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Abstract

Policymaking for science, technology, and innovation (R&D) is stepping into a new era
in the twenty-first century within a highly integrated production network, making it more
challenging to capture the impact of R&D investment from an evidence-based approach.
To unfold the paradox of the R&D spillover effect spared in the global supply chain, we
use computable general equilibrium model with the GTAP database v10 to analyze the
impact of Japan’s public R&D investment to the world focus on key sectors of global sup-
ply chain, namely chemical and pharmaceutical, electronic equipment, machinery, and
transportation equipment to examine its output, external trades, and welfare. The produc-
tivity parameters triggered by public R&D investment are calibrated from the SciREX Pol-
icymaking Intelligent Assistance System—Economic Simulator (SPIAS-e). The simulation
results show significant increase in Japan’s output and export for chemical and pharma-
ceutical, electronic equipment, and transportation equipment. The GDP growth was stimu-
lated by 0.6% and substantial welfare improvement by USD 78,000 million, while other
countries such as Malaysia and Taiwan by 0.4—-0.6%. In contrast, the economic indicators
of China reveal a negative impact, implying a structural change in the composition of the
production network. It is notable to see a higher economic integration of Oceania within
the region through its vibrant production and trades. The study provides comprehensive
global analysis on production networks and insights for evaluating the R&D investment
spillover effects.
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Introduction

The creation of the science, technology, and innovation (STI) knowledge platform initiated
by public R&D investment could utilize the expansion of scientific facilities and related
supportive equipment and human capital with the spillovers flow into entrepreneurship
(Kuroda 2013). This concept urged the direction in Japan’s 4th Basic Plan for STI, empha-
sizing the evidence-based research and indicators to assist the government’s policymaking
system on STI and R&D investment. In the highly integrated global market, the production
networks have naturally abolished tariff barriers for efficient manufacturing in the supply
chain (Fugazza and Maur 2008). Nevertheless, the evidence-based research on other fac-
tors for manufacturing transition is scarce to provide a reference for the spillover effect that
could attract more interest in this global supply chain analysis.

According to the Statistics Bureau of Japan (MIC 2019), since 2009, the R&D expendi-
ture in Japan has been steadily increased from 150 to 185 billion USD (Fig. 1), whereas
the majority is contributed by the private sector. On the other hand, the R&D expendi-
ture share in GDP remains at the level of 3.5%, which relatively higher than other average
of OECD countries (2.4%) except for South Korea (4.2%). However, the government-led
R&D expenditure to GDP share has been at the low level of 0.5%, lower than the average
of OCED (0.6%) and most developed countries, such as Korea (1.0%), Germany (0.8%),
and US (0.7%), respectively (METTI 2019).

Comparing the volume of R&D expenditure, the scale of public investment is much
smaller than private sectors; nevertheless, the public R&D investment in basic science
could generate more spillover effect to facilitate the productivity in multi-sector. Such
R&D investment mostly presents in the form of the competitive research fund granted to
research institutes and universities. Unlike the outcome from private R&D investment usu-
ally turns to protected patent to ensure the profitability, public-funded research outcome
could be publicized and shared with the society after a specific period (usually 5-year);
thus, the policy cost-effectiveness could be examined more systematically (Kuroda et al.
2018).

The technology also accelerates the access of medicine through marketing on cyber
platform seamlessly with affordability (Biswas 2014); the connectivity of medical service
through electronic equipment in distant prescription may also speed up the application of
information communication technology (ICT) and the pharmaceutical industry along with

Japan's R&D Expenditure (unit: billion USD)
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Fig. 1 Japan’s R&D expenditure (1 USD =105 JPY) Source: Calculated by authors based on MIC (2019)
and METI (2019)
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the global deregulation. It is inevitable that the demand for electronic equipment, machin-
ery, and transport equipment would increase substantially, stressing the government to
react appropriately to take plausible measures and science, technology, and innovation
(STI) policy to improve economic growth and welfare.

New form of the resilient global supply chain

Since the 1990s, the foreign direct investment (FDI) outflow from Japan and other newly
industrialized economies (NIEs) in Asia have contributed to regional production networks
with substantial share global demand for electronic equipment, transport equipment, and
machinery. The mushroomed free trade agreements in the 2000s also speeded up their
independence. Therefore, the supply chain disruptions caused by natural disasters could
make a significant impact on other countries without physical damage in cases of great
earthquakes in Taiwan (1999), Japan (2011), and the floods in Thailand (2011).

Japan’s 5th Science and Technology Basic Plan (Cabinet Office 2016) advocates that
Japan should aspire to transfer from information society to “Society 5.0, which infers a
human-centered society that balances economic advancement with the resolution of social
problems by a system that highly integrates cyberspace and physical space. Such transition
requires substantial input for ICT products for domestic infrastructure as implementation
for more efficient and effective actualization of productivity in smart manufacturing and
smart city development. To accommodate such transition, the domestic production may
be stimulated again and such public investment for R&D and innovation could also serve a
positive shock with spillover effect to accelerate the production transition among the global
supply chains.

