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Application of the Extended Hypothetical Extraction
Method to the Decomposition of Value Added in Iran’s
Gross Exports: Country-Level and Bilateral
Perspectives
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Abstract

Iran’s trade pattern is asymmetric and heavily dependent on upstream
industries. Converting gross trade flows into value-added terms and analyzing
them at both the aggregate and sectoral levels can provide a basis for assessing
Iran’s position in global value chains (GVCs). In this respect, the current study
investigated the potential underestimation or overestimation of gross domestic
product (GDP) resulting from the conversion of gross trade into value-added
terms through the construction of a trade in value added (TiVA) satellite
account. Second, the study evaluated Iran’s participation in GVCs. To
quantitatively examine these issues, the study employed the Eora multi-region
input-output (MRIO) database for 1990 and 2017, and applied the extended
hypothetical extraction method within a comparative statics framework. The
findings first indicated that the TiVA satellite account was fully consistent
with the system of national accounts (SNA) and, consequently, with each
country’s GDP. Second, from a country-level perspective, the shares of value-
added exports (VAX) and returned domestic value added (REF) embodied in
Iran’s gross exports exceeded the global average, indicating a relatively strong
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upstream position in GVCs. In contrast, the shares of foreign value added
(FVA) and double counting (DC) remained below the global average,
reflecting Iran’s limited integration into GVCs. From a bilateral perspective,
the results suggested that Iran’s membership in BRICS and the Shanghai
Cooperation Organization (SCO) has the potential to strengthen the country’s
participation in GVCs.

Introduction

The decomposition of value added embodied in gross exports at both the
aggregate and sectoral levels can provide a useful framework for analyzing
countries’ positions within global value chains (GVCs). The primary objective
of this study was to develop a comprehensive framework for decomposing
Iran’s gross exports into domestic value-added exports (VAX) (distinguishing
between intermediate and final goods); foreign value-added exports (FVA)
(distinguishing between intermediate and final goods); returned domestic
value added (REF); domestic double counting (DDC); and foreign double
counting (FDC). The decomposition was conducted at both the aggregate and
sectoral levels, and the results were compared with those of other countries.
The study aimed to address two research questions: Do double counting and
returned domestic value added lead to the overestimation or underestimation
of gross domestic product? And can Iran’s membership in international
economic cooperation organizations enhance the country’s participation in
global value chains?

Materials and Methods

This study employed the extended hypothetical extraction method as the
analytical framework for decomposing the value added embodied in Iran’s
gross exports. The analysis relied on the UNCTAD-Eora multi-regional
input-output (MRIO) database for 1990 and 2017, covering Iran and 72 other
countries. From a country-level perspective, gross exports were decomposed
into eight components. Moreover, from a bilateral perspective, Iran’s exports
to its trading partners were decomposed into ten components. A comparative
statics approach was then used to analyze the findings.

Results and Discussion

The decomposition of Iran’s gross exports at the aggregate level from the
country-level perspective, together with the sum of the bilateral
decompositions from the bilateral perspective (Table 1), yielded several
important findings. First, the sum of all decomposed components was exactly
equal to gross exports, demonstrating that the proposed framework ensures
consistency between the TiVA satellite account and the SNA. Second, because
double counting (DC) and returned domestic value added (REF) were
embodied in both exports and imports, they did not result in either the
overestimation or underestimation of GDP when national accounts were
compiled using the expenditure approach and the production balance identity.
Third, the total amount of double counting obtained from the bilateral
perspective was smaller than that derived from the country-level perspective,
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suggesting that the country-level decomposition provides a more
comprehensive measure of double counting than the bilateral decomposition.

From the country-level perspective at the aggregate level, the largest share
of Tran’s gross exports consisted of domestic value added embodied in
intermediate goods. This asymmetric trade pattern is consistent with previous
empirical studies of the Iranian economy and confirms that Iran’s export
structure is heavily concentrated in intermediate inputs, including raw
materials, primary commodities, and industrial components. Moreover, the
relatively low shares of foreign value added and double counting indicated the
Iranian economy’s limited integration into GVCs.

A comparison between Iran and the other countries in the sample further
revealed that Iran’s shares of VAX and REF exceeded the global average,
indicating a relatively upstream position in GVCs. In contrast, the shares of
FVA and DC were below the global average, reflecting the country’s limited
integration into international production networks. Finally, according to the
cross-country analysis, high-income economies—including most European
Union member states, Singapore, the United States, the United Arab Emirates,
and South Korea—exhibited substantially higher levels of DC than lower-
income economies.

Table 1. Comparison of Components of Iran’s Gross Exports Based on
Country-Level and Bilateral Perspectives (Thousand Dollars)
Decomposition of gross exports according  Decomposition of gross exports according to

to the country-level perspective the bilateral perspective (sum)
Components 1990 2017 Components 1990 2017
Ef{ggft 5,537,274 125,846,896  Gross Export 5,537,274 125,846,896

DVA_FIN 1,113,768 12,878,488 DVA _FIN 1,113,768 12,878,488
DVA_INT 2,870,566 55,584,511
DVA_INT 3,739,772 99,395,893 DVA_INTre 869,549 43,931,772

X
DVA_RET 9,271.8 1,051,336 DVA_RET 9,272.5 1,052,241
DDC 386 134,650 DDC 42 13,356
FVA_FIN 175,770 2,141,152 FVA_FIN 175,770 2,141,152

FVA_INT 383,473 5,642,774
FVAINT 497,006 10,060,568 FVA_INTrex 113,578 4,432,438
FVA_RET 1,249.5 168,052 FVA_RET 1,249.6 168,167
FDC 50 16,757 FDC 5 1,997
Source: Research findings

The sectoral decomposition of Iran’s gross exports across 26 economic
activities revealed that the largest shares of VAX and REF were concentrated
in the mining and quarrying sector and the manufacture of refined petroleum,
chemical, and non-metallic mineral products sector. The highest share of FVA
was observed in the manufacture of metal products sector, while the
transportation services sector exhibited the highest level of DC.

The decomposition of Iran’s bilateral gross exports, aggregated by regional
economic cooperation blocs, indicated that the country’s membership in the
Economic Cooperation Organization (ECO) had had only a limited impact on
enhancing its integration into the global economy. Although trade with the
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European Union offers substantial potential, it declined over the study period
owing to political tensions and economic sanctions. Overall, the findings
suggest that Iran’s membership in BRICS—particularly through its economic
ties with China, the United Arab Emirates, and India—and its participation in
the Shanghai Cooperation Organization (SCO), which includes China and
several of Iran’s neighboring countries, have the potential to strengthen the
country’s integration into GVCs.

