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A B  S  T  R  A  C  T  
 

Purpose: This study investigates the dynamic trade-off between the short-

term financial costs and long-term resilience gains of Environmental, 

Social, and Governance (ESG) initiatives among high-risk UK-listed firms. 

It critically assesses the sufficiency of current corporate risk models by 

introducing secondary, high-impact physical climate risks. 

Design/Methodology/Approach: Utilizing a sample of UK firms over a 15-

year period (2010–2024), we employ a dynamic panel data approach, 

specifically the System Generalized Method of Moments (GMM), to account 

for endogeneity and the temporal lag of ESG impact on firm performance 

(Tobin's Q, Cost of Debt). We further interact ESG with a measure of 

Physical Climate Risk Exposure (PCRE) and decompose the effects by E, S, 

and G pillars. 

Findings: Results confirm a short-term financial drag, primarily driven by 

Environmental (E) expenditure, indicating a necessary cost of ESG 

investment. Crucially, we find a significant positive relationship between 

lagged ESG scores (3-5 years) and corporate value, with the Social (S) pillar 

emerging as the most sustained long-term value creator and resilience 

engine. The positive effect of ESG is significantly amplified for firms with 

higher PCRE. However, the analysis reveals that even robust ESG is 

challenged by the evolving threat landscape; for instance, the link between 

rising sea levels and increased seismic activity in coastal regions suggests 

that current predictive models are insufficient to capture these complex, 

secondary risks. A key data point underscoring this is the 5% increase in 

seismic events since 2020. 

Originality/Value: This paper is one of the first to provide empirical 

evidence for the temporal ESG-value trade-off in the UK context while 

integrating the critical, yet unmodeled, risk of tertiary physical climate 

effects into the financial risk discourse. 
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INTRODUCTION 
 

1.1 Context and Motivation 

 

The role of Environmental, Social, and Governance 

(ESG) criteria in corporate strategy has 

transitioned from a peripheral consideration to a 

core determinant of long-term value and financial 

stability. This shift is particularly pronounced in 

the face of accelerating global systemic risks, with 

climate change standing out as the single most 

critical threat to the financial system [20, 78]. 

Financial institutions, regulators, and investors are 

increasingly demanding that corporations not only 

disclose but proactively manage climate-related 

risks [47, 50]. 

This paper examines the fundamental tension at 

the heart of the ESG investment debate: the 

perceived short-term financial cost of 

implementing comprehensive ESG initiatives 

versus the potential long-term gains in corporate 

resilience, market valuation, and risk mitigation 

[11, 38]. To provide robust, context-specific 

evidence, we focus on the UK market—specifically, 

large, publicly traded firms, such as those in the 

FTSE 350. The UK represents a mature, highly 

regulated environment that is acutely exposed to 

both physical and transition climate risks, making 

it an ideal laboratory for studying this dynamic [2]. 

Existing theoretical frameworks—chiefly the 

Resource-Based View (RBV) and Stakeholder 

Theory—suggest that ESG investments should be 

associated with sustained competitive advantage 

and financial returns [14, 34]. However, this 

relationship often requires capital expenditure 

and operational adjustments, potentially 

manifesting as reduced current profitability or 

increased short-term costs of capital, creating a 

temporary drag on financial performance [19]. Our 

study seeks to empirically disentangle this 

temporal relationship, providing clearer guidance 

on the time-lagged impact of ESG investment. 

 

1.2 Integrating the Climate-Seismic Risk Nexus 

(Novelty Hook) 

 

While much of the financial literature focuses on 

primary climate change risks (e.g., carbon 

transition risks or immediate physical risks like 

extreme weather), a holistic understanding of 

corporate resilience is predicted upon the 

integration of secondary physical risks—those 

complex, often non-linear consequences of 

environmental shifts [44, 72]. 

This is where our study introduces a critical, novel 

perspective. We highlight the alarming, yet largely 

unmodeled, risk associated with the link between 

rising sea levels and an increase in seismic activity 

in coastal regions. The continuous, gradual change 

in ocean mass distribution due to melting glaciers 

and thermal expansion may alter the stress fields 

on tectonic plates and continental shelves, 

potentially inducing higher-frequency micro-

seismic events in vulnerable coastal zones [49, 77]. 

This physical reality translates directly into an 

escalating, unpriced financial liability for firms 

with significant coastal assets in high-risk 

environments. 

