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Abstract

Global economic developments are currently facing economic fluctuations and the climate
change crisis, which demand a development approach that integrates growth with en-
vironmental sustainability. Although participation in Global Value Chains (GVCs) has
become the backbone of the global economy, many countries, including Indonesia and most
ASEAN countries, are still in upstream positions with high carbon intensity and low added
value. This condition hinders sustainable economic growth and contributes to increased
global emissions. This study aims to analyze how the position of the industrial sector in
the GVCs can drive sustainable green economic growth. Using data from five ASEAN
countries for the 2010-2023 period, this study employed the Generalized Method of Mo-
ments (GMMs) dynamic panel model to address the issues of endogeneity and individual
heterogeneity. The results show that movements to upstream positions in GVCs, FDI, and
political stability have a significant and positive impact on green economic growth. These
findings highlight the need for tailored policies to encourage the development of green
industries and improve global competitiveness.

Keywords: global value chains; upstream; value added; green economy; GMM model

1. Introduction

The dynamics of the global economy cannot be separated from two crucial challenges,
namely the search for new sources of inclusive economic growth and the urgent need to mit-
igate the climate crisis. This synergy between economic and environmental goals has given
birth to the concept of green economic growth, a development paradigm that integrates
resource efficiency, low-carbon technological innovation, and ecological sustainability to
achieve long-term prosperity [1,2]. This paradigm rejects traditional growth models that
often prioritize capital accumulation over environmental sustainability, and instead views
sustainability as a driving force for innovation and new competitiveness [3].

Today, the global trade and production landscape has undergone profound structural
shifts. Global economic integration is now realized through Global Value Chains (GVCs),
where the production of a product is spread across various countries [4—6]. Participation in
the GVCs offers a significant opportunity for developing countries to accelerate industrial-
ization and modernization through technology transfer, knowledge sharing, and access to
international markets [4,7,8]. However, the benefits of this participation are uneven. The
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position of a country or sector in GVCs, whether in the upstream or downstream segments,
is the main determining factor in determining the amount of economic added value [9,10].

The link between GVCs and green economic growth remains an underexplored area,
particularly in the context of developing countries in Southeast Asia. Although participation
in GVCs has the potential to facilitate the adoption of environmentally friendly technologies,
many developing countries, including Indonesia and ASEAN countries, remain entrenched
in the upstream segment. This position is typically characterized by energy-intensive and
resource-intensive activities that produce low-value-added products with high carbon
intensity [11]. The industrial sector needs to move to low-carbon, high-value-added
activities in the upstream segment, including research and development and product
design, to promote green economic growth.

This study aims to bridge this gap by empirically analyzing how the position of the
industrial sector in GVCs and FDI affects sustainable green economic growth by considering
government effectiveness and political stability as control variables. The focus on five
ASEAN countries (Indonesia, Malaysia, the Philippines, Singapore, and Thailand) allows
for analysis that is relevant to the regional context. In contrast to previous studies, which
often employ qualitative research and a static approach, this study adopts the Generalized
Method of Moments (GMM) dynamic panel model methodology. This approach was
strategically chosen to comprehensively address the issue of endogeneity and capture
the dynamics of unobserved inter-time adjustments, thereby providing more consistent
and unbiased estimates. Thus, this research is expected to offer new insights for policy
formulation to optimize the participation of GVCs as a catalyst for a greener and more
sustainable economy.

The remainder of this article is structured as follows: A literature review is introduced
in Section 2. The methodology is explained in detail in Section 3, while the Results and
Discussion are presented in Section 4. The final section concludes with significant findings
and policy recommendations.

2. Literature Review

The theory of GVCs views production as a complex network that spans state bor-
ders, allowing for specialization at specific stages. This model is changing the traditional
understandings of comparative advantage, from the product level to the task level or
production segment [6]. The position of a country in this network can be measured using
the upstreamness index developed by Baldwin & Ito [9]. This index measures the distance
between the average output of a sector and its ultimate use.

Intuitively, a high upstreamness index indicates that the output of one sector becomes
an input for many other industries, thereby placing it in an upstream position. On the other
hand, a low index (close to 1) indicates a downstream position, where the sector’s output is
consumed directly or through a few stages of production [10,12]. Studies show that sectors
in upstream positions, such as research and development (R&D) or design, tend to have
higher added value, in accordance with the concept of the smile curve [9]. Transitioning to
an upstream position is key to increasing value added and competitiveness [10,13].

Green economic growth is a multifaceted concept that encompasses economic, so-
cial, and environmental objectives [1,14]. Green growth is defined as driving economic
growth and development while ensuring that natural assets continue to provide sustain-
able environmental resources and services. This concept emphasizes investment in natural
capital, environmentally friendly technological innovations, and policies that promote
decarbonization [3,15]. This index includes four dimensions of green growth, namely
(1) efficient and sustainable use of resources, (2) protection of natural capital, (3) green
economic opportunities, and (4) social inclusion.
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The upstream movement can be interpreted as the adoption of low-carbon technology
or innovation practices, which effectively achieve positional upgrading (higher UI) through
functional upgrading (high-value innovation) for green economic growth.

3. Methodology
3.1. Data

This study employs a quantitative approach, utilizing a dynamic panel model, to
analyze in depth the relationships between the position of industrial sectors in Global Value
Chains (GVCs), foreign direct investment (FDI), and green economic growth. This design
enables robust analysis by tracking the behavior of each country over time while control-
ling government effectiveness, political stability, and the country-specific characteristics
of unobserved individual heterogeneity that influence the results. The research sample
comprises five ASEAN countries (Indonesia, Malaysia, the Philippines, Singapore, and
Thailand) spanning the period from 2010 to 2023, providing sufficient data for compara-
tive and dynamic analysis. Descriptions of variables and data sources are presented in
Table 1 below:

Table 1. Data and data sources.

