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ABSTRACT 

This meta-analysis examines the phenomenon of green decoupling in global supply chains following 2020, synthesizing 

evidence from 47 empirical studies. We analyze how environmental regulations and geoeconomic tensions have jointly 

influenced supply chain reconfiguration across manufacturing sectors. Our systematic review reveals three primary patterns: 

(1) accelerated nearshoring in carbon-intensive industries under stringent environmental policies, (2) diversification 

strategies balancing cost efficiency with regulatory compliance, and (3) technology-driven optimization enabling 

simultaneous emissions reduction and supply chain resilience. Statistical analysis of 156 firm-level restructuring decisions 

demonstrates that environmental regulation stringency (β = 0.42, p < 0.001) and geopolitical risk exposure (β = 0.38, p < 

0.001) independently predict supply chain reorganization. However, their interaction effect (β = 0.15, p < 0.05) suggests 

synergistic dynamics. Results indicate that green decoupling is most pronounced in automotive, electronics, and chemical 

sectors, with estimated emission reductions of 18-34% alongside supply chain regionalization. These findings contribute to 

understanding how firms navigate the dual pressures of sustainability imperatives and geopolitical fragmentation in post-

pandemic global economy  

Keyword: Green decoupling, supply chain reconfiguration, environmental regulation, geoeconomic interdependence, meta-

analysis, sustainability transitions 

1. INTRODUCTION 

The post-2020 period has witnessed unprecedented turbulence in global supply chain configurations, driven by intersecting 

forces of pandemic disruption, geopolitical tensions, and accelerating climate commitments. This convergence has catalyzed 

what we term 'green decoupling'—the strategic reorganization of production networks that simultaneously addresses 

environmental sustainability imperatives and geoeconomic risk management. While traditional supply chain literature has 

examined efficiency and resilience separately from environmental performance, recent empirical evidence suggests these 

dimensions are increasingly intertwined in corporate restructuring decisions. 

This study addresses three fundamental questions: First, how have environmental regulations influenced supply chain 

reconfiguration patterns across industries post-2020? Second, to what extent do geoeconomic factors mediate or moderate 

these environmental policy effects? Third, what are the quantifiable outcomes of green decoupling strategies in terms of both 

emissions reduction and supply chain resilience? Through systematic meta-analysis of 47 empirical studies encompassing 

156 firm-level supply chain restructuring cases, we provide comprehensive evidence on these critical questions. 

Our analytical framework integrates institutional theory, resource dependence perspective, and stakeholder theory to explain 

how firms respond to dual pressures. We argue that green decoupling represents a strategic adaptation where environmental 

compliance and geopolitical risk mitigation are complementary rather than competing objectives. This synthesis challenges 

the conventional trade-off narrative between globalization and sustainability, suggesting instead that regulatory stringency 

and geopolitical uncertainty can jointly drive supply chain transformation toward more sustainable and resilient 

configurations. 

The remainder of this paper proceeds as follows: Section 2 reviews theoretical frameworks and empirical literature; Section 

3 details our meta-analytical methodology; Section 4 presents comprehensive results across multiple dimensions; Section 5 

discusses implications and mechanisms; and Section 6 concludes with policy recommendations and research directions. 

2.  LITERATURE REVIEW AND THEORETICAL FRAMEWORK 

2.1 Green Supply Chain Transformation 

The literature on environmental supply chain management has evolved considerably since Walker et al. (2008) established 

foundational frameworks for sustainable procurement and green logistics. Recent scholarship emphasizes systemic  
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transformation rather than incremental improvements, with Sarkis et al. (2021) documenting how circular economy 

principles are reshaping industrial ecosystems. Empirical evidence from Zhu and Sarkis (2022) demonstrates that 

environmental management systems adoption correlates with supply chain performance improvements, particularly when 

integrated with digital technologies. Furthermore, Seuring and Müller (2020) identified that regulatory pressures, rather than 

voluntary initiatives, drive substantive structural changes in supplier networks 

2.2 Geoeconomic Fragmentation and Supply Chain Resilience 

Geopolitical research has increasingly recognized supply chains as critical infrastructure subject to strategic competition. 

Strange and Zucchella (2021) analyzed how US-China technological decoupling has propagated throughout global value 

chains, forcing firms to reconfigure sourcing strategies. Javorcik et al. (2022) provided quantitative evidence that trade policy 

uncertainty increases inventory costs and supplier diversification efforts. More recently, Antràs and Chor (2023) developed 

theoretical models explaining how firms optimize supply chain structures under joint consideration of efficiency, resilience, 

and political risk, finding that geographically concentrated networks become less attractive when political tensions rise. 

2.3 Integration: Environmental Regulation and Geoeconomic Interdependence 

Despite rich separate literatures, few studies examine the intersection of environmental policy and geopolitical factors in 

shaping supply chains. Notable exceptions include Friedlingstein et al. (2022), who analyzed carbon border adjustment 

mechanisms' implications for international trade networks, and Baldwin and Freeman (2022), who explored how climate 

clubs and trade agreements create overlapping governance structures. Recent work by Meckling and Nahm (2023) suggests 

that industrial policy combining climate objectives with strategic autonomy goals represents a new paradigm in economic 

statecraft, with profound implications for global production organization. 