The growing complexity in the global supply chain in logistics and intermediate inputs
has made it challenging for a business to reduce the vulnerability of disruption (Christo-
pher and Peck 2004), while the determination of production networks is the fractionaliza-
tion between specialized components of manufacturing and exchange in the global supply
chain (Baldwin 2013). Such a framework is continuously transiting intra- or inter-region-
ally from the competitiveness in the product innovation of the increasing capital intensity
and upgrade, mostly in the electronic equipment, for their usage for communication and
city renovation in transaction and transportation (Navarro et al. 2017).

The platform economy is contributed significantly by the rapidly spreading e-commerce
since the 2000s with the support of ICT products such as personal computers and the inter-
net. With the increasing popularity of the smartphone in the 2010s, the shared economy
rephrased the business landscape worldwide with robust applications such as virtual shops,
restaurants, and miscellaneous that highly depended on internet service with intensive
input of electronic equipment. Such development does change not only the way of life but
also stimulate the creation of innovation from a considerable small unit (Evans and Gawer
2016). While the significantly positive impact of R&D investment on GDP growth and
e-commerce have been testified (Anvari, and Norouzi 2016), it would be more desirable to
see its spillover effect among sectors and region globally.

The impact and spillover effect of public R&D investment
For emerging economies, manufacturing sectors require stable investment to build a smart

society system. While impact assessment of possible mega natural disasters on Asian sup-
ply chains (Huang and Masuda 2020) and innovative financing framework for ASEAN
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countries (Huang et al. Forthcoming) have been widely discussed, there remain gaps for
the spillover impact of R&D investment. The research aims to provide an evidence-based
approach to Japan’s public R&D investment to increase productivity and its impact on the
integrated production networks. As the impact of the trade war between the US and China
does not limit to the large economy but also to the emerging market (Carvalho, Azevedo,
and Massuquetti 2019), to stabilize competitive production network is of importance
than risk hedging. Furthermore, along with the new age after the coronavirus shock, the
research expects to shed light on unfolding the potential collaboration.

Confronting the critics on government R&D intervention may distort the market.
Empirical studies in the Korean pharmaceutical industry provide a contrasting approach
that government R&D expenditure repairs the market failure for the smaller scale of ven-
ture firms (Choi and Lee 2017). The timing for investment in R&D cluster formation also
matters for welfare optimization before a considerable long time for technology to be com-
mercialized from the laboratory. Therefore, government’s role in long-term decision-mak-
ing foresight for R&D investment (Lee and Yang 2018) is critical with demonstration effect
to the industrial development. Also, government R&D expenditure could generate higher
labor productivity growth with the flexibility (Dawid and Hellmann 2017; Coccia 2012);
this evidence suggests the vibrant role initiated by the government to provide essential sup-
port in the target sector.

The innovation network serves significant factors for pharmaceutical sectors for new
product development (Mazzola et al. 2015). The partnership and the flow of supply chain
may receive more attention in the emerging market, where actions of small and median-
sized enterprises (SMEs) toward innovation are also highly correlated with supply chain
clusters (Ren et al. 2015). In such circumstances of uncertainty, the government’s decision
making may significantly affect the cluster’s move and coordination following an evidence-
based method to determine the specific sector for R&D investment. While flexibility is
desirable, industries that could actively respond would be more potential and resilient. The
government expenditure on R&D also shows the leading effect on private investment (Sus-
sex et al. 2016). Such demonstrate behavior could result in a greater return, and the accu-
mulated capital would have a direct impact on productivity.

Nevertheless, the spillover effect between firms does not show as significant as internal
R&D (Isaksson et al. 2016), implying the importance of public R&D investment, which
generates a high return in information technology could come with intertemporal knowl-
edge spillovers (Miyagawa and Hisa 2013). The pharmaceutical industry operates with
high risks for its costly R&D input; however, such risk could be pooled through public
facilities under proper coordination between research institute, education system, and the
private sectors. Japan’s pharmaceutical industry was considered at a smaller scale com-
pared with the US, but its financial condition has fewer constraints (Mahlich and Roediger-
Schluga 2006). Its competitiveness in the deregulation accelerated by the Comprehensive
Progressive Trans-Pacific Partnership (CPTPP) may be potentially strengthened (Kawasaki
et al. 2019).

