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Abstract. The future of the world economy is usually associated with the development of an innovative sector,
where human capital is the main production factor. Despite the general trend of growth in the service sector, a strong
manufacturing industry remains a prerequisite for the innovative development of the economy, especially the most
innovative part of manufacturing including the production of electronics, robots, machinery and equipment, and
vehicles. The degradation of industrial capacity deprives a national economy of growth opportunities, increases its
dependence on foreign manufacturers of high-tech products and components, and hinders innovations, since the scope
of their application is narrowing. In this paper we’ve processed statistics to view the regional structure of the world’s
advanced manufacturing in dynamics. Such an analysis could be useful to track structural shifts that occur in the
geographical location of innovative production over time, to identify countries and regions in which the advanced
manufacturing industry is developing at a faster pace.
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Definition of advanced manufacturing
In the scientific literature, there is a traditional reference to the definition of advanced
manufacturing proposed in [1]: “a family of activities that (a) depend on the use and coordination
of information, automation, computation, software, sensing, and networking, and/or (b) make use
of cutting edge materials and emerging capabilities enabled by the physical and biological
sciences, for example nanotechnology, chemistry, and biology™
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Another the most cited relevant result is an exact set of “top 50 industries that constitute the
advanced industries sector” proposed by Muro, et al (2015) [2]. Among those industries 35 belongs
to advanced manufacturing, including, for example, Aerospace Products and Parts,
Communications Equipment, Computers and Peripheral Equipment, Resins and Synthetic
Rubbers, Fibers, and Filaments, Pharmaceuticals and Medicine, etc. In categorization industries
as “advanced”, the authors used 2 criteria: R&D spending exceeds 450 USD per worker, and over
21 percent of an industry’s workforce can be found in occupations requiring a high-degree of
STEM knowledge. For operationalization purposes, it’s important that all 35 advanced
manufacturing industries are defined by authors at the four-digit North American Industry
Classification System (NAICS) code level.

Paying tribute to such an approach, we still see several problems with it.

First of all, it is based on and applies to the specifics of the US economy in 2014-2015.
Whether it is fully applicable to other economies of the world and whether it is still relevant in
relation to the values of the selection criteria is an open question. As a sub-problem one should
remember about NAICS conversion to other systems — International Standard Industrial
Classification of All Economic Activities (ISIC), Chinese Industry Classification System (GB/T
4754), United Kingdom Standard Industrial Classification of Economic Activities (UKSIC),
Russian Economic Activities Classification System (OKVED), etc.

Another problem arises in relation to the nature of advanced manufacturing. It’s not about
formal statistical grounds, it’s about engineering properties of products and technological
processes. Traditional statistical classification wasn’t designed to fully grasp advanced
manufacturing innovativeness. Under the same statistical category, one can have a variety of
manufacturing activities, from rather “primitive” to highly “advanced”.

To our view, there is still no single one-fits-all approach when using traditional statistical
data. To make an accurate measurement of advanced manufacturing we need additional primary
data based on engineering expertise and not usually incorporated in existing official statistics.
Under these circumstances, one should not be deceived by using sophisticated multi-item
categorization scheme, because it doesn’t always mean more accurate analysis. Without primary
engineering data, there is room only for describing tendencies in rather broad categories.

One example of a simple classification and a non-detailed approach can be found in (Richter
et al., 2019). While using input-output methodology, the authors refer to advanced manufacturing
such (rather high-level classified) industries as Primary metals, Fabricated metal products,
Machinery, Computer and electronic products, Electrical equipment, appliances, and components,
Motor vehicles, bodies and trailers, and parts, Other transportation equipment [3].

In further analysis for indirect estimations of advanced manufacturing, we use different sets
of statistical entities due to data available (Table 1).

