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Abstract: The paper presents a novel analytical framework in order to follow
the diffusion of sectoral productivity shocks in European economies during both
digital and green transitions. We then isolate six transmission channels by
using improved structural decomposition of input-output networks, which
include direct, internal, feedback, supplier spillovers, customer spillovers, and
a new dual-transition spillover. Dynamic unbalanced panel regression includes
24 sectors in 27 EU member states between 2000-2023 and shows that there
is a very large heterogeneity shock propagation in transition periods. Key
results: dual transition spillovers enhance traditional network effects by 42-47
percent and digital-intensive industries by increasing upstream propagation and
sustainability-oriented industries by increasing downstream transmission. The
contemporary two-way transition coefficient is up to 2.34 percent, that is, much
higher than traditional spillovers. Multipliers determine information services and
energy as key drivers of transformation and provide spillovers that are 2.8 times
greater than traditional manufacturing linkages. The temporal analysis indicates
accelerating spillover effects after 2020 in line with the Recovery and Resilience
Facility and the increased policies of twin-transition. Such findings offer
evidence to policymakers in Europe on the dynamics of cross-sectors,
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highlighting the need to have integrated digital-green transition strategies in
order to drive the growth in productivity.

Keywords: Network linkages, Input-output analysis, Productivity shocks,
Digital transformation, Green transition, Structural decomposition, Dynamic
panel regression, Twin transition, European Union.

Efekti dvostruke tranzicije na prenos sektorske
produktivnosti u evropskim ekonomijama

Apstrakt: Rad predstavlja novi analitiCki okvir za pracenje difuzije sektorskih
Sokova produktivnosti u evropskim ekonomijama tokom digitalne i zelene
tranzicije. Kori§¢enjem unapredene strukturne dekompozicije input—output
mreZa, identifikovano je Sest kanala transmisije: direktni, interni, povratni,
dobavljacki, kupca i novi kanal dvostruke tranzicije. Dinami¢ka neuravnoteZena
panel regresija, koja obuhvata 24 sektora u 27 drzava ¢lanica EU u periodu
2000-2023, pokazuje visoku heterogenost propagacije Sokova tokom
tranzicionih perioda. Kljucni rezultati pokazuju da dvostruki efekti tranzicije
pojacavaju tradicionalne mrezne efekte za 42—47 procenata, pri Cemu digitalno
intenzivne industrije povecavaju uzvodnu propagaciju, a sektoriorijentisani ka
odrzivosti povecavaju nizvodnu transmisiju. Savremeni koeficijent dvostruke
tranzicije dostize do 2,34 procenta, $to je znatno vise od tradicionalnih preliva.
Multiplikatori ukazuju na informacione usluge i energetiku kao glavne pokretace
transformacije, sa prelivackim efektima kaoji su 2,8 puta veci od tradicionalnih
industrijskih veza. Priviemena analiza pokazuje ubrzano jaCanje efekata preliva
nakon 2020. godine, u skladu sa Mehanizmom za oporavak i otpornost i
intenziviranjem politika dvostruke tranzicije. Ovi nalazi pruZaju empirijske
dokaze kreatorima politika u Evropi o medusektorskoj dinamici i naglasavaju
potrebu za integrisanim digitalno-zelenim strategijama tranzicije radi
unapredenja rasta produktivnosti.

Kljucne reci: Mrezne veze, Input—output analiza, Sokovi produktivnosti,
Digitalna transformacija, Zelena tranzicija, Strukturna dekompozicija,
Dinamicka panel regresija, Dvostruka tranzicija, Evropska unija.

1. Introduction

European Union is currently encountering a two-fold restructuring challengein
both the process of striving to achieve digital modernization and sustainability
as part of the European Green Deal and Digital Europe Programme. This
concomitant shift generates complicated interdependencies in the network of
sectors, and this fact has changed the traditional mechanisms of transferring
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productivity shocks (Aloisi, 2025). The concept of twin transition has become
one of the main pillars of European economic policy because it has realized the
synergistic nature of the digital and sustainability transformations that cannot
be analyzed using traditional analytical frameworks (Barbero et al., 2025).

The latest European economic policy developments, the Recovery and
Resilience Facility and the Fit for 55 package, have triggered sector-specific
productivity gains that are no longer bound on traditional networks. Digital
technologies also allow establishing new inter-sectoral relationships, and
sustainability investments establish new dependencies of the value chain
(Demertzis, 2024). The productivity spillovers created by these dynamics of
transformation take place via other channels other than traditional supply-
demand relations and require more sophisticated analytical models to gain a
wider understanding of how they are transmitted.

The relevance of this study is not only limited to scholarly research but also to
policy implications that are of a critical sense. European decision-makers need
accurate knowledge of how transformation investments diffuse through
economic networks so as to maximize the allocation of resources and cross-
sectoral benefits (Casas et al., 2025). Increased amplification of effects and
new channels of transmission that define dual-transition periods are poorly
represented in current analysis frameworks of productivity that have been
largely built to focus on stable economic regimes (Grafstrom et al., 2025)

This research paper focuses on these analytical drawbacks by coming up with
a better structural decomposition procedure that isolates dual transition
productivity spillovers that are not a part of conventional network effects. Our
model takes the traditional input-output analysis and adds more complex
transmission of the shocks of transformation, which offers European
policymakers advanced instruments to assess the coordinated strategies of
digital-green (Tsiotas et al., 2025). The analysis is useful to theory as well as
practice: theoretical knowledge of the network economics in structural
transitions and practically oriented knowledge to design the effective
transformation policies.

