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Introduction

We present an asset-pricing anomaly around climate-change risks with respect to the
semi-strong form of the efficient-market hypothesis under classical empirical asset-
pricing models. We find that:

1. Investors on average underreact to public information on climate-change risks.
Stocks positively exposed to the attention to climate change in the past (“green”
stocks) outperform relative to stocks negatively exposed (“brown” stocks) by 5.9%
per annum (t-stat 4.45), which cannot be explained by a collection of well-known
asset-pricing factors, separately or jointly.

2. The degree of outperformance is empirically associated with investor attention to
climate-change risks. However, “green” stocks still outperform “brown” stocks
even when the attention is low.

Both findings challenge the risk-return trade-off implied by the existing classical asset-
pricing models. We believe investors need to incorporate climate-change exposures
into the investment decision-making process.

Attention to Climate Change Is Measurable

Although unobservable, global attention to climate change is real. We know this
because three independent measures of such attention share a common component
that is time-varying and driven by major global events relevant to climate change.

In Figure 1, we plot these three independent measures of global attention to climate
change: 1) a simple Google Trend measure, 2) an NLP topic model based measure,
and 3) the Climate News Index, a model-free headline count measure. It is apparent
that all three measures share a synchronous pattern that reacts around major global
events. When looking at the growth rates, we find that they share a 75% to 86%
correlation with each other (Figure 2).

For our analysis, we use the Climate News Index calculated using RavenPack news
headline data, because it does not have data-induced or model-induced look-ahead
bias. The Climate News Index is calculated by counting the fraction of climate-related
headlines out of all business articles in the rolling past 12 months, where climate-
related headlines are defined as containing the following five key phrases: Climate
Change, Global Warming, Greenhouse Gas, Carbon Emissions, IPCC.

Figure 1. Independent Measures of Attention to Climate Change
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Figure 2. Correlations between Independent Measures of Attention to Climate Change

Corr. of Innovations Climate News Index Google Trend Ardia et al (2021)
Climate News Index 1.00 - ---
Google Trend 0.75 1.00 ---
Ardia et al (2021) 0.86 0.79 1.00

Source: Man Group; Google Trend; Ardia, Bluteau, Boudt & Inghelbrecht (2021); RavenPack; as of 26 April 2023.
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Identifying Climate Change Exposed Stocks

We estimate the stock-level time-series sensitivity to innovations in the Climate News
Index, using residual returns with a lookback of five years.

Res_Ret, = a,,+ B, *cni +e, te[T-5years,..,T]

To reduce estimation noise, we focus on the residual returns which remove impacts
from market and known factors and then apply Bayesian shrinkage to the estimated
beta towards the industry median.

We find that the resulting betas make intuitive sense: for example, Energy stocks
generally have lower exposures while Renewable Utilities have higher exposures.

If we look at several metrics of the “greenness” of the positively exposed and negatively
exposed stocks in Figure 3, we find that stocks positively exposed to the Climate News
Index are generally greener than those negatively exposed.

Figure 3. Weighted “Greenness” Metrics of Stocks Positively and Negatively Exposed to the Climate News
Index
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Source: Man Group; as of 31 December 2022.

Exposure to Climate News Index is Persistent

Examining the estimated exposures, we find that historically estimated exposure
delivers ex-post future exposure to the Climate News Index. In Figure 4, we sort stocks
into five buckets based on estimated betas five years ago to avoid overlapping data
and look at the average realised beta. We see a monotonic relationship between ex-
ante beta and ex-post beta. This suggests that stocks that historically are positively
(negatively) exposed to changes in the Climate News Index are likely to continue to be
positively (negatively) exposed.
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The climate-news
anomaly cannot

be explained by
existing asset-pricing

factors.

Figure 4. Average Realised Ex-Post Exposure by Ex-Ante Quintiles
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Source: Man Group; as of 31 December 2022. Time period: 1 January 2008 to 31 December 2022. Universe: US top 3,500
stocks by market capitalisation.

The Climate News Anomaly Is a Challenge to Existing Asset
Pricing Models

We form a long/short portfolio based on these estimated betas and find that this simple
strategy delivers a sizable and statistically significant 5.9% annual compounded excess
return with a t-stat of 4.45.

If the market is semi-strong form efficient with respect to a given asset-pricing model,
such a portfolio should not deliver significant alpha (excess returns that cannot be
explained by known asset-pricing factors). However, we see that across 10 factors that
we tested, separately or jointly, the significant alpha remains.

