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Foreword

Digital technologies are transforming the way businesses operate and how societies
interact. Their widespread impacts can be seen in the ease with which enterprises can
access markets and exploit new ways of delivering products. Governments, private
institutions, the media, and academia started to take notice when global firms began to
be led by digital companies. Since about 2010, trade in digital products has risen steeply
along global value chains. Demands for jobs and skills are also changing, radically so,
with emerging technologies such as artificial intelligence predicted to be ubiquitous

in the near term. As the COVID-19 pandemic has intensified society’s reliance on
technology platforms, the so-called digital revolution is no longer a matter for future
generations: it is already upon us.

History suggests that previous industrial revolutions often came with short-term
dislocations as the economy adjusted to new ways of doing things. In this current
period of technological change, appropriate policies are needed to manage any
unintended consequences and realize the full economic and social benefits of
digitalization. Navigating shifts in labor demand; bridging access to technologies,
especially among small and medium-sized enterprises; strengthening the integrity of
the tax system; and ensuring productivity gains in the long run—these are just some
of the pivotal issues that require policy attention. Importantly, as policymakers turn
to official statistics for evidence on which to base meaningful strategies and programs,
meeting the demand for data will be even more challenging than it is today.

In that spirit, I welcome this special supplement to Key Indicators for Asia and the
Pacific 2021. Highly relevant to current global issues, this timely report provides
comprehensive statistical perspectives on the digital economy, especially for developing
economies. It addresses the lack of consensus in defining the digital economy, by
proposing a thorough measurement approach based on existing macroeconomic
frameworks as well as standard industry and product classifications. The study draws
a perimeter around the core digital economy by identifying pertinent digital sectors,
while anchoring the data requirements within the capacities of statistics offices. The
real and nominal contributions of core digital industries to the broader economy are
quantified, including an assessment of how digitally dependent traditional industries
have transformed themselves over time. The report concludes with thematic
applications of the proposed measurement framework. Here, the authors explore

the structural changes in jobs in the digital economy, participation in global value
chains, impacts during the COVID-19 pandemic, and the future trajectory of emerging
digital technologies.



Foreword

This supplement is the culmination of rigorous study, analysis, and meaningful

inputs from experts, researchers, and statistical partners. The publication team

was led by Mahinthan Joseph Mariasingham, under the overall direction of

Elaine Tan. The core research team included John Arvin Bernabe, Ma. Charmaine
Crisostomo, Jahm Mae Guinto, Angeli Grace Juani, Angelo Jose Lumba,

Mahinthan Joseph Mariasingham, and Clara Torelli. This report also benefitted from
significant contributions by Julian Thomas Alvarez, Gienneen Antonio, Nikko Angelo
Antonio, Michael John Barsabal, Donald Jay Bertulfo, Renz Marion Catapang,
Samantha Joy Cinco, Geraldine Guarin, Julieta Magallanes, Kenneth Anthony Luigi
Reyes, Ana Francesca Rosales, Albert San Juan, and Eric Suan. Valuable insights and
feedback from Nadim Ahmad, Pramila Crivelli, Sanjiv Mahajan, and Mathilde Pak
helped refine the study, as did comments from participants of the Asian Impact
Webinar on Measuring the Digital Economy conducted by the Asian Development
Bank. Krizia Anne Garay provided expert insights and industry perspectives that aided
the conceptualization of this report. The study team also acknowledges the support of
our data partners, official statistics agencies, and economies participating in the bank’s
statistical and analytical capacity-building initiatives. Eric Suan provided administrative
and operational support throughout the course of the study and publication process.
The cover of the supplement was designed by Jahm Mae Guinto and the accompanying
infographics were designed by Mike Cortes. Paul Dent edited the manuscript, while
Joe Mark Ganaban led the layout, page design, and typesetting process.

I hope this report will be a valuable resource for statistical compilation, research, and
analysis of the digital economy, acting as a driver for evidence-based policymaking and
program implementation. It is also hoped that the insights from this report serve to
further stimulate research and collaboration on this relevant topic.

"k ————
Yasuyuki Sawada
Chief Economist and Director General

Economic Research and Regional Cooperation Department
Asian Development Bank
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Highlights

There is a lack of consensus on an established framework to estimate the
digital economy. Amid the growing trend of digitalization of socioeconomic
activities, a variety of proposed definitions and measurement methods related
to the digital economy have arisen. As a result, organizations and economies use
different measures, which are challenging to compare.

The authors of this study seek to progress the discourse by proposing a simple
and practical measurement framework rooted in input-output analysis. Using
readily available national accounts data, an input-output analytical framework

is used to measure the gross domestic product (GDP) attributable to the digital
economy. This is composed of the value-added of an established set of digital
industries and that of the nondigital industries enabling their production.

A concrete definition of the digital economy and the identification of the core
digital products and industries are essential. Based on criteria that describe

purely digital products, the authors recognize five main product groupings as digital.

Digitally enabling and digitally enabled products, while excluded from this list, are
captured in the digital GDP via sector linkages.

Backward and forward linkages may respectively represent the extent of
digitally enabling and digitally enabled industries’ contribution to GDP. Using
Leontief coefficients and matrices extracted from an input-output table, the
linkages of the digital industries with industries from which they require inputs
and to which they provide output can be measured. A core digital GDP equation
(Equation 10) is formulated to capture these elements, including the production
requirements of digitally enabling nondigital capital.

Input-output tables or supply and use tables are the foremost requirements
to execute the framework. Data adjustments, such as the disaggregation of
industries that partially include digital industries and harmonization for uniformity
across tables, may be necessary. The authors obtained tables mainly from national
statistics offices for domestic estimates and disaggregated the Asian Development
Bank (ADB) Multiregional Input-Output Tables for regional and/or global analyses.

A few framework limitations exist. Apart from the need to ensure the accuracy
and consistency of data, it must be noted that the framework hinges on the
narrowest definition of digital products, excludes the contributions of imports,
and assumes that industry’s production recipes are fixed in a year. Supplementary

analyses concerning the digitally dependent economy address some of these points.

xi
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Highlights

Domestic digital economy estimates are made for 16 economies across
several regions, and result in approximately 2% to 9% of economy-wide GDP.
The current price estimates per economy across two time periods reveal overall
declining growth rates of the digital economy as a percentage of GDP, but positive
growth rates are observed in level terms. The structure of the digital economy

by type of linkage and by subsector contribution varies in each economy. Some
economies act more as suppliers of value-added to nondigital sectors, while others
act more as users of nondigital sectors’ value-added.

The digitally dependent economy, calculated based on one set of digitally
disrupted sectors and the identified digital sectors, ranges from 17% to

35% of GDP across economies. Using three methods of analyzing the forward
contributions of digital sectors to nondigital sectors, the most digitalized sectors
vary greatly. It can, however, be observed that service-oriented economies tend to
have deeper forward linkages with the core digital economy and that digitalization
in services is increasing.

“Free” digital content indirectly generates the multibillion-dollar advertising
revenues of the largest online platforms through data-related investments.
Experimental sum-of-cost approaches to estimate the magnitude of data assets
used by developed economies were replicated for India, resulting in significant
shares of total assets albeit at a lower level than that of advanced economies.

The content’s inclusion in GDP and possible measurement approaches are still a
topic of debate within the statistics community.

Comparison between multipliers of digital sectors and nondigital sectors
reveals large positive digital-nondigital gaps for some economies, indicating
the stronger interlinkages of digital sectors to other economy-sectors.
Multipliers relative to the global economy are generally higher than those relative
to the domestic economy, as the former accounts for interregional spillovers.
Domestically, many economies exhibited lower output multipliers for latter time
periods, whereas value-added multipliers are more stable over time.

Percentage estimates of selected economies’ digital GDP grew across time
periods when using constant price tables, compared to their decline using
current price tables. This points to decreasing prices coupled with increasing
productivity of core digital products. In general, the set of key industries with
strong backward and forward linkages to digital sector are preserved, regardless
if one is using current price or constant price NIOTs, hinting that prices only
marginally affect digital economy linkages.



Highlights

Improvements in sector technology generally contribute negatively to labor
demand across selected economies’ digital and digitally enabled sectors.
However, this effect is generally offset by other factors, such as increased
consumption of digital products, increased overall consumption, and increased
labor requirements in digital sectors.

Global value chain participation of digital sectors grew faster than that of
nondigital sectors from 2009 to 2019. Results indicate more rapid trading in
services than in goods within the digital economy from 2014 to 2019. The slowing
of goods trading, replaced by rapid exchange in digital services and cross-border
data flows, is considered the new “face” of globalization.

The digital economy as a share of GDP declined for most economies from
2019 to 2020, likely due to the effects of COVID-19 on economic activity.
However, increases in the demand for digital orders suggest that the pandemic
has sped up the pace of e-commerce adoption in 2020. Moreover, Industry 4.0
is expected to grow in the next decade, with higher growth rate estimations and
forecasts post-2019 than in previous years.

The measurement framework proposed in this study is demonstrably feasible
for any economy, given that data requirements are met, and allows for
various associated analyses. Moving forward, further digital economy analyses
related to policymaking and taxation, COVID-19 ramifications, the effect of global
value chains on jobs, and the evolution of digitally dependent sectors, among
others, will be conducted.
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Introduction

Quantum leaps in scientific and technical progress usually result from what historians
call a general-purpose technology. Impacts of such technologies cut across sectors
and disrupt industrial productivity. Throughout history, only three technologies made
such an impact: the steam engine, the electricity generator, and the printing press
(Miihleisen 2018). The steam engine provided a reliable energy source and therefore
enabled cheaper and more efficient production; electricity generation paved the way
for modern production lines; the printing press introduced the rapid dissemination of
ideas, allowing experimentation with new tools and processes.

With the rise of computers in the 20th century came a widespread notion that

this technology ushered in a fourth industrial revolution. In 1943, the first digital
programmable computer called the Colossus was built by the United Kingdom in an
effort to break German cipher during World War II. Further computing breakthroughs
were conceived in the United States, such as with the room-sized Electronic
Numerical Integrator and Computer (ENIAC) and Harvard Mark 1 (CHM n.d.).

In 1956, International Business Machines (IBM) announced the first magnetic disk
storage system and random access to data for data-processing machines, which
were used by businesses to electronically record real-time transactions (IBM 1956).
While production of these IBM computers ceased in 1961, the disk drive remains an
important component in computing systems.

In 1965, Gordon Moore predicted that computer performance would double every

2 years, which guided the information technology industry for the next 50 years

(Shalf 2020).1 In the same decade, Charles Bachman spearheaded the standardization of
the database management system, establishing the fundamentals of data manipulation
and network data models (Haigh n.d.). In 1970, Edgar Codd put forward his theories
behind the relational database model, considered one of the greatest strides in

the database field, and its commercial use began to rise by the end of the decade

(Date n.d.).2 During this time, Intel introduced the first commercial microprocessors,
which led to the production of the first commercial and personal computers. Entering
the 1980s, computers evolved and proliferated, with companies such as Apple, IBM,
and Commodore becoming household names (CHM n.d.). Within 5 years, the compact
disc began commercial production and overtook the sale of vinyl records (BBC 2007).

1 The trend, commonly known as Moore’s Law, is expected to flatten by 2025 due to the physical limitations in the
miniaturization of circuits (Shalf 2020).

2 One such product is the ATM, which was popularized in the 1970s through substantial investments by Citibank
(History 2018).
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In the early 1990s, digital signaling was introduced in television systems and in cellular
networks, and the first web page went live, followed by the first web-published images,
publications, and advertisements. Digital technologies increasingly revolutionized a
number of industries, such as camera systems and photo storage, computer-generated
imagery in movie production, and the establishment of digital libraries, among many
others (Press 2015). Soon after the turn of the 21st century, the majority of information
storage worldwide was already digital (Hilbert and Lopez 2011). The emergence of new
digital audio and video devices, social media, and online platforms was no doubt tied to
the growing user base of the internet, which was close to 2 billion by 2010 (ITU 2021a).
Since then, such products have become ubiquitous and conventional. Automation,
robotics, digital currencies, and three-dimensional (3D) printing are just some at the
forefront of innovation. Today, fully functioning operating systems are accessible in
small devices such as watches.

Over the years, digital technologies have developed at an incessant pace, resulting

in components that are far smaller, more efficient, and cheaper to manufacture and
operate than their analog counterparts. Nondigital products will continue to exist

and be the norm in many industries, from food to furniture and heavy mechanics

to power distribution, to name a few. However, digital technologies in the form of
miniaturized computing, communications, and storage devices now play a prominent
role in modern life. In response to this, development, academic, government, and even
private institutions have started developing methods to measure digitalization, making
use of actual information on private and public transactions related to digital goods and
services. The collective value of such products and the resulting interplay concerning
them have been loosely referred to as “the digital economy.”

This report presents a simple and practical measurement framework for the digital
economy, fundamentally rooted in input-output analysis (Leontief 1936), that

makes use of readily available national accounts data. The framework is applied to

16 economies across Asia, Europe, North America, and the Pacific, including Australia,
to generate estimates of the digital economy. The estimates are further examined
according to relevant issues and key phenomena, including the “digitally dependent
economy,” temporal changes, jobs, global value chains, COVID-19 impacts, and
Industry 4.0 technologies. The report concludes with a presentation of some further
applications of the framework (beyond the scope of this report), as well as the areas of
future research within the digital economy (for which the framework can be extended).



The Core of the Digital Economy: A Proposed Framework

The term “digital economy” is believed to have been coined by Don Tapscott in the
1996 publication The Digital Economy: Promise and Peril in the Age of Networked
Intelligence. Since then, proposed definitions of the digital economy have evolved and
grown in number, and these have varied in concreteness and differed in classification
systems (Bukht and Heeks 2017). Pinning down the definition of the digital economy is
an essential first step preceding the development of a measurement method that
consistently and strictly isolates the digital economy from all other economic
transactions that do not meet the definition. The proposed framework in this report is
comprised of both the definition of the core of the digital economy and the
measurement method that is rooted in a value-added-based calculation (Figure 1).

Figure 1: Proposed Framework in Developing an Estimate of the Digital Economy

Measurement
method rooted in
value-added-based
calculation

Definition of the
core of the digital
economy

Proposed
Framework

Source: Graphics generated by the Digital Economy Measurement Framework study team.

While the digital economy may be considered a recent phenomenon, traditional
national accounts and statistics actually offer a rich source of data to capture and
quantify the concept. The measurement method in the framework makes use of
national accounts and couches the digital economy within the context of gross
domestic product (GDP). Although it is generally agreed that GDP does not provide
a comprehensive measure of welfare and economic well-being, it is indisputable that
it provides information that is closely related to welfare (Dynan and Sheiner 2018).
Therefore, measuring the digital economy in terms of its value-added contribution

to economy-wide GDP provides a suitable lower boundary in assessing its welfare
effects on the wider economy. In general, the measurement is accomplished by using
input-output analysis, which shows that the value-added contribution of the digital
economy is given by the entire GDP of the digital industry plus the portion of the
nondigital industry’s GDP that enables production in the digital industry.
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The definition and measurement of the digital economy are two concepts that,

while highly intertwined in the framework for estimating the digital economy,

are independently discussed in this report. This discussion approach makes the
framework extremely flexible, as users may independently derive results suitable to
their desired level of analysis. For example, users may use the measurement method to
test alternative definitions of the core of the digital economy. Such was the approach
adopted in defining the “digitally dependent economy,” covered in a later section.

The Organisation for Economic Co-operation and Development (OECD) and the United
States Bureau of Economic Analysis (USBEA) similarly proposed a measurement
method based on national accounts (Mitchell 2018; Barefoot 2018). In particular,
both the OECD and the USBEA propose a method that utilizes the supply and use
framework. To contrast the two, the former includes the entire value of transactions
involving digital platforms as well as the value of the platforms themselves, while

the latter counts only the margins and broker fees on such transactions. Another
measurement framework is by Brynjolfsson et al. (2019), which supplements national
accounts statistics by proposing a welfare-based measurement, called GDP-B.
Meanwhile, Huawei and Oxford Economics (2017) utilized digital spillover effects to
estimate the global digital economy, which they estimate at $11.5 trillion.

Table A4.1 (Appendix 4) compares the framework in this report with other published
estimation methods in more detail. While some economies already follow frameworks
proposed by such institutions,? others such as the People’s Republic of China (PRC)
have devised their own.4

Defining the Core of the Digital Economy

There exists a plethora of working definitions for the digital economy encompassing
varying inclusions of economic activities. This forms part of the reason why
organizations arrive at different results when analyzing the digital economy’s
development and influence on the wider economy. However, several terms related to
the concept have been generally agreed upon by experts in the field and may be used as
a premise to define the digital economy.

To understand how to classify products and industries as digital, one can begin by
distinguishing the two main types of data encoding: analog and digital. The term
“analog” refers to information expressed using a “continuously variable physical
quantity.” A simple example of this continuously variable physical quantity is the
human voice, which reaches a listener’s ear via differences in air pressure. Another

3 Canada’s digital economy estimates are based on the OECD framework (Statistics Canada 2021).

4 China Academy of Information and Communication Technology (CAICT) includes value-added of the information
industry and contribution to digitized traditional industries using a growth accounting model (CAICT 2020).
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example is the high-frequency electromagnetic wave transmitted into the ether, which
is the propagation medium for amplitude modulation used on certain radio devices.

In contrast, the term “digital” refers to the use of discrete encoding (e.g., 0 and 1),
instead of a continuously variable physical quantity, that is used to generate, process,
and store information. In modern cellular phones and radio networks, voice and
audio signals are encoded in a stream of discrete values and converted into an analog
form only when interacting with the physical medium or a human recipient. As there
is a clear delineation between analog and digital technologies, the digital economy
would naturally encompass those products that are related to digital encoding
(“digital products”).

The term “digital economy” is often associated with terms such as internet economy,
cloud economy, sharing economy, and on-demand economy. While each pertains to a
set of business activities, what is common among them is the use of digital technologies,
including software applications, internet infrastructure, and advanced computers, to
greatly enhance existing business processes or create new and innovative ones.

Digital products involved in a typical digital transformation are at the core of any
definition of a digital economy.5 Hence, in this report, the digital economy is
ultimately defined as the contribution of any economic transaction involving both
digital products and digital industries to GDP. The centerpiece to this definition is
the identification of specific digital products and industries.

The proposed framework defines digital products to be goods and services with

the main function of generating, processing, and/or storing digitized data.s

The primary producers of such products (i.e., industries that supply these products
more so than any other industry in the economy) are considered as the digital
industries. The framework identifies core digital products that can be summarized

into five main product groupings: (i) hardware, (ii) software publishing, (iii) web
publishing, (iv) telecommunications services, and (v) specialized and support services.”
The corresponding activity codes from the United Nations Statistical Commission’s
Central Product Classification (CPC) Version 2 are identified in Table 1. The equivalent
industry groups and codes in International Standard Industrial Classification of

5 The changes brought about by digital products (referred to interchangeably as “digital technologies™) can generally
be categorized in three ways representing different degrees of integration: digitization, digitalization, and digital
transformation. First, digitization refers to the process of converting data into a digital format, and second,
digitalization refers to the incorporation of digitized data into established production processes to achieve higher
efficiency (Burkett 2017). The third is digital transformation, which is similar to digitalization except that it refers
to a more extensive integration of digital products, such as a large enterprise involving hundreds of employees and
tools in its strategic use of digital technologies.

6 Information and communications technology in national accounts usually refers to anything related to the
equipment and techniques in handling and processing information, which do not necessarily encompass exclusively
digital products.

7 In consequence, digital industries are the main producers of the core digital products identified by the framework.
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Table 1: Main Digital Product Groups, Central Product Classification Version 2

Hardware 452 Computing machinery and parts and accessories thereof

475 Disks, tapes, solid-state nonvolatile storage devices, and other media, not recorded
Software publishing 38582  Software cartridges for video game consoles

478 Packaged software

83143  Software originals
8434 Software downloads
84391 Online games
84392  Online software

Web publishing 83633  Sale of internet advertising space (except on commission)
843 Online content?

Telecommunications services 841 Telephony and other telecommunications services
842 Internet telecommunications services

Specialized and support services 8313 IT consulting and support services
83141 IT design and development services for applications
83142 IT design and development services for networks and systems
8315 Hosting and IT infrastructure provisioning services
8316 IT infrastructure and network management services

IT = information technology.

2 Excluding items under Central Product Classification Version 2, 843 already counted under Software Publishing - 8434, 84391, 84392.
Source: Methodology of the Digital Economy Measurement Framework study team, using United Nations’ Central Product Classification:
Version 2 (2008).

All Economic Activities (ISIC) Revision 4 are included in Table A4.2 (Appendix 4).
The reason this framework excludes certain products that other frameworks may
include as digital or digitalized is discussed in Box 1.

Box 1: Digitally Enabling and Digitally Enabled Products

Components and accessories supporting digital goods and services, although necessary in the production of digital products, are not
considered part of the core digital products. Without the assembly process, such products cannot generate, process, and store data by
themselves. For example, semiconductors used for electrical conductivity are integral components of computer manufacturing but, by
themselves, do not have a direct function in relation to digitized data. In this study, these products are referred to as “digitally enabling
products.” While not considered within core digital products, digitally enabling products are still captured in the framework’s core digital
economy equation through its backward linkages with core digital products, as will be discussed under the measurement framework.

For the same reason, products that use digital products as components or accessories are also not considered core digital products.
While digital technologies may play a significant role in the production process of a certain product, its primary function does not

change relative to its original function using only analog products. For example, car manufacturing companies are increasingly adding
digital components into their vehicles, which includes connected in-car entertainment experiences, vehicle systems management, and
self-driving capabilities, among others. Despite these novel features, highly digitalized cars are still considered to be transportation
equipment, not digital hardware. In this study, these products are referred to as “digitally enabled products.” Like digitally enabling
products, digitally enabled products are also captured in the framework’s core digital economy equation through its forward linkages with
core digital products.

Source: Methodology of the Digital Economy Measurement Framework study team.
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By narrowing down a core set of digital products, the framework avoids inaccuracies
resulting from attempts to measure the portions of mixed product groupings relating to
digital products (e.g., digital microphones among total microphones) and from having
to make judgment calls on how “digital” certain products are (e.g., what percentage

of a “smart” appliance is digital). Nonetheless, disaggregation and adjustments among
products may still be necessary depending on the data granularity of the economy in
question, but measurement error is minimized compared to more general and relatively
arbitrary classification schemes. The following provides a detailed discussion of the
product groupings identified in Table 1.

Hardware

Digital hardware refers to the physical component of digital computing technologies.
Basing the digital economy on the products of the entire information and
communications technology (ICT) sector would likely overestimate what is actually
digital, as ICT products include both analog and digital technologies. Instead, only
hardware that relates to primary digital technology is considered. This includes

two main components: computers, computer parts, and peripheral equipment

(CPC Version 2; Code 452) and unrecorded digital media (CPC Version 2; Code 475).

Computers, computer parts, and peripheral equipment

Computers and computer parts include the entire assembled physical
infrastructure of a data-processing machine itself (e.g., laptops, personal digital
assistants, mainframe computers) and all parts necessary for it to operate

(e.g., central processing unit, volatile memory). The hardware itself only allows
basic functions to run (e.g., to turn on), and system software is always required

to allow a computer to process digitized information (Mullins 2011). Therefore,
computers are generally classified as hardware, with preinstalled system software
assumed to be embedded.

Unrecorded digital media

Unrecorded digital media pertains to blank physical devices that store data
coming from computers and other devices with computing abilities.8 The most
common examples of unrecorded digital media include magnetic storage

(e.g., hard discs, floppy discs), optical storage (e.g., compact discs, DVDs), and
flash memory (e.g., memory sticks, solid-state drives). Similar to computers,
these also come with system software required to store data (Mullins 2011).

8 Note that memory built in or essential for the use of computers would fall under computers and computer parts.
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Another type of hardware that should theoretically be classified as a digital product are
analog-to-digital converters (ADCs). These are electronic integrated circuits that convert
analog signals to digital output. These function independently from a computer, are used
by many types of digital sensors, and may be produced in-house for use in different types
of equipment such as cellular phones. However, ADCs are not easily identifiable in most
detailed levels of product classification systems, such as in CPC Version 2,° and thus may
not be captured within the digital economy estimates of the framework.20

Software Publishing

While hardware refers to the physical parts of a computer, software generally refers

to a programming code, which is a set of instructions by which a computer operates.
Software publishing pertains to software that is made publicly available as ready-to-use
software for consumers.1! There are three main modes for the distribution of software:
(i) via physical media (e.g., boxed software sold on shelves); (ii) via online distribution
direct to consumer (e.g., online stores that sell licenses to download the software);

and (iii) via application marketplaces (e.g., first-party mechanisms like App Store

and Google Play). Two main types of software publishing are considered: system
software (portions of CPC Version 2; Codes 478 and 83143) and application software
(CPC Version 2; Codes 38582, 478, 83143, 8434, 84391, and 84392).

System software

System software is essential in the most fundamental functions of a computer
system. For this reason, it is also referred to as “low-level software.” The operating
system that comes with a computer, or any device that runs on digital computing
technology, is the most well-known type of system software and allows users

to interact with the hardware. Popular examples of operating systems include
Microsoft Windows, Mac OS or Apple i0S, Android, and Linux. Other kinds

of system software include (i) device drivers, which allow input and output
devices to function with an operating system (e.g., drivers required to use
keyboards, printers); (ii) firmware, which is embedded in nonvolatile digital media
(e.g., in read-only memory and flash chips); (iii) programming translators, which
convert source code (e.g., C++, Java, Python) to machine code; and (iv) utility
software, which aids in the overall function of a computer system (e.g., antiviruses,
compression tools, disk cleanup) as described in Amuno (2021).

9 Following the Standard Industrial Classification (SIC) system, ADCs may fall under electronic integrated circuits
(CPC Version 2; Code 47160). In the SIC system, ADCs are specified under SIC Code 38250201 (instruments to
measure electricity).

10 |n addition, ADCs may not constitute significant components of digital hardware products. In the United States,
latest data from the Orbis database, which provides extensive information on private companies worldwide, show
that there are only 35 companies that specialize in the manufacture of ADCs out of 1,852 total businesses engaged
in instruments to measure electricity (Bureau van Dijk 2018).

11 Custom design and development of software for consumer-specific needs are not under software publishing, and
are instead considered as IT design and development services.
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Application software

Application software, or apps, help end-users perform specific tasks, such

as presentation and analysis of data, online communication, and graphics
design. In contrast to system software, apps are not considered essential for
the fundamental functions of a computer system, and their installation is

left as an option for the user. Specific types of apps include word processors
(e.g., Microsoft Word), spreadsheet software (e.g., Microsoft Excel), database
software (e.g., Oracle, MySQL), multimedia software (e.g., QuickTime,

VLC), communication software (e.g., Zoom, Skype), and web browsers

(e.g., Google Chrome, Internet Explorer), to name a few (Franklin 2019).

Web Publishing

Web publishing refers to information generated and published in exclusively

digital forms. Firms and institutions publish various kinds of data online. These are
contained in files.22 Some examples of web publishing activities include the video

files that Netflix provides as a streaming service, copyrighted stock photos sold by
Shutterstock as licenses to use, and online articles published by The New York Times.
The products considered to be published digitized data are included in online content
(CPC Version 2; Code 843).

Online content, however, excludes software publishing and advertising space on the
internet (CPC Version 2; Code 83633). Software publishing has already been discussed
as part of the core digital products. Advertising space on the internet is essentially
published web content, but it is reflected under another classification because of the
substance of the product.2? Therefore, the authors of this study augment this specific
product as part of web publishing. A prime example of an institution offering this
product is Facebook Inc., which sells advertising space on its multiple social media
platforms (e.g., Facebook, Messenger, Instagram) from where the vast majority of its
revenues are generated—98.5% in 2019 (Facebook 2020).

Telecommunications Services

Telecommunications (telecom) refers to the exchange of information (e.g.,

voice, text, sound, video) through a transmitting medium between two or more
stations. When multiple transmitting and receiving stations exchange data among
themselves, this is termed a network (Chai and Lazar n.d.). Product and industry

12 Afile refers to a named and ordered sequence of bytes. Bytes are comprised of a group of eight bits, the smallest
unit of digital information (PREMIS 2015). Some of the most common file types include PDF for immutable
documents, JPEG for images, and HTML for web page creation (Shannon 2012).

13 Advertising space on the internet specifies online “space” as the main commodity. This means that a portion of
a company’s web page or an HTML document is purchased or rented by another company to publish their own
content.
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classification systems classify telecom either by types of medium or by types of
networks.4 The CPC classifies telecom by the latter. In CPC Version 2, telecom is divided
between two major networks: telephony and other telecommunications services (CPC
Version 2; Code 841), and internet services (CPC Version 2; Code 842). Both networks
utilize a variety of wired and wireless equipment.

Telephony and other telecommunication services

Telephony relates to the primary services provided by telephone carriers and service
providers (e.g., calls and short messaging services through mobile phone systems).
At its foundation are public switched telephone networks (PSTNs), which refer to
the collection of interconnected voice-oriented public telephone networks around
the globe, providing landline phone services. Telephony’s original forms were
purely analog, but over time worked with digital signals and internet connectivity.
While PSTNs continue to evolve, entirely new telephony technologies have also
been developed and designed specifically for digital data transmission, such as the
integrated services digital network (ISDN), which is considered a more efficient
alternative to PSTNs (Mitchell 2019).

Internet services

The internet pertains to the largest global interconnection of computers consisting of
private, public, academic, business, and government networks. These networks are
linked together by data routes employing a broad array of electronic, wireless, and
optical networking technologies. The principal and largest data routes comprise the
internet backbone, providing networks to smaller distributors or directly to internet
service providers (Christensson 2015).

The internet has evolved over the years in terms of the mediums or systems used,
resulting in great improvements to data transfer speeds and overall user convenience.
These include dial-up through a PSTN, digital subscriber lines, cable television lines,
and fiber optic cables.’s Nowadays, the boundary between telephony and internet
networks is becoming increasingly vague, with newer technologies integrating

both into one system. One example is the development of the voice over internet
protocol (VoIP), also known as IP telephony or internet telephony, which allows the
transmission of voice communication through the internet (Mitchell 2019).

14 There are two main modes of transmission: wired and wireless. “Wired” refers to the transmission of data using a
physical medium, e.g., fiber optic cable, electrical or copper cable, while ”wireless” refers to the transmission of data
over electromagnetic waves, without the use of a physical medium, e.g., cellular phone services, wi-fi, bluetooth,
satellite transmission (Chai and Lazar n.d.). The North American Industry Classification System (NAICS) 2012
and International Standard Industrial Classification (ISIC) Revision 4 apply this categorization, with wireless further
divided into wireless excluding satellite and satellite.

15 Data transmission across large networks (such as the internet) involves transmission of data across many nodes, ideally

in the most efficient path. As such, transmission between different nodes may have several segments that are wireless,
while the rest are wired transmissions.
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In neither “by medium” nor “by network” system of classifying telecom, do granular
products categories encapsulate purely digital telecom. Similar to computers, telecom
depends on analog components in order to function interactively with humans. While
cables and relayed data signals may be analog, they could very well be converted

both from transmitting and for receiving digital terminals. Even the most traditional
phone systems still in operation, such as private branch exchange (PBX) systems
employed by hotels using standard copper wiring and analog telephone sets, are often
integrated or supplemented with digital technologies to improve telecom functionality.
Examples include the incorporation of digital PSTNs and VoIP to enable landline

calls from PBX systems to public networks. Given that digitalization is so pervasive in
telecommunications infrastructure, the analog components are so well integrated in the
dynamics of telecom systems that both have become necessary for service delivery and
too interrelated to be viably differentiated. Thus, the framework does not differentiate
these under “telecom services.”

Specialized and Support Services

Specialized and support services is a broad term referring to customized and technical
services related to the core digital products (i.e., digital hardware, software, digitized
data, and telecom). These services usually provide solutions to entities that don’t have
the internal human or physical capital for their specific information technology (IT)
needs. The correspondence of CPC with the North American Industry Classification
System 2012 succinctly describes these products as: custom computer programming
services (CPC Version 2; Code 8313), computer systems design services (CPC Version 2;
Codes 83141 and 83142), data processing, hosting and related activities (CPC Version 2;
Code 8315), and computer facilities management services (CPC Version 2; Code 8316).
While these activities appear similar to each other and are often interrelated, key
characteristics differentiate them.