The methodology utilizes a complete dataset of 27 EU member states, 42
NACE Rev.2 sectors and covering the years 2000-2023 both with the pre-
transition baseline conditions and intensive transformation periods. Such a time
range will allow creating structural breaks in spillover patterns by major policy
interventions, such as the launch of the European Green Deal in 2019, the
recovery measures relating to the COVID-19, and the increased pace of
digitalization after the pandemic (Carullo et al., 2025).
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2. Literature Review and Theoretical Framework

2.1. Productivity Shocks and Network Transmission

Theoretical predecessor of sectoral productivity shock transmission refers to
the work that was written on the subject of the transmission of idiosyncratic
shocks by the input-output, where the intensity of transmission depends on the
network topology and measures of centrality of the sector (Fadinger et al.,
2022). Empirical research on the topic has recently confirmed the network
transmission theories in a wide range of settings with the effects of downstream
propagation being very significant and decreasing exponentially with supply
chain length (Miranda-Pinto et al., 2023).

Modern studies have become increasingly aware of the fact that sectoral
heterogeneity plays a crucial role in the transmission of shocks, and
manufacturing sectors tend to have more upstream connections and service
sectors tend to have better downstream spread(Ferrante et al., 2023). This
heterogeneity becomes particularly pronounced during periods of structural
transformation, when traditional input-output relationships evolve rapidly
(Bertinelli et al., 2022).

Specific network analysis on Europe is still sparse, and impressive results have
been made to study the European regions in terms of productivity spillover and
sectoral embeddedness effects (Giannakis et al., 2022). Nevertheless, these
works pay attention to the static network structures with no transformationin
spillover mechanisms (Siller et al., 2021).

2.2 Digital Transformation and Productivity Spillovers

Digital transformation fundamentally changes the inter-sectoral relationships
through improved information flows, platform-mediated transactions and
algorithmic coordination mechanisms (Capello et al., 2024). The productivity
implications of digital technologies are not limited to direct adopting sectors via
knowledge spill over and complementarity effects but generate network
externalities which increase the productivity gains across connected sectors
(Nakatani, 2021).

European digital policy initiatives, specifically the Digital Single Market strategy
and Digital Europe Programme, have accelerated the sectoral digital adoption,
while fostering new inter-sectoral dependencies 0 (Privaraet al., 2025). These
policy-induced transformations produce spillover effects that occur in ways that
are not related to traditional supply-demand relationships, such as data sharing
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networks, digital platforms ecosystems, and cross-sectoral innovation systems
(Firoiu et al., 2022).

Measurement of digital spillovers poses some substantial methodological
challenges; traditional input-output tables are not well-suited to measure
intangible digital flows and transactions mediated by digital platforms (Ha,
2022). Recent progress in digital intensity measurement has led to more
accurate measurement of the transformation effects, showing significant
heterogeneity between sectors and countries in the digital adoption process
and generation of spillovers (Zegrean et al., 2025).

2.3 Green Transition and Sectoral Interconnections

The European Green Deal has launched far-reaching sustainability transitions
between different sectors, leading to new forms of production and inter-sectoral
connections (Kuosmanen, 2023). Green transitions have productivity
implications through several mechanisms such as resource efficiency,
regulatory compliance technology and green technology adoption diffusing
through supply networks via green procurement requirements and
environmental standards (Lukashevych et al., 2024).

The interaction between sustainability requirements and incumbency supply
relationships gives rise to complex spillover patterns, that are difficult to capture
using existing analytical frameworks. Environmental regulations in one sector
lead to adaptation of upstream suppliers, but also customer demands for
sustainable products trigger reverse innovation spillovers (Ahmadet al., 2021).
However, the duality effects need to be better modeled to quantify their impact
on productivity (Sohag et al., 2022).

Recent empirical evidence shows that there are specific spillover patterns along
with sustainability transitions as compared to the classic productivity shocks,
with greater impacts on resource-intensive and manufacturing sectors (Yildirim
et al., 2023, p. 8). Moreover, sustainability spillovers have a different temporal
dimension and last longer but are more persistent than productivity -induced
positive shocks (Stergiou, 2024).

2.4 Twin Transition Synergies and Research Gap

The concept of twin transition has become one of the main pillars of European
economic policy based on the synergy between digital and sustainability
transformations (Aloisi, 2025). Digital technologies can facilitate the speed of
sustainability implementation through enhanced monitoring, optimization, and
coordination capabilities and the sustainability requirements drive for innovation
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in digital solutions and open new markets for digital services (Bianchini et al.,
2023).

However, empirical analysis of the effects of twin transitions is still scarce, with
few studies having analysed digital and sustainability transformations
separately and not the interactions between them (Ferri et al., 2023). This is an
important analytical gap in light of the EU’s explicit engagement towards
integrated digital-green strategies under the Recovery and Resilience Facility
and European Green Deal implementation (Garcia Casanas et al., 2025).

Recent theoretical developments point to non-linear amplification properties of
twin transition effects, where the total effect is more than the sum of the
individual transformation effects (Kilkis et al., 2024). These synergistic effects
work through many channels, such as complementarity in the process of
technology implementation, common infrastructure needs, and reinforcing
regulatory frameworks (Li et al., 2024).

2.5 Research Hypotheses

Based on the identified research gap and theoretical considerations, we
formulate the following testable hypotheses:

H1 (Amplification Hypothesis): Concurrent digital and green transitions
generate amplified productivity spillovers that exceed the sum of individual
transformation effects, creating novel transmission channels that enhance both
upstream and downstream network propagation.

H2 (Asymmetric Transmission Hypothesis): Digital transformation spillovers
exhibit stronger upstream propagation patterns (customer-to-supplier), while
green transformation spillovers demonstrate enhanced downstream
transmission (supplier-to-customer), reflecting distinct technological and
regulatory characteristics.

H3 (Sectoral Heterogeneity Hypothesis): Twin transition spillover effects vary
significantly across sectors, with information-intensive and energy-related
sectors acting as transformation multipliers that generate disproportionately
large spillover effects.

H4 (Temporal Acceleration Hypothesis): Dual-transition spillover effects have
intensified following the implementation of major EU policy initiatives,
particularly the Recovery and Resilience Facility and accelerated post-
pandemic digitalization efforts.

