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Introduction

1. Preliminary definitions

Pro-environmental preferences. An investor has pro-environmental preferences
when she values, in her utility function, the assets of the least polluting companies
more highly than the assets of the most polluting companies. These pro-environmental
preferences may be driven by pecuniary or non-pecuniary motives.

Non-pecuniary motives or preferences. An investor has non-pecuniary motives
or preferences for some assets when she values them more highly, regardless of their
expected returns or variances. In particular, pro-environmental non-pecuniary pref-
erences refer to investors’ motives for investing in green assets irrespective of their
financial characteristics.

Impact investing. Impact investing refers to an investment technique that seeks
to "generate positive, measurable social and environmental impact alongside a finan-
cial return" (Global Impact Investing Network). Specifically, environmental impact
investing seeks to reduce the environmental footprint of the companies issuing the

financial security.

2. Stakes and research questions

The environmental emergency, which involves rethinking the organization of our soci-
eties and the functioning of our economies, requires mobilizing considerable financing
capacity. For example, the infrastructure needs for the next fifteen years that will
enable OECD countries to be consistent with the 2 degrees Celsius trajectory amount
to USD 6,900 billion (OECD, 2017a). In addition to public support, private funding
is therefore a valuable lever to achieve the mobilization of such amounts.
Concurrently, the interest of financial investors in environmental issues has in-
creased considerably in recent years. Investors referred to as "green investors" adapt
their asset allocation by overweighting the assets of the greenest companies and un-
derweighting or even excluding the assets of the most polluting (also referred to as
"brown") companies. The adjustment of their asset allocation can be motivated by
two main stakes: (i) non-pecuniary preferences for environmental issues and (ii) the in-
ternalization of environment-related financial risks. In the first case, investors exclude
brown companies for ethical reasons and are willing to forego part of their expected
returns for the sake of their environmental convictions. In the second case, investors

hedge against environment-related financial risks that are imperfectly priced by the
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market. These risks may be environmental transition risks (Jakob and Hilaire, 2015),
physical risks (Arnell and Gosling, 2016) or litigation risks (Hunter and Salzman,
2007).

Whether for non-pecuniary motives or to internalize environment-related financial
risks, the adjustment of green investors’ asset allocation has a double impact: (i)
it modifies the equilibrium asset prices and returns and, consequently, (ii) it affects
firms’ practices by shifting their cost of capital. The analysis of the first effect is part
of an asset pricing approach, while the analysis of the second effect falls within the
emerging field of research that is referred to as "impact investing."

Therefore, three main questions arise:

- How do expected asset returns distort when a group of investors internalizes

environmental issues in its asset allocation? [Chapter 1].

- How does the adjustment of the expected return break down between (i) the
impact of non-pecuniary preferences and (ii) the impact of the internalization

of environment-related financial risks? [Chapter 2|.

- Are the most polluting companies, whose cost of capital is affected by green
investors’ practices, encouraged to reduce their environmental impact? |[Chapter
3]

As shown in Figure 1, the three chapters of this thesis focus on answering each of

these questions, respectively.

3. Environmental investing

a. Asset pricing approach
i. Asset pricing with pro-environmental preferences

Modern portfolio theory, grounded in the seminal work of Markowitz (1952), and the
asset-pricing model, based on the contributions of Sharpe (1964) and Lintner (1965),
do not provide the theoretical framework allowing us to explain the effect of investors’
pro-environmental preferences on expected returns in equilibrium. Although several
risk factors, such as the Fama and French (1993) and Carhart (1997) factors, have
been identified as driving the dynamics of asset returns, they also fail to explain the
effect of green investing on asset returns.

An extensive empirical literature has sought to highlight the effect of firms’ envi-
ronmental impacts on their returns. Typically, these papers regress realized returns

on environmental ratings. However, the results of this literature are mixed:

- Some papers highlight a negative relationship between environmental and finan-
cial performances, including Brammer, Brooks, and Pavelin (2006), Renneboog,
Ter Horst, and Zhang (2008) and Barber, Morse, and Yasuda (2018). In addi-
tion, Sharfman and Fernando (2008), EIGhoul et al. (2011) and Chava (2014)



Chapters 1 & 3 (theoretical & empirical, applied to stocks)
Chapter 2 (empirical, applied to bonds)

Investors’ preferences

Asset pricing approach Risk materialization

The environment Financial investments

Impact investing approach

Chapter 3 (theoretical & empirical applied to stocks)

FIGURE 1: Main research approaches in environmental investment This figure shows
the main research approaches in the field of environmental investment: the asset pricing
approach and the impact investing approach.

highlight the same effect on expected returns. Bolton and Kacperczyk (2020),
Hsu, Li, and Tsou (2019) and In, Park, and Monk (2019) show that companies
that emit the most greenhouse gases have higher returns than companies that

emit less.

- Other papers find a positive relationship, including Derwall et al. (2005), Stat-
man and Glushkov (2009), Edmans (2011), Eccles, Ioannou, and Serafeim (2014),
Kriiger (2015) and Statman and Glushkov (2016). Specifically, Kriiger (2015)
shows that investors react very negatively to negative news about corporate

environmental responsibility.

- Finally, other authors, such as Bauer, Koedijk, and Otten (2005) and Galema,
Plantinga, and Scholtens (2008), find no significant relationship between envi-

ronmental and financial performances.

Based on the literature on heterogeneous preferences and investor disagreement,’
I shed theoretical and empirical light on the impact of pro-environmental preferences

on asset returns in the first chapter of this thesis.

'See Harris and Raviv (1993), Biais and Bossaerts (1998), Scheinkman and Xiong (2003), Fama
and French (2007b), Jouini and Napp (2007), David (2008), Dumas, Kurshev, and Uppal (2009),
Banerjee and Kremer (2010), Banerjee and Kremer (2010), Bhamra and Uppal (2014), Carlin,
Longstaff, and Matoba (2014), Baker, Hollifield, and Osambela (2016), Atmaz and Basak (2018)
and Banerjee, Davis, and Gondhi (2019).
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ii. Non-pecuniary pro-environmental preferences

The analysis of the impact of pro-environmental preferences on bond yields provides
more consensual empirical results than the same analysis on equities. Indeed, even if
the conclusions are not unanimous, most of the work suggests that companies with a
high environmental performance benefit from a lower cost of debt. The authors mainly
attribute this cost of capital differential to a financial reality: intangible asset creation
(Porter and Linde, 1995; Hart, 1995; Jones, 1995; Ambec and Lanoie, 2008; Flammer,
2015) as well as better risk management and mitigation (Ambec and Lanoie, 2008;
Bauer and Hann, 2014), both being imperfectly captured by rating agency models
(Ge and Liu, 2015; Oikonomou, Brooks, and Pavelin, 2014). However, the existing
literature does not identify how much of this yield differential is attributable to non-
pecuniary preferences.

The development of green bonds, as well as the growing liquidity of these assets,
offers a favorable framework for identifying the share of the bond yield differential
attributable to investors’ pro-environmental non-pecuniary preferences. Indeed, the
risk of green bonds is that of the issuing company, as is the case for conventional
bonds. Thus, comparing green bonds to synthetic counterfactual conventional bonds
allows us to eliminate the financial risk differential and isolate the impact of green
investors’ non-pecuniary preferences on bond yields. This is the approach I take in

the second chapter of this thesis.

b. Impact investing approach

Because environmental impact investing affects assets’ expected returns in equilib-
rium, as discussed in Chapters 1 and 2 of this thesis, it changes firms’ cost of capital.
Therefore, firms may have an incentive to react consequently and mitigate their en-
vironmental impact. This is the impact investing mechanism, which has been docu-
mented by the seminal works of Oehmke and Opp (2019), Landier and Lovo (2020),
and Pastor, Stambaugh, and Taylor (2019).

The first two papers develop a general equilibrium model. Oehmke and Opp
(2019) introduce a group of sustainable investors who agree to finance less profitable
projects and show that companies reduce their environmental footprint by being forced
to internalize their social costs. Landier and Lovo (2020) reach similar findings by
introducing a fund that has preferences for environmental, social, and governance
(ESG) issues but a financial return objective similar to that of regular investors.
Finally, Pastor, Stambaugh, and Taylor (2019) also reach identical conclusions by
showing that the most polluting companies have a higher cost of capital.

In the third chapter of this thesis, we approach this problem from the asset pricing
perspective through a dynamic model where investors and firms enter into a nonzero-
sum game. In particular, we analyze the effect of uncertainty about a firm’s future

environmental impact on its incentive to reform and mitigate it.



4. Contributions

Chapter 1

In the first chapter of this thesis, I show from a theoretical perspective how the prac-
tices of (i) exclusionary screening and (ii) ESG integration by "sustainable investors"
affect the expected returns in equilibrium. I empirically validate the model applied
(i) to "sin stocks" for the exclusionary screening and (ii) by constructing a proxy for
green investors’ tastes using green fund holdings for the ESG integration practice.

More precisely, I show that the exclusion and ESG integration practices by sus-
tainable investors induce two "exclusion premia" and two "taste premia," respectively,
on expected returns in equilibrium. In this partially segmented market (Errunza and
Losq, 1985), I show that these premia have cross-effects between the excluded and
non-excluded assets.

The two exclusion premia, induced by the reduction of the investor base, have
been independently evidenced by Errunza and Losq (1985) on excluded assets and
Jong and Roon (2005) on non-excluded assets in partially segmented markets. I show
that these two premia apply simultaneously to all assets. In addition, I show that
one of these two premia generalizes the premium on "neglected stocks" characterized
by Merton (1987). Although the exclusion effect is indeed positive on average, as
highlighted by Hong and Kacperczyk (2009) and Chava (2014), T show that it can be
negative for an excluded asset taken individually, especially when it is decorrelated
from the other excluded assets. The dynamics of the exclusion effect is strongly related
to the correlation between excluded assets; specifically, this effect increased sharply
during the 2008 financial crisis and collapsed as markets recovered and the correlation
among assets declined. By estimating the model applied to sin stocks, I validate all
the theoretical predictions of the model. The annual average exclusion effect is 1.43%
between 2007 and 2019, in line with the magnitude of the empirical estimate of Hong
and Kacperczyk (2009).

The taste premia are induced by the internalization of ESG externalities by sus-
tainable investors who modify their asset weighting accordingly. Consistent with two
independent works by Pastor, Stambaugh, and Taylor (2019) and Pedersen, Fitzgib-
bons, and Pomorski (2019), the direct taste premium is higher (lower) for brown
(green) assets because sustainable investors require a higher return (accept a lower
return) to hold them. As a result, the market premium is also adjusted by the direct
taste premium in the market. Many papers have tried to explain the impact of ESG
ratings on asset returns, resulting in mixed results. Three main reasons explain these
mixed results: (i) ESG scores or environmental indicators are imperfect proxies for
sustainable investors’ aggregated tastes and are generally only available at an annual
frequency; (ii) the estimated equations do not take into account the increase in the
proportion of sustainable investors; (iii) realized returns are imperfect proxies for ex-
pected returns because they do not account for unexpected changes in the preferences

of sustainable investors (Pastor, Stambaugh, and Taylor, 2019). I circumvent this
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threefold hurdle by constructing proxies for (i) the cost of environmental externali-
ties, (ii) the proportion of green investors, and (iii) the unexpected changes in their
preferences based on the history of green fund holdings worldwide. By estimating
the equilibrium equation applied to the integration of environmental issues, I show
that the average taste effect between the least and most polluting industries ranged

between -1.12% and 0.14% per year between 2007 and 2019 and increased over time.

Chapter 2

The second chapter of this thesis empirically estimates the share of the return differ-
ential between green and non-green assets induced by non-pecuniary preferences. To
do so, I focus on the bond market and use green bonds as an instrument to estimate
this "green premium."

Using a matching method, I identify the 110 green bonds for which it is possible to
construct a synthetic counterfactual conventional bond with the same characteristics
(except that it is not a green bond). In particular, I control for the maturity bias and
extract the green premium by controlling for the liquidity bias between the green and
conventional bonds: the green premium is defined as the unobserved specific effect of a
regression of the yield differential between the matched green and conventional bonds
on the liquidity differential between these two types of bonds. Estimated between
2013 and 2017, the green premium is worth -2 basis points on average, which means
that the yield (price) of green bonds is slightly lower (higher) than that of conventional
bonds. This green premium reflects the yield that investors are willing to give up to
hold green bonds rather than conventional bonds at equal risk. Although it is statis-
tically significant, this premium is economically very low. It therefore suggests that
the difference in yield between the bonds of green and brown companies, widely high-
lighted in the literature,? mainly corresponds to a difference in environment-related
financial risk rather than to the effect of green investors’ non-pecuniary preferences.

From the practitioners’ point of view, this green premium highlights investors’
appetite for green bonds and the fact that companies can diversify their bondholder
base via this asset class. However, given its very low value, it does not constitute a
disincentive for green investors to support the green bond market. Moreover, from
the supervisory authorities’ point of view, this premium does not reveal a substantial
valuation discrepancy between green and brown assets at equal risk.

Finally, I analyze the heterogeneity of this premium among all bonds. I show that

this premium is more pronounced for financial and low-rated bonds.

Chapter 3

In the third chapter of this thesis, co-written with Tiziano de Angelis and Peter

Tankov, we show how green investing can have an impact on companies’ practices,

2Gee, for example, Bauer and Hann (2014), Oikonomou, Brooks, and Pavelin (2014), and Flammer
(2015).



especially the most polluting ones, that are spurred on to reduce their environmental
impact. We build an equilibrium model in a market populated by (i) a group of regular
investors and (ii) a group of green investors who internalize the financial impact of
environmental externalities of the assets in which they invest. Investors enter into
a nonzero-sum game with companies that choose their carbon footprint trajectory
accordingly. In this model, we therefore endogenize the environmental impact of
companies and analyze their optimal carbon footprint trajectory.

We show that an increase in the proportion of green investors and their environ-
mental stringency both push companies to reduce their carbon footprint by increasing
their cost of capital. This result underlines the importance of public support for the
development of green investments—for example, through the definition of rigorous
standards for assessing environmental impact, such as the taxonomy on which the
European Commission is currently working. From the investors’ point of view, this
result suggests that they can increase their impact on companies by raising their envi-
ronmental requirements, for example by restricting their investment scope or by more
significantly underweighting the least virtuous companies. Moreover, consistent with
the first chapter of this thesis, we show that green investing is financially beneficial
when investors favor companies that will effectively lower their environmental impact.

We extend our analysis to the case where green investors internalize future envi-
ronmental externalities with uncertainty. Consistent with the nature of environmental
risks, we model this uncertainty as non-Gaussian through a stochastic jump process.
We show that heightened uncertainty about future environmental risk pushes green
investors to reduce their allocation to risky assets, thereby reducing the pressure they
exert on the cost of capital of the most polluting companies. As a result, easing the
pressure on companies’ cost of capital incentivizes them to increase their carbon foot-
print compared to the equilibrium without uncertainty. This result underlines the
importance of transparency on companies’ environmental impact and access to this
information by investors: the better the information, the more companies are pushed
by green investors to internalize their environmental externalities and reduce their
emissions.

We empirically estimate our model applied to companies’ carbon intensity by using
the history of green fund holdings worldwide. In particular, we show that when the
proportion of green investors doubles, the carbon intensity of companies falls by an

average of 5% per year.

5. Major implications for the finance industry

The results of this thesis have concrete implications for the financial industry in several

respects.

- First, this work shows that investing in a company that is going green is finan-
cially profitable. This underlines the importance of "extra-financial" analysis,

conducted by financial institutions or rating agencies, so investors can allocate
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their capital to companies that will be the most virtuous from an environmental

perspective.

Second, this thesis underscores investors’ ability to push companies to reform
by increasing their environmental requirements. This may result in a downward
adjustment of the weighting of the most polluting companies or in restricting

the scope of their acceptability.

Third, this study highlights the importance of transparency regarding compa-
nies’ environmental information to maximize the internalization by companies
of their social and environmental costs, thereby reducing their environmental

impact.

Finally, and more generally, this thesis underlines the importance of public sup-
port for the development of green finance, notably through the definition of
rigorous norms and standards offering investors a more accurate reading of the

environmental impact of the companies in which they may invest.
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A sustainable capital asset pricing
model (S-CAPM): Evidence from

green investing and sin stock
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10 Chapter 1. A sustainable capital asset pricing model (S-CAPM): Evidence from

green investing and sin stock exclusion

This paper shows how sustainable investing, through the joint practice of Environ-
mental, Social and Governance (ESG) integration and exclusionary screening, affects
asset returns. The effect of these two practices translates into two taste premia and
two exclusion premia that induce cross-effects between excluded and non-excluded
assets. By using the holdings of 453 green funds investing in U.S. stocks between 2007
and 2019 to proxy for sustainable investors’ tastes, I estimate the model applied to
green investing and sin stock exclusion. The annual taste effect ranges from -1.12%

to +0.14% for the different industries and the average exclusion effect is 1.43%.

1.1 Introduction

Sustainable investing now accounts for more than one quarter of the total assets
under management (AUM) in the United States (U.S.; US SIF, 2018) and more than
half of those in Europe (GSIA, 2016).2 Primarily motivated by ethical concerns, the
two most widely used sustainable investment practices are exclusionary screening and
environmental, social, and governance (ESG) integration (GSIA, 2016). Exclusionary
screening involves the exclusion of certain assets from the range of eligible investments,
such as the so called sin stocks, while ESG integration involves underweighting assets
with low ESG ratings and overweighting those with high ESG ratings. Exclusionary
screening and ESG integration are often jointly implemented by sustainable investors
(GSIA, 2016), and their growing prevalence can create major supply and demand
imbalances, thereby distorting market prices. This paper develops a simple theoretical
framework to provide an empirical contribution on how these sustainable investing
practices—separately and together—affect asset returns.

To reflect the dual practice of exclusion and ESG integration by sustainable in-
vestors, I develop a simple asset pricing model with partial segmentation and het-
erogeneous preferences on the expectation of asset returns. Specifically, I propose
a single-period equilibrium model populated by three constant absolute risk aversion
(CARA) investor groups: regular investors that invest freely in all available assets and
have mean-variance preferences; sustainable investors practicing exclusionary screen-
ing (referred to as ezcluders) that exclude certain assets from their investment scope
and have mean-variance preferences; sustainable investors practicing ESG integration
(referred to as integrators) that invest freely in all available assets, but adjust their

mean-variance preferences by internalizing a private cost of externalities.?

ZSustainable investing is also referred to as socially responsible investing, responsible investing and
ethical investing. In the European Parliament legislative resolution of 18 April 2019 (COM(2018)0354
- (8-0208/2018 — 2018/0179(COD)), sustainable investments are defined as "investments in economic
activities that contribute to environmental or social objectives as well [sic] their combination, pro-
vided that the invested companies follow good governance practices and the precautionary principle
of "do no significant harm" is ensured, i.e. that neither the environmental nor the social objective is
significantly harmed." In the U.S., the AUM in sustainable investing amounted to USD 12 trillion in
2018 and increased by 38% between 2016 and 2018 (US SIF, 2018).

*Benabou and Tirole (2010b) describe the delegated philanthropy mechanism whereby sustainable
investors integrate firm externalities into their investment decisions. In the continuation of this the-
ory, Hart and Zingales (2017) and Morgan and Tumlinson (2019) argue that sustainable investors
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I propose a unified pricing formula for all assets in the market; namely, the assets
excluded by excluders (hereafter, excluded assets) and the assets in which they can
invest (hereafter, investable assets). Two types of premia are induced by sustainable
investors: two taste premia (direct and indirect taste premium) and two exclusion
premia (exclusion-asset and exclusion-market premium).

The taste premia materialize through three effects. First, consistent with related
literature, the direct taste premium is induced by integrators’ tastes for assets owing
to the cost of externalities that they internalize: this premium increases with the cost
of externalities and the wealth share of integrators. Second, as a consequence, the
market risk premium is also adjusted by the average direct taste premium. Third,
a cross-effect arises through the indirect taste premiuwm on excluded assets: to hedge
their underweighting of investable assets with a high cost of externalities, integrators
overweight the excluded assets that are most correlated with these investable assets.

Two exclusion premia affect excluded asset returns. The exclusion premia result
from a reduction in the investor base, and are related to Errunza and Losq (1985)’s
super risk premium and Jong and Roon (2005)’s local segmentation premium. 1 show
that one of the two exclusion premia is a generalized form of the premium on ne-
glected stocks characterized by Merton (1987). Both exclusion premia are structured
similarly and reflect the dual hedging effect of investors who do not exclude and those
who exclude assets: regular investors and integrators, who are compelled to hold the
excluded market portfolio, value most highly the assets least correlated with this port-
folio; simultaneously, excluders, who seek to replicate the hedging portfolio built from
investable assets most closely correlated with excluded assets, value most highly the
assets most correlated with this hedging portfolio. The exclusion effect is the sum of
the two exclusion premia. Although the exclusion effect on asset returns is positive on
average, as empirically assessed by Hong and Kacperczyk (2009) and Chava (2014),
I show that this effect can be negative for an individual excluded asset, for example,
when it is negatively correlated with the other excluded assets. Finally, a cross-effect
of one of the two exclusion premia also drives investable asset returns.

I empirically validate the theoretical predictions by estimating the model using the
U.S. stocks in the Center for Research in Security Prices (CRSP) database between
December 2007 and December 2019. I use sin stocks to constitute the assets excluded
by excluders and apply integrators’ screening to their tastes for the stocks of green
firms.* 1 focus on green investing since it is the most popular ESG screening technique
among sustainable investors (US SIF, 2018). Focusing on this technique therefore
makes it easier to identify the effect of integrators’ tastes on asset returns.

Beyond the issue of the econometric specification, there are three main reasons

for the mixed results in the empirical literature on the link between environmental

internalize externalities to maximize their welfare instead of solely maximizing market value of their
investments. In this paper, the cost of externalities is defined as a deterministic private cost propor-
tional to the weight of the investment made, in the same way as Acharya and Pedersen (2005) model
the cost of illiquidity.

*A green firm can be defined as a firm with a low environmental impact according to an environ-
mental metric, including, for example, environmental ratings and carbon footprints.
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and financial performances. First, identifying the environmental performance of a
company through a particular environmental metric weakly proxies for the average
tastes of sustainable investors for green firms: the various metrics used to assess the
environmental impacts of assets lack a common definition, show low commensurability
(Chatterji et al., 2016; Gibson et al., 2019), and are updated with a low frequency,
typically on an annual basis. Second, these studies fail to capture the increase in
the proportion of green investors over time. Third, by proxying expected returns by
realized returns, these papers neglect to control the effect of the unexpected shifts
in tastes on realized returns (Pastor, Stambaugh, and Taylor, 2019), which induces
a critical omitted variable bias: if the proportion of green investors or their tastes
for green companies unexpectedly increase, green assets may outperform brown assets
while the former have a lower direct taste premium than the latter.

Therefore, I construct a proxy for the tastes of green investors that allows me to
address the three issues raised. First, to circumvent the use of environmental metrics,
I construct an agnostic ez-post instrument reflecting green investors’ private costs of
environmental externalities. I identify 453 green funds worldwide with investments
in U.S. equities as of December 2019 and use the FactSet data to determine their
holding history on a quarterly basis. For a given stock and on a given date, I define
this instrument as the relative difference between the weight of the stock in the market
portfolio and its weight in the U.S. allocation of the green funds. The higher the proxy
is, the more the stock is underweighted by the green funds on that date, and vice versa
when the proxy is negative. Second, I approximate the proportion of green investors’
wealth as the proportion of assets managed by green funds relative to the market
value of the investment universe. Third, I control for the unexpected shifts in green
investors’ tastes by constructing a proxy defined as the variation of green investors’
tastes over time.

