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Motivation

2015 Paris Agreement seeks to “keep the rise in global average
temperature to well below 2 °C above pre-industrial levels; and to
pursue efforts to limit the increase to 1.5 °C”

The agreement explicitly calls on the finance industry to “finance
flows consistent with a pathway towards low greenhouse gas emissions
and climate-resilient development.”

Investors are increasingly becoming aware of the potentially enormous
consequences of unabated climate change
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Sustainable Investments are on the Rise

Asset owners and managers representing over $100 trillion in assets have
committed to the UN Principles for Responsible Investment

Source: https: // www. unpri. org/ pri/ about-the-pri
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Yet it remains challenging to address climate risks

Krüger, Sautner & Starks (2020) survey 439 investment professionals:
“... integrating climate risks into the investment process can prove to
be challenging, with investment tools and best practices not yet well
established.” (p. 1068)

Giglio, Kelly & Stroebel (2020) propose a research agenda for Climate
Finance:
“On the empirical side, there is substantial scope for improvements of
the measures of climate risk exposure in different asset classes, and in
particular for equity assets.” (p. 24).
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Our paper: Carbon Beta

We propose a measure of asset-level climate risk exposure that is
determined by the comovement between an asset’s price and a carbon
risk factor: Carbon Beta

Carbon risk factor constructed by long position in 30% most pollutive
stocks, short 30% least pollutive, size-corrected

Intuition: An asset with high (low) Carbon Beta has a tendency to
depreciate (appreciate) in value in times when climate risks increase

Our measure provides high coverage across and within asset classes,
allows for a natural distinction between “winners” and “losers” from
climate change
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Findings

We subject Carbon Betas to a battery of validation tests, confirming
that estimates are sensible

When uncertainty around climate policies increases, assets with higher
Carbon Betas have lower returns

Similar effect in months with abnormally high temperatures and in
months that are extremely dry

Unlike conventional measures, our measure captures firm-level
differences in green innovation

Dries Laurs (VU Amsterdam) Carbon Beta February 8–10, 2022 5 / 22



Findings

We subject Carbon Betas to a battery of validation tests, confirming
that estimates are sensible

When uncertainty around climate policies increases, assets with higher
Carbon Betas have lower returns

Similar effect in months with abnormally high temperatures and in
months that are extremely dry

Unlike conventional measures, our measure captures firm-level
differences in green innovation

Dries Laurs (VU Amsterdam) Carbon Beta February 8–10, 2022 5 / 22



Findings

We subject Carbon Betas to a battery of validation tests, confirming
that estimates are sensible

When uncertainty around climate policies increases, assets with higher
Carbon Betas have lower returns

Similar effect in months with abnormally high temperatures and in
months that are extremely dry

Unlike conventional measures, our measure captures firm-level
differences in green innovation

Dries Laurs (VU Amsterdam) Carbon Beta February 8–10, 2022 5 / 22



Findings

We subject Carbon Betas to a battery of validation tests, confirming
that estimates are sensible

When uncertainty around climate policies increases, assets with higher
Carbon Betas have lower returns

Similar effect in months with abnormally high temperatures and in
months that are extremely dry

Unlike conventional measures, our measure captures firm-level
differences in green innovation

Dries Laurs (VU Amsterdam) Carbon Beta February 8–10, 2022 5 / 22



Data

1 Stock market and accounting variables from merging CRSP and S&P
Capital IQ Compustat ò

Over 570k firm-month observations on over 6,900 unique firms.

2 Corporate emissions from S&P Trucost ò

We merge over 199k firm-month observations on over 2,700 unique
firms.

3 Climate Policy Uncertainty
Daily Wall Street Journal archives, IPCC Assessment Reports, and all
articles in Wikipedia Climate Change category

4 Temperature and Drought data from NOAA
Temperature anomalies and Palmer Z-Index (Palmer, 1965)

5 Green Innovation
Patent issues from the U.S. Patent Office Bulk Data Storage System
Green Patent classification from the OECD (Haščič and Migotto; 2015)
and the WIPO Green Inventory
Patent-Company mapping by WRDS U.S. Patents (Bèta) product.

Descriptive Statistics
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Pollutive-Minus-Clean Portfolio

Double-sorts on previous year’s emissions (30th and 70th percentiles) and
size (median NYSE market cap.)