Variable Notes Description Source
Economlc growth that pays attention  — © 1 = on Growth
GG Green Growth Index to environmental performance in the o
Institution (GGGI)
long term
A country’s position in the GVCs Multiregional Input-Output
Ul Uptreamness Index measures the level of downstream Database (MRIO) Asian
industry Development Bank
FDI FDI Foreign Direct Investment (net inflows, Worldwide Development
% of GDP) Indicators (World Bank)
COV Government g:iiz‘;eci:‘ficg(ZZrerings;i:fﬁ;nVs:l?SS Worldwide Governance
Effectiveness . comp quality Indicators (World Bank)
of public services)
Political Stability and A measure of perceptions of p9§s1ble Worldwide Governance
POLITICAL  Absence of political instability and/or politically .
. . . . Indicators (World Bank)
Violence/Terrorism motivated violence

3.2. Index Upstreamness Measurement

The theoretical basis for examining the evolution of a country’s position in the GVCs
is grounded in a multiregional input-output analysis. A measure of upstreamness provides
information about the extent to which industries in a country produce goods that are sold
directly to the end consumer. An economic sector is considered relatively upstream if its
output undergoes several stages of processing before reaching its end use. The calculation
of the upstreamness index begins by using the following equation [16]:

— VS J J _\S J
Y= Zs:l j=1 Zz‘rjS + Zj:l Fi;' - Zs:l j=1 ZirjS +E 1)

where

Y] = total gross output of sector r from country i;
Z;].S = purchase of intermediate goods by sector s in country j from sector r in country i;

Fl-rjs = final use expenditure in each in country j for goods originating from sector r in country i.



Sustainability 2025, 17, 10629

40f17

GGy = oc+2 _1BiGGi—j+oa Ulip+...+6p Uliy—p+ 1 FDIjy+ ...+ ¢p FDI;j, +p, GOV + ...+

If defined, alf]? = Z{js / YJS as the dollar amount of the r sector output of country i
required to produce one dollar worth of industrial sector s output in country j education.
The above equation is rewritten as follows:

i Zs 121 1 :’]SYS +Fr (2)

r __ ¢r S 7S S rsst
Yi=F+) .y ]11]F+Zsl Y kll]] ®)

Moreover, Antras & Chor [16] calculate the upstreamness index (U}) using the average
(weighted) position of a country’s industrial output in the Global Value Chain. Each term
in the above equation is multiplied by the distance of each production stage from final use
plus one, which is then divided by Y7, or as follows:

S S S
. F Lo-1 Z]] 195 F Y1 Z}:l L1 Z/{:1 a;; ;}ipt

1 1 1

(4)

U; is the average distance from the final industrial use r. If U] > 1, this indicates that
the higher the output upstreamness index of the r sector in country 7, the more stages of
production the output will undergo before reaching end use. On the other hand, if the
value of U] is a relatively low value, this indicates that the output position of the r sector
in country i will appear relatively downstream, as the sector sells a higher proportion of
its output to the end consumer [16]. The upstreamness index value at the country level is
obtained by averaging the sector-level upstreamness index values for a country. All sectors
in the MRIO data are used to calculate the country’s aggregate upstreamness index.

3.3. Dynamic Panel Models Approach

To analyze the relationship between research variables, a dynamic panel model is
the most suitable choice. This model explicitly includes the value of a dependent vari-
able in the past as a predictor, which allows us to understand the inertia or persistence
of a phenomenon over time [5,16]. Static estimation methods will result in biased and
inconsistent estimates. This is where the GMM becomes a superior methodology [16].
GMM corrects endogeneity using instrument variables derived from the observed values
of both the dependent and exogenous variables [16]. The use of GMM also allows for
control of unobserved heterogeneity between countries, making it particularly suitable
for macroeconomic panel data. GMM is an ideal tool for testing the hypothesis that a
country’s GVC position not only influences current green economic growth but also has
long-term effects through economic adjustment dynamics. Here is the standard model
of System-GMM [5,14,17,18]:

Vi = &+ Z;’Zl BiYie+ 0Xit+ pi+ vi (5)

This model was further developed into the following model and will continue to
evolve in accordance with the research objectives.

(6)

0 Gov,,t,p +wy POLITICAL;4 + ...+ wy POLITICAL; s ,+p; + v

where subscripts i and t denote the country and time index, respectively; y; is an unobserved
time-invariant; and v;; represents idiosyncratic error. p is the amount of lag of the variable of
interest included in the model. Variables y; and v;; are assumed ~ IID (O, (75). Moreover,
GG;j; is the green growth index of country i during period ¢, Ul}; is the upstreamness
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index, and FDI}; is the Foreign Direct Investment. Our control variables were government
effectiveness (GOV ;) and political stability (POLITICAL;;). The variable « is constant,
while 8, 6, ¢, p, and w are the estimated coefficients.

We determined the lag structure by minimizing the non-significant result for Govern-
ment Effectiveness (GOV) in the primary model is due and then validating the selected
specification in the GMM system through AR (2) tests, Sargan tests, and instrument num-
ber control. The final specification includes one lag of dependent variables, and at most
one lag of independent variables, to maintain parsimony without sacrificing diagnostic
performance; the results are robust to the chosen alternative. In addition, Sargan and
Arellano-Bond tests (AB tests) were carried out to ensure that the estimators obtained were
unbiased and consistent [5,17].