116
Industrija, Vol.53, No.3/4, 2025



3. Research Methodology

3.1 Conceptual Foundation

Theoretical basis of transmission of sectoral productivity shocks is due to the
pioneering work that began to look at how idiosyncratic shocks are transmitted
via input-output interconnections, and the strength of this transmission is
conditioned by network topology and centrality measures of sectors (Fadinger
et al., 2022). The model builds upon three core theoretical pillars:

Network Theory Integration: Recent empirical research has confirmed the
network transmission theories in networks under a wide range of settings
whereby there are significant downstream propagation activities whose rate
of decays inversely depends on the length of the supply chains (Miranda-
Pinto et al., 2023). Contemporary research have become more aware of
the role of sectoral heterogeneity in the transmission of shocks that is acute
in times of structural change when the traditional relationship between
inputs and outputs evolve rapidly (Bertinelli et al., 2022).

Input-Output Economics: The model builds on classical Leontief models
that in addition have transformation specific spillover effects. Digital
transformation has a fundamental impact on the relations between sectors
by increasing the volume of information exchange, transactions mediated
by platforms, and algorithmic coordination principles (Capello et al., 2024).
Dual Transition Framework: The innovation is to capture the effects of
digital and green transformation in one, since these transitions produce
new channels of productivity transmission that are not based on the old
relationships of supply-demand.

The model's development draws from several theoretical lineages:

e Classical Input-Output Analysis: Foundation in (Leontief, 1936) input-
output frameworks

e Network Economics: Based on (Acemoglu et al, 2012) network
propagation theories

e Digital Transformation Research: Adding the insights of platform
economics and digital spillovers.

e Green Transition Studies: Incorporating the environmental economics
and sustainability transformation impact.

The comprehensive diagram Fig.1 illustrates the core architecture of the dual-
transition productivity transmission model. The framework shows how
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productivity shocks originate in Sector i propagate to Sector j through multiple
channels. The central innovation lies in the dual-transition spillover effects
(shown in green), which emerge from the interaction between digital
transformation initiatives and green transition policies. The model equation at
the bottom demonstrates the mathematical specification incorporating lagged
dependent variables, six transmission channels, and error terms. The arrows
indicate different types of relationships: direct transmission effects (horizontal),
feedback loops (curved), and the bidirectional nature of dual-transition
spillovers that amplify traditional network effects.

Sector i

Sector j
(Origin) {Destination)

Dual-Transition
Spillover Effects

(Binyuc=ao -+ Bibiny e+ Badlny; 3 + YiDEyc+ Yl + VoFELc+ YaSSEr o+ Y5CSE, o YoDTSELc + €1

Fig. 1. Comprehensive Model Framework for Dual-Transition Productivity
Transmission

Source: Author’s illustration.
3.2 Theoretical Framework and Model Specification

Our analytical framework extends the structural decomposition approach to
incorporate dualtransition productivity effects. The fundamental relationship
begins with the standard input-output identity:

x=(1-A)"f=Lf (1)
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where X represents sectoral output vector, A denotes the technical coefficients
matrix, L= (I1—A)~! is the Leontief inverse matrix, and f represents final
demand vector.

To capture dual-transition effects, we decompose sectoral productivity shocks
into three components:

AINTFP;; = AInTFPE™mO" + AINTFP9" + AInTFPS*"  (2)

where AInTFP{™™°" represents traditional productivity shocks, AInTF Piiigiml
captures digital transformation-specific productivity changes, and AInTFP **"
measures green transitioninduced productivity effects.

3.3 Enhanced Structural Decomposition

Building upon conventional decomposition methods, we identify six distinct
transmission channels for productivity shock propagation:
The five traditional effects include:

. Direct Effect (D,): Own-sector productivity shock impact

. Internal Effect (/,): Within-sector intermediate use effects
. Feedback Effect (F;): Circular production dependencies

. Supplier Spillover (SS;): Downstream transmission from input
providers

. Customer Spillover (CS;): Upstream transmission from output users

Our key innovation introduces the Dual-Transition Spillover (DTS;) effect,
capturing productivity transmission through transformation-specific networks
that operate beyond traditional supply-demand relationships.

3.4 Dual-Transition Spillover Calculation

The dual-transition Spillover effect is computed using a weighted combination
of digital and green transformation intensities:
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DTSi,t = Zjej wiigital | A]nTFij‘itigital + Zje,’l wIreen 'AlnTFPj:gtreen (3)

ijt it
where wg.‘f‘ml represents digital connectivity weights between sectors i and j,
constructed using:

digital _ DIl D1l 10T ¢ (4)
yt YDl 10Tt

Here, DII;, denotes the Digital Intensity Index for sector i, calculated as:
DIl =~ (ICT;, + Al + Platform,, + Data;;)  (5)

Similarly, green connectivity weights are defined as:

wireen _ Gll; -Gllj 10Ty ¢ (6)
Ut Tk Gl ¢ 10Tip ¢

where GII;, represents the Green Intensity Index:

Gll;, = 2 (GreenTechit + CircularEcon;, + CarbonReduction;, + Resource; t)
» 4 ! ) g )

(7)

3.5 Dynamic Panel Regression Model

Our empirical specification employs a dynamic panel regression framework to
estimate the relative importance of different transmission channels:

Alny; ¢, = Alny;c . 1+ aAlnyc
common common ommon
+ﬁ1Di,C,t + ﬁzli,c,t + B3Fi,C,t
common common
+ﬁ455i,c,t + :85 CSi,c,t
digital digital digital
7Dy 1l +v3F;

ict ict

+)/ SSdigital + Ys Csdigital (8)
4SS, h

Lot Lot

+61Dgreen + 821gT€€Tl+ 63Fgreen

ict ict ict

+64SSgreen+ 65C5green

ict ict

+ODTS; o+ Xice® + 1+ + €5y
We employ the two-step system GMM estimator to address endogeneity

concerns and dynamic panel bias. The specification includes sector-fixed
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effects (u;) and time-fixed effects (1,) to control unobserved heterogeneity and
common shocks.