For investable stocks, the direct taste premium is significant from 2007 onwards,
whether it is estimated by constructing industry-sorted or industry-size double-sorted
portfolios. The direct taste premium remains significant after controlling for the
unexpected shifts in tastes, as well as for the small-minus-big (SMB), high-minus-low
(HML) (Fama and French, 1993), and momentum (MOM) (Carhart, 1997) factors.
The taste effect ranges from -1.12% to +0.14% for the different industries evaluated.
Specifically, ESG integration significantly contributes toward modifying the expected
returns of the industries most impacted by the ecological transition. For example, on
average, between 2007 and 2019, green investors induced additional annual returns
of 0.50% for the petroleum and natural gas industry when compared to the electrical
equipment industry; this taste effect has steadily increased over time. I also find weak
evidence supporting the cross-effect effect of sin stock exclusion on investable stock
returns.

Regarding sin stocks, I find both exclusion premia and the indirect taste premium
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to be significant and to remain so when the SMB, HML, and MOM factors are in-
cluded.’? The ordinary least squares (OLS) adjusted-R? and generalized least squares
(GLS) R? of the estimated model are substantially higher than those obtained under
Carhart (1997)’s four-factor model. The annual average exclusion effect amounts to
1.43% over the period under consideration. Consistent with the theory, the exclusion

effect is negative for 10 out of the 52 sin stocks analyzed.

Related literature. The results of this study contribute to two literature strands
on asset pricing. First, they clarify the relationship between the environmental and
financial performances of assets by building on the disagreement literature.> The em-
pirical evidence regarding the effects of ESG integration on asset returns is mixed,
as several studies point to the existence of a negative relationship between ESG per-
formance and stock returns,” while others argue in favor of a positive effect,® or find
no significant differentiating effects due to ESG integration.® Two independent works
by Pedersen, Fitzgibbons, and Pomorski (2019) and Pastor, Stambaugh, and Tay-
lor (2019) provide theoretical contributions on how ESG integration by sustainable
investors affects asset returns.'® Pedersen, Fitzgibbons, and Pomorski (2019) show
that when the market is populated by ESG-motivated, ESG-aware, and ESG-unaware
investors, the optimal allocation satisfies four-fund separation and is characterized by
an ESG-efficient frontier. The authors derive an asset pricing equation in the cases
where all investors are ESG-motivated or ESG-unaware. Pastor, Stambaugh, and Tay-
lor (2019) show that green assets have negative alphas and brown assets have positive
alphas, and that the alphas of ESG-motivated investors are at their lowest when there
is a large dispersion in investors’ ESG tastes. Extending the conceptual framework
laid out by Fama and French (2007b), I contribute to this literature strand in two
ways. First, from a theoretical viewpoint, I show that the taste effect on asset returns
is transmitted through a direct and and indirect taste premium, which are adjusted

by the taste effect on the market premium. Second and foremost, from an empirical

5T am not able to estimate the direct taste premium (induced by green funds) on sin stock returns
because of their limited number, but this effect is analyzed for investable assets, which constitute
almost the entire investment universe.

6A vast literature has examined the effects of disagreement and differences of opinion on asset
returns and prices, including Harris and Raviv (1993), Biais and Bossaerts (1998), Scheinkman and
Xiong (2003), Fama and French (2007b), Jouini and Napp (2007), David (2008), Dumas, Kurshev,
and Uppal (2009), Banerjee and Kremer (2010), Bhamra and Uppal (2014), Carlin, Longstaff, and
Matoba (2014), Baker, Hollifield, and Osambela (2016), Atmaz and Basak (2018) and Banerjee,
Davis, and Gondhi (2019).

"See Brammer, Brooks, and Pavelin (2006), Renneboog, Ter Horst, and Zhang (2008) and Barber,
Morse, and Yasuda (2018). Moreover, Sharfman and Fernando (2008), ElGhoul et al. (2011) and
Chava (2014) show that the same effect applies to the expected returns. Bolton and Kacperczyk
(2020), Hsu, Li, and Tsou (2019) and In, Park, and Monk (2019) show that companies emitting the
most greenhouse gases earn higher stock returns than companies emitting the lowest levels.

8See Derwall et al. (2005), Statman and Glushkov (2009), Edmans (2011), Eccles, Ioannou, and
Serafeim (2014), Kriiger (2015) and Statman and Glushkov (2016). Specifically, Kriiger (2015) shows
that investors react very negatively to negative Corporate Social Responsibility (CSR) news, par-
ticularly environmental news, and positively to positive CSR news concerning firms with known
controversies.

9See Bauer, Koedijk, and Otten (2005) and Galema, Plantinga, and Scholtens (2008).

19Both papers focus on ESG integration and do not address exclusionary screening.
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viewpoint, this is the first paper in which the asset pricing specification is estimated
using a microfounded proxy for sustainable investors’ revealed tastes for green com-
panies constructed from green fund holdings. In addition to offering a measure of the
aggregate tastes of green investors on a monthly basis, this proxy allows to account
for the increase in their proportion and to control for the effect of unexpected shifts
in tastes. The significant estimates of the taste premia on investable and excluded
stock returns highlight the value of using this ez-post monthly measure rather than a
yearly environmental rating or a carbon footprint to proxy for sustainable investors’
tastes.

The results of this study also contribute to the literature on exclusionary screen-
ing by bridging the gap with market segmentation. From a theoretical viewpoint, I
show that the exclusion effect results from the sum of two exclusion premia, which
are related to the premia identified by Errunza and Losq (1985) in the case of ex-
cluded assets and by Jong and Roon (2005) as an indirect effect on investable assets.
Moreover, I demonstrate that one of the two exclusion premia is a generalized form
of Merton (1987)’s premium on neglected stocks. I also identify the cross-effect of
exclusion on investable stock returns. Therefore, this article extends the analysis of
Heinkel, Kraus, and Zechner (2001) by characterizing the risk factors associated with
exclusionary screening. From an empirical viewpoint, the magnitude of the average
annual exclusion effect T estimate for sin stocks is in line with the 2.5% obtained by
Hong and Kacperczyk (2009) and is substantially lower than the 16% found by Luo
and Balvers (2017). However, I show that this effect is negative for several sin stocks.
Compared to Merton (1987), this study emphasizes the importance of considering
non-independent returns because the exclusion effect is mostly due to spillovers from
other excluded assets. Luo and Balvers (2017) characterize a boycott premium and
claim that the exclusion effect is positively related to business cycles. I show that
the exclusion effect fluctuates with business cycles because it is driven by conditional
covariances, which increase with the multiple correlation among excluded assets.

The remainder of this paper is structured as follows. Section 1 presents the equi-
librium equations of the model and characterizes the resulting premia. Section 2
describes the identification method used in the empirical analysis when the model is
applied to sin stocks regarded as excluded assets and to green investments for charac-
terizing investors’ tastes for investable assets. Sections 3 and 4 present the empirical
results on investable and excluded stocks’ excess returns, respectively. Section 5 con-
cludes the paper. The Appendix contains the main proofs and the Internet Appendix

provides additional proofs and details about the empirical analysis.
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1.2 Asset pricing with partial segmentation and disagree-

ment

To reflect the dual practices of sustainable investing based on the exclusion and over-
or underweighting of certain assets, I develop a simple asset pricing model with par-
tial segmentation and heterogeneous preferences among investors. I show how the
expected excess returns deviate from those predicted by the capital asset pricing
model (CAPM) and identify two types of premia that occur in equilibrium: two taste
premia and two exclusion premia. I also show that exclusion and taste premia have

cross-effects on investable and excluded assets.

1.2.1 Model setup and assumptions

The economy is populated by three investor groups: one group of regular investors
and two groups of sustainable investors—a group practicing exclusionary screening
(referred to as excluders) and another practicing ESG integration (referred to as in-
tegrators). This setup does not lose generality compared to a model with several
sustainable investors practicing either exclusion, ESG integration or both.'' The

model is based on the following assumptions.

Assumption 1 (Single-period model). Agents operate in a single-period model from
time t tot+1. They receive an endowment at time t, have no other source of income,

trade at time t, and derive utility from their wealth at time t 4 1.

Assumption 2 (Partial segmentation). Regular investors and integrators invest freely
i all assets in the market. Excluders restrict their allocation to the sub-market of in-
vestable assets, which is composed of assets I, ..., I,,, and exclude the sub-market of
excluded assets, which is composed of assets X1,..., X, . The proportion of excluded

assets’ market value is denoted by q € [0,1]. The wealth shares of excluders, integra-

tors, and regular investors are pe, p;, and 1 — pe — p;, respectively.

Assumption 3 (Heterogeneous preferences). Integrators have specific tastes for as-
sets. They subtract a deterministic private cost of externalities, cg, from the ez-
pected return on each asset k € {I1,....In,, X1,..Xn,}. Cr = (cll,...,qnl)/ and
Cx = (cx,, ey Xy ) are the vectors of stacked costs for investable assets I, ..., I,
and excluded assets Xi,..., Xy, respectively, where the prime symbol stands for the
transposition operator. The cost of externalities of the value-weighted portfolio of in-

vestable assets is denoted by ¢, (see Figure 1.1).

Assumption 4 (Mean-variance preferences). (i) Investors have an exponential utility
and their relative risk aversion is denoted by . (ii) The asset returns are assumed to

be normally distributed. Since investors mazimize the expected utility of their terminal

1n this more general case, the equilibrium equations remain unchanged and the proportions of
wealth are adjusted according to the wealth invested utilizing each of the two sustainable investment
techniques.
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wealth, which is normally distributed, they have mean-variance preferences over their

terminal wealth.
Assumption 5 (Perfect market). The market is perfect and frictionless.

Assumption 6 (Free lending and borrowing). Investors can lend and borrow freely,

without any constraint, at the same exogenous interest rate.

Market

Pe Excluders —

p; Integrators  — — (1- p;- p.) Regular investors

|

Private cost of
externalities ¢,
KEL ey Iy Ky iy}

EEn

F1GURE 1.1: Graphical overview of the financial setup. This graph depicts the three
types of investors involved (integrators, excluders and regular investors), their scope of eligible
assets and the tastes of integrators through their private cost of externalities cg.

The specific assumptions adopted in this model are those of a partially segmented
market (assumption 2) in which investors have heterogeneous preferences (assump-
tion 3). I do not consider the partial segmentation assumption as a limiting case of
the heterogeneous preferences assumption with no-short-sales constraint for two main
reasons. First, the absence of no-short-sales constraint makes it possible to obtain
a tractable equilibrium equation. Second, the two assumptions are complementary:
since short selling is not prohibited, integrators can short an asset with a high exter-
nality cost while an excluded asset is not accessible to excluders. The joint analysis
of these two mechanisms also makes it possible to study their cross-effects.

By characterizing sustainable investors’ practices through both exclusion and ESG
integration, the developed model subsumes two types of previous models. On the one
hand, when the cost of externalities is zero (i.e., focusing on assumption 2), the present
framework is reduced to that of segmentation models, such as the I-CAPM (Errunza
and Losq 1985; Jong and Roon 2005),'2 and that used by Luo and Balvers (2017),

who analyze the effects of excluding a specific set of assets. The assumptions of the

12 As shown by Jong and Roon (2005), their model also generalizes Bekaert and Harvey (1995)’s
model when investable and non-investable assets have similar characteristics in the absence of cross-
country segmentation effects.
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present model generalize those of Merton (1987)’s model since I do not impose any
particular specification on asset returns, and these are not independent.'?

On the other hand, when the market is not segmented (i.e., focusing on assumption
3), the present model is reduced to a model of differences of opinion, in which sustain-
able investors adjust their expected returns on each available asset by internalizing a
private cost of externalities.!* The setup is related to that of Acharya and Pedersen
(2005): the cost of illiquidity is replaced here by a deterministic cost of externalities,
which is internalized only by a fraction of the investors. Unlike the illiquidity cost,
which fluctuates daily, the cost of ESG externalities varies with high inertia and does
not necessarily need to be modeled as a stochastic factor.'®> The internalization of
the cost of externalities, which is modeled here as a linear adjustment of the expected
excess return, is consistent with other theoretical studies on ESG investing (Gollier
and Pouget, 2014; Pastor, Stambaugh, and Taylor, 2019; Pedersen, Fitzgibbons, and
Pomorski, 2019). It is worth noting that the cost of externalities can have a nega-
tive value and reflect the internalization of positive externalities by integrators. This

occurs for companies whose assets may benefit from enhanced returns in the future.

1.2.2 Premia induced by sustainable investing

Subscripts I and X are used here as generic indices, standing for the vectors of ny
investable assets and nx excluded assets, respectively. To simplify the notation, the
time subscripts are omitted and all the returns, r, are considered in excess of the
risk-free rate. Therefore, the excess return on any asset k in the market is denoted by
ri. The vectors of excess returns on assets, I = (I1,...,I,) and X = (X1,..., Xpny),
are denoted by r; and rx, respectively. I refer to the value-weighted portfolios of
investable assets and of excluded assets as the investable market and ezcluded market
portfolios, respectively. The excess returns on the investable market, excluded mar-
ket, and market are denoted by ry,,, rm,, and 7, respectively. I use o to denote
the standard deviation of the excess returns on an asset and p for the correlation co-
efficient (or multiple correlation coefficient) between the excess returns on two assets
(or between one asset and a vector of assets, respectively). Let Bg.,, be the slope
coefficient of the regression of the excess returns on asset k € {I1,...In,;, X1, ..., Xp }
on the excess returns on the investable market my, and a constant. Let By be the row
vector of the slope coefficients in a multiple regression of asset k’s excess returns on
the excess returns on the investable assets Iy, ..., [,,, and a constant. Cov(rg, mm |71)
and Cov(7k, "'my |Tm, ) refer to the conditional covariances between ry, and r,, , given

the vector of returns r; and return r,,,, respectively.

3However, it should be noted that Merton allows each stock to be neglected by a different number
of investors, while, in the present model, all excluded stocks are excluded by the same proportion of
total wealth pe.

' As in Fama and French (2007b), these tastes may be linked to either non-pecuniary motives
(Riedl and Smeets, 2017; Hartzmark and Sussman, 2020) or lower financial risk expectations (Lins,
Servaes, and Tamayo, 2017; Kriiger, 2015; Battiston et al., 2017; Kriiger, Sautner, and Starks, 2020).

Y5For simplicity, I consider ¢, deterministic. Generally, the results are identical when one assumes
that ¢y ¢ is a random variable of zero variance that is independent of investable asset returns.
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Proposition 1 (S-CAPM).

1. The expected excess return on any asset k is

Di bip
E(ri) = Bim; (E(rm,) — picm,) + ——cx — ——— BriCy
1—pe 1—pe
Taste‘]:remia
b
+ == qCov(Tk, Tmx |T1) + 74 Cov(Tk, T i [T, ) -

1_pe

~
FExclusion premia

(1.1)

2. Particularly,

(i) the expected excess return on any investable asset Iy is

E(rsz) = ﬁl}cml ([E(Tmf) - picm[) + picr, + g COV(TIk*’TmX’TmI)’ (1'2>

Direct taste premium  Ezclusion-market premium

(1) the expected excess return on any excluded asset Xy is

Di PiDe

[E(er) = Bxym; ([E(Tmf) - picm,) + Cxy, - Bx, 1Cr
1- De 1- e
Direct taste premium  Indirect taste premium
p
+ 7 _ep qCov(rx,, Tmx|71) +7qCov(rx,, Tmy |Tm, ) -
e

- - FEzclusion-market premium
FExclusion-asset premium

(1.3)

Proposition 7 shows that sustainable investors’ exclusion and integration practices
involve two types of additional premia in equilibrium: two exclusion premia'®—the
exclusion-asset and exclusion-market premia—and two taste premia—the direct and
indirect taste premia. The presence of the exclusion-market premium on investable
asset returns and the indirect taste premium on excluded asset returns reflects the
cross effects of exclusion and integration practices. Compared to the previous papers
on partially segmented markets (Errunza and Losq, 1985; Jong and Roon, 2005), I
show that equilibrium returns can be expressed in a unified form for all assets in the
market (Equation (1.1)). As in Jong and Roon (2005) and Eiling (2013), the expected
excess returns are expressed with respect to those on the investable market, which is
the largest investment universe accessible to all investors in a partially segmented
market. The expected return on the investable market is lowered by the direct taste
premium on this market, p;cy,, .

Three limiting cases can be considered. First, when sustainable investors do not
exclude assets but have different tastes for investable assets from regular investors

(pe = 0 and p; > 0), the exclusion premia disappear because ¢ = 0 and only the direct

16The exclusion premia are not random variables but scalars because, for a multivariate normal
distribution, the conditional covariance does not depend on the given values (see Lemma 1 in the
Appendix).
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taste premium remains. In addition, the investable market, my, and the market, m,
coincide. Denoting the beta of asset k£ with respect to the market by S, and the
average cost of externalities in the market by ¢,,, the expected excess return on asset
k is

E(rk) = Brm (E(rm) — picm) + pick. (1.4)

Specifically, when the economy is only populated by integrators (p; = 1), the equi-
librium equation reduces to Acharya and Pedersen (2005)’s liquidity-adjusted CAPM
with a deterministic illiquidity cost.

Second, when sustainable investors only practice exclusion and have similar tastes
to those of regular investors (p. > 0 and p; = 0), the taste premia vanish (Vk €
{I,....In;, X1,...., Xny }, ¢ = 0) and only the exclusion premia remain. Equation
(1.2) reduces to the I-CAPM equilibrium equation for investable assets in Jong and
Roon (2005):17

E(le) = Brym; E(rm;) +7q COV(TIk7TmX |7'my)- (1.5)

Equation (1.3) is also related to Jong and Roon (2005), who express the equilibrium
equation for excluded assets’ expected excess returns with respect to the vector of
investable assets’ expected returns, E(r7). I extend their result to express the expected
excess returns on excluded assets with respect to those on the investable market,

E(rm,), as

Db
c qCov(rx,,Tmx |T1) + Y Cov(T X, , Tmy [Ty )-

E(rx,) = Bxpm; E(rm;) + 71 ey
(1.6)

Finally, in the absence of sustainable investors (p. = 0 and p; = 0), there are no

longer any excluded assets (¢ = 0, m; and m coincide), and the model boils down to
the CAPM.

Taste premia

Two taste premia induced by integrators’ tastes arise in equilibrium: a direct taste pre-
mium, p;cr, and %ka, for investable asset I, and excluded asset X}, respectively;
and an indirect taste premium, — fj’;"’e Bx, 1Cy, for excluded asset Xj.

The direct taste premium is proportional to the cost of externalities: the higher

the cost of externalities is, the higher will be the premium to incentivize integrators to
acquire the asset under consideration, and vice versa when the cost of externalities is
low. This finding is in line with the literature on differences of opinion'® in which the
assets’ expected returns increase (or decrease) when a group of investors is pessimistic

(or optimistic). It is also consistent with Pastor, Stambaugh, and Taylor (2019) who

Y"The local segmentation premium in Jong and Roon (2005) can be expressed as a conditional
covariance between asset returns (see Lemma 1 in the Appendix).
8See, in particular, Jouini and Napp (2007) and Atmaz and Basak (2018).
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show that brown and green assets have positive and negative alphas, respectively. The
direct taste premium also increases with the proportion of integrators, p;, as shown by
Fama and French (2007b) and Gollier and Pouget (2014). Specifically, for excluded
stocks, the direct taste premium also increases with the proportion of excluders, pe.

The indirect taste premium is a hedging effect induced by integrators: as they
underweight investable assets with a high cost of externalities, integrators hedge by
overweighting the excluded assets that are most correlated with the investable assets
having a high cost of externalities. Therefore, the indirect taste premium is a cross
effect of investable assets on excluded asset returns. Here, this cross-effect only arises
on excluded asset returns because the expected returns are expressed with respect to
the expected returns on the investable market.™

Finally, by internalizing externalities on investable assets, integrators simultane-
ously adjust their total exposure to the investable market and impact the market
premium through c,,,. When they internalize a positive global cost of externalities
(¢m; > 0), they underweight the investable market and the market premium is neg-
atively adjusted. The opposite effect applies when the global cost of externalities is
negative. This effect does not arise in Pastor, Stambaugh, and Taylor (2019) because
the authors assume that ¢,,, = 0. Therefore, focusing on asset I, which has no in-
direct taste premium, the total taste effect caused by integrators’ tastes is a relative
effect:

Taste effect for investable asset [, = picI, — BlomPiCm; -
~—~
Direct taste premium  Market effect
Consequently, although the weighted average cost of externalities on the investable
market, ¢, , is not necessarily zero, the weighted average taste effect is zero.
Exclusion premia

Two exclusion premia arise in equilibrium on excluded assets’ expected excess re-

turns: the exclusion-asset premium, =y qCov(rx,, my|rr), and the exclusion-

Pe
l_pe
market premium, vq Cov(rx,, "my ['m;). As a cross effect, the exclusion-market pre-
mium, vq Cov(rr, , Tmy |7m, ), also arises in equilibrium on investable assets’ expected
excess returns, while the exclusion-asset premium is zero.

The exclusion-asset premium is the super risk premium, as characterized by Er-

runza and Losq (1985) for excluded assets in partially segmented markets.?’ The

19A cross effect of integrators’ tastes for excluded assets on investable asset returns also arises in
equilibrium when investable asset returns are expressed with respect to the market returns, r,, (see
the proof of Proposition 3).

20Using different levels of risk aversion, denoting regular investors and integrators’ risk aversion by

v and the global risk aversion by <, the exclusion-asset premium is (11;19 — 'y) qCov(re, rmy |T1)-

Errunza and Losq (1985) use absolute risk aversions, while relative risk aversions are used in the
present model.
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exclusion-market premium is the local segmentation premium that Jong and Roon
(2005) identify for investable asset.?!

As outlined in Corollary 2, the exclusion premia are induced by the joint hedg-
ing effect of regular investors and integrators compelled to hold excluded assets and

excluders who cannot hold them.

Corollary 2 (Breakdown of the exclusion premia).
The exclusion premia can be expressed as the difference between a non-excluder effect

and an excluder effect:

Pe

1—p

v qCov(ri, Tmy|r1) = vlgzeq([:ov(rk, Tmx) —'ylfﬁq Cov (E(rg|rr), E(rmy |71)),
e

Non-excluder effect FExcluder effect

(1.7)

Yq Cov(Ti, Ty |Tmy ) = Y@ Cov(ri, Ty ) —Yq Cov(E(Tk|Tm; )s E(Tmy |7my)) - (1.8)

Non-excluder effect Ezxcluder effect

The former effect is induced by regular investors’ and integrators’ need for diver-
sification: since they are compelled to hold the excluded market portfolio, they value
most highly the assets that are the least correlated with this portfolio. The latter
effect is related to the hedging need of excluders, who cannot hold excluded assets.
As the second-best solution, they seek to purchase from regular investors and integra-
tors the hedging portfolios most correlated with the excluded market and built from
investable assets, with returns of E(ry,,|rr), and from the investable market portfo-
lio, with returns of E(7p, |7m, ). As a result, excluders value most highly the hedging
portfolios of asset k if they are highly correlated with the hedging portfolios of the
excluded market.

The exclusion-asset premium is a generalized form of Merton (1987)’s premium on
neglected stocks. Proposition 3 characterizes this by expressing the expected excess

returns on excluded assets as a function of the market returns, 7,.

Proposition 3 (A generalized form of Merton (1987)’s premium on neglected stocks).

