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Abstract:

The gravity model is one of the most influential and empirically robust frameworks in international
economics for explaining bilateral trade flows. Over time, it has evolved from Tinbergen’s descriptive
formulation into a theoretically grounded structural model incorporating multilateral resistance terms,
advanced estimators such as PPML, and sector-specific extensions. This review synthesizes global research
trends, methodological developments, and thematic applications across regions and sectors, highlighting the
model’s expanding relevance in economics, political economy, development, agriculture, and environmental
studies. The findings show that modern gravity models increasingly integrate variables such as exchange-
rate volatility, political risk, tariffs, migration, energy shocks, environmental stringency, and institutional
quality, alongside methodological innovations including structural gravity, nonlinear modelling, spatial
techniques, and wavelet or machine-learning hybrids. The review concludes that while the gravity model
remains foundational, future research should emphasize deeper micro-foundations, nonlinear dynamics,
interpretability in hybrid models, and richer datasets.
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1. Introduction

The gravity model is a central analytical tool in international trade research due to its simplicity, strong
empirical performance, and adaptability across contexts. Originating from Tinbergen’s (1962) formulation,
which relates bilateral trade to countries’ economic size and distance, the model gained solid theoretical
foundations with the structural gravity framework of Anderson and van Wincoop (2003), greatly enhancing
its policy relevance. Today, gravity models are widely applied to examine the effects of trade agreements,
exchange-rate volatility, regional integration, and geopolitical risks across diverse regions, including Africa,
Asia, OECD countries, and emerging markets. Methodological advances—such as PPML estimation to
address heteroskedasticity and zero trade flows (Santos Silva &Tenreyro, 2006) and spatial filtering to
control for geographic dependence (Krisztin & Fischer, 2015)—along with sector-specific applications in
agriculture, energy, and environmental goods, underscore the model’s versatility. Given the breadth of this
literature, a comprehensive review is necessary to synthesize key trends, methodological developments, and
future research directions.
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2. Methodology
2.1 Identification of Literature:

Studies published between 1962 and 2025—including theoretical, empirical, and methodological
contributions—were screened to identify common themes. The literature covered topics such as structural
gravity, PPML estimation, exchange-rate and volatility effects, regional integration, sector-specific gravity
applications, and bibliometric analyses.

2.2 Inclusion Criteria:

Studies were included if they applied a gravity-model framework, contributed to methodological
development, examined bilateral or multilateral trade determinants, analyzed macroeconomic or policy
impacts on trade, and provided theoretical insights into gravity modelling.

2.3 Analytical Strategy:

A thematic review approach was employed, focusing on the evolution of gravity-model theory, estimation
techniques, regional applications, extended gravity variables, sectoral studies, and emerging frontiers
including machine learning, wavelet methods, and global macroeconomic shocks. This approach enabled the
identification of key patterns and research gaps without conducting pooled statistical analyses.

3. Findings:
3.1.1 Evolution of the Gravity Model - Early Formulations:

Tinbergen’s original gravity model, though lacking strong theoretical foundations, effectively explained
bilateral trade flows and shaped early empirical research.

3.1.2 Structural Gravity Revolution:

Anderson and van Wincoop (2003) advanced the model by introducing multilateral resistance terms,
showing that trade depends on relative global trade barriers in addition to bilateral costs. This development
enabled theoretically consistent counterfactual simulations for evaluating trade agreements.

3.1.3 The Shift to PPML Estimation:

Subsequent research demonstrated that OLS estimation of log-linearized gravity models is biased in the
presence of zero trade flows and heteroskedasticity. The Poisson Pseudo-Maximum Likelihood estimator
therefore emerged as the preferred approach, as it accommodates zero trade, avoids retransformation bias,
and yields consistent estimates under heteroskedasticity. As a result, modern structural gravity models
routinely employ PPML with high-dimensional fixed effects to ensure robust empirical inference.

