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Relatore
Note di presentazione
Climate Risk – Finance – Computer Science/AI 

Motivation: 
	- Spent 8 months at Google working on different projects related to fact-checking, text-classification, clickbait detection.
	- Got to know most recent tools in NLP and thought that it might be worth looking at them in a different context.
	- Also got interested in climate change and climate economics. 
	- Despite the corona crisis, the climate debate is not a luxury problem but it is real and it is also closely related to the risk of future 	pandemics.

Climate change is continuing to dominate headlines, and the impact of climate change-related risks on financial and capital markets is a growing concern for companies, investors, and regulators worldwide.  


All companies soon will have to account for climate risk — that was the clear message of the recommendations released in June by the G20 Task Force on Climate-related Financial Disclosures (TCFD), led by financial heavyweights Mark Carney and Michael Bloomberg. It is increasingly the message of shareholders, too.
 
For example, BlackRock has made it a top engagement priority to ask companies how they are assessing the risk that climate change poses to their operations. 



Climate risks entail physical risks that emerge from extreme weather events as well as transition risks due to regulatory reforms intended to combat global warming. Such risks feature prominently among the most likely and most impactful risks identified by the World Economic Forum in its outlook on global long-term risk
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There are not only transition but also physical climate risks
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``Without effective disclosure of these risks, the financial impacts of climate change may not 
be correctly priced - and as the costs eventually become clearer, the potential for rapid 

adjustments could have destabilizing effects on markets.''
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``Climate change has become a defining factor in companies’ long-term prospects […] The 
evidence on climate risk is compelling investors to reassess core assumptions about modern 

finance. […] Disclosure should be a means to achieving a more sustainable and inclusive 
capitalism.''



Department of Banking and Finance  

Our research question:

– Companies are exposed to climate change 
`Climate Risk‘:
– Physical and transitional risk.
– Possible effect on future cash-flows, 

affecting credit risk.
– Regulatory climate-risk disclosure (SEC, 10-

K filings):
– 2006: Introduction of risk factors (Item 1A)
– 2010: Guidance report on climate-change 

risk
– Do investors in the CDS market account for 

climate risk based on regulatory disclosure 
information? And if so, how?

A quick refresher on CDS:

information effect
vs

pre-warning effect
hypothesis
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Our contribution

1. We introduce a novel climate risk score (Climate Risk) using BERT (Bidirectional Encoder 
Representations from Transformers), developed by Devlin et al. (2019). 
– We show that the technique significantly improves upon traditional NLP methods, contributing to a 

small but growing literature that uses artificial intelligence to identify climate-relevant information in 
text data.

2. We provide evidence that CDS spreads are responsive to regulatory climate-risk disclosures, at 
least in industries where climate risks are expected to be material. Hence, disclosed climate risks are 
priced in the CDS market.

3. Only transition risks are being priced, but not the physical risks of climate change. 
– The price effect of transition risk increased with the Paris Climate Accord of 2015.
– The absence of priced physical risks may indicate a blind spot for companies, investors, and 

regulators.
– The effect of transition risk is not only statistically but also economically significant: after Paris, 

the increase in the 5-year CDS spread is 5% on average.
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Related Literature
– Growing evidence that transition risks are priced, especially risks associated with a firm's carbon 

emissions level, as these firms are most likely to be subjected to future regulation.
– Equity prices worldwide contain a "carbon premium“ (Bolton and Kacperczyk, 2020).
– Option prices indicate greater risk for firms with carbon-intensive business models (Ilhan et al., 

2019).

– Physical risks are less explored, and there is still much uncertainty whether they are incorporated into 
prices. 
– Flood risk affects real estate prices under certain conditions (Baldauf et al., 2020).
– Risks related to drought seem to have no impact on the stock prices of food companies (Hong et 

al., 2017).

– Hedging climate risk news: Engle et al. (2020) dynamically hedge climate change risk. We extract 
innovations from climate news series that we construct through textual analysis of newspapers.

Relatore
Note di presentazione
A ``carbon premium" on equity returns could be driven by risk perception, but it could also be driven by divestment policies that reflect investor's moral tastes  \citep{hong2009price,bolton_carbon_2020}. This alternative hypothesis is implausible in the CDS market, given that it is dominated by professional investors that are in the business of hedging risks. Hence, our results are a signal that climate risk is indeed interpreted as a financial risk.