Our study builds on these foundations by systematically synthesizing empirical evidence across industries and regions, 

quantifying the relative magnitudes and interaction effects of environmental and geoeconomic drivers, and identifying 

boundary conditions for green decoupling strategies. 

3. METHODOLOGY 

3.1 Literature Search and Selection 

We conducted systematic searches across Web of Science, Scopus, and Google Scholar databases for studies published 

between January 2020 and March 2025. Search terms included combinations of: 'supply chain reconfiguration,' 

'environmental regulation,' 'green supply chain,' 'nearshoring,' 'reshoring,' 'geopolitical risk,' 'trade policy,' and 'sustainability.' 

Initial screening yielded 312 potentially relevant articles, which were filtered based on inclusion criteria: (1) empirical 

analysis of supply chain structural changes post-2020, (2) quantitative measurement of environmental or geopolitical factors, 

(3) firm or industry-level data, and (4) peer-reviewed publication or working papers from established research institutions. 

After full-text review and quality assessment using a modified Newcastle-Ottawa scale for observational studies, 47 studies 

met all criteria, encompassing 156 distinct supply chain restructuring cases across 23 countries and 8 major industrial sectors. 

Figure 1 presents the PRISMA flow diagram documenting our selection process, while Table 1 summarizes the 

characteristics of included studies. 

Figure 1: PRISMA Flow Diagram 

[Initial Records (n=312)] → [Screening] → [Eligibility Assessment] → [Final Inclusion (n=47)] 

Table 1: Characteristics of Included Studies (N=47) 

Study Characteristic Category N Studies Percentage Cases 

Geographic Focus North America 14 29.8% 52 

 Europe 18 38.3% 61 

 Asia-Pacific 15 31.9% 43 

Industry Sector Automotive 12 25.5% 38 

 Electronics 10 21.3% 34 
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Study Characteristic Category N Studies Percentage Cases 

 Chemicals 8 17.0% 27 

 Textiles & Apparel 6 12.8% 22 

 Other Manufacturing 11 23.4% 35 

Study Design Cross-sectional 28 59.6% — 

 Longitudinal 19 40.4% — 

Note: Some studies examined multiple industries or regions, resulting in overlapping categories. 

3.2 Variable Coding and Effect Size Calculation 

For each study, we extracted data on: (1) environmental regulatory stringency (measured via policy indices, carbon pricing 

levels, or regulatory compliance costs), (2) geopolitical risk exposure (trade policy uncertainty indices, geographic 

concentration measures, or political risk ratings), (3) supply chain restructuring actions (nearshoring, reshoring, supplier 

diversification, or regionalization), and (4) outcomes (emission reductions, cost changes, supply chain resilience metrics). 

We standardized effect sizes using correlation coefficients (r) or converted reported statistics to r equivalents using 

established formulas. For studies reporting regression coefficients, we calculated partial correlations controlling for firm size 

and industry fixed effects. 

3.3 Statistical Analysis 

We employed random-effects meta-analytic models to account for expected heterogeneity across studies. Publication bias 

was assessed through funnel plot asymmetry and Egger's regression test. Heterogeneity was quantified using I² statistics and 

explored through meta-regression with moderators including industry sector, geographic region, study design, and sample 

characteristics. Sensitivity analyses examined robustness to individual study exclusion and alternative effect size metrics. 

All analyses were conducted using R 4.3.0 with the metafor package, following PRISMA guidelines for systematic reviews. 

4.  RESULTS 

4.1 Main Effects: Environmental Regulation and Supply Chain Reconfiguration 

Meta-analysis of 47 studies revealed a substantial positive relationship between environmental regulatory stringency and 

supply chain restructuring activities (pooled r = 0.42, 95% CI [0.36, 0.48], p < 0.001). This effect remained robust across 

multiple sensitivity analyses and alternative model specifications. Substantial heterogeneity was observed (I² = 76.3%, Q = 

197.6, p < 0.001), warranting moderator analyses. Figure 2 presents the forest plot of individual study effects and pooled 

estimates. 

Figure 2: Forest Plot of Environmental Regulation Effects 

Study 1  |████████████████░░░░| r=0.45 [0.38,0.52] Study 2  |█████████████░░░░░░░| r=0.38 

[0.29,0.47] ... Pooled   |█████████████████░░░| r=0.42 [0.36,0.48]          0    0.2   0.4   

0.6 

Moderator analysis indicated significant sectoral variation. Carbon-intensive industries (automotive, chemicals, steel) 

exhibited stronger associations (r = 0.51, 95% CI [0.43, 0.58]) compared to service-oriented or low-emission sectors (r = 

0.31, 95% CI [0.22, 0.40]), Q_between = 12.4, p < 0.001. Geographic differences were also evident, with European firms 

showing stronger responses (r = 0.48) than North American (r = 0.39) or Asian (r = 0.37) counterparts, possibly reflecting 

differential regulatory enforcement and corporate sustainability norms. 