3.4. Diagnostic Tests

To validate the GMM model, two main diagnostic tests will be carried out, one of
which is the Sargan test, which assesses the validity of the instruments used in the model.
An insignificant p-value (above 0.05) indicates that the instrument is valid. In addition,
the Arellano-Bond (AB) test examines autocorrelation in the first-differenced error term.
The desired result is the presence of significant first-order autocorrelation (AR (1)) but
no significant second-order autocorrelation (AR (2)), confirming that the model has been
correctly specified.

4. Results and Discussion
4.1. Descriptive Statistics

Descriptive statistical analysis provides an overview of the basic characteristics of the
variables used in the study, including measures of central tendency, standard deviation,
and the minimum and maximum values of each variable. Based on Table 2, the descriptive
statistics of the variables green growth (GG), upstreamness index (UI), Foreign Direct
Investment (FDI), Government Effectiveness (GOV), and Political Stability (POLITICAL)
can be described as follows:

The average Green Growth Index (GG) is 56.61 with a standard deviation of 5.37.
This value indicates that the average green economic growth in five ASEAN countries
during the research period (2010-2023) was at a reasonably stable level, with relatively
small variations between countries and over time. The range of values from 44.79 to 69.38
indicates a difference in green growth performance among ASEAN countries [18].

The average Upstreamness Index (UI) was recorded at 2.26, with a standard deviation
of 0.29. This value indicates that, on average, the industrial sector in ASEAN countries
occupies an upstream position in the GVCs, as evidenced by a value greater than 1. This
aligns with the findings that the mining and quarrying sector in Indonesia has a high
Ul index, indicating its position as three to four stages away from the end use [9]. The
maximum value of Ul is 2.81, while the minimum value is 1.01.

The average Foreign Direct Investment (FDI) is 6.71% of GDP, with a considerable
standard deviation of 9.12. This high dispersion shows significant variation in FDI flows
between ASEAN countries and also from year to year. The maximum value of FDI is 33.30%
and the minimum value is —0.86%, reinforcing the existence of significant heterogeneity.
This variation reflects differences in investment attractiveness, economic stability, and
investment policies in each ASEAN country.

The average Government Effectiveness (GOV) score is 0.72, with a standard deviation
of 0.84. This value, which ranges from —0.27 to 2.34, indicates a significant variation in the
quality of governance among the observed countries. The average positive value indicates
that, in general, the effectiveness of governments in ASEAN countries is quite good.
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Table 2. Descriptive statistics.
Countries Variable Mean SD Maximum Minimum

ASEAN GG 56.61 5.37 69.38 44.79
Ul 2.26 0.29 2.81 1.01

FDI 6.71 9.12 33.30 —0.86

GOV 0.72 0.84 2.34 —0.27

POLITICAL —0.18 0.92 1.62 —1.65

Indonesia GG 56.54 0.82 57.75 55.32
Ul 2.05 0.04 2.10 1.96
FDI 1.99 0.55 2.82 0.49

GOV 0.07 0.29 0.58 —0.27

POLITICAL —0.55 0.13 —0.37 —0.85

Malaysia GG 59.65 —-0.71 60.53 58.29
Ul 2.48 —0.13 2.81 2.31
FDI 3.33 1.18 5.42 1.20
GOV 0.98 0.09 1.12 0.83

POLITICAL 0.14 0.08 0.27 —0.01

Philippines GG 58.40 0.88 59.43 56.65
Ul 1.96 0.05 2.09 1.88
FDI 1.97 0.79 3.12 0.51

GOV 0.07 0.07 0.19 —0.05

POLITICAL —1.03 1.31 —0.57 —1.65

Singapore GG 46.99 2.69 50.54 44.79
Ul 2.35 0.39 2.57 1.01

FDI 24.29 4.38 33.30 17.60
GOV 2.21 0.07 2.34 2.09
POLITICAL 1.39 0.14 1.62 1.17

Thailand GG 61.49 2.34 69.38 60.13
Ul 2.46 0.13 2.64 2.27

FDI 1.96 1.40 4.32 —0.86
GOV 0.27 0.08 0.38 0.13

POLITICAL —0.85 0.35 —0.28 —1.44

Note: GG, Green Growth Index; Ul, Upstreamness Index; FDI, Foreign Direct Investment; GOV, government
effectiveness; POLITICAL, Political Stability and Absence of Violence/Terrorism; SD, standard deviation.

The average value of Political Stability and Absence of Violence/Terrorism (POLITI-
CAL) is —0.18 with a standard deviation of 0.92. This negative average value indicates that,
in general, political stability and the absence of violence and terrorism remain challenges
in the ASEAN region. The values vary significantly, ranging from —1.65 to 1.62, confirming
the substantial differences in the level of political stability among ASEAN countries.

Based on the average descriptive statistical data (mean) for the period 2010-2023,
there is significant heterogeneity among ASEAN countries. Thailand has the highest
average Green Growth (GG) of 61.49, followed by Malaysia at 59.65, while Singapore
has the lowest GG of 46.99. In terms of the position of the Global Value Chain, Malaysia
occupies the highest position with the highest UI of 2.48, followed by Thailand (2.46),
while the Philippines has the lowest Ul of 1.96, indicating the lowest position of the
downstream. In terms of governance, Singapore far outperforms other countries, with
the highest Government Effectiveness (GOV) of 2.21 and the highest Political Stability
(POLITICAL) (1.39), which is also supported by very high Foreign Direct Investment
(24.29% of GDP); in contrast, the Philippines faces the biggest challenge with the lowest
POLITICAL of —1.03.
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4.2. The Position of Indonesia’s Industrial Sector in the GVCs

Based on the attached diagram, the position of Indonesia’s industrial sector in the
GVCs varies significantly between upstream and downstream from 2010 to 2023 (Figure 1).
The diagram displays the upstreamness index values for various industry sectors, charac-
terized by color gradations. Yellow indicates a downstream position (UI value close to 1),
while dark red indicates an upstream position.

