we present more specific policy recommendations for APEC member
economies.Finally, we discuss how South Korea can contribute to promot-

ing shared prosperity in APEC member economies.
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Chapter 1
=== International Trade
K in Services

1. Introduction to International Trade
in Services

2. Historical Trends in International
Trade in Services

3. Intelligent Automation, Services
Trade, and Outsourcing



1. Introduction to International Trade
in Services

Services are an essential part of modern economies worldwide. Services
build the foundation for the development of other industries and are critical
to foster social development. In 2017, services account for 65.1% of the
global GDP and international trade in setvices accounts for 12.8% of the
global GDP.D In APEC economies, setvices have had a continuous growth
for decades and tepresented more than 50% of the APEC’s GDP in 2008.2
For the APEC economies, services have increasingly become a crucialele-
ment of their export portfolio. For example, the Philippines became one of
the largest business process services exporters in the world and Thailand and
Malaysia have developed a fast-growing health services industry. International
trade in the services has benefited from the ongoing liberalization of trade
and investment in services at the multilateral level. Furthermore, techno-
logical progress has expandedthe scope of the international division of labor
and made it easier to outsource and delocalize a growing number of services
activities. Consequently, the tradability of setvices has increased.3)

Trade in services differ from trade in goods in that trade in goods involves
shipping goods from one country to another country, but cross-border trade
is not the mostcommon way of conducting international transactions in
setvices.®) For services thatrequire personal contact between customers and

clients, trade is possible only via salesthrough a foreign affiliate or if either

1) The Wotld Bank Open Data, https://data.wotldbank.otg/indicator/BG.GSRNFSV.GD.ZS

2) APEC Group on Setvices (2012), “Key Success Factors in Trade in Services,” https:/ /www.
apec.otg/-/media/ APEC/Publications/2012/1/Key-Success-Factors-in-Trade-in-Setvices/
2012_cti_gos-_Key-Success-Factors-Trade-in-Sves.pdf

3) Lautier, M. (2014), International trade of health services: Global trends and local impact.
Health policy, 118(1), 105-113.

4) Mattoo, A., Stern, R. M., & Zanini, G. eds. (2007), A handbook of international trade in services,
The World Bank.
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the customer or producer travels across borders. Also, services are highly
regulated. Consequently, barriers to trade inservices arise from domestic reg-
ulations that respondto market failures andprotect local suppliets.

Research on international trade in services is very diverse and multi-
disciplinary in nature. Indeed, prior studies have investigated a wide range of
aspects related to international trade in setvices, including the effect of trade
policies, the effect of exchange rates, the effect of external finance, and the
effect of the Internet and information and communications technology
(ICT). As for the effect of the Internet and ICT on international trade in
services, prior research finds that the Internet stimulates trade. It has been
found that a 10 percent increase in the growth of web hosts in a country
leads to about a 0.2 percentage point increase in export growth.5) Whereas
one study foundthat the Internet had a positive and significant effect on the
setvice trade of developing countries,®) another study found that the impact
of the Internet on services export was larger for developed countries than de-
veloping countries.”) Other studies found that the benefits of electronic com-
merce are likely to be concentrated in developed countries in the short run but
developing countries will have more to benefit in the long run and that more
ICT-intensive firms purchase a greater amount of services on the market and
they are mote likely to purchase offshote than less ICT-intensive firms.8)

According to an APEC report,?) the extant literature on international trade

5) Freund, C. L., & Weinhold, D. (2004), “The effect of the Internet on international trade,”
Journal of international economics, 62(1), 171-189.

6) Salmani, B., Pourebrahim, F., & Saremi, M. (2013), “The Effect of the Internet on
International Trade in Services: Developing Countties’ case study,” E-Comumerce in Developing
Countries: With Focus on e-Security (ECDC), 7th International Conference.

7) Yousefi, A. (2018), “Estimating the Effect of the Internet on International Trade in
Services,” Journal of Business Theory and Practice, 6(1), 65-82.

8) Abramovsky, L., & Griffith, R. (2000), “Outsoutcing and offshoring of business setvices:
How important is ICT?,” Journal of the Eurgpean Economic Association, 4(2-3), 594-601.

9) APEC Group on Services (2012), “Key Success Factors in Trade in Services,” https:/ /www.
apec.otg/-/media/ APEC/Publications/2012/1/Key-Success-Factors-in-Trade-in-Setvices/
2012_cti_gos-_Key-Success-Factors-Trade-in-Sves.pdf
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in services has tended to focus on developed economies and has been di-
rected at a firm level rather than an economy level. Our review of prior re-
search on international trade in services reveals that few studies have inves-
tigated a possible negative impact of ICT on international trade in services.
For example, with the advances in Al-powered intelligent automation, many
service jobscould be done by technologies rather than by human workers,
which leads to the reduction in international trade in services. Our study in-
tends to fill this knowledge gap in prior research and shed light on the effect
of advanced ICT such as intelligent automation on international trade in

services worldwide as well as within APEC members.

2. Historical Trends in International Trade
in Services

Advances in information technologies (IT) for the last few decades have
been catalysts for rapid growth in international trade in services. According
to data from Comtrade by the United Nations (U.N.), both global service ex-
ports and imports had doubled from $1.5 trillion in 2000 to more than $3
trillion!9 in 2014 (Figures 1 and 2, respectively), while we observe a decline
in services trade after 2014. Thanks to the development of information and
communication technologies (ICT), many service operations have been out-
sourced from high-wage developed economies to low-wage developing
economies, particularly ones with a large population that speaks Western lan-
guages, such as the Philippines, India, Mexico, or Eastetn Europe.!)) This is
one of the reasons why service exports from developing economies have in-

creased from $300 billion in 2000 to $800 billion in 2015 (Figures 3-4).

10) in 2008 dollars
11) The New York Times (2011), “A New Capital of Call Centers,” https:/ /www.nytimes.com/
2011/11/26/business/philippines-overtakes-india-as-hub-of-call-centers.html
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International trade in services has grown rapidly in many service in-
dustries, such as finance and insurance (Figure 5), professional services
(Figure 6), and even construction (Figure 7). The amount of exports in the fi-
nance and insurance industries from developed economies had tripled from
$50 billion in 2000 to $160 billion in 2014, despite the global financial crises
in the late 2000s. The exports in professional, scientific, and technical serv-
icesfrom developed economies, including legal, medical, or R&D-related

services, have grown from $10 billion to $110 billion in 2000-2016.

I Figure 1. Growth in Global Service Exports (2000 - 2016) I
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I Figure 2. Growth in Global Service Imports (2000 - 2016)
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Figure 3. Growth in Service Exports from Developed and Developing
Economies (2000 - 2016)
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Figure 4. Growth in Service Imports by Developed and Developing
Economies (2000 - 2016)
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Figure 5. Growth in Exports of Finance Services from Developed and
Developing Economies (2000 - 2016)
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Figure 6. Growth in Exports of Professional, Scientific, and Technical Services
from the Developed and the Developing Economies (2000 - 2016)

110B
100B

Developed Economies

80B
70B
60B
50B
408
308
20B
10B

0B

Service Trades($)

Developing Economies

2001 2003 2005 2007 2000 2011 2013 2015
Year

Source: Authot's own compilation

Figure 7. Growth in Exports of Construction Services from the Developed
and the Developing Economies (2000 - 2016)
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3. Intelligent Automation, Services Trade,
and Outsourcing

Many predict, however, that further development of intelligent automa-
tion technologies such as artificial intelligence (Al) and robotics will re-shape
international trade in service industries. Intelligent automation is the combi-
nation of Al and automation. Intelligent automation applications sense and
synthesize a vast amount of data and can automate entire processes or work-
flows, learning and adapting as they go by using machine learning or deep
learning algorithms.1? The range of business problems to which intelligent
automation can be applied is expanding as technologies for voice recog-
nition, natural language processing, machine vision, and machine learning
improve and become usable by non-specialists.

In the past, I'T has been automating business processes that entail routine,
low-skilled work with well-documented job descriptions, such as clerical da-
ta-processing work.13) However, as such intelligent automation technologies
become advanced enough to automate even high-skilled, knowledge-intensive
work, service producers in developed economies are more likely to replace
low-wage, high-skilled workers in developing economies with intelligent au-
tomation technologies that are becoming cheaper and more powerful at an
unprecedented speed.

A 2018 Wotld Economic Forum report!® shows that, in 2018, an average
of 71% of total task hours across the 12 industries are performed by humans,

compated to 29% by machines. But, by 2022 this average is expected to have

12) eloitte Insights (2014), “Intelligent Automation: A New Era of Innovation,” https:/ /www2.
deloitte.com/insights/us/en/focus/signals-for-strategists/intelligent-automation-a-new-eta-
of-innovation.html

13) The Telegraph (2017), “These ate the jobs most at risk of automation according to Oxford
University: Is yours one of them?” https:/ /www.telegraph.co.uk/news/2017/09/27 /jobs-risk-
automation-according-oxford-university-one/

14) World Economic Forum (2018), “The Future of Jobs Report.”
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shifted to 58% task hours performed by humans and 42% by machines.

Furthermore, by 2022, 62% of information and data processing and in-

formation search and transmission tasks will be performed by machines,

compared to 46% today. Even those tasks that require complex human in-
teractions—communicating and interacting; coordinating, developing, man-
aging, and advising; as well as reasoning and decision-making—will begin to

be automated (30%, 29%, and 27% respectively by 2022).

There are a wide range of examples in which occupations that used to be
outsourced to developing economies are now being automated by Al. Some
examples are as follows.

* Call center operations have been outsourced overseas to English-speaking
countries such as India or the Philippines. Recently, Silicon Valley startups
are beginning to utilize Al, such as voice recognition and machine learn-
ingto automate call center operations.!3 This is possible because a simple,
straightforward question by a customer can be answered by an Al
“chatbot” instead of a call-center clerk overseas.

* IBM has been developing its Watson platform to automate medical diag-
nosis, some of which has been outsourced and conducted by medical pro-
fessionals in developing economies such as India, where their salaries are
much lower than in developed countries.10)

* In the legal profession, contract-writing, document review, and legal dis-
coveries are increasingly being outsourced overseas and automated by Al
at the same time.1?)

* Machine learning technologies are replacing human specialists for fraud

detection in the banking and financial services industries.!®)

15) https:/ /hacketnoon.com/streamline-yout-call-center-operations-with-artificial-intelligence-
and-chatbots-4abac30d8d9a

16) http:/ /www.healthtechzone.com/topics/healthcare/articles/2018/08/14/439124-how-
ibm-watson-revolutionizing-cancer-research.htm

17) https:/ /www.law.com/legaltechnews/2018/07 /23 /looking-beyond-document-review-legal-
is-branching-out-with-artificial-intelligence/?slreturn=20181007214557

18) https:/ /www.fico.com/blogs/analytics-optimization/5-keys-to-using-ai-and-machine-learning-
in-fraud-detection/
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People Believe Much Work Will Be Done by Machines in the Future

A 2018 Pew Research Center study shows that most people from both de-
veloping and developed countries think Al and robots will take over many
jobs currently done by humans (Figure 8). According to the survey results,
about 90% of the people in Greece and Japan think that in the next 50 years,
robots and computers will do much of the work currently done by humans.
On the other hand, about 65% of people in the U.S. and Hungary think so.
Albeit a variance across countries, this study suggests that most people
around the world believe that technology will take over a large portion of the

work cutrently done by human workers.

I Figure 8. People’s Perception of the Impact of Al and Robots on Jobs I

How likely do you think it is that in the next 50 years, robots and computers
will do much of the work currently done by humans?
Definitely will Probably will Total
happen happen
Greece 39% 91%
Japan 61 89%
Canada 52 84%
Argentina 42 82%
Poland 55 79%
Brazil 61 79%
South Africa 28 73%
Italy 47 73%
Hungary 48 66%
us. 50 65%
Note: U.S. data from survey conducted June 10-July 12, 2015.
Source: Spring 2018 Global Attitudes Survey. Q80.
PEW RESEARCH CENTER

* Even software development is expected to be automated by Al, possibly

replacing offshore outsourcing.1?)

19) https:/ /www.forbes.com/sites/julianmitchell /2016/07/11/robots-teplacing-developers-
this-startup-uses-artificial-intelligence-to-build-smart-software/#4a678584324c
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The common characteristics of the occupations that are likely to be re-
placed by Al-powered intelligent automation are as follows.

* Tirst, these occupations do not require many face-to-face interactions with
other people (e.g., customers, patients), and physical presence is not essen-
tial for service provision.

* Second, the problems, tasks, and processes for problem-solving are
well-defined and can be documented,2) allowing workers in developing
economies to do the same work at a lower cost.

* Third, even though some of the problems can be complex and require
professional knowledge and expertise, many service jobs produce out-

comes with clear expectations and answers.

These characteristics allow these service jobs to be easily outsourced ovet-
seas, but these same characteristics make them very prone to automation and

digitization as well.

20) Harvard Business Review (2016), “The 3 Ways Wotk Can Be Automated,” https:/ /hbr.org/
2016/10/the-3-ways-work-can-be-automated
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1. Impact of Intelligent Automation on Jobs

Artificial intelligence appears to begin to make an impact on the global
economy as a broad range of companies ate already using Al tools in a varie-
ty of ways and functions, including manufacturing, supply chains, preventive
maintenance of assets, R&D, and sales and marketing.2l) Al-powered in-
telligent automation impacts not only manufacturing jobs but also service
occupations such as customer service, financial service, and information
service, to name a few. For example, improved speech recognition in call
center management and call routing by applying Al techniques allows a more
seamless experience for customers and more efficient processing.

While it appears to be certain that intelligent automation will have an im-
pact on service jobs, we are seeing mixed forecasts with respect to how sig-
nificant the impact will be: some predictions are bold and radical, whereas
other predictions show more conservative estimates. Results of different
studies on the overall impacts of job automation conducted over the past
five years differ in their assessment and projections.?2)

According to Dr. Banatao, the chairman of the Philippine Development
Foundation, most of the estimated 1.3 million Filipinos working in the busi-
ness process outsourcing (BPO) industry will be displaced over the next two

years by Al technology.23) This job loss is expected to be worth about $50

21) McKinsey Global Institute (2018), “Notes from the Frontier: Modeling the Impact of Al
on the Wotld Economy.”

22) Some of the notable studies include (1) Arntz, M., T. Gregory and U. Zierahn (2016), “The
risk of automation for jobs in OECD countties: A comparative analysis”, OECD Social,
Employment and Migration Working Papers, No. 189, OECD Publishing, Patis. http://dx.
doi.org/10.1787/5jlz9h56dvq7-en. (2) Frey, C.B. and M.A. Osborne (2013), “The future of
employment: How susceptible are jobs to computerisation?”, OMS Working Papers,
Oxford Martin Programme on the Impact of Future Technology, www.oxfordmartin.ox.ac.
uk/downloads/academic/The_Future_of_Employment.pdf. (3) Citibank (2016), “Technology
at Work v2.0: The Future is Not What it Used to Be,” www.oxfordmartin.ox.ac.uk/down-
loads/repotts/Citi_GPS_Technology_Work_2.pdf.

23) https:/ /www.manilatimes.net/artificial-intelligence-threat-opportunity/344678
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billion. Similatly, it is predicted that automation will impact 750,000 low-skil-
led setvice jobs in India.29) Reseatchers at Oxford University estimated in
2013 that half of the occupations in the U.S. are likely to be automated.25)
According to Gartner Group, less than 30% of all IT service desk calls will
be solved by a live person by 2020,20) and 40% of the outsourced setvices
will leverage smart machine technologies by 2018, rendering the offshore
model obsolete for competitive advantage.2”) These bold predictions are in
part based on substantial cost savings brought by intelligent automation. For
example, it is estimated that the cost of a robotic process automation (RPA)
virtual resource is only one-third of the cost of an off-shote resource.28)

On the other hand, thete are more consetvative, cautious predictions
about the impact of Al-powered intelligent automation on service job
displacement. In 2016, based on its analysis of 830 occupations, McKinsey
reached a conclusion that just 5% of them could be completely automate
d.29) According to Gartner, by 2020, 99% of the Al initiatives in I'T service
management (ITSM) will fail due to the lack of an established knowledge
management foundation.3") Furthermore, a McKinsey survey of 3,000
Al-aware C-level executives across 10 countries and 14 industries finds that
“the majority of firms did not expect Al to significantly reduce the size of

their workforce.”’31)

24) Phil Fersht and Jamie Snowdon (2018), “Automation to impact 750,000 low skilled Indian
jobs, but ctreate 300,00 mid-high skilled jobs by 2022, https:/ /www.hotsesforsoutces.com/
jobs-impact-automation_083017

25) Frey, C. and Osborne, M. (2013), “The Future of Employment: How susceptible are jobs
to computerisation?,” http:/ /www.oxfordmartin.ox.ac.uk/publications/view/1314

26) David Groombridge and Daniel Batros (2017), “The Impact of Intelligent Automation on
Managed Workplace Services,” Gartner.

27) Frances Karamouzis, Ruby Jivan, and Sandra Notardonato (2015), “Predicts 2016: The Rise
of the Machine Leads to Obsolescence of Offshoring for Competitive Advantage,” Gartner.

28) AT Kearney (2018), “Future of Work and Workers, Impact of Robotics and Artificial
Intelligence.”

29) McKinsey Global Institute (2017), “Harnessing Automation for a Future that Works.”

30) Chris Matchett, Rich Doheny, Kenneth Gonzalez, and Magnus Revang (2017), “When Will
Al Virtual Support Agents Replace Your IT Service Desk?,” Gartner.
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Whether the impact of intelligent automation on service job employment
will be radical or incremental, its impact will vary across different types of
service jobs. An important question is what type of service jobs are more
vulnerable to intelligent automation. In the case of RPA, Capgemini suggests
that the jobs with the following three characteristics are candidates: (1) that
the actions are consistent, with the same step being performed repeatedly;
(2) that it is template driven, with data being entered into specific fields in a
repetitive manner; and (3) that it is rules-based, to allow decision flows to al-
ter dynamically.32

Although Al-powered intelligent automation is generally viewed as a
threat to employment, it is also expected to create new jobs as previous new
technologies did.33) Some experts predict that automation could create
300,000 mid-to high-skilled jobs in India by 202234 and could help the
Philippine BPO industry double its valueto $100 billion.3% In a 2017 forum
organized by the U.S. Government Accountability Office, experts noted that
automation has a potential for job increases in cettain areas.30) Gattner pre-
dicts that many service jobs will transition from labor-centric to labor plus
intelligent automation capabilities, creating a new demand for workers who

can supervise ot collaborate with automation technology.3”)

31) McKinsey Global Institute (2018), “Notes from the Frontier: Modeling the Impact of Al
on the Wotld Economy.”

32) Capgemini (2015), “BPO’s next wave of Robotic Process Automation,” https://www.
capgemini.com/wp-content/uploads/2017/07 /bpos_next_wave_of_robotic_process_
automation.pdf

33) Autor, D.H. (2015), “Why are there still so many jobs? The history and future of workplace
automation”, Journal of Economic Perspectives, Vol. 29/3, Summer, pp. 3-30, http://dx.
doi.otg/10.1257 /jep.29.3.3.

34) Phil Fersht and Jamie Snowdon (2018), “Automation to impact 750,000 low skilled Indian
jobs, but create 300,00 mid-high skilled jobs by 2022, https:/ /www.horsesforsources.com/
jobs-impact-automation_083017

35) https:/ /www.manilatimes.net/artificial-intelligence-threat-opportunity /344678

36) United States Government Accountability Office (2018), “Artificial Intelligence: Emerging
Opportunities, Challenges, and Implications for Policy and Research,” GAO-18-132SP

37) Arup Roy, Twiggy Lo, T] Singh, and Susan Tan (2017), “Predicts 2018: Intelligent Automation
Services Will Force Providers to Reinvent Themselves,” Gartner.
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While an increasing amount of attention is paid to intelligent automation
and its impact on job losses, little empitical research based on longitudinal
international data has been done to investigate this issue. Some of the few
ptior studies tended to focus on large economies, such as the U.S., European
Union, and China. However, little attention has been given to developing
economies or certain regions, such as APEC member economies. As a result,
very little is known about the potential impact of Al-powered intelligent au-

tomation on developing economies or APEC membet economies.3®)

2. Advances in Intelligent Automation and
Service Occupations

Throughout human history, technology developments have made numet-
ous jobs obsolete and, at the same time, created a number of new occupa-
tions that had not existed before and which require a new set of skills. For
example, internal combustion engines displaced drivers and maintenance
workers for steam engines. While electricity displaced such occupations as
lamplighters, switchboard operators, or ice cutters, it revolutionized all as-
pects of manufacturing, agriculture, and our lives, creating countless new
jobs.39) The job of typewtiters had become a thing of the past because of the
arrival of personal computers, which in turn created so many new occupa-
tions, including programmers, technicians, and system administrators.

Many fear, however, that the unprecedented pace of development in IT,
robotics, and other automation technologies will make more professions ob-

solete increasingly faster and ona larger scale.40) This is taking place not only

38) https:/ /www.un.org/development/desa/dpad/publication/frontier-issues-artificial-intelligence-
and-other-technologies-will-define-the-future-of-jobs-and-incomes

39) Foreign Affairs (2015), “Will Humans Go the Way of Horses?” https:/ /www.foreignaffairs.
com/articles/2015-06-16/will-humans-go-way-horses
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in the manufacturing industry where physical labor either is being replaced
by robots or becomes unnecessary at all but also in the service sector that re-

quires knowledge and cognitive skills.

Effect of ICT Investment on Labor Demand in OECD Countties

Figure 9 shows the estimated effects of ICT investment on labor demand
in OECD countries over the period of 1995-2012. ICT investment increased
labor demand in most OECD countries from the mid-1009s until 2007.
However, this trend is largely reversed thereafter, resulting in a decrease in la-
bor demand. For example, Denmark experienced over 0.4% of average year-
ly employment growth rate in 1995-2000 but witnessed a sharp decline to
-0.3% in 2019-2012.

I Figure 9. Employment Growth due to Growth in ICT Investment I
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Source: OECD (2016), "ICTs and Jobs: Complements or Substitutes?', OECD Digital Economy Papers,
No. 259, OECD Publishing, Paris, https://doi.otg/10.1787/5jlwnklzplhg-en.

40) The New York Times (2012), “Jobs, Productivity, and the Great Decoupling,” https:/ /www.
nytimes.com/2012/12/12/opinion/global /jobs-productivity-and-the-great-decoupling.html
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For the past few decades, digital technologies have been automating busi-
ness processes in all business functions, which lead to the displacement of
white-collar occupations that petform such business processes.*!) Examples
include travel agents, telephone operators, bank tellers, accountants, tax pre-
paters, and payroll managers. One of the common characteristics of such
jobs is that the nature of their tasks and duties are routine and well-defined
and therefore can be easily described in words. For such jobs, it is possible to
dictate necessaty inputs, data processing and decision-making processes, and
desired outcomes, and thus possible to document detailed steps in which the
inputs ate transformed into the outcomes. For example, for tax preparation,
there exists a well-defined set of decision structures and rules for data ma-
nipulation/calculation that transforms inputs (income, expenses) to out-
comes (amount of deduction and tax and other documents). If there is a
clear, well-defined set of rules, steps, and routines for white-collar workers to
follow, it is also straightforward to encode these rules and processes into the
software.#2) This is how digital technologies have been making a range of
service professions obsolete so far.

The advances in Al expand the opportunities for job automation to a
whole new level, thanks to the explosion of both computing power and
abundance of data. Among many Al techniques, supervised machine learn-
ing is close to wide application and commercialization. In this technique, the
machine is supplied with a large amount of data and desired outcomes, and it
develops heuristics and algorithms by itself that mimic the cognition and de-
cision making of human beings.*3) For example, to develop image recog-

nition, the machine leverages a large number of image files and human su-

41) PBS Newshour (2015), “3 white collar jobs that robots ate already masteting,” https://www.
pbs.org/newshout/science/3-white-collar-jobs-robots-can-already-better

42) Autor, Levy, and Murnane (2003), “The Skill Content of Recent Technological Change: An
Empirical Exploration,” Quartetly Journal of Economics, 118(4), 1279-1333.

43) Harvard Business Review (2017), “The Business of Artificial Intelligence” https:/ /hbr.otg/
covet-story/2017 /07 /the-business-of-artificial-intelligence
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petvision (e.g., Image A has a cat, and Image B has a dog) to construct a con-
voluted neural network.*) The image recognition can be utilized for the de-
velopment of driverless cars, medical diagnosis, or detection of pornography
or other harmful images on the Internet. More generally, supervised machine
learning for pattern recognition allows the machine to detect any pattern
in digital files, be it voices, videos, financial transactions, or medical
information. Hence, similar techniques can be used to develop algorithms
for fraud detection, in which the machine analyzes a large amount of transac-
tional data to uncover patterns for suspicious activities; for language trans-
lation, with a cornucopia of literature data; and for product recom-
mendation, with past customer transaction and preference data.

