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Abstract

Global supply chains are increasingly vulnerable to exogenous shocks arising from
geopolitical tensions and volatile trade policies. This study models the dynamic effects of
geopolitical risk and trade policy volatility on supply chain resilience, examining how firms
respond through reconfiguration strategies. Using an integrated econometric and
simulation-based modeling approach, the paper identifies causal relationships between
macro-level uncertainties and operational adaptations, with empirical illustrations from
major global trade corridors. The findings underscore the importance of adaptive strategies
like nearshoring, dual sourcing, and digital visibility to maintain supply continuity in
uncertain environments.
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1. Introduction

The past decade has witnessed escalating geopolitical disruptions—such as the U.S.-
China trade war, Brexit, and the Russia-Ukraine conflict—causing ripple effects across global
supply chains. These disruptions often coincide with erratic trade policy shifts, making
supply networks more vulnerable to delays, cost fluctuations, and resource unavailability.
Traditional lean models of supply chains, optimized for cost-efficiency, have been

increasingly challenged by these uncertainties.

This paper aims to model the combined influence of geopolitical risk (GPR) and trade
policy volatility (TPV) on supply chain resilience. We examine how firms proactively or

reactively reconfigure their supply networks in response. By using a hybrid modeling
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approach involving macroeconomic indicators and firm-level responses, we demonstrate
patterns of supply chain restructuring, offering prescriptive insights into effective resilience

strategies.

2. Literature Review

Several studies prior to 2021 have laid the foundation for understanding how macro-
level risks influence supply chain behavior. Christopher and Peck (2004) argued that
resilient supply chains require flexibility and collaboration across nodes, especially in
volatile environments. They introduced key dimensions such as visibility, velocity, and
redundancy. Tang (2006) provided a taxonomy of risk management strategies and

emphasized the integration of financial and operational hedging against supply-side risks.

Wright and Ncube (2007) studied the impact of political risk on African trade flows
and demonstrated that instability erodes logistic efficiency. Miroudot and Cadestin (2017)
explored global value chains (GVCs) and found that increased trade policy unpredictability
encourages firms to localize or regionalize production. Boehm, Flaaen, and Pandalai-
Nayar (2019) used firm-level U.S. data to show how tariffs influence input sourcing and
production relocation. Lastly, Handfield et al. (2020) analyzed post-COVID-19 supply
responses, suggesting that digital transparency and geographic diversification are pivotal for

resilience.

3. Modeling Framework and Methodology

This study integrates a panel data regression model with a simulation-based resilience

evaluation tool.

Objective: To quantify the impact of GPR and TPV on supply chain disruptions and

assess firm reconfiguration decisions.

Data Sources: GPR Index (Caldara & lacoviello, 2018) World Bank's World Integrated

Trade Solution (WITS) for trade policy data Survey data from 300 multinational firms across
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manufacturing, electronics, and logistics sectors Supply chain performance metrics (lead

time variability, inventory turnover, service levels) We used a fixed-effects panel regression

with lagged variables to model the relationship between GPR/TPV and operational metrics.

A Monte Carlo simulation was conducted to model firm behavior under different geopolitical

scenarios.
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Figure 1: Graph showing correlation between GPR spikes and supply chain

disruption frequency (2010-2022)

Table 1: Variables used in the econometric model with descriptions and sources

Variable Name

Description

Type Source

Supply_Disrup-

Number of reported monthly supply disruptions

Depend- |[Firm-level survey data

tion per firm ent (custom dataset)
lI;;;(}l}Tlme_Varla- Standard deviation of supplier lead times ]e)netpend— Internal logistics KPIs




GPR Index Monthly geopolitical risk index (normalized/Inde- Caldara &  lacoviello
- score) pendent |(2018)
Trade_Policy Vol Inde?( Qf trade policy uncertainty (tariff changes,|Inde- World Bank — WITS
- - restrictions) pendent

Input_Cost_Index

Cost index for key input commodities (sector-
specific)

Control

Bloomberg Terminal /
World Bank

Firm_Size

Number of employees or total revenue

Control

Survey / Compustat Global

Import_Depend-
ence

% of inputs sourced internationally

Control

Firm survey / UN

Comtrade

Digital Maturity

Score based on adoption of digital supply chain
systems

Control

Firm survey (Likert scale
index)

Sector Dummy

Categorical variable denoting industry sector
(manufacturing, logistics, etc.)

Control

Survey classification

Region Dummy

Regional identifier for firm headquarters (e.g.,
North America, APAC)

Control

Survey metadata

4. Empirical Results and Strategic Insights

4.1 Quantitative Outcomes

The regression model showed a statistically significant relationship between higher

GPR levels and increased lead time variability (p < 0.01), with TPV also strongly associated

with input cost volatility. Firms operating in sectors with high import dependency (e.g.,

electronics) were disproportionately affected. The Monte Carlo simulations indicated that

firms adopting diversified sourcing strategies saw up to 40% lower disruption costs under

high-risk scenarios.

Table 2: Sectoral resilience scores across risk levels (Low, Moderate, High GPR)

Sector Low GPR Mogslt;ate High GPR
Electronics 82 67 49
Automotive 78 63 45
Pharmaceuticals 85 73 60
Consumer Goods 80 66 52




Industrial Machinery 76 62 44

Logistics & Distribu-

. 88 75 64
tion
Textiles & Apparel 72 58 39
Food & Agriculture 83 71 59

4.2 Reconfiguration Strategies

Reconfiguration strategies varied by firm size and industry. Large firms were more
likely to shift to nearshoring and invest in digital tracking systems. SMEs, constrained by
capital, adopted agile procurement contracts or joined cooperative logistics platforms.
Across all cases, proactive reconfiguration (before shocks) led to better performance than

reactive adaptation.

5. Discussion

The interplay between geopolitical uncertainty and supply chain resilience reflects
broader shifts in globalization. As the trade environment becomes more fractured, firms can
no longer rely on static network designs. Our findings align with emerging literature
suggesting that resilience must be embedded in supply chain design, not bolted on after

disruption.

Policy implications are significant. Governments seeking to improve national supply
chain security must also consider the incentives and constraints that firms face. Subsidies for
regional manufacturing, trade insurance schemes, and digital infrastructure investment

could play a role in strengthening supply chain networks.

6. Conclusion

This paper demonstrates that geopolitical risks and trade policy volatility significantly
affect supply chain resilience. Through empirical modeling and simulation, we showed that

adaptive reconfiguration strategies—especially those emphasizing geographic diversity and




digital integration—can mitigate these risks. Future research should explore sector-specific

pathways and develop predictive tools for early-warning systems in global supply networks.
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