A. Indonesia

Agriculture, hunting, forestry, and fishing —|
Mining and quarrying —|
Food, beverages, and tobacco —
Textiles and textile products — 1.373
Leather, leather products, and footwear —
Wood and products of wood and cork — 1684
Pulp, paper, paper products, printing, and publishing —| .

1.061

Coke, refined petroleum, and nuclear fuel —|
Chemicals and chemical products —| . 1.996
Rubber and plastics —]
Other nonmetalic minerals —| . 2308
Basic metals and fabricated metal —
Machinery, nec —|
Electrical and optical equipment — . 2.620
Transport equipment —
Manufacturing, nec; recycling — 2.931
Electicity, gas, and water supply == | — |
Construction —| D
Sale, maintenance, and repair of motor vehicles and motorcycles; retail sale of fuel — 3.243
Wholesale trade and commission trade, except of motor vehicles and motorcycles —|
Retail trade, except of motor d repair of g — . 3.555
Hotels and restaurants —{
Inland transport —] . 3.876
Water transport —|
Air transport —|
Other supporting and auxiliary transport activities; activities of travel agencies —|
Postand telecommunications —
Financial intermediation —|
Real estate activities —
Renting of M&Eq and other business activities —| || ||
" -
Education —
Health and social work —
Otercommunty s, napasonasoces -| -
Private households with employed persons —
T T T T T T T T T T T T T T
o - o L2l < w © ~ @ (=23 (=3 - o @
s T =& 2 2 £ 2 = 2 2 8 &8 & &
o (=] (=] o o (=3 o o o o (=3 (=3 (=3 o
N N N N N N N N N N N N N N
Year

Figure 1. Indonesia Upstreamness Index. Source: MRIO Database.

Sectors with high upstreamness index values (above 2.620) are indicated by dark
blue, orange, and red. The Mining and Quarrying sector has consistently held a dominant
upstream position throughout the period, reaching its highest index of 3.876. This indicates
that the output from the mining and quarrying sector is primarily used as raw materials
for other industries, rather than for final consumption [9,19].

Sectors that tend to be in the downstream position are marked with yellow to beige
colours. The agriculture, hunting, forestry, and fishing sectors, as well as the Household
Services (private households with employed persons) and Community Services (other
community, social, and personal services) sectors, are consistently in downstream positions.
This means that the output of these sectors is mostly directly consumed by the end user.

The majority of other industrial sectors, such as manufacturing, transportation, and
specific service sectors, exhibit varying upstreamness values, ranging from 1.684 to 2.620
(represented by colors ranging from beige to blue). This indicates that these sectors occupy
a central position in the Global Value Chain, neither entirely upstream nor downstream.
Some sectors, such as manufacturing, recycling, and electricity, gas, and water supply, show
slight shifts from year to year, reflecting efforts or dynamics in the value chain [20,21].

4.3. Position of Malaysia’s Industrial Sector in GVCs

Based on the attached diagram, the position of Malaysia’s industrial sectors in the
GVCs reveals significant variation among its sectors, with some sectors occupying a dom-
inant upstream position, while most others are positioned in the middle to downstream
positions (Figure 2). The value of the upstreamness index is depicted by color gradation,
where yellow indicates a downstream position and dark red indicates an upstream position.
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B. Malaysia

Agriculture, hunting, forestry, and fishing —
Mining and quarrying —|

Food, beverages, and tobacco —|

Textiles and textie products —

Leather, leather products, and footwear —]

Wood and products of wood and cork —{

Pulp, paper, paper products, printing, and publishing —]
Coke, refined petroleum, and nuclear fuel —|
Chemicals and chemical products —

Rubber and plastics —]

1.061

1.373

1.684

1.996

Other nonmetaliic minerals —
Basic metals and fabricated metal —|
Machinery, nec —

Electrical and optical equipment —
Transport equipment —|

2.308

2.620

Manufacturing, nec; recycling —|
Electricty, gas, and water supply —

Construction —|

Sale, maintenance, and repair of motor vehicles and motorcycles; retail sale of fuel —
Wholesale trade and commission trade, except of motor vehicles and motorcycles —
Retail trade, except of motor vehicles and motorcycles; repair of household goods —|
Hotels and restaurants —|

Infand transport —

Water transport —|

Air transport —|

Other supporting and auxiliry transport activities; activiies of travel agencies —|
Post and telecommunications —]

Financial intermediation —|

Real estate activities —|

Renting of M&Eq and other business activities —|

Public administration and defense; compulsory social security —

Education —|

Health and social work —]
Other community, social, and personal services —|
Private households with employed persons —]

2010 4
2011
2012
2013 4
2014 4
2015
2016 4
2017 4
2018
2019 4
2020 4
2021 4
2022 4
2023 4

Year

Figure 2. Malaysia Upstreamness Index. Source: MRIO Database.

Sectors that are in the upstream position are marked with dark red and orange. The
Mining and Quarrying, Coke, Refined Petroleum, and Nuclear Fuel sectors have consis-
tently held a powerful upstream position throughout the 2010-2023 period. This indicates
that the outputs from these sectors are primarily used as raw materials or fuel for other
industries within the global supply chain, rather than for direct final consumption. These
sectors are most likely to be an early part of the global production chain [19].