3.2 Thematic Applications Across the Globe:
3.2.1 Regional Integration Studies:

Gravity models are widely used to evaluate the trade effects of preferential trade agreements, free trade
agreements, and customs unions. Evidence from African blocs such as ECOWAS and COMESA points to
persistent under-trading despite formal integration, while studies on ASEAN and SAARC report mixed trade
creation and diversion effects. European research focuses on regulatory harmonization and the trade
implications of Brexit, with overall findings suggesting that integration generally promotes trade, albeit
unevenly across regions.
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3.2.2 Exchange-Rate Impacts:

The literature shows that exchange-rate volatility typically reduces trade volumes, while the effects of
currency depreciation vary across sectors and countries. Nonlinear methods, including NARDL models,
reveal asymmetric trade responses to exchange-rate movements. Recent studies further document how
conflict-induced currency fluctuations, such as those linked to the Russia—Ukraine war, transmit volatility
across trading partners and increase trade uncertainty.

3.2.3 Sectoral and Commodity Applications:

Agriculture and energy are prominent areas of gravity-model application. Agricultural studies incorporate
distance, climate, tariffs, sanitary and phytosanitary measures, and logistics to explain trade in products such
as fruits, wheat, and livestock. In the energy sector, oil price uncertainty and geopolitical risk are key drivers
of bilateral trade, particularly among BRICS countries. More recent research extends gravity models to
manufacturing and services, emphasizing digital trade, global supply chains, and technology gaps.

3.2.4 Institutional and Political Economy Variables:

Recent gravity-model studies increasingly include institutional and political factors alongside traditional
economic variables. Indicators such as institutional quality, corruption, political stability, economic freedom,
and membership in international organizations (e.g., ASEAN, APEC, OPEC) are commonly examined.
Empirical evidence suggests that these governance-related factors play a significant role in shaping bilateral
trade patterns, complementing standard gravity determinants like economic size and distance.

3.3 Methodological Innovations:
3.3.1 Spatial Gravity Models:

Some studies employ spatial-filtering techniques to account for geographic dependence in trade flows,
thereby reducing bias arising from shared regional characteristics among neighboring countries.

3.3.2 Nonlinear and Dynamic Models:

Combining gravity models with time-series methods such as ARDL, NARDL, and VECM enhances the
analysis of dynamic trade relationships, allowing researchers to capture asymmetric responses, exchange-rate
effects, and short- versus long-run adjustments.

3.3.3 Wavelet and Frequency-Based Extensions:

Wavelet-based approaches decompose trade relationships across time—frequency domains, enabling the
analysis of cyclical patterns, time-varying exchange-rate volatility effects, and the transmission of
geopolitical risk spillovers across markets.

3.3 Key Trends Identified:

The review identifies several key trends in the gravity-model literature. Structural gravity frameworks now
dominate empirical work, with PPML emerging as the standard estimator due to its robustness and ability to
handle zero trade flows. Regional integration remains a major research focus, while hybrid approaches
combining gravity models with machine learning, wavelet analysis, and advanced time-series methods are
increasingly adopted. There is also a growing emphasis on institutional, geopolitical, and environmental
variables as important determinants of international trade.

4. Discussion:

The literature shows that the gravity model has become a highly adaptable and widely used framework with
strong explanatory power, a solid theoretical foundation under structural gravity, broad applicability across
sectors, and clear policy relevance. However, important limitations remain, including data quality issues—
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especially in developing-country studies—insufficient treatment of endogeneity, linear modeling of
inherently nonlinear exchange-rate effects, occasional omission of multilateral resistance terms, and limited
interpretability in machine-learning applications. These shortcomings highlight the need for continued
methodological refinement in gravity-model research.

5. Recommendations and Future Directions:

Future research should strengthen gravity-model analysis by deepening the use of structural gravity with
appropriate multilateral resistance terms, expanding nonlinear and frequency-domain methods to capture
complex dynamics, and improving identification strategies to address endogeneity. Integrating machine
learning should prioritize interpretability through tools such as SHAP or LIME, while greater emphasis is
needed on sector-specific studies, particularly in digital trade, environmental goods, and renewable energy.
Finally, enhanced investment in micro-level trade data will be essential for more precise and reliable
estimation.

6. Conclusion:

This review confirms that gravity models remain central to international trade analysis, with advances such
as structural gravity, PPML estimation, nonlinear extensions, spatial methods, and machine-learning
integration enhancing their explanatory power. However, challenges related to data quality, nonlinearity,
endogeneity, and interpretability persist, and addressing these issues will be crucial for advancing gravity-
model research in a rapidly evolving global economy.
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