Cov(rx, ,Tmy)

Covlrmrm) " When the expected excess returns on X are expressed with
msytmy

Let Bka =
respect to those on the market portfolio, the exclusion-asset premium is

Pe

1_pe

’Y qCOV(TXk _Bkaqrmx7TmeTI)g (19)

and is a generalized form of Merton (1987)’s premium on neglected stocks.

21T show that both exclusion premia apply to all assets in the market; indeed,
Y125-qCov(ry,, Tmy |rr) = 0. However, when the expected returns on investable assets, E(rr,,),
are expressed with respect to the expected market returns, E(ry,), the exclusion-asset premium is

not zero (see the proof of Proposition 3).
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Therefore, the generalized form of Merton (1987)’s premium on neglected stocks is
25-a Cov(rx,, my |rr), which is adjusted by factor —y 24 Bxum@® Var(rmy 77)

to express the expected excess returns on excluded assets with respect to those on the

equal to -y

market.
Hong and Kacperczyk (2009) and Chava (2014) empirically show that sin stocks
have higher expected returns than otherwise comparable stocks. Although this finding

is true on average, it is not always true for individual stocks (see Proposition 4).

Proposition 4 (Sign of the exclusion premia).
(i) The exclusion premia on an excluded asset are not necessarily positive.
(ii) The exclusion premia on the excluded market portfolio are always positive or zero

and equal to

De
1 — De

10Var(rm) (121 pr) 4 (1= pn) ) (1.10)

When an excluded asset is sufficiently decorrelated from the excluded market,
the exclusion premia are likely to be negative.?? In this case, regular investors and
integrators are strongly incentivized to diversify their risk exposure by purchasing the
excluded asset. However, although the exclusion effect on individual assets is not
necessarily positive, the value-weighted average exclusion effect is always positive or

Zero.

1.3 Empirical analysis applied to sin stock exclusion and

green investing: The identification strategy

I estimate the proposed model, treating sin stocks as excluded assets and applying the
ESG integration process through the integrators’ tastes for green firms. In this section,
I describe the data used, the instrument developed for approximating integrators’

tastes, and the identification method.

1.3.1 Data and instrument design
Sin stocks as excluded assets

Although the practice of exclusionary screening has previously targeted other objec-
tives, such as the boycott of the South African state during the apartheid regime
(Teoh, Ivo, and Paul, 1999), it is now mainly applied to sin stocks. However, there
is no consensus on the scope of the sin industries to be excluded. Luo and Balvers
(2017) provide a summary of the sin industries analyzed in the existing literature. The
tobacco, alcohol, and gaming industries are always regarded as sin industries. Sev-
eral authors include the defense industry, but Hong and Kacperczyk (2009) exclude it

from U.S. data, noting that not all U.S. investors regard it as a controversial industry.

22Precisely, when the correlation of an excluded asset with the excluded market is lower than that
of their replicating portfolios using investable assets, the exclusion premia are negative.
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Some studies also include the pornography and coal industries as sin stocks. I con-
duct an analysis on U.S. stocks and follow Hong and Kacperczyk (2009) by focusing
on the triumuvirate of sins, consisting of the tobacco, alcohol, and gaming industries. 1
check the validity of the results by performing a robustness test including the defense
industry.

I start from all the common stocks (share type codes 10 and 11) listed on the New
York Stock Exchange (NYSE), American Stock Exchange (AMEX), and National As-
sociation of Securities Dealers Automated Quotations exchange (NASDAQ); exchange
codes 1, 2, and 3) in the CRSP database. I use the Standard Industrial Classifi-
cation (SIC) to identify 48 different industries. The alcohol (SIC 4), tobacco (SIC
5), and defense (SIC 26) industries are directly identifiable from this classification.
Since the classification does not distinguish gaming companies from those in the hotel
and entertainment industries, in line with Hong and Kacperczyk (2009), I define a
49th industrial category consisting of gaming based on the North American Industry
Classification System (NAICS). Gaming companies have the following NAICS codes:
7132, 71312, 713210, 71329, 713290, 72112, and 721120. Therefore, out of the 49
industries, I focus on the three sin industries of alcohol, tobacco, and gaming, which
accounted for 52 stocks between December 31, 2007 and December 31, 2019. Over
this period, the number of companies decreased and the market capitalization of all
sin companies increased (Table 1.1).

I perform the empirical analysis from December 2007 because the data available
on investors’ tastes for green firms are too scarce to perform a sufficiently robust
analysis before this date (see subsection 1.3.1). However, I carry out a robustness
check between December 1999 and December 2019 on the model without heteroge-
neous preferences, that is, reduced to a single group of sustainable investors practicing
exclusion.

TABLE 1.1: Profile of the sin industries. This table reports the number of firms and

the total market capitalization corresponding to the alcohol, tobacco, gaming and defense
industries between December 31, 2007, and December 31, 2019.

Number of firms Average Market Capitalization ($ billion)

Alcohol Tobacco Gaming Defense Alcohol Tobacco Gaming — Defense
Dec. 2007 - Dec. 2011 15 9 10 21 1.8 26.9 4.7 2.5
Dec. 2011 - Dec. 2015 15 8 8 18 3.3 41.5 7 5.4
Dec. 2015 - Dec. 2019 13 8 10 9 6.4 53.6 13.8 8.1

Integrators’ tastes for green firms

I apply integrators’ preferences to their taste for the stocks of green firms. Climate
change, which is the main selection factor for green investment, is the first ESG crite-
rion considered by asset managers (US SIF, 2018); the assets to which this criterion is
applied doubled between 2016 and 2018 in the United States, reaching USD 3 trillion.
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Many empirical studies have investigated the effects of a company’s environmental
performance on its stocks’ excess returns. However, the results differ significantly for
at least three main reasons. First, this heterogeneity lies in the fact that identify-
ing the environmental performance of a company through a particular environmental
metric weakly proxies for sustainable investors’ tastes for green firms. Indeed, several
dozen environmental impact metrics are offered by various data providers, covering a
wide range of themes, methods, and analytical scopes. These metrics lack a common
definition and show low commensurability (Chatterji et al., 2016).2% For instance,
Gibson et al. (2019) show that the average correlation between the environmental im-
pact metrics of six major ESG data providers was 42.9% between 2013 and 2017. Each
available metric reflects specific information, and the average taste of all sustainable
investors for green firms can hardly be captured by a single metric. Moreover, these
metrics are generally only available on an annual basis and are liable to have several
limitations, such as oversimplifying information (Mattingly and Berman, 2006) and
providing low prospective content (Chatterji, Levine, and Toffel, 2009). The second
reason for the heterogeneity of the results in the empirical studies is that these papers
fail to capture the increase in the proportion of green investors and, thus, the growing
impact of their tastes, over time. The third reason is raised by Pastor, Stambaugh,
and Taylor (2019): by proxying expected returns by realized returns, these papers
omit to control the effect of the unexpected shifts in tastes on realized returns. If
the proportion of green investors or their tastes for green companies unexpectedly
increase, green assets may outperform brown assets while the former have a lower
direct taste premium than the latter.

Therefore, 1 construct a proxy for the tastes of green investors that allows me to
address the three issues raised. I circumvent the first two issues by approximating the
shifts in tastes of green investors from a qualitative and quantitative point of view:
I approximate both the cost of environmental externalities defined in the model, ¢y,
and green investors’ wealth share, p;, by using green fund holdings. Such a proxy for
the direct taste premium allows me to address the third issue by constructing a proxy

for the unexpected shifts in green investors’ tastes (see Subsection 1.4.4).

Proxy for the cost of environmental externalities. In Proposition 5, we focus

on investable assets and give a first order approximation of the cost of externalities.

Proposition 5 (Proxy for the cost of externalities).
Let us denote integrators’ optimal weight of Iy by wy ;, and the market weight of Iy, by

W1, Let us assume that (i) integrators do not account for the correlations among

23 These metrics cover different environmental themes, such as greenhouse gas emissions, air quality,
water management, waste treatment, impact on biodiversity, and thematic and global environmental
ratings (e.g., KLD ratings). Even for greenhouse gas emissions, various metrics are available: carbon
intensity, two-degree alignment, avoided emissions, green share, and emission scores, among others.
Additionally, data providers often have their own methods of calculation and analysis scopes. The
calculation is further complicated by the inconsistency of the data reported by companies, as well
as by the differences in the treatment of data gaps and the benchmarking options chosen by data
providers (Kotsantonis and Serafeim, 2019).
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assets when internalizing the cost of externalities, (ii) the share of integrators’ wealth,

pi, is small, and (i) the direct taste premium, p;cy, , is small compared to the expected

return, E(ry,). The cost of environmental externalities, cy, , is approzimated as
wm,fk

U Y 1.11
k

CIk ~
wmzlk

First, assuming that integrators account for the correlations between assets in
estimating the cost of environmental externalities of a specific asset is pretty strong in
practice; therefore, assumption (i) seems fairly plausible. Second, the share of wealth
of all sustainable investors in the U.S. reached 25% in 2018; therefore, assumption
(ii) focusing only on green investors between 2007 and 2019 is realistic. Finally,
assumption (iii) seems also realistic as illustrated by the following example: assuming
that the cost of environmental externalities internalized by green investors accounts
for 10% of the expected return and that the share of green investors’ wealth is 10%,
picr, is 100 times lower than E(ry, ).

Therefore, I exclude the expected return, E(ry, ), in the approximation of Propo-
sition 5 to avoid endogeneity bias, and I define the proxy for the cost of externalities

of asset I, ¢y, , as .
g, = e ~ Witk (1.12)
Wiy, I
The more integrators underweight I;, with respect to market weights, the higher ¢y,
is, and vice versa when they overweight I.
I compute the microfounded proxy, ¢, , by using the holding history of all the
listed green funds investing in U.S. equities. Specifically, among all funds listed by
Bloomberg on December 2019, T select the 453 funds whose asset management man-

nmn

date includes environmental guidelines ("environmentally friendly," "climate change,"

and "clean energy"), of which the investment asset classes are defined as "equity,"

n n24

"mixed allocation," and "alternative,"** with the geographical investment scope in-
cluding the United States.?> I retrieve the entire asset holding history of each of these
funds on a quarterly basis (March, June, September, and December) via the data
provider FactSet. The number of green funds exceeded 100 in 2010 and reached 200
in 2018. I aggregate the holdings of all green funds on a quarterly basis and focus on
the U.S. stock investment universe in CRSP (referred to as the US allocation). Given
the large number of stocks and the high sensitivity of ¢;, when wy, 1, is close to zero,
I perform the analysis on industry-sorted portfolios. The investable market consists
of 46 industries corresponding to the 49 industries from which the three sin industries
have been removed. For every quarter ¢, I calculate the weight of each industry I in
the U.S. allocation of the aggregated green fund to estimate w; ; at date ¢. I estimate

W, 1, as the weight of industry Ij in the investment universe. I construct instrument

24The last two categories include diversified funds that also invest in equities.

%The geographical areas selected are "Global," "International," "Multi," "North American Re-
gion," "Organisation for Economic Co-operation and Development countries," and "the U.S." (see
the Internet Appendix).
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¢r, by substituting the estimates of w}; and w1, in equation (1.12). I then extend
the value of the instrument over the next two months of the year in which no holding
data are available. However, I do not approximate the cost of environmental exter-
nalities of the 52 sin stocks, cx,, because of the low number of sin stocks held by the
453 green funds.

This agnostic instrument proxies the revealed tastes of green investors by compar-
ing green funds’ asset allocations with the asset weights in the investment universe.
It offers the dual advantage of covering a large share of the assets in the market (46%
of the stocks at the end of 2019) and being constructed from a minimal fraction of
the AUM (green funds’ AUM accounted for only 0.12% of the market capitalization
of the investment universe at the end of 2019).26 Therefore, by using instrument Cly»
I implicitly assume that all green investors have fairly similar tastes to those revealed
by the aggregated 453 green funds, and I test this assumption by estimating the asset
pricing model.?”

In line with the gradual development of green investing during the 2000s and
concomitantly with the enforcement of the U.S. Securities and Exchange Commission’s
(SEC’s) February 2004 amendment requiring U.S. funds to disclose their holdings on
a quarterly basis, the number of green funds reporting their holdings exceeded 50
as of 2007. Therefore, to construct sufficiently robust proxies for the taste premia, I
start the analysis from December 2007. Table 1.2 summarizes the proxy for the cost of
environmental externalities and the excess returns for the various investable industries
in descending order of average cost, ¢y, , between December 2007 and December 2019.

This ranking shows that the industries least held by green funds include fossil
energies (coal, petroleum, and natural gas), highly polluting manufacturing industries
(defense, and printing and publishing), polluting transportation (aircraft and shipping
containers), and mining (non-metallic and industrial mining and precious metals).
However, to be able to overweight the least polluting companies, green investors not
only underweight the most polluting companies, but also some of the largest market
capitalizations. Particularly, they substantially underweight the largest companies
in the investment universe, which belong to the entertainment (e.g., Time Warner
and Walt Disney), retail (e.g., Walmart), communication (e.g., Verizon and CBS),
banking (e.g., JP Morgan, Wells Fargo, and Citigroup), and insurance (e.g., Berkshire
Hathaway, United Health, and AIG) industries. This is the reason these specific
industries are at the top of the ranking in Table 1.2.

26The AUMs of the 453 green funds account for only 0.12% of the total market capitalization of the
investment universe for two main reasons: most green investments are made through the proprietary
funds of institutional investors (pension funds, life insurers, etc.) rather than via open-ended funds;
not all green funds worldwide are necessarily listed in Bloomberg and FactSet.

2TGiven that the list of green funds is not historically available, I acknowledge that the proposed
instrument may introduce survivorship bias. However, given the massive and steady increase in green
investments, the net creation of green funds can be assumed to be positive over the period. As a
result, the number of closed green funds should be limited compared to the number of green funds
still in operation. Additionally, it can be assumed that the average tastes of the closed funds do not
differ significantly from the average tastes of the funds still in operation.
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TABLE 1.2: Descriptive statistics on the investable industries. This table reports

the descriptive statistics for the proxy for the cost of environmental externalities ¢ and the

monthly returns in excess of the 1-month T-Bill between December 31, 2007, and December

31, 2019, in each of the 46 investable industries (i.e., the 49 SIC industries from which the

alcohol, tobacco and gaming industries have been excluded). The construction of the proxy

for the cost of environmental externalities is described in section 1.3.1. In this table, the
industries are ranked in descending order of the average proxy é.

Environmnetal cost proxy Returns
Industry Name Mean Median St dev. Min. Max. Mean Median St dev. Min. Max.
Defense 0.87 0.83 0.08 0.72 0.96 0.021 0.018 0.011 -0.001  0.039
Aircraft 0.69 0.72 0.09 0.47 0.80  0.018 0.018 0.004 0.004 0.028
Precious metals 0.66 0.61 0.08 0.52 0.75  0.008 0.015 0.018  -0.026 0.043
Printing and publishing 0.58 0.58 0.05 0.43 0.66  0.017 0.017 0.009 0.000 0.039
Non-metallic and industrial metal mining  0.54 0.63 0.18 0.17 0.86  0.013 0.012 0.009  -0.007 0.038
Coal 0.52 0.53 0.25 0.32 0.99 -0.002 -0.006 0.018  -0.041 0.039
Agriculture 0.50 0.40 0.61 -1.58 1.00  0.017 0.018 0.011 -0.006 0.036
Entertainment 0.41 0.38 0.18 0.15 0.64  0.025 0.024 0.006 0.010 0.035
Personal services 0.38 0.38 0.04 0.29 0.46  0.016 0.017 0.005 0.004 0.025
Petroleum and natural gas 0.36 0.33 0.08 0.27 0.58  0.008 0.008 0.006  -0.005 0.023
Cand & Soda 0.36 0.32 0.10 0.28 0.57  0.010 0.010 0.003 0.005 0.018
Communication 0.32 0.27 0.09 0.24 0.49 0.014 0.013 0.005 0.005 0.025
Trading 0.32 0.30 0.09 0.22 0.50  0.014 0.014 0.005 0.002 0.026
Retail 0.29 0.28 0.11 0.15 0.47  0.015 0.015 0.005 0.006 0.024
Banking 0.27 0.27 0.07 0.19 0.44  0.012 0.012 0.005  -0.002 0.026
Pharmaceutical products 0.23 0.22 0.03 0.19 0.29 0.017 0.017 0.006 0.007  0.029
Insurance 0.22 0.18 0.20 0.04 0.57  0.015 0.014 0.004 0.005 0.025
Meals 0.19 0.18 0.09 0.10 0.41 0.017 0.016 0.004 0.010 0.032
Shipbuilding & Railroad equipment 0.19 0.10 1.12 -2.28 0.92 0.014 0.014 0.007 0.000 0.032
Chemicals 0.16 0.21 0.12 -0.26 0.25  0.015 0.015 0.005 0.007 0.033
Real estate 0.14 0.11 0.22 -0.13 0.50  0.017 0.017 0.009 0.003 0.044
Clothes apparel 0.13 0.24 0.21 -0.10 0.50  0.018 0.020 0.008 0.004 0.038
Transportation 0.11 0.15 0.17 -0.18 0.43 0.016 0.016 0.004 0.010 0.029
Recreation 0.10 0.09 0.18 -0.11 0.57 0.014 0.014 0.006 0.003 0.031
Steel works 0.08 0.06 0.49 -0.54 0.74  0.012 0.011 0.004 0.005 0.028
Business services 0.05 0.05 0.07 -0.01 0.23 0.019 0.019 0.003 0.011  0.029
Computers 0.02 0.05 0.14 -0.25 0.17  0.018 0.016 0.005 0.010 0.035
Automobiles and trucks -0.05 -0.02 0.07 -0.16 0.05  0.016 0.013 0.010 0.003  0.050
Shipping containers -0.08 0.30 0.52 -1.13 0.64 0.013 0.013 0.004 0.005 0.026
Consumer Goods -0.10 -0.02 0.14 -0.38 0.09 0.010 0.009 0.004 0.003 0.021
Rubber and plastic products -0.18 -0.12 0.54 -1.61 0.39 0.018 0.018 0.008 0.004 0.046
Healthcare -0.22 -0.19 0.14 -0.39 0.04 0.014 0.015 0.006 0.002  0.026
Food products -0.23 -0.21 0.10 -0.41  -0.05 0.014 0.015 0.005 0.003 0.021
Medical equipment -0.26 -0.27 0.09 -0.46  -0.15 0.017 0.018 0.004 0.006 0.026
Fabricated products -0.33 0.11 1.05 -3.44 0.66 0.014 0.016 0.010  -0.005 0.034
Chips -0.40 -0.40 0.14 -0.73  -0.22 0.017 0.017 0.004 0.008 0.027
Textiles -0.54 -0.69 0.64 -1.88 0.61 0.021 0.021 0.007 0.010 0.046
Wholesale -0.57 -0.59 0.13 -0.71  -0.25 0.016 0.016 0.005 0.008 0.029
Utilities -0.59 -0.50 0.28 -1.12 -0.27  0.010 0.010 0.003 0.001 0.018
Business supplies -0.77 -0.62 0.42 -1.44 0.16 0.015 0.015 0.006 0.005 0.037
Machinery -0.83 -0.77 0.37 -1.81  -0.40 0.012 0.010 0.006 0.002 0.036
Construction materials -2.17 -1.97 0.63 -3.54 -145 0.018 0.017 0.005 0.008 0.038
Construction -2.33 -2.95 1.44 -4.36  -0.44 0.016 0.015 0.005 0.005 0.027
Electrical equipment -2.58 -2.43 0.43 -3.51  -2.06 0.013 0.013 0.005 0.003 0.030
Measuring and control equipment -2.63 -2.57 0.28 -3.85 -2.29 0.019 0.018 0.004 0.012 0.031
Other -6.62 -6.56 2.40 -11.93 -3.48 0.012 0.012 0.002 0.005 0.018
Investable market portfolio m; -0.02 -0.02 0.00 -0.02  -0.01 0.015 0.015 0.003 0.009 0.027
Excluded market portfolio mx 0.017 0.016 0.007 0.002  0.038
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Some of the green funds under consideration may also implement social (S) and
governance (G) screens. Therefore, it should be noted that the estimates ¢ and p;
potentially include a limited bias towards S and G factors. However, this does not
hamper the present analysis as the objective is to identify the impact of integrators’

tastes on asset returns.

Proxy for the proportion of integrators’ wealth. To capture the shifts in tastes
from a quantitative point of view, I construct a proxy for the proportion of integra-
tors’ wealth, p;. I estimate the proportion of assets managed following environmental
guidelines as the market value of the 453 green funds divided by the market value of
the investment universe at each considered date. The instrument is denoted by p; and

defined as:
Market value of green funds in ¢

Dit = : 1.13
Pit Total market capitalization in ¢ ( )

Between December 2007 and December 2019, p; increased from 0.02% to 0.12% (see
the Internet Appendix).

1.3.2 Empirical method

I conduct the estimations based on the equations in Proposition 7 being applied to sin
stocks for excluded assets and green investors’ tastes—through ¢;, and p;—to reflect
integrators’ preferences. I assume that the cost of externalities is proportional to its
proxy: cr, = KcCr, and C' = H,Cé (ke € Ry) for investable stock I and the vector
of investable stocks, I, respectively. Similarly, I assume that the share of integrators’

wealth is proportional to its proxy: p; = kpp; (kp € Ry).

Investable asset specification. For each investable asset Iy, (k € {1,...,ns}), equa-

tion (1.2) is written as:

[E(’l“[k) = ([E(Tmz) - picm[)ﬂfkml + ’%P"{Cﬁiéfk +7q COV(TIM T'mx |Tm1)' (1'14)

The three independent variables are the beta coefficient, fr,,,,, the proxy for the
direct taste factor, p;cr,, and the exclusion-market factor, qCov(ry,, Tmy|Tm,). As
shown in the correlation matrix reported in the Internet Appendix, the correlations

between all factors are low.

Excluded asset specification. For each excluded asset Xy, (k € {1,...,nx}), equa-

tion (1.3) is written as:

p - ~
[E(TXk) = ([E<rm1) - picm}) /BkaI - ;p“p“cpiBXkICI
- FPe

1
+7

b
c qCov(rx,, Tmx|T1) + YqCov(T X, , Tmy [Tmy )-

1 — De
(1.15)
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The four independent variables of the estimation are the beta coefficient, Bx,m,,
the proxy for the indirect taste factor, ﬁiBXkIC'[, the exclusion-asset factor, g Cov(rx,, "mx |71),
and the exclusion-market factor,”® qCov(rx,, "my |Tm;). It is worth noting two points
regarding this specification. First, I do not proxy the proportion of excluders’ wealth,
Pe, because the funds that exclude sin stocks are not directly identifiable; further-
more, unlike green investment, sin stock exclusion is one of the oldest sustainable
investment practices and is therefore likely to have grown at a moderate pace over
the period studied. However, I perform a robustness check by using p; as a proxy for
pe- Second, I do not include the direct taste factor, cx,, because its proxy cannot
be estimated for a sufficiently large number of stocks. In addition, the significance
of the direct taste premium is already tested for investable assets, which constitute
99% of the investment universe. In the above specification, the correlations between

all factors are low.