4.2 Geopolitical Risk and Supply Chain Adaptation 

Geopolitical risk exposure demonstrated an independent positive association with supply chain reconfiguration (pooled r = 

0.38, 95% CI [0.31, 0.45], p < 0.001, I² = 71.8%). This relationship was particularly pronounced for firms with high 

geographic concentration in politically unstable regions or those heavily dependent on cross-border trade subject to tariff 

volatility. Table 2 presents detailed breakdown by geopolitical risk type and restructuring response. 
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Table 2: Meta-Analytic Results by Geopolitical Risk Type 

Geopolitical Risk Type N Studies Pooled r 95% CI I² p-value 

Trade Policy Uncertainty 23 0.41 [0.33, 0.49] 68.4% <0.001 

Supplier Geographic 

Concentration 

18 0.44 [0.35, 0.53] 72.1% <0.001 

Political Stability Index 14 0.36 [0.26, 0.46] 65.7% <0.001 

Sanctions Exposure 11 0.52 [0.40, 0.63] 70.3% <0.001 

Strategic Resource 

Dependencies 

16 0.39 [0.30, 0.48] 66.9% <0.001 

Overall Pooled Effect 47 0.38 [0.31, 0.45] 71.8% <0.001 

Note: All effect sizes represent correlations between geopolitical risk exposure and supply chain reconfiguration intensity. 

4.3 Interaction Effects: Environmental Regulation × Geopolitical Risk 

A critical finding emerged from meta-regression analysis examining interaction effects. Environmental regulation and 

geopolitical risk demonstrated significant positive interaction (β = 0.15, SE = 0.06, p = 0.012), indicating synergistic rather 

than additive effects. Specifically, firms facing both high regulatory stringency and elevated geopolitical risk exhibited 

disproportionately stronger supply chain restructuring responses compared to firms experiencing only one pressure. Table 3 

presents interaction effect estimates across different industry contexts. 

Table 3: Interaction Effects Between Environmental Regulation and Geopolitical Risk 

Industry Sector N Cases Main Effect 

(Env) 

Main Effect 

(Geo) 

Interaction 

β 

Joint Effect 

(High/High) 

Automotive 38 0.48*** 0.43*** 0.21* 0.69 

Electronics 34 0.39*** 0.51*** 0.18* 0.72 

Chemicals 27 0.54*** 0.36*** 0.16* 0.71 

Textiles & Apparel 22 0.32*** 0.29** 0.09 0.52 

Other Manufacturing 35 0.37*** 0.34*** 0.12 0.58 

Pooled Estimate 156 0.42*** 0.38*** 0.15* 0.66 

Note: ***p<0.001, **p<0.01, *p<0.05. Joint effect calculated for firms at 1 SD above mean on both predictors. Env = 

Environmental regulation stringency; Geo = Geopolitical risk exposure. 

4.4 Types of Supply Chain Reconfiguration 

Analysis of reconfiguration strategies revealed four distinct approaches: nearshoring (relocating production closer to end 

markets), reshoring (returning production to home country), supplier diversification (expanding supplier base across multiple 

regions), and regionalization (concentrating supply chains within macro-regions like EU or USMCA). Table 4 presents the 

distribution and effectiveness of these strategies. 
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Table 4: Supply Chain Reconfiguration Strategies and Outcomes 

Strategy Type N Cases Adoption 

Rate 

Avg. Emission 

Reduction 

Cost Impact Resilience 

Improvement 

Nearshoring 58 37.2% 24.3% ± 8.1% +8.2% +34.5% (High) 

Reshoring 31 19.9% 31.7% ± 11.2% +15.4% +42.8% (Very 

High) 

Supplier Diversification 43 27.6% 14.2% ± 6.4% +3.1% +28.3% 

(Moderate) 

Regionalization 24 15.4% 27.9% ± 9.7% +5.8% +31.7% 

(Moderate-High) 

Note: Multiple strategies could be adopted simultaneously. Emission reductions measured relative to 2019 baseline. Cost 

impacts represent change in total supply chain costs. Resilience measured via supply chain disruption recovery time. 

Notably, reshoring achieved the highest emission reductions (31.7%) but also incurred the greatest cost increases (+15.4%), 

while supplier diversification offered modest environmental benefits at minimal cost. The choice among strategies was 

strongly influenced by industry characteristics: capital-intensive sectors favored nearshoring, while labor-intensive industries 

predominantly pursued diversification. 

4.5 Temporal Dynamics and Accelerating Transitions 

Longitudinal analysis of supply chain restructuring timing revealed accelerating transition rates post-2022. While 2020-2021 

saw primarily reactive adjustments driven by pandemic disruptions, 2022-2024 witnessed proactive strategic 

reconfigurations motivated by environmental and geopolitical considerations. Figure 3 illustrates the temporal evolution of 

restructuring activities and their primary drivers. 

Figure 3: Temporal Evolution of Supply Chain Restructuring (2020-2024) 

N Cases per Year 60 |                              ████ 50 |                        ████ ████ 

40 |                  ████ ████ ████ 30 |            ████ ████ ████ ████ 20 |      ████ ████ 

████ ████ ████ 10 |████ ████ ████ ████ ████ ████  0 |____________________________     2020 

2021 2022 2023 2024     ████ = Environmental ░░░░ = Geopolitical 

The data reveal a clear inflection point in 2022, coinciding with the confluence of Russia-Ukraine conflict impacts, 

accelerated EU Carbon Border Adjustment Mechanism implementation, and US Inflation Reduction Act passage. 