Conclusion

This study developed a framework for decomposing the value added
embodied in Iran’s gross exports from both country-level and bilateral
perspectives. By integrating country-level, bilateral, and sectoral analyses, the
framework enables a more comprehensive assessment of Iran’s position in
GVCs and offers a useful analytical tool for evaluating changes in
international production over time. The approach can also be extended to other
countries and applied to assess the implications of trade integration, economic
cooperation, and participation in GVCs.

Keywords: Global Value Chains, Gross Exports, Tiva Satellite Account,
Extended Hypothetical Extraction Method, Global Input-output Tables

JEL Classification: EO1, F14,F15,C67,D57
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Abstract

This study evaluated the energy and environmental efficiency of 11 selected
emerging economies using a three-stage model of data envelopment analysis—
slacks-based measure (DEA-SBM) framework with undesirable outputs.
Capital formation, labor, and energy consumption were used as input
variables, while real gross domestic product (GDP) was treated as the
desirable output and energy-related CO2 emissions as the undesirable output.
In the first stage, initial efficiency scores were estimated through a DEA-SBM
model under the assumption of variable returns to scale (VRS). In the second
stage, a stochastic frontier analysis (SFA) was employed to separate the effects
of external environmental factors (e.g., government effectiveness, GDP per
capita, urbanization, and the share of renewable energy) from managerial
inefficiency and statistical noise. In the third stage, the input variables were
adjusted to account for these external influences, and the efficiency scores
were recalculated. The findings revealed substantial heterogeneity in energy
and environmental performance across the selected countries. After
adjustment, Turkey, Egypt, and Brazil achieved the highest efficiency scores,
whereas Iran, Vietnam, and South Africa remained the farthest from the
efficiency frontier. The results further indicated that a higher share of
renewable energy was associated with lower excess energy consumption.
Overall, enhancing energy—environmental performance in emerging
economies requires more efficient input allocation, greater deployment of
renewable energy, and policies that reduce energy intensity while supporting
low-carbon economic growth.
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Introduction

Energy efficiency has become a central issue at the intersection of economic
growth, environmental sustainability, and energy security. In emerging
economies, energy is a necessary input for industrialization, infrastructure
expansion, urban development, and technological advancement. However,
inefficient energy use increases production costs, heightens dependence on
fossil fuels, and exacerbates environmental degradation through higher CO:
emissions. Consequently, energy efficiency should not be viewed merely as a
technical indicator; rather, it should be evaluated as a measure of energy—
environmental performance that reflects how effectively countries transform
capital, labor, and energy into desirable economic outputs while minimizing
undesirable environmental outcomes.

The significance of this issue is particularly pronounced in emerging
economies, where policymakers face the dual challenge of sustaining
economic growth while mitigating the environmental consequences of
energy-intensive development. Conventional single-stage efficiency models
may produce biased estimates because they fail to distinguish internal
managerial inefficiency from the effects of external environmental conditions
and statistical noise. This limitation is especially important, as variations in
institutional quality, income levels, urbanization, and structures of renewable
energy can influence observed efficiency scores independently of the actual
performance of decision-making units (DMU).

To address this issue, the present study employed a three-stage data
envelopment analysis—slacks-based measure (DEA-SBM) framework with
undesirable outputs to provide a more accurate and robust assessment of the
energy—environmental efficiency of selected emerging economies. The study
aimed to address three main research questions: (1) What is the initial
technical efficiency of the selected emerging economies in transforming
capital, labor, and energy into economic output while minimizing CO:
emissions? (2) How do external environmental factors—specifically
government effectiveness, GDP per capita, urbanization, and the share of
renewable energy—affect input slacks? And (3) how do adjusted efficiency
scores and country rankings change after the effects of external environmental
conditions and statistical noise are removed from the initial efficiency
estimates?

Materials and Methods

This study evaluated the energy—environmental efficiency of 11 emerging
economies over the period 2000-2023. The selected emerging economies
included Brazil, China, Egypt, India, Iran, Mexico, Morocco, the Philippines,
South Africa, Turkey, and Vietnam. The data was obtained from the World
Bank’s World Development Indicators and governance-related databases. The
analysis employed a three-stage DEA-SBM model with undesirable outputs.
This model was particularly suitable because it could account for input
excesses and undesirable environmental outputs within a non-radial
framework.
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In the first stage, a DEA-SBM model under the assumption of variable
returns to scale (VRS) was used to estimate the initial efficiency scores.
Capital formation, labor, and energy consumption were specified as inputs,
while real gross domestic product (GDP) served as the desirable output and
energy-related CO: emissions as the undesirable output. This specification
enabled the assessment of whether countries could reduce input use and
undesirable emissions while maintaining or increasing desirable economic
outputs.

In the second stage, a stochastic frontier analysis (SFA) was applied to
decompose input slacks into three components: the effects of external
environmental conditions, managerial inefficiency, and statistical noise. The
environmental variables included GDP per capita, government effectiveness,
urbanization, and the share of renewable energy. The share of renewable
energy was included only in the energy-slack equation because of its direct
influence on the structure of energy consumption. In the third stage, the
original input variables were adjusted based on the SFA results, and the DEA-
SBM model was re-estimated to obtain efficiency scores that more accurately
reflected the intrinsic energy—environmental performance of the selected
economies.

Results and Discussion

The first-stage results revealed substantial cross-country variation in initial
technical efficiency. India, Turkey, and Brazil achieved the highest average
efficiency scores, indicating superior performance in transforming capital,
labor, and energy into economic output while minimizing CO: emissions. In
contrast, lran and South Africa recorded the lowest efficiency levels,
reflecting a considerable distance from the efficiency frontier. These findings
suggest that the selected emerging economies exhibit marked differences in
their energy—efficiency patterns, with variations in input use, energy intensity,
and environmental performance playing an important role in shaping their
initial efficiency rankings.

The second-stage results showed that external environmental factors
significantly influenced input slacks. GDP per capita had a positive and
statistically significant effect on capital slack, indicating that higher income
levels were not necessarily associated with more efficient capital use.
Urbanization reduced both capital and labor slacks, suggesting that
agglomeration economies, improved infrastructure, and more efficient labor—
market matching contributed to better resource utilization. However,
urbanization increased energy slack, implying that urban expansion may place
additional pressure on energy systems when not accompanied by energy-
efficient infrastructure and technologies. The share of renewable energy had
a negative and statistically significant effect on energy slack, indicating that a
cleaner energy mix was associated with lower excess energy consumption.

