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The study reviews and critically evaluates the approaches used to assess intersectoral linkages. The study concludes
that modernizing intersectoral analysis through methodological diversification is crucial for producing relevant,
multidimensional policy insights. The integration of classical transparency with modern complexity enhances the
capacity to assess structural changes and to formulate evidence-based strategies in an increasingly interconnected and
volatile global economy. The article presents a comparative table of methods and discusses their use by international
organizations (e.g., OECD, UNCTAD, EU Commission), national governments, and academic researchers. Special
attention is given to how these tools have been adapted in Ukraine and other emerging economies for regional
planning, industrial policy, and evaluating the socio-economic impacts of green transition policies. The study concludes
that modernizing intersectoral analysis through methodological diversification is crucial for producing relevant,
multidimensional policy insights. The integration of classical transparency with modern complexity enhances the
capacity to assess structural changes and to formulate evidence-based strategies.
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Kopanp JI.II. YIOCKOHAJIEHHA MIKITAJNIY3EBOI'O AHAJII3Y: CYYACHI HOIAXOAU A0
OIIHIOBAHHS CTPYKTYPHHUX 3B’S3KIB B EKOHOMIIII

30ilicheno KOMRIIeKCHULl ananiz Cy4acHux nioxoo0i@ 00 MidCeany3e8020 AHANi3y 6 eKOHOMIYi, AKUU OXONIIOE 5K
KIAcuumi, maxk i HOBIMHI Memoou OO0CAIONCEHHS CINPYKMYPHUX 36 A3KI@ MIJC CEeKmopamu HAyioHAIbHOI ma c8imoeoi
exoHomiku. Ha ocnogi cucmemamu3ayii meopemuynux i MemoOON02IMHUX NIOX00i8 OOIPYHMOBAHO HeOOXIOHICIb
VOOCKOHANEHH Mpaouyitinoi mabauyi «sumpamu-eunycky, pospobnenoi B. Jleonmvesum, ypaxogyouu Ho8i enodanvhi
BUKIIUKU — CMPYKMYPHY MPAHCPHOPMAYilo eKOHOMIK, 0e0ani OiLIbuly 63AEMO3ANEHCHICIb uepe3 2100aNbHI JIaHY02U
0odanoi eapmocmi, yu@posizayii, eKoN02iuHl pUsUKU 1l HeCMAOILIbHICMb MINCHAPOOHUX PUHKIG. Y nepuwiiti yacmuHi
cmammi po3eNAHYMO KIACUYHI MEemoOu MIdC2any3e8020 aHANI3Y, 5KI 3aKIANU OCHO8Y O/ NOOANbUIUX HAYKOBUX
po3pobok. Ceped HUX — Memoou npamux i 360pomHuux 36 ’sa3kie Pacmyccena, koegiyiecumu Yenepi-Bamanabe, a maxooic
Memoo 2inomemuyHol ekcmpaxkyii, wo 0ae 3M02y BUHAYUMU 8NIIUE KONCHO2O CEKMOPY HA eKOHOMIUHY CUCEMY yepe3
tioeo ymogHe eunyuenus. Hadawo nopiseHaneHy Xapaxmepucmuxy uyux nioxooie, 6usHaueHo IxHi nepeeazu ma
00MediceHHs. 3 02710y HA BUKOPUCMAHHA 8 AHALIMUYHUX OOCHIONCEHHAX ma y npoyeci (opmysanHs O0epiucagHol
eKOHOMIUHOI nonimuku. /[pyea uacmuna RnPUCBAYEHA CYYACHUM MemOOONO02IUHUM DPOSULUPEHHAM MidHC2aNy3e8020
auanizy, 30Kkpema cmpykmypHomy poskiadauuio (SDA), mepedice@omy aHanizy MidcceKmopanrbHux 63aEMO038 a3Kie, a
Mmaxkoodic Myavmupezionanviomy midceanysegomy amanizy (MRIO). Lfi nioxoou 6iokpusaiomv MONICIUBOCMI OJis
00Cni0JICen sl He ute eKOHOMIYHOI OUHAMIKY, alle U NPOCMOPOBUX, COYIANbHUX A eKOAOSIUHUX SUMIDIE PO3GUMK).
Bonu 3acmocosyromsca 0na ananizy Hacniokie «3eieHoiy mpancgopmayii, oyiHIOBAHHA CMPYKMYPHUX 3DYULEHb )
3auHAMOcmi, O0CHIONCEHHST  gy2eyeo2o  Cridy, edeKmueHOCmi NOAMUK —IMNOPMO3AMIWEHH MAd  PO36UMKY
cmpameziyHux cekmopie HayioHanbHoi ekoHomixu. OKpemy y68azy NpulileHO NOPIGHAHHIO AHANIMUYHO20 NOMEHYIALY
KAACUYHUX I CYHACHUX NIOX00i8, Wo C8I0UUmMb NPo OOYLIbHICMb IX iHmezpayii. 3a3HaueHo, Wo NOEOHAHHA MPAOUYIIHUX
MoOenetl, AKI 3a0e3neyyroms npo30picms | cmadiIbHICMb OYIHOK, 13 SHYYKUMU IHCMPYMEHMAMU HOB020 NOKOJIHHA,
MAKUMU K eleMEHMU MepeHce8020 MOOen08anHs du Ounamiunozo SDA, Odae 3mozy niosuwumu mouHicms i
npocHoCcmuyHi - gracmugocmi anamimuku. JlosedeHo, w0 YOOCKOHANEHHS MIdCeany3e6020 aHANi3y HA OCHOSI
PO3WUPEHO20 MEeMOOUYHO20 [HCIMPYMEHMAPIt0 € HeoOXIiOHO YMOBOW ONid  2AUOWO020 PO3YMIHHA  CKAAOHUX
830€M038 'A3Ki8 y HAYIOHANbHIU ma 2100anbHill ekoHomiyi. Lle cmeopioe niotpynms 0aa pospoOieHHA Oinvbud
epekmusHUX, 30a1AHCOBAHUX | eKONO2IYHO CMIUKUX Cpamezill eKOHOMIYHO20 PO38UMKY 8 YMOBAX HO80I c8imogol
eKoHoMIuHOI peanvHocmi. Xoua midxceanysesuil ananiz 6 YKpaini nepegasrcHo 6a3yemvcs HA KAIACUYHUX NIOX00ax, y
8I0N06I0b HA 306HIWHI BUKIUKU (8iliHA, enepeemuuHulli nepexio, inmeepayia 3 €C) 3pocmae inmepec 00 CY4aCHUX
incmpymernmis, maxux sk MRIO, SDA, cinomemuuna excmpakyis ma mepedxcesuti ananiz. [llupuwe suxopucmarnus yux
IHCmpyMeHmie Hapasi oOMedceHe SIOCYMHICMIO 0emAabHUX CMAMUCMUYHUX OQHUX, ale IXHIll NOMeHYial SUCOKUI,
0COOIUBO 8 KOHMEKCMI EKOHOMIUHO20 GIOHOBIEHHS A 3€1eH020 NepPexooy.