The capture of R&D impact

After the burst of the bubble economy in Japan in the early 1990s, the R&D capital is esti-
mated more important than physical capital (Suzuki and Chida 2017), whereas it remains
difficult to capture the impact and contribution of the R&D to productivity. As Japan
went through the economic stagflation, the cost-effectiveness of government expenditure
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became rather tightened due to the shrinking population in the super-aging society. Empiri-
cal evidence shows that the importance of public R&D investment in educational institutes
such as the university system for cutting-edge research (Becker 2015). Such investment
provides the most spillover for the high-skilled human capital trained in the public order
could also contribute to the productivity of the private sector. The evidence-based research
thus becomes vital to allocate budget for R&D and innovative investment.

R&D, in many aspects, could foster the firm’s production and marketing activities to
meet the requirements. The intangible R&D investment contains the features of sunk cost,
spillover, scalable, and synergies (Haskel and Westlake 2018). Such a measure of pro-
ductivity improvement should be decomposed more specifically to generalize the R&D
contribution (Chan et al. 2014). However, the survey data of the firm-level will not sat-
isfy the inquiry of R&D effectiveness comprehensively. To capture the spillover effect of
public R&D investment, it would be indispensable to investigate the structural change of
industry from the input—output table (Kuroda et al. 2018). The evolution of intermediate
input implies the technology improvement; for instance, in 2010, less coal and iron input
required for steel production than in 1995, representing the increase in productivity. Simi-
lar cases could also be found in the automobile sector, which needs more input of semicon-
ductors and IC chips because of the development of ICT products.

The SciREX Policy Intelligence Assistance System (SPIAS) was constructed, affiliated
with an economic simulator (SPIAS-e), which provides a 50-year projection of productiv-
ity parameters contributed by public R&D investment. Such a system is based on the time-
series data and demographic trend sourced from Japan’s input—output tables since 1995
for recursive Computable General Equilibrium (CGE) simulation. The R&D policy option
also derives the specification of tangible and intangible capital stock (Kuroda et al. 2018),
and its application on technology improvement for renewable energy in Japan (Huang and
Kim 2020). Despite the sophisticated R&D foresight demonstration, given the constraint of
SPIAS-e only for Japan’s analysis, it is desirable to connect the system for a global-scale
impact.

The paper proceeds as follows; the methodology section introduces the model struc-
ture and selected formula for the analysis. The data and scenarios section explains the data
source, research scope, parameter setting, and calibration. In the section of simulation
results, key economic indicators such as output, price, and the external trade are demon-
strated in figures, along with the welfare analysis on GDP and welfare, followed by the
concluding remarks and future perspectives.

Methodology

The computable general equilibrium (CGE) model has a long history in analyzing national
and global trade income with the Global Trade Analysis Project (GTAP) model. Since its
establishment in the 1990s, the complexity of the GTAP model continuously grows with
more sectors and regions involved (Mensbrugghe 2013). The framework provides clear
policy implications through key indicators such as the changes of output, prices, trade vol-
ume, as well as the impact analysis in the optimal level of the implementation of subsidy
and tariff sectorally and simultaneously.

We apply a CGE model with the GTAP database version 10 to examine Japan’s pub-
lic R&D investment and its spillover effect on other important players in the global sup-
ply chain. The GTAP database v10 consists of 65 sectors and 141 regions, accounting
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for worlds 98% GDP and 92% population as of the base year of 2014 (Aguiar et al.
2019). The composite of Japan’s manufacturing and population began to have structural
change with higher input of electronic equipment in communication, energy, and agri-
culture, resulting in more economic integration with the global supply chain. In this sec-
tion, following Table 1, we introduce the parameters, variables, and formula used for the
simulations based on Hertel (1996).

The GTAP model is widely used for trade analysis with informative implications for
sectors, deficits, and welfare. The composite function of factor production, demand, out-
put, and consumption could be derived as:

Composite factor production

/ 6;/( ff_l)

o-1)/¢
Yj,r,t = bj,r 2 ﬁhJ,rF;EJfr,tl)/ ’ vj, r,t (1)
h

Factor demand

Table 1 The parameters and variables in the model (selected) Source: Hertel (1996)

Set

i,j Sector

r, s, rr Region

h Factor (labor and capital)

t Time period (in this model, r=1)

Parameter

b;, Scale parameter in the production function

Bhjr Share parameter in the production function

@, Share parameter in the utility function

ax;j, Intermediate input requirement coefficient

521, gz’r Share par. in Armington function

Yir Scale par. in Armington function

o Substitution elasticity between factors (data retrieved from the GTAP database)
o-i{’ Substitution elasticity between D and QM (data retrieved from the GTAP database)
o Substitution elasticity between countries (data retrieved from the GTAP database)
Variables

