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Abstract

This paper assesses whether Information and Communications Technology (ICT) equipment manufacturing is a standardised,
or even declining, industry, or whether it is still in a phase of innovative expansion. The analysis uses the results of calculations
performed on growth accounting data. In particular, data from the latest KLEMS productivity accounting online platforms were
used. Based on the reasoning presented in the article, a proper comparison of the compound gross value added (GVA) growth
rates, and the compound multifactor productivity (MFP) contributions to them, warrants the conclusion that, at least for the
countries analysed, the ICT industry remains vibrant.
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Streszczenie

Celem artykut jest przyblizenie odpowiedzi na pytanie czy przemyst wytwarzajacy sprzet elektroniczny i komunikacyjny (ICT)
mozna zaliczy¢ do produkgji wystandaryzowanej lub nawet schytkowej, czy tez przemyst ten nadal jest w fazie innowacyjnej
ekspansji. W analizie postuzono sie wynikami obliczer bazujacych na danych z obszaru rachunkowosci wzrostu gospodarczego.
W szczegdlnosci wykorzystano dane z najnowszych platform internetowych rachunku produktywnosci KLEMS. Na podstawie
rozumowania zaprezentowanego w artykule, odpowiednie pordwnanie skumulowanych przyrostow wartosci dodanej brutto
(WDB) oraz skumulowanych wktadéw rezydualnej produktywnosci (multifactor productivity — MFP) do tych przyrostow pozwala
wyciagna¢ wniosek, ze przynajmniej dla grupy krajéw uwzglednionej w analizie przemyst wytwarzajacy sprzet ICT jest ciagle
przemystem bardzo zywotnym.

Stowa kluczowe: produktywnos¢, dekompozycja, WDB, MFP, KLEMS.

JEL: E22, E23, 047

Licencje Creative Commons 4.0


https://orcid.org/0000-0003-1059-7114

2 D. Kotlewski, The Vitality of ICT Hardware Equipment Industry in the Light of Productivity Accounting

1. Introduction

Industry, particularly heavy industry, in contrast to 19th-century expectations
(which remained optimistic well into the 20th century), has come to be associated
with obsolescence. There is a fairly widely accepted view that this is a logical con-
sequence of the well-known three-sector theory in economics. According to this
theory, the transition from an economy dominated by agriculture (primary sector)’
to an economy dominated by industry (secondary sector), an equally inevitable
transition from an economy dominated by industry to an economy dominated by
services (tertiary sector). Observation has shown that this view has been largely
borne out—thanks to processes such as automation and robotisation that followed
mechanisation, the labour force freed up by the industrial sector has been employed
in other activities, mainly in the services sector, and the declining share of industrial
activity in GDP has been offset by the increasing share of service activity.

This raises the question as to whether this process has gone too far. Much of it
can be attributed, not to the three-sector-theory related processes, but to the relo-
cation of some economic activities from developed economies to developing ones.
If this last process is saturated, then the developed economies might reindustrialise to
some degree. At the same time, the developing economies (at least the success-
ful ones) have already been making (and some have completed) the transition to
a services-dominated economy and have even started to compete with the developed
economies in this area. Therefore, if the process of deindustrialisation is partly due
to temporary relocations that are, or soon will be, coming to an end, at the global
scale then perhaps the developed economies should partly reindustrialise and the
successful, but still developing, economies should maintain their industrial, and
especially their manufacturing, sectors to some extent.?

However, it should be kept in mind that any reindustrialisation (or industriali-
sation in the case of previously unindustrialised countries) should not be merely
a return to traditional industrial activities. Newly developed industrial activities
should be aimed at furthering modernisation or even launching futuristic innova-
tions that will yield tomorrow’s bread-and-butter applications. The extreme position
is that, only nanotechnology, biotechnology and information technology are worth
investing in, as everything else has been rendered obsolete. Be that as it may, this
paper focuses solely on ICT issues.

The ICT industry is not a newcomer; It has been developed for decades. The
economy is already impregnated with ICT products, including ICT hardware.
This industry might be experiencing something similar to those now outdated
heavy industries, (and many other strands of manufacturing) during the course

! The primary sector is often taken to include hunting and mining.

2 As far as a narrower (but still very representative for industry as a whole) category of
manufacturing is considered, this issue has been widely discussed in (Kotlewski, 2023). In the
mentioned reference it was found, despite the limitations of the study due to data availability, that
reindustrialisation (or exactly speaking a return to manufacturing) seems advisable, and is at least
economically sound, and should therefore be embraced.
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of the 20th century. Moreover, at least some parts of the ICT industry, including
hardware manufacturing, is presently being relocated. The issue of whether digital
equipment (hardware) manufacturing is still economically sustainable, whether it
properly belongs to the future economic leaders, therefore naturally arises. Any
consideration of this issue would move this discussion forward.

