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Abstract

Multi-regional input-output (MRIO) models are widely used to analyze the economic
interdependencies between regions in the context of global trade and environmental
research. MRIO tables enable us to teleconnect the sectors in different regions along
the supply chain and track both direct and indirect impacts of global production. Yet
emerging economies—despite reshaping international trade patterns and playing an
increasingly important role in the world economy—are not adequately represented
in existing MRIO databases, which lack key detail on countries and sectors. To bridge
this gap, our study presents EMERGING: Up-to-date and full-scale MRIO tables cover-
ing 135 sectors in 245 economies over the period from 2015 to 2019. We describe in
detail the steps in the development of the database and reconciliation and validation of
bilateral trade data and national statistics. The EMERGING database is also designed to
incorporate more official and publicly available data from national statistical institutes
to ensure a high level of data quality, especially for these economies. We compare both
national production-based and consumption-based value added generated from the
EMERGING MRIO with the results from four major MRIO databases. Although global
value-added accounts are similar across databases, we find significant discrepancies at

the level of individual countries and sectors concerning conflicting benchmark data.
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1 | INTRODUCTION

Emerging economies—low-income, rapid-growth countries (Hoskisson et al., 2000)—play an important role in the world economy, accounting for
70% of global GDP growth (Gail Cohen et al., 2017; Gruss et al., 2018; Hove & Tursoy, 2019). According to the International Energy Agency (IEA),
between 2018 and 2050, global primary energy demand is expected to grow by 50% (IEA, 2020) and emerging economies would contribute 74%
of the future increase in global energy demand (Phuc Nguyen et al., 2020; Sadorsky, 2010, 2014). In addition, emerging economies’ participation in
international trade is growing (lapadre & Tajoli, 2014). International trade increased more than 50% from 2005 to 2015, and emerging economies
contributed 60% of the increase and accounted for 46% of world trade in 2015 (Meng et al., 2018). At the same time, these economies face many
challenges, among them climate change, population growth, and poverty—vulnerabilities that make achieving sustainable development dispropor-
tionately important and difficult to achieve (Gunasekaran et al., 2014; Wang & Yang, 2020). More research is thus needed on understanding these
economies’ role in global supply chains and progress toward sustainable development.

Multi-regional input-output (MRIO) tables reveal the economic links between sectors in different regions and have proved to be a useful method
for describing and understanding supply chains and relationships between consuming and producing sectors (Isard, 1951; Leontief, 1986). The
environmentally extended MRIO approach has proven to be an effective tool in analyzing the environmental impacts of global supply chains (Minx
et al., 2009; Wiedmann, 2009; Wiedmann et al., 2007).

There have been numerous efforts to model global supply chains and generate MRIO databases. They include the world input-output database
(WIOD) (Dietzenbacher et al., 2013; Timmer et al., 2015, 2016), the global trade analysis project (GTAP) (Peters et al., 2011), Eora (Lenzen,
Kanemoto, et al., 2012; Lenzen, Moran, et al., 2012; Lenzen et al., 2013), and EXIOBASE (Bjelle et al., 2020; Stadler et al., 2018; Tukker et al., 2009,
2013). However, these databases do not contain enough detail on emerging economies; as a result, there are less available data on sectors in emerg-
ing economies than there are for those in developed ones (Wiedmann et al., 2011). WIOD, for example, is mainly based on countries in the Organi-
sation for Economic Co-operation and Development (OECD) and provides MRIO tables for 43 major countries from 2000 to 2014 (Dietzenbacher
et al., 2013). GTAP covers more countries (141 in version 10) than WIOD, but its data sources are older: The latest data for 2014 were released
in 2019. In comparison, the Eora database has the most country-level detail, but only provides a common 26-sector classification for all countries.
(Lenzen et al., 2013). The main aim of EXIOBASE, meanwhile, is to provide environmentally relevant accounts for countries in the European Union
(EV) and a few other major economies. Hence, its detail on sectors is relatively high (163 sectors); however, its coverage of economies is relatively
limited (Stadler et al., 2018).

