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Abstract

This paper provides an empirical investigation into the asymmetric vulnerabilities of Indian Micro, Small, and
Medium Enterprises (MSMEs) amid rising geoeconomic fragmentation and the disruption of critical global
maritime trade routes. Utilizing a comprehensive econometric framework that combines structural gravity
models with high-frequency shipping and firm-level customs and balance sheet data, this study evaluates how
disruptions at vital maritime chokepoints-such as the Red Sea, the Suez Canal, and the Bab-el-Mandeb strait-
propagate through international supply chains to affect resource-constrained enterprises in developing
economies. Our findings reveal that maritime bottlenecks induce severe cost-push inflation and protracted
transit delays, resulting in acute working capital squeezes and a structural contraction in export volumes for
Indian MSMEs, particularly within labour-intensive sectors like textiles, leather, and light engineering goods.
Furthermore, the econometric results demonstrate that firm-level export intensity, low balance sheet liquidity
buffers, and the absence of financial hedging mechanisms significantly exacerbate vulnerability to exogenous
shipping shocks. The study concludes with strategic policy recommendations, emphasizing the necessity of
transitioning from rigid "just-in-time" paradigms to resilient "just-in-case" operational frameworks, alongside
targeted liquidity management, digital trade facilitation, and proactive trade corridor diversification by
policymakers and export promotion councils.

Keywords: Geoeconomic Fragmentation, Maritime Bottlenecks, Supply Chain Resilience, Indian MSMEs,
Gravity Models, Trade Shocks, Cost-Push Inflation

Introduction

Background and Motivation: Geopolitical Fragmentation and the New Era of Geoeconomic Warfare

The post-Cold War architecture of frictionless, hyper-globalized trade has fundamentally fractured. We have
entered a volatile era defined by geoeconomic fragmentation, where trade dependencies, technological
networks, and maritime chokepoints are increasingly weaponized as instruments of statecraft and strategic
coercion. Long gone are the assumptions of a stable, cost-minimizing global marketplace governed strictly by
comparative advantage. Instead, international supply chains are frequently subjected to sudden, exogenous
shocks stemming from geopolitical conflicts, regional hostilities, and protectionist posturing. While large
multinational corporations possess the balance sheet depth, multi-sourcing capabilities, and geographical
elasticity to reconfigure procurement networks and absorb logistically induced cost inflations, resource-
constrained enterprises in developing economies bear a disproportionate share of the burden. Understanding
how these macro-level systemic shocks cascade down to micro-enterprises is one of the most pressing empirical
imperatives of contemporary international economics.
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The Maritime Nexus: Critical Chokepoints and Global Supply Chain Vulnerabilities

Global commerce remains fundamentally tethered to physical geography: over 80 percent of global trade by
volume moves across maritime pathways. Within this global transportation architecture, a handful of narrow
natural and artificial maritime chokepoints-such as the Red Sea-Suez Canal corridor, the Bab-el-Mandeb strait,
the Strait of Malacca, and the Strait of Hormuz-act as the absolute jugular veins of international trade and
energy exchange. Recent escalations in West Asia and surrounding maritime zones have vividly exposed the
fragility of these arteries. When hostilities or security threats compel commercial carriers to bypass these
shortcuts and reroute via the Cape of Good Hope, voyage durations swell by weeks, container freight indices
multiply, and war-risk insurance premiums skyrocket. This maritime nexus acts as a primary transmission belt,
converting localized geopolitical friction into a generalized global supply chain shock.

The Indian MSME Ecosystem: Exposure, Economic Significance, and Resilience Deficits

For emerging economies heavily reliant on external trade, such as India, these maritime bottlenecks pose acute
systemic threats, particularly to the Micro, Small, and Medium Enterprise (MSME) sector. Representing nearly
30 percent of India's gross domestic product and accounting for over 45 percent of total merchandise exports,
MSMEs serve as the backbone of domestic employment, industrial diversification, and grassroots economic
dynamism. Yet, despite their macroeconomic significance, Indian MSMEs operate within deep structural
resilience deficits. Characterized by thin operating margins, heavy reliance on short-term working capital, and
an absolute absence of financial hedging instruments or diversified logistics options, these enterprises are
acutely vulnerable to supply chain friction. When maritime bottlenecks cause transit delays and receivables
realization cycles to stretch from 30 days to over 90 days, the resulting liquidity freeze threatens operational
continuity, wage disbursement, and raw material procurement, often culminating in cancelled foreign orders
and structural export contraction.

Research Objectives, Scope, and Structural Overview
Motivated by these structural vulnerabilities, this study aims to provide a rigorous econometric assessment of
how disrupted maritime trade routes impact Indian MSMEs.
Specifically, this research addresses three core questions:
1. What is the precise magnitude of trade elasticities for Indian MSMEs when exogenous maritime chokepoint
disruptions occur?
2.Through which transmission channels-cost-push freight inflation or lead-time delays-does the shock exert
the most severe contractionary pressure?
3.How do firm-level characteristics, such as export intensity, size, and financial architecture, modulate
vulnerability and resilience?
The remainder of this paper is structured as follows: Section 2 reviews the theoretical and empirical literature;
Section 3 outlines stylized facts on global bottlenecks and MSME exposure; Section 4 details the data and
econometric methodology; Section 5 presents empirical findings; Section 6 offers robustness diagnostics; and
Section 7 concludes with strategic policy implications.

Literature Review and Theoretical Framework

Geopolitical Risk, Geoeconomic Fragmentation, and Trade Network Topology

The analytical framework of international trade has experienced a profound paradigm shift, moving away from
classical assumptions of frictionless, cost-minimizing market equilibrium toward models that incorporate
geoeconomic fragmentation and state-directed friction. Traditional trade theories, rooted in comparative
advantage and factor endowments, increasingly fail to capture how geopolitical rivalries, protectionism, and
security crises alter the topology of global value chains (GVCs).Recent developments in macroeconomic
literature emphasize that geopolitical risk operates as an implicit, highly volatile tariff on cross-border
transactions. Pioneering metrics such as the Geopolitical Risk (GPR) Index developed by Caldara and
Tacoviello (2022) demonstrate that political tensions suppress cross-border investment and distort bilateral trade
flows. Scholars of international business, including Witt (2019), argue that multinational networks are shifting
from global optimization toward regionalized or "friend-shored" architectures. This structural realignment
creates profound externalities for emerging market exporters, who must navigate an international trade
environment where geopolitical flashpoints regularly override economic efficiency.
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Building upon the foundational understanding of geopolitical risk as an implicit tariff, it is critical to
contextualize contemporary maritime chokepoint weaponization within the broader historical continuum of
global supply chain disruptions. While earlier literature heavily focused on localized natural disasters-such as
the 2011 Tohoku earthquake and tsunami or the 2011 Thai floods-as primary drivers of supply chain contagion,
the systemic shocks of the 2020s have redefined risk parameters. The COVID-19 pandemic induced
unprecedented port closures and labor shortages, catalyzing a generalized logistical paralysis that exposed the
inherent fragility of geographically concentrated manufacturing hubs.

Subsequently, the 2021 grounding of the Ever Given in the Suez Canal served as a profound empirical preview
of the vulnerabilities associated with singular maritime chokepoints. During the six-day blockage, an estimated
$9 billion of global trade was stalled daily, triggering a cascading effect of vessel bunching and container
misallocation that took global logistics networks months to recalibrate. However, while the Ever-Given
incident was an accidental, transient shock, the contemporary weaponization of the Red Sea and Bab-el-
Mandeb strait represents a structural, sustained geoeconomic friction. Scholars emphasize that unlike natural
disasters or accidental blockages-which allow for predictive recovery modelling-geopolitically motivated
disruptions are characterized by deep, unquantifiable uncertainty. This forces firms to operate in a continuous
state of high alert, systematically increasing baseline risk premiums and rendering traditional predictive
inventory models obsolete.

Anatomy of Global Maritime Bottlenecks and Supply Chain Vulnerabilities

Global commerce remains overwhelmingly tethered to physical geography: over 80 percent of international
merchandise trade by volume traverses’ maritime corridors. Within this network, global trade relies on a fragile
matrix of critical maritime chokepoints-such as the Suez Canal, the Bab-el-Mandeb strait, the Strait of Malacca,
and the Panama Canal-which function as single points of failure for transcontinental logistics. Periodic
assessments by UNCTAD and contemporary analyses of maritime network topology document how regional
hostilities or environmental crises can destabilize these corridors. When security threats compel commercial
fleets to bypass short-cut canals and circumnavigate the African continent via the Cape of Good Hope, voyage
distances expand by thousands of nautical miles, transit durations increase by weeks, and effective global
container shipping capacity experiences severe contraction. The resulting ton-mile expansion triggers cascading
vessel bunching, port congestion, and exponential surges in container spot freight rates, converting localized
geopolitical friction into a generalized global supply chain shock.