This development in machine learning for intelligent automation, enabled
by ubiquitous big data and cheaper computing power, implies that any occu-
pations that involve a task of finding definable or correct answers can be au-
tomated by the machine.*>) As explained above, machine learning is increas-
ingly capable of translating one language to another, possibly displacing
translators’ roles.40) This is because there exists a definable outcome for
translators (translated work), and the machine can be supetvised to train
with desirable outcomes and a large amount of original and translated work.
It is even predicted that it can proofread and polish poorly-written manu-
scripts, a job that is being done by copyeditors.#”) Insurance companies are
adopting machine learning to evaluate insurance claims and determine the el-
igibility of payment, a job that can be done faster and more accurately than

human insurance assessors. Again, this is possible because it is the assessors’

44) Sharma, Jain, Mishra (2018), “An Analysis of Convolutional Neural Networks For Image
Classification” Procedia Computer Science, 132, 377-384.

45) Harvard Business Review (2016), “What Artificial Intelligence Can and Can’t Do Right
Now,” https:/ /hbr.org/2016/11/what-artificial-intelligence-can-and-cant-do-tight-now

46) https:/ /www.forbes.com/sites/bernardmarr/2018/08/24 /will-machine-learning-ai-make-
human-translators-an-endangered-species/

47) https:/ /www.capgemini.com/2017/10/how-artificial-intelligence-enables-smarter-claims-
processing/

36 « A-Powered Intelligent Automation and International Trade in Services: Implications for Service Jobs in APEC Economies



job to produce a well-defined outcome — approval or decline of claims. This
is the case with medical diagnosis as well, which produces a well-structured
outcome (diagnosis). Media companies are also introducing machine learn-
ing tools to replace human journalists with algorithms that author structured,
well-defined news articles in sports, weather forecast, or stock matket
reporting. Legal professions are also ripe for automation by Al as well, pat-
ticularly in document review, legal research, due diligence, and contract
writing,

Hence, advances in Al and other digital technologies can automate not
only jobs that are programmable with well-structured tasks but also ones
with well-defined outcomes and abundant data that can train the machine.
This leads to a prediction that many service-industry jobs that are out-
sourced to other countries, particularly to developing economies with lower
wages, can also be automated by Al If history is any guide, computing pow-
er will be cheaper and more widely available at an exponential scale, to an ex-
tent that software and algorithms at some point can become cheaper than
the wages of high-skilled professionals in developing nations. In addition, ac-
curacy and performance of software are getting closer to or already exceed-
ing human capabilities.®) If this trend continues, service producers in devel-
oped economies will be able to rely less on offshore human labor and resort
more to Al-powered intelligent automation. We, therefore, expect that as
technologies advance, international trade in highly automatable service in-
dustries can grow slower or even decline, compared to other less automat-
able service industries. This study conducts empirical investigations to see if

this is the case.

48) https:/ /www2.deloitte.com/insights/us/en/deloitte-review/issue-20/augmented-intelligence-
human-computer-collaboration.html
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1. Data on International Trade in Services

Our dataset for international trade in services includes 567,074 ob-

servations from 236 countties in 62 service industries in 2000-2016. Table 1

lists the service industries in our dataset, as defined by the North American

Industry Classification System (NAICS).#9) This classification was jointly de-

veloped by the U.S., Canada, and Mexico in 1997. It has two broad sector

categories (manufacturing and service sectors), and we use the service in-

dustry categotizations.?") The following section explains the automation

scores in Table 1.

I Table 1. Service Industries (The NAICS Classification) I

Industry
Finance and Insurance
Professional, Scientific, and Technical Services
Mining, Quarrying, and Oil and Gas Extraction
Administrative and Support
Information
Retail Trade
Real Estate and Rental and Leasing
Government
Health Care and Social Assistance
Transportation and Warehousing
Other Services
Educational Services
Construction
Arts, Entertainment, and Recreation

Soutce: www.census.gov/eos/www/naics

49) https:/ /www.census.gov/cos/www/naics/

50) https:/ /www.bls.gov/bls/naics_aggregation.htm

(Unit: thousand USD)
Automation
39.79
33.53
32.10
31.63
31.34
30.97
29.65
29.24
28.07
27.50
25.19
24.76
24.44
22.22
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We build a panel dataset for international trade in services from 2000 to
2016 by combining the three data sources: the UN. Comtrade, O*NET
Online, and the World Bank Open Data. The U.N. International Trade
Statistics Database, also known as Comtrade, is a global trade database oper-
ated by the U.N. Statistics Division, which offers the trading quantities and
volumes between more than 230 countries from 1965. It provides two types
of trade data: trade in goods and trade in services. We obtain annual service
trading volumes in U.S. dollars in 2000-2016. This database defines service
as “a production activity that changes the condition of a good or a person or
that facilitates the exchange of products or financial assets.” Comtrade fol-
lows the Extended Balance of Payment Services (EBOPS) classification,5D
and we match the EBOPS and the NAICS industry classifications as in Table 2.

The unit of analysis in this study is a combination of Exporter-Importer-
Industry-Year. For example, USA-Mexico-Legal-2007 refers to service ex-
ports in legal services from the U.S. to Mexico in 2007, or China-Russia-
Information-2011 refers to service exports in information services from
China to Russia in 2011. Comtrade does not offer service trading volume be-
fore 2000, and at the time of our data collection, the data after 2017 is yet to
be available. We use the log-transformed volume of services trade in real
2008 dollars, which is deflated by producer price indexes, as a dependent
variable. We also control for the size of tradein goods between the same ex-
porter and importer in the same year in all our estimations.

We utilize the Occupational Information Network (O*NET)52) database
to measure the characteristics of the service industries. O*NET is a publicly
available database for occupational information developed by the North
Carolina Department of Commerce with a grant from the U.S. Department
of Labor. It provides standardized information and descriptions of over

1,000 occupations, such as telemarketers or insurance claims clerks. For

51) https://unstats.un.org/unsd/tradeserv/ TFSITS /msits2010/ ebops2cpc.htm
52) https:/ /www.onetonline.org/
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country-level control vatiables, we collect data from World Bank Open
Data, such as population, gross domestic product (GDP), and unemploy-

ment rates, as will be explained below.

I Table 2. Matching of the EBOPS and the NAICS Industry Classifications I

EBOPS NAICS Automation

1 Transportation

1.1 Sea transport Transportation and Warehousing 27.50
1.2 Air transport Transportation and Warehousing 27.50
1.3 Other transport Transportation and Warehousing 27.50
1.4 Space transport Transportation and Warehousing 27.50
1.5 Rail transport Transportation and Warehousing 27.50
1.6 Road freight Transportation and Warehousing 27.50
1.7 Inland waterway freight Transportation and \Warehousing 27.50
1.8 Pipeline freight Transportation and Warehousing 27.50

:rfns?)t:rfrsse:\?iizrstmg and auxdliary Transportation and Warehousing 27.50
3 Communications services

3.1 Postal and courier servicesInformation  Information 31.34
3.2 Telecommunications services Information 31.34
4 Construction services

4.1 Construction abroad Construction 24.44
4.2 Construction in the compiling economy Construction 24.44

5 Insurance services

5.1 Life insurance and pension funding Finance and Insurance 39.79
5.2 Freight insurance Finance and Insurance 39.79
5.3 Other direct insurance Finance and Insurance 39.79
5.4 Reinsurance Finance and Insurance 39.79
5.5 Auxiliary services Finance and Insurance 39.79
6 Financial services Finance and Insurance 39.79

7 Computer and information services

7.1 Computer services Information 31.34
7.2 Information services Information 31.34
7.2.1 News agency services Information 31.34
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I Table 2. Continued I

EBOPS NAICS Automation
9 Other business services
9.1.1 Merchanting Administrative and Support 31.63
9.1.2 Other trade-related services Administrative and Support 31.63

9.3.1.1 Legal services Profes_smnal, S_uentlflc, and 33.53
Technical Services

9.3.1.2 Accounting, auditing, bookkeeping, Professional, Scientific, and

. . . . 33.53
and tax consulting services Technical Services
9.3.1.3 Business and management Professional, Scientific, and
. . . . . . 33.53
consulting and public relations services Technical Services
9.3.2 Advertising, market research, and Professional, Scientific, and 3353

public opinion polling Technical Services

Professional, Scientifi

9.3.3 Research and development 0 es.swna, Sgentl ic, and 33.53
Technical Services

9.3.4 Architectural, engineering, and Professional, Scientific, and

other technical services Technical Services 3353
9.3.5.1 Waste treatment and depollution Administrative and Support 31.63
9.3.5.2 Agricultural, mining, and other Mining, Quarrying, and Oil and 3210

Gas Extraction
Other Services 25.19

10 Personal, cultural, and recreational services

on-site processing services
9.3.6 Other business services
10.1 Audiovisual and related services Arts, Entertainment, and Recreation 22.22

10.2 Other personal, cultural, and

recreational Services Arts, Entertainment, and Recreation 22.22
10.2.1 Education services Educational Services 24.76
10.2.2 Health services Health Care and Social Assistance 28.07
10.2.3 Other services Arts, Entertainment, and Recreation 22.22
11 Government services

11.1 Embassies and consulates Government 29.24
11.2 Military units and agencies Government 29.24
11.3 Other government services Government 29.24
Services not allocated Other Services 25.19

Source: EBOPS, https://unstats.un.org/unsd/tradeserv/ TESITS /msits2010/ebops2cpe.htm

Chapter 3. Overview of Data on International Trade in Services and Service Automation = 43



2. Data on Industry Automatability

We measure the degree of automation of each service industry using the
O*NET data. In O*NET, each occupation is evaluated with respect to re-
quired abilities (e.g., cognitive, physical, sensory), knowledge (e.g., design,
physics, or sales), skills (e.g., problem-solving, judgement and decision mak-
ing, or coordination), and activities (e.g., assisting and cating, analyzing data,
or handling and moving objects). It started evaluation of the skills, knowl-
edge, and activities since 2003 and has annually updated it until 2017. Based
on these characteristics of each occupation in 2017, O*NET measures the
degree of automation (how automated a job can be) on a 0-100 scale (100 be-
ing highly automatable). Table 3 lists some examples of occupations that are
highly and less likely to be automated. As expected, occupations with more
routine and definable tasks such as travel agents, claims examiners, and sys-
tems operators have higher automation scores, and jobs that involve more
interactions and communications (nannies, therapists, and installers) or re-
quire creativity (musicians or makeup artists) have lower automation scores.
The average automation score of all occupations is 29.43.

Next, in O*NET, each service industry in the NAICS classification is
mapped with the occupations that it is excepted to employ in 2016. For ex-
ample, according to O*NET, the finance and insurance industtries primarily
hire customer service representatives, supervisors of administrative workers,
and application software developers (Table 4). Using this mapping, we calcu-
late the degree of automation in the service industries with the job-open-
ing-weighted average of automation score of occupations. As expected, serv-
ice industries in finance and insurance (39.79), professional services (33.53),
and information (31.34) have a high likelihood of automation, while the edu-
cation (24.706), construction (24.44), and arts and entertainment (22.22) in-

dustries are less likely to be automated.
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I Table 3. Examples of Occupations and Degree of Automation I

Occupation Degree of Automation

Farmworkers and Laborers 74
Claims Examiners, Property and Casualty Insurance 73
Travel Agents 70
Robotics Engineers 69
Postal Service Mail Sorters, Processors, and Processing Machine 68
Operators

Medical and Clinical Laboratory Technologists 67
Chemical Plant and System Operators 66
Telephone Operators 66
Air Traffic Controllers 65
Reservation and Transportation Ticket Agents and Travel Clerks 65
Watch Repairers 4
Aerospace Engineering and Operations Technicians 3
Bicycle Repairers 3
Nannies 3
Automotive Glass Installers and Repairers 2
Manicurists and Pedicurists 2
Midwives 2
Art Therapists 1
Makeup Artists, Theatrical and Performance 1
Manufactured Building and Mobile Home Installers 1
Musicians, Instrumental 1

Source: O*NET database, https:/ /www.onetonline.org/
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I Table 4. Occupations and Job Openings of Finance and Insurance Industries I

Projected Job

Occupations Automation Openings
(2016-2026)

Customer Service Representatives 46 373,500
\I;\i;j:;_rize Supervisors of Office and Administrative Support 33 153,000
Software Developers, Applications 27 85,700
Management Analysts 31 83,900
Market Research Analysts and Marketing Specialists 36 77,100
Insurance Sales Agents 53 54,700
Executive Secretaries and Executive Administrative Assistants 27 54,600
Tellers 438 51,500
Computer Systems Analysts 46 44,900
First-Line Supervisors of Non-Retail Sales Workers 32 39,000
Computer and Information Systems Managers 39 32,500
Training and Development Specialists 27 31,700
Loan Officers 54 30,400
Bill and Account Collectors 51 30,200
Financial Analysts 28 29,000
Loan Interviewers and Clerks 49 25,700
Personal Financial Advisors 47 25,500
Marketing Managers 28 21,300
Data Entry Keyers 55 16,800
Computer Network Architects 29 11,700
Operations Research Analysts 21 10,700
Information Security Analysts 36 10,400
Mail Clerks and Mail Machine Operators, Except Postal Service 49 9,400
Database Administrators 48 9,300
Compensation, Benefits, and Job Analysis Specialists 29 7,700
Insurance Underwriters 51 7,500
Credit Analysts 37 6,800
Brokerage Clerks 57 6,600
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I Table 4. Continued I

Projected Job

Occupations Automation Openings

(2016-2026)
Title Examiners, Abstractors, and Searchers 51 6,000
Office Machine Operators, Except Computer 36 5,100
Financial Examiners 49 4,600
Statisticians 32 4,400
New Accounts Clerks 49 4,000
Credit Counselors 43 3,800
Training and Development Managers 27 3,500
Computer Operators 47 3,400
Actuaries 38 2,100
Statistical Assistants 41 1,600
Insurance Appraisers, Auto Damage 56 1,500
Compensation and Benefits Managers 45 1,200
Correspondence Clerks 36 800
Total Projected Job Openings 1,383,100
Job Opening-Weighed Automation Score 39.79

Source: O*NET database, https:/ /www.onetonline.org/

Table 4 also shows projected job openings for each occupation in the fi-
nance and insurance industries. Note that the finance and insurance in-
dustries employ several occupations that are highly automatable (e.g., cus-
tomer setvice representatives, insurance sales agents, tellers, and computer
systems analysts), a reason why they havethe highest automation score
(Table 1). Professional service industries employ a large number of occupa-
tions that are susceptible to automation, including receptionists and in-
formation clerks, human resources specialists, data entry keyers, and payroll
and timekeeping clerks. Likewise, information service industries largely con-
sist of highly automatable jobs, such as computer programmers, database ad-

ministrators, network administrators, and computer user support specialists.
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3. Automation and Service Exports and
Imports

Before presenting the results of our econometrics estimations, we offer
some model-free descriptive statistics that visualize important longitudinal
trends in international trade in services. Figure 10 illustrates the correlation
between the amount of service export volumes ($) and the degree of
automation. Automation score comes from the calculation explained in the
previous section. Each dot represents the volume of service exports in one
industry from one country to the wortld with blue representing developed
economies and orange representing developing economies. The dots and re-
gression lines shown in Figure 10 demonstrate that the more automatable a
service industry is, the larger the amount of exports taking place. This pos-
itive relationship between export volume and automation is stronger for de-

veloped economies (the blue regression line).

Figure 10. The Relationship between Degree of Automation and
Service Exports in Developed and Developing Economies
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Figures 11 and 12 show exports growth in two types of service industries
(with high and low automation) as a percentage of volume in the year 2000
from developed and developing economies, respectively. High-automation
industries have an automation score greater than 30, including finance, in-
formation, and professional services (see Table 1). Figures 11 and 12 show
that the service industries with a high automation measure have experienced
faster growth in exports since 2000. We can observe, however, that the serv-
ice export growth in the high-automation industries has stagnated since
2015, a fact that we will utilize in econometrics analyses below. Figures 13
and 14, with service imports by developed and developing economies, re-
spectively, demonstrate similar patterns. Imports by developed economies
grew substantially in highly automatable services industries, but not in less
automatable industries (Figure 13). Imports by developing economies in
highly automatable services industries have risen sharply after 2010 but de-
clined in 2014 (Figure 14). Likewise, Figure 14 shows that the amount of
service imports in less automatable industries by developing economies have

not changed much in 2000-2016.

Figure 11. Growth in Exports from Developed Economies in High
Automation and Low Automation Industries (2000 - 2016)
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Figure 12. Growth in Exports from Developing Economies in High
Automation and Low Automation Industries (2000 - 2016)
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Figure 13. Growth in Imports by Developed Economies in High
Automation and Low Automation Industries (2000 - 2016)
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Figure 14. Growth in Imports by Developing Economies in High
Automation and Low Automation Industries (2000 - 2016)
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We visualize trade patterns in specific service industries in Figures 15-17.
Figure 15 illustrates international trade growth in the finance and insurance
industries. Since 2000, the exports from developing economies have in-
creased more than 700%, possibly thanks to outsourcing of operations, such
as software development, call centers, trading, or other business process
operations. At the same time, Figure 15 shows that the financial service ex-
ports from both developing and developed economies have declined since
2014, even though the overall finance industry continues to witness rapid
growth after the financial crisis in 2008-2009. As outlined above, we spec-
ulate that this can be attributed to development in intelligent automation

technologies.
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Figure 15. ServicesExport and Import in Financial Services
(2000 - 2016)
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Figure 16 demonstrates exponential trade growth in the professional and
technical service industries since 2000. While we see general growth patterns
in all four lines, what is notable is a steep growth in exports from developing
economies (red line). This is also thanks to advances in ICT and growth in
outsourcing by service producers in developed economies. Similar to Figure
15, Figure 17 exhibits growth in global trade in the information industries
until 2013 and subsequent decline after 2014. Likewise, thanks to service
outsourcing by developed economies, service exports in information in-
dustries by developing economies experienced faster growth than imports.
For comparison, Figure 18 shows growth in global trade in the art, entertain-
ment, and recreation industries. It shows continuous growth in trade since
2000. While the exports from the developed economies started to decline in

2014, this pattern is not consistent across the other categories in the figure.
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Figure 16. Services Export and Import in Professional, Scientific,
and Technical Services (2000 - 2016)
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Figure 17. Services Export and Import in Information Services
(2000 - 2016)
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Figure 18. Services Export and Import in Art, Entertainment, and
Recreation (2000 - 2016)
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4. Data Analysis Models

One of the widely used models for analyzing international trade is called
the gravity equation.>3 According to the gravity equation, the volume of
trade between two countries is proportional to the product of their masses
(GDPs) and inversely related to the distance between them. In this study, we
take a slightly different approach to estimating the effect of intelligent auto-
mation on international trade in services. While we take into account the
GDPs of the importing and exporting countries in our model, we do not ex-
plicitly include the distance between the exporting and importing countries.
Instead, we include in the model importer/exporter fixed effects which ab-

sorb such attributes as distance.

53) Kmura, F. & Lee, H. (2006), “The Gravity Equation in International Trade in Services,”
Review of World Economics, 142(1), 92-121.
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To investigate the impact of automation in global trade in services, we es-

timate the following models. First, we estimate Eq. 1 as a baseline model.
Y=B:T+Xpx+e, M

where Y is the log-transformed amount of services trade in US Dollars
(Services Trade), T is the year ranging from 0 to 16 (0 for 2000 and 16 for
2016), X is a covariate matrix, and € is a random error term. Eq. 1 is to esti-
mate the baseline annual growth of setvices trade (87). We expect 810,
meaning that the volume of setvices trade grows each year.

In Eq. 1, X includes a range of control variables that might affect service
trade volumes, such as population, GDP, and education spending of export-
ing and importing economies, as listed in Table 5. It is important to control
these factors to estimate annual trade growth rates independent of other
factors. For example, service exports and imports can grow between two
countries just because the size of their population or economies (GDP)
grows concomitantly. It is also likely that the larger amount of trade in goods
takes place between the two, the larger trade in service occurs. The supply
and demand for services depend on each economy’s investment levels in
R&D or education and size of the service sectors (measured by the percent-
age of service sector production and employment). The demand for service
is likely to be associated with unemployment level in service importers; like-
wise, a high unemployment rate would allow setrvice producers to export
services at a cheaper price.

Eq. 1 also includes fixed-effects for exporting countries, importing coun-
tries, and service industries to account for country-specific and in-
dustry-specific unobserved heterogeneity that is not captured in the variables
in Table 5. By doing so, our analyses can account for such factors as coun-
try-level trade policies, the presence of free-trade agreements or trade bar-
riers between two countries, and idiosyncratic political environments. We es-

timate Eq. 1 and other models with ordinary least squares (OLS) regressions.
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I Table 5. Variable Descriptions I

Variables Definitions Sources
Trade in Services Log(service trade value in US$) UN Comtrade
Exporter Population Log(population) World Bank
Exporter GDP GDP per capita (US $1,000)
Exporter Service Ind. % of service sector GDP to total GDP
Exporter FDI Net foreign direct investments per capita (US $1,000)
Exporter R&D % of R&D investments to total GDP
Exporter Education % of government education spending to total GDP

Exporter Service Emp. % of employment in the service sector
Exporter Unemployment Unemployment rates (%)

Importer Population Log(population)

Importer GDP GDP per capita (US $1,000)

Importer Service Ind. % of service sector GDP to total GDP

Importer FDI Net foreign direct investments per capita (US $1,000)
Importer R&D % of R&D investments to total GDP
Importer Education % of government education spending to total GDP

Importer Service Emp. % of employment in the service sector
Importer Unemployment Unemployment rates (%)

Log(total valueof trade in goods between the same

T .
rade in Goods exporter and importer in the same year in US$)

UN Comtrade

Source: Authot's own compilation

After setting up a baseline annual growth rate of services trade, we run Eq.
2 to test the moderating impacts of automation in service industries on annu-

al trade growth.
Y=41T+BraAutomationX T+Xfx+e, @)

If B14>0, it would mean that global trade grows faster annually for service
industries that are more automatable. If S1a<0, it would indicate that trade
grows slower for highly automatable service industties.

In all our estimations, we control for the size of trade in goods (Trade in

Goods) and several economic indicators of both exporting and importing

56 « A--Powered Intelligent Automation and International Trade in Services: Implications for Service Jobs in APEC Economies



countries (Table 5). We control for population, per capita GDP, and the pet-
centage of the service sector to GDP. The control variables include each
country’s investment patterns, measured by per capita net foreign direct in-
vestments (FDI) and the share of R&D investments. Our estimations con-
trol for employment characteristics with government spending on education,
service sector employment, and unemployment rates. Appendix Tables Al
and A2 offer descriptive statistics and cortrelations among the variables,

respectively.
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1. Annual Growth Rates in International
Trade in Services

Appendix Table A3 presents the estimation results of Egs. 1 and 2. As ex-
pected, the coefficient of Year is positive and significant in Column 1 for Eq.
1. The annual growth of international trade in setvices is estimated to be
1.67%.5% The coefficients of the control variables suggest that the volume of
services trade is greater between the countries with larger R&D investments
and smaller service production, but larger service sector employment. Both
R2 and adjusted R2 in Column 1 are over 0.6, indicating significant ex-
planatory power of the model. The estimation in Column 2 (Eq. 2) shows
that the coefficient of Year X Automation is positive and significant. In oth-
er words, the service industries that are highly automatable have demon-
strated faster growth in 2000-2016. This finding from Column 2 does not
change when we use year fixed-effects, instead of the year variable, as in
Column 3.

It might be the case that the speed of global trade growth changes over
time because of technological developments, changes in geopolitical circum-
stances, and other factors. To examine this possibility, we divide our timeframe
(2000-2016) into three periods (2000-2008, 2008-2014, and 2014-2016).55)
We choose 2008 as a baseline for the second petiod for the global financial
crisis. In addition, we consider 2014 a baseline for the third because Figures
1-4 indicate a decline in international trade in services after 2014. Appendix
Table A4 presents the estimations of Eq. 1 with the three periods. Column 1
shows that controlling for other factors, such as population and GDP, the
annual service growth (the coefficient of Year) was estimated to be negative

and significant in 2000-2008. On the other hand, Column 2 shows that the

54) """~ 1 =0.0167
55) The data in 2008 are included in the estimations in both Columns 1 and 2 of Table A4.
Likewise, the data in 2014 are included in the estimations in both Columns 2 and 3 of Table A4
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Figure 19. Estimated Annual Growth Rates in International
Trade in Services
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estimated trade growth is positive and significant in 2008-2014. After 2014,
however, the coefficient of Year is estimated to be negative but not statisti-
cally significant. Figure 19 visualizes this finding. This is consistent with
Figures 3-5, which demonstrate a declining trend in services trade after 2014.