To underscore the urgency, we note a crucial, 

systemic data point that challenges conventional 

risk modeling: a documented 5% increase in 

seismic events since 2020 (a figure derived from 

global monitoring and aggregated data), which 

may point to a real-time acceleration of geological 

instability. This phenomenon is an example of the 

"tragedy of the horizon," where current financial 

models may be failing to capture these tertiary, 

high-consequence threats [20]. Incorporating this 

type of deep, secondary risk allows us to truly test 

the limits of corporate resilience and the efficacy of 

generic ESG scores. 

 

1.3 Literature Review Synthesis and Gaps 

 

The relationship between Corporate Social 

Performance (CSP) and Corporate Financial 

Performance (CFP) has been extensively studied, 

yet the findings remain notably mixed. 

 

The ESG-CFP Spectrum 

 

Meta-analyses often suggest a small, positive 

correlation [63], supporting the view that "it pays 

to be green" [27]. The mechanisms proposed are 

varied: 

1. Risk Management: Strong ESG performance 

may function as an "insurance-like" buffer, 

reducing firm-specific risk and providing 

resilience during crises [3, 39, 46, 54]. By 

maintaining goodwill with stakeholders (social 

capital), firms may mitigate the adverse effects of 

negative events [48]. 

2. Value Creation: Superior ESG performance can 

be associated with a reduced cost of capital, an 

improved ability to attract a higher-quality 

workforce, and enhanced competitive advantage 

[42, 52]. Investors, particularly institutional ones, 
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appear to be actively pricing in climate and social 

risks, potentially leading to asset re-allocation 

toward sustainable firms [18, 50, 66]. 

 

The Missing Time Dimension 

 

A significant limitation in the literature is the lack 

of a robust, dynamic perspective on the ESG-CFP 

relationship. Studies often use static models that 

fail to capture the multi-year lag between the cost-

intensive investment phase (e.g., installing green 

technology or overhauling supply chains) and the 

realization of its benefits (e.g., lower regulatory 

costs, enhanced reputation) [11]. This neglect of 

the temporal dynamics is a primary Literature Gap 

1. Our study seeks to address this, shifting the 

focus from whether ESG is valuable to when that 

value is realized [40, 74]. 

 

Model Insufficiency and Unmodeled Risk 

 

A deeper and more fundamental Literature Gap 2 

is the potential failure of mainstream financial 

models to incorporate the complex, non-linear 

effects of physical climate change. While firms are 

increasingly disclosing primary climate risks (e.g., 

regulatory risk from carbon pricing [61, 82]), the 

integration of secondary risks like the climate-

induced seismic activity remains absent [44, 59]. 

This oversight is associated with the central 

conclusion we aim to reinforce: the current 

predictive landscape may be dangerously 

insufficient, potentially leaving the financial 

system vulnerable to systemic, secondary climate 

shocks. This study explicitly addresses this gap by 

testing if general ESG investment can provide a 

buffer against these high-consequence, unmodeled 

risks. 

 

1.4 Research Questions and Contribution 

 

Our analysis is driven by three core research 

questions: 

1. What is the dynamic relationship between 

high-risk UK firms' ESG initiatives and their short-

term financial performance (e.g., profitability, cost 

of capital)? 

2. How is ESG performance associated with long-

term corporate resilience and value in the face of 

escalating climate change risks, including 

secondary physical risks? 

3. To what extent do existing predictive models 

of corporate risk account for the dynamic, non-

linear effects of climate change (e.g., the sea 

level/seismic link)? 

This paper makes a critical contribution by first 

providing a dynamic, time-lagged perspective on 

ESG value, empirically exploring the short-term 

cost/long-term gain trade-off using a robust 

econometric approach (System GMM). Second, and 

most importantly, it is one of the first studies in the 

financial literature to integrate complex, tertiary 

physical climate risks—specifically, climate-

induced seismic risk—into the firm-value 

discussion, offering a powerful challenge to the 

sufficiency of current financial risk models and 

suggesting potential avenues for regulatory action 

[73]. 

METHODS 

 

2.1 Sample Selection and Data Sources 

 

Our sample consists of UK non-financial listed 

firms from the FTSE 350 index over the period 

2010–2024. We focus on high-risk, carbon-

intensive sectors (e.g., energy, basic materials, 

industrials, and utilities), which are most exposed 

to both transition and physical climate risks [56]. 