After adjusting the input variables in the third stage, the efficiency scores
and country rankings changed substantially. Turkey, Egypt, and Brazil
emerged as the most efficient economies after accounting for the effects of
external environmental conditions and statistical noise. Egypt’s improved
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ranking suggested that its initial efficiency had been partly constrained by
unfavorable external conditions. By contrast, India’s decline in the adjusted
ranking indicated that part of its initial performance might have reflected
favorable environmental conditions rather than superior managerial
efficiency. Iran, Vietnam, and South Africa remained the least efficient
economies after adjustment, confirming that their poor performance could not
be attributed solely to external conditions or random shocks. Instead, their
persistent inefficiencies appear to stem from structural challenges, including
input allocation, high energy intensity, and a limited capacity to convert
energy inputs into economic output while minimizing environmental impacts.

Conclusion

According to the findings, ignoring undesirable outputs and external
environmental conditions can lead to biased assessments of energy—
environmental efficiency in emerging economies. By separating the effects of
external environmental factors and statistical noise from managerial
inefficiency, the three-stage DEA-SBM model provides a more accurate
measure of intrinsic efficiency than conventional single-stage approaches. The
results suggested that countries with relatively low efficiency should not rely
solely on expanding input use or pursuing conventional growth-oriented
policies. Instead, they must prioritize more efficient input allocation, reducing
energy intensity, expanding the deployment of renewable energy, and
strengthening institutional capacity to support efficient, low-carbon
production. Overall, the findings underscore that improving energy—
environmental efficiency should be regarded as a strategic policy priority for
emerging economies, enhancing economic competitiveness, promoting
environmental sustainability, and supporting long-term development.

Keywords: Energy Efficiency, Three-stage DEA, SBM, Undesirable Outputs,
Emerging Economies
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Abstract

The increasing complexity of policymaking in today’s rapidly evolving world
has underscored the need for hybrid analytical models to better explain the
determinants of policy success and failure. EXisting research suggests that
both institutional and behavioral approaches have limitations in adequately
accounting for policy failure. The institutional approach, for example, does
not sufficiently explain policy errors that occur within democratic systems,
while the behavioral approach cannot fully account for the persistence of
ineffective policies and the lack of reform despite the use of behavioral
interventions such as nudges. To address these shortcomings, the current study
proposed an institutional-behavioral model of policymaking that integrates
insights from both approaches. The proposed framework emphasizes the
interplay among institutions, heuristics, and institutional structures in shaping
the success or failure of policymaking. Using a comparative analytical
approach, this study examined indicators and policies in Iran’s housing and
healthcare sectors. According to the results, the share of housing and
healthcare expenditures in total urban household spending in Iran is nearly
twice the global average, indicating significant policy failure. This failure can
be attributed, first, to the mismatch between the country’s institutional
structure and the requirements of a democratic governance system, which
undermines the quality of policymaking. Second, policymakers exhibit
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cognitive biases, particularly the availability heuristic, in both the housing and
healthcare sectors. Specifically, they tend to assume that using public
resources and increasing supply alone will improve outcomes. In doing so,
they overlook the critical role of sector-specific institutions—including the
legal and regulatory framework—which substantially contributes to the
failure of policies.

Introduction

Evidence from many countries indicates that policymakers often struggle to
achieve their intended policy objectives. Although sustained economic growth
is a universal policy goal, many middle-income countries have remained
trapped at the same income level for decades, with some even experiencing
economic decline. Similar concerns have been raised about the effectiveness
of policymaking in Iran, where the limited success of public policies has led
some observers to question their overall effectiveness. Numerous theoretical
frameworks have been developed to explain why policymaking fails. One
prominent perspective is the public choice model, which is rooted in
neoclassical economic theory. Another is the policy cycle model, which
conceptualizes policymaking as a sequence of stages from agenda-setting to
evaluation. Despite their contributions, these approaches have been criticized
for their limited ability to capture the complexity of real-world policymaking.
As aresult, hybrid frameworks that integrate insights from multiple theoretical
traditions have gained increasing attention. Against this background, the
current study aimed to propose an institutional-behavioral model and apply it
to explain policymaking in Iran.

Materials and Methods

The present study employed a comparative analysis methodology.
Comparative analysis is a systematic approach to identifying causal
relationships by examining the similarities and differences among social
phenomena. It is particularly well suited to investigating complex policy
issues in which multiple institutional and behavioral factors interact. Owing
to its ability to generate robust causal inferences, this methodology has been
widely applied by the proponents of the institutionalist approach.

Results and Discussion

According to the institutional perspective, effective policymaking is most
likely to emerge in participatory or democratic political systems, where
competition among ideas, accountability, and inclusivity improve the quality
of policy decisions. From this viewpoint, improving policymaking requires
reforming the underlying incentive structure and strengthening participatory
or democratic institutions. However, democratic systems are not immune to
policy failure as they can deteriorate because of the actions of political leaders
and citizens, as demonstrated by historical episodes of democratic collapse.
Moreover, even well-functioning democracies may adopt ineffective policies
when decision-makers rely on heuristics and cognitive biases, a phenomenon
highlighted during the COVID-19 pandemic.
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Behavioral economics focuses on the cognitive processes that shape
individual decision-making. It argues that because information processing is
both costly and constrained by the limited cognitive capacity of the human
mind, individuals rely on heuristics, or mental rules of thumb, when making
decisions. Within this perspective, nudges are among the most widely
advocated strategies for improving policymaking. However, nudges are not
universally effective. Individuals may have heterogeneous or conflicting
preferences, or some actors may employ counter-nudges to attract public
attention or offset behavioral interventions. Even decision-makers may pursue
actions that serve their own interests rather than the public good. Therefore,
the hybrid model presented in Figure 1 can help to better explain the issues.

Figure 1. Factors Affecting Policy Outcomes

Institutional structure

7N

Heuristics (affecting Institutions of each sector
policymaking and — (shaping the incentive
individual action) structure)

Resource: Research Results

The proposed model was applied to examine policymaking in Iran’s
housing and healthcare sectors. The analysis revealed several findings. First,
Iran’s institutional structure differs substantially from a democratic system,
which adversely affects the quality of policymaking. Second, despite having
a lower household-to-housing-unit ratio than countries such as the United
Kingdom, Canada, and South Korea, Iranian households devote a significantly
larger share of their expenditures to housing. This suggests that policymakers
have focused primarily on increasing housing supply while giving insufficient
attention to complementary policies, such as rent regulation, social housing,
and long-term mortgage financing. Third, healthcare expenditures account for
a substantially larger share of urban household spending in Iran than in many
advanced economies. The share of healthcare expenditure in total urban
household expenditure in Iran was 9.1% in 2013, increasing to 10.7% in 2017
before declining to 8.7% in 2024 (Statistical Center of Iran). By comparison,
the corresponding share across OECD countries was 3.3% in 2017, while it
was below 3% in countries such as the United Kingdom, France, Germany,
and the United States (OECD, 2019). One of the main factors contributing to
this disparity is the limited attention paid by Iranian policymakers to
controlling induced demand in the healthcare sector.
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Conclusion

The present study proposed a hybrid institutional-behavioral model to explain
the determinants of policy success and failure. By integrating institutional and
behavioral perspectives, the model highlights the roles of institutions,
heuristics, and the broader institutional structure in shaping policy outcomes,
thereby enhancing the explanatory power of the model. Using a comparative
analytical approach, the study applied the model to the housing and healthcare
sectors in Iran. The findings showed that the shares of housing and healthcare
expenditures in total urban household spending are substantially higher in Iran
than in comparable countries, indicating significant policy failure.