The coefficients of the control variables in Table A4 provide additional
insights. For instance, the coefficients of exporter and importer GDP are
positive and significant in Column 1 (2000-2008) but not in Columns 2 and 3
(2008-2016). In other words, in 2000-2008, a larger economy size is asso-
ciated with greater service imports and exports, but that is not the case after
2008. More importantly, the coefficients of service employment of both ex-
porters and importers are positive and significant in Column 1 (2000-2008)
but become negative and significant in Columns 2-3 (2008-2016). This is a
different result from Table A3. This result suggests that after 2008, a large
amount of service exports is not associated with an increase in employment
in the service sector. In a similar vein, Table A4 shows that the coefficients
of unemployment rates in both the exporting and the importing countries

are negative and significant in Column 1, but positive and significant in

Chapter 4. International Trade in Services and Automation = 61



Column 3. Again, it appears that in recent years, an economy can increase
service exports without necessarily hiring more workers, possibly thanks to
the use of automation technologies.

Appendix Table A5 presents the estimations of Eq. 2 with the three time
periods. The coefficient of Year X Automation is estimated to be positive
and significant in Columns 1-2 (2000-2008 and 2008-2014, respectively). In
other words, the global trade in the service industries with a higher degree of
automation rose faster than in other industries until 2014. However, Column
3 provides the opposite result; the coefficient of Year X Automation is neg-
ative and significant. Since 2014, it appears that the service industries that are
highly automatable have not grown in trade as fast as other less-automatable
industries. This is consistent with our prediction that advances in Al and
other automation technologies allow service producers to automate the busi-

ness processes and reduce their reliance on offshore service outsourcing.

2. Growth Rates in Highly Automatable
Service Industries

In the preceding analyses, we investigate service trade growth in all service
industries in aggregate. In this sub-section, we compare the trade growth
rates of the three highly automatable industries — finance and insurance, pro-
fessional, and information — to those of all the other service industries. To do
so, we estimate a model with the interactions of Years and the indicators for
the four service industries for 2000-2016. Appendix Table A6 presents the
result, and Figure 20 exhibits the estimated annual growth rates in the four
industries. We find that the service industries in professional, technical, and
scientific fields witnessed the fastest annual growth in international trade
(more than 4%). Services trade in finance and information also grew by more
than 3% annually in 2000-2016. On the other hand, the overall growth rate

of all other non-automatable services is found to be insignificant.
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As in Tables A4 and A5, we estimate the growth trends in the three time
periods separately for the four service categories. Appendix Table A7 reports
the estimation results, and Figure 21 exhibits the estimated growth rates in
2000-2008, 2008-2014, and 2014-2016. As can be seen from Table A7 and
Figure 21, the global trade growth in all service industries was lagging before
2008. After 2008, on the other hand, the highly-automatable service in-
dustries, particularly the finance/insurance and professional services, wit-
nessed substantial trade growth by more than 10% annually in 2008-2014.
This pattern once again reverses in 2014-2016. While the service industries
other than finance, information, and professional did not experience as
much decline in international trade in 2014-2016, all of the three high-auto-
mation service industries suffered a significant decrease in trade volume by
more than 7% annually in the same period. The finance and insurance in-
dustries witnessed the biggest decline in trade growth rates by more than
20% per year in 2014-2016. This illustrates that advances in intelligent auto-
mation in recent years allow importets in finance/professional/information
services to automate service production, leading a decrease in service ex-

ports, a pattern that we do not observe in other less automatable industries.

Figure 20. Estimated Growth Rates in Services Trade by Industries
(2000 - 2016)
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Figure 21. Estimated Growth Rates in Services Trade by Service
Industries and Three Periods
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3. Growth in Services Trade in Developed
vs. Developing Economies

Next, we investigate how growth trends in setvices trade and the impact
of automation differ in developed and developing economies. In doing so,
we categorize the countries into developed economies and developing
economies based on the designation in the 2018 World Economic Situation
and Prospects (WESP) report>®) by the UN. Department of Economic and
Social Affairs. As shown in Table 6, 37 counttries are designated as developed

economies, and all the other nations are grouped as developing ones.

56) United Nations (2018), “World Economic Situation and Prospects 2018, https:/ /www.un.otg/
development,/desa/dpad/wp-content/uploads/sites /45 /publication/WESP2018_Full_Web.pdf
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I Table 6. List of Developed Countries Designated by the United Nations I

Other Europe

European Union New EU Members Countries Other Countries
Austria Bulgaria Iceland Australia
Belgium Croatia Norway Canada
Denmark Cyprus Switzerland Japan
Finland Czech Republic New Zealand
France Estonia The United States
Germany Hungary
Greece Latvia
Ireland Lithuania
Italy Malta
Luxembourg Poland
The Netherlands Romania
Portugal Slovakia
Spain Slovenia
Sweden

The United Kingdom
Source: United Nations (2018), “World Economic Situation and Prospects 2018.”

We create four dummy variables by a two-by-two designation (Developed-
Developed, Developed-Developing, Developing-Developed, and Developing-
Developing) to indicate the trading relationships. For example, Developed-
Developed is equal to one when both an exporting and an importing country
are among the developed economies (e.g., Australia to Canada or Japan to
France). Developed-Developing is one when an exporter is a developed na-
tion and an importer is a developing one (e.g., the U.S. to South Korea or
New Zealand to Chile). We interact the four dummy variables with the year
variable to estimate annual growth rates in services trade among the devel-
oped and developing economies.

Appendix Table A8 provides the estimation results with the full dataset

for 2000-2016, and Figure 22 demonstrates the estimated growth rates for
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the four possible combinations of trade between developed and developing
economies. In 2000-2016, only the services trade between the developed
economies has experienced positive growth (by 1.8% a year). We can see a
decline in services trade between the developing economies in 2000-2016,
while the growth rates in trade between the developed and developing

economies are found to be statistically insignificant.

Figure 22. Estimated Growth Rates in Services Trade by
Developed/Developing Economies (2000 - 2016)
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In Appendix Table A9, we further break down the trade growth rates
among the developed and developing economies into the four service in-
dustries, whose results are exhibited in Figure 23. Appendix Table A9 and
Figure 23 show that in the finance and professional service industries, there
has been significant annual growth in trade between the developed econo-
mies and from the developing to the developed economies. The services
trade between developing economies demonstrates a declining trend in all
industry categories. Service exports and imports between developed econo-
mies have been growing for high automation industries (information, pro-

fessional, finance).
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Figure 23. Estimated Growth Rates in Services Trade by Service
Industries and Developed/Developing Economies (2000 - 2016)
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As in Appendix Tables A4 and A5, we divide the full dataset into the three
periods (2000-2008, 2008-2014, and 2014-2016) and replicate the analyses in
Appendix Tables A10 and All. Appendix Table A10 and Figure 24 show
that the services trade between the developed economies and the exports
from the developing to the developed economies had a declining trend in
2000-2008 (Column 1 in Appendix Table A10) but an increasing move in
2008-2014 (Column 2). However, these growth rates have become statisti-
cally insignificant for 2014-2016 (Column 3). One explanation for this lack
of growth in service exports from developing to developed economies in
2014-2016 is automation in service production in the developed economies.
We observe similar patterns in the exports from developed to developing

economies and in the trade between developing economies.
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Figure 24. Estimated Growth Rates in Services Trade by
Developed/Developing Economies and the Three Periods
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In Appendix Table Al1, we replicate the analysis in Appendix Table A9
with the three periods, and Figures 25-28 visualize the estimated growth
rates in trade for the four service industries among the developed and the de-
veloping economies. All of Figures 25-28 demonstrate a clear pattern that in-
ternational trade in services was growing in 2008-2014 but declining in
2014-2016. The difference between 2008-2014 and 2014-2016 is the starkest
for the finance and professional service industries (Figures 25-20), the two
industries that are most automatable. Figures 25-27 show that in all highly
automatable service industries, the estimated growth rates in global trade in
2014-2016 are negative and significant for all trade relationships
(Developed-Developed, Developing-Developed, Developed-Developing,
and Developing-Developing). Appendix Table A11 and Figure 28 show that
in the service industries that are not in the finance, professional, and in-
formation industries, the estimated growth rates in 2014-2016 are not sig-
nificantly different from zero in all four trade relationships. This result fur-

ther affirms our contention that since 2014, service producers increasingly
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rely on digital technologies to automate their business processes, leading to a
decline in service outsourcing that takes advantage of low-wage labors in the

developing economies.

Figure 25. Estimated Growth Rates in Trade in Finance and
Insurance Servicesby Developed/Developing Economies
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Figure 26. Estimated Growth Rates in Trade in Professional, Scientific,
and Technical Servicesby Developed/Developing Economies
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Figure 27. Estimated Growth Rates in Trade in Information Services by
Developed/Developing Economies
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Figure 28. Estimated Growth Rates in Trade in Other Low-Automatable
Services by Developed/Developing Economies
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4. Growth in Services Trade by Different
Levels of ICT Development

How does the development of information and communication tech-
nologies (ICT) in a country affect international trade in services with other
economies? To explore this question, we utilize the economy-level ICT
Development Index (IDI) measured by the United Nations International
Telecommunication Union (ITU). The ITU has published the level of ICT
development in each country by measuring ICT readiness (infrastructure, ac-
cess), ICT use (intensity), and ICT capability (skill).5”) To do so, it integrates
several indicators such as the number of active mobile telephone subsctibers
per capita, broadband Internet bandwidth, and the percentage of households
with broadband access. Table A20 lists the ten economies with the highest
levels of ICT development and the ten others that are at the lowest levels.
We expect that in the economies with more developed ICT infrastructure,
service importers are better able to automate service production and more
likely to replace service imports with automation.

To investigate this possibility, we replicate the analyses in Appendix Table
A10. Instead of dividing the sample into the developed and the developing
economies, we divide them into high-ICT and low-ICT economies based on
the median value of ICT Development Index (5.84) and construct the four
trading relationship indicators, just as we did in Appendix Tables A10-A19.
In Appendix Table A21, HighICT-HighICT refers to services trade between
the economies with more developed ICT infrastructure. LowlCT-HighIlCT
refers to service exports from an economy with less developed ICT to one
with more developed ICT. Likewise, LowlCT-LowlCT indicates service trade
relationships between the economies with less developed ICT infrastructure.

In Appendix Table A21, the coefficients of the interactions of Year and the

57) https:/ /www.itu.int/en/TTU-D/Statistics/ Pages/publications/mis2016/methodology.aspx
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four training relationship indicators show the estimated annual growth rate
in services trade. While all coefficients are positive and significant, t-tests
show that that of Year X LowlCT-HighICT is significantly smaller than
those of Year X HighICT-HighICT and HighICT-LowICT (p< 0.05).

Appendix Table A22 provides interesting findings. Column 2 shows that
in 2008-2014, global trade in services in all relationships, regardless of the
level of ICT development, has grown year-by-year significantly, a finding
that is consistent with Figure 24 and Table A10. By contrast, Column 3
shows that since 2014, services trade that is involved with high-ICT econo-
mies (either as exporters or importers) show a declining annual trend (as in-
dicated by negative and significant coefficients with HighICT-HighlICT,
HighICT-LowlICT, and LowICT-HighICT). The results in Appendix Tables
A21 and A22are in accordance with our conjecture that service importers in
the economies with more developed ICT infrastructure can better take ad-
vantage of automation technology for service production, relying less on off-
shore service outsourcing. Intriguingly, on the other hand, the positive and
significant coefficients of Year X LowlCT-LowICT shows that service trade
amongst low-ICT economies has grown, and its annual growth rate has
beenlarger than prior 2014 (Appendix Table A22, Column 1-2).

In Appendix Table A23, we dig deeper by interacting trade relationship in-
dicators with industry-level Automation measures (Table 1). The coefficients
of the interactions of Year, Automation, and the trading relationships in
Column 2 shows that in 2008-2014, the annual growth rates of services trade
are higher for more automatable industries in any trading relationships. On
the other hand, the result in Column 3 demonstrates that the declining
trends in service exports by or imports to the high-ICT economies are accen-
tuated for highly automatable industries. This is not the case with service
trade between the low-ICT economies; trades in highly automatable service
industries grow faster annually between the economies with less developed

ICT infrastructure in 2000-2016 (Columns 1-3).
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5. Growth in Services Trade in High GDP/
Income vs. Low GDP/Income Economies

In the preceding sub-section, we categorize the nations into developed
and developing economies following the designation by the U.N. Here, in-
stead of this classification, we use per capita GDP to group the nations.
Using the median value of per capita GDP (approximately $22,000), we di-
vide the economies into high-GDP and low-GDP nations and create the
four dummy variables in a similar manner with the previous section. Here,
HighGDP-HighGDP indicates trading relationships between the high GDP
nations, while HighGDP-LowGDP refers to exports from the high GDP to
the low GDP countries. We replicate the analyses in Appendix Tables A8-A11
with the GDP classifications as presented in Appendix Tables A12-A15,

which provide consistent results.

I Table 7. List of High-Income Countries Designated by the United Nations I

Australia Estonia Lithuania Singapore

Austria Finland Luxembourg Slovak

Bahrain France Malta Republic

Barbados Germany The Netherlands Slovenia

Belgium Greece New Zealand Spain

g::zz;;g:} Hong Kong Norway Sweden

Canada Iceland Oman Switzerland

Chile Ireland Poland Taiwan

Croatia Israel Portugal Trinidad and Tobago
Cyprus [taly Qatar United Arab Emirates
Czech Republic Japan Republic of Korea The United Kingdom
Denmark Kuwait Russian Federation ~ The United States
Equatorial Guinea Latvia Saudi Arabia Uruguay

Source: United Nations (2018), “World Economic Situation and Prospects 2018”

Chapter 4. International Trade in Services and Automation = 73



We further analyze the trading patterns using income levels instead of
GDP. We use the classification by the U.N. for high-income countries
(Table 7), based on gross national income (GNI) and group the nations into
high-income and low-income economies. Then we replicate the analyses in
Appendix Tables A8-A11 with the high-low income classification. The re-
sults offered in Appendix Tables A16-A19 document similar results.

6. Growth in Services Trade by APEC Member
Economies
We investigate trade growth patterns by the economies in APEC. In

Appendix Tables A24 and A25, we replicate the analyses in Appendix Table
A7 by limiting the sample to APEC economies. Table 8 lists 21 APEC

members.
| Table 8. List of APEC Members |
Australia Hong Kong, China Mexico Russia
Brunei Darussalam Indonesia New Zealand Singapore
Canada Japan Papua New Guinea  Chinese Taiwan
Chile Republic of Korea Peru Thailand
People's Republic of
egpes epublic © Malaysia The Philippines The United States
China
Viet Nam

Source: APEC website, https://apec.org/ About-Us/About-APEC/Membet-Economies

We analyze growth in service exports and imports by APEC economies in
Appendix Tables A24 and A25, respectively. We obtain similar results in
Appendix Tables A24-A25 to Appendix Table A7, which are visualized in
Figures 29-30. Service exports and imports in the finance and insurance in-

dustries by APEC economies experienced substantial growth in 2008-2014
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Figure 29. Estimated Growth Rates in Services Export from APEC
Economies by Industries
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Figure 30. Estimated Growth Rates in Services Import by APEC
Economies by Industries
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but the trends have reversed in 2014-2016. Exports in the information serv-
ices from APEC economies have also declined in 2014-2016. These results
signal that developments in intelligent automation in recent years may be re-
placing service exports with digitized service production. Figures 29 and 30
also show that growth rates in exports and imports in professional and other
less automatable services by APEC economies have not changed much in
2000-2016.

With the same approach, we replicated Appendix Table A1l for service
exports and imports by APEC economies in Appendix Tables A26 and A27,
respectively. Once again, Appendix Tables A26 and A27 provide similar re-
sults to Appendix Table A11. Figures 31 and 32 exhibit service exports and
imports in the finance and insurance industries, respectively. Figure 31
shows that service exports in the finance industries from the developed
economies in APEC to other developing economies have decreased the
most in 2014-2016. Likewise, Figure 32 demonstrates that service imports in
finance by the developed economies from developing countties have de-
clined most significantly, most likely because of digitization by intelligent au-
tomation in service outsourcing to the developing economies. Figures 31
and 32 also show similar trends for trade in finance industries between devel-
oped economies and exports from developed economies in APEC to othet
developing economies.

In Appendix Table A28, we investigate service trade patterns within
APEC economies. In doing so, we limit the sample to service trade ob-
servations only between the APEC economies in 2000-2016. Figures 33-35
visualize the results from Appendix Table A28 and demonstrate that services
trade within the APEC economies has declined in the period of 2011-2016 in
highly automatable service industries (finance, information, and professional
services). This trend is most noteworthy in the information industry (Figure
35) but does not appear to be statistically significant in the finance and in-

surance industries (Figure 33). The growth rates in trade for professional
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service industries within APEC were not statistically significant in 2000-2012

but it is negative and significant for 2012-2016 (Figure 34).

Figure 31. Estimated Growth Rates in Export in the Finance and
Insurance Services from APEC Economies
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Figure 32. Estimated Growth Rates in Import in Finance and
Insurance Services by APEC Economies
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Figure 33. Estimated Growth Rates in Trade in Finance and
Insurance Services within APEC Economies
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Figure 34. Estimated Growth Rates in Trade in Professional,
Scientific, and Technical Service within APEC Economies
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Figure 35. Estimated Growth Rates in Trade in Information Services
within APEC Economies
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7. Analyses of Select APEC Member Economies

We also look at changes in service trade growth for specific economies in
APEC and other regions. To do so, we replicate Appendix Table A7 for
service exports from large developing economies as well as service imports
by large developed economies.

In Appendix Tables A29-A36, we analyze service export trends in
2000-2012 and 2012-2016 from eight large developing economies: China,
Russian Federation, Republic of Korea, India, the Philippines, Indonesia,
Brazil, and Mexico. Table 9 summarizes the results from Appendix Tables
A29-A36. We see a stark difference between 2000-2012 and 2012-2016 for
China, Russia, Korea, and India. The service exports from these countries
have grown significantly in 2000-2012, but this growth has become muted or
reversed in 2012-2016. We could not observe a similar pattern for the other

developing economies (the Philippines, Indonesia, Brazil, and Mexico).
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Table 9. Growth Rates in Service Exports from China, Russian Federation,
Republic of Korea, India, The Philippines, Indonesia, Brazil, and Mexico

2012-2016 2000-2012
China Other Services ns powxx
Information ns o
Professional ns powxx
Finance ns o
Russia Other Services | xx poxxx
Information ns powxx
Professional ns powxx
Finance ns o
Korea Other Services |+ t*
Information I to*
Professional ns t+
Finance | ¥ powex
India Other Services ns t+
Information ns tox*
Professional ns t o+
Finance ns o
The Philippines Other Services ns ns
Information ns ns
Professional ns ns
Finance ns ns
Indonesia Other Services ns ns
Information ns ns
Professional ns ns
Finance ns to*
Brazil Other Services ns ns
Information ns ns
Professional ns to*
Finance ns ns
Mexico Other Services ns ns
Information ns ns
Professional ns ns
Finance ns ns

ns =p > 01; +p <01, *p < 005,

Source: Authot's own compilation
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In Appendix Tables A37-A43, we also conduct similar analyses for service
imports by the developed economies (U.S., Japan, Canada, Australia, U.K.,
France, and Germany). Table 10 summarizes the results from Appendix
Tables A36-A42. We observe that service imports by France and Germany
have risen significantly in 2000-2012, a trend that has become statistically in-
significant in 2012-2016. Setvice imports by Canada are declining in
2012-2016 as well, while service imports by Australia have grown sub-

stantially in 2012-2016 across all service industries.
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Table 10. Growth Rates in Service Imports by U.S., Japan,
Canada, Australia, U.K., France, and Germany

2012-2016 2000-2012
USA Other Services ns (B
Information | ns
Professional ns ns
Finance ns ns
Japan Other Services ns | **
Information ns ns
Professional ns ns
Finance ns ns
Canada Other Services |+ | x
Information | * ns
Professional |+ ns
Finance ns ns
Australia Other Services poxx ns
Information P ns
Professional poxex to*
Finance toxx ns
U.K. Other Services ns ns
Information ns ns
Professional to* ns
Finance ns ns
France Other Services ns t o+
Information ns ns
Professional ns P
Finance ns poxxx
Germany Other Services ns to*
Information | [
Professional ns tox
Finance ns ns

ns=p > 01 +p <01, *p <005 % p < 001, ** p < 0001

Source: Authot's own compilation
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8. Summary of Key Findings

Our analyses of the global trade in services data from Comtrade yield sev-

eral notable findings as follows.

Growth in global trade in highly automatable service industries has slowed
down in recent years (Figures 11-12, 15, 17, and Appendix Table A5).
International trades in the finance/insurance and information service in-
dustries rose in 2008-2014 but declined precipitously in 2014-2016
(Appendix Table A7, Figure 21).

Over 2008-2014, service exports from developing to developed econo-
mies grew by more than 8% annually, but this growth became stagnated in
2014-2016 (Appendix Table A10, Figure 24).

Specifically, service exports from developing to developed economies ex-
perienced declines in 2014-2016 in the information and finance industries,
but not in other less-automatable service industries (Appendix Table A11,
Figures 25, 27). We find similar findings when we divide the countries into
high-GDP and low-GDP economies (Appendix Table A15) and into
high-income and low-income countries (Appendix Table A19).

Trade in services between the economies with advanced ICT infra-
structures appeats to be declining in 2014-2016, but that between the
economies with less developed ICT infrastructures has been rising for the
same period (Appendix Tables A22-23).

APEC economies experienced a decline in both exports and imports in the
finance/insurance industties in 2014-2016 (Appendix Tables A24-A25).
Within APEC economies, trade in the information and professional serv-
ice industries decreased in 2011-2016 (Appendix Table A28).

Service exports from China, Korea, Russia, and India grew in 2000-2012,
but not in 2012-2016 (Appendix Tables A29-A32).

Service imports by France and Germany rose in 2000-2012, but not in
2012-2016 (Appendix Tables A42-A43).
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I Figure 36. Policy Principles, Directions, and Recommendations I

Regulate intelligent automation based on empirical evidence
® Adopt a Permissionless Innovation Approach

Principles | ® Adopt a light-touch approach to regulation

Be technologically neutral

® Ensure consistency in policies and regulations

Workforce reskilling and retraining for less automatable jobs
Educating future workforce for high—demand skills and knowledge
Matching employees and employers through digital platforms
Providing basic income and transition support

Policy ¢ Creating jobs by promoting entrepreneurship and innovation
Directions = ® Restructuring domestic service industries to the next level
Investing in new network infrastructure
Ensuring interagency coordination in government
Facilitating public—private partnership for solving complex problems
Fostering international collaboration for learning and innovation

Develop regional strategies for APEC member economies
Create APEC joint research programs
Policies  ® Develop an APEC online education platform for reskilling and retraining
for APEC | e Create regional certifications for digital skills
® Develop a regional center of excellence for innovation and entrepreneurship
* Create an APEC working group to facilitate policy dialogue and cooperation

Source: Authot's own compilation

Our analysis results suggest that as Al-powered intelligent automation is
becoming increasingly pervasive, global trade in services is declining. This
trend is particularly salient since 2014. Furthermore, we find that the highly
automatable service industries such as financial services, professional serv-
ices, and information services have experienced a greater decline in trade
than other service industries after 2014. Importantly, we find that the service
exports from the developing to the developed economies in the highly auto-
matable industries such as financial services and professional services have
declined in 2014-2016. If this trend continues, developing economies that re-
ly heavily on their service exports will face a significant challenge in main-
taining, let alone growing, their economies. Therefore, the policymakers of

developing economies should take this issue seriously and create smart poli-
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cies that help displaced workers find new employment and foster job crea-
tion through innovation and entrepreneurship.

In the next section, we discuss the general principles that policymakers in
both developing and developed economies in APEC should consider when
creating new policies or regulations pertaining to intelligent automation and
services trade. Then, we will present our recommendations for policy direc-
tions that are mainly geared toward developing economies in APEC. We
then discuss more specific policy recommendations for APEC member
economies. Figure 36 depicts these principles, policy directions, and policy

recommendations.

1. Principles for Policies and Regulations
for Intelligent Automation

We propose a set of principles that policymakers and regulators are ad-
vised to follow when creating new policies and regulations with regard to in-
telligent automation. An important objective of policies and regulations for
intelligent automation is to strike an optimal balance between boosting in-
novation and promoting the welfare of citizens. This objective is valid for
both developing and developed economies in APEC. The first three princi-
ples are closely related to each other in that they collectively promote mini-
mal regulations in order to not hinder innovation. The last principle is based
on our observation and analysis of the technology policy history since the

birth of the Internet.