Kniouogi cnoea: midxiceanysesuii ananis, sumpamu-eunyck, cmpykmypui 36’azxu, SDA, einomemuuna excmpaxyis,
roegiyiecumu Yenepi-Bamanabe, 36 sizku Pacmyccena, MRIO, imnopmo3samiuyenns.

Problem Statement. Input-output analysis (IOA) has  structure by modeling interdependencies between
historically played a crucial role in studying economic  production and consumption sectors. The input-output
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table developed by W. Leontief remains a fundamental
tool for economic planning and forecasting. However, the
transformations of the 2lst century— globalized
production, increasingly complex global value chains
(GVCs), digitalization, environmental challenges, and
regional disparities — have necessitated an upgrade of the
analytical framework.

The core problem lies in the limitations of traditional
IOA approaches to capture the multidimensional effects
of economic policy, particularly regarding social,
investment, spatial, and environmental impacts. The lack
of flexibility in classical models diminishes their
relevance for strategic decision-making and the analysis
of structural change.

The scientific and practical relevance of this issue
stems from the need to expand the methodology of
intersectoral analysis to:

e cvaluate the effects of the green transition and

decarbonization;

e identify key sectors for innovation-led
development;

e analyze vulnerability to shocks in global supply
chains;

e assess social consequences such as employment,

income, and regional inequality.