Y, Composite factor

z, Gross domestic output

X7, Household consumption of the i-th good

Fhj, Factor input

FL’J_J Input of factor of production at market price

p Price of Armigton’s goods

4 Factor price

sP Private saving

or;, International shipping from the 7-th region to the s-th region

OF;, Composite exports

oM;, Composite imports
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The government behavior in the model is unable to save but to impose direct taxes on the
household to fill the gap between its consumption expenses Xg , and its other revenues from
production tax T/,r, ,» import tariffs le”iy ,» and export taxes Te The function is thereby derived
as:

Direct tax

Tf,t = Zp;],r,txir,t - z gt + 2 hgj,rt Z 18,1t + Z Tzr,s,t Vr’t (6)
i i,s

where Td direct tax revenue; TZ ~ =production tax revenue Tf hjr = factor input tax revenue;
Tl."r = export tax revenue; 77" = 1mp0rt tariff revenue. p , denotes the price of the Arming-
ton’s (1969) composite good

Based on the suggestions from the National Account System 2008 (UN 2009), the R&D
activities are accumulated in the capital stock, rather than in the intermediate good. Govern-
ment investment is derived in the form of providing capital-use subsidy on the sectoral capital
stock, for it is set as an immobile factor, so that the investment could be limited to the selected
sector at the investment determined. Labor is set as mobile factor within region, so it could
flow to other sector for profit optimization.

Factor input tax
T{l,]’,r,t = T{z,f,rpit,f,r,chJJ’f Vh,j,rt )

Factor tax rates

h,/, / FO,;, ®)
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Further, the energy goods demand for the household Xf , are the function of the goods pro-
duction function. The coefficient parameter of ax; ;. denotes for the intermediate input coef-
ficient, which shows the productivity improvement triggered by R&D investment

X7 =ai,r'2h,j(FFh,i,/_S€_Trd)/q ©)
Lr pi,r
0
ax;;, = X,-J-,,-/ 7 (10)

The external trade functions derive as follows:
Import flow function

m

o"—1)/ o
oT,, = o vty OM,,, Yi,s,r.t
o (1 +1° ) " e T plie (1 + 7 ) .
is,r pi,s,r,r S,1t i,s,rpl ROW,rt 7'-i,s,r
1D
Composite exports supply function
—od
o o! ., !
ei(’rt+1)/ Léei’r<1 + Tiz,r>pzr,t
QE,,, = L (Z,, - OTS,,,) Virt (12)
irt
Composite import demand function
d
c?-1)/ o¢ i
yer, )/ ' 5mi,"piq,r,t .
oM;,, = g Qipy Virrt (13)
pi,r,t

Finally, the welfare function is determined by the utility function associate with expendi-
ture function (cost minimization expenditure attaining a utility level), implying the consump-
tion level variation from the output price changes.

Utility function:

vup =TT (%) (14)

ep(p?, UU) = min {p? - [UUX") = UU} (15)

The welfare (WF) indicates the utility difference (U UP) before and (UU") after the policy
intervention as equivalent variation (EV).

WF = ep(p®, UU") — ep(p®°, UU) (16)

@ Springer



Journal of Social and Economic Development (2021) 23 (Suppl 3):5447-5467 5455

Data and scenarios
Sector and region category

To analyze the key sectors of the global supply chain, we aggregate 14 regions from the
base year of 2014 to interpret the impact on the economic indicators specifically (Table 2),
the breakdown details could refer to “Appendix” (Table 5). The sectors and regions are cat-
egorized based on their representativeness in the supply chain. Because of the trade grav-
ity, we tend to use a single country in Asia to review its impact, while aggregations were
made for other regions for simplicity.

Scenario: Japan’s public R&D investment

For the R&D investment scenario, following the definition and suggestion of SNA2008
(UN 2009), the R&D investment is used for policy simulations as a capital-use subsidy
to increase capital accumulation in the capital stock. According to Kuroda, Tkeuchi, Hara,
et al. (2018), the productivity change is assumed to be actualized after a 5-year R&D
investment for a 20% more public R&D expenditure on basic science. Based on the statis-
tics of 2014, the public R&D investment was categorized into five fields. We provide the
policy shock of a total USD 61,743 million (5-year amount in present value), equivalent to
2.82% of Japan’s total capital stock as a capital-use investment (Table 3).