The present author contends that such an assessment can be made with the use of
KLEMS productivity accounting.’ This because this accounting is not only applied
at the aggregate level, but also at the sectoral (industry) level. The only analytical
issue is whether appropriate KLEMS data are available at sectoral and division levels
of the NACE or ISIC classifications.* An affirmative answer would mean that this
methodology could be employed to study and compare the relative competitive-
ness and sustainability of different industries in terms of their value-added capture
capability. Industries with high value-added capture capabilities achieve greater
sustainable profitability. In particular, those industries in which value-added capture
capabilities are growing rapidly achieve greater and growing sustainable long-run
profitability. These value-added capture capabilities and their growth rates should
be measured against the inputs of production factors and their growth rates (the
basic production factors are labour and capital, but they may be refined). Therefore,
they (i.e. the factors) can be understood as having high productivity (i.e. as having
high total factor productivity [TFP] or its KLEMS variant, multifactor productiv-
ity [MFP]) levels, and particularly its dynamics, as measured in the framework of
KLEMS growth accounting methodology. That is because these industries absorb
capital resources from the market, which spills over onto their long-run growth.
The KLEMS growth accounting methodology, when applied at the industry level,
makes it possible to assess whether this is the case for the ICT hardware equip-
ment industry, and consequently, whether there is scope to increase its economic
share. The analysis can be performed on a number of countries for which KLEMS
accounting is regularly performed.

The analysis based on KLEMS methodology can be used, despite the limited
number of countries for which KLEMS datasets are available. Not only can the
intensiveness of deindustrialisation be observed, but its economic soundness or
advisability can be assessed. The same analysis can be performed on ICT hard-
ware equipment manufacturing, as the contribution of MFP to economic growth
by industry is also observable through KLEMS lenses. If a given sector of the
economy is shrinking, i.e. if its growth rate is lower than that of the aggregate

3 KLEMS is an acronym for: K - capital, L - Labour, E - Energy, M — Materials, and S — Services.
KLEMS productivity accounting (or KLEMS growth accounting) is the most systematically performed
growth accounting methodology based on the decomposition concept devised initially by Robert
Solow (see Section 2 of this paper). However, the number of countries for which growth decomposition
is truly performed remains limited.

* NACE stands for Nomenclature statistique des Activités économiques dans la Communauté
Européenne. NACE rev. 2 is the current version of this European Union classification and will be
referred to in this paper as NACE 2 or simply NACE. From the standpoint of growth accounting
(here implemented) NACE is equivalent to ISIC (i.e. NACE 2 is the equivalent of ISIC 4 and NACE 1
is the equivalent of ISIC 3).
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economy, while at the same time the contribution of MFP to its growth rate is
higher in percentage points than that for the aggregate economy, then this shrink-
ing needs to be reversed. This follows because economic activities whose MFP
contributions (as measured by percentage points) to their sectoral gross-value-added
growth rates are greater than those for the aggregate economy, should be promoted.
The successful economies are those which increase their proportion of sectors
with high GVA growth rates, particularly when these value-added increases are due
to high MFP contributions, as this makes this evolution economically sustainable.

Whether the ICT hardware equipment industry is worth promoting, or whether
it is becoming averagely mature, or even obsolete, can also be assessed. The present
study answers the following question: Is ICT hardware equipment manufacturing
still an economically sustainable industry when assessed using KLEMS productivity
accounting? While this analysis can also be carried out using other decomposition
methodologies with residual TFP extraction, the comparable KLEMS data are the
most readily available for a number of countries. The present study determines
this issue for the 15 countries and country aggregates for which it was possible to
obtain appropriate data from the most recent KLEMS release’. It is structured as
follows: Section 2 reviews the literature; Section 3 presents the methodology; Sec-
tion 4 compiles the data; Section 5 presents and discusses the results; and Section 6
contains the conclusion(s).

2. Literature review

There is a wealth of literature on the role of ICT technology in the economy. For
example, a recently published and authoritative work on economic growth by
Fernandez-Portillo, Almodévar-Gonzalez & Hernandez-Mogollon (2020) states
that ‘Most of the scientific literature recognizes a positive impact of Information and
Communication Technologies on economic growth. In contrast, different investiga-
tions suggest that this impact is limited or even null, that is, there are mixed results’.
It further asserts that ICT drives the economic growth of developed European
economies. This alone warrants further research on the issue. A previously pub-
lished research paper by Garcia-Muiiz & Vicente (2014) claims that ICT are general
purpose technologies, that their pervasiveness drives knowledge flows, and that
they are catalysts of innovation, and as such, have a positive impact on economic
growth. The positive impact of ICT on manufacturing is confirmed by Li, Chen
& Miao (2022). According to these authors, although many previous studies have
failed to reach a consistent conclusion, there was a positive correlation between ICT
and the TFP of manufacturing firms in China in 2010-2019. The positive spillover
effects in the Korean economy are demonstrated by Hwang & Shin (2017). Earlier
works are even more optimistic about the impact of ICT on economic growth. For
example, many of the works cited in Vu (2011) contend that ICT has a positive
impact on economic growth. A profound analysis on the generally positive impact

5 At the time when this paper was drafted.
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of ICT on economic growth in India can be found in Maiti, Castellacci & Melchior
(eds) (2020).

