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Abstract
There is a lack of consensus on an established framework to estimate the digital economy despite the
growing trend of digitalization of socioeconomic activities. The authors of this study seek to progress the
discourse by defining the core digital products and developing an input-output analytical framework to
measure the size of the digital economy and assess its relative importance in national and global
production processes. In the final version of this report, this framework is applied to input-output tables
compiled from select national statistics offices as well as inter-country tables generated in-house, after
which measurement results are analyzed in various ways.
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The Core of the Digital Economy: A Proposed Framework
is believed to had 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 have evolved and grown in number, varied in concreteness, based on time-bound trends
(e.g., incorporation of e-commerce along with the rise of the internet-enabled transactions), and diffed
in subclassification (Bukht & Heeks, 2017). A variety of measurement methods have also been brought
forward, within and outside the context of gross domestic product (GDP).
The Framework introduced in this section measures the share of GDP attributable to the digital
economy, that is, contributions to and from an established set of purely digital products in terms of
value-added. Using a core equation centered on the conventional input-output model, the digital
economy can be broken down into the following elements: digitally-enabling industry contributions,
contributions to digitally-digital capital. When
separated, these measures are meaningful on their own as each can be interpreted uniquely, allowing a
flexible calculation and analysis for any user. Data requirements and adjustments to apply the
Framework are relatively simple, using readily available National Accounts data such as supply and use
tables.
In contrast to this framework, the Organisation for Economic Co-operation and Development (OECD)
(Mitchell, 2018) and the U.S. Bureau of Economic Analysis (BEA) (Barefoot, 2018) each proposes a
supply and use framework, with their corresponding digital product and industry definitions, to estimate
the digital gross value-added (GVA) and complementary indicators such as e-commerce. Notably, 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.
Brynjolfsson et al. (2019), meanwhile, supplement the National Accounts calculations by proposing a
welfare-based measurement, called GDP-B. Huawei and Oxford Economics (2017) utilize digital
spillover effects to estimate the global digital economy, which they estimate to total $11.5 trillion.
Appendix Table 1 in the Appendix compares the proposed framework in this paper with other published
estimation methods in more detail. While some economies follow frameworks proposed by such
11
institutions10, others like
have devised their own.

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
development and influence on the wider economy. However, several
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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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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 economy12.
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
Another
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 to generate, process, and, store information. In modern cellular phone 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
.
The term digital economy is often associated with terms like 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, such as 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 transformation13 are at the core of any definition of a digital
economy. Hence, in this paper, the digital economy is ultimately defined as the contribution of any
economic transaction involving both digital products and digital industries to the GDP. The centerpiece
to this definition is the identification of specific digital products and industries.
Table 1: Main Digital Product Groups a
Central Product Classification (CPC) Version 2
Main Activity Group
Hardware

Software publishing

Code

Product

452

Computing machinery and parts and accessories thereof

475

Disks, tapes, solid-state non-volatile storage devices and other media, not recorded

38582 Software cartridges for video game consoles
478

Packaged software

83143 Software originals
8434

Software downloads

12

The technical terms discussed in this section have been verified by ADB consultants whose expertise is in the field of information
technology. References to be provided.
13

The changes brought about by the use of 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.
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Table 1: Main Digital Product Groups a
Central Product Classification (CPC) Version 2
Main Activity Group

Code

Product

84391 On-line games
84392 On-line software
Web publishing
Telecommunications
services
Specialized and
support services

83633 Sale of Internet advertising space (except on commission)
843

On-line content b

841

Telephony and other telecommunications services

842

Internet telecommunications services

8313

Information technology (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

a

Corresponding industry groups and codes in International Standard Industrial Classification of All Economic Activities (ISIC) Revision
4 are included in the Appendix Table 2.
b
Excluding items under CPC Ver. 2 843 already counted under Software Publishing 8434, 84391, 84392
Source:
Central Product Classification: Version 2 (2008).

The measurement framework discussed in this paper
defines digital products to be
goods and services with the main function of generating, processing and/or storing digitized data14. 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 15 that can be summarized into five main product groupings: (1) hardware, (2) software
publishing, (3) web publishing, (4) telecommunications services, and (5) specialized and support
services. The corresponding activity codes from the United Nations Statistical C
Product Classification (CPC) Version 2 are identified in Table 1. 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 as part of the core digital products. Without the assembly process, such products cannot generate,
process, and store data by itself. For example, semiconductors used for electrical conductivity are integral components of
computer manufacturing but, by itself, do not have a direct function in relation to digitized data. In this paper, these products
digitally-enabli
While not considered as a core digital product, digitally-enabling products
are still captured

14

ICT 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.
15

In consequence, digital industries are the main producers of the core digital products identified by the Framework..
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For the same reason, products that use digital products as components or accessories are not considered core digital
products as well. 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 as transportation equipment, not digital hardware. In this paper, these products are
digitally-enabling products, digitally-enabled products are also captured in

As a consequence of narrowing down a core set of digital products, the Framework prevents
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
Nonetheless, disaggregation and adjustments among products may still be necessary depending on the
data granularity of the economy in question, however, 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
,
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 ver 2. Code
452), and unrecorded digital media (CPC ver 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 its
pre-installed system software assumed to be embedded.

Unrecorded digital media
Unrecorded digital media pertains to blank physical devices that store data coming from computers16 and
other devices with computing abilities. The most common examples of unrecorded digital media include
magnetic storage (e.g., hard discs, floppy discs), optical storage (e.g., compact discs [CDs], digital versatile
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).

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.
16

Note that memory that is built in or essential for the use of computers would fall under computers and computer parts.
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These function independently from a computer and are used by many types of digital sensors, and may
be produced in-house for different types of equipment such as in cellular phones. However, ADCs are
not easily identifiable in most detailed levels of product classification systems, such as in CPC Ver. 2 17,
and thus may not be captured18 within the digital economy estimates of the Framework.
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 consumers19. There are three main
modes for the distribution of software: via physical media (e.g., boxed software sold on shelves), via
online distribution direct to consumer (e.g., online stores that sell licenses to download the software),
and 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 ver 2. Code 478 and
83143) and application software (CPC ver 2. Code 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,
they are also referred to as
-level software The operating system (OS) 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 an OS include Microsoft Windows,
Mac OS or Apple iOS, Android, and Linux . Other kinds of system software include device drivers which
allow input and output devices to function with an OS (e.g., drivers required to use keyboards, printers),
firmware which is embedded in non-volatile digital media (e.g., in ROM and flash chips), programming
translators which convert source code (e.g., C++, Java, Python) to machine code, and utility software
which aids in the overall function of a computer system (e.g., antiviruses, compression tools, disk cleanup)
(Amuno, 2017).

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).

17

Following the Standard Industrial Classification (SIC) system, ADCs may fall under electronic integrated circuits (CPC ver. 2 code 47160). In
the SIC system, ADCs are specified under SIC code 38250201 (instruments to measure electricity).
18

In addition, ADCs may not constitute significant components of digital hardware products. In the United States (US), latest data from the
Orbis database 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.
19

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.