Sectors that are in a downstream position (upstreamness index value close to 1) are
marked in yellow. The Household Services (private households with employed persons),
Community Services (other community, social, and personal services), and Education
sectors stably occupy downstream positions. This indicates that the output from these
sectors is mostly directly consumed by final users or households. The Financial Services
(Financial Intermediation) and Real Estate (Real Estate Activities) sectors also tend to be in
downstream positions.

The majority of other industrial sectors exhibit varying upstreamness values, charac-
terized by color gradations ranging from beige to blue. Some sectors, such as basic metals,
fabricated metals and Machinery and Equipment, show interesting fluctuations. These
sectors are shifting from a more downstream position to a more upstream position year
by year, reflecting an increase or change in their role within the GVCs. These dynamics
show that Malaysia is actively participating in various stages of production, not just in one
particular position [9].

4.4. Position of the Philippines’ Industrial Sector in the GVCs

Based on the attached diagram, the position of the Philippines” industrial sector in the
GVCs shows significant variation among its sectors. The value of the upstreamness index
is depicted by color gradation, where yellow indicates the downstream position and dark
red indicates the upstream position (Figure 3).

The sectors in the upstream position are marked by dark red, orange, and dark blue.
The agriculture, hunting, forestry, and fishing, and food, beverages, and tobacco sectors
were consistently in the dominant upstream position for most of the observed period. This
indicates that the output from these sectors is primarily used as raw materials for other
industries within the global supply chain.
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C. Philippines
Agriculture, hunting, forestry, and fishing —|
Mining and quarrying —| 1.061
Food, beverages, and tobacco —|
Textiles and textile products — 1.373
Leather, leather products, and footwear —{
Wood and products of wood and cork —{
1.684
Pulp, paper, paper products, printing, and publishing —
Coke, refined petroleum, and nuclear fuel —|
Chemicals and chemical products —] 1.996
Rubber and plastics —
Other nonmetallic minerals —{ 2.308
Basic metals and fabricated metal —|
Machinery, nec —f
Electrical and optical equipment —| | 2620
Transport equipment —
Manufacturing, nec; recycling —| 2.931
Electricity, gas, and water supply —
Construction =
Sale, maintenance, and repair of motor vehicles and motorcycles; retailsale of el —| e 3.243

Wholesale trade and commission trade, except of motor vehicles and motorcycles —
Retail trade, except of motor vehicles and motorcycles; repair of household goods —|
Hotels and restaurants —|

Inland transport —

Water transport —|

Air transport —

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

Financial intermediation —|

3.555

3.876

Real estate activities —|
Renting of M&Eq and other business activities —|

Public administration and defense; compulsory social security —]
Education —|

Health and social work —|

Other community, social, and personal services —|

Private households with employed persons —

T T T T T T T T T T T T T T
o = ] e = 0 © ~ © o =1 = [N\] @0
= = - ~ - ~ - = = - [ o N I
o < =3 o o =1 o o o o o I=1 =] o
39 « N ~ 39 N [3Y ~ Y N 34 ~N N Y

Figure 3. Philippines Upstreamness Index. Source: MRIO Database.

Sectors that are in a downstream position (upstreamness index value close to 1) are
marked in yellow. The construction, other community, social, and personal services,
Education, and Household Services (private households with employed persons) sectors
stably occupy downstream positions. This indicates that the output from these sectors is
mostly directly consumed by end-users or households [22].

The majority of other industrial sectors exhibit varying upstreamness values, charac-
terized by color gradations ranging from beige to blue. The Basic Metals and Fabricated
Metals, as well as Machinery and Equipment (Machinery, NEC), sectors showed fluctua-
tions, shifting from downstream to upstream positions year on year. This reflects the efforts
to increase or change roles in the GVCs, indicating that the Philippines is participating in
various stages of production [21].

4.5. Position of Singapore’s Industrial Sector in GVCs

Based on Figure 4, the position of Singapore’s industrial sector in the Global Value
Chains exhibits a distinct and interesting pattern compared to other ASEAN countries. This
figure indicates that most manufacturing and service sectors in Singapore tend to occupy
an upstream or mid-range position in the value chain, rather than a downstream position.

Sectors such as chemicals and chemical products, electrical and optical equipment,
and basic metals and fabricated metals are consistently in the upstream position (shown
in orange and red). This indicates that their output is used as a crucial input for other
downstream industries worldwide.

The service sector, including financial intermediation, renting of M&E equipment, and
other business activities, as well as transport and communications, also showed a powerful
upstream position. This reflects Singapore’s role as a global financial, logistics and business
services hub, where its services are crucial inputs for multinational companies across
the GVCs [23].

Only a few sectors are consistently downstream (shown in yellow). These sectors are
Household Services (private households with employed persons), Community Services
(other community, social, and personal services), and Education. This is natural, as the
output of these sectors is mostly directly consumed by the end user.
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Other sectors, such as food, beverages, and tobacco and transport equipment, show
intermediate positions or fluctuations between upstream and downstream from year to
year. These fluctuations can reflect a change in strategy or a shift in the global supply chain.

Overall, this image highlights the characteristics of Singapore’s economy as a major
player in the upstream part of the GVCs, particularly in the high-tech and high-value-added
services sectors.