As informative as this literature is, it does not precisely cover what is being
analysed in the present study, viz the narrower topic of ICT-producing industries,*
particularly hardware manufacturing. The reasons for this are provided in this sec-
tion. Pilat & Lee (2001, p. 4) point towards this difference in focus in their attempt
to explain the role of ICT in the rapid economic growth of the USA vis-a-vis the rest
of the OECD during the final decade of the 20th century, stating ...] ICT-producing
industries have made significant contributions to labour productivity growth in sev-
eral OECD countries, including Finland, Japan, Sweden and the United States. The
relative importance of the ICT-producing sector in different countries, and its growth
over time, might thus be one cause for the large difference in growth performance that
have been observed in several OECD countries in recent years. What remains to be
demonstrated is whether this still holds true—or at least did so until recently, as
the present author is constrained by the currency of the most recent publications.
The same source states that [...] telecommunications, financial services, insurance
and business services, are among the key users of ICT, but productivity growth in
these sectors has often been sluggish [...] there is also a view that ICT has not yet had
any real impact on MFP in some services sectors. This is prima facie contradictory,
but it may be that other broader ICT sectors, on which ICT-producing industries
rely, have exhibited greater value-added capture capability in the value chains. This
is applicable to many NACE codes related to trade and services.” The problem is
that the available data coverage is only partial, and usually insufficient to perform
a comprehensive growth accounting for them.® Extending the present study to ad-
ditionally cover ICT-using industries would require a book-length work that would
not even be comprehensive because of the lack of data.

Because of the impracticability of conducting a fully comprehensive study on the
role of ICT, the present study is restricted to determining whether the ICT hard-
ware manufacturing industry has been more productive than the manufacturing
sector (NACE code C) and the aggregate economy (NACE code Tot) during the
most recent period for which comprehensive data have been available, and con-
sequently, whether it is advisable to increase its share in the economy. One work
seems to be highly relevant to the present analysis—Vu & Amann (2024) basically
adopt the same approach, i.e. growth accounting methodology using EUKLEMS

¢ And this distinction seems to be ignored in Vu (2011) mentioned above.

7 E.g.: trade: 4651 — Wholesale of computers, computer peripheral equipment, and software;
4652 - Wholesale of electronic and telecommunication equipment; services: 582 — Software publishing,
6110 — Wired telecommunications activities, 6120 — Wireless telecommunications activities, 6201 —
Computer programming activities, 6311 — Data processing, hosting, and related activities, etc.

8 The available distinction in KLEMS data is: ] — Information and communication; J58-J60 —
Publishing, motion picture, video, television programme production; sound recording, programming and
broadcasting activities; J61 - Telecommunications; J62-J63 — Computer programming, consultancy,
and information services. The available body of data concerns rather the broadly understood
information related activities than pure ICT related activities, although some of them belong to
both categories.
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2019 release’s data. The literature review of this work cites many other works rel-
evant to the present study, but the work itself is the most recent and appropriate
for comparisons. Its results are compared with those of the present study, although
the latter are based on a more recent EUKLEMS data release. Significantly, Ghodsi
et al. (2021, p. 11) state that "...comparably less attention has been paid, and less in-
depth analysis provided, regarding the supply side of ICT products and services and
ICT production.’ This statement alone justifies the present study. This work makes
a clear distinction (p. 21) between ICT manufacturing industries (NACE code C26),
ICT trade industries (belonging to NACE code G46 category), and ICT services
industries (mostly belonging to the NACE code J section). It further confirms that
there has been more real value-added growth in ICT-producing industries than in
ICT-using industries (p. 26). However, here no growth accounting decomposition
is performed within the framework of a similar methodology. For this reason, the
present study uses the work cited previously (i.e. Vu & Amann, 2024) as the most
relevant one for making comparisons.

3. Methodology

The methodology used in this paper is very similar to that presented in many
KLEMS related papers, however, in order to preserve the paper’s integrity it will be
recalled bellow with the necessary adjustments to the present paper requirements.
Economic growth was first decomposed into the contributions of the two ba-
sic factors of production by Solow (1957). This was a specific development of his
economic growth theory (Solow, 1956). The application of this theory in regularly
conducted productivity accounts was associated with the introduction of Leontief
(1966) concepts in statistics. Due to the complexity of its numerous calculations, its
implementation had to await the advent of the computer era. The present version
of economic growth accounting in the form of KLEMS productivity accounting
was mainly formulated by Jorgenson and associates (Jorgenson & Griliches, 1967;
Jorgenson, Gollop & Fraumeni, 1987; Jorgenson, Ho & Stiroh, 2005).” This meth-
odology is basically consistent with the OECD (2001) methodology. These are the
two most common economic growth accounting methodologies that use the index
method. Moreover, their use is strongly recommended by Diewert (1976, 1978,
1992, 2004 and 2005)," a leading expert on productivity and price indices. Solow’s
decomposition is therefore the starting point:
AY AA AK

AL
—_——ta—+p— 1
Y A K P L @

? See also: Jorgenson (1963 and 1989). The basic KLEMS methodology is summarized in: Timmer
et al. (2007); and O’Mahony & Timmer (2009).