6

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 files20. 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 to
name a few. The products considered to be published digitized data are included in online content (CPC
ver 2. Code 843).
Online content, however, excludes software publishing and advertising space on the internet (CPC ver
2. Code 83633). The former was already discussed as part of the core digital products in the preceding
paragraphs. The latter, advertising space on the internet, is essentially published web content, but it is
reflected under another classification because of the substance21 of the product. Therefore, the authors
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, according to Full Year 2019 Results press release by Facebook.
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 & Lazar, n.d.). Product and
industry classification systems classify telecom either by types of medium22 or by types of networks. The
CPC classifies telecom by the latter.
In CPC Ver.2, telecom is divided between two major networks: telephony and other telecommunications
services (CPC ver 2. Code 841), and internet services (CPC ver 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 service through mobile phone systems). At its foundation are public switched
telephone networks (PSTNs), which refer to the collection of interconnected voice-oriented public
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

20

A file 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).
21

b page or an

HTML document is purchased or rented by another company to publish their own content.
22

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 & Lazar, n.d.). The North American Industry Classification
System (NAICS) 2012 and ISIC Rev. 4 apply this categorization, with wireless further divided into wireless excluding satellite and satellite.
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digital data transmission, such as the integrated services digital network (ISDN) which is considered as a
more efficient alternative to PSTNs (Mitchell, 2019).

Internet services
The internet pertains to the largest global network of computers consisting of private, public, academic,
business, and government network. 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 (ISPs) (Christensson, 2015).
Types of internet in terms of medium or system used have evolved over the years, resulting in great
improvements to data transfer speeds and overall user convenience. These include dial-up through a
PSTN, digital subscriber lines (DSL), cable television lines, and fiber optic cables 23 . 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 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).

In neither by medium n
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 have been converted both from transmitting and for receiving digital terminals. Even the
most traditional phone systems existing today, 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 telecommunications 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 core digital products discussed in previous sections (i.e., digital hardware, software, digitized data, and
telecom). These services
physical capital for their specific IT needs. The correspondence of CPC with NAICS 2012 succinctly
describes these products as: custom computer programming services (CPC ver. 2 Code 8313), computer
systems design services (CPC ver. 2 Code 83141 and 83142), data processing, hosting and related
activities (CPC ver. 2 Code 8315), and computer facilities management services (CPC ver. 2 Code 8316).
While these activities appear similar to each other and are often interrelated, key characteristics
differentiate them.

23

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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Custom computer programming
Custom computer programming refers to software and web page design, development, modification,
analysis, testing, and support services that are tailored-fit to 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 among others.

Computer systems design
Computer systems design pertains to the integration of digital products, such as hardware, software, and
communication technologies, in order 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, among others (NAICS, 2018)
among 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 (World Meteorological Organization, 2020). Hosting is
a general term which means the provision of infrastructure for websites and software to function. Hosting
is availed depending on the requirements, and can range from simple leasing of server capacity of a
predefined quantity to highly configurable infrastructure as a service (IaaS) platforms 24 . 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 sup
computer systems and/ or data processing facilities (NAICS, 2018). As opposed to the previous activities
which provide new digital capabilities and components to companies, establishments engaging in
computer facilities management deliver maintenance and improvement to already existing computer
facilities. For example. one of the leading technology companies in the world, International Business
Machines Corporation (IBM) has, as one of its products, an Integrated Workplace Management System
which incorporates Internet of Things (IoT) data, analytics, and AI technologies to optimize productivity
for facility managers (IBM, 2021).

Evolution of Digital Products and Industries through Time
An important consideration in choosing the elements of the core digital products set is timing. Before
the onset of the digital era, only analog existed in the form of analog computers and analog telecom
24

Iaas 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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among others. Gradually, enterprises manufacturing analog commodities started to integrate digital
computing technologies into its products. In some cases, analog products were rendered obsolete and
were completely replaced with digital forms. As a result, new products and enterprises came into
existence. An example is the phasing out of cassette tapes, an analog magnetic medium, with CDs
becoming the most widespread form of audio recording. After a few years, CDs became less common
(however, not yet obsolete) with the rise of more advanced digital products such as digital media and
digital streaming platforms.
Given that a core digital product was defined as one that generates, processes, and/or stores digitized
data or is itself digitized data,
analog counterparts had become entirely obsolete, or minuscule to the point of being negligible. 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 per location, given that markets adopt
advancements at different speeds depending on factors such as the degree of trade liberalization,
capacities 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 products, only hardware and telecom services
require an assessment of timing. Within these product groups, products such as computers (and parts),
unrecorded media, and telecommunications services included analog versions of 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 earlier example on cassette tapes, research
suggests that US music companies ceased production of these by 2002 (Fung, 2017). Therefore, when
measuring the digital economy of the USA, one can extrapolate by saying that the first year for which
the definition of core digital products (including blank magnetic media) is applicable to data from 2003
onwards. While this timeline may mirror that of similar economies like 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 non-digital components (see: Methodological
Requirements section).

Theoretical Framework
The models involved in the Framework are rooted in input-output analysis, mainly using Leontief
coefficients (Leontief, 1936), and forward and backward linkages to directly measure the sectoral
interdependencies in terms of value-added contributions.
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Figure 1: Proposed Digital Economy Framework Developed by the Authors
A country's digital
economy1 based on
proposed core digital
products classification

Digitally-enabling industries'
value-added to final digital
products3

Digital industry GDP2

(backward linkage)
Digital industry's
value-added to its
final products
(double counted
term)

Digital industry's
value-added used by
digitally-enabled
industries

Backward linkage of fixed
capital goods consumed by
the digital industry4

(forward linkage)

̂𝐁𝐘
̂𝛆1 + 𝐢T (𝐕
̂𝐁𝐘
̂)T 𝛆1 − [diag(𝐕
̂𝐁𝐘
̂)]T 𝛆1 + (𝐢 − 𝛆1 )T 𝐕
̂𝐁𝐘
̂𝐫̂𝛆2 .
1 Given by the GDPdigital equation, 𝐢T 𝐕
2 Given by the second term of the GDPdigital equation.
3 Given by the first term of the GDPdigital equation.
4 Given by the fourth term of the GDPdigital equation.