Custom computer programming

Custom computer programming refers to software and web page design,
development, modification, analysis, testing, and support services that are
tailored to fit the needs of a customer (NAICS 2018). For example, an electricity
company might outsource a software developer to create a mobile application that
would allow customers to track their electricity usage, provide online billing and
payment options, and obtain real-time user reports about power outages.

Computer systems design

Computer systems design pertains to the integration of digital products (such as
hardware, software, and communication technologies) to achieve client-specific
solutions. This may entail choosing the optimal and most compatible products, as
well as system analysis, design, development, implementation, and maintenance,

L
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among others (NAICS 2018). A simple example is the configuration of an

office’s local area network with a modem, a router, and all servers and devices
(e.g., office-owned computers, personal laptops, wireless printers), including the
installation of system software such as a firewall to monitor network traffic.

Data processing, hosting, and related services

Data processing, hosting, and related services pertains to information services
that support the publishing of digital products. “Data processing” refers to the
modification and organization of data using software to produce purposeful
information, in a readable and readily usable form for the client (e.g., charts,
reports). For example, the Global Data-Processing and Forecasting System is
one of the major components of the World Weather Watch System, in order to
produce meteorological analyses, numerical weather predictions, and weather
forecasts and warnings (Lee 2020). “Hosting” is a general term that means

the provision of infrastructure for websites and software to function. Hosting
is implemented depending on particular requirements and can range from
simple leasing of server capacity of a predefined quantity to highly configurable
infrastructure as a service (IaaS) platforms.16 Amazon, Microsoft, and Google are
some of the most popular providers of this type of service.

Computer facilities management

Computer facilities management is the on-site management, operation, and
support services to a client’s computer systems and/or data processing facilities
(NAICS 2018). As opposed to other services outlined in this section, which
provide new digital capabilities and components to companies, establishments
engaging in computer facilities management deliver maintenance and
improvement to existing computer facilities. For example, IBM has an Integrated
Workplace Management System that incorporates Internet of Things (IoT) data,
analytics, and artificial intelligence technologies to optimize productivity for
facility managers (IBM 2021).

16 aa$ platforms are for time-critical and demanding applications and high-traffic websites that can be billed
according to resources used per hour or minute.
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Evolution of Digital Products and Industries
through Time

Timing is an important consideration in choosing the elements of the core digital
products. Before the onset of the digital era, only analog existed, largely in the form

of analog computers and telecom. Gradually, enterprises manufacturing analog
commodities started to integrate digital computing technologies into their products.
In some cases, analog products were rendered obsolete and were completely replaced
with digital versions. As a result, new products and enterprises came into existence.
An example is the phasing out of cassette tapes, an analog magnetic medium, with
compact discs becoming the most widespread form of audio recording. After a few
years, compact discs became less common (but not yet obsolete), with the rise of more
advanced digital products such as digital audio formats and streaming platforms.

Given that a core digital product is defined as one that generates, processes, and/or
stores digitized data or is itself digitized data, product groups may only be considered
“purely” digital by the time their analog counterparts have become entirely obsolete or so
minuscule in the market as to be irrelevant. The length of transition of a product group
before becoming purely digital would vary depending on the conception and life cycle

of the product. It may also differ by location, given that markets adopt advancements at
different speeds, depending on factors such as the degree of trade liberalization, capacity
to participate in required stages of production, and consumer demand. This assessment
is unnecessary for products that are explicitly distinguished as digital (e.g., online audio
content) and products that exist only because of their digital nature (e.g., software).

From the identified main digital activities using CPC classifications, only hardware
and telecom services require an assessment of timing. Within these product groups,
products such as computers (and parts), unrecorded media, and telecom services had
analog versions under the same terminology. While it would be difficult to pinpoint the
exact moment in time when practically all units in a product group supplied in a given
economy became digital, a conservative approximation based on published studies
may be the most convenient option. Using the example of cassette tapes, research
suggests that music companies in the United States (US) ceased production of these
by 2002 (Fung 2017). Therefore, when measuring the digital economy of the US, one
can extrapolate by saying that the definition of core digital products (including blank
magnetic media) is applicable to data from 2003 onward. While this timeline may
mirror that of similar economies, such as Canada, the same cannot be safely assumed
for less-similar economies.

In such instances, where the digital economy must be measured for a period of time
in which the identified core digital activities may still include analog units, it is
necessary to disaggregate the group to attain the most reasonable allocation of digital
and nondigital components (this is covered in greater detail under “Methodological
Requirements” on page 23).
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Measurement Framework

The models involved in the proposed measurement framework are rooted in input-
output analysis, mainly using Leontief coefficients (Leontief 1936), as well as forward
and backward linkages to directly measure the sector interdependencies in terms of
value-added contributions.

In this section, a step-by-step derivation of the digital GDP equation is shown.1”

The components of the digital economy measurement framework are summarized in
Figure 2. Given that each term pertains to a specific measure, users applying this
framework may choose to calculate only certain terms for their purposes

(e.g., only term 2 is needed to obtain the forward linkages of digital industries).
Moreover, adjustments or extensions to the framework may be made to suit specific
analyses, such as the measurement of specific global value chain (GVC) indicators,
which is also covered in a later section.

Figure 2: Proposed Digital Economy Measurement Framework

A country’s digital economy’
based on proposed core digital
products classification

|
| ]
Digitally enabling industries’
value-added to final digital
| products?
I I (backward linkage)

Digital industry GDP?

Digital industry’s Digital industry’s I
value-added to its final value-added used by Backward linkage of fixed
products digitally enabled industries capital goods consumed by the
(double counted term) (forward linkage) digital industry*

GDP = gross domestic product.

1 Given by the GDPy;yirs equation, iT VBYe, +iT (VBY)T e, - [diag(VBY)]T &, + (i - £)T VBV T e,.
2 Given by the second term of the GDP ;¢ €quation.

3 Given by the first term of the GDP ;4,5 €quation.

4 Given by the fourth term of the GDP ;41,1 equation.

Source: Methodology of the Digital Economy Measurement Framework study team, using Leontief (1936)
coefficients.

17 Throughout this report, digital GDP (or GDPgital ) refers to the gross value-added (GVA) of the digital
sector. In a strict sense, digital GDP and digital GVA are similar, except that digital GDP includes net taxes
on digital products. Despite the difference, digital GDP and digital GVA are expected to follow the same
trends when only shares of digital GVA to total GVA are being examined, as was done in this report.
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Deriving Gross Domestic Product in Terms
of Leontief Inverse Coefficients

In Appendix 1, it is shown through Equations 1 to 3, that gross outputs x in a standard
input-output table (IOT) can be concisely represented as a function of the Leontief
Inverse, (I - A)~1, and final demand, y. Equation 4 describes this relationship.

x=-A)ly @
Further mathematical manipulations would also allow derivation of a similar equation

for economy-wide GDP. For brevity, let the Leontief inverse, (I - A)~1 =B. A direct
value-added coeflicient vector is defined as

®

gva; gva, gva,
v=(WyVy...V,) =

X1 X3 Xn

where, gva;, j=1,2,..,n,refers to the gross value-added (GVA) generated by industry
j and x; refers to the gross output of the same industry j. Thus, each entry in v is the
ratio of industry j's GVA to its own output. It is shown below that pre-multiplying v
from Equation 5 to x from Equation 4 would yield an expression that calculates
economy-wide GDP via the production approach (Equation 6).18 Knowing how to
derive economy-wide GDP using the vBy formulation in Equation 6 is the first step in
understanding how a more disaggregated digital GDP is quantified.

vx = vBy"’
n n
9gVal+gVaz+---+gVan:Ei:1 Ej:lvibijyj ©
= economy-wide GDP

18 GDP via the production approach is calculated by summing value-added generated by all economic sectors.

19 In expanded matrix form, vx = vBy

X1 byy bz o bi] /M1
SV Voo V) XZ =y Vi . V) bfl b:22 b?“ yz
Xn bnl bnz bnn Yn

X1 by; by, .. byn] /Y1

_)(gval ga, gvan) | vy o | bz D[ V2
X1 Xy X : : : - : :

Xn byy bnz o bppd \¥n
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Disaggregating Gross Domestic Product across Users
and Suppliers of Value-Added

The economy-wide GDP that is calculated using Equation 6 can be further
disaggregated to an n x n matrix where an industry’s backward and forward

linkages can be derived. In particular, this matrix will show an industry’s sources
(backward linkages) and destination (forward linkages) of value-added. In the context
of the digital economy, these sources and destinations respectively refer to industries
on which digital sectors are dependent (digitally enabling industries), and industries
that are enabled by digital sectors (digitally enabled industries).

Simple matrix operations involving the v, B, and y matrices are performed to get an
industry’s backward and forward linkages. Diagonalizing the direct value-added
coeflicient vector from Equation (5) and the final demand vector results in matrices
Vvand ¥ below.

vy 0 .. O y;, 0 .. O
R PO PO
0 0 .. v, 0 0 .. yn

Pre-multiplying ¥ to B and then post-multiplying the matrix product to ¥ gives the VBy
matrix in Equation 7, which is an n x n matrix that disaggregates the scalar economy-
wide GDP across all industries that use and supply value-added.

\'Z1 by bz .. bi]y: 0 .. 0
? o H R
0 S | L
vib11y1 V1b12Y2 o V1b1nyn
9By = Vzb:21Y1 VZb?ZYZ Vzb?nYn )
Vnbni¥1  Vabnzyza .. Vabnnyn

On the one hand, the rows of the ¥By matrix correspond to the distribution of the

use of the value-added created from a particular industry across all industries in the
economy. Therefore, adding all row entries gives an industry’s GDP. Analogously,
tracing the ¥By matrix row-wise corresponds to the forward linkages of the industry.
The columns, on the other hand, correspond to the breakdown of value-added
contributions of all industries in an economy to final goods and services production of
a particular industry. Thus, summing all entries in a column result in the value of an
industry’s final products. In parallel, tracing the VBy matrix column-wise shows the
backward linkages of the industry.
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Quantifying the Digital Economy in a Two-Industry Economy

For simplicity, it can first be assumed that there are two industries in a given economy,
with Industry 1 being the digital industry. This will result in the 2 x 2 ¥By matrix below.

Arya vibi1y1 V1b12Y2]
VBy = [
y voby1y1 Vabaays

As mentioned, the sums of the first and second rows are equal to the GDP totals of the
digital and nondigital industries, respectively.

['V1b11y1 Vlblzyz'] GDP of digital industry
[Voba1y1 Vabaayol
A [Viby1y1  vibi2y2]
VBy =

[.V2b21}’1 Vzbzz}’z.] GDP of nondigital industry

9By =

In measuring the digital economy, the entirety of the digital industry’s GDP must be
obtained. The term v; b;; y; accounts for the digital industry’s value-added contribution
to its own final products. The second term, v, by, y,, is the value-added originating from
the digital industry that is required by the nondigital industry. This also happens to be the
contribution of the digital industry to the value of the nondigital industry’s final products.
Assuming that v, by, v, is not zero, even if the second industry does not produce digital
goods and services, its production is enabled by the digital industry.20 In this sense,
Industry 2 is digitally enabled through forward linkage.

However, it is apparent in the first column that the value of the digital industry’s final
goods and services may be comprised not only of contributions from itself (v; by; y;)
but also from the nondigital industry (v, b,; y1). Assuming that v, b,; y; is not zero, it
is evident that the nondigital industry enables the production of the digital industry.

In this sense, Industry 2 is digitally enabling through backward linkage. For this reason,
v, b,y y; will also be counted as part of the digital economy. The term v, b,, y,, on the
other hand, pertains to value-added that originated from, and is used by, the nondigital
industry. Since this does not involve transactions with the digital industry, it will not be
counted as part of the digital economy.

Thus, the GDP attributable to the digital economy is given by the entire GDP of
the digital industry plus the portion of the nondigital industry’s GDP that enables
production in the digital industry:

GDPyjgital = GDP; + GDP, — v, by,y,

GDPyigital = V1b11y1 + Vib12y2 + vaba1ys

20 One can say that a portion of the digital industry’s value-added goes to the nondigital industry.
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This can be directly calculated using the equation below:
GDPyigital = i VBYE; + i (VBY) e, — [diag(VBY)] e, ®

vib11y1 V1b12Y2] 1 [V1b11Y1 V2b21Y1] 1
=1 1 [ +(1 1
( ) Voba1yr  Vabaays (0) ( ) vib12y,  Vabaoy, (0)

_ (Vlb11Y1)T (1)
V2baay2 0
_ 1
= (v1b11y1 + v2ba1y1  vibi2ys + vabaoy)) (0)
1
+ (vib11y1 + vibiays  vabaiys + vobaooys) (0)
1
— (vib11y1  v2baay2) (0)

= v1by1y1 + V2ba1ys + vibiiyy + vibioy, —vibigys

= v1b11y1 + Vibi2y2 + vabaiyy

The first term, iT¥Bye;, of Equation 8 directly calculates the backward linkage

related to the digital industry while the second term, iT (¥By)Te, gives the forward
linkage. To account for the double-counted term, the diagonal entry in the YBy matrix
that corresponds to the digital industry is removed, which is why [diag(¥B§)]Te, is
subtracted in GDP g4i¢,1- An “eliminator vector” e, is used to mathematically eliminate
entries that should not be included in calculations. Such eliminator vectors will be used
throughout the framework.

Quantifying the Digital Economy in a Simple Three-Industry
Economy without Capital Formation

Implementing the method in the example above results in double counting if there are
two or more digital industries that interact with each other. To demonstrate, let there
be three industries in an economy, represented by the ¥By matrix below.

vibi1y:r  vibiays  vibisys
VBY = |vzba1y1 Vabaay,  Vabasys
v3bs1y:  Vsbspy,  v3bssys

Assume that Industry 1 and Industry 2 are digital. Applying Equation (8), GDP g, is
expanded as a linear equation below.
GDPgigital = i’ VBYE + iT (VBY) € — [diag(VB§)] e

GDPyigital = vib11y, + voba1y, + v3bsiy, + vibipy, + vobaay, + vsbsyy, + vibyay, + vibisy, +vobay,
+ vzby3y,
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As seen above, the terms, v,b,,y; and v,b;,y, are double counted since all value-added
use of and value-added contribution to all digital industries in the economy are
recorded. For example, v,b,,y; is the value-added generated by Industry 2, which is
used by Industry 1 and is therefore counted from a forward perspective. However, this
also happens to be a source of value-added for Industry 1’s final products and is then
counted from a backward perspective.

From here, further adjustments are made in the framework to account for the
interdependence of digital industries. A neat and simple solution is by aggregating
similarly classified industries and treating them as a single sector, i.e., “the digital
sector,” since the two-industry case reveals that the GDP 4, €quation precludes any
double counting when there is only a single digital industry.

In the framework, carrying out aggregations for the Z, x, f, and gva matrices makes use
of “aggregator matrices.” The full demonstration of how these matrices work can be
found in Appendix 2. Therefore, after aggregating digital subsectors into one digital
sector, the procedure in the two-industry case is still preserved, except that aggregator
matrices are integrated into the framework. Thus, only some notational changes are
necessary given by the following:

Xagg = Zaggl + Yagg

-1
Xagg = (l - Aagg) Yagg

(1- Aagg)_l = Bagg

Vagg = (V1 VZ Vn—q—l)

Integrating these notational changes with Equation 8 results in the revised GDP ;4,1
equation in Equation 9.

GDP; = v;bj1y; + vibiy, + -+ vibin_g-1¥n-g-1, i=12,.n—q—1

viby11y1 vib1,y; V1b1,n—q—1Yn—q—1
9 B .. — vaba1yy V2ba2y2 Vzbz,n—q—1Yn—q—1
aggPaggYagg = : : :
Vn—q—lbn—q—1,1Y1 Vn—q—lbn—q—l,ZYZ Vn—q—lbn—q—l,n—q—1Yn—q—1
T T
_ :To N T(a ~ . ~ ~
GDPyigital = 1"VaggBageVage®1 + 1" (VaggBagg¥age) &1 — [diag(VaggBagg¥age)] &1 ©)

Integrating Gross Fixed Capital Formation of the Digital Economy
in a Three-Industry Economy

Equation 9 captures all contemporaneous input-output transactions with respect to
exogenous final demand. However, if in the current year an industry purchases capital goods
from a nondigital industry to use as inputs for future production, the Z matrix will not be
able to capture this, as formation of fixed capital is reflected in the final demand vector, y.2

21 Capital goods refer to fixed assets, or assets intended for use in the production of other goods and services for a
period of more than 1 year, as defined by the System of National Accounts (SNA) 2008.
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While the contribution of fixed capital formation to current year’s production is
reflected in the gva matrix as consumption of fixed capital, it fails to account for the
various sector contributions required to produce said fixed capital as an output in the
market. To illustrate, suppose there is a three-industry economy with Industry 1 as a
digital industry and Industry 2 and Industry 3 as nondigital. Suppose further that
Industry 1 purchases capital goods from Industry 3. In a standard input-output
framework, this purchase by Industry 1 will be reflected in y. To show this, if y is
disaggregated across three final demand components, for simplicity: household final
consumption expenditure (hfce), general government consumption expenditure (ggce),
and gross fixed capital formation (gfcf), then:

V1 hfce, ggcey gfcf;
y= [Yz = h + g + k = |hfce, | + |88cez | + |gfcf,
y3 hfce, ggces gfcfs

Further disaggregating vector k into a matrix with columns as the purchaser of capital
and the rows as the seller of capital results in matrix K, where Industry 1’s purchase of
fixed capital from Industry 3 is equal to gfcfs;. Suppose gfcf;; is the only capital
investment in the economy for the period.

gfcf,; gfcf;, gfcfis 0 0 0
K = ngf21 ngfZZ ngf23 = [ O 0 0]
gfcf;; 0 O

gfcfy, gfcfs, gfcfss

While matrix K shows which industry sold the capital, it does not show how said
capital was produced. Therefore, without explicitly integrating the production of gross
fixed capital purchased by digital Industry 1, the computation of GDP ;g Will be
understated. This is because the capital goods produced by Industry 3 and purchased
by Industry 1 also derived value from other industries in the economy. Thus, other
industries’ value-added shares to Industry 3’s final products indirectly enable the digital
economy and should therefore be counted as part of GDP gj4i,- The ¥YBY matrix already
contains this information, but it still needs to be explicitly augmented to Equation 9.

To derive an equation that accounts for the backward linkage of fixed capital goods
consumed by the digital industry (i.e., the GDP contribution of digitally enabling
industries through capital formation), a single ratio for each of the columns
corresponding to industries from which the digital sector purchased capital goods can
be applied.22

22 A single ratio would suffice, given technical coefficients are assumed to be fixed, following the Leontief insight
(Leontief 1936).
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In the previous illustration, multiplying the final product of Industry 3, v; by3 y3 + v,
b,3 y3 + V3 bss y3, with a ratio, say rj, will give the value of fixed capital investment by
Industry 1, gfcfs;. Let r be the vector of ratios of gfcf used by the digital industry to
corresponding final demand and r be the diagonalized r.

rl r1 0 0
B [rzl ’ f ) [0 5 Ol
r3 0 0 I'3

vib11y1  vibioys V1b13Y3l [r1 0 0
rp

Post-multiplying r to YBY gives:

A

VBYT = [voba1yr  Vobaays  vobasys
v3bs1ys  vibsay,  vsbssys

0
r3

= |rVaba1y1  TaVabaays  r3vabosys

[F1V1b11}’1 ryvibioy; I'3V1b13y3l
r1vsbs,y;  rpvsbsyy,  r3vsbssys

All elements in the first row and column of the VBy# matrix will already be accounted
for by Equation 9 within forward and backward linkages, respectively, of the digital
Industry 1. To prevent double counting of a portion of the forward linkage of the digital
industry in GDPy;gie1, (i — €17 is pre-multiplied to ¥Byf:

vib11y1  Vibizy,  vibisys r1
(i—&)"WBJf = (0 1 1)|vaba1y:r Vabaayz Vabasys r2
v3bs1yy  V3bspy, vsbssys

0
3 3
> G-e)™9BgE= () vbys Y vbys Z vbylg)[o r, Ol
i#1 i#1 i#1 0 0

I3
) o 3 3 3
- (i—&)TVByTF = (1’1 Z vby;; 12 Z vby;, 13 Z Vin3)
i#1 i#1 i#1

Since Industry 1 only invests in final products of Industry 3, r, will be equal to zero,
which leaves the following:

3 3
(i— &) TVBYT = (r1 Z vby;;y 0 13 Z Ving)
i#1 i#1

Another eliminator vector, £, = (0 0 1)7T is then post-multiplied to (i — £,)TVBy#

0 0
to get: (i — &,)TVByte, = (i — &) "VBYF (0> = (r, Zisil vby;; 0 r3 213:#1 vby;s) (0>
1 1

(- e)TOBgRE =y Y vbyi
i#1

The eliminator vector &, has a value of 1 for the row corresponding to the industry
from which the digital industry purchases fixed capital, except itself. Excluding own-
account capital formation of the digital industry from the calculation is required to
prevent double counting of a portion of the backward linkage of the digital industry
in GDP;git- Therefore, in the illustration, the element of &, corresponding to
digital industry, &, , is set to zero, as well as &,,. Only &,,= 1 because Industry 1 only
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purchases fixed capital from Industry 3. The term r; E}l 1Vby;z corresponds to the
backward linkage of fixed capital goods consumed by digital Industry 1 from nondigital
Industry 3.23

Quantifying the Digital Economy in an n-Industry Economy
The three-industry case is generalizable to an economy with n industries. To illustrate,

the dimension of the vector of ratios, r, is redefined to n x 1. Correspondingly, this is
diagonalized as £, to form an n x n matrix.

ry r, 0 0 0
N 1 DO [ R
K 0 0 - 0
Iy 0 0 0 r,

Likewise, the ¥Byf matrix will have a dimension of n x n, as shown below.

vibiiyr  vibipy, o V1b1ij =+ Vibinyn r, 0 0 0 0 O
vaba1yr  Vabgoy, o VzszYj o Vobauyn [0 r 0 0 0 O
BOF = : : : k : O 0 -~ 0 0 O
y vibjiyr  vibjaya o vibyy e by |00 0 1 000
: : : i : 0 0 0O 0 =~ 0
ann1YI annZYZ ananj annnYn 0 000 I'n
rivibyyr  rpvibgpy, 0 Tvibgjy; oeor V1b1nYn
I'1Vzbz13’1 r2Vzbzzy2 rszszYj rnVZbZnYn
- ryvj b]lYl vy b]ZYZ BN Y v]b]]Y] nVj b]nYn
rlvnanYI l"anbnz}’z ernbanj rnannnYn

Now, suppose Industry 1 is a digital industry and that it purchases fixed capital from
both Industry j and itself. Assume that only Industry 1 is digital, while the rest of the
industries are nondigital. The (i - £;)TVB§f equation becomes

n n n n
(-e)™BYF= (1) vbyu ) vbyp 5 )  vbyy w1 ) vbyy)
i1 izl i1 i#1
n n
a(i—sl)TGBfrfz(rlZ vbyi, 0 - rjz vby, o)
i#1 i#1

To eliminate the double counting of the backward linkage of own-account fixed capital
formation in the digital industry, the n x 1 eliminator vector &, is post-multiplied to

(i - ) TVByT to arrive at a value for the backward linkage of fixed capital goods
consumed by the digital industry.

0

0

n n .
(i—sl)T6B§f£2=<rlz vby;; 0 - rjz vby;; - 0) :
i1 i1 1

0

23 Only domestic purchases of fixed capital are included within the framework estimates, as imported gross fixed
capital formation is not produced within the domestic economy.
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The Core Digital Economy Equation

The core digital economy equation (Equation 10) is derived by consolidating Equation
9 with the value of the backward linkage of fixed capital goods consumed by the digital
industry. In Equation 10, the “agg” subscripts are suppressed for notational simplicity,
but note that aggregation (as discussed in Appendix 2) was done prior to calculations.

T T
— -T/\ A~ -T A A _ . A A~
GDPgigital = 1" VaggBaggVagg€1 +1 (VaggBaggYagg) € [dlag("aggBaggYagg)] €
- T/\ A~
+ (1 - 81) VaggBaggYaggsz

GDPgigital = i' VByg, +i' (VBY) €, — [diag(VBY)] e, + (i — £,) " VByTe, (10)

In Equation 10, the four terms respectively refer to the digital economy’s (i) backward
linkages; (ii) forward linkages; (iii) the double-counted term (i.e., the aggregate digital
industry’s value-added contribution to its own final products), and (iv) the nondigital
products it capitalizes.

Methodological Requirements
Supply and Use Tables and Input-Output Tables

The principal sources of data for the digital economy framework are national supply
and use tables (SUTs) and I0Ts. The supply table details how goods and services are
supplied in an economy, either by domestic production or imports. On the other hand,
the use table demonstrates how these outputs are used in the same economy, either

as intermediate consumption, final consumption (which includes household final
consumption expenditure, non-profit institutions serving households final consumption
expenditure, and government final consumption expenditure), capital formation, or
exports. SUTs are the main bases for national economic accounting systems, as a
dataset that describes interactions within an economy and as a balancing framework for
GDP calculations. This makes it an attractive source for various kinds of analytical uses
and satellite systems (UN 2018).

The IOT combines the identities in the supply table and the use table into a single
identity (UN 2018). As discussed, the proposed framework methodology requires
matrices and vectors directly extracted from IOTs. SUTs may be easily transformed into
10Ts using a transformation model prescribed by Eurostat (2008). For this report, the
“fixed product sales structure” assumption was used to transform SUTs to IOTs, which
converts a product-by-industry SUT to an industry-by-industry IOT.24

24 Known as “Model D,” this assumes that each product has its own specific sales structure, irrespective of the
industry where it is produced (Eurostat 2008).
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While I0Ts allow a more organized application of Leontief’s insight in analyses, SUTs
provide greater detail on dynamics between products and industries at the rudimentary
level. Thus, SUTs are particularly useful to capture the fourth term in the central
formula (Equation 10), which incorporates the dependence of digital sectors on fixed
capital. They may also be used for analyses concerning specific product-industry
relationships, such as in assessing the digitalization of industries based on the use of
digital products.

Uniformity Across National Tables

To ensure consistency with published aggregates, SUTs and/or IOTs are sourced

from each economy’s published tables on its respective national statistics office (NSO)
website. Oftentimes, this entails further data collection and adjustment to apply the
methodology as uniformly as possible across different economies. Three main concerns
are considered to ensure uniformity and comparability of data: correspondence in
classification systems, harmonization of SUT and IOT presentation format, and
comparability in price and valuation.

Correspondence in classification systems

One major point of consideration is that different product and industry
classification systems may be adopted by different economies. As such, identifying
the exact same digital products and industries across economies requires close
inspection and harmonization of these classification systems. For example, Canada
uses the North American Industry Classification System, while Singapore uses

its own Singapore Standard Industries Classification. Ensuring comparability
between estimates of Canada’s digital economy and that of Singapore requires an
accurate correspondence between two different classification systems.

Another consideration is the varying levels of disaggregation of product and
industry classification in SUTSs or IOTs. Even when two economies adopt the same
classification system, further data manipulation is necessary when disaggregation
levels are not the same.

Harmonization of table presentation format

Another main concern is possible differences in the format by which SUTs and
I0Ts are presented for each economy. While presentation formats, in general, do
not pose any real issue, problems arise when the variance pertains to difference
in values contained in the Z matrix and y vector. For example, in the case of
Japan, competitive imports are included in the intermediate consumption matrix.
In the framework, the Z matrix only includes domestically produced inputs.
Thus, appropriate adjustments must be made in such cases.
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Compatrability in price and valuation

Values in SUTs and IOTs may also be expressed in different prices (i.e., current
prices or constant prices) and/or in different valuations (i.e., basic prices,
producer’s prices, or purchaser’s prices). Tables at current prices are the bases of
the main estimates produced by the framework. However, tables at constant prices
are also employed when temporal analyses are made, such that only real changes
are measured.

Furthermore, assuming that taxes, subsidies, and trade and transport margins
are proportionately distributed across the products in an economy, estimates of
GDPy;gitq) as a percentage of GDP calculated using tables valued in either basic,
producer’s, or purchaser’s prices should not significantly differ from each other.
Otherwise, when comparing across economies or time, it is preferred that the
tables follow the same valuation.

The aforementioned are the most common differences observed across national tables.
However, others may be encountered and should be appropriately addressed, especially
when the inconsistency has a pervasive effect on the estimates. As long as the same
methodology is applied given the available data, overall results per economy may be
used for comparative analyses.

Disaggregating Products and Industries

Given the varying levels of product and industry disaggregation that economies present
in their SUTs and IOTs, it is necessary to conduct a thorough evaluation of product
and industry classification, then appropriately disaggregate the data. This poses a key
challenge for tables with less than the desired level of detail, for which isolation of

the exact digital activities identified for this methodology is crucial. As an example,
software publishing is often combined with all publishing activities, and this needs to
be extracted from other nondigital publishing activities.

Consing et al. (2020), a study that employed the same theoretical framework, examined
and compared several data sources based on merits and drawbacks as a basis for
disaggregation. Table 2 lists the established rankings of the top sources of data, from
highest to lowest in terms of degree of reliability.

25



26 Capturing the Digital Economy—A Proposed Measurement Framework and Its Applications

Table 2: Data Sources for Disaggregating Sectors

Highly reliable data consistent with the Dependent on public availability of data or the

Source of Data

National statistics office

Relevant journals and published reports

construction of SUT

Alternative of sourcing out if primary data

are not available

NSQ’s responsiveness to queries

Finding consistent and reliable data may be
time-consuming, if even available

Applies only if the desired degree of

Supply table Readily available in the SUT
disaggregation among sectors is present

May be limited by the amount of data
collected by the resource

Readily available given permissions to
access certain databases

Operating revenue data from credible
data resources

Requires some degree of similarity in terms of
structure between the two economies

Based on an actual economy’s industry
disaggregation

Data from donor economy

Readily available given permissions to Bias from an assumption of homogeneity

access certain databases

Number of establishments from credible
data resources

NSO = national statistics office, SUT = supply and use table.
Source: R. Consing Ill, M. Barsabal, J. Alvarez, and M. Mariasingham. 2020. The Wellness Economy, A Comprehensive System of National
Accounts Approach. Asian Development Bank Economics Working Paper Series. No. 631. Manila: Asian Development Bank.

Using the best data disaggregation source available, a disaggregation ratio is calculated
as the proportion of estimated digital activity (output) from the aggregate industry
activity (output). The resulting percentage is then multiplied to all values in both the
row and the column corresponding to the particular aggregate industry in the IOT.

In effect, two subindustries replace the aggregate industry, expanding the dimension of
the original IOT, but without changing its total measures and symmetry.

To illustrate, suppose there is the following 2 x 2 IOT:

d Final Demand Gross Output
Industry 1 Zn Z1s
Industry 2 Zy Z5)
GVA gva; gva,
Gross Output X1 X,

Suppose further that Industry 1 is an aggregate sector that contains both digital and
nondigital subsectors. It is therefore necessary to disaggregate Industry 1 into two
subindustries. Given the following revenue shares, derived from credible sources:

a which stands for the share of digital Industry 1a to Industry 1’s total revenue, and

8 which stands for the share of nondigital Industry 1b to Industry 1’s total revenue.

where a + 3 = 1, a disaggregated 3 x 3 IOT is obtained as follows:
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d d : d D d oss Outp
Industry Ta a0zyy aBzqq QaZyy afl axy
Industry 1b Baziy BPz1; Bz1y ﬁfl Bx;
Industry 2 aZyy Bz %% fz X2
GVA agva; fgva; gva,
Gross Output axy Bxq X3

Several checks have to be implemented to ensure the accuracy of disaggregation.

First, the resulting 3 x 3 IOT should be symmetric with respect to its gross output, as
in the original 2 x 2 TOT. Second, total gross output must be exactly the same for the
two tables.?s Last, the sum of the technical coefficients for Industry 1a and Industry 1b
should be the same as the technical coeflicient of aggregate Industry 1.26 Note that this
disaggregation method can be extended to an n-industry setting,.

Construction of the Multiregional Input-Output Tables
with Digital Sectors

When measuring international linkages, particularly global value chains (GVCs) in the
context of the digital economy, credible regional or inter-economy IOTs should be used
instead of individual national IOTs. One useful resource in conducting such analyses is
the Multiregional Input-Output Tables (MRIOTs) produced by the Asian Development
Bank. However, the main hurdle prior to conducting any GVC analyses for the digital
economy is the aggregation level of the MRIOTs. As such, one of the key efforts of this
project is the construction of these tables with industries disaggregated up to the level
required in the framework.