The problem of statistical analysis

Typically, statistical analysis uses indicators of the industry share in the GDP. For example,
UN statistics shows the value added created in manufacturing as a percentage of GDP for each
country [4]. Such an indicator in 2015, for example, was 10.5% for the UK, 11.7% for the US,
20.9% for Japan, 22.6% for Germany, 29.4% for China, 37.5% for Ireland. These figures reveal
the sectoral structure of the analyzed economies, but they do not show the contribution of each
country or a region to the global production of the given product. In addition, the UN statistics
presents the entire manufacturing industry (see ISIC, section D), but not advanced manufacturing.
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Table 1. This paper’s categorization of advanced manufacturing industries

MRIO Industries
name
Eora No 9 — Electrical and Machinery
No 10 — Transport Equipment
WIOD C21 Manufacture of basic pharmaceutical products and pharmaceutical

preparations

C26 Manufacture of computer, electronic and optical products
C27 Manufacture of electrical equipment

C28 Manufacture of machinery and equipment n.e.c

C29 Manufacture of motor vehicles, trailers and semi-trailers
C30 Manufacture of other transport equipment

OECD- D21 Pharmaceuticals, medicinal chemical and botanical products
ICIO D26 Computer, electronic and optical equipment

D27 Electrical equipment

D28 Machinery and equipment, nec

D29 Motor vehicles, trailers and semi-trailers

D30 Other transport equipment

The regional structure of advanced manufacturing is described in reports of leading
consulting companies. The report on the Global Industrial Machinery Industry describes this
industry in details with the estimated volume of the world market of 566 billion USD in 2020 [5].
The structure of manufacturing output as a percentage of global production is given in the
statistical reports of UNIDO [6]: in the third quarter of 2019, Europe accounts for 23.5% of global
manufacturing output, North America takes 20,0% and China take 19,2%. HowMuch.net contains
data on world’s manufacturing output in 2019, according to which China produced by 4 trillion
USD, the USA produced by 2,3 trillion USD and Japan earned 1,0 trillion USD [7]. Brookings'
report “Global manufacturing scorecard: How the US compares to 18 other nations” provides data
for 2015, according to which China produced goods worth 2 trillion dollars, which accounted for
20% of the global manufacturing industry, the share of the United States was 18%. According to
the UN, however, in 2015, the value added of the manufacturing industry in China amounted to
3.2 trillion dollars, which differs from Brookings’ estimates. Chinese value added in
manufacturing was 3.9 trillion dollars in 2019, which is close to the estimates of HowMuch.net.

When comparing data from wide range of sources of information, one can notice various
inconsistencies. It is not always clear which indicators are being compared: gross output or gross
value added. The absolute and relative values of these indicators for the same period may differ in
different sources. In addition, it is quite difficult to find statistics on individual products of the
manufacturing industry that make up advanced manufacturing.

Authors propose to make statistical comparisons of data based on multi-regional input-
output tables (MRIQ), since the indicators in these tables are uniform. The names and the number
of sectors (or products) for each economy is the same for a long period. The values of indicators
of gross output, value added, final demand etc. are measured in the same money units for all
countries, sectors and periods. Any MRIO is a model of global economy which is more or less
balanced and consistent (though the data itself has flaws, the use of mathematical algorithms
allows to make best possible estimates).
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MRIO Eora, WIOD, OECD-ICIO: opportunities and limitations

A multi-regional input-output table is used primarily for measuring value added in trade, or
degree of backward and forward integration within value chains, but it can also be used for cross-
country comparisons of statistical indicators. The known MRIO covering a significant part of the
world economy are: the World Input-Output Database (WI10D), the Global Trade Analysis Project
database (GTAP), and the OECD-ICIO database. We have used also the data of another well-
known multi-regional 10 table - "Databases of the global supply chain Eora" [8, 9].

When choosing between Eora, WIOD and other multi-regional tables, we were guided by
such considerations as coverage of the largest time interval for analysis, as well as the largest
number of covered countries. According to these criteria, Eora was selected, in which data are
presented for the period from 1990 to 2015. OECD-ICIO and WIOD provide data since 1995 and
2000 respectively. Eora is characterized by the most complete coverage of countries in the world,
distinguishing 190 countries versus 43 economies in WIOD and 64 economies in OECD-ICIO.