In this section, the step-by-step derivation of the digital GDP equation is shown. The core of the digital
economy is finally captured by a single formula, Equation 10. Figure 1 summarizes the components of
this digital economy measurement framework, which is explained in detail in the succeeding subsections. Given that each term pertains to a specific measure, the 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 this framework may be
adapted to suit specific analyses, such as the measurement of specific global value chain (GVC)
indicators, which is covered in a later section.
Deriving GDP in terms of Leontief Inverse Coefficients
In Appendix 1, is it shown 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 = (𝐈 − 𝐀)−1 𝐲

(4)

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 coefficient vector is
defined as
𝐯 = (v1

v2

… v𝑛 ) = (

gva1
x1

gva2
x2

…

gva𝑛
)
x𝑛

(5)

where gva𝑗 , 𝑗 = 1,2, … , 𝑛, refers to the GVA generated by industry 𝑗 and 𝑥𝑗 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
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calculates economy-wide GDP via the production approach 25 (Equation 6). 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 26
𝑛

→ gva1 + gva2 + ⋯ + gva𝑛 = ∑

𝑛

∑
𝑖=1

𝑗=1

v𝑖 bi𝑗 y𝑗

(6)

= economy-wide GDP
Disaggregating GDP across users and suppliers of value-added
The economy-wide GDP that is computed using Equation 6 can be further disaggregated to an 𝑛 × 𝑛
can be derived. In particular, this matrix will
ination (forward linkages) of value-added. In
the context of the digital economy, these respectively refer to industries on which digital sectors are
dependent (digitally-enabling industries), and industries which it enables (digitally-enabled industries).
Simple matrix operations involving the 𝐯, 𝐁, and 𝐲 matrices are performed
and forward linkages. Diagonalizing the direct value-added coefficient vector from Equation (5) and the
final demand vector results in matrices 𝐯̂ and 𝐲̂ below.
v1
0
𝐯̂ = [
⋮
0

y1
… 0
… 0
0
] ; 𝐲̂ = [
⋱ ⋮
⋮
… v𝑛
0

0
v2
⋮
0

0
y2
⋮
0

… 0
… 0
]
⋱ ⋮
… y𝑛

Pre-multiplying 𝐯̂ to 𝐁 and then post-multiplying the matrix product to 𝐲̂ gives the 𝐯̂𝐁𝐲̂ matrix in
Equation 7, which is an 𝑛 × 𝑛 matrix that disaggregates the scalar economy-wide GDP across all
industries that use and supply value-added.
v1
0
𝐯̂𝐁𝐲̂ = [
⋮
0

0
v2
⋮
0

… 0 b11
… 0 b21
][
⋱ ⋮
⋮
… vn bn1

b12
b22
⋮
bn2

… b1n y1
… b2n 0
][
⋮
⋱
⋮
… bnn 0

0
y2
⋮
0

… 0
… 0
]
⋱ ⋮
… yn

25

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

26

In expanded matrix form, 𝐯𝐱 = 𝐯𝐁𝐲

→ (v1

→(

x1
x
… vn ) ( 2 ) = (v1
⋮
xn

v2

gva1

gva2

x1

x2

…

gvan
xn

b11
v2

x1
x2
) ( ⋮ ) = (v1
xn

… vn ) [b21
⋮
bn1
v2

b12
b22
⋮
bn2

b11
… vn ) [b21
⋮
bn1

… b1n y1
… b2n y2
]( ⋮ )
⋱
⋮
… bnn yn
b12
b22
⋮
bn2

… b1n y1
… b2n y2
]( ⋮ )
⋱
⋮
… bnn yn

12

v1 b11 y1
v2 b21 y1
𝐯̂𝐁𝐲̂ = [
⋮
vn bn1 y1

v1 b12 y2
v2 b22 y2
⋮
vn bn2 y2

… v1 b1n yn
… v2 b2n yn
]
⋱
⋮
… vn bnn yn

(7)

On the one hand, the rows of the 𝐯̂𝐁𝐲̂ matrix correspond to the distribution of the use of the valueadded created from a particular industry across all industries in the economy. Adding all row entries,
therefore, gives
Analogously, tracing the 𝐯̂𝐁𝐲̂ matrix row-wise corresponds to the
forward linkages of the industry. The columns, on the other hand, correspond to the breakdown of valueadded contributions of all industries in an economy to final goods production of a particular industry.
Thus
In parallel, tracing
the 𝐯̂𝐁𝐲̂ matrix column-wise shows the backward linkages of the industry.
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 𝐯̂𝐁𝐲̂ matrix below.
𝐯̂𝐁𝐲̂ = [

v1 b11 y1
v2 b21 y1

v1 b12 y2
]
v2 b22 y2

As mentioned in the previous subsection, the sums of the first and second rows are equal to the GDPs
of the digital and non-digital industries, respectively.
𝐯̂𝐁𝐲̂ = [

v1 b11 y1
v2 b21 y1

v1 b12 y2 GDP of digital industry
]
v2 b22 y2

𝐯̂𝐁𝐲̂ = [

v1 b11 y1
v2 b21 y1

v1 b12 y2
]
v2 b22 y2 GDP of non-digital industry

must be obtained. The term
v1 b11 y1 accounts for the value-added required by the digital industry itself, which also happens to be its
contribution to the value of its own final products. The second term, v1 b12 y2, is the value-added which
originated from the digital industry that is required by the non-digital industry. This also happens to be
the contribution of the digital industry to the value of the nonthat v1 b12 y2 is nonzero, even if the second industry does not produce digital goods and services, its
production is enabled by the digital industry 27 (In this sense, industry 2 through forward linkage is
digitally-enabled).
However, it is apparent in the first column that
may be comprised not only of contributions from itself (v1 b11 y1 ) but also from the non-digital industry
(v2 b21 y1 ). Assuming that v2 b21 y1 is nonzero, it is evident that the non-digital industry enables the
production of the digital industry (In this sense, industry 2 through backward linkage is digitallyenabling). For this reason, v2 b21 y1 will also be counted as part of the digital economy. The term v2 b22 y2,
on the other hand, pertains to value-added that originated from and is used by the non-digital industry.

27

-added goes to the non-digital industry.
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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 nonGDPdigital = GDP1 + GDP2 − v2 b22 y2
GDPdigital = v1 b11 y1 + v1 b12 y2 + v2 b21 y1
This can be directly computed using the equation below:
GDPdigital = 𝐢T 𝐯̂𝐁𝐲̂𝛆1 + 𝐢T (𝐯̂𝐁𝐲̂)T 𝛆1 − [diag(𝐯̂𝐁𝐲̂)]T 𝛆1
= (1 1) [

v1 b11 y1
v2 b21 y1

v1 b12 y2 1
v b y
] ( ) + (1 1) [ 1 11 1
v2 b22 y2 0
v1 b12 y2

(8)

v2 b21 y1 1
]( )
v2 b22 y2 0

v1 b11 y1 T 1
−(
) ( )
v2 b22 y2
0
v1 b12 y2 + v2 b22 y2 ) (1)
0
1
+ (v1 b11 y1 + v1 b12 y2 v2 b21 y1 + v2 b22 y2 ) ( )
0
1
− (v1 b11 y1 v2 b22 y2 ) ( )
0