The information available in existing MRIO databases on sectors and small economies is in some cases not detailed enough. Due to growing
heterogeneity of different regions and sectors, datasets with highly aggregated sectors or regions do not support accurate supply chain analysis,
especially for emerging economies. Meanwhile, due to the difficulties of data collection and constraints of data compilation, many existing MRIO
databases (Tukker & Dietzenbacher, 2013) do not release annual MRIO tables. This impedes the capacity to analyze historical data on supply chains
and international trade patterns in order to forecast future trends.

To lay out how environmental impacts arise progressively in emerging economies via supply chains, MRIO databases need to fulfill five require-
ments. They should: (1) be global, and include emerging economies to the extent possible; (2) contain enough detail on sectors to capture structural
changes in supply chains and economic developments; (3) cover changes over time; (4) have up-to-date representation of changes to allow for timely
policy implications; and (5) use modular compilation for timely updates. In this paper, our compilation method is divided into nine modules. There
are three data modules for storing data and six functional modules for data processing (see more detail in Section 3.2).

The EMERGING world input-output database project (EMERGING: Construction and Applications) has been developed to create such an all-
encompassing database. The EMERGING-MRIOTs cover 245 economies with 135 sectors and provide annual MRIO tables running from 2015 to
2019. It is a tool that can provide indicators used by both policymakers and academic researchers that require empirical observations for testing
and quantifying policy decisions or theories.

By focusing on emerging economies, we strive to create annual MRIOTSs that are highly detailed on economies and sectors. With this database,
it is possible to address issues related to socio-economic aspects (such as the creation of jobs or value added) and environmental aspects of global
supply chains such as energy use, emissions, and natural resource consumption. It should be emphasized that all data in the EMERGING database

are obtained from official sources and are consistent with countries’ national statistics. The full database is open access: https://ceads.net/.

2 | CURRENT PROGRESS IN MULTI-REGIONAL INPUT-OUTPUT TABLES

Various global multi-regional input-output (GMRIO) datasets have been developed (Andrew & Peters, 2013; Lenzen, Kanemoto, et al., 2012; Lenzen
etal,2013; Timmer et al., 2015; Tukker & Dietzenbacher, 2013; Tukker et al., 2009, 2013), along with classification systems and methods of analysis
(Tukker et al., 2018; Wood et al., 2014). Currently, nine such databases are available, as summarized in Table 1: (1) Eora (Lenzen, Kanemoto, et al.,
2012; Lenzen, Moran, et al., 2012; Lenzen et al., 2013); (2) EXIOBASE (extended version EXIOBASE 3rx (Bjelle et al., 2020; Stadler et al., 2018;
Tukker et al., 2009, 2013)); (3) WIOD (Dietzenbacher et al., 2013; Timmer et al., 2015, 2016); (4) GTAP (Aguiar et al., 2019; Carrico et al., 2020;
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Chepeliev, 2020; Peters et al., 2011); (5) the OECD input-output database (OECD ICIO) (OECD, 2021); (6) Asian Development Bank MRIO database
(ADB) (Dietzenbacher et al., 2013); (7) The Institute of Developing Economies, Japan External Trade Organization (IDE-JETRO) Asian international
input-output tables (AlIOTs) (mainly focusing on the Asian Pacific economies (Meng et al., 2013)); (8) the full international and global accounts for
research in input-output analysis (FIGARO) (mainly focusing on the EU (Rémond-Tiedrez & Rueda-Cantuche, 2018)); and (9) The global resource
input-output assessment model (GLORIA) MRIO database (Lenzen et al., 2017, 2021).

Given that the information available in existing MRIO tables does not provide sufficient geographic and sectoral detail all these databases have
specific strengths and weaknesses regarding coverage of these aspects. Few of the databases are kept up to date, even though some of them cover
relatively long timeframes. WIOD provides annual time series of MRIO tables from 2000 to 2014, mainly focusing on EU countries (28 EU member
countries, plus 15 major economies); its classification of sectors (56) is relatively coarse, particularly within the broader categories of agriculture
and energy production. GLORIA provides continuous time series for 1990-2019 and covers 164 regions with 94 sectors. However, in the process of
compiling the table, the collected national data are used to mathematically adjust the initial MRIO table rather than be completely used as primary
inputs, which limits the data quality and accuracy.

