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Abstract. This study develops an integrated methodological framework combining a Quantified 

PESTEL model with hybrid multi-criteria decision-making (AHP-DEMATEL-ANP) to assess 

multidimensional challenges in digital economy trade. Analyzing 24 specific sub-criteria, it 

reveals Environmental factors (energy consumption/emissions) as the top priority (AHP weight 

0.333), while Regulatory Standards emerge as the supreme systemic lever (ANP priority 0.209). 

The framework classifies challenges into four strategic quadrants—Drivers, Dependent, Linking, 

and Marginal—enabling phased, evidence-based policymaking for sustainable digital trade 

governance. 

 

 

Introduction 

This study addresses a critical gap in the systematic assessment of 

multidimensional challenges facing international trade in the digital economy. 

While existing scholarship extensively documents the transformative potential of 

digital technologies, current analyses often suffer from fragmentation, treating 

technological disruptions, institutional frictions, and ecological constraints as 

isolated phenomena rather than interconnected components of a complex adaptive 

system. This paper proposes a novel, integrated methodological framework for 

diagnosing and prioritizing these challenges. 

The principal scientific novelty lies in its synergistic integration of macro-

environmental systematization with multi-criteria decision analysis (MCDA). First, 

departing from conventional narrative reviews, the study introduces a Quantified 

PESTEL Framework that expands traditional political, economic, social, 

technological, environmental, and legal dimensions to explicitly incorporate geo-

economic fragmentation, data sovereignty, and the carbon footprint of digital 

infrastructure. This systematization moves beyond mere classification to identify 24 
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specific, high-impact sub-criteria defining the modern digital trade landscape. 

Second, and most significantly, the research pioneers the hybrid application of AHP-

DEMATEL-ANP methodologies, transforming qualitative challenge identification 

into a quantitative, actionable intelligence tool. Unlike prior single-method 

approaches, this triangulation establishes hierarchical weights, maps causal 

relationships to distinguish "cause" from "effect" factors, and models feedback 

loops to yield global priority vectors. Finally, a phased strategic response model 

classifies 24 challenges into four categories—Drivers, Dependent, Linking, and 

Marginal—providing a sequenced roadmap for reforms that prioritizes high-impact 

drivers to minimize policy incoherence. 

1. Literature Review 

The scholarly discourse on digital trade challenges has evolved from early 

techno-centric optimism to a nuanced understanding of systemic complexities. 

Initial research predominantly focused on the efficiency gains from ICT adoption, 

treating digitalization as a neutral enabler of cross-border transactions. However, as 

global value chains became increasingly digitized, a significant gap emerged: the 

fragmentation of analytical frameworks. While studies by Blum & Goldfarb (2006) 

and Portugal-Perez & Wilson (2012) quantified the "death of distance" and the 

importance of trade facilitation, they largely treated technological, economic, and 

regulatory factors as discrete variables. This siloed approach fails to capture the high 

interdependence characterizing the modern digital economy, where a regulatory 

shift in one jurisdiction can trigger systemic ripple effects globally. 

Recent literature has attempted to address this through holistic frameworks like 

PESTEL analysis. Yet, conventional applications remain largely descriptive, 

lacking the quantitative rigor to prioritize among competing challenges or to model 

their causal interdependencies. For instance, while Gereffi (2001) and Yadav et al. 

(2020) highlighted the transformative role of Industry 4.0 and sustainability, they 

stopped short of providing a computational mechanism to weigh environmental 

pressures against cybersecurity risks or market concentration issues identified by 

Elia et al. Consequently, policymakers are often left with qualitative lists of 

challenges without a clear hierarchy for intervention. 

This study identifies a critical scientific novelty by moving beyond these 

limitations through the integration of advanced Multi-Criteria Decision-Making 

(MCDM) techniques. The first innovation is the development of a Quantified 

PESTEL Framework. Unlike traditional models, this research expands the 

taxonomy to include 24 specific sub-criteria, explicitly incorporating contemporary 

issues such as data sovereignty, geo-economic fragmentation, and the carbon 
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footprint of digital infrastructure. This provides a more granular and 

contemporaneous representation of the digital trade ecosystem than previously 

available. 