Estimation method. [ estimate specifications (1.14) and (1.15) by performing a
two-stage cross-sectional regression (Fama and MacBeth, 1973). To account for con-
ditional heteroskedasticity and serial correlation, the standard errors are adjusted in
line with Newey and West (1987). Investable assets account for 5,660 stocks, and
there are 52 sin stocks between December 2007 and December 2019. The estimates
on the former are conducted on industry portfolios, while those on the latter are con-
ducted on individual stocks. For investable assets, I take the value-weighted returns
on the industry portfolios. All returns are in excess of the l-month Treasury Bill
(T-bill) rate. In the first pass, I compute the dependent and independent variables
over a 3-year rolling period at monthly intervals, which yields a time series of 109
dates for each variable per stock (or portfolio).?? Robustness tests are performed by
repeating the analysis over a 5-year rolling period. In the second pass, I run the 109
cross-sectional regressions of the ny and ny dependent variables for portfolios I and
stocks X, respectively, on a constant and the independent variables. The estimated
loadings are equal to the average over the 109 dates. To evaluate and compare the
models, I report the OLS adjusted-R? of the cross-sectional regressions. As suggested
by Kandel and Stambaugh (1995) and Lewellen, Nagel, and Jay (2010), I also report
the GLS R? as an alternative measure of model fit because it is determined by the
factor’s proximity to the minimum-variance boundary.

To check for the robustness of the estimated effects and to benchmark the model,
I also include the betas of the SMB, HML (Fama and French, 1992), and MOM

(Carhart, 1997) factors with respect to the investable market in the estimations. The

28The exclusion-asset and exclusion-market factors expressed as conditional covariances are easily
computable from stacked excess returns as Schur complements in vector form (see Lemma 1 in the
Appendix). I estimate the inverse of the investable asset covariance matrix by assuming that returns
follow a one-factor model (Ledoit and Wolf, 2003).

*The betas are estimated as univariate betas.
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three factors are downloaded from Kenneth French’s website.?? Table 1.3 presents

descriptive statistics on the dependent and independent variables.

TABLE 1.3: Summary statistics on the dependent and independent variables.
This table provides the summary statistics on the dependent and independent variables in the
estimations of the S-CAPM in the case of investable industry portfolios and excluded stocks
between December 2007 and December 2019. The investable market corresponds to the 49
SIC industries from which the alcohol, tobacco and gaming industries have been excluded.
The excluded market corresponds to the 52 stocks issued by the alcohol, tobacco and gam-
ing industries. The statistics relate to the exclusion-market factors for investable industry
portfolios (q Cov(ry, Tmy |rm,)) and excluded stocks (q Cov(rx,Tmy |rm,)), respectively; the
exclusion-asset factor for excluded stocks (¢ Cov(rx, rmy |rr)); the proxy for the direct taste
factor for investable assets (ﬁiél); the proxy for the indirect taste factor in the case of ex-
cluded stocks (p; Bx IC’;); the betas of the investable industry portfolios and excluded stocks
with the Fama and French (1993) size and value factors (ﬂ[,g]wB, Br.amrL, Bx.sMB, 5X.HML)
and the Carhart (1997) momentum factor (8r.aron, Bx.amon), respectively. The statistics
presented are the means, medians, standard deviations, minima, maxima and first-order au-
tocorrelations (p1) of the variables of interest based on monthly excess returns on the NYSE,
AMEX and NASDAQ common stocks between December 31, 2007, and December 31, 2019.

Mean Median Stdev Min Max p1
rr 0.015 0.015 0.008 -0.041 0.05 0.347
Brm; 1.07 1.106 0.364 -0.338 2296  0.271
piCr —2x107* 10—* 1073 —7x107% 107  0.018
qCov(rr, Ty |Tm,)  —2x1077 —3x1077 7x107% —6x107° 3x107° 0.291
Br.smB -0.11 -0.005 3.866 -39.247 16.100  0.441
Braronm -0.485 -1.351 6.064 -15.853 59.577  0.481
Br.vom 1.383 2.253 7.778 -57.340 30.540  0.504
rx 0.014 0.017 0.035 -0.440 0.197  0.017
Bxm, 0.822 0.615 0.926 -4.120 5943  0.201
piBx1Cr 6x107° —6x107° 6x1072 —4x10"2 3x10"2 -0.033
qCov(rx,rmylrr) —5x1076 1076 8x10™° —6x10"* 9x10~* 0.08
qCov(rx, Tmy |Tm;) 107° 9x107% 5x107° 6x107* 1073 0.117
Bx.smB -1.151 -0.796 8.282 -50.964 56.431  0.004
Bx.HML -2.458 -2.511 9.790 -88.123 55.329  0.014
Bx.mom 0.297 0.021 14.101 -76.370  114.336  0.080

The mean of the proxy for the direct taste factor, p;Cr, is —2x 10~* and its median
is 1075. The instrument reaches a maximum of 10~3 and the minimum is —7 x 1073.

The exclusion factors are evenly distributed around a mean close to zero.

1.4 Stock returns with tastes for green firms

In this section, I empirically assess the effect of sustainable investors’ tastes for green
firms and that of their exclusion of sin stocks on investable stock excess returns.
The direct taste premium significantly impacts excess returns. I find weak evidence

supporting the effect of sin stock exclusion on investable stock returns.

30The website address is https://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_
library.html.
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1.4.1 Main estimation

I estimate the following three models. (i) The S-CAPM corresponds to equation
(1.14):

[E(le) =a+ 5mkt/81km1 + 61‘ast6]5i6[;c + 6em.mktq COV(T[k,TmX |Tm1); (116)

(ii) the four-factor S-CAPM (denoted as 4F S-CAPM) corresponds to the S-CAPM
specification to which the SMB, HML, and MOM betas are added; and (iii) for bench-
marking purposes, the four-factor model (denoted as 4F model) corresponds to the
CAPM specification with respect to the investable market returns to which the SMB,
HML, and MOM betas are added.

Table 1.4 reports the estimates of the three specifications using industry-sorted
portfolios between December 31, 2007 and December 31, 2019. Consistent with the
model predictions, the direct taste premium is significant (t-statistic of 2.07) and its
loading is positive (5ta5te = 0.17). When the SMB, HML, and MOM factors are
included, this premium becomes highly significant (t-statistic of 5.55) and the loading
increases to 0.49. The annual average market effect is —&asteﬁiéml = 0.25 basis
point (bp).3! Therefore, the market effect is negligible, and the taste effect is almost
exclusively driven by the direct taste premium.

Although the exclusion-market premium—related to the indirect effect of the 52
excluded sin stocks on the 5,660 investable stocks—is positive and significant when
considered individually, it is not significant in the S-CAPM specification.

For each industry, Table 1.5 provides the average annual taste effect estimates
using the main model. Compared to the industry ranking in Table 1.2 that only takes
into account proxy ¢y, , Table 1.5 provides a ranking according to the taste effect,
S\tasteﬁiéjk + gtasteﬁiémfﬁlkmp that includes the market effect, S\tasteﬁiémlﬁjkml. The
rankings differ because Sy, is not perfectly correlated with ¢y, .

The taste effect ranges from -1.12% to +0.14% for the different industries. Specif-
ically, the return differential between industries differently impacted by the ecological
transition is substantial. For example, green investors induce additional annual re-
turns of 0.50% for the petroleum and natural gas industry compared to the electrical

equipment industry.

1.4.2 Alternative estimations

I conduct alternative estimations, the results of which are available in the Internet
Appendix. First, the estimate of the direct taste premium is robust to a first-pass
regression using a 5-year rolling window, and its significance increases. Second, when
using equally weighted returns, the direct taste premium is not significant, but the
exclusion-market premium becomes significant and positive as predicted by the model.

Third, T repeat the estimation using a set of 230 (= 46 x 5) industry-size portfolios

31The proxies for the value-weighted average cost of externalities and the taste factor of the in-
vestable market, ¢, and p;Cm,, are —55 bps and —0.12 bps, respectively, over the period.
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double-sorted by industries and market capitalization quintiles. The direct taste pre-

mium is significant and consistent with the estimation using industry portfolios.

1.4.3 Reverse causality bias

The first concern is the risk of reverse causality bias through instrument ¢. In other
words, i8 Jzste significant because the return on industry I affects the relative weight

differential between the market and integrators’ asset allocation in this industry,
wm,ka

w¥

I .. . o . .
- k7 T address this issue from theorical and empirical viewpoints. From a
m, I

TABLE 1.4: Cross-sectional regressions for investable stock industry-sorted
portfolios with tastes for green firms. This table presents the estimates of the S-
CAPM on the value-weighted monthly returns in excess of the 1-month T-Bill for 46 in-
vestable stock industry-sorted portfolios between December 31, 2007, and December 31,
2019. The specification of the S-CAPM is written as follows: E(rj,) = & + OmktBrom, +
OtasteDiCr, + Ocx.mktqd COV(Tr,, Tmy |Tm;), where rp, is the value-weighted excess return on
portfolio k (k = 1,..,n1), Br.m, is the slope of an OLS regression of ry, on r,,; p; is
the proxy for the proportion of integration investors’ wealth; ¢j, is the proxy for the cost
of environmental externalities of stock Ix; ¢ is the proportion of the excluded assets’ mar-
ket value in the market, and Cov(ry,,7my|Tm,) is the covariance of the excess return on
portfolio I with that of the excluded market, the excess returns on the investable mar-
ket being given. This specification is compared with two other specifications: (i) the 4F
S-CAPM is the S-CAPM to which the betas of the Fama and French (1993) size and value
factors and the Carhart (1997) momentum factor are added, and (ii) the 4F model is the
CAPM with respect to the investable market returns to which the betas of the Fama and
French (1993) size and value factors and the Carhart (1997) momentum factor are added:
E(rr,) = &+ OmtBrom; + 0smBBr.smB + SunvrBr,amr + dnmomBrvon. These specifi-
cations are estimated using the Fama and MacBeth (1973) procedure. First, the variables
are estimated portfolio-by-portfolio in a 3-year rolling window at monthly intervals. In the
second pass, a cross-sectional regression is performed month-by-month on all the portfolios.
The estimated parameter is the average value of the estimates obtained on the 109 months
during the period. t-values, estimated following Newey and West (1987) with three lags, are
reported between parentheses. The last column reports the average OLS adjusted-R2? and
the GLS R? on the row underneath. The 95% confidence intervals are shown in brackets.

a Smkt  Otaste  Ocxmkt OsmB  Ommr  Omom Adj. OLS/GLS R?
Estimate 0.0143 0.0004 0.05 [0.03,0.07]
fovalue  (13)  (0.44) 0.07 [0.05,0.09]
Estimate 0.0149 0.174 -0.02 [-0.02,-0.01]
tovalue  (24.16) (2.2) 0.01 [0,0.01]
Estimate 0.0149 119.2 0.06 [0.04,0.08]
tovalue  (26.22) (2.15) 0.08 [0.06,0.1]
Estimate 0.0144 0.0004 0.1922 0.03 [0.02,0.05]
tvalue  (12.95) (0.44) (2.55) 0.08 [0.06,0.1]
Estimate 0.0137 0.0012 0.1737 56.1 0.08 [0.06,0.11]
tvalue  (10.51) (L13) (2.07)  (0.77) 0.14 [0.12,0.17]

Estimate 0.0148 0.0024 0491 -105.7 0.0001 0.0005 0.000 0.2 [0.19,0.26]
t-value  (14.54) (2.71) (4.55) (-1.94) (0.36) (2.26) (0.09)  0.33[0.3,0.36]
Estimate 0.0139  0.0028 0.000 0.0004 0.000  0.23[0.19,0.27]
t-value  (14.81) (3.14) (0.14)  (2.14) (0.15) 0.3 [0.26,0.33]
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TABLE 1.5: Annual environmental taste effect estimates by industry. For all
46 investable SIC industries, this table reports the estimates of the annual taste effect
OtasteDiCr, + OtasteDiCmy Br,m,, Which is the sum of the direct taste premium and the mar-
ket effect. The market effect, gtasteﬁiéml Br.m,, accounts for only 0.25 basis points in the
total taste effect. The industries are ranked in descending order of their taste effect.

Industry name Annual taste premium (in %)
Defense 0.14
Aircraft 0.12
Coal 0.12
Printing and publishing 0.1
Precious metals 0.1
Non-metallic and industrial metal mining 0.09
Agriculture 0.07
Entertainment 0.07
Personal services 0.07
Cand & Soda 0.06
Petroleum and natural gas 0.06
Communication 0.06
Trading 0.06
Retail 0.05
Banking 0.05
Pharmaceutical products 0.04
Meals 0.04
Insurance 0.04
Clothes apparel 0.03
Chemicals 0.03
Steel works 0.03
Real estate 0.03
Recreation 0.02
Transportation 0.02
Business services 0.01
Computers 0.01
Automobiles and trucks 0
Shipping containers 0
Consumer Goods -0.02
Fabricated products -0.02
Healthcare -0.03
Food products -0.04
Medical equipment -0.04
Rubber and plastic products -0.05
Textiles -0.05
Chips -0.06
Shipbuilding & Railroad equipment -0.07
Wholesale -0.09
Utilities -0.1
Business supplies -0.1
Machinery -0.13
Construction materials -0.37
Construction -0.37
Measuring and control equipment -0.43
Electrical equipment -0.44

Other -1.12
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theoretical viewpoint, according to the model, investors rebalance their allocation at
each period to adjust their asset weights to the optimal level. Therefore, the micro-
founded instrument should not depend on the current and past returns. However, it
is likely that the effective asset weights do not necessarily correspond to the optimal
weights predicted by the theory. Consequently, since the industry weights of green
investors and those of the market vary slowly over time, I repeat the regression using
proxy ¢ delayed by 3 years to ensure that the returns estimated in the first pass of the
Fama MacBeth regression do not affect the instrument retroactively. The direct taste
premium is highly significant (t-statistics of 3.09) and positive (daste = 0.47). The
estimate is robust to the inclusion of the SMB, HML, and MOM factors. Although
the loading is higher than that of the main model, this estimation supports the sig-
nificant effect of the direct taste premium on investable asset returns. The results are

reported in the Internet Appendix.

1.4.4 Unexpected shifts in tastes

As pointed out by Pastor, Stambaugh, and Taylor (2019), proxying the expected re-
turns by the realized returns induces a critical omitted variable bias: the unexpected
shifts in tastes between ¢ — 1 and t also affect the realized returns in t. As a conse-
quence, when the tastes for green companies increase over a period, a green asset can
have a negative direct taste premium and yet outperform brown assets. This effect can
arise from both a shift in green investors’ tastes (qualitative effect) and an increase
in the share of their wealth (quantitative effect). The lack of consideration of the
unexpected (qualitative and quantitative) shifts in tastes may partly explain why the
results of the empirical analyses on the link between ESG and financial performance
are mixed. Pastor, Stambaugh, and Taylor (2019) suggest using the in- and out-flows
of ESG-tilted funds to proxy for this effect. The analysis of green fund holdings thus
offers a dual advantage: (i) constructing a proxy for the unexpected shifts in green
investors’ tastes at a monthly frequency that is (ii) homogeneous with the proxy for
the direct taste premium. Therefore, I define the proxy for the unexpected shifts in
green investors’ tastes for asset I between ¢t — 1 and t as the variation of the direct

taste factor between these two dates:
Ap; €1, ¢ = DitCr,,t — Diyt—1CIy t—15 (1.17)
and I perform a robustness check on the following augmented specification:
E(rr,) = o+ Okt Brom; + OtasteDiCr, + 0uAPiCr,, + Oeqmitq Cov(rr,, Tmy |Tm, ). (1.18)

Table 1.6, Panel A, reports the estimates for all industries. Although the direct
taste premium is not significant in the augmented S-CAPM, it becomes significant
when controlling for the SMB, HML and MOM factors (referred to as the augmented
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4F S-CAPM hereinafter). Its loading is in line with that estimated in the main spec-
ification. However, two industries have experienced massive divestments by green
investors since 2012: the relative weights of the coal and construction industries in
the portfolios of green investors relative to the market weights, ¢, have dropped from
-48% to -93% and from +330% to +43%, respectively, between December 2012 and
December 2019. Therefore, I repeat the estimation by removing these outliers. Panel
B presents the estimates for all industries except coal. The direct taste premium is
significant in the absence of the exclusion-market premium and remains significant
for the augmented 4F S-CAPM. The estimates are in line with those of the main
estimation. Panel C presents the estimates for all industries except coal and con-
struction. The direct taste premium is highly significant for the augmented S-CAPM
and the augmented 4F S-CAPM. The loading is twice as high for the augmented S-
CAPM than for the SS-CAPM but is similar for the augmented 4F S-CAPM and the
4F S-CAPM. In addition, the premium for the unexpected shifts in tastes becomes
significant and, as expected, its effect is negative: an increase in the taste factor (e.g.,
the cost of environmental externalities increases) leads to a drop in the short-term
returns. Finally, under the augmented S-CAPM, when the coal or the coal and con-
struction industries are removed, the exclusion-market premium is weakly significant

and positive as predicted by the model.

1.4.5 Taste effect over time

I analyze the dynamics of the direct taste premium by repeating the estimation over
several sub-periods. Given the violent effect induced by the divestment from the coal
industry between 2012 and 2019 and the short periods over which theses estimations
are carried out, the latter are performed on all industries except coal in this subsection.

First, I repeat the estimation over three consecutive sub-periods between 2007
and 2019 (Table 1.14 in the Appendix). The significance of the direct taste premium
increases over time to reach a t-statistic of 7.27 between 2013 and 2019.32 In addition,
although the average direct taste premium is constant over time, the difference in
direct taste premium between the brown and green industries increases over time; this
spread between the petroleum and natural gas industry and the electrical equipment
industry increased from 50 bps between 2007 and 2013 to 1.23% between 2013 and
2019 (Table 1.7).33

Second, I repeat the estimation over 3-year rolling periods for the second pass. The
dynamics depicted in Figure 1.2 show the steady increase in the taste effect spread

between the petroleum and natural gas and electrical equipment industries.

32Qver this 6-year period, the first pass is carried out during the first 3 years and the second pass
during the last 3 years.

33 The taste effect is higher when the coal industry is removed compared to the entire period in the
main estimation.
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TABLE 1.6: Cross-sectional regressions for investable stock industry-sorted portfolios
with tastes for green firms and unexpected shifts in tastes. This table presents the estimates
of the augmented S-CAPM with unexpected shifts in tastes on the value-weighted monthly returns
in excess of the 1-month T-Bill for 46 investable stock industry-sorted portfolios between December
31, 2007, and December 31, 2019. Panel A, B, and C, present the estimates on all industries, all
industries without the coal industry, and all industries without the coal and construction industries,
respectively. The specification of the augmented S-CAPM is written as follows: E(r;,) = o +
OmktBrym; + OtastePiCr, + 0ulADiCry, + dew.mitq Cov(Tr, , Tmx |Tm;), Where rr, is the value-weighted
excess return on portfolio k (kK = 1,...,n1), Br,m, is the slope of an OLS regression of r7, on rm,;
p: is the proxy for the proportion of integration investors’ wealth; ¢j, is the proxy for the cost of
environmental externalities of stock Ir; Ap;Cr, is the proxy for the unexpected shifts in tastes; g
is the proportion of the excluded assets’ market value in the market, and Cov(rr, , 7my |rm;) is the
covariance of the excess return on portfolio I, with that of the excluded market, the excess returns on
the investable market being given. This specification is compared with the augmented 4F S-CAPM,
which is the augmented S-CAPM to which the betas of the Fama and French (1993) size and value
factors and the Carhart (1997) momentum factor are added. These specifications are estimated using
the Fama and MacBeth (1973) procedure. First, the variables are estimated portfolio-by-portfolio
in a 3-year rolling window at monthly intervals. In the second pass, a cross-sectional regression is
performed month-by-month on all the portfolios. The estimated parameter is the average value of
the estimates obtained on the 109 months during the period. t-values, estimated following Newey
and West (1987) with three lags, are reported between parentheses. The last column reports the
average OLS adjusted-R? and the GLS R? on the row underneath. The 95% confidence intervals are
shown in brackets.

« Omhkt Otaste Ou dew.mkt OSMB dumr  OSmom  Adj. OLS/GLS R?
Panel A: All industries
Estimate 0.0144 0.0004 0.1922 0.03 [0.02,0.05]
tvalue  (12.95) (0.44)  (2.55) 0.08 [0.06,0.1]
Estimate 0.0145 0.0003 -8.9 0.04 [0.03,0.06]
t-value (12.98) (0.31) (-1.33) 0.09 [0.07,0.11]
Estimate 0.0145 0.0003 -0.1562 -18.5 0.03 [0.01,0.05]
t-value  (12.94) (0.31) (-1.05) (-2.22) 0.1 [0.08,0.11]
Estimate 0.014 0.001 -0.1977 -14.9 46.3 0.08 [0.06,0.11]
t-value  (10.67) (0.96) (-1.44) (-1.78)  (0.62) 0.16 [0.14,0.18]
Estimate  0.015  0.0022 0.2496 -9.3 -113.6  0.0001 0.0004  0.000 0.22 [0.18,0.26]
t-value  (14.91) (243) (1.69) (-1.27) (-2.01) (0.39) (2.1) (-0.17)  0.34[0.31,0.37]
Panel B: All industries without the coal industry (SIC 29)

Estimate 0.0135 0.0016 0.3931 0.03 [0.01,0.05]
t-value  (16.54) (1.94)  (9.25) 0.08 [0.05,0.1]
Estimate 0.0135 0.0016 -2.3 0.04 [0.02,0.06]
t-value  (16.67) (1.88) (-0.42) 0.08 [0.06,0.1]
Estimate 0.0136 0.0015 0.1879 -8.8 0.02 [0,0.05]

t-value  (16.68) (1.84) (1.66) (-1.32) 0.09 [0.07,0.11]
Estimate 0.0132 0.0021 0.0983 -8.3 82.1 0.03 [0.01,0.06]
t-value  (18.39) (2.53) (0.89) (-1.19) (L.57) 0.12 [0.1,0.14]
Estimate  0.014 0.002  0.2704 -8.7 15.9 0.0002 0.0001 0.0002 0.13 [0.09,0.16]
t-value  (19.46) (2.13) (1.87) (-1.27)  (0.3)  (1.96) (0.62) (2.09)  0.27 [0.24,0.29]

Panel C: All industries without the coal (SIC 29) and construction (SIC 18) industries

Estimate 0.0135 0.0015 0.4527 0.03 [0.01,0.05]
t-value  (15.98) (1.81)  (7.44) 0.08 [0.06,0.1]
Estimate  0.0136  0.0015 6.6 0.04 [0.02,0.06]
t-value  (16.44) (1.78) (-1.13) 0.09 [0.07,0.11]
Estimate 0.0137 0.0014 0.3642  -13.2 0.03 [0,0.05]

t-value  (16.35) (1.68)  (3.08) (-1.94) 0.09 [0.07,0.11]
Estimate 0.0132  0.002 02947 -12.7  80.4 0.03 [0.01,0.06]
t-value  (17.64) (2.42) (2.39) (-1.77)  (1.54) 0.12 [0.1,0.15]
Estimate 0.0141 0.0019 0546  -127 9.8  0.0003 0.0001 0.0002  0.13[0.1,0.16]
t-value  (18.83)  (1.9)  (3.06) (-1.68) (0.19) (2.08) (0.61) (2.13) 0.27 [0.24,0.3]
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TABLE 1.7: Average taste premium over time. This table presents the average direct
taste premium for the investable market (Smsteﬁi@m ; ), the petroleum and natural gas industry
(&asteﬁiép.&N_G_), and the electrical equipment industry (Stasteﬁiémec) estimated without the
coal industry over three consecutive periods between 2007 (2010 for the second pass) and
2019. The former industry is underweighted by integration investors (¢p &n.. = 0.49 between
Dec. 2007 and Dec. 2019) while the latter industry is overweighted by integration investors
(CElec. = —0.63 between Dec. 2007 and Dec. 2019). Finally, the spread between the average
direct taste premia of the two industries under consideration is presented.