1o There is also the econometric method developed by, e.g.: Ackerberg, Caves & Frazer (2015);
Levinsohn & Petrin (2003); and Olley & Pakes (1996). This is often considered to be more appropriate
for decompositions at the individual firm level.
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where: Y is gross domestic product (GDP); L is labour, measured as physical counted
hours (later, strictly defined as hours worked); and K is capital-stock value. The weights
a and f3 are elasticities. These can be specified as shares of factor remunerations
in total income, which theoretically presuppose perfect competition and constant
returns to scale in the economy. It is these assumptions that warrant the use of the
formula f=1—a in (1). A is total factor productivity (TFP). Its contribution, AA/A,
is calculated residually by subtracting the other values in (1). It is termed as Solow’s
residual. In this way, there is no direct need to establish the value of A, which is an
abstract category whose interpretation was (and somehow still is) an issue. Solow
interpreted it as technological progress. Currently, it is usually interpreted as the
technological or organizational progress disembodied in labour or capital (with an
uncertainty introduced later to which we shall refer later on in this paper).
However, following Jorgenson and associates (supra), the Térnqvist quantity
index should be used for aggregation of GVA growth rates of individual products:

AlnV, =3 7. v Aln Vi )

where: V), is the GVA for industry j over a usually yearly period t, Vl]t are the GVA
levels for individual products i of industry j over period t; and v are individual
product i shares in V, calculated as the averages of periods tand’t-1. The growth
rates of individual products are therefore weighted by their (intertemporal in the
Tornqvist procedure) pre-aggregation shares, and relative growth rates are ex-
pressed logarithmically. Similar indices are used for aggregating production factor
growth rates at the product i level. Therefore, whenever a Solow decomposition is
conducted at the industry level, formula (1) is replaced in the KLEMS framework

by its trans-log approximation:
AlnV,, = AlnA}, + 0, AlnK ;, + B, AlnL, 3)

which is consistent with the Térnqvist procedure. It has been established that the
average shares between two time periods t and ¢-1 should be used, according to the
formula «, = (at +0‘t—1)/ 2 and similarly for 3, . Subscript j, present in (2) and (3), has
been omitted here for simplicity. By definition, these shares are shares in the GVA -V,
and the left-hand side of (3) is the growth in GVA, not GDP (for the consistency
of the accounts). Formula (3) should be used independently for each year and
each industry (as represented by e.g. NACE sections and divisions). Thanks to its
trans-log shape, formula (3) is strictly conformable with the original Cobb-Douglas
production function."

Formula (3) can be developed by introducing an additional variable, represent-
ing intermediate inputs (II), to the original production function. In the theory
developed after Solow, it was finally established that only the decomposition of
gross output (GO) growth (with an additional factor-alike contribution of II)

I However, when growth rates are high (>> 10%), the logarithmic values deviate from the classic
relative growths present in Formula (1).



8 D. Kotlewski, The Vitality of ICT Hardware Equipment Industry in the Light of Productivity Accounting

enables the contribution of technological or organizational progress, disembodied
in labour or capital, to growth to be calculated exactly (which is the uncertainty
mentioned above). This gross-output MFP contribution is different than the value-
added MFP contribution, but in an ideal situation they should be related by the ratio
between GO and GVA (which would mean that they are equivalent in their essence
although not equal in value). Otherwise, Formula (3) only enables an approximate
assessment of this contribution of technological or organizational progress. It may
be inconsistent (i.e. not related by a known ratio) because of the phenomenon of
substitution between the production factors and II. For this reason, the contribution
of A in Formula (3) is currently considered to be the industry capacity to capture
the value and participate in the income (OECD, 2001, p. 23). But this understanding
of the residual productivity contribution to growth is even more appropriate to the
present study, because of the rationale presented in the introduction.

There are issues associated with the use of GO growth decomposition. Data
insufficiency compels most countries performing KLEMS to only carry out GVA
growth decomposition according to Formula (3). Fortunately, GVA growth de-
composition remains the backbone of KLEMS, and provides the most essential
information about the economy. Therefore, despite its limitations, it remains the
basis of most analyses that use this accounting methodology. Performing GVA
growth decomposition as in Formula (3) instead of GO growth decomposition
also facilitates international comparisons, as the differences (possibly huge) in the
vertical integration of firms, which can impact II, are no longer an issue. This is
further justification for selecting KLEMS data with GVA growth decomposition.