The second major innovation is the pioneering hybrid application of AHP, 

DEMATEL, and ANP methodologies. While AHP has been used in related fields, 

its combination with DEMATEL and ANP for digital trade challenges is 

unprecedented. This hybrid approach allows for a three-dimensional diagnosis: 

AHP establishes hierarchical weights, revealing the counter-intuitive finding that 

Environmental factors (weight 0.333) are the most critical dimension—surpassing 

traditional economic or technological concerns. DEMATEL then maps causal 

relationships, identifying six high-dispatch "Driver" factors (e.g., Regulatory 

Standards, Energy Consumption) via structural diagrams. Finally, ANP models 

complex feedback loops through a supermatrix, confirming Regulatory Standards 

as the supreme systemic lever (global priority 0.209). 

Furthermore, this research contributes a strategic quadrant model that classifies 

challenges into Drivers, Dependent, Linking, and Marginal categories. This 

classification facilitates a phased, sequenced approach to reform, addressing the 

"how" of implementation that prior studies overlooked. By triangulating these 

methods, the study transforms qualitative risks into a quantitative, actionable 

intelligence tool, providing a robust, evidence-based roadmap for navigating the 

complexities of the global digital economy. 

2. Data and Methodology 

This study pioneers a novel, integrated multi-stage methodological framework 

that synergistically hybridizes three advanced Multi-Criteria Decision-Making 

(MCDM) techniques—Analytic Hierarchy Process (AHP), Decision-Making Trial 

and Evaluation Laboratory (DEMATEL), and Analytic Network Process (ANP)—

within an expanded Quantified PESTEL taxonomy. This framework transforms 

qualitative trade challenges into a quantifiable, actionable intelligence system. 

The first stage establishes a comprehensive Quantified PESTEL Framework, 

which systematically categorizes 24 specific sub-criteria derived from co-

occurrence network analysis. Expanding the traditional Political, Economic, Social, 

Technological, Environmental, and Legal dimensions, it explicitly incorporates 

contemporary issues such as data sovereignty, geo-economic fragmentation, and the 

carbon footprint of digital infrastructure. This provides a granular foundation for 

computational analysis. 

The second stage employs the DEMATEL method to map structural 

interdependencies. Expert judgments (ratings 0–4) populate a direct impact matrix, 
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which is normalized to calculate the Total Impact Matrix using the formula T = 

Xnorm(I − Xnorm)−1. This accounts for both direct and cumulative indirect effects, 

generating a structural D-R Causal Map that identifies six high-centrality "Driver" 

factors—including Energy Consumption and Regulatory Standards. These are 

distinguished as causative agents from dependent effects, representing a core 

scientific novelty in structural diagnostics. 

The third stage utilizes ANP to construct a Supermatrix reflecting complex 

feedback loops and interdependencies that linear models cannot capture. Guided by 

DEMATEL-identified dependencies and weighted by AHP priorities, the 

supermatrix yields Global Priority Vectors. These reveal Regulatory Standards 

(0.209) and Legal Harmonization (0.127) as the supreme systemic levers for reform. 

Expert judgments for AHP pairwise comparisons are calibrated on the Saaty 

scale (1–9), with the Consistency Ratio (CR < 0.10) ensuring logical coherence and 

validating empirical reliability. This tripartite approach—encompassing 

systematization (PESTEL), causal diagnosis (DEMATEL), and network 

prioritization (ANP)—bridges the gap between theoretical categorization and 

computational prioritization. It provides a robust, evidence-based toolkit that 

reclassifies challenges into Drivers, Dependent, Linking, and Marginal factors, 

supporting a phased, sequenced strategy for navigating the complexities of the 

global digital economy. 

3. Results and Analysis 

The empirical application of the hybrid AHP-DEMATEL-ANP framework 

yields transformative insights that redefine the hierarchical structure and causal 

architecture of challenges confronting international trade in the digital economy. 