Research methods used in this article include:
comparative analysis of intersectoral approaches
(Rasmussen, Chenery-Watanabe, Strassert, Ghosh, SDA,
MRIO), content analysis of academic publications and
international best practices, systematization of advantages
and limitations of various methods, and construction of
typologies of analytical tools.

Analysis of recent research. Intersectoral analysis
has undergone significant methodological advancements
in recent decades. Several key directions of
methodological expansion can be identified:

Assessment of structural linkages: Rasmussen’s
approach (1956) [1], using backward and forward
linkages, is widely applied in identifying key sectors.
Modified versions (Cella, 1984) further refine the
analysis, and comparative studies (Temurshoev &
Oosterhaven, 2014) provide empirical validation across
European economies.

Hypothetical extraction method (Strassert, 1968;
Miller & Lahr, 2001) [3-4] is employed to evaluate the
systemic importance of specific sectors and model the
effects of disruptions or policy exclusions.

Structural decomposition analysis (SDA) by
Dietzenbacher & Los (2002) [5] is widely used in China,
the EU, and the US to decompose GDP growth,
decarbonization trends, and technological shifts (e.g.,
Timmer et al., 2016; Wang et al., 2020).

Network analysis, as developed by Acemoglu et al.
and Bartelme & Gorodnichenko, provides tools to
measure systemic risk and evaluate the structure of
production networks. These methods are relevant in
macro-financial studies and resilience planning.

Multiregional input-output models (MRIO) have been
advanced by projects such as WIOD, EXIOBASE, and
GTAP to assess cross-border flows, trade dependencies,
and environmental footprints. These are actively used in
evaluating the European Green Deal, the Circular
Economy Action Plan, and global sustainability strategies.

A growing body of research has applied 10
frameworks to evaluate import substitution policies (e.g.,
China, South Korea), deindustrialization and service
economy transitions (e.g., USA, EU), and labor market
effects across social groups (Ghosh & Chakraborty,
2019). Others have extended 10 models to environmental
domains, including assessments of carbon and ecological
footprints (Wiedmann et al., 2007; Lenzen et al., 2012).

As such, the literature shows a clear evolution from
narrow production-based IO analysis to multidimensional
approaches that integrate environmental, social, and
spatial dimensions of economic systems.

The paper purpose is to analyze contemporary
methods for assessing intersectoral linkages, their
significance for understanding structural changes in the
economy, and to outline prospects for their further
development.

Major research findings. The assessment of
intersectoral linkages in the economy has traditionally
been carried out using input-output models, which allow
for analysis of production structures and the
interdependence of sectors. Classical approaches were
developed in the mid-20th century and have formed the
foundation of the analytical tools still used today. They
help identify key sectors in the economy and assess their
systemic influence and interrelationships. This section
discusses three key methods that form the basis of
intersectoral analysis: Rasmussen’s backward and
forward linkage coefficients [1], the Chenery-Watanabe
technical coefficients [2], and the hypothetical extraction
method.

Backward and  Forward Linkages Method
(Rasmussen, 1956). Forward and backward linkage
coefficients help identify sectors with high systemic
impact. The method’s advantage lies in its simplicity and
ease of application. Limitations: the model assumes fixed
input coefficients and does not account for endogenous
technological changes or external shocks.

This method has been applied in various policy and
industrial studies, including by the European Commission
and national governments (e.g., Germany, Poland, and
Spain) to identify key sectors for strategic investment and
industrial policy design.

Chenery-Watanabe Technical Coefficients (1958) [2].
This method is based on a matrix of technical coefficients
that allows for the classification of sectors by their degree
of integration into production processes. Its main
advantage is the ability to identify sectors dependent on
imports or export-oriented. Limitations: the method does
not consider time dynamics or interactions with external
shocks.

The approach is widely used by international
institutions such as the World Bank, the OECD, and
UNIDO for assessing industrial integration and evaluating
policies aimed at import substitution, especially in East
Asia (China, South Korea) and Latin America.