Environmental considerations increasingly co-determined restructuring decisions alongside geopolitical factors, supporting 

our green decoupling framework. 

4.6 Sectoral Analysis: Carbon-Intensive vs. Low-Emission Industries 

Comparative analysis across industries with varying carbon intensities revealed systematic differences in restructuring 

patterns and outcomes. Table 5 presents comprehensive sectoral breakdowns including carbon footprint changes, regulatory 

compliance costs, and performance implications. 

Table 5: Sectoral Analysis of Green Decoupling Outcomes 

Industry Carbon 

Intensity 
Restructuring 

Rate 
Emission 

Reduction 
Compliance 

Cost 
Supply 

Flexibility 
ROI Period 

Automotive High 72.4% 28.6% ± 9.3% €42M avg +38.2% 4.2 years 

Electronics Medium 65.8% 19.4% ± 7.1% €28M avg +42.7% 3.1 years 

Chemicals Very High 78.9% 34.2% ± 11.8% €67M avg +29.1% 5.7 years 
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Industry Carbon 

Intensity 
Restructuring 

Rate 
Emission 

Reduction 
Compliance 

Cost 
Supply 

Flexibility 
ROI Period 

Pharmaceuticals Medium 54.2% 16.7% ± 5.9% €31M avg +35.4% 3.8 years 

Textiles & Apparel Medium 48.6% 22.1% ± 8.4% €19M avg +44.8% 2.9 years 

Food & Beverage Low 41.7% 12.3% ± 4.6% €14M avg +31.2% 2.3 years 

Note: Carbon intensity based on scope 1+2 emissions per unit revenue. Restructuring rate indicates percentage of firms 

undertaking major supply chain changes 2020-2024. Supply flexibility measured via supplier base diversification. All 

monetary values in 2024 euros. 

4.7 Technology Adoption and Digital Enablers 

An important moderator of green decoupling effectiveness was technology adoption, particularly digital supply chain 

platforms, AI-enabled optimization, blockchain for traceability, and carbon accounting systems. Table 6 examines the role 

of technological capabilities in facilitating simultaneous environmental and resilience improvements. 

Table 6: Technology Adoption and Green Decoupling Performance 

Technology Category Adoption 

Rate 

Emission 

Impact 

Resilience 

Impact 

Cost 

Efficiency 

Implementation 

Time 

Digital Supply Chain 

Platforms 

68.4% +12.3% 

reduction 

+45.7% 

improvement 

+18.9% 14-18 months 

AI-Enabled Route 

Optimization 

42.3% +8.7% reduction +22.1% 

improvement 

+24.3% 6-9 months 

Blockchain Supply 

Traceability 

31.8% +5.2% reduction +31.4% 

improvement 

+8.1% 10-14 months 

Real-Time Carbon 

Accounting 

56.7% +15.4% 

reduction 

+19.8% 

improvement 

+11.7% 8-12 months 

IoT Sensor Networks 38.9% +6.8% reduction +37.2% 

improvement 

+15.4% 12-16 months 

Predictive Analytics for 

Demand 

52.4% +9.3% reduction +28.6% 

improvement 

+21.8% 7-11 months 

 

The data reveal complementarities between technology adoption and green decoupling strategies. Firms combining digital 

platforms with carbon accounting achieved 27.7% emission reductions on average, compared to 18.4% for firms relying 

solely on physical supply chain reorganization. This suggests that technological capabilities represent enablers rather than 

substitutes for structural changes. Moreover, technology adoption demonstrates learning curve effects, with early adopters 

achieving superior outcomes as they accumulate operational experience and refine implementation approaches. Late adopters 

benefit from knowledge spillovers and more mature technological solutions, but also face competitive disadvantages as 

industry norms shift toward digital-enabled sustainability management. 

The interaction between technology adoption and firm size reveals interesting patterns. Large enterprises possess resources 

for comprehensive digital transformation, implementing multiple technologies simultaneously and achieving synergistic 

benefits. However, technology also democratizes certain capabilities—cloud-based platforms and software-as-a-service 

solutions enable smaller firms to access sophisticated optimization tools previously available only to large corporations. This 
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partial leveling effect suggests that technology could reduce rather than exacerbate size-based advantages in green supply 

chain management, though empirical evidence remains limited on this hypothesis. 

4.9 Comparative Advantage and Competitive Dynamics 

Analysis of competitive dynamics reveals that green decoupling creates both risks and opportunities for firms. Early movers 

in supply chain restructuring often incur higher costs but establish advantageous positions as regulatory requirements tighten. 

First-mover advantages include securing favorable supplier relationships in preferred locations, developing organizational 

capabilities for sustainable supply chain management, building brand reputation for environmental leadership, and 

influencing emerging industry standards. Evidence from our dataset indicates that firms initiating restructuring in 2020-2021 

achieved 23% better emission reduction outcomes by 2024 compared to firms beginning similar transitions in 2023-2024, 

despite equivalent investments. 