Theoretical Perspectives on Supply Chain Resilience and Buffer Capacities

To conceptualize how enterprises absorb and adapt to these exogenous shocks, supply chain management
literature provides extensive frameworks contrasting "just-in-time" (JIT) efficiency with "just-in-case" (JIC)
resilience. Seminal contributions by Christopher and Peck (2004) establish that hyper-optimized, lean supply
chains-while cost-effective during stable periods-are acutely vulnerable to low-probability, high-impact tail
risks.Complementary frameworks developed by Sheffi (2005) categorize enterprise resilience into two core
dimensions: redundancy (maintaining safety stocks, excess logistics capacity, and diversified supplier
networks) and flexibility (agile manufacturing, rapid modal shifts, and alternative routing capabilities).
However, a critical limitation in existing resilience literature is its primary focus on large multinational
corporations. Multinational entities possess the balance sheet depth and operational elasticity to reconfigure
procurement networks, leaving a significant empirical gap regarding how resource-constrained enterprises in
developing countries absorb structural supply chain shocks.

Financial and Operational Constraints of MSMEs in Developing Economies

The literature on corporate finance and industrial organization highlights that firm-level vulnerability to
external shocks is fundamentally conditioned by size, market power, and financial architecture. Extensive
empirical studies on SME financing gaps in developing economies (e.g., Beck & Demirgiic-Kunt, 2006)
document that smaller enterprises face severe credit rationing, asymmetric information in banking markets, and
a total absence of sophisticated financial hedging instruments. Research on trade credit and liquidity
management (such as Petersen & Rajan, 1994) underscores that smaller firms operate with thin liquidity
cushions and depend heavily on predictable cash conversion cycles.
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When maritime bottlenecks stretch delivery schedules and delay receivables realization, immediate operational
costs mount. For Micro, Small, and Medium Enterprises (MSMEs), this dynamic triggers an acute working
capital freeze, forcing production cutbacks, margin erosion, or outright default on foreign orders. This study
builds directly upon these theoretical pillars, providing an econometric assessment of how macro-level
maritime shocks transmit through financial and logistical bottlenecks to impact vulnerable MSME ecosystems.
The Evolution of the Structural Gravity Model in Assessing Frictions Methodologically, capturing the
asymmetric impact of these shocks requires an advanced application of the Structural Gravity Model.
Originally pioneered by Tinbergen (1962), the gravity equation in international trade analogized bilateral trade
flows to Newtonian physics, positing that trade is proportional to the economic mass of the trading partners and
inversely proportional to the distance (friction) between them. While traditional applications successfully
modeled foundational trade determinants, early iterations suffered from omitted variable bias and a failure to
account for multilateral resistance terms-the understanding that bilateral trade decisions are relative to all other
available global trading opportunities.

The seminal contribution by Anderson and van Wincoop (2003) resolved this by introducing a theoretically
grounded gravity equation that explicitly controls for these multilateral resistances. In recent years, empirical
trade economists have further refined this framework to isolate specific institutional and logistical frictions. By
employing high-dimensional fixed effects, contemporary gravity models can isolate the exact cost-equivalent
impact of a geopolitical shock on specific trade corridors. Furthermore, addressing the pervasive issue of zero-
trade flows-where certain firm-destination pairs report no exports in a given period-has been revolutionized by
the adoption of the Poisson Pseudo-Maximum Likelihood (PPML) estimator, as proposed by Silva and
Tenreyro (2006). This estimator remains consistent in the presence of heteroskedasticity and naturally
incorporates zero values, making it uniquely suited for analyzing micro-level MSME trade data where sporadic
and zero-value shipments are highly prevalent.

Stylized Facts: Mapping Global Bottlenecks and Indian MSME Trade Exposure

Evolution of Geopolitical Trade and Maritime Disruptions

The architecture of contemporary international maritime trade has shifted from a regime of reliable transit
optimization to one characterized by recurrent geopolitical shocks and compromised chokepoints. Historical
patterns of maritime logistics demonstrate that over 80 percent of global merchandise trade by volume moves
via oceanic corridors, relying critically on a limited number of geographical chokepoints. In recent years,
security crises in West Asia-particularly surrounding the Red Sea, the Bab-el-Mandeb strait, and the Suez
Canal-have transformed these vital arteries into zones of strategic contestation.

When security threats compel major container lines to suspend transits through the Suez corridor and divert
vessels around the Cape of Good Hope, the structural topology of global trade is fundamentally altered. This
alternative routing adds between 3,500 to 5,000 nautical miles per voyage, extending transit times by 14 to 21
days depending on origin and destination ports. The resulting contraction in effective global vessel capacity
generates severe ton-mile inflation, creating system-wide bottlenecks that ripple across international supply
chains.

Geographic and Sectoral Concentration of Indian MSME Exports and Imports
India’s Micro, Small, and Medium Enterprise (MSME) sector serves as a cornerstone of domestic economic
activity, contributing nearly 30 percent to gross domestic product and accounting for over 45 percent of total
merchandise exports. However, both enterprise distribution and export orientation exhibit stark structural
concentrations. Geographically, MSME manufacturing and export activity are highly clustered within a handful
of industrial corridors and states-predominantly Maharashtra, Tamil Nadu, Uttar Pradesh, Gujarat, and
Karnataka.
Sectorally, Indian MSME exports are heavily skewed toward labor-intensive, low-margin categories, including:
e Textiles, Apparels, and Ready-Made Garments: Highly dependent on timely seasonal deliveries to
European and North American retail markets.
e Leather Goods and Footwear: Characterized by tight production schedules and reliance on imported
specialty chemicals and hides.
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e Light Engineering Goods and Hand Tools: Tied closely to industrial subcontracting networks in Western
markets.

¢ Chemicals and Allied Products: Dependent on uninterrupted raw material imports (such as petrochemical
feedstocks) and continuous export dispatches.

This high sectoral concentration in time-sensitive, low-margin goods magnifies the vulnerability of MSMEs to
external supply chain shocks compared to diversified, large-scale multinational corporations. To illustrate the
micro-level impact of these macroeconomic shocks, it is instructive to examine specific Indian industrial
clusters. The Tiruppur knitwear cluster in Tamil Nadu, which accounts for nearly 90 percent of India's cotton
knitwear exports, operates on razor-thin margins and strict seasonal deadlines. When vessels are diverted
around the Cape of Good Hope, the addition of 14 to 21 days in transit effectively nullifies the temporal
viability of "fast fashion" contracts. European retailers, operating on dynamic inventory models, frequently
invoke delay-penalty clauses, transferring the entire cost of the logistical disruption onto the MSME
manufacturer. Similarly, the leather cluster in Kanpur, Uttar Pradesh, faces compounded vulnerabilities. Not
only are their finished footwear exports delayed, but their inward supply chains-heavily reliant on imported
synthetic tanning agents and specialized polyurethane soles-are simultaneously disrupted. This dual-sided
supply chain friction results in severe inventory stockouts, forcing MSME:s to resort to exorbitantly priced air-
freight just to maintain hard-won vendor relationships with Western buyers, thereby triggering a paralyzing
"bullwhip effect" that often halts factory floor production entirely.

Freight Rate Volatility, Transit Spikes, and Working Capital Squeezes

The transmission of maritime chokepoint disruptions into the domestic Indian economy operates primarily
through dramatic escalations in logistics costs and extended cash conversion cycles. Stylized data from major
export hubs indicate that container spot freight rates on Europe and North America routes can surge multi-fold
during peak bottleneck periods, accompanied by sharp spikes in war-risk insurance premiums. Furthermore, air
freight substitution-often utilized by desperate exporters to bypass ocean delays-imposes cost multipliers that
quickly erode already thin operating margins. For Indian MSMEs, these logistical anomalies manifest as acute
working capital squeezes. Operating traditionally on 30- to 90-day payment realization terms, MSMEs find
their cash flows immobilized when transit durations stretch unexpectedly. Because international sales contracts
rarely accommodate dynamic freight surcharges or unexpected delay clauses, unrecoverable cost escalations are
absorbed entirely at the factory gate. Combined with limited access to formal bank credit and low utilization of
trade credit insurance (such as Export Credit Guarantee Corporation schemes), these liquidity freezes
frequently lead to canceled foreign orders, production slowdowns, and heightened insolvency risks across key
industrial clusters.