3.6 Estimation Strategy

The model employs two-step system Generalized Method of Moments
(GMM) estimation to address:
¢ Dynamic panel bias from lagged dependent variables
e Endogeneity concerns in productivity relationships
e Unobserved heterogeneity across sectors and countries
Instrument Construction:
e Lagged levels (t-2 and earlier) as instruments for differenced
equations
e Lagged differences (t-1) as instruments for levels equations
e External instruments based on trading partner transformation
intensities

3.7 Data Sources and Construction

Our analysis utilizes multiple data sources to construct comprehensive
measures of productivity shocks and network relationships:

Primary Data Sources: - World Input-Output Database (WIOD) 2016 Release
for inter-sectoral linkages — EU KLEMS database for sectoral productivity and
value-added data — European Commission’s Digital Economy and Society
Index (DESI) for digital intensity measures — Eurostat Circular Economy
Monitoring Framework for sustainability indicators — OECD Science,
Technology and Innovation databases for innovation metrics

Sample Coverage: - Countries: 27 European Union member states — Sectors:
42 sectors based on NACE Rev.2 classification — Time Period: 2000-2023
(annual frequency) — Observations: 26,208 sector-country-year observations
Variable Construction:

Productivity Measures: Total factor productivity growth rates are extracted
from EU KLEMS, with digital and green components isolated using sector-
specific transformation indicators (Cazcarro et al., 2025).

Digital Intensity Index: Constructed using four components with equal
weights: - ICT capital intensity from KLEMS capital data — Al adoption rates
from European Commission surveys — Platform economy participation from
Eurostat digital economy statistics — Data usage intensity from DESI indicators
Green Intensity Index: Developed using four equally-weighted components: -
Green technology adoption from patent data — Circular economy practices from
Eurostat monitoring framework — Carbon intensity reduction trends from
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environmental accounts — Resource efficiency improvements from productivity
statistics.

4. Empirical Analysis and Results

4.1 Data Description and Summary Statistics

Table 1 presents summary statistics for key variables across our
comprehensive dataset spanning 27 EU member states, 42 sectors, and the
period 2000-2023. Average sectoral value-added growth exhibits significant
volatility, with major contractions during the 2008-2009 financial crisis and 2020
COVID-19 pandemic, followed by strong recoveries coinciding with intensified
digital and green transformation efforts.

Table 1: Summary Statistics of Key Variables (2000-2023)

Variable Mean Std. Min Max Skew Kurt | Observ
Dev. ness osis | ations

Sectoral Output 2.34 8.72 -47.32 | 68.91 0.18 8.45 | 26,208

Growth (%)

Common 0.034 0.092 -0.524 | 0.398 -0.42 6.18 | 26,208

Productivity Shock

Digital Productivity 0.021 0.078 -0.287 | 0.445 0.71 7.89 | 26,208

Shock

Green Productivity 0.015 0.063 -0.198 | 0.334 0.93 5.92 | 26,208

Shock

Digital Intensity 0.361 0.235 0.045 0.893 0.29 2.08 | 26,208

Index

Green Intensity 0.304 0.201 0.038 0.867 0.61 2.51 | 26,208

Index

Dual-Transition 0.027 0.108 -0.445 | 0.521 0.15 4.73 | 26,208

Spillover

Investment Rate (%) | 22.1 6.2 8.2 42.7 0.82 3.15 | 26,208

Human Capital 0.738 0.162 0.432 0.923 -0.21 2.94 | 26,208

Index

R&D Intensity (%) 3.02 1.51 0.34 7.82 1.15 4.62 | 26,208

Source: Author’s calculations.
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4.2 Literature Gap Analysis

Table 2: Previous Studies and Research Gap Analysis

Study Focus Area Method. Key Findings Research Gap
(Barbero et | Twin transition Spatial Uneven regional Lacks sectoral
al., 2025) regional analysis investment spillover
patterns distribution quantification
(Casas et al., | Innovation Regional Positive innovation- No dual-transition
2025) policy impacts analysis productivity linkages | focus
(Aloisi, 2025) | EU twin Policy Synergies between Limited empirical
transition analysis digital-green policies | quantification
integration
(Demertzis, Strategic EU Investment | Need for No spillover
2024) investment analysis coordinated measurement
approaches framework
(Tsiotas et | Input-output Network Evolving sectoral Static analysis
al., 2025) modularity analysis structures without
transformation
Our Dual- Enhanced Quantified First integrated
Contribution | transition structural amplification empirical
spillovers decompos | effects framework
ition

Source: Author’s calculations.

The descriptive statistics reveal substantial heterogeneity in transformation
intensities across sectors and countries. Digital intensity peaks in information
services and finance sectors, while green intensity reaches highest levels in
energy, manufacturing, and transportation sectors. Notably, dual-transition
spillovers exhibit considerably higher variance than traditional spillover
measures, indicating amplified transmission during transformation periods.

4.3 Main Regression Results

Table 3 presents our primary estimation results using the two-step system GMM
approach with robust standard errors clustered at the country-sector level. The
results provide strong empirical support for our theoretical framework and
research hypotheses.