Figure 5 presents coefficients and t-stats of the various asset-pricing tests’
specifications, using monthly return series. Tested separately or jointly, the alpha

of the long/short portfolio remains statistically significant, adjusted for Newey-West
standard errors. This implies the climate-news anomaly cannot be explained by existing
asset-pricing factors, hence challenges the semi-strong form of the efficient-market
hypothesis with respect to the existing asset-pricing models.
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Figure 5. Coefficients and T-Stats by Asset-Pricing Models
Asset Mkt- R R R_ R R

Pricing Test alpha RF SMB HML RMW CMA LIQ.V GMB MKT ME 1A EG ROE

Average 0.487

Return [4.45]

Fama 0.428 0.026 -0.008 -0.073 0.040 -0.116
French 5 [3.60] [0.97] [-0.20] [-1.64] [0.59] [-1.62]
Fama

0.413 0.037 0.015 -0.098 0.043 -0.151 -0.064

Eir:""“s* [3.59] [1.55] [0.35] [-2.33] [0.68] [-2.10] [-2.63]

if;?\ihh 0.474 0.035 0.003 -0.099 -0.038 -0.163 -0.052 0.005

Ligsomp  [407] [1.36] [0.05] [2.19] [-0.46] [-1.94]) [-1.43) [0.06]

Hou Xue 0.393 0.029 0.012 -0.125 0.213 -0.099

Zhang 5 [3.77] [1.36] [0.28] [-1.85] [3.83] [-1.58]

All 10 0.396 0.039 0.009 -0.071 -0.009 0.205 -0.040 0.040 -0.345 0.179 -0.160
[3.57] [1.61] [0.18] [-1.46] [-0.10] [1.10] [-1.11] [0.51] [-1.86] [2.28] [-1.84]

Source: Man Group; as of 31 December 2022. Numbers in brackets are Newey-West T-stats. Time period: 1 January 2008 to 31
December 2022. Universe: US top 3,500 stocks by market capitalisation. Long/short portfolio returns ignore transaction costs.
Mkt-RF, SMB, HML, RMW, and CMA are the Fama-French (2015) market, size, value, profitability, and investment factors. LIQ_V
is the Pastor Stambaugh (2003) liquidity factor. GMB is the green-minus-brown factor of Pastor et al (2022). R_MKT, R_ME, R_IA,
R_EG, R_ROE are the Hou Xue Zhang (2020) market, size, investment-to-asset, expected growth, and profitability factors. Please
see the important information linked at the end of this document for additional information on hypothetical results.

The Climate News Anomaly Is Empirically Associated with
Investor Attention

The theoretical underpinning of the return spreads between “green” and “brown” stocks
are an ongoing debate in academic literature (see Venturini 2022 for a review). In our
view, there are two main competing economic rationale for climate-change risks and
stock returns:

a. Risk premium: Market is efficient, and the return differences are due to risk
exposures receiving compensations or discounts.

b. Behavioural bias: Return spreads between “green” and “brown” are mispricing due
to investor behavior.

In the risk premium rationale, “green” stocks (climate-change favoured stocks) should
have lower expected returns than “brown” because they provide a hedge against
climate risks (Pastor et al, 2021). In other words, for investors to be willing to hold a
“brown” company in an efficient market, the expected return needs to be higher to
compensate for the occasional unexpected pressure during intensified climate change
attention periods. This implies that during the periods when climate change attention is
low, “brown” stocks must be expected by the market to outperform “green” stocks.

Meanwhile, the behavioural bias rationale would postulate that the market generally
overlooks the ramifications of climate change news, which leads to over-valuation

of “brown” stocks relative to their respective true valuations - and vice versa, the
under-valuation of “green” stocks. While we do anticipate underperformance of
“brown” stocks relative to their “green” peers during periods of intense climate change
attention, similar to the ‘risk premium’ argument, the key difference is that we do not
expect a strong outperformance of “brown” stocks outside of such intense attention
episodes under the behavioural bias rationale.

Our evidence seems to be at odds with the risk premium rationale, and more consistent
with the behavioral bias rationale. First, as illustrated before, climate-change favoured
stocks (“green” stocks) significantly outperform “brown” stocks. Second, we find
“brown” stocks do not outperform “green” stocks when climate change attention is

low. To see this, we split the sample into two separate regimes based on the intensity
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of attention to climate change determined by our Climate News Index: periods when
climate attention was high (Climate News Index increasing), and when it was low
(Climate News Index decreasing) (Figure 6). We find that the long/ short portfolio’s
return does ride the increasing trend when climate attention intensifies as expected
by both hypotheses. However, “brown” companies are not compensated enough in
low attention periods. In fact, “green” companies still tend to outperform their “brown”
counterparts during low climate change attention periods, albeit by a smaller margin
compared to periods of high attention. Similar results are observed if we split the
sample in a different way, based on unexpected innovations of Climate News Index.

This finding lends further support to our belief that the excess return is not simply a
compensation to some potentially costly risk exposure, but rather an alpha opportunity
as the market slowly adjusts its interpretation of climate change news.

