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Abstract

We examine the existence of physical and transition climate risk premia in euro area
equity markets. To do so, we develop two novel physical and transition risk indicators, based
on text analysis, which are then used to gauge the presence of climate risk premia. Results
suggest that climate risk premia for both, transition and physical climate risk, have increased
since the time of the Paris Agreement. In addition, we investigate which metrics may be used
by investors to proxy a firm’s exposure to either physical or transition risk. To this end, we
construct portfolios according to the most common firm-specific climate metrics and estimate
the sensitivity of these portfolios to our risk indicators. We compare results from these firm-
level proxies to much simpler sectoral classifications to see if investors may simply pigeonhole
firms into the industry they operate in. We find that firm level information appears to be
used as a gauge for transition risk, in particular since 2015, whereas sectoral classifications
appear insufficient. However, sectoral classification may be employed to broadly gauge firms’

exposures to physical risk.
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Non-technical summary

Climate change can affect asset prices through changes in physical or transition risk.
Physical risk materialises in the form of financial losses/increased costs from the impact of
chronic and acute physical events. Transition risk arises from the costly adjustment towards a
low-carbon economy and it is typically prompted by changes in climate and /or environmental
policy, technological advances, and/or shifts in public preferences. Against this backdrop,
this study presents two novel climate risk indicators, which allows to distinguish between the
two types of climate risk, innovating on Engle et al. (2020). These indicators are based on
text analysis, where scientific texts on the topic of climate change serve to build two distinct
vocabularies. These are then compared with a corpus of news sourced from Reuters, in effect
yielding a physical and a transition risk index.

Risk indices are found to spike during days where the discussion on either risk type
increases substantially. The transition risk indicator shows spikes for many important events
which determined transition and regulatory action, one of the most important ones being
the Paris Agreement. For what concerns physical risk, the vocabulary allows to capture both
extreme and chronical physical hazards caused by climate change. This sets the physical risk
index apart from many other physical risk databases which collect only extreme events or
look at physical events that may not be caused by climate change. In general, an important
advantage of the proposed methodology is that the phraseology associated with each risk is
extracted from authoritative texts rather than being defined ex-ante by the authors.

Using these climate risk indices, this study then investigates the presence of physical
and transition climate risk premia in euro area equity markets. As such, it contributes to
a growing strand of literature which focuses on understanding the impact of physical and
transition climate risks on asset prices, but also relates to the climate finance literature
which uses text analysis to measure climate risks (Batten et al., 2016; Engle et al., 2020;
Meinerding et al., 2020; Faccini et al., 2021). While these studies all improve upon risk

identification in their own rights, they either consider climate change as a single risk factor
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(Engle et al., 2020), focus only transition risks (Batten et al., 2016; Meinerding et al., 2020),
or focus on specific sub-categories of physical and transition risks (Ardia et al., 2020; Faccini
et al., 2021).

To assess the presence of climate risk premia in the cross-section of European stock
returns, a portfolio sorting approach is adopted covering the period January 2005 to October
2021. This period is further divided in two sub-periods, before and after 2015, since recent
studies document an increase in the importance of climate risks since the time of the Paris
Agreement (Bolton & Kacperczyk, 2021a; Goldsmith-Pinkham et al., 2021; Krueger et al.,
2020; Painter, 2020). Results indicate the emergence of both, a physical and transition
climate risk premium since 2015 — which means that a relatively higher required return is
asked for stocks which provide a bad hedge against climate risk.

In addition, this study sheds some light on the metrics which may be used by investors
to proxy a firm’s exposure to either physical or transition risk. To this end, climate risk
series are included into a Fama & French (2015) five factors asset pricing model. Firms are
sorted according to their Greenhouse Gases (GHG) emissions levels, GHG emissions inten-
sity, Environmental (E) scores, and Environmental, Social, and Governance (ESG) scores,
with returns being aggregated into green and brown portfolios. Also a sectoral analysis is
conducted by aggregating returns of firms belonging to the same sector (NACE Rev. 2 clas-
sification), to see if investors may simply pigeonhole firms into the industry they operate in.
The results from such exercise indicate that firm level information appears to be used as a
gauge for transition risk exposure, in particular since 2015. In contrast, sectoral classifica-
tions, in the light of many investors, appears to be sufficient to identify exposures to physical

risk.
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1. Introduction

As climate change progresses, investors are increasingly reported to reflect climate-related
risks in firms’ valuations. While this observation may seem obvious in light of the overarching
evidence which shows that climate change and the measures taken to combat it represent
a source of financial risk, documenting climate risk pricing or the presence of climate risk
premia is not trivial - as demonstrated by conflicting results throughout the green finance
literature (Bolton & Kacperczyk, 2021a; In et al., 2019; Alessi et al., 2019; Hsu et al., 2020;
Pastor et al., 2021b). Several factors might impede investors from allocating capital to
firms which serve as a hedge from climate change; for example the lack of agreed-upon
metrics for firms’ exposure to climate-related risks, alongside the difficulty of identifying
and measuring climate risk events over time (Engle et al., 2020). It follows that investors
might not be able to easily screen exposed firms, failing to detect climate risky investments
(Bolton & Kacperczyk, 2021b). In contrast, there is the possibility that market participants
are insensitive to shocks in climate change, which would suggest that they do not perceive
these risks as a major source of financial risk. Both scenarios could lead to a mispricing of
climate change risks with important consequences for the functioning of the financial sector
as such and as a vehicle to transmit climate mitigation policies.

To investigate the pricing of climate risk, we first build two novel physical and transition
risk indices exploiting text analysis and then use these to gauge the presence of physical
and transition climate risk premia in euro area equity markets over the period from January
2005 to October 2021. We then investigate the impact of these climate risk factors on
portfolios constructed according to common firm-specific climate metrics in order to identify
which metrics are likely used by investors to proxy for a firm’s exposure to either physical
or transition risk. As an alternative exposure metric we also use sector classifications and
investigate if investors simply pigeonhole firms into the industry they operate in - rather
than using firm-level information, as hypothesized by Bolton & Kacperczyk (2021b).

Considering that climate change can affect asset prices through changes in physical risk
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or transition risk ! we propose to distinguish between physical and transition risk using a
text analysis approach proposed by Engle et al. (2020). To this end, we examine scientific
texts on climate change to build two novel vocabularies on physical and transition risk which
are able to capture the multifaceted characteristics of these two risk types. We compare the
vocabularies with a corpus of news sourced from Reuters News, from which we obtain a
Physical Risk Index (PRI) and a Transition Risk Index (TRI). The approach is based on the
idea that investors use newspapers as a source of information to update beliefs about gyra-
tions in climate change risks and supposes that news coverage on climate change intensifies
if as climate risks rise (Engle et al., 2020).