The Eora database was the first to use all available country supply-use tables (SUTs) and input-output tables (IOTs). By using these data in their
original formats, it avoided the step-wise optimization and harmonization of the former databases. Eora uses a sophisticated, fully automated pro-
cedure to calculate highly detailed GMRIO tables covering around 190 countries, with time series in current prices from 1990 to 2015 (Lenzen,
Kanemoto, et al., 2012). Despite its large and detailed database, however, Eora does have notable limitations. For instance, its detail on sectors is
highly variable (ranging from 26 to over 400 sectors), which limits cross-country comparisons for specific sectors and only provides consistent data
for 26 sectors across all countries (Lenzen et al., 2013). The OECD ICIO also has limited sectoral detail (OECD, 2021), including just 45 aggregated
sectors (Wiebe et al., 2012).

EXIOBASE focuses on environmental accounts, but mainly for EU countries. It has the highest level of sectoral detail in all countries covered inits
database, including 163 sectors in EXIOBASE 3. In EXIOBASE V3.8 the trade and macro-economic data run up to 2022 based on forecasts. However,
EXIOBASE 3 (V3.8) only covers 28 EU member countries plus 16 major economies, and 5 rest of the world regions. EXIOBASE 3rx disaggregates to
214 countries, based on EXIOBASE 3. Economic data, such as GDP and output, were mainly collected from databases of the United Nations (UN);
the Food and Agriculture Organization of the UN (FAO), which compiles FAOSTAT data on food and agriculture; the IEA database; and national
statistics. The input-output structure of additional countries directly use the region coefficients from EXIOBASE 3 (Bjelle et al., 2020). Moreover,
the most recent update of EXIOBASE 3rx was in 2015 (Merciai & Schmidt, 2018; Stadler et al., 2018).

GTAP (Aguiar et al., 2019; Carrico et al., 2020; Chepeliev, 2020) provides a harmonized database with I0Ts and trade data that can be used to
construct MRIO tables (Peters et al., 2011). GTAP covers 121 countries and 20 aggregated regions. The GTAP 10 MRIO consists of only 65 sectors
(76 sectors in the GTAP-Power database), which makes adequate assessments of specific sectors difficult, especially highly diverse service sectors.
Moreover, GTAP provides MRIO tables only at three- or four-year intervals.

The remaining databases have a geographic focus. ADB and IDE-JETRO mainly cover the Asia Pacific region. ADB expands the WIOD database to
cover Asian economies. To address any specific informational and analytical needs associated with this region, the ADB MRIO tables cover 25 Asian
emerging economies. The IDE-JETRO (Meng et al., 2012) database also mainly focuses on Asian economies, which limits its usefulness for emerging
economies in other world regions. FIGARO is a compilation of intercountry SUTs and IOTs at the EU level (Mahajan et al., 2018; Rémond-Tiedrez &
Rueda-Cantuche, 2018, 2019).

Analyses of trends in global trade by emerging countries are gaining attention (Amighini & Sanfilippo, 2014; Bloomfield, 2020; Pasquali, 2021), as
are growing environmental impacts related to trade between emerging economies (Lin & Xu, 2019; Meng et al., 2018; Wang & Yang, 2020). Pasquali
et al., for instance, have shown that global value chains and the global manufacturing factory will gradually move to the Global South (Pasquali,
2021). Meng et al. (2018) found that the CO, emissions embodied in South-South trade increased rapidly, and noted that more attention should
be paid to smaller, less-developed economies. However, there is still a lack of MRIO databases with continuous time series without time delay and
covering all possible economies and sectors, which are essential for further analysis of global supply chains and environmental impact in emerging

economies. This is the key goal of our EMERGING project.

3 | DEVELOPMENT OF THE EMERGING-MRIO FRAMEWORK

3.1 | Content of EMERGING-MRIOTs

The EMERGING-MRIOTSs cover 245 economies and provide annual data from 2015 in current prices (for the period 2015-2019). The economies are
listed in Figure S3 of Supporting Information S1. They are selected based on the availability and quality of the data. Our MRIOTs have 135 sectors,
including 105 commodity sectors and 30 service sectors. There are 98 commodity sectors according to the classification standard of Harmonized
System Codes (HS 2002; 2-digit code).
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FIGURE 1 Framework of EMERGING method update database

To highlight the importance of the energy sector, we further split HS sector 27 (mineral fuels, oils, etc.) into energy sectors 99-105, which is
based on the HS 2002 sector detailed classification (4-digit code) of sector 27 (Table S8 in Supporting Information S1 and S2). The service sector
is divided into 30 according to Extended Balance of Payments Services Classification (EBOPS 2010) and according to the average level of sectoral
detail across all economies. All years are provided in the format of 105 goods sectors and 30 service sectors. The industry classifications are given

in Tables S7 and S8 in Supporting Information S1 and S2. All data are downloadable at www.ceads.net.