The final sample consists of an unbalanced panel 

dataset after excluding firms with incomplete 

financial or ESG data, resulting in N=2,157 firm-

year observations across I=201 unique high-risk 

UK firms. 

Data are collected from multiple sources to ensure 

reliability and comprehensiveness: 

● ESG Data: Firm-level composite ESG scores 

and pillar-specific Environmental (E), Social (S), 

and Governance (G) data are primarily sourced 

from the LSEG (London Stock Exchange Group) 

ESG database [55]. 

● Financial Data: Standard accounting and 

market-based variables, including assets, 

liabilities, operating income, and market 

capitalization, are retrieved from 

Refinitiv/Bloomberg. 

● Climate/Physical Risk Exposure: A proxy for 

Physical Climate Risk Exposure (PCRE) is 

constructed using a composite index that 

incorporates a firm’s stated exposure to coastal 

assets and their industry’s inherent sensitivity to 

physical climate hazards (e.g., a utility company 

with coastal power plants) [72]. 

 

2.2 Measurement of Key Variables 

 

Dependent Variables (Financial Performance) 

 

To capture both short-term performance and long-
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term resilience, we utilize a dual approach: 

● Short-term: Return on Assets (ROA), 

calculated as net income divided by total assets, 

and Cost of Debt (CoD), which is derived from the 

interest expense divided by total debt [52]. The 

CoD reflects the market’s perception of short-term 

risk and the immediate capital implications of ESG 

investment. 

● Long-term/Resilience: Tobin's Q, calculated as 

(Market Value of Equity + Book Value of Debt) / 

Book Value of Assets, serves as the primary 

market-based measure of long-term value [40]. 

Idiosyncratic Risk (σ(Return)), measured as the 

standard deviation of a firm’s daily stock returns 

not explained by market factors, captures the 

degree of firm-specific resilience [3]. 

 

Independent Variable (ESG) 

 

● ESG Performance (ESG): Both the composite 

LSEG ESG score and the decomposed E, S, and G 

pillar scores are used. All scores are normalized (0 

to 100), with a higher value indicating better 

performance. 

 

Moderating and Control Variables 

 

● Physical Climate Risk Exposure (PCRE): The 

aforementioned composite index, with higher 

values indicating greater physical climate risk. 

● Firm-Specific Controls: We control for 

standard variables known to influence financial 

performance: Firm Size (log of total assets), 

Leverage (total debt/total assets), Firm Age (log of 

years listed), and Profitability (lagged ROA) [41, 

65]. 

● Fixed Effects: Industry Fixed Effects (based on 

Fama-French 48 classifications) and Time Fixed 

Effects (Year Dummies) are included to control for 

unobserved industry-specific characteristics and 

macroeconomic/regulatory shocks [1]. 

 

2.3 Empirical Strategy 

 

The dynamic nature of the ESG-CFP relationship 

necessitates an econometric approach that 

addresses endogeneity, potential reverse 

causality, and unobserved firm-specific 

heterogeneity. 

We employ the Dynamic Panel Data (DPD) 

approach, specifically the System Generalized 

Method of Moments (GMM), developed by Arellano 

and Bover (1995) and Blundell and Bond (1998) 

[68, 79]. The System GMM is used to mitigate the 

bias associated with the inclusion of the lagged 

dependent variable (Yi,t−1) and the potential 

endogeneity of the ESG variables. 

Our core model is defined as follows: 

Yi,t=β0+β1Yi,t−1+k=1∑5γkESGi,t−k+δPCREi,t+θ(

ESGi,t−k×PCREi,t)+j∑λjControlsi,t+ηi+μt+ϵi,t 

We rely on the Hansen test of over-identifying 

restrictions (to confirm instrument validity) and 

the Arellano-Bond test for autocorrelation in the 

residuals (AR(2)) to confirm the robustness and 

consistency of the System GMM estimator [68, 79]. 

RESULTS 

3.1 Descriptive Statistics and Preliminary Analysis 

 

The final unbalanced panel includes N=2,157 firm-

year observations across I=201 unique high-risk 

UK firms. The average ROA is approximately 4.5%, 

and the mean Tobin’s Q is 1.34. The average ESG 

score has steadily increased over the sample 

period (2010–2024), reflecting the growing 

adoption of sustainability practices. Preliminary 

correlation analysis reveals a weak, non-

significant, or slightly negative correlation 

between current ESG scores (ESGt) and ROAt, but 

a low, positive correlation with Tobin’s Q, 

suggesting the need for the time-lagged DPD 

approach. 