From the perspective of the proposed institutional-behavioral model, one
of the principal causes of this failure is the mismatch between Iran’s
institutional structure and the characteristics of a democratic system. This
institutional gap limits the competition of ideas and hinders the adoption of
policy innovations that have proven effective in other countries. The analysis
also identified the influence of the availability heuristic in both the housing
and healthcare sectors. Policymakers tend to assume that using public
resources and increasing supply are sufficient to improve outcomes, while
giving insufficient attention to the institutional and regulatory arrangements
that govern each sector.

Keywords: Policymaking, Institutional-behavioral Approach, Iranian

Economy, Housing, Health
JEL Classification: HO,N40,R38
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Abstract

Housing is both a basic necessity and a non-substitutable commodity that
possesses a dual nature, functioning simultaneously as a consumption good
and a durable capital asset. Relying on the agent-based modeling, the present
study aimed to develop a systemic model of housing price formation that could
incorporate heterogeneous agents, including consumer-buyers, investors, and
real estate builders. Using quarterly data for Iran spanning the period from
1998 to 2022, the proposed model was estimated through a genetic algorithm.
The results of the shock analysis indicated that speculative investor behavior
played a crucial role in driving housing price dynamics and volatility. In the
absence of speculative investors, housing prices would converge toward a
fundamental equilibrium determined by production costs and effective
demand. However, speculative behavior could generate persistent deviations
from this equilibrium and even trigger explosive increases in housing prices.
According to the empirical findings, the Iranian housing market exhibited a
high degree of forward-looking behavior (52.16%) and bubble-like, unstable
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dynamics throughout the sample period. From a policy perspective, the model
showed that the mortgage loan-to-price ratio was not an effective instrument
for stabilizing the housing market during either boom or recession periods, a
finding that is consistent with real-world market evidence. By contrast,
reducing construction costs could improve market rationality, moderate the
responsiveness of forward-looking investors, enhance price stability,
stimulate market activity, and ultimately contribute to a more stable housing
market.

Introduction

The housing market is one of the most significant economic sectors. Owing to
its depth and extensive linkages with a wide range of industries, it generates
substantial spillover effects throughout the broader economy. Furthermore,
fluctuations in housing prices can significantly influence consumption and
investment behavior, ultimately shaping overall economic performance. In
addition to serving as a consumption good, housing is also regarded as a
capital asset. Demand for housing driven by consumption needs generally
follows a relatively stable and predictable pattern. In contrast, investment
demand is more sensitive to market conditions and is therefore considerably
more volatile.

These characteristics make the analysis of the housing market particularly
challenging and underscore the need for more sophisticated modeling
approaches. In this respect, the present study employed an agent-based
modeling grounded in behavioral economics to provide a deeper
understanding of housing market dynamics and improve the prediction of
market behavior. Agent-based models are well suited for analyzing and
simulating housing markets because they explicitly capture the heterogeneous
behavior of economic agents and the complex interactions among them. Their
capacity to incorporate nonlinear interactions and behavioral heterogeneity
makes them particularly effective for modeling housing market dynamics. In
contrast to dynamic stochastic general equilibrium (DSGE) models, which
typically rely on assumptions of rational behavior and agent homogeneity,
agent-based models can capture emergent phenomena such as price
fluctuations, speculative bubbles, and other complex dynamics that
characterize housing markets.

Accordingly, the current study employed an agent-based modeling to
examine the effects of different behaviors concerning the housing demand—
including consumption-driven and investment-driven demand—as well as the
impact of economic policies on housing prices. Specifically, the model
simulated three main types of agents in the housing market: (1) owner—
occupier households, who purchase housing primarily to satisfy their housing
needs; (2) investors, who seek to generate returns through housing price
appreciation; and (3) developers or builders, who operate in the construction
sector with the objective of maximizing profits. Each type of agent makes
decisions independently based on an optimization framework, with behavior
guided by its own objectives.
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The agent-based modeling helped examine how the heterogeneous
behaviors of market agents influence housing prices and market volatility.
Furthermore, the flexibility of the model enabled the simulation of a wide
range of policy scenarios, allowing for a comprehensive assessment of their
effects on housing market dynamics.

Materials and Methods

The present study used an agent-based modeling to examine the Iranian
housing market. The data, obtained from the Central Bank of Iran and the
Statistical Center of Iran, consisted of quarterly time-series observations
spanning the period from 1998 to 2022. Python 3 and its associated libraries
were used to estimate and analyze an economic model of the housing market.
These tools supported both data analysis and model simulation. Moreover,
initial model parameters (i.e., construction costs, financing costs, interest
rates, and investors’ risk aversion) were derived from empirical data and
evidence from related studies.

Model estimation and calibration were conducted within a heterogeneous
agent modeling (HAM) framework grounded in agent-based models, which
are well suited to capturing the complex, nonlinear, and asymmetric dynamics
of the housing market. Unlike representative-agent models that assume
homogeneous and fully rational behavior, the proposed model views agents as
operating under bounded rationality and imperfect information.

Moreover, a genetic algorithm was employed to identify the optimal set of
model parameters. By comparing the simulated outputs with the observed data
using the standard Euclidean distance metric, the algorithm searches for the
parameter combination that best reproduces the dynamics of housing prices in
Iran. This computational framework provides a robust tool for analyzing
market behavior and facilitates the simulation and evaluation of the effects of
alternative policy interventions on housing price volatility.

Results and Discussion

In the analysis of systems of equations, particularly in the estimation of
HAMSs, model identification and convergence have consistently posed
fundamental challenges because of the large number of parameters and the
inherent complexity of HAM frameworks. To address these challenges, the
current study simplified the system of equations by focusing on the key
structural parameters, thereby enabling the estimation of a limited set of
parameters.