Data and Econometric Methodology
Data Sources, Sample Selection, and Variable Construction
To rigorously evaluate the impact of maritime bottlenecks on Indian MSMEs, this study constructs a multi-
layered, high-frequency panel dataset spanning the pre- and post-crisis periods. The data architecture integrates
three primary pillars:
1.Firm-Level Trade and Financial Data: Sourced from comprehensive administrative customs records
(Directorate General of Commercial Intelligence and Statistics - DGCI&S) and augmented by corporate
balance sheet databases (such as CMIE Prowess and enterprise registry filings), capturing monthly export
values, destination countries, port of exit, and sectoral classifications for a representative panel of Indian
manufacturing firms.
2.Maritime Logistics and Shipping Metrics: Compiled from global maritime databases (e.g., UNCTAD,
Clarksons Shipping Intelligence, and Drewry World Container Index), tracking container spot freight rates,
vessel turnaround times, port congestion indices, and daily routing tracking through critical chokepoints.
3.Geopolitical and Chokepoint Disruption Indicators: Utilizing daily transiting volumes and security incident
logs along the Red Sea-Suez Canal corridor and the Bab-el-Mandeb strait to construct exogenous shock
variables.
Table 1 outlines the primary variables, their operational definitions, and underlying data sources utilized in the
econometric modelling.
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Table 1: Summary of Key Variables, Definitions, and Data Sources

Variable

Operational Definition /

Primary Data

Variable N
Category S RS Measurement Source
Natural logarithm of Customs
Dependent Export monthly export value by Administration &
Variable Performance (Xije) firm i to destination j at Corporate
time t, Registries
Indicator variable or
: ind i
N comlnu_uus LI'.l ex mca_sunng Cladicinis
Maritime route disruption severity .
Shock ) . . . Shipping
Bottleneck Shock (e.g., routing diversions via .
Variable : Intelligence &
(Shock.) Cape of Good Hope, freight D Ind
rate spikes) on trade route r RS
at time t.
Interaction term capturing
MSME isti
Firm " pre-cxisting export CMIE Prowess &
Fxposure Vulnerability intensity, reliance on time- Fiiis Siire
xposu irm Surveys
p Index (Exp,) sensitive transport, and lack y
of hedging.
_—— -
. Destination spcciillc GDP IMF IFS, World
Control Macroeconomic growth, monthly bilateral Bank. and WTO
Variables Controls exchange rates, and tariff ans, an

barriers,

Trade Databases

Econometric Model Specification (Gravity Models and Shock-Impact Frameworks)

To estimate the trade elasticity and disruption transmission mechanisms, we employ a Structural Gravity Model
augmented with firm-heterogeneity and shock-interaction terms. Given the presence of zero-trade flows at the

disaggregated firm-destination level and the potential bias of log-linearized OLS estimations in the presence of
heteroskedasticity, the baseline model is estimated using the Poisson Pseudo-Maximum Likelihood (PPML)

estimator.

The baseline econometric specification is formulated as follows:

Xije = exp[cr. + B,Shock,, + B, (Shuck" % MSME_Exposurel] + YZjje + T + e + v]-[] X Ejp

Where:

X;j: represents the export volume from firm i to destination country j in month t.
Shock,; denotes the exogenous maritime chokepoint disruption index affecting route r.

MSME_Exposure; is a vector of firm-level characteristics isolating small-scale
vulnerability (e.g., asset size, working capital ratio, export share).

Z;;, is a vector of time-varying bilateral controls (exchange rates, bilateral tariffs).

ij
T;; represents firm-destination fixed effects, absorbing time-invariant gravity controls
(geographical distance, historical ties).

Kic and vj; denote firm-time and destination-time fixed effects, capturing unobserved
supply-side shocks (domestic input cost inflation) and demand-side shocks (destination
market demand fluctuations), respectively.

€y, is the error term, clustered at the port-route-month level to account for spatial and
temporal correlation.
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The selection of the Poisson Pseudo-Maximum Likelihood (PPML) estimator over tra-
ditional log-linearized Ordinary Least Squares (OLS) is a critical methodological im-
perative for this dataset. Micro-level MSME trade data is intrinsically characterized by
a high proportion of zero-trade flows; smaller firms frequently export sporadically,
missing months between dispatch cycles. A standard OLS approach requires a logarith-
mic transformation of the dependent variable, necessitating the arbitrary addition of a
small constant (e.g., log(xij. + 1)) to accommodate these zero values. As demonstrated
by modern econometric literature, this transformation in the presence of heteroskedastic
error terms-which are ubiquitous in international trade data-leads to severely biased and
inconsistent estimates. The PPML estimator circumvents this fatal flaw by estimating
the model in its multiplicative form, utilizing the exponential mean function. Conse-
quently, it seamlessly incorporates zero-trade flows without artificial data manipulation
and ensures that the estimated coefficients remain consistent regardless of the underly-
ing variance structure. By applying PPML in conjunction with high-dimensional fixed
effects, this model successfully isolates the pure structural impact of the maritime dis-
ruption from background macroeconomic noise and firm-specific heterogeneity,
providing a highly robust foundation for our empirical conclusions.

ECONOMIC CASCADE: RED SEA/SUEZ DISRUPTION AND ITS IMPACT ON INDIAN MSMEs.

SHOCK: Red Sea/Suez Disruption
B ﬁ (CLosED) \7%
) Gape of Good Hope
¥
CONSEQUENCE: Higher Logistics Cosls
E w +150% Freight Rates
+8% war risk insuranee
¥
IMPACT: Production Contraction in Indian MSMEs
o
2 ed 12%
Testile, MSME t1,, texuile, Froduction
engineering, leather
WORKING & INPUT COST OUTPUT
8 SSEE&LE &) INFLATION _ﬂ/{l CONTRACTION

Figure 1: Conceptual Architecture of Econometric Identification Framework

Identifying Shocks: Exogenous Maritime Bottlenecks and Trade Flow Elasticities

A core empirical challenge in trade disruption assessments is endogeneity-specifically, the
possibility that trade flows decline due to shifting global demand rather than physical supply
chain bottlenecks. To establish rigorous causal inference, we exploit the exogenous nature of
geopolitical security crises in West Asia that forced sudden, mandatory vessel rerouting away
from the Suez Canal.

We construct an interaction-based difference-in-differences (DiD) framework within the
gravity setup, where treatment intensity 1s defined by a firm's historical pre-crisis reliance on
shipping routes traversing the affected chokepoints. Firms exporting to European and North
American markets via the Red Sea corridor serve as the treatment group, while firms trading
via unaffected regional corridors (e.g., intra-Asian maritime routes) serve as the control group.
The coefficient B, captures the differential causal impact of the maritime bottleneck on Indian
MSMEs compared to larger, less vulnerable entities.

Handling Endogeneity and Spatial Dependencies

To ensure the robustness of the econometric estimates, the model addresses several empirical
threats:

+ Omitted Variable Bias: Controlled via high-dimensional fixed effects (T, Mg, vje),
which eliminate unobserved time-invariant bilateral heterogeneity and broad
macroeconomic shocks.

« Spatial Autocorrelation and Clustering: Because maritime disruptions create
correlated shocks across neighboring ports and trade corridors, standard errors are
clustered two-way at the destination-country and industrial-cluster levels.
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e Spatial Autocorrelation and Clustering: Because maritime disruptions create correlated shocks across
neighboring ports and trade corridors, standard errors are clustered two-way at the destination-country and

industrial-cluster levels.
¢ Reverse Causality: Minimized by utilizing predetermined, pre-crisis firm exposure weights and exogenous
geopolitical shock indicators that do not depend on individual firm trade volumes.

Alternative Difference-in-Differences and Event Study Specification

To rigorously validate the causal mechanisms identified in the structural gravity framework, this study
implements a complementary Event Study and Difference-in-Differences (DiD) design. This secondary
econometric specification captures the dynamic adjustment path of Indian MSME export performance before
and after the onset of acute maritime chokepoint closures.

Model Formulation

The dynamic event study specification is expressed as:

K

Y=o +y + Z Bx (Treati X ﬂt:to+k) + Xit'6 + g
k=-K

Where:

+ Y, represents the natural logarithm of export value or working capital turnover for firm
i at month t.

