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1. Introduction 
Research Question 

Has climate risk been realized in default (distress) risk at the corporate-level? 

If so, are there different results for backward (i.e. carbon footprint) & forward-looking 

measures (i.e. climate risk disclosure) ? 

Motivation 

▪ Rising popularity of climate change topics especially on the ‘market risk’ component (i.e. tradeable

securities), but less is known if the same effect exists on the ‘credit risk’ component

▪ Prior researches limit their analysis to debt instruments (loans/ bonds) with indicative price and

distinctive features (embedded options, maturity, covenants)

▪ Proxies of climate risk in past studies are either too generic [ESG score] or too narrow [Scope 1

direct emissions]
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Anecdotal signals that climate change, especially transition risk, is not just a 
long-term risk but is a contemporary phenomenon
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Past proxies of climate risk are either too generic or too narrow … 
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ESG Score Corporate Carbon Footprint

Refinitiv (2020) GHG Protocol (2013)  

Slide 5/16 



… where climate change risk disclosure in annual filings have clear advantages
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▪ The SEC Commission Guidance

Regarding Disclosure Related to Climate

Change (2010) mandates disclosure of

material climate risk in annual filings for

U.S. public firms on impact of climate

change legislation and regulation,

international accords on climate change,

indirect consequences of regulations or

business trends, and physical impacts of

climate changes.

 Cover both current and potential impacts 

 Cover the whole spectrum of climate 

change

CERES/CookESG SEC Sustainability Disclosure Search Tool
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2. Literature Review  
▪ Environmental concerns are associated with a higher cost of debt and lower credit ratings. Proactive 

environmental practices are associated with a lower cost of debt (Bauer & Han,  2010)

▪ Higher ESG Score (upgrade) leads to lower CDS spread ( Drago et al., 2019; Barth et al., 2020)

▪ High-emitter industry or low Sustainalytics E score worsen credit ratings & yield spreads of corporate bonds 

(Seltzer et al. , 2020) 

▪ Firms with ‘climate concerns’ in MSCI KLD has a higher cost of debt (Chava, 2014). 
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ESG 

Score 

▪ Banks have more favorable lending conditions for firms that disclose emissions or have lower emissions 
(Kleimeier & Viehs, 2016), while penalizing firms with bigger fossil-fuel reserves (Delis et al., 2019). 

▪ Higher Scope 1 emissions are associated with a lower Merton distance to default on a sample of global 
investment-grade firms (Capasso et al., 2020)

▪ Carbon emissions (Scope 1) have a negative impact on credit ratings of U.S. firms (Md Safiullah et al., 2021) 

Carbon 

Footprint

▪ Climate risk disclosures have a significant effect on future return on assets, earning persistence and forward 
earning responses (Wang, 2017); firm value, cost of capital and beta (Berkman et al., 2019). 

▪ Stock market reacts positively to shareholder proposals to induce climate change-related disclosure on the 
proxy filing day (Diaz-Rainey et al., 2020), and has higher valuations for disclosing firms after such proposals 
(Flammer et al., 2020)

▪ Disclosing transition risks increases CDS spreads(the risk-perception effect), while disclosing physical climate 
risks leads to a decrease in CDS spreads (the uncertainty reduction effect) (Kölbel et al., 2021) 

Climate 

Risk 

Disclosure 
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3. Research Design 
Sample US S&P500 non-financial firms in 2010-2018

Model 

𝐷𝐷𝑖𝑡 =෍𝛽𝑜,𝑞𝐷𝐷𝑖𝑡−𝑞 + 𝛽1 𝑪𝒍𝒊𝒎𝒂𝒕𝒆𝒊𝒕 + ෍𝛽2,𝑘 𝐹𝑖𝑟𝑚𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑡
𝑘 + 𝜃𝑖 + 𝜇𝑡 + 𝜖𝑖𝑡

▪ 𝐷𝐷𝑖𝑡 is the distance-to-default DD of firm in the end of year t. 