MCapt−1 < P50,NYSE MCapt−1 ≥ P50,NYSE

Emisst−12 > P70 SP BP
P30 ≤ Emisst−12 ≤ P70 SN BN
Emisst−12 < P30 SC BC

PMC portfolio’s return given by:

PMCt =
1

2
(SPt + BPt)−

1

2
(SCt + BCt)
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Estimating Carbon Betas

Regress stock i ’s daily returns on PMC’s return + Fama & French
(1993) market, size, and value factors + Carhart (1997) momentum
factor

Based on 36-month, rolling-window, regressions

Rit = αi + βi ,PMCPMCt + θiFt + ϵit , (1)

θ′i =


βi ,RMRF

βi ,SMB

βi ,HML

βi ,WML

 and Ft =


RMRFt
SMBt

HMLt
WMLt
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PMC Portfolio Returns

Figure 1: Performance of PMC Portfolio and Alternative PMC
Constructions

Factor Descriptive Statistics Correlations between Alternative PMC Portfolios
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Validation



Validation: Industry-Sector Variation

Figure 2: Sector Variation in Climate Risk
Coefficients from regressing carbon betas on industry sector (two-digit
GICS) dummy variables

Headquarter State Variation International Variation
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Validation: Correlation with Other Climate Risk Measures
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Validation: Firm-level Drivers of Climate Risk Exposure

We estimate:

CBi ,t = λXi ,t−1 + ci + µt + ϵi ,t , (2)

Where:

CBi ,t is firm i ’s Carbon Beta at the end of time t,

Xi ,t−1 is a vector of lagged firm characteristics including size, B/M,
ROE, leverage, Investment to Assets, PP&E to Assets, and R&D to
Assets

ci is the industry effect

µt is the time effect
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Validation: Firm-level Drivers of Climate Risk Exposure
(cont’d)
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External Validation: Market Responses



Climate Policy Uncertainty

Similarly constructed as Engle, Giglio, Lee, Kelly, & Stroebel (2020)
Climate Change News Index

Textual similarity between a corpus of climate change texts and daily
Wall Street Journal archive

Corpus of climate texts: 5 Assessment Reports by the UN IPCC and
all articles in Wikipedia Climate Change category

Details
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Climate Policy Uncertainty (cont’d)

Figure 3: Climate Policy Uncertainty over time
CPU is the textual similarity between daily news articles in the Wall Street
Journal and a corpus of climate change texts.
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Market Responses to Shocks to CPU

Ri ,t = α+ βCBi ,t−1 + γ CBi ,t−1 ×∆CPUt + λXi ,t−1 + ci + µt + ϵi ,t (3)

Where:

Ri ,t is the excess return on company i ’s stock in month t

CBi ,t−1 denotes the stock i ’s carbon beta at the end of month t-1

∆CPUt is the change in Climate Policy Uncertainty index during
month t

Xi ,t−1 is a vector of lagged control variables including size, B/M,
ROE, leverage, capital intensity, market beta, volatility, and
momentum

ci is the industry effect

µt is the time effect
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Market Responses to Shocks to CPU (cont’d)
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Market Responses to Extreme Weather Events

Market Responses to Droughts
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Economic Implications



Pricing of Climate Risk

Ri ,t = α+ θCBi ,t−1 + λXi ,t−1 + ci + µt + ϵi ,t (4)

Where:

Ri ,t is the excess return on company i ’s stock in month t

CBi ,t−1 denotes the stock i ’s carbon beta at the end of month t-1

Xi ,t−1 is a optional vector of lagged control variables including
company size, book-to-market, return on equity, book leverage,
investment-to-assets, PP&E-to-assets and stock i ’s CAPM beta,
idiosyncratic volatility, and 12-month-minus-1-month momentum

ci is the industry effect

µt is the time effect

We correct for EIV-induced bias using Jegadeesh et al. (2019)’s IV
approach Details
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Pricing of Climate Risk (cont’d)
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Green Innovation

Firms that are actively researching “green” technologies likely hold
lower exposure to transition risk

Cohen, Gurun & Nguyen (2020) study green patenting by U.S. firms.
They document that U.S. companies in the heaviest-emitting
industries are key innovators in green technologies

As emissions and Carbon Betas are correlated, this provides a good
setting to study their differences

Measure of Green Innovation (similar to Cohen, Gurun & Nguyen;
2020):

GreenSharei ,t =
N.o. Green Patentsi ,t
N.o. Total Patentsi ,t

(5)

Green Patents Data
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Green Innovation and Carbon Beta

Robustness: Green Innovation by MSCI
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Conclusion

We propose a measure of asset-level climate risk exposure, Carbon
Beta, determined by the comovement of an asset’s price with a
carbon risk factor

