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Abstract - Global supply chains are increasingly 

vulnerable to systemic disruptions, yet quantifying the 

cascading macroeconomic and operational impacts of 

concurrent crises remains a critical challenge. This paper 

introduces the "Global Freeze" thesis, a comprehensive 

empirical analysis modeling the multi-tiered damage 

vectors of systemic trade halts. Utilizing a multi-variate 

dataset encompassing historical disruption events, 

shipping freight indices, port congestion metrics, and 

industry-specific vulnerabilities from 2019 to 2026, we 

track the transition of localized shocks into global 

market failures. Our methodology correlates 

macroeconomic volatility with operational bottlenecks 

using dual-axis price-volume modeling and spatial 

congestion matrices. The empirical results demonstrate 

that localized geostrategic and regulatory disruptions 

trigger immediate exponential spikes in container freight 

rates (exceeding 400% in high-severity tranches) while 

simultaneously compressing global trade values. 

Furthermore, port-level tracking uncovers a severe 

physical backloading signature, where anchor wait times 

spike dynamically across critical transit hubs, leaving 

downstream sectors like Semiconductors, Automotive, 

and Aerospace facing disproportionate logistics 

exposure. These findings provide a predictive 

framework for supply chain stress-testing, offering 

quantitative benchmarks for shifting from reactive 

logistics to resilient, near-shored trade architectures. 

 
Keywords— Supply Chain Resilience; Freight Rate Shocks; 
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1.INTRODUCTION  

 

The architecture of modern global trade relies heavily on 

hyper-integrated logistics networks designed for 

maximum efficiency under stable conditions. However, 

the increasing frequency of unprecedented geostrategic, 

environmental, and regulatory shocks has exposed 

profound systemic inefficiencies within this framework. 

When primary transit arteries are compromised, the lack 

of decentralized, adaptive crisis response mechanisms 

ensures that localized disruptions rapidly metastasize 

into global logistical paralysis. This cascading failure 

state—defined in this research as the "Global Freeze"—

highlights a critical vulnerability in contemporary supply 

chain design: the prioritization of cost over structural 

resilience. 

Historically, disruptions such as port blockages, 

geopolitical conflicts, or targeted tariffs were treated as 

isolated anomalies. Contemporary data, however, 

indicates that these events act as catalysts for multi-

tiered operational bottlenecks. The immediate market 

reaction typically manifests as exponential spikes in 

shipping freight rates, while the physical reality involves 

severe vessel backlogs and compounded port 

congestion. Without localized fail-safes or offline-

capable operational redundancies, industries reliant on 

just-in-time inventory—such as semiconductor 

manufacturing, aerospace, and automotive assembly—

bear a disproportionate burden of this risk, leading to 

broader macroeconomic stalling. 

To effectively mitigate these vulnerabilities, it is 

essential to move beyond reactive logistics and develop 

predictive, data-driven frameworks. This paper analyzes 

historical macroeconomic disruption data, container rate 

fluctuations, and spatial port congestion metrics to 

quantify the exact velocity and scale of a global supply 

chain freeze. By mathematically mapping the 

transmission of these shocks across vulnerable sectors, 

this research provides the empirical foundation 

necessary to optimize supply chains. Ultimately, it aims 

to deliver actionable benchmarks for transitioning 

toward robust, technology-driven architectures capable 

of maintaining operational continuity amidst systemic 

instability. 
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2. Data and Methodology 

2.1. Data Acquisition 

 

 

To empirically validate the "Global Freeze" thesis, this 

study utilized a multi-variate dataset tracking global 

supply chain performance, disruption events, and 

macroeconomic indicators from 2019 to 2026. The 

primary datasets synthesized for this research encompass 

historical disruption event logs, shipping freight rate 

indices, spatial port congestion records, and industry-

specific vulnerability matrices. Key variables analyzed 

include 40-foot container rates (in USD), total trade 

value, average vessel wait times (in days) at major 

global transit hubs, and aggregated logistics exposure 

metrics across distinct economic sectors. 