However, fast followers benefit from learning opportunities and avoid risks of premature commitment to suboptimal 

configurations. Technology evolution, policy clarification, and market demonstration of viable models reduce uncertainty 

for later adopters. The optimal timing depends on industry characteristics, with stable sectors favoring early moves and 

volatile sectors benefiting from strategic delay. This timing dilemma represents a critical strategic choice that our meta-

analysis illuminates but cannot fully resolve, as context-specific factors ultimately determine optimal approaches. 

Competitive dynamics also manifest through supply chain power relationships. Large buyers leverage purchasing power to 

impose sustainability requirements on suppliers, effectively transferring restructuring costs downstream. While this 

accelerates emissions reductions throughout value chains, it also risks supplier viability disruptions and concentrated power 

in buyer-supplier relationships. Collaborative approaches emphasizing long-term partnerships and shared investment in 

sustainability capabilities may prove more sustainable than adversarial compliance enforcement, though empirical evidence 

on comparative effectiveness remains limited. 

4.10 Risk Management and Resilience Outcomes 

Beyond emission reductions, supply chain resilience improvements constitute a critical outcome dimension. Our analysis 

reveals that green decoupling strategies generally enhance resilience through multiple mechanisms. Geographic 

diversification reduces exposure to localized disruptions, whether natural disasters, political instability, or pandemic-related 

lockdowns. Nearshoring and regionalization shorten supply chains, reducing lead times and transportation vulnerabilities. 

Technology integration enables rapid adaptation through real-time visibility and predictive analytics identifying emerging 

risks. 

Quantitative assessment indicates that firms implementing comprehensive green decoupling strategies experienced 34% 

shorter disruption recovery times during 2022-2024 compared to pre-2020 baselines. This resilience premium demonstrates 

tangible value beyond environmental benefits, partially offsetting restructuring costs through avoided disruption losses. 

Insurance industry recognition of improved risk profiles further materializes in reduced premiums for firms demonstrating 

robust supply chain designs, creating additional financial incentives for green decoupling adoption. 

However, resilience-sustainability trade-offs sometimes emerge. Redundant supply capacity built for resilience increases 

emissions through duplicative production and transportation. Just-in-case inventory strategies conflicting with just-in-time 

lean principles impose both cost and environmental penalties. Balancing these tensions requires sophisticated optimization 

considering multiple objectives simultaneously, where technology-enabled analytics prove particularly valuable. Firms 

successfully managing these trade-offs demonstrate superior performance on both dimensions, suggesting complementarity 

achievable through advanced management practices. 

4.8 Publication Bias and Sensitivity Analysis 

Funnel plot examination and Egger's regression test revealed minimal evidence of publication bias (t = 1.34, p = 0.186). 

Sensitivity analyses excluding studies with potential conflicts of interest, industry-funded research, or small sample sizes 

yielded substantively unchanged pooled estimates (r = 0.40 for environmental regulation, r = 0.36 for geopolitical risk). 

Trim-and-fill analysis suggested that even accounting for potential unpublished null results, effect sizes would remain 

statistically significant and practically meaningful. Table 7 presents comprehensive sensitivity analysis results. 

Table 7: Sensitivity Analysis and Robustness Checks 

Analysis Type N Studies Environmental 

Regulation r 

Geopolitical 

Risk r 

Interaction β 

Main Analysis (All Studies) 47 0.42 [0.36, 

0.48]*** 

0.38 [0.31, 

0.45]*** 

0.15 [0.03, 

0.27]* 
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Analysis Type N Studies Environmental 

Regulation r 

Geopolitical 

Risk r 

Interaction β 

Excluding Industry-Funded Studies 39 0.40 [0.33, 

0.47]*** 

0.36 [0.28, 

0.44]*** 

0.14 [0.02, 

0.26]* 

Only Longitudinal Studies 19 0.45 [0.36, 

0.54]*** 

0.41 [0.31, 

0.51]*** 

0.18 [0.04, 

0.32]* 

Large Sample Only (N>50) 31 0.41 [0.34, 

0.48]*** 

0.37 [0.29, 

0.45]*** 

0.16 [0.04, 

0.28]* 

Excluding High-Risk-of-Bias 

Studies 

35 0.43 [0.36, 

0.50]*** 

0.39 [0.31, 

0.47]*** 

0.17 [0.05, 

0.29]* 

Post-2022 Studies Only 29 0.46 [0.38, 

0.54]*** 

0.42 [0.33, 

0.51]*** 

0.19 [0.06, 

0.32]** 

Trim-and-Fill Adjusted 51 (est.) 0.39 [0.33, 

0.45]*** 

0.35 [0.28, 

0.42]*** 

0.13 [0.01, 

0.25]* 

Alternative Effect Size (SMD) 47 d=0.93 [0.78, 

1.08]*** 

d=0.83 [0.67, 

0.99]*** 

— 

Note: ***p<0.001, **p<0.01, *p<0.05. Square brackets indicate 95% confidence intervals. SMD = Standardized Mean 

Difference (Cohen's d). All sensitivity analyses demonstrate robustness of main findings. 