Moreover, the key structural parameters of the housing price model were
selected to minimize the distance between the empirically grounded
parameters and those generated by the model. Given the dynamic relationship
governing housing prices, the model incorporated four principal parameters:
investors’ risk characteristics (4'), the real demand factor (m,), forecasting
intensity (f), and construction costs (c). Once these four parameters are
determined, the system of equations is fully specified. The estimated
parameter values, together with the intensity of speculative expectations in
investment behavior, are presented in the table.
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Table 1. Estimated Values of Model Parameters

Model parameters Estimated values
Al 1/816059
m, 0/431520
C 0/1947370
f 0/521691
Ji 0/2828
= 0/5655

Source: Research estimates

To evaluate the explanatory power of the model, a correlogram of the
actual and fitted (ex post) values up to the tenth lag was employed. As shown
in Figure 1, the model’s explanatory power declined as the lag length
increased. Nevertheless, the correlation between the predicted and actual
values remained above 78% through the tenth lag and reached 97% at the first
lag.

Figure 1. Correlation Between Actual and Predicted Housing Prices at
Different Lags
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Source: Research estimates

Furthermore, based on the estimated values of f, f*, and f** the model
exhibited an unstable bubble regime, which is consistent with the observed
conditions of the housing market over the period under study, ending in 2022.
Moreover, the model provided a systemic framework for simulating and
analyzing the effects of various policy interventions on housing price
volatility. The current analysis examined several policy scenarios, including
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changes in construction costs and housing finance measures (e.g., reductions
in down-payment requirements and the relaxation of mortgage repayment
conditions).

Figure 2. Effects of Changes in the Loan-to-Value (LTV) Ratio Under Rising
Housing Prices
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Source: Research estimates

The analysis of housing loans and mortgage repayment costs indicated that
the effectiveness of such policies would depend on their timing. Policy
measures based on the ratio of affordable mortgage repayments have limited
effectiveness in controlling the housing market, particularly in countries such
as Iran, where housing loans account for only a small fraction of the total cost
of housing during many periods, especially in recent years.

Unlike installment ratios, construction costs (c) not only affected builders’
supply and the equilibrium price but also influenced housing prices through
investors. The values f*and f** also depended on construction costs (C). In
the model, construction costs include land costs, material costs, and other
related expenses, with land costs representing the largest component for
builders.

Accordingly, when housing prices are rising, policymakers can effectively
moderate the housing market by reducing builders’ costs—for example, by
providing land at lower prices. Under this scenario, lower construction costs
reduce the equilibrium housing price while increasing the share of investors
who follow a mean-reversion strategy, thereby improving market rationality.
At the same time, they reduce the sensitivity of speculative investors. As a
result, housing prices can decline and converge to a new equilibrium level.

Similarly, in a declining market, reducing construction costs is a more
effective policy measure because it leads to a stable new equilibrium price,
thereby facilitating the market’s return to its fundamental level. This effect is
illustrated in Figure 3.
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Figure 3. Effects of Reduced Construction Costs on the Housing Market During
Periods of Rising Prices
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Conversely, if the housing market is excessively overheated and
experiencing a price bubble, increasing construction costs is not an
appropriate policy for market stabilization. In some cases, this approach may
even exacerbate market conditions. Higher construction costs raise the
equilibrium price and increase the sensitivity of forward-looking investors—
that is, they reduce f**—thereby making the housing market more unstable
and increasing the likelihood of bubble formation or more severe market
downturns.

Conclusion

The model presented in this study simulated speculative behavior among
investors as a key driver of housing price fluctuations, demonstrating that such
behavior could significantly influence housing price dynamics. The results
indicated that, in the absence of speculative investors, the equilibrium housing
price is determined solely by real demand and construction costs, representing
the fundamental equilibrium price. However, in the presence of speculative
behavior, housing prices may persistently deviate from this benchmark and
may even exhibit explosive growth. The model further showed that greater
forecasting intensity among investors could lead to larger deviations from the
fundamental price and increased volatility in the housing market.

From a policy perspective, the model indicated that measures such as loan-
to-value ratios and mortgage repayment requirements are not particularly
effective tools for regulating the housing market during periods of boom or
recession. Consistent with observed market data, changes in mortgage
repayment ratios appear to have only limited short- and long-term effects on
the housing market. In contrast, reducing construction costs can significantly
decrease the sensitivity of speculative investors and enhance market
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rationality. Such measures help stabilize the fundamental housing price and
support the recovery of the housing market.

Keywords: Housing, Agent-based Modeling, Speculative Behavior, Genetic
Algorithm

JEL Classification: R31, C63, D84, C63
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Abstract

This study examined the impact of financial inclusion on tax revenue in Iran
over the period 1980-2022 using the novel wavelet quantile-on-quantile
regression (WQQR) approach. This advanced methodology allows the
relationship between variables to be analyzed across different quantiles and
multiple time horizons, including the short, medium, and long run. Tax
revenue was treated as the dependent variable, while financial inclusion,
inflation, trade openness, real GDP per capita, and urbanization were
considered as explanatory variables. Preliminary analyses, including the
Brock—Dechert-Scheinkman (BDS) test and quantile—quantile (Q—Q) plots,
revealed significant nonlinear dynamics and asymmetric distributions in the
time series, thereby supporting the use of wavelet-based quantile methods.
The empirical results showed that the effect of financial inclusion on tax
revenue is heterogeneous across time horizons. In the short run, its impact is
modest and varies with the level of financial inclusion. In the medium run,
expanded access to financial services and enhanced informational
transparency generate a significant positive effect. In the long run, financial
inclusion exerts a consistently positive and sustainable influence on tax
revenue. The effects of the control variables also vary across time horizons
and distributional conditions. Inflation has a negative impact on tax revenue
in the short run, although this effect gradually diminishes over longer
horizons. Trade openness generally contributes positively to tax revenue,
while economic growth strengthens tax revenue across all time scales.
Urbanization also plays a positive role by broadening the tax base over the
long run. Overall, the findings suggest that promoting financial inclusion,
alongside institutional reforms and the digitalization of the tax system, can
serve as an effective policy instrument for enhancing the sustainability of tax
revenues in lran.
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Introduction

Financial inclusion has emerged as a key policy instrument for strengthening
fiscal capacity and promoting sustainable economic development. By
facilitating access to formal financial services, it increases the transparency of
economic transactions, reduces the size of the informal economy, improves
tax compliance, and broadens the tax base. Consequently, governments can
mobilize more stable domestic revenues and reduce dependence on volatile
sources of public finance.

Although a substantial body of international evidence documents a positive
association between financial inclusion and tax revenue, empirical findings
also indicate that this relationship is nonlinear and varies across different
levels of financial development and macroeconomic conditions. In Iran, where
public finances have historically depended on oil revenues and have been
constrained by economic sanctions, persistent inflation, tax evasion, and a
large informal sector, strengthening tax revenue has become a critical policy
objective.