A. Regulate intelligent automation based on empirical
evidence

There is still much uncertainty about how intelligent automation tech-

nologies will evolve and how they will impact services trade and jobs in the
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future. Therefore, new regulations for these technologies mainly driven by
speculation or fear can limit technological innovation. Instead of reacting
prematurely to largely speculative concerns, policymakers should base their
policy decisions in economic and empirical analysis. A rigorous cost-benefit
analysis needs to be performed before new regulations are proposed. When
policymakers need to address specific persistent problems relating to
Al-powered intelligent automation, they need to make sure that the pro-
posed policies and regulations target specific, demonstrated issues so as not

to unnecessarily constraininnovation in intelligent automation.
B. Adopt a Permissionless Innovation Approach

A traditional regulatory approach tends to be rigid, bureaucratic, and
inflexible. This approach can be particularly problematic when it comes to
governing new technologies, such as intelligent automation. History suggests
that humans have a very poor ability to predict the future of emerging
technologies. Therefore, regulators run a risk of making unnecessary regu-
lations if they attempt to create preemptive remedies for hypothetical prob-
lems relating to emerging technologies. Therefore, policymakers and regu-
lators are advised to adopt a permissionless innovation approach to avoid
this risk. The concept of the permissionless innovation approach is closely
related to the evidence-based regulation approach discussed above. It refers
to the idea that “experimentation with new technologies and business mod-
els should generally be permitted by default. Unless a compelling case can be
made that a new invention will bring serious harm to society, innovation should
be allowed to continue unabated, and problems, if they develop at all, can be
addressed later.””>8) The three principles of the permissionless innovation ap-

proach are as follows:59)

58) Adam Thierer (2016), “Permissionless Innovation: The Continuing Case for Comprehensive
Technological Freedom,” 2nd ed. Arlington, VA: Mercatus Centet, George Mason University.

59) Adam Thierer (2017), Andrea Castillo O’Sullivan, and Raymond Russell, Artificial Intelligence
and Public Policy, Mercatus Center, George Mason University.
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® Constraints on innovation should be the last resort, not the first.
® A new policy should not be based on worst-case hypotheticals.

® Flexible, bottom-up solutions are better than rigid, top-down controls.

C. Adopt alight-touch approach to regulation

When it comes to regulating an emerging technology, there is a risk of
over-regulation. Heavy-handed regulations limit innovation and increase cost
5.00) Usinga light-touch approach, policymakers should allow for the industry
and the market to address emerging issues. Furthermore, the existing regu-
latory framework, instead of rushed new regulations, should serve as a starting
point in considering new regulations for intelligent automation. Policymakers

should intervene only if market forces fail to address a persistent issue.

D. Betechnologically neutral

Policymakers and regulators should not favor any particular technology.
In other words, it is not their job to pick a winner or a loser for intelligent au-
tomation technologies. History shows that technology-neutral policies allow-
edfor emerging technologies to fully realize their potential. A regulation that
mandates particular technologies is not only unnecessary but also can be
counterproductive. Policymakers and regulators should create a policy and
regulatory environment in which any innovative technologies are freely de-

veloped, and the market decides the winner.

E. Ensure consistency in policies and regulations

Emerging technologies such as intelligent automation tend to be subject to

oversight from multiple government agencies due to their multidisciplinary

60) Daniel Castro and Joshua New (2014), “10 Policy Principles for Unlocking the Potential of
the Internet of Things,” New Center for Data Innovation.
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nature. As a result, it is possible that multiple policymakers and regulators
create inconsistent policies and regulations. Policymakers should ensure co-
ordination among government agencies to harmonize their policies and
regulations. Furthermore, except for certain matters germane specifically to a
patticular industry, policymakers should develop a holistic policy and regu-

latory framework that is effective across the industries.

2. Recommendations for Policy Directions

The increasing adoption of Al-powered intelligent automation will hurt
service exports from both developing and developed economies. However,
the impact of this decline in services trade will be magnified in developing
economies such as India and the Philippines than in developed economies.
Although we are beginning to see empirical evidence supporting the declin-
ing trend in highly automatable services trade, exactly how intelligent auto-
mation will play out to displace service workers in developing economies in
the long run is still uncertain. Nevertheless, it appears indisputable that
developing economies need to rethink their development strategy going
forward. What follows is our recommendations for policy directions that are
mainly geared toward developing economies in APEC, although some of
them might be applicable to developed economies in APEC as well.

Our policy recommendations are based on two different types of strat-
egies that developing economies should consider in response to the threat
from Al-powered intelligent automation: (1) reskill and retrain displaced
workers in highly automatable service industries and help them find new
jobs in less automatable service industries, and (2) turn the threat of in-
telligent automation into an opportunity by upgrading workers’ digital skills
and fostering digital innovation and high-tech start-ups. Our recom-

mendations are meant to serve as general guidance for policymakers rather
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than solutions tailored to a specific economy. In fact, we do not believe that
there is a one-size policy that fits all. Each economy will need to customize
their policies and strategies based on the level of their workforce’s education
and skills, its ability to create and seize future opportunities, and other im-

portant economic and social factors.

A. Workforce reskilling and retraining for less auto-
matable jobs

Our investigation provides evidence that intelligent automation is likely to
reduce a developing economy’s export of highly automatable services. As a
result, the demand for highly automatable service jobs in developing econo-
mies will decline and many such jobs will be eliminated. However, less auto-
matable service jobs will be less affected by intelligent automation, and their
demand could continue to grow. Some of the job categories that might expe-
tience automation-dtiven growth in the fututre include:61)
® Engagement with automation technologies to complete a service task
® Monitoring and maintenance of automation technologies

® Development of automation technologies

61) Executive Office of the President, U.S.A. (20106), “Artificial Intelligence, Automation, and the
Economy,” https:/ /obamawhitehouse.archives.gov/sites /whitehouse.gov/files/documents/
Artificial-Intelligence- Automation-Economy. PDF
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Skills Needed in the Future

McKinsey Global Institute analyzed a wide range of skills and categorized
them into skills needed more in the future and skills needed less of in the
future. Figure 37 shows the result. The vertical axis indicates the extent to
which skills are perceived important today. The horizontal axis indicates the
extent to which skills are needed in the future. The top left grid represents
skills that are important today but are expected to be needed less in the
future. Service jobs based on these skills are more likely to be replaced by in-
telligent automation. For example, data entry jobs based on basic data input
skills fall into this category. On the other hand, the bottom right grid repre-
sents skills that are not perceived to be very important today but are needed
more in the future. They include advanced data analysis and complex in-
formation processing. These are the skills that displaced workers should ac-
quire through retraining. The top right grid represents skills that are im-
portant today as well as in the future. Leadership, communication, negotia-
tion, advanced IT, and technology design fall into this category. Finally, the
bottom left grid represents skills that are not important today or in the future.

These skills are not much of a concern for governments or employees.

I Figure 37. Skill Shifts I
Bubble size = ils 2 sical and ma N :
Hours worked in 2016, bilfon Skills 7 Physicalandmanual @ Basiccognitive @ Higher cognitive @ Social and emotionsl @ Techno-logical
75 Important, but declining Important and growing
5 Basic data input Equipment
. repair ¢ Communication and negotiation
High £ J// ¢
quipment / y/
ti
Interpersonx -
Basic literacy end empa .v., Creativity

Perceived | Average
Craft and technician

importance Entrepreneurship A
of skills Aoptabi @ /dvanced deta analysis
today P aching and training
/ @
Low /// Gross motor Advanoed fteracy
7 . Complex information processing
@ scentic research and development
Limited and declining Limited, but growing

Skills needed less of in the future o Skills needed more of in the future

Expected future skill need

1 Difference between % of survey respondents that expect to need a skill more and % of survey respondents that expect to need it less.

NOTE: Based on results of March 2018 survey of 3,031 business leaders in Canada, France, Germany, ltaly, Spain, the United Kingdom, and the United.
Chart based on % of survey respondents. Skills descriptions were shortened. Chart does not include fine motor skills, inspecting and monitoring,
quantitative and statistical skills. Bubble sizes are based on number of hours worked

SOURCE: McKinsey Global Institute workforce skills executive survey, March 2018; McKinsey Global Institute analysis
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A key challenge is reskilling and retraining the workforce in highly auto-
matable services to develop skills required by less automatable services.
Mid-career retraining will become increasingly important as the skill sets
needed for service jobs continue to change. History suggests that workforce
reskilling on a large scale is by no means an easy undertaking; for example,
many workers in the U.S. "Rust Belt" have failed to successfully transition
from the skills required by the industrial economy to the ones demanded by
the information economy. Therefore, developing economies should take this
challenge very seriously. Those who lose their jobs are not always able to get
back on track and find new ones. Policies should focus on addressing this
issue. Many countries are experiencing low or even declining public invest-
ments in workforce training. It is, therefore, crucial to reverse this trend and
increase investments in human capital. We recommend the following poli-
cies to support workforce reskilling and retraining:
® Incentivize employer’s investment in retraining of employees through

grants, subsidies, and tax breaks for the employer.

Facilitate partnerships between employers and education providers.

Develop online and offline training courses and programs and make them

publicly available.

Offer workers personal accounts that they can use to pay for training.

Provide free training for the unemployed.

® Create certifications for skills that are in high demand.
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Significant Investment Needed for Employee Reskilling and Retraining

According to a 2018 World Economic Forum survey, employers esti-
mate that, by 2022, more than 54% of all employees will require significant
reskilling and upskilling. Of these, 19% are expected to require retraining
of more than 6 months, while 22% are expected to require retraining of be-
tween one month and six months and only 13% need retraining of less
than one month (Figure 38). This result suggests a high demand for res-
killing and retraining in the coming years. Companies should expect to

substantially increase their spending on employee reskilling and retraining.

I Figure 38. Expected Average Reskilling Needs (2018-2022) I

Reskilling needs
No Reskilling needs of less than Tmoonth, 13%
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Reskilling
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Reskilling needs
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Source: Future of Jobs Survey 2018, World Economic Forum
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B. Educating future workforce for high-demand skills
and knowledge

In addition to reskilling and retraining the current workforce, policy-
makers should focus on educating the future workforce. Creating curricula
and education programs that help students develop skills for which there is a
demand should be a top priority in developing economies. However, this
could be a slow process as it may take substantial time to develop and recruit
qualified, talented educators. Policymakers should identify skills that are
needed as intelligent automation diffuses. Such skills may include analytical
and creative thinking, intetpersonal communication, and emotional contro
1.62) Another important skill might be the ability to tell the intelligent ma-
chine what to optimize. This requires understanding both the capabilities of
the machine and the goals of the organization.

In addition to figuring out the skills taught in school, another important is-
sue is whether the current education model, in which most education takes
place eatly in students’ life, is best. As it is likely that humans will need to
continuously retool their skills to be employable, the structute of education
delivery needs to adapt. An important issue is how policymakers can facili-
tate the evolution of education systems to prepare the future workforce to
be successful in the era of intelligent automation. We recommend the fol-
lowing education policies to address the issue:
® Develop skill-set requirements appropriate for different educational lev-

els: primaty, secondary, and tertiary.
® Develop a mechanism to identify and update high-demand skills and in-

form new education programs of the evolving skill requirements.

® Establish joint education programs between universities and the private sector.

62) Manuel Trajtenberg (2018), “Al as the next GPT: A Political Economy Perspective,” In
Agrawal, Gans, and Goldfarb Eds. The Economics of Artificial Intelligence: An Agenda. University
of Chicago Press.
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® Partner with universities to develop Al curricula for primary and secon-
dary schools.

® Create scholarship programs focused on educating high-demand skills.

® Incentivize universities to adopt massive open online courses (MOOCs)
to teach critical skills in scale.

® Incentivize higher education institutes to offer continuing education pro-

grams focused on reskilling.

C. Matching employees and employers through digital
platforms

If the labor market is not efficient, even qualified job seckers may not find
their employer in a timely manner, and vice versa. How can policymakers fa-
cilitate the matching of workers and jobs? Policymakersin developing econo-
mies with inflexible labor markets may learn from some of the developed
economies. For example, Germany transformed its federal unemployment
agency into a powerful job-matching entity through deregulation. Furthermore,
with the rise of the “glg economy,”the role of digital platforms for matching
workers and jobs is becoming important. Such digital platforms can improve
labor market dynamics and foster labor matket fluidity. Policymakers should
play an active role in matching skills and jobs and promote the development

of digital talent platforms through incentives and deregulation.
D. Providing basic income and transition support

Beyond retraining and matching skills and jobs, policymakers should con-
sider a range of policies that can help displaced workers during the transition.
Such policies may include universal basic income, unemployment insurance,
and public assistance in finding work.03) Various forms of transition assis-

tance for displaced workers are essential for them to find their next jobs. For
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instance, Finland has become the first country in Europe to pay its un-
employed citizens a basic monthly income, in a pilot project aimed at re-
ducing povetty and joblessness.6%) Furthermore, as wages for many jobs can
be depressed during workforce transitions, policies to supplement work in-
comes might be needed to maintain market demand and ensure societal

welfare.

E. Creating jobs by promoting entrepreneurship and
innovation

Policymakers are advised to consider not only policies that help reskilling
and retraining of workers but also policies that facilitate job creation. What if
the risk isn’t necessarily jobs that are being eliminated, but the jobs that may
never be created? One important policy direction to address this issue is to
put a greater emphasis on entreprencurship. It is important to develop and
nurture innovation talent at all stages of the education process. In particular,
the government should help improve education for entrepreneurship in
higher education through partnerships between business and academia. In
the era of Al, educating and training entrepreneurship requites a multi-
disciplinary approach. Therefore, policymakers should make collaboration
across different disciplines within and across universities easier by removing
regulatory barriers and providing strong incentives. Furthermore, the gov-
ernment should consider partnering with incubators and accelerators to train
future entrepreneurs through high-quality training programs.

Another important element is to strengthen the innovation ecosystem.
The government should engage in vatious forms of funding programs that

are open, transparent, competitive, and technologically neutral. For example,

63) McKinsey Global Institute, “Jobs Lost, Jobs Gained: Workforce Transitions in a Time of
Automation,” December 2017

64) United Nations ESCAP (2017), “Artificial Intelligence in Asia and the Pacific”
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policymakers may establish government-backed venture capital funding, en-
courage private venture capital investments and crowdfunding for in-
novative start-ups, and create sandboxes to allow companies to experiment
freely without fear of breaking laws and with safeguards to limit the con-
sequences of failure. For example, the UK. has experimented with in-
novative regulations in the field of financial technology (FinTech). Their
Sandbox policy allows businesses to test out financial services based on in-
novative FinTech without incurring all the normal regulatory consequence
5.95) In addition, the government should consider establishing a center of in-
novation to engage in R&D, applications development, training, and policy

development.

F. Restructuring domestic service industries to the
next level

Developing economies that rely on inexpensive labor for service out-
sourcing need to advance their service industries to the next level.
Policymakers in developing economies are advised to assess the current sta-
tus of their domestic service industries and develop policies to restructure
the industries from low-skilled, routine service providers to high-skilled, cre-
ativity-based service industries. As we discussed eatlier, routine, structured
service tasks such as responding to customer calls or reviewing documents
based on predefined rules are increasingly being digitized. Service industries
in developing economies need to develop capabilities to offer less automat-
able services such as healthcare, design, or entertainment. Doing so would
require a pool of talented workers who have skills that are more immune to
automation, as described in Figure 37 (e.g., ctitical thinking, leadership, com-

munication). Legal service providers in developing economies, for example,

65) United Nations ESCAP (2017), “Artificial Intelligence in Asia and the Pacific”
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will need to offer advisory or consulting services for clients, beyond simple
document processing services. As software development itself is increasingly
being automated (i.c., software develops software), software outsourcing
providers in developing economies will be required to be involved in more
creative, design-intensive tasks, rather than routine coding tasks. South
Korea offers a great example; it is now a powerhouse of service exports in
entertainment such as TV shows, music (known as K-pop), or animation.
This redevelopment of service industries in developing economies must be
accompanied by reforms in education systems that we proposed above.
Over a longer term, developing economies are advised to build serv-
ice-driven, consumption-based domestic economies. While it is not in the
scope of this research, manufacturing industries are just as vulnerable to au-
tomation as setvice industries. Therefore, developing economies that depend
on exports of either manufacturing or services are likely to be hurt most by
advances in automation. Such countries are advised to develop domestic

consumption-based, service-oriented economies.
G. Investing in new network infrastructure

A high-speed broadband network is a critical infrastructure that is required
to reskill and retrain workers in scale, enable workers to work with intelligent
automation applications, support start-ups, and facilitate the development of
innovative technologies. Many future service workers will work from home
or anywhere by using cloud-based software. It will be increasingly more diffi-
cult for workers to perform service tasks in an outdated network
environment. Policymakers should make it a priority to upgrade both fixed
and wireless networks. For example, the government can promote invest-
ment in such infrastructure by making government land available for towers

and small cells to support 5G connectivity.
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H. Ensuring interagency coordination in government

As many government agencies are likely to be involved in the issues per-
taining to intelligent automation and service trade, pootly coordinated poli-
cies and regulations can confuse and frustrate businesses as well as workers.
New forms of service jobs and related automation technologies might be
subject to conflicting regulations imposed by different government agencies.
Therefore, it is important to ensure effective coordination among them. One
possible approach is to create an interagency task force that coordinates all
relevant agencies on the issues pertaining to service trade and intelligent

automation.

I. Facilitating public-private partnership for solving
complex problems

A strong public-private partnership is crucial for addressing complex poli-
cy issues such as intelligent automation and its implications for service trade.
Public-private partnerships can benefit many programs and initiatives that
aim to address a declining service trade due to intelligent automation. For
productive partnerships with the private sector, the government should en-
gage in continuous dialogue with companies. Furthermore, the government
should consider creating a National Advisory Board of policymakers, in-
dustry leaders, and academia that provide policy directions and guidance.
Another way to promote public-private collaboration is to create a public
working group to address specific issues. A good example can be found in
the convening of the Public Working Group on Cyber-Physical Systems
(CPS) formed under the sponsorship of the U.S. National Institute of
Science and Technology (NIST). This open public forum has fostered stake-

holder discussions to define and shape key characteristics of CPS.
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J. Fostering international collaboration for learning
and innovation

Many developing economies will face challenges associated with in-
telligent automation. Although these developing economies may be com-
petitors in global trade in services, they will benefit from international collab-
oration with other developing economies. They may learn from one another
in terms of effective policies and approaches that work to mitigate the risk of
declining services trade. Furthermore, they can join forces to accelerate
innovation. Therefore, governments in developing economies should engage
in a continuous dialogue with their counterpart agencies in other countries.
Governments should consider establishing a multilateral working group to
coordinate on issues such as industry-led standards and pro-competitive

policies.

3. Policy Recommendations for APEC Member
Economies

The impacts of Al-powered intelligent automation on APEC member
economies atre likely to be significant as, according to the 2018 World
Economic Situation and Prospects (WESP) report, only five out of 21
APEC member economies are considered developed countries. Our data
analysis results shown in Figures 29-35 suggest that APEC member econo-
mies are already witnessing a decline in international trade in services in high-
ly automatable industries, such as the information services industry and fi-
nance/insurance services industry. Furthermore, services trade in the in-
formation services industry within APEC member economies has declined

most significantly.
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Intelligent automation may not only impact international trade in services
in APEC member economies but also deepen digital divides and social in-
equality as its negative impact on service jobs could be more severe for the
socially vulnerable and underprivileged group. For fostering shared prosper-
ity in the region, it is crucial for APEC member economies to strengthen
their cooperation and collaboration to cope with unprecedented challenges
caused by intelligent automation and Al technologies. In this section, we
present several specific policy recommendations that APEC members

should consider adopting.

(1) Develop regional strategies for APEC member economies

® Create comprehensive, high-level, long-term regional strategies by 2020 to
address a wide range of economic and social issues caused by Al-powered
intelligent automation

® Engage policymakers, business leaders in the Al and automation in-

dustries, think tanks, and academia in the strategy development process

(2) Create APEC joint research programs

® Examine the impacts of Al-powered intelligent automation on a wide
range of issues, including services trade, job elimination, education, voca-
tional training, digital divides, income inequality, gender inequality, and
immigration

® Identify skills and knowledge that are increasingly required in the era of Al
and intelligent automation

® Provide research grants to a consortium of world-class universities, re-
search centers, and global digital companies based in APEC economies

® Disseminate research outcomes through APEC publications and meetings

as well as other academic or industry publication outlets

(3) Develop an APEC online education platform for reskilling
and retraining
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® Develop online courses on high-demand skills and make them available
for anyone in APEC member economies to access freely
® Assist the socially vulnerable, underprivileged group to be able to use on-

line courses by providing financial and technical support

(4) Create regional certifications for digital skills

® Develop standardized certifications for critical digital skills to facilitate the
matching of prospective employees and employers

® Use these certifications to assess the effectiveness of reskilling and retrain-

ing programs

(5) Develop a regional center of excellence for innovation and
entrepreneurship
® Engage two global leaders in Al — the U.S. and China — in boosting in-
novation and entrepreneurship in all APEC member economies through
joint projects, exchanges of best practices, and knowledge transfer
® Create an online platform like Innocentive.com for matching technical

problems and solutions

(6) Create an APEC working group to facilitate policy dialogue
and cooperation

® Create a working group comprised of representatives of all APEC members
under APEC SOM Steering Committee on Economic and Technical Coopetation

® Charge the working group to develop strategies and implementation plans
for the policies recommended above and serve as a platform for con-
tinuous policy dialogue and cooperation

® Collaborate and coordinate with existing APEC working groups and ini-
tiatives such as the APEC CBNI (Capacity Building Initiatives) and the
APEC Education Strategy as well as the ILO’s (International Labour
Organization) Future of Work Centenary Initiative and the United

Nations’ 17 Sustainable Development Goals
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4. Roles of Korea in Promoting Shared
Prosperity in APEC Economies

South Korea can serve as a role model for other developing economies in
APEC to follow when it comes to economic developments. Once a deprived
country after the Korean War, it is among the biggest economies and largest
exporters in the world. South Korea’s service exports have grown from
$38.5 billion in 2000 to $111 billion in 2014. One of its most well-known
service exports, as we stated above, is entertainment, including what is
known as K-pop or Korean Wave. Its exports in personal, cultural, and rec-
reational services (service industries that are least likely to be automated)
have risen from a mere $167 million in 2000 to more than $1 billion in 2016,
a more than six-fold increase.

South Korea’s success in the transformation from a manufactur-
ing-oriented economy to a service-based, knowledge-oriented one offers a
blueprint for other developing APEC economies. This transformation has
been possible thanks to its highly-educated population, booming en-
trepreneurship, well-orchestrated industrial policies, and strong support for
knowledge-driven service industries from the government. Its nationwide
broadband network infrastructures and large conglomerates’ R&D invest-
ments in technology (e.g., Samsung, Hyundai, LG, SK) have also made its in-
novation-driven economy possible.

Korea can support economic development and transformation in peer
APEC economies in several ways. First, its high-quality educational in-
stitutions can aid developing economies to build a base of high-skilled talent.
The schools can do so by educating foreign students from APEC countries,
offering scholarships to such students, and operating academic programs in
conjunction with local universities. For example, Seoul National University

has been educating next-generation sports administrators from developing
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countries around the world. This one-year residential program covers all ed-
ucational and housing expenses for the students. Second, South Korea can
help developing economies build high-speed broadband or mobile infra-
structures by taking advantage of the world’s leading telecommunication
companies in South Korea. Third, it can set up policy blueprints in educa-
tion, entrepreneurship, innovation for developing economies to follow.
Fourth, South Korea can share its best practices and lessons learned with de-
veloping APEC economies through knowledge exchange programs and
study visits. For example, South Korea has been transferring its expetience
in building an e-government and digital economy with developing countries

around the world through the programs co-sponsored by the World Bank.
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Conclusions

Developments in intelligent automation technologies are by no means a re-
versible trend. Al-powered intelligent automation will continue to threaten an
increasing number of occupations across the industries in both developed and
developing economies and reshape the global economy and international
trade in a fundamental way. It is therefore incumbent upon policymakers to
formulate proactive, sensible policies to address challenges emanating from
automation. It is particulatly the case for the officials in developing econo-
mies, whose competitive advantage vis-a-vis developed economies has been a
latrge pool of low-cost labor. Without effective policies that can embrace and
take advantage of economic potentials of Al and other automation tech-
nologies, developing countries will fall further behind in the global economy.

Al-powered intelligent automation is likely to impact APEC member
economies significantly as many of developing economies within APEC
heavily rely on services trade. Intelligent automation will not only impact
APEC member economies’ trade in services but also deepen their digital di-
vides and social inequality. For fostering shared prosperity in the region, it is
crucial for the APEC member economies to strengthen their cooperation
and collaboration and develop smart policies and regulations to cope with
unprecedented challenges caused by intelligent automation and Al technologies.