 

 

 

2.2. Analytical Framework 

 

 

The methodology integrates temporal tracking, spatial 

mapping, and sectoral risk evaluation to mathematically 

quantify the cascading effects of supply chain gridlock. 

The analysis was structured across three primary 

vectors: 
 

 

3. DATASET DESCRIPTION 
 

The dataset used for this study contains historical supply 

chain and macroeconomic risk information collected 

from publicly available sources. The dataset includes 

details such as industry sectors, year of evaluation, 

disruption event types, freight index metrics, port wait 

times, and vulnerability parameters across different 

operational dimensions.  

 

 

 

The major attributes used in this project include 

Industry, Year, Disruption Type, Overall Vulnerability, 

Logistics Exposure, Container Rate (USD), Total Trade 

Value, Port, and Average Wait Days. The dataset was 

imported into Tableau and processed for visualization 

and analysis. The collected data provides valuable 

insights into the performance of supply chains across 

different markets and time periods. 
 

 

4. METHODOLOGY 

The methodology adopted in this project consists of data 

collection, data preparation, dashboard development, 

and visualization analysis using Tableau.  

 

 

 

4.1 Data Collection 

 

 

The supply chain vulnerability and risk dataset was 

obtained from a publicly available dataset containing 

information about industrial sectors, disruption 

categories, transit bottlenecks, economic cycles, and 

operational exposure figures.  

 

 

 

4.2 Data Preparation 

 

 

The dataset was imported into Tableau for analysis. Data 

preprocessing was performed to ensure consistency and 

remove any missing or irrelevant values. Appropriate 

measures and dimensions were identified for creating 

visualizations.  
 

 

 

4.3 Dashboard Development 
 

 

An interactive dashboard was developed using Tableau. The 

dashboard consists of multiple visualizations including 

 

Average Overall Vulnerability by Industry  

• Logistics Exposure by Sector  

• Freight Rate Shocks vs. Total Trade Value  

• Global Port Congestion Distribution  

• Top Disruption Events Impact Analysis  

• Macroeconomic Volatility Trend Over Years  

4.4 Interactive Features 

Interactive filters were implemented for Industry, 

Disruption Type, Port, and Year. These filters allow 

users to dynamically explore the dataset and analyze 

specific categories of interest. 

 

4.5 Data Visualization Techniques 

Various visualization techniques such as bar charts, line 

charts, pie charts, and KPI cards were used to represent 

supply chain risk and macroeconomic data effectively. 

These visualizations help in identifying patterns, trends, 

and business insights from the dataset.  
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5. RESULTS AND DISCUSSION 

 

 

 

The developed Tableau dashboard provides a 

comprehensive analysis of global supply chain risk, port 

congestion, and macroeconomic disruptions through 

multiple visualizations. The dashboard enables users to 

examine historical GDP shockwaves, recovery timelines, 

shipping rate volatility, physical port backlogs, and 

downstream sectoral vulnerabilities. Interactive filters 

further enhance the analysis by allowing dynamic 

exploration of the dataset across different industries, 

event types, and temporal intervals. The following 

visualizations and observations summarize the key 

findings obtained from the dashboard. 

 

 

Fig. 1. Economic Shockwave Analysis Over Time 

 

 
 

 

The annual tracking of the economic shockwave 

illustrates the profound macroeconomic contractions 

caused by systemic supply chain crises from 2000 to 

2026. The visualization plots annual GDP impact 

percentages, highlighting that while minor negative 

contractions occurred periodically in the early decades, 

unprecedented systemic volatility emerged after 2020. 

The most catastrophic contraction is observed in the year 

2024, where a severe, compounding disruption drove the 

single-year GDP impact metric down to approximately -

5.0%. The clustering of deep negative spikes between 

2021 and 2025 indicates that modern hyper-optimized 

global economies suffer sustained, multi-year depression 

vectors when primary trade flows freeze. 