It is important to note that in KLEMS accounting, different definitions of pro-
duction factor contributions are used—instead of contributions of factor stocks
(resources), as in Solow’s decomposition, the notions of contributions of factor
services are used in Formula (3). This is because the Tornqvist quantity index is
used to aggregate factor values. For this reason, the productivity term is MFP, which
can be considered as a ‘modernisation’” of TFP. The present study is therefore based
on MFP productivity.

Some values have been calculated especially for the present study. Preference
has been given to compound calculations that give greater weight to later-years
economic growth rates. They are therefore not equivalent to arithmetic means.
Chaining was used according to the formulae:

AV, =1, (1+amv;)-1

AnAY  =TT1" (1+AmAY |- @
(1)")_Ht=1( tan f) 1

where: V is for GVA in discrete time periods t or the entire time span (I, n); and A”
is value-added MFP in discrete time periods ¢ or the entire time span (I, n).



Ekonomista, online first 9

4. Data Compilation

Useful results are only obtainable for countries for which appropriate growth decom-
position data in NACE Rev. 2 system are published, including data on GVA growth
and the MFP contribution to this growth for the aggregate economy (NACE total
economy), the manufacturing sector (NACE section C - manufacturing), and the
ICT hardware equipment industry (NACE division C26 — manufacture of computer,
electronic and optical products). The 2023 EU KLEMS release,' i.e. the most recently
available, contains 14 such countries or country aggregates. These include the UK,
presently outside the EU, the USA, and Japan, for which countries there are consistent
data. They include also the EU19 aggregate of 19 countries that were in the euro
area at the time of the EU KLEMS 2023 release. The other countries from this
release, included in the present study, are Austria, Belgium, Czechia, Germany,
Greece, Finland, France, Italy, the Netherlands, and Sweden. Data for Poland are
taken from the Statistics Poland website."* They contain GVA growth decomposition
data, which are not available in the EU KLEMS release. The methodology used to
compute them is, however, very similar.

The mentioned EU KLEMS release data release includes every country in the
EU. However, the most important methodological component of KLEMS produc-
tivity accounting, viz. the GVA growth decomposition into the contributions of
production factors and MFP, is not available for all of them. Moreover, the time
series are quite short for some of them. The analysis therefore begins in 2009 in
order to maximise the number of countries for which sufficient data are available.
Moreover, as the aim is to examine ongoing trends, there is no need to delve into
the remote past. The World KLEMS site'* additionally contains data for Argentina,
India, South Korea, China and Canada," but these cannot be easily used in the pres-
ent analysis, because they are either methodologically inconsistent or incomplete,
and their time series are often too short.

Appendix Tables Al and A2 contain the data used. As stated at the beginning
of this section, these data concern the total economy, NACE section C, and NACE
division C26. For Poland, the aggregate of NACE divisions C26-27 is applied as an
approximation' instead of NACE division C26. The values contained in the Tables
are yearly values and compound values for sub-periods 2009-2014, 2015-2020, and
the entire period 2009-2020. For the EU19 aggregate and Italy, the appropriate data
on this EU KLEMS release are available only until 2019, and for Japan only until 2018.
The relevant compound values therefore cover slightly shorter periods. The compound

12 Luiss Lab of European Economics (2023), EUKLEMS & INTANProd - Release 2023, https://euklems-
intanprod-llee luiss.it/

13 https://stat.gov.pl/en/experimental-statistics/klems-economic-productivity-accounts/

“ https://www.worldklems.net/

15 The other two main world platforms are LA KLEMS (Latin America KLEMS) and Asia
KLEMS. The data for the vast majority of these countries are very basic, and do not include growth
accounting with a decomposition.

16 NACE division C26 — manufacture of computer, electronic and optical products together with
NACE division C27 - manufacture of electrical equipment.


https://euklems-intanprod-llee.luiss.it/
https://euklems-intanprod-llee.luiss.it/
https://stat.gov.pl/en/experimental-statistics/klems-economic-productivity-accounts/
https://www.worldklems.net/
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values calculated using Formulae (4) make it possible to conduct an analysis that
provides a rational response to the question posed in the introduction.

5. Empirical Findings

The essential results of the study are compiled in Table 1 below. These are the
compound GVA growth rates and compound MFP contributions for 2009-2014
and 2015-2020, and have been taken from Tables Al and A2 in the Appendix."”
Additional columns under the heading RI have been added in order to provide
for a qualitative interpretation of the results in the left-hand side neighbouring
cells. Each cell in these additional columns has been populated with one of three
symbols, as follows:

L.

IIL.

I1I.

For each row labelled “Tot’ under the heading ‘NACE aggregation’, -’ in
column labelled RI signifies a negative compound value, and ‘+ a positive
compound value. The former implies an economic contraction, understood
as a GVA decrease (in column group I - “Compound GVA growth”) or
a negative MFP contribution to GVA growth (in column group II - “Com-
pound MFP contribution”) over the period in question. Conversely, the
latter implies an economic expansion or a positive MFP contribution over
the period in question.