The improvement rates are calibrated from SPIAS-e simulator on changes in the price
of capital goods (PSK). In Table 4, we aggregate 10 sectors from 165 sectors classified in
GTAP database, and 93 sectors classified in SPIAS-e (Table 7) to accommodate this study.
The scenario shows that productivity increases in some sectors such as Agriculture (AGR)
by 1%, Chemicals and pharmaceuticals (CHP) by 2.7%, and Energy (ENG) by 0.85%. Nev-
ertheless, with the consideration of shrinking population parameter setting in SPIAS-e
(Kuroda et al. 2018), sectors such as Metal and steel (MET), Electronic equipment (EEP),
Service (SRV) could not gain productivity improvement despite the substantial increase in

Table2 Region aggregation

Source: By authors based on Region Description

GTAP v10 Japan Japan
Korea South Korea
China China and Hong Kong
Taiwan Taiwan
Thailand Thailand
Malaysia Malaysia
Indonesia Indonesia
Vietnam Vietnam
R_ASEAN Rest of the ASEAN
S_Asia Rest of Asia
Oceania Oceania
USMCA North America
Europe Europe
ROW Rest of the world
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Table 3 5-year Public R&D investment in basic science (Unit: USD million) Source: Calculated by authors
based on the Ministry of General Affairs (2019)

Category Intangible Tangible Sum Total (1.2 times) Capital share (%)
Life 20,528 3991 24,520 61,743 2.82
Information 4380 904 5284

Materials 4288 799 5087

Energy 1996 981 2977

Others 13,129 10,747 23,876

Base year: 2014; 1 USD =105 JPY

Table 4 Productivity changes in Japan by public R&D investment Source: Authors’ assumption based on
SPIAS-e

Abbreviation Sector PSK change (%) Change of capital goods price (%)
AGR Agriculture +1.01 1.10

ENG Energy +0.85

MAN Manufacture -0.40 248

MET Metal and steel -4.00 2 oo =

CHP Chemicals and pharmaceutical +2.68 % e
EEP Electronic equipment -1.57 095

MCH Machinery +0.41

TEQ Transport EqUipment +0.52 o 2014 2015 2016 2017 2018 2019
TRS Transportation service +0.68 X, i KRR BT D
SRV Service -4.08 EEP MCH TEQ TRS SRV

public R&D investment by 20%, implying the technology transition in Japan. However, the
spillover effect of public R&D investment could contribute to output, external trades, and
social welfare.

Simulation results
Output and price

We conduct a 5-year public R&D investment in a static simulation. Japan’s output shows
an increase in most of the sectors, especially for ENG (7.2%), CHP (5.5%), TEQ (4.1%),
AGR (3.5%) and EEP (3.1%) (Fig. 2). In comparison, there are only little growth for MCH
(0.6%) and decrease for TRS (—1.0%) and SRV (—0.9%) partially due to the shrinking
population. Interestingly, the output of EEP increases substantially despite lower produc-
tivity. The overall technology installation for “Society 5.0” promoted in Japan since 2011
could explain the massive demand in all manufacturing, transportation, and service sec-
tors. Regarding the price change, significant increases are found in MET (4.7%) and AGR
(2.6%), while CHP shows a decrease of 0.4%, indicating the technology advancement for
this sector.

When looking from a global perspective (Fig. 3), we focus on four sectors with high
interdependence on regional networks, namely chemical and pharmaceutical (CHP), elec-
tronic equipment (EEP), machinery (MCH), and transportation equipment (TEQ). The
productivity increase has led the different consequences. For CHP, Indonesia, Vietnam,
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Fig.3 Changes in output and prices

the Rest of Asia, Oceania, and the Rest of World show growth of 1-3%, while other regions
show a decrease, implying a less regional integration for the CHP sector. For EEP, Taiwan,
Oceania, Malaysia, Indonesia, and Thailand also show a vibrant increase by 2-5%, indi-
cating their growing integration. On the other hand, Korea, China, Vietnam, the Rest of
ASEAN, and Europe show a decrease. The change could refer that the production networks
caused by the productivity growth in Japan could substitute the output from China.

The output growth of MCH for Japan is at a relatively low level of 0.8%, while Tai-
wan, Indonesia, Malaysia, Oceania, and the Rest of World have higher output growth by
1-4%, indicating a transition of MCH production networks. TEQ sectors have been Japan’s
competitive sectors; the output growth of 4% shows a strong supply ability, whereas other
regions only show little change, while the Rest of ASEAN and Europe show a decrease of
1-3%. It is interesting to see significant growth from Oceania, especially in EEP. Although
the volume is relatively smaller than other products, the drastic growth shows that Oceania
is playing a more important role in the production networks.

The price changes imply the affordability of improved technology. The public R&D
expenditure in Japan has caused a price decrease 0.4% in CHP sector, while other
key sectors range steadily from 1 to 2%. In other regions, output price of TEQ has
increased by 4-6% in Korea, Taiwan, Malaysia, Thailand, and Vietnam, indicating that
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the difficulty for these regions to accommodate the technology advancement in TEQ.
However, higher prices in Electronic equipment still stimulate the regional output, espe-
cially in Taiwan, Malaysia, and Thailand. The price change is rather steady for Oceania
with a higher potential to have production integration with Japan. In other regions with
distance such as USMCA and Europe, the change of output and price are very small.
Overall speaking, Japan’s public R&D investment could help deepen the production net-
works with Oceania, Taiwan, Malaysia, Indonesia, Thailand, whereas the impact with
Korea and China is insignificant.