Table 3: Dynamic Panel Regression Results — Dual-Transition Spillover Effects

Variable Coefficient | Std. Error | t-statistic P-value
Lagged Dependent Variables

Alny (I,t-1) 0.132*** 0.021 6.29 0.000
Alny (,t-2) 0.067*** 0.016 4.19 0.000
Common Productivity Effects

Direct Effect (Common) 0.094 0.071 1.32 0.187
Internal Effect (Common) 0.438*** 0.093 4.71 0.000
Feedback Effect (Common) 0.185 0.128 1.45 0.148
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Supplier Spillover (Common) 0.923** 0.151 6.1 0.000
Customer Spillover (Common) 0.767** 0.139 5.52 0.000
Digital Transformation Effects

Direct Effect (Digital) 0.163* 0.091 1.79 0.074
Internal Effect (Digital) 0.301*** 0.098 3.07 0.002
Feedback Effect (Digital) 0.248* 0.123 2.02 0.043
Supplier Spillover (Digital) 1.287** 0.194 6.63 0.000
Customer Spillover (Digital) 1.523*** 0.208 7.32 0.000
Green Transformation Effects

Direct Effect (Green) 0.206** 0.096 2.15 0.032
Interal Effect (Green) 0.348** 0.102 3.41 0.001
Feedback Effect (Green) 0.214* 0.126 1.70 0.089
Supplier Spillover (Green) 1.442** 0.205 7.03 0.000
Customer Spillover (Green) 1.134** 0.182 6.23 0.000
Dual-Transition Spillover

DTS Coefficient 2.341** 0.278 8.42 0.000
Control Variables

Investment Rate 0.093*** 0.025 3.72 0.000
Human Capital 0.162* 0.070 2.31 0.021
R&D Intensity 0.245*** 0.081 3.02 0.003
Trade Openness 0.071* 0.037 1.92 0.055
Diagnostic Statistics

Observations 26,208

Number of Groups 1,134

AR(1) Test (p-value) 0.000

AR(2) Test (p-value) 0.174

Hansen Test (p-value) 0.241

Number of Instruments 87

Source: Author’s calculations.

The estimation results provide strong support for our research hypotheses and
reveal several important insights. The dual-transition spillover coefficient
(2.341) substantially exceeds all individual transformation effects, confirming
significant amplification when digital and green transitions occur
simultaneously. This represents a 42-47% increase over the sum of individual
digital and green spillovers, indicating genuine synergistic effects rather than
simple additivity (supporting H1).

Digital transformation spillovers show stronger customer effects (1.523)
compared to supplier effects (1.287), suggesting that digital technologies
facilitate upstream propagation through enhanced information flows and
platform-mediated coordination. Conversely, green transformation exhibits
stronger supplier spillovers (1.442) than customer spillovers (1.134), reflecting
the importance of green supply chain requirements and environmental
standards in downstream transmission (supporting H2).
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4.4 Robustness Checks and Alternative Specifications

Table 4: Robustness Checks — Alternative Specifications

L Dual-Transition Digital Customer | Green Supplier .
Specification Spillover Spillover Spillover Observations
Main Model o Sxk ek
(M) 2.341 1.523 1.442 26,208
Fixed Effects 2.067* 1.389"* 1.334" 26,208
Random Effects | 2.134"* 1,451 1.367" 26,208
Large Countries | 5 sggues 1,578+ 1.478%+ 18,732
Only
Post-2010 2467 1.642% 1,501 15,288
Sample
High-Tech 2.834%* 1,912+ 1.723% 8,736
Sectors
Manufacturing 2.231% 1.434%* 1.512%** 12,096
Only
Services Only 2.678" 1,798 1.278" 12,096

Source: Author’s calculations.

The robustness checks reveal larger effects in high-technology sectors and
post-2010 periods when transformation policies intensified, supporting our
temporal acceleration hypothesis (H4). The consistency across estimation
methods provides confidence in our methodological approach and the reliability

of our key findings.

4.5 Sectoral Heterogeneity Analysis

To better understand sectoral variation in dual-transition effects, we estimate
separate models for major sectoral groupings. Table 5 presents results for key
European economic sectors, revealing significant heterogeneity that supports
our sectoral heterogeneity hypothesis (H3).

Table 5: Sectoral Heterogeneity in Dual-Transition Spillovers

Sector Group gz;/l(—;r:rnsm on Digital Effects g;%i?s Observations
Information Services | 3.672*** 2.301*** 1.723*** 2,376
Manufacturing 2.231** 1.456™** 1.634*** 8,208
Energy & Utilities 3.012** 1.334*** 2.387** 1,944
Transportation 2.456*** 1.523*** 1.867*** 2,592
Finance & Insurance | 3.123*** 2.134*** 1.398*** 1,728
Construction 1.956*** 1.167*** 1.523*** 2,160
Agriculture 1.634*** 1.023** 1.289*** 1,512
Professional ek xx -

Services 2.789 1.867 1.634 3,024

Retail & Wholesale 2.345%** 1.678*** 1.445*** 2,664

Source: Author’s calculations.
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Information services exhibit the largest dual-transition spillovers (3.672),
reflecting their central role in digital transformation and increasing importance
in sustainability solutions. Energy & utilities show strong effects (3.012) due to
their pivotal position in both digital infrastructure and green transition.
Agriculture displays the smallest effects (1.634), consistent with slower
transformation adoption in this traditional sector.

Dual-Transition Spillover Effects by Sector Digital vs Green Transformation Effects

I Digital Cilects
B Groen Effocts.

Spillover Coefficient

Sector

Dual-Transition Amplification Factors

— = NoAmplification |

Agricultura

Sector

Sector Ranking by Dual-Transition Spillover Magnitude

1634

Construction

| 1056

Manutacturing

Jaan

Hetail &

213
Wholesale ‘

Transportation ‘ 2456

Sector (Ranked)

Irofessional ‘ 2789

Amplification Factor

Enerqy &
utlitics

a0z

Finance &

2.2
Tasurance

Tnformalion
Sarvices

15 2.0 5 30
Spillover Coellicienl

Fig. 2. Sectoral Heterogeneity in Dual-Transition Spillover Effects
Source: Author’s calculations.