The MRIOT database contains information on the production, consumption, and trade
linkages of 62 economies, and an aggregated economy for “the rest of the world.”

Each economy has 35 sectors?” and five final demand components.28 The MRIOTSs
generally follow the sources and methods used to construct the World Input Output
Database (WIOD), handled by the University of Groningen.2®

25 To show that gross output is the same for the 2 x 2 and 3 x 3 10Ts:
Xq+tX,=ax; + B+, 2D+ = (@ +HR)X + X, =X+ X, =X X, 8

26 To show that the sum of technical coefficients of Industries 1a and 1b is equal to the technical coefficient of
Industry 1:
z ooz oz afz Z Z az zZ zZ oz, + Pz Z a+ Bz Z Z
211 _ 11+B 11_311+BB11 21 _ 11+B11:£= 11 B11=£=( B)ll= 1 _ Z

Xq ax, ax,  PBxy Bxy Xq Xy Xq Xq Xq Xq Xy X, X
27 Table A3.1 (Appendix 3) outlines the 35 MRIO sectors.

28 The five final demand components include household final consumption expenditure (FCE), nonprofit institutions
serving households (NPISHs) FCE, government FCE, gross fixed capital formation, and changes in inventories.

29 See Timmer et al. (2012) for details on constructing the WIOD.
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The MRIOT sectors Electrical and Optical Equipment (c14), Post and

Telecommunications (c27), and Renting of Machinery & Equipment and Other Business

Activities (c30) include the digital sectors identified in the framework, and were

therefore each split into two subsectors to isolate these digital subsectors. Thus, instead

of the usual 35 sectors, this study uses a 38-sector MRIOT for 2017-2019. Figure 3
shows the six new sectors as a result of isolating digital industries. For the MRIOT, the
authors had to disaggregate the three sectors for each of the 63 economies (Figure 4).

Figure 3: Isolating Digital Sectors in the Multiregional Input-Output Tables

Electrical and Optical Post and Renting of M&Eq and Other
Equipment Telecommunications Business Activities
cl4 c27 c30
digital nondigital digital nondigital digital nondigital
Computer, Electrical Renting of M&Eq and

L b Postal and @ t d
Electronics, and Machinery, and Telecommunications (C)ZSozriael: I%rrl“ps:rill:caer; Other Business
Optical Products Apparatus, nec c27.1 27.2 <30.1 Activities

cl4.1 cl4.2 ' ’ c30.2

ICT = information and communication technology, M&Eq = machinery and equipment, nec = not elsewhere classified.

Source: Methodology of the Digital Economy Measurement Framework study team.

To isolate the digital component from c14, c27, and ¢30, column and row
disaggregators were generated using multiple data sources. Column disaggregators
gathered information from the WIOD and national SUTSs to disaggregate the digital
component in gross output, GVA, and imported inputs. The digital components

for intermediate consumption and domestic inputs were calculated as a residual.
Meanwhile, row disaggregators made use of bilateral exports and imports data by
Broad Economic Categories classification3? from the United Nations Commodity Trade
(UN Comtrade) database (2017).31 This information was converted into shares, which
were subsequently used to split the rows and columns of the MRIO 63 x 35 tables
into 63 x 38 tables. The authors then compared the resulting MRIOT values with the
published NSO figures to ensure data consistency, and checked whether the table was
balanced and/or symmetric.

30 The broad economic categories fall under intermediate use, final consumption, or capital goods.

31 The Comtrade database provides international trade data with variety in specification of product type,
classification, year, and trade flow, among others (UN 2017).
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Figure 4: The Multiregional Input-Output Disaggregation Process
(disaggregating the c2 sector)

Economy A Economy B Rest of the World A B RoW
cl c2.1l c2.2 c3 cl c2.1l c2.2 c3 cl c21l c2.2 c3 Final demand
cl
Economy A
c3
cl
Economy B
c3
cl
Rest of the
World
c3
Gross value-added v
Gross output X

RoW = Rest of the World.
Note: Z = intermediate consumption matrix, v = value-added vector, x = gross output vector, and f = final demand matrix.
Source: Methodology of the Digital Economy Measurement Framework study team.

Limitations of the Framework

The framework presented in this study aims to be entirely data-driven and based on
economically and statistically sound approaches. Data collection and analysis adopted a
mainly top-down strategy, relying on secondary data published by official and credible
sources. As such, a range of data limitations arise.

First, the accessibility to granular data is often limited. Therefore, to disaggregate
high-level data, direct inquiries to the appropriate NSOs are necessary, further
supplemented by subordinate methods to extrapolate the required data. Where there are
available data, the format, structure, and statistical compilation methods used may vary
widely by economy, thus requiring a significant amount of data cleaning and processing.
Therefore, a constraint exists in ensuring consistency and accuracy of all data.

Second, exclusions from what is defined to be the digital economy may be interpreted
as limitations in completeness. This framework considers the narrowest possible
definition of digital products. For example, the entire value of an online sale of a
nondigital commodity is not considered. Instead, only the value contribution of

the digital products (or the digital industries producing these) involved in such a
transaction is captured. A narrow definition is employed in order to avoid ambiguities
that require some arbitrary judgment. As the scope of digital products is at the
narrowest level, it excludes the digitally dependent economy, which comprises the
value-added of the sectors that are critically dependent on digital sectors. Nonetheless,
the measurement framework is flexible to accommodate the calculation of this.
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Third, the measurement framework, which estimates the value of the digital economy as
a percentage of national GDP, presents another area of limitation. Since economy-wide
GDP excludes imports, estimates of the digital economy likewise exclude these.

This might result in some underestimation of the digital economy, especially for
economies with digital sectors that have relatively high imports such as Singapore;
Malaysia; and Taipei,China, as shown in Figure 5.

Figure 5: Imports of Digital Sectors, 2019

15

ilLLLL...-_L_____

PRC DEN GER INO CAN KAZ THA FIJ. AUS JPN USA IND

W% of digital sector gross value-added M % of digital sector gross output

AUS = Australia; CAN = Canada; DEN = Denmark; FIJ = Fiji; GER = Germany; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan;
KOR = Republic of Korea; MAL = Malaysia; PRC = People’s Republic of China; SIN = Singapore; TAP = Taipei,China; THA = Thailand;

USA = United States.

Note: Digital sectors include manufacture of computer, electronic and optical products; telecommunications; computer programming,
consultancy, and related activities; and information service activities.

Source: Calculations of the Digital Economy Measurement Framework study team, using the 38-sector Asian Development Bank Multiregional
Input-Output Tables 2019.

Click here for figure data.

Therefore, economies that have high imports of digital products, as well as those with
industries heavily reliant on core digital sectors, are likely to have small digital economy
estimates relative to others. Supplementary analyses must be conducted for more
expansive insights.

Finally, another limitation lies in the input-output model’s assumption that production
processes are fixed in the short-term or do not change within an accounting period.
This ignores changes in production requirements that happen within 1 year,

which is not an impossibility, given the fast-paced nature of digitalization and

digital transformation.
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Digital Economy Estimates

The framework methodology summarized in Equation 10 is applied to 16 economies:

Australia; Canada; Denmark; Fiji; Germany; India; Indonesia; Japan; Kazakhstan;
Malaysia; the PRC; the Republic of Korea (ROK); Singapore; Taipei,China; Thailand;
and the US. These are economies belonging to eight regions and for which SUTs

or IOTs are available: 11 of the 16 economies are within Asia and the Pacific

(i.e., Central Asia, East Asia, South Asia, Southeast Asia, and the Pacific), since the
authors of this study aimed to provide apt regional representation for the block.
Estimations for additional OECD member economies located in Europe and

North America, as well as Australia, were included to provide a more diverse set of
economies and to enrich subsequent comparative analyses. A summary of the data
sources by economy-year can be found in Table A4.4 (Appendix 4).

The preliminary estimates of GDP y,i,1 as a percentage of GDP, by economy, are
summarized in Figure 6. It can be observed that the size of the digital economy as a
percentage of GDP ranges from 2% to 9% for all economies examined.32

Figure 6: Digital Economy as a Proportion of Total Economy
(% of gross domestic product)

AUS 5.2
CAN 5.0 ® 5.6
DEN 5.1 ® 49
FIJ 5.5 ® 4.4
GER 3.5 @ 35
IND 5.3 ® 5.6
INO 47 ® 43
JPN 6.4 ® 5.9
KAZ 3.4 3.9
KOR 4.4
MAL 7.6 .7.6
PRC 47
SIN 8.2 6.8
TAP ‘91
THA 6.6 ® 5.2
USA 8.1
2000 2001 2010 2011 2012 2014 2015 2016

Period 1 (2000-2012)  ® Period 2 (2014-2019)

5.0

.9.2

2018 2019

AUS = Australia; CAN = Canada; DEN = Denmark; FIJ = Fiji; GER = Germany; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan;
KOR = Republic of Korea; MAL = Malaysia; PRC = People’s Republic of China; SIN = Singapore; TAP = Taipei,China; THA = Thailand;

USA = United States.
Note: Point size reflects size of the digital economy.

Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national

statistics offices and international databases.

32 Using the 2019 MRIOTs, the global digital economy estimate is 8.8% of worldwide GDP.

Click here for figure data.
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A declining digital economy as a percentage of GDP is observed in all economies,
except in Canada, India, the ROK, and the US (all of which increased), and Malaysia
(which remained the same). While measures of the digital economy as a percentage
of GDP generally declined, or posted only marginal increases through the years, this
does not imply a declining impact on, and relevance to, the global economy. Because
the SUTs and national IOTs examined in this report are stated in current prices, the
measures derived do not allow for changes in prices of the core digital products.
Looking at digital consumer products, there is no question that their prices have
significantly declined over the past 2 decades. In the US alone—one of the world leaders
in consumer electronics (Statista 2020)—the producer price index (PPI) of portable
computers, laptops, tablets, and other single-user computers has fallen from a PPI of
804.9 in 2000 to a PPI of 15.6 in 2020 (USBLS 2021), a decline of approximately 98%.33

With the foregoing discussion in mind, estimates shown in Figure 6 cannot be analyzed
temporally. Additionally, one must also take caution in applying spatial analyses across
national economies because each faces varying prices of its core digital products.

For instance, relatively more expensive digital products in an economy may bias the
estimated size of its digital economy upwards. Therefore, when analyzing the size of
the digital economy, one must apply caution and take note that the estimates do not
allow for differences in prices over time and across economies. A temporal analysis of
the digital economy will be tackled later in this study.

Contribution of the Digital Economy to Gross Domestic
Product in Developing Economies

Because a complete time series of data is not available for all economies examined, the
authors opted to divide the study range into two time periods (Period 1 and Period 2),
based on the general development of the digital economy. Figure 7 and Figure 8 show
a spatial representation of the size of the digital economy in absolute terms and as

a percentage of GDP, respectively, for each comparative period. Figure 7 shows the
size of the digital economy within each wider economy for a selected year in the
period 2000 to 2012 (Period 1), when the digital economy was in its relative infancy.
Figure 8 shows the size of the digital economy within each wider economy for a
selected year from 2014 to 2019 (Period 2), when the size of the digital economy had
been observed to grow at great speed.

Figure 7 shows that, in absolute terms in Period 1, the US (2010) overwhelmingly had
the largest digital economy at approximately $1.2 trillion. This is followed by Japan
(2011) and the PRC (2012) at $0.38 trillion and $0.37 trillion, respectively. In terms
of share of GDP in Period 1, Singapore (2000) had the largest digital economy

at 8.2%, followed closely by the US (2010) at 8.1%, then by Malaysia (2010) and
Thailand (2010) at 7.6% and 6.6%, respectively.

33 Base year is year 2007 prices.
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Figure 7: Size of the Digital Economy, Period 1
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$ = United States dollars; AUS = Australia; CAN = Canada; DEN = Denmark; FIJ = Fiji; GDP = gross domestic product; GER = Germany;

IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; KOR = Republic of Korea; MAL = Malaysia; PRC = People’s Republic of China;
SIN = Singapore; THA = Thailand; USA = United States.

Notes: Period 1 = 2007 to 2012. Period 1 for AUS, 2010; CAN, 2012; DEN, 2010; FlJ, 2011; GER, 2010; IND, 2010; INO, 2010; JPN, 2011,
KAZ, 2001, 2010; KOR, 2010; MAL, 2010; PRC, 2012; SIN, 2000, THA, 2010; and USA, 2010. The average is presented in economies for

which calculations include multiple years.
Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national

statistics offices and international databases.
Click here for figure data.

Figure 8: Size of the Digital Economy, Period 2

$ million Percentage of GDP
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$ = United States dollars; AUS = Australia; CAN = Canada; DEN = Denmark; FIJ = Fiji; GDP = gross domestic product; GER = Germany;

IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; KOR = Republic of Korea; MAL = Malaysia; SIN = Singapore;

TAP = Taipei,China; THA = Thailand; USA = United States.

Notes: Period 2 = 2014 to 2019. Period 2 for AUS, 2018; CAN, 2016; DEN, 2016; FlJ, 2015; GER, 2016; IND, 2014; INO, 2014; JPN, 2018;
KAZ, 2018; KOR, 2018; MAL, 2015; SIN, 2015; TAP, 2016; THA, 2015; and USA, 2019. The average is presented in economies for which
calculations include multiple years.

Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national
statistics offices and international databases.

Click here for figure data.
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Figure 8 shows that the US (2019) digital economy was still largest in absolute terms
in Period 2, at approximately $1.9 trillion. Japan (2015) and India (2014) followed

at $0.27 trillion and $0.11 trillion, respectively.34 In percentage of GDP terms, digital
economy shares in Period 2 were highest in the US (2019) at 9.2%; Taipei,China (2016)
at 9.1%; and Malaysia (2015) at 7.6%.

In both periods, it is apparent that estimates of the digital economy as a percentage of
GDP is in the upper range for several developing economies, such as Fiji (5.5% and 4.4%),
India (5.3% and 5.6%), Malaysia (7.6% for both periods), and Thailand (6.6% and 5.2%).

The relatively high shares of the digital economy to GDP in these economies signify
aggressive contributions of core digital products and industries to each economy’s output.

Declining Prices and Increasing Productivity of
Core Digital Products

As mentioned, the share of the digital economy to GDP fell for most economies over
time. In absolute US dollar terms, Figures 7 and 8 also show either a decline in digital
economy estimates or a marginal increase through the years examined. Because digital
economy estimates are possibly affected by dollar exchange rates per economy, the
study authors stated digital economy estimates in local currency units (LCU) and
calculated the corresponding compound annual growth rate (CAGR). The CAGR
assumes that digital GDP increases at a constant rate each year.3s Two types of CAGR
per economy are presented in Figure 9. One is the CAGR of digital GDP in absolute
LCU terms and the other is digital GDP as a percentage of GDP in LCU.

In absolute LCU terms, all economies except Thailand exhibited a positive CAGR,

with several economies’ digital GDP growing more exceptionally than others. India,
Indonesia, Kazakhstan, Malaysia, and the ROK all registered digital GDP CAGR of
more than 6%. The CAGR of other economies such as Australia, Canada, Denmark, Fiji,
Germany, Japan, Singapore, and the US posted more modest increases, ranging between
1% and 6% CAGR. Observably, it is developing economies (except the ROK) that had
high digital GDP growth, and this is possibly correlated to the digital economy’s rapidly
growing output as these economies have a lower GDP base.

The CAGR of digital GDP as a percentage of GDP in LCU shows the annual growth
as a more normalized measure of digital GDP across economies. In sharp contrast
with the CAGR in absolute terms, most economies posted negative growth rates.

34 Because of limitations in data availability, the authors of this study were not able to obtain digital economy
estimates for Taipei,China in Period 1 or for the PRC in Period 2.

1
GDPpgirqm\"
GDPDigitalo
GDP, GDPpgi;q0 is the first year’s estimation of digital GDP, and n is the number of years in between.

35 The CAGRis calculated as CAGR = — 1, where GDPp;;,q7 is the latest year’s estimation of digital
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Figure 9: Compound Annual Growth Rates of the Digital Economy
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AUS = Australia; CAN = Canada; DEN = Denmark; FIJ = Fiji; GDP = gross domestic product; GER = Germany; IND = India; INO = Indonesia;
JPN = Japan; KAZ = Kazakhstan; KOR = Republic of Korea; LCU = local currency unit; MAL = Malaysia; SIN = Singapore; THA = Thailand;

USA = United States.

Note: The first and latest years used to calculate the compound annual growth rate are: AUS, 2010, 2018; CAN, 2012, 2016; DEN, 2010, 2016;
FlJ, 2011, 2015; GER, 2010, 2016; IND, 2010, 2014; INO, 2010, 2014; JPN, 2011, 2015; KAZ, 2001, 2018; KOR, 2010, 2018; MAL, 2010,
2015; SIN, 2000, 2016; THA, 2010, 2015; USA, 2010, 2019.

Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national

statistics offices and international databases. ) )
Click here for figure data.

Only Canada, India, the ROK, and the US reported a positive CAGR. Fiji’s CAGR
of the normalized measure contracted at a significantly higher rate than the rest,
dropping by 5.8% annually from 2011 to 2015 (a thorough discussion is provided
in the next section, approaching the analysis by component of the digital GDP
equation). In contrast, Canada experienced the highest annual growth rate at

2.8% from 2012 to 2016. Kazakhstan is an interesting case, as it posted the greatest
CAGR in absolute terms (16.1%), but reported a -2.1% CAGR in percentage of GDP
terms. This suggests that economy-wide GDP in Kazakhstan grew at a faster rate
(18.7%) than digital GDP. However, this does not automatically imply that digital
GDP is declining in importance as a contributor to the output of Kazakhstan

(or any other economy).

One reason why the GDP share of the digital economy is declining, or is increasing at

a slower rate, is because of the falling prices of core digital products. Another reason is
the increasing productivity of digital products over time. For example, the processing
capacity of a single laptop computer in 2020 might be comparable to the capacity

of multiple computers in 2000. Thus, the digital economy in more recent years is
characterized by cheaper digital products that can process information more efficiently,
contributing to its declining share in economy-wide GDP. In addition, the transition

of business models toward offering goods-as-services in recent years is further
exacerbating this phenomenon. This is particularly apparent in digital products,
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such as software, conventionally capitalized but now increasingly sold as services

(e.g., cloud computing services), and subsequently recorded as intermediate consumption
in national accounts. This leads to a lower value-added for corresponding industries
(OECD 2019).

Another noteworthy case is the US, which, despite its sizeable GDP, still registered

a positive CAGR for both absolute (5.5%) and normalized terms (1.4%).3¢ This is

not surprising as the US has highest concentration of digital platform companies,
representing about 70% of platforms’ market capitalization worldwide (UNCTAD
2019a). In addition, majority of the top visited websites globally are hosted in the US
(Mueller and Grindal 2018). The remarkable growth of few large technology firms and
widespread use of social media and content has raised considerable policy interest in
monitoring digital platforms’ economic activity in recent years (Box 2).

Box 2: Does Gross Domestic Product Capture “Free” Digital Media?

Internet use, which began in the early 2000s as a way to access emails and information, has now evolved into more sophisticated
consumption, including social networking, media, and gaming (OECD 2020). The utility derived from these services is potentially

far higher compared to their more expensive analog predecessors. However, peculiar to this phenomenon is that most of what

we do online is generally assumed to be free. Social media, entertainment videos, maps, news, and other types of information

are usually accessible at no cost to end users. Yet, choice experiments indicate that there is a massive economic value to digital media
consumed by end users at “zero cost,” raising the question as to whether this value is captured at all in gross domestic product (GDP)
measurements (Brynjolfsson and Collis 2019).

This discovery did not bode well for GDP, especially at a time when productivity levels were slowing at the peak of the digital

wave (Byrnjolfsson, Collis, and Eggers 2019; Brynjolfsson and Steffenson McElerhan 2017; Corrado et al. 2016). These concerns
prompted a review of statistical concepts and practices, such as quality adjustments in deflators and gaps in measuring online
platform activities (IMF 2018). While this issue remains open, findings suggest that mismeasurement alone does not explain the
productivity slowdown (Ahmad and Schreyer 2016; Bryne, Fernald, and Reinsdorf 2016; Ahmad, Ribarsky, and Reinsdorf 2017); and,
when measured, the “free” digital component of the economy does little to pull up measures of productivity (Nakamura, Samuels, and
Soloveichik 2016; IMF 2018).

Furthermore, a closer review suggests that GDP does in fact capture “free” digital platform services to the extent that they generate
revenues. For example, seven leading platform companies—Alibaba, Alphabet, Amazon, Apple, Facebook, Microsoft, and Tencent—
earned about $1.2 trillion in 2020 (or roughly 28% of the global digital platform market). To operate, the digital services of these
firms are financed by a paying side of the platform, so that the subsidized side of the platform can continue to enjoy content at no
direct cost (Reinsdorf 2020; Mitchell 2020; Ahmad and Ribarsky 2018; Ravets 2016). This model is similar to how digital platforms’
analog counterparts, such as television and radio, are financed by advertising and are hence recorded in economic accounts

(Ahmad and Schreyer 2016; Nguyen and Paczos 2020; Li, Nirei, and Yamana 2018; ISWGNA 2020; Mitchell 2020).

To illustrate the chain of transactions, it is useful to form a three-party set up: the user, platform, and advertiser. First, the digital platform
charges advertisers for its services at a rate high enough to sustain its operations. This is recorded as output on the resource side of the
economy (i.e., the platform’s revenues), and intermediate consumption on the use side (i.e., advertising expense of the firm). Second,
firms, in their sale of goods or services, would recoup this advertising cost in the form of higher prices to final consumers. This sale is
recorded as an output of the selling firm, which correspondingly shows up as final household consumption. In effect, “free” services
financed by advertising are implicitly carried over to purchases of advertised products by households themselves.

continued on next page.

36 |n 2012, the GDP of the US was 96% higher than that of the PRC, the next largest economy among those examined
in this report.



Digital Economy Estimates

Box 2 continued.

Other things being equal, overall GDP levels are not understated by the amount of “free” digital services. Following the current
approach under the System of National Accounts, an analysis of company data of the seven largest platforms shows gross value-added
of about $519 billion in 2020 or about 0.6% of global GDP in 2020.2 Extrapolating the results, the global digital platform industry is
estimated to have contributed $1.84 trillion worth of gross value-added, or 2.2% of world GDP in 2020.> So long as digital platforms
are covered by business surveys, their activity is highly likely to appear in these figures. Identifying these transactions separately is

not yet widespread practice, but progress towards a framework for Digital Economy Satellite Accounts indicates a demand to monitor
platforms‘ economic activities moving forward.

a  Similar estimate for 2016 brings these digital platforms’ share to 0.31% of world GDP. This figure is higher than the business value-
based share of 0.02% estimated by Ahmad, Ribarsky, and Reinsdorf (2017). It should be noted however that latter estimates do not yet
incorporate data from Alibaba, Amazon, Apple, Microsoft, and Tencent.

b For perspective, 8.5% of global GDP constitutes industries in which digital platforms are likely to operate, such as electronic shopping
and mail-order houses (NAICS 454110); data processing, hosting, and related services (518210); prepackaged software and software
publishing (511210); and all other information services (519190). A narrower band of information service industries (ISIC 4 section J)
represented 4.2% of global GDP in 2014 (Timmer et al. 2015).
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The Digital Economy as a Supplier and User of Goods
and Services

Drivers of the digital economy can more richly be analyzed in terms of forward and
backward linkages. Figure 10 shows the disaggregation of digital economy GDP for the

16 studied economies from 2010 to 2019, assessed across the four terms that make up

the core digital economy equation, Equation 10. Respectively, these terms represent

the following in relation to an economy’s digital sector: (i) its backward linkages,

(ii) its forward linkages, (iii) the double-counted term (i.e., the digital sector’s value-added
contribution to its own final products), and (iv) the nondigital products it capitalizes.
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Figure 10: Disaggregation of the Digital Economy by Terms of Equation 10
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AUS = Australia; CAN = Canada; DEN = Denmark; FIJ = Fiji; GDP = gross domestic product; GER = Germany; IND = India; INO = Indonesia;
JPN = Japan; KAZ = Kazakhstan; KOR = Republic of Korea; MAL = Malaysia; PRC = People’s Republic of China; SIN = Singapore;

TAP = Taipei,China; THA = Thailand; USA = United States.

Notes: Years included are AUS 2010, 2018; CAN, 2012, 2016; DEN, 2010, 2016; FIJ, 2011, 2015; GER, 2010, 2016; IND, 2010, 2014;

INO, 2010, 2014; JPN, 2011, 2015; KAZ, 2010, 2018; KOR, 2010, 2018; MAL, 2010, 2015; PRC, 2012; SIN, 2016; TAP, 2016; THA, 2010,
2015; USA, 2010, 2019. Equation 10 = GDPy;gicy) = iTVBye, +iT (¥BY)Te, - [diag(¥B§)]Te, + (i — £, )T ¥BYrfe,. Lst term = backward linkage of
the digital sector, 2nd term = forward linkage of the digital sector, 3rd term = double-counted term or the digital sector’s value-added contribution
to its own final goods, 4th term = the nondigital products capitalized by the digital sector. When the 2nd term is greater than the 1st term, the digital
economy takes a supply-side role. When the 1st term is greater than 2nd term, the digital economy takes a demand-side role.

The average is presented in economies for which calculations include multiple years.

Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national

statistics offices and international databases.

As Figure 10 shows, a major proportion of the digital GDP of Australia, Denmark,

Fiji, and Germany can be attributed to forward linkages (second term—green bars),
accounting for more than 40% of each economy’s digital GDP. This means that, in

these economies, the digital sector more prominently acts as a supplier of value-added
to domestic nondigital sectors. For example, Germany has developed a comparative
advantage in global ICT services, supplying key service inputs, such as IoT components,
to automotive industries (UNCTAD 2019; MacDougall 2018). Comparing these
economies with Taipei,China; Thailand; and the PRC, the latter economies have a
greater fraction (above 40%) of their digital GDP contributed by backward linkages

(first term—dark blue bars). In these economies, the digital sector is more notably

a user of value-added from domestic nondigital sectors. This is attributable to the
presence of major computer brands in these economies, which naturally require various
parts and components from different suppliers in the production chain.

Click here for figure data.
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Across all individual economies, the double-counted term or the contribution of the
digital sector to itself (third term—orange bars) comprises around 20% to 29% of the
digital GDP of all economies. This suggests that the reliance of the aggregate digital
sector on itself is of nearly equal weight across all economies examined. Dependence on
nondigital gross fixed capital formation or GFCF (fourth term—light blue bars) appears
to be the smallest share for all economies’ digital GDP, with the largest shares observed
for Indonesia at 9.3% and Canada at 8.5%.

The earlier calculations of the CAGR of the whole digital economy are augmented by
the CAGR of the disaggregated digital GDP. Doing so enables one to identify which
specific component of digital GDP drove down the CAGR of the whole digital economy
as a percentage of economy-wide GDP.

Figure 11 shows the CAGR of each term comprising digital GDP expressed as a
percentage of economy-wide GDP. The chart reveals that the largest changes were
dealt by the GFCF from nondigital sectors (fourth term—Ilight blue bars) in a majority
of the studied economies. Fiji’s fourth term changed by —44.2% annually (and -42.5%
when expressed in local currency value), indicating that its purchase of nondigital
GFCF decreases at a rate significantly higher than any other economy’s. This can be
explained by a large decrease in construction GFCF purchased by digital industries,

Figure 11: Compound Annual Growth Rates of Normalized Digital Gross Domestic Product

(disaggregated by term)
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AUS = Australia; CAN = Canada; DEN = Denmark; FIJ = Fiji; GER = Germany; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan;
KOR = Republic of Korea; MAL = Malaysia; SIN = Singapore; THA = Thailand; USA = United States.
Notes: Normalized digital gross domestic product (GDP) = digital GDP as a percentage of economy-wide GDP. First and latest years used to
calculate compound annual growth rates are AUS, 2010, 2018; CAN, 2012, 2016; DEN, 2010, 2016; FlJ, 2011, 2015; GER, 2010, 2016;
IND, 2010, 2014; INO, 2010, 2014; JPN, 2011, 2015; KAZ, 2001, 2018; KOR, 2010, 2018; MAL, 2010, 2015; SIN, 2000, 2016; THA, 2010,
2015; USA, 2010, 2019. 1st term = backward linkage of the digital sector, 2nd term = forward linkage of the digital sector, 3rd term = double-
counted term or the digital sector’s value-added contribution to its own final goods, 4th term = the nondigital products capitalized by the
digital sector.
Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national
statistics offices and international databases.

Click here for figure data.
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Box 3: Estimation of Denmark’s Digital Economy over 20 Years

Only a few of the economies examined in this study make publicly available a complete time series of input-output data. One of these
economies is Denmark. Available input-output tables, with consistent structure and sufficiently detailed data, from the Denmark
Statistics website span from 1966 until 2016. (Data to disaggregate the digital portion of information service activities were not explicit
and, thus, were not considered.) With the assumption that significant development of digital technology and innovation began at some
point in the 1990s, the proposed framework to measure the digital economy was applied to the period 1996-2016 to produce a time
series of Denmark’s digital gross domestic product (GDP) for 20 years.

The resulting estimates show steady growth of Denmark’s digital economy as a percentage of GDP from 1996 to 2001, rising from

3.25% to 4.82%. In subsequent years, the estimates display more volatility, reaching a peak of 5.1%, after which digital GDP posted a share
to GDP ranging between 4.4% and 4.6% for the next 6 years. Interestingly, economy-wide GDP in absolute terms was relatively constant
from 1996 to 2001, indicating that the early years of digital expansion contributed immensely to economy-wide GDP. Only after 2001 did
GDP rise, up until the years leading to the global financial crisis. Beyond 2008, growth of GDP in absolute terms was less robust, as seen
by alternating years of contraction and expansion.

Denmark’s Economy-wide Gross Domestic Product versus Digital Gross Domestic Product
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GDP = gross domestic product.

Note: Digital GDP for this time-series was calculated excluding the digital portion of Denmark’s information service activities industry in
order to keep the application consistent for all years, as disaggregated data prior to 2010 are lacking. The data used are in current prices.
Source: Calculations of the Digital Economy Measurement Framework study team, using data from Statistics Denmark.

Click here for figure data.

Structurally, Denmark’s digital GDP can be mostly attributed to its forward linkages, as illustrated below, indicating the strong role of
Denmark’s digital sectors as a supplier of value-added to nondigital sectors. Over the 20 years, the trends of the first to third terms follow
that of the economy-wide GDP: the high growth rates during the first decade, peaking at around 2009 to 2010, then reaching a plateau
toward the latter years. The fourth term is expectedly more volatile compared to other terms. It is clear, however, that after the global
financial crisis, there is a declining dependence of the digital economy on nondigital gross fixed capital formation.

continued on next page.
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Box 3 continued.

Structure of Denmark’s Digital Gross Domestic Product by Term
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current prices.

1st term = backward linkage of the digital sector, 2nd term = forward linkage of the digital sector, 3rd term = double-counted term or
the digital sector’s value-added contribution to its own final goods, 4th term = the nondigital products capitalized by the digital sector.
Note: Digital GDP for this time-series was calculated excluding the digital portion of Denmark’s information service activities
industry in order to keep the application consistent for all years, as disaggregated data prior to 2010 are lacking. The data used are in

Source: Calculations of the Digital Economy Measurement Framework study team, using data from Statistics Denmark.

Click here for figure data.

FJ$326,330 in 2015 compared to FJ$22,486,237 in 2011 (FBS 2014, 2018).37 The inverse
is true for economies such as Canada, Germany, and Singapore, for which nondigital
GFCF is increasingly purchased by digital industries. In the case of Canada, telephone
apparatus had the biggest growth as a percentage of final demand from 2012 to 2016,
increasing by 10.5 percentage points.

Varying Concentration of the Digital Economy across
Digital Subsectors

The aggregate digital sector is comprised of subsectors with varying characteristics.
It is therefore vital to characterize the concentration of the digital economy to
contextualize why the digital sector of economies act mainly as a supplier of
value-added, while others are primarily a user of value-added.