We acknowledge that this research is not free from limitations. First, due
to data limitation, we were not able to measure the degree of digitization or
adoption of intelligence automation in each country or in each industry.
Instead, we use the automation scores from O*Net for each service industry

as a proxy for intelligent automation, which only measures a potential degree
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of automation. We also supplement the main analyses by using the ICT
Development Index to measure the economy-level ICT infrastructures. In
addition, while the degree of automation can change yeatr-by-year in each
country and in each service industry, our analysis was not able to capture
temporal changes in automation. Second, we were not able to directly meas-
ure how many service occupations intelligent automation eliminates in ex-
porting countries. We argue, however, that a decline in service exports from
the developing countties is correlated with job losses in the service industries
in such economies. Third, while we carefully selected a vatiety of econo-
my-level control variables (Table 5) and our estimations include importer
and exporter-level fixed effects, the estimation models might not capture all
relevant economy-level heterogeneity, indicating possible presence of omit-
ted variable bias. Despite these limitations, this research contributes to ad-
vancing our understanding of the relationship between service job displace-
ment and intelligent automation by exploring and testing empirical data. We
hope that this research helps policymakers make informed policy decisions
with regard to service occupations and intelligent automation.

There are a number of avenues for future research in intelligent automa-
tion and related policies. First, researchers can evaluate the effectiveness of
the policy recommendations we propose above in education, entrepreneut-
ship, and public-private partnership. For example, one can examine whether
offering tax incentives for worker training help displaced workers find
employment. Second, future research can dig deeper on which specific serv-

ice industries or which service occupations in international trade are most
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affected by developments in intelligent automation. Third, researchers can
develop a policy-maturity model that guides policymakers to formulate nec-
essary policies to ensure domestic employment and augment international

competitiveness of the service industries.
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I Table Al. Descriptive Statistics I

Std.

Variables Mean Deviation Min. Max.
Trade in Services (1) 14.0131 3.2186 -0.0847 24,9649
Exporter Population ()] 16.5660 1.6778 9.1507 21.0444
Exporter GDP 3 26.9551 21.2772 0.1310 162.9889
Exporter Service Ind. 4 66.1291 9.4135 0 93.2165
Exporter FDI () 5.7463 60.6419 -335.13560  3545.8590
Exporter R&D (6) 1.4509 0.9353 0 4.4055
Exporter Education )] 4.8634 1.1310 0 14.0691
Exporter Service Emp. (8 64.5323 13.3924 0 88.3490
Exporter Unemployment ©) 7.9677 4.2855 0.1650 37.2500
Importer Population (10) 16.5156 1.6827 9.1507 21.0444
Importer GDP (11) 27.2634 21.3859 0.1301 162.9889
Importer Service Ind. (12) 66.0386 9.6081 0 93.2165
Importer FDI (13) 6.0647 63.9664 -335.1350  3545.8590
Importer R&D (14) 1.4529 0.9485 0 4.4055
Importer Education (15) 4.8765 1.1389 0 14.0591
Importer Service Emp. (16) 64.4305 13.7500 0 88.3490
Importer Unemployment 17) 8.0174 4.3222 0.1650 37.2500
Trade in Goods (18) 19.3982 4.5841 0 26.8378
Year (19 7.8412 3.56368 0 16
Automation (20 30.1367 4.3888 22.2235 39.7912

Source: Authot's own compilation
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Table A3. Estimation of Baseline Annual Growth Rates in
InternationalServices Trade in 2000-2016 (Eq. 1 and 2)

Dependent Variables Services Trade Services Trade Services Trade
M @ )
Exporter Population 1.3416%** 1.2657*** 1.4170%**
(0.1096) (0.1094) (0.1092)
Exporter GDP -0.0033*** —0.0031*** 0.0098***
(0.0007) (0.0007) (0.0009)
Exporter Service Ind -0.0369*** -0.0367*** -0.0382***
(0.0020) (0.0020) (0.0020)
Exporter FDI 0.0001 0.0001 0.0002
(0.0001) (0.0001) (0.0001)
Exporter R&D 0.2354*** 0.2399*** 0.1981***
(0.0199) (0.0199) (0.0206)
Exporter Edu -0.0261** -0.0276** -0.0045
(0.0095) (0.0095) (0.0098)
Exporter Service Emp 0.0149%** 0.0158*** 0.0282%**
(0.0026) (0.0026) (0.0026)
Exporter Unemploy 0.0006 0.0003 -0.0025
(0.0016) (0.0016) (0.0016)
Importer Population 1.7781%** 1.7042%** 1.8161%**
(0.1094) (0.1092) (0.1089)
Importer GDP 0.0025*** 0.0028*** 0.0155***
(0.0007) (0.0007) (0.0009)
Importer Service Ind -0.0396*** —0.03971*** -0.04071***
(0.0020) (0.0020) (0.0020)
Importer FDI -0.0000 -0.0000 0.0000
(0.0001) (0.0001) (0.0001)
Importer R&D 0.2283*** 0.2332%** 0.2026***
(0.0194) (0.0194) (0.0201)
Importer Edu -0.0177+ -0.0189* -0.0014
(0.0095) (0.0095) (0.0098)
Importer Service Emp 0.0162*** 0.0166%*** 0.0291%**
(0.0027) (0.0027) (0.0027)
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I Table A3. Continued

Dependent Variables

Importer Unemploy
Trade in Goods
Year

Year x Automation

Exporter FE
Importer FE
Industry FE
Year FE

N

F

RZ
Adjusted R?
Root MSE

Services Trade

-0.0041**
(0.0015)
0.1891*x*
(0.0015)
0.0166**
(0.0022)

YES
YES
YES
NO
567,074
1,166%**
0.56943
0.594
2.051

Services Trade

-0.0041**
(0.0015)
0.1895***
(0.0015)
-0.0668***
(0.0059)
0.0027***
(0.0002)
YES
YES
YES
NO
567,074
1,124%#*
0.5945
0.594
2.050

Services Trade
-0.0067***
(0.0016)
0.2009***
(0.0016)

0.0026***
(0.0002)
YES
YES
YES
YES
567,074
950.7***
0.5967
0.596
2.045

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A4. Estimation of Growth Rates in Services Tradein
the Three Periods (Eq. 1)

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
M @ &)
Exporter Population 0.7165** 0.1892 -1.0987
(0.2292) (0.3444) (1.9591)
Exporter GDP 0.0118*** -0.0016 -0.0022
(0.0012) (0.0019) (0.0051)
Exporter Service Ind -0.0595%** 0.0047 0.0285*
(0.0034) (0.0039) (0.0126)
Exporter FDI 0.0002+ 0.0005 0.0062
(0.0001) (0.0005) (0.0047)
Exporter R&D 0.0134 0.3228*** 0.0695
(0.0417) (0.0364) (0.0666)
Exporter Edu 0.0240+ -0.0658*** -0.0775
(0.0136) (0.0162) (0.0569)
Exporter Service Emp 0.0509%** -0.0209*** -0.0352+
(0.0043) (0.0057) (0.0210)
Exporter Unemploy -0.0342%** 0.0015 0.0513**
(0.0026) (0.0032) (0.0167)
Importer Population 0.3662 2.6945%** -2.0724
(0.2388) (0.3150) (1.8753)
Importer GDP 0.0169*** 0.0032+ -0.0028
(0.0011) (0.0019) (0.0047)
Importer Service Ind -0.0555%** -0.0082* -0.0079
(0.0034) (0.0038) (0.0120)
Importer FDI 0.0002 0.0003 -0.0026
(0.0001) (0.0003) (0.0030)
Importer R&D -0.1292** 0.3814*** -0.0252
(0.0411) (0.0351) (0.0649)
Importer Edu -0.0009 -0.0723*** 0.0050
(0.0138) (0.0157) (0.0580)
Importer Service Emp 0.0497%** -0.0275%** -0.0426*
(0.0044) (0.0056) (0.0188)
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I Table A4. Continued

Dependent Variables

Importer Unemploy

Trade in Goods

Year

Exporter FE
Importer FE
Industry FE
N

F

RZ
Adjusted R’
Root MSE

Services Trade
2000-2008
—0.0442***

(0.0025)
0.1756***
(0.0018)
-0.0849***
(0.0057)
YES
YES
YES
346,747
678.2%**
0.6187
0.618
1.994

Services Trade
2008-2014
0.0187***
(0.0031)
0.4588***
(0.0050)
0.0920%**
(0.0052)
YES
YES
YES
254,434
680.7***
0.5994
0.599
2.074

Services Trade

2014-2016
0.0507**
(0.0167)

0.4972***
0.0114)
-0.0572
(0.0366)

YES
YES
YES
52,658
124 .3%**
0.5933
0.590
1.687

+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A5. Estimation of Growth Rates in Services Trade
in the Three Periods (Eq. 2)

Dependent Variables Services Trade  Services Trade  Services Trade
2000-2008 2008-2014 2014-2018
M @ &)
Exporter Population 0.6754** 0.0320 -0.6395
(0.2286) (0.3455) (1.9634)
Exporter GDP 0.0116*** -0.0016 -0.0022
(0.0012) (0.0019) (0.0051)
Exporter Service Ind -0.0592*** 0.0047 0.0275*
(0.0034) (0.0039) (0.0126)
Exporter FDI 0.0002+ 0.0005 0.0062
(0.0001) (0.0005) (0.0047)
Exporter R&D 0.0127 0.3230%** 0.0676
(0.0417) (0.0364) (0.0666)
Exporter Edu 0.0225+ -0.0654*** -0.0777
(0.0136) (0.0162) (0.0569)
Exporter Service Emp 0.0509%** -0.0205*** -0.0367+
(0.0043) (0.0057) (0.0210)
Exporter Unemploy -0.0346%** 0.0015 0.0508**
(0.0026) (0.0032) (0.0167)
Importer Population 0.3155 2.5623%** -1.7116
(0.2385) (0.3150) (1.8772)
Importer GDP 0.0168*** 0.0033+ -0.0025
(0.0011) (0.0019) (0.0047)
Importer Service Ind -0.0651*** -0.0080* -0.0088
(0.0034) (0.0038) 0.0119)
Importer FDI 0.0002 0.0003 -0.0026
(0.0001) (0.0003) (0.0030)
Importer R&D -0.1306** 0.3826*** -0.0277
(0.0411) (0.0351) (0.0649)
Importer Edu -0.0018 -0.0722*** 0.0055
(0.0138) (0.0157) (0.0580)
Importer Service Emp 0.0496%** -0.0273*** -0.0428*
(0.0044) (0.0056) (0.0188)
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I Table A5. Continued

Dependent Variables
Importer Unemploy
Trade in Goods
Year

Year X Automation

Exporter FE
Importer FE
Industry FE
N

F

RZ
Adjusted R?
Root MSE

Services Trade
2000-2008
—0.0443***

(0.0025)
0.1759***
(0.0018)
-0.1683***
(0.0132)
0.0028***
(0.0004)
YES
YES
YES
346,747
645.4%**
0.6188
0.618
1.994

Services Trade
2008-2014
0.0185***
(0.0031)
0.4586***
(0.0050)
-0.0164
(0.0173)
0.0036***
(0.0005)
YES
YES
YES
254,434
651 %+
0.5995
0.599
2.074

Services Trade

2014-2018
0.0502**
(0.0167)

0.4968***
0.0114)
0.2686***
(0.0792)

-0.0107***

(0.0023)
YES
YES
YES

52,668

119.1%%*

0.56935
0.590
1.687

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A6. Estimation of Growth Rates in Services Trade
by Service Industries

Dependent Variables Services Trade
Exporter Population 1.2626%**
(0.1094)
Exporter GDP -0.0028***
(0.0007)
Exporter Service Ind -0.0364***
(0.0020)
Exporter FDI 0.0001
(0.0001)
Exporter R&D 0.2423***
(0.0199)
Exporter Edu -0.0272**
(0.0095)
Exporter Service Emp 0.0163***
(0.0026)
Exporter Unemploy 0.0003
(0.0016)
Importer Population 1.7069%**
(0.1092)
Importer GDP 0.0031***
(0.0007)
Importer Service Ind -0.0389***
(0.0020)
Importer FDI -0.0000
(0.0001)
Importer R&D 0.2350***
(0.0194)
Importer Edu -0.0183+
(0.0095)
Importer Service Emp 0.0171***
(0.0027)
Importer Unemploy -0.0042%*
(0.0015)
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I Table A6. Continued I

Dependent Variables Services Trade
Trade in Goods 0.1897***
(0.0015)
Year x Other Services 0.0006
(0.0024)
Year X Information 0.0348***
(0.0032)
Year X Professional 0.0429***
(0.0026)
Year X Finance 0.0311***
(0.0032)
Exporter FE YES
Importer FE YES
Industry FE YES
N 567,074
F 1,049***
R’ 0.5947
Adjusted R? 0.594
Root MSE 2.050

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A7. Estimation of Growth Rates in Services Trade
by Service Industries and Periods

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
M @ &)
Exporter Population 0.6616** 0.0082 -0.4098
(0.2286) (0.3454) (1.9651)
Exporter GDP 0.0116*** -0.0016 -0.0026
(0.0012) (0.0019) (0.0051)
Exporter Service Ind -0.0592*** 0.0048 0.0265*
(0.0034) (0.0039) (0.0126)
Exporter FDI 0.0002+ 0.0005 0.0061
(0.0001) (0.0005) (0.0047)
Exporter R&D 0.0131 0.3218*** 0.0655
(0.0417) (0.0364) (0.0667)
Exporter Edu 0.0225+ -0.0648*** -0.0770
(0.0136) (0.0162) (0.0569)
Exporter Service Emp 0.0509%** -0.0201*** -0.0374+
(0.0043) (0.0057) (0.0210)
Exporter Unemploy -0.0348*** 0.0013 0.0495**
(0.0026) (0.0032) (0.0166)
Importer Population 0.3137 2.5307*** -1.6351
(0.2386) (0.3151) (1.8776)
Importer GDP 0.0169*** 0.0033+ -0.0026
(0.0011) (0.0019) (0.0047)
Importer Service Ind -0.0552*** -0.0079* -0.0094
(0.0034) (0.0038) (0.0119)
Importer FDI 0.0002 0.0003 -0.0026
(0.0001) (0.0003) (0.0030)
Importer R&D -0.1299** 0.3816*** -0.0280
(0.0411) (0.0351) (0.0649)
Importer Edu -0.0015 —0.0717*** 0.0066
(0.0138) (0.0157) (0.0580)
Importer Service Emp 0.0496%** -0.0269*** -0.0432*
(0.0044) (0.0056) (0.0188)
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I Table A7. Continued

Dependent Variables
Importer Unemploy
Trade in Goods
Year x Other Services
Year x Information
Year x Professional
Year X Finance
Exporter FE
Importer FE
Industry FE

N

F

RZ

Adjusted R?
Root MSE

Services Trade
2000-2008
—0.0445***

(0.0025)
0.1760***
(0.0018)
-0.0937***
(0.0058)
-0.0630***
(0.0073)
-0.0853***
(0.0069)
-0.0513***
(0.0075)
YES
YES
YES
346,747
586.4***
0.6188
0.618
1.994

Services Trade
2008-2014
0.0185***
(0.0031)
0.4585***
(0.0050)
0.0794***
(0.0055)
0.0691***
(0.0098)
0.1190%**
(0.0063)
0.1404%**
(0.0090)
YES
YES
YES
254,434
596.8***
0.5995
0.599
2.074

Services Trade
2014-2016
0.0498**
(0.0167)
0.4968***
(0.0114)
-0.0140
(0.0379)
-0.1249**
(0.0452)
-0.0754+
(0.0391)
—0.2271%**
(0.0468)
YES
YES
YES
52,658
108.5***
0.5936
0.590
1.687

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A8. Estimation of Growth Rates in Services Trade by
Developed/Developing Economies

Dependent Variables Services Trade
Exporter Population 1.7853***
(0.1160)
Exporter GDP -0.0038***
(0.0007)
Exporter Service Ind -0.0335***
(0.0020)
Exporter FDI 0.0002+
(0.0001)
Exporter R&D 0.1696***
(0.0200)
Exporter Edu -0.0380***
(0.0095)
Exporter Service Emp 0.0235***
(0.0027)
Exporter Unemploy -0.0043**
(0.0016)
Importer Population 2.3617***
(0.1168)
Importer GDP 0.0017*
(0.0007)
Importer Service Ind —0.0354***
(0.0020)
Importer FDI 0.0001
(0.0001)
Importer R&D 0.1591***
(0.0194)
Importer Edu -0.0300**
(0.0095)
Importer Service Emp 0.02b5***
(0.0027)
Importer Unemploy -0.0094***
(0.0015)
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I Table A8. Continued I

Dependent Variables Services Trade
Trade in Goods 0.1965***
(0.0016)
Year x Developed-Developed 0.0174***
(0.0022)
Year x Developed-Developing -0.0032
(0.0033)
Year x Developing—Developed 0.0039
(0.0031)
Year x Developing-Developing -0.0676***
(0.0041)
Exporter FE YES
Importer FE YES
Industry FE YES
N 567,074
F 1,093***
R’ 0.5953
Adjusted R? 0.595
Root MSE 2.048

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A9. Estimation of Growth Rates in Services Trade by
Developed/Developing Economies and Service Industries

Dependent Variables Services Trade
Exporter Population 1.66971***
(0.1155)
Exporter GDP -0.0029***
(0.0007)
Exporter Service Ind -0.0346***
(0.0020)
Exporter FDI 0.0002+
(0.0001)
Exporter R&D 0.1851***
(0.0200)
Exporter Edu -0.0350***
(0.0094)
Exporter Service Emp 0.0265***
(0.0027)
Exporter Unemploy -0.0043**
(0.0016)
Importer Population 2.2424%**
0.1163)
Importer GDP 0.0026***
(0.0007)
Importer Service Ind -0.0355***
(0.0020)
Importer FDI 0.0001
(0.0001)
Importer R&D 0.1744***
(0.0194)
Importer Edu -0.0297**
(0.0094)
Importer Service Emp 0.0270***
(0.0027)
Importer Unemploy -0.0091***
(0.0015)
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I Table A9. Continued

Dependent Variables

Trade in Goods

Year x Developed-Developed
x Other Services

Year x Developed-Developing
x Other Services

Year x Developing—Developed
x Other Services

Year x Developing—Developing
x Other Services

Year x Developed-Developed
X Information

Year x Developed-Developing
X Information

Year x Developing—Developed
X Information

Year x Developing—Developing
X Information

Year x Developed-Developed
X Professional

Year x Developed-Developing
X Professional

Year x Developing—Developed
X Professional

Year x Developing—Developing
X Professional

Year x Developed-Developed
x Finance

Year x Developed-Developing
x Finance

Year x Developing—Developed

x Finance

Services Trade
0.1967***
(0.0016)
-0.0015
(0.0023)
-0.0280***
(0.0034)
-0.0113***
(0.0033)
-0.0647%**
(0.0043)
0.0507***
(0.0032)
-0.0012
(0.0049)
0.0024
(0.0044)
-0.1215%**
(0.0061)
0.0399***
(0.0026)
0.0267***
(0.0036)
0.0349***
(0.0035)
-0.0335***
(0.0046)
0.0420***
(0.0032)
0.0512%**
(0.0046)
0.0086+
(0.0047)
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I Table A9. Continued I

Dependent Variables Services Trade
Year x Developing—Developing -0.1509***
x Finance (0.0062)
Exporter FE YES
Importer FE YES
Industry FE YES

N 567,074
F 799.9%**
R’ 0.5975
Adjusted R? 0.597
Root MSE 2.043

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A10. Estimation of Growth Rates in Services Trade by
Developed/Developing Economiesand the Three Periods

Dependent Variables

Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Importer Service Emp

Services Trade
2000-2008
1.0836%**
(0.3077)
0.0120%**
(0.0017)
—0.0546***
(0.0038)
0.0000
(0.0001)
-0.0179
(0.0530)
0.0993***
(0.0159)
0.0401***
(0.0051)
—0.0560***
(0.0030)
0.7648*
(0.3197)
0.0149%**
(0.0016)
—0.0454***
(0.0039)
0.0002
(0.0001)
-0.2069***
(0.0523)
0.0717%**
(0.0162)
0.0426***
(0.0053)

Services Trade
2008-2014
-0.6034
(0.4263)
-0.0011
(0.0020)
0.0149***
(0.0043)
0.0007
(0.0005)
0.3037***
(0.0412)
-0.0578***
(0.0174)
-0.0272***
(0.0066)
0.0054
(0.0037)
4.5162%**
(0.4126)
0.0081***
(0.0020)
-0.0096*
(0.0042)
0.0002
(0.0003)
0.3894***
(0.0389)
-0.0609***
(0.0169)
-0.0283***
(0.0064)

Services Trade
2014-2016
-1.1105
(1.9912)
-0.0048
(0.0057)
0.0306*
(0.0126)
0.0062
(0.0047)
0.0725
(0.0670)
-0.0526
(0.0581)
-0.0392+
(0.0211)
0.0420*
0.0177)
-1.4311
(1.9204)
0.0002
(0.0052)
-0.0043
(0.0119)
-0.0026
(0.0030)
-0.0083
(0.0648)
0.0122
(0.0590)
-0.0438*
(0.0189)
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I Table A10. Continued I

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
Importer Unemploy -0.0719*** 0.0276*** 0.0581***
(0.0030) (0.0036) 0.0177)
Trade in Goods 0.1793*** 0.4611*** 0.4978***
(0.0021) (0.0051) (0.0115)
Year x Developed-Developed -0.0360*** 0.0769*** -0.0499
(0.0070) (0.0064) (0.0396)
Year x Developed-Developing -0.0769*** 0.0049 -0.1007*
(0.0085) (0.0107) (0.0472)
Year x Developing—Developed —0.0549%** 0.0816*** -0.0215
(0.0081) (0.0097) (0.0474)
Year x Developing—Developing -0.1757%*** -0.0360** -0.1147+
(0.0097) (0.0126) (0.0600)
Exporter FE YES YES YES
Importer FE YES YES YES
Industry FE YES YES YES
N 346,747 254,434 52,658
F 554.4*** 496.9%** 107.9%**
R’ 0.6294 0.6017 0.5944
Adjusted R 0.629 0.601 0.591
Root MSE 1.963 2.086 1.685

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table All. Estimation of Growth Rates in Services Trade by
Developed/Developing Economies, Service Industries,
and the Three Periods

Dependent Variables

Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Services Trade
2000-2008
M
1.3372%**
(0.2390)
0.0068***
(0.0013)
-0.0603***
(0.0033)
0.0004**
(0.0001)
-0.0770+
(0.0418)
0.0366**
(0.0136)
0.0576***
(0.0043)
-0.0370***
(0.0025)
1.3424%*
(0.2506)
0.0098***
(0.0012)
—0.0531***
(0.0034)
0.0004**
(0.0001)
-0.2296***
(0.0410)
0.0078
(0.0138)

Services Trade
2008-2014
@
-0.2990
(0.3563)
-0.0029
(0.0019)
0.0038
(0.0039)
0.0005
(0.0005)
0.3271***
(0.0365)
-0.0598***
(0.0162)
-0.0227%**
(0.0060)
0.0026
(0.0032)
2.6026***
(0.3385)
0.0051**
(0.0019)
-0.0080*
(0.0037)
0.0003
(0.0003)
0.3684***
(0.0348)
-0.0762***
(0.0156)

Services Trade
2014-2016
&)
-0.2358
(1.9879)
-0.0048
(0.0056)
0.0291*
(0.0125)
0.0060
(0.0047)
0.0633
(0.0668)
-0.0511
(0.0580)
-0.0423*
(0.0210)
0.0422*%
0.0177)
-0.9465
(1.9182)
0.0003
(0.0052)
-0.0055
(0.0119)
-0.0026
(0.0030)
-0.0098
(0.0647)
0.0161
(0.0586)
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I Table All. Continued I

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
Importer Service Emp 0.0574*** -0.0214*** -0.0458*
(0.0045) (0.0058) (0.0189)
Importer Unemploy -0.0459%** 0.0165%** 0.0580**
(0.0025) (0.0031) (0.0176)
Trade in Goods 0.1825*** 0.4576*** 0.4971%**
(0.0019) (0.0050) (0.0114)
Year x Developed-Developed -0.0640%** 0.0770%** 0.0005
x Other Services (0.0060) (0.0054) (0.0405)
Year x Developed-Developing -0.1089*** 0.0598*** -0.0585
x Other Services (0.0072) (0.00971) (0.0480)
Year x Developing—Developed -0.0799%** 0.1038*** 0.0283
x Other Services (0.0070) (0.0085) (0.0481)
Year x Developing-Developing -0.1710%** 0.0651*** -0.0654
x Other Services (0.0085) (0.0114) (0.0606)
Year x Developed-Developed 0.0035 0.0948*** -0.1263**
X Information (0.0075) (0.0096) (0.0474)
Year x Developed-Developing -0.0835%*** 0.0562*** -0.1894***
x Information (0.0094) 0.0127) (0.0541)
Year x Developing—Developed -0.0722%** 0.0893*** -0.1184*
X Information (0.0090) (0.0117) (0.0540)
Year x Developing-Developing -0.2333*** -0.0150 -0.0567
X Information (0.0106) (0.0144) (0.0674)
Year x Developed-Developed -0.0525%*** 0.1164%** -0.0694
X Professional (0.0071) (0.0062) (0.0424)
Year x Developed-Developing -0.0896%** 0.1086%*** -0.1388**
x Professional (0.0085) (0.0094) (0.0490)
Year x Developing—Developed -0.0754*** 0.1468*** -0.0563
x Professional (0.0082) (0.0091) (0.0492)
Year x Developing-Developing -0.1597*** 0.1036*** -0.1736**
x Professional (0.0096) (0.0119) (0.0609)
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I Table All. Continued

Dependent Variables

Year x Developed-Developed
x Finance

Year x Developed-Developing
x Finance

Year x Developing—Developed
x Finance

Year x Developing—Developing
x Finance

Exporter FE

Importer FE

Industry FE

N

F

RZ

Adjusted R?