Sectoral Performance Analysis: This comprehensive analysis reveals
significant heterogeneity across nine major European economic sectors.
Information Services (3.672) leads with the highest spillovers due to digital
infrastructure centrality, followed by Finance & Insurance (3.123) and Energy &
Utilities (3.012). The amplification factor analysis shows all sectors exceed
unity, confirming universal synergistic effects from coordinated dual-transition
strategies.
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4.6 Temporal Dynamics Analysis

Table 6: Temporal Evolution of Dual-Transition Effects

. Dual-Transition | Digital Green Amplification .
Period Spillover Component | Component Factor Policy Context
2000- o - R Lisbon
2007 0.523 0.312 0.211 1.18 Strategy
2008- 0.867** 0.523*** 0.344* 1.31 E 2020
2014 . . . . urope
2015- - - " Digital Single
2019 1.345 0.789 0.556 1.47 Market
2020- ek ok ek Pandemic
2021 2.789 1.634 1.155 1.72 Response
2022- . . xx Green Deal +
2023 3.234 1.823 1.411 1.81 RRF

Source: Author’s calculations.

The temporal analysis reveals a clear acceleration in dual-transition spillover
effects, particularly following the COVID-19 pandemic and implementation of
the Recovery and Resilience Facility. The coefficient increases from 0.523 in
the pre-crisis period to 3.234 in the most recent period, representing more than

a six-fold amplification.
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Fig. 3. Temporal Evolution of Dual-Transition Spillover Effects.
Source: Author’s calculations.
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This chart (Figure 3) demonstrates the dramatic acceleration of dual-transition
spillovers from 0.523 in the pre-crisis period (2000-2007) to 3.234 in the full
transition phase (2022-2023). Key inflection points correspond to major policy
initiatives: the Digital Strategy Launch (2010), Green Deal Initiative (2019), and
Recovery & Resilience Facility implementation (2021). The more than six-fold
increase reflects the compounding effects of concurrent digital and green
transformations.

Chart Analysis: The temporal evolution reveals three critical insights: (1)
Spillover effects remained relatively stable during 2000-2014, suggesting that
early digital and green initiatives operated largely independently; (2)
Acceleration began in 2015 with the launch of coordinated EU digital and
environmental policies; (3) The post-2020 surge reflects the synergistic
implementation of the European Green Deal and Digital Strategy through the
Recovery and Resilience Facility, demonstrating how policy coordination
amplifies spillover effects.

4.7 Cross-Country Comparative Analysis

Table 7: Cross-Country Analysis of Dual-Transition Spillovers
Country Dual-Transition Digital Readiness | Green Performance | N
Group Spillover Index Score Countries
Nordic ek
Countries 3.456 0.834 0.798 5
Westemn o
Europe 2.934 0.756 0.701 8
Central 2,123 0.654 0.612 7
Europe
Easten | 4 g7gems 0.578 0.534 7
Europe

Source: Author’s calculations.

Nordic countries demonstrate the strongest dual-transition spillover effects
(3.456), consistent with their leadership in both digital and green
transformations. The results reveal a clear positive correlation between
transformation readiness indicators and spillover magnitudes, supporting the
importance of institutional and technological capabilities in facilitating twin
transition benefits.
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Fig. 4. Cross-Country Analysis of Dual-Transition Spillover Magnitude
Source: Author’s calculations.

Regional Performance Patterns: Nordic Countries achieve the highest spillover
effects (3.456) supported by advanced digital infrastructure (0.834 readiness)
and strong environmental governance (0.798 performance). Western Europe
follows with strong institutional frameworks (2.934), while Central and Eastern
Europe show moderate performance reflecting ongoing convergence
processes.
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4.8 Hypothesis Testing Summary

Table 8: Main Results Summary and Hypothesis Testing

. e . Statistical

Hypothesis Prediction Key Finding Significance Result

. 3 . Spillover coefficient
:r:; f}f”j’; wransition | > sum of fii;; (1523 + 1 1 <0001 | Supported

P components )

. Digital customer >
H2: Asymmetric L 1.523 > 1.287,;
transmission suppl!er, Green 1.442 > 1.134 p < 0.001 Supported
supplier > customer

H3: Sectoral Significant variation | Range: 1.634 — | F-test p < Supported
heterogeneity across sectors 3.672 0.001 PP
H4: Temporal Effects stronger | 3.234 vs 1.345
acceleration post-2020 (2015-2019) p < 0.001 Supported

Source: Author’s calculations.

5. Advanced Empirical Analysis

5.1 Structural Break Analysis

To formally test for structural breaks in dual-transition spillover patterns, we
employ the Bai-Perron sequential break test. The results identify three
significant structural breaks:

o 2008 Break: Financial crisis-induced acceleration of digital adoption

o 2015 Break: Implementation of Digital Single Market strategy

. 2020 Break: COVID-19 pandemic and Green Deal launch

Table 9:

Structural Break Test Results
Break Point F-statistic | Critical Value (6%) | P-value | Policy Context
2008 Q4 47.23 11.47 0.000 Financial Crisis Response
2015 Q2 52.89 12.95 0.000 Digital Single Market
2020 Q1 68.45 13.89 0.000 COVID-19 & Green Deal

Source: Author’s calculations.
5.2 Network Centrality Analysis

We compute various centrality measures to identify key sectors in the dual-
transition spillover network:
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Table 10: Sector Centrality Measures in Dual-Transition Networks

Sector Betweenness Eigenvector PageRank Hub Authority
Centrality Centrality Score Score Score

Information 0.234 0.187 0.045 0.198 | 0.156

Services

Energy &

Utilities 0.198 0.156 0.038 0.167 0.134

Finance & 0.176 0.134 0.032 0.145 | 0.112

Insurance

Professional

Services 0.145 0.123 0.029 0.134 0.098

Manufacturing 0.134 0.112 0.027 0.123 0.089

Source: Author’s calculations.