▪ 𝐷𝐷𝑖𝑡−𝑞 is the past DD of lag length q 

▪ 𝐶𝑙𝑖𝑚𝑎𝑡𝑒𝑖𝑡 is the climate risk profile of the firm  i in year t 

▪ 𝐹𝑖𝑟𝑚𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑡
𝑘 is the vector of k firm- and environment-specific control variables

▪ 𝜃𝑖 is the firm fixed effect 

▪ 𝜇𝑡 is the year fixed effect

▪ 𝜖𝑖𝑡 is the random error term

Estimation Method

Dynamic system generalized method of moments estimator [GMM] (Arellano & Bover, 
1995; Blundell & Bond, 1998)
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3. Research Design 
Distance to Default

𝐷𝐷𝑖𝑡𝑇 =
𝑙𝑛

𝑉𝑖𝑡
𝐹𝑖𝑡

+ 𝜇𝑖𝑡 − 0.5 ∗ 𝜎𝑉𝑖𝑡
2 ∗ 𝑇

𝜎𝑉𝑖𝑡 ∗ 𝑇

▪ 𝐷𝐷𝑖𝑡 is the distance-to-default DD of firm in the end of 
year t. 

▪ 𝑉𝑖𝑡 : estimated asset value 

▪ 𝐹𝑖t : the level of debt or default point

▪ 𝜇𝑖𝑡 : the annual expected return of the firm’s asset

▪ 𝜎𝑉𝑖t is the asset volatility 

Of which, 𝑉𝑖𝑡 and 𝜎𝑉𝑖t are unobservable and are 

estimated using an iteration process following (Crosbie & 
Bohn, 2003; Vassalou & Xing, 2004) using SAS codes by 
Bharath and Shumway (2008) 
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3. Research Design 
▪ Corporate carbon footprint:  Carbon intensity 

(emission/ revenue) of a firm i in year t (Refinitiv) 

▪ Estimated carbon intensity  

▪ Total carbon intensity 

▪ Scope 1 carbon intensity 

▪ Scope 2 carbon intensity 

▪ Climate risk disclosure: Number of climate risk 
keywords in 10-K filings of a firm i in year t 
(Reclassification from Cook/CERES database) 

▪ Climate keywords 

▪ Regulatory keywords 

▪ Physical keywords 

▪ Non-specific keywords 
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4. Main result 
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4. Main result 
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4. Main result 
Climate transition risk has a negative impact of US firm-level distance to default.   The impact is only significant 

for discussion of climate transition risk in annual filings. 

3rd JRC Summer School on Sustainable Finance    ▪ In search of climate distress risk  Slide 13/16 



4. Main result 

The impact is strengthened by the Paris Agreement in 2015 but is short-lived and disappears in later years.
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4. Main result 

Firms with highest climate risk (above 75%) [regulatory disclosure] have a significant lower distance to 

default as compared to firms with lowest climate risk (bottom 25%). 
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4. Main result 

The climate distress risk effect is stronger in states with carbon pricing initiatives. 
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5. Conclusion & Implications 
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Conclusions

▪ Climate risk has a negative impact on S&P500 firms’ distance to default. 

→ This impact is limited to transition risk and the disclosures of this risk in annual filings (i.e forward 

looking measures). 

→ Meanwhile, carbon footprint or disclosure of physical risk do not have a similar effect in the U.S. 

context

▪ The Paris Agreement temporarily strengthens the negative relationship between climate risk and distance 

to default in the year 2015. 

→  However, the effect is short-lived and disappears in later years 

▪ The climate distress risk effect is stronger: 

→ Among firms with highest climate risk (top 25%) 

→ Among firms with headquarter in states with stricter carbon price regulations

Implications

▪ Climate distress risks should be reflected in credit risk models

▪ The reflection of climate distress risk should move beyond traditional/backward carbon footprint proxies 
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