We find that PRI and TRI spike during days where the discussion on either risk type
increases substantially. Results show that PRI captures multiple aspects of physical risk,
allowing for instance to detect unexpected news concerning rising sea levels, heat waves,
permafrost thawing, floods, adaptation measures. The TRI is able to detect news regarding
the introduction of new regulation to curb greenhouse gas (GHG) emissions as well as news
discussing the importance of technological advances to a climate-neutral economy, among
others.

To assess the presence of climate risk premia for physical and transition risk in the cross-
section of Kuropean stock returns we adopt a standard portfolio sorting approach covering the
period January 2005 to October 2021, which we further divide in two sub-periods, before and
after 2015. This is in line with recent studies that document an increase in the importance of
climate risks since the time of the Paris Agreement (Bolton & Kacperczyk, 2021a; Goldsmith-

Pinkham et al., 2021; Krueger et al., 2020; Painter, 2020). We perform time series regressions

'Physical risk materialises in the form of financial losses/increased costs from the impact of chronic
(gradual shifts in, e.g., wind and precipitation, and longer-term, e.g., sea levels, desertification, and ocean
temperatures changes) and acute (extreme weather such as floods, droughts, and wildfires) physical events.
Exposed companies can be affected through damaged assets and disruption of business operations. Transition
risk arises from the costly adjustment towards a low-carbon economy and it is typically prompted by changes
in climate and/or environmental policy, technological advances, and/or shifts in public preferences (ECB,
2019; NGFS, 2020). Transition risk is usually of most concern for companies with large dependencies on
energy and fossil fuels and, depending on how fast and orderly the process of decarbonization occurs, its
impact may worsen over time with the potential to cause large swings in asset prices and ”stranded” assets.
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of equity returns on climate risks, controlling for Fama French factors known to drive returns,
and gauge equity market sensitivities to carbon risk. The resulting loading on the risk
factors, i.e. the transition and physical risk betas, are our firm-level indicators of climate
risk exposure. Stocks which depict a positive climate risk beta tend to appreciate when
investors are concerned about climate risk. Since investors can be expected to want to hedge
against climate risk, they should be willing to accept lower expected returns for equities
that appreciate when climate risk increases (high beta portfolios). In turn, this means that
‘climate risky’ stocks should trade at a discount and offer higher expected returns. A low-
minus-high transition (physical) climate beta portfolio should therefore earn positive excess
returns in case a climate risk premium existed. Results indicate the emergence of both, a
physical and transition climate risk premium since 2015.

To test which exposure metrics may be used by investors to proxy firms’ exposure to
physical or transition risk, we then include the constructed climate risk series into a Fama
& French (2015) five factors asset pricing model. Firms are sorted according to their GHG
emissions levels, GHG emissions intensity, Environmental (E) scores, and Environmental,
Social, and Governance (ESG) scores, with returns being aggregated into green and brown
portfolios. Second, we conduct a sectoral analysis by aggregating returns of firms belonging
to the same sector (NACE Rev. 2 classification). Overall, we find that firm level information
appears to be used as a gauge for transition risk exposure, in particular since 2015. In
contrast, sectoral classifications, in the light of many investors, appears to be sufficient to
identify exposures to physical risk.

This paper contributes and relates to a growing strand of literature which focuses on
understanding the impact of physical and transition climate risks on asset prices.? Péstor
et al. (2021a) recently developed an equilibrium model which predicts that, in a cross-
sectional setting, green assets generate negative alpha (lower expected returns) compared to

brown assets, but green assets can outperform brown assets (higher realized returns) when

2for a more complete review see Hong et al. (2020) and Giglio et al. (2021)
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agents are surprised by climate change concerns. While this conjecture appears convincing,
empirical evidence on the presence of carbon risk premia is not yet conclusive. Whereas
some authors find that investors do require additional compensation for holding brown assets,
especially following the Paris Agreement, others provide no evidence of price differentials (see
Bolton & Kacperczyk (2021a); In et al. (2019); Alessi et al. (2019); Hsu et al. (2020); Pastor
et al. (2021b)). As such, the literature on the consequences of changes in physical risk is
less developed and has so far mainly focused on specific risk events. For example, Addoum
et al. (2020) analyse high temperature events, finding only limited impact on companies’
sales, productivity, and earnings. Hong et al. (2019) focus on the occurrence of droughts,
documenting an impact on food companies’ stock returns. Kruttli et al. (2019) explore how
the uncertainty resulting from hurricanes impact financial markets.

This paper also relates to the strand of the climate finance literature which uses text
analysis to measure climate risks (Batten et al., 2016; Engle et al., 2020; Meinerding et al.,
2020; Faccini et al., 2021). While these studies all improve upon risk identification in their
own rights, they either consider climate change as a single risk factor (Engle et al., 2020),
focus only transition risks (Batten et al., 2016; Meinerding et al., 2020), or focus on specific
sub-categories of physical and transition risks (Ardia et al., 2020; Faccini et al., 2021).3

This study differs from previous ones as it separates climate change risks into physical
and transition risk, capturing the entire multifaceted characteristics and multiple dimensions
of the two climate risks without discarding relevant categories. Our vocabularies are able
to capture both, extreme and chronical physical hazards directly caused by climate change,
including natural disasters attributable to other sources. This sets our physical risk index

apart from many other physical risk databases. Another advantage of the proposed method-

3Using a textual analysis approach, Ardia et al. (2020) identify eight climate change sub-categories,
labelled by the authors as “Financial and Regulation”, “Agreement and Summit”, “Public Impact”, “Re-
search”, “Disaster”, “Environmental Impact”, “Agricultural Impact”, and “Other”. Faccini et al. (2021)
filter news by “climate change” and “global warming” to then employ a Latent Dirichlet Allocation ap-
proach to cluster news topics. The authors label the resulting topics into a “Natural Disasters”, “Global
Warming”, “International Summit”, and “U.S. Climate Policy” factors
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ology is that the phraseology associated is extracted from authoritative texts rather than
being defined ex-ante by the authors. Finally, the estimation of physical- and transition
specific betas allows us to investigate the information content of specific exposure metrics
and to understand how they are used by investors.

