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Abstract:

This study aims to develop and test an integrated credit validation model that incorporates environmental, social, and
governance (ESG) indicators alongside climate risk into corporate credit rating assessments. A quantitative applied research
design was employed using balanced panel data from 165 firms listed on the Tehran Stock Exchange from 2015 to 2023. The
dependent variable was the firms’ credit score, while the independent variables included the three ESG dimensions and a
composite climate risk index. Fixed-effects panel regressions estimated via generalized least squares (GLS) were used to
analyze the relationships and interaction effects. Results revealed that environmental, social, and governance indicators each
exert a positive and statistically significant influence on credit ratings, while climate risk has a significant negative impact. The
interaction analysis further indicated that climate risk moderates the ESG—credit rating relationship: under higher climate risk
conditions, the positive impact of ESG on creditworthiness weakens. The integrated model achieved the highest explanatory
power (R?=0.489), outperforming traditional credit assessment models. Integrating ESG indicators and climate risk into credit
evaluation enhances model accuracy and provides a more comprehensive and realistic assessment of firms’ financial
sustainability. The proposed model offers practical value for credit risk management and the development of sustainable
financial systems.
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Extended Abstract

Introduction

The growing awareness of environmental degradation and climate-induced financial risks has transformed the landscape
of credit assessment and financial stability analysis. In recent years, global financial systems have been compelled to integrate
environmental, social, and governance (ESG) criteria alongside traditional financial indicators to better capture the
multifaceted nature of risk (Xu, 2025). Traditional credit rating systems, once sufficient for evaluating repayment probability
and corporate solvency, now appear incomplete as they fail to account for sustainability-related vulnerabilities and transition
risks (Acharya et al.,, 2023). As climate shocks—such as extreme weather events, rising temperatures, and resource
depletion—intensify, they threaten the resilience of corporations, investors, and national economies (Oguntuase, 2020).

The link between ESG performance and creditworthiness has therefore gained momentum in both academia and practice.
Recent evidence suggests that firms with stronger ESG profiles enjoy higher investor confidence, reduced cost of capital, and
lower default probabilities (Malone et al., 2025; Yébenes, 2024). Simultaneously, policymakers have begun introducing
environmental credit rating mechanisms to align capital flows with low-carbon and socially responsible development (Xu,
2025). In this context, climate risk emerges as both a direct financial stressor and an indirect amplifier of credit risk (Nguyen
& Nguyen, 2025). For example, in industries heavily dependent on natural resources—such as agriculture, mining, and
energy—physical risks and transition costs can severely undermine financial performance and debt-servicing capacity
(Anastasiou et al., 2024; Martin, 2024).

The interplay between ESG indicators and climate risk is also becoming central to macroprudential policy. Scholars argue
that climate-induced credit risk may lead to systemic instability if not incorporated into financial risk models (Acharya et al.,
2023; Campino, 2023). Likewise, bank loan portfolios exposed to climate-sensitive sectors may experience growing non-
performing loans (NPLs) if mitigation and adaptation strategies remain insufficient (Khemiri & Nouaili, 2025). Accordingly,
integrating climate risk and ESG indicators into a unified credit validation model could improve the predictive power of credit
ratings and provide early warnings for systemic vulnerabilities (DoGAn et al., 2025).

Empirical findings across regions demonstrate the heterogeneous nature of this relationship. In ASEAN economies,
sustainable lending practices and macroeconomic variables jointly affect credit risk dynamics (Arintoko et al., 2024). Similarly,
the European banking sector has shown that adopting green technologies and human capital development mitigates climate-
related credit losses (Afzal et al., 2024). In emerging markets, however, sustainable debt financing still carries “hidden costs,”
stemming from underdeveloped regulatory frameworks and inconsistent ESG data disclosure (Rickman et al., 2024).
Moreover, differing ESG data sources—local versus global—have led to variations in credit assessments, as observed in
China’s financial system (Yu, 2024).

From a methodological standpoint, credit modeling is undergoing a digital transformation. Advances in artificial
intelligence and data mining are reshaping the ways in which ESG and climate risk are quantified and embedded into credit
scoring systems (Liao, 2025). Reinforcement learning and multi-feature algorithms have demonstrated superior predictive
accuracy by dynamically adjusting the weight of ESG factors based on macroeconomic conditions (Kim & Arroyo-Turcios,
2025). Such computational approaches enable credit rating agencies and banks to capture nonlinear interactions between

environmental exposure and financial stability (DoGAn et al., 2025).
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In this evolving landscape, it becomes essential to design an integrated framework that not only evaluates firms’ financial
soundness but also internalizes environmental and climate-related dimensions of risk. The present study therefore aims to
construct and empirically test an integrated credit validation model that combines ESG indicators and climate risk measures
within the credit rating process. By doing so, it addresses the current gap between conventional credit risk assessment and
sustainability-driven financial analysis.