Hypothetical Extraction Method was originally
proposed by Strassert (1968) [3] and later developed by
Miller & Lahr (2001) [4]. This method models the impact
of removing a particular sector. It helps assess how
critical a sector is to the economy. Its strength lies in
realistically simulating the consequences of sectoral loss.
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The main drawback is the theoretical radicalism of
assuming full sectoral extraction.

Applications include environmental and disaster risk
assessments, for example in Japan after the 2011 tsunami
and by the European Environment Agency to evaluate the
systemic role of fossil fuel sectors.

Modern intersectoral analysis methodologies expand
beyond traditional models, enabling a deeper
understanding of economic change dynamics, structural
shifts, and regional or international interdependencies.
The integration of innovative approaches, such as
structural decomposition and network-based models,
allows researchers to go beyond static analysis and
address environmental, social, and technological
dimensions of economic interaction.

Structural Decomposition Analysis (SDA). Developed
by Dietzenbacher & Los (2002), the SDA method allows
for the identification of individual factor contributions
(e.g., technology, demand structure, imports) to changes
in economic indicators. Advantages: multidimensional
analytics and the ability to study dynamics.
Disadvantages: requires large volumes of detailed data
and is sensitive to decomposition methods.

SDA has been widely used by researchers in China,
the EU, and the US to analyze drivers of GDP growth,
decarbonization trends, and global value chain (GVC)
participation. It is also applied in ex-ante policy analysis,
such as assessing the impact of carbon taxation or
renewable energy subsidies.

SDA is applied in analytical work across the following
areas:

Economic Growth Analysis: SDA is used to assess the
contribution of technology, capital, and final demand to
GDP. For example, the application of SDA in China
revealed that most of the GDP growth between 2000 and
2020 was driven by technological development rather
than an increase in labor force.

Globalization and Trade Impact: SDA is used to
evaluate changes in the structure of international trade and
global value chains. Analyses of the EU and the US
showed that rising imports from China transformed the
production structure in developed countries, reducing the
share of traditional manufacturing.

Environmental Analysis: SDA is employed to assess
the environmental impact of economic growth,
particularly in terms of CO, emissions. For instance, in
studies by the International Energy Agency (IEA), SDA is
used to determine the contribution of energy efficiency to
emission reductions.

The analysis of changes in Backward Linkage (BL)
and Forward Linkage (FL) coefficients over time helps to
identify how the economic structure evolves— for
example, the shift from a resource-based to an innovation-
driven model. The use of SDA allows researchers to
separate changes in the economy into technological
changes, shifts in demand, and alterations in production
structure.

Rasmussen’s methodology is also applied to assess the
effects of deindustrialization and the transition to a
service-based economy.

In the EU, intersectoral linkage analysis is used to
evaluate the effects of the «green transition» on the
economy — identifying which sectors benefit from
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environmental reforms and which may lose
competitiveness. In China, BL and FL calculations have
been used to measure the economic shift from
manufacturing toward innovation and IT.

This method remains highly relevant in contemporary
research, particularly in the context of globalization,
digital transformation, and the transition to a green
economy.

Network-based approaches (Bartelme &
Gorodnichenko, Acemoglu et al.) [6] allow for the
analysis of shock propagation through production
networks. The main advantage of the approach is the
coverage of systemic risks and identification of central
nodes. At the same time the models are complex that
causes calibration challenges.

The method is increasingly used in macro-financial
risk research (IMF, ECB), resilience studies (OECD), and
industrial policy analysis in countries like the
Netherlands, Austria, and South Korea.

In network analysis, the economy is viewed as a
network, where nodes represent economic sectors and
edges represent flows of goods and services between
sectors (intermediate consumption volumes). The network
can be weighted (accounting for the magnitude of the
connections) and directed (considering the direction of
resource flows).

The main indicators of network analysis include:

e Node Centrality — indicates the importance of a

sector within the economy;

e  Modularity — detects groups of sectors that have

tighter interconnections;

e Network Density — evaluates the overall level of

interconnectedness within the economy;

e  Clustering Coefficient — analyzes the tendency of

sectors to form «local» intersectoral links.