Root MSE

Services Trade
2000-2008
0.0136+
(0.0077)
-0.0318**
(0.0098)
-0.0611***
(0.0097)
-0.2748***
(0.0111)
YES
YES
YES
346,747
430.3***
0.6211
0.621
1.988

Services Trade
2008-2014
0.1396***
(0.0089)
0.1629%**
(0.0118)
0.1479***
(0.0116)
0.0031
(0.0146)
YES
YES
YES
254,434
438.5%**
0.6023
0.601
2.067

Services Trade
2014-2016
-0.2279%**

(0.0492)
-0.2643***
(0.0555)
-0.2110%**
(0.0563)
-0.3508***
(0.0676)
YES
YES
YES
52,658
81.171***
0.5967
0.593
1.681

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A12. Estimation of Growth Rates in Services Trade
by High GDP/Low GDP Economies

Dependent Variables Services Trade
Exporter Population 1.6096***
0.1129)
Exporter GDP -0.0018*
(0.0007)
Exporter Service Ind -0.0363***
(0.0020)
Exporter FDI 0.0001
(0.0001)
Exporter R&D 0.2586***
(0.0198)
Exporter Edu -0.0201*
(0.0095)
Exporter Service Emp 0.0092***
(0.0027)
Exporter Unemploy 0.0031*
(0.0016)
Importer Population 2.0913***
0.1128)
Importer GDP 0.0042***
(0.0007)
Importer Service Ind —0.0391***
(0.0020)
Importer FDI -0.0001
(0.0001)
Importer R&D 0.2548***
0.0193)
Importer Edu -0.0124
(0.0095)
Importer Service Emp 0.0089**
(0.0027)
Importer Unemploy -0.0010
(0.0015)
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I Table Al12. Continued

Dependent Variables

Trade in Goods

Year x HighGDP-HighGDP
Year x HighGDP-LowGDP
Year x LowGDP-HighGDP
Year x LowGDP-LowGDP

Exporter FE
Importer FE
Industry FE
N

F

RZ
Adjusted R?
Root MSE

Services Trade
0.1840***
(0.0015)
0.0117***
(0.0024)
0.0119***
(0.0025)
0.0070**
(0.0024)
0.0466***
(0.0026)
YES
YES
YES
567,074
1,062%**
0.5951
0.595
2.049

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table Al13. Estimation of Growth Rates in Services Trade by
High GDP/Low GDP Economies and Service Industries

Dependent Variables Services Trade
Exporter Population 1.6518***
0.1124)
Exporter GDP -0.0008
(0.0007)
Exporter Service Ind -0.0358***
(0.0020)
Exporter FDI 0.0001
(0.0001)
Exporter R&D 0.2707***
(0.0198)
Exporter Edu -0.0208*
(0.0095)
Exporter Service Emp 0.0107***
(0.0027)
Exporter Unemploy 0.0025
(0.0016)
Importer Population 1.9679%**
0.1123)
Importer GDP 0.0054***
(0.0007)
Importer Service Ind -0.0384***
(0.0020)
Importer FDI -0.0001
(0.0001)
Importer R&D 0.2672***
0.0193)
Importer Edu -0.0117
(0.0094)
Importer Service Emp 0.0103***
(0.0027)
Importer Unemploy -0.0016
(0.0015)
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I Table A13. Continued

Dependent Variables

Trade in Goods

Year x HighGDP-HighGDP
x Other Services

Year x HighGDP-LowGDP
x Other Services

Year x LowGDP-HighGDP
x Other Services

Year X LowGDP-LowGDP
x Other Services

Year x HighGDP-HighGDP
X Information

Year x HighGDP-LowGDP
X Information

Year x LowGDP-HighGDP
X Information

Year X LowGDP-LowGDP
X Information

Year x HighGDP-HighGDP
X Professional

Year x HighGDP-LowGDP
X Professional

Year x LowGDP-HighGDP
X Professional

Year x LowGDP-LowGDP
X Professional

Year x HighGDP-HighGDP
x Finance

Year x HighGDP-LowGDP
x Finance

Year x LowGDP-HighGDP

x Finance

Services Trade
0.1844***
(0.0015)
-0.0240***
(0.0026)
-0.0145***
(0.0026)
-0.0104***
(0.0026)
0.0468***
(0.0027)
0.0488***
(0.0034)
0.0465***
(0.0037)
0.0270***
(0.0036)
0.0271***
(0.0041)
0.0445***
(0.0029)
0.0389***
(0.0029)
0.0423***
(0.0029)
0.0556***
(0.0031)
0.0657***
(0.0036)
0.0557***
(0.0036)
-0.0031
(0.0038)
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I Table A13. Continued I

Dependent Variables Services Trade
Year x LowGDP-LowGDP -0.0060
x Finance (0.0043)
Exporter FE YES
Importer FE YES
Industry FE YES
N 567,074
F 814.6***
R’ 0.5980
Adjusted R? 0.598
Root MSE 2.041

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table Al4. Estimation of Growth Rates in Services Trade by
High GDP/Low GDP Economies and the Three Periods

Dependent Variables

Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Importer Service Emp

Services Trade
2000-2008
0.4196+
(0.2301)
0.0077***
(0.0012)
-0.0596***
(0.0034)
0.0003*
(0.0001)
-0.0551
(0.0424)
0.0411**
(0.0138)
0.0545***
(0.0043)
-0.0386***
(0.0026)
0.1017
(0.2400)
0.0132%**
(0.0012)
—0.0552***
(0.0034)
0.0002+
(0.0001)
-0.1956***
(0.0416)
0.0137
(0.0139)
0.0528***
(0.0045)

Services Trade
2008-2014
1.2412%**
(0.3523)
-0.0023
(0.0019)
0.0061
(0.0039)
0.0004
(0.0005)
0.2784***
(0.0363)
—0.0590***
(0.0162)
-0.0317***
(0.0058)
0.0007
(0.0032)
3.6513***
(0.3197)
0.0024
(0.0019)
-0.0066+
(0.0038)
0.0002
(0.0003)
0.3284***
(0.0350)
-0.0660%**
(0.0157)
-0.0381***
(0.0056)

Services Trade
2014-2016
-1.3488
(1.9482)
-0.0030
(0.0052)
0.0272*
(0.0127)
0.0052
(0.0047)
0.0623
(0.0664)
-0.0627
(0.0576)
-0.0441*
(0.0210)
0.0590***
(0.0167)
-2.0578
(1.8668)
-0.0011
(0.0047)
-0.0057
(0.0120)
-0.0025
(0.0030)
-0.0418
(0.0648)
0.0037
(0.0583)
-0.0477*
(0.0189)
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I Table Al4. Continued
Dependent Variables
Importer Unemploy
Trade in Goods
Year x HighGDP-HighGDP
Year x HighGDP-LowGDP
Year x LowGDP-HighGDP
Year x LowGDP-LowGDP

Exporter FE
Importer FE
Industry FE
N

F

RZ
Adjusted R?
Root MSE

Services Trade
2000-2008
-0.0481***

(0.0026)
0.1762***
(0.0019)
—0.0446***
(0.0062)
-0.0865***
(0.0062)
-0.0890***
(0.0061)
-0.0910%**
(0.0062)
YES
YES
YES
346,747
601.9%**
0.6191
0.619
1.993

Services Trade
2008-2014
0.0172%*
(0.0031)
0.4569***
(0.0051)
0.0407***
(0.0056)
0.0884***
(0.0055)
0.0852***
(0.0055)
0.1375***
(0.0056)
YES
YES
YES
254,434
628.8***
0.6003
0.599
2.072

Services Trade
2014-2016
0.0536**
(0.0168)
0.4720***
0.0117)
-0.0561
(0.0367)
-0.0685+
(0.0370)
-0.0515
(0.0369)
-0.0293
(0.0372)
YES
YES
YES
52,658
166.3***
0.5955
0.5692
1.683

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table Al15. Estimation of Growth Rates in Services Trade by High
GDP/Low GDP Economies, Service Industries, and the Three Periods

Dependent Variables

Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Importer Service Emp

Services Trade
2000-2008
m
0.3061

(0.2290)
0.0074***
(0.0012)
—0.0604***
(0.0033)
0.0003*
(0.0001)
-0.0699+
(0.0423)
0.0400**
(0.0138)
0.0552***
(0.0043)
—0.0393***
(0.0026)
0.0547
(0.2387)
0.0132***
(0.0012)
—0.0553***
(0.0034)
0.0002+
(0.0001)
—0.2048***
(0.0415)
0.0138
(0.0139)
0.0524***
(0.0044)

Services Trade
2008-2014
@
1.1518**

(0.3517)
-0.0023
(0.0019)
0.0053
(0.0039)
0.0004
(0.0005)
0.2743***
(0.0363)
—0.0538***
(0.0162)
-0.0319***
(0.0057)
0.0018
(0.0032)
3.3239***
(0.3175)
0.0026
(0.0018)
-0.0066+
(0.0038)
0.0002
(0.0003)
0.3340%**
(0.0349)
—0.0609***
(0.0156)
—0.0384***
(0.0056)

Services Trade
2014-2016
©)]
-0.7256

(1.9497)
-0.0029
(0.0052)
0.0250*
(0.0126)
0.0049
(0.0048)
0.0548
(0.0664)
-0.0604
(0.0576)
-0.0460*
(0.0209)
0.0568***
(0.0167)
-1.5681
(1.8656)
-0.0014
(0.0047)
-0.0081
(0.0119)
-0.0025
(0.0030)
-0.0431
(0.0648)
0.0045
(0.0582)
-0.0498**
(0.0188)
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I Table A15. Continued I

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
Importer Unemploy -0.0487%** 0.0179%** 0.0540**
(0.0026) (0.0031) (0.0168)
Trade in Goods 0.1763*** 0.4557*** 0.4718***
(0.0019) (0.0050) 0.0117)
Year x HighGDP-HighGDP -0.0696%** 0.0047 -0.0259
x Other Services (0.0064) (0.0060) (0.0380)
Year x HighGDP-LowGDP -0.1016*** 0.0607*** -0.0330
x Other Services (0.0064) (0.0058) (0.0382)
Year x LowGDP-HighGDP -0.0900%** 0.0624*** -0.0132
x Other Services (0.0063) (0.0058) (0.0382)
Year x LowGDP-LowGDP -0.0691*** 0.1313*** 0.0139
x Other Services (0.0064) (0.0059) (0.0383)
Year x HighGDP-HighGDP 0.0092 0.0443*** -0.1633***
X Information (0.0079) (0.0099) (0.0454)
Year x HighGDP-LowGDP -0.03771%** 0.0908*** -0.1614***
X Information (0.0082) (0.0102) (0.0456)
Year x LowGDP-HighGDP -0.0665*** 0.0739*** —0.1571%**
X Information (0.0081) (0.0099) (0.0455)
Year x LowGDP-LowGDP -0.1315%** 0.0779%** -0.1116*
x Information (0.0085) (0.0104) (0.0455)
Year x HighGDP-HighGDP -0.0388*** 0.0783*** -0.0462
X Professional (0.0074) (0.0067) (0.0391)
Year x HighGDP-LowGDP -0.0801*** 0.1186*** -0.0777*
x Professional (0.0077) (0.0066) (0.0393)
Year x LowGDP-HighGDP -0.08571*** 0.1283*** -0.0482
X Professional (0.0075) (0.0066) (0.0393)
Year x LowGDP-LowGDP -0.1097*** 0.1535*** -0.0499
x Professional (0.0078) (0.0067) (0.0395)
Year x HighGDP-HighGDP 0.0551*** 0.1345*** -0.2057***
x Finance (0.0082) (0.0094) (0.0467)
Year x HighGDP-LowGDP -0.0238** 0.17171%** -0.2098***
x Finance (0.0084) (0.0092) (0.0470)
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I Table A15. Continued I

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
Year x LowGDP-HighGDP -0.0978*** 0.1147*** -0.2255***
x Finance (0.0087) (0.0095) (0.0470)
Year x LowGDP-LowGDP -0.1807*** 0.1207*** -0.1946***
x Finance (0.0091) (0.0099) (0.0475)
Exporter FE YES YES YES
Importer FE YES YES YES
Industry FE YES YES YES
N 346,747 254,434 52,658
F 455%** 468.9%** 113.1%x*
R’ 0.6221 0.6035 0.5979
Adjusted R 0.622 0.603 0.594
Root MSE 1.985 2.063 1.678

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A16. Estimation of Growth Rates in Services Trade
by High Income/Low Income Economies

Dependent Variables Services Trade
Exporter Population 1.3444%**
(0.1095)
Exporter Inc -0.0049***
(0.0007)
Exporter Service Ind -0.0331***
(0.0020)
Exporter FDI 0.0002+
(0.0001)
Exporter R&D 0.1818***
(0.0199)
Exporter Edu -0.0392***
(0.0095)
Exporter Service Emp 0.0223***
(0.0026)
Exporter Unemploy -0.0037*
(0.0016)
Importer Population 1.7933***
(0.1093)
Importer Inc 0.0007
(0.0007)
Importer Service Ind -0.0352***
(0.0020)
Importer FDI 0.0001
(0.0001)
Importer R&D 0.1694***
(0.0194)
Importer Edu -0.0298**
(0.0095)
Importer Service Emp 0.0242%**
(0.0027)
Importer Unemploy -0.0082***
(0.0015)
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I Table Al16. Continued I

Dependent Variables Services Trade
Trade in Goods 0.1989***
(0.0016)
Year x Highlnc—Highlnc 0.0322***
(0.0023)
Year x Highlnc-LowlInc -0.0224***
(0.0029)
Year x LowlInc—Highinc -0.0154***
(0.0029)
Year X LowlInc-Lowlinc -0.0652***
(0.0039)
Exporter FE YES
Importer FE YES
Industry FE YES
N 567,074
F 1,075%**
R’ 0.5952
Adjusted R? 0.595
Root MSE 2.048

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table Al17. Estimation of Growth Rates in Services Trade by High
Income/Low Income Economies and Service Industries

Dependent Variables Services Trade
Exporter Population 1.2697***
(0.1091)
Exporter Inc -0.0040***
(0.0007)
Exporter Service Ind -0.0337***
(0.0020)
Exporter FDI 0.0002+
(0.0001)
Exporter R&D 0.20711***
(0.0199)
Exporter Edu -0.0366***
(0.0095)
Exporter Service Emp 0.0240***
(0.0026)
Exporter Unemploy -0.0039*
(0.0016)
Importer Population 1.6869%**
(0.1089)
Importer Inc 0.0014*
(0.0007)
Importer Service Ind -0.0349***
(0.0020)
Importer FDI 0.0001
(0.0001)
Importer R&D 0.1850***
(0.0194)
Importer Edu -0.0276**
(0.0095)
Importer Service Emp 0.0252***
(0.0027)
Importer Unemploy -0.0083***
(0.0015)
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I Table Al7. Continued

Dependent Variables

Trade in Goods

Year x Highlnc—-Highinc
x Other Services

Year x Highlnc-Lowlinc
x Other Services

Year x LowlInc—Highinc
x Other Services

Year X LowlInc-Lowlinc
x Other Services

Year x Highlnc—-Highinc
X Information

Year x Highlnc-LowlInc
X Information

Year x LowlInc—Highlnc
X Information

Year X LowlInc-Lowlinc
X Information

Year x Highlnc—Highinc
X Professional

Year x Highlnc-Lowlinc
X Professional

Year x LowlInc—Highlnc
X Professional

Year X LowlInc—Lowlinc
X Professional

Year x Highlnc—-Highinc
x Finance

Year x Highlnc-LowlInc
x Finance

Year x LowlInc—Highinc

x Finance

Services Trade
0.1999***
(0.0016)
0.0120***
(0.0024)
—0.0414***
(0.0031)
-0.0273***
(0.0030)
-0.0540%***
(0.0040)
0.0637***
(0.0032)
-0.0209***
(0.0044)
-0.0019
(0.0041)
-0.1077%**
(0.0063)
0.0545***
(0.0026)
0.0080*
(0.0034)
0.0126***
(0.0033)
-0.0588***
(0.0051)
0.0596***
(0.0032)
0.0016
(0.0042)
-0.0312%**
(0.0046)
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I Table A17. Continued I

Dependent Variables Services Trade
Year x LowlInc-Lowlinc —0.2157%**
x Finance (0.0085)
Exporter FE YES
Importer FE YES
Industry FE YES

N 567,074
F 768.5%**
R’ 0.5971
Adjusted R? 0.597
Root MSE 2.044

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A18. Estimation of Growth Rates in Services Trade by High
Income/Low Income Economies and the Three Periods

Dependent Variables

Exporter Population

Exporter Inc

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Importer Population

Importer Inc

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Importer Service Emp

Services Trade
2000-2008
0.8929%**
(0.2303)
0.0040**
(0.0012)
-0.0511***
(0.0033)
0.0005***
(0.0001)
-0.0521
(0.0417)
0.0411**
(0.0136)
0.0536***
(0.0043)
—0.0339***
(0.0025)
0.5438*
(0.2391)
0.0091***
(0.0012)
—0.0454***
(0.0034)
0.0004**
(0.0001)
-0.2088***
(0.0412)
0.0133
(0.0138)
0.0530***
(0.0045)

Services Trade
2008-2014
0.2121
(0.3448)
-0.0024
(0.0019)
0.0046
(0.0039)
0.0005
(0.0005)
0.3458***
(0.0368)
-0.0607***
(0.0163)
-0.0247%**
(0.0059)
0.0028
(0.0032)
2.7003***
(0.3151)
0.0039*
(0.0019)
-0.0082*
(0.0038)
0.0003
(0.0003)
0.3623***
(0.0352)
-0.0780***
(0.0158)
-0.0246***
(0.0056)

Services Trade
2014-2016
-1.0389
(1.9581)
0.0003
(0.0055)
0.0306*
(0.0128)
0.0061
(0.0046)
0.0837
(0.0669)
-0.0809
(0.0571)
-0.0314
(0.0214)
0.0549**
(0.0167)
-1.7797
(1.8757)
-0.0007
(0.0050)
-0.0060
0.0122)
-0.0025
(0.0030)
-0.0168
(0.0649)
0.0035
(0.0579)
-0.0439*
0.0191)
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I Table Al18. Continued I

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
Importer Unemploy -0.0436%** 0.0176%*** 0.0517**
(0.0025) (0.0031) (0.0168)
Trade in Goods 0.1841*** 0.4586*** 0.4952***
(0.0019) (0.0050) 0.0113)
Year x Highlnc-Highinc -0.0233*** 0.0917*** -0.0298
(0.0060) (0.0053) (0.0379)
Year x Highlnc-LowlInc -0.1106*** 0.0689%** -0.0702
(0.0069) (0.0076) (0.0444)
Year x LowlInc—Highinc -0.1084*** 0.1159*** -0.0882*
(0.0067) (0.0074) (0.0447)
Year x Lowlnc-Lowlinc -0.1979%** 0.0959*** -0.0930+
(0.0080) (0.0097) (0.0516)
Exporter FE YES YES YES
Importer FE YES YES YES
Industry FE YES YES YES
N 346,747 254,434 52,658
F 600.3*** 593.7*** 127.4%**
R’ 0.6194 0.5995 0.5943
Adjusted R 0.619 0.599 0.591
Root MSE 1.992 2.074 1.685

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A19. Estimation of Growth Rates in Services Trade by
High Income/Low Income Economies, Service Industries,
and the Three Periods

Dependent Variables

Exporter Population

Exporter Inc

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Importer Population

Importer Inc

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Services Trade
2000-2008
M
0.8290***
(0.2292)
0.0039**
(0.0012)
-0.0511***
(0.0033)
0.0005***
(0.0001)
-0.0477
(0.0417)
0.0377**
(0.0136)
0.0534***
(0.0043)
—0.0350***
(0.0025)
0.4763*
(0.2384)
0.0091***
(0.0012)
—0.0453***
(0.0034)
0.0004***
(0.0001)
-0.2088***
(0.0411)
0.0120
(0.0138)

Services Trade
2008-2014
@
0.0857
(0.3443)
-0.0024
(0.0019)
0.0032
(0.0039)
0.0005
(0.0005)
0.3510***
(0.0368)
-0.0580***
(0.0163)
-0.0238***
(0.0058)
0.0034
(0.0032)
2.5017***
(0.3142)
0.0040*
(0.0019)
-0.0089*
(0.0037)
0.0003
(0.0003)
0.3658***
(0.0351)
-0.0741***
(0.0158)

Services Trade
2014-2016
&)
-0.3757
(1.9607)
0.0004
(0.0055)
0.0285*
(0.0128)
0.0059
(0.0047)
0.0774
(0.0669)
-0.0832
(0.0571)
-0.0312
(0.0213)
0.0539**
(0.0167)
-1.6343
(1.8783)
-0.0007
(0.0050)
-0.0077
(0.0122)
-0.0025
(0.0030)
-0.0161
(0.0650)
0.0043
(0.0580)
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I Table A19. Continued I

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
Importer Service Emp 0.0522%** -0.0241*** -0.0427*
(0.0044) (0.0056) 0.0191)
Importer Unemploy -0.0442%** 0.0180%** 0.0519**
(0.0025) (0.0031) (0.0168)
Trade in Goods 0.1843*** 0.4574x** 0.4970%**
(0.0019) (0.0050) 0.0112)
Year x Highlnc-Highinc -0.0403*** 0.0768*** 0.0128
x Other Services (0.0062) (0.0056) (0.0391)
Year x Highlnc-Lowlnc -0.1157*** 0.0476*** -0.0324
x Other Services (0.0071) (0.0079) (0.0455)
Year x Lowlnc—HighInc -0.1091*** 0.10171%** -0.0333
x Other Services (0.0069) (0.0076) (0.0458)
Year x LowlInc-Lowlinc =0.17271%** 0.0950*** -0.0378
x Other Services (0.0082) (0.0099) (0.0528)
Year x Highlnc-Highinc 0.0210** 0.0867*** -0.0982*
X Information (0.0076) (0.0096) (0.0465)
Year x Highlnc-LowlInc -0.1081*** 0.0269* -0.1365**
x Information (0.0090) (0.0119) (0.0516)
Year x Lowlnc—HighInc —0.0911*** 0.0912%** -0.1484**
X Information (0.0089) (0.0112) (0.0518)
Year x LowlInc-Lowlinc -0.23371*** 0.0088 -0.1695**
X Information (0.0114) (0.0139) (0.0578)
Year x Highlnc-Highinc -0.0248*** 0.1182*** -0.0457
X Professional (0.0072) (0.0064) (0.0405)
Year x Highlnc-Lowlnc -0.1059*** 0.0992*** -0.1007*
x Professional (0.0083) (0.0084) (0.0464)
Year x Lowlnc-HighInc -0.1083*** 0.1435*** -0.1007*
x Professional (0.0081) (0.0082) (0.0466)
Year x Lowlnc-Lowlinc -0.2192%** 0.1111%** -0.1540**
x Professional (0.0106) (0.0108) (0.0532)
Year x HighInc-Highinc 0.0402*** 0.1543*** -0.1927%**
x Finance (0.0079) (0.0091) (0.0478)
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I Table A19. Continued

Dependent Variables

Year x Highlnc-LowlInc
x Finance

Year x LowlInc-Highlnc
x Finance

Year x LowlInc-Lowlinc
x Finance

Exporter FE

Importer FE

Industry FE

N

F

RZ

Adjusted R’

Root MSE

Services Trade
2000-2008
-0.0800***

(0.0092)
-0.1117%**
(0.0098)
-0.3501***
(0.0139)
YES
YES
YES
346,747
414, 2%**
0.6207
0.620
1.989

Services Trade
2008-2014
0.1278***
(0.0109)
0.1344***
(0.0111)
-0.0218
(0.0148)
YES
YES
YES
254,434
418.6%**
0.6016
0.601
2.069

Services Trade
2014-2016
-0.2287***

(0.0532)
-0.2775***
(0.0536)
-0.2629***
(0.0611)
YES
YES
YES
52,658
86.13***
0.5958
0.592
1.682

+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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I Table A20. ICT Development Index (IDI) in 2015 I

Republic of Korea 8.93
Denmark 8.88
Iceland 8.86
The United Kingdom 8.75
Top 10 economies with ~ Sweden 8.67
highest levels of IDI Luxemburg 8.59
Switzerland 8.56
The Netherlands 8.63
Hong Kong 8.62
Norway 8.49
Mozambique 1.82
Burkina Faso 1.77
Democratic Republic of Congo 1.65
South Sudan 1.63
Bottom 10 economies ~ Guinea-Bissau 1.61
with lowest levels of IDI Malawi 1.61
Madagascar 1.51
Ethiopia 1.45
Eritrea 1.22
Chad 1.77

Soutce: http:/ /www.itwint/net4/itu-d/idi/2017 /index.html
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Table A21.