First pass 2010-2013 2013-2016 2016-2019
First and second pass 2007-2013  2010-2016 2013-2019
Average direct taste premium (%) -0.07 -0.10 -0.09
Petrol. and Nat. Gas average direct taste premium (%) (a) 0.08 0.11 0.12
Elec. Equip. average direct taste premium (%) (b) -0.42 -0.87 -1.11
Taste spread (%) (a-b) 0.50 0.98 1.23
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FIGURE 1.2: Evolution of the taste effect This figure shows the evolution of the taste

effect for the investable market, the petroleum and natural gas industry, and the electrical

equipment industry between December 2007 and December 2019. The first and second pass
are both estimated over 3-year rolling periods.
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1.4.6 Measurement error bias

A measurement error in the proxy for the cost of environmental externalities reduces
the estimate (because it is positive) as well as the t-statistics. Therefore, if the proxy
is poor, the taste effect may appear weaker and less significant than it actually is.
Consequently, to address the risk of measurement error, I compare the significance
of the estimate to that where the cost of environmental externalities is approximated
by the carbon intensity of the issuer, which is the environmental metric most used
by green investors in their screening process (Kriiger, Sautner, and Starks, 2020). To
do so, I consider two approaches, the results of which are available in the Internet
Appendix.

First, I estimate the S-CAPM with industry portfolios using the carbon intensity
of asset I}, as a proxy for cj,. Since this metric is reported annually, I consider it
from the month following the month of the company’s financial close and extend it
over the following 12 months. Although the direct taste premium is negative and
significant for the S-CAPM without controls, it is no longer significant once the SMB,
HML and MOM betas are added. In the second approach, I analyze the alpha of the
S-CAPM without taste premium by considering industry portfolios consisting of long
brown assets and short green assets. Specifically, I build portfolios that are long for
the 20% most carbon-intensive assets and short for the 20% least carbon-intensive
assets within each of the 46 industries. With or without the SMB, HML, and MOM
betas, the alpha of the estimate is positive, but not significant.

Therefore, the use of carbon intensity does not allow us to identify a significant
direct taste premium on 5,660 U.S. stocks between 2007 and 2019. These results sug-
gest that the instrument constructed in this study using green fund holdings mitigates
the measurement error compared to the metric most used by green investors in their

environmental screening process.

1.5 Sin stock returns

I perform an empirical analysis to assess the effect of sustainable investors’ exclusion
of sin stocks and that of their tastes for green firms on sin stocks’ excess returns.
The exclusion premia significantly impact the excess returns. I also find evidence
supporting the cross-effect of green tastes on sin stock returns via the indirect taste
premium. Focusing on the exclusion effect, I analyze its dynamics and the spillover
effects that contribute to it.
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1.5.1 Main estimation

I estimate the following three models. (i) The S-CAPM corresponds to equation
(1.15):

E(rx,) = @+ SmreBxumy + StasteDi Bx, 1C1

+ 5ea:.assetq COV(TX;N "mx ‘TI) + 6ex.mktq COV(TXIC; "mx ‘Tm1>;
(1.19)

(ii) the four-factor S-CAPM (denoted as 4F S-CAPM) corresponds to the S-
CAPM specification to which the SMB, HML, and MOM betas are added; and (iii)
for benchmarking purposes, the four-factor model (denoted as 4F model) corresponds
to the CAPM with respect to the investable market returns to which the SMB, HML,
and MOM betas are added.

I work with 52 sin stocks during the period of interest, for an annual mean number
of 40 stocks.3* Given the substantial noise that occurs when performing regressions
on a small number of individual stocks, especially when several of them have extreme
return variations, I winsorize the data by removing the lowest and highest excess
returns in each cross-sectional regression.

Table 1.8 reports the estimates of the three specifications for sin stocks using
industry-sorted portfolios of investable assets. The OLS adjusted-R? of 24% and GLS
R? of 30% are much higher under the S-CAPM than under the 4F model (10% and
16%, respectively).

The estimation of the exclusion premia supports the model predictions. First, the
loadings of the exclusion-asset and exclusion-market factors are positive (gegc_asset =
49 and ge:s.indez = 196.9, respectively) and significant (t-statistics of 2.32 and 3.88,
respectively). Second, the indirect taste premium is negative (S\taste = —0.41) and
significant (t-statistics of -2.14). The estimates are robust to the inclusion of the
SMB, HML, and MOM factors.

The exclusion effect, which is the sum of the exclusion-asset and exclusion-market
premia, is estimated at 1.43% per year for the 2007-2019 period. This effect is of a
similar magnitude as the one estimated on U.S. sin stocks by Hong and Kacperczyk
(2009) between 1965 and 2006 (2.5%). However, it is substantially lower than the
annual 16% effect estimated by Luo and Balvers (2017) between 1999 and 2012 and
based on the same modeling framework (in the absence of tastes for green firms).
Additionally, consistent with Proposition 4, I find that the exclusion effect is positive
on average, but it is negative for 10 out of 52 sin stocks (Figure 1.3). The indirect
effect of green investors’ taste on sin stock returns is limited to 3 bps per year between
2007 and 2019.

Using fylfepe = gew_asset and ¥ = gem.mkt, the proportion of AUM practicing sin

stock exclusion between 2007 and 2019 is estimated at p. = 20%. This estimate

34In the robustness check that includes the defense industry, I work with 67 sin stocks, giving an
annual mean number of 50 stocks.
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TABLE 1.8: Cross-sectional regressions on sin stocks’ excess returns. This ta-
ble provides the estimates obtained with the S-CAPM on the value-weighted monthly re-
turns in excess of the 1-month T-Bill for 52 sin stocks between December 31, 2007, and
December 31, 2019. The specification is written as follows: E(rx,) = a + dmkiBx,m, +
OtasteDiBx, 1CT + Oex.assetd COV(rx, s Tmy |T1) + Ocz.mitq COV(Tx,, T [Tm, ), Where rx, is the
value-weighted excess return on stock k (k =1, ...,nx), and Bx,m, is the slope of an OLS re-
gression of rx, on 1, ; ﬁiBXk_IC'] is the proxy for the indirect taste factor and p; is the
proxy for the proportion of integration investors’ wealth; ¢ is the proportion of the ex-
cluded assets’ market value in the market, and Cov(rx,,"my|rr) (and Cov(rx,,"mx |Tm;))
are the covariances of the excess returns on stock Xj; with those on the excluded market,
the excess returns on the investable market (and the vector of investable assets, respec-
tively) being given. The investable assets are analyzed using 46 industry-sorted portfolios.
The S-CAPM specification is compared with two other specifications: (i) the 4F S-CAPM
is the S-CAPM to which the betas of the Fama and French (1993) size and value factors
and the Carhart (1997) momentum factor have been added, and (ii) the 4F model is the
CAPM with respect to the investable market to which the betas of the Fama and French
(1993) size and value factors and the Carhart (1997) momentum factor have been added:
E(rx,) = @+ dmreBxom; + 0smBBx,smB + dumrBx,amr + onomPBx, monm- These speci-
fications are estimated using the Fama and MacBeth (1973) procedure. First, the variables
are estimated, stock-by-stock, in a 3-year rolling window, at monthly intervals. In the second
pass, a cross-sectional regression is performed on a monthly basis on all the stocks. The data
are winsorized: the two stocks giving the highest and lowest excess returns every month are
removed from the second pass. The estimated parameter is the average value of the estimates
obtained on all months during the period of interest. t-values, estimated following Newey
and West (1987) with three lags, are reported between parentheses. The last column reports
the average OLS adjusted-R? and the GLS R? on the row underneath. The 95% confidence
intervals are shown in brackets.

o 5mkt 5taste 5ex.asset 5ez.mkzt 5SMB 6HML 5MOM AdJ OLS/GLS R2
Estimate 0.0114 0.0041 0.03 [0.02,0.05]
tovalue  (10.18)  (4.35) 0.05 [0.04,0.07]
Estimate  0.0153 10,4434 0.07 [0.05,0.09]
fovalue  (16.54) (-1.99) 0.07 [0.05,0.08]
Estimate  0.0152 125 0.08 [0.06,0.11]
fovalue  (19.13) (-0.49) 0.08 [0.06,0.1]
Estimate 0.0134 162.3 0.18 [0.15,0.21]
t-value (1493) (279) 0.14 [0.11,0.17]
Estimate 0.0136 50.2 211.7 0.2 [0.17,0.23]
t-value (1458) (27) (395) 0.21 [0.18,0.24]
Estimate 0.0116 0.0015 56 230.3 0.21 [0.18,0.25]
t-value (84) (13) (274) (417) 0.25 [0.22,0.28]
Estimate 0.0124 0.0005 -0.4093 49 196.9 0.24 [0.21,0.28|
fovalue  (9.14)  (0.42) (-2.14)  (232)  (3.88) 0.3 [0.27,0.33]

Estimate 0.0115 0.0014 -0.8344 423  219.3  0.0001 -0.0003 0.0002  0.31 [0.27,0.35]
t-value  (8.25) (0.97) (-2.59)  (1.92)  (3.97) (0.58) (-2.68) (1.67)  0.42[0.39,0.44|
Estimate 0.0115  0.0039 0.0000  0.0000 0.0001 0.1 [0.08,0.13]
t-value  (9.93)  (3.24) (0.04) (-0.29) (0.72)  0.16 [0.14,0.18]
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FIGURE 1.3: Distribution of the annual exclusion effect. This figure shows the distribu-
tion of the annual exclusion effect, dcp.assetq COVe(Tx, T |71) + Oex.mktd COVE(rx s Tons [Tmy )5
over all sin stocks estimated between December 31, 2007, and December 31, 2019.

should be regarded with caution as it is based on the assumptions of this model, but
it gives an order of magnitude that is consistent with the proportion of sustainably
managed assets in the U.S. in 2018 (US SIF, 2018).

1.5.2 Alternative estimations

I perform additional analyses presented in this subsection and detailed in the Internet
Appendix. In all robustness tests, the S-CAPM has a higher OLS adjusted-R? and
GLS R? than those of the 4F model. I repeat the estimation in three alternative cases:
(i) using a 5-year rolling window for the first pass, (ii) using equally weighted returns,
and (iii) including the defense industry among sin industries. In all three cases, the
estimates are of a similar magnitude to those in the main estimation but only the
exclusion-market premium is significant. The exclusion-asset premium is weak or not

significant.

1.5.3 Exclusion effect over time

9.3 In

I repeat the estimation over three consecutive periods between 2007 and 201
each period, at least one of the two exclusion factors is significant. The indirect taste
premium becomes negative and significant from 2013 onwards.

I extend the analysis to assess the exclusion effect over a longer time period. I
perform this estimation between 1999 and 2019 removing the indirect taste factor,
which cannot be estimated with sufficient robustness before 2007. The loadings of

~

the exclusion-asset and exclusion-market factors are still positive (dez.asset = 92 and
gex.index = 131.2, respectively) and significant (t-statistics of 3.99 and 3.49, respec-
tively). The average exclusion effect is 1.16% and 20 out of 77 sin stocks have a

negative exclusion effect.

35The second pass starts in 2010 because the variables are computed using a 3-year rolling window
in the first pass.
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FIGURE 1.4: Evolution of the exclusion effect. This figure shows the evolution of the

exclusion effect, der.qssetq COV(rx, Tmy [T1) + Sew.miktqd COvV(rx, Tmy |Tm, ), between December

2007 and December 2019. The first and second pass are both estimated over 3-year rolling

periods. This rolling estimation is based on winsorized data, where the lowest and highest

excess returns in each cross-sectional regression have been removed. The 3-year lead S&P
500 implied correlation (KCJ Index) is also plotted.

To highlight the dynamics of the exclusion effect, I repeat the second-pass estima-
tion using a 3-year rolling window (i) between 2007 and 2019 based on the S-CAPM
(blue line on Figure 1.4) and (ii) between 1999 and 2019 based on the S-CAPM with-
out the indirect taste factor (dashed black line on Figure 1.4). The exclusion effect
increased sharply during and after the 2008 financial crisis and collapsed by 2010. This
effect is not due to a change in the strategy of sustainable investors (e.g., a shift from
exclusionary screening to ESG integration) but is related to the multiple correlation
in the excluded market as the exclusion premia are conditional covariances between
the excluded assets and the excluded market. This can be observed by comparing the
dynamics of the exclusion effect with the dynamics of the implied correlation of the
S&P500 (see Figure 1.4). Therefore, the higher the correlation between the sin stocks

is, the greater will be the conditional covariances and the exclusion effect.

1.5.4 Dynamics of excluders’ wealth

In contrast to the taste factors that take into account the proportion of green investors’

wealth, the exclusion-asset factor does not incorporate an approximation of the wealth

Pe
17pe :
sin stocks and that of green investors are presumably different, I repeat the estimation

share of excluders, pe, in Although the wealth dynamics of investors excluding

by assuming that the proportion of excluders’ wealth grows at a pace proportional to

that of green investors: p. = k;p;. Since the proportion of excluders is small enough,

Pe Pe
1—pe 1-p

I linearly approximate by assuming that (£ = kepe (ke € Ry). Therefore, the
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new specification has the following form:

E(rx,) = @+ SmkeBxpmy + Stasteds Bx, 10T

+ 5ex.asset]5iq COV(TXM "mx |TI) + 6ex.mktq COV(TXk, Tmx ‘ij)-
(1.20)

The indirect taste factor is quadratic in p; and the exclusion-asset factor is linear
in p;.

Under the S-CAPM, the estimates are in line with those of the main specification:
the loadings of the exclusion factors are significant and positive, and the loading of the
indirect taste factor is significant and negative (see the Internet Appendix). Consistent
with the main estimation, the total exclusion effect is 1.49% between 2007 and 2019.

1.5.5 Spillover effects

In the first section, I broke down the exclusion premia into a non-excluder effect and
an excluder effect. Here, I present another form of decomposition of the exclusion
premia to highlight the spillover effects of all excluded assets (through r,, ) into the
expected excess returns on each excluded asset. These effects underline the point of

relaxing the assumption of independence between returns made by Merton (1987).

Corollary 6 (Spillover effects).
Let qx, be the proportion of the market value of Xy, in the market.

(1) The spillover effect of asset X; on the expected excess returns on asset Xy, is

p
717_pﬂ]Xj Cov(rx,,rx;Ir1) +vax; Cov(rx,,mx;Tm;)- (1.21)
(1) The spillover effects of assets (Xj)je{l,‘..,nx}\{k} on the expected excess returns
on asset Xy are additive, and the exclusion premia can be broken down into an own

effect and a spillover effect:

p
’yﬁq COV(TXk y 'mx |r1) +7q COV(TXk y Tmx |Tm1) =

nx

p p

ax, <’71 7ep \/ar(TthnI) + ,y\/ar(er rWM)) + Z qax; (’yl 7€p COV(Tkaer |r1) + ’VCOV(TerXj |’I”m1)> .
< j=1.i#k c

O t
wn effec Spillover effect

(1.22)

The spillover effect of each excluded stock is induced by its conditional covariances
with the other excluded stocks. The following question arises: what is the share of the
spillover effect in the total exclusion effect? To address this issue, I define the share
of the spillover effect in the exclusion premia as the ratio of the sum of the absolute

values of the spillover effect to the sum of the absolute values of the own and spillover
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effects:

S0 s, (v Covlr,, i rr) + 7 Cov(rx, i lrmy) )|

2550 lax; (7 25 Cov(rx,, rx;|rr) + v Cov(rx,, TXj\TmI)) |

DPe
1—pe

section. On average, among the 52 sin stocks of interest, the spillover effect accounts

To estimate this effect, I use the estimates of and ~ from the previous sub-
for 92.5% of the exclusion effect. The heatmap in the Internet Appendix offers a
graphical depiction of the spillover effects.

1.6 Conclusion

In this paper, I develop an asset pricing model with partial segmentation and heteroge-
neous preferences to describe the effects of exclusionary screening and ESG integration
practices by sustainable investors on expected asset returns. By estimating this model
for green investing and sin stock exclusion, I show that the taste and exclusion premia
significantly affect asset returns. I also find evidence for the cross effects of tastes and
exclusion between investable and excluded stocks.

Whether through exclusionary screening or ESG integration, sustainable investing
contributes toward the cost of capital increase of the least ethical or most environmen-
tally risky companies. Both practices are thus effective means of pressure available
to sustainable investors to encourage companies to reform. This study provides a
comparison between the effects of green investing and sin stock exclusionary screen-
ing. The integration of environmental criteria by green investors impacts the different
industries with an annual premium ranging from -1.12% for the most overweighted
to +14bps for the most underweighted industries, while the average annual exclusion
effect of sin stocks is 1.43%.

The Internet Appendix presents the derivation of the expected excess returns
on investable assets in the case of several sustainable investors with different tastes
and exclusion scopes. The result shows that the conclusions for the three groups of
investors remain valid in a more general case. Future research may consider extending
this model to a multiperiod framework by endogenizing companies’ ESG profiles in
response to regular and sustainable investors’ optimal asset allocations. Therefore, by
internalizing the responses of companies to their investments, sustainable investors can
engage in ESG integration and exclusionary screening to have an impact on companies’
practices.?® However, the asset pricing equation may not remain tractable in this
more refined modeling framework. This study can also be extended in the case where
sustainable investors internalize a stochastic and non-Gaussian environment-related

financial risk.

360ehmke and Opp (2019), Landier and Lovo (2020), and Pastor, Stambaugh, and Taylor (2019)
show that ESG investors push companies to partially internalize their social costs.
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1.7 Appendix A: Proofs

Problem setup

We model regular investors, integrators and excluders on an aggregate basis: one
generic regular investor (referred to using subscript r), one generic integrator (referred

to using subscript i), and one generic excluder (referred to using subscript e).

Heterogeneous preferences. The three groups of investors maximize at time ¢ the
expected utility of their terminal wealth at time ¢ + 1. We denote by 77 the absolute
risk aversion of investors j (j € {r,4,e}) and by W;; and W1 their wealth on ¢ and
t 4+ 1, respectively.

However, investors have heterogeneous preferences. On the one hand, regular
investors and excluders j € {r, e} have an exponential utility. They select the optimal
vector of weights of risky assets, w;, corresponding to the solution of the following
optimization problem:

HLIU?X[E (Uj(Wji41)) = rrg;}x[E (1 - efﬂwjvf“) .

On the other hand, integrators have specific tastes for assets; they adjust their
exponential utility by internalizing a deterministic private cost of externalities as in
Pastor, Stambaugh, and Taylor (2019). We denote by C"' the vector of private
costs of externalities that integrators internalize in their utility function; C" has the
same unit as a wealth. Integrators’ utility decreases when the cost of externalities
increases; they select the optimal vector of weights of risky assets, w;, corresponding
to the solution of the following optimization problem:

max E (Uy(Wz41)) = maxE (1 — 7 Wornrruic™)

In Pastor, Stambaugh, and Taylor (2019), investors internalize nonpecuniary ben-

efits, which positively impact their utility. In the present paper, integrators internalize

costs of externalities, which negatively impact their utility.

Partially segmented market. Investors can invest in a risk-free asset, the return
on which is denoted by 7, and in risky assets. Excluders can only invest in investable
risky assets, the returns on which are denoted by the ny x1 vector Ry, while integrators
and regular investors can invest in wnwvestable and excluded risky assets, the returns
on which are denoted by the (n; +nx) x 1 vector R = (RI RX>/. We assume that

risky asset returns are normally distributed.

Mean-Variance problems. Without loss of generality, we assume that investors
have the same relative risk aversion, v = Wjy§ (j € {r,4,e}). We denote by C' =
%CW the vector of private costs of environmental externalities per unit of relative risk

aversion; C' has the same unit as a return. We now work with vector C and refer to
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its entries as the private costs of environmental externalities (without referring to the
normalization by the risk aversion). C'is a (ny + nx) x 1 vector that is broken down
as C = (C’I CX>I, where C; and C'x are the ny x 1 and nx x 1 vectors of costs
for investable and excluded assets, respectively. We denote by 7 = R — ryl,,4ny,
r; = R —ryl,,, and rx = Rx — ryl,, the vectors of excess returns on all assets,
investable assets, and excluded assets, respectively, where 1,, is the vector of ones of
length n € N*.

All weights add up to one, including the weight of the risk-free asset. Since the
wealth in t 41 is normally distributed and C" is determinisitic, integrators’ expected

utility writes

E(Ui(Witt1)) =1-E (e_VfVVi,t(1+w§R+(1—w§1nz+nx)Tf)+w§CW>

2
—1-_ e—'y(l—l—rf)ef'yw,z([E(r)fC)Jr%w; Var(r)w;

Similarly, regular investors’ expected utility is
E(U (W) = 1= ¢ (F70) 0wt 6w vt
and the expected utility of excluders, who can only invest in investable assets, writes
E(U. (W) =1 — o=t (1rp) =yl ECrr) + Gl Var(rrwe, s

Let us also denote the vectors puy = E(r7), px = Ei(rx), and the matrices ¥ x x =
Vary(rx), Xy = Vari(ry), Xx; = Cov(rx,rr), X1x = Cove(rr, rx). Therefore:
- Regular investors choose their optimal asset allocation by solving the following

problem:

/ /
A Wy, [ pr\ [ wer X Yix wrr | (1.23)
(wr,rwr x) \Wr X mx 2 \wrx Yxr Yxx) \wrx

- Integrators choose their optimal asset allocation by solving the following problem:

/ /
ax Wy, pr—=Cr\ v (wir I IX wir ) (1.24)
(wi,rwi,x) \ Wi, X px —Cx 2 \w; x Yxr Yxx) \wix

- Excluders choose their optimal asset allocation by solving the following problem:
’ A,

max W, jff — ~We N[ We,]- (1.25)
We, 1 ’ 2 ’

Notice that this single-period model where investors have heterogeneous prefer-

ences through C" is equivalent to a single-period model where investors disagree
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about the expected returns through C' (see Problem (1.24) compared to Problem

(1.23)) because the private costs are deterministic.

First-order conditions. Denoting the inverse of the risk aversion by A = %, regular

investors, integrators and excluders therefore solve the following first-order conditions:

N i Yix Wy,
X Yxr1 Exx) \wrx/’

A\ pr—=Cr\ _ (¥ Xix w; 1 (1.26)
ux — Cx Yxr Uxx/) \wix/)’

A = Xrwe,g.

Proof of Proposition 7: S-CAPM

Lemma 1. Preliminary results.
The covariance column vector between the vector of excess returns on investable assets,
r1, and the excess returns on the investable market, ry,,, is denoted by orpm,; om,1
refers to the covariance line vector between ry,, and r7. oxm, and op,x are defined
similarly.
Assuming that the returns are normally distributed, o,,, is non-null and X1 is non-
singular, we have the following equalities:
1.(1) ¥xx — %UXmIUmIX = \/art(TXVmI):

(i1) Xrx — %UImIUmIX = Covy(rr,7x|"m;),

(’iii} Yxx — EXIEL}EIX = \/art(rx|r1),

() oxmy — EX[E;;E]mX = Covi(rx, Tmy|71)-

2. Cove(rr, rx|rm;)qx = qCove(rr, romy [Tm; )-
Proof. See the Internet Appendix. O

From here on, the time subscripts will be omitted to simplify the notations.

Derivation of the expected excess returns on [

Multiplying the first, third and fifth rows of System (1.26) by the wealth of investors

r, 1, and e, respectively, we have

AWy + Wi + We) pr—AW;Cr = X1 (Wewy 1 + Wiw; 1 + Wewe 1)+21x (Wow, x + Wiw; x) .