The remainder of this paper is organised as follows: Section 2 describes the text anal-
ysis methodology and provide a discussion of the resulting physical and transition risk in-
dices. Section 3 provides estimates of transition and physical risk pricing in euro area equity
markets. Section 4 describes the data and section 5 lays out the main results. Section 6

concludes.

2. Measuring climate risk through text-analysis

To test whether financial markets are sensitive to shocks in physical and transition cli-
mate risks we need proxies to measure these risks. We exploit newspaper content to identify
shocks in physical and transition risk. We do so following and expanding upon the text
analysis approach used by Engle et al. (2020) - who proxy innovations to climate change
news, but without distinguishing between physical and transition risk. More precisely, we
first compare authoritative texts on climate risk with a large amount of news with a Eu-
ropean regional focus from Reuters News® based on the assumption that events covered in
newspapers can carry relevant and genuinely new information on climate change. We create
two separate vocabularies, i.e. lists of words associated with the topic of interest, and use
these to construct two risk indices, one containing physical and one containing transition
risk shocks. The main innovation here lies in the fact that our indices relate to both risk

types separately and embody the multifaceted characteristics of each one.

4Reuters provides business, financial, national and international news to professionals via desktop ter-
minals, the world’s media organizations, industry events and directly to consumers. Reuters News also
includes the Breakingviews.com content and provides news delivered instantly in multiple languages (Source
reuters.com and reutersagency.com, accessed on 16/06/2021). We use English language news.
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2.1. Physical and transition risk vocabulary

We create two separate vocabularies for physical risk and transition risk. These are
context-scaled, i.e. capture risk-specific characteristics and their interconnections. A key
feature of our vocabularies is the ability to rank terms by relevance. This allows for a deeper
understanding of each risk nature and to examine which risk aspects turn out to be most
important in the overall risk description.

To construct the climate risk vocabularies, we follow three main steps. First, we select a
large number of scientific and authoritative texts on the topic of climate change published by
governmental authorities and other institutions, starting with the collection already adapted
by Engle et al. (2020). We screen these texts’ content and retain those whose content can
be associated to either physical risk or transition risk topics. We further add financial texts
describing both risk types as a genuine attempt to construct risk measures which incorporate
multiple perspectives. The complete list of texts is summarised in Table A2 in the Appendix.
We aggregate the 13 (10) texts covering physical (transition) risk to create a single document
on physical (transition) risk.

Second, we create two lists of unique stemmed unigrams and bigrams, jointly referred
to as terms, with the associated term frequency scores (¢f) from these physical risk and
transition risk documents. Then, we create an analogous list of terms and frequencies from
Reuters News, where real-time news are aggregated into daily documents. To do so, we
retrieve a total of over 2.5 million real time news from the Factiva database over the period
Jan 2005-Oct 2021. Thereafter, we apply a one-day novelty filter to the sample to eliminate
redundancy among the data. Specifically, only the first news of the day is kept from a
series of similar news published on the same day (see Dang et al. (2015), Rognone et al.
(2020), and Faccini et al. (2021)) and only news published during days in which European

equity markets are open for trading are retained.” The final sample contains 1,096,392 news.

5News which corpus length exceeds 5,000 words are not included in our analysis for both computational
reasons and because they can be considered as outliers due to their great length and very marginal occurrence.
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We then convert the physical (transition) risk document and each daily news document
into term frequency-inverse document frequency (tf-idf). Terms earn high tf-idf if they
are representative for the individual text. This means that they are frequent within the
document (high #f) and infrequent among other documents (high idf). Low ¢f-idf score
terms are common to many documents (low idf) or very infrequent within the document
(low tf) and therefore have poor ability in representing the content of the individual text
(Engle et al., 2020; Gentzkow et al., 2019).

Third, by multiplying the tf scores of the physical risk and transition risk documents
by their relative idf scores from the collection of news,® we are able to obtain vocabularies
ranked by term relevance.

The advantage of our methodology, which combines the tf-idf with the screening of texts
on the topic of physical and transition risks, is that the phraseology associated with the two
types of risks is extracted from the authoritative texts rather than being defined ex-ante
by the authors. Each vocabulary is also found to capture the multifaceted characteristics
of each climate risk type, rather than single aspects. This can be seen in Figure 1, which
shows the most relevant terms of the transition risk vocabulary (right panel) and the physical
risk vocabulary (left panel) as word clouds, where each term size is proportional to its tf-
idf score. For instance, the physical risk vocabulary includes both extreme and chronical
hazards directly caused by climate change, excluding natural disasters attributable to other
sources. Accordingly, the transition risk vocabulary includes various aspects of this climate
risk such as technological advances and environmental policies. Terms such as “ecosystems”,
“sea level” , and “precipitation” are representative of the physical risk topic, while terms such
as “hydrofluorocarbon” (HFC), “bioenergy”, and “greenhouse gas” (GHG) are representative

of the transition risk topic.

6The final collection documents is then composed by T documents, as a total of T-1 daily news documents
and 1 physical (transition) risk document, which enables us to calculate the idf scores. At this stage, to
lighten the computational load and avoid the so-called machine learning overfitting issue, we consider a
subsample of the Reuters News (2015-2019).
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Figure 1: Word clouds summary for physical and transition risk vocabularies
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Note: Word cloud summaries for the physical risk (a) and transition risk (b) vocabularies. Term
sizes depend on the relative importance of the term according to the individual ¢ f-idf score. Re-
ported terms are the reconstructed stemmed terms. Major acronyms: Representative Concentration
Pathways (RCP), hydrofluorocarbon (HFC), hydrochlorofluorocarbon (HCFC). Table A1l reports
the full list of acronyms.

In addition, the estimation technique allows to distinguish between physical and tran-
sition risk while acknowledging that these are overlapping concepts to some extent. For
instance, the term “GHG” appears in both vocabularies, but to a different extent. It plays
a primary role in explaining transition risk and a minor one for physical risk. The term
“adaptation”, on the other hand, represents a common concept for physical and transition
risk and therefore appears in both vocabularies. However, its semantic differs depending on
it being considered within the context of physical or transition risk and thus depends on the
other terms in the vocabulary. These examples suggest that the constructed vocabularies
are also likely to capture interconnections between the two complex concepts of physical and
transition risks, and to contextualise common terms. Nevertheless, for the exercises to be

carried out later on, it has to be assured that dictionaries are sufficiently different in terms

of the content they describe. To confirm that this is the case, we apply a test proposed by
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Dang et al. (2015).” Results show that the transition risk vocabulary is able to explain less
than the 5% of the physical risk vocabulary, which in turns carries about 95% of individual

information, and vice-versa.