37 GFCF across time periods tends to be volatile due to its long-use nature, such that large investments made in one
year may serve for multiple years thereafter. Therefore, declining shares of nondigital capital purchases do not
necessarily indicate declining dependence on them. In the case of Fiji, much larger investments were made in digital
hardware after 2011 (FBS 2014, 2018), which would not be captured in the 4th term.
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Figure 12 presents a disaggregation of the digital sector (in percentage of GDP terms)
by economy. It can be seen that each economy’s digital sector is concentrated in
different subsectors. In Singapore; Taipei,China; and Thailand, hardware comprises

a sizable share of the respective digital economy. The size of Taipei,China’s hardware
industry—of which approximately 80% is computer production—is unsurprising

given that the economy supplies 90% of all laptops sold worldwide (Sui 2013).

This provides context as to why Taipei,China’s digital economy is more prominently

a user of value-added, as the hardware subsector is relatively downstream and closer
to final consumption. The digital economies of Singapore and Thailand are likewise
characterized as users of the value-added of nondigital sectors. Meanwhile, specialized
and support services are relatively large contributors in Denmark and India. This
explains why the digital economies of both Denmark and India more prominently take
a supply-side role, where their forward linkage is greater than their backward linkage.

Software publishing and web publishing take a more subsidiary portion of the digital
economy in most economies. However, software publishing is generally greater in more
advanced economies, such as Germany, Japan, the ROK, and the US. Moreover, it is
notably the largest digital subsector for the ROK. Based on data published by Orbis, in
2018, the top software companies in the ROK produced financial, automotive, and mobile
gaming software (Bureau van Dijk 2018). Germany, Japan, the ROK, and the US are
shown to take more of a demand-side role, as users of nondigital sectors’ value-added.

Figure 12: Disaggregation of the Digital Economy by Digital Subsector
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AUS = Australia; CAN = Canada; DEN = Denmark; FIJ = Fiji; GER = Germany; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan;
KOR = Republic of Korea; MAL = Malaysia; PRC = People’s Republic of China; SIN = Singapore; TAP = Taipei,China; THA = Thailand;

USA = United States.

Notes: Years included are AUS, 2010, 2018; CAN, 2012, 2016; DEN, 2010, 2016; FlJ, 2011, 2015; GER, 2010, 2016; IND, 2010, 2014; INO,
2010, 2014; JPN, 2011, 2015; KAZ, 2001, 2010, 2018; KOR, 2010, 2018; MAL, 2010, 2015; PRC, 2012; SIN, 2000, 2016; TAP, 2016; THA,
2010, 2015; USA, 2010, 2019. The average is presented in economies for which calculations include multiple years.

Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national

statistics offices and international databases.
Click here for figure data.
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In Fiji, Indonesia, and Kazakhstan, telecommunications account for the
overwhelmingly majority of the digital economy. A similar case, but to a lesser extent,
is observed in Australia, Canada, and Malaysia, where telecommunications account
for a vast share of each economy’s respective digital GDP. It is not clear whether a
digital sector concentrated in telecommunications takes more of a supply-side or

a demand-side role. Some are mainly suppliers (Australia, Fiji, and Indonesia) and
some are primarily users (Canada, Kazakhstan, and Malaysia), which implies that
telecommunication activities vary in their role, depending on the economic structure
of a jurisdiction.

It is also interesting to observe in Figure 12 that, while the US’ digital economy is not
dominated by any one subsector, it is mainly concentrated in the services subsectors.
Software publishing, specialized and support services, and telecommunications almost
equally comprise the US’ digital economy. The greater share of the digital services
sector is an indicator of a more mature economic system, as is expected from the US.
Hardware and web publishing take minor portions of the digital GDP of the US.

Note that Fiji has neither hardware nor software publishing as part of its digital
economy. This does not mean the absence of these products in the Fijian economy,
rather it merely reflects the absence of domestic production of these products.

The supply of these digital products and services are reliant on imports, which are not
included in the digital economy equation. Thus, further analyses outside the scope of
the framework is necessary to examine this.
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Impact of Sector Linkages of Digital Sectors

While the digital economy has been shown to make significant contributions to

the GDP of various economies, another key characteristic of the digital economy

is its potentially disruptive effects. Current technologies, such as cloud computing,
blockchain, big data, artificial intelligence, and IoT, have been generating massive
economic transformation (IDB 2018) and their effects, while perceptible, have yet to be
precisely quantified.

Prior to quantifying the economic transformation allowed by digital technologies, it is
imperative that sector linkages of the digital economy are determined, particularly
the extent to which the digital economy shapes the digitally dependent economy.
Additionally, the potential impacts of digital sectors across economies are analyzed
using output and value-added multipliers.

The Digitally Dependent Economy

While the previous chapter examined the relative sizes of core digital industries in
various economies, this section aims to explore the roles that digital industries play in
economic production. Estimates show that dependence on core digital products vary
at the economy-level, while at the sector level, some appear to be more affected by
digitalization than others. Sectors such as wholesale, retail, and finance are more likely
to be dependent than other sectors, across different approaches of analysis.

Identifying Digitally Enabled Sectors Using Forward Linkages

The digitally enabled economy (alternatively, the digitally dependent economy) was
earlier defined as the value-added of the sectors that are critically dependent on digital
sectors. This is captured by the second term of the core digital economy equation
(Equation 10), which represents the forward linkages of the digital sectors. Sector
analysis of the digital sector’s forward linkages allows the identification of the digitally
enabled economy and its relative size.

In order to come up with a comparable scale across the economies in this study,
forward linkage values per economy are normalized based on the aggregate digital
sector to itself, i.e., the value of the third term of the equation. To demonstrate this,
the matrix of a sample three-industry economy can be reviewed below:

[[V1b11Y1 v1b1,y, V1b13Y3]] Forward linkages
VBY = lV2b21Y1 vybooys V2b23Y3J
v3bsy;  v3bzay,  v3bssys




Impact of Sector Linkages of Digital Sectors

Assuming Industry 1 is the aggregate digital sector, its forward linkages would be

the sum of the first row, representing the entire digitally enabled economy. Suppose
v b1 V1, V1 bya ¥p, and v by; y5 have values of 25, 10, and 15, respectively. As v; by 3
is the digital sector’s value-added contribution to its own final goods production,

this can be assumed to be the maximum value of digitalization that can exist in any
industry, therefore it represents 100% digitally enabled. Rescaling the possible range
of digitalization for all sectors in the economy, v; b;, ¥, and v, b,3 y; normalized
values are calculated by dividing 10 and 15 by 25, which is 40% and 60%, respectively.
These can be taken as a measure of digitalization of an industry with respect to the
total economic digitalization.

The 10 industries with the highest forward linkages from the aggregate digital industry
per economy were normalized. These sectors were then harmonized across economies
for comparability, based on ISIC Revision 3.1. For economies with more highly
disaggregated industries belonging to the same broader industry (e.g., the wholesale
industry and the retail industry), the sum in level terms is taken before normalization.
The results by economy are shown in Figure 13.

Emergence of E-Commerce and E-Government in a Majority
of Economies

Collectively, the most digitally enabled industries using forward linkages are

(i) wholesale and retail trade; (ii) public administration and defense; compulsory social
security; (iii) electronic, electrical, and optical equipment; (iv) financial intermediation,
and (v) construction. Across time periods, most of the economy-sectors shown in
Figure 13 increase in digitalization.

The use of online platforms has revolutionized wholesale and retail trade, as firms
increasingly turn to shopping websites and apps instead of brick-and-mortar stores.
In 2017, Credit Suisse predicted the closure of 20%-25% of malls in the US by

2022 (Wertz 2020). An analysis between time periods shows that the use of digital
technologies within wholesale and retail trade, in the form of e-commerce, varies
across economies by depth and speed of adoption. Nonetheless, a later section on the
impact of the COVID-19 pandemic shows how e-commerce adoption accelerated to
play a central role in cushioning the negative impacts of the pandemic.

Government activities also continue to be digitally transformed, with many public
service transactions and processes being shifted to electronic formats. Denmark
is consistently one of the top-ranked economies by the Digital Economy and
Society Index, especially in the area of e-government (EU 2020), owing possibly
to transformational government strategies and high budget allocations by local
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Figure 13: Top Domestic Digitally Enabled Sectors Based on Forward Linkages
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Classification Revision 3.1.

Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national

statistics offices and international databases.

government units toward digitalization (Scupola 2019).38 Financial technology

or “fintech,” the incorporation of digital products into financial services for both

business-to-consumer and business-to-business models, has resulted in innumerable

online avenues for bills payment, management of funds and insurance, crowdfunding,

and stock-trading (Sraders 2020) as well as the rise of blockchain networks and

crypto-assets (Box 4).

38 The Digital Economy and Society Index summarizes and measures changes in a range of indicators relevant to

digital performance and competitiveness of EU Member States (EU 2020).

Click here for figure data.
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Box 4: Treatment of Digital Currencies in the System of National Accounts

Since the launch of bitcoin in 2008, blockchain technology has become a record-keeping and database innovation, with impacts
expected to extend well beyond the financial industry (The Economist 2015). With the world’s growing interest in blockchain and
its resulting cryptocurrencies and digital tokens, concerns about how to treat such “digital currencies” in national accounts have
naturally arisen.

Based on the System of National Account (SNA) 2008, the infrastructure behind the blockchain system should be capitalized in

the same manner as software and databases. There is a consensus among expert groups that the articles produced by these ledgers
(digital currencies and tokens) are considered assets, due to their use as a storage of value and long-term nature with respect to the
holding period. However, two things remain to be topics of debate: whether they should be considered financial or nonfinancial assets,
and, if considered nonfinancial, whether they are produced or non-produced assets (IMF and OECD 2020).

The authors of this report are in agreement with the Advisory Expert Group on National Accounts’ proposed classification of digital
currencies and tokens, which generally depends on the identity of the issuer (IMF and OECD 2020). If they are issued by a national
government or central bank, they should be treated as a financial asset (currency or share). Otherwise, they should be treated as a
separate category under nonfinancial produced asset, similar to the recording of valuables in the production account.

Furthermore, the authors of this report recommend that “data mining”, the process used to generate cryptocurrencies through blockchain
networks, should fall under data processing, with payments to “miners” recorded as part of value-added. Should institutions, such as
banks or online platforms, mediate these transactions, the recording of their services would similarly depend on whether financial assets
or nonfinancial produced assets are being transacted. If the former, these would be considered financial intermediation services directly
or indirectly measured and, if the latter, a transaction fee for a nonfinancial service.

Recently, the People’s Republic of China became the first major economy to issue its own digital currency, the digital yuan, with

some theorizing its potential to revolutionize cross-border currency movements, thus leading to substantial political implications
(Areddy 2021). However, it is currently unclear if the digital yuan relies on the same blockchain technology as other decentralized
cryptocurrencies. What is known is that it will be issued by the People’s Bank of China, the country’s central bank (Kharpal 2021).

As such, when officially traded, the digital yuan would be considered a financial asset based on the abovementioned classification.

It appears other economies are keen or starting to follow suit, with ongoing initiatives toward digital currency issuance by the United
States, the United Kingdom, and the European Union. Much debate has surrounded the topic of government-issued digital currencies,
which contests the product’s decentralized origins, due to its considerable implications on retail banking, geopolitics, and citizen
autonomy (The Economist 2021).
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While digitalization of sectors such as public administration, defense, electronic
equipment, and finance may be evident to most consumers, the same might not be so
apparent for construction. For most of the selected economies, telecommunications
accounted for the majority of digital products intermediately consumed by the
construction industry. The use of mobile phones and apps has greatly aided internal
communication vital to contractors, while newer technologies, such as analytics, virtual
reality, and artificial intelligence, have benefitted traditional operations with cost
reductions, safety, and efficiency (LetsBuild 2019).
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Agriculture appears in the top 10 digital industries only for the US and Fiji. For the former,
this is unsurprising given that digital solutions are used by more than two thirds of US
farmland (Bryan et al. 2020). The latter can be explained by national policies to digitalize
the sector, including promotion of the use of geographic information systems and drought-
monitoring software, among others (Chand n.d.).

Digitally Disrupted Sectors

Using the framework provides a holistic measure of industries most impacted by digitalization
in each economy. Meanwhile, other organizations have classified activities significantly
affected by digitalization across all economies. The Advisory Expert Group on National
Accounts (2019) considers 10 sectors as increasingly digitally disrupted (Table 3). It can be
observed that, except for financial and insurance services, these do not completely coincide
with the five sectors considered most highly digitalized according to the analysis in Figure 13.

Applying the same framework (Equation 10) to the identified digital sectors and digitally
disrupted sectors would give an approximate estimate of the entire digitally dependent
economy. As this would be one standard set of industries across economies, there would
be almost no variation among the criteria set (apart from some missing detailed sectors by
economy),3? which allows comparability among them.4°

As a percentage of economy-wide GDP, the largest digitally dependent economies were
those of Fiji, Australia, and Thailand (Figure 14). The share of Fiji’'s accommodation
services, comprising an average of 9.1% of GDP across the two time periods, was
significantly larger than that of other economies (the next highest was 3.1% for
Thailand in 2015). In general, financial and insurance services accounted for the
largest share of the digitally dependent economy at an average of 7.1% of GDP across
economy-years, the highest of which was Australia’s at 10.7%.

Table 3: Most Digitally Disrupted Sectors, Classification of Products by Activity

49 Land transport services and transport services via pipelines

55 Accommodation services

56 Food and Beverage serving services

58 Publishing services

59 Motion picture, video and television programme production services, sound recording and music publishing
K Financial and insurance services

73 Advertising and market research services

79 Travel agency, tour operator and other reservation services

P Education services

92 Gambling and betting services

Source: Advisory Expert Group on National Accounts (2019).

39 Most of these refer to travel agencies, tour operators, and other reservation services; gambling and betting services; and
advertising and market research services.

40 Due to data limitations, the framework is calculated excluding the 4th term of the core equation, i.e., capital purchased
by sector from sectors other than itself.
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Figure 14: Degree of Digital Dependence by Economy
(% of gross domestic product)
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Notes: Period 1is AUS, 2010; CAN, 2012; DEN, 2010; FlJ, 2011; GER, 2010; IND, 2010; INO, 2010; JPN, 2011; KAZ, 2001; KOR, 2010;
MAL, 2010; SIN, 2000; THA, 2010; USA, 2010. Period 2 is AUS, 2018; CAN, 2016; DEN, 2016; FlJ, 2015; GER, 2016; IND, 2014; INO,
2014; JPN, 2015; KAZ, 2018; KOR, 2018; MAL, 2015; PRC, 2012; SIN, 2016; TAP, 2016; THA, 2015; USA, 2019.

Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national

statistics offices and international databases. ) )
Click here for figure data.

Using CAGR, annual growth of the digitally dependent economy between Period 1 and
Period 2 was fastest for Thailand (2.9%), Canada (2.0%), Kazakhstan (1.9%), and the

US (1.2%). The growth of the digitally dependent economy within the developing
economies of Thailand and Kazakhstan is contrary to the declining growth of their
digital economies, at —4.5% and -2.1%, respectively. Economies with a slowdown in their
CAGR, most apparent in Japan (-1.3%) and Fiji (-0.9%), similarly face a downtrend in
their respective digital economy estimates (-2.0% and -5.8%).

Through the ¥By matrix, the measurement framework allows the isolation of the
digital sectors’ contribution to the 10 digitally dependent sectors identified in Table 3.
The resulting value is an indicator of the depth of digitalization by digitally dependent
sector. This can be calculated by taking the share of the value-added contribution of the
collective digital sector to the nondigital (digitally dependent) sector, i.e., the forward
linkage, out of the latter’s overall size. While in the previous analysis, forward linkages
were used to identify and rank the digitally dependent sectors, in this analysis, they are
used to determine the depth of digitalization among the 10 digitally dependent sectors
across select economy-years, and the results are shown in Figure 15.
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Figure 15: Digitally Disrupted Sectors by Size of Digital Forward Contribution
(averaged % of respective sector size)
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AUS = Australia; CAN = Canada; DEN = Denmark; F1J = Fiji; GER = Germany; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan;
KOR = Republic of Korea; MAL = Malaysia; PRC = People’s Republic of China; SIN = Singapore; TAP = Taipei,China; THA = Thailand;

USA = United States.

Note: Years included are AUS, 2010, 2018; CAN, 2012, 2016; DEN, 2010, 2016; FlJ, 2011, 2015; GER, 2010, 2016; IND, 2010, 2014; INO,
2010, 2014; JPN, 2011, 2015; KAZ, 2010, 2018; KOR, 2010, 2018; MAL, 2010, 2015; PRC, 2012; SIN, 2000, 2016; TAP, 2016; THA, 2010,
2015; USA, 2010, 2019.

Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national

statistics offices and international databases. ) )
Click here for figure data.

The most digitally disrupted economy-sectors, by significant margins, were the
“travel agency, tour operator, and other reservation services” sectors of Singapore
and Fiji. This is indicative of how the tourism industry in these economies has been
substantially shaped by digital transformation. Singapore ranks first in travel and
tourism competitiveness in Southeast Asia and 17th globally, with one of the leading
contributors being ICT readiness (WEF 2019). Fiji is a tourism-dependent economy
(Kaufmann and Nakagawa 2015), where the top two digitally disrupted sectors were
travel agencies and accommodation services.
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The next most affected economy-sectors were the gambling and betting services sectors of
Denmark and Malaysia. Gambling has a long-standing prevalence in Malaysia, home to one
of the biggest casino groups worldwide, Genting Group, and a growing internet gambling
market (Dhillon et al. 2021). Denmark’s online gaming industry has expanded steadily year-
on-year since 2012 as a result of online avenues opening up, making its participation rate

in online gambling higher than its physical counterpart, and the second highest in Europe
(O’Boyle 2020).

Germany’s publishing services sector follows. The economy’s book industry is the second
biggest worldwide, with digital publishing rising in popularity and e-books taking 4.3% of
overall book turnover in 2014 (Stiifmann 2015). The sector also leads in digitalization for the
US and Taipei,China.

For the analysis conducted thus far, it must be noted that some of industries are heavily
affected by their corresponding values in the value-added coefficient vector v and final
demand vector y. Moreover, the VBy matrix only accounts for domestic production using the
domestic transactions matrix z, which means the contribution of digital imports cannot be
readily traced. Analysis of the intermediate consumption matrix of an economy’s use table or
10T, including noncompetitive imports, would provide another angle, i.e., the direct usage of
digital products or industries by nondigital industries on digital products or industries, both
domestically produced and imported.

Increasing Overall Direct Digital Dependence among Economies

Intermediate consumption of core digital products measures the extent of digital technology
use in the economy. These expenditures, such as data storage, processing, and IT consulting,
may be used to gauge “direct” digital dependence. In other words, higher purchases of both
domestic and imported digital products relative to other inputs in the production process
indicate a greater degree of direct digital dependence, and vice versa. However, this direct
or intermediate use approach does not take into account a sector’s domestic investments
related to digital technologies as these are already included in the preceding sections. In
addition, issues related to data assets increasingly being held by firms are currently flagged
for discussion at the System of National Accounts research agenda (Box 5).

The intermediate use approach becomes more relevant with the increase of “pay-as-you-go”
schemes in selling digital products. In more recent years, digital goods and services have been
offered on a flexible basis, with software licenses sold in shorter life periods depending on the
customer’s needs. Aside from software, companies are also forgoing investments in private
services for data storage and processing, and are opting to purchase access to servers from
external providers, as in the case of cloud computing (OECD 2019). This business strategy is
often adopted on account of cash flow considerations (i.e., it reduces upfront financing needs
for hardware and software) and the scalability of cloud services. In national accounts, this
implies a switch from fixed investment to intermediate consumption of digital products.
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Box 5: Recording and Measuring Data

A complete understanding of value creation of digital platforms requires measuring data as an input to production. Recent years have
shown that data helps drive the outcomes of advertisements, and therefore increases the premiums earned by more data-driven
platforms. In fact, businesses recognize the demand for measuring the value of data as evidenced by huge investments in data
infrastructure. For instance, the international bandwidth usage of a few large tech firms—such as Alibaba, Amazon, Facebook, Google,
Microsoft, and Tencent—has become almost on par with that of internet backbone providers (UNCTAD 2019b; Mauldin 2017).
These companies own or lease more than half of the submarine cable networks through where 99% of international data transmissions
run (Bischof, Fontugne, and Bustamante 2018).

While there is an agreement that data constitute a significant role in production, there is far less consensus about whether data

should be recorded as an asset in the System of National Accounts (SNA). Currently, the SNA only records, as gross fixed capital
formation (GFCF), expenditures related to the “cost of preparing the data in the appropriate format, but not the cost of acquiring

or producing the data” (SNA 2008, para. 10.113). That is not to say that datasets have no value, but rather their contribution is

implicit, and only appears residually as goodwill when a sale of entire company occurs (SNA 2008, para. 10.196-10.199). Consider
Facebook’s high-profile acquisitions of Instagram in 2012 and WhatsApp in 2014. After removing the value of trademark, technology,
patents, and user base, the calculation leaves intact about 74% and 84% of the acquisition values of both cases, respectively. These
substantial shares to total value are not surprising as an increasing number of tech mergers and acquisitions are data- motivated
(Nguyen and Paczos 2020). This treatment as goodwill, however, recognizes data as de facto non-produced assets and therefore does
not affect gross domestic product (GDP) (Ahmad and van de Ven 2018).

Investments in Data, Databases, and Data Science in India
R billion)

| 2m 205207 20

Total of all data-related categories

Lower range value 914 867 1,040 1,407 1,663

Upper range value 1,102 1,045 1,256 1,702 2,004
“Data”

Lower range value 496 466 567 811 980

Upper range value 624 587 715 1,021 1,225
“Databases”

Lower range value 201 189 217 267 373

Upper range value 225 211 243 299 418
“Data science”

Lower range value 217 212 256 329 310

Upper range value 253 247 298 383 361
Net capital stock of all data-related categories

Lower range value 2,944 3,392 3,802 4,540 5,511

Upper range value 3,631 4189 4,701 5,610 6,794
Economy-wide gross fixed capital formation 29,977 35,156 39,571 48,156 58,513
of which: Intellectual property products 2,169 3,577 4,853 5,627 7,627

% = Indian rupees.

Note: Figures of economy-wide gross fixed capital formation refer to current price figures published by India’s Ministry of Statistics and
Programme Implementation (MOSPI) available from http://mospi.nic.in/ (accessed April 2021).

Source: Calculations of the Digital Economy Measurement Framework study team, following the approach of Statistics Canada (2019)
and using 2011 Census data from India’s Office of the Registrar General and Census Commissioner, employment statistics from the
International Labor Organization, technical coefficients from the Asian Development Bank Multiregional Input-Output Database, and
national accounts data from MOSPI (India).

Data, however, should not be confused with observable phenomena. An observable phenomenon is taken simply as an occurrence of

an event or piece of information (ISWGNA 2020). For this observation to be digitized, a firm must hire qualified staff and mobilize
resources and technology systems to capture and store observations. This process of collecting, recording, organizing, and storing implies
that a productive activity has occurred. Therefore, there is a strong argument that data are produced, and what is non-produced in the
2008 SNA has come to refer to observable phenomenon (ISWGNA 2020).

continued on next page.
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Box 5 continued.

While the recording of data is still an open issue, its valuation is compounding this challenge. Largely, the valuation issues relate to the
heavy context-dependent uses of data, and that the standard units of data (bytes, megabytes, etc.) do not automatically translate

to data’s underlying monetary value. Fortunately, experimental estimates provide starting point for gauging the stock of data assets.

At the forefront is Statistics Canada’s (2019) approach, which evaluates investment as a sum of labor costs; associated indirect labor; and
other costs such as electricity, building maintenance, and telecommunication services.

The same approach is replicated in a developing economy context for India. Results in the table below show that (current price)
investments on data, databases, and data science in India ranged from 1,633 ($23.6) billion to 2,004 ($28.5) billion in 2019, or 2.8% to
3.4% of economy-wide GFCF. These cost-based estimates of India’s data assets grew at a compound annual growth rate (CAGR) of 7.8%
from 2011 to 2019. This is slightly lower than the economy-wide investment growth of 8.7% for all assets over the same period. Extending
the analysis, net capital stocks of data-related assets in India were estimated to range from 5,511 ($78.3) billion to ,794 ($96.5) billion
in 2019. Figures show that data-related stocks grew at a CAGR of 8.2% from 2011 to 2019, below par for the economy-wide rate of 10.6%.

While it has yet to be determined to what extent data will be added to the asset boundary of the SNA, this exercise is nonetheless
informative of the scale of the issue. With this caveat in mind, estimated GFCF related to data, databases, and data science could range
from 0.82% to 0.98% of GDP in 2019. Again, the estimates cannot be readily added to current GDP figures due to the potential overlap
with the coverage of GFCF in official estimates. As such, future studies should measure this overlap, if any, in addition to refining the key
parameters in the method.

The above estimates indicate that data-related assets in India are not yet growing at a rate above the overall investment growth, as
observed in the advanced economy example of Canada. However, there is an indication that these assets are growing in tandem with
other types of investments. In addition, sum-of-cost estimates are invariably expected to produce lower-bound figures compared

to market-based valuations. Nevertheless, the estimates are intended as a step towards understanding the order-of-magnitude of
emerging digital assets in a developing economy context.

% = Indian rupees, $ = United States dollars.
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Given this conjecture, the analysis is supplemented by looking at changes in digital
input use by sectors. The approach differs in that digital dependence is taken directly
as a ratio of intermediate inputs of digital products to total inputs (whereas earlier
measures also considered indirect linkages with the core digital economy).

Figure 16 plots each economy’s direct digital dependence averaged across the sectors
listed in Table 3. It can be observed that the direction of trends is similar to the
economic size of the digitally dependent sectors in Figure 14. Remarkable increases
in digital dependence are seen in Indonesia and Thailand; driven mostly by changes
in motion picture and related services in the former, and education services (CPA P)
in the latter. Fiji’s decrease in digital dependence, meanwhile, is reflective of the
lower relative digital input purchases of travel agencies, accommodation services, and
advertising sectors. While the activities of travel agencies in Germany increased in
digital dependence between the two periods, publishing services decreased its share
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of digital inputs. With the latter sector occupying a larger portion of the digitally
disrupted economy in Germany, decline in this sector outweighed the deepening digital
dependence in other sectors.

Figure 16: Average Share of Digital Inputs to Total Intermediate Inputs for Digitally Dependent Sectors
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KOR = Republic of Korea; MAL = Malaysia; PRC = People’s Republic of China; SIN = Singapore; TAP = Taipei,China; THA = Thailand;
USA = United States.
Notes: Period 1 is AUS, 2010; CAN, 2012; DEN, 2010; FIJ, 2011; GER, 2010; IND, 2010; INO, 2010; JPN, 2011; KAZ, 2001; KOR, 2010;
MAL, 2010; SIN, 2000; THA, 2010; USA, 2010. Period 2 is AUS, 2018; CAN, 2016; DEN, 2016; F1J, 2015; GER, 2016; IND, 2014; INO,
2014; JPN, 2015; KAZ, 2018; KOR, 2018; MAL, 2015; PRC, 2012; SIN, 2016; TAP, 2016; THA, 2015; USA, 2019.
Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national
statistics offices and international databases.

Click here for figure data.

On a per sector basis, direct digital dependence across economies increased from

4.9% in Period 1 to 5.3% in Period 2 (Figure 17). However, growth was not observed
uniformly across sectors. Financial and insurance services sectors, which are associated
with high digital dependence in economies such as Australia, Canada, and Japan,
slightly eased in Period 2. Meanwhile, a notable increase in digital dependence in
publishing and media (e.g., motion pictures and television programs) helped more
than offset the finance sector’s decline in Australia and Canada. Japan’s media services
slightly eased from 2011 to 2015. The coexistence of nondigital and digital processes
in anime production, for instance, experienced major constraints as demand shifted
from television to the packaged video market (the so-called “anime bubble”, which
persisted until 2013). This implied higher quality standards for which a constrained
domestic capacity deemed it more practical to outsource production to the PRC and
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the ROK (Hanzawa 2019). Concurrently, the ROK’s motion picture and television sector
saw a remarkable increase in digital dependence from 2010 to 2018. Despite a rise in
digital dependence in the ROK, it must be noted that Japan’s media industry still leads
in terms of direct digital dependence in advanced Asian economies.

The increase in Indonesia’s direct digital dependence can also be attributed to the
motion picture, video, and television program sector. In 2014, almost one third of
that sector in Indonesia was entirely comprised of digital inputs. This deepening
digitalization of the industry coincides with the implementation of National Creative
Industry Development Plan from 2009 to 2015. The animation and film industry of
Indonesia formed about 10% of the economy’s exports in 2010, destined for the markets
of Europe and the US. During this period, the quality of production was raised on par
with that of Taipei,China and the ROK as a result of adoption of digital technologies,
which render films at higher frames per second (Simatupang et al. 2012). This sharp
industry focus and government support encouraged firms in the creative industries to
adopt digital processes in production techniques.

Figure 17: Average Share of Digital Inputs to Total Intermediate Inputs by Sector
(%)
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Notes: Economies covered and their years for Period 1 and Period 2 are Australia (2010, 2018); Canada (2012, 2016); Denmark (2010, 2016);
Fiji (2011, 2015); Germany (2010, 2016); India (2010, 2014); Indonesia (2010, 2014); Japan (2011, 2015); Kazakhstan (2001, 2018);
Republic of Korea (2010, 2018); Malaysia (2010, 2015); People’s Republic of China (2012); Singapore (2000, 2016); Taipei,China (2016);
Thailand (2010, 2015); and the United States (2010, 2019). Sectors’ digital input shares are averaged across sectors for Period 1 and Period 2.
Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national

statistics offices and international databases.
Click here for figure data.
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Generally, this section has explored the contribution of core digital technologies’
enabling role in production processes of other nondigital sectors using existing
macroeconomic frameworks. Estimates show that digitally dependent sectors, including
digital sectors, represent a sizable share of economies, ranging from 17% to 35% of GDP
in both periods examined. Results also indicate that more service-oriented economies
tend to have deeper forward linkages with the core digital economy. Digitalization

in services is also evident in direct measures of dependence using intermediate

digital products’ relative shares of total inputs. Examination of these inputs for more
recent years also supports the observation of service sectors’ relatively higher digital
dependence.4t While digital dependence deepened in sectors related to wholesale and
retail, accommodation, and entertainment-related industries, there are signs of maturity
in sectors that were generally the first to digitalize, such as finance and advertising.

In the next section, the core digital industry’s role is examined further from a
demand-side perspective. It analyzes the extent to which other sectors in the economy
contribute to the production of digital products. In addition, it demonstrates how the
strength of these linkages can be quantified and therefore provide an indication of
potential spillover impacts from the digital economy.

Digital Multiplier Analysis

Multipliers are useful when simulating the impact of an exogenous demand-side shock
coursed through certain sectors in the IOTs. In particular, multipliers measure the
impact of a unit change in the final demand for digital sectors’ output on either the
gross output or the total value-added of an economy. The impact of the exogenous
demand-side shock consists of the direct and knock-on effects due to industrial
interlinkages. For this section, the simple output and value-added multipliers for the
16 economies studied are calculated using their national input-output tables (NIOTs).
These are then compared with the multipliers calculated using the 38-sector MRIOT
for 2019.

The simple output multiplier captures the total direct and indirect effects of a unit
change in final demand on the total value of production in an economy. For example,
if an economy has a 1.5 output multiplier for computer equipment, then a $1 increase
in final demand for computer equipment generates an additional $1.50 gross output
for this economy. The value-added multiplier, meanwhile, gives the value created in

41 Same analysis of direct digital dependence was conducted for 2017 and 2019 using the MRIOTs. A wider set of
economies recorded an average digital dependence rate of 7.6%. While global average digital dependence barely
moved from 2017 to 2019, financial sectors decreased their digital inputs share by -0.6 percentage points.
Meanwhile, the wholesale and retail sector exhibited the largest increase across other sectors in this period. While
travel and tours are not separately identified as a sector in the MRIOTs, at higher aggregation, this sector showed
an increase in digital dependence of +0.23 percentage points. The related sector of accommodation services also
increased its dependence by 0.21 percentage points.
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an economy (gross output less intermediate consumption) due to a unit change in
final demand. Analogous with an output multiplier, if an economy has a value-added
multiplier of 0.9 for telecommunications, then a $1 increase in telecom sales generates
a $0.90 increase in the total value-added of an economy.4

Digital Sectors in the National Economy

Figure 18 shows the output and value-added multipliers for two periods for the
digital sector in the 16 economies studied. Notably, many economies exhibited lower
output multipliers for the latter periods across digital sectors. This indicates either an
increased dependence on the external economy (imported inputs) or, more generally,
the dilution of domestic linkages in the digital sector. Meanwhile the value-added
multipliers for each economy were more stable over time, as indicated by the
overlapping blue and green points in Figure 18.