Centrality reflects how crucial a particular sector is
within the broader economic structure. Key types of
centrality:

Degree Centrality: the number of direct connections a
sector has with other sectors;

Eigenvector Centrality: how strongly a sector is linked
to other influential sectors;

Betweenness Centrality: whether a sector acts as a
«bridge» between other sectors.

Cluster analysis methods allow the identification of
groups of sectors with strong internal linkages.
Algorithms such as Louvain and Girvan—-Newman are
used to detect sectoral clusters. This method helps
identify specialized economic zones and regional
production clusters. For example, clearly defined
industrial clusters in the EU include the automotive
industry (Germany, Czech Republic, Slovakia) and tech
startups (Netherlands, Estonia, Finland).

The network approach makes it possible to assess how

a local economic shock propagates throughout the system.
If a critical sector is disrupted (e.g., supply chain issues
with microchips), the consequences cascade into other
industries.
To evaluate vulnerable sectors, resilience analysis
methods are applied. For instance, the COVID-
19 pandemic revealed weaknesses in global supply
chains — a disruption in China triggered a crisis in global
manufacturing.
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MRIO (Multiregional Input-Output) is a crucial tool
for evaluating global flows of resources and
interdependencies between countries (e.g., WIOD,
EXIOBASE). Its strength lies in integrating spatial
dimensions; its limitation — high complexity and resource
intensity.

MRIO is applied by the European Commission,
UNCTAD, and UNEP to model carbon footprints, trade
dependency, and supply chain risks. It also supports the
analysis of the European Green Deal, Circular Economy
Action Plan, and national sustainability transitions.

Applications of MRIOA (Multiregional Input-Output

Analysis):

Input-output analysis, particularly in its multiregional
form, offers several key advantages over other
methodological approaches. The most important

advantages include: high granularity in mapping global
flows of goods and services, which supports the
development of sustainable development and international
trade policies.

A major benefit of input-output analysis is that it
allows for the calculation of material footprints for all
products or sectors, including those with highly complex
global supply chains, because the entire economic system
is incorporated into the calculation framework. As a
result, IOA avoids truncation errors commonly found in
coefficient-based approaches — errors that arise because it
is impossible to fully analyze the complexity of
production chains in life cycle assessment approaches,
leading to certain upstream chains being cut off.

Another general strength of 10-based approaches is
their ability to disaggregate the RMC (Raw Material
Consumption) indicator by various categories of final
demand (e.g., private consumption, public consumption,
capital investments) as well as by product groups
disaggregated in the input-output table.

Multiregional Input-Output (MRIO) models also offer
an advantage by accounting for the different resource
intensities across countries. By following a top-down
approach, 10 analysis also avoids double counting. A
specific material resource can be allocated to final
consumption only once, as the supply and use chains are
fully represented. This also helps avoid inaccuracies
related to system boundary definitions.

Another benefit of the input-output approach is its
close alignment with standard systems of economic and
environmental accounting (United Nations, 2012), which
ensures a continuous data collection and quality
verification process — at least at the national level.

Limitations of MRIOA include: the high complexity
of data collection and harmonization; reliance on
estimates and assumptions, which can affect accuracy;
and time lags, as 1O tables often trail real-time data by
several years. Most 10 models operate at the level of
aggregated economic sectors and product groups,
assuming that each sector produces a homogeneous
product. This means that several different products —
potentially with very different material intensities — are
grouped and averaged within a single sector. This
homogeneity assumption can distort results, for example
when very different materials like industrial minerals and
metal ores are combined into one sector.

Given these issues, a number of recent research
projects have focused on improving input-output tables
and multiregional input-output systems for footprint-type
indicators (Dietzenbacher et al., 2013 [5]; Lenzen et al.,
2012 [8]). The goal is to create globally harmonized
systems, potentially with higher sectoral resolution,
especially in environmentally sensitive primary sectors
(e.g., mining).

See the comparative overview of intersectoral analysis
methods in Table 1.