2.2. Physical and transition risk indices

In order to calculate our two risk indices we first compute two ”concern” series. These
news media concern series for physical /transition risk, on any given day ¢, are defined as the
cosine similarity between the tf-idf vector of the news document and the physical (transition)
risk document. Cosine-similarity is a technique used in text-analysis to evaluate similarity
between pairs of texts. It expresses the angular distance between two pairs of text such
that the closer these are to each other, the smaller their angular distance, the higher the
cosine, and the higher their similarity. In other words, we consider our physical (transition)
risk dictionary as a vector, the direction of which depends on the intensity of each element,
given by the tf-idf of vocabulary terms. This means that daily news which point in the
same direction as the physical (transition) risk vector are assessed to discuss the physical
(transition) risk topic.

We then, in order to gauge the unexpected change in physical/transition risk, construct
the Physical Risk Index (PRI) and the Transition Risk Index (TRI) as residuals from au-

toregressive processes of order 1 (AR1), as follows

Concern pr = cpr + ¢prConcern,_; pr + PRI, pg (1a)

Concerny rp = crgr + ¢rrConcern,_q rr + TRIL g (1b)

Table 3 reports the dates with the highest physical and transition risk shocks together

with the topic of the most relevant news. For instance, the peak for PRI is registered

"We evaluate the actual degree of commonality between the two vocabularies as the R squared from
regressing the physical risk vocabulary on the transition risk one, and vice-versa. Despite there not being
a clear threshold level (Rognone et al., 2020), the resulting R square of less than 5 percent is considered
sufficiently small to support a reliable separation of the two risks.
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on 19/09/2018, on account of a large discussion revolving around a natural hazard, which
on this occasion was a loss of arctic sea. High shock days might cover a multiplicity of
physical risk topics. For example, the PRI peak is related not only to the physical chronic
risk of permafrost thawing, but also to a rise of sea levels and changes in the salinity of
oceans. As such, the table shows that our PRI shocks capture not only acute risks such as
floods, or extreme weather events, but also a plurality of chronic risks such as permafrost
thawing, droughts, sea level rise,and the adverse impacts on the ecosystem from e.g. a loss
of biodiversity. This sets the PRI apart from many other physical risk databases, which
mainly identify extreme weather events only. The largest shock for TRI concurs with news
published on 24/08/2011, which covered the worryingly high levels of EU GHG emissions,
which would need to be reduced. In addition, the table also lists many news on regulation
and measures to curb GHG emissions - all of which generate large spikes in TRI (e.g. news
regarding the EU carbon reform deal or the Kyoto Protocol, as well as news concerning the
costs associated to the transition and the advances of technological innovation and renewable
energies).

Table 1: AR1 estimates of physical risk and transition risk concern

Concerny pr x 100 Concerny g x 100

Drift ¢ 7.863 8.462
(0.047) (0.061)
¢ 0.326 0.413
(0.014) (0.014)

Note: Estimates of autoregressive process of order 1 (AR1) concern time series on physical risk, as
in Equation (1a), and transition risk as in Equation (1b). Standard error in parenthesis.

Figure 2 shows the scatter plots of daily physical and transition media concerns (panels
a and b), together with their monthly average (panels ¢ and d). Table 1 summarises the
AR1 estimates from Equations (1a) and (1b). Both physical risk and transition risk concern
time series depict positive drifts (crr = 8.462% and cpr = 7.862%), showing that the news
coverage toward these climate risks tends to increase over time. The media concern for

transition risk seems to be more persistent than that for physical risk with ¢pr = 0.326 and
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drr = 0.413.

3. Transition and physical risk pricing in euro area eq-

uity markets

In the following, we examine the existence of physical and transition climate risk premia
in equity markets using our physical and transition risk indicators. Thereafter, we investigate
which metrics may be used by investors to proxy for a firm’s exposure to either physical or

transition risk.

3.1. Transition and physical climate risk premia

To assess the presence of climate risk premia for physical and transition risk in the
cross-section of European stock returns we adopt a standard portfolio sorting approach. We
perform time-series regressions of equity returns on our climate risk factors, controlling for
Fama French factors which are known to drive returns, to gauge stock return sensitivities to
carbon risk. The resulting loading on the risk factors, i.e. the transition and physical risk
betas, are our firm-level indicators of climate risk exposure. Stocks which depict a positive
climate risk beta tend to appreciate when investors are concerned about climate risk. These
stocks can thus be thought of as a hedge against climate risk as they deliver high returns
when climate change concerns increase. We sort these companies from low to high according

to their climate exposure and group them into portfolios.
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Since investors can be expected to want to hedge against climate risk, they should be
willing to accept lower expected returns for equities that appreciate when climate risk in-
creases (high beta portfolios). In turn, this means that 'climate risky’ stocks should trade at
a discount and offer higher expected returns. A low-minus-high transition (physical) climate
beta portfolio should therefore earn positive excess returns in case a climate risk premium
existed.

Specifically, we recursively estimate the sensitivity of each stock to both transition and
physical climate risk, which yields the so-called climate-risk beta. We do so in a three-months
rolling window regression with daily observations and control for the standard Fama & French
(2015) five factors. We then sort stocks according to their estimated betas and group them
into 25 portfolios for which we compute the post-ranking equal-weighted monthly returns.
To examine the TRI-return relation (PRI-return relation), we also form a low-minus-high
(LMH) portfolio that takes a long position in the negative-beta TRI (PRI) portfolio and a
short position in the positive-beta TRI (PRI) portfolio, and we calculate the returns on this
portfolio. We evaluate the transition (physical) risk premium, estimating each LMH climate
portfolio’s alpha while considering the Fama & French (2015) five factors asset pricing model

specification.

3.2. The use of risk exposure metrics by investors
3.2.a. Indicators for firms’ climate risk exposure

In the following we discuss the most relevant metrics to identify exposure to climate risks.
We reckon that while most of the metrics have been used to capture exposure to transition,
rather than physical risk, this distinction is not always clear and their potential to capture
physical exposure has been largely unexplored. For this reason, in this study we decided to
test a wide range of exposure metrics in light of their potential use for investors to hedge
against physical and/or transition risks.