= (v1 b11 y1 + v2 b21 y1

= v1 b11 y1 + v2 b21 y1 + v1 b11 y1 + v1 b12 y2 − v1 b11 y1
= v1 b11 y1 + v1 b12 y2 + v2 b21 y1
The first term, 𝐢T 𝐯̂𝐁𝐲̂𝛆1 , of Equation (8) directly calculates the backward linkage related to the digital
industry while the second term, 𝐢T (𝐯̂𝐁𝐲̂)T 𝛆1 , gives the forward linkage. To account for the doublecounted term, the diagonal entry in the 𝐯̂𝐁𝐲̂ matrix that corresponds to the digital industry is removed,
which is why [diag(𝐯̂𝐁𝐲̂)]T 𝛆1 is subtracted in GDPdigital .
𝛆1 is used to
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 same 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 𝐯̂𝐁𝐲̂ matrix below.
v1 b11 y1
𝐯̂𝐁𝐲̂ = [v2 b21 y1
v3 b31 y1

v1 b12 y2
v2 b22 y2
v3 b32 y2

v1 b13 y3
v2 b23 y3 ]
v3 b33 y3

Assume that industries 1 and 2 are digital. Applying Equation (8), GDPdigital is expanded as a linear
equation below.
GDPdigital = 𝐢T 𝐯̂𝐁𝐲̂𝛆 + 𝐢T (𝐯̂𝐁𝐲̂)T 𝛆 − [diag(𝐯̂𝐁𝐲̂)]T 𝛆
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GDPdigital = v1 b11 y1 + v2 b21 y1 + v3 b31 y1 + v1 b12 y2 + v2 b22 y2 + v3 b32 y2 + v1 b12 y2 + v1 b13 y3 + v2 b21 y1
+ v2 b23 y3

As seen above, the terms, v2 b21 y1 and v1 b12 y2 are double counted since all value-added use of and
value-added contribution to all digital industries in the economy are recorded. For example, v2 b21 y1, 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 valueproducts 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 two-industry case reveals that the GDPdigital equation
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.
2. Therefore,
after aggregating digital sub-sectors 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 = 𝐙agg 𝐢 + 𝐲agg
−1

𝐱agg = (𝐈 − 𝐀agg ) 𝐲agg
−1

(𝐈 − 𝐀agg )
𝐯agg = (v1

v2

≡ 𝐁agg
… v𝑛−𝑞−1 )

Integrating these notational changes with Equation 8 results in the revised GDPdigital equation in
Equation 9.
GDP𝑖 = v𝑖 b𝑖1 y1 + v𝑖 b𝑖2 y2 + ⋯ + v𝑖 b𝑖,𝑛−𝑞−1 y𝑛−𝑞−1 , 𝑖 = 1,2, … 𝑛 − 𝑞 − 1

𝐯̂agg 𝐁agg 𝐲̂agg

v1 b11 y1
v2 b21 y1
=
⋮
v
b
[ 𝑛−𝑞−1 𝑛−𝑞−1,1 y1

v1 b12 y2
v2 b22 y2
⋮
v𝑛−𝑞−1 b𝑛−𝑞−1,2 y2
T

…
v1 b1,n−q−1 y𝑛−𝑞−1
…
v2 b2,𝑛−𝑞−1 yn−𝑞−1
⋱
⋮
… v𝑛−𝑞−1 b𝑛−𝑞−1,𝑛−𝑞−1 y𝑛−𝑞−1 ]
T

GDPdigital = 𝐢T 𝐯̂agg 𝐁agg 𝐲̂agg 𝛆1 + 𝐢T (𝐯̂agg 𝐁agg 𝐲̂agg ) 𝛆1 − [diag(𝐯̂agg 𝐁agg 𝐲̂agg )] 𝛆1

(9)

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 goods28 from a non-digital 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.

28

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 one
year, as defined by the System of National Accounts (SNA) 2008.
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While the contribution of fixed capital formation
is reflected in the 𝐠𝐯𝐚
matrix as consumption of fixed capital, it fails to account for the various sectoral contribution 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 3 as non-digital. 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:
y1
ggce1
gfcf1
hfce1
y
ggce
hfce
gfcf
𝐲 = [ 2] = 𝐡 + 𝐠 + 𝐤 = [
2] + [
2] + [
2]
y3
ggce3
hfce3
gfcf3
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
equal
to gfcf31. Suppose gfcf31 is the only capital investment in the economy for the period.
gfcf11
𝐊 = [gfcf21
gfcf31

gfcf12
gfcf22
gfcf32

gfcf13
0
gfcf23 ] = [ 0
gfcf31
gfcf33

0 0
0 0]
0 0

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 GDPdigital 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,
value-added shares to
and should therefore be counted as part of GDPdigital . The 𝐯̂𝐁𝐲̂ 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 29 for each of the columns corresponding to industries from which the digital sector
purchased capital goods can be applied.
In the previous illustration, multiplying the final product of industry 3, v1 b13 y3 + v2 b23 y3 + v3 b33 y3 ,
with a ratio, say r3 , will give the value of fixed capital investment by industry 1, gfcf31. Let 𝐫 be the vector
of ratios of gfcf used by the digital industry to corresponding final demand and 𝐫̂ be the diagonalized 𝐫.
r1
r1
𝐫 = [r2 ] ; 𝐫̂ = [ 0
r3
0

0
r2
0

0
0]
r3

Post-multiplying 𝐫̂ to 𝐯̂𝐁𝐲̂ gives:

29

A single ratio would suffice given technical coefficients are assumed to be fixed, following the Leontief insight (Leontief, 1936).
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v1 b11 y1
𝐯̂𝐁𝐲̂𝐫̂ = [v2 b21 y1
v3 b31 y1

v1 b12 y2
v2 b22 y2
v3 b32 y2

v1 b13 y3 r1
v2 b23 y3 ] [ 0
v3 b33 y3 0

r1 v1 b11 y1
0
0 ] = [r1 v2 b21 y1
r3
r1 v3 b31 y1

0
r2
0

r2 v1 b12 y2
r2 v2 b22 y2
r2 v3 b32 y2

r3 v1 b13 y3
r3 v2 b23 y3 ]
r3 v3 b33 y3

All elements in the first row and column of the 𝐯̂𝐁𝐲̂𝐫̂ 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 GDPdigital , (𝐢 − 𝛆1 )T is pre-multiplied to
𝐯̂𝐁𝐲̂𝐫̂:
)T ̂𝐁𝐲̂𝐫̂

(𝐢 − 𝛆1 𝐯

)T ̂

= (0 1

v1 b11 y1
1) [v2 b21 y1
v3 b31 y1

3

→ (𝐢 − 𝛆1 𝐯𝐁𝐲̂𝐫̂ = (∑

v1 b12 y2
v2 b22 y2
v3 b32 y2

vby𝑖1

∑

→ (𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂ = (r1 ∑

vby𝑖2

3

3

𝑖≠1

0
r2
0

3

𝑖≠1

vby𝑖1

0
r2
0

r1
∑ vby𝑖3 ) [ 0
𝑖≠1
0

3

𝑖≠1

v1 b13 y3 r1
v2 b23 y3 ] [ 0
v3 b33 y3 0

r2 ∑

0
0]
r3
0
0]
r3

3

vby𝑖2

r3 ∑

𝑖≠1

vby𝑖3 )

i≠1

Since industry 1 only invests in final products of industry 3, r2 will be equal to zero, which leaves the
following:
(𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂ = (r1 ∑