 

5. DISCUSSION 

5.1 Theoretical Implications 

Our findings make several theoretical contributions to supply chain management and international business literature. First, 

we provide systematic evidence that environmental regulation and geopolitical risk jointly shape supply chain configurations, 

challenging literatures that examine these factors in isolation. The significant positive interaction effect suggests synergistic 

dynamics where dual pressures create amplified reorganization incentives beyond additive predictions. 

Second, results support institutional theory predictions that regulatory stringency drives substantive structural changes rather 

than mere symbolic compliance. Effect sizes are substantial across industries, with carbon-intensive sectors showing 

particularly strong responses. This aligns with resource dependence perspectives emphasizing firms' adaptation to critical 

environmental constraints. However, the variation across sectors suggests boundary conditions to institutional isomorphism, 

with industry-specific characteristics moderating regulatory impacts. 

Third, the technology adoption findings illuminate mechanisms enabling simultaneous achievement of environmental and 

resilience objectives. Digital capabilities appear to function as complementary assets facilitating green decoupling strategies, 

rather than substitutes for physical restructuring. This integration of technology and organizational change perspectives 

advances understanding of sustainable supply chain transformation. 

Fourth, our meta-analysis demonstrates empirically what has been theoretically proposed: that the post-2020 era represents 

a paradigm shift in global supply chain governance, where sustainability and security considerations converge in strategic 

decision-making. This challenges traditional efficiency-centered supply chain theories and calls for integrated frameworks 

incorporating environmental and geopolitical dimensions. 

5.2 Practical Implications for Managers and Policymakers 

For corporate managers, findings suggest that proactive green decoupling strategies can generate competitive advantages. 

Firms that anticipate regulatory trends and invest in both physical restructuring and digital enablers achieve superior 
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environmental and operational performance. The substantial emission reductions (18-34%) alongside resilience 

improvements demonstrate feasibility of win-win approaches, contrary to conventional trade-off assumptions. 

However, cost implications warrant careful consideration. Reshoring delivers maximum emission reductions but at 

significant expense, while supplier diversification offers more cost-effective though modest environmental benefits. Strategic 

choice among approaches should align with firm-specific carbon exposure, regulatory context, and financial capacity. 

For policymakers, evidence of strong regulatory effects validates ambitious environmental policies as drivers of industrial 

transformation. Carbon border adjustments, emissions trading systems, and renewable energy mandates appear effective in 

catalyzing supply chain reconfiguration. However, policymakers should recognize interaction with geopolitical factors: 

regulatory stringency may have amplified effects during periods of trade uncertainty, suggesting strategic timing 

considerations. 

The technology dimension highlights opportunities for policy support toward digital infrastructure and carbon accounting 

systems. Given their role in enabling efficient green decoupling, public investment in technological capabilities could 

accelerate transitions while minimizing adjustment costs. 

5.3 Mechanisms and Pathways of Green Decoupling 

Understanding the mechanisms through which environmental regulation and geopolitical factors jointly drive supply chain 

reconfiguration is essential for both theory development and practical application. Our analysis reveals multiple pathways 

through which green decoupling emerges. First, regulatory compliance costs create economic incentives for relocating 

production facilities. When carbon pricing or emissions standards increase operational expenses in certain jurisdictions, firms 

face pressure to restructure supply chains toward regions with more favorable regulatory environments or invest in cleaner 

production technologies. This cost-driven pathway explains much of the nearshoring observed in carbon-intensive industries. 

Second, stakeholder pressures amplify regulatory effects. Institutional investors increasingly incorporate environmental, 

social, and governance criteria into investment decisions, with major asset managers demanding supply chain transparency 

and emissions reduction commitments. Consumer preferences also shift toward sustainable products, creating market 

incentives beyond regulatory compliance. These stakeholder-driven dynamics accelerate green decoupling by aligning 

financial incentives with environmental objectives. Evidence from our included studies suggests that firms facing combined 

regulatory and stakeholder pressures demonstrate 32% higher restructuring propensity compared to those experiencing only 

regulatory requirements. 

Third, geopolitical factors interact with environmental considerations through risk perception mechanisms. Trade policy 

uncertainty heightens corporate risk aversion, making diversified, regionally-balanced supply chains more attractive. When 

environmental regulations vary across regions, firms can simultaneously reduce geopolitical exposure and carbon footprints 

by establishing regional production hubs near major markets. This dual-objective optimization represents the core 

mechanism of green decoupling, where sustainability and security become mutually reinforcing rather than competing 

priorities. 

Fourth, technology adoption enables feasibility of complex reconfigurations. Digital supply chain platforms provide real-

time visibility across global networks, facilitating coordination of dispersed operations. AI-powered optimization algorithms 

identify efficient regional configurations balancing cost, emissions, and resilience objectives. Blockchain systems ensure 

traceability and regulatory compliance verification. Without these technological capabilities, many green decoupling 

strategies would remain theoretically attractive but practically infeasible. 

Fifth, organizational learning and capability development mediate restructuring success. Firms that successfully implement 

green decoupling demonstrate superior dynamic capabilities—ability to sense opportunities, seize them through 

reconfiguration, and transform organizational routines. These capabilities develop through experimentation, knowledge 

acquisition from partners, and integration of sustainability expertise into supply chain management functions. The learning 

curve helps explain why some firms achieve substantial emission reductions while maintaining operational performance, 

while others struggle with implementation challenges. 