Baldauf: in an equilibrium model of housing choice in which agents derive utility from ownership in a neighborhood of similar agents, prices exhibit different elasticities to climate risk. We use comprehensive transaction data to relate prices to inundation projections of individual homes and measures of beliefs about climate change. We find that houses projected to be underwater in believer neighborhoods sell at a discount compared to houses in denier neighborhoods. Our results suggest that house prices reflect heterogeneity in beliefs about long-run climate change risks.


A recent study by Hong et al. (2016) also examines the relation between drought as measured by moving averages of PDSI and future realized stock returns and documents that drought only matters to firms in the food industry but not to other firms. These researchers conclude that the market prices of food firms may not be very efficient in reacting to climate change risks, leading to predictable poorer returns for these firms when they are affected by
drought. Because Hong et al. focus on the predictability of future realized returns to investigate the relation between climate change risks and market efficiency, the study therefore does not directly address the question whether investors understand climate change risks and concurrently price such risks into asset prices
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Methodology
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Analyzing climate risk disclosure with algorithms

– Previous approaches:
– Traditional approaches from NLP are based on a pre-defined list of presumably relevant words 

and then search for these words within the documents (Typically: bag-of-words approaches).
– As a remedy, we can represent each word by a multi-dimensional vector to learn similarities

between them (measured as Euclidian distance).
– While word-embeddings are already a significant improvement on bag-of-words, they still do not 

account for context (e.g., negotiations cannot be interpreted).
– Climate disclosure initiative by CERES and CookESG Research offers a climate score based on 

rule-based text analysis with an iteratively constructed keyword dictionary.
– Other research has used this score and interpreted it as “climate risk” (See, e.g., Berkmann et al., 

2019).

09/07/2020 Towards science-based ESG-metrics, Linda I. Hain



Department of Banking and Finance  

Using deep algorithms
– Our approach:

– Recently, we have witnessed enormous progress in text 
understanding with the introduction of pre-trained neural 
language models like BERT. 

– Unlike traditional word embedding, BERT is a contextual 
model, i.e., the representation of a word is a function of 
the entire input text, respecting the word dependencies 
and sentence structures. 

– Contextual neural language models like BERT have 
outperformed traditional word embeddings on various NLP 
tasks. 

– Motivated by these new achievements, we intend to 
leverage BERT to provide a deeper text understanding of 
climate-risk relevant sentences in the 10-K reports.

Relatore
Note di presentazione
�
�
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Analyzing BERT
– Defining tasks

– Check whether climate-relevant topics are mentioned in Item 1.A (CN task). 
– Assess whether climate-related topics are concerned about physical or transitional risks (TP task). 
– Each of the methods above gives us raw scores for each sentence of the SEC filings.

– Test data:
– As a source for our training set, we use the sample reports provided in the TCFD guidelines, which gives us 

almost a thousand examples (sentences) for the TP and CN tasks. 
– We further collect random sentences that are not 

climate-related. We then feed the data to our model
and train the model for a few epochs. 

– Next, we run the trained model on the 10-K data set 
and collect the most confusing examples for the 
current model on which we perform active learning.

– We end up with 2,506 data points.



Department of Banking and Finance  

Results
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Baseline regression

– It was our expectation that climate risks, as disclosed in regulatory filings, drive 
up CDS spreads, given that a greater exposure to risk should increase the risk 
premia required by investors. 

– However, both climate-risk measures are not significantly affecting CDS 
spreads.

Data
– CDS spreads for February 2010 to December 2018, six months to 30 

years. 
– Macroeconomic and firm-specific variables as controls, following prior 

literature (Collin-Dufresne et al., 2001; Ericsson et al., 2009; Han and 
Zhou, 2015).

– We end up with observations for 447 different CDS contracts.
– We collect the CookESG score from the corresponding website. 
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Adjusting for materiality
– SASB's materiality map creates a unique 

materiality profile for each industry. 
– Based on the U.S. Supreme Court definition 

of materiality, it groups companies 
according to their similarities in their 
resource intensity and sustainability risks 
and opportunities. 

– The materiality map identifies 26 
sustainability-related business issues that 
are likely to affect the financial conditions or 
operating performance of companies within 
an industry. 

– From those 26 issues, seven are climate 
risk-related.
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Impact of the Paris Agreement 2015
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Transition and/or physical climate risk?

– The interplay between transition risks and physical risks is 
critical in understanding the impact of climate change on 
the performance of companies across sectors and 
geographies. 