3

3

vby𝑖1

𝑖≠1

0 r3 ∑

vby𝑖3 )

i≠1

Another eliminator vector, 𝛆2 = (0 0 1)T is then post-multiplied to (𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂ to
0
0
get:(𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂𝛆2 = (𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂ (0) = (r1 ∑3𝑖≠1 vby𝑖1 0 r3 ∑3𝑖≠1 vby𝑖3 ) (0)
1
1
→ (𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂𝛆2 = r3 ∑

3

vby𝑖3

𝑖≠1

The eliminator vector 𝛆2 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 computation is required to prevent double counting of a portion of the backward
linkage of the digital industry in GDPdigital . Therefore, in the illustration, the element of 𝛆2 corresponding
to digital industry, ε21, is set to zero, as well as ε2 2. Only ε2 3 = 1 because industry 1 only purchases fixed
capital from industry 3. The term r3 ∑3𝑖≠1 vby𝑖3 corresponds to the backward linkage of fixed capital
goods consumed by the digital industry 1 from non-digital industry 3.*
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 × 1. Correspondingly, this is diagonalized as 𝐫̂, to form an 𝑛 × 𝑛
matrix.
r1
r1
r2
0
𝐫 = [ ⋮ ] ; 𝐫̂ = [
0
r𝑛
0
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0
r2
0
0

0 0
0 0
]
⋱ 0
0 r𝑛

Likewise, the 𝐯̂𝐁𝐲̂𝐫̂ matrix will have a dimension of 𝑛 × 𝑛, as shown below.
v1 b11 y1
v2 b21 y1
⋮
𝐯̂𝐁𝐲̂𝐫̂ =
v𝑗 b𝑗1 y1
⋮
v
b
[ 𝑛 𝑛1 y1

v1 b12 y2
v2 b22 y2
⋮
v𝑗 b𝑗2 y2
⋮
v𝑛 b𝑛2 y2
r1 v1 b11 y1
r1 v2 b21 y1
⋮
=
r1 v𝑗 b𝑗1 y1
⋮
r
v
b
[ 1 𝑛 𝑛1 y1

⋯ v1 b1𝑗 y𝑗
⋯ v2 b2𝑗 y𝑗
⋱
⋮
⋯ v𝑗 b𝑗𝑗 y𝑗
⋱
⋮
⋯ v𝑛 b𝑛𝑗 y𝑗
r2 v1 b12 y2
r2 v2 b22 y2
⋮
r2 v𝑗 b𝑗2 y2
⋮
r2 v𝑛 b𝑛2 y2

⋯
⋯
⋱
⋯
⋱
⋯
⋯
⋯
⋱
⋯
⋱
⋯

v1 b1𝑛 y𝑛 r1
v2 b2𝑛 y𝑛 0
0
⋮
v𝑗 b𝑗𝑛 y𝑛 0
0
⋮
v𝑛 b𝑛𝑛 y𝑛 ] [ 0
r𝑗 v1 b1𝑗 y𝑗 ⋯
r𝑗 v2 b2𝑗 y𝑗 ⋯
⋮
⋱
r𝑗 v𝑗 b𝑗𝑗 y𝑗 ⋯
⋮
⋱
r𝑗 v𝑛 b𝑛𝑗 y𝑗 ⋯

0 0 0 0 0
r2 0 0 0 0
0 ⋱ 0 0 0
0 0 r𝑗 0 0
0 0 0 ⋱ 0
0 0 0 0 r𝑛 ]
r𝑛 v1 b1𝑛 y𝑛
r𝑛 v2 b2𝑛 y𝑛
⋮
r𝑛 v𝑗 b𝑗𝑛 y𝑛
⋮
r𝑛 v𝑛 b𝑛𝑛 y𝑛 ]

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 𝑛 − 1 industries are non-digital. The
(𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂ equation becomes
(𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂ = (r1 ∑

𝑛

𝑛

vby𝑖1

𝑖≠1

r2 ∑

→ (𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂ = (r1 ∑

𝑖≠1

𝑛

vby𝑖2

⋯ r𝑗 ∑

𝑛

vby𝑖1

𝑖≠1

0

𝑛

𝑖≠1
𝑛

⋯ r𝑗 ∑

vby𝑖𝑗

𝑖≠1

⋯ r𝑛 ∑

vby𝑖𝑗

vby𝑖𝑛 )

𝑖≠1

⋯ 0)

To eliminate the double counting of the backward linkage of own-account fixed capital formation in the
digital industry, the 𝑛 × 1 eliminator vector 𝛆2 is post-multiplied to (𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂ to arrive at a value for
the backward linkage of fixed capital goods consumed by the digital industry.

(𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂𝛆2 = (r1∑

𝑛

𝑛

vby𝑖1

𝑖≠1

0 ⋯ r𝑗 ∑

𝑖≠1

vby𝑖𝑗

0
0
⋮
⋯ 0)
1
⋮
(0)

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
subscripts are suppressed for notational simplicity but note that aggregation, as discussed in Section 4.4
and Appendix 2, was done prior to calculations.
T

T

GDPdigital = 𝐢T 𝐯̂agg 𝐁agg 𝐲̂agg 𝛆1 + 𝐢T (𝐯̂agg 𝐁agg 𝐲̂agg ) 𝛆1 − [diag(𝐯̂agg 𝐁agg 𝐲̂agg )] 𝛆1
+ (𝐢 − 𝛆1 )T 𝐯̂agg 𝐁agg 𝐲̂agg 𝛆2
The
are suppressed for notational simplicity but note that aggregation, as discussed in
Section 4.4 and Appendix 2, was done prior to calculation
GDPdigital = 𝐢T 𝐯̂𝐁𝐲̂𝛆1 + 𝐢T (𝐯̂𝐁𝐲̂)T 𝛆1 − [diag(𝐯̂𝐁𝐲̂)]T 𝛆1 + (𝐢 − 𝛆1 )T 𝐯̂𝐁𝐲̂𝐫̂𝛆2
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(10)

In Equation 10, the four terms respectively refer to the d
1) backward linkages, 2) forward
linkages, 3) the double counted term
-added contribution to
its own final goods), and 4) the non-digital products it capitalizes. These four terms are visually
presented in Figure 1.

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 input-output tables (IOTs). On the one hand, the Supply table details how goods and
services are supplied in the economy, either by domestic production or imports. On the other hand, the
Use table demonstrates how these outputs are used in the economy, either as intermediate
consumption, final consumption, 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 (United Nations, 2018).
The IOT combines the identities in the Supply table and in the Use table into a single identity (United
Nations, 2018). As discussed in the previous sections, the proposed methodology requires matrices and
vectors directly extracted from IOTs. SUTs may be easily transformed into IOTs using a transformation
model prescribed in Eurostat (2008). For this paper, the fixed product sales structure assumption30 was
used to transform SUTs to IOTs, which converts a product-by-industry SUT to an industry-by-industry
IOT.
While IOTs allow a more organized application of
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 digital
. They may also be used for analyses concerning specific productindustry 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 the economies
published tables in its respective national statistics office (NSOs) websites. 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 uniformaity and comparability of
data: correspondence in classification systems, harmonization of SUT and IOT presentation format, and
comparability in price and valuation.