External trade

To further explain the composite of trade structure, we demonstrate an external trade
transition with the change rate of trade volume (Fig. 4). The productivity increase in
Japan would strengthen its export in the target sectors of CHP (9.1%), TEQ (6.5%),
MCH (3.7%), and EEP (3.6%). Oceania also shows the same trend. Other export growth
could be found in Taiwan, and Indonesia also for EEP. However, the export in most
regions shows a decrease of 1-3%, especially in CHP. Regarding the import change, the
decrease in almost all regions indicates that the domestic demand does not change sig-
nificantly, but the composite of trading partner may change, which requires further look
into the breakdown. Taiwan shows a slight increase in electronic equipment imports
may indicate that their role in the production network. Such transition infers that the
productivity improvement in Japan could satisfy its output and global market expansion.

Export Import
30.0

15.0

(%)

-15.0

-30.0
5888282 EZ2283 83 8§22 g2€EZz228 8z
o5 3= 9 >82Ls<s 20 2 532 9 >8 2 ues<3s 92Q
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Fig.4 Changes on external trades
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Change rate on trade volume
Chemical and pharmaceutical (CHP)

The breakdowns of trade volume could provide more details to identify the change of
trading partners (Fig. 5). For the CHP, the trade volume with Japan in almost all regions
increases by 7-10%. The trade volume of Oceania with other regions has a great growth
of 3-4% in Europe, USMCA, Malaysia, the Rest of ASEAN, and the Rest of the world,
implying that Oceania and Japan could have complementary relations in the CHP.

Electronic equipment (EEP)

Consistent with the fluctuations of the output, a significant increase in trade volume in
the EEP sector indicates the high correlation of production networks between Japan, Tai-
wan, Malaysia, and Oceania for 2-8% (Fig. 6). Notably, the trade volume of EEP for inter-
continental relation has higher demand from the Asia-Pacific region, such as Europe and
USMCA. With worthy of attention, the trade volume of China, South Korea, and Europe
with all the regions also drops substantially by 3—6%, implying that the R&D investment in
Japan might lead a switch on the map for the global supply chain.

Machinery (MCH)

Japan’s productivity growth in the MCH sector strengthens its trade volume with all the
regions by 3-6%, and the domestic demand could also be satisfied by itself (Fig. 7). Similar
to the results in Electronic equipment, the substantial decrease in trade volume in MCH
from China, Europe, and the Rest of ASEAN indicate that the structural change of the
demand. If advanced machinery equipment could be accessed from Japan at affordable
prices, the market share would reflect rapidly. Notably, the increase in South Korea, China,
and Europe shows an ambition to secure their capacity in global supply chains because
MCH serves the base for all manufacturing.

Chemical & pharmaceutical
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Fig.5 Changes on trade flow of chemical and pharmaceutical
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Fig.6 Changes on trade flow of electronic equipment
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Fig.7 Changes on trade flow of machinery

Transport equipment (TEQ)

After the Great East Japan Earthquake and the Thai Flood in 2011, the global supply
chain for TEQ already occurred a structural change to hedge the disruption risk from a
single country. Comparing with other sectors, the trade volume of TEQ with Japan still
shows a significant increase in all regions by 3-7% (Fig. 8). The demand for TEQ in
South Korea, China, the Rest of ASEAN, and Europe is still increasing, and therefore
the supply of Japan may provide the most cost-effective component assisting the indus-
try. Such transition also enables Japan to accelerate the TEQ for the next generation,
such as a more affordable hybrid engine and the auto-driving system to maintain its
competitiveness and production and application.
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Fig.8 Changes on trade flow of transport equipment

Welfare analysis

GDP and social benefit

We analyze the welfare from dimensions of GDP growth and the social benefit change,
which is illustrated in the form of equivalent variations (EV) after the policy shock (Fig. 9).
The public R&D investment in Japan with productivity parameters could increase Japan’s
GDP growth by 0.6% thanks to the substantial growth in output and export. It is notable
that the GDP grows in Taiwan (0.6%), Malaysia (0.4%), and Vietnam (0.1%), implying
the spillover effect on the regional production network. In contrast, South Korea, China,
Europe, and the Rest of ASEAN show a GDP decrease by 0.4—1%, inferring the output and

import substitute in the new structure of the supply chain led by Japan.
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The determination of social benefit relies on the output price and household consump-
tion under policy intervention. The productivity improvement triggered by Japan’s R&D
expenditure substantially decreases the output price of target sectors, making greater
affordability both domestically and globally. The social benefit of Japan shows a substan-
tial increase of 78,250 million USD; however, the fiscal costs caused by R&D expenditure
may worsen Japan’s deficit with a financial burden. Regions with GDP growth also suffer
a bit worse-off social benefit due to the higher output prices in South Korea, Taiwan, Oce-
ania, and ASEAN states for the similarity of the export-orientated sector in the regional
production network. Among all, China, USMCA and Europe fall significantly in both GDP
and social benefit, indicating the higher level of regional integration and diversification of
“World Factory” from one single country to multiple sources.