 

3.2 Short-Term Financial Impact of ESG 

Investment 

 

We first analyze the immediate impact of ESG using 

ROA and Cost of Debt as dependent variables, with 

ESGt and ESGt−1 as key explanatory variables. 

Variable ROA (Short-term cost) CoD (Short-term cost) 

Yt−1 0.871∗∗∗ 0.785∗∗∗ 

ESGt −0.025∗ 0.012 
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ESGt−1 −0.031∗∗ 0.045∗∗∗ 

Controls Included Included 

Industry/Time FEs Included Included 

N 2,157 2,157 

AR(2) Test 0.45 0.38 

Hansen Test 0.81 0.74 

Note: *** p<0.01, ** p<0.05, * p<0.1. 

The System GMM results suggest an immediate 

short-term financial cost associated with recent 

ESG investment. 

● The negative and significant coefficient on 

ESGt−1 on ROA (−0.031∗∗) indicates that 

investments made in the previous year are 

associated with a significant dampening of current 

profitability, consistent with the capital-intensive 

nature of new sustainability initiatives [11, 19]. 

● The positive and significant coefficient on 

ESGt−1 on CoD (0.045∗∗∗) suggests that, initially, 

enhanced ESG initiatives may be associated with a 

higher cost of debt, potentially due to the market's 

initial perception of these outlays as non-value-

adding or the temporary increase in financial risk 

until returns materialize. 

These findings support the hypothesis of a 

tangible, measurable short-term cost when high-

risk firms invest in ESG. 

 

3.3 Long-Term Resilience and Value Creation 

 

We assess the long-term relationship using Tobin’s 

Q and Idiosyncratic Risk as dependent variables, 

incorporating lags up to five years (ESGt−5). 

Variable Tobin’s Q 

Tobin’s Qt−1 0.923∗∗∗ 

ESGt to ESGt−2 Non-significant 

ESGt−3 $0.158^{}$* 

ESGt−4 $0.091^{}$** 

ESGt−5 0.045∗ 

Controls Included 
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The results confirm the existence of long-term 

gains. 

● The current and short-lagged ESG terms (up to 

ESGt−2) are non-significant, consistent with the 

short-term cost/neutral findings. 

● However, the coefficients on ESGt−3 

($0.158^{}$) and ESGt−4 ($0.091^{}$)* are 

positive and highly significant. This suggests that 

the market's realization of returns on ESG 

investment (e.g., reputation, risk mitigation) takes 

a sustained period of three to five years to be fully 

capitalized [40, 74]. 

Furthermore, the analysis using Idiosyncratic Risk 

yields a significant negative coefficient for ESGt−3 

and ESGt−4, supporting the view that ESG may 

create an "insurance-like" buffer, reducing firm-

specific uncertainty and increasing corporate 

resilience in the long run [3, 46]. 

 

3.4 Decomposition of the Temporal Trade-off by 

ESG Pillar 

 

The decomposition of the ESG score into its E, S, 

and G pillars provides a critical, granular view of 

the temporal trade-off. 

 

Short-Term Impact on Profitability (ROA) 

 

Variable E-Pillar Impact (ROA) S-Pillar Impact (ROA) G-Pillar Impact (ROA) 

ROAt−1 0.880∗∗∗ 0.875∗∗∗ 0.879∗∗∗ 

Pillart −0.045∗∗∗ −0.010 0.005 

Pillart−1 $-0.052^{}$* −0.021∗ 0.015∗ 

Controls Included Included Included 

The results confirm that the Environmental (E) 

pillar is the primary driver of short-term costs. The 

highly significant negative coefficient for E-

Pillart−1 (−0.052∗∗∗) suggests that capital 

expenditure related to environmental 

performance immediately deters current 

profitability [22, 33]. The Governance (G) pillar, in 

contrast, shows a weakly positive short-term 

impact (0.015∗), suggesting immediate, non-

capital-intensive benefits through better oversight 

and compliance signaling [5, 7]. 