5.4 Regional Patterns and Comparative Analysis 

Geographic analysis reveals distinct regional patterns in green decoupling adoption and outcomes. European firms 

demonstrate the strongest environmental regulation effects (r = 0.48), reflecting stringent EU climate policies including the 

Emissions Trading System, Carbon Border Adjustment Mechanism, and Corporate Sustainability Reporting Directive. 

European companies also benefit from well-developed regional supply networks within the single market, facilitating intra-

European restructuring with lower transaction costs. The combination of regulatory pressure and institutional support creates 

favorable conditions for green decoupling implementation. 

North American firms show moderate environmental regulation effects (r = 0.39) but stronger geopolitical risk responses, 

particularly following US-China trade tensions and semiconductor supply chain vulnerabilities exposed during the pandemic. 

The United States-Mexico-Canada Agreement facilitates nearshoring to Mexico for US manufacturers, while Canadian firms 
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increasingly regionalize within North American networks. The Inflation Reduction Act's clean energy incentives further 

accelerate green manufacturing reshoring, though effects are still emerging as of 2024-2025. 

Asian-Pacific patterns reflect heterogeneity across subregions. Japanese and South Korean firms actively diversify away 

from China-centric networks, establishing alternative production sites in Southeast Asia while maintaining technological 

leadership in home countries. Chinese firms paradoxically engage in both outward investment to circumvent trade barriers 

and domestic supply chain optimization to reduce emissions under national climate commitments. ASEAN countries emerge 

as beneficiaries of supply chain reconfiguration, attracting foreign direct investment for regional manufacturing hubs serving 

global markets with lower environmental compliance costs than developed economies. 

These regional variations suggest that institutional contexts significantly moderate green decoupling outcomes. Regions with 

coordinated environmental policies, supportive industrial infrastructure, and established trade agreements facilitate smoother 

transitions than fragmented policy environments. However, this also raises equity concerns, as developing countries may 

face pressure to adopt stringent environmental standards without commensurate capacity building or financial support, 

potentially exacerbating global inequality in manufacturing competitiveness. 

5.5 Policy Implications and Recommendations 

Our findings generate several policy recommendations for governments seeking to facilitate green supply chain transitions. 

First, coordinated international environmental policies reduce regulatory arbitrage and competitive disadvantages. Carbon 

border adjustment mechanisms that equalize carbon costs across borders can accelerate global decarbonization while 

protecting domestic industries. However, design must carefully balance environmental effectiveness with trade law 

compliance and developing country concerns about market access. 

Second, industrial policy should integrate climate and competitiveness objectives. Green industrial policy instruments—

including targeted R&D funding, infrastructure investment, procurement preferences for low-carbon products, and workforce 

training programs—can facilitate supply chain transformation while maintaining economic vitality. The success of renewable 

energy sector development in China and Europe demonstrates how coordinated policy support accelerates both 

environmental and industrial outcomes. 

Third, governments should invest in digital infrastructure enabling supply chain transparency and optimization. Public 

platforms providing emissions data, supplier information, and regulatory compliance tools reduce implementation costs for 

firms, particularly small and medium enterprises lacking resources for sophisticated systems. Standardization of carbon 

accounting methodologies and supply chain disclosure frameworks facilitates comparability and reduces greenwashing risks. 

Fourth, trade agreements should incorporate environmental provisions more systematically. Future trade frameworks could 

include supply chain sustainability chapters mandating emissions disclosure, labor standards, and circular economy 

principles. These provisions create level playing fields while advancing both environmental and economic integration 

objectives. Regional trade agreements like the European Union's Green Deal diplomacy or potential Asia-Pacific 

sustainability partnerships could pioneer such approaches. 

Fifth, supporting developing country participation in green supply chains requires capacity building and technology transfer. 

Financial mechanisms through climate funds or development banks could subsidize clean technology adoption, infrastructure 

development, and institutional capacity in emerging markets. Without such support, green decoupling risks marginalizing 

developing countries from global value chains, contradicting both equity and climate objectives that require worldwide 

participation in decarbonization efforts. 

5.6 Limitations and Future Research Directions 

Several limitations merit acknowledgment. First, while meta-analysis provides systematic synthesis, heterogeneity in 

measurement approaches across studies complicates direct comparisons. Environmental regulation stringency measures vary 

from carbon price levels to regulatory compliance indices to policy density metrics. Similarly, geopolitical risk indicators 

range from trade policy uncertainty indices to political stability ratings to sanction exposure calculations. We addressed this 

through standardization procedures and sensitivity analyses, but measurement standardization remains an ongoing challenge. 

Future research should develop common metrics for supply chain restructuring and green performance that enable more 

precise cross-study comparisons. 

Second, most included studies examined large multinational firms, potentially limiting generalizability to small and medium 

enterprises that face different resource constraints and regulatory pressures. SMEs often lack financial capacity for major 

supply chain investments, technical expertise for emissions optimization, or bargaining power with suppliers for green 

standards implementation. Yet SMEs constitute the majority of firms globally and represent critical supply chain nodes. 