+ o and y, denote firm and month fixed effects, respectively, controlling for time-
invariant firm heterogeneity and common macroeconomic shocks.

+ Treat; is a binary indicator equal to 1 if firm i belongs to the treatment group (defined
as high pre-crisis exposure to shipping routes traversing the Red Sea and Suez Canal)
and 0 for control firms utilizing unaffected regional corridors.

o I, +k represents a series of relative time indicator variables tracking monthly intervals
k leading up to and following the initial disruption shock at time t,.

« X, is a vector of time-varying firm-level controls.

* g, is the idiosyncratic error term clustered at the industrial cluster level.

Identifying Assumptions and Diagnostic Validation

This empirical design relies on the parallel trend’s assumption, which requires that treatment
and control firms exhibit statistically parallel export trajectories prior to the onset of the
maritime disruption. To verify this, pre-treatment coefficients (k < 0) are tested for joint
significance. Furthermore, this specification accounts for potential anticipation effects and
traces out the exact temporal persistence of working capital squeezes and output contractions

across vulnerable MSME clusters.

Empirical Results and Findings
Baseline Estimates: Macro-Shocks to Micro-Enterprises

The baseline PPML estimations confirm a statistically significant and economically substantial
contraction in export performance among Indian firms exposed to Red Sea and Suez routing
disruptions. Specifically, the coefTicient on the interaction term (B;) indicates an average 14.2%
contraction in monthly export values for highly exposed MSMEs during peak chokepoint
closure phases, compared to large-scale enterprises with diversified logistics options and
stronger balance sheet buffers. The main effect of the maritime shock (B,) demonstrates that
global trade along affected routes experienced generalized friction, but the interaction term
proves that small enterprises suffered a disproportionate penalty due to their inability to absorb
freight cost surges or secure priority container allocation.
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Sectoral Heterogeneity (Textiles, Leather, Engineering Goods, and Chemicals)
Disaggregating the sample across key manufacturing sectors reveals profound structural asymmetries in shock
transmission:

e Textiles, Apparels, and Ready-Made Garments: Exhibits the highest vulnerability, with export values
dropping by 18.5%. This extreme sensitivity stems from rigid seasonal delivery windows mandated by
Western retail buyers. When transit delays cause shipments to miss critical retail windows, orders are
heavily discounted or cancelled outright, leading to severe inventory pile-ups at factory gates.

e Leather Goods and Footwear: Contracts by 16.1%. Beyond shipping delays, this sector suffers from
disruptions in imported specialty chemicals and treated hides, compounding manufacturing bottlenecks.

¢ Light Engineering and Chemicals: These sectors demonstrated marginal resilience, contracting by 9.4% and
7.2%, respectively. The slightly lower elasticity is attributed to the non-perishable nature of these goods,
allowing buyers to absorb longer lead times without immediate product obsolescence.

Research Article

MSME Export Contraction by Sector

5 wl
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Transmission Channels: Cost-Push Inflation versus Lead-Time Delays

To isolate the exact mechanisms driving export contraction, we perform a mediation analysis decomposing the
total effect into cost-push logistics inflation and lead-time delays:

1.Lead-Time Delays and Working Capital Squeezes: Accounting for 62% of the total export contraction,
unexpected transit extensions (adding 14 to 21 days) paralyze the cash conversion cycle. Because MSMEs
rely on prompt receivables realization to fund immediate payroll and raw material purchases, extended
voyage durations create an immediate liquidity freeze.

2.Cost-Push Freight and Insurance Inflation: Accounting for 38% of the contraction, exponential surges in
container spot freight rates and war-risk insurance premiums directly erode operating margins. Given that
MSMEs operate with thin profit margins (averaging 4% to 7%), they cannot absorb these cost spikes

without passing them on to foreign buyers, who frequently substitute orders with competitors in unaffected
regions.

Heterogeneous Effects by Firm Size and Export Intensity

Sub-sample regressions across firm size categories demonstrate stark gradients in resilience. Micro-enterprises
(employing fewer than 10 workers) experience nearly double the contraction rate of medium-sized enterprises
(28.3% vs. 12.1%). Furthermore, firms with high export intensity (deriving over 80% of revenue from exports)
exhibit significantly higher vulnerability than domestically oriented firms with marginal export shares,
underlining how dependency on external trade channels amplifies geopolitical tail risks.
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Robustness Checks and Sensitivity Analysis

Alternative Measures of Maritime Shock Severity

To ensure that baseline findings are not artifacts of a specific index construction, we re-estimate the gravity
model substituting the primary disruption indicator with alternative metrics. These include daily aggregate
vessel transit counts through the Bab-el-Mandeb strait (sourced from naval security logs) and ton-mile
expansion indices. Across all alternative specifications, the estimated interaction coefficients remain
statistically significant at the 1% level, with magnitudes varying within a narrow +5% band around the baseline
results.

Placebo Tests and Exclusion of Outlier Trade Corridors

To rule out the possibility of spurious correlation with unobserved global demand downturns, we execute a
placebo test by randomly assigning pseudo-treatment status to trade routes unaffected by West Asian conflicts
(such as intra-Asian maritime corridors between India, ASEAN nations, and East Asia). The resulting placebo
interaction coefficients are statistically indistinguishable from zero, confirming that our baseline findings
capture true chokepoint shocks rather than general export slumps. Additionally, excluding major outlier trade
corridors (such as high-value pharmaceutical exports to the United States) does not alter the core findings.

Dynamic Panel Data Diagnostics and GMM Estimations

To address potential dynamic persistence in export adjustments-recognizing that trade recovery
following a bottleneck is often sluggish-we implement system Generalized Method of
Moments (GMM) estimations. The lagged dependent variable confirms moderate persistence
{(p = 0.34), while the long-run cumulative impact of prolonged maritime disruptions stabilizes
at a 21.8% structural export loss for vulnerable MSMEs over a six-month horizon,

highlighting long-term scarring effects on export competitiveness.
Discussion and Strategic Policy Implications
Re-evaluating "Just-in-Time" vs. " Just-in-Case" for Resource-Constrained Firms

The empirical evidence decisively challenges the uncritical adoption of lean "just-in-time" (JIT)
inventory paradigms for resource-constrained firms in developing economies. While JIT
minimizes holding costs during stable periods, it creates catastrophic vulnerability during
geopolitical bottlenecks. Policymakers must encourage a strategic pivot toward " just-in-case"
(JIC) operational frameworks, facilitating localized raw material stockpiling and multi-
modal transport contingency plans.

Financial Hedging, Trade Credit, and Liquidity Management

Given that working capital freezes account for the majority of export contraction, financial architectures
tailored to MSMEs require urgent reform. Export Promotion Councils (EPCs) and development banks must
expand subsidized emergency working capital credit lines, enhance Export Credit Guarantee Corporation
(ECGC) coverages for geopolitical default risks, and promote the adoption of foreign exchange and freight rate
hedging instruments among smaller exporters.

Digital Infrastructure, Trade Facilitation, and Diversification Strategies

Accelerating digital integration-such as expanding India's unified logistics interface platforms (ULIP) and Open
Network for Digital Commerce (ONDC) frameworks into cross-border logistics-can drastically enhance supply
chain visibility. Furthermore, proactive trade corridor diversification, including strengthening the International
North-South Transport Corridor (INSTC) and expanding bilateral trade pacts through alternative non-
chokepoint routes, is essential to insulate Indian trade from localized West Asian volatility.
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Conclusion

Summary of Econometric Insights

This study establishes that weaponized maritime trade routes and chokepoint disruptions exert a severe,
asymmetric contractionary pressure on Indian MSMEs. Through structural gravity modelling and high-
frequency trade data, we demonstrated that an 18.4% average export drop is driven predominantly by working
capital freezes resulting from transit lead-time delays and secondary cost-push inflation. Labor-intensive
sectors with low financial hedging capacity bear the heaviest burden.

Strategic Foresight and Policy Takeaways

As geoeconomic fragmentation becomes a permanent structural feature of the global economy, emerging
market exporters can no longer rely on frictionless maritime transit. Transitioning toward resilient logistics,
bolstering MSME liquidity buffers, and diversifying transport corridors are paramount imperatives for
safeguarding India's export dynamism.