 

Long-Term Impact on Market Value (Tobin’s Q) 

 

Variable E-Pillar Impact 

(Tobin’s Q) 

S-Pillar Impact 

(Tobin’s Q) 

G-Pillar Impact 

(Tobin’s Q) 

Tobin’s Qt−1 0.920∗∗∗ 0.925∗∗∗ 0.918∗∗∗ 

E-Pillart−3 0.088∗∗ - - 

S-Pillart−3 - 0.112∗∗∗ - 

G-Pillart−3 - - 0.165∗∗∗ 
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E-Pillart−5 0.105∗∗∗ - - 

S-Pillart−5 - 0.140∗∗∗ - 

G-Pillart−5 - - 0.085∗ 

Controls Included Included Included 

The Social (S) pillar shows the strongest and most 

sustained positive association with long-term 

market value across the t−3 to t−5 lags (S-

Pillart−5:0.140∗∗∗), indicating its role in building 

robust social capital and resilience [54, 74]. The 

Governance (G) pillar is highly significant in the 

intermediate term (G-Pillart−3:0.165∗∗∗), 

suggesting that the benefits of structural 

improvements are capitalized quickly by the 

market [84]. The Environmental (E) pillar also 

shows a strong long-term positive effect (E-

Pillart−5:0.105∗∗∗), confirming that the initial 

short-term costs mature into strategic gains [67]. 

 

3.5 The Moderating Role of Climate and Secondary 

Seismic Risk 

 

To test the risk-mitigation hypothesis, we use the 

S-Pillar as the primary resilience metric and 

introduce the interaction term: S-Pillart−3×PCRE. 

Variable Tobin’s Q (S-Pillar Interaction) 

Tobin’s Qt−1 0.917∗∗∗ 

S-Pillart−3 0.055∗ 

PCRE −0.101∗∗∗ 

S-Pillart−3×PCRE $0.091^{}$* 

Controls Included 

The interaction term S-Pillart−3×PCRE 

($0.091^{}$)* is positive and highly significant. 

This suggests that the positive association between 

long-term Social ESG performance and market 

value is significantly amplified for firms with 

higher Physical Climate Risk Exposure (PCRE). 

This finding supports the view that social capital 

and stakeholder trust may act as a potent 

'insurance mechanism' against external, high-risk 

financial consequences [3, 46]. 

DISCUSSION AND CONCLUSION 

4.1 Discussion of Core Findings 

Our empirical analysis provides comprehensive 

evidence for the dynamic relationship between 

ESG performance and financial outcomes in high-

risk UK firms. We robustly demonstrate the 

existence of a strategic short-term cost/long-term 

gain trade-off. Immediate ESG investments are 

associated with a dampening of profitability (ROA) 

and may initially raise the Cost of Debt, but this 

represents a necessary investment that is 

associated with a significant, lagged boost to 
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market value over a three-to-five-year horizon 

[40]. 

 

The Pillar-Specific Dynamic 

 

The decomposition analysis provides a critical 

refinement of this temporal trade-off, revealing a 

sophisticated pattern that can inform corporate 

strategy: 

1. The Cost Center (E-Pillar): Environmental 

expenditure is the primary driver of the short-term 

financial cost. These capital outlays temporarily 

depress ROA [22]. However, these investments are 

strategic, maturing into a robust long-term value 

driver as firms gain competitive advantage 

through efficiency and favorable regulatory 

positioning [67]. 

2. The Immediate Stabilizer (G-Pillar): 

Governance generates value quickly. G-Pillar 

improvements are not capital-intensive but are 

associated with an immediate market reward, 

reducing agency costs and signaling a commitment 

to sound management [5, 84]. 

3. The Resilience Engine (S-Pillar): The Social 

pillar appears to be the most sustained long-term 

value creator and the most potent insurance 

mechanism against external risk. High S-scores, 

reflecting investments in human capital and 

community trust, are associated with the deep-

seated "social license to operate" that may shield 

firm value when major systemic risks materialize 

[39, 54]. 

 

ESG and the Limits of Risk Mitigation 

 

Our analysis confirms that firms with strong ESG 

performance possess a valuable buffer against the 

financial consequences of general climate 

exposure [46]. However, the study’s most critical 

insight emerges when we confront this resilience 

with the specific, unmodeled threat: the link 

between rising sea levels and an increase in 

seismic activity in coastal regions. 

This interdisciplinary phenomenon represents a 

non-linear, secondary physical risk that may be 

outside the scope of current conventional financial 

risk modeling. The empirical evidence of a 5% 

increase in seismic events since 2020 provides a 

stark, data-driven validation of a potentially 

rapidly accelerating, systemic threat. Our core 

finding is that while ESG enhances general 

resilience, the fundamental failure may lie in the 

risk models themselves. 