Conclusions
Discussion

Evaluating the R&D impact on the supply chain has been an important aim for the gov-
ernment in STI policymaking in an evidence-based approach. We applied a CGE model
with the GTAP v10 database on four key sectors of chemical & pharmaceutical, electronic
equipment, machinery, and transport equipment to examine their spillover effect on global
supply chain and economic impact. The calibration of capital price changes sourced from
SPIAS-e has enabled us to capture the productivity change and its spillover effect under
the public R&D investment in basic science. Such methodology is innovative to unfold the
projection of R&D impact comprehensively on a global scale.

The simulation results show that Japan’s output and export on target sectors could
substantially increase, contributing GDP growth by 0.6%, and substantial social benefit
improvement. Moreover, other countries in the region, such as Malaysia, Indonesia, Thai-
land, Oceania, and Taiwan, will also be benefited from output and GDP growth. The supply
chain integration shows the highest integration in the Electronic equipment sector, and the
structural change of trade reveals for China and Oceania in the trade volume breakdown.
Oceania shows a significant increase in output and trades with Japan as a new vibrant role
in the production network. In contrast, the decreased output and trades of China imply the
replacement of its position in the global supply chain.

For achieving the target of Society 5.0 in Japan under the circumstance of super-aging
society and shrinking population, the advancement of productivity would be a critical issue
for STI policy making for public R&D investment. The simulation results in this study pro-
vided quantified consequences in chemical and pharmaceutical, electronic, and transporta-
tion equipment sectors, indicating the massive demand for Japan’s medical service, smart
vehicles and other infrastructure. The notable import of Japan’s product also implies the
R&D lead gap and its competitiveness, providing other partner countries to set best R&D
investment strategy in response to Japan for collaboration.

Research limitation and future perspective
The research provides broad policy implications of public R&D investment in a global-

scale analysis with economic indicators and welfare change interpretation. These insights
could provide an informative reference for government resource allocation toward the
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transition of markets and production networks. Although the GTAP model demonstrates
a straight-forward policy intervention assessment, the assumption of 5-year public R&D
investment and its actualization and addition on overall capital stock may oversimplify the
issue due to the intertemporal time-lag in innovation application. Therefore, a recursive
model would be recommended to fill the gap of the dynamic approach.

These preliminary results could serve as evidence to raise awareness of countries in the
production network for constructing a multi-region R&D investment database. Moreover,
the parameters of productivity improvement are only limited in Japan due to the single
source of SPIAS-e. In the real world, R&D and innovation are taking place in all regions
simultaneously. The R&D data infrastructure for many other countries is a desirable input
to form a clearer picture of inclusive growth expects to contribute to economic integration
and resilience for the global supply chain.

Appendix

See Tables 5, 6 and 7.

Table 5 Region categories from GTAP v10

Region GTAP regions

Japan Japan

Korea South Korea
China China; Hong Kong
Taiwan Taiwan

Thailand ~ Thailand

Malaysia ~ Malaysia

Indonesia  Indonesia

Vietnam Vietnam

R_ASEAN Brunei; Cambodia; Laos; Philippines; Singapore

S_Asia Mongolia; Rest of Asia; Rest of Southeast Asia; Bangladesh; India; Nepal; Pakistan; Sri
Lanka; Rest of South Asia

Oceania Australia; New Zealand; Rest of Oceania
USMCA Canada; USA; Mexico

Europe Austria; Belgium; Cyprus; Czech Republic; Denmark; Estonia; Finland; France; Germany;
Greece; Hungary; Iceland; Italy; Latvia; Lithuania; Luxembourg; Malta; Netherlands;
Poland; Portugal; Slovakia; Slovenia; Spain; Sweden; United Kingdom; Switzerland;
Norway; Rest of EFTA; Albania; Bulgaria; Belarus; Croatia; Romania; Russian Federation;
Ukraine; Rest of Eastern Europe; Rest of Europe