Academics, practitioners, and supervisors typically use GHG emissions or GHG emissions

intensity (GHG emissions scaled by some organization-specific metric) to proxy a firm’s
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exposure to transition risk, motivated by the fact that carbon-intensive activities are likely
affected by GHG emissions reduction policies (Ardia et al., 2020; Bolton & Kacperczyk,
2021a; In et al., 2019; NGFS, 2020). However, empirical findings based on these measures
are not conclusive. Bolton & Kacperczyk (2021a) provide evidence of the existence of a
carbon premium while considering both emissions levels and changes, but no relation with
carbon intensity exists. Also Barnett (2019), Bolton & Kacperczyk (2021b) and Ramelli
et al. (2021) find that transition risks related to carbon emissions are priced. In contrast, In
et al. (2019) find that green firms outperform brown firms when considering carbon intensity
and Hsu et al. (2020) show that a long-short portfolio constructed from firms with high
versus low emission intensity generates positive excess return.

Other potential measures of climate exposure are E and ESG scores, which aim to mea-
sure the environmental, or environmental, social and governance-related performance of a
company.® A number of academic studies rely on E/ESG scores (possibly in combination
with other company-specific metrics) to identify climate sensitive companies. Gorgen et al.
(2020), for example, build a “grenness” score based on carbon intensity, ESG scores and an
adaptability score. Alessi et al. (2019) combines ESG disclosure scores with quantitative
measures on emissions, while Engle et al. (2020) focus exclusively on the E score.

Other studies consider sectoral classifications and define climate sensitive companies as
those belonging to high GHG emissions sectors. This approach is particularly relevant in
contexts where the lack of transparent indicators (e.g. ESG ratings) may limit the ability of
investors to understand to steer their investment toward climate-hedged portfolios (Bolton
& Kacpercezyk, 2021b). As such, Choi et al. (2020) finds that the sectors identified as major
emitters by the Intergovernmental Panel on Climate Change (IPCC) earn lower stock returns

than other firms. Bolton & Kacperczyk (2021a) argue that relying on a sectoral analysis

8The exact information contained in any ESG score depends on the methodology used to calculate it,
which, in turn, differs across credit/rating providers. Existing research documents large differences between
ESG ratings (Chatterji et al., 2016; Gibson Brandon et al., 2021) and elaborates on the possible reasons for
these Berg et al. (2019).
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may facilitate the detection of climate-risky investments, whereas such approach may ignore
relevant intra-sectoral differences. Batten et al. (2016) document the impact of transition
risk on the energy sector and concludes that only renewable energy companies generate
abnormal returns.

Measuring firms’ exposure to physical risk is challenging as physical risk arises from the
interaction of hazard (occurrence, or probability of occurrence, of a physical event), exposure
(presence of elements in areas and settings that could be adversely affected), and vulner-
ability (predisposition of exposed elements to suffer damages due to the hazardous event).
Such dimensions typically depend on both local /specific and macro factors. Currently, most
of the information on physical risk exposure is provided by some public sources (e.g. EC
JRC Risk Data Hub) and private data providers. These databases, however, are not fully
comparable as they focus on different risk aspects, types of hazard and types of entities. Due
to data limitations, studies that explore the consequences of physical risks on asset prices
mainly focus on specific physical events and/or consider only some dimensions of physical
risk (see Addoum et al. (2020); Hong et al. (2019); Kruttli et al. (2019)). Alternatively,
as is the the case for transition risk, sectors can be used to proxy physical risk exposure.
While all sectors can suffer from natural disasters, some sectors, including energy, transporta-
tion, and telecommunications, are expected to be more exposed to climate hazards through
their infrastructure assets (ECB, 2021). Primary economic activities, including agriculture,
forestry, fishing, mining and quarrying, are exposed through the natural and/or food systems
on which they depend. Among services, the insurance sector, tourism and health care might
be particularly sensitive to physical risk (IPCC, 2014).

While E, ESG, and GHG emissions have mainly been used to capture exposure to transi-
tion, rather than physical risk, this distinction is not always clear and these metrics’ potential
to capture physical exposure has been largely unexplored. In this study we decided to test
all of the above-mentioned exposure metrics in light of their potential use for investors to

hedge against physical and/or transition risks.
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3.2.b. Informational content of risk exposure metrics for investors

To test which exposure metrics may be used by investors to proxy firm’s exposure to
transition and physical risk, we add the Physical Risk Index (PRI) and Transition Risk
Index (TRI) to a Fama & French (2015) five factors (FF5) asset pricing model. We consider
the E score, ESG score, GHG emissions level, and GHG emissions intensity as exposure

metrics to sort firms and create green and brown portfolios, as follows:

— E score and ESG score metrics. Firms whose E score is above (below) the 75th (25th)
percentile are defined as green (brown). The green (brown) portfolio is then created as
an equally weighted portfolio composed of green (brown) firms. The same approach is

applied to the ESG score metric. Portfolios are rebalanced annually;

— GHG enmussions level and GHG emissions intensity metrics. The GHG emissions level
(GHGg) is calculated as the sum of Scope 1 and 2, while the GHG emissions intensity
(GHGgy) is calculated as GHG emissions level scaled by firms’ net revenue. As before,
firms whose emissions level is below (above) the 25th (75th) percentile are defined as

green (brown) firms. Portfolios are again rebalanced annually.

We then include our TRI and PRI into a model to gauge equity excess returns

e’ = cp, + Oy TR + X + (2a)

pit

to price transition risk, and

reTe — Cpi + ﬂ;RIPRIt + ,_Y;JI:RIXt + € (Qb)

pi,t

e

to price physical risk. 77

*¢ denotes the excess return at time ¢ for green or brown portfolios
where p ={green portfolio, brown portfolio} and i = {GHGg, GHGg, E,ESG}. ¢, is the

constant term and the vector X, controls for the market factor, the size factor, the book-to-
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market factor, as well as the profitability and investment factors.” The coefficients 377! and
BTE measure the contemporancous relationship between an unexpected change in physical
and transition risk, and the excess returns of portfolios constructed according to different

exposure metrics. The results from this exercise could inform us about the exposure metric

used by investors to proxy firms’ exposure to physical or transition risk.

4. Data

The augmented FF5 model (Equations 2a and 2b) uses the 1-month Overnight Index
Swap (OIS) rate as the risk-free rate, and returns of the EuroStoxx 600 Index as the proxy
for the market return. All data is used at daily frequency. We collect price time series for
the historical constituents of the Eurostoxx 600 Index from Datastream over the period Jan
2005-Oct 2021, resulting in a total of 1,198 companies.