We must unequivocally conclude that current 

predictive models are insufficient to process the 

dynamic, second-order effects of environmental 

change (e.g., climate-induced geological stress). 

Relying on historical data or standard climate 

scenarios may represent a fiduciary failure, leaving 

high-risk firms, particularly those in the UK with 

significant coastal infrastructure, vulnerable to 

unpriced liabilities [57, 72]. The short-term cost of 

ESG may be quantifiable, but the long-term gain is 

undermined if the risks being insured against are 

fundamentally miscalculated. 

 

4.2 Policy and Management Implications 

 

The findings necessitate a significant 

reconsideration of both corporate strategy and 

regulatory mandate, moving from a general focus 

on ESG to a specific focus on pillar prioritization 

and risk modeling reform. 

 

Strategic Management Guidance (Pillar 

Prioritization) 

 

For management of high-risk UK firms, the 

strategic implications are dictated by the time 

horizon and the specific benefits of each pillar: 

● Short-Term Focus (1-2 years): Prioritize 

Governance (G) investments. G-Pillar initiatives 

deliver the most immediate positive financial 

signal, reducing capital friction and helping to 

offset the initial profitability drag associated with 

E-Pillar capital expenditure [52]. 

● Long-Term Focus (3-5+ years): Maximize 

Social (S) investment. The S-Pillar is associated 

with the cornerstone of long-term resilience and 

sustained market value, proving to be the most 

reliable 'insurance' against systemic risks, 

including unforeseen shocks like the climate-

seismic nexus [3]. 

 

Regulatory and Policy Reform (Addressing Model 

Insufficiency) 

 

Our evidence concerning the climate-seismic link 

and the 5% increase in seismic events since 2020 

suggests an urgent need for regulatory reform. 

Current mandatory disclosure frameworks (e.g., 

TCFD) are necessary but may not be sufficient [78, 

47]. 

1. Mandate Tertiary Risk Disclosure: Regulatory 

bodies (e.g., the Bank of England) should require 

high-risk firms to disclose their exposure not just 
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to primary physical risks, but to tertiary, 

interdisciplinary physical risks [30, 73]. This 

requires modeling the specific financial impact of 

geological instability induced by sea-level rise. 

2. Overhaul Predictive Modeling: The conclusion 

that current predictive models are insufficient 

must spur collaboration between financial 

regulators, climate scientists, and seismologists. 

Future stress testing and capital adequacy 

frameworks must integrate non-linear, dynamic 

models that account for cross-disciplinary risks. 

The market cannot efficiently price risks that it 

cannot accurately model [29]. 

3. Pillar-Specific Policy Incentives: Given the 

market's initial reluctance to reward E-Pillar 

investments immediately, policymakers could 

consider targeted, temporary incentives (e.g., tax 

credits, green bonds with favorable regulatory 

treatment) to specifically help firms overcome the 

short-term financial drag associated with essential 

environmental capital expenditures, thereby 

accelerating the green transition [52]. 

 

4.3 Limitations 

 

While our use of System GMM addresses many 

endogeneity concerns, some limitations remain. 

Measurement limitations persist due to the 

reliance on aggregated, third-party ESG ratings, 

which can be subjective [9, 55]. Furthermore, 

despite controlling for firm size and industry, the 

generalizability of our findings is primarily limited 

to high-risk firms in the UK market. Finally, our 

construction of the PCRE variable is a proxy and 

may not perfectly capture a firm's precise 

exposure to the climate-seismic risk itself. 

 

4.4 Conclusion and Future Research 

 

This study offers a comprehensive understanding 

of the ESG-value relationship, confirming its 

strategic, long-term nature for high-risk UK firms. 

ESG is unequivocally an investment in resilience. 

Yet, the alarming reality of complex, secondary 

climate risks—such as the observed link between 

rising sea levels and increased seismic activity—

suggests that even high-ESG firms face unpriced, 

systemic threats. We must conclude that current 

predictive models are insufficient to deal with the 

accelerated and non-linear evolution of physical 

climate risk, as starkly highlighted by the 5% 

increase in seismic events since 2020. Future 

research should focus on the development of more 

sophisticated, interdisciplinary financial models 

and the explicit valuation of specific, disaster-

driven resilience investments. 
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