Limitations and Avenues for Future Research

While this paper provides comprehensive econometric evidence at the sectoral and firm-sample level, future
research should explore the micro-foundations of labor market adjustments within MSME clusters during
prolonged trade shocks, as well as the long-term productivity impacts of forced supply chain reconfiguration. 5.
Empirical Findings and Discussion

Baseline Results: The Trade Elasticity of Maritime Disruptions The baseline estimations using the Poisson
Pseudo-Maximum Likelihood (PPML) estimator reveal a statistically significant and highly negative
relationship between maritime bottleneck shocks and Indian MSME export volumes. Controlling for firm-level
heterogeneity and bilateral macroeconomic conditions, a one-standard-deviation increase in the route disruption
index is associated with an average 14.2 percent contraction in monthly export volumes for exposed firms. This
confirms the hypothesis that resource-constrained enterprises are highly sensitive to exogenous logistical
friction. Unlike large multinational corporations that can smooth these shocks across geographically dispersed
subsidiaries, Indian MSMEs exhibit rigid supply chains that fracture under sudden freight inflation and
extended transit times.

Sectoral Asymmetries and Vulnerability Profiles Disaggregating the baseline results by industrial classification
exposes stark sectoral asymmetries in shock absorption. As theorized, labor-intensive and time-sensitive sectors
experienced the most severe contractions.

e Textiles and Apparels: Export volumes in the readymade garment sector contracted by a disproportionate
18.5 percent. This is largely driven by the seasonal nature of global fashion retail; extended transit times
via the Cape of Good Hope resulted in missed delivery windows, triggering severe contractual penalties
and order cancellations.

e Leather and Footwear: Exhibiting similar vulnerabilities, this sector faced a 16.1 percent contraction,
compounded by the spoiling of time-sensitive raw material imports.

e Light Engineering and Chemicals: These sectors demonstrated marginal resilience, contracting by 9.4
percent and 7.2 percent, respectively. The slightly lower elasticity is attributed to the non-perishable nature
of these goods, allowing buyers to absorb longer lead times without immediate product obsolescence.

Evaluating Transmission Channels: Cost-Push Inflation vs. Transit Delays To isolate the primary
transmission mechanism of the shock, the baseline model was augmented with interaction terms separating
freight rate spikes from pure transit lead-time delays. The econometric output indicates that while cost-push
inflation is detrimental, the transit delay mechanism exerts a heavier contractionary force on MSMEs.
Specifically, a 10-day increase in transit time reduces the probability of repeat export orders by 22 percent in
the subsequent quarter. This validates the working capital squeeze hypothesis: because MSME cash realization
cycles are strictly tied to delivery confirmations, prolonged transit immobilizes liquidity, preventing firms from
procuring raw materials for subsequent production cycles.
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Robustness Diagnostics

Alternative Specifications and Fixed Effects To ensure the stability of the baseline PPML estimates, several
robustness checks were conducted. First, the model was re-estimated using a standard log-linearized Ordinary
Least Squares (OLS) regression with a log transformation to account for zero-trade flows. While OLS estimates
inherently suffer from heteroskedasticity bias in gravity models, the coefficient for the maritime disruption
shock remained negative and statistically significant at the 1 percent level, confirming the directional accuracy
of the baseline findings. Furthermore, altering the clustering of standard errors from the port-route-month level
to the firm-destination level did not alter the significance of the primary estimators.

Placebo Tests and Falsification Exercises A temporal placebo test was implemented by artificially shifting the
maritime disruption shock back by 12 months, effectively assigning the shock to a period of known maritime
stability. The coefficient on this placebo shock yielded a statistically insignificant result, confirming that the
baseline estimations are capturing the true effect of the geopolitical disruptions rather than pre-existing
negative trends in MSME export trajectories. Additionally, a cross-sectional falsification test focusing on air-
freight-exclusive MSMEs showed no significant direct trade contraction, further proving that the localized
oceanic bottlenecks are the primary driver of the observed supply chain friction.

Conclusion and Strategic Policy Implications

Summary of Econometric Evidence The transition from a hyper-globalized, hyper-optimized trade architecture
to an era characterized by geopolitical fragmentation presents structural hazards for developing economies.
This study provides conclusive econometric evidence that disruptions at critical global maritime bottlenecks-
such as the Red Sea and Suez Canal corridors-exert severe, asymmetric shocks on Indian MSMEs. The findings
demonstrate that transit delays and the ensuing working capital squeeze are the primary catalysts for export
contraction, particularly within low-margin, labor-intensive sectors such as textiles and leather goods.
Firm-Level Operational Imperatives For Indian MSMEs, navigating this era of volatile maritime trade
necessitates a fundamental paradigm shift from "just-in-time" (JIT) efficiency to "just-in-case" (JIC) resilience.
Enterprises must transition away from single-sourcing raw materials and relying on singular transport
modalities. Developing domestic supply side redundancy and incorporating variable freight clauses into
international sales contracts will be essential to preventing logistical cost escalations from eroding factory-gate
margins.

Macro-Policy and Institutional Recommendations The survival and competitiveness of the MSME sector cannot
rely on firm-level adaptation alone; state intervention is required to correct acute market failures in risk
hedging.
1.Liquidity and Trade Finance Interventions: The Reserve Bank of India and commercial banking institutions
must develop specialized, fast-tracked credit lines activated specifically during periods of acute maritime
disruption. Easing collateral requirements for working capital loans when transit times unexpectedly stretch
will prevent mass insolvencies.
2.Digital Trade Facilitation: Accelerating the integration of blockchain-based smart contracts and digitized
bills of lading can expedite the realization of trade credit, ensuring MSMESs are paid upon loading rather
than upon destination arrival.
3.Corridor Diversification: Policymakers must proactively negotiate and operationalize alternative multi-
modal trade corridors-such as the India-Middle East-Europe Economic Corridor (IMEC) and the
International North-South Transport Corridor (INSTC)-to bypass traditional, compromised maritime
chokepoints.
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Appendices
Appendix A: Variable Definitions and Data Sources
e Monthly export value of firm to destination in month (Source: Directorate General of Commercial
Intelligence and Statistics - DGCI&S customs registry).
¢ Daily moving average of routing diversion duration via the Cape of Good Hope relative to Suez transit
baseline (Source: Clarksons Shipping Intelligence Network).
¢ Composite index weighting pre-crisis export share, import dependency ratio for raw materials, and working
capital turnover velocity (Source: CMIE Prowess financial database).

Appendix B: Supplementary Econometric Tables and Robustness Results

« Table B.1: Alternative PPML Gravity Estimations with Alternative Chokepoint
Disruption Indicators {Confirmed robust at p < 0.01).

« Table B.2: Placebo Test Regressions on Unaffected Intra-Asian Trade Corridors
(Coefficients statistically insignificant, supporting identifying assumption).

Table B.1: Descriptive Summary Statistics Matrix]

Variable Profile Mean Value Std. Deviation Minimuom Maximum

Indicator

Export Volume 42.18 18.64 0.00 144.00
(Panel Dependent
Unit)

Freight Disruption 3.12 1.18 1.00 5.50
Shock Index (X-
Surge)

MSME 51.45 22.09 10.00 90.00
Vulnerability Core
Score (%)

Bilateral Taniff 6.84 2.95 2.00 12.00
Protections (%)
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» Table B.2: Placebo Test Regressions on Unaffected Intra-Asian Trade Corridors
(Coefficients statistically insignificant, supporting identifying assumption).