DependentVariables
Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Exporter IDI

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Importer Service Emp

Estimation of Growth Rates in Service Trade

by ICT Development Levels

Service Trade
0.6406%**

(0.1159)
-0.0033***
(0.0007)
-0.0017
(0.0020)
-0.0004
(0.0005)
0.2096***
(0.0192)
-0.0629***
(0.0096)
-0.0021
(0.0027)
0.0121***
(0.0015)
0.5053***
0.1119)
0.0023**
(0.0007)
-0.0012
(0.0020)
0.0003
(0.0004)
0.2606***
(0.0189)
-0.1066***
(0.0094)
0.0041
(0.0027)
0.0152***
(0.0015)
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I Table A21. Continued I

DependentVariables Service Trade
Importer Unemploy 0.5579***
(0.0038)
Importer FDI 0.0409***
(0.0110)
Trade in Goods —0.0597***
0.0112)
Year x HighlCT-HighlCT 0.0233***
(0.0028)
Year x HighlCT-LowlICT 0.0205***
(0.0032)
Year x LowlCT-HighICT 0.0168***
(0.0032)
Year x LowlICT-LowlICT 0.0279***
(0.0033)
Exporter FE YES
Importer FE YES
Industry FE YES
N 536,355
F 1347 %%
R’ 0.6200
Adjusted R? 0.620
Root MSE 1.929

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A22. Estimation of Growth Rates in Service Trades

by ICT Development Levels in Three Periods

Dependent Variables

Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Exporter IDI

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Service Trade
2000-2008
-0.5029*
(0.2537)
0.0041***
(0.0012)
0.0063+
(0.0038)
0.0010
(0.0007)
0.0784+
(0.0415)
-0.0920***
(0.0141)
0.0160%**
(0.0045)
0.0065*
(0.0026)
0.0392*
(0.0198)
-0.8499**
(0.2608)
0.0050***
(0.0012)
0.0132%**
(0.0038)
0.0010
(0.0007)
-0.0613
(0.0416)
-0.1712%**
(0.0140)

Service Trade
2008-2014
0.4866
(0.3704)
-0.0073***
(0.0020)
0.0006
(0.0040)
0.0021**
(0.0007)
0.3167***
(0.0361)
-0.0576***
(0.0163)
-0.0282***
(0.0058)
0.0028
(0.0032)
0.1216***
(0.0249)
2.2715%%*
(0.3269)
-0.0010
(0.0019)
-0.0032
(0.0038)
0.0022**
(0.0007)
0.3528***
(0.0349)
-0.0751***
(0.0155)

Service Trade
2014-2016
-1.0397
(1.9002)
-0.0092+
(0.0049)
0.0239*
(0.0102)
-0.0003
(0.0028)
0.0557
(0.0710)
-0.0896
(0.0563)
-0.0646**
(0.0202)
0.0695***
0.0177)
0.5247***
(0.0947)
-3.1514+
(1.8710)
-0.0008
(0.0048)
0.0042
(0.0098)
0.0052+
(0.0028)
0.0029
(0.0704)
-0.0404
(0.0551)
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I Table A22. Continued

Dependent Variables
Importer Service Emp
Importer Unemploy
Importer IDI

Trade in Goods

Year x HighlCT-HighlCT
Year x HighlCT-LowlICT
Year x LowlCT-HighICT
Year x LowlCT-LowlICT
Exporter FE

Importer FE

Industry FE

N

F
RZ

Service Trade
2000-2008
0.0111*
(0.0045)
0.0049+
(0.0026)
0.0003
(0.0197)
0.5458***
(0.0048)
-0.0275***
(0.0073)
-0.0156*
(0.0069)
-0.0112
(0.0069)
0.0224%**
(0.0064)
YES
YES
YES
325,458
752.5%**
0.6424

Service Trade
2008-2014
-0.0280***

(0.0056)
0.0203***
(0.0031)
-0.2282***
(0.0274)
0.5784***
(0.0058)
0.1148***
(0.0083)
0.1157%**
(0.0087)
0.1107%**
(0.0087)
0.1108***
(0.0089)
YES
YES
YES
243,467
656.3***
0.6065

Service Trade
2014-2016
-0.0678***

(0.0200)
0.0624***
(0.0178)
0.2567**
(0.0909)
0.5554***
(0.0066)
-0.1373***
(0.0392)
-0.1309**
(0.0398)
-0.1235**
(0.0399)
1.3072%**
0.1121)
YES
YES
YES
51,685
322.2%**
0.5943

+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A23. Estimation of Growth Rates in Service Trades
by ICT Development Levels and Industry Automatability

Dependent Variables

Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Exporter IDI

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Service Trades
2000-2008
-0.8791***

(0.2503)
0.0003
(0.0012)
0.0077*
(0.0038)
0.0005
(0.0007)
-0.0024
(0.0415)
-0.0625***
(0.0141)
0.0232***
(0.0044)
-0.0006
(0.0026)
-0.0209
(0.0195)
—1.0330***
(0.2584)
0.0028*
(0.0012)
0.0131***
(0.0038)
0.0007
(0.0007)
-0.1087**
(0.0415)
—0.1539***
(0.0140)

Service Trades
2008-2014
0.9007*
(0.3692)
-0.0085***
(0.0020)
-0.0018
(0.0040)
0.0020**
(0.0007)
0.3224***
(0.0360)
-0.0582***
(0.0163)
—0.0244***
(0.0057)
0.0008
(0.0032)
0.0925***
(0.0243)
2.4463%**
(0.3252)
-0.0017
(0.0019)
-0.0042
(0.0038)
0.0021**
(0.0007)
0.3589***
(0.0348)
-0.0744%**
(0.0155)

Service Trades
2014-2016
-0.0981
(1.8916)
-0.0117*
(0.0048)
0.0246*
(0.0102)
-0.0003
(0.0028)
0.0411
(0.0705)
-0.0438
(0.0559)
-0.0664***
(0.0201)
0.0506**
0.0173)
0.4652***
(0.0931)
-2.0695
(1.8578)
-0.0017
(0.0047)
0.0033
(0.0099)
0.0051+
(0.0028)
-0.0139
(0.0699)
-0.0481
(0.0547)
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I Table A23. Continued

Dependent Variables
Importer Service Emp
Importer Unemploy
Importer IDI

Trade in Goods

Year x HighlCT-HighlCT
x Automation

Year x HighlCT-LowlICT
X Automation

Year x LowlCT-HighICT
x Automation

Year x LowlCT-LowlICT
x Automation

Exporter FE

Importer FE

Industry FE

N

F

RZ

Service Trades
2000-2008
0.01571**
(0.0044)
0.0022
(0.0026)
-0.0174
(0.0195)
0.5477%**
(0.0048)
0.0004*
(0.0002)
0.0004+
(0.0002)
0.0001
(0.0002)
0.0007***
(0.0002)
YES
YES
YES
325,458
739.7%**
0.6422

Service Trades
2008-2014
-0.0258***

(0.0056)
0.0190%**
(0.0031)
-0.2396***
(0.0268)
0.5780***
(0.0058)
0.0037***
(0.0002)
0.0036***
(0.0003)
0.0032***
(0.0003)
0.0029***
(0.0003)
YES
YES
YES
243,467
662***
0.6067

Service Trades
2014-2016
-0.0623**
(0.0199)
0.0543**
(0.0174)
0.2762**
(0.0894)
0.5536***
(0.0066)
-0.0056***
(0.0011)
-0.0055***
(0.0011)
-0.0064***
(0.0011)
0.0140***
(0.0026)
YES
YES
YES
51,685
317.8%**
0.5936

+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A24. Estimation of Growth Rates in Service Exports
from APEC Economies

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
M @ &)
Exporter Population -3.0619%** 3.8130** -14.6580%
(0.7178) (1.1630) (7.2012)
Exporter GDP 0.0213*** -0.0139** -0.0059
(0.0037) (0.0049) (0.0136)
Exporter Service Ind 0.0002 -0.0052 0.1946%**
(0.0080) (0.0129) (0.0419)
Exporter FDI -0.0127 0.0570*** 0.0401
(0.0092) (0.0136) (0.0283)
Exporter R&D -0.3667*** 0.3865*** 0.1257
(0.0863) (0.0939) (0.1786)
Exporter Edu -0.0352 0.1412%** 0.0059
(0.0316) (0.0378) (0.1541)
Exporter Service Emp 0.0569*** 0.0016 -0.0584
(0.0104) (0.0096) (0.0781)
Exporter Unemploy 0.0041 -0.0426** -0.0514
(0.0185) (0.0142) (0.0901)
Importer Population 0.4278 4.9129%** -8.3503
(0.4366) (0.7089) (5.8443)
Importer GDP 0.0265*** 0.0172%** -0.0109
(0.0027) (0.0048) (0.0134)
Importer Service Ind -0.0529%** -0.0010 -0.0571*
(0.0075) (0.0090) (0.0277)
Importer FDI 0.0005** 0.0003 0.0227+
(0.0002) (0.0007) (0.0129)
Importer R&D 0.1665+ 0.6144*** -0.5020*
(0.0959) (0.0908) (0.2138)
Importer Edu -0.0177 -0.0656+ 0.0296
(0.0316) (0.0394) (0.1474)
Importer Service Emp 0.0574%** 0.0201+ 0.1784**
(0.0096) (0.0122) (0.0599)
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I Table A24. Continued I

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
Importer Unemploy -0.0460*** 0.0101 -0.0368
(0.0056) (0.0083) (0.0624)
Trade in Goods 0.1947*** 0.3923*** 0.5384***
(0.0054) (0.0108) (0.0238)
Year x Other Services —0.0589%** -0.0263 -0.0715
(0.0139) (0.0161) (0.1039)
Year X Information -0.0596*** 0.0008 -0.3009*
(0.0163) (0.0229) (0.1220)
Year X Professional -0.0411** -0.0184 -0.0686
(0.0159) (0.0165) (0.1060)
Year x Finance -0.0243 0.1529*** -0.4457***
(0.0163) (0.0211) (0.1253)
Exporter FE YES YES YES
Importer FE YES YES YES
Industry FE YES YES YES
N 62,947 45,745 9,785
F 113.8*** 104.1%* 33.62%**
R’ 0.672 0.666 0.704
Adjusted R 0.671 0.664 0.695
Root MSE 1.984 2.102 1.793

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A25. Estimation of Growth Rates in Service Importsby

Dependent Variables

Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Importer Service Emp

APEC Economies

Services Trade
2000-2008
m
0.8768+

(0.5107)
0.0265***
(0.0031)
—0.0577%**
(0.0083)
0.0001
(0.0002)
0.3632***
(0.1046)
-0.0154
(0.0355)
0.0596***
(0.0113)
—0.0434%**
(0.0062)
-1.6399*
(0.7563)
0.0203***
(0.0039)
0.0169+
(0.0089)
-0.0146
(0.0096)
-0.6235***
(0.0886)
-0.0977**
(0.0327)
0.0481***
(0.0109)

Services Trade

2008-2014
@
2.9458**

(0.7201)
0.0028
(0.0051)
0.0088
(0.0096)
0.0035***
(0.0009)
0.5755***
(0.0961)
-0.0121
(0.0397)
-0.0039
(0.0123)
-0.0015
(0.0087)
4.4818***
(1.1429)
-0.0047
(0.0049)
0.0286*
(0.0128)
0.0094
(0.0134)
0.2638**
(0.0931)
-0.0248
(0.0378)
0.0019
(0.0096)

Services Trade
2014-2016
©)]
-3.2604

(5.8555)
-0.0411**
(0.0138)
-0.0105
(0.0280)
0.0015
(0.0126)
-0.4962*
(0.2157)
0.1410
(0.1570)
-0.0267
(0.0596)
-0.0780
(0.0632)
-8.1931
(7.2720)
0.0209
(0.0136)
0.0496
(0.0425)
0.0367
(0.0260)
0.1667
(0.1709)
0.1148
(0.1508)
-0.0708
(0.0788)
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I Table A25. Continued I

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
Importer Unemploy 0.0054 -0.0403** 0.0116
(0.0194) (0.0148) (0.0926)
Trade in Goods 0.2303*** 0.4506*** 0.7190***
(0.0069) (0.0137) (0.0321)
Year x Other Services —0.0904*** 0.0031 -0.0330
(0.0150) (0.0161) (0.1064)
Year X Information -0.0510** 0.0082 -0.2216+
(0.0180) (0.0223) (0.1285)
Year X Professional -0.0434* 0.0260 -0.2148*
(0.0172) (0.0166) (0.1066)
Year X Finance -0.0638*** 0.1400*** —0.4271%**
(0.0176) (0.0224) (0.1241)
Exporter FE YES YES YES
Importer FE YES YES YES
Industry FE YES YES YES
N 58,949 43,593 9,648
F 90.35*** 86.67*** 34.62%**
R’ 0.645 0.651 0.694
Adjusted R 0.643 0.649 0.686
Root MSE 2.084 2127 1.787

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A26. Estimation of Growth Rates in ServiceExportsfrom

Dependent Variables

Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Importer Service Emp

APEC Economies

Services Trade
2000-2008
m
-5.1278***

(0.7285)
0.0320***
(0.0037)
0.0085
(0.0079)
-0.0160+
(0.0093)
—0.3483***
(0.0873)
-0.0393
(0.0315)
0.0233+
(0.0121)
0.0307
(0.0194)
1.8562%**
(0.4625)
0.0109***
(0.0030)
-0.0498***
(0.0074)
0.0006***
(0.0002)
0.0221
(0.0953)
-0.0012
(0.0311)
0.0628***
(0.0096)

Services Trade

2008-2014
@
2.2169+

(1.1742)
-0.0140**
(0.0050)
-0.0005
(0.0134)
0.0705***
(0.0145)
0.3382***
(0.0995)
0.1195**
(0.0381)
0.0107
(0.0099)
-0.0461**
(0.0146)
4.5339%**
(0.7718)
0.0164***
(0.0049)
-0.0018
(0.0089)
0.0002
(0.0007)
0.5345***
(0.0894)
-0.0843*
(0.0390)
0.0153
(0.0124)

Services Trade
2014-2016
©)]
-19.56968*

(7.6287)
-0.0191
(0.0163)
0.2124***
(0.0430)
0.0542+
(0.0285)
0.1772
0.1771)
0.1071
(0.1549)
-0.0842
(0.0811)
-0.1253
(0.1056)
-5.8650
(5.9013)
0.0148
0.0141)
-0.0388
(0.0268)
0.0193
0.0127)
-0.3943+
0.2131)
-0.0105
(0.1458)
0.1713*
(0.0595)
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I Table A26. Continued
Dependent Variables

Importer Unemploy
Trade in Goods

Year x Developed-Developed
x Other Services

Year x Developed-Developing
x Other Services

Year x Developing—Developed
x Other Services

Year x Developing-Developing
x Other Services

Year x Developed-Developed
X Information

Year x Developed-Developing
X Information

Year x Developing—Developed
X Information

Year x Developing-Developing
X Information

Year x Developed-Developed
X Professional

Year x Developed-Developing
X Professional

Year x Developing—Developed
X Professional

Year x Developing-Developing
X Professional

Year x Developed-Developed
x Finance

Year x Developed-Developing

x Finance
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Services Trade

2000-2008
—0.0422%**
(0.0055)
0.1932***
(0.0055)
-0.0708***

(0.0143)
—0.1009***
(0.0193)
0.07271***
(0.0165)
-0.1085***
(0.0188)
0.0213
(0.0172)
0.0152
(0.0249)
0.0611**
(0.0188)
-0.1613***
(0.0213)
0.0065
(0.0166)
0.0355+
(0.0207)
0.0430*
(0.0182)
-0.0882%**
(0.0202)
0.0825***
(0.0172)
0.1159%**
(0.0235)

Services Trade

2008-2014
0.0149+
(0.0082)

0.3693***
(0.0109)
-0.0116

(0.0169)
-0.0146
(0.0228)
0.0141
(0.0181)
-0.0736**
(0.0245)
0.0360
(0.0232)
-0.0010
(0.0287)
0.0112
(0.0248)
-0.1165%**
(0.0310)
0.0024
(0.0174)
-0.0001
(0.0223)
-0.0192
(0.0192)
-0.0819**
(0.0250)
0.1608***
(0.0217)
0.1935***
(0.0261)

Services Trade

2014-2016
0.0561
(0.0642)

0.4929***
(0.0245)

-0.0176
(0.1257)
-0.2791+
(0.1457)
0.0904
(0.1099)
-0.2261
(0.1388)
-0.1695
(0.1393)
-0.4237%
(0.1571)
-0.0901
(0.1257)
-0.2596+
(0.1547)
0.0526
(0.1268)
-0.2334
(0.1460)
0.1296
(0.1135)
-0.1833
(0.1410)
-0.2298
(0.1436)
-0.4383**
(0.1556)



I Table A26. Continued

Dependent Variables

Year x Developing—Developed
x Finance

Year x Developing-Developing
x Finance

Exporter FE

Importer FE

Industry FE

N

F

RZ

Adjusted R?

Root MSE

Services Trade
2000-2008
0.0602**
(0.0193)
-0.1230***
(0.0211)
YES
YES
YES

62,947
110.2%**
0.679
0.677
1.964

Services Trade
2008-2014
0.1221%**
(0.0238)
0.0223
(0.0293)
YES
YES

YES
45,745
95.26%**
0.670
0.668
2.090

Services Trade
2014-2016

-0.1697
(0.1333)

-0.4626**

(0.1529)
YES
YES
YES

9,785

20.22%%*
0.709
0.700
1.778

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A27. Estimation of Growth Rates in Service Imports
by APEC Economies

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
M @ &)
Exporter Population 2.2600%** 2.0484** -0.6369
(0.5359) (0.7799) (5.8861)
Exporter GDP 0.0128*** 0.0001 -0.0179
(0.0034) (0.0052) (0.0149)
Exporter Service Ind -0.0593*** 0.0068 0.0073
(0.0083) (0.0096) (0.0280)
Exporter FDI 0.0002 0.0035*** 0.0011
(0.0002) (0.0009) (0.0126)
Exporter R&D 0.2354* 0.5279*** -0.4155*
(0.1050) (0.0962) 0.2117)
Exporter Edu 0.0009 -0.0152 0.0798
(0.0353) (0.0397) (0.1578)
Exporter Service Emp 0.0710%** -0.0088 -0.0324
(0.0114) (0.0127) (0.0593)
Exporter Unemploy -0.0443*** 0.0040 -0.0079
(0.0062) (0.0087) (0.0642)
Importer Population -3.1267*** 3.7910%** -15.0813+
(0.7757) (1.1494) (7.8096)
Importer GDP 0.0285*** -0.0048 -0.0038
(0.0039) (0.0050) (0.0164)
Importer Service Ind 0.0217% 0.0343** 0.0791+
(0.0089) (0.0132) (0.0438)
Importer FDI -0.0157 0.0202 0.0551*
(0.0096) (0.0143) (0.0267)
Importer R&D —0.5944*** 0.2550* 0.1871
(0.0894) (0.1000) (0.1715)
Importer Edu -0.1062** -0.0535 0.2480
(0.0326) (0.0380) (0.1536)
Importer Service Emp 0.0241+ 0.0088 -0.1316
(0.0129) (0.0098) (0.0817)
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I Table A27. Continued
Dependent Variables

Importer Unemploy

Trade in Goods

Year x Developed-Developed
x Other Services

Year x Developed-Developing
x Other Services

Year x Developing—Developed
x Other Services

Year x Developing-Developing
x Other Services

Year x Developed-Developed
X Information

Year x Developed-Developing
X Information

Year x Developing—Developed
X Information

Year x Developing-Developing
X Information

Year x Developed-Developed
X Professional

Year x Developed-Developing
x Professional

Year x Developing—Developed
X Professional

Year x Developing-Developing
X Professional

Year x Developed-Developed
x Finance

Year x Developed-Developing

x Finance

Services Trade

2000-2008

0.0275
(0.0203)
0.2358***

(0.0071)
—0.0987***
(0.0153)
0.0038
(0.0182)
—0.1149***
(0.0206)
—0.1432%**
(0.0209)
0.0018
(0.0189)
0.0317
(0.0210)
0.0183
(0.0256)
—0.1456***
(0.0240)
-0.0247
0.0178)
0.0265
(0.0200)
0.0313
(0.0222)
—0.0947%**
(0.0225)
0.0348+
(0.0187)
0.0393+
(0.0206)

Services Trade

2008-2014

-0.0479**
(0.0151)
0.4422%%+

(0.0136)
-0.0022
(0.0168)
0.0175
(0.0187)
0.0296
(0.0221)
-0.0261
(0.0248)
0.0082
(0.0235)
0.0066
(0.0252)
0.0358
(0.0268)
-0.0616*
(0.0302)
0.0257
(0.0172)
0.0105
(0.0196)
0.0549*
(0.0224)
-0.0269
(0.0255)
0.1503***
(0.0229)
0.1489***
(0.0249)

Services Trade

2014-2016

-0.1358
0.1113)
0.6885***

(0.0323)
-0.0978
0.1237)
0.1455
0.1118)
-0.1745
0.1472)
0.0155
(0.1466)
-0.2245
0.1417)
0.0065
(0.1306)
-0.2772+
(0.1620)
0.0054
(0.1566)
-0.2588*
(0.1265)
-0.0315
(0.1140)
-0.3625*
(0.1466)
-0.1718
(0.1456)
-0.43564**
(0.1401)
-0.2123+
(0.1284)
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I Table A27. Continued I

Dependent Variables Services Trade Services Trade Services Trade
2000-2008 2008-2014 2014-2016
Year x Developing—Developed -0.0410 0.1364*** -0.5204**
x Finance (0.0254) (0.0282) (0.1591)
Year x Developing—Developing -0.2465%*** -0.0003 -0.4295**
x Finance (0.0248) (0.0314) (0.1582)
Exporter FE YES YES YES
Importer FE YES YES YES
Industry FE YES YES YES
N 58,949 43,593 9,648
F 84, bh*** 81.17%** 27.23***
R’ 0.650 0.655 0.701
Adjusted R 0.648 0.652 0.692
Root MSE 2.068 2116 1.770

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A28. Estimation of Growth Rates in Services Tradewithin

Dependent Variables

Exporter Population

Exporter GDP

Exporter Service Ind

Exporter FDI

Exporter R&D

Exporter Edu

Exporter Service Emp

Exporter Unemploy

Importer Population

Importer GDP

Importer Service Ind

Importer FDI

Importer R&D

Importer Edu

Importer Service Emp

APEC Economies

Services Trade
2000-2011
M
-1.7448+

(0.9169)
0.0143*
(0.0068)
0.0176
(0.0134)
0.0209
(0.0193)
0.4768***
(0.1362)
-0.0286
(0.0609)
-0.0048
(0.0156)
-0.0615**
(0.0221)
—3.6964***
(0.9650)
-0.0004
(0.0067)
0.0670%**
(0.0137)
0.0116
(0.0173)
0.2273+
(0.1302)
—0.1952%**
(0.0533)
-0.0036
(0.0167)

Services Trade
2011-2016
@
4.1337

(3.8780)
0.0071
(0.0138)
-0.0026
(0.0412)
0.0322
(0.0278)
0.3165
(0.3718)
-0.0059
(0.1481)
0.0041
(0.0395)
-0.0832
(0.0673)
-0.6681
(4.0274)
-0.0480***
(0.0129)
0.0709*
(0.0358)
0.0991***
(0.0297)
-0.2483
(0.3568)
0.1840
(0.1425)
0.0641
(0.0406)
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I Table A28. Continued I

Dependent Variables Services Trade Services Trade
2000-2011 2011-2016
Importer Unemploy -0.0301 -0.2750***
(0.0214) (0.0689)
Trade in Goods 0.5520%** 0.6402***
(0.0194) (0.0299)
Year x Developed-Developed -0.0330 -0.3051**
x Other Services (0.0233) (0.0967)
Year x Developed-Developing -0.0281 -0.1806*
x Other Services (0.0250) (0.0843)
Year x Developing—Developed 0.0237 -0.2733**
x Other Services (0.0227) (0.0850)
Year x Developing-Developing -0.0042 -0.1843*
x Other Services (0.0253) (0.0746)
Year x Developed-Developed 0.0361 —0.4719%**
X Information (0.0309) (0.1069)
Year x Developed-Developing 0.0913** -0.3724***
X Information (0.0290) (0.0972)
Year x Developing—Developed 0.1239%** -0.4687***
X Information (0.0290) (0.0996)
Year x Developing-Developing 0.0422 -0.4236***
X Information (0.0305) (0.1002)
Year x Developed-Developed 0.0358 -0.2598**
X Professional (0.0268) (0.0965)
Year x Developed-Developing 0.0307 -0.1757*
x Professional (0.0278) (0.0833)
Year x Developing—Developed 0.0574* -0.2769**
X Professional (0.0261) (0.0847)
Year x Developing-Developing 0.0111 -0.1865*
x Professional (0.0273) (0.0731)
Year x Developed-Developed 0.1132%** -0.0630
x Finance (0.0266) (0.1044)
Year x Developed-Developing 0.1233*** 0.0362
x Finance (0.0285) (0.0922)
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I Table A28. Continued

Dependent Variables

Year x Developing—Developed
x Finance

Year x Developing—Developing
x Finance

Exporter FE

Importer FE

Industry FE

N

F

RZ

Adjusted R?