(1.27)
Dividing by the total wealth W, and noting that VV[{; = p;, we obtain
Wrr+Wii+We Wrr +sz
Apr = X1 ( Ol ; ! o ’I> +Xrx ( 2 ’XW DX 4 ApiCr.

(1.28)
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Denoting by Dy and Dy the column vectors equal to the total demand for stocks I and
X, respectively, we have W,w, 1 +W;w; 1 + Wewe 1 = Dy and Wyw, x +Ww; x = Dx.
Consequently,

AfLr :ZH%—I-E[XDT;—F)\]%C[. (1.29)
In equilibrium, the total demand of assets is equal to the total supply in the entire
market (5). The same holds for the markets of investable (S;) and excluded (Sx)
assets: W =S, Dy = S; and Dx = Sx. The (nx x 1) weight vectors of the excluded

assets’ values as a fraction of the market value is denoted by ¢x = STX Therefore,

S
Ay = Ené + Xrxqx + ApiCr. (1.30)

We denote by ¢ the proportion of the excluded assets’ market value in the market.
The proportion of the investable market is 1 — q. Let us denote by w; the vector of

market values of stocks (Ij)req1,.. n,} in the investable market. Therefore, we have

% = (1 — ¢)wy, and equation (1.30) rewrites

Apr = (1 —q) Xrwr + Srxgx + ApiCr. (1.31)
Multiplying by w;’, we obtain
Awi'pur = (1= q) wi'Srwr +wr'S1xqx + Apiwr'Cr (1.32)

Since wy’jir = fum, is the expected excess return on the investable market, and denot-

ing ¢, = wy'Cr and the row vector of covariances o,,,x = wi'3rx,
Mty = (1= q) 0o, + Oy X Ax + APiCi;.- (1.33)

: 2
Therefore, assuming oy, # 0,

1
(1-¢q)= PO (AMbm; = Om;xqx — APiCm;) - (1.34)

my

Substituting (1.34) into (1.31) and the column vector of covariances oy, = Xrrwy,

we obtain
1 1
w1 = (Wm; = PiCm;) —5—0Im; +0iCr +7 ( X1x — —5—0rm;Om;x | gx.  (1.35)
o2, o2,

Denoting by Brm, = U%ijl the vector of slope of the regression of the excess

777.1
returns on the investable assets r; on the excess returns on the investable market 7,
and a constant, and from Lemma 1, we rewrite the above equation as follows using

vector notations:

[E(TI) = ([E(Tmz) _piCmI) BImI +piCI + vq COV(’I“[,TmX”I“mI). (136)
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Derivation of the expected excess returns on X

Multiplying the second and fourth rows of System (1.26) by the wealth of investors r

and 7, respectively, we have

AWy +Wy) px — AW;Cx = Ex1 (Wrwy 1 + Wiw; 1) + Exx (Wrw, x + Wiw; x)

(1.37)

But, assuming that Y7 is nonsingular, the first and third rows of System (1.26)
yield

{ wyr = N7} s — Srxwrx) (1.38)

wir =577 (A(ur — Cr) — Srxw; x) .

Therefore, substituting w,; and w;; into Equation (1.37), and denoting Bx; =

ZX[Zl_Il, we obtain

AWy +Ws) px — AW;Cx = ABxr (W, + W;) ur — A\W; Bx1Cr

+ (Zxx = X121 S1x ) (Wewr x + Wiw; x) - (59

Dividing the previous equation by W, knowing that % = p;, W =1-—p, and
since that (Wrw"x;/wiwi’x) = S% = ¢x in equilibrium, we get

pux = Bxrpr + . fipe (Cx — Bx1Cr) + . jpe (Exx — Exr277Srx) gx. (1.40)

Substituting u; (Equation (1.35)) into the previous equation, and since oy, =

Yrrwr and piBx1Cr — t25-BxCr = — £ Bx(C,
1 - Di PiPe
= — i ——Yx Y8 Cx — BxC
px = (fm; — PiCm;) 072n1 XTIy 2wy + T—p. X7 e x1071
-1 1 -1 g -1
+( BxrX Yrix — O_TZXIZH Yrwiom, x | qx + =5 (Exx — Ex187; 21x) gx-
my €

(1.41)
By adding and subtracting v~ x xgx to the previous equation,

1 -1 Di DiDe
X = (Mml _pich) O_?EX[E]I Yrrwr + T Cx — Ty

mr €

BxCr

_ 1 _
+9(ExE77Sx — Sxx) ax +7 <EXX - O_QEXIZIIIZII'U)IUm[X) qx

my

+ (Exx — Sxr27 Srx) ax.

1 — DPe
(1.42)



Chapter 1. A sustainable capital asset pricing model (S-CAPM): Evidence from

green investing and sin stock exclusion

Pe
l_pe

previous equation is simplified as follows using vector notations:

We denote Bxm, = U%ijwl; we notice that ﬁ -y =7 ; from Lemma 1, the
MI e

DPi PiDe

E(rx) = (E(rm,) = picm,) Bxm; + 7 _—y Ox =1 .y BxCr
4
+77 _ep qCov(rx, Ty [11) + 74 Cov(rx, Tmy [1m,)-
e
(1.43)
Derivation of the general pricing formula
For any investable asset I,
COV(T[k, Tmx ‘T]) =O0Limx — UIkIE]_IlUImX =0Lmx — Olymx = 0, (]_44)
and
Di PiDe b PiPe
— B Cr = — =p; 1.45
1_peCIk 1. i€ 1_p€CIk 1—peclk DiCI, (1.45)
Therefore, for any asset k,
bi bip
E(rk) = Brm; (E(rm;) — picm;) + ———cx — ———By1Cr
1 —pe 1 —pe
p
+ T ep qCov(ri, Tmx |T1) + Y4 Cov(Th, Ty [Ty )-
- Ve
(1.46)

Proof of Corollary 2: Expression of the exclusion premia as the dif-
ference between a regular investor effect and a sustainable investor
effect

(i) From the law of total covariance, we express the expectation of the conditional

covariance as a difference between two covariances:
E(Cov(rk, "my |[T1)) = Cov(rk, rmy ) — Cov(E(rg|rr), E(rmy |71))- (1.47)

Since the conditional covariance of multivariate normal distributions is independent

of the conditioning variable (see Lemma 1), E(Cov(rg, rmy|71)) = Cov(rg, Tm |T1)-

By multiplying the previous equation by -2 oo, we obtain the expected result.

1—
(ii) The proof is analogous for the exclusion-market premium.
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Proof of Proposition 3: A generalized form of Merton (1987)’s pre-
mium on neglected stocks

Derivation of the expected excess returns on [ with respect to those on

the market

Denoting by qr and gx the weight vectors of the market values of the investable and

excluded assets in the total market, respectively, we have

fim = qrir + xpix . (1.48)

Substituting the expressions for the expected excess returns on I and X with respect

to my (Proposition 7) in the above equation, and noting that —ff;fe BxiCr = (pi —
i

1—pe

)Bx1Cr, we obtain

Hm :q/I (

Hm; — picml)ﬂlm[ + piCI + g COV(TL Tmx ‘Tml))
(

(
+q§<( Pom; — DPiCm;)Bxm; +piBxrCr + 1 fip (Cx — BxiCr) (1.49)
V%

€

+v
1 — DPe

qCov(rx, rmy|rr) +vqCov(rx, rmy ]rm1)> )

By grouping together the terms representing the same effect, the equation yields

i
tim =(tm; — Picm;) (41Bim; + dxBxm;) + pi (47 + dxBx1) Cr + ——dx (Cx — Bx1C))

1 — Pe
b
—i-fyl _ep qq'x Cov(rx, rmy|T1) +7q (q’I Cov(rr, Tmy [Tm, ) + dx Cov(rx, rmx\rml)) .
e

(1.50)

However,
/ / 1 OImy 1 OXmg Ur2n1 Omxmy
QIﬁlm1+QX/8XmI :(1_Q)wl 2 +quT:(1_Q) 2 +4q 2 :ﬁmmn
Umj UmI mr am]

(1.51)

and

(47 + dxBx1) = (/2027 + dxEx1577) = (4511 + dxSx1) 1 = omi2;} = B,
(1.52)

and
q’X (Cx — BxiCr) =q (w'XC’X — w/XEX]E;}C[) =q (me — BmX]C[) . (1.53)

where By,r and B, 1 are the row vectors of slope coefficients of the regression of 7,
and 7y, , respectively, on the excess returns on the investable assets (77)re(1,..n,} and

a constant, and ¢, = w’xyCx is the cost of externalities of the excluded market.
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Therefore, using Lemma 1, Equation (1.50) rewrites as follows:

i
Hm :(M’m[ - picmj)ﬁmm] + piBmiCr + 1 _Z q (me - BmXICI)
e
b
T _ep ¢ Var(rmy 1) + 94 (1 = q) Cov(rmy, T ;) + ¢ COV(rmy, T [1m, ) -
e
(1.54)
This equation is simplified as follows:
P
M Z(Mmf _piCmI)/Bmm] +piBmICI + 1—p q (CmX - BmXICI)
© 1.55)
P (
+71 —ep P Var(r [11) + 74 Cov (T T [Ty )-
e
Consequently, the expected excess returns on the investable market are
1 Pi
Hm; = (Mm +piﬁmmlcm1 - piBmICI - q (me - BmXICI)
Bmml 1-— DPe
(1.56)
p
- Vﬁ(f Var(rmy [11) — ¢ Cov(rm, m« |7“m1)>.
e

Substituting p,,, into the expression for the excess returns on I (Proposition 7), we

obtain
1 Pi
BT = | 77— | Um +pi6mmfcm] _piBmICI - q (cmx - BmXICI)
Bmm[ 1 — DPe
b
- VﬁQQ \/a‘r(rmx |TI) —q COV(T’WH me |Tm1)> - pich) Bfm] + p’LCI + Yq COV(TI7 rmX |TT)’L[)'
- Ve

(1.57)

1

Covlrmrm) Cov(rr,mm,) = Brm, and by grouping the terms

Denoting %B[ml =
mmI
related to the same effect, we obtain the expected expression using vector notations:

£ = ( () — s (B +

p ~ ~
T _ep P Nar(rmy [71)Brm + ¥4 Cov(rs — TmBrm, Tmy [Tmy ) -
€

7 _q (¢myx — Bmx1Cr) ))Blm +piCr
Pe (1.58)

-
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Derivation of the expected excess returns on X with respect to those on

the market

Substituting p,,, from Equation (1.56) into the expression for the excess returns on
X (Proposition 7), we obtain
4

Di e 2
—B Cr)—vy——q°V
— (emx = Bnx1Cr) =77 o4 ar(rmy |r1)

1
nux = ( <,Um +piﬁmmlcm1 — piBmiCr —

ﬁmml

P Dip
—7qCOV(Tm,TmX|7”m,)> —picm,>5xm1 + ——COx — ——BxCy
1 —pe 1 —pe
P
972 g Cov (s P ) 4 24OV P )
€

(1.59)

) Cov(rx,rm,) = me, and by grouping the terms

: _1 = —
Denoting By 5sz = Cov(rm,Tm;

related to the same effect, we obtain the expected expression using vector notations:

E(rx) = (E(Tm) —Di (BmICI +q _qpe (emx — BmxICI)>>BXm +1 fipe Cx — 1pi-p;8 Bx1Cr

Pe

1*pe

QCOV(TX - qrmxéXmu T’I?’LX‘TI) + ’Yq COV(TX - TmBXm)TmX’TmI)-

(1.60)

+7

Derivation of the general pricing formula with respect to the market ex-
pected excess returns

This subsection is not necessary to the proof but provides a general result.

For any investable asset I,

COV(T‘]k,Tth“[) = Ufkmx — Ufkle_jlafmx = U[ka — U[ka = 0, (1.61)
and
Di PiPe Y4 DPiPe
cr, — By Cr = cr,. — cr. = piCr 1.62
1 —pe r 1 —pe i 1 —pe * 1—pe . ik ( )

Therefore, for any asset k,

E(1) = i ()~ i (BsC1 +

DPe

(emyx — Bmxfcf))> b Crp — Pibe By.1Cr

q
+
1 —pe 1 —pe 1 —pe

q COV(TIC - Bkmqrmx y P'mx ‘TI) +vq COV(T’k - Bkmrmy Tmx ’rm1)~

(1.63)

—I—’yl )

A generalized form of Merton (1987)’s premium on neglected stocks

a) On the one hand, using Merton (1987)’s notation and combining equations (26),
(19) and (15) in his paper, the premium on the neglected stock k that the author finds
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is equal to

n

1-— 1-—
ag =90 quk orxy, — 0Py Z q‘qj 032-:(:]2. (1.64)
j

Jj=1

In Merton (1987), ¢x accounts for the "fraction of all investors who know about security
k", i.e., the fraction of investors that can invest in security k. In the present framework,
this fraction is the share of regular and integration investors’ wealth 1 — p., which is
the same for all excluded assets. Thus, taking g = g, Merton (1987)’s premium on

neglected stocks is equal to

1— n
A = (5Tq O'z.%'k — ﬁk E 0']2.%'3 . (1.65)
j=1

Let us now reconcile Merton (1987)’s notation with those of this paper. Let us denote
by Q@ = (qr)reft, ..ni4+nx} = (qh,...,qfnl,qxl,...,qxnx)’ the (n; + nx,1) vector of
weights of the assets Iy,..., I, X1,..., X, as a fraction of the market value and
7= ("k)ke(lmitnx} = (Tl ooy TLy s TXq s 57X, ) the (nf 4+ nx, 1) vector of excess
returns on assets I1,..., I, X1, ..., Xp -

In Merton (1987), o2 is the variance of the idiosyncratic risk’s (IR) excess returns that
is denoted by Var;q(rx,) in this paper, 0 is the risk aversion (7 in this paper), xj is
the proportion of the market portfolio invested in asset k (g in this paper), ¢ is the
proportion of regular and integration investors (1 — p, in this paper), [ is the beta
of asset k with respect to the market portfolio m (Bka in this paper) and n is the
number of assets in the market (n; +mnyx in this paper). Rewritten with the notations

of this paper, Merton (1987)’s premium on neglected stock X, is

nr+nx

Varq(rx, )ax, — Bx.m Z \/arid(rj)q? . (1.66)
j=1

€
Qg ——’Yl D
€

b) On the other hand, when the cost of environmental externalities is zero as in

Merton (1987)’s framework, equation (1.60) for stock X} is expressed as follows:

Pe

E(rx,) =Bx,m E(rm) + 7 qCov(rx, — BxymQTm s Tmy |71)

e

Exclusion-asset premium (1 67)

+vq Cov(rxk - Bkarm, Tmx |7“m1) :

Exclusion-market premium
The exclusion-asset premium of excluded asset X}, is equal to
Pe

% =17, (q Cov(rx,, Tmyx |71) — Bxum@® Var(rmy !n)) : (1.68)
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However, from Lemma 1, 2.(i),

qCov(rx,rmy|rr) = Var(rx|rr)gx, (1.69)

and

@ Var(rpy |r1) = ¢y Var(rx|rr)gx. (1.70)

Therefore, denoting by [Var(rx|rr)]x, the kth row of matrix Var(rx|ry),

ag ="y ([\/ar(TX|7“1)]k,.QX — Bxumdx \/ar(TX|7”I)€IX) : (1.71)

€
1 — Pe
Since Var(rr|ry) = 0y, n, and Cov(rx,r|rr) = 0py n, (see Lemma 1),
¢ Var(rx|rr)gx = Q' Var(r|r;)Q. (1.72)

Consequently,

g =7 ([\/ar(rx|r1)]k,.qx — Bxum@ \/ar(r\rI)Q> , (1.73)

Pe
1 —pe
is a generalized form of Merton (1987)’s premium on neglected stocks.

Nevertheless, it should be noted that taking Merton’s stated assumptions, this
premium does not boil down to the author’s result for two reasons: 1) the beta is
different 3 Xom = BXym PX:)::’PT:ZW # Bx,m, consistent with a segmented market, and
2) [Var(rx|rr)]k,. is not necessarily equal to (Var(rx,),0,...0).

Let us take a simple example with three assets Xy, X;, I to prove that [Var(rx|rr)],.
can differ from (Var;q(rx,),0,...0). For each asset i € {X}, X, I}, we express the ex-
cess return as in Merton’s paper as a sum of a common factor and an IR: r, =
E(Rk) + bpY + oger — 7, where E(Y) = 0, E(Y?) = 1, E(egle—g,Y) = 0 and
Var(ex) = 1.37 Therefore,

2
Var(rx|r))k, = (\/ar(rxk\r[),Cov(rxk,rxj\r[)) = <a§(k,bxkbxj - l&bxkbxj> )
SR )
Consequently, (Var(rx,|r;),Cov(rx,,rx;|rr)) = (Vari(ry,),0) only if one assumes
that the IR of the investable asset—in Merton’s framework, the asset that is not
neglected by any investor—is zero: oy = 0. However, this type of assumption is not
stated in Merton (1987). That is the reason why I refer to a generalized form and not

to a generalization of Merton’s result.

Proof of Proposition 4: Sign of the exclusion premia

Pe
17pe q

(i) Let us focus on the exclusion-asset premium. Since v,q > 0, and p,. € [0, 1], v

is positive.

3"This last assumption is not explicitely specified by Merton but is used in his calculations.
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As shown in Lemma 1, the conditional covariance is equal to:

qCOV(Tx,TmX|T[) = (EXX - EX[Z;}Z[)() qgx. (175)

When there is at least one excluded asset, i.e., ¢ > 0 and ¢gx # 0,,, denoting by
wx = %qX > 0 the weights of assets X in the excluded market, we express the
covariance matrix as the product of a Schur complement by a strictly positive vector

of weights:
_ 1 _
COV(Tx,TmX|T‘]) = (EXX - ZXIEIIIEIX) 5(]}( = (EXX — ZX[EIIIE]X) wx. (176)

However, ¥;; is positive-definite (because it is nonsingular positive semidefinite) and

X Yix

with being positive semidefinite, Schur complement (Z XX — 2XT 21_11 X X)

Yxr Xxx
is positive semidefinite. Therefore, the exclusion-asset effects for assets X are the el-

ements of the vector being the product of a semidefinite positive matrix by a strictly
positive vector of weights. Consequently, not all elements of this vector are necessarily
positive.
The same applies to the exclusion-market premium.

(ii) The expected excess return of the excluded market E(ry,, ) is obtained by
multiplying the vector of excluded assets’ expected excess returns E(rx) by their

weight in the excluded market w'y:

Pi pip
[E(rmx) :<[E(rm1> _picmj)wf)(ﬁXm] + 711173(0)( — == U)f)(BX]C[
D :
+ th _ep qu'y Cov(rx, Tmy |71) + Yqu'y Cov(rx, Tm |Tm;)
€
Since the covariance and the conditional covariance are bilinear, we have
bi bip
[E(me) :,BmeI([E(TmI) _picmj) + . Cmyx — s BmXICI
D :
+ e _ep gVar(ry |r1) +ygVar(romy [rm, ),
e

where ¢, is the cost of externalities of the excluded market, B,, , 1 is the row vec-
tor of regression coefficients in a regression of the excluded market excess returns on
the investable assets’ excess returns and a constant, and (3, m, is the slope of the re-
gression of the excluded market excess returns on the investable market excess returns
and a constant. Let py,m, be the correlation coefficient between the excess returns
on the excluded market, mx, and those on the investable market, m;, and pp, 1
be the multiple correlation coefficient between the excess returns on the excluded
market, my, and those on the vector of investable assets’ excess returns, I. Since
Var(rmy|71) = Var(rmy) (1 — pmyr) and Var(rp, |[rm;) = Var(rmy) (1 — pmxm;)
(see Dhrymes, 1974, Theorem 2 (iv) p.24), the exclusion premia on the excluded

market are equal to ygVar(ry,, ) (1325 (1 = pmyr) + (1 — pmxm1)>, and are always
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positive or zero. Indeed, since the Schur complement is a positive semidefinite matrix,

-1 1
we have w’X (EXX - ZXIEH ij) wx > 0 and le (ZXX - %UXmIUm1X> wx > 0.

Proof of Proposition 5: Cost of externalities

Let w:’ ; and w:; x be regular investors’ optimal weight vectors of investable and ex-
cluded assets, respectively. The optimal weights of integrators, wf} ; and w y, are
defined similarly. By substituting the first-order condition of integrators into the
first-order condition of regular investors via risk aversion v = % (using System of
equations (1.26)), the cost of externalities of asset k € {I1,...,In,, X1, ..., Xn, } 18

Cov(ry, rp)(wy ; — wy 1) + Cov(ry, vy ) (wy x — w; x)
Cl —

E . 1.79
Cov(ry, rp)wy ; + Cov(rg, ry)wy x (&) (1.79)

Let us focus on asset I. Assuming that the asset returns are independent (as-

sumption (i)), using the first, third and fifth rows of system (1.26) yields:

[E(?”]k) [E(?”] ) —Cy [E(?”] )
T e L D e L LA T 1.80
ol Var(rg, ) bl Var(rg,) = @ Var(ry,) (1.80)
But,
[E(T] ) [E(’I“[ ) — CJ [E(T[ ) [E(T[ ) Cr
= (1—p;—pe) A k ; k k A B =)\ B —piA E .
Wty = (1=pi=pe) Var(ry,) bi Var(ry,) Pe Var(ry,) Var(ry, ) bi Var(rr,)
Therefore,
* E(rr,,) il Ik E(rr,)—cry
Wm,I, — W; Var(rr,)  £tVar(r;,) Var(ry, )
T B = ey S Ew) (8
k Var(ry, ) —bi Var(ry, )
Simplifying the above expression,
Wm. T —w} — D
W g ) = %‘ (1.82)
wm,lk - IE(TIk)
Using the first order expansion of %C,k when é)(i:;’“) is small (assumption (iii)),
TEGrg,) .
Wm, I, _w;kfk (1 _pi)clk>>
— 2 Fr, )2 |1—p; |1 — ———= cr, - 1.83
W, I, ( Ik) < b < lE(TIk) e ( )
When p; is small (assumption (ii)),
Win. [, — WF
Wl E(py ) e, (1.84)
wm,]k

Let us consider an illustrative example where E(ry,) = 1%, ¢;, = 0.10%, and

p; = 10%. The approximation is verified: (1 —p; (1 - %)) cr, = 0.09% ~ ¢y, .
k
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Proof of Corollary 6: Spillover effects

Denoting by wx the vector of weights of assets X in the excluded market, we write

the exclusion-asset premium as:

b p
fy]- 7ep QCOV(TXk, T'mx ‘TI) - ’Yl 7€p qCOV(TXk7TX‘TI)wX' (185)
e e
Since quwx = qx,
P Pe
’yl _ep€QCOV(TXk,TmX|TI) = 71 _6pe quj COV(ervaj|TI)- (186)
j=1

The breakdown is done in the same way for the exclusion-market premium, and thus

Pe
1 — DPe

Pe
1 — DPe

nx
gl qCov(rx,, myx |11) + ¥4 Cov(rx,, Pmy |rm;) = > ax, (7 Cov(rx,,rx;|rr)
j=1

+vCov(rx,,Tx; ]rm1)> )

(1.87)
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1.8 Appendix B: Internet Appendix

Geometric interpretation of the exclusion premia

The exclusion premia can be interpreted from a geometric perspective. By assimilating
the standard deviation to the norm of a vector and the correlation coefficient to the
cosine of the angle between two vectors, the conditional covariance of the exclusion-
asset premium can be associated with the following difference between two scalar

products:
Cov(rx,, rmx 1) ~ [| Xkl |Imx|| cos(e) — [| E(Xp| D] || E(mx [T)]] cos(a),

where o = Xﬁx and o = E(Xg|I),E(mx]|I). The same applies to the exclusion-
market premium. This effect is presented graphically in Figure 1.5: the better the
hedge for sustainable investors is (i.e., the closer the vectors X and my are to space

(I1,...,In,;)), the lower the exclusion-asset premium will be.