The problem arising when using any MRIO, is unreliability of the data. The paper [10]
provides information on the deviations of the indicators of various MRIOs from the data of the
UN System of National Accounts, taken as a standard. The WIOD estimates of the GDP differ
from the reference ones by + 7%. For GTAP, the deviation of this indicator is more significant:
for most economies it is underestimated by an average of 7%, but sometimes it differs from the
benchmark by 12-14%. Domestic demand, exports and imports also differ from benchmarks, up
to 40%, more often downward. Eora’s data accuracy is analyzed in the paper [11].

Methodology and results

In the selected version of MRIO, Eora26 [12], all economies are divided into 26 sectors (or
products), based on the ISIC Rev. 3. Among 26 sectors used in Eora26, authors took N9 —
Electrical and Machinery and No.10 — Transport Equipment. In our opinion, these are the sectors
that make up advanced manufacturing or at least are the best approximation of it given the specifics
of Eora 26.

When choosing indicators of statistical evaluation between gross output and gross value
added, we selected gross (total) output. Our choice is due to the fact that modern innovative
products include the services of third-party organizations (R&D, Software, other business
services), the costs of which are not reflected in gross value added.

We used R language in RStudio IDE for working with Eora26 tables and Microsoft Excel to
visualize final results. Data on advance manufacturing total output by country retrieved from Eora
database was processed further by several simple procedures:

(@) Share of each country in the world advanced manufacturing total output in the respective
year was calculated, thus giving the time series of such shares in 1990-2015.

(b) Four countries (former USSR, Armenia, Kazakhstan, Guyana) were deleted from the
list because of obvious inaccuracies in the relevant data.

(c) All other economies were grouped in 4 regions of the world: North America, Europe,
Asia and the Rest of the world. North America includes the United States and Canada, Europe
includes all contemporary EU members, Asia includes all geographically Asian countries, with the
exception of the republics of the former USSR.

(d) Countries were ranked by the average share in total output (averaged for the mentioned
period).

(e) Top-7 countries were selected for special analysis and forecast.

(f) Forecast (simple linear trend) for these 7 countries was made for 2021-2022 based on
Eora 26 data for 2010-2015 and World Development Indicators [13] data for 2016-2019.

Results of calculations in regional contribution to the global advanced manufacturing are
shown in Figure 1.
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Figure 1. Dynamics of world advanced manufacturing total output at basic prices by region in
1990-2015
Source: Calculated by authors with data from MRIO Eora 26.

Results of forecasting for 2021-2022 and dynamics of total output by the top-7 countries
during 1990-2019 are visualized in Figure 2.
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Figure 2. Dynamics of advanced manufacturing total output by country in 1990-2019 with
forecast till 2022
Source: Calculated by authors with data from Eora 26 and World Development Indicators.
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The growing role of China
From the analysis of Figure 2, the growing role of China is obvious. This role is even more
noticeable when considering the share of intermediate consumption of products of advanced
manufacturing within the country (domestic intermediate consumption) in relation to the world
output of advanced manufacturing (Figure 3).
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Figure 3. Dynamics of the share of domestic intermediate consumption to global intermediate
consumption in advanced manufacturing
Source: Calculated by authors with data from OECD-ICIO.

In 2000, China's share was just over 5%, and already in 2014, it was almost 35%. This
indicates that in the Chinese economy, national inter-industry chains in the field of high-tech
industry have significantly developed and become more complex, and China has ceased to be just
an assembly shop.

Using the approach described in the paper [14], according to the OECD-ICIO data, it is
possible to calculate and visualize the dynamics of the contribution of individual industries to the
trade balance, taking into account the added value they create (in exported goods and services) and
the final and intermediate imported goods and services consumed in absolute terms (Figure 4).

As the analysis shows, despite China's significant success in advanced manufacturing, yet
taking into account the final imports of knowledge-intensive products and the intermediate imports
required for the functioning of such an industry, China still needs external goods and services.

However, a more detailed analysis shows (figure 5) that two industries have a stable positive
contribution: Computer, electronic and optical equipment and Electrical equipment.
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Figure 4. Dynamics of the contribution of individual industries to the trade balance, taking into
account the added value they create and the imported goods and services consumed (thousands
USD, absolute terms)

Source: Calculated by authors with data from OECD-ICIO.
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Figure 5. Dynamics of the structure the contribution of advanced manufacturing industries to the
trade balance, taking into account the added value they create and the imported goods and
services consumed
Source: Calculated by authors with data from OECD-ICIO.