Research examining SME responses to environmental regulation and geopolitical risk would complement our findings and 

illuminate whether green decoupling remains accessible across firm size categories or becomes another dimension of 

competitive advantage for large corporations. 

Third, temporal dynamics remain incompletely understood. While we documented acceleration post-2022, longer-term 
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trajectories and potential reversals require continued monitoring. Supply chain restructuring involves substantial fixed 

investments with multi-year payback periods, creating path dependencies that could persist even if initial drivers weaken. 

Conversely, political changes or economic shocks might trigger rapid reversals toward previous configurations. Longitudinal 

studies tracking individual firms over extended periods would illuminate adaptation pathways, persistence of structural 

changes, and potential tipping points in supply chain evolution. 

Fourth, causal mechanisms linking regulation, geopolitical risk, and restructuring decisions merit deeper investigation. Our 

correlational findings establish associations but cannot definitively determine causality. Endogeneity concerns arise because 

firms anticipating regulatory changes might preemptively restructure, while successful restructuring might influence 

subsequent policy formation. Natural experiments exploiting policy variations or geopolitical shocks could strengthen causal 

inference. Difference-in-differences designs comparing firms in jurisdictions with differential regulatory timing, regression 

discontinuity approaches utilizing policy thresholds, or instrumental variable strategies employing exogenous political events 

would advance understanding of causal effects. 

Fifth, outcome measurement focuses primarily on environmental and operational metrics, with limited attention to social 

sustainability dimensions. Labor impacts of supply chain reconfiguration—including employment effects, wage changes, 

working conditions, and community disruptions—receive insufficient scrutiny in existing literature. Green decoupling that 

achieves emissions reductions through offshoring to countries with weak labor protections represents pyrrhic victories that 

shift rather than solve sustainability challenges. Future research should examine social outcomes alongside environmental 

and economic dimensions, adopting holistic sustainability frameworks. 

Sixth, the role of financial institutions and capital markets in enabling or constraining green decoupling warrants 

investigation. Access to green finance, cost of capital differentials for sustainable investments, and investor preferences for 

ESG performance increasingly influence corporate decision-making. Yet few studies systematically examine how financial 

market pressures interact with regulatory and geopolitical factors in shaping supply chain strategies. Research integrating 

corporate finance perspectives with supply chain management could illuminate capital market mechanisms driving green 

transitions. 

Additional research directions include: (1) distributional effects across global regions, particularly impacts on developing 

economies that may face exclusion from green supply chains or pressure to adopt costly standards without commensurate 

benefits; (2) sectoral deep dives examining industry-specific dynamics, such as agriculture and food systems or fashion and 

textiles where environmental and social issues intertwine distinctly; (3) dynamic capabilities required for successful green 

decoupling, including organizational learning processes and knowledge management systems; (4) role of industry 

associations, multi-stakeholder initiatives, and private governance in coordinating supply chain sustainability beyond state 

regulation; (5) rebound effects or unintended consequences of supply chain reorganization, such as emissions leakage, 

increased transportation distances, or weakened supplier relationships; and (6) integration with circular economy principles, 

exploring how supply chain circularity complements or conflicts with green decoupling strategies focused on geographical 

reconfiguration. 

6. CONCLUSION 

This meta-analysis provides comprehensive evidence that green decoupling—the strategic reorganization of supply chains 

integrating environmental sustainability and geopolitical resilience—represents a defining characteristic of post-2020 global 

economy. Synthesizing 47 empirical studies encompassing 156 restructuring cases, we demonstrate that environmental 

regulatory stringency and geopolitical risk exposure independently and interactively drive supply chain reconfiguration 

across industries. 

Quantitative findings reveal substantial effect sizes: environmental regulation correlates 0.42 with restructuring intensity, 

geopolitical risk 0.38, with a synergistic interaction effect of 0.15. Carbon-intensive industries show strongest responses, 

with automotive, electronics, and chemical sectors achieving 28-34% emission reductions alongside enhanced supply chain 

resilience. Technology adoption amplifies these outcomes, with digital platforms enabling simultaneous optimization of 

environmental and operational objectives. 

The convergence of sustainability imperatives and geopolitical fragmentation challenges fundamental assumptions of global 

supply chain management. Rather than representing a zero-sum trade-off between efficiency, resilience, and sustainability, 

our evidence suggests possibilities for complementary strategies where environmental compliance reinforces supply chain 

robustness. This paradigm shift from optimization to adaptation, from global to regional, and from cost to risk-consciousness 

marks a structural transformation with enduring implications. 

For scholars, findings establish green decoupling as a coherent phenomenon warranting continued theoretical and empirical 

attention. The interplay between institutional pressures, resource dependencies, and technological capabilities suggests 

fruitful avenues for integrated theorizing. For practitioners and policymakers, evidence validates proactive approaches to 

supply chain transformation that anticipate dual pressures rather than reacting to crises. 
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As environmental constraints tighten and geopolitical tensions persist, green decoupling will likely intensify. Understanding 

mechanisms, moderators, and outcomes of this transformation remains critical for navigating the evolving landscape of 

global production and trade. This study provides systematic foundation for such understanding, while highlighting numerous 

questions requiring continued investigation 
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