30

t has its own specific sales structure, irrespective of the industry where it is produced

(Eurostat, 2008).
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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 a close inspection and harmonization of these classification system. For example,
Canada uses the North American Industry Classification System (NAICS) while Singapore uses its own
Singapore Standard Industries Classification. Ensuring comparability between estimates of Canada and
an accurate correspondence between two different classification
systems.
Another consideration is the varying levels of disaggregation of product and industry classification in SUTs
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 SUT and IOT presentation format
Another main concern is possible differences in the format by which tables are presented per economy.
While presentation format, 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 domestic output. Thus, appropriate adjustments must be made in such cases.

Comparability 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 valuation (i.e., basic prices, producer
). 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 the same economy and year and assuming taxes, subsidies, and trade and
transport margins are proportionately distributed across the products in the economy, estimates of
GDPdigital as a percentage of GDP calculated using tables valued in either basic, producer , or purchaser
prices should not significantly differ from each other. Otherwise, when comparing across economies or
across 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 their SUTs and
IOTs, it is necessary to conduct a thorough evaluation of product and industry classification and 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 non-digital publishing activities.
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Consing et al., 2020, which employs the same theoretical framework, studied and compared several data
sources based on merits and drawbacks as a basis for disaggregation. Table 2 lists the established ranking
of the top sources of data, from highest to lowest in terms of degree of reliability.
Table 2: Data Sources for Disaggregating Sectors
Source of data
National statistics office

Merits

Drawbacks and/or caveats

Highly reliable data consistent with
the construction of SUT

Dependent on public availability of
to queries

Relevant journals and published
reports

Alternative of sourcing out if
primary data is not available

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

Supply table

Readily available in the SUT

Applies only if the desired degree
of disaggregation among sectors is
present

Operating revenue data from
credible data resources

Readily available given permissions
to access certain databases

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

industry disaggregation

Requires some degree of similarity
in terms of structure between the 2
economies

Readily available given permissions
to access certain databases

Bias from an assumption of
homogeneity

Data from donor economy

Number of establishments from
credible data resources

Source: R. Consing, M. Barsabal, J. Alvarez, M. Mariasingham. 2020. The Wellness Economy, A Comprehensive System of National Accounts
Approach

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 sub-industries 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 × 2 IOT:
Industry 1
Industry 2
GVA
Gross Output

Industry 1
z11
z21
gva1
x1

Industry 2
z12
z22
gva 2
x2

FD
f1
f2

Gross Output
x1
x2

Suppose further that Industry 1 is an aggregate sector that contains both digital and non-digital subsectors. Therefore, it is necessary to disaggregate Industry 1 into 2 sub-industries. Given the following
revenue shares, derived from credible sources:
α which stands for the share of digital sub-industry 1a to I
β which stands for the share of non-digital sub-industry 1b to I
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where α + β = 1, a disaggregated 3 × 3 IOT is obtained as follows:
Industry 1a
Industry 1b
Industry 2
GVA
Output

Industry 1a
ααz11
βαz11
αz21
αgva1
αx1

Industry 1b
αβz11
ββz11
βz21
βgva1
βx1

Industry 2
αz12
βz12
z22
gva 2
x2

FD
αf1
βf1
f2

Output
αx1
βx1
x2

Several checks have to be implimented to ensure the accuracy of disaggregation. First, the resulting 3 ×
3 IOT should be symmetric with respect to its gross output, as the original 2 × 2 IOT. Second, total gross
output must be exactly the same for the two tables31. Last, the sum of the technical coefficients for
Industry 1a and 1b should be the same as the technical coefficient of aggregate Industry 132. Note that
this disaggregation method can be extended to an 𝑛-industry setting.
Construction of the MRIO with Digital Sectors
When measuring international linkages, particularly 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 Asian Development Bank Multi-Regional Input-Output Table (ADB
MRIO). However, the main hurdle prior to conducting any GVC analyses for the digital economy is the
aggregation level of the ADB MRIO. As such, one of the key efforts of this project is the construction of
the ADB MRIO with industries disaggregated up to the level required in the Framework.
The ADB MRIO database contains information on the production, consumption, and trade linkages of
63 economies, including an aggregated economy for Rest of the World (RoW). Each MRIO economy
has 35 sectors33 and five final demand components34. The ADB MRIO generally follows the sources and
method to construct the World Input Output Database (WIOD), handled by the University of
Groningen35.
The ADB MRIO sectors Electrical and Optical Equipment (c14), Post and Telecommunications (c27),
and Renting of M&Eq and Other Business Activities (c30) include the digital sectors identified in the
Framework, and were therefore split into two sub-sectors each to isolate the digital sub-sectors. Thus,
instead of the usual 35 sectors, this paper uses a 38-sector ADB MRIO for years 2017-2019. Error!
Reference source not found. shows the 6 new sectors as a result of isolating digital industries. For the
MRIO, the authors had to disaggregate the 3 sectors for each of the 62 economies (Figure 3).

31

To show that gross output is the same for the 2 × 2 and 3 × 3 IOTs:
x1 + x2 = αx1 + βx1 + x2 ⟹ x1 + x2 = (α + β)x1 + x2 ⟹ x1 + x2 = x1 + x2 ∎

32

To show that the sum of technical coefficients of Industries 1a and 1b is equal to the technical coefficient of Industry 1:
z11 ααz11 βαz11 αβz11 ββz11
z11 αz11 βz11
z11 αz11 + βz11
z11 (α + β)z11
z11 z11
=
+
=
+
⟹
=
+
⟹
=
⟹
=
⟹
=
∎
x1
αx1
αx1
βx1
βx1
x1
x1
x1
x1
x1
x1
x1
x1
x1
33

Appendix Table 3 outlines the 35 MRIO sectors.