Data on firms’ GHG emissions level, GHG emissions intensity, E score, and ESG score
are sourced from Refinitiv. The level of GHG emissions indicates (in thousands) the metric
tonnes of carbon dioxide equivalent a company produces.!’ We compute the GHG emissions
intensity as GHG emissions scaled by the firm’s net-revenue. In contrast, the E score reflects
the environmental performance of a company in terms of its commitment and effectiveness to
tackle issues related to the use of resources, emissions, and innovation, while the ESG score
is also argued to be informative about a firm’s performance concerning social and governance

issues. E and ESG scores are industry-based relative performances and scores range between

9The Fama & French (2015) five factors are constructed considering the EuroStoxx 600 Index constituents
over the period Jan 2005-Oct 2021 for which we calculate the 6 value-weight portfolios formed on size (market
capitalisation) and book-to-market, the 6 value-weight portfolios formed on size and operating profitability,
and the 6 value-weight portfolios formed on size and investment (change in total assets). Data are collected
from Eikon. More details on the methodology can be found in the Fama-French data library.

10The GHG Protocol Accounting and Reporting Standard classifies (WBCSD & WRI, 2004) a company’s
GHG emissions into three scopes: direct emissions from company-owned and controlled resources, scope 1;
indirect emissions from purchased electricity by the owned or controlled equipment or operations of the firm,
scope 2; and other supply chain emissions, scope 3. We measure GHG emissions as the sum of scope 1 and
2 because including scope 3 reduces the data coverage. We consider only data reported by the company.
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0 and 100, with higher values indicating better firm’ performances, relative to sector peers.'!
We define sectors using the Statistical Classification of Economic Activities in the Euro-

pean Community (NACE Rev. 2).'?

4.1. Descriptive statistics

Table 2 shows the exposure metrics used. The table nicely illustrates a general increase in
data coverage over time. In addition, it reports the thresholds used (25" and 75" percentiles)
to construct brown and green portfolios.

In order to give a better overview of the composition and characteristics of the EuroStoxx
600 Index at the sectoral level, table 4 reports the number of firms in our sample (No.), the
average of the exposure metrics (E, ESG, log-GHGpg; , log-GHGg) and the yearly average
contribution of each sector to EuroStoxx 600 Index GHG emissions. In the last column, we
also add the overall sector contribution to EU GHG emissions (EU contribution).'® The table
is sorted by GHG emissions in descending order, with a light (dark) colour being associated
with green (brown) sectors.

As expected, D-Electricity, gas, steam and air conditioning supply (D- Electricity), C-
Manufacturing, and H-Transportation and storage (H-Transportation) are among the most
carbon-emitting sectors, contributing around 70% of total EU emissions and 55% of total
EuroStoxx 600 Index emissions, respectively.In comparison, the A-Agriculture, forestry and
fishing (A-Agriculture) is a high emissions contributor at the European level (16%), but not
in our sample (0%), due to low representation of companies from this sector in the EuroStoxx
600 Index (one company). B-Mining and quarrying (B-Mining) and M-Professional, scientific

and technical activities (M-Professional)** are small contributors at European level but show

"UEnvironmental and Social pillars are constructed according to categories which weights vary with the
industry, while the Governance pillar category weights remain fixed across industries. Scores also consider
firms’ data transparency penalising firms which do not disclose data.

P2Eurostat (2008). Dafermos et al. (2020) for example identifies high-carbon intensive activities taking
NACE 1-digit sectors that mostly contribute to EU emissions.

13EU27, Data source: Eurostat.

14The broad characterisation of this sector makes its interpretation challenging. In our sample 70 percent
are activities carried on by head offices.
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Table 2: Exposure data

Panel a) Number of firms with data

Year log-GHGE log-GHGE; E score ESG score
2005 259 254 537 686
2006 341 336 584 717
2007 423 413 706 7T
2008 463 445 756 805
2009 547 518 776 823
2010 587 548 817 852
2011 626 583 833 874
2012 659 608 859 897
2013 689 634 880 913
2014 734 670 900 939
2015 773 707 945 978
2016 811 732 962 994
2017 857 767 1,011 1,044
2018 907 797 1,056 1,089
2019 944 818 1,074 1,105
2020 953 811 1,087 1,115
2021 949 793 1,081 1,116

Panel b) Threshold

25th Percentile 4.45 0.97 34.55 38.15

75th Percentile 6.00 2.14 76.46 69.56

Note: Exposure data % coverage over time (from 2015 to 2019)
for the EuroStoxx 600 Index constituents (panel a) and the
threshold levels to construct green and brown portfolios (panel
b) for log-GHG emissions levels (GHGpg), log-GHG emissions
intensity (GHGEgr), Environmental score (E score), and Envi-
ronmental, Social, and Governance score (ESG score).
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high level of GHG emissions in our sample.

Table 4 also shows that sectors with good average E (and ESG) ratings also have, on
average, high GHG emissions levels (and intensity). This observation suggests that compa-
nies with high GHG emissions can receive positive environmental and ESG scores, and vice
versa (Boffo et al., 2020). In other words, positive environmental, or ESG, ratings are not
necessarily associated with low carbon emissions, aligned with the assumption that E, and
ESG, can capture aspects of climate risk further to GHG production (Faccini et al., 2021).

Figure 3 presents the distribution of the four metrics used. E and ESG scores are quite
homogeneous across sectors, while GHG emissions differ largely within and across sectors.
This is in line with the fact that Refinitiv ESG scoring methodology is aimed at reducing
portfolio concentration by sectors and thus recalibrates upwards the rating of high pollution
companies if they are in highly polluting sectors, i.e. a company is largely evaluated rela-
tive to its sector peers. The distribution of GHG emissions by sectors also shows that the
NACE classification does not take into account important emissions-related intra-sectoral

differences.
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Figure 3: Distribution of exposure metrics
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Finally, Table 5 shows the sectoral composition of brown and green portfolios according to
the different exposure metrics used. The composition of brown (green) E and ESG portfolios
is very similar, and so is the composition of brown (green) porttfolios constructed according
to GHG and GHG emission intensity. However, the portfolios constructed according to E or
ESG criteria differ significantly from the ones based on GHG emissions. This is in line with

the observation that high GHG emitting companies can receive high ESH and E scores.