First, the AHP analysis reveals a paradigm-shifting prioritization: contrary to 

conventional wisdom, Environmental challenges emerge as the most critical 

dimension, registering the highest average weight of 0.333. This indicates that the 

sustainability of digital infrastructure, driven predominantly by energy consumption 

and emissions, is the central anchor of global trade strategy. Following closely are 

Political, Social, and Legal dimensions (0.250 each), while Economic challenges 

exhibit the lowest aggregate weight (0.200), suggesting that institutional stability 

now outweighs cyclical economic fluctuations. 

Second, the DEMATEL analysis provides a structural diagnosis, mapping 

causal relationships onto a D-R Causal Diagram. This identifies six high-centrality 

drivers—Energy Consumption and Emissions, Regulatory Standards, Data 

Protection, Integration of Digital Solutions, New Educational Models, and Geo-

economic Competition—characterized by high dispatch power and positive D-R 
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values. These factors act as systemic levers initiating cascading effects.  

Conversely, factors such as Climate Risk Monitoring, Social Consequences, and 

Cybersecurity exhibit negative D-R values, positioning them as "Dependent" 

variables requiring reactive management rather than proactive initiation. This 

decomposition moves beyond flat lists to provide a dynamic map of systemic 

leverage points. 

Third, the ANP supermatrix calculation produces Global Priority Vectors, 

confirming Regulatory Standards as the single most critical factor (normalized 

priority: 0.209), followed by Legal Harmonization (0.127) and Trade Agreements 

(0.125). This underscores that institutional and legal convergence acts as the primary 

conduit for managing all other challenges. Interestingly, while environmental 

factors held the highest dimensional weight in AHP, their specific sub-criteria rank 

lower in the global priority list, suggesting that broad environmental sustainability 

serves as the overarching context, whereas specific regulatory interventions are the 

immediate, actionable instruments for trade governance. 

Collectively, these results facilitate a Strategic Quadrant Model, classifying 

challenges into four categories to enable a phased response: prioritizing high-impact 

Drivers for immediate reform, systematically monitoring Dependents, utilizing 

Linking factors for scaling, and applying targeted solutions to Marginal factors. This 

integrated diagnosis provides an evidence-based roadmap for policymakers to 

navigate digital trade complexities with unprecedented precision. 

4. Conclusion and Recommendations 

This study constructs a novel, integrated methodological framework 

combining a Quantified PESTEL model with hybrid AHP-DEMATEL-ANP 

techniques to resolve fragmentation in analyzing digital trade challenges. The 

principal novelty lies in six transformative insights: First, a Quantified PESTEL 

Framework expands the taxonomy to 24 sub-criteria, including data sovereignty and 

carbon footprints. Second, AHP reveals Environmental challenges—specifically 

energy consumption and emissions—as the most critical dimension (weight 0.333), 

dethroning traditional economic factors. Third, DEMATEL identifies six high-

centrality "Driver" factors via a D-R Causal Map, distinguishing causative agents 

from dependent effects. Fourth, ANP confirms Regulatory Standards as the supreme 

systemic lever (priority 0.209). Fifth, the study clarifies a paradox: while 

environmental sustainability is the macro-context, institutional harmonization 

provides immediate actionable instruments. Finally, these converge into a Strategic 

Quadrant Model classifying challenges into Drivers, Dependent, Linking, and 

Marginal categories, offering a phased roadmap. 
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Based on these findings, the practical recommendations urge policymakers to 

prioritize high-impact drivers—such as updating regulations, integrating digital 

systems, and improving energy efficiency—for immediate reform. They should 

systematically monitor dependent factors through KPIs and adaptive policies, utilize 

linking elements like cloud technologies for scaling efficiencies, and apply targeted 

solutions to marginal issues. By bridging qualitative risk identification with 

quantitative priority setting, this framework equips strategists to navigate the digital 

economy with unprecedented precision, ensuring coherent, impactful, and 

sustainable reforms. 
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