Stocks with higher Carbon Betas have lower returns in months when
CPU increases, when temperatures are abnormally high, or during
extreme droughts

Carbon Betas can be estimated for a wide variety of assets, have high
cross-sectional coverage, help in identifying both climate “winners”
and “losers”, and capture forward-looking information such as green
innovation

We intend to publicly distribute our data and methodology for usage
by investors, academics and regulators
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Appendix



Appendix: Sample Construction - CRSP Compustat
Merged

We follow Fama and French (1993) by:

Linking companies in CRSP with Compustat with link types LU, LC,
LS, LX, LD, LN, or LO and primary links P or C;

Including common equities (share codes 10 and 11) traded on the
NYSE, AMEX, or Nasdaq (exchange codes 1, 2, and 3);

Only including firms after they appeared on Compustat for two
consecutive years;

In each June, calculating Book Value of Equity by: Book Value of
Stockholders’ Equity (SEQ) + Deferred Taxes and Investment Tax
Credits (TXDITC) - Book Value of Preferred Stock (PSTK);

Deleting observations with negative market capitalisation or negative
book value;

Back
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Appendix: Correlations between Alternative PMC
Portfolios

Back
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Appendix: Details on CPU Index Construction

Text preprocessing: removing punctuation, splitting sentences into
words (tokenising), removing stop words, reducing words to their
word roots (lemmatising), converting into bigrams
Climate Change Corpus, denoted by CCC : consists of all bigrams in
the 5 UN IPCC Assessment Reports and all articles in the Wikipedia
‘Climate Change’ category.
Each daily collection of news articles in the Wall Street Journal,
starting from 1997, denoted by CWSJ,t

Convert text articles into numerical vector form by applying a Term
Frequency - Inverse Document Frequency (TF-IDF) transformation to
CCC and each of CWSJ,t , resulting in respectively vWSJ,t and vCC .
For each day, calculate cosine similarity between vCC and vWSJ,t ,
resulting in a series of daily cosine similarities
Intuition: when news articles use climate change terms in similar
proportions as texts related to climate change, the index indicates a
high level of climate change news risk

Back
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Appendix: Market Responses to Extreme Droughts

Back
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Appendix: Additional information on S&P Trucost and
“Scope” of CO2 Emissions

S&P Trucost collects reported GHG emissions and provides estimations for
GHG emissions on more than 18,000 international companies from 2002 to
2019.

Emissions are classified into “scopes”, in accordance with the Greenhouse
Gas Protocol:

Scope 1: Direct emissions occurring in a company’s production
process

Scope 2: Indirect emissions associated with the purchase of energy

Scope 3: All other emissions taking place in a company’s value chain

Back
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Descriptive Statistics

Back
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Appendix: Factor descriptive statistics

Back
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Validation: Headquarter State Variation

Figure 4: State Variation in Climate Risk
Coefficients from regressing carbon betas on headquarter state dummy
variables

Back

Dries Laurs (VU Amsterdam) Carbon Beta February 8–10, 2022 22 / 22



Validation: International Variation

Figure 5: Country Variation in Climate Risk
Coefficients from regressing carbon betas on MSCI country indices

Back
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Appendix: Jegadeesh et al. (2019) IV Approach to Resolve
EIV-Induced Bias

Estimation error in carbon betas leads to measurement error when
betas are included as explanatory variables

Presence of measurement error causes estimated coefficients to be
biased towards zero: “attenuation bias”

Jegadeesh et al. (2019) propose estimation of betas on disjoint
sample, which causes estimation errors to be uncorrelated. A two-step
least square regression approach with the ‘other’ betas as
instrumental variables uncovers the ‘true’ coefficients

We implement this by estimating carbon betas in even months
separately from carbon betas in odd months: In even (odd) months,
we only use the daily returns in previous even (odd) months in the
estimation window, and we use the odd-month (even-month)
estimate carbon betas as instumental variables

Back
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Appendix: Green Patents Data

We download all patents issued in the U.S. from 2010 to 2020 from
the USPTO Bulk Data Storage System

We combine patents’ classification codes with guidelines by the
OECD and by the World Intellectual Property Organization to classify
patents as “green” and “non-green”

We use the WRDS Patent Compustat Link to match patent assignees
to companies in the Compustat database

For patents not included in the WRDS Patent Link we utilise an
algorithm that matches by company name

In 2020, roughly 8% of the patents are classified as green

Back
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Appendix: Green Innovation by MSCI and Carbon Beta

Back
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