3.2 | Overview of the framework

Two principles underpin our project. The first is coverage of all economies, with a specific focus on emerging economies. To ensure the accuracy of
MRIO data, we have collected economic data released by the national statistical offices of 245 economies, of which 111 have their own input-output
(10) data (in the form of national I0Ts, SUT tables, and social accounting matrices (SAMs)).

The second principle is an emphasis on timely updating of MRIO tables. Since the data we use come from a variety of sources, and data availability
varies among economies, we divide the MRIO table compilation process into nine modules (see breakdown given later) and adopt corresponding
compilation procedures according to the data source and the economy. Figure 1 shows the main framework of the EMERGING-MRIO tables com-
pilation.

Constructing the tables is a three-step process: Data collection, data compilation, data validation. First, we collect bilateral trade data, macroe-
conomic data such as |O data, and sectoral output and value added (data module). These data are collected from various sources and constrained by
top-level macroeconomic data to ensure consistency between regions and over time.

The second step consists of six modules as listed subsequently and will be described in detail in Supporting Information S1.
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3.2.1 | Trade module

National economic data for many emerging economies, such as time-series |0 data and sectoral output, are very limited, which demands a great
deal of labor input. Therefore, the backbone of our compilation process involves a time series of the MRIO tables with high regional resolution, and
bilateral trade data (on both export and import), which are both annually updated (Andrew & Peters, 2013; Streicher & Stehre, 2015). We use this
module to establish trade ties between economies by building a 3D matrix including 245 economies and 135 sectors per year.

3.2.2 | Reconciliation module

To use as much of each country’s statistics as possible, we collect original economic data from various sources that have different statistical char-
acteristics. We use the World Bank data to reconcile the range of raw economic data for each economy before compilation (see more details in

Supporting Information S1).

3.2.3 | Disaggregation module

The trade matrix which we have built into the Trade module (see more details in Section 4.1) provides bilateral trade flow information about total
imports and exports for each product and for all economies, which only meets the data conditions for compiling the national competitive tables.
In this module, we use bilateral trade data and other economic data to compile the national competitive IOTs for each economy and include 135
consistent sectors (see more details in Supporting Information S1). (1) For economies for which we have complete IO data, we use the disaggregation
module to compile national competitive IOTs. (2) For economies that do not have complete |O data, we use the weighted average sum of the available
national 10Ts compiled in the corresponding region to get its approximate regional |OT, and store it in database 2 by using the region module.
Then, we compile the national competitive IOTs for these economies in the disaggregation module by combining the regional IOT built in the region
module.

This module is followed by the transformation module, where for each economy we transform competitive IOTs to national noncompetitive |OTs.
We then use all national noncompetitive IOTs to transfer into a complete MRIO table by using the linkage module (see more details in Supporting
Information S1).

As a final step, we validate the accuracy of EMERGING-MRIO tables to ensure that the EMERGING database is transparent, comparable, freely
accessible, and verifiable. In the validation module, we calculate both production-based and consumption-based value added. We then compare the
results with other databases to scrutinize their accuracy and comparability.

To update data for a specific economy individually and timely, the raw data collected must be stored for each economy in database 1. If we collect
the latest released economic data, which is not available in database 1, we update database 1 and revise the existing MRIO tables by using the
update module. (See more details of construction methodology in Supporting Information S1.)