– Strong regulatory actions may avoid the worst physical 
impacts of climate change in the longer term, but at the 
same time endanger firms that are affected by the 
regulation in the short term. 

– Are these two components of climate risk perceived 
differently by investors in the CDS market?
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Climate-risk timing
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Long-term effects
– Transition risks still 

play a role for long-
term horizons.

– Physical risks remain
unaccounted for.

– Would not be in line
with the information-
effect hypothesis.

– Supports the pre-
warning effect
hypothesis. 
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Robustness Check

– Previous studies use carbon 
emissions as proxy for transition risk.

– We use Scope 1-3 emissions, scaled 
by total revenues.

– Over the whole period, only Scope123 
and Scope123-Rev showed significant 
but negative effects.

– Performing the post-Paris analysis, 
results become more reasonable but 
hardly significant.

– We also use an emission score 
provided by Asset4.

Relatore
Note di presentazione
Previous studies like, e.g., \cite{bolton_carbon_2020}, study climate risks based on carbon emissions data. Indeed, carbon emissions may be a reasonable proxy for transition risk, given that companies with high carbon emissions are expected to be affected most by regulation that is designed to reduce CO2 emissions. This raises the question of whether our novel measure based on 10-K reports really improves upon risk measures already available. To address this question, we repeat our analysis using carbon emissions data as proxies for (transition) climate risk. We collect carbon emissions data from Asset4, via Datastream. To conduct this test as rigorously as possible, we obtain seven different carbon emission measures, namely direct CO2 emissions (\emph{Scope1}), indirect CO2 emissions (\emph{Scope2}), scope three indirect CO2 emissions (\emph{Scope3}), the total over all three scopes (\emph{Scope123}), the total over all three scopes scaled by total revenues (\emph{Scope123-Rev}), estimated C02 emissions (\emph{EstEm}), 
%JORDY: are the estimated emissions for scope 1+2? Would be good to add for precision.
and an emissions score (\emph{EmScore}) provided by Asset4. Emission values are measured in million tons of CO2 equivalent, the emission score is a percentile rank based on emissions data, and the revenue-scaled emissions were multiplied by \(10^6\) in the regressions, for ease of presentation.

In replicating our analysis with carbon emissions data, we faced two additional challenges. First, the disclosure of emissions is non-mandatory, resulting in numerous missing observations when companies did not report. Second, those companies volunteering to disclose emissions data do so in various formats and irregular reporting cycles, making it hard to pinpoint when this information became available to the market. In contrast, 10-K filings are available for all companies and have clearly defined reporting periods and filing dates, which can easily be retrieved ex post.\footnote{Depending on a firm's size and corresponding filing category, 10-K reports must be filed within 60-90 days of the end of any financial year} To be as consistent as possible, we assume that firms disclose emission data six months after the end of the reporting period, which is what we do for our climate risk proxies based on the 10-K filings and their filing dates.

%Latex input: Y5_BaseCase_FD_emissions %
\input{Tables/Y5_BaseCase_FD_emissions}


We replicated all analyses related to either climate risk or transition risk with all seven carbon emissions proxies.
%JORDY: I think this would be a bold statement to make, befitting your bold execution of this. Please double check that we are not overstating the case.
None of the carbon emissions proxies fully replicates our results.\footnote{Full results are available upon request.} In \autoref{tbl:Y5_BaseCase_FD_emissions}, we present the results for our baseline regression, replacing our \itemone\ measure with each of the carbon emission based proxies. None of the seven emission-based risk proxies yields the expected positive effect on CDS spreads. \emph{Scope3} and \emph{Scope123} show a significant negative effect, which is counterintuitive since more emissions should lead to more risk. However, the insignificant effects in \autoref{tbl:Y5_BaseCase_FD_emissions} are still in line with our findings for \itemone. Therefore, we also replicate our analysis that accounts for materiality and the Paris accord. The only measure that partly replicates our results is the scaled total emissions measure \emph{Scope123-Rev}, as can be seen in \autoref{tbl:Scope123-Rev_FD}. The results for the materiality subsets, columns (I) and (II) of \autoref{tbl:Scope123-Rev_FD}, are in line with those of \itemone, namely that only material industries are positively affected by higher direct carbon emissions. However, there seems to be no specific Paris effect, in contrast to our findings for \itemone. After the Paris Agreement, the effect of \emph{Scope123-Rev} as a climate-risk measure does not increase, which is inconsistent with the reasonable expectation that climate risks became much more relevant after Paris.