ROW Rest of North America; Argentina; Bolivia; Brazil; Chile; Colombia; Ecuador; Paraguay; Peru;
Uruguay; Venezuela; Rest of South America; Costa Rica; Guatemala; Honduras; Nicaragua;
Panama; El Salvador; Rest of Central America; Dominican Republic; Jamaica; Puerto Rico;
Trinidad and Tobago; Caribbean; Kazakhstan; Kyrgyzstan; Rest of Former Soviet Union;
Armenia; Azerbaijan; Georgia; Bahrain; Iran Islamic Republic of; Israel; Jordan; Kuwait;
Oman; Qatar; Saudi Arabia; Turkey; United Arab Emirates; Rest of Western Asia; Egypt;
Morocco; Tunisia; Rest of North Africa; Benin; Burkina Faso; Cameroon; Cote d’ lvoire;
Ghana; Guinea; Nigeria; Senegal; Togo; Rest of Western Africa; Central Africa; South
Central Africa; Ethiopia; Kenya; Madagascar; Malawi; Mauritius; Mozambique; Rwanda;
Tanzania; Uganda; Zambia; Zimbabwe; Rest of Eastern Africa; Botswana; Namibia; South
Africa; Rest of South African Customs; Rest of the world
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Table 7 Aggregation of sectors from SPIAS-¢ classification

Sector

Original classification in SPIAS-e

AGR
ENG

MAN

MET

CHP
EEP

MCH

TEQ

TRS

SRV

Agriculture (Main products, ICT activity); Agriculture (Intra-firm R&D activity)

Mining (Main products, ICT activity); Mining (Intra-firm R&D activity); Petroleum, coal (Main
products); Petroleum, coal (Intra-firm ICT activity); Petroleum, coal (Intra-firm R&D activity);
Energy manufacturing (Main products); Energy manufacturing (Intra-firm ICT activity); Energy
manufacturing (Intra-firm R&D activity); R&D Ecology, energy (Public, non-profit); R&D Ecol-
ogy, energy (Industry)

Food (Main products); Food (Intra-firm ICT activity); Food (Intra-firm R&D activity); Synthetic
(Main products); Synthetic (Intra-firm ICT activity); Synthetic (Intra-firm R&D activity); Pulp,
paper (Main products); Pulp, paper (Intra-firm ICT activity); Pulp, paper (Intra-firm R&D activ-
ity); Miscellaneous manufacturing (Main products); Miscellaneous manufacturing (Intra-firm
ICT activity); Miscellaneous manufacturing (Intra-firm R&D activity)

Material (Main products); Material (Intra-firm ICT activity); Material (Intra-firm R&D activity);
R&D Materials (Public, non-profit); R&D Materials (Industry)

Chemical (Main products); Chemical (Intra-firm ICT activity); Chemical (Intra-firm R&D activity)

Fibre-optical cable (Main products); Fibre-optical cable (Intra-firm ICT activity); Fibre-optical
cable (Intra-firm R&D activity); Semiconductor manufacturing (Main products); Semiconductor
manufacturing (Intra-firm ICT activity); Semiconductor manufacturing (Intra-firm R&D activ-
ity); Communication devices (Main products); Communication devices (Intra-firm ICT activity);
Communication devices (Intra-firm R&D activity); Computing equipment (Main products);
Computing equipment (Intra-firm ICT activity); Computing equipment (Intra-firm R&D activ-
ity); Semiconductor devices (Main products); Semiconductor devices (Intra-firm ICT activity);
Semiconductor devices (Intra-firm R&D activity); Electronic component (Main products);
Electronic component (Intra-firm ICT activity); Electronic component (Intra-firm R&D activity);
Software (Main products); Software (Intra-firm R&D activity); Information Management (Main
products); Information Management (Intra-firm R&D activity); Internet (Main products); Internet
(Intra-firm R&D activity)

Machinery (Main products); Machinery (Intra-firm ICT activity); Machinery (Intra-firm R&D
activity); Electronic devices (Main products); Electronic devices (Intra-firm ICT activity); Elec-
tronic devices (Intra-firm R&D activity); Robot (Main products); Robot (Intra-firm ICT activity);
Robot (Intra-firm R&D activity); Precise machinery (Main products); Precise machinery (Intra-
firm ICT activity); Precise machinery (Intra-firm R&D activity)

Heavy machinery, transportation equipment (Main products); Heavy machinery, transportation
equipment (Intra-firm ICT activity); Heavy machinery, transportation equipment (Intra-firm
R&D activity)

Transportation (Main products); Transportation (Intra-firm ICT activity); Transportation (Intra-
firm R&D activity)

Construction (Main products); Construction (Intra-firm ICT activity); Construction (Intra-firm
R&D activity); Communication (Main products); Communication (Intra-firm ICT activity);
Communication (Intra-firm R&D activity) Commerce (Main products); Commerce (Intra-firm
ICT activity); Commerce (Intra-firm R&D activity) Medical, welfare services (Main products);
Education (Main products); R&D Life science (Public, non-profit); R&D Information com-
munication (Public, non-profit); R&D Miscellaneous (Industry); R&D Life science (Industry);
R&D Miscellaneous (Industry); Miscellaneous service (Main products); Miscellaneous service
(Intra-firm R&D activity)
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