5. Results

5.1. Transition and Physical Climate Risk Premia

Results indicate the emergence of both, a physical and transition climate risk premium

since 2015. First, table 6 presents the annualized average excess stock returns in percent
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(E[R]-Rf, in excess of the risk free-rate), and Sharpe ratios of the 26 portfolios we form for
transition risk (Panel a) and physical risk (Panel b), over the three periods studied (full
sample, before 2015 and after 2015). The LMH transition (physical) generates an average
annualized return of about -3.08% (-3.75%) in the period before 2015 and 9.61% (6.71%)
after 2015. In addition, Figure 4 (a-b) shows a strong increase in the cumulative return of the
LMH transition and physical portfolios after 2015 - depicting a decline in the performance
of the high beta portfolio (Figure 4 (c-d)).

Second, tables 7 and 8 show the estimated physical and transition risk premia (alpha for
the LMH portfolio). These estimates document the emergence of a positive risk premium
for the low beta portfolio since 2015, i.e. a relatively higher required return for stocks which
provide a bad hedge against climate risk. More specifically, the long-short PRI and TRI
portfolios generate an average abnormal return of about -4.09% and -3.01% per year before

2015, and of about 6.14% and 7.05% after 2015, respectively.

5.2. The use of risk exposure metrics by investors

Overall, we find that firm level information appears to be used as a gauge for transition
risk, in particular since 2015. In contrast, sectoral classifications appears to be sufficient to
be employed to identify exposures to physical risk - but this information may not be granular
enough to capture transition risk exposure. More specifically, table 9 reports the results for
the estimated factor sensitivities of green and brown portfolios constructed according to
E scores, columns (1-4); ESG scores, columns (5-8); GHGg; columns (9-12); and GHGg,
columns (13-16); from the daily augmented FF5 model as presented in Equations (2a) and
(2b) over three periods (full sample, before 2015, and after 2015) reported together with
t-statistics and considering Newey & West (1987) robust standard errors.'®

The table shows that since 2015 both E/ESG and GHG emissions appear to be a useful

gauge for investors to identify companies less effected by climate risk. This is evident from

5We use Newey-West standard errors throughout.
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Figure 4: Cumulative performances of portfolios sorted on TRI and PRI

—— Low Minus High (LMH) beta portfolio o —— Low Minus High (LMH) beta portfolio
Q
o
<
P 2 o |
o (%) N
c c
[} @
E g - £
L Kel
@ 5]
aQ a
i) 1=
g g °
S <]
o o - o
2 2
s =
=} =
€ E o
ju 3 N
(@) () |
o
Q 4
1
T T T T T T T T
2005 2010 2015 2020 2005 2010 2015 2020
(a) Transition LMH beta portfolio (b) Physical LMH beta portfolio
8 - — Low (negative) beta portfolio — Low (negative) beta portfolio
- High (poistive) beta portfolio High (poistive) beta portfolio
§ .
g g g |
1] [} -
3 ]
§ 8- 5
€ E 8 1
8 8
@ @
o o
o S 8 A
£ £
g 2
o _] (=
£ " 2 s
s s
3 3
IS E o |
=] = N
@] O
o -
o -
2005 2010 2015 2020 2005 2010 2015 2020
(c) Transition low and high beta portfolios (d) Physical low and high beta portfolios

Note: Cumulative performances of the low-minus-high beta transition (a) and physical (b) beta
portfolios; and of the low and high transition and physical beta portfolios separately (c) and (d)
considering EuroStoxx 600 Index historical constituents stocks.

ECB Working Paper Series No 2677 / July 2022 26



positive and statistically significant TRI coefficients in the bottom panel of the table. In
contrast, these measures do not appear to be used by investors to gauge exposures to physical
risk. Our findings are in line with with Ardia et al. (2020) and Pastor et al. (2021b) who find
that green assets earn positive return when they are surprised by climate risk. Additionally,
Ardia et al. (2020) document that unexpected increases in climate change concerns decrease
the returns of US brown firms, a finding which we cannot confirm.

Turning to sector classification as a gauge for climate risk exposures, table 10 shows
regression results for the three sample periods (full sample, before 2015, and after 2015),
using the NACE sectoral classification to group excess returns of EU companies. Coefficients
for TRI are largely insignificant post 2015. This suggests that sectoral information may not
or no longer be granular enough to capture transition risk exposure. Rather investors may
use more sophisiticated firm-level information, such as ESG or E ratings. This finding also
speaks to the discussion raised by Bolton & Kacperczyk (2021a), who question whether
investors consider the industry where firms operate as material information on firm’ climate
exposure, or use firms level information.

Table 11 provides the same information as 10, but for physical risk. We find that,
after 2015, coefficients for sectors which are expected to be exposed to physical risk events
(mining and quarrying, transportation and storage, and telecommunications) are negative
and significant. These sectors are exposed to physical risk through their infrastructure
assets or natural system such that these activities suffer losses from, e.g. interruptions of
operational activities due physical hazards. This suggests that sectoral classifications may

be used by investors to identify exposures to physical risk.

6. Conclusion

This study has examined the existence of physical and transition climate risk premia in
euro area equity markets. It laid out two novel physical and transition risk indicators based

on text analysis, which were then used to gauge the presence of climate risk premia. Results
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showed that climate risk premia for both, transition and physical climate risk, have increased
since the time of the Paris Agreement. Portfolios, constructed according to the most common
firm-specific climate metrics, were used to estimate the sensitivity of these portfolios to our
risk indicators. We compared these to sectoral classifications to see if investors may simply
pigeonhole firms into the industry they operate in - rather than to use more elaborate
firm-level information. Findings showed that firm level information indeed appears to be
used as a gauge for transition risk, in particular since 2015, whereas sectoral classifications
appear insufficient. However, sectoral classification may be employed to broadly gauge firms’
exposures to physical risk.