%Latex input: Scope123-Rev_FD %
\input{Tables/Scope123-Rev_FD}

Thus, while we find some evidence that \emph{Scope123-Rev} gives some indication of climate risk exposure and influences CDS spreads, our BERT based measure shows an increased relevance of transition risk after Paris, which is intuitive and has been documented in other studies as well \cite{delis2019being}. We note that by using emissions based proxies, the sample size is substantially reduced. These missing observations may be driving our results for \itemone, which would highlight the importance of mandatory disclosure. \itemone\ offers the benefit of being able to measure climate risk for all 10-K reporting firms,  instead of only those voluntarily disclosing carbon emission data. We also note that while carbon emissions are undoubtedly a relevant driver of climate risk, there is uncertainty about when regulation will come, which industries will be affected most, and to what extent companies will be able to pass on the cost of regulation. Climate risk disclosure in 10-K reports potentially captures these nuances better than emissions figures.


Lastly, if we use carbon emissions as a proxy for transition risk and recalling the economic significance of our transition risk measure giving rise to an increase of 4.06bps in the average 5-year CDS spread, we can ask whether the significant impact of \emph{Scope123-Rev} is of similar magnitude. However, we find that a one-standard-deviation (527) shift in the \emph{Scope123-Rev} measure leads to an increase of 1.05bps in the five-year CDS spread for the full period. Hence, although \emph{Scope123-Rev} also has a weakly significant effect, its economic impact, compared to our transition risk measure, is considerably smaller.
%  However, we find that a one-standard-deviation (148.1) shift in the \emph{Scope123-Rev} measure leads to an increase of 0.3bps in the five-year CDS spread for the full period. Hence, although \emph{Scope123-Rev} also has a weakly significant effect, its economic impact, compared to our transition risk measure, is an order of magnitude smaller.
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Conclusion

– Novel metric of climate risk based on mandatory disclosure
– CDS spreads are responsive to regulatory climate-risk disclosures
– Only transition risks are being priced, not the physical risks.
– At the same time, our results leave open whether the SEC’s current approach 

has enough bite for adequate disclosure for physical risks.
– NLP continues to evolve rapidly. By now, there are already more powerful 

approaches available than BERT (e.g., GPT3).

– Making the ClimateRisk scores publicly available.
– Extending the algorithm to rate voluntary disclosures along the TCFD 

guidelines.
– Generate fact-checking algorithms in the climate-science and climate-finance 

space.

Next Steps

Relatore
Note di presentazione
Climate change is a topic that is increasingly affecting financial markets. Two key questions are whether financial markets reflect climate risks in prices, and how companies should report such climate risks to investors. 

This paper contributes a novel metric of climate risk based on mandatory disclosure and state-of-the-art natural language processing methods. Specifically, we use BERT to analyze 10-K reports that firms are required to file with the SEC. The key advantages of this measure are that it is mandatory and that it allows differentiating between transition and physical risks. This novel climate risk measure performs substantially better than older algorithms in extracting climate risk information from text data.

Using this novel measure, we demonstrate that CDS spreads are responsive to regulatory climate-risk disclosures, at least in industries where climate risks are expected to be material. To the best of our knowledge, our paper is the first study to demonstrate such an effect on CDS spreads. While some previous studies observe a premium on stock returns for firms exposed to climate risk, we find that climate risk affects CDS spreads and that the perceived risk is so substantial that it affects creditors. What is more, while equity prices could in parallel be driven by investors' taste, due to divestments (see, e.g., \cite{hong2009price} and \cite{pastor2020}), this alternative hypothesis is highly unlikely in the CDS market. Hence, our results highlight that climate risk is indeed interpreted as a financial risk.

Importantly, we show that only transition risks are being priced, not the physical risks of climate change. This finding suggests that the market responds distinctively to transition and physical risks. Transition risk is more sensitive to political developments. In line with that, we find that the price effect of transition risk increased with the Paris Climate Accord of 2015. Physical risks, on the other hand, are more complex and longer-term. However, even when analyzing CDS contracts extending to up to 30 years and analyzing the term structure of CDS spreads, we do not find a significant effect of physical risk. We cannot determine whether the reason is that investors believe physical risks are negligible, or whether 10-K filings fail to provide the information necessary to evaluate such risks. We leave this question for future research. 

Overall, our results imply that climate risk disclosure as mandated by the SEC fulfills - at least to some extent - its purpose of informing investors about material risks.
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