SEC’s February 2004 amendment

The proxy is built as detailed in section 1.3.1 of the paper. Given the low reporting
frequency of many funds until 2007 (the funds mainly reported their holdings in June
and December), the proxy becomes robust from 2007 onwards. This period is notably
subsequent to the entry into force of the SEC’s February 2004 amendment requiring
U.S. funds to disclose their holdings on a quarterly basis (Figure 1.6).

Proof of Lemma 1
To lighten the writing in this proof, I remove notation r referring to the returns.
e Let us prove 1.(iii): ¥xx — ZX[El_Ilzfx = Var(X|I).

X
Let <I> follow a multivariate normal distribution with mean ('MX> and co-
mr

) . [ Yxx Xxr
variance matrix .
IX X1

Assuming that all the random variables (I) are not perfectly correlated, ¥j;
is invertible and the conditional distribution of X given I is multivariate nor-

mal with mean vector pux + EXIZI_[1 (I — pr) and covariance matrix Yxx —

Sxr12 Srx.
X - 2x¥ T
Indeed, the joint distribution ;H H is multivariate normal with
px — SxrXp . . (Sxx —E2x12%x 0
mean and covariance matrix .
K1 0 X

Therefore, X — Xx IE;}I is independent of I, and hence its conditional distri-
bution given I is equal to its unconditional distribution. Consequently, the

covariance matrix of X given [ is equal to Xxx — EX]ZI_}Z]X, and it does not
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depend on the value of I.

e Let us prove 1.(iv): oxm, — EXIEI_IIEImX = Cov(X,mx]|I).
- X
Since 1.(iii) is true for any vector X, we can define X = < ) , and
mx
Var(X|I) Cov(X,mx|I)
Cov(mx,X|I)  Var(mx|I)
right corner of this matrix.

Var(X|I) = ) We are looking for the upper-

D) by
Let usdefine ¥ ¢ ¢ = X TXmx  Yxr = < X’I>aand Yix = (EXJ Ume)'

2
Omx,X Omy Omx,I

Substituting these into the first equation yields:

_ Xx,x O0Xx, XX 1 _
Var(X|I) = < me> - ( ) It (EX,I O'mX,I)

Omx,X Omyx Omx I

_ <EX,X O’X,mx> _ (EXIEHlEIX EXIEHlO'ImX>

2 -1 21
Omx,X  Omy OmxIX77 21X OmxI2577 Olmy

(1.88)

The upper-right corner is ox m, — EX]EI_IIJ]mX.

e Equations 1.(i) and 1.(ii) are proved similarly when one conditions by a random

variable my instead of a random vector I.

e Let us prove 2. We know from 1.(ii) that Cov(l, X|m;) = Xrx — %Umlx.

Let wx be the weight vector of assets (Xj)i in the excluded market. Noting

that ¢x = qwx, we have

g
COV(I,X‘m[)qX =q <E[X — UIQmIUmI)(> wx

" (1.89)
OImy
q <UImX - QJmImX> .
o,
Consequently, from 1.(ii), we obtain
Cov(I,X|mr)gx = qCov(I,mx|my). (1.90)

Similarly, we can also prove that

Cov(X, X|I)gx = qCov(X,mx|I). (1.91)
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Generalization of the S-CAPM for investable assets with N + 1 types
of sustainable investors and N types of excluded assets

This section derives the pricing formula for investable assets in the presence of N + 1
sustainable investors with different exclusion scopes and different levels of disagree-
ment regarding the assets in which they invest.

Let us consider a group of N + 1 sustainable investors (s, s1, S2,...,$n). The
group of investors sp can only invest in assets I and penalizes these assets via the
vector of cost of externalities Cyo. The group of sustainable investors s; can only
invest in assets I and X; and penalizes assets I and X; via the vectors of cost of
externalities C1 9 and C 1, respectively. This is the case up to N, and the group of
sustainable investors sy invests in assets I, X1, ..., Xy and penalizes these assets via
the vectors of cost of externalities Cn 0, Cn 1, ..., Cn, N, respectively. Finally, the group
of regular investors can invest in all assets (like investors sy ) but does not charge any
environmental externality costs.

Sustainable and regular investors maximize their wealth. They solve the following

first-order conditions:

Apr — Coo) = Xrrwsyr

\ ur — Cho _ X1 Xrx, W, T
tx, —Cn Xxi1 Xxix: ) \Ws x,

ur —Cno YT Xrx, - XIxy Wopn T (1.92)
\ wx, — Cn Xxi1 ExiX, o XX X Wep X, '
txy —CNN XXyl DXyX: - BXNXn W X
135 Xrr Xrx; - XIXn Wy T
\ "X, XxiI BXiX: - BUXiXw Wrx,

X XXyl LXnX: - UXnXy WrX
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Multiplying the first row of each first-order condition by m;f,o, V;S,l ) een WV;N , ‘3{}“,

respectively, and summing up the terms, we have

w. % W, w. w.
A 504 N L - A %0 SN
(W + ...+ W +W>,uj (WC()()-i- + WCN0>

W,
= %ZUU}SOI

W, 1%
+ %Ellwsll + =YX, ws, X,

W (1.93)

+ ..

w. w.
+ %ZH%N{ + %Elxlwmxl +...+ %ZIXNWSNXN

+%E w +%
W

.

EIXlerl + ...+ W

DXy WrX -

Denoting p = % + ...+ WI;/N , and the intermediate value theorem, there exists C

such that

Wy, W,
C i + —=2Cng = pC 1.94
W 00+ ...+ WO pC, ( )

Therefore, rearranging equation (1.93),

WS WS Ws WT‘
Apr = X1 (Wf)wsol + Wlwsll + ...+ WNUJSNI + erl)

w. w. W,
+ Z]Xl <81w81X1 ot ﬂwsz\er + V[;er1>

%4 w

N (1.95)
W W,

+ EIXN <VI/Nw5NXN + WwTXN>

+ ApC.

In equilbibrium the demand of assets is equal to the supply of assets on all the
markets. Denoting by qr, ¢x,, ..., ¢x, the vectors of weights of assets I, X1, ..., Xy in

the market, respectively, we obtain
Mer = 311q1 + Xrx,9x, + - + Zixyaxy + A0C. (1.96)

Let us denote by wy the vector of weights of assets I held by all investors s, ..., sy, 7,

and for each asset Xy, ¢x, = (qk1, ..., qkn;)- Therefore,
N ng
g=|1- Z Zqij wy. (1.97)
i=1 j=1
Consequently, equation (1.96) is rewritten as
N n;

Aur = 1—22%‘]' 2]1w1+21X1qX1 +...+E[XN(]XN+)\pC. (1.98)
i=1 j=1
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Multiplying by w;’, we obtain

N n; N
Mof'pr=[1- Z Z ¢ij | wi'Srrwr + Z wi'Srx,qx, + pAw'C, (1.99)
i=1 ]:1 =1 Cmy
N n; N
Miny, = [ 1= aij | 07, + > 0mix,0x, + PAcr;.- (1.100)
i=1 j=1 =1

Substituting <1 -y, >ty qij) in (1.98), we obtain

N

1

AMip = —5— (/\/me - Z Ty X3, 4, —Pkcm1> Erwr+Xrx, gx, T+ Erx axy +ApC.
my =1

(1.101)
Denoting by Brm, = U%UIm , the vector of betas of investable assets with respect
mr
to the investable market, and by gq X, the weight of the excluded market of assets Xy

in the total market, we can rewrite the previous equation as

N
HI = (Mm[ _pcm[)ﬁlmj + ’YZ (EIXk - 5lm10m1Xk) qu +pC

i=1
~ (1.102)
= (/’LmI - pcm]) BImI + Z quk COV<T17 rmxk |Tm1) + pC
i=1
Therefore, we can write the above equation as follows:
N
[E(TI) = ([E(TWL[) - pcm1> ﬁ[m; + v Z QQXj COV(TL rmX]. |7"m1) + pC, (1103)
j=1

which yields for each asset Iy, (k € {1,...,nr}):

N
E(rr,) = Brm; (E(rm;) — pem,) +7 Z 90x; COV(TIkvrij [rm;) +per,. (1.104)
j=1

Green and conventional funds used to construct instruments 0[ and
i

To construct the proxy for the cost of environmental externalities C7, T consider the
453 green funds identified in Bloomberg as of December 2019 whose mandate includes
environmental guidelines (flagged as "Environmentally friendly", "Climate change"
or "Clean Energy"), and of which the geographical investment scope includes the
United States (flagged as "Global", "International", "Multi", "North American Re-
gion", "OECD countries", and "U.S.", see Table 1.9). As shown in Figure 1.7a, the
number of funds has grown steadily from over 50 funds in 2007 to 100 funds in 2010,
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reaching 200 funds in 2018. The number of stocks held by these green funds has nat-
urally increased, from approximately 2000 in 2007 to over 6000 in 2019 (Figure 1.7b).
Figure 1.8 shows the dynamics of C; for the two industries—coal and construction—
that experienced the strongest divestment by green funds between 2012 and 2019.

I also construct a proxy capturing the proportion of integrators, p;, by using
green fund holdings, as detailed in Section 1.3.1 of the paper. Figure 1.9 depicts the

dynamics of p;.

Factor correlation matrix

Table 1.10 shows the correlation matrix between the regression factors for both in-

vestable and excluded assets.

Robustness tests for investable assets

I perform several alternative regressions to test the robustness of the pricing formula
for investable assets. Two premia are analyzed: the direct taste premium, which
carries the effect related to integrators’ preferences for green firms, and the exclusion-
market premium, which reflects the effect of market partial segmentation on the return
on investable assets.

In addition to the main case detailed in the paper, the direct taste premium

remains significant:
e using industry-size portfolios (Table 1.11);

e when the proxy for the direct taste premium is lagged by three years (Table
1.12);

e when using a 5-year window in the first pass of the Fama and MacBeth (1973)
regression (Table 1.13);

e over three consecutive periods between December 2007 and December 2019 (Ta-
ble 1.14)

The exclusion-market premium is significant when considering equally weighted
returns of industry-sorted portfolios (Table 1.15).

Finally, when using the carbon intensity as a proxy for green investors’ tastes, the
taste effect is not significant (Table 1.16).

Empirical analysis for sin stocks as excluded assets

Robustness tests

I perform alternative regressions to test the robustness of the pricing formula for
excluded assets applied to sin stocks. Three factors are analyzed: the exclusion-asset

factor and the exclusion-market factor, which carry the effect related to excluders’
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practice; the indirect taste factor, which reflects the effect of integrators’ tastes for
green firms on sin stocks.

The two exclusion premia are significant:

e From December 1999 to December 2019 (Table 1.17);

e Using p; as a proxy for p. (Table 1.22).

At least one of the two exclusion premia is significant:

e when using equally weighted excess returns (Table 1.18);

e when using a 5-year rolling window in the first-pass regression (Table 1.19);

when adding the defense industry to the gaming, alcohol and tobacco industries
(Table 1.20);

during the sub-periods between December 2007 and December 2019 (Table 1.21).
The indirect taste premium is significant:
e when using equally weighted excess returns (Table 1.18);

e when adding the defense industry to the gaming, alcohol and tobacco industries
(Table 1.20);

e Using p; as a proxy for p. (Table 1.22).

Spillovers

Figure 1.10 shows the distribution of the share of the spillover effect in the exclusion
premia. This metric is defined in subsection 1.5.5 of the paper. For a given stock, on
average, 92.5% of the exclusion premia is induced by the interaction with other sin
stocks. The share of spillovers in the exclusion premia is most often between 90% and
100%.

The heatmap presented in Figure 1.11 offers a graphical depiction of the spillover
effects of every sin stock (in columns) on each sin stock of interest (in rows) and
illustrates two findings. First, although most of the spillover effects are positive, some
can be negative (in green on the graph). Second, some stocks exert strong spillover

effects on all the sin stocks under consideration (red columuns).
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Tables and Figures

TABLE 1.9: Geographical distribution of green funds. This table reports the geo-

graphical distribution of the green funds that are allowed to invest in the United States as of

December 2019. These areas are: Global, International, U.S., Multi, OECD countries, North
American Region.

Geographical zone Number of funds
Global 313
International 63
U.S. 48
OECD Countries 14
Multi 12
North American Region 3

Total 453




TABLE 1.10: Correlation matrix. This table reports the correlation matrix between the factors involved in the S-CAPM and the 4F S-CAPM pricing

models. Br.sas, Br.amr and Braronm are the slopes of the regression of the excess returns on the industry-sorted investable portfolios on the SMB, HML (Fama

and French, 1993) and MOM (Carhart, 1997) factors, respectlvely Bx.smB, Bx.amr and Bx apron are the slopes of the regression of the excluded stocks’ excess

returns on the SMB, HML, and MOM factors, respectively. p;C7 is the direct taste factor for investable assets and p; Bx;C7 is the indirect taste factor for

excluded assets. q Cov(ry, Ty |Tm,) and quvt(rX, Ty |Tm,) are the exclusion-market factors for portfolios I and stocks X, respectively. g Cov(rx, rmy |77)
is the exclusion-asset factor for stocks X. * %, x*, and * denote significance at the 1%, 5%, and 10% levels, respectively.

piCr qCov(rr, "my|rm;)  Brsme BreML
qCov(rr, Tmy |Tm;) -0.01
Br.smB -0.14* -0.19%**
Br.uML 0.08*** -0.34%** 0.04***
Br.mom 0.01 -0. 17 0.28%**  _(.58***
ﬁiBXIéI qCov(rx,Tmyx|rr) qCov(rx,rmy|rm;) Bx.smB BxmmL
qCov(rx, Tmy|rr) 0.09***
qCov(rx, rmy|Tm,;) -0.15"** -0.16™**
Bx.sMB 0.09*** 0.26™** -(0.22%**
BxX HML -0.07*** 0.10*** -0.1%* 0.14***
Bx.MOM 0.31%** 0.35*** -0.3%* 0.2%** -0.35***

xipuoddy joutojuy g xipuoddy 8T

L9
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TABLE 1.11: Cross-sectional regressions for investable stock portfolios with
tastes for green firms using industry-size portfolios. This table presents the es-
timates of the S-CAPM on the value-weighted monthly returns in excess of the 1-month
T-Bill for industry-size portfolios between December 31, 2007, and December 31, 2019. The
specification of the S-CAPM is written as follows: E(ry,) = & + dmktBrom; + OtasteDiCr, +
dex.mktq Cov(Tr,, "my |Tm; ), where 7, is the value-weighted excess return on portfolio k
(k = 1,..,n1), Br,m, is the slope of an OLS regression of r;, on r,,; p; is the proxy
for the proportion of integration investors’ wealth; ¢;, is the proxy for the cost of envi-
ronmental externalities of industry I; ¢ is the proportion of the excluded assets’ mar-
ket value in the market, and Cov(ry,,7my|Tm,) is the covariance of the excess return on
portfolio I with that of the excluded market, the excess returns on the investable mar-
ket being given. This specification is compared with two other specifications: (i) the 4F
S-CAPM is the S-CAPM to which the betas of the Fama and French (1993) size and value
factors and the Carhart (1997) momentum factor are added, and (ii) the 4F model is the
CAPM with respect to the investable market returns to which the betas of the Fama and
French (1993) size and value factors and the Carhart (1997) momentum factor are added:
E(rr,) = &+ OmktBrom; + 0smBBr.smB + SumrBr,amr + dnvomBrvon. These specifi-
cations are estimated using the Fama and MacBeth (1973) procedure. First, the variables
are estimated portfolio-by-portfolio in a 3-year rolling window at monthly intervals. In the
second pass, a cross-sectional regression is performed month-by-month on all the portfolios.
The estimated parameter is the average value of the estimates obtained on all months during
the period. t-values, estimated following Newey and West (1987) with three lags, are reported
between parentheses. The last column reports the average OLS adjusted-R? and the GLS R?
on the row underneath. The 95% confidence intervals are shown in brackets.

a Smkt  Otaste  Ocwmkt Osmp  OmmrL  Omom  Adj. OLS/GLS R?

Estimate 0.0133  0.003 0.06 [0.04,0.08]
t-value  (11.96) (2.55) 0.06 [0.04,0.08]
Estimate  0.0173 0.4165 0 [0,0]

t-value  (16.97) (5.01) 0.01 [0.01,0.01]
Estimate  0.0169 38 0.03 [0.02,0.05]
t-value  (17.54) (0.62) 0.04 [0.03,0.05]
Estimate 0.0135 0.0029 0.324 0.06 [0.04,0.08]
tvalue  (12.39) (2.52) (5.57) 0.06 [0.04,0.08]
Estimate 0.0133  0.0032 0.2369  28.2 0.08 [0.06,0.1]
tvalue  (13.78) (2.86) (2.9)  (0.48) 0.09 [0.07,0.11]

Estimate 0.0129 0.0044 0.3127 -66.4 0.0001 -0.0002 -0.0005  0.16 [0.14,0.18]
t-value  (13.8) (3.65) (3.66) (-0.88) (0.64) (-1.81) (-5.69)  0.18 [0.16,0.2]
Estimate 0.0127  0.0046 0.0001  0.000 -0.0004  0.13[0.11,0.15]
t-value  (12.41) (3.99) (0.47)  (-0.17)  (-5.91)  0.14 [0.12,0.17]
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TABLE 1.12: Cross-sectional regressions for investable stock industry-sorted
portfolios with tastes for green firms where proxy p;¢ is lagged by 3 years. This
table presents the estimates of the S-CAPM on the value-weighted monthly returns in excess
of the 1-month T-Bill for 46 investable stock industry-sorted portfolios between December
31, 2007, and December 31, 2019. The proxy for the direct taste premium, p;é, is lagged by
3 years. The specification of the S-CAPM is written as follows: E(rr,) = & + dmktBrom, +
OtasteDiCr, + Oex.miktq COvV(rr, s Tmy |Tm, ), where rp is the value-weighted excess return on
portfolio k& (k = 1,...,n1), Br.m, is the slope of an OLS regression of rj, on r.,,; p; is the
proxy for the proportion of integration investors’ wealth; ¢, is the proxy for the cost of
environmental externalities of stock Ij; ¢ is the proportion of the excluded assets’ market
value in the market, and Cov(ry, , m |rm, ) is the covariance of the excess return on portfolio
I, with that of the excluded market, the excess returns on the investable market being
given. This specification is compared with two other specifications: (i) the 4F S-CAPM
is the S-CAPM to which the betas of the Fama and French (1993) size and value factors
and the Carhart (1997) momentum factor are added, and (ii) the 4F model is the CAPM
with respect to the investable market returns to which the betas of the Fama and French
(1993) size and value factors and the Carhart (1997) momentum factor are added: E(ry,) =
& + Okt Brom; + 0smBBr.smB + dumrBr,amr + davomPBr,mon- These specifications are
estimated using the Fama and MacBeth (1973) procedure. First, the variables are estimated
portfolio-by-portfolio in a 3-year rolling window at monthly intervals. In the second pass, a
cross-sectional regression is performed month-by-month on all the portfolios. The estimated
parameter is the average value of the estimates obtained on all months during the period.
t-values, estimated following Newey and West (1987) with three lags, are reported between
parentheses. The last column reports the average OLS adjusted-R? and the GLS R? on the
row underneath. The 95% confidence intervals are shown in brackets.

a Smkt  Otaste  Ocwmkt Osmp  Oumr  Smom  Adj. OLS/GLS R?
Estimate 0.0159 -0.0018 0.03 [0.02,0.05]
tvalue  (14.25) (-1.83) 0.05 [0.04,0.07]
Estimate 0.0138 0.0893 -0.02 [—0.02,—0.02]
tovalue  (24.83) (0.95) 0 0,0.01]
Estimate 0.0134 -95.8 0.03 [0.02,0.04]
tovalue  (27.73) (-1.49) 0.05 [0.04,0.07]
Estimate 0.016 -0.0018 0.1526 0.02 [0,0.03]
fovalue  (13.95)  (-1.86)  (1.53) 0.06 [0.05,0.07]
Estimate 0.0188 -0.005 0.4652 -308.9 0.1[0.08,0.12]
fovalue  (11.54)  (-3.28)  (3.09) (-2.63) 0.16 [0.14,0.18]

Estimate 0.0179 -0.0028 0.4921 -483.6 -0.0008 0.0004 -0.0007  0.27 [0.24,0.3]
t-value  (13.36) (-2.13) (1.93) (-5.94) (-3.65) (2.22) (-4.17)  0.37[0.34,0.39)
Estimate 0.0148  -0.0005 -0.0008 0.0003 -0.0006  0.21 [0.18,0.24]
t-value  (13.43) (-0.42) (-3.2)  (1.97) (-448)  0.28 [0.25,0.3]
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TABLE 1.13: Cross-sectional regressions for 46 industry-sorted portfolios of
investable stocks with tastes for green firms, using a 5-year rolling window
for the first-pass estimates. This table presents the estimates of the S-CAPM on the
value-weighted monthly returns in excess of the 1-month T-Bill for 46 investable stock
industry-sorted portfolios between December 31, 2007, and December 31, 2019. The spec-
ification of the S-CAPM is written as follows: E(rr,) = & + 0mkeBrom, + OtasteDiCr, +
Sex.mktd Cov(rr, , Tmy |Tm,), where ry is the value-weighted excess return on portfolio %
(k = 1,..,n1), Brom, is the slope of an OLS regression of r;, on 7,,,; p; is the proxy for
the proportion of integration investors’ wealth; ¢r, is the proxy for the cost of environ-
mental externalities of stock Iy; ¢ is the proportion of the excluded assets’ market value
in the market, and Cov(ry,,"my |"m,) is the covariance of the excess return on portfolio
I, with that of the excluded market, the excess returns on the investable market being
given. This specification is compared with two other specifications: (i) the 4F S-CAPM
is the S-CAPM to which the betas of the Fama and French (1993) size and value fac-
tors and the Carhart (1997) momentum factor are added, and (ii) the 4F model is the
CAPM with respect to the investable market returns to which the betas of the Fama and
French (1993) size and value factors and the Carhart (1997) momentum factor are added:
E(rr,) = &+ OmrtBrom; + dsmBBr,smB + 0umnBr,avr + dnvonmBr,mon- These specifi-
cations are estimated using the Fama and MacBeth (1973) procedure. First, the variables
are estimated portfolio-by-portfolio in a 5-year rolling window at monthly intervals. In the
second pass, a cross-sectional regression is performed month-by-month on all the portfolios.
The estimated parameter is the average value of the estimates obtained on all months during
the period. t-values, estimated following Newey and West (1987) with three lags, are reported
between parentheses. The last column reports the average OLS adjusted-R? and the GLS R?
on the row underneath. The 95% confidence intervals are shown in brackets.

a Smkt  Otaste  Ocwmkt OsmB  Smmr  OSmom  Adj. OLS/GLS R?
Estimate 0.0133 0.0003 0.03 [0.02,0.04]
tovalue  (14.18)  (0.36) 0.05 [0.04,0.06]
Estimate 0.0137 0.1812 -0.02 [-0.02,-0.02]
tovalue  (21.12) (3.27) 0 0,0.01]
Estimate 0.0137 117.9 0.04 [0.03,0.05]
tvalue  (22.49) (2.93) 0.06 [0.05,0.07]
Estimate 0.0134 0.0002 0.173 0.01 [0,0.02]
tovalue  (14.38)  (0.28)  (3.78) 0.05 [0.04,0.07]
Estimate 0.0119 0.0018 0.1938 78.5 0.07 [0.05,0.09]
tovalue  (10.07) (1.87)  (3.68)  (1.36) 0.13 [0.11,0.15]
Estimate 0.0129 0.0001 0.4156 -124.2 -0.0001 -0.0003 -0.0001 0.31 [0.27,0.35]

t-value  (14.07) (0.12) (10.31) (-3.29) (-2.35) (-1.51) (-0.98) 0.4 [0.36,0.43]
Estimate 0.0116  0.0012 -0.0001 -0.0003 -0.0001  0.31[0.27,0.35]
t-value  (14.55) (1.56) (-2.65) (-1.63) (-0.83)  0.38 [0.34,0.41]
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TABLE 1.14: Cross-sectional regressions for investable stock industry-sorted
portfolios with tastes for green firms over three consecutive periods between
December 2007 and December 2019. This table presents the estimates of the S-CAPM
on the value-weighted monthly returns in excess of the 1-month T-Bill for 46 investable
stock industry-sorted portfolios between December 31, 2007, and December 31, 2019. The
specification of the S-CAPM is written as follows: E(ry,) = & + dmktSrom, + OtasteDiCr, +
Oex.mktqd COv(Tr, s Ty |Tm; ), where rr, is the value-weighted excess return on portfolio k (k =
1,...;n1), Br.m, is the slope of an OLS regression of rj, on ry,,; p; is the proxy for the
proportion of integration investors’ wealth; ¢7, is the proxy for the cost of environmental
externalities of stock Ix; ¢ is the proportion of the excluded assets’ market value in the
market, and Cov(ry, ,Tmy|7m,) is the covariance of the excess return on portfolio I} with
that of the excluded market, the excess returns on the investable market being given. This
specification is compared with two other specifications: (i) the 4F S-CAPM is the S-CAPM
to which the betas of the Fama and French (1993) size and value factors and the Carhart
(1997) momentum factor are added, and (ii) the 4F model is the CAPM with respect to
the investable market returns to which the betas of the Fama and French (1993) size and
value factors and the Carhart (1997) momentum factor are added: E(ry,) = &+ St Brom, +
O0smBPBr.smB+0unmLBr.amr +0vonm B, mon- These specifications are estimated using the
Fama and MacBeth (1973) procedure. First, the variables are estimated portfolio-by-portfolio
in a 3-year rolling window at monthly intervals. In the second pass, a cross-sectional regression
is performed month-by-month on all the portfolios. The estimated parameter is the average
value of the estimates obtained on the 109 months during the period. t-values, estimated
following Newey and West (1987) with three lags, are reported between parentheses. The last
column reports the average OLS adjusted-R? and the GLS R? on the row underneath. The
95% confidence intervals are shown in brackets.

a Omkt  Otaste  Ocx.mkt Adj. OLS/GLS R?