For each row labelled ‘C’ under the heading ‘NACE aggregation’, -’ signi-
fies either a negative compound value or a positive compound value that is
less than the value immediately above it in the “Tot’ row, and ‘+ signifies
a positive compound value and greater than the value immediately above it
in the “Tot’ row. The former implies either deindustrialisation, understood
as a decreasing share of manufacturing (NACE section C) in the aggregate
economy (column group I) or a MFP contribution to GVA growth (column
group II) in manufacturing that is either negative or lower than that for
the aggregate economy over the period in question. Conversely, the latter
implies either reindustrialisation’® or a MFP contribution to GVA growth
in manufacturing that is greater than that for the aggregate economy over
the period in question. This latter case indicates that, according to the ra-
tionale presented in the introduction, reindustrialisation is economically
sound (and possibly advisable).

For each row labelled ‘C26’ under the heading ‘NACE aggregation” -’ signifies
a negative compound value or a positive compound value that is less than
the one in the “Tot’ row above it (i.e. for the same country); and + signi-
fies a positive compound value that is greater than the one in the “Tot” row
above it but less than the one in the ‘C’ row immediately above it; and the

17" Compound results for the entire period 2009-2020 have been omitted here, as they do not
provide any additional information - they are, however, not contradictory to the results presented
in Table 1.

1 Or just industrialisation in countries that never were industrialised before.
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symbol “++ signifies a positive compound value that is greater than both
those in the “Tot” and ‘C’ rows above it. The first case indicates a decrease
in ICT hardware product (belonging to NACE division C26)" manufactur-
ing value as a proportion of aggregate GVA (column group I) or an MFP
contribution to this industry GVA growth that is either negative or less
than that for the aggregate economy (column group II) over the period in
question. The second case indicates an increase in ICT hardware product
manufacturing value as a proportion of aggregate GVA or an MFP contribu-
tion to this industry GVA growth that is greater than that for the aggregate
economy, thereby indicating that, according to the rationale presented in
the introduction, expanding the manufacture of ICT hardware products
is economically sound (or even advisable). The third case indicates that
expanding the manufacture of ICT hardware products is not only sound,
but more advisable than reindustrialisation (understood as manufacturing,
i.e. NACE section C, increase, which can be often sound in its own right,
but not necessarily).

1 For Poland, the group of division C26-27 is used as an approximation, due to data availability.
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Table 1.
Essential results of the study
| Il
Compound GVA growth Compound MFP contribution
Country or country NACE 2009-2014 2015-2020 2009-2014 2015-2020
aggregate aggregation Value RI Value RI Value RI Value RI
Tot 2,03 + 2,12 + -0,43 - 1,05 +
Austria C 1,37 - 147 + -0,42 - 2,22 +
(26 1754 [ +4+| 2206 | ++ [ 2696 | ++ | 2,04 +
Tot 5,69 + 3N + 0,49 + -145 -
Belgium C -1,22 - 2,05 - 10,08 + 2,93 +
(26 -36,40 - 3,59 ++ [ 1432 [ ++ [ 150 | ++
Tot 0,99 + 13,48 + -6,78 - 6,10 +
(zechia C 421 + 13,72 + -1,75 - 8,37 +
C26 324 [ ++ | 4821 | ++ | 472 [ ++ | 2470 | ++
Tot 4,56 + 392 + 1,10 + 0,64 +
Germany C 2,56 - -0,84 - 232 + -3,55 -
Q26 1731 | ++ | 2408 [4++ | 2199 [++ | 1790 [ ++
Tot -24,52 - -6,12 - -18,34 - 0,53 +
Greece C -40,04 - 17,33 + [ -2298 - 21,96 +
Q6 -30,69 | - 1780 | ++ | 1509 [ - 33,88 | ++
Tot -146 - 6,50 + -6,99 - 1,65 +
Finland C -30,77 - 8,33 + 15,47 - 14,45 +
Q26 -7912 - =312 - -69,71 - 4405 | ++
Tot 3,54 + | -0,86 - 133 - -3,09 -
France C 1,23 - -6,95 - 6,88 + -513 -
26 36,67 | ++ 4,94 ++ | 6044 | ++ 1,62 ++
Tot -1,25 - -3,96 - -4,31 - -0,21 -
Italy C -16,43 - -5,42 - -4,10 - -1,96 -
Q6 2325 | - 040 | ++| -1730 - -1,76
Tot 0,79 + 6,69 + -1,53 - -4,55 -
The Netherlands C -2,30 - 11,03 + 1,50 + 517 +
Q26 477 [ ++| -262 - 18,20 | ++ | -26,10 -
Tot 18,52 + 19,98 + -0,60 - 7,87 +
Poland C 31,28 | + 17,64 - 1963 | + 4,79 -
(26-27 7646 | ++ | 4389 | ++ | 5649 | ++ | 2391 | ++
Tot 187 + 10,38 + -0,18 - 0,77 +
Sweden C -17,90 - 397 - -1,98 = 0,74 =
Q26 -48,42 - -8,52 - -2,53 - 927 [ ++
Tot 5,59 + -1,73 - -1,96 - -1,30 -
UK C -0,63 - -2,90 - 6,39 + 3,22 +
Q6 1723 [ ++ | -13,89 - 2659 [++ | -119 -
Tot 0,00 - 0,08 + -0,17 - 1,22 +
euro area (EU19) C -0,02 - 0,09 + 0,08 + 0,64 -
Q26 003 [++ [ -059 - 047 [ ++] 015 -
Tot 6,99 + 12,07 + 1,26 + 3,43 +
USA C 131 - 783 - -1,74 - 2,21
(26 31,65 [4++ | 3472 | ++| 3870 [ ++ | 2817 | ++
Tot 1,09 + 3,46 + 2,35 + 0,56 +
Japan C -4,44 - 6,82 + 1,07 + 2,22 +
(26 6,86 | ++ 2,51 - 33,62 | ++ 1,24 +