For hardware, the output multipliers of the PRC, at 2.9 in 2012 and 3.1 in 2019,

were far ahead of other economies for both periods. This means that a $1 increase

in the demand for hardware products in the PRC generates about thrice its value in
domestic gross output, suggesting strong local linkages of hardware manufacturing

in the economy. Thailand follows the PRC with its output multiplier of 2.2 in 2010
and 2.0 in 2015. Japan and India likewise registered output multipliers of around
2.1to 2.2 per $1 increase in hardware demand, although Japan in 2015 posted a
slightly lower output multiplier of 1.9. Looking at the value-added multipliers, the

US had the highest multipliers across economies for both periods, whereby for every
$1 increase in the final demand for hardware, the US generated around $0.90 additional
value to the economy in 2019 and in 2010. More interestingly, Singapore’s

hardware sector registered the lowest period 1 and 2 value-added multipliers at

0.2 and 0.3, respectively, signaling its high use of foreign intermediate products in
production. Low value-added multipliers for any economy-sector mean high vertical
integration of the domestic sector to foreign sectors, which implies that the income
earned per dollar or unit of demand will be increasingly shared between the domestic
and foreign economy.

Taipei,China; Germany; and Indonesia had the highest output multipliers for software
publishing products at around 1.9 in both periods. However, turning to value-added
multipliers, the US, Denmark, and the ROK registered the highest among the
economies, at around 0.9 value-added for every $1 increase in the final demand for

42 Appendix 1 details the preliminary steps in calculating the output and value-added multipliers of any economic
system described by an 10T. Using the Leontief inverse matrix L = (I - A)1, the output multiplier of each sector
is derived by taking the column sum (across rows) of L. In mathematical terms, a vector of output multipliers is
given by m,, = i’ L. Meanwhile, the value-added multiplier of each sector is computed by first pre-multiplying the
diagonalized value-added coefficient vector ¥ = diag(gva’) -1 by Leontief inverse matrix, and then getting the
column sum (across rows) of the matrix product. In mathematical terms, a vector of value-added multipliers is
given by m,, = i (YL).
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Figure 18: Digital Sector Output and Value-Added Multipliers Based on National Input-Output Tables
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software products. This supports the earlier observation that software publishing is
generally more value-adding to the economy and with greater domestic linkages in
advanced economies. Developing economies, such as Fiji and Kazakhstan, did not have
values for software publishing, possibly because products of the sector are not produced
or not identified in these economies.

For digital services sectors, telecommunications and specialized and support services and
digital information services, the results of the estimates did not have a clear delineation
among advanced and developing economies. For telecommunications, Malaysia had

the highest multiplier for the first period, at $2.10 additional gross output for every

$1 increase in telecom services demand for 2010, but its output multiplier declined

to 1.7 in 2015. Germany, the PRC, the ROK, and Australia followed Malaysia, with
telecom output multipliers of around 1.9 to 2.1 in both periods. In terms of value-added,
Japan, the PRC, and Indonesia demonstrated the largest multipliers at around $0.90 to
$1 value-added generated for every $1 increase in the demand for telecom services.

On specialized and support services and digital information services, the PRC generated
the highest output multiplier at 2.4 in 2012 and 2.5 in 2019 per $1 increase in demand,
while the US generated the most value-added to its economy per $1 increase in demand,
at $0.95 in 2010 and $0.96 in 2019. Singapore’s specialized and support services and
digital information services sector again exhibited low value-added multipliers of 0.3 and
0.5 for its periods 1 and 2, respectively, indicative of the strong vertical integration of the
sector to foreign sectors.

Digital Economy-Sectors in the Global Economy

Figure 19 visualizes MRIOT-based and NIOT-based output multipliers of the

digital sector in the 16 economies studied.4> These multipliers were calculated using the
2019 MRIOT. Impacts of MRIOT-based multipliers are interpreted relative to the global
economy. For instance, if sector k in economy 7 has an output multiplier of 1.5, then a

$1 increase in its global final demand would induce a $1.50 increase in the global gross
output. Multipliers calculated using an MRIOT (MRIOT-based multipliers) are generally
higher than multipliers calculated using NIOTs (NIOT-based multipliers) as the former
captures international dependencies that may lead to interregional spillovers.

In terms of the output multipliers of the three digital subsectors—manufacture

of computer, electronic, and optical products (“manufacture of computers”);
telecommunications (“telecom”); and computer programming, consultancy, and
related activities, and information service activities (“information services”)—in the
2019 MRIOT, Singapore led the 16 economies in its telecom and information services
sectors, bearing output multipliers of 2.7 and 2.8, respectively (Figure 19). Singapore’s
information services sector stands out against other selected economies (except for the
PRC, which has an output multiplier of 2.7 for the same sector), whereby a $1 increase

43 For MRIOT-based output multipliers, a global Leontief inverse was used, thus explicitly considering interregional linkages.

59



60

Capturing the Digital Economy—A Proposed Measurement Framework and Its Applications

in the final demand of Singapore’s information services would increase the global
output by $2.80. Analogously, a $1 increase in the final demand of Singapore’s telecom
would induce a $2.70 increase in global output. The PRC’s manufacture of computers
sector had the highest output multiplier (3.7) among the 16 economies. This is also the
highest of all the economy-digital subsector output multipliers presented in Figure 19.

In terms of economic size, Singapore and the PRC—leaders in digital sectors’ output
multipliers—are starkly different. In 2019, Singapore reported GDP in current prices
of $372 billion, while the PRC posted $14,343 billion (ADB 2020). This suggests

one important feature of multipliers as a policy variable: they do not only signify

the economic significance of an economy-sector in terms of size; they also provide a
measure of how deeply linked an economy-sector is to other economy-sectors. In the
case of Singapore, its high output multipliers may be indicative of the latter feature.
Singapore’s comparably lower output multipliers based on the NIOTs, which only
capture the domestic direct and indirect effects, also confirm this.

Figure 19: Digital Sector Output Multipliers Based on Multiregional and National Input-Output Tables, 2019
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Comparing Figure 18 and Figure 19 provides a richer picture of domestic and
international linkages of the digital sector. Multipliers shown in Figure 18 provide

a temporal comparison of NIOT-based multipliers between two periods using

detailed NIOTs published by national statistics offices. Meanwhile, those shown

in Figure 19 provide a comparison of MRIOT-based and NIOT-based multipliers
generated using the 2019 MRIOT. In Figure 18, it can be observed that domestic
output multipliers for hardware declined relatively significantly for Australia; Japan;
and Taipei,China between the two periods. Observing Figure 19 for the manufacture
of computers, a gap between the MRIOT-based and NIOT-based output multipliers
are naturally seen in these economies, possibly relating the decline observed in

Figure 18 to thicker international linkages. The gap is largest for Taipei,China,
providing stronger evidence in this economy that the decline in domestic output
multipliers is due to increasing international linkages across the years. Figure 18 also
shows that Malaysia’s telecom output multiplier declined between the two periods and,
as Figure 19 reveals, the decrease might be related to stronger international linkages.
However, the evidence for this is not as strong as Taipei,China’s hardware sector,
because the gap between the NIOT-based and MRIOT-based multipliers for Malaysia’s
telecommunications sector is not as defined as Taipei,China’s hardware sector.

As is observed in Figure 19, MRIOT-based multipliers are generally higher than
NIOT-based ones, because the former nuances the sources of imports and destination
of exports, thus allowing the calculation of interregional spillovers. To disentangle
international and domestic impacts on gross output, Figure 20 shows a disaggregation
of the gross output that is induced by the 2019 final demand for digital output in the
2019 MRIOT. Box 6 describes the disaggregation methodology.

Figure 20 shows that, in 2019, a majority of the output induced by the digital sectors
of Kazakhstan; Singapore; and Taipei,China were derived from linkages with external
economies through (i) impacts from local digital demand on the rest of the world
(open-loop), and (ii) impacts of the rest of the world’s digital demand on local
economies (closed-loop). The impacts from local digital demand on the rest of the
world (open-loop) was especially great for Singapore. In particular, Figure 20 shows
that $1 of final demand for Singapore’s digital products induced additional output
of $1.70 from the rest of this world (comprising 46% of total output induced by $1 of
Singapore’s digital final demand), further confirming the deep links of Singapore’s
digital sector to the rest of the world. In Taipei,China, $1 of digital product final
demand induced an output spillover of $1 to the rest of the world (open-loop),
which further generated an output feedback of $1.30 to the Taipei,China economy
(closed-loop)—a total of $2.30 interregional spillover induced.
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Box 6: Multiplier Decompositions across Transfer, Open-Loop, and Closed-Loop Effects

The output multiplier can be decomposed into three components based on the drivers of the demand for production: the transfer effect
M, the open-loop effect M, , and the closed-loop effect M. The equation to decompose the multiplier is given by L = M * M, * M,

The transfer effect M; captures the impacts of domestic digital demand on the domestic economy, while the next two components give
the effects of interregional production and trade linkages on the economies. Specifically, the open-loop effect M, captures the additional
production required from the rest of the world to meet local digital demand. This additional production in the rest of the world could,
however, result in additional domestic economic activity to the extent that relevant producers import inputs from the domestic economy.
This feedback from the rest of the world to the domestic economy is captured in the closed-loop effect M. For example, a local brand

of laptop bought in Taipei,China is produced by a domestic manufacturing firm, which purchases inputs of electronics components from
alocal supplier (transfer effect). This local electronics supplier in turn orders an assembly plant in Thailand to manufacture and ship raw
components to Taipei,China (open-loop effect). To undertake this production order, the firm in Thailand purchases other related inputs
from another firm in Taipei,China (closed-loop effect). This relationship is further illustrated below.

For ease of calculation, the 2019 Asian Development Bank Multiregional Input-Output Table is simplified into a two-region input-output
table to decompose the multipliers, where one region refers to the domestic economy while the other region is the aggregate of all the

other economies, i.e., the rest of the world. The multipliers for each economy are thereafter calculated and decomposed using this two-
region table.

Flow Chart of Multiplier Decomposition

Transfer effect

Increased output in Economy A

Open-Loop effect Closed-Loop effect

Increased output in Economy B

Source: R. Miller and P. Blair. 2009. Input-Output Analysis Foundations and Extensions (2nd ed.). Cambridge: Cambridge University Press.

The output induced for every $1 of the PRC’s digital final demand stands out across
all economies in terms of direct impacts on the domestic economy. In the domestic
economy alone, each dollar of the PRC’s digital final demand generated $2.80, which
is 77% of the total output induced and hints at the strong production capacity of the
PRC economy.
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Figure 20: Gross Output Induced by Each Dollar of Digital Final Demand, 2019
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Notes: Impacts from local digital demand to domestic economy = transfer effects; impacts from local digital demand to rest of the world =
open-loop effects; impacts of the rest of the world’s digital demand to local economy = closed-loop effects. Digital sector includes manufacture
of computer, electronic and optical products; telecommunications; and computer programming, consultancy, and related activities, and
information service activities.

Source: Calculations of the Digital Economy Measurement Framework study team, using the 38-sector Asian Development Bank Multiregional
Input-Output Table for 2019.

Click here for figure data.

Digital-Nondigital Output Multiplier Gaps across Economies

Apart from analyzing digital output multipliers temporally (between two time periods)
and spatially (across digital subsectors), comparing digital output multipliers against
nondigital output multipliers sheds light on the transcendence of digital sectors

in terms of output growth. Figure 21 juxtaposes the MRIOT-based digital output
multipliers against those of nondigital sectors by economy for 2019.

Observably, the digital-nondigital gaps in output multipliers vary across economies.
On the one hand, economies such as the Malaysia; the PRC; the ROK; Singapore; and
Taipei,China display large positive gaps, i.e., digital output multipliers are greater than

63


https://data.adb.org/dataset/capturing-digital-economy-proposed-measurement-framework-and-its-applications?adbHash=xwY3UfB2g3cYv71_w9KF3rkimVA5cSsFoAQ3W5qwtM0

64 Capturing the Digital Economy—A Proposed Measurement Framework and Its Applications

Figure 21: Output Multipliers of Digital and Nondigital Sectors Based on Multiregional Tables, 2019
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Source: Calculations of the Digital Economy Measurement Framework study team, using the 38-sector Asian Development Bank Multiregional

Input-Output Table for 2019.
nput-Output lable tor Click here for figure data.

those of nondigital sectors. Digital sectors in these economies also registered the highest
output multipliers among the 16 economies examined. On the other hand, economies
such as Fiji and India exhibit large negative gaps, possibly indicating that digital sectors
in these economies are not as transformative in terms of output induced, compared with
nondigital sectors. Meanwhile, other economies show narrow digital-nondigital gaps,
which means that output induced by digital and nondigital sectors are nearly on par.

Because multipliers may act as an indicator for sector linkages (assuming these
interdependencies are robust across periods), they possess considerable policy
relevance, particularly in economic planning. For instance, multipliers may be used by
policymakers to understand where to channel investments to increase final demand for
sectors that have the highest direct and indirect effects on the economy. Additionally,
they can be used to anticipate the effects of exogenous shocks such as pandemics and
natural disasters, holding other things constant. Additional insights may be gleaned if
more refined or expanded multiplier indicators are calculated for the economies. One
such method is calculating for multipliers of an economy based on the social accounting
matrix, which is explored in Box 7. Though this matrix is more data intensive than the
10Ts, it extends the I0Ts by including information about the production processes and
interinstitutional transactions that take place in an economy, which allows for more
meaningful policy insights.
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Box 7: Distributional Impacts of Digitalization using Social Accounting Matrices:
The Case of Canada and Armenia

A social accounting matrix (SAM) records the transactions of agents within the circular flow of an economy (ILO 2019). In addition to
capturing production process linkages, a SAM includes information on the flow of resources among institutions such as households,
corporations, and government. The disaggregation of household and labor accounts in the SAM allows us to delve into the distributional
effects of certain policies. The total SAM multiplier for the digital economy measures value of all the effects on production and income in
the economy brought by an increase of one local currency unit in the exogenous demand for digital sector commodities.

Social Accounting Matrix Multiplier Analysis using Canada 2016 Data

Household income
A 4 Gross Domestic Quintile 1
0.01
Domestic Product
Production Employment Quintile 2
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Deriving the SAM multiplier follows the same steps as getting the input-output multiplier, i.e., calculating for the Leontief inverse L,
except that the user should first specify which accounts in the SAM are considered endogenous or exogenous. In practice, accounts for
industries, labor, capital, and households are considered endogenous. Canada’s 2016 SAM and Armenia’s 2017 preliminary SAM are used
for the digital multiplier calculations.2

Calculations suggest that the total SAM multiplier for Canada’s digital sector is Can$3.79. This multiplier is larger when compared to
Canada’s 2016 input-output-based simple output multiplier of Can$1.52, which may be expected as the SAM takes into account the
knock-on effects of exogenous changes on an expanded matrix of information.

Multiplier Effect in Urban and Rural Areas of Armenia, 2017
(by household income quintile)
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Source: Calculations of the Digital Economy Measurement Framework study team, using Armstat data.
Click here for figure data.

continued on next page.
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Box 7 continued.

Using the Stone Additive Decomposition method (Defourny and Thorbecke 1984), the total SAM multiplier can be further decomposed
to examine the various mechanisms and linkages through which an exogenous shock contributes to the economy. The diagram above
shows how the effect of a dollar increase in the demand for digital products affects the entire economy. A Can$1 increase in the
exogenous demand for digital products is expected to boost domestic production by Can$0.52. In particular, Can$0.14 is the expected
increase in the domestic production of digital products. Due to the production linkages of the digital sector, output of other industries

in the economy is expected to rise by Can$0.37. The increase in domestic production in the economy will also increase gross domestic
product (GDP) by Can$0.85, which will consequently increase household income by Can$0.47. This increase in household incomes will
then induce another round of increases in domestic production, GDP, and income. In terms of its distributional effect, the initial injection
in the demand for digital products is estimated to disproportionately benefit households in the richest quintile.

With the inclusion of feedback effects (as depicted by the dashed lines in the diagram), a dollar increase in the exogenous demand for
digital products is expected to increase domestic output by Can$2.02, GDP by Can$1.12, and household income by Can$0.65.

For Armenia, preliminary results indicate that the 2017-based total SAM multiplier is AMD4.47 per AMD1 increase in exogenous demand
for digital products. As a comparison, the 2017 input-output-based simple output multiplier for Armenia is AMD1.22 and, if household
spending is endogenized, AMD1.63. The column chart above visualizes the effect of an AMD1 increase in the demand for digital products
by household income quintile and by rural and urban areas in Armenia. The demand increase for digital products is likewise estimated to
disproportionately benefit the households in the richest quintile and those living in urban areas.

2 The supply-and-use and input-output tables used in deriving the activities account in Armenia’s SAM are preliminary balanced. Initial
discrepancies were counted as changes in inventories.
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Generally, results indicate strong heterogeneity of digital multipliers across several
economies and digital subsectors. These differences are driven by varying degrees of
participation of economic sectors to the production of core digital products. While
these impacts mean that growth in the digital sector extends the benefits to a wider
range of other sectors, it also means that potential risks in core digital industries could
spill over to other industries as well.



A Temporal Comparative Analysis of the Digital Economy

In the previous chapters, estimates of the digital economy made use of IOTs in current
prices. This makes temporal analyses trickier, as value changes within each economy
across time cannot be systematically differentiated between price changes and volume
changes. Only the latter is considered a “real” change, so the impact of changes in
prices must be removed from IOTs in order to make meaningful temporal analyses.

Using current-price tables is common among input-output studies for a couple of
reasons. First, application is usually done without much consideration for the time
dimension: in essence, the model is static. Ensuring that price changes do not influence
results is therefore given less of a priority, compared to other data considerations such
as extent of representativeness, level of aggregation, and applicability to the scope

of analysis, among others. Second, constructing constant-price tables (if they are not
readily available) is quite costly and, at times, unfeasible as they require rich data

on price indices, careful setting of correspondences, and rebalancing, which takes
significant time and resources for potential researchers.

In this chapter, the temporal comparative analysis of the digital economy using NIOTs
in constant prices is explored. The overall objective is to demonstrate how conversion of
transactions to volume terms, via adjustments for potential price effects, may influence
results in terms of levels, trends, and rankings. This issue is important to investigate,
especially when it comes to the digital sector, as the primary goods and services
associated with it have undergone performance boosts and stark improvements in
manufacturability over time. Case in point are laptops, which in the late 2016s were both
more powerful and 96% cheaper than models released in the early 1990s (Perry 2016).

Table 4 shows the economies and years considered in this chapter, with the base year
set to 2015. Criteria for selection included the availability of adequately spaced

(i.e., 5 years or more) NIOTs, good-quality price indices, and regional representation.
A detailed breakdown of how this study stated current-price NIOTs in constant prices
is provided in Appendix 3.

Table 4: Economies with Constant National Input-Output Tables

(2015 = 100)
Canada 2010 2016
Germany 2010 2016
Japan 2000 2015
Malaysia 2010 2015
United States 2010 2016

Source: Published national input-output tables at current prices, stated in constant prices using double-deflation methodology.
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Expansion of the Digital Economy in Volume Terms

From a static perspective, the size of each of the five economies’ digital GDP as a
percentage of economy-wide GDP varied between value (current-price) and volume
(constant-price) terms in the two periods examined (Figure 22). In Period 1, the
digital economy estimates were modestly higher using constant price NIOTs in
Canada (+0.2 percentage points [pp] in 2010), Germany (+0.9 pp in 2010), and the

US (+0.3 pp in 2010), while appreciably lower in Japan (-2.2 pp in 2000) and Malaysia
(1.4 pp in 2010). In Period 2, positive differences were observed in Germany and the
US at higher margins (+1.4 pp and +0.4 pp, respectively, both in 2016), while only a
slight negative difference is seen in Canada (-0.3 pp in 2016). For Japan and Malaysia
NIOTs, Period 2 is the base year (2015), which is why its current and constant price
estimates are equal.

From a dynamic perspective, the growth of digital GDP per economy likewise varied
between value and volume terms. As discussed earlier in this report, growth in the
digital economy as a percentage of GDP calculated using current-price NIOTs was
negative for most of the economies studied. In the previous chapter, this result is
attributed to falling prices and growing productivity within the digital sectors across
economies and over time. Using constant price NIOTs, the former was established, as,
in volume terms, the digital economy as a percentage of GDP grew at a positive rate for
all five economies examined (Figure 22). Using current-price NIOTs, the digital
economy of Japan as percentage of GDP became significantly smaller over time

(-1.5 pp), while that of Germany and Malaysia shrunk marginally (both by -0.1 pp).

Figure 22: The Digital Economy as a Percentage of Economy-Wide Gross Domestic Product
(current prices versus constant prices)
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GDP = gross domestic product; USA = United States.

Note: Period 1 and Period 2 are represented by the following years: Canada, 2010, 2016; Germany, 2010, 2016; Japan, 2000, 2015; Malaysia,
2010, 2015; US, 2010, 2016. Base year of constant price estimates is 2015.

Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national
statistics offices and international databases. Published input-output related data from national statistics offices were stated in constant prices
using the double deflation methodology.

Click here for figure data.
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Increases were observed in the US (+1.0 pp) and Canada (+0.6 pp). A shift in the
narrative was observed alongside a change of perspective to volume terms as the digital
economy of Malaysia registered fastest growth (+1.4 pp) followed by the US (+1.1 pp),
while Germany and Japan displayed growths of +0.5 pp and +0.7 pp respectively,
outranking Canada’s growth of +0.1 pp.

While the digital economy as a percentage of GDP had been growing in volume
terms, the speed of growth varied across economies. Canada’s digital economy as a
percentage of GDP grew the slowest in volume terms between the 2 time periods
(5.2% to 5.3%), much slower than its corresponding growth in value terms (5% to

5.6%) (Figure 22). This phenomenon can be partially attributed to the rising prices of
the economy’s digital products, relative to other economies. UN Comtrade database
shows that across all five economies examined, it was only Canada’s unit prices of
automatic data-processing machines (Harmonized Commodity Code 8471) that
registered a positive CAGR of 0.7% during the previous 2 decades. In contrast, the US
showed declining unit prices at a CAGR of -3.3%, along with Japan (-3.1%), Germany
(-2.4%), Malaysia (-0.5%). In addition, according to data from the International
Telecommunication Union (2021b), fixed broadband prices in Canada increased from
2008 to 2017. Across all five economies, Canada had the second-highest rate of users
for fixed broadband subscriptions, next to Germany. However, compared to the latter,
the increase in prices for Canada was higher at a CAGR of 2.3%, while Germany’s fixed
broadband prices remain almost flat at 0.8% annually.

Japan’s digital economy in value and volume terms is a stark contrast with Canada.
There is a substantial gap between value and volume estimates of Japan’s core digital
economy in Period 1 (2000), which is due to the steeper decline in ICT prices in the
economy. This could be tied to the developments in the economy during the late 1990s
and early 2000s. Using the same dataset from UN Comtrade as mentioned above, unit
prices dramatically rose from 1996, peaked in 2005, and have since declined at a rapid
rate of —-6.4% to 2020. These developments are affected by a confluence of factors, most
notably the prolonged recession in the 1990s, or the so called “lost decade.” Another
major event was the entry into force of the Information Technology Agreement in 1996,
initially subscribed to by 29 economies, including Japan. During this period, Japan
recorded a sharp decline in the quantity of exported computers, partly due to greater
competition from other economies. In addition, IT supply chains in Asia underwent
major restructuring, as Japan occupied higher value-adding activities in downstream
segments from a previously upstream position (WTO 2017). As a result, there was

an upward pressure on prices as the market started to adjust. Taken together, these
domestic conditions, in addition to the changes in the external environment, rendered
prices of digital products in the early 2000s to be significantly higher in Japan than they
were in more recent years.
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Linkages with Digitally Enabled Sectors Robust to
Price Changes

Zoning in on specific economies and dissecting the interindustry linkages from the
perspective of the digital sector also leads to some interesting results. In general, the
set of key industries with strong backward and forward linkages to digital sector are
preserved, regardless if one is using current price or constant price NIOTs, hinting that
prices only marginally affect digital economy linkages. However, it is important to note
that the order of significance of linkages to the digital economy (i.e., the rankings) vary
between current price and constant price NIOTs.

Figure 23 provides the mean absolute deviation (MAD) and the variance of the
differences between rankings in forward and backward linkages of the digital economy
using a current and a constant price framework. The MAD is the average of the
absolute value of the difference between the ranks derived, while the variance is a
measure of dispersion. Rankings based on forward and backward linkages only differ
by an average of 0.03-2.36 and 0.87-2.73, respectively, across all economies considered.
Except for the US in 2010, differences in backward linkage rankings generally outweigh
those of forward linkages, as shown in Figure 23. Higher MAD and variances for
backward linkage rankings suggest that relationships of the digital sector with digitally
enabling sectors is less robust to changes in prices, compared to its relationship with

Figure 23: Mean Absolute Deviation and Variance of Differences in Rankings of Forward and Backward Linkages

(current prices versus constant prices)
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Source: Calculations of the Digital Economy Measurement Framework study team, using input-output and related data from various national
statistics offices and international databases. Published input-output related data from national statistics offices were stated in constant prices
using the double deflation methodology.

Click here for figure data.
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digitally enabled sectors (forward linkages). This translates to good prospects for digital
sectors, as its robust forward linkages imply that, despite price changes, digital sectors
are taking primary roles within the digitally dependent economy, as was discussed in
the previous chapter.

Over time, variability of both forward and backward rankings is seen to decline in
Canada, Germany, and the US between 2010 and 2016, indicating that prices have
less impact on the relative significance of a sector’s linkage with the digital economy
in more recent years. An important implication of this is that when one only seeks to
determine the relative significance of a digitally enabling sector or a digitally enabled
sector, using current price NIOTs may suffice, as sector rankings are preserved
regardless of the price framework chosen.

Nonetheless, the usage of constant price data gives new context to the statistics
generated earlier in this study. In this chapter, temporal analyses using constant
price NIOTs allow not just the investigation of volume indicators, but of the related
price dimension as well. As the digital economy and digitally dependent economy is
expanding in volume, it raises an inquiry on how digital technologies are affecting
conventional production structures, particularly the share of labor in production.
In the next chapter, the dimension of temporal analyses is extended to assess the
disruptive impacts of digital technologies on employment.
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Jobs in the Digital Economy

Improvements in technology, such as the rise of digital data and digital platforms,

are transforming relationships between producers and consumers across the globe
(Miihleisen 2018). Consequently, this expansion in the digital economy has produced
significant disruption in employment. On the one hand, digitalization and improvements
in ICT have been associated with increased diversification and productivity, which

in turn could lead to employment creation (UNCTAD 2019b). On the other hand,
automation may result in the loss of jobs in certain sectors (ILO 2020; OECD and IDB
2016). Overall, changes in the digital economy are expected to produce structural
transformation in labor markets, both in the short-run and in the long-run.

This chapter dissects the changes in employment in the digital economy. Employment
in the digital economy is taken to mean employment in both core digital sectors

and digitally enabled sectors. The former case looks at the trends in the number of
employed in the digital sectors, while the latter pertains to how changes in the digital
sectors have affected employment in other sectors dependent on digital sectors. Overall,
this chapter focuses on how technological change in the digital economy has influenced
net gains or losses in overall employment in digital and digitally enabled sectors. It also
expands the analysis by looking at how sectors in the digital economy have generated
jobs for the overall economy using employment multipliers.

Overall Employment Growth in the Digital Economy

Discussions surrounding employment often involve structural events that lead to the
creation and/or loss of jobs. In the digital economy, new jobs are created directly
through increased demand for labor in digital sectors, and indirectly through higher
labor demand in digitally enabled sectors. Conversely, jobs losses arise due to the nature
of technological changes in the digital economy. As firms shift to more automated
processes, production may become less labor-intensive, which can impact economies
with a comparative advantage in low-cost labor (ILO 2020). Moreover, digitalization’s
impact on employment goes beyond job creation and loss. Labor markets are
transformed through changes in the skill requirements brought about by technological
improvements in digital and nondigital sectors alike. In some cases, digitalization
allows firms to outsource jobs outside the domestic market, implying that labor markets
across economies are becoming increasingly integrated (OECD and IDB 2016).

Employment in the digital economy can be comprised of employment in the core digital
sector itself and employment in the wider range of digitally enabled sectors (UNCTAD
2019b; OECD and IDB 2016). This section defines employment in the digital sector as
total employed persons in the following sectors: hardware, software publishing, web
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publishing, telecommunications, and specialized support services (i.e., the core

digital sectors). Meanwhile, the definition from the European Commission’s
Prospective Insights on R&D and ICT (PREDICT) database is used to define the
scope of digitally enabled sectors (Mas et al. 2018).4¢ The PREDICT database
classifies employment in digitally enabled sectors into employment in the media

content sector and the retail sales sector. The media content sector includes

publishing of books, periodicals, and other publishing activities; audiovisual

and broadcasting activities; and other information service activities. The retail

sales sector pertains to retail sales via mail-order houses or via the internet.

While it is possible to expand the list of digitally enabled sectors, limited data on

employment in digital sectors and digitally enabled sectors make comparisons

across economies challenging.

Using the PREDICT dataset, Figure 24 maps total
employment in digital sectors for eight selected
economies. Total employment in digital sectors is
relatively higher in India and the US, reflecting their
larger labor forces compared to other economies.
India’s employment in digital sectors has increased
significantly since 2008 (2008-2015 CAGR of 7.6%),
which is driven primarily by employment in telecom
and specialized support services. Employment in
digital sectors in the US had experienced a decline
during the 2008-2010 Global Financial Crisis (GFC)
and thereafter grew only minimally from 2010 to
2015 (CAGR of 2.2%). Meanwhile, employment
increased at varying rates for the other economies:
Austria (CAGR of 2.5%), Canada (CAGR of 2.4%),
Germany (CAGR of 2.1%), Republic of Korea (1.7%),
and Denmark (CAGR of 0.1%) from 2010 to 2015.
Over the same period, Japan experienced a decline
(CAGR of -0.9%).

Employment impacts of digitalization extend
beyond core digital industries. Arguably, a narrow
focus on employment in core digital sectors
underestimates the total impacts brought about by
digitalization. Figure 25 shows that, on average,
employment in digitally enabled sectors (orange
and green bars) was equivalent to approximately

Figure 24: Employment in Core Digital Sectors
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ICT (PREDICT) Database 2018 (accessed 11 May 2021).

Click here for figure data.

44 The PREDICT database has collected ICT-related information in 40 advanced and emerging economies

since 2006. The database can be accessed at the following location:

https://data.europa.eu/data/datasets/jrc-predict-2018-core?locale=nl.
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Figure 25: Structure of Employment in the Digital Economy, 2015
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Notes: Data labels in thousands. Retail sales comprise those made via mail-order houses or the internet.

Source: European Commission, Prospective Insights on R&D and ICT (PREDICT) Database 2018 (accessed 11 May 2021)

Click here for figure data.

one-third of the employment of digital sectors (blue bars). Therefore, employment
indigitally enabled sectors constituted a significant portion of the employment in the
digital economy.

For the eight economies selected, the share of employment from digitally enabled
sectors in 2015 was highest in Denmark, at 35% in 2015 (Figure 25). Denmark was
followed closely by Germany at 33% and the US at 31.6%. In level terms, employment in
digitally enabled sectors was largest in the US at 1.9 million (1.5 million from the media
content sector and 0.4 million from the retail sales sector), followed by Germany’s
digitally enabled sectors, which employed close to 500,000 people (347,000 from the
media content sector and 150,000 from the retail sales sector). It must be noted that,
since the definition of digitally enabled sectors employed in the PREDICT dataset

is narrow, it is likely that the estimates do not capture the total employment in the
digitally dependent economy as defined in earlier chapters of this report. Rather, values
calculated can be considered as a lower bound of employment within the digitally
dependent economies of the individual economies in Figure 25.

Overall, improvements in technology appear to have positively affected labor demand
in the digital economy. However, studies on the distributional implications of such
increases should be nuanced by the levels of skill. While such disaggregation is
beyond the scope of this chapter, the rise of disruptive technologies such as artificial
intelligence and automation in manufacturing has been associated with the increased
demand for high-skilled labor, while simultaneously reducing the demand for
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low-skilled labor (ILO 2020; Graetz and Michaels 2018). In addition, the effect of
technology improvements on labor decisions is difficult to isolate from other factors
affecting employment, such as changes in sector composition of production tasks
(Bertulfo et al. 2018).