Methods and Materials

This study adopts a quantitative research design based on panel data from 165 listed firms on the Tehran Stock Exchange
(TSE) from 2015 to 2023. The data include firm-level financial ratios, ESG metrics, and climate risk indicators derived from
official environmental databases and meteorological records. A multi-step modeling approach was used to develop the
integrated credit validation framework.

The dependent variable, firm credit score, was computed using a composite index of financial indicators such as debt-to-
equity ratio, interest coverage, liquidity, and the modified Altman Z-score. Independent variables included three ESG
dimensions: environmental (E), social (S), and governance (G), each constructed as weighted averages of their respective sub-
indicators. Climate risk was operationalized through a composite measure encompassing temperature anomalies, rainfall
deviation, and hazard exposure indices.

Regression-based modeling was employed to estimate the relationships among these variables. Fixed-effects panel
regressions were selected after conducting Chow and Hausman tests, ensuring robustness against firm-specific
heterogeneity. Interaction terms between ESG and climate risk were included to test moderation effects. All models were
estimated using generalized least squares (GLS) with robust standard errors to control for heteroskedasticity and
autocorrelation.

Findings

Descriptive statistics indicated moderate variability across ESG dimensions, with social indicators (mean = 0.58) performing
slightly better than environmental (mean = 0.51) and governance (mean = 0.47) dimensions. The mean climate risk index was
0.42, signifying moderate exposure to climatic variability among Iranian firms.

The first regression model revealed a significant positive relationship between environmental performance and credit
scores (B = 0.284, p < 0.01), suggesting that firms adopting environmentally responsible practices tend to have higher
creditworthiness. Similarly, the social (B = 0.241, p < 0.01) and governance (B = 0.327, p < 0.01) indicators also exhibited
positive and statistically significant effects on credit scores, confirming that firms with robust social responsibility and
transparent governance structures experience lower default risks.

The fourth model tested the direct effect of climate risk on creditworthiness. Results showed a significant negative impact
(B =-0.226, p < 0.01), indicating that higher climate risk exposure weakens firms’ ability to maintain favorable credit ratings.

Finally, the interaction model demonstrated a significant moderating effect of climate risk on the ESG—credit relationship.
The interaction term (B = -0.129, p < 0.01) was negative, meaning that the beneficial impact of ESG on credit ratings
diminishes under high climate risk conditions. This suggests that while ESG performance strengthens credit profiles, its

protective effect is contingent on firms’ climate resilience.
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The explanatory power (R?) of the models ranged between 0.38 and 0.49, confirming moderate-to-high predictive
capability. The integrated model that combined ESG and climate risk variables achieved the highest explanatory value (R? =
0.489), demonstrating the superiority of the combined approach compared to traditional credit models.

Discussion and Conclusion

The findings of this study highlight the significant role of sustainability factors in shaping corporate creditworthiness.
Consistent with global evidence, the results confirm that integrating ESG metrics into credit evaluation enhances predictive
accuracy and reflects firms’ long-term financial resilience. The strong positive influence of governance indicators underscores
the importance of transparency, board independence, and effective risk oversight in mitigating credit risk.

Furthermore, the study reveals that climate risk constitutes a substantial negative determinant of credit ratings. Firms
operating in sectors vulnerable to environmental volatility face structural disadvantages in accessing financing, even when
their financial fundamentals remain sound. This aligns with emerging literature emphasizing that physical and transition risks
associated with climate change have both immediate and systemic implications for credit markets.

The interaction effects provide novel insights into the conditional nature of ESG’s influence. While ESG performance
improves credit scores, its effectiveness is context-dependent—strong ESG practices cannot fully offset the adverse
consequences of high climate exposure. This finding reinforces the necessity for credit rating frameworks to explicitly account
for environmental vulnerability and adaptation capacity.

Overall, the integrated credit validation model proposed in this study offers a robust and comprehensive tool for assessing
firm-level credit risk under the dual lenses of financial soundness and sustainability. It demonstrates that climate-adjusted
ESG evaluation can serve as an early warning mechanism, fostering both financial stability and environmental responsibility

in emerging economies.
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