Note: the following NACE Rev. 2 aggregations are in the table: Tot - total economy, section C - manufacturing,
division C26 — manufacture of computer, electronic and optical products, group of divisions C26-27 - the
mentioned C26 division together with C27 - manufacture of electrical equipment.

Source: own elaboration based on EU KLEMS 2023 release?® and Statistics Poland sites.

20 Luiss Lab of European Economics (2023), EUKLEMS & INTANProd - Release 2023, https://euklems-
intanprod-llee.luiss.it/
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Following the rationale laid out in the introduction, together with Rules I, II
and III mentioned above, the results presented in Table 1 can be analysed for each
individual country:

For Austria, developing the ICT equipment industry was particularly advisable
(+4) in the first period (2009-2014) and remained sound (+) in the second
period (2015-2020), as illustrated by the values for NACE aggregation C26 in
the column group II (Compound MFP contribution). The compound GVA
growth rates in both these periods, as illustrated by the values for NACE
aggregation C26 in the column group I (Compound GVA growth), were
much higher (++) than for both manufacturing (NACE aggregation C) and
the aggregate economy (NACE aggregation Tot). This economic behaviour
is consistent with the advice given in the first sentence of this paragraph.
For Belgium, developing the ICT equipment industry was very sound (++) in
both periods, as illustrated by the values for NACE aggregation C26 in the
column group II. Following the adopted rationale, the economic behaviour
was sound in the second period, when the compound GVA growth rate was
higher than for both the manufacturing sector and the aggregate economy,
but not in the first period.

For Czechia, developing the ICT equipment industry was very sound (++) in
both periods, and the economic behaviour was conformable with that advice
(following the same kind of analysis employed for the countries above).
For Germany, developing the ICT equipment industry was very sound (++) in
both periods, and the economic behaviour was conformable with that advice.
For Greece, developing the ICT equipment industry was particularly sound
(++) in the second period, and the economic behaviour was conformable
with that advice. In the first period, the economy was heavily impacted by
the Greek government-debt crisis. This strongly impacted these results. The
severity of this crisis became much milder in the second period, however, at
least as far as the issue at hand is considered.

For Finland, developing the ICT equipment industry was very sound (++)
in the second period, but the economic behaviour was not conformable (-)
with that advice (negative compound GVA growth for the C26 aggregation).
A similarity can be observed here with Sweden.

For France, developing the ICT equipment industry was sound (++) in both
periods, and the economic behaviour was conformable with that advice.
For Italy, developing the ICT equipment industry was not sound (-) in either
period. These results indicate a generally adverse economic state; one in
which many industrial sectors were struggling (although within this milieu,
the ICT equipment industry might not have been performing all that poorly,
particularly in the second period).

For the Netherlands, developing the ICT equipment industry was particularly
sound in the first period (++) but not in the second (-), and the economic
behaviour was conformable with that advice - a similarity can be observed
here with the UK.
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- For Poland, developing the ICT equipment industry was clearly sound (++)
in both periods, and the economic behaviour was conformable with that
advice. However, it must be kept in mind that electrical equipment (NACE
division C27) is included in the aggregation for this country (C26-27 was used
instead of C26). Therefore, this result may be skewed by the high expansion
of electrical equipment production.”

- For Sweden, developing the ICT equipment industry was particularly sound
(++) in the second period, but the economic behaviour was not conformable
(-) with that advice (negative compound GVA growth for the C26 aggrega-
tion) — a similarity can be observed here with Finland.

- For the UK, developing the ICT equipment industry was particularly sound
(++) in the first period, but not in the second (-), and the economic behaviour
was conformable with that advice - a similarity can be observed here with
the Netherlands.

- For the EU19 aggregate, developing the ICT equipment industry was par-
ticularly sound in the first period (++), but not in the second (-), and the
economic behaviour was conformable with that advice — a similarity can be
observed here with the UK and the Netherlands.