4 | VALUE-ADDED ACCOUNT VALIDATION

We compare both the value added (VA) (Peters et al., 2012; Steen-Olsen et al., 2016) and the CO, emission account. In this part of the validation
process, we compare VA from both the production and consumption perspectives, as the former reflects the uncertainty of MRIO original data and
the latter also uses the Leontief inverse (Steen-Olsen et al., 2016). We compare the VA in 2015 for each economy from EMERGING with the results
from EXIOBASE 3rxin 2015, OECD in 2015, Eorain 2015, and GTAP 10in 2014. (See more details on validation methods in Supporting Information
S1)

4.1 | Comparison of global value-added accounts by sector

For the sectoral comparison, we first aggregate all VA accounts across economies, and then pick 12 detailed key sectors. The results are distributed
between the 17 aggregated sectors (see Table S10 in Supporting Information S1 and S2). Figure 2 shows the sectoral comparison results calculated
by five MRIO databases.

There are some differences in sectoral distribution among the different databases, especially in service sectors. The overall sectoral distribution
in consumption-based global VA accounts is similar across the five databases. Variations in VA results for the 17 aggregated sectors range from
0.02% to 12.6% comparing EMERGING with GTAP 10, Eora, OECD, and EXIOBASE 3rx. The biggest such gap between EMERGING and the other
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FIGURE 2 Comparison of consumption-based VA accounts between five MRIO databases: (a) With the 17 aggregated sectors; (b) With the
selected 12 detailed key sectors. Underlying data for this figure are available in Github at: https://github.com/Jingwenhuo/EMERGING_1212.git

databases is with GTAP, and amounts to 13.5% in the financial service sector (financial intermediation and business activity); the equivalent gaps
between EMERGING and the other databases—Eora, OECD and EXIOBASE 3rx—are 6.2%, 6.1%, and 3.7%, respectively. In the public sector (public
administration; education; health; recreation; other services), the gaps between EMERGING, and GTAP and EXIOBASE 3rx are 7.7% and 3.9%,
respectively. When comparing EMERGING to OECD ICIO and Eora, there is only a 0.7% gap.

Regarding the 12 detailed key sectors, Eora has 26 highly aggregated sectors and OECD ICIO has 45 sectors; thus, we can only compare the
consumption-based VA of the construction, electrical equipment, and motor vehicles and parts sectors in EMERGING with those of these two
databases. The variations for VA results of the construction sectors are in the order of 8%—30% between EMERGING with GTAP 10 (10%), Eora
(8%), OECD (22%), and EXIOBASE 3rx (30%). The biggest difference between EMERGING and GATP is in the mining sectors and the biggest gap
between EMERGING and EXIOBASE 3rx is in the transportation sectors.


https://github.com/Jingwenhuo/EMERGING_1212.git

JOURNAL OF HUOET AL.
INDUSTRIAL ECOLOCY

e GTAP10 o EXIOBASE 3rx Eora o OECD EMERGING
(a) 100 (b) 100
80f B %0 | |
60 B 60 - |
a0f 8 20l |
®
< % indi i i y 20 United States |
R 570 japan e China United States N United Kingdom ® China nited States
% o e .o ] 082 % L °
& s ® Germany ®, e Japan
20+ b -20 B
a0t b -40 @ Malaysia 7
-60- B 60 |- 1
-80f+ B -80 @ Cyprus i
-100 I I I I I I I I L 100 | | | | | | | | |
O 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 O 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
VA in domestic production (Billion USD) VA in domestic consumption (Billion USD)
c d
( )100 ( )100 : .
& o British Virgin Islands
80¢ Anguilla 1 80 1
6 Serbia R 4
° 6o Serbia
40 ] 40 . 1
° 8 .’ .
= 20 o Bangladesh Egypt 1 2003 “@° B
x See LY ) E
< i S'a ° . ® Nigeria g - . Pakistan E8YPt Iran
< o‘u" 1 4 o ¢° .o 4 o .0.). ee ° ° ° o ]
© ® o ; ran : \ o° N o Nigeria
ol ® Kuwait ® United Arab Emirates | Lofee ot United Arab Emirates 8 |
R . Kuwait
40 4 20 |
Eritrea
_go® ® Syrian Arab Republic ] 60 |
Nauru
-80 B -80 4
® Venezuela
400 . . . . \ 00 ! . \ s \
o 100 200 300 400 500 600 o 100 200 300 400 500 600
VA in domestic production (Billion USD) VA in domestic consumption (Billion USD)