D. Singapore

Agriculture, hunting, forestry, and fishing —] | | | |

Mining and quarrying —] 1.061

Food, beverages, and tobacco —|

Textles and textlle products —

Leather, leather products, and footwear —|

Wood and products of wood and cork —

Pulp, paper, paper products, printing, and publishing —

Coke, refined petroleum, and nuclear fuel —|

Chemicals and chemnical products —

Rubber and plastics —

Other nonmetallic minerals —|

Basic metals and fabricated metal —

Machinery, nec —|

Electrical and optical equipment —

Transport equipment —|

Manufacturing, nec; recycling —|

Electricity. gas. and water supply —]

Construction —

Sale, maintenance, and repair of motor vehicles and motorcyeles; retail sale of fuel —
Wholesale trade and commission trade, except of motor vehicles and motorcycles —
Retailtrade. except of motor vehicles and motorcycles; repair of —
Hotels and restaurants —

Inland transport —

Water transport —]

Airtransport —|

Other supporting and auxiliary transport activities: activties of travel agencies —|
Post and telecommunications —

Financial intermediation —|

1.373

1.684

1.996

2.308

2620

2.931

3.243

3.555

EEENEEN

3.876

Real estate activities —
Renting of M&Eq and other business activities —|

Public administration and defense; compulsory social security —
Education —|

Health and social work —|

Other communy socel, and personl services —| |
Private households with employed persons —|
T T T T T T T T T T T T T T
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Figure 4. Singapore Upstreamness Index. Source: MRIO Database.

4.6. The Position of Thailand’s Industrial Sector in the GVCs

Based on the attached diagram, which shows the position of Thailand’s industrial
sectors in the Global Value Chain from 2010 to 2023, it can be concluded that the position of
the GVCs of Thai industries is as follows:

The image shows the backward and forward positions of an industry in the GVCs.
Backward participation indicates dependence on input imports, while forward participation
indicates the role of an intermediate input supplier for other countries. In this context, a
position further to the right indicates more downstream participation, while a position on
the left side indicates more upstream participation [9].

Based on the figure, most of the manufacturing sector in Thailand is in a downstream
position or at the end of the GVCs (Figure 5). This indicates that many industries in
Thailand act as final assemblers, relying on intermediate input imports to produce finished
goods that are then exported [24].

The Main Manufacturing Sector, including sectors such as transport equipment, elec-
trical and optical equipment, and machinery (machinery, NEC), tends to be located on
the far right side of the diagram. This indicates that these sectors hold a strong position
in forward GVC participation, serving as key suppliers to the global production network.
This aligns with Thailand’s status as a major manufacturer and exporter in the automotive
and electronics industries.

The service sector, such as wholesale and retail trade, as well as transportation, gener-
ally exhibits diverse GVCs positions, but often has strong connections in the value chain.
Meanwhile, sectors such as agriculture, forestry, and fisheries, as well as mining, tend to
have more upstream GVCs positions, which implies that these sectors often provide raw
materials or intermediate products for other industries both domestically and abroad [24].
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This image clearly illustrates Thailand’s dependence on foreign input imports to
produce its export goods. This participation encourages a higher volume of economic
activity, increasing both total exports and overall output. Nonetheless, this also raises
concerns due to high concentrations in specific industries, such as the automotive sector,
which could hinder productivity growth and innovation across the economy.

E. Thailand

Agriculture, hunting, forestry, and fishing —|
Mining and quarrying —
Food, beverages, and tobacco —

1.061

Texties and textie procucs —
Leather, leatner products, and footwear —|

Wood and products of wood and cork —|

Pulp, paper, paoer products, printng, and publishing —
Coke, refined petroleum, and nuciear fuel —|
Chemicals and chemical procuicis —|

Rubber and plastics —|

Other nonmetalic minerals —|

Basic metals and fabricated metal —|

Wachinery. nec —

Electrical and opical ecaipment —|

Transport equiprent —

1.373
1.684

1.996

2.308

2620

Manfacturing. nec: recycling —|
Electricity, gas, and water suoply —

Construction —

Sale, maintenance, and repair of motor vehicles and motorcycles; retail sale of fuel —
Wholesale trade and commission trade, except of motor vehicles anc motorcycles —

2.931

Retal trade, except of motor vehicles and motorcycles: repair of household goods —|
Hote:s and restaurants —|

Inland transpor: —|

Watertransport —|

Air transport —

Other supporting and auxiliary transport activites: activities of travel agencies —
Post and telecommunications —|

Financial intermediation —|

Real estate actvites —|

Renting of M&Eq and other business actvities —|

Public 2eministration and defense; compulsory socie] security —|
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Healtn and social work —|

Other community, social, and personal services —
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Figure 5. Thailand Upstreamness Index. Source: MRIO Database.

4.7. Dynamic Panel Analysis Results
4.7.1. Unit Root Test

The results of the root test for the panel unit, using the Augmented Dickey-Fuller
(ADF) and Levin-Lin—Chu (LLC) methods, showed that all the variables studied in the
model were stationary [5,25]. This can be seen from the p-values for each variable, which
are consistently smaller than 0.05, the standard level of significance (Table 3).

Table 3. Augmented Dicky—Fuller and Levin-Lin—Cu panel unit root test results.

Variables ADF Test LLC Test
GG —1.9871 —25.7120
(0.0235) (0.0000)
Ul —2.8784 —2.6199
(0.0020) (0.0044)
FDI —3.4390 —3.1369
(0.0003) (0.0009)
GOV —2.1274 —1.7134
(0.0167) (0.0433)
POLITICAL —2.8059 —4.6674
(0.0025) (0.0000)

Note: The values in parentheses are p-values. GG, Green Growth Index; Ul, Upstreamness Index; FDI, For-
eign Direct Investment; GOV, Government Effectiveness; POLITICAL, Political Stability and Absence of Vio-
lence/Terrorism. Source: Calculated by the authors using Stata 17.
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Overall, these findings are significant because they indicate that the data used in
the regression model do not exhibit a unit root problem [26,27]. This stationarity ensures
that the regression results obtained will not be spurious and can be interpreted validly,
providing a solid basis for the conclusions drawn from the study.