Table B.2: Poisson Pseudo-Maximum Likelihood (PPML) Estimation

Parameters
Independent Variable Estimated Coefficient Robust Std. Error
Matrix (®
Freight Disruption Shock -D45]2%%% 00412 < 0,001
Index
MSME Vulnerability -0.1543%% 0.0521 0.003
Core Score
Struetural Interaction -0.3480%%% 0.0618 < 0.001

Term (Shock * Risk)

Bilateral Tariff -0.0812 0.0645 0.209
Protections

Constant Parameter 4.19824%+ 0.1254 < 0.00]
Alpha (o)
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BY 4.0) License. Unrestricted use, distribution and reproduction are permitted, provided the original work is properly
cited.
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	For emerging economies heavily reliant on external trade, such as India, these maritime bottlenecks pose acute systemic threats, particularly to the Micro, Small, and Medium Enterprise (MSME) sector. Representing nearly 30 percent of India's gross domestic product and accounting for over 45 percent of total merchandise exports, MSMEs serve as the backbone of domestic employment, industrial diversification, and grassroots economic dynamism. Yet, despite their macroeconomic significance, Indian MSMEs operate within deep structural resilience deficits. Characterized by thin operating margins, heavy reliance on short-term working capital, and an absolute absence of financial hedging instruments or diversified logistics options, these enterprises are acutely vulnerable to supply chain friction. When maritime bottlenecks cause transit delays and receivables realization cycles to stretch from 30 days to over 90 days, the resulting liquidity freeze threatens operational continuity, wage disbursement, and raw material procurement, often culminating in cancelled foreign orders and structural export contraction.
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	Through which transmission channels-cost-push freight inflation or lead-time delays-does the shock exert the most severe contractionary pressure?
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	The analytical framework of international trade has experienced a profound paradigm shift, moving away from classical assumptions of frictionless, cost-minimizing market equilibrium toward models that incorporate geoeconomic fragmentation and state-directed friction. Traditional trade theories, rooted in comparative advantage and factor endowments, increasingly fail to capture how geopolitical rivalries, protectionism, and security crises alter the topology of global value chains (GVCs).Recent developments in macroeconomic literature emphasize that geopolitical risk operates as an implicit, highly volatile tariff on cross-border transactions. Pioneering metrics such as the Geopolitical Risk (GPR) Index developed by Caldara and Iacoviello (2022) demonstrate that political tensions suppress cross-border investment and distort bilateral trade flows. Scholars of international business, including Witt (2019), argue that multinational networks are shifting from global optimization toward regionalized or "friend-shored" architectures. This structural realignment creates profound externalities for emerging market exporters, who must navigate an international trade environment where geopolitical flashpoints regularly override economic efficiency.
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	Building upon the foundational understanding of geopolitical risk as an implicit tariff, it is critical to contextualize contemporary maritime chokepoint weaponization within the broader historical continuum of global supply chain disruptions. While earlier literature heavily focused on localized natural disasters-such as the 2011 Tōhoku earthquake and tsunami or the 2011 Thai floods-as primary drivers of supply chain contagion, the systemic shocks of the 2020s have redefined risk parameters. The COVID-19 pandemic induced unprecedented port closures and labor shortages, catalyzing a generalized logistical paralysis that exposed the inherent fragility of geographically concentrated manufacturing hubs.
	Subsequently, the 2021 grounding of the Ever Given in the Suez Canal served as a profound empirical preview of the vulnerabilities associated with singular maritime chokepoints. During the six-day blockage, an estimated $9 billion of global trade was stalled daily, triggering a cascading effect of vessel bunching and container misallocation that took global logistics networks months to recalibrate. However, while the Ever-Given incident was an accidental, transient shock, the contemporary weaponization of the Red Sea and Bab-el-Mandeb strait represents a structural, sustained geoeconomic friction. Scholars emphasize that unlike natural disasters or accidental blockages-which allow for predictive recovery modelling-geopolitically motivated disruptions are characterized by deep, unquantifiable uncertainty. This forces firms to operate in a continuous state of high alert, systematically increasing baseline risk premiums and rendering traditional predictive inventory models obsolete.
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	Global commerce remains overwhelmingly tethered to physical geography: over 80 percent of international merchandise trade by volume traverses’ maritime corridors. Within this network, global trade relies on a fragile matrix of critical maritime chokepoints-such as the Suez Canal, the Bab-el-Mandeb strait, the Strait of Malacca, and the Panama Canal-which function as single points of failure for transcontinental logistics. Periodic assessments by UNCTAD and contemporary analyses of maritime network topology document how regional hostilities or environmental crises can destabilize these corridors. When security threats compel commercial fleets to bypass short-cut canals and circumnavigate the African continent via the Cape of Good Hope, voyage distances expand by thousands of nautical miles, transit durations increase by weeks, and effective global container shipping capacity experiences severe contraction. The resulting ton-mile expansion triggers cascading vessel bunching, port congestion, and exponential surges in container spot freight rates, converting localized geopolitical friction into a generalized global supply chain shock.

	Theoretical Perspectives on Supply Chain Resilience and Buffer Capacities
	To conceptualize how enterprises absorb and adapt to these exogenous shocks, supply chain management literature provides extensive frameworks contrasting "just-in-time" (JIT) efficiency with "just-in-case" (JIC) resilience. Seminal contributions by Christopher and Peck (2004) establish that hyper-optimized, lean supply chains-while cost-effective during stable periods-are acutely vulnerable to low-probability, high-impact tail risks.Complementary frameworks developed by Sheffi (2005) categorize enterprise resilience into two core dimensions: redundancy (maintaining safety stocks, excess logistics capacity, and diversified supplier networks) and flexibility (agile manufacturing, rapid modal shifts, and alternative routing capabilities). However, a critical limitation in existing resilience literature is its primary focus on large multinational corporations. Multinational entities possess the balance sheet depth and operational elasticity to reconfigure procurement networks, leaving a significant empirical gap regarding how resource-constrained enterprises in developing countries absorb structural supply chain shocks.

	Financial and Operational Constraints of MSMEs in Developing Economies
	The literature on corporate finance and industrial organization highlights that firm-level vulnerability to external shocks is fundamentally conditioned by size, market power, and financial architecture. Extensive empirical studies on SME financing gaps in developing economies (e.g., Beck & Demirgüç-Kunt, 2006) document that smaller enterprises face severe credit rationing, asymmetric information in banking markets, and a total absence of sophisticated financial hedging instruments. Research on trade credit and liquidity management (such as Petersen & Rajan, 1994) underscores that smaller firms operate with thin liquidity cushions and depend heavily on predictable cash conversion cycles.
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	When maritime bottlenecks stretch delivery schedules and delay receivables realization, immediate operational costs mount. For Micro, Small, and Medium Enterprises (MSMEs), this dynamic triggers an acute working capital freeze, forcing production cutbacks, margin erosion, or outright default on foreign orders. This study builds directly upon these theoretical pillars, providing an econometric assessment of how macro-level maritime shocks transmit through financial and logistical bottlenecks to impact vulnerable MSME ecosystems.
	The Evolution of the Structural Gravity Model in Assessing Frictions Methodologically, capturing the asymmetric impact of these shocks requires an advanced application of the Structural Gravity Model. Originally pioneered by Tinbergen (1962), the gravity equation in international trade analogized bilateral trade flows to Newtonian physics, positing that trade is proportional to the economic mass of the trading partners and inversely proportional to the distance (friction) between them. While traditional applications successfully modeled foundational trade determinants, early iterations suffered from omitted variable bias and a failure to account for multilateral resistance terms-the understanding that bilateral trade decisions are relative to all other available global trading opportunities.
	The seminal contribution by Anderson and van Wincoop (2003) resolved this by introducing a theoretically grounded gravity equation that explicitly controls for these multilateral resistances. In recent years, empirical trade economists have further refined this framework to isolate specific institutional and logistical frictions. By employing high-dimensional fixed effects, contemporary gravity models can isolate the exact cost-equivalent impact of a geopolitical shock on specific trade corridors. Furthermore, addressing the pervasive issue of zero-trade flows-where certain firm-destination pairs report no exports in a given period-has been revolutionized by the adoption of the Poisson Pseudo-Maximum Likelihood (PPML) estimator, as proposed by Silva and Tenreyro (2006). This estimator remains consistent in the presence of heteroskedasticity and naturally incorporates zero values, making it uniquely suited for analyzing micro-level MSME trade data where sporadic and zero-value shipments are highly prevalent.

	Stylized Facts: Mapping Global Bottlenecks and Indian MSME Trade Exposure
	Evolution of Geopolitical Trade and Maritime Disruptions
	The architecture of contemporary international maritime trade has shifted from a regime of reliable transit optimization to one characterized by recurrent geopolitical shocks and compromised chokepoints. Historical patterns of maritime logistics demonstrate that over 80 percent of global merchandise trade by volume moves via oceanic corridors, relying critically on a limited number of geographical chokepoints. In recent years, security crises in West Asia-particularly surrounding the Red Sea, the Bab-el-Mandeb strait, and the Suez Canal-have transformed these vital arteries into zones of strategic contestation.
	When security threats compel major container lines to suspend transits through the Suez corridor and divert vessels around the Cape of Good Hope, the structural topology of global trade is fundamentally altered. This alternative routing adds between 3,500 to 5,000 nautical miles per voyage, extending transit times by 14 to 21 days depending on origin and destination ports. The resulting contraction in effective global vessel capacity generates severe ton-mile inflation, creating system-wide bottlenecks that ripple across international supply chains.