- For the USA, developing the ICT equipment industry was very sound (++) in
both periods, and the economic behaviour was conformable with that advice.

- For Japan, developing the ICT equipment industry was very sound in the first
period (++) and remained justified (+) in the second period, and the economic
behaviour was conformable with that advice in the first period (++), but not
in the second (-).

This outcome, based on the 2023 EU KLEMS release,” presented in Table 1,
indicates that increasing the proportion of ITC hardware equipment manufacturing
(understood as the C26 division of the NACE Rev. 2 classification) in GVA would
have been sound in 2009-2014 for 11 of the 15 countries and country aggregates
considered in the study. The result was similar, but not identical, for 11 of the
15 countries and country aggregates in 2015-2020. There were only 3 (for Finland,
Sweden, and Japan) out of 22 situations (as stated above: 11 in the first period and 11,
but not exactly the same, in the second period), that did not act on the soundness
of increasing the proportion of ICT hardware manufacturing in GVA.

These results support the hypothesis that ICT hardware equipment manufacturing
is not only an economically sustainable industry (as established through KLEMS

2 In Hagemejer et al. (2021) there is a statement (roughly interpreted to English) that In the
economic growth in Poland compared to EU countries, investment in ICT capital were relatively
low. The low digitalization rates of the Polish economy indicate that investments in ICT could be an
important source of growth in the future. While the author of the present paper agrees with this
statement, it is nevertheless not fully relevant to the issue at hand, since it is mostly about ICT-using
industries (that may additionally, and even predominantly, import equipment), whereas the present
paper is concerned with ICT-producing industries. These may be in their infancy in Poland, but
they are growing.

2 Although many analyses can be performed using the same kind of data and a similar method,
this inference must be restricted to the issue at hand.
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productivity accounting) but is still in its heyday. It is certainly not a shrinking,
obsolete activity. The countries examined here, however, vary in size, and are not
very numerous. Given that several major economies are missing in the analysis
(suffice it to mention China, India, Brazil, and Indonesia), this general outcome
can only be considered as plausible. The countries analyses here are nevertheless
quite representative of the OECD.

These results can be compared with those of Vu & Amann (2024). As stated
above, their work is the most relevant to the present study and it is almost as recent.
It is conformable with the present study in that it finds (Vu & Amann, 2024, p. 7)
GVA growth in 9 of the 13 economies analysed. Their paper states that Leading the
pack is Czechia... followed by the US... which is conformable with the observations
in the present paper for the period 2009-2014, which is subsumed by their period
2000-2015. Similar conformability, but in a negative sense, can be observed for
Italy and Finland. Some differences can be easily attributed to the different time
series and the slightly different country coverage analysed by Vu & Amann, but
there are many more similarities, as a comparison of Vu & Amann (2024, p. 8,
Table 4A) and Table 1 of the present paper reveals.

Neither Vu & Amann’s paper (2024) nor the present study are fully comprehen-
sive because of data availability and coverage, but their joint representativeness is
greater. The present paper study, however, contains a more specific policy recom-
mendation based on the rationale presented in the introduction.

6. Conclusion

Given the state of the available statistical data, the analysis using KLEMS produc-
tivity accounting of whether the ICT hardware equipment manufacturing industry
is expanding (as an increasing proportion of GVA) can be conducted only as an
assessment. The analysis performed in the present study, however, is quite repre-
sentative for the OECD and the results are unequivocal - it is rational to infer that
it is highly probable that the situation is similar for many other countries, and con-
sequently for the world economy. The work of Vu & Amann (2024), in conjunction
with the present study, increases the representativeness of the results, because its
coverage is somehow different.

ICT hardware equipment manufacturing is not only an economically sustainable
industry, but it is still in its heyday. It is certainly not a shrinking, obsolete activ-
ity. In a situation where the worldwide increase in productivity is decelerating,”

% This can be a source of secular stagnation. The issue is the feasibility of a continuous exponential
growth on a finite planet (Jackson, 2019). Increased inequality and the rise of political populism,
together with historical congruence between declining productivity growth and resource bottlenecks
are cited as causes. Demographic reasons (Cerrellati, Sunde & Zimmermann, 2017), and unfavourable
technological developments (Cova, Notarpietro, Pagano & Pisani, 2021) are additional factors.
Too many other explanations are being advanced to be cited here. Unbalanced growth between
technologically dynamic and stagnant sectors (Storm, 2018) are a consideration, although not exactly
in the manner contended by this author.
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any means that can help reverse, or at least contain this negative trend, should be
employed. Embracing ICT hardware equipment manufacturing is one such means;
one that should be accepted as beneficial for the economies of several countries. It
should, however, be kept in mind that more data are welcome to extend and confirm
these results. A Computable General Equilibrium exercise may be possible once
such data become available. If so, more precise conclusions will be able to be drawn.
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