4.7.2. GMM System Results

The results of the dynamic panel regression estimation using the System GMM method
provide essential insights into the factors that influence the dependent variables, while
addressing the problems of endogeny and data heterogeneity [25,28].

From the table above, it can be seen that the p-value of the Sargan test is 0.248, which
is much greater than the significance level of 0.05; therefore, we cannot reject the null
hypothesis that the instrument used is valid. The Sargan test is used to test the validity
of the instruments used in the model. This confirms that the chosen instrument does not
correlate with the error term and is suitable for estimation. The number of observations is
reduced compared to the model that incorporates the lag of dependent variables.

The AR (2) test confirms the absence of second-order autocorrelation in residuals.
Based on Table 4, it can be seen that the p-value of 0.586, which is also greater than
0.05, shows that we cannot reject the null hypothesis. This assures that the model has
been well constructed and that there are no undesirable correlations among its residu-
als. Since these two diagnostic tests show valid results, we can interpret the regression
coefficient validly [28].

Table 4. The SYS-GMM dynamic panel estimation results.

Variables T Test

Lagged Dep Var 0.955 ***
(0.000)

Ul 0.259 **
(0.009)

FDI 0.243 **
(0.006)

GOV —0.839
(0.153)

POLITICAL 0.711*
(0.089)

No. of observations 59

No. of ids 5

No. of instrument 51

Sargan test, p-value 48.90; 0.248

AB-AR (1); p-value —2.40; 0.016

AB-AR (2); p-value 0.53; 0.586

Note: The values in parentheses are p-values, * p < 0.1, ** p < 0.05, *** p < 0.01. GG, Green Growth Index;
UI, upstreamness index; FDI, Foreign Direct Investment; GOV, Government Effectiveness; POLITICAL, Political
Stability and Absence of Violence/Terrorism. Source: Calculated by the authors using Stata 17.

The dependent lag variable of 0.955 with a significance level of 1% indicates a very
high persistence in the dependent variable (Table 4). This means that the value of the
dependent variable in the previous period has a powerful and positive influence on its
value in the current period, indicating the existence of an inertial effect [21,29].
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The coefficient of the upstreamness index variable is 0.259, which is significant at a
5% level, indicating a positive and significant relationship. These findings suggest that
the further upstream an industry is in the value chain, the more positive its impact on
sustainable green economic growth [30]. The upstreamness index has a significant, positive
influence on green economic growth after controlling for endogeneity. Government policies
are expected to encourage investment into upstream functions such as R&D and design,
which are knowledge-intensive and low-carbon sectors.

The variable coefficient of Foreign Direct Investment is 0.243, which is significant at the
5% level, indicating a positive and significant relationship. This suggests that the inflow of
Foreign Direct Investment has a significant positive impact on sustainable green economic
growth. The Government Effectiveness control variable showed a coefficient of —0.839
that was not statistically significant. With a p-value of 0.153, there is not enough evidence
to conclude that there is a statistical relationship between the Government Effectiveness
variable and the dependent variable. This is because Government Effectiveness varies
greatly across ASEAN countries.

Meanwhile, the political stability variable has a significant coefficient of 0.711 at a
10% significance level, indicating a positive and statistically significant relationship. This
implies that political stability plays a significant role in influencing the dependent variables.

4.7.3. Robustness Test

The Robustness Test analysis, conducted over a short period (2021-2023), demonstrates
that the model is valid and reliable, reinforcing some of the findings from previous analyses
while highlighting some significant differences [21,31].

From the results of the validity test using the Sargan test, it can be seen that the
p-value is 0.170, which is greater than 0.05; therefore, we do not reject the null hypothesis
that the instrument used is valid (Table 5). This indicates that the instruments in this
model do not correlate with the error term, so the estimates are reliable. The result of the
AR (2) p-value autocorrelation test from the AR (2) test was 0.772, which is well above
0.05. This confirms that there are no second-order autocorrelation issues in the residual
model [30]. Both diagnostic tests indicate that the System GMM model is stable and valid
for analyzing the relationships between variables over a shorter time period.

This study aims to bridge the gap in the literature by examining the impact of the
industrial sector’s position in the GVCs on sustainable green economic growth. Using
the System GMM dynamic panel model approach, the empirical findings provide strong
support for the research hypothesis and offer significant policy implications.

The results of the main estimation of the System GMM model indicate that the lag of
the dependent variable has a positive and highly significant coefficient, which is 0.955 with
a p-value of less than 0.05. This shows a strong persistence in the green economic growth
variable. This means that the growth achievements greatly influence current growth in the
previous period. These findings are consistent with the growth economics literature, which
emphasizes the dynamic nature of growth processes and the effects of inertia [1].

We determined the lag structure by minimizing the BIC, with AIC, with a p-value less
than 0.05, indicating that the higher a country’s position in the GVCs, the greater its impact
on green economic growth. This result aligns with the positional upgrading theory (Smile
Curve) proposed by Gereffi & Lee [32], which suggests that a shift to high-value-added
production activities at the upstream part of the supply chain, such as R&D and design,
can increase added value and competitiveness. Although the article states that ASEAN
countries, including Indonesia, are dominated by low-value-added activity, these results
suggest that efforts to move to more upstream positions can be an effective strategy to
encourage green economic growth [12,23].
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Table 5. The SYS-GMM results for robustness tests, 2021-2023.