FIGURE 3 Smallest differences between the EMERGING database and four other MRIO databases in domestic production and consumption
estimates. (a,c) VA of domestic production, (b,d) VA of domestic consumption. The color represents the database with the smallest gap in
comparison to figures for the economies in EMERGING. The VA accounts displayed in the X coordinate is the VA-account result calculated by
EMERGING. Underlying data for this figure are available on Github at: https://github.com/Jingwenhuo/EMERGING_1212.git

The relatively large gaps between different sectors in the five MRIO databases are mainly due to the underlying economic data used in these

databases, the degree of sectoral aggregation, and deviations in dealing with allocation and attribution across different databases.

4.2 | Comparison of value-added accounts by economy

We compare VA accounts of domestic production and consumption across countries. Domestic production accounting includes exports to other
economies; domestic consumption accounting includes imports from other economies. Although the deviation of global VA is less than 1% across
three databases (barring EXIOBASE 3rx, in which the production-based gap is 2.4%, and consumption-based one 11.4%), the comparison of VA
accounts per economy (as shown in Figure 3) reveals a different picture: The differences among the five databases are significant, mainly due to the
variation in benchmark data used in them.

We analyze the results of 63 OECD economies (a, b) and 181 emerging economies included in EMERGING (c,d). The differences among existing
databases vary, so it is not representative to use maximum differences or averages of difference. Thus, we only compared the minimum differences
between the results of EMERGING and five other databases.


https://github.com/Jingwenhuo/EMERGING_1212.git

HUOET AL. J

2 moustriaLecorocy V| LEYJ_9

)\ JOURNAL OF

EMERGING-EXIOBASE EMERGING-Eora

O 15000 15000

%)

=)

c

S 10000 10000

@

_5 5000 5000

a

c

Q

[&]

Q -5000 -5000

7]

[0}

§

S -10000 -10000

c

< (0] ia E Asi Ameri Afri i i i i
§ _15000L2C€aNIa_ Europe sia mericas Airica 15000 Oceania Europe Asia Americas Africa

EMERGING-GTAP EMERGING-OECD

o 15000 15000

%)

)

c

S 10000 10000 |

@

& 5000 5000 |

5

2 0 0

c

o

[&]

o -5000} -5000 |

k7]

Q

€

_8 -10000 | -10000 |

c

§ 1500 Oceania Europe Asia Americas Africa 15000 Oceania Europe Asia Americas Africa

MW VA share B Leontief inverse Final demand

FIGURE 4 SDA decompositions of variation in regional consumption-based VA accounting between EMERGING and four other databases.
Underlying data for this figure are available on Github at: https://github.com/Jingwenhuo/EMERGING_1212.git

Across OECD economies, the smallest difference of VA in domestic production varies in the range of —20% to 20%; in the consumption-based
accounts, the gaps are almost the same, except for those of Malaysia and Cyprus. Even though the trade characteristics of each economy are con-
sistent (net importer or exporter) across all the databases, the benchmark data used and the compilation methods (especially for matrix F and L) for
different databases are different, resulting in a large gap in consumption-based accounts.

Among emerging economies, the smallest difference in VA for domestic production s in the range of —60% to 90%; for consumption-based VA the
range is —50% to 90%. Moreover, the gap for VA in domestic consumption is larger than that for domestic production. Among the five databases,
GTAP 10 generally provides higher estimates. Overall, the level of variation is stable in the VA for production and consumption across almost all
economies. Emerging economies exhibit the highest differences across four databases (EXIOBASE 3rx, OECD, Eora, and GTAP), largely due to the
difference in basic data sources used. And economies highly dependent on trade (such as Cyprus, Hong Kong, Malaysia, and Singapore) show the
highest difference in consumption-based VA accounts across five databases, largely caused by a difference in treatment of re-exports (Hambye
et al,, 2018) and variations in trade data used across these databases (UN Comtrade and other data sources) (Gehlhar, 2010).

4.3 | Structural decomposition analysis

To further clarify the causes of differences between databases, we compare consumption-based VA accounts for these five MRIO databases. We use
structural decomposition analysis (SDA) to attribute differences in VA to a set of determinants, such as VA share (sectoral VA/output), the Leontief
inverse, and final demand (Owen et al., 2014) (see more details of the SDA method in Supporting Information S1).