Figure 6. Climate News Index, Regimes and Events
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Source: Man Group; as of 10 May 2023. Periods when climate concerns were increasing/decreasing are shaded red/yellow.

Figure 7. Average Long/Short Portfolio Returns by Climate News Regimes, Across Regions
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Source: Man Group; as of 31 December 2022. Time period: 1 January 2008 to 31 December 2022. Universe: US top 3,500
stocks by market capitalisation; Global Equities top 5,000 developed-market stocks by market capitalisation; DM Equities top
8,000 developed-market stocks by market capitalisation; EM equities top 5,000 emerging-market stocks by market capitalisation.
Long/short portfolio returns ignore transaction costs. Please see the important information linked at the end of this document for
additional information on hypothetical results.
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Conclusion

This paper contributes to the ongoing debate around market efficiency regarding
climate changes.

If the market is efficient, and if climate-change risks are fully priced by a given asset-
pricing model, “green” or “brown” stocks should not receive excess risk-adjusted
returns. Our paper finds empirical evidence that rejects this joint hypothesis. We find
“green” stocks deliver significant, higher risk-adjusted returns than “brown” stocks that
cannot be explained by well recognised asset-pricing models.

Our evidence is consistent with the behavioral bias rationale. In fact, the continued
doubts of the pecuniary benefits of climate-change investing itself may potentially
exacerbate the market inefficiency. By demonstrating an alpha-harvesting strategy to
take advantage of such market inefficiency, we believe this paper offers a justification
for climate investing as not only a “do good”, but also a “do well” proposition.
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Hypothetical Results

Hypothetical Results are calculated in hindsight, invariably show positive rates of return, and are subject to various modelling assumptions, statistical
variances and interpretational differences. No representation is made as to the reasonableness or accuracy of the calculations or assumptions made
or that all assumptions used in achieving the results have been utilized equally or appropriately, or that other assumptions should not have been used
or would have been more accurate or representative. Changes in the assumptions would have a material impact on the Hypothetical Results and
other statistical information based on the Hypothetical Results.

The Hypothetical Results have other inherent limitations, some of which are described below. They do not involve financial risk or reflect actual
trading by an Investment Product, and therefore do not reflect the impact that economic and market factors, including concentration, lack of liquidity
or market disruptions, regulatory (including tax) and other conditions then in existence may have on investment decisions for an Investment Product.
In addition, the ability to withstand losses or to adhere to a particular trading program in spite of trading losses are material points which can also
adversely affect actual trading results. Since trades have not actually been executed, Hypothetical Results may have under or over compensated

for the impact, if any, of certain market factors. There are frequently sharp differences between the Hypothetical Results and the actual results

of an Investment Product. No assurance can be given that market, economic or other factors may not cause the Investment Manager to make
modifications to the strategies over time. There also may be a material difference between the amount of an Investment Product’s assets at any
time and the amount of the assets assumed in the Hypothetical Results, which difference may have an impact on the management of an Investment
Product. Hypothetical Results should not be relied on, and the results presented in no way reflect skill of the investment manager. A decision to
invest in an Investment Product should not be based on the Hypothetical Results.

No representation is made that an Investment Product’s performance would have been the same as the Hypothetical Results had an Investment Product
been in existence during such time or that such investment strategy will be maintained substantially the same in the future; the Investment Manager

may choose to implement changes to the strategies, make different investments or have an Investment Product invest in other investments not reflected
in the Hypothetical Results or vice versa. To the extent there are any material differences between the Investment Manager’s management of an
Investment Product and the investment strategy as reflected in the Hypothetical Results, the Hypothetical Results will no longer be as representative,
and their illustration value will decrease substantially. No representation is made that an Investment Product will or is likely to achieve its objectives or
results comparable to those shown, including the Hypothetical Results, or will make any profit or will be able to avoid incurring substantial losses. Past
performance is not indicative of future results and simulated results in no way reflect upon the manager’s skill or ability.

Important Information

This information is communicated and/or distributed by the relevant Man entity identified below (collectively the ‘Company’) subject to the following
conditions and restriction in their respective jurisdictions.

Opinions expressed are those of the author and may not be shared by all personnel of Man Group plc (‘Man’). These opinions are subject to change
without notice, are for information purposes only and do not constitute an offer or invitation to make an investment in any financial instrument or in any
product to which the Company and/or its affiliates provides investment advisory or any other financial services. Any organisations, financial instrument or
products described in this material are mentioned for reference purposes only which should not be considered a recommendation for their purchase or
sale. Neither the Company nor the authors shall be liable to any person for any action taken on the basis of the information provided. Some statements
contained in this material concerning goals, strategies, outlook or other non-historical matters may be forward-looking statements and are based on
current indicators and expectations. These forward-looking statements speak only as of the date on which they are made, and the Company undertakes
no obligation to update or revise any forward-looking statements. These forward-looking statements are subject to risks and uncertainties that may
cause actual results to differ materially from those contained in the statements. The Company and/or its affiliates may or may not have a position in any
financial instrument mentioned and may or may not be actively trading in any such securities. Past performance is not indicative of future results.