Despite significant expansion in banking infrastructure and digital
financial services in recent years, there is limited empirical evidence on
whether improvements in financial inclusion have translated into higher tax
revenues. To address this gap, the present study aimed to examine the impact
of financial inclusion on tax revenue in Iran over the period 1980-2022, while
controlling for inflation, trade openness, GDP per capita, and urbanization.
Unlike previous studies that mainly rely on conventional linear econometric
models, the current analysis sought to apply advanced second-generation
nonlinear techniques capable of capturing heterogeneous relationships across
different quantiles and time horizons, thereby providing a more
comprehensive understanding of the relationship between financial inclusion
and tax revenue.

Materials and Methods

The present study used annual data for Iran spanning the period 1980-2022.
Tax revenue served as the dependent variable, while financial inclusion was
considered as the primary explanatory variable. Inflation, trade openness,
GDP per capita, and urbanization were incorporated as control variables. Tax
revenue data was obtained from the Central Bank of Iran, and macroeconomic
indicators were sourced from the World Bank. Moreover, the financial
inclusion index was taken from the International Monetary Fund, in which
financial inclusion is measured by access to financial institutions, proxied by
indicators such as the number of bank branches and automated teller machines
(ATMs) per 100,000 adults.

All variables were transformed into natural logarithms and converted from
annual to quarterly frequency using quadratic interpolation to facilitate
wavelet decomposition. Preliminary analyses included descriptive statistics,
quantile—quantile (Q—Q) plots, the Brock—Dechert-Scheinkman (BDS) test
for nonlinear dependence, and the wavelet quantile augmented Dickey—Fuller
(WQADF) unit root test. The main empirical analysis was conducted using
the wavelet quantile-on-quantile regression (WQQR) approach, which helped
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examine heterogeneous relationships across short-, medium-, and long-term
horizons. In addition, the quantile-on-quantile Granger causality (QQGC)
approach was used to investigate nonlinear causal interactions among the
variables.

Results and Discussion

The preliminary analyses revealed significant non-normality and nonlinear
dependence across all variables, indicating that conventional linear estimation
techniques are insufficient to capture the complex dynamics of Iran’s
economy. The WQADF test further showed that the stationarity properties of
the variables varied across quantiles and time scales, thereby supporting the
use of wavelet-based nonlinear methods. The WQQR results indicated that
financial inclusion exerted heterogeneous effects on tax revenue across
different economic conditions and time horizons.

In the short run, the positive impact is strongest at the upper quantiles of
both financial inclusion and tax revenue, suggesting that improvements in
financial accessibility enhance fiscal performance primarily under relatively
favorable economic conditions. In contrast, the effects were found weak or
even negative at the lower quantiles, where limited financial access and the
prevalence of informal economic activities constrain tax collection. In the
medium term, the positive relationship becomes more stable as broader
participation in the formal financial system enhances transaction transparency
and improves tax administration. Over the long run, financial inclusion
significantly strengthens tax revenue by expanding the formal economy,
increasing the adoption of digital financial services, improving taxpayer
identification, and reducing tax evasion.

The results further showed that inflation exerted a negative effect on tax
revenue in the short run, as rising prices would erode the real value of taxable
income; however, this adverse impact gradually diminishes as fiscal policies
and tax systems adjust over time. Trade openness contributes positively to tax
revenue by stimulating economic activity and broadening the tax base,
although these gains are partially offset by external sanctions and exchange-
rate volatility. Likewise, higher GDP per capita consistently enhances tax
revenue through increased production, employment, and corporate
profitability, while urbanization promotes revenue mobilization by
concentrating economic activity and expanding taxable consumption. Overall,
as the findings demonstrated, the determinants of tax revenue operate through
nonlinear and asymmetric mechanisms that vary considerably across quantiles
and time horizons, underscoring the advantages of wavelet-based quantile
techniques over conventional econometric approaches in capturing these
complex relationships.

Conclusion

Financial inclusion is a key determinant of tax revenue in Iran; however, its
effectiveness varies across economic conditions and time horizons. The
positive impact of financial inclusion becomes substantially stronger over the
medium and long term as financial transactions become more transparent and
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the formal financial system expands. Nevertheless, structural challenges—
including persistent inflation, dependence on oil revenues, external sanctions,
weaknesses in tax administration, and the prevalence of informal economic
activities—continue to constrain fiscal performance. Consequently,
expanding financial access alone is insufficient to achieve sustainable growth
in tax revenue.

Policymakers should therefore complement financial inclusion policies
with comprehensive tax reforms, including the digitalization of tax
administration, the adoption of electronic invoicing, the integration of
financial information systems, stronger coordination between financial
institutions and tax authorities, and policies that encourage the formalization
of economic activities. These reforms would help broaden the non-oil tax
base, reduce tax evasion, enhance fiscal sustainability, and support long-term
economic development. Furthermore, the study highlighted the value of
advanced nonlinear econometric techniques, particularly the WOQQR
framework, in capturing heterogeneous relationships that remain undetected
by conventional linear models, thereby providing more robust evidence to

inform fiscal policy formulation.

Keywords: Financial Inclusion, Wavelet Quantile-on-Quantile Regression,
Tax Revenue, Wavelet Analysis
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Abstract

The balance between economic development and environmental sustainability
is a fundamental determinant of sustainable development. Moreover, the
optimal industrial structure is a key factor influencing both economic growth
and the transition to a green economy. In this respect, the present study
examined the impact of industrial structure on green economic efficiency. It
applied a spatial Tobit approach to analyze the provincial data from Iran over
the period 2011-2020. The results of the data envelopment analysis (DEA)
indicated that Kohgiluyeh and Boyer-Ahmad and Isfahan provinces—with
green efficiency scores of 1.00 and 0.60, respectively—had the highest and
lowest levels of green economic efficiency. Furthermore, the Ellison—Glaeser
index revealed that Qom and Qazvin provinces had the highest levels of
industrial diversification, whereas Bushehr province exhibited the greatest
degree of industrial concentration. Finally, the results of model estimation
based on the spatial Tobit approach showed that both industrialization and
industrial concentration had negative effects on green economic efficiency.
However, the interaction between industrialization and industrial
concentration had a positive and statistically significant effect on green
economic efficiency. These findings suggest that increasing the share of
industry in the economy while promoting industrial concentration based on
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each province’s comparative advantages should be considered key policy
priorities to enhance green economic efficiency.

Introduction

The industrial sector plays a vital role in Iran’s economic development while
also being a major source of energy consumption and environmental pollution.
This dual role highlights the challenge of sustaining economic growth without
exacerbating environmental degradation. Consequently, reducing the
environmental impacts of industrial activity without compromising economic
growth requires reforms in both the technological structure of industry and the
optimal spatial allocation of industrial activities. It is thus necessary to
examine how these factors influence green economic efficiency in order to
design policies that support both economic development and environmental
sustainability.