Variables T Test

Lagged Dep Var 0.923 ***
(0.000)

Ul 0.078 **
(0.005)

FDI 0.029 *
(0.075)

GOV 0.142 ***
(0.005)

POLITICAL —0.120 **
(0.028)

No. of observations 15

No. of ids 5

No. of instrument 21

Sargan test, p-value 17.69;0.170

AB-AR (1); p-value 0.73; 0.467

AB-AR (2); p-value —0.29; 0.772

Note: The values in parentheses are p-values, * p < 0.1, ** p < 0.05, *** p < 0.01. GG, Green Growth Index;
Ul, Upstreamness Index; FDI, Foreign Direct Investment; GOV, government effectiveness; POLITICAL, Political
Stability and Absence of Violence/Terrorism. Source: Calculated by the authors using Stata 17.

The positive and significant Foreign Direct Investment coefficient of 0.243, with a
p-value of less than 0.05, strengthens the argument that Foreign Direct Investment plays
a vital role in encouraging green economic growth. FDI can facilitate green technology
transfer, innovation, and better management practices, which are in line with green industry
policy objectives [18].

On the other hand, the government effectiveness variable did not show a significant
impact on the main model. The value of the government effectiveness coefficient is —0.839,
with a p-value greater than 0.05. This may indicate that, in the research period of 20102023,
it is due to the prolonged duration required for government effectiveness to manifest
a statistically meaningful influence. Government effectiveness includes the quality of
public services, the efficiency of bureaucracy, and the design of policies. Over a prolonged
period, there was significant disparity in the quality of governance among the examined
ASEAN nations.

The political stability variable has a positive and significant coefficient of 0.711, with
a p-value of less than 0.05. This confirms that a stable political environment is essential
to create the investment certainty and long-term policies necessary for the transition to a
green economy.

Based on these findings, effective policies to encourage green economic growth in
ASEAN countries should focus on several aspects [3,18]. The government needs to promote
the industry to move to a more upstream position in the GVCs, which are high-value-added.
This can be achieved through investment incentives in areas such as R&D and innovation,
enhancing the quality of human resources, and developing supporting infrastructure that
facilitates the production of high-value-added products [6].
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Although the impact of FDI is declining in the short term, its long-term positive role is
crucial. Policies should be geared towards attracting more foreign investment focused on
green technology, renewable energy, and low-carbon industries.

The results of the robustness test highlight the significance of government effec-
tiveness as a determinant of green growth, particularly in the short term. Bureaucratic
reform, transparency, and efficiency in the implementation of green industry policies are
urgently needed [3].

The robustness test (Table 5) indicates a reversal in the sign of the POLITICAL vari-
able, which now appears negative and significant. This is due to the government’s em-
phasis on swift economic recovery and the preservation of social cohesiveness in the
post-pandemic era, exemplified by the continuation of fossil fuel subsidies. Prolonged
political stability during this period may lead to a slow response to the climate problem,
indicating a potential policy trade-off in times of emergency. Political stability, despite
the complex relationship, remains a prerequisite for long-term green economic growth.
Policies must ensure a conducive political environment to support bold economic and
environmental reforms.

An explanation of the difference in the results of the Government Effectiveness (GG) in
ASEAN countries exhibits powerful persistence, underscoring that current success is highly
dependent on past policy momentum, thus requiring long-term policy commitments that
extend beyond political cycles. This short-term model offers tentative insights into shifts in
policy responses in periods of global shock. The crucial findings show that the industry’s
movement towards a more upstream and low-carbon GVC position is an effective strategy
to encourage GG, in accordance with the positional upgrading theory. In addition, the
significant positive Foreign Direct Investment (FDI) proves its role as a vital facilitator for
GG, especially in technology transfer. Furthermore, political stability is crucial in the long
term, and the effectiveness of the government is a positive and significant determinant
in the short term. This suggests that a competent and responsive bureaucracy is urgently
needed to accelerate the implementation of the green transition, thereby requiring the
government to capitalize on the existing stability to implement structural reforms that
encourage green economic growth.

As a policy implication, the government needs to emphasize long-term policy com-
mitments that extend beyond the annual political and budget cycles, such as the Climate
Act and the Renewable Energy Long-Term Master Plan. In addition, the national indus-
trial strategy must shift from being a mere supplier of raw materials to one that engages
in positional upgrading through high-value-added activities, i.e., “green upstreaming”
(e.g., R&D in renewable energy technology, not just raw material extraction). FDI should be
selective and explicitly oriented towards the transfer of green technology and sustainable
management practices. Furthermore, the government needs to create political stability and
bureaucratic competence.

5. Conclusions

The results indicate that participation in the Global Value Chains (GVCs) can serve
as a significant catalyst for driving sustainable green economic growth. The results of the
System GMM dynamic panel model estimate confirm that green economic growth exhibits
strong persistence over time, indicating that current success is highly dependent on past
achievements, which emphasizes the need for consistent, long-term policies.

These findings also underscore the significant role of the Upstreamness Index in
promoting green economic growth. This supports the argument that the industry’s move
towards high-value-added activities, such as R&D and design, is an effective strategy.
In addition, Foreign Direct Investment (FDI) and Political Stability have proven to have
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a positive and significant influence, demonstrating that foreign investment and a stable
political environment are crucial for facilitating green technology transfer and creating
certainty for economic transition.

Opverall, the study confirms that to fully harness the potential of GVCs in driving green
economic growth, the government needs to focus on an integrated strategy. This includes
the driving upstream of the industry, attracting greater green investment, improving the
effectiveness of governments, and ensuring political stability. This study’s limitations
include a small sample size (five countries), which undermines the generalizability of
the findings, resulting in unstable robustness test results and an aggregate country-level
analysis that may obscure significant sectoral heterogeneity. For future research, it is
recommended to conduct a more detailed sectoral analysis to understand the differences in
GVC dynamics and green growth across different industries. In addition, it is necessary to
include other variables that may affect green growth, such as energy mix, carbon intensity,
trade openness, and environmental policies.
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