Unless stated otherwise this information is communicated by the relevant entity listed below.

Australia: To the extent this material is distributed in Australia it is communicated by Man Investments Australia Limited ABN 47 002 747 480 AFSL
240581, which is regulated by the Australian Securities & Investments Commission (ASIC). This information has been prepared without taking into
account anyone’s objectives, financial situation or needs.

Austria/Germany/Liechtenstein: To the extent this material is distributed in Austria, Germany and/or Liechtenstein it is communicated by

Man (Europe) AG, which is authorised and regulated by the Liechtenstein Financial Market Authority (FMA). Man (Europe) AG is registered in

the Principality of Liechtenstein no. FL-0002.420.371-2. Man (Europe) AG is an associated participant in the investor compensation scheme, which
is operated by the Deposit Guarantee and Investor Compensation Foundation PCC (FL-0002.039.614-1) and corresponds with EU law. Further
information is available on the Foundation’s website under www.eas-liechtenstein.li. This material is of a promotional nature.

European Economic Area: Unless indicated otherwise this material is communicated in the European Economic Area by Man Asset Management
(Ireland) Limited (‘MAMIL’) which is registered in Ireland under company number 250493 and has its registered office at 70 Sir John Rogerson’s
Quay, Grand Canal Dock, Dublin 2, Ireland. MAMIL is authorised and regulated by the Central Bank of Ireland under number C22513.

Hong Kong SAR: To the extent this material is distributed in Hong Kong SAR, this material is communicated by Man Investments (Hong Kong)
Limited and has not been reviewed by the Securities and Futures Commission in Hong Kong. This material can only be communicated to
intermediaries, and professional clients who are within one of the professional investors exemptions contained in the Securities and Futures
Ordinance and must not be relied upon by any other person(s).

Japan: To the extent this material is distributed in Japan it is communicated by Man Group Japan Limited, Financial Instruments Business Operator,
Director of Kanto Local Finance Bureau (Financial instruments firms) No. 624 for the purpose of providing information on investment strategies,
investment services, etc. provided by Man Group, and is not a disclosure document based on laws and regulations. This material can only be
communicated only to professional investors (i.e. specific investors or institutional investors as defined under Financial Instruments Exchange Law)
who may have sufficient knowledge and experience of related risks.

Switzerland: To the extent the material is distributed in Switzerland the communicating entity is: To the extent the material is made available in
Switzerland the communicating entity is:

— For Clients (as such term is defined in the Swiss Financial Services Act): Man Investments (CH) AG, Huobstrasse 3, 8808 Pfaffikon SZ, Switzerland.
Man Investment (CH) AG is regulated by the Swiss Financial Market Supervisory Authority (‘FINMA’); and

— For Financial Service Providers (as defined in Art. 3 d. of FINSA, which are not Clients): Man Investments AG, Huobstrasse 3, 8808 Pfaffikon SZ,
Switzerland, which is regulated by FINMA.

United Kingdom: Unless indicated otherwise this material is communicated in the United Kingdom by Man Solutions Limited (‘MSL’) which is a
private limited company registered in England and Wales under number 3385362. MSL is authorised and regulated by the UK Financial Conduct
Authority (the ‘FCA’) under number 185637 and has its registered office at Riverbank House, 2 Swan Lane, London, EC4R 3AD, United Kingdom.

United States: To the extent this material is distributed in the United States, it is communicated and distributed by Man Investments, Inc.

(‘Man Investments’). Man Investments is registered as a broker-dealer with the SEC and is a member of the Financial Industry Regulatory Authority
(‘FINRA’). Man Investments is also a member of the Securities Investor Protection Corporation (‘SIPC’). Man Investments is a wholly owned
subsidiary of Man Group plc. The registration and memberships described above in no way imply a certain level of skill or expertise or that the SEC,
FINRA or the SIPC have endorsed Man Investments. Man Investments, 1345 Avenue of the Americas, 21¢ floor, New York, NY 10105.

This material is proprietary information and may not be reproduced or otherwise disseminated in whole or in part without prior written consent.
Any data services and information available from public sources used in the creation of this material are believed to be reliable. However accuracy is
not warranted or guaranteed. ©Man 2023.

MKT007972/ST/GL/W

The Climate News Anomaly: Is the Stock Market Efficient in Pricing Climate Change Risks? | 9