For the SDA, we aggregate 5 different MRIO databases (EMERGING, EXIOBASE, Eora, GTAP, and OECD) into 5 consistent MRIO tables with 5
regions and 17 sectors (as laid out in the processes described in Supporting Information S1). The consumption-based VA account differences among
Oceania, America, and Africa are small across the five databases (Figure 4). The main driver for the large gap of consumption-based VA accounts
between European and Asian countries is the gap in the Leontief inverse and there are also large differences in final demand in Asia. In comparing
different databases, the overall difference between EMERGING and GTAP, Eora is small. As for EXIOBASE, the final demand in the Americas is
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relatively large. Since there are only 66 individual countries (and one ROW) in the OECD, there will be considerable uncertainty and error in the

division and consolidation of five aggregated regions. The main possible explanation of such big differences is the different sectoral classifications
across databases, which will lead to sector aggregation uncertainty when using SDA analysis (Owen et al., 2014).

The results of the SDA thus reveal a large gap between EMERGING and OECD in regions with low coverage of OECD individual countries, such
as those in Asia, America, and Africa.

44 | Case studies

We select four main developing economies (Vietnam, Brazil, South Africa, and Bulgaria) and four small emerging economies (Azerbaijan, Bahrain,
Ecuador, and Mauritius) in different regions to analyze the economic structure of both domestic production and consumption between EMERGING
and three other MRIO databases (GTAP, EXIOBASE, and Eora).

As shown in Figure 5, for main developing economies, Vietnam’s manufacturing and processing industry and mining industry are the main indus-
trial sectors of Vietnam, accounting for 15.3% and 7.5% of GDP, respectively (Trinh & Kobayashi, 2010). With the economic development of Vietnam,
the construction industry has achieved significant economic growth, with an average annual growth of 8% in the past 10 years. At the same time,
growing domestic consumption and the signing of the EU Vietnam free trade agreement have promoted the development of Vietnam’s retail trade
and the increase in demand. The characteristics of production and demand are all reflected in the EMERGING and other databases.

In 2017, Brazil's GDP reached US$ 2.05 billion, of which 63% came from services (Sousa et al., 2015). Therefore, the service shares of Brazil
in both production-based and consumption-based perspectives are large. The economic structure reflected in EMERGING and other databases is
roughly consistent.

The economic development of South Africa is mainly driven by the tertiary industry, such as financial, wholesale, and retail trade, which accounts
for about 65% of GDP (Yeo & Grant, 2018). Except for services, the construction demand in South Africais also large. According to the South African
Bureau of statistics, in 2018, the total expenditure on construction projects and related activities exceeded 430.2 billion Rand and employed labor
accounted for more than 8%, which are represented in EMERGING and other databases.

In 2017, industry and service accounted for about 28% and 67.4% of GDP, respectively (Kirilova, 2018). Among them, the fast GDP growth is
based onreal estate, IT, and trade. Compared with 2018, the output of construction increased by 8.3% in 2019. The share of residential construction
accounts for 27.3% of the total operating revenue of the construction industry. Foreign direct investment in construction increased by 39.1 million
Euros over 2018. Employees in the construction industry account for 5.5% of all employees in Bulgaria. The significant contributions of construction
and services to both the production and consumption sides are represented in EMERGING and other databases.

For small emerging economies, oil and natural gas play a dominant role in Bahrain’s economy. In 2017, some 19% of its GDP was contributed
by this sector (Khayati, 2019). The country’s banking and financial services have also benefited from the regional boom driven by demand for oil
(Alaali & Naser, 2020); the financial sector contributed to almost 17% of the national GDP in 2017 (source: Ministry of Finance, Bahrain). The
significant contributions of oil (through the mining and petrochemical sectors) and financial services to both the production and consumption sides
are represented in EMERGING and other databases.

Azerbaijan is another economy heavily reliant on oil (Vidadili et al., 2017). In 2019, the World Bank reported that it contributed 21.86% of the
national GDP. According to data from the Asian Development Bank (ADB) (Yoon, 2019), after mining and quarrying (sectors that incorporate oil),
the next largest sectors are construction and transport, storage, and communication (7.2% and 8.8% of GDP, respectively), all of which is reflected
in the EMERGING, GTAP, and EXIOBASE databases.