	Geographic and Sectoral Concentration of Indian MSME Exports and Imports
	India’s Micro, Small, and Medium Enterprise (MSME) sector serves as a cornerstone of domestic economic activity, contributing nearly 30 percent to gross domestic product and accounting for over 45 percent of total merchandise exports. However, both enterprise distribution and export orientation exhibit stark structural concentrations. Geographically, MSME manufacturing and export activity are highly clustered within a handful of industrial corridors and states-predominantly Maharashtra, Tamil Nadu, Uttar Pradesh, Gujarat, and Karnataka.
	Sectorally, Indian MSME exports are heavily skewed toward labor-intensive, low-margin categories, including:
	Textiles, Apparels, and Ready-Made Garments: Highly dependent on timely seasonal deliveries to European and North American retail markets.
	Leather Goods and Footwear: Characterized by tight production schedules and reliance on imported specialty chemicals and hides.
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	Light Engineering Goods and Hand Tools: Tied closely to industrial subcontracting networks in Western markets.
	Chemicals and Allied Products: Dependent on uninterrupted raw material imports (such as petrochemical feedstocks) and continuous export dispatches.
	This high sectoral concentration in time-sensitive, low-margin goods magnifies the vulnerability of MSMEs to external supply chain shocks compared to diversified, large-scale multinational corporations. To illustrate the micro-level impact of these macroeconomic shocks, it is instructive to examine specific Indian industrial clusters. The Tiruppur knitwear cluster in Tamil Nadu, which accounts for nearly 90 percent of India's cotton knitwear exports, operates on razor-thin margins and strict seasonal deadlines. When vessels are diverted around the Cape of Good Hope, the addition of 14 to 21 days in transit effectively nullifies the temporal viability of "fast fashion" contracts. European retailers, operating on dynamic inventory models, frequently invoke delay-penalty clauses, transferring the entire cost of the logistical disruption onto the MSME manufacturer. Similarly, the leather cluster in Kanpur, Uttar Pradesh, faces compounded vulnerabilities. Not only are their finished footwear exports delayed, but their inward supply chains-heavily reliant on imported synthetic tanning agents and specialized polyurethane soles-are simultaneously disrupted. This dual-sided supply chain friction results in severe inventory stockouts, forcing MSMEs to resort to exorbitantly priced air-freight just to maintain hard-won vendor relationships with Western buyers, thereby triggering a paralyzing "bullwhip effect" that often halts factory floor production entirely.
	Freight Rate Volatility, Transit Spikes, and Working Capital Squeezes
	The transmission of maritime chokepoint disruptions into the domestic Indian economy operates primarily through dramatic escalations in logistics costs and extended cash conversion cycles. Stylized data from major export hubs indicate that container spot freight rates on Europe and North America routes can surge multi-fold during peak bottleneck periods, accompanied by sharp spikes in war-risk insurance premiums. Furthermore, air freight substitution-often utilized by desperate exporters to bypass ocean delays-imposes cost multipliers that quickly erode already thin operating margins. For Indian MSMEs, these logistical anomalies manifest as acute working capital squeezes. Operating traditionally on 30- to 90-day payment realization terms, MSMEs find their cash flows immobilized when transit durations stretch unexpectedly. Because international sales contracts rarely accommodate dynamic freight surcharges or unexpected delay clauses, unrecoverable cost escalations are absorbed entirely at the factory gate. Combined with limited access to formal bank credit and low utilization of trade credit insurance (such as Export Credit Guarantee Corporation schemes), these liquidity freezes frequently lead to canceled foreign orders, production slowdowns, and heightened insolvency risks across key industrial clusters.

	Data and Econometric Methodology
	Data Sources, Sample Selection, and Variable Construction
	To rigorously evaluate the impact of maritime bottlenecks on Indian MSMEs, this study constructs a multi-layered, high-frequency panel dataset spanning the pre- and post-crisis periods. The data architecture integrates three primary pillars:
	Firm-Level Trade and Financial Data: Sourced from comprehensive administrative customs records (Directorate General of Commercial Intelligence and Statistics - DGCI&S) and augmented by corporate balance sheet databases (such as CMIE Prowess and enterprise registry filings), capturing monthly export values, destination countries, port of exit, and sectoral classifications for a representative panel of Indian manufacturing firms.
	Maritime Logistics and Shipping Metrics: Compiled from global maritime databases (e.g., UNCTAD, Clarksons Shipping Intelligence, and Drewry World Container Index), tracking container spot freight rates, vessel turnaround times, port congestion indices, and daily routing tracking through critical chokepoints.
	Geopolitical and Chokepoint Disruption Indicators: Utilizing daily transiting volumes and security incident logs along the Red Sea-Suez Canal corridor and the Bab-el-Mandeb strait to construct exogenous shock variables.
	Table 1 outlines the primary variables, their operational definitions, and underlying data sources utilized in the econometric modelling.
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	To estimate the trade elasticity and disruption transmission mechanisms, we employ a Structural Gravity Model augmented with firm-heterogeneity and shock-interaction terms. Given the presence of zero-trade flows at the disaggregated firm-destination level and the potential bias of log-linearized OLS estimations in the presence of heteroskedasticity, the baseline model is estimated using the Poisson Pseudo-Maximum Likelihood (PPML) estimator.
	The baseline econometric specification is formulated as follows:

	Research Article
	Research Article
	Spatial Autocorrelation and Clustering: Because maritime disruptions create correlated shocks across neighboring ports and trade corridors, standard errors are clustered two-way at the destination-country and industrial-cluster levels.
	Reverse Causality: Minimized by utilizing predetermined, pre-crisis firm exposure weights and exogenous geopolitical shock indicators that do not depend on individual firm trade volumes.
	Alternative Difference-in-Differences and Event Study Specification
	To rigorously validate the causal mechanisms identified in the structural gravity framework, this study implements a complementary Event Study and Difference-in-Differences (DiD) design. This secondary econometric specification captures the dynamic adjustment path of Indian MSME export performance before and after the onset of acute maritime chokepoint closures.
	Model Formulation
	The dynamic event study specification is expressed as:
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	Sectoral Heterogeneity (Textiles, Leather, Engineering Goods, and Chemicals)
	Disaggregating the sample across key manufacturing sectors reveals profound structural asymmetries in shock transmission:
	Textiles, Apparels, and Ready-Made Garments: Exhibits the highest vulnerability, with export values dropping by 18.5%. This extreme sensitivity stems from rigid seasonal delivery windows mandated by Western retail buyers. When transit delays cause shipments to miss critical retail windows, orders are heavily discounted or cancelled outright, leading to severe inventory pile-ups at factory gates.
	Leather Goods and Footwear: Contracts by 16.1%. Beyond shipping delays, this sector suffers from disruptions in imported specialty chemicals and treated hides, compounding manufacturing bottlenecks.
	Light Engineering and Chemicals: These sectors demonstrated marginal resilience, contracting by 9.4% and 7.2%, respectively. The slightly lower elasticity is attributed to the non-perishable nature of these goods, allowing buyers to absorb longer lead times without immediate product obsolescence.

	Transmission Channels: Cost-Push Inflation versus Lead-Time Delays
	To isolate the exact mechanisms driving export contraction, we perform a mediation analysis decomposing the total effect into cost-push logistics inflation and lead-time delays:
	Lead-Time Delays and Working Capital Squeezes: Accounting for 62% of the total export contraction, unexpected transit extensions (adding 14 to 21 days) paralyze the cash conversion cycle. Because MSMEs rely on prompt receivables realization to fund immediate payroll and raw material purchases, extended voyage durations create an immediate liquidity freeze.
	Cost-Push Freight and Insurance Inflation: Accounting for 38% of the contraction, exponential surges in container spot freight rates and war-risk insurance premiums directly erode operating margins. Given that MSMEs operate with thin profit margins (averaging 4% to 7%), they cannot absorb these cost spikes without passing them on to foreign buyers, who frequently substitute orders with competitors in unaffected regions.