5.3 Spillover Persistence Analysis

Using impulse response functions, we analyze the persistence of dual-
transition spillover effects:

Table 11: Impulse Response Analysis — Spillover Persistence

Quarters After | Digital Spillover | Green Spillover | Dual-Transition
Shock Response Response Response

1 0.234*** 0.189*** 0.312***

2 0.198*** 0.167** 0.278**

4 0.156*** 0.145** 0.234**

8 0.123** 0.134** 0.198**

12 0.089* 0.112** 0.167**

16 0.056 0.089* 0.134**

Source: Author’s calculations.

The analysis reveals that dual-transition spillovers exhibit greater persistence
than individual digital or green spillovers, with effects remaining significant for
up to 16 quarters.
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Fig. 5. Impulse Response Analysis: Spillover Persistence and Magnitude
Source: Author’s calculations.

This figure (Fig. 5) demonstrates the dynamic persistence of productivity
spillovers across different transmission channels over 16 quarters following
initial shocks. Digital spillovers exhibit strong initial impact (0.234) with gradual
decline over 12 quarters, while green spillovers show more sustained effects
(0.189 initial) with longer persistence extending to 12 quarters. Dual-transition
spillovers demonstrate superior persistence and magnitude (0.312 initial)
compared to individual channels, maintaining significance for up to 16 quarters,
validating our amplification hypothesis.

The superior persistence of dual-transition spillovers indicates genuine
synergistic effects rather than simple additivity. The extended significance
periods demonstrate that concurrent transformations create self-reinforcing
productivity dynamics that generate lasting economic benefits across European
sectoral networks.
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5.4 Threshold Effects Analysis

We investigate whether dual-transition spillovers exhibit threshold effects
based on transformation intensity levels:

Table 12: Threshold Regression Results

Threshold Threshold Low Regime | High Regime | Threshold
Variable Value Coefficient Coefficient Test
Digital Intensity | 0.456 1.234** 2.789** 156.7***
Green Intensity | 0.389 1.156*** 2.634** 142.3*
Combined *kk dekek kK
Intensity 0.423 1.189 3.012 178.9

Source: Author’s calculations.

The results indicate significant threshold effects, suggesting that dual -transition
spillovers become substantially stronger once countries or sectors cross critical

transformation intensity thresholds.
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Fig. 6. Threshold Effects in Dual-Transition Spillover Activation

Source: Author’s calculations.
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The analysis reveals significant threshold effects where spillover benefits
activate non-linearly. Digital intensity threshold (0.456) generates 126%
spillover increase above threshold, while combined intensity threshold (0.423)
produces the largest amplification effects (153% increase), confirming that
comprehensive transformation strategies yield disproportionate benefits.

6. Policy Implications and Discussion

6.1 Strategic Policy Recommendations

The empirical results have significant implications for the design of
transformation policies in Europe as well as our insights from understanding
how productivity change in times of structural transitions. The significant dual -
transition spillover effects (2.341% for a shock of one standard deviation),
suggest that coordinated digital green policies yield significantly higher
productivity improvements than sequential or independent policies, strongly
supporting the integrated twin transition strategy of the European Commission.
Key Policy Recommendations:

o Prioritize High-Spillover Sectors: Information services, energy &
utilities and finance sectors are transformation multipliers: their
spillover coefficients are higher than 3.0, generating enhanced
productivity gains across their networks. This conclusion has important
implications for Recovery and Resilience Facility funds as well as for
future European transformation investments.

. Leverage Asymmetric Spillover Patterns: Digital investments
should focus on industries with large customer chains to take
advantage of their superior upstream propagation characteristics, while
green investments should focus on industries with highly fragmented
supplier chains to capitalize on their enhanced downstream
transmission effects.

. Implement Threshold-Based Support: The threshold analysis
implies transformation support needs to be focused to support helping
sectors and regions cross critical intensity thresholds where spillover
amplification occurs.

o Coordinate Timing of Interventions: The temporal acceleration of
spillover effects following major policy interventions demonstrates the
importance of coordinated policy implementation.
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6.2 Sectoral Investment Priorities

Table 13: Sectoral Investment Priority Matrix

Sector Spillover Network Investment Recommended Focus
Magnitude Centrality Priority
Information . . . Digital infrastructure, Al
; Very High (3.67 Very High Priority 1 ) ’
Services ry High ( ) v Hig Y adoption
e . . . Smart grids, renewable
Energy & Utilities Very High (3.01 Very High Priority 1 ) N
o ry High (3.01) v g Y integration
Finance & High (3.12) High Priority 2 F_lntech, sustainable
Insurance finance
Professional . . L Digital platforms, green
f High (2.7 Medium Priority 2 ) ’
Services gh (2.79) ediu ority consulting
] . . L Electric mobility, logisti
Transportation Medium (2.46) Medium Priority 3 _e-_ct Ic .Ob ty, logistics
digitalization
. . . L Industry 4.0, circular
Manufacturin, Medium (2.23 Medium Priority 3 .
9 ( ) Y manufacturing
Source: Author’s calculations.
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Network Hub Identification: Information Services emerge as the primary
transformation hub with highest betweenness centrality (0.234), facilitating
spillovers across all connected sectors. Energy & Utilities serve as the second
major hub (0.198), reflecting their critical infrastructure role. Strong positive
relationships between network centrality and spillover magnitude confirm that
structurally important sectors generate proportionally larger transformation
effects.

6.3 Cross-Country Coordination Mechanisms

The cross-country heterogeneity analysis depicts that transformation readiness
and institutional quality play crucial roles in ensuring spillover magnitudes. A
more robust digital infrastructure and environmental governance system in
countries implies that there is a significantly greater dual-transition effect, which
suggests that the transformation benefits might not be entirely achieved without
complementary investment in institutional capabilities.

Recommended Coordination Mechanisms:

) Multi-Speed Integration: Establish mechanisms of differentiated
support with consideration of different levels of national readiness of
transformation.

o Knowledge Transfer Programs: Introduce systematic knowledge
transfer between the high-performing and developing regions.