Table 1
Comparative Overview of Intersectoral Analysis Methods
Method Key Features Advantages Limitations
Measures sectoral influence via|,. . o .
Backward & Forward Linkages |input/output connections Simple; useful for identifyingIgnores . dynamics and
key sectors technological changes
(Rasmussen, 1956)
. . . . . Static model; limited
. Technical coefficient matrix for|Identifies import dependence .
Chenery—Watanabe Coefficients . ) . . responsiveness  to  external
sector classification (1958) and sector integration shocks
Simmlates removal of a sector Reveals economic dependence{Assumes total removal; not

Hypothetical Extraction (Strassert, 1968; Miller & Lahr,

on specific sectors

always realistic

2001)
Structural Decomposition Breaks dgwn changes  into Capt.ur'es . . Qynamlcs; Data-intensive;  sensitive  to
(SDA) factors (Dietzenbacher & Los,|multidimensional insight into method of decomposition
2002) growth drivers P
Evaluates economic networks . L .
Network Analysis and shock diffusion (e.g, Identlﬁgs systernlc rlskz r.eveals Cornplex,' requires advanced
production interconnectivity computation and calibration
Acemoglu et al.)
Cross-country/regional Captures spatial economic flows|High data and  resource
MRIO (Multiregional 10) interlinkages  (e.g., WIOD,|and regional/global|demands; challenging
EXIOBASE) interdependencies implementation

Source: [1-16].

In Ukraine, intersectoral analysis is primarily applied
within the frameworks of national accounting, economic
policy modeling, energy balance analysis, and assessment
of the impact of individual sectors on the economy as a
whole. The most widely used tools are the classical input-
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output (IO) tables compiled by the State Statistics Service
according to the System of National Accounts (SNA)
standards. These tables serve as the basis for:

a) macroeconomic planning (government institutions,
especially the Ministry of Economy, use 10 tables to
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forecast structural changes and assess the impact of tax or
tariff policy shifts, particularly in agriculture, industry,
and energy sectors; computable General Equilibrium
(CGE) models built on 1O structures are also used for this
purpose);

b) evaluation of import substitution and localization
effects (research institutes of the National Academy of
Sciences of Ukraine (e.g., Institute for Economics and
Forecasting, M. 1. Dolishniy Institute of Regional
Research) apply the Chenery—Watanabe approach to
assess import dependency in strategic sectors such as
machinery, chemicals, and electronics);

c) regional development policy (IO models are used to
analyze regional disparities: for instance, they evaluate
the impact of industrial or agricultural sectors on regional
income, employment, and investment attractiveness);

d) green transition assessment (in recent years,
researchers and public institutions (e.g., Ministry of
Environment, «Ukrenergo») have started using elements
of MRIO and SDA to assess the effects of
decarbonization and renewable energy development; in
cooperation with international organizations (e.g., OECD,
GIZ, UNDP), methods are being tested to analyze carbon
footprints and transitions toward a circular economy);

e) infrastructure and investment projects (intersectoral
analysis is applied to justify large-scale projects (e.g.,
industrial park development, railway modernization),
allowing for estimation of the multiplier effects on GDP,
employment, and household income).

So, despite intersectoral analysis in Ukraine is still
predominantly based on classical approaches, in response
to external challenges (war, energy transition, EU
integration), there is growing interest in modern tools
such as MRIO, SDA, hypothetical extraction, and
network analysis. The wider use of these tools is currently
limited by the lack of detailed statistical data, but their
potential is high — particularly in the context of economic
recovery and the green transition.

Conclusions. A comparative analysis reveals that
classical models offer a general view of intersectoral
relationships and remain valuable for their simplicity,
transparency, and  foundational  relevance in
macroeconomic planning. However, they are limited in
their capacity to capture dynamic processes and multi-
dimensional impacts.

Modern approaches, such as Structural Decomposition
Analysis (SDA), Network Analysis, and Multiregional
Input-Output (MRIO) models, offer enhanced analytical
flexibility and the ability to integrate spatial, social, and
environmental factors. These methods are particularly
useful for analyzing global value chains, environmental
footprints, technological transformation, and regional
development disparities. Despite their advantages, these
methods often require extensive data, sophisticated
software tools, and complex calibration, which may limit
their application in countries or sectors with lower
statistical capacity.

Therefore, the choice of methodology should be
aligned with research objectives, data availability, and
policy context. The development of hybrid frameworks
that combine classical clarity with modern complexity
may represent the future of intersectoral analysis,
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enabling more comprehensive and policy-relevant
insights.
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