The present study aimed to examine the impact of industrial structure and
the geographical distribution of the industrial sector on green economic
efficiency in the provinces of Iran during 2011-2020. The analysis focused on
how industrial geography and structure could contribute to improving green
economic efficiency. Given the importance of regional interdependence and
spatial spillover effects among provinces, the study employed provincial data
and spatial econometric models to examine the role of the industrial sector in
simultaneously promoting economic growth and improving environmental
quality.

Materials and Methods

The current study required the measurment of both industrial structure and
green economic efficiency. It used the Ellison—Glaeser index to measure
industrial structure. A key advantage of this index is that it accounts for both
natural advantages and spillovers when measuring industrial concentration.
The index ranges from —1 to 1, where negative values indicate the spatial
dispersion of industrial production across regions, and positive values indicate
industrial concentration.

The second step involved measuring green economic efficiency. Two
widely used approaches for efficiency measurement are stochastic frontier
analysis (SFA) and data envelopment analysis (DEA). Compared with SFA,
DEA offers the advantage of not requiring the model specification; moreover,
it is based on linear programming techniques. In contrast, SFA relies on a
predefined functional relationship between inputs and outputs. Given its
advantages, DEA was adopted in this study to estimate green economic
efficiency. Once industrial structure and green economic efficiency was
measured, the relationship between them could be empirically examined.

The data was obtained from regional statistics, statistical yearbooks, and
reports on industrial establishments with ten or more employees published by
the Statistical Center of Iran. Moreover, the study employed a spatial Tobit
model to estimate the determinants of green economic efficiency. The Tobit
specification is appropriate because the dependent variable (i.e., green
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economic efficiency) is a bounded continuous variable, with efficiency scores
constrained to lie between 0 and 1.

Results and Discussion

The results indicated that economic growth had a positive and statistically
significant direct effect on green economic efficiency, suggesting that
production growth exceeded the rate of carbon dioxide emissions. However,
the indirect spatial effect was found to be statistically insignificant, implying
that economic growth in neighboring provinces does not generate spillover
effects on green economic efficiency. This result reflects the heterogeneity of
production processes across provinces and the limited transfer of technology
among provinces

Urbanization exhibited neither significant direct nor indirect effects on
green economic efficiency. This finding suggests that the potential advantages
of urbanization, such as labor specialization and skill diversity, are offset by
its associated disadvantages, including traffic congestion and environmental
pollution. The absence of a significant relationship may also reflect the
mismatch between labor market skills and employment opportunities, as well
as the failure to fully exploit economies of scale in urban transportation
systems.

Industrial concentration, measured by the Ellison—-Glaeser index, had
negative and statistically significant direct and indirect effects on green
economic efficiency. This finding indicates that industrial concentration alone
reduces green economic efficiency, largely because industrial agglomeration
in Iran has not been accompanied by strong inter-industry linkages or efficient
interprovincial supply chains. As a result, industries remain structured as
siloed or fragmented. Similarly, industrialization, measured by the share of
industry in GDP, exerted negative direct and indirect effects on green
economic efficiency. This result suggests that expanding the industrial sector
without technological upgrading or environmental improvements reduces
green economic efficiency.

Financial development did not have a statistically significant direct or
indirect effect on green economic efficiency. This suggests that the financial
system has not effectively supported the adoption of cleaner technologies or
environmentally sustainable investments. International sanctions, exchange
rate volatility, persistent inflation, and the relatively high returns available in
non-productive markets have likely diverted financial resources away from
green investments and modern technologies.

As supported by the findings above, although industrialization and
industrial concentration individually reduce green economic efficiency, their
interaction has a positive and statistically significant effect, both within
provinces and through spatial spillovers to neighboring provinces. In other
words, industrial development can enhance green economic efficiency when
it is accompanied by the geographical concentration of industrial activities.
Such a combination promotes economies of scale, intensifies competitive
pressures to improve energy efficiency, encourages greater investment in
research and development, and facilitates technological upgrading. These
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findings imply that industrial policy should prioritize the geographically
concentrated development of industries based on the comparative advantages
of individual provinces.

Conclusion

According to the results of model estimation, Iran’s current industrial structure
is fragmented. Nevertheless, the findings showed that the combination of
industrialization and industrial concentration would be a key driver of
improvements in green economic efficiency. When considered separately,
both industrial concentration and an increase in the industrial share of output
reduce green economic efficiency. However, industrial concentration
mitigates the adverse effects of industrialization, and their interaction has a
positive effect on green economic efficiency. Industrial concentration
enhances green economic efficiency only when industrialization reaches a
scale that generates economies of scale in research and development and
accelerates technological progress. Accordingly, expanding the industrial
sector while promoting industrial concentration based on provincial
comparative advantages is a key policy for improving green economic
efficiency. In addition, using economies of scale in public transportation as
cities expand and directing financial resources toward technology-oriented
investments are essential policy measures for achieving green economic
efficiency.

Keywords: Green Economy, Industrial Concentration, Spatial Tobit
JEL Classification: Q56, L16, L26, C67
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Abstract
Economic warfare has increasingly replaced traditional forms of conflict as
the primary means of exercising power in the contemporary international
system. In this regard, the present study aimed to identify the key dimensions
of economic warfare and examine the causal relationships among them. The
research adopted an applied, exploratory approach using a mixed methods
research design. In the qualitative phase, a systematic literature review was
used to identify and conceptualize 13 dimensions of economic warfare. In the
guantitative phase, expert opinions were collected, and the fuzzy DEMATEL
technique was employed to construct and analyze the matrix of
interrelationships among these dimensions. According to the findings, out of
13 dimensions, six dimensions (i.e., media—economic warfare, corridor
warfare, cyber—economic warfare, currency warfare, financial warfare, and
trade warfare) function as causal and enabling factors, serving as the primary
drivers of the system. In contrast, the remaining seven dimensions (i.e.,
investment warfare, corporate warfare, technology warfare, resource warfare,
energy warfare, food security warfare, and capital market warfare) were
identified as effects and dependent factors, as they are primarily influenced by
the causal dimensions. The main contribution of this study lies in developing
a comprehensive 13-dimensional causal model of economic warfare that
enhances understanding of the internal dynamics of this complex
phenomenon. The proposed model provides a valuable framework for
formulating effective countermeasures against economic warfare, particularly
for the Islamic Republic of Iran.