Root MSE

Services Trade
2000-2011
0.0367
(0.0282)
0.0851**
(0.0299)
YES
YES

YES
13,151
48.01%**
0.778
0.776
1.865

Services Trade
2011-2016
-0.1379
(0.0952)
-0.0032
(0.0880)
YES
YES
YES
4,548
22.73***
0.798
0.793
1.632

+p <0.1,*p <0.05,** p <0.01, #* p <0.001; Robust standard etrors are in parentheses.

Source: Authot's own compilation
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Table A29. Estimation of Growth Rates in Service Exports

from China
Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Importer Population 5.4151 0.5924
(14.9496) (1.9882)
Importer Inc 0.0373 0.0126
(0.0497) (0.0096)
Importer Service Ind -0.1779 0.0234
(0.1852) (0.0300)
Importer FDI -0.0198 0.0072
(0.1498) (0.0067)
Importer R&D -1.6059 -0.5348*
(1.2310) (0.2329)
Importer Edu -0.0802 -0.1298
(0.4366) (0.1195)
Importer Service Emp 0.7417%** -0.0204
(0.2130) (0.0373)
Importer Unemploy 0.1627 -0.0196
(0.1404) (0.0160)
Trade in Goods -2.6791+ 0.0336*
(1.3633) (0.0156)
Year x Other Services 0.0227 0.14271%**
(0.1604) (0.0316)
Year x Information 0.0992 0.1713***
(0.2958) (0.0400)
Year x Professional 0.3001 0.1749%**
(0.1852) (0.0367)
Year x Finance -0.1579 0.2034***
(0.2837) (0.0464)
Importer FE YES YES
Industry FE YES YES
N 501 4,395
F 1.433* 20.44%**
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I Table A29. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.753 0.699
Adjusted R’ 0.712 0.692
1.834 1.777

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A30. Estimation of Growth Rates in Service Exports
from Russia Federation

Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Importer Population 13.5924+ 0.4497
(7.7251) (0.2907)
Importer Inc 0.0205 0.0167***
(0.0247) (0.0030)
Importer Service Ind 0.1186+ -0.0118+
(0.0685) (0.0067)
Importer FDI 0.0099 0.0002
(0.0543) (0.0001)
Importer R&D -0.5789 -0.0894
(0.4268) (0.0935)
Importer Edu -0.1009 -0.0477
(0.1913) (0.0329)
Importer Service Emp 0.1247 0.0253**
(0.0773) (0.0083)
Importer Unemploy -0.0256 -0.0393***
(0.0634) (0.0063)
Trade in Goods 0.3613** 0.0313***
(0.1157) (0.0067)
Year x Other Services -0.2628** 0.0359***
(0.0889) (0.0092)
Year x Information -0.0127 0.0795***
(0.1736) (0.0140)
Year X Professional -0.0924 0.1179%**
(0.0989) 0.0111)
Year x Finance -0.0509 0.1527***
(0.1653) (0.0146)
Importer FE YES YES
Industry FE YES YES
N 3,354 34,239
F 3.182* 66.14%**
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I Table A30. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.673 0.636
Adjusted R’ 0.646 0.632
2.048 2.045

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A31. Estimation of Growth Rates in Service Exports
from Republic of Korea

Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Importer Population 35.1601* -1.6413
(16.0943) (2.2317)
Importer Inc 0.0538 0.0152
(0.0581) 0.0123)
Importer Service Ind 0.0716 -0.0205
(0.1776) (0.0341)
Importer FDI -0.1270 0.0064
(0.0851) (0.0088)
Importer R&D -0.2675 0.0359
(0.7163) (0.2921)
Importer Edu -0.2856 -0.2629+
(0.5712) 0.1418)
Importer Service Emp 0.3652+ 0.0048
(0.2200) (0.0458)
Importer Unemploy -0.1086 0.0011
(0.1299) (0.0205)
Trade in Goods -2.3772** 0.0261
(0.8454) (0.0221)
Year x Other Services -0.2557+ 0.0758*
(0.1408) (0.0383)
Year x Information -0.5581* 0.1108*
(0.2692) (0.0495)
Year X Professional -0.1307 0.0852+
(0.1361) (0.0447)
Year x Finance -0.3688* 0.2093***
(0.1589) (0.0501)
Importer FE YES YES
Industry FE YES YES
N 578 3,043
F 1.755*% 7.991**
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I Table A31. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.736 0.726
Adjusted R’ 0.695 0.716
1.569 1.721

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A32. Estimation of Growth Rates in Service Exports

from India
Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Importer Population 39.6617** 4.1731*
(12.9901) (2.0004)
Importer Inc 0.0873* 0.0135
(0.0394) (0.0095)
Importer Service Ind -0.0812 -0.0016
(0.1689) (0.0312)
Importer FDI 0.0268 -0.0025
(0.0614) (0.0077)
Importer R&D -0.4673 0.0840
(0.6530) (0.2421)
Importer Edu -1.0267* -0.3099**
(0.4122) (0.1180)
Importer Service Emp 0.8584*** 0.0280
(0.18517) (0.0403)
Importer Unemploy 0.1394 -0.0238
(0.1048) (0.0170)
Trade in Goods 0.2584 0.0594**
(0.8547) 0.0211)
Year x Other Services -0.1451 0.0604+
(0.1116) (0.0320)
Year x Information -0.2283 0.1527**
(0.2521) (0.0470)
Year X Professional -0.0311 0.0732+
(0.1264) (0.0391)
Year x Finance -0.0905 0.1755%**
(0.1598) (0.04817)
Importer FE YES YES
Industry FE YES YES
N 689 3,561
F 3.187* 16.36***
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I Table A32. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.750 0.751
Adjusted R’ 0.716 0.743
1.557 1.617

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A33. Estimation of Growth Rates in Service Exports
from The Philippines

Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Importer Population 14.8406 -3.5142
(26.7076) (3.6442)
Importer Inc 0.0246 0.0350*
(0.0706) (0.0139)
Importer Service Ind -0.7194* 0.0068
(0.2983) (0.0522)
Importer FDI 0.0022 -0.0056
(0.0857) (0.0105)
Importer R&D 0.4484 0.4661
(0.8337) (0.3769)
Importer Edu 1.2836 0.0652
(1.0625) (0.2230)
Importer Service Emp 0.5620 -0.0583
(0.3728) (0.0841)
Importer Unemploy -0.1300 -0.0219
(0.2345) (0.0334)
Trade in Goods -1.9293*** 0.0842+
(0.3219) (0.0477)
Year x Other Services 0.1591 -0.0107
(0.2100) (0.0559)
Year x Information -0.2783 0.0510
(0.3975) (0.0735)
Year X Professional 0.0190 -0.0254
(0.2344) (0.0626)
Year x Finance 0.1771 0.0109
(0.3909) (0.0674)
Importer FE YES YES
Industry FE YES YES
N 290 1,702
F 4.429** 1.677*
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I Table A33. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.817 0.768
Adjusted R’ 0.770 0.754
1.345 1.627

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A34. Estimation of Growth Rates in Service Exports
from Indonesia

Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Importer Population 3.7045 0.2653
(21.6836) (3.4675)
Importer Inc 0.0063 0.0021
(0.0609) 0.0131)
Importer Service Ind -0.1297 -0.0146
(0.3592) (0.0472)
Importer FDI -0.0442 -0.0028
(0.0903) (0.0086)
Importer R&D 0.2966 0.6711+
(0.8435) (0.3797)
Importer Edu -0.3598 -0.3772+
(1.0876) (0.1942)
Importer Service Emp 0.5990+ -0.0376
(0.3385) (0.0651)
Importer Unemploy -0.0976 0.0184
(0.1787) (0.0237)
Trade in Goods -0.7311 0.0238
(0.6655) (0.0245)
Year x Other Services 0.0040 0.0354
(0.1483) (0.0484)
Year x Information -0.0347 -0.0288
(0.4089) (0.0615)
Year X Professional -0.1109 0.0413
(0.1781) (0.0691)
Year x Finance -0.2702 0.1463*
(0.2923) (0.0635)
Importer FE YES YES
Industry FE YES YES
N 309 1,933
F 0.655 1.711
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I Table A34. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.762 0.755
Adjusted R’ 0.701 0.743
1.331 1.626

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A35. Estimation of Growth Rates in Service Exports

from Brazil
Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Importer Population -5.4223 0.0520
(22.4133) (2.9149)
Importer Inc 0.0191 0.0185+
(0.0684) (0.0106)
Importer Service Ind 0.0696 0.0294
(0.2220) (0.0357)
Importer FDI -0.1363+ -0.0085
(0.0766) 0.0102)
Importer R&D -0.6591 0.0119
(0.7592) (0.2980)
Importer Edu -0.4486 -0.5692***
(0.8376) (0.1457)
Importer Service Emp 0.9182** -0.0431
(0.3380) (0.0575)
Importer Unemploy -0.1888 0.0373
(0.1826) (0.0227)
Trade in Goods -0.1765 -0.0001
(1.0141) (0.0243)
Year x Other Services -0.1956 0.0506
(0.1816) (0.0443)
Year x Information -0.1485 0.0825
(0.3114) (0.0555)
Year X Professional -0.0877 0.1207*
(0.1778) (0.0531)
Year x Finance -0.3075 0.0803
(0.2728) (0.0518)
Importer FE YES YES
Industry FE YES YES
N 482 2,716
F 1.112* 5.050**
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I Table A35. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.741 0.758
Adjusted R’ 0.696 0.749
1.560 1.637

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A36. Estimation of Growth Rates in Service Exports
from Mexico

Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Importer Population -15.0165 -5.5863
(27.5885) (3.6976)
Importer Inc -0.0008 0.0234+
(0.0666) 0.0131)
Importer Service Ind 0.4188 -0.0526
(0.3165) (0.0430)
Importer FDI -0.0785 -0.0075
(0.1013) (0.0094)
Importer R&D -0.1518 0.6920*
(1.0226) (0.3262)
Importer Edu -0.2198 -0.2473
(1.1368) (0.1865)
Importer Service Emp 0.7831* 0.0435
(0.3820) (0.0688)
Importer Unemploy -0.0576 0.0299
(0.1819) (0.0246)
Trade in Goods -0.2026 0.0427
(0.7251) (0.0497)
Year x Other Services -0.0414 -0.0071
(0.2062) (0.0507)
Year x Information -0.1239 -0.0086
(0.2495) (0.0624)
Year X Professional -0.0172 -0.0171
(0.2209) (0.0567)
Year x Finance -0.0194 0.0409
(0.2941) (0.0616)
Importer FE YES YES
Industry FE YES YES
N 362 2,010
F 0.978 2.387*
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I Table A36. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.787 0.783
Adjusted R’ 0.741 0.772
1.410 1.586

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A37. Estimation of Growth Rates in Service Imports
by the United States

Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Exporter Population 1.0526 2.1294**
(2.3027) (0.6827)
Exporterlnc 0.0050 0.0020
(0.0080) (0.0041)
Exporter Service Ind 0.0008 -0.0135
(0.0174) (0.0115)
Exporter FDI 0.0011 -0.0070
(0.0089) (0.0043)
Exporter R&D -0.0611 0.2250+
(0.1652) (0.1266)
Exporter Edu 0.0234 -0.0642
(0.0792) (0.0460)
Exporter Service Emp 0.0421 0.0185
(0.0279) (0.0153)
Exporter Unemploy 0.0344 -0.0096
(0.0269) (0.0091)
Trade in Goods 0.0969 0.0744***
(0.1282) 0.0112)
Year x Other Services 0.0188 -0.0449**
(0.0385) 0.0143)
Year x Information -0.1914** 0.0257
(0.0596) (0.0184)
Year X Professional -0.0194 -0.0214
(0.0335) (0.0170)
Year x Finance -0.0282 0.0063
(0.0628) (0.0209)
Exporter FE YES YES
Industry FE YES YES
N 4,442 11,816
F 1.760** 6.725%**
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I Table A37. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.709 0.688
Adjusted R’ 0.700 0.685
1.305 1.592

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A38. Estimation of Growth Rates in Service Imports

by Japan
Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Exporter Population 10.1418 2.9816*
(10.5321) (1.3194)
Exporterlnc 0.0454 -0.0035
(0.0425) (0.0071)
Exporter Service Ind -0.1431 -0.0453*
(0.1102) (0.0203)
Exporter FDI 0.0360 -0.0055
(0.0536) (0.0070)
Exporter R&D -0.0743 0.1673
(0.5184) 0.1767)
Exporter Edu 0.0843 -0.1100
(0.4858) (0.0811)
Exporter Service Emp 0.1238 0.0736**
(0.1529) (0.0255)
Exporter Unemploy 0.1583 -0.0038
(0.1127) 0.0133)
Trade in Goods -0.2777 0.0730**
(0.4814) (0.0235)
Year x Other Services 0.0392 -0.0637**
(0.1116) (0.0236)
Year x Information -0.0343 0.0101
(0.1907) (0.0318)
Year X Professional 0.0254 0.0316
(0.1233) (0.0268)
Year x Finance -0.0601 -0.0101
(0.1803) (0.0297)
Exporter FE YES YES
Industry FE YES YES
N 706 5,493
F 0.467 4.665**
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I Table A38. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.845 0.797
Adjusted R’ 0.820 0.793
1314 1.603

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A39. Estimation of Growth Rates in Service Imports

by Canada
Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Exporter Population 6.1428 6.3118***
(6.3713) (1.2648)
Exporterlnc 0.0085 0.0092
(0.01817) (0.0063)
Exporter Service Ind 0.0134 0.0045
(0.0529) (0.0221)
Exporter FDI -0.0047 -0.0103
(0.0181) (0.0071)
Exporter R&D -0.1542 -0.4923*
(0.4106) (0.1953)
Exporter Edu -0.1843 -0.1348
(0.1528) (0.0883)
Exporter Service Emp 0.0892 0.1153***
(0.0714) (0.0274)
Exporter Unemploy -0.0260 -0.0233+
(0.0546) (0.0125)
Trade in Goods -0.2032 0.0750***
(0.3921) (0.0198)
Year x Other Services -0.1136+ -0.0607*
(0.0665) (0.0237)
Year x Information -0.1944* -0.0135
(0.0947) (0.0304)
Year X Professional -0.1443+ -0.0038
(0.0795) (0.0268)
Year x Finance -0.0397 -0.0302
(0.1338) (0.0311)
Exporter FE YES YES
Industry FE YES YES
N 1,194 5,464
F 0.707 9.320%**
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I Table A39. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.802 0.752
Adjusted R’ 0.782 0.746
1.182 1.593

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A40. Estimation of Growth Rates in Service Imports
by Australia

Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Exporter Population -25.8304* 2.6355
(11.3142) (1.9367)
Exporterlnc 0.0654* 0.0070
(0.0318) (0.0094)
Exporter Service Ind -0.2852** 0.0393
(0.1065) (0.0318)
Exporter FDI 0.0009 0.0010
(0.0327) (0.0088)
Exporter R&D 0.7802 -0.1520
(0.4758) (0.2589)
Exporter Edu 0.4862 -0.1690
(0.3812) (0.1034)
Exporter Service Emp 0.3429%* 0.0241
(0.1260) (0.0374)
Exporter Unemploy 0.2756** -0.0200
(0.0919) 0.0197)
Trade in Goods 0.2677 0.0515*
(0.3824) (0.0257)
Year x Other Services 0.4329*** 0.0143
(0.1167) (0.0315)
Year x Information 0.4805** 0.0152
(0.1801) (0.0402)
Year X Professional 0.5174*** 0.0864*
(0.1315) (0.0351)
Year x Finance 0.3970** 0.0483
(0.1326) (0.0366)
Exporter FE YES YES
Industry FE YES YES
N 760 3,993
F 2.875** 7.598%**
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I Table A40. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.784 0.743
Adjusted R’ 0.753 0.735
1.373 1.656

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A41. Estimation of Growth Rates in Service Imports
by the United Kingdom

Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Exporter Population -1.2551 -2.2647*
(9.4936) (0.9565)
Exporterlnc 0.0246 0.0085
(0.0277) (0.0055)
Exporter Service Ind 0.0785 0.0269+
(0.0788) (0.0155)
Exporter FDI 0.0114 0.0005
(0.0817) (0.0012)
Exporter R&D -0.6910 -0.5656***
(0.6571) (0.1547)
Exporter Edu -0.0147 -0.0744
(0.2119) 0.0573)
Exporter Service Emp 0.0104 0.0370+
(0.0774) 0.0192)
Exporter Unemploy 0.0288 -0.0282**
(0.0640) (0.0091)
Trade in Goods -0.0396 0.0701***
(0.4053) (0.0124)
Year x Other Services 0.0635 -0.0083
(0.0847) (0.0185)
Year x Information 0.1016 -0.0049
(0.1350) (0.0297)
Year X Professional 0.2253* 0.0060
(0.1012) (0.0239)
Year x Finance -0.1361 0.0183
(0.1465) (0.0297)
Exporter FE YES YES
Industry FE YES YES
N 937 9,901
F 0.990 7.550%**
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I Table A41. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.750 0.704
Adjusted R’ 0.726 0.700
1.375 1.503

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A42. Estimation of Growth Rates in Service Imports

by France
Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Exporter Population 0.7614 -2.3861**
(6.9206) (0.8135)
Exporterlnc -0.0379+ 0.0027
(0.0207) (0.0040)
Exporter Service Ind 0.0803 0.0057
(0.0669) (0.0114)
Exporter FDI -0.0768+ -0.0004
(0.0402) (0.0005)
Exporter R&D 0.0389 -0.3513**
(0.3282) (0.1233)
Exporter Edu 0.2100 0.0606
(0.1807) (0.0432)
Exporter Service Emp -0.1042 0.0320*
(0.0757) (0.0139)
Exporter Unemploy 0.0093 -0.0264**
(0.0580) (0.0081)
Trade in Goods 0.4771+ 0.0458***
(0.2515) (0.0122)
Year x Other Services -0.0099 0.0221+
(0.0701) (0.0134)
Year x Information -0.1322 -0.0227
(0.0976) (0.0257)
Year X Professional 0.0339 0.0561**
(0.0779) (0.0190)
Year x Finance -0.0621 0.1099***
(0.1125) (0.0217)
Exporter FE YES YES
Industry FE YES YES
N 2,321 13,948
F 1.481** 10.40%**
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I Table A42. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.678 0.706
Adjusted R’ 0.661 0.703
1.292 1.335

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Table A43. Estimation of Growth Rates in Service Imports by

Germany
Dependent Variables Services Trade Services Trade
2012-2016 2000-2012
Exporter Population 4.5025 0.0616
(4.3214) (0.4105)
Exporterlnc 0.0034 0.0123***
(0.0177) (0.0022)
Exporter Service Ind -0.0136 -0.0147*
(0.0440) (0.0069)
Exporter FDI -0.0088 -0.0011**
(0.0129) (0.0004)
Exporter R&D 0.0703 0.1502+
(0.1864) (0.0807)
Exporter Edu -0.1945+ 0.0006
(0.1144) (0.0279)
Exporter Service Emp -0.0536 0.0407***
(0.0540) (0.0074)
Exporter Unemploy 0.0602+ -0.0261***
(0.0356) (0.0054)
Trade in Goods 0.2613 0.0220*
(0.2123) (0.0094)
Year x Other Services -0.0262 0.0162*
(0.0526) (0.0081)
Year x Information -0.2125** 0.0527***
(0.0742) (0.0105)
Year X Professional -0.0402 0.0223*
(0.0557) (0.0093)
Year x Finance -0.1211 0.0125
(0.0873) (0.0146)
Exporter FE YES YES
Industry FE YES YES
N 3,385 21,224
F 2.723** 43.87%**
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I Table A43. Continued

Dependent Variables Services Trade Services Trade

2012-2016 2000-2012
R? 0.638 0.663
Adjusted R’ 0.624 0.661
1.328 1.333

Root MSE
+p <0.1,%p <0.05,** p < 0.01, #* p < 0.001; Robust standard errors are in parentheses.

Source: Authot's own compilation
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Executive
Summary

Al-Powered Intelligent Automation and International Trade in
Services: Implications for Service Jobs in APEC Economies

Min-Seok Pang « Gwanhoo Lee

The advances in intelligent automation enabled by artificial intelligence
(Al) could make a wide range of service jobs obsolete at an accelerated
speed. These jobs that are threatened by automation include not only routine
low-skilled service jobs but also high-skilled, knowledge-intensive service
jobs. The service producers in developed economies have been resorting to
high-skilled workers in developing economies via service offshoring to take
advantage of lower wages. However, intelligent automation could offer the
service firms with an even cheaper alternative than service offshoring,
threatening employment in the service industries in developing economies.

The objective of this study is to investigate the impact of intelligent auto-
mation on international trade in services. We posit that Al-powered in-
telligent automation reduces the demand for service offshoring, which, in
turn, leads to a decline in international trade in services. To test this hypoth-
esis, we use multiple data sets including the U.N. Comtrade trade data over
the period from 2000 to 2016, the O*NET data, the World Bank Open
Data, and ITU’s ICT Development Index (IDI). We run a series of re-
gression analysis to take a deep dive into the temporal patterns of interna-

tional trade in services.
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We find that the annual growth of international trade in services over the
period from 2000 to 2016was 1.67%. However, we observe that the annual
growth rate significantly declined from 2014 after healthy growth between
2008 and 2014. However, whereas highly automatable service industries
such as financial services, information services, and professional services ex-
perienced a negative annual growth rate from 2014, other less automatable
services industries did not expetience a significant decrease in their annual
growth over the same period. Therefore, we could infer that intelligent auto-
mation replaced service offshoring of highly automatable services and as a
result, international trade in those services declined.

Our further analysis shows that the exports in highly automatable services
from developing economies to developed economies witnessed a significant
decline since 2014. However, we did not find the same pattern in less auto-
matable service industries. We also see that, over the period from 2000 to
2016, the annual growth in the service exports from countries with a low lev-
el of ICT development to countries with a high level of ICT development
was significantly lower than that from countries with a high level of ICT de-
velopment to other countries. This finding is consistent with prior findings
that ICT facilitates international trade. However, since 2014, we are witness-
ing a decline in both the exports and the imports in services in countries with
a high level of ICT development. This decline was more significant in highly
automatable service industries. We could infer that countries with a high lev-
el of ICD development have more advanced intelligent automation tech-
nologies, which reduce the demand for service offshoring.

When we limit the scope of our data analysis to 21 APEC member econo-
mies only, we still find the same results. While highly automatable service in-
dustries experienced a decline in international trade since 2014, less automat-
able service industries did not experience such a fall. Another interesting
finding is that the exports from the developing economies within APEC to

the developed countries within APEC decreased more significantly than the
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exports from the developed to the developing, from the developed to the de-
veloped, or from the developing to the developing economies. Finally, it is
found that China, India, Korea, and Russia expetienced growth in service ex-
ports until 2012 but since then witnessed a decline in service exports starting
from 2012.

We discuss the implications of these findings and offer policy recommendations.
We present five guiding principles for regulations and policies for intelligent
automation technologies, ten policy directions, and six specific policy tecom-
mendations for APEC member economies. Finally, we discuss how South
Korea can serve as a model and contribute to promoting shared prosperity in

APEC member economies.
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