. Joint Infrastructure Projects: Develop cross-border digital and
green infrastructure to maximize spillover potential

o Harmonized Standards: Create common digital and environmental
standards to facilitate cross-border spillovers

7. Limitations and Future Research

7.1 Study Limitations

Although this analysis offers exhaustive information on dual-transitions spillover
effect, it is important to note that there are a number of limitations:

) Data Aggregation: The data on a sectoral level can conceal
significant heterogeneity of firms in transformation adoption and
spillover generation

o Linear Specification: Our current model assumes linear
relationships, potentially missing important non-linear interaction
effects
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Geographic Scope: The focus on EU countries limits generalizability
to other regions with different institutional frameworks
Transformation Measurement: The complexity of the
multidimensional nature of digital and green transformations might not
be adequately reflected in the form of composite indices.

7.2 Future Research Directions

The research opens several avenues for future investigation:

Firm-Level Analysis: Extend the framework to examine
heterogeneity in dual-transition spillovers across firms of different
sizes and technological capabilities

Regional Disaggregation: Investigate sub-national variations in
spillover patterns to inform regional policy design

International Spillovers: Analyze how dual-transition spillovers
propagate across international borders through trade and investment
linkages

Dynamic Network Evolution: Develop models that endogenously
capture how transformation processes alter network structures over
time

Policy Effectiveness Assessment: Evaluate the relative
effectiveness of different policy instruments in generating and
amplifying dual-transition spillovers

7.3 Methodological Extensions

To improve the future research, the following methodological improvements
could be made:

Machine Learning Approaches: Using deep learning to detect
intricate, non-linear spillover effects.

Real-Time Analysis: Develop high frequency indicators to make
transformation spillovers real time monitored.

Causal Identification: Use quasi-experimental methods to establish
causal relationships between transformation policies and spillover
effects

Network Dynamics: Implement dynamic network models, which
imply the endogenous network formation at the times of
transformation.
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8. Conclusion

This study presents a new analysis framework on the way productivity shock is
propagated in the face of simultaneous digital and green transformation of the
European economies. The effects of our improved structural decomposition
methodology are the successful isolation of dual-transition spillover effects
which showed the important amplification mechanisms beyond the usual
network relationships. The extensive empirical data covering 27 EU member
states, 42 sectors and 2000-2023 identifies strong evidence of synergistic
effects of the joint exploitation of transformation strategies.

8.1 Key Contributions

The research makes several important contributions to literature:

Theoretical Innovation: Proposal of the first integrated analytical
system of the dual-transition productivity analysis, which is a
progressive extension of traditional input-output systems.

Empirical Validation: Quantification of transformation-specific
spillover channels with specific transmission patterns, and empirical
validation showing that the dual-transition spillovers (2.341%) are
significantly higher compared to single transformation effects.

Policy Relevance: Delivery of actionable information to European
policymakers planning integrated twin transition strategies, such as
sector prioritization and timely advice.

Methodological Advancement: Introduction of new types of
measures for the intensity of the digital and green transformation that
can be applied in other areas of the analysis

8.2 Main Findings

The findings strongly support our research hypotheses:

138

Amplification Effects (H1): Concurrent digital and green transitions
generate spillovers that exceed the sum of individual effects by 42-
47%, confirming genuine synergistic benefits

Asymmetric Transmission (H2): Digital spillovers exhibit stronger
upstream propagation while green spillovers show enhanced
downstream  transmission, reflecting distinct technological
characteristics
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Sectoral Heterogeneity (H3): Information services and energy
sectors act as transformation multipliers with spillover coefficients
exceeding 3.0

Temporal Acceleration (H4): Spillover effects have intensified six-fold
since 2000, with acceleration following major EU policy initiatives

8.3 Policy Implications

For European policymakers, these results emphasize several critical points:

Integrated Approach: The significant dual-transition spillover
coefficient shows that the economic returns to coordinated digital-
green investments are significantly greater that returns to independent
transformation efforts.

Strategic Prioritization: The analysis of Sectoral heterogeneity can
guide the priorities of investments in high-spillover sectors to create the
greatest benefit to the economy.

Institutional Readiness: Cross-country analysis highlights that
institutional and technological readiness is significant in the
determination of the success of the transformation.

Timing Coordination: The temporal acceleration of effects indicates
the possibility of using the coordinated policy implementation to
generate self-reinforcing dynamics of transformation.

8.4 Broader Implications

The study has implications on the non-European context. With the economic
globalization taking place by the digital and environmental transitions, it is
important to comprehend the spillover processes in order to:

Developing Countries: Determining areas of priority on both digital
and green investments.

International Organizations: Enhancing spillover amplification
through the formulation of support programs may boost international
organizations.

Multinational Corporations: Optimizing investment plans in the
various geographical markets.

Academic Research: Giving a methodological basis to
transformational dynamics analysis.

139

Industrija, Vol.53, No.3/4, 2025



8.5 Final Remarks

The twin transition represents one of the most significant economic
transformations of our time. This paper has presented empirical results that
combined approaches to digital and green transitions can create substantial
productivity benefits via new spillovers channels. As European economies keep
on the transition process, these spillover mechanisms will be vital in
understanding and exploiting them aiming at maximizing the benefits of a twin
transition and no region or sector is left behind. The advanced analytical
framework that has been established during this research provides policy
makers with advanced instruments in developing successful integrated
transformation strategies. We effect a scientific justification to the European
Union in making a pledge to have coordinated digital-green policies by
quantifying the amplification effects of dual-transition spillovers. The testimony
greatly reinforces the opinion that the twin transition is not simply a policy dream
but an economic requirement to a sustainable productivity growth in the 21 st
century. Further studies are still needed to perfect our knowledge on these
intricate transformation processes, especially with the emergence of new
technologies and increased environmental pressures. The framework laid out
here gives a good basis to this current research agenda and gives hope that
economic transformation could be not only fast but also sustainable in the case
of a well-designed and coordinated effort.
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