Introduction

In recent decades, competition among states has increasingly shifted from
direct military confrontation to the use of economic, financial, technological,
and informational instruments. Within this context, economic warfare has
emerged as one of the most significant means of exercising power in the
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international system. Governments seek to undermine the economic strength
and constrain the decision-making capacity of target states through a range of
measures, including financial and trade sanctions, technological restrictions,
pressure on foreign exchange and capital markets, disruptions to supply
chains, media and cyber warfare, and control over strategic resources and
transportation corridors. From this perspective, economic warfare is not
merely a collection of isolated actions; rather, it represents a complex network
of interactions among economic, political, and security dimensions, whose
effects simultaneously shape the performance of the national economy.

Given the experience of the Islamic Republic of Iran in confronting
extensive sanctions and other forms of economic pressure, understanding the
internal mechanisms of economic warfare and the interrelationships among its
various dimensions has become essential for effective economic
policymaking. Despite the growing body of research in this field, most
existing studies have examined individual dimensions of economic warfare in
isolation, while relatively few have adopted a comprehensive approach that
analyzes its multiple dimensions within a unified analytical framework.
Accordingly, the present study aimed to identify the key dimensions of
economic warfare and examine the relationships among them. In addition to
advancing the theoretical literature on economic warfare, the findings of this
study can provide a valuable foundation for policy prioritization,
strengthening economic resilience, and improving strategic decision-making
in the face of economic threats.

Materials and Methods

This study adopted a descriptive—analytical methodology and a mixed
methods research design. In the first phase, the key dimensions of economic
warfare were identified through a systematic review of the literature and
policy documents, which served as the basis for developing the study’s
conceptual framework. The second phase involved the analysis of
relationships among the dimensions. A purposive sampling method was used
to select experts with relevant academic qualifications, professional
experience, and specialized knowledge of economic warfare. Consistent with
expert-based decision-making techniques, such as decision-making trial and
evaluation laboratory (DEMATEL), the validity of the analysis depends
primarily on the expertise and competence of the selected experts rather than
on the sample size.

The fuzzy DEMATEL method was used to analyze the causal relationships
among the identified dimensions. This method was chosen because of its
ability to model complex interrelationships while accounting for the
uncertainty inherent in expert judgments. The data was collected through a
pairwise comparison questionnaire based on linguistic variables, which were
subsequently converted into triangular fuzzy numbers. The direct-relation
matrix and the total-relation matrix were then constructed. Following the
defuzzification process, the indices of influence (D), dependence (R),
prominence (D + R), and relation (D - R) were calculated for each dimension.
Finally, the cause and effect groups were identified, and a causal relationship
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map of the dimensions of economic warfare was developed to facilitate the
interpretation of the findings.

Results and Discussion

In the first stage, the systematic literature review led to the identification of
thirteen principal dimensions of economic warfare: trade warfare, investment
warfare, currency warfare, financial warfare, cyber—economic warfare,
corporate warfare, technology warfare, resource warfare, energy warfare, food
security warfare, corridor warfare, capital market warfare, and media—
economic warfare. These dimensions constituted the final analytical
framework of the study.

The results obtained from the fuzzy DEMATEL analysis revealed that
these dimensions are characterized by complex, dynamic, and interdependent
relationships and, therefore, cannot be analyzed independently. The values of
the influence (D), dependence (R), prominence (D + R), and relation (D - R)
indices indicate that some dimensions function as driving forces, whereas
others represent outcome dimensions within the overall structure of economic
warfare. Accordingly, economic warfare can be conceptualized as a
networked system in which changes in one dimension propagate through a
network of causal relationships and influence the others.

On the basis of the relation (D - R) index, media—economic warfare,
corridor warfare, cyber—economic warfare, currency warfare, financial
warfare, and trade warfare were identified as causes or driving factors,
whereas investment warfare, corporate warfare, technology warfare, resource
warfare, energy warfare, food security warfare, and capital market warfare
were identified as effect factors. These findings suggest that policies aimed
solely at mitigating the consequences of economic warfare are unlikely to be
effective unless they also address its underlying driving factors.

Among the driving factors, media—economic warfare exerted the greatest
influence on the other dimensions, highlighting the critical role of public
opinion management, the shaping of economic expectations, and cognitive
operations in shaping financial markets, exchange rates, investment, and trade.
Moreover, the identification of corridor warfare, currency warfare, and
financial warfare as major causes underscores the strategic importance of
transportation infrastructure, macroeconomic stability, and the financial
system in reducing the vulnerability of the national economy. The prominence
(D + R) index further indicated that investment warfare, currency warfare,
corporate warfare, trade warfare, and financial warfare exhibit the highest
levels of interaction with the other dimensions and therefore represent the
central nodes of the economic warfare network.

Overall, the findings demonstrate that effective responses to economic
warfare require a systemic, coordinated, and driver-oriented approach that
recognizes the economic, financial, trade, media, technological, and
infrastructural dimensions as interdependent components of a unified
network.
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Conclusion

The present study employed the fuzzy DEMATEL method to identify the key
dimensions of economic warfare and analyze the causal relationships among
them. According to the findings, economic warfare exhibits an interconnected
network structure in which its various dimensions influence one another
through both direct and indirect relationships. More specifically, media—
economic warfare, corridor warfare, cyber—economic warfare, currency
warfare, financial warfare, and trade warfare were identified as the main
driving factors, whereas the dimensions related to investment, corporate
activities, technology, resources, energy, food security, and the capital market
were classified as effect factors, reflecting their greater susceptibility to
influences from other dimensions of the system.

Strengthening economic resilience requires a strategic focus on the driving
factors of the network and the adoption of an integrated policy approach.
Therefore, enhancing coordination among monetary and exchange rate,
financial, trade, technological, media, and infrastructure policies can play a
critical role in reducing the vulnerability of the national economy to external
pressures. Moreover, the prominent role of media—economic warfare
underscores the importance of public opinion management, the shaping of
economic expectations, and effective media governance as integral
components of economic policymaking.

The current study also contributes to the scholarly literature by proposing
a causal model of the relationships among the dimensions of economic
warfare and by providing a systematic framework for analyzing this
phenomenon. Future research should adopt integrated methodological
approaches to examine these relationships across different sectors and national
contexts, thereby advancing the literature and informing the development of
more effective policy recommendations for enhancing economic security and
resilience.

Keywords: Economic Warfare, Fuzzy DEMATEL, Cause-and-Effect
Relationships, Economic Security, Resistance Economy, Sanctions
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1. International North-South Transport Corridor (INSTC)

2. Belt and Road Initiative (BRI)

3. Middle Corridor (Trans-Caspian East-West International Transport Route)
4. India-Middle East-Europe Economic Corridor (IMEC)

5. Capital Market, Stock Exchange

6. Money Market

7. Financial Market
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1. DEMATEL: Decision-Making Trial and Evaluation Laboratory
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1. Economic Diplomacy and Strategic Alliances

2. Alternative Payment Systems

3. Cross-Border Interbank Payment System (CIPS)
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