Decomposing Employment in the Economies Studied

The trends in employment in the previous section reflect changes in total employment,
net of the impact of job losses and interindustry human capital movements. To describe
changes in total employment, the remainder of this chapter leans to the structural
decomposition analysis (SDA) framework by Reijnders and de Vries (2018) as discussed
in Box 8. Using this methodology, changes in total employment may be attributed to
changes within sectors, changes between sectors, and changes in consumption levels.
This is applied to the NIOTs of five economies: the US, Canada, Germany, Japan, and
India. These economies were selected based on the size of their digital economies as
determined in the earlier chapters.

United States

For the US, employment in core digital sectors experienced net losses from 2007 to

2012, except for the following sectors: custom computer programming services, wireless
telecommunications carriers (except satellite), and computer systems design services
(Figure 26).4s Changes in production recipe, represented by the green bars in Figure 26,
comprised the largest source of change in labor demand for most of the digital sectors

in the US. This implies that the labor requirements of the core digital sectors in general,
relative to other sectors in the economy, largely determined the change in its overall
employment during the 2007-2012 period. The change in labor requirements resulting in
job losses may have been adversely affected by the GFC from 2008 to 2009, in addition to
changes in sector-specific production structure.

Except computer storage device manufacturing, digital sectors in manufacturing

(e.g., electronic computer manufacturing, manufacturing and reproducing magnetic
and optical media, and computer terminals and other computer peripheral equipment
manufacturing) experienced a net decline in labor demand relative to other sectors

in the economy, primarily due to changes in efficiency within these sectors. This
means that productivity of factors (capital and labor) within these sectors had likely
increased over time, thus causing a decline in labor requirements. Computer storage
device manufacturing was also met with losses due to changes in efficiency within
the sector; however, its net change in employment from 2007 to 2012 was positive, as
gains coming from changes in production recipe, sector technology, and consumption

45 ltis also shown in Figure 24 that the US registered net losses in employment in the digital economy from 2008 to
2012 (CAGR of -0.01%).
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Box 8: Decomposing Change in Total Employment Using Structural Decomposition Analysis

Reijnders and de Vries (2018) applied structural decomposition analysis (SDA) to multiregional input-output tables (MRIOTs)

in determining how changes in technology affect labor demand in global value chains (GVCs) across different economies

(Bertulfo et al. 2018). Their framework assumes that labor inputs are determined by demand and applies a one-to-one mapping between
occupations and tasks. In addition, Reijnders and de Vries assumed that tasks along a GVC are perfect complements and that proportions
of production functions are fixed. Overall, they decomposed changes in employment into changes within GVCs, between GVCs, and
changes in consumption levels.

The analysis by Reijnders and de Vries (2018) is replicated using national input-output tables (NIOTs). The use of NIOTs takes into
consideration that disaggregation of digital sectors is not available in the Asian Development Bank’s Multiregional Input-Output Tables
and that cross-economy data on employment in digital sectors are limited. The basic structure of a standard NIOT is provided in
Appendix 1 of this report. Overall, this approach decomposes changes in total employment into changes within sectors, changes between
sectors, and changes in consumption levels.

Assuming that there are N industries and K occupations, let x; denote the employment in occupation k. The vector x; can be
expressed as

X = RTIRGIT o (S™ - ©)lu )

In Equation 1, c is a scalar indicating the total final demand for economy i. The matrix S* is an N x 1 vector describing the relative
distribution of final demand use across the domestic industries. In the NIOT framework, this corresponds to the vector of final demand f.
The matrix T* is an N x 1 vector of ones, while u is a scalar equal to one.

The vector I’,\t denotes the labor of occupation k in efficiency units and is computed as f;j = (7ol )B where Bis the local Leontief inverse
(i.e., based on NIOTs) and 7 is a vector containing sector-level multifactor productivity in economy i, Meanwhile, I is a vector whose ith
element, [;; pertains to the number of employed in occupation k per unit of output in sector i. Thus, [; captures the relative use of labor
across sectors. Meanwhile, matrix R captures the share of sector i to the total employment in occupation k or a unit of final demand
produced. It is calculated as R = (Z,B) [} .

To determine the intertemporal changes in employment, employment vectors in time O and time 1 are denoted as xz and xlk, respectively.
The change in occupational labor between time 0 and time 1is decomposed as:
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Changes in occupational demand at the national level are comprised of five effects. The term 2a represents the changes in

domestic demand for labor in occupation k that is attributed to changes in productivity per sector (changes in efficiency or Total
Factor Productivity). The term 2b isolates the changes in labor demand due to changes in intermediate demand shares of sector
(change in production recipe). Meanwhile, term 2c indicates changes in labor demand assuming that the only source of change is the
technological change within the sector (change in sector technology). The three terms comprise the change in employment due to
changes within sectors.

Term 2d denotes the changes in labor demand due to changes in consumption patterns across sectors (change in consumption
composition) and comprises changes between sectors. Lastly, term 2e isolates the effect of the overall change in total consumption in
economy | to labor demand (changes in consumption levels).

In addition to the structural decomposition analysis, employment multipliers based on standard input-output analysis are derived to
determine the effect of changes in final demand in digital sectors to employment in other sectors (Miller and Blair 2009). Employment
multipliers are calculated as

e=EBY

continued on next page.
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Box 8 continued.

where E is an N x 1 vector containing the labor per unit of output for all sectors in the NIOTs, B is the Leontief inverse, and Y'is an

N x 1 vector of sector-level final demand. Employment multipliers can also be calculated by estimating forward linkages and multiplying it
to labor per unit of output. This approach changes the specification to e = EGY, where G is the Ghosh inverse. The multipliers generated
by both approaches are very similar. For consistency in the existing literature, the estimates using the first approach are reported in this
section (Miller and Blair 2009; ten Raa 2006).

This section uses constant NIOTs for selected economies to conduct the decomposition analysis. The level of disaggregation of sectors
differs across economies because of the level of granularity available in different NIOT structures. Data on employed persons by industry
are sourced from multiple labor force surveys, while sector-level measures of total factor productivity are sourced from national accounts.
A summary of data sources is provided below.

Data Sources for Measuring Employment in the Digital Economy

Economy Year Data Source
United States 2007;2012 ¢ Constant-price NIOTs United States National Accounts,
* Employed persons by detailed industry Bureau of Labor Statistics

Canada 2012: 2016 * Multifactor productivity by detailed industry Srifiies Cangeh
Germany 2010; 2016 Statistisches Bundesamt

OECD Multifactor Productivity
Japan 2011; 2015 Statistics Bureau of Japan

OECD Multifactor Productivity
India 2010; 2014 MOSPI, CEIC

OECD Multifactor Productivity

MOSPI = Ministry of Statistics and Programme Implementation, NIOT = national input-output table, OECD = Organisation for
Economic Co-operation and Development.
Note: For unavailable data, constant-price NIOTs are derived using published current-price NIOTs deflated using applicable price indices.

It must be noted that sector classification for employment does not match sector classification provided in economy level-NIOTs.
Whenever a sector disaggregation is not available, employment per sector is mapped to the sectors in the NIOTs by using the value-
added of the sector to distribute employment. Meanwhile, sector-level data on multifactor productivity are mapped to the sectors in the
NIOTs.2 Moreover, digitally enabled sectors are expanded to include 10 sectors considered increasingly digitally disrupted by the Advisory
Expert Group on National Accounts (2019). A list of subsectors is provided in Table 3 of this report.

a  Multifactor productivity (MFP) measures the efficiency by which factors of production are used in the production process. The US and
Canada produce their own measure of MFP, while Germany uses the MFP definition of the OECD.

References:

Advisory Expert Group on National Accounts (AEG). 2019. 13th Meeting of the Advisory Expert Group on National Accounts: Framework for a
Satellite Account on the Digital Economy. Washington, D.C. https://unstats.un.org/unsd/nationalaccount/aeg/2019/M13.asp

D. J. Bertulfo, E. Gentile, and G. de Vries. 2019. The Employment Effects of Technological Innovation, Consumption, and Participation in
Global Value Chains: Evidence from Developing Asia. Asian Development Bank Economics Working Paper Series. No. 572. Manila: Asian
Development Bank.

R. Miller and P. Blair. 2009. Input-Output Analysis Foundations and Extensions (2nd ed.). Cambridge: Cambridge University Press.

L. Reijnders and G. de Vries. 2018. Trade, Technology, and the Rise of Non-Routine Jobs. Journal of Development Economics. 135. pp.
412-32.

T. ten Raa. 2006. The Economics of Input-Output Analysis. Cambridge: Cambridge University Press. doi:10.1017/CB0O9780511610783.

level were enough to offset these employment losses. Computer storage devices had
drastically evolved through the 2000s in terms of variety and accessibility - from the
thumb drives of 2000 that could only store 8 megabytes of data and was priced at

$28, down to the hard disk drives of 2013 with storage capacity of 4 terabytes at a cost
of $190 (Chowdhury 2013).46 This has influenced labor demand in the sector in ways
which were favorable to boosting net employment.

46 1 terabyte has 1 x ¢6 megabytes.
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Figure 26: Change in Employment in Core Digital Sectors of the United States, 2007 and 2012
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CCP = custom computer programming services; CSD = computer systems design services; CST = computer storage device manufacturing;
CTC = computer terminals and other computer peripheral equipment manufacturing; DPS = data processing, hosting, and related services;
ECM = electronic computer manufacturing; IPB = internet publishing and broadcasting, and web search portals; MRM = manufacturing and
reproducing magnetic and optical media; OCS = other computer related services, including facilities management; SFP = software publishers;
STR = satellite, telecommunications resellers, and all other telecommunications; WTC = wired telecommunications carriers; WTCes = wireless

telecommunications carriers (except satellite).

Source: Calculations of the Digital Economy Measurement Framework study team, using data from United States National Accounts, Bureau of

Labor Statistics.

Meanwhile, labor was generally more in demand in digital services sectors [internet
publishing and broadcasting and web search portals, custom computer programming
services, wireless telecommunications carriers (except satellite), and computer
systems design services] relative to other sectors in the economy, such that the change
in employment reflected net gains. The largest gains were derived from changes

in production recipe and consumption composition. Other digital services sectors
such as wired telecommunication carriers, data processing, hosting, and related
services, software publishers, and other computer related services, including facilities
management suffered from net losses in employment because of the large negative
impact of changes in production recipe in these sectors.

Changes in sector technology capture the changes in labor demand due to technological
improvements in the digital sectors. While it was not the biggest contributor to the
change in employment across digital sectors, it generally led to a reduction in labor
demand in most of the digital sectors, consistent with the results in the literature

Click here for figure data.
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(ILO 2020; OECD and IDB 2016). However, the effect of technological improvements
on labor demand was offset in other aspects, such as changes in composition of
consumption and changes in consumption level. This implies that, for the US,
improvements in technology in the digital sector does not automatically result in an
overall reduction in employment in these sectors.

For digitally enabled sectors, improvements in sector technology had a larger

negative effect in overall employment compared to core digital sectors (Figure 27),
providing evidence of the potentially disruptive impact digital technologies such as
Industry 4.0 technologies have on employment. As with the digital sectors, the effect of
technological improvements on employment was offset by an increase in demand for
the products of these sectors (changes in composition of consumption) or an overall
increase in consumption: such was the case for education services and for food and
beverages services. Despite these gains, the large losses coming from changes in sector
technology within digitally enabled sectors cannot be overlooked. It highlights the
policy urgency of reskilling the labor force such that existing skills will not be made
redundant by existing and budding Industry 4.0 technologies, and larger gains can be
earned from changes in consumption patterns.

Figure 27: Change in Employment in Digitally Enabled Sectors of the United States, 2007 and 2012
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ACS = accommodation services; AMR = advertising and market research services; EDS = education services; FBS = food and beverage serving
services; FIS = financial and insurance services; GBS = gambling and betting services; LTS = land transport services and transport services via
pipelines; MPV = motion picture, video and television program production services, sound recording, and music publishing; PBS = publishing
services; TAO = travel agency, tour operator, and other reservation services.

Source: Calculations of the Digital Economy Measurement Framework study team, using data from United States National Accounts, Bureau of
Labor Statistics.

Click here for figure data.
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Germany

In contrast with the employment in 2007-2012 US, changes in consumption level and

changes in efficiency were the main contributors to job changes in 2010-2016 Germany

(Figure 28). The former mainly resulted in job increases, and the latter, in job losses.

An increase in jobs due to changes in consumption level is caused by the growth of

final demand for digital products from 2010 to 2016 in Germany. Meanwhile, decline

in jobs due to changes in efficiency represents the decline in labor requirements due

to improvements in multifactor productivity in digital sectors. Changes in production

recipe were only significant for the data processing, hosting and related activities; web

portals etc. sector, indicating that changes in labor requirements within the core digital

sector of Germany did not significantly affect employment, relative to other sectors in

the economy.

In the computers and peripheral equipment
sector, job losses from changes in efficiency

were marginally offset by gains from changes in
consumption level and composition. Meanwhile, in
the data processing, hosting and related activities;
web portals etc. sector, job increases from

changes in production recipe and consumption
level overwhelmingly overturned the job losses.

In telecommunication services sector and software
publishing, publishing of computer games, and
other software publishing sector, additional

jobs from changes in consumption level and
composition were not high enough to offset the
job losses from changes in efficiency, production
recipe, and sector technology.

As with the 2007-2012 US and consistent with the
literature, changes in sector technology resulted
in decreased labor demand not just for the core
digital sector, but also and primarily for digitally
enabled sectors in 2010-2016 Germany. The
unfavorable impact of technological improvement
to employment was greatest for motion picture,
video and television program production services,
sound recording, and music publishing; publishing
services; and education services (Figure 29).
Unlike the US, changes in sector technology were
not as disruptive to employment in Germany. In
half of the digitally enabled sectors, additional
jobs from changes in consumption level and

Figure 28: Change in Employment in Core Digital
Sectors of Germany, 2010 and 2016
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CPE = computers and peripheral equipment; DPH = data processing,
hosting and related activities; web portals etc.; SFP = software
publishing, publishing of computer games, other software publishing;
TCM = telecommunication services.

Source: Calculations of the Digital Economy Measurement
Framework study team, using data from Statistisches Bundesamt
and the Organisation for Economic Co-operation and Development
Multifactor Productivity.

Click here for figure data.
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composition were able to offset the losses. Meanwhile, the other half suffered minimal
net job losses. A likely factor contributing to this phenomenon is the unique labor
environment in Germany at the 2010-2016 period. Germany during the 2010s had
been recognized for its relatively resilient labor market amid the recession caused by
the GFC, and this had been linked to the economy’s labor market reforms before and
during the crisis, as part of its “Agenda 2010” (Rinne and Zimmermann 2012).

Figure 29: Change in Employment in Digitally Enabled Sectors of Germany, 2010 and 2016
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AFS = accommodation and food services; AMR = advertising and market research services; AVM = audio-visual media, music publishing,
broadcasting; EDS = education services; FIS = services related to financial and insurance services; FNS = financial services; GBS = arts, culture,
and gambling services; LTS = land transport services and transport services via pipelines; PBS = publishing services (nondigital); TAO = travel
agency, tour operator, other reservation services.

Source: Calculations of the Digital Economy Measurement Framework study team, using data from Statistisches Bundesamt and the
Organisation for Economic Co-operation and Development Multifactor Productivity.

Click here for figure data.

Canada

The structure of the change in employment in Canada from 2012 to 2016 was closely
similar to that of the US from 2007 to 2012 (Figure 30). Change in production recipe
was also the largest contributor to changes in employment in Canada’s digital sectors.
The same largely contributed to the net decline in jobs in the telecommunications
sector. Conversely, in the rest of the digital services sectors—namely internet publishing
and broadcasting, web search portals; data processing, hosting, and related services;
software publishers; and computer systems design and related services—changes
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in production recipe contributed positively to
employment such that these sectors met job gains
from 2012 to 2016. In the sole digital manufacturing
sector (computer and peripheral equipment
manufacturing) change in employment was minimal
and is mainly driven by changes in the pattern

of final consumption expenditure across sectors
(yellow bar), and this resulted in a marginal decline
in labor demanded by the sector.

Consistent with the results from the US and
Germany, improvements in sector technology

also resulted in decreased employment for all of
Canada’s core digital sectors over the 2012-2016
period. However, the overall increase in
consumption level (red bars) for Canada from 2012
to 2016 offset much of the decline in employment
across all digital sectors in general. In fact, if all
employment changes were aggregated into one
core digital sector—that is, summing across the

net employment changes in telecommunications,
computer and peripheral equipment manufacturing,
computer systems design and related services, data
processing, hosting, and related services, internet
publishing and broadcasting, web search portals,
and software publishers— it yields in an overall
increase in jobs within Canada’s digital sector.

Similarly, improvements in sector technology of
Canada’s digitally enabled sectors reduced labor
demand in these sectors. The impact of changes in
sector technology was largest for food and beverage

Figure 30: Change in Employment in Core Digital
Sectors of Canada, 2012 and 2016
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Source: Calculations of the Digital Economy Measurement
Framework study team, using data from Statistics Canada.

Click here for figure data.

services, followed by accommodation services (Figure 31). In the former, increase

in employment due to changes in consumption composition, level, and production

recipe were enough to offset the significant decline in jobs due to changes in sector

technology. Meanwhile, in the latter, the positive impact of changes in consumption

level was not sufficient, such that the accommodation services sector was met with net

job losses from 2012 to 2016.
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Figure 31: Change in Employment in Digitally Enabled Sectors of Canada, 2012 and 2016
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ACS = accommodation services; AMR = advertising and market research services; EDS = education services; FBS = food and beverage serving
services; FIS = financial and insurance services; GBS = gambling and betting services; LTS = land transport services and transport services via
pipelines; MPV = motion picture, video and television programme production services, sound recording, and music publishing; PBS = publishing
services; TAO = travel agency, tour operator, and other reservation services.

Source: Calculations of the Digital Economy Measurement Framework study team, using data from Statistics Canada.

Click here for figure data.

Japan

Interestingly, all of Japan’s core digital sectors registered net gains in employment
over the period of 2011 to 2015, albeit only minimal (Figure 32). Change in production
recipe and consumption levels were the main drivers of change in employment of
Japan’s digital sectors. For electronic computing equipment and accessory equipment
manufacturing, the change in labor requirements across sectors, measured by

change in production recipe, was the greatest positive contributor to the net change
in employment from 2011 to 2015. Meanwhile, net employment in digital services
sectors— namely, internet-based services, communications, and information services—
was significantly and positively affected by changes in consumption level. Moreover,
these digital services sectors posted higher gains in employment compared to the sole
digital manufacturing sector, which registered least gains over the four-year period.

As with the core digital sectors, changes in employment in digitally enabled sectors of
Japan from 2011 to 2015 (Figure 33) were also not as drastic compared to the United
States from 2007 to 2012, Germany from 2010 to 2016, and Canada from 2012 to 2016.
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This suggests that employment in both the core
digital sectors and digitally enabled sectors is not
immune from the general rigidity of the Japanese
labor market, which is a result of common

labor practices of Japanese firms that include
long-term job security, seniority-based wages,
and company-based labor unions (Yashiro 2011).
The strong negative impact of improvements

in sector technology on employment also puts
Japan’s digital and digitally enabled economy at
greater risk of experiencing job losses, because
of the economy’s declining labor supply from

its ageing population (OECD 2021). During

the 2011-2015 period, however, the decline

in jobs due to changes in sector technology
were completely compensated by changes in
consumption level, efficiency, and production
recipe in the following digitally enabled sectors:
financial and insurance services, publishing
services, accommodation services, education
services, advertising and market research
services, food and beverage serving services, and
motion picture, video and television programme
etc. However, the interaction of technological
progress and population ageing is continuously
transforming the labor supply and demand in
Japan, whereby it is becoming increasingly
difficult for employers to find workers with the
correct skills, and for workers to find jobs that
match their expertise (OECD 2021).

Figure 32: Change in Employment in Core Digital
Sectors of Japan, 2011 and 2015
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Source: Calculations of the Digital Economy Measurement
Framework study team, using data from Statistics Canada.

Click here for figure data.
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Figure 33: Change in Employment in Digitally Enabled Sectors of Japan, 2011 and 2015
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ACS = accommodation services; AMR = advertising and market research services; EDS = education services; FBS = food and beverage serving
services; FIS = financial and insurance services; GBS = gambling and betting services; LTS = land transport services and transport services via
pipelines; MPV = motion picture, video and television program, etc.; PBS = publishing services.

Source: Calculations of the Digital Economy Measurement Framework study team, using data the Statistics Bureau of Japan and the Organisation
for Economic Co-operation and Development Multifactor Productivity.

Click here for figure data.

India

Employment in India increased at a macro level from 2010 to 2014, and the same trend
can be seen in India’s core digital sectors (Figure 34). Similar with the US, Germany,
Canada, and Japan, changes in production recipe contributed significantly to the
change in employment in India from 2010 to 2014. Additionally, changes in sector
technology also played a large and positive role in employment generation in India.
This is in contrast to the US, Germany, Canada, and Japan, where changes in sector
technology primarily contributed to job losses over time.

Employment increased from 2010 to 2014 for all core digital sectors: computer
consultancy and related activities, manufacture of computers and peripheral
equipment, and telecommunications. However, only the latter two were met with
huge boosts in employment, while the former was almost unchanged from 2010 to
2014. In the digital services sectors (computer consultancy and related activities and
telecommunications), only improvements in total factor productivity (light blue bars)
resulted in job losses. Meanwhile, in the manufacture of computers and peripheral
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equipment, change in consumption patterns
across sectors (yellow bar) also contributed to
employment decline.

India’s digitally enabled sectors likewise exhibited
increases in labor demand from 2010 to 2014.
Education and land transport services generated
the largest increase in labor demand among

the digitally enabled sectors. Changes in sector
technology also contributed significantly and
positively to employment in all digitally enabled
sectors, except in accommodation services where
change in the sector’s technology contributed
marginally to employment and the change in

the sector’s labor requirements (green bar)
contributed the most to additional employment.
As with the core digital sectors, improvements

in total factor productivity, embodied in changes
in efficiency, contributed to a decline in labor
demanded in all digitally enabled sectors

(Figure 35).

Noticeably, improvement in sector technology was
an important factor affecting employment in core
digital and digitally enabled sectors in India from
2010 to 2014. However, in contrast with more
developed economies such as the US, Germany,
Canada, and Japan, technological improvements
contributed positively to labor demand in these
sectors in India. This result puts into question
existing literature that posit how technological
improvements in developing economies reduce a

Figure 34: Change in Employment in Core Digital
Sectors of India, 2010 and 2014
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Source: Calculations of the Digital Economy Measurement
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Programme Implementation, CEIC database, and Organisation for
Economic Co-operation and Development Multifactor Productivity.

Click here for figure data.

sector’s ability to absorb additional labor, thus reducing labor demanded (ILO 2020).
With limited data, the results suggest that more investigation needs to be done to

determine how improvements in technology in digital and digitally enabled sectors will

affect employment, especially in the context of developing economies. Future research

may be done to assess how the interactions of technological improvement and labor

force upgrade affect the demand and supply of labor in the core digital and digitally

enabled sectors in equilibrium.

For the five economies studied, improvements in technology as well as increased

productivity of factors have been generally associated with a decrease in labor demand

in the core digital and digitally enabled sectors. However, the disruption brought
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about by these changes may be potentially offset Figure 35: Change in Employment in Digitally Enabled

Sectors of India, 2010 and 2014
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Framework study team, using data from the Ministry of Statistics and
Programme Implementation, CEIC database, and Organisation for

To determine how much employment is generated Economic Co-operation and Development Multifactor Productivity.

by the digital economy, given changes in final
Click here for figure data.

demand, employment multipliers are estimated

for each economy. This section simulates how much

employment is generated by a $1 million increase in final demand for the following
aggregated sectors: core digital sectors, digitally enabled sectors, and nondigital sectors
(Figure 36). To construct the jobs created by a final demand increase, a final demand
increase of $1 million is distributed within sectors to generate a new final demand
vector. This is multiplied by the employment multipliers to estimate the jobs generated
by the final demand increase. Because a $1 million increase in final demand is small for
economies with large GDP and digital GDP, the magnitude of additional jobs generated
by a final demand increase of $1 million is expected to be small. For the more developed
economies studied, new jobs generated reach as high as 20. Meanwhile, the converse is
true for India, where a final demand increase of $1 million is large, relative to the size
and income of the economy, and, thus, produces as high as 200 additional jobs.
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Figure 36: Employment Generated per $1 Million Increase in Final Demand of Digital, Digitally Enabled, and

Nondigital Sectors
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Source: Estimates of the Digital Economy Measurement Framework study team, using data from national input-output tables published on
national statistics office websites for Canada, Germany, Japan, and India.

Click here for figure data.

The digital services sectors generate more employment for a final demand increase

in the core digital sectors of Canada, India, Japan, and the US. For the US, custom
computer programming services, wired telecommunications carriers, and wireless
telecommunications carriers (except satellite) create more jobs, given an increase in
final demand of core digital sectors. Meanwhile, the telecommunications subsector
generates more jobs in Canada, India, and Japan. Germany’s biggest contributor to new
jobs is computer manufacturing, followed closely by telecommunications.

Meanwhile, education, food services and accommodation, and transport are the top
contributors to additional jobs for a final demand increase in digitally enabled sectors.
In the US, more jobs are created in education and food services, relative to other
digitally enabled sectors for a given final demand increase. For Germany, education
and accommodation are the top contributors, as is the case for Canada, where the
accommodation subsector generates more additional jobs, relative to other digitally
enabled sectors. In Japan, transport and education have the highest employment
generated, while the analogous sectors for India are transport and education.

Overall, employment generated by digitally enabled sectors is larger relative to that of
core digital sectors in developed economies. Both the core digital sectors and digitally
enabled sectors generate employment that is comparable in magnitude to nondigital
sectors, suggesting that the digital economy exhibited strong potential for employment
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generation. In the case of India, final demand increases in core digital sectors and
digitally enabled sectors generate a significant amount of employment. Core digital
sectors produce 61 additional jobs, while digitally enabled sectors produce 179 jobs for
a $1 million increase in final demand. This highlights the role of these sectors in overall
employment, especially for developing economies.

Employment in the digital economy has changed significantly beyond 2010.

The drastic technological change in digital sectors has resulted in creation of jobs and
transformation of skills required for laborers across the globe (OECD and IDB 2016).

However, these technological improvements have raised concerns about job losses as

production becomes increasingly automated (ILO 2020).

While this section provides information on the sector changes in employment, it does
not provide insights into how labor demands across economies and across occupational
types will change as improvements in technology are made. Will technological
improvements reduce demand for low-skilled workers, consequently reducing the
comparative advantage of developing economies (ILO 2020)? Further research to assess
these impacts is needed. However, a lack of cross-country data on outputs of the digital
economy and occupation in related sectors poses challenges in determining these
impacts. Nevertheless, the currently available data allow some detailed analyses on the
inter-economy linkages of digital sectors, which may be a starting point to studying the
effect of digital GVCs on employment, among other factors.
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Digital Sectors in Global Value Chains

In this chapter, the latest World Input-Output Database (WIOD) tables, which

cover 44 economies, including an aggregated economy for “the rest of the world,”
and 56 sectors from 2000 to 2014, are used (Timmer et. al. 2015). The 56 sectors in
the WIOD tables provide a disaggregation level that meets the requirements of the
definition specified in the section “Defining the Core of the Digital Economy” (p. 4).47
In addition, ADB’s 38-sector MRIOT for 2017 to 2019 is used to augment the analysis
of digital GVCs.

Global Value Chain Participation of Digital Sectors

Applying the methodology by Wang et al. (2017), forward GVC participation of digital
economy-sectors describes the exporting of intermediate products for a foreign
economy-sector’s production, while backward GVC participation of digital economy-
sectors describes the importing of intermediate products for its own production.
Using the digital economy-sector’s relative participation in forward and backward
linkages, one can deduce its relative position in the value chains. On the one hand,
digital economy-sectors that have higher backward than forward GVC participation
rates (below the 45-degree line in Figure 37) are economy-sectors that are more
engaged in downstream activities. On the other hand, digital economy-sectors that have
higher forward than backward GVC participation rates (above the 45-degree line in
Figure 37) are sectors that are more engaged in upstream activities.

Figure 37 presents the evolution of forward and backward GVC participation rates

of three digital sectors in 44 WIOD economies across 2000, 2007, 2014, and 2019.48
From this figure, it can be observed that points scatter following a general outward
movement (i.e., movement away from the origin) from 2000 to 2007. The same outward
movement is observed from 2007 to 2014 and from 2014 to 2019. This movement
implies a growing participation of digital economy-sectors in GVCs from a backward
and forward perspective from 2000 to 2019, notwithstanding the 2008-2009 GFC and
the following period which had been marked by an era of sluggishness in international
trade or “slowbalization” (The Economist 2019b).

47 The disaggregation level in the WIOD tables meet the definition, except for a possible portion of software
publishing, and possible nondigital components under “manufacture of computer, electronic, and optical
products,” which have been maintained, both for purposes of convenience.

48 The 44 economies covered in the WIOD are Australia; Austria; Belgium; Bulgaria; Brazil; Canada; Croatia; Cyprus;
the Czech Republic; Denmark; Estonia; Finland; France; Germany; Greece; Hungary; India; Indonesia; Ireland;
Italy; Japan; Latvia; Lithuania; Luxembourg; Malta; Mexico; the Netherlands; Norway; Poland; Portugal; the PRC;
the ROK; Romania; Russia; the Slovak Republic; Slovenia; Spain; Sweden; Switzerland; Taipei,China; Turkey;
the United Kingdom, the US, and “the rest of the world.”
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Figure 37: Global Value Chain Participation Rates by Digital Sector, World Input-Output Database
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Click here for figure data.
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Global Value Chain Participation of Digital Sectors Threatened

by International Trade Tensions

To examine how the GVC participation of digital sectors evolved from 2000 to 2019,

relative to nondigital sectors, Figure 38 shows the evolution of the world average of

total GVC participation of digital and nondigital sectors.#® Four distinct phases for the

total GVC participation of digital sectors are evident in the figure. First is the period

from 2000 to 2003, when the gap between total GVC participation of nondigital sectors

(blue line) and digital sectors (red line) is minimal. Over this period, the total GVC

participation of digital sectors declined as a result of the bursting of the dot-com bubble,

while that of nondigital sectors marginally increased.

Second is the 2003-2008 period, which is the period
leading to the GFC (pre-GFC). During this period,
total GVC participation of both digital and nondigital
sectors increased as inter-economy production
fragmentation proliferated. However, the total GVC
participation of digital sectors never caught up with
that of nondigital sectors. Furthermore, the gap
between the red and blue lines widened from 2003
to 2008, indicating that total GVC participation

of nondigital sectors grew at a more rapid pace
compared to digital sectors. This is possibly because
GVCs during the early 2000s had been primarily
shaped by trading in automotive parts, electronics,
fuel, plastics, and synthetic rubber, most of which
are generally nondigital in nature (UNCTAD 2013).

Third is the 2008-2009 period (GFC), where total

GVC participation rates plunged for both digital and
nondigital sectors. Observably, however, total GVC
participation rates fell more sharply for nondigital
sectors (by —5%) than for digital sectors (by —2.6%). This
signals more resilient demand and supply linkages for
digital sectors, in the midst of crises such as the GFC,
possibly because digital sectors were not as globally
integrated as nondigital sectors during the GFC.

Last is the period from 2009 to 2019 (post-GFC).
In 2010, immediately following the GFC, total GVC
participation rates for both digital and nondigital

Figure 38: Total Global Value Chain Participation
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Click here for figure data.

49 The world average of total GVC participation is calculated by taking the sum of the world average of forward GVC
participation and backward GVC participation based on the methodology by Wang et al. (2017).
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sectors rebounded at nearly the same rate (by 5.4%). Thereafter, until 2018, the total
GVC participation of digital sectors grew at an average annual rate of 2.9%, which is

0.5 percentage points higher than that of nondigital sectors.5° This indicates rapid

trading in intermediate inputs, with digital sectors as the supplier and user of such.

The emergence of novel technologies beyond the 2010s supports this narrative. These

technologies include the Internet of Things (IoT); new end-user devices such as

smartphones, tablets, notebooks, laptops, and 3D printers; new offerings such as cloud

computing, digital platforms, and digital services;
and other Industry 4.0 technologies such as
automation and robotics (Bukht and Heeks 2017).