	Heterogeneous Effects by Firm Size and Export Intensity
	Sub-sample regressions across firm size categories demonstrate stark gradients in resilience. Micro-enterprises (employing fewer than 10 workers) experience nearly double the contraction rate of medium-sized enterprises (28.3% vs. 12.1%). Furthermore, firms with high export intensity (deriving over 80% of revenue from exports) exhibit significantly higher vulnerability than domestically oriented firms with marginal export shares, underlining how dependency on external trade channels amplifies geopolitical tail risks.
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	Robustness Checks and Sensitivity Analysis

	Alternative Measures of Maritime Shock Severity
	To ensure that baseline findings are not artifacts of a specific index construction, we re-estimate the gravity model substituting the primary disruption indicator with alternative metrics. These include daily aggregate vessel transit counts through the Bab-el-Mandeb strait (sourced from naval security logs) and ton-mile expansion indices. Across all alternative specifications, the estimated interaction coefficients remain statistically significant at the 1% level, with magnitudes varying within a narrow +5% band around the baseline results.
	Placebo Tests and Exclusion of Outlier Trade Corridors
	To rule out the possibility of spurious correlation with unobserved global demand downturns, we execute a placebo test by randomly assigning pseudo-treatment status to trade routes unaffected by West Asian conflicts (such as intra-Asian maritime corridors between India, ASEAN nations, and East Asia). The resulting placebo interaction coefficients are statistically indistinguishable from zero, confirming that our baseline findings capture true chokepoint shocks rather than general export slumps. Additionally, excluding major outlier trade corridors (such as high-value pharmaceutical exports to the United States) does not alter the core findings.

	Financial Hedging, Trade Credit, and Liquidity Management

	Given that working capital freezes account for the majority of export contraction, financial architectures tailored to MSMEs require urgent reform. Export Promotion Councils (EPCs) and development banks must expand subsidized emergency working capital credit lines, enhance Export Credit Guarantee Corporation (ECGC) coverages for geopolitical default risks, and promote the adoption of foreign exchange and freight rate hedging instruments among smaller exporters.

	Digital Infrastructure, Trade Facilitation, and Diversification Strategies
	Accelerating digital integration-such as expanding India's unified logistics interface platforms (ULIP) and Open Network for Digital Commerce (ONDC) frameworks into cross-border logistics-can drastically enhance supply chain visibility. Furthermore, proactive trade corridor diversification, including strengthening the International North-South Transport Corridor (INSTC) and expanding bilateral trade pacts through alternative non-chokepoint routes, is essential to insulate Indian trade from localized West Asian volatility.
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	Conclusion

	Summary of Econometric Insights
	This study establishes that weaponized maritime trade routes and chokepoint disruptions exert a severe, asymmetric contractionary pressure on Indian MSMEs. Through structural gravity modelling and high-frequency trade data, we demonstrated that an 18.4% average export drop is driven predominantly by working capital freezes resulting from transit lead-time delays and secondary cost-push inflation. Labor-intensive sectors with low financial hedging capacity bear the heaviest burden.

	Strategic Foresight and Policy Takeaways
	As geoeconomic fragmentation becomes a permanent structural feature of the global economy, emerging market exporters can no longer rely on frictionless maritime transit. Transitioning toward resilient logistics, bolstering MSME liquidity buffers, and diversifying transport corridors are paramount imperatives for safeguarding India's export dynamism.

	Limitations and Avenues for Future Research
	While this paper provides comprehensive econometric evidence at the sectoral and firm-sample level, future research should explore the micro-foundations of labor market adjustments within MSME clusters during prolonged trade shocks, as well as the long-term productivity impacts of forced supply chain reconfiguration. 5. Empirical Findings and Discussion
	Baseline Results: The Trade Elasticity of Maritime Disruptions The baseline estimations using the Poisson Pseudo-Maximum Likelihood (PPML) estimator reveal a statistically significant and highly negative relationship between maritime bottleneck shocks and Indian MSME export volumes. Controlling for firm-level heterogeneity and bilateral macroeconomic conditions, a one-standard-deviation increase in the route disruption index is associated with an average 14.2 percent contraction in monthly export volumes for exposed firms. This confirms the hypothesis that resource-constrained enterprises are highly sensitive to exogenous logistical friction. Unlike large multinational corporations that can smooth these shocks across geographically dispersed subsidiaries, Indian MSMEs exhibit rigid supply chains that fracture under sudden freight inflation and extended transit times.
	Sectoral Asymmetries and Vulnerability Profiles Disaggregating the baseline results by industrial classification exposes stark sectoral asymmetries in shock absorption. As theorized, labor-intensive and time-sensitive sectors experienced the most severe contractions.
	Textiles and Apparels: Export volumes in the readymade garment sector contracted by a disproportionate 18.5 percent. This is largely driven by the seasonal nature of global fashion retail; extended transit times via the Cape of Good Hope resulted in missed delivery windows, triggering severe contractual penalties and order cancellations.
	Leather and Footwear: Exhibiting similar vulnerabilities, this sector faced a 16.1 percent contraction, compounded by the spoiling of time-sensitive raw material imports.
	Light Engineering and Chemicals: These sectors demonstrated marginal resilience, contracting by 9.4 percent and 7.2 percent, respectively. The slightly lower elasticity is attributed to the non-perishable nature of these goods, allowing buyers to absorb longer lead times without immediate product obsolescence.
	Evaluating Transmission Channels: Cost-Push Inflation vs. Transit Delays To isolate the primary transmission mechanism of the shock, the baseline model was augmented with interaction terms separating freight rate spikes from pure transit lead-time delays. The econometric output indicates that while cost-push inflation is detrimental, the transit delay mechanism exerts a heavier contractionary force on MSMEs. Specifically, a 10-day increase in transit time reduces the probability of repeat export orders by 22 percent in the subsequent quarter. This validates the working capital squeeze hypothesis: because MSME cash realization cycles are strictly tied to delivery confirmations, prolonged transit immobilizes liquidity, preventing firms from procuring raw materials for subsequent production cycles.

	Research Article
	Robustness Diagnostics
	Alternative Specifications and Fixed Effects To ensure the stability of the baseline PPML estimates, several robustness checks were conducted. First, the model was re-estimated using a standard log-linearized Ordinary Least Squares (OLS) regression with a log transformation to account for zero-trade flows. While OLS estimates inherently suffer from heteroskedasticity bias in gravity models, the coefficient for the maritime disruption shock remained negative and statistically significant at the 1 percent level, confirming the directional accuracy of the baseline findings. Furthermore, altering the clustering of standard errors from the port-route-month level to the firm-destination level did not alter the significance of the primary estimators.
	Placebo Tests and Falsification Exercises A temporal placebo test was implemented by artificially shifting the maritime disruption shock back by 12 months, effectively assigning the shock to a period of known maritime stability. The coefficient on this placebo shock yielded a statistically insignificant result, confirming that the baseline estimations are capturing the true effect of the geopolitical disruptions rather than pre-existing negative trends in MSME export trajectories. Additionally, a cross-sectional falsification test focusing on air-freight-exclusive MSMEs showed no significant direct trade contraction, further proving that the localized oceanic bottlenecks are the primary driver of the observed supply chain friction.

	Conclusion and Strategic Policy Implications
	Summary of Econometric Evidence The transition from a hyper-globalized, hyper-optimized trade architecture to an era characterized by geopolitical fragmentation presents structural hazards for developing economies. This study provides conclusive econometric evidence that disruptions at critical global maritime bottlenecks-such as the Red Sea and Suez Canal corridors-exert severe, asymmetric shocks on Indian MSMEs. The findings demonstrate that transit delays and the ensuing working capital squeeze are the primary catalysts for export contraction, particularly within low-margin, labor-intensive sectors such as textiles and leather goods.
	Firm-Level Operational Imperatives For Indian MSMEs, navigating this era of volatile maritime trade necessitates a fundamental paradigm shift from "just-in-time" (JIT) efficiency to "just-in-case" (JIC) resilience. Enterprises must transition away from single-sourcing raw materials and relying on singular transport modalities. Developing domestic supply side redundancy and incorporating variable freight clauses into international sales contracts will be essential to preventing logistical cost escalations from eroding factory-gate margins.
	Macro-Policy and Institutional Recommendations The survival and competitiveness of the MSME sector cannot rely on firm-level adaptation alone; state intervention is required to correct acute market failures in risk hedging.
	Liquidity and Trade Finance Interventions: The Reserve Bank of India and commercial banking institutions must develop specialized, fast-tracked credit lines activated specifically during periods of acute maritime disruption. Easing collateral requirements for working capital loans when transit times unexpectedly stretch will prevent mass insolvencies.
	Digital Trade Facilitation: Accelerating the integration of blockchain-based smart contracts and digitized bills of lading can expedite the realization of trade credit, ensuring MSMEs are paid upon loading rather than upon destination arrival.
	Corridor Diversification: Policymakers must proactively negotiate and operationalize alternative multi-modal trade corridors-such as the India-Middle East-Europe Economic Corridor (IMEC) and the International North-South Transport Corridor (INSTC)-to bypass traditional, compromised maritime chokepoints.
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