Conclusions, discussion and future research
Until 2008, Europe and North America dominated in terms of output in the advanced
manufacturing of the world. Japan and South Korea also made a significant contribution. After the
2008 global financial crisis, the situation changed dramatically, American and Japanese

38



Bocomasn Meacoynapoonas nayuno-npaxmuueckas kongepenyus «BIG DATA and Advanced Analytics. BIG DATA
U ananu3 8blcoKo2o yposuay, Munck, Pecnyoauxa benapyco, 11-12 mas 2022 200a

manufacturers began to lose market share, yielding to Asian manufacturers. China annually
increased its share in the world market of advanced manufacturing products by almost 1%, Japan
and the United States together lost 1% of this market annually.

In the short term, China remains the largest producer of electronics, machinery and
equipment, and vehicles, as well as their most important exporter. The powerful industrial sector
is a base for the innovative development of Chinese economy in the future.

MRIO databases are a handy statistical tool and data source for analyzing global production
and markets. The accuracy of the given results needs additional verification, but as the MRIO data
and methodology improves, accuracy will increase.
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AnHotanus. bynyiiee MEpOBOH SKOHOMHUKH OOBIYHO CBSI3BIBAIOT C Pa3BUTHEM HHHOBALIMOHHOT'O CEKTOPA, T/IE
YeJOBEYECKUH KaIlUTal SIBJISETCS OCHOBHBIM (haKTOpOM Ipon3BojcTBA. HecMOTps Ha OOIIyI0 TEHASHIHUIO POCTa B
cdepe yciIyr, MPEANOCHIIKOH HWHHOBAIMOHHOTO DPAa3BUTHA 3KOHOMHKHM OCTaeTCs CHIIbHas oOpabarkiBarommas
MPOMBIIIICHHOCTh, OCOOEHHO B ¢¢ Hanbojee WHHOBAIIMOHHON YacTH, BKIIOYas MPOM3BOJICTBO 3IICKTPOHHKH,
po6OTOB, MalIMH U 000PYIOBaHMS, TPAHCIIOPTHBIX CPEACTB. Jlerpaganus Mpou3BOJCTBEHHBIX MOIIHOCTEH JHIIaeT
HaIlMOHAJIBHYIO 5KOHOMHKY BO3MO)KHOCTEH POCTa, YBEJIMUNBACT €€ 3aBUCHMOCTh OT 3apyOeKHBIX IPOU3BOJHUTEINCH
BBICOKOTEXHOJIOTHYHON TPOAYKIIMH M KOMILIEKTYIOLINX, CICPKUBAcT MHHOBAIMH, ITOCKOJIBKY CyXaeTcs cdepa ux
npuMeHeHusa. B nmaHHOW paboTe Ha OCHOBE JaHHBIX MEXPETHOHAJIBHBIX TaOJHUI] «3aTPAThl - BBITYCK» JEJAeTCs
MOMBITKA OLIEHUTh PErHOHAIBHYIO CTPYKTYPY HAyKOEMKOM IMPOMBIIITIEHHOCTH B Mupe. Takoil aHamu3 MoXeT ObITh
TOJIE3€H ISl OTCJIEKHUBAHHS CTPYKTYPHBIX C/IABHTOB, IPOUCXO/SIINX BO BPEMEHH B reorpaduueckoM pazmenieHun
WHHOBAIIMOHHBIX ITPOU3BOJACTB, JUIA BBIABICHUS CTPaH M PErHMOHOB, B KOTOPBIX OINEPEKAIOIIMMU TEeMIIaMH
pa3BUBaeTCa HayKOeMKasl IPOMBIIIICHHOCTb.

KiroueBnle cioBa. HaykoeMkas HMpOMBIIIJICHHOCTh. AHAJM3 «3aTPaThl - BBITYCK». MexXpernoHajibHbIC
TaOJHIBI «3aTPAT-BBILYCK.
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