In 2019, total GVC participation of digital and
nondigital sectors declined, which is attributable to
international trade tensions, beginning 2018. The
total GVC participation of digital sectors contracted
by a greater rate (-1.6%) than nondigital sectors
(=0.7%), indicative of the disproportionate impact of
the trade tensions against the total GVC participation
of digital sectors. Digital sectors are more GVC-
oriented during this period, which is one reason why
the impact of international trade tensions to digital
sector GVCs is greater compared to that of the GFC.
In addition, the sharper decline in digital sector
GVCs also happened amid restrictions imposed by
the US on exports of vital chips and technologies

to the PRC’s tech giants in 2019 (Shapardson and
Freifield 2019). By late 2020, the trade tension had
gradually transformed into a tech cold conflict, as
localization and onshoring sentiments in both the
US and the PRC’s semiconductor industry arose
(Ioannou 2020). This could further threaten the
expansion of digital sectors’ GVCs beyond 2021.

Figure 39 presents the total GVC participation
rates of digital sectors, disaggregated across

five major economic regions: (i) advanced Asian
economies, (ii) the Eurozone, (iii) the PRC,

(iv) the US, and (v) the rest of the world. In three
of these five economic regions, a decline in total

Figure 39: Total Global Value Chain Participation
Rates of the Digital Sector by Major Economic Region
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Click here for figure data.

50 Note that total GVC participation estimates for both digital and nondigital firms were calculated using two different
databases: the WIOD for 2000 to 2014 and the MRIOT for 2017 to 2019. Weaving data points estimated using
the WIOD and the MRIOT may cause the 2014-2019 slope to be higher than when just one database is used.
Therefore, the level of total GVC participation rates for 2019 may be slightly lower for both digital and nondigital
sectors. Nonetheless, the paths of total GVC participation rates should follow the same direction.
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GVC participation of digital sectors was observed from 2018 to 2019. The decline was
most pronounced in the PRC (-7%) followed by the US (-5%) and the rest of the world
(-4%). Meanwhile, the digital sectors in the Eurozone and in advanced Asian economies
(comprised of Japan; the ROK; and Taipei,China in the database used) expanded

their total GVC participation from 2018 to 2019 by 2% and 3%, respectively. This is
indicative of digital sectors’ trade diversion from the US and the PRC to the Eurozone
and other advanced Asian economies. In particular, Taipei,China is considered to have
gained the most additional exports due to the tech cold conflict, partly owing to its
communication equipment exports. While some productive activities were merely
diverted between economies, others were completely lost or absorbed by domestic
production (UNCTAD 2019c¢). This potentially exposes the global economy to losses of
gains from trade. Therefore, should 2018-2019 trade conditions persist, international
trade tensions could threaten GVC expansion of digital sectors, and any gains that
would have been derived from it, may be threatened beyond 2021.

The Increasing Role of Digital Services in Global Value
Chain Expansion

The digital sectors of the world economy, except those of the PRC, expanded their GVC
participation from 2000 to 2019, albeit at varying speeds per region. Figure 39 shows
that the GVC participation of digital sectors in the Eurozone expanded the fastest
(slope of 1.3), followed by advanced Asian economies (slope of 0.7), the rest of the
world (slope of 0.5), and the US (slope of 0.1).

To further examine which particular activity contributed the most to the expansion
of the digital sector between 2000 and 2019, Figure 37 provides a disaggregation of
the digital sector into three subsectors: the manufacture of computer, electronic, and
optical products (“manufacture of computers”); telecommunications (“telecom”); and
computer programming, consultancy, and related activities, and information service
activities (“information services”). Additionally, Figure 40 provides the same level

of disaggregation of digital subsectors, but instead shows the evolution of digital
sectors of the 62 ADB member economies and “the rest of the world” included in the
MRIOTsS for 2017 to 2019. The figure particularly highlights the GVC participation
of select Southeast Asian economies, Malaysia, the Philippines, Thailand, Viet Nam,
and Singapore.

From 2000 to 2014, the expansion of GVC participation among digital subsectors is
significant in the manufacture of computers (yellow points), as indicated by the spread
of yellow points between the two periods (Figure 37). In this subsector, Ireland and
the Netherlands became increasingly more downstream in 2014 compared to 2000.
Indonesia’s manufacture of computers, meanwhile, shifted from being a relatively more
upstream sector in 2000 to relatively more downstream by 2014. This is indicative of
the subsector’s greater participation in assembly tasks as well as its focus on consumer
electronics, which are closer to final use. In 2020, Indonesia imposed an export ban on
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Figure 40: Global Value Chain Participation Rates by Digital Sector, ADB Multiregional Input-Output Tables
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Click here for figure data.

nickel, as part of its plan to wholly localize battery production. While its effect on the

GVCs of Indonesia’s manufacture of computers is yet to be realized, one may expect

its relative position in the value chains to move relatively more upstream beyond 2020

because of possible increased reliance on domestic markets and reduced dependence

on imports of intermediate products, as was the case for the PRC from 2000 to 2014.

The PRC’s manufacture of computers moved from being relatively more downstream in

2000 to more upstream in 2014 (and even more upstream by 2019), which is consistent

with the PRC’s economic rebalancing strategy that increased reliance on its domestic

markets and reduced dependence on imports. This resulted in a stronger localization

of production and consumption in the PRC over the 2010s, as shown by the increasing
domestic value-added component of its final products (Alvarez et al. 2021).
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The dynamics are different for digital subsectors from 2014 to 2019. In Figure 37, it
can be observed that the expansion of GVC participation was more intense in the two
digital services subsectors: telecom (blue points) and information services (red points),
than in the digital products subsector: manufacture of computers. The said expansion
is seen from the more scattered blue and red points in 2019 than in 2014 compared to
that of yellow points.

In general, economies’ information services became relatively more upstream by 2019
(Figure 37). The PRC, for instance, moved from being relatively downstream in 2014
to more upstream by 2019. Likewise, several economies in the Eurozone—France,

the Netherlands, Spain, Sweden, and Switzerland—moved farther upstream in 2019
compared to their 2014 positions. From the advanced Asian economies, the ROK

and Taipei,China also expanded their forward GVC participation, but not enough to
put them in a relatively upstream position by 2019. Figure 40 also shows relatively
more upstream information services in select Southeast Asian economies for 2017

to 2019. By 2019, information services in Malaysia, the Philippines, Singapore, and
Viet Nam were all in an upstream position.

In the telecom subsector, Figure 37 shows that economies expanded to varying
positions from 2014 to 2019. Economies such as Indonesia, Ireland, and Japan moved
more downstream, while Sweden and Switzerland were more upstream in 2019.
Among Southeast Asian economies, Figure 40 shows large expansions from 2017 to
2019. The telecom subsectors of Singapore and Thailand moved farther upstream,
while Malaysia, the Philippines, and Viet Nam were more downstream in 2019
compared to 2017.

Figure 41 summarizes how each digital subsector’s GVC participation, on average,
expanded in 2000-2014 and 2014-2019. On average, from 2000 to 2014, all three
digital subsectors expanded both their forward and backward participation. For the
manufacture of computers in 2000-2014, the average forward participation rate
increased by 4 percentage points, while the backward participation rate increased by
3 percentage points. This resulted in a forward participation rate of 36% and backward
participation rate of 39% in manufacture of computers; the highest participation rates
among the three digital subsectors in 2014. By 2019, the manufacture of computers
receded in its average forward participation rate, down to 34%.

An expansion was likewise observed from 2000 to 2014 in both digital services
subsectors. Within telecom, forward and backward GVC participation rates each
increased by 4 percentage points. Meanwhile, within information services, the average
expansion was even greater at 7 percentage points for forward participation rates,

and 3 percentage points for backward participation rates. Unlike the manufacture of
computers, which receded in its forward participation in 2019, both digital services
subsectors further increased their participation from 2014 to 2019, confirming
preliminary observations. To highlight the point, the forward participation rate of
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information services increased by 8 percentage
points from 2014 to 2019, resulting in a forward
participation rate of 32% in 2019, which is close to
the 34% forward participation rate of manufacture
of computers.5! This is indicative of more rapid
trading in services compared to goods within the
digital economy over 2014-2019.

The slowing of goods trading, replaced by rapid
exchange in digital services and cross-border data
flows, is considered the new “face” of globalization
(Choudary 2018). As such, these trends show

that, while localization initiatives are underway
for digital goods production due to international
trade tensions (causing GVC participation rates

to recede), trading in digital services is not as
threatened by onshoring sentiments. This is
possibly because trading in digital services is not
subject to import or export tariffs, and only by way
of taxation and data localization initiatives are the
integration of digital services GVCs hampered.

Digital Sectors as a

Supplier of Value-Added
that Enables Production

The vBy matrix described in the section
“Measurement Framework” (p. 14) can be
applied to multiregional tables such as the
WIOD tables and ADB’s MRIOTS. Doing so is
intended to extend the analysis of backward and
forward linkages to determine the foreign users

Figure 41: Global Value Chain Participation Rates
by Broad Sector
(world average)
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Click here for figure data.

of value-added—that is, whether value-added imported or exported ends up being

consumed directly by final users or further processed as intermediate input abroad.

Wang et al. (2017) developed an organized framework that disaggregates internationally
traded value-added between traditional trade and GVC activity. Value-added traded
traditionally reaches an economy’s borders as finished goods and is consumed directly

by final users (traditional trade). Meanwhile, value-added traded via GVCs reaches an

economy’s borders as intermediate inputs for further processing, before it enters the

markets as final products (GVC activity).

51 Footnote 50, p. 93.
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Traditional trade and GVC activity of the digital sector can be analyzed in two
perspectives: backward and forward. From a backward perspective, international
trade in value-added (TiVA) measures how much of the digital sector’s

final products are derived from foreign sources. Meanwhile, from a forward
perspective, international TiVA measures how much of any given economy’s
digital sector value-added is embedded in the production of commodities finally

consumed abroad.

In Figure 42, TiVA from the backward perspective (left panel) and the forward
perspective (right panel), aggregated across all digital economy-sectors, is shown.
From a backward perspective, it can be observed that the level of TiVA via
traditional trade was consistently higher than the level of TiVA via GVCs from 2000
to 2014 and from 2017 to 2019. This means that, on aggregate, products imported
by the digital sector were comprised of more goods immediately sold to consumer
markets than goods used by the digital sector as inputs to its own production.

From a forward perspective, the complete opposite is observed, as the level of
TiVA via traditional trade was consistently lower than the level of TiVA via GVCs
from 2000 to 2014 and from 2017 to 2019. This means that, on aggregate, digital
sectors exported more of their output to the production of goods and services of
foreign economy-sectors (digital or nondigital) than they exported to foreign final
users. In addition, the digital sector’s TiVA via GVCs from a forward perspective

Figure 42: Trade in Value-Added via Traditional Trade and Global Value Chains
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Click here for figure data.
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increased at an exponential rate, notwithstanding the GFC. This highlights the
increasing role of the digital sector as a supplier of value-added to enable final
goods production of other domestic and foreign sectors, including itself.

Additionally, when the levels of value-added traded via GVCs from a backward
and forward perspective are compared, one can observe that the digital sector’s
GVC activity via forward linkages exceeds GVC activity via backward linkages in
all years assessed, except 2001 and 2005. This further signifies how digital sectors
generally take more of an upstream position in the GVCs, highlighting the digital
sector’s prominent role not just as a supplier of value-added to various foreign
sectors but also the increasing efforts of nondigital firms to incorporate digital
technologies into their products and processes.

Figure 42 likewise shows the slowing of GVC trade between 2018 and 2019 as a
result of international trade tensions; and because of the COVID-19 pandemic,
prospects for GVCs after 2019 is under speculation—but only with respect to the
depth of the negative impact and the period of expected recovery. The pandemic
left stark images of dozens of grounded airplanes, docked ships, and empty roads
and railways, which is the reason why the phenomena has been called “the Great
Cessation” (Zweig 2020). However, despite traditional logistics channels coming
to a halt, novel digital technologies paved the way for some GVC activity—and,

in some cases, any economic activity—to continue. This is likely to mitigate some
of the unfavorable effects of the pandemic on both trade and income. The next
chapter provides more insights on this, by presenting some statistics on the digital
economy in the time of the COVID-19 pandemic.

29
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The world in 2020 was a picture of economic distress. In response to the highly
contagious novel coronavirus SARS-CoV-2, governments have been forced to impose
unprecedented restrictions on human movement, crippling trade and travel and causing
economic activity to plummet to historic lows. Most economies plunged into recession
in 2020, even as many had positive pre-pandemic growth projections for the year.
These drastic measures employed to contain COVID-19’s spread compelled economies
to use available digital technologies to enable market transactions, shift to remote work
and learning, and access online entertainment services, among others.

Common among the salient observations during the pandemic is the demand-oriented
nature of digital activities as means to cope with restrictions. However, while there is
an anticipated increase in the use of digital technologies, there are also constraining
factors in play. For hardware, demand is likely influenced by work-from-home
arrangements, adjustments in business processes, and shifts to the online medium for
students. Even so, new purchases of, say, personal computers might be tempered by
factors related to cash flow or a generally lower propensity to spend. For software,
despite the surge in online activity and use of communication platforms, the ability
to accommodate increased data flows is also constrained by the quality of, and

access to, internet infrastructure. Lastly, while e-commerce has seen an uptrend,
adoption by households and businesses is still at nascent levels in many economies
(UNCTAD 2021).

It is important to measure the net impacts of these contrasting trends at the
aggregate-level of digital economies. To do so, this section uses ADB’s MRIOTS to
estimate the overall changes in the digital economy from 2019 to 2020. The same
methodology for the core digital framework is used, but applying the changes in final
demand observed from 2019 to 2020 while holding technical coefficients constant
(Equation 10). These changes in final demand for all economies and products refer
to the difference of final demand matrices of all economies from 2019 to 2020.

To estimate the final demand for 2020, detailed national accounts and external trade
data from 62 economies, plus an aggregate for “the rest of the world,” were compiled
and harmonized with the MRIOT sector detail. Box 9 details how the final demand
was disaggregated to measure the impact of the pandemic on the digital sectors.
Note that figures are in current United States dollar prices.
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Box 9: Estimating the Impact of COVID-19 on the Digital Economy

Prior to applying the final demand changes for 2020 to the core digital economy methodology (Equation 10 in this study), an
intermediate procedure is taken in order to isolate the changes related to e-commerce activity (hereafter “digitally ordered”). For each
economy’s final demand, the proportion of business-to-consumer sales ordered online was estimated from various sources and applied to
relevant products. Data on digitally ordered shares were obtained for both 2019 and 2020 and were applied to respective final-demand
matrices. Where data are not available, it is assumed that the same proportion applies for both domestic and international sales via
computer networks. Resulting matrices yield digitally ordered final demand for all economies in the multiregional input-output tables.

Aside from digitally ordered demand, also of interest in the digital economy during the pandemic is the demand for hardware, such

as personal computers and other data-processing units, and software services, such as telecommunication services and information
technology (IT) services. As such, changes in demand for digital products were introduced in the model separately. This distinction is
applied to both digitally and nondigitally ordered final demand matrices.

Finally, demand for nondigital goods and services has also been affected by the COVID-19 pandemic. As a running theme throughout this
report, the linkages of these sectors to the digital economy are necessary in understanding the full impact of the pandemic. For instance,
the continuity measures in education forced many institutions to adopt online teaching platforms. Travel and booking agencies, a digitally
dependent sector, have also been affected by containment measures, travel bubbles, and restrictions. Hence, changes in nondigital goods
and services, such as education, travel services, and accommodation (among others), are also isolated from other types of demand in
order to distinguish their impact from the rest of the trends discussed.

In all, eight final demand matrices are estimated per year which, by definition, should sum to the total final demand for all economies.
These demand matrices are (i) digitally ordered digital goods, (i) digitally ordered nondigital goods, (iii) digitally ordered digital services,
(iv) digitally ordered nondigital services, (v) nondigitally ordered digital goods, (vi) nondigitally ordered nondigital goods, (vii) nondigitally
ordered digital services, and (viii) nondigitally ordered nondigital services, as illustrated below. While impacts of goods were isolated from
services (Level 4), for ease of presentation, results are shown at Level 3.

Final Demand Matrices by Nature of Transaction and Product

Level 1: By economy-sector (total) Final demand

Digital Nondigital Digital Nondigital
products products products products

Level 3: By type of product

Digital Digital Nondigital = Nondigital Digital Digital Nondigital = Nondigital

Level 4: By sub-type of product : . : .
goods services goods services goods services goods services

In matrix terms,
Yik = Yiol@-®L] + yl [ — a,)®I]
Yik = &)Yl @ ®L] + & _g)¥(i (@ ®L] + Eqyyik [ — ar)®L] + &g yi[(t — @) BL]

Digitally ordered Digitally ordered Nondigitally ordered Nondigitally ordered
Digital products Nondigital products Digital products Nondigital products

where y[} is the final demand matrix with i sectors (products) with k categories of final demand for economy r. 4, is the diagonalized
vector of economy-level shares of products sold online (digitally ordered). I; ; is a unit matrix with dimensions corresponding to the
number of sectors per economy. éf(d) is the diagonalized matrix of elimination vector where corresponding rows of digital sectors i()
take the number of 1, and O if otherwise. In the same manner, é",-'w is the diagonalized elimination vector for nondigital products i¢-9).
Note that ‘®’ refers to Kronecker product operation.

continued on next page.
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Box 9 continued.

After isolating final demand estimates as above, the core digital equation (Equation 10) is used to estimate the first three terms:
(i) economy-wide value-added contribution to core digital products (backward linkage), (ii) core digital sectors’ value-added
contribution to economy-wide demand (forward linkage), and (iii) core digital sectors’ value-added contribution to its own final
products. The fourth term of the equation (i.e., value-added attributed to digital sectors’ nondigital fixed investments) is ignored
in current estimates due to data constraints but will be included in future studies. Note that the same limitations of the core digital
framework apply here as well.

Source: Methodology of the Digital Economy Measurement Framework study team.

Results of the analysis indicate a decline in the digital economy in 2020 as a share

of 2019 GDP across the 16 economies, except for Denmark; Malaysia; the PRC; and
Taipei,China (Figure 43). Nevertheless, when compared with the declines in overall
GDP growth of the economies in 2020, the changes in the digital sector of these
economies were relatively muted, ranging from -0.5% to 1% share of GDP.52 At 0.7%,
Malaysia had the highest increase in the share of GDP, with final demand for its digital
sectors increasing despite the decrease in its overall GDP growth for 2020 at -5.6%.
The PRC, which experienced a rapid economic recovery in 2020, had a 0.67% increase
in its digital sector share, followed by Taipei,China at 0.03% and Denmark at 0.02%.
These results are aligned with the estimates of the International Data Corporation
(IDC) for 2020, which reported flat growth for global digital spending.

Figure 43-A decomposes the changes according to the three major terms defined in
the core digital economy framework (Equation 10). For Malaysia, the digital sector’s
backward linkages as well as its own contribution to its final products spurred the
growth of the digital economy in 2020. This is fueled by the observed increases in
the demand for digital orders (Figure 43-B) and the demand increases for computer,
electronics, and optical products and for telecommunications services (Figure 43-C).
The PRC showed increases in both the backward and forward linkages of the digital
sector, as well as its own contribution to its final products. These increases in the
PRC’s value-added were spurred by online sales and demand across all digital
products. For Taipei,China, the digital sector’s value-added contribution to economy-
wide demand or forward linkage kept the digital economy afloat in 2020. Demand for
digitally ordered products likewise carried the positive changes seen in Taipei,China’s
digital economy in 2020.

Across economies, Figure 43-B suggests growth in digitally ordered digital and nondigital
products. The pandemic accelerated the pace of e-commerce adoption in 2020. Given
mobility restrictions, consumers have resorted to shopping online, prompting retailers

to quickly adjust or risk obsolescence. Figure 44 and Figure 45 further depict the trend
in e-commerce sales relative to total retail sales for Singapore and the US. Data suggest
spikes in the early months of the lockdown period have since subsided, but online sales

52 |nits April 2021 World Economic Outlook, the International Monetary Fund estimated that the 2020 global
economy declined by 3.3%, with emerging markets falling by 2.2%.
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Figure 43: Changes in the Digital Economy, 2020
(% of 2019 gross domestic product)
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AUS = Australia; CAN = Canada; DEN = Denmark; F1J = Fiji; GER = Germany; IND = India; INO = Indonesia; IT = information technology;
JPN = Japan; KAZ = Kazakhstan; KOR = Republic of Korea; MAL = Malaysia; PRC = People’s Republic of China; SIN = Singapore;

TAP = Taipei,China; THA = Thailand; USA = United States.

Source: Calculations of the Digital Economy Measurement Framework study team, based on the Asian Development Bank’s 38-sector
Multiregional Input-Output Table 2019, national accounts, and various sources of digitally ordered business-to-consumer shares to total sales.

Click here for figure data.
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Figure 44: E-Commerce Sales as a Proportion of Total Sales in the United States and Singapore
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series/ECOMPCTSA (accessed March 2021); SingStat (Singapore). Online Retail Sales Proportion Out of Respective Industry’s Total Sales.
https://www.singstat.gov.sg/find-data/search-by-theme/industry/services/latest-data (accessed March 2021).
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Figure 45: Singapore’s E-Commerce Sales as a Proportion of Total Sales, by Industry
(%)
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Click here for figure data.
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are still at a higher proportion in relation to total retail sales. Figure 45 shows Singapore’s
online purchases as a proportion of total sales by industry. The highest online sales spikes
are seen for communications and telecommunications equipment and for furniture and
household equipment, presumably the impact of the surge in remote work and as a
substitute for physical stores that had to close due to lockdown policies (as opposed to
grocery stores, which were mostly allowed to remain open).

These indicators suggest an uncertainty as to whether e-commerce activity will be
sustained or revert to pre-covid levels. Broadly speaking, three post-pandemic scenarios
are possible. The first scenario focuses on how the pandemic has accelerated the
digitalization of industries, potentially starting an altogether new phase of globalization.
Consumers have grown accustomed to shopping online, prompting retailers to adopt.
Amazon and Alibaba may define this new era the way the previous era was defined by
Apple and Boeing (The Economist 2019). The second scenario is that the pandemic is a
temporary shock, and the world will revert to pre-pandemic trends in the coming years.
The third is the middle path, which anticipates more “hybrid” remote work models
(Lund et al. 2020) and growing e-commerce and digital service sectors, albeit not as
robust as during the pandemic.

European economies reported considerable increases in individuals using the internet,
as a percentage of the total population, for telephoning and video calls (Figure 46).
Association of Southeast Asian Nations (ASEAN)-6 economies, moreover, saw increases
in the daily average hours spent online for personal use due to the pandemic, according
to a survey by Bain & Company, Google, and Temasek in 2020.53 Indonesia and

Viet Nam saw the highest growth rates in usage: Indonesia from 3.6 on average before
the pandemic to 4.7 during the pandemic, and Viet Nam from 3.1 hours to 4.2 hours
(Bain & Company, Google, and Temasek 2020). In the same survey, the Philippines had
the highest average internet usage at 5.2 hours per day during the pandemic, increasing
from the pre-pandemic baseline of 4.0 hours.

Consequently, digital communications platforms reported increases in traffic and
subscriptions. Zoom Video Communications Inc., in its financial results for the 2021
fiscal year, reported an estimated 467,100 paying customers at end of the fourth
quarter of 2020, increasing by 470% year on year (Zoom Video Communications
2021). Microsoft Teams’ daily active users jumped from 20 million users in November
2019 to 115 million in October 2020. Delivery Hero processed a total of 1.3 billion
orders in 2020, increasing by 98% year on year, according to its 2020 financial results
(Delivery Hero 2021).5¢ Large firms that operate video conferencing, business
processes, social media, streaming, e-commerce, delivery, and other digital services
platforms have recorded revenue growth during the pandemic - Zoom (+325.8%),

53 ASEAN-6 is composed of Indonesia, Malaysia, the Philippines, Singapore, Thailand, and Viet Nam.

54 Delivery Hero owns Foodpanda.
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Figure 46: Individuals Accessing the Internet, by Reason for Usage
(% of total population)
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Netflix (+24%), Sea Limited (+101.1%), Delivery Hero (+98%), Facebook (+21.6%), and
Microsoft (+13.6%) — as reported in individual press releases on 2020 financial results
accessed via each company’s website.55

The demand for personal computers likewise increased in 2020 due to the shift to
remote work and distance learning. According to IDC, the demand for computers
surged in 2020, with an annual increase of 13.1% to 302.6 million units shipped in 2020.
Companies such as Apple and Acer exhibited double-digit growth in their personal
computer shipments in 2020, with increases of 29.1% and 22.9%, respectively, as
opposed to the decreases experienced by these companies in 2019, at —-2.2% for Apple
and —4.6% for Acer. Tablets also had a robust year, with sales growing by 19.5% in 2020,
according to the preliminary data from the IDC.

This spike in the demand for personal computers and tablets, as well as other digital
products, fueled the already growing shortage in the supply of semiconductors, which
are used to make computer chips, even before the pandemic. The lag time between
orders and delivery for computer chips increased to an average of 15 weeks in
February 2021, surpassing the demand peak seen in 2018 (Bloomberg 2021). Early in
the new year, the US President signed an executive order to review the computer chips
supply chain and address the shortage (Feinier 2021). Plans to revive the computer
chip industry in the US, with Intel already pledging $20 billion in investments, could
prove to be another bone of contention that compounds international trade tensions
(The Economist 2021).

Despite the increases in the use of digital platforms and the demand for certain digital
products, value-added of hardware, software, telecommunications, and IT services
mostly netted a decline in 2020 across economies. This indicates that the recession

in 2020 also affected the demand for digital products. While the restrictive measures
during the pandemic forced many individuals to shift to digital platforms, many
households and businesses are not in a cash-ready position to purchase computer
equipment or internet services. In addition, accommodating the demand for digital
products and platforms is also constrained by the quality of, and access to, appropriate
infrastructure and capacity. Infrastructure investments take time before becoming
operational, with economies having to make do with available ICT infrastructure

in 2020.

Particularly, aggregate ICT indicators show no abrupt increases in investment in

2020 (Figure 47). The International Telecommunication Union (2020) observed

the acceleration of capital expenditure (CAPEX) by telecom service providers for
operations and maintenance of services in light of the surge in network traffic.
Consequently, CAPEX for network modernization, e.g., investments in fifth generation

55 Sea Limited operates (i) Shopee, an e-commerce platform; (ii) SeaMoney, a digital payments and financial services
platform; and (iii) Garena, an online games developer and publisher.
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(5G) expansion, were postponed and channeled to “maintenance” category

of CAPEX. The union also noted that internet platforms or “over the top”
providers would perform better than network operators due to the former’s lower
dependence on CAPEX.

Lund et al. (2020) also observed that remote work is more efficient in advanced
economies with sufficient digital infrastructure, which is often lacking in emerging
economies. The remote work potential is uneven for sectors in the economy:
finance, management, professional services, and information sectors have the
highest potential for remote work; while agriculture, accommodation and food
services, and construction sectors have the lowest potential. Further, firms that
have existing Industry 4.0 technologies fared better during the crisis. A McKinsey
survey of 400 companies showed that early adopters of Industry 4.0 technologies
adapted better to the pandemic (Agrawal et. al. 2021). The survey suggests that
96% of those with more mature Industry 4.0 implementation had stronger ability to
respond to the pandemic, while 56% of those without Industry 4.0 implementation
were inhibited in their pandemic response.

Figure 47: Select Indicators for Information and Communication Technology
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Click here for figure data.



https://data.adb.org/dataset/capturing-digital-economy-proposed-measurement-framework-and-its-applications?adbHash=xwY3UfB2g3cYv71_w9KF3rkimVA5cSsFoAQ3W5qwtM0

Digital in the Time of COVID-19

As the world continues to reel from the economic impacts of the COVID-19 pandemic,
transformative effects in economies’ process of digitalization have been positive but
uneven. This section has shown that the surge in e-commerce and communication
technologies has helped cushion the impact of the pandemic. However, gains from
digitalization are constrained by dampened demand, cash flow disruptions, income
losses, and infrastructure gaps. This has significantly widened the gap between early
and late adopters of digital technologies, with the former being able to respond better
to the crisis while the latter found themselves in a more difficult position to roll out and
expand digital projects.

Economic forecasters are cautiously hopeful that, with vaccination programs in
progress, the world is on track for a sharp economic recovery in 2021 (ADB 2021).56
Whether this recovery is accompanied by digitalization is uncertain but will likely

be uneven, as evidenced by the economic performance of several sectors in 2020.
What is clear is that the pandemic has changed the way businesses view investment
in digital technologies. For example, there is an indication that, since the onset of the
pandemic, more companies now value Industry 4.0 technologies more, not only from
the perspective of cost and efficiency but that of ability to respond to future shocks
(Agrawal et. al. 2021). How these emerging technologies are shaping the current state
of play in certain industries is explored further in the next chapter.

56 The Asian Development Outlook 2021, in particular, was projecting a rebound of 7.3% growth for developing Asia as
of April 2021. For global digital spending, the IDC expects at least 5% growth annually through to 2023.
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The first three industrial revolutions were marked by the stimulation of production
through steam and water power, electric power, and electronics and information
technology, respectively (Vollmer 2018). As the digital economy evolves, emerging
technologies centered around smarter and autonomous solutions are gaining
prominence across a multitude of industries. These technologies are at the heart of
the fourth industrial revolution, or Industry 4.0: frontier innovations that encompass
automation and digitalization in manufacturing, the Internet of Things (IoT), artificial
intelligence, big data, analytics and cloud computing, additive manufacturing or
three-dimensional (3D) printing, and robotics (UNCTAD 2019).

Computer systems design has been utilized in this regard by integrating software

and technologies specific to certain product components. Such practices include
computer-aided design (CAD) to create virtual illustrations and 3D models; computer-
aided engineering to validate, analyze, and optimize designs; and computer-aided
manufacturing to automate manufacturing processes through machine instruction
(Michigan State University 2020).

IoT is the interconnectivity of computing devices over a network, allowing their
communication, data transfer, and processing without the need for human interaction
(Ahmadi 2019), based on a set of commands (i.e., software) programmed by the user.
Examples of this are various smart appliances used in home automation, such as
thermostat and lighting systems programmed to monitor physical conditions and
human activity, then automatically change temperature and brightness, respectively.
The use of 5G networks greatly supports IoT systems, boasting higher efficiency, higher
speed, larger bandwidth, and lower latency than network predecessors (Thales 2021).

Artificial intelligence is the adaptation of machines to perform human cognitive
abilities, such as decision-making based on past occurrences, self-improving
algorithms, and continuous learning, independent of human command, using
techniques such as machine learning (Heath 2020). The most visible demonstrations
of artificial intelligence are the rise of virtual assistants (e.g., Amazon Alexa, Apple
Siri, Google Assistant) and website and social media features (e.g., Facebook’s face
recognition, friend recommendations, targeted advertising based on page engagement,
demographics, and many other factors). A more radical implementation of machine
learning is embodied in the development of self-driving cars.

Perhaps the ultimate manifestation of automation is the use of robots. Amazon
utilizes robotic arms and drive units in its warehouses to accomplish more tedious
tasks, such as heavy lifting and moving inventory (Amazon n.d.). The first robot
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lawyer, DoNotPay, which provides access to legal advice with a chatbot using artificial
intelligence technology, for a minimal fee, has gained widespread success in the US
(Bosilkovski 2020).

Businesses are able to leverage Industry 4.0 technologies to optimize supply chains
and operations, increasing efficiency, productivity, and cost-effectiveness. Consumers
are offered better-quality products and more convenient solutions. The effects of
these technologies on global trade are expected to be complex, as these technologies
are likely to reduce transaction costs, influence production processes, and create or
transform goods and services (Lund et al. 2019), which could reshape comparative
advantage and redistribute income based on the adaptive capacity of firms

(Alvarez et al. 2021).

Estimated Size and Trends of Industry 4.0

Data limitations in national accounts pose challenges for the exact measurement of
Industry 4.0 technologies. These are difficult to pinpoint strictly in one sector and lack
a detailed subclassification within current product or industry classification systems.
However, the North American Industry Classification System provides some detail
related to Industry 4.0 (Table 5). Industry 4.0 technologies are either considered
digital products or require an overlap of nearly all the identified digital products in

the framework, and are therefore captured in the resulting digital economy estimates.
Although additive manufacturing and robotics products are not considered main digital
products, based on the framework definition of the core, the production of these would
require both software (or custom computer programming) and computing machinery
components. For example, CAD modelling is the primary process from which

3D printable models in additive manufacturing are produced.

Table 5: Industry 4.0 Technologies, North American Industry Classification System 2012

Artificial Intelligence 511210/541511 Software Publishers / Custom Computer Programming Services
Cloud Platforms

Internet of Things (devices) 334111/334112 Electronic Computer Manufacturing / Computer Storage Device Manufacturing
Internet of Things (software) 511210/541511 Software Publishers / Custom Computer Programming Services

Robotics 333999 Miscellaneous General Purpose Machinery Manufacturing

3D Printers 333249 Other Industrial Machinery Manufacturing

3D = three-dimensional.

Note: The North American Industry Classification System 2012 was used as it appears to have the most available details with regard to

Industry 4.0 technologies among classification systems. The technologies listed here are not necessarily exhaustive of Industry 4.0 technologies.
Source: North American Industry Classification System 2012. https://www.naics.com/.
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In order to identify the firms that primarily specialize in artificial intelligence, for
example, a more granular approach to the disaggregation methods cited under the
“Methodological Requirements” section (p. 23) must be taken. However, doing so
requires access to detailed microdata on the software sector and the resources to
conduct thorough examination. Nevertheless, some organizations have generated
preliminary data that could illustrate the current and forthcoming state of the industry.
Fragmentary revenue and unit sales information have been estimated for varying

years per industry. For simplicity, Industry 4.0 can be segmented into four major
technologies: artificial intelligence, additive manufacturing, IoT, and robotics.

A time series of the industry sizes of service robots (for professional and domestic
uses), additive manufacturing, and artificial intelligence for enterprise applications
using revenues shows steady growth overall (Figure 48). Total robot installations
actually declined by 12% in 2019 (IFR 2020a), which can be attributed to a significant
decrease in industrial robots despite the progress of service robots. The International
Federation of Robotics (2020b) theorizes that the decline is largely the effect of falling
demand of the automotive and electrical-electronics sectors and uncertainty caused
by international trade tensions.

Figure 48: Global Industry 4.0 Revenues by Technology
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Click here for figure data.
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For additive manufacturing, a conservative compound annual growth rate (CAGR) of
18.2% was used to project values from 2021 onwards, but other research cites forecasts
as high as 27.2% (Autonomous Manufacturing 2020).57 Artificial intelligence revenues
after 2019 were projected using Global Industry Analysts (GIA) Inc.’s CAGR estimates
(GIA 2021) and historical data from Statista (2018). Due to its significantly higher
revenues, the IoT industry’s size and the number of connections across a series of years
are shown separately in Figure 49. While the revenue sales projections by IoT Analytics
were made pre-pandemic (Lueth 2018), they accord closely to their November 2020
projections of CAGR and increasing connections.

Geographically, consumption and market share of Industry 4.0 technologies are
concentrated in highly developed economies as well as the PRC. More than half of
global additive manufacturing revenues are produced by France, Germany, Italy,

the PRC, the United Kingdom, and the US (Sher 2020). Almost three-quarters of
installations of industrial robots worldwide take place in Germany, Japan, the PRC,
the ROK, and the US (IFR 2020a). Currently, North America and Europe lead the
additive manufacturing market (Autonomous Manufacturing 2019), but it is projected
that, by 2030, the PRC will have the largest share at 26% (Transforma Insights

2020). Interestingly, the PRC currently accounts for 75% of IoT cellular connections
worldwide, up from just 27% in 2015 (Lueth 2020). Similarly, the US dominates today’s
artificial intelligence market, although major advances in Canada, Germany, Japan, and
the PRC are expected by 2026 (GIA 2021).

Figure 49: Connections and Revenues for the Global Internet of Things
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Sources: K. Lueth. 2018. “State of the loT 2018: Number of loT Devices Now at 7B— - Market Aaccelerating.” loT Analytics, 8 August 2018.
https://iot-analytics.com/state-of-the-iot-update-q1-q2-2018-number-of-iot-devices-now-7b/ (accessed May 2021); K. Lueth. 2020.
“State of the loT 2020: 12 Billion loT Connections, Surpassing Non-loT for the First Time.” IOT Analytics, 19 November 2020.
https://iot-analytics.com/state-of-the-iot-2020-12-billion-iot-connections-surpassing-non-iot-for-the-first-time/ (accessed May 2021).

Click here for figure data.

57 The reference article was published in January 2020, before the full onset of the COVID-19 pandemic, which is
why the lower bound CAGR was used for the additive manufacturing projections.
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With the outbreak of COVID-19, 2020 became an inflection point for many industries,
including digital operations. While e-commerce and certain digital indicators posted
significant growth during the affected years, deployment of Industry 4.0 technologies
may not be as advantaged considering their high-technology and capital-intensive
nature. Insufficient funding was cited as companies’ top hindrance from adopting
Industry 4.0 technologies, with at least one-third of survey respondents foreseeing at
least a year required in recovery from the pandemic’s impacts (Agrawal et al. 2021).
Nonetheless, other responses reflect that such technologies are becoming more vital
for most companies. For instance, additive manufacturing would allow the acceleration
of supply chains, and inclination toward automation may be fast-tracked due to
employee lockdown (de Nicola et al. 2020). Fortune Business Insights (2021) projects
Industry 4.0’s CAGR to reach 16.4% from 2021 to 2028, up from 14% in 2020. In general,
Industry 4.0 is expected to grow in the next decade, but much speculation surrounds
the pace at which it develops, especially given the varying trends of its specific
subsectors amidst COVID-19 ramifications.

The decline in the industrial robot industry is expected to continue in the short-term,
but industry experts theorize that technological advancements and imminent demand
pose growth opportunities in the long-term (IFR 2020a). Sales of service robots related
to logistics and disinfectants, however, have increased (IFR 2020¢). The additive
manufacturing industry’s annual growth remains positive at 7.5% for 2020, albeit this

is a significantly lower rate than the average growth of 27.4% recorded in 2010 through
2019 (Wohlers Associates 2021). In contrast, the outlook for IoT markets appears
increasingly bullish despite the pandemic, with higher CAGR estimations and forecasts
(13% and 10%, respectively) post-2019 than in previous years, fueled by accelerated

use of personal devices and global cellular IoT connections (Lueth 2020). The growth
prospects of artificial intelligence are excellent, estimated at 32.7% from 2020 to 2026,
mainly due to the rise of cloud-based solutions (GIA 2021). In fact, artificial intelligence
may play a critical part in COVID-19 eradication initiatives, as it has historically with
medical sciences (Al-Hashimi and Hamdan 2021). These trends align with findings in
the World Economic Forum’s Future of Jobs Report 2020 that, by 2025, more than 80%
of companies are likely to adopt IoT and artificial intelligence technologies, while less
than 40% are likely to adopt robots.



Industry 4.0 and the Future of the Digital Economy

Prospects for Industry 5.0

Industry 4.0 technologies characterize the future general direction of the digital
economy and may have staggering implications on different facets of society, especially
as a strong contributor to the “new normal.” Consequently, discussions of the
succeeding industrial revolution, Industry 5.0, are already underway.

A common concern in discussions around Industry 4.0 is the threat that robots and
artificial intelligence are displacing manual repetitive labor. As concluded in the
chapter “Jobs in the Digital Economy” (p. 72), improvements in the digital sectors’
technology can indeed reduce labor demand, but this may be offset by increased labor
requirements. According to the World Economic Forum (2020) report, due to the
adoption of automation technologies, 43% of surveyed businesses intended to reduce
their labor force, while 34% intended to expand theirs. Despite the likelihood that such
technologies will increasingly substitute low-skilled labor, there is also potential for
even higher job generation through reallocation of roles (WEF 2020), which makes the
reskilling of the labor force a primary policy concern.

This strategic harmonization between humans and machine intelligence is a developing
interest, if not an imminent necessity, which is the foundation behind Industry 5.0
(Vollmer 2018). While Industry 4.0 provides the smart tools, Industry 5.0 integrates
innovation with social as well as environmental needs (Miiller 2020), fostering a
collaborative relationship that may benefit economies more holistically. While still an
immature concept, the early attempt to mitigate ongoing and potential risks, such as
those faced by labor and productivity, may lead to more prosperous development of the
digital economy and affected industries in the long run.

Like Industry 4.0, the economic contribution of Industry 5.0 can be captured in

the proposed framework through the value of its digital products and its nondigital
products’ linkages with digital products. It would complement Industry 4.0, prioritizing
societal interests through innovations in artificial intelligence (e.g., skills matching),
cloud computing (e.g., cybersafe infrastructure), robotics (e.g., collaborative robots),
and energy-efficient technologies, among others (Miiller 2020). Considering the
projected growth of Industry 4.0, the extended and advanced use of these products

by Industry 5.0 would likely contribute positively to the global digital economy.

The digitally dependent economy may likewise benefit from the integration of these
newer technologies, especially for firms and industries adopting practices in corporate
social responsibility.
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Summary and Conclusion

At this stage, the proposed framework for measuring the digital economy seeks to

put into focus the evolving products and industries of the digital era, by teasing out
their economic contribution within the bounds of national accounts. The framework
measures the share of GDP attributable to the digital economy from economy-wide
GDP, which is captured by taking the value-added contributions to and from a defined
set of core digital products, corresponding respectively to the digital economy’s
backward and forward linkages.

Using a core equation (Equation 10) centered on the conventional input-output
model, the digital economy can be broken down into the following main elements:
contributions of digitally enabling industries, contributions to digitally enabled
industries, and digital sectors’ purchases of nondigital capital. Data requirements are
generally straightforward and adjustments to comply with the framework, if necessary,
prove to be feasible for any domestic or multiregional input-output table (I0T).
Employing national accounts data from 16 economies across different regions of the
world has provided insightful results. Despite the narrow definition adopted in the
framework, the digital economy yields a significant portion (about 2% to 9%) of every
selected economy’s GDP. However, characterization of the role of the digital economy
varies across economies—some act more as a supplier of value-added in the economy,
while others act as a user.

As digital technologies take distinctive roles in nondigital products, measuring the
digitally dependent economy allows for a more comprehensive understanding of the
digital economy in general. Indicators of nondigital industries’ digital dependence
reveal that service sectors tend more toward digitalization, with the estimated overall
digitally dependent economies ranging from 17% to 35% of GDP. Given the estimates
of the digital and digitally enabled economies, the established interindustry and
interregional linkages of the core digital sectors, as indicated by digital multipliers,
reveal a strong potential for the digital sectors in output propagation in the economy.

Over time, growth in the digital economy appears to slow down for most economies
when observing CAGRs of IOTs in current prices. However, analysis using certain
economies’ constant-price I0Ts suggests growth in volume terms. Moreover, as the
digital economies grow in volume over time, it is imperative to understand their impact
on jobs. Data suggest that, while effects of technology improvements observably reduce
labor demand as a result of substitution, positive job impacts coming from consumption
and new labor requirements may compensate. Prospectively, however, the adoption

of Industry 4.0 technologies and the emergence of Industry 5.0 technologies require
reskilling of the labor force, such that job losses from changes in sector technology

are mitigated.



Summary and Conclusion

From a multiregional perspective, GVC participation of digital sectors grew from 2009
to 2019, driven by rapid trading in services. However, international trade tensions
disproportionately disrupted the integration of digital GVCs from 2018 to 2019.

The COVID-19 pandemic is expected to exacerbate such disruption, although the depth
of the impact is still subject to speculation. The e-commerce sector, which is a digitally
enabled industry, was observed to counter the negative effects of the pandemic, albeit
from the perspective of the national economy.

To further the discourse in previous chapters, disaggregation of national accounts
may be extended to the level of small and medium-sized enterprises, to establish how
technological adoption is impacting their profitability, productivity, and ability to
reach markets. Moreover, the framework may be applied to analyze the link between
the productivity of sectors and their use of digital technologies. Moving forward,

the study’s authors seek to explore other key issues within the subject of the digital
economy, including taxation, the effects of trade and technology on employment

in digital and digitally enabled sectors from a multi-economy perspective, and the
post-pandemic impacts of COVID-19 on the digital economy.58

Digital technologies are continuously evolving or adapting to present-day conditions,
and studying their role may be more important than ever before. While existing
macroeconomic frameworks remain relevant, improvements in the quality of traditional
statistics and the generation of new statistics are becoming more necessary. Thus far,
the endeavors by various institutions and the continually growing body of knowledge
are informative and encouraging. International statistical cooperation will be crucial

in standardizing approaches and providing guidance on existing and emerging issues
brought about by digitalization. As the authors of this study move forward in this
initiative, they hope to produce more evidence and insight to contribute to a universal,
standard system for measuring the digital economy.

58 |nitial analysis by the study’s authors found that digital services sectors in low- to no-tax jurisdictions exhibited
relatively higher forward links to foreign sectors, compared to those in high-tax jurisdictions. This provides
preliminary evidence of base erosion and profit shifting, as well as its increasing relevance to digital firms that can
easily derive profits from high-tax locations, while being taxed at a lower rate based on its physical location.
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Appendix 1: A Standard Input-Output Table

A standard input-output table (IOT) is generally comprised of three quadrants. The
first quadrant contains the Z = [z;] matrix, which is a matrix of interindustry flows

of output from industry 7 (row) to industry j (column). The second quadrant contains
the y = [y;] vector, which is a column vector of the final consumption of output from
industry i. The vector of final demand is comprised of the aggregated final consumption
of households, nonprofit institutions serving households, and government; and gross
capital formation. The third quadrant contains the gva’ = [gvaj] vector, which is a row
vector of the gross value-added of industry j.

One of the important features of a standard IOT is its symmetry. Put simply, in an IOT,
total output of industries (i.e., summing columns under intermediate consumption
along the rows or x°) is equal to the total output used by industries and by final users
(i.e., summing rows along columns or x). Table A1.1 shows the structure of a standard
n-industry IOT.

Table A1.1: Standard Industry Input-Output Table

Intermediate consumption Final Gross
demand output
Industry 1 Industry 2 Industry n P
Industry 1
Industry 2 Quadrant I: Quadrant II:
V7 y X
Industry n
Value-added Quadrant IlI:
gva’
Gross output x’
Intermediate consumption Final Gross
demand output
Industry 1 Industry 2 Industry n utpu
Industry 1 Zn Z1a Zin ! X
Industry 2 Zy Z3 Zon V2 X,
Industry n an an o Znn le Xn
Value-added gva, gva, gva,
Gross output X, X, X,

Source: Construction of the Digital Economy Measurement Framework study team.



Appendix 1

The symmetry of the IOT provides an organized visual model of the circular flow
resources in any economy. We show below how this can be approached in a similarly
organized but more concise manner from a mathematical perspective.

Consider an economy with n industries, as in the IOT in Table Al.1. Each industry {
produces its own output, x;, where i = 1, 2, .., n. Each x; can either be used as inputs to
industrial production or finally consumed by households, government, nonprofit
institutions serving households, and even other industries (the interactions within an
I0T are discussed in detail under “Methodological Requirements” on p. 23 of the main
text). Let z;; represent the monetary value of industry j’s purchases of industry i output
for intermediate use, and y; be the total amount of purchases from industry i intended
for final consumption. As is customary in traditional input-output analysis, we will
assume that interindustry flows from i to j contemporaneously depend entirely on
sector ’s total output (Miller and Blair 2009), which implies that final demand is
exogenous. Given this information, in Equation (1), we describe the gross output of
each industry 7 to be broken down across its intermediate users and final users.

Xi=Zi1+Zi2+"'+Zin+yi, i=1,2,....,n (1)

Given that Equation (1) is a system of n equations, we express it in matrix notation in
Equation (2).

X1 211 Z12 - Z1n] /1 Y1
X2 | _|%21 Z?z Zon|| 1 n Y2
XTL an an b Znn 1 YTI.
x=Zi+y @)

We derive a technical coefficient, a;;, to describe the ratio between the amount of industry

ij>
i‘s output used by j and the amount of industry j’s output; that is, a; = z;;/x;. Following the
Leontief insight, each a;; is assumed to be unchanging over the course of an accounting

period. Stating z;; in terms of a;, the gross output in Equation (1) becomes

ij}
X; = ajXq +apX, ++tagpXp+y;, i=1,2,....,n

which may be re-expressed as

-1
X1 le Z12 Zln X1 0 0 X]_ Y1
XZ _ Z21 ZZZ e Zzn 0 XZ e 0 XZ + YZ
Xn an an Znn 0 0 e Xn Xn YTl

d11 d12 . A1n] /X1 Y1

dz1 dAzz ... Azp||[ X2 Y2

=1 : : g : BN I ol
anl anz ann Xn Yn

Xx=Ax+y (3
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Appendix 1

Rearranging Equation (3):

X=Ax+y-ox—Ax=y->(I-Ax=y

Assuming that I - A is nonsingular, we have the fundamental Leontief identity:
x=(U-A)"y @

We refer to (I - A)~! as the Leontief inverse, which gives the total output requirements
from each industry in order to meet final demand for a specific time period. Note that x
from Equation (4) would yield the exact same vector of gross output x in a standard
n-industry IOT. Therefore, we could mathematically represent Table Al.1 through
Equation (4).

Reference:

R. Miller and P. Blair. 2009. Input-Output Analysis: Foundations and Extensions.
Cambridge: Cambridge University Press.
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Appendix 2: Aggregating Matrices

Suppose one has a 4 x 4 input matrix, Z:

Z11 Z12 713 Z14
Z21 Z32 133 Zp4
Z31 Z32 733 734
Za1 Zap Z43  Zyg

The dimensions of the aggregator matrix are [n-(q-1)] x n, where n is the original
number of industries and q is the number of industries to be aggregated into one sector.
Thus, to aggregate two industries, one needs a (4 - 2 +1) x 4 or a 3 x 4 aggregator
matrix. To aggregate column vectors, one only needs to pre-multiply the aggregator
matrix to them, while matrices (Z in this case) have to be pre- and post-multiplied with
the aggregator matrix and its transpose, respectively. Letting Q denote the aggregator
matrix, these steps are given by the equations:

Xagg = Qx
fage = Qf
gva,g; = Qgva
Zagg = QZQ"

The logic behind aggregator matrices is discussed with the aid of some examples.
To aggregate Industries 1 and 2, the following aggregator matrix is needed:

[1 1 0 O]
Q=|0 0 1 O
0 0 0 1l
For Industries 1 and 3:
1 0 1 0
Q=|0 1 0 O
0 0 0 1
For Industries 1 and 4:
1 0 0 1
Q=|0 1 0 O
0 0 1 0
For Industries 2 and 3:
1 0 0 O
Q=|0 1 1 0
0 0 0 1
And for Industries 2 and 4:
1 0 0 O
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In aggregating Industries 1 and 2, the contents of the first row of Q depend on
whether the first industry should be aggregated with any other industry. Since 1 and 2
will be aggregated, the entries of the first and second columns take the value of 1.
Entries for the third and fourth columns are set to zero since Industry 1 will not be
grouped with any of those industries. In the second row, only the entry in the third
column corresponding to Industry 3 is set to 1, since Industry 3 will not be grouped
with any other industry. Lastly, after accounting for the first three industries, the third
row of Q should be altered depending on whether Industry 4 will be grouped with any
other industry. Since this is not the case, only the entry in the fourth column is set to 1,
with everything else being zero.

In aggregating Industries 1 and 3, the entries in the first row of Q depend on whether
the first industry will be aggregated with any other industry. Since 1 and 3 will be
grouped together, the entries in the first and third columns are set to 1 and zero to
the second and fourth columns. Since Industry 2 is not yet accounted for, the second
row should consider if Industry 2 will be grouped with any other industry. Since this
is not the case, the second column is set to 1, with all other entries set to zero. Finally,
since Industries 1, 2, and 3 have already been accounted for, the third row of Q should
consider if Industry 4 will be grouped with any other industry. Since this is not the
case, the fourth column is set to 1 and all others to zero.

Thus, the sequence of industries in an input-output table (IOT) is crucial when it
comes to the use of aggregator matrices. Columns still correspond to the exact order
of industries in an IOT, but rows will be adjusted whenever industries are grouped
together. However, inputting values to rows of Q is still based on the sequence of
industries in an 10T, with skips occurring when an industry has already been lumped
with another that appeared prior to it.



Appendix 3: Stating Current-Price National Input-Output
Tables in Volume Terms

Given a current-price national input-output table (NIOT) of economy i in year t
(“current-NIOT”) and price indices at year t and base year b, a corresponding NIOT
stated at year b prices can be generated. The latter is considered the year t NIOT of
economy 7 in volume terms (“volume-NIOT”).

Suppose the NIOT system is described by Zi + Yi = x and ¥’ Z + gva’ = xX’, where Z is

a matrix of intermediate consumption, Y is a matrix of final demand, gva is a vector

of gross value-added (GVA), and x is a vector of gross output. Further, let p* denote a
vector of price indices of sector gross output, pX be a matrix with p* in its diagonal and
zeros in its off-diagonals, and pg be the GDP deflator. Five general steps are followed
to convert a current-NIOT into a volume-NIOT.

First, sector gross output at current prices is deflated using the corresponding sector’s
gross output price index. Gross output in volume terms is described by X = ﬁx_lx.l

The derived X and X’ will serve as row and column control totals, respectively, of the
volume-NIOT. Second, the changes in inventory (CII) component of Y is deflated using
psdp, CTI = CII - psdp ™" 2 Third, each element of the vector difference X — CII is allocated
row-wise, to populate the Z and the Y matrices.3 These represent the intermediate
consumption matrix and final demand matrix in volume terms, respectively.

The allocation basis is in proportion to the values in the corresponding current-price
NIOT. Fourth, once the Z matrix is fully populated, a vector of total intermediate
consumption by sector (IC) is derived, IC’ = *Z. Last, the difference

X’ - IC’ is equal the sector’s GVA in volume terms, gva’. Following the five-step process,
the system of the volume-NIOT would be described by Zi + Yi = X and

VYZ + gva’ = X’.4

While the most desired methodology in deriving a volume-NIOT is by deflating the
underlying supply and use tables (SUTSs) and then transforming the constant-price
SUTs to a volume-NIOT, the five-step approach employed in this study is slightly
akin to the double-deflation method that is desired in stating SUTs in volume terms.
On the one hand, under the double-deflation method, price indices are collected

1 Letvaluesin volume terms be accented with a bar.

2 Let CII denote the vector of changes in inventory by product. Changes in inventory (CII) is deflated independently
using the GDP deflator psdr because CII, when negative, may distort the deflation process.

3 The CII component of Y need not be populated in the third step since CII was already derived in the second step.

4 Immediately following the five-step process, consistency checks are employed. If, in the process of these
consistency checks, imbalances arise, adjustments to rebalance the volume-NIOT are done using an iterative
process.
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for both gross output and intermediate consumption items.5 On the other hand,
although the five-step approach in this study only employs a deflator for gross output
p%, the implicit deflator for intermediate consumption, pi¢ = IC o 1/_ic, would be
mathematically different from p*. Thus, p’]‘. = p"?.

5 Current-price gross output and intermediate consumption are both deflated by the appropriate price indices; and
then constant-price GVA is derived by subtraction (Eurostat. 2008. The Eurostat Manual of Supply, Use and Input-
Output Tables. Luxembourg: Office for Official Publications of the European Communities).



Appendix 4: Source Tables

ADB Digital
Economy
Measurement
Framework study
team

Mitchell
(2018)

Barefoot et al.
(2018)

Brynjolfsson et al.
(2019)

Huawei and
Oxford Economics
(2017)

Table A4.1: A Comparison of Estimation Methods for the Digital Economy

Digital products generate, process or store
digitized data; identified using the CPC 2
and differentiated from analog. The primary
producers of such products are the digital
industries with their backward and forward
linkages defined as digitally enabling and
digitally enabled, respectively.

Digital transactions are either digitally
ordered, digitally delivered, or platform
enabled. Digital goods and services are
aligned with the ICT classification in CPC
2.1. Digital industries are either digitally
enabling, digital intermediary platforms,
firms dependent on intermediary platforms,
e-sellers, or other digital businesses.

Digital economy is composed of digital-
enabling infrastructure, e-commerce,

and digital media; classified using

NAICS. Digital-enabling infrastructure
include computer hardware, software,
telecommunications, loT, and support
services. Digital commodities are identified
using six-digit NAICS code.

“Free” digital goods and services such as
Wikipedia, Facebook, and Google

The definition of digital assets is extended
to include digital goods depreciable within
one year but with the same contribution to
production processes as capital, as well as
all kinds of capital used by the digital sector
including services imported through digital
assets abroad.

Input-output analysis
framework

Supply-use framework

Supply-use framework

Extending GDP to GDP-B
to capture digital benefits

Total economic returns

to accumulated digital
investment value including
productivity gains and
indirect spillover effects

National SUTs or IOTs
Disaggregation of products

and industries in the |OTs by
isolating the digital out of the
aggregated product and industry

groupings.

National SUTs

Disaggregation of products

and industries in the SUTs by
isolating the digital out of the
aggregated product and industry

groupings.

National SUTs

Disaggregation of products

and industries in the SUTs by
isolating the digital out of the
aggregated product and industry

groupings.

Survey to measure how much
the consumers are willing to pay
to give up digital products and
services.

Growth of services from ICT
capital stock and contribution of
ICT capital stock to GDP growth
IOTs to determine shares of
digital intermediate inputs
considered digital assets

Produces a finer estimation
vis-a-vis other methods
and can capture sector
interdependencies

and indirect digital
contributions to the
economy.

No need to transform
SUTs to IOTs

No need to transform
SUTs to IOTs

Captures economic
well-being or welfare and
supplements the GDP.

Captures the value
generated by the use of
digital assets rather than
cost of purchasing and/or
producing them

Data availability dependent
on the frequency of NSO
data releases; assumes fixed
technical coefficients within
the given data period; national
accounts limitations.

Data availability dependent

on the frequency of NSO data
releases; does not fully capture
sector interdependencies and
indirect digital contributions
to economy; national accounts
limitations.

Data availability dependent

on the frequency of NSO data
releases; does not fully capture
sector interdependencies and
indirect digital contributions
to economy; national accounts
limitations.

Challenge of conducting a
representative survey for
various products on a national
scale and on a regular basis

Intermediate consumption

by other industries of digital
products that do not have the
same characteristics of capital
(i.e., are used as components
in production processes) are
excluded

ADB = Asian Development Bank, CPC = Central Product Classification, ERCD-SDIU = Economic Research and Regional Cooperation Department - Statistics and Data Innovation Unit, GDP = gross
domestic product, ICT = information and communication technology, IMF = International Monetary Fund, loT = internet of things, IOT = input-output table, NAICS = North American Industry
Classification System, NSO = national statistics office, OECD = Organisation for Economic Co-operation and Development; SUT = supply and use table, US BEA = United States Bureau of

Economic Analysis.

Note: Input-output analysis was initially developed by the economist Wassily Leontief.
Source: Construction of the Digital Economy Measurement Framework study team based on the works of: K. Barefoot, C. Dave, W. Jolliff, J. Nicholson, and R. Omohundro. 2018. Defining and
Measuring the Digital Economy. United States Department of Commerce, Bureau of Economic Analysis; E. Brynjolfsson, A. Collis, W. E. Diewert, F. Eggers, and K. J. Fox. 2019. GDP-B: Accounting
for the Value of New and Free Goods in the Digital Economy. National Bureau of Economic Research Working Paper. No. 25695. National Bureau of Economic Research; Huawei and Oxford
Economics. 2017. Digital Spillover: Measuring the True Impact of the Digital Economy. https://www.huawei.com/minisite/gci/en/digital-spillover/index.html; and J. Mitchell. 2018. A Proposed
Framework for Digital Supply-Use Tables. OECD. https://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/2cote=SDD /CSSP/WPNA(2018)3&docLanguage=En.
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Table A4.2: Main Digital Industries by International Standard Industrial Classification of All Economic
Activities Revision 4

Main Activity Group Code Industry
Hardware 2620 Manufacture of computers and peripheral equipment
2680 Manufacture of magnetic and optical media
Software publishing 5820 Software publishing
Web publishing 6312 Web portals
Telecommunications services | 61 Telecommunications services
Specialized and support 62 Computer programming services, consulting, and other related services
services 6311 Data processing, hosting and related activities

Source: United Nations. 2008. International Standard Industrial Classification of All Economic Activities (ISIC), Rev. 4. New York: United Nations.

Table A4.3: ADB Multiregional Input-Output 35-Sector Classification

T e ——_ a—rT————

cl Agriculture, hunting, forestry, and fishing

c2 Mining and quarrying c20
c3 Food, beverages, and tobacco c21

c4 Textiles and textile products c22
c5 Leather, leather products and footwear c23
cb Wood and products of wood and cork c24
c7 Pulp, paper, paper products, printing, and publishing c25
c8 Coke, refined petroleum, and nuclear fuel c26
c9 Chemicals and chemical products c27
c10 Rubber and plastics c28
cll Other nonmetallic minerals c29
cl2 Basic metals and fabricated metal c30
c13 Machinery, n.e.c. c31

cl4 Electrical and optical equipment c32
c15 Transport equipment c33
clé6 Manufacturing, n.e.c.; recycling c34
cl7 Electricity, gas and water supply c35

c18 Construction

Sale, maintenance, and repair of motor vehicles and motorcycles;
retail sale of fuel

Wholesale trade and commission trade, except of motor vehicles
and motorcycles

Retail trade, except of motor vehicles and motorcycles; repair
of household goods

Hotels and restaurants
Inland transport
Water transport

Air transport

Other supporting and auxiliary transport activities; activities
of travel agencies

Post and telecommunications

Financial intermediation

Real estate activities

Renting of M&Eq and other business activities

Public administration and defense; compulsory social security
Education

Health and social work

Other community, social, and personal services

Private households with employed persons

M&Eq= machinery and equipment, n.e.c.= not elsewhere classified.

Source: Asian Development Bank Multiregional Input-Output Database.



Year(s)
Used for
Economy Estimation
Australia 2010,2018
Canada 2012, 2016
Denmark 2010, 2016
Fiji 2011
Germany 2010, 2016
India 2010, 2014
Indonesia 2010,2014
Japan 2000, 2005,
2011, 2015
Kazakhstan 2001, 2010,
2018
Malaysia 2010, 2015

People’s Republic of China 2012

Republic of Korea 2010, 2018
Singapore 2000, 2016
Taipei,China 2016

Thailand 2010, 2015
United States 2010, 2019

Table A4.4: Data Used for Digital Economy Estimations per Economy

Source(s) of 10T, SUT
and/ or Related Data

Australian Bureau of Statistics
Statistics Canada

Statistics Denmark

Fiji Bureau of Statistics

Federal Statistical Office of Germany
World Input-Output Database

World Input-Output Database

e-Stat - Statistics Bureau, Ministry of
Internal Affairs and Communications

Committee on Statistics of the Republic
of Kazakhstan

Department of Statistics Malaysia

National Bureau of Statistics of China

Economics Statistics System -
Bank of Korea

Singapore Department of Statistics

Directorate-General of Budget
Accounting and Statistics

National Statistics Office of Thailand

U.S. Bureau of Economic Analysis

Disaggregation Data Source(s)
Orbis, OECD
Statistics Canada
Orbis, Statistics Denmark
Orbis, Fiji Bureau of Statistics
Orbis

Orbis, Ministry of Statistics & Programme
Implementation (Government of India)

Orbis, Thailand data, SUT

None

Bureau of National Statistics of the
Agency for Strategic Planning and
Reforms of the Republic of Kazakhstan

SUT, Thailand data

Orbis, National Bureau of Statistics of
China

Statistics Korea

Orbis, SUT

None

Orbis

U.S. Bureau of Economic Analysis,
Canada IOTs

No. of Industries
114
236 (2012), 240 (2016)
17
50
72
56

56

104 (2000), 108 (2005
and 2011), 107 (2015)

72

86 (2010) , 124 (2015)

64

161 (2010), 165 (2018)

152 (2000), 105 (2016)
164

180
71

No. of Digital Industries
Identified
(Total or disaggregated from total)

4(2000), 5 (2005-2015)

5 (2010), 5 (2015)
5

5(2010), 5 (2018)

3(2000), 5 (2016)
4

|IOT = input-output table, OECD = Organisation for Economic Co-operation and Development, SUT = supply and use table, US = United States
Source: Construction of the Digital Economy Measurement Framework study team.
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