 

 

 

 

 

 

 

Fig. 2. Macroeconomic Impact vs. Recovery Timeline 

Matrix 

 

 
 

The quadrant scatter plot maps the structural severity of 

historical supply chain disruptions by cross-referencing 

the average GDP impact percentage against the average 

recovery timeline in months. The matrix is divided by 

statistical averages to isolate high-risk anomalies. The 

data distribution reveals a high concentration of 

localized events in the left-hand quadrants, characterized 

by brief recovery windows under 10 months. However, 

the critical risk signatures are situated in the lower-right 

tranches, identifying prolonged, high-impact systemic 

freezes where industries required up to 36 months to 

restore baseline operational continuity despite 

experiencing substantial GDP shocks. 

 

 

 

Fig. 3. Container Freight Rate Volatility Trend 

 

 
 

The chronological line chart tracks the standard 40-foot 

container freight rates (in USD) to capture the financial 

shockwaves transmitted across maritime shipping 

networks. The empirical trend shows that global freight 

costs remained highly stable and locked between 

₹20,000 and ₹30,000 for nearly two decades. However, 

coinciding with the systemic disruptions of 2020, rates 

experienced an immediate, parabolic escalation, peaking 

dramatically in 2021 at an unprecedented high near 

₹120,000. This massive upward surge represents the 

"Price of Panic," indicating extreme market imbalance 

where spot container pricing decoupled completely from 
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historical baselines before sharply regressing toward a 

volatile normalization pattern post-2023. 

 

 

 

Fig. 4. Global Port Congestion Heatmap Matrix 

 

 
 

 

The spatial port congestion matrix tracks physical 

logistical gridlock by evaluating average vessel wait 

times across 20 primary international shipping hubs 

from 2019 to 2024. The chronological grid highlights 

that physical backloading is non-uniformly distributed 

over time but highly synchronized during peak crises. 

While baseline operations in 2019 display nominal wait 

times (represented by uniform green fields), the years 

2021 and 2022 reveal severe structural anomalies. Major 

international gateways—most notably Shanghai, 

Ningbo, and Shenzhen—transition into distinct orange 

and deep red high-severity tranches, empirically proving 

that localized administrative or geostrategic freezes 

rapidly trigger physical vessel compounding across 

interconnected trade corridors. 

 

 

 

Fig. 5. Sectoral Vulnerability and Logistics Exposure 

Distribution 

 

 
 

The proportional risk pie chart quantifies the 

asymmetrical downstream impact of a global supply 

chain freeze across ten major industrial sectors. Rather 

than an equal distribution of risk, the data highlights that 

technical manufacturing and complex supply chains bear 

the highest aggregate logistical exposure. The 

Automotive industry represents the single largest 

vulnerability allocation at 12.037%, closely followed by 

the Semiconductors sector at 11.951% and Consumer 

Electronics at 10.966%. Together, these three highly 

interdependent sectors account for more than a third of 

total systemic risk, confirming that just-in-time 

infrastructure models are disproportionately vulnerable 

to macro-logistical halts compared to less integrated 

sectors like Luxury Goods (6.358%). 

 

6. ADVANTAGES 

 

 

• Easy interpretation of large and complex 

macroeconomic and logistical datasets.  

• Improved decision-making through visual risk 

analytics. 

 • Interactive exploration using filters and risk 

dashboards.  

• Effective identification of economic shockwaves and 

disruption patterns.  

• Better understanding of port congestion and sector-

specific vulnerability. 

 

7. FUTURE SCOPE 

 

 

Future enhancements may include the integration of 

real-time supply chain and maritime transit data, 

predictive analytics using machine learning algorithms, 

and advanced dashboards capable of forecasting future 

shipping rate fluctuations and port congestion trends. 

Additional attributes such as geopolitical risk indices, 

regional weather patterns, and labor availability metrics 

can also be incorporated for deeper analysis 
 

 

8. CONCLUSION 

This project successfully demonstrates the application of 

Tableau-based data visualization techniques for 

analyzing global supply chain vulnerabilities and 

macroeconomic disruption risk. The developed 

dashboard provides valuable insights into economic 

shockwaves, recovery timelines, container freight rate 

volatility, physical port congestion patterns, and 

downstream sectoral exposure. The results highlight the 

effectiveness of data visualization in transforming raw 

data into meaningful operational intelligence that 

supports informed decision-making within the logistics 

and global trade management industries. 
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