Mauritius, a small island developing state (SIDS), is a mixed developing economy based on agriculture, exports, financial services, and tourism
(Cervigni & Scandizzo, 2017). According to the African Development Bank (AFDB)’s report, tourism and hospitality contributes around 24% of GDP
and accounts for 22% of employment—both consistent with the economic structure reflected in EMERGING and other databases.

The economy of Ecuador is based on the export of oil, gold, bananas, shrimp, and other primary agricultural products (Martinez et al., 2017;
Valdivia, 2008). In 2017, remittances constituted 2.7% of the country’s GDP and total trade amounted to 98% of GDP. The country is also highly
dependent on petroleum resources: Oil contributed 6.7% of GDP in 2019. The economic structure reflected in EMERGING and other databases for

Ecuador is roughly consistent.

5 | DISCUSSIONS

The key principle guiding our method of compilation is to individually represent as many small emerging economies as possible. That recognition as
independent economies enables policy-makers to ensure the significant country and sectoral heterogeneity in their economic assessments. More-
over, by focusing on standardization, modularization, and timeliness, we have achieved a method for rapid, in-time, high-resolution MRIO tables.

And we have ensured that the philosophy behind the EMERGING database is one of comparability, verifiability, openness, and transparency. We
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FIGURE 5 The economic structure of domestic production and domestic consumption of the selected eight emerging economies across four
databases. Underlying data for this figure are available in Github at: https://github.com/Jingwenhuo/EMERGING_1212.git

will disclose the raw data source of each economy for users to evaluate its credibility and what EMERGING-MRIO frameworks can and cannot
deliver. The purpose of our paper is to propose a new, modular compilation framework method for MRIOs. Because not every economy we repre-
sent in this work currently possesses high-quality data, the data quality of the MRIO tables for some emerging economies can be poor. However, in
the future, we will deploy any available higher-quality national raw data to update the EMERGING database in a timely fashion. At the same time, in
the spirit of our open-access, crowdfunded venture, we hope more people will join us in contributing to improving EMERGING.

Looking ahead, due to the huge amount of data in the full EMERGING-MRIO tables, we will develop user-defined functions on our website to
allow people to choose the economies and sectors they are interested in, while other economies will be automatically merged into one region, ROW
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(standing for “rest of the world”). Moreover, combined data from corresponding environmental and socio-economic accounts, especially carbon-
emission inventories and labor inventories, will also be released in the future for analyzing many more studies on the socio-economic and environ-
mental impacts of globalization.

6 | CONCLUSIONS

This paper describes the compilation of the EMERGING-MRIQOTs: A time series of MRIOTs for 245 economies updating from 2015 to 2019. In
contrast to methods used to compile other MRIO databases, we use bilateral trade data from UN Comtrade as the base of our compilation.

There are some uncertainties in the compilation. First of all, the “export proportionality assumption” in the sectoral split of output is used, which
is relatively strong due to the limitation of data. Secondly, the proportion of imports used in intermediate and final demand is assumed to be the
same for each sector, because the data are too limited to build a concordance mapping between products and end-uses, especially for most emerg-
ing economies. Thirdly, the weighted average |OTs from the corresponding region is used to construct specific IOTs for economies that lack the
necessary data when developing the I0Ts and sectoral divisions

Some weaknesses of the approach have been touched upon earlier; there are also some limitations in the data usage of EMERGING database. (1)
We did not consider tariffs in EMERGING compilation. We only use the World Trade Organization bilateral service trade data in the trade matrix
construction, which is under reporting for several main economies, without using other data sources, such as the UN and the OECD, as a supplement.
(2) As CIF-FOB (cost, insurance, and freight-free on board) transformation, we use the total value of national imports in CIF price to scale the trade
matrix, which is very simple and ignores the difference between goods and services. (3) Given the different levels of data availability, the data quality
varies across economies. For a better understanding and appropriate use of the table, Table S13 in Supporting Information S1 and S2 shows the level
of data reliability for 245 economies. In the future, we will focus on these limitations to improve the reliability of EMERGING-MRIO tables.
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