Panel A: Dec. 2010 - Dec. 2013 (second pass) / Dec. 2007 - Dec. 2013 (first pass and second pass)
Estimate 0.0123 0.0044 0.2306 117.8 0.1 [0.03,0.16]

tvalue  (8.28) (3.73) (2.19) (2.49) 0.16 [0.1,0.22

Panel B: Dec. 2013 - Dec. 2016 (second pass) / Dec. 2009 - Dec. 2013 (first pass and second pass)
Estimate 0.0144 0.0013 0.4036 231.5 0.02 [-0.01,0.04]

tvalue  (10.07)  (0.74) (4.54) (2.22) 0.08 [0.06,0.11]

Panel C: Dec. 2016 - Dec. 2019 (second pass) / Dec. 2013 - Dec. 2019 (first pass and second pass)
Estimate 0.0125 0.0006 0.2988  -82.5 0 [-0.01,0.02]

tvalue  (34.38) (1.48) (7.27) (-1.39) 0.07 [0.06,0.08]
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TABLE 1.15: Cross-sectional regressions for 46 industry-sorted portfolios of
investable stocks with tastes for green firms, using equally weighted returns. This
table presents the estimates of the S-CAPM on the equally weighted monthly returns in excess
of the 1-month T-Bill for 46 investable stock industry-sorted portfolios between December
31, 2007, and December 31, 2019. The specification of the S-CAPM is written as follows:
E(rr,) = @+ SmktBrim; + OtasteDiCr, + Oex.mktq COvV(rr,, 'my|Tm, ), where rr, is the value-
weighted excess return on portfolio k (k = 1,...,n1), B1,m, is the slope of an OLS regression of
r1, O Ty, ;5 P; is the proxy for the proportion of integration investors’ wealth; ¢y, is the proxy
for the cost of environmental externalities of stock I; ¢ is the proportion of the excluded
assets’ market value in the market, and Cov(ry,,my |Tm,) is the covariance of the excess
return on portfolio I with that of the excluded market, the excess returns on the investable
market being given. This specification is compared with two other specifications: (i) the 4F S-
CAPM is the S-CAPM to which the betas of the Fama and French (1993) size and value factors
and the Carhart (1997) momentum factor are added, and (ii) the 4F model is the CAPM
with respect to the investable market returns to which the betas of the Fama and French
(1993) size and value factors and the Carhart (1997) momentum factor are added: E(ry,) =
& + Okt Brom; + dsmBBr,smB + dumrBr,avmr + dnomBr,mon- These specifications are
estimated using the Fama and MacBeth (1973) procedure. First, the variables are estimated
portfolio-by-portfolio in a 3-year rolling window at monthly intervals. In the second pass, a
cross-sectional regression is performed month-by-month on all the portfolios. The estimated
parameter is the average value of the estimates obtained on all months during the period.
t-values, estimated following Newey and West (1987) with three lags, are reported between
parentheses. The last column reports the average OLS adjusted-R? and the GLS R2 on the
row underneath. The 95% confidence intervals are shown in brackets.

o Omkt Staste  Ocxmkt OsmB  Ommr  Omom  Adj. OLS/GLS R?

Estimate 0.0185 -0.0075 0.18 [0.15,0.21]
tvalue  (8.91)  (-3.46) 0.2 [0.17,0.22]
Estimate 0.0108 -0.4386 0 [0,0]

tovalue  (10.29) (-2.55) 0.02 [0.02,0.03]
Estimate 0.0109 412.4 0.18 [0.14,0.21]
tovalue  (10.71) (5.43) 0.19 [0.16,0.23|
Estimate 0.0184 -0.0076 -0.2301 0.17 [0.15,0.2]
tvalue  (8.91) (-3.51) (-1.74) 0.21 [0.18,0.24]
Estimate 0.0156 -0.0047 -0.1776  290.9 0.26 [0.22,0.3]
tovalue  (8.71)  (-2.63)  (-1.25)  (4.41) 0.31 [0.27,0.34]

Estimate 0.0136 -0.0017 -0.0911 256.8 0.0002 -0.0001 -0.0009  0.34[0.3,0.38]
t-value  (9.43) (-1.35) (-0.54) (3.48) (0.85) (-0.2) (-5.34)  0.43[0.39,0.47]
Estimate  0.015  -0.0028 0.0004 0.0003 -0.0006 0.3 [0.26,0.35]
t-value  (8.37) (-1.82) (1.86)  (0.88) (-4.78)  0.37[0.33,0.41]
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TABLE 1.16: Cross-sectional regressions for investable stock industry-sorted
portfolios with carbon intensity as a proxy for green investors’ tastes. Panel
A presents the estimates of the S-CAPM using the carbon intensity as a proxy for green
investors’ tastes and based on the value-weighted monthly returns in excess of the 1-
month T-Bill for 46 investable stock industry-sorted portfolios between December 31, 2007,
and December 31, 2019. The specification estimated is written as follows: E(ry) =
a + 5mktﬂ1km1 + 5carbmz,.intensityCARBIk + Oewmitd COV(TIk,TmX |T77L1)' Panel B presents
the estimates of the S-CAPM without taste factor based on the value-weighted monthly
returns in excess of the 1-month T-Bill for 46 investable stock long-short industry-sorted
portfolios between December 31, 2007, and December 31, 2019. The industry portfolios
are long the 20% assets that have the highest carbon intensity and short the 20% assets
that have the lowest carbon intensity. The specification estimated is written as follows:
E(rr,) = &+ Okt Brom; + dew.mitqd Cov(rr, , Tmy [Tm, ). In the specifications, 7y, is the value-
weighted excess return on portfolio k (k = 1,...,n1), Br,m, is the slope of an OLS regression
of rr, on r,,; CARBj, is the carbon intensity of stock Ij; ¢ is the proportion of the excluded
assets’ market value in the market, and Cov(ry,, 7my|7m,) is the covariance of the excess
return on portfolio I with that of the excluded market, the excess returns on the investable
market being given. To these specifications, the betas of the Fama and French (1993) size
and value factors and the Carhart (1997) momentum factor are added for robustness analysis.
These specifications are estimated using the Fama and MacBeth (1973) procedure. First, the
variables are estimated portfolio-by-portfolio in a 3-year rolling window at monthly intervals.
In the second pass, a cross-sectional regression is performed month-by-month on all the port-
folios. The estimated parameter is the average value of the estimates obtained on the 109
months during the period. t-values, estimated following Newey and West (1987) with three
lags, are reported between parentheses. The last column reports the average OLS adjusted- R?
and the GLS R? on the row underneath. The 95% confidence intervals are shown in brackets.

« 5mkt 5carbon.intensity (5ex.mkt 5SMB (SHML 5MOM Ad.] OLS/GLS R2
Panel A: Industry portfolios

Estimate 0.0143  0.0004 0.05 [0.03,0.07]
t-value 13 (0.44) 0.07 [0.05,0.09]
Estimate 0.0153 0.000 -0.01 [-0.03,0.02]
t-value (24.76) (-5.13) n.a.
Estimate 0.0149 119.2 0.06 [0.04,0.08]
tvalue  (26.22) (2.15) 0.08 [0.06,0.1]
Estimate 0.0153  0.000 0.000 0.04 [0,0.08]
tvalue  (17.13)  (-0.02) (-5.04) n.a.
Estimate 0.0125  0.0026 0.000 225.8 0.06 [0.02,0.11]
tvalue  (10.6)  (1.84) (-5.06) (2.7) n.a.
Estimate 0.0176  0.0036 0.000 -349.2  0.0008 0.0007 0.0003 0.15 [0.02,0.28]
tvalue  (8.25)  (1.88) (-1.62) ((1.6)  (L.04) (15) (1.32) n.a.

Panel B: Long high carbon-intensity and Short low carbon-intensity industry portfolios

Estimate 0.0002 -0.0015 -0.01 [-0.01,-0.01]
t-value (0.1)  (-0.06) 0 10,0]
Estimate 0.0002  0.012 27.1 0.18 [0.12,0.24]
tvalue  (0.14)  (0.46) (-1.59) 0.2 [0.14,0.25]
Estimate 0.001  0.0187 7 0.0004 0.0001 0.0001 0.46 0.39,0.53]
fovalue  (0.55)  (0.99) (0.32)  (1.06) (0.96) (0.83)  0.49 [0.42,0.56]
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TABLE 1.17: Cross-sectional regressions on sin stocks’ excess returns between
December 1999 and December 2019. This table provides the estimates obtained with
the S-CAPM without ESG integration on the value-weighted monthly returns in excess
of the 1-month T-Bill for 52 sin stocks between December 31, 1999, and December 31,
2019. The specification is written as follows: E(rx,) = & + dmrtBx,m; + 5tasteﬁink1(jI +
Sex.assetd COV(Tx,, Tmy [TT) 4 Ocxmikt @ COV(T X,y Ty |7m, ), Where rx, is the value-weighted ex-
cess return on stock k (k = 1,...,nx), and Bx,m, is the slope of an OLS regression of
X, ON Tm,; ﬁiBX,CIC' is the proxy for the indirect taste factor and p; is the proxy for
the proportion of integration investors’ wealth; ¢ is the proportion of the excluded assets’
market value in the market, and Cov(rx,, m|rr) (and Cov(rx,,"my|rm,)) are the co-
variances of the excess returns on stock Xj with those on the excluded market, the ex-
cess returns on the investable market (and the vector of investable assets, respectively)
being given. The investable assets are analyzed using 46 industry-sorted portfolios. The
S-CAPM specification is compared with two other specifications: (i) the 4F S-CAPM is
the S-CAPM to which the betas of the Fama and French (1993) size and value factors
and the Carhart (1997) momentum factor have been added, and (ii) the 4F model is the
CAPM with respect to the investable market to which the betas of the Fama and French
(1993) size and value factors and the Carhart (1997) momentum factor have been added:
E(rx,) = &+ dmreBxim; + 0smBBx,smB + dumrBx,amr + OnonmBx, monm. These speci-
fications are estimated using the Fama and MacBeth (1973) procedure. First, the variables
are estimated, stock-by-stock, in a 3-year rolling window, at monthly intervals. In the second
pass, a cross-sectional regression is performed on a monthly basis on all the stocks. The data
are winsorized: the two stocks giving the highest and lowest excess returns every month are
removed from the second pass. The estimated parameter is the average value of the estimates
obtained on all months during the period of interest. t-values, estimated following Newey
and West (1987) with three lags, are reported between parentheses. The last column reports
the average OLS adjusted-R? and the GLS R? on the row underneath. The 95% confidence
intervals are shown in brackets.

« 5mkt 5ez.asset 5ez.mkt 5S'MB 5HML 5MOM AdJ OLS/GLS R2

Estimate 0.0104 0.0034 0.03 [0.02,0.04]
t-value  (8.23) (3.73) 0.04 [0.03,0.05]
Estimate 0.0127 17.3 0.05 [0.04,0.06]
t-value  (9.05) (0.96) 0.06 [0.05,0.07]
Estimate 0.0112 121.4 0.1 [0.08,0.12]
t-value  (8.43) (3.74) 0.09 [0.08,0.11]
Estimate 0.0114 701 124.2 0.12 [0.1,0.14]
t-value  (8.25) (3.54)  (3.62) 0.15 [0.13,0.17
Estimate 0.0104  0.001 92 131.2 0.14 [0.11,0.16
t-value  (7.52) (0.76)  (3.99)  (3.49) 0.19 [0.16,0.21

tvalue  (7.96) (1.26) (3.88)  (2.93) (-0.64) (-1.02) (2.43)  0.33[0.31,0.35
Estimate 0.0107  0.0034 -0.0002 -0.0001 0.0004  0.11[0.09,0.13

|
|
|
Estimate 0.0107 0.0017 99.3 120.1  -0.0001 -0.0002 0.0005 0.22 [0.19,0.25]
|
|
t-value (8.76) (3.27) (-1.26)  (-0.9) (2.19) 0.19 [0.17,0.21]
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TABLE 1.18: Cross-sectional regressions for sin stocks with equally weighted
returns.  This table provides the estimates obtained with the S-CAPM on the equally
weighted monthly returns in excess of the 1-month T-Bill for 52 sin stocks between December
31, 2007, and December 31, 2019. The specification is written as follows: E(rx,) = a +
6mktﬁka1 +5tasteﬁiBXkICI +5ew.assetq COV(TXi s Tmx |TI)+5ew.mktq COV(TXi y"'mx |Tm1)7 where
rx, is the value-weighted excess return on stock k (k = 1,...,nx), and Bx,m, is the slope
of an OLS regression of rx, on ry,,,; ﬁiBXklé’ is the proxy for the indirect taste factor and
P; is the proxy for the proportion of integration investors’ wealth; ¢ is the proportion of the
excluded assets’ market value in the market, and Cov(rx, ,7my|7r) (and Cov(rx, , Tmx |[Tm;))
are the covariances of the excess returns on stock Xj with those on the excluded market,
the excess returns on the investable market (and the vector of investable assets, respectively)
being given. The investable assets are analyzed using 46 industry-sorted portfolios. The
S-CAPM specification is compared with two other specifications: (i) the 4F S-CAPM is the
S-CAPM to which the betas of the Fama and French (1993) size and value factors and the
Carhart (1997) momentum factor have been added, and (ii) the 4F model is the CAPM
with respect to the investable market to which the betas of the Fama and French (1993)
size and value factors and the Carhart (1997) momentum factor have been added: E(rx,) =
&+ Skt Bxm; +0smBBx,smB +0umiBx,amr + dnmomBx, mom- These specifications are
estimated using the Fama and MacBeth (1973) procedure. First, the variables are estimated,
stock-by-stock, in a 3-year rolling window, at monthly intervals. In the second pass, a cross-
sectional regression is performed on a monthly basis on all the stocks. The data are winsorized:
the two stocks giving the highest and lowest excess returns every month are removed from the
second pass. The estimated parameter is the average value of the estimates obtained on all
months during the period of interest. t-values, estimated following Newey and West (1987)
with three lags, are reported between parentheses. The last column reports the average OLS
adjusted-R? and the GLS R? on the row underneath. The 95% confidence intervals are shown
in brackets.

« 5mkt 6taste 5eas.asset 5ew.mkt 5SMB 5HML 5MOM AdJ OLS/GLS R2
Estimate 0.0131  0.0007 0.03 [0.01,0.04]
tovalue  (12.83)  (0.44) 0.04 [0.03,0.05|
Estimate  0.014 0.0067 0.03 [0.02,0.05]
tovalue  (15.69) (0.03) 0.05 [0.04,0.07]
Estimate  0.0147 -63.8 0.03 [0.02,0.05]
tovalue  (17.66) (-2.85) 0.09 [0.07,0.11]
Estimate 0.0137 135.6 0.17 [0.14,0.19]
tovalue  (15.5) (2.56) 0.14 [0.12,0.17]
Estimate 0.0136 -8 130.9 0.17 [0.14,0.2]
t-value (15.26) (—0.42) (247) 0.2 [0.17,0.23]
Estimate 0.0126  -0.001 -6.4 139.5 0.2 10.17,0.23]
tovalue  (9.37)  (<0.51) (-0.33)  (2.55) 0.24 [0.21,0.26]
Estimate 0.0117 -0.0011 -0.3533 15.2 148.8 0.22 [0.18,0.25]
tovalue  (9.88)  (-0.56) (-1.77)  (0.64)  (2.74) 0.27 0.24,0.29]

Estimate 0.0117 -0.0018 -0.5973 -36.2 1524 0.0006 -0.0004 0.0002 0.3 [0.26,0.34]
t-value (87)  (-0.68) (-2.56) (-1.02) (249) (2.33) (-1.72) (1.15)  0.39[0.36,0.41]
Estimate 0.0128  0.0018 0.0001  0.0000 0.0002 0.1 [0.07,0.13]
tvalue  (11.51) (0.87) (0.23)  (0.06) (1.07)  0.15[0.13,0.17]
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TABLE 1.19: Cross-sectional regressions on sin stocks’ excess returns, using a
5-year rolling window for the first pass. This table provides the estimates obtained
with the S-CAPM on the value-weighted monthly returns in excess of the 1-month T-Bill
for 52 sin stocks between December 31, 2007, and December 31, 2019. The specification is
written as follows: E(rx,) = &=+ 0mrtBx,m; + OtasteDiBx, 1CT + Ocx.assetq COV(Tx, , Tmy |71) +
Sex.mktd Cov(rx,, "my |Tm, ), Where rx, is the value-weighted excess return on stock k (k =
1,..,nx), and Bx,m, is the slope of an OLS regression of rx, on 7p,,; ﬁiBXkIC’I is the
proxy for the indirect taste factor and p; is the proxy for the proportion of integration in-
vestors’ wealth; ¢ is the proportion of the excluded assets’ market value in the market, and
Cov(rx,, rmyx|rr) (and Cov(rx,,Tmy |rm,)) are the covariances of the excess returns on stock
X with those on the excluded market, the excess returns on the investable market (and
the vector of investable assets, respectively) being given. The investable assets are analyzed
using 46 industry-sorted portfolios. The S-CAPM specification is compared with two other
specifications: (i) the 4F S-CAPM is the S-CAPM to which the betas of the Fama and French
(1993) size and value factors and the Carhart (1997) momentum factor have been added, and
(ii) the 4F model is the CAPM with respect to the investable market to which the betas of the
Fama and French (1993) size and value factors and the Carhart (1997) momentum factor have
been added: E(rx,) = a4 OmrtBx,m; + 0smBBx,sMB + 0umrBx,amL + OnombBx, Mo .
These specifications are estimated using the Fama and MacBeth (1973) procedure. First, the
variables are estimated, stock-by-stock, in a 5-year rolling window, at monthly intervals. In
the second pass, a cross-sectional regression is performed on a monthly basis on all the stocks.
The data are winsorized: the two stocks giving the highest and lowest excess returns every
month are removed from the second pass. The estimated parameter is the average value of
the estimates obtained on all months during the period of interest. t-values, estimated fol-
lowing Newey and West (1987) with three lags, are reported between parentheses. The last
column reports the average OLS adjusted-R? and the GLS R? on the row underneath. The
95% confidence intervals are shown in brackets.

(e} 5mkt 6taste 5ex.asset 5ex.mkt 5SMB 5HML 5MOM AdJ OLS/GLS RQ

Estimate 0.009  0.0035 0.02 [0.01,0.03]
tovalue  (7.00)  (4.34) 0.03 [0.03,0.04|
Estimate 0.0119 10.6269 0.09 [0.07,0.11]
fovalue  (9.27) (-1.83) 0.08 [0.07,0.09]
Estimate 0.0118 0.1041 0.01 [0,0.02]

fovalue  (9.8) (0.01) 0.05 [0.04,0.06]
Estimate 0.0096 222.6 0.13 [0.1,0.16]
t-value (747) (877) 0.13 [0.11,0.15]
Estimate 0.0099 13.1 220.8 0.15 [0.11,0.18]
t-value (756) (064) (75) 0.16 [0.14,0.18]
Estimate 0.0103 -0.001 10.2 237.3 0.16 [0.12,0.19]
t-value (765) (—1.01) (045) (727) 0.18 [0.16,0.21]
Estimate 0.0109 -0.0015 -0.3364 9.7 203.1 0.2 10.16,0.24]
fovalue  (8.35) (-1.33) (-1.26)  (0.36)  (7.08) 0.24 [0.22,0.27]

Estimate 0.0104 -0.0006 -0.1025 -12.3  204.9 -0.0005 0.0000 0.0003  0.24 [0.2,0.28]
t-value  (7.31) (-0.35) (-0.41) (-0.41)  (6.8) (-4.82) (0.24) (245)  0.31[0.28,0.33]
Estimate 0.0092  0.0037 -0.0007 0.0002 0.0000  0.1[0.08,0.13]
t-value  (6.58)  (2.45) (-7.1)  (1.29) (-0.18)  0.13 [0.11,0.14]
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TABLE 1.20: Cross-sectional regressions for sin stocks including the stocks of
the defense industry. This table provides the estimates obtained with the S-CAPM on the
value-weighted monthly returns in excess of the 1-month T-Bill for 67 sin stocks, including
the stocks in the defense industry (i.e., all the stocks in the tobacco, alcohol, gaming and
defense industries) between December 31, 2007, and December 31, 2019. The specification is
written as follows: IE(TXk) =a+ 5mk‘tﬁka1 + 5tasteﬁiBXkIOI +0ex.assetd G:OV(""X“ Tmx |7"I