34

The five final demand components include household final consumption expenditure (FCE), non-profit institutions serving households
(NPISH) FCE, government FCE, gross fixed capital formation, and changes in inventories.
35

See Timmer et al. (2012) for details on constructing the WIOD.
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Figure 2: Isolating the Digital Sectors in the MRIO
Electrical and Optical
Equipment
c14

digital

Computer,
Electronics and
Optical Products
c14.1

non-digital

Electrical
Machinery and
Appratus, nec
c14.2

Post and
Telecommunications
c27

digital

Renting of M&Eq and Other
Business Activities
c30
digital

non-digital

Telecommunications
c27.1

Postal and
Courier
c27.2

Computer and
ICT services
C30.1

non-digital

Renting of M&Eq
and Other
Business
Activities
c30.2

Source: Autho

To isolate the digital component from c14, c27, and c30, column and row disaggregators were generated
using multiple data sources. Column disaggregators gathered information from WIOD and national
SUTs to disaggregate the digital component in gross output, GVA, and imported inputs. Digital
component for intermediate consumption and domestic inputs were computed as a residual.
Meanwhile, row disaggregators made use of bilateral exports and imports data by Broad Economic
Categories (BEC) classification36 from UN Comtrade. These information were converted into shares
which were consequently used to split the rows and columns of the ADB MRIO 63x35 tables into 63x38
tables. The authors then compared the resulting ADB MRIO table values with the published NSO
numbers to ensure data consistency and checked whether the table is balanced or symmetric.
Figure 3: Illustration of the MRIO Disaggregation Process
Disaggregating the c2 sector

Note: Z = intermediate consumption matrix, v = value-added vector, x = gross output vector, and f = final demand matrix

36

The broad economic catergories fall under intermediated use, final consumption, or capital goods.
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Framework Limitations
The framework presented in this study aims to be entirely data-driven and based on economically and
statistically sound approaches. Data collection and analysis mainly adopt a top-down strategy, relying
on secondary data published by official and credible sources. As such, a range of data limitations arise
from this. Firstly, the accessibility to granular data is often limited. Therefore, to disaggregate high-level
data, direct inquiries to the appropriate national statistics offices is necessary, further supplemented by
subordinate methods to extrapolate the required data. Where there is available data, format, structure,
and statistical compilation methods used may vary widely per economy, thus requiring a significant
amount of data cleaning and processing. Therefore, a constraint exists in ensuring consistency and
accuracy of all data.
Secondly, exclusions from what are 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 non-digital commodity is not considered, but instead only
the value contribution of the digital products (or the digital industries producing these) involved in such
a transaction is captured.
Thirdly, 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, the
digital economy estimates likewise exclude these. Furthermore, as the scope of digital products is at the
narrowest level, it excludes the digitally-enabled economy, which comprises of the value-added of the
sectors that are critically dependent on digital sectors. Therefore, economies that have high imports of
digital products as well as those with industries heavily reliant on the core digital sectors (as defined in
succeeding sections) are likely to have a small digital economy estimates relative to others.
Supplementary analyses must be conducted for more expansive insights.
Finally, another limitation lies in the inputthat 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 one year, which is not an impossibility, given the fast-paced nature of
digitalization and digital transformation.
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Appendix 1. A Standard Input-Output Table
A standard IOT is generally comprised of three quadrants. The first quadrant contains the 𝐙 = [z𝑖𝑗 ]
matrix, which is a matrix of inter-industry flows of output from industry 𝑖 (row) to industry 𝑗 (column).
The second quadrant contains the 𝐲 = [𝑦𝑖 ] 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, non-profit institutions serving households (NPISH), 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 this 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). Appendix
1 Figure 1 shows the structure of a standard 𝑛-industry IOT.
Appendix 1 Figure 1. A standard 𝒏-industry input-output table
Intermediate consumption
Final
demand
⋯
Industry 1
Industry 2
Industry 𝑛
Industry 1
Industry 2
⋮
Industry 𝑛
Value-added

Quadrant I:
𝐙

Quadrant II:
𝐲

𝐱

Final
demand
y1
y2
⋮
y𝑛

Gross
output
x1
x2
⋮
x𝑛

Quadrant III:
𝐠𝐯𝐚′
𝐱′

Gross output

Industry 1
Industry 2
⋮
Industry 𝑛
Value-added
Gross output

Gross
output

Industry 1
z11
z21
⋮
z𝑛1
gva1
x1

Intermediate consumption
⋯
Industry 2
Industry 𝑛
z12
⋯
z1𝑛
z22
⋯
z2𝑛
⋮
⋱
⋮
z𝑛2
⋯
z𝑛𝑛
gva2
⋯
gva𝑛
x2
⋯
x𝑛

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 the IOT in Appendix 1 Figure 1. Each industry 𝑖 produces its
own output, x𝑖 , where 𝑖
𝑛. Each x𝑖 can either be used as inputs to industrial production or finally
consumed by households, government, non-profit institutions serving households, and even other
industries (the interactions within an IOT are discussed in detail in Methodological Requirements). Let
z𝑖𝑗 represent the monetary value of industry 𝑗
𝑖 output for intermediate use, and
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y𝑖 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 𝑗
mand is
exogenous. Given these information, in Equation (1), we describe the gross output of each industry 𝑖 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
z11
x2
z21
( ⋮ )=[ ⋮
x𝑛
z𝑛1

z12
z22
⋮
z𝑛2

… z1𝑛 1
y1
… z2𝑛 1
y2
⋱
⋮ ] (⋮) + ( ⋮ )
… z𝑛𝑛 1
y𝑛
(2)

𝐱 = 𝐙𝐢 + 𝐲

We derive a technical coefficient, a𝑖𝑗 , to describe the ratio between the amount of industry 𝑖's output
used by 𝑗 and the amount of industry 𝑗
a𝑖𝑗 = z𝑖𝑗 /x𝑗 . Following the Leontief insight, each
a𝑖𝑗 is assumed to be unchanging over the course of an accounting period. Stating z𝑖𝑗 in terms of a𝑖𝑗 , the
gross output in Equation (1) becomes
x𝑖 = a𝑖1 x1 + a𝑖2 x2 + ⋯ + a𝑖n xn + y𝑖 , 𝑖 = 1, 2, … . , 𝑛
which may be re-expressed as
x1
z11
x2
z21
( ⋮ )=[ ⋮
x𝑛
z𝑛1

z12
z22
⋮
z𝑛2
a11
a21
=[ ⋮
a𝑛1

… z1𝑛 x1
… z2𝑛 0
⋱
⋮ ][ ⋮
… z𝑛𝑛 0
a12
a22
⋮
a𝑛2

y1
… 0 −1 x1
x2
y2
… 0
] ( ⋮ )+( ⋮ )
⋱ ⋮
x𝑛
y𝑛
… x𝑛

0
x2
⋮
0

y1
… a1𝑛 x1
… a2𝑛 x2
y2
⋱
⋮ ]( ⋮ ) + ( ⋮ )
… a𝑛𝑛 x𝑛
y𝑛
(3)

𝐱 = 𝐀𝐱 + 𝐲
Rearranging Equation (3):
𝐱 = 𝐀𝐱 + 𝐲 → 𝐱 − 𝐀𝐱 = 𝐲 → (𝐈 − 𝐀)𝐱 = 𝐲
Assuming that 𝐈 − 𝐀 is nonsingular, we have the fundamental Leontief identity:
𝐱 = (𝐈 − 𝐀)−1 𝐲

(4)