The findings presented in this study, with the most important contribution being the tran-
sition and physical risk indices, can be used to inform investors, policy makers, and financial
institutions alike about the extent to which financial markets price climate risks. They can
and are already be used by others for applications to other asset classes, risk management
and portfolio management issues, or the investigation of climate hedging investment strate-
gies. We deem that future research which more extensively investigates the link between

climate risks and granular firm characteristics can yield many interesting results.
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Table 6: Portfolios sorted on transition and physical climate betas

Panel a) Transition risk beta portfolios
Full sample TRI

L H LMH
E(R)-Rf (%) 846 5.71 1.96
o (%) 22.35 22.47 13.05
SR 0.38 0.25 0.15
Before 2015 TRI

L H LMH
E(R)-Rf (%) 8.32 10.21 -3.08
o (%) 23.53 23.16 12.76
SR 0.35 0.44 -0.24
After 2015 TRI

L H LMH
E(R)-Rf (%) 8.68 -0.41 9.61
o (%) 20.57 21.46 13.44
SR 0.42 -0.02 0.71

Panel b) Physical risk beta portfolios
Full sample PRI

L H LMH
ER)-Rf (%) 7.08 5.94 0.43
o (%) 22.83 23.07 13.29
SR 0.31 0.26 0.03
Before 2015 PRI

L H LMH
ER)-Rf (%) 6.11 8.71 -3.75
o (%) 23.71 23.62 12.91
SR 0.26 0.37 -0.29
After 2015 PRI

L H LMH
ER)-Rf (%) 8.47 2.10 6.71
o (%) 21.51 22.26 13.80
SR 0.39 0.09 0.49

Note: This table shows the performances of the low (L), high (H), and low-minus-high (LMH) 25 portfolios sorted
according to their sensitivity to the Transition Risk Index (TRI) and to the Physical Risk Index (PRI), alongside
the low-minus-high (LMH) transition and physical risk spread returns portfolios. The table reports the portfolios
percentage annualised excess returns(E(R)-Rf) and standard deviations (o), as well as the Sharpe ratios (SR), for
three periods (full sample, Jan 2005-Oct 2021; before 2015, Jan 2005-Dec 2014; and after 2015, Jan 2015-Oct 2021).
The EU stocks return universe is composed by the EuroStoxx 600 Index constituents.
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Table 7: Physical risk premium

Full sample Before 2015 After 2015
L H LMH L H LMH L H LMH

FF5 5.14 4.54 -0.07 3.15 6.06 -4.09 9.85 3.95 6.14
[t] 1.69 1.65 -0.02 0.85 1.64 -0.98 2.15 0.97 1.15
MKT 1.08 1.09 0.00 1.11 1.09 0.01 1.02 1.05 -0.03
[t] 48.63 62.59 -0.18 47.64 57.01 0.51 35.85 41.03 -1.19
SMB 0.63 0.66 -0.03 0.57 0.57 0.00 0.76 0.82 -0.06
[t] 12.67 16.92 -0.68 10.88 12.01 0.02 14.92 21.77 -1.08
HML 0.23 0.25 -0.02 0.19 0.25 -0.06 0.24 0.21 0.03
[t] 55 55 -0.49 3.57 3.9 -0.88 5.89 5.27 0.59
CMA 0.11 0.09 0.02 0.13 0.13 0.01 0.11 0.06 0.05
[t] 2.4 232 039 254 274 011 2 0.99 0.64
RMW -0.19 -0.23 0.04 -0.25 -0.25 0.00 -0.09 -0.22 0.13
t] -6.33 -7.01 1.16 -6.95 -5.55 -0.07 -2.45 -4.99 2.53

Note: This table shows the estimated abnor-
mal returns (oFF5) and coefficients to the mar-
ket factor (MKT), size factor (SMB), value fac-
tor (HML), the investment factor (CMA) and the
profitability factor (RMW) of the 25 portfolios
sorted according to their sensitivity to the Phys-
ical Risk Index (PRI), alongside the low-minus-
high (LMH) transition and physical risk spread
returns portfolios, considering a Fama & French
(2015) five factor (FF5) asset pricing model spec-
ification. Eurostoxx 600 Index historical con-
stituents are used and results are reported for
three periods (full sample, Jan 2005-Oct 2021; be-
fore 2015, Jan 2005-Dec 2014; and after 2015, Jan
2015-Oct 2021).
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Table 8: Transition risk premium

Full sample Before 2015 After 2015
L H LMH L H LMH L H LMH

FF5 6.1 394 142 522 698 -3.01 8.63 1.92 7.05

[t] 219 151 046 1.36 2.06 -0.77 2.1 049 141
MKT 1.06 1.07 -0.02 1.1 1.09 0.00 0.98 1.01 -0.04
[t] 63.7 44.24 -0.73 49.7 52.1 0.06 47.75 27.23 -1.15

SMB 0.54 0.58 -0.04 0.51 0.51 0.00 0.64 0.7 -0.06
[t] 13.93 12 -0.71 7.19 11.8 0.02 17.56 11.2 -0.85
HML 0.21 0.21 0.00 0.16 0.17 -0.01 0.25 0.22 0.03
[t] 6.91 5.54 -0.06 3.24 3.81 -0.12 5.69 5.08 0.5
CMA 0.12 0.08 0.04 0.12 0.15 -0.04 0.16 0.02 0.14
[t] 3.05 1.99 0.72 213 3.42 -0.51 2.66 0.27 1.99
RMW -0.2 -0.2 0.00 -0.23 -0.24 0.00 -0.14 -0.15 0.01
[t] -7.5 -6.03 -0.08 -6.37 -6.38 0.04 -3.66 -3.2 0.15

Note: This table shows the estimated abnor-
mal returns (aFF5) and coefficients to the mar-
ket factor (MKT), size factor (SMB), value fac-
tor (HML), the investment factor (CMA) and
the profitability factor (RMW) of the 25 port-
folios sorted according to their sensitivity to the
Transition Risk Index (TRI), alongside the low-
minus-high (LMH) transition and physical risk
spread returns portfolios, considering a Fama
& French (2015) five factor (FF5) asset pricing
model specification. Eurostoxx 600 Index his-
torical constituents are used and results are re-
ported for three periods (full sample, Jan 2005-
Oct 2021; before 2015, Jan 2005-Dec 2014; and
after 2015, Jan 2015-Oct 2021)
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Table A1: Physical risk and transition risk vocabularies list of acronyms

Physical risk vocabulary acronyms

GHG  Greenhouse gas

Intergovernmental Panel on

IPCC Climate Change

Representative Concentration

RCP Pathway

Transition risk vocabulary acronyms

EJ/yr Exajoules per year
eq/yr  Equivalent per year
GHG  Greenhouse gas

GtCO2 Gigatonne of carbon
HCF  Hydrofluorocarbon
HCFC Hydrochlorofluorocarbon

Intergovernmental Panel on

IPCC Climate Change

IEA International Energy Agency

MtCO2 Megatonne of carbon
MtCO2 eq Megatonne of carbon equivalent
TCO2 Tonne of carbon
TEAP Technology and Economic
Assessment Panel
TWh/yr  Terawatt hours/year
United Nations Environment

UNEP

Programme

United Nations Framework
UNFCCC Convention on Climate Change
USD /kWh United States Dollar/Kilowatt

hour

Note: Physical risk and transition risk summary vocabularies as in figure 1 list of acronyms.
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