We refer to (𝐈 − 𝐀)−1 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 Appendix 1 Figure 1 through Equation (4).
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Appendix 2. Aggregating Matrices
Suppose we have a 4 x 4 input matrix, 𝐙:
z11
z21
𝐙 = [z
31
z41

z12
z22
z32
z42

z13
z23
z33
z43

z14
z24
z34 ]
z44

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, if we were to aggregate two
industries, we will need a (4 2 +1) x 4 or a 3 x 4 aggregator matrix. To aggregate column vectors, we only
need to pre-multiply the aggregator matrix to them38 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
𝐟agg = 𝐐𝐟
𝐠𝐯𝐚agg = 𝐐𝐠𝐯𝐚
𝐙agg = 𝐐𝐙𝐐T
We now discuss the logic behind aggregator matrices with the aid of some examples. To aggregate
industries 1 & 2, we need the following aggregator matrix:
1
𝐐 = [0
0

1 0
0 1
0 0

0
0]
1

1
𝐐 = [0
0

0 1
1 0
0 0

0
0]
1

1
𝐐 = [0
0

0 0
1 0
0 1

1
0]
0

1
𝐐 = [0
0

0 0
1 1
0 0

0
0]
1

For industries 1 & 3:

For industries 1 & 4:

For industries 2 & 3:

And for industries 2 & 4:
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1
𝐐 = [0
0

0 0
1 0
0 1

0
1]
0

In aggregating industries 1 and 2, we first look at the first row of 𝐐 and ask if we are aggregating the first
the
first and second columns. Entries for the third and fourth columns are set to zero since we are not
grouping industry 1 with any of the two. We then look at the second column. Since industries 1 and 2 have
already been accounted for, we now ask if industry 3 is grouped together with any other industry. Since
the answer is no, we only set the entry in the third column (corresponding to industry 3) to 1, with
we look at
the third row of 𝐐 and ask if we are grouping industry 4 with any other industry. Since we are not, we only
set the entry in the fourth column to 1, everything else being zero.
In aggregating industries 1 and 3, we first look at the first row of 𝐐 and ask if we are aggregating the first
third columns to 1 and input zero to the second and fourth columns. Since industry 2 has not yet been
accounted for, we look at the second row and ask if we are grouping it with any other industry. Since the
answer is no, we set the entry in the second column to 1, all other entries being zero. Finally, since
industries 1, 2, and 3 have already been accounted for, we look at the third row of 𝐐 and ask if we are
and all others to 0.
Thus, the sequence of industries in an input-output table is crucial when it comes to the use of
aggregator matrices. Columns still correspond to the exact order of industries in an input-output table
but rows will be adjusted whenever we group industries together. However, inputting values to rows of
𝐐 is still based on the sequence of industries in an input-output table with skips occurring when an
industry has already been lumped with another that appeared prior to it.
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Appendix Table 1: A comparison of estimation methods for the digital economy
Authors

Definition

Estimation method

Data requirements

Advantages

ADB

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.

Input-output analysis
framework

Produces a finer estimation
vis-à-vis other methods and
can
capture
sectoral
interdependencies
and
indirect digital contributions
to the economy.

Data availability dependent on the
frequency of NSO data releases; assumes
fixed technical coefficients within the given
data period; national accounts limitations.

Mitchell (OECD)

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 digitalenabling infrastructure, e-commerce, and
digital media; classified using NAICS. Digitalenabling infrastructure include computer
hardware, software, telecommunications, IoT,
and support services. Digital commodities are
identified using six-digit NAICS code.

Supply-use
framework

National supply-use tables
(SUTs) or input-output tables
(IOTs)
Disaggregation of products
and industries in the IOTs 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.

No need to transform SUTs
to IOTs

Data availability dependent on the
frequency of NSO data releases; does
not
fully
capture
sectoral
interdependencies and indirect digital
contributions to economy; national
accounts limitations.

National SUTs
Disaggregation of products
and industries in the SUTs by
isolating the digital out of the
aggregated
product
and
industry groupings.

No need to transform SUTs
to IOTs

Data availability dependent on the
frequency of NSO data releases; does
not
fully
capture
sectoral
interdependencies and indirect digital
contributions to economy; national
accounts limitations.

Barefoot et al. (US
BEA)

Brynjolfsson et al.

Supply-use
framework

Survey to measure how much Captures economic well- Challenge
of
conducting
a
the consumers are willing to being or welfare and representative survey for various
pay to give up digital products supplements the GDP.
products on a national scale and on a
and services.
regular basis
Huawei and
The definition of digital assets is extended to Total
economic Growth of services from ICT Captures
the
value Intermediate consumption by other
Oxford Economics include digital goods depreciable within one returns
to capital stock and contribution generated by the use of industries of digital products that do not
year but with the same contribution to accumulated digital of ICT capital stock to GDP digital assets rather than have the same characteristics of capital (i.e.,
production processes as capital, as well as all investment
value growth
cost
of
purchasing/ are used as components in production
kinds of capital used by the digital sector including productivity IOTs to determine shares of producing them
processes) are excluded
including services imported through digital gains and indirect digital intermediate inputs
assets abroad.
spillover effects
considered digital assets
Notes: ADB ERCD-SDIU = Asian Development Bank, Economic Research and Regional Cooperation Department - Statistics and Data Innovation Unit; OECD = Organisation for Economic Cooperation and Development; US BEA = United States Bureau of Economic Analysis; IMF = International Monetary Fund. Input-output analysis was initially developed by the economist Wassily
Leontief.
Wikipedia, Facebook, and Google

Extending GDP to
GDP-B to capture
digital benefits

Limitations
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Appendix Table 2: Main digital industries by International Standard Industrial
Classification of All Economic Activities Revision 4
Main Activity Group
Hardware

Code

Industry

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
services

62

Computer programming services, consulting, and other related services

6311

Data processing, hosting and related activities

Source: UN. 2008. International Standard Industrial Classification of All Economic Activities (ISIC), Rev. 4. New York: United Nations.

Appendix Table 3: ADB Multiregional Input-Output 35-Sector Classification
Code
c1

Sector
Agriculture, hunting, forestry, and fishing

Code
c19

c2

Mining and quarrying

c20

c3

Food, beverages, and tobacco

c21

c4
c5

Textiles and textile products
Leather, leather products and footwear

c22
c23

Sector
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

c6

Wood and products of wood and cork

c24

Water transport

c7

c25

Air transport

c8

Pulp, paper, paper products, printing, and
publishing
Coke, refined petroleum, and nuclear fuel

c26

c9

Chemicals and chemical products

c27

Other supporting and auxiliary transport activities;
activities of travel agencies
Post and telecommunications

c10
c11
c12

Rubber and plastics
Other nonmetallic minerals
Basic metals and fabricated metal

c28
c29
c30

Financial intermediation
Real estate activities
Renting of M&Eq and other business activities

c13

Machinery, n.e.c.

c31

c14
c15
c16

Electrical and optical equipment
Transport equipment
Manufacturing, n.e.c.; recycling

c32
c33
c34

Public administration and defense; compulsory social
security
Education
Health and social work
Other community, social, and personal services

c17

Electricity, gas and water supply

c35

Private households with employed persons

c18

Construction

Note: M&Eq= Machine and Equipment; n.e.c.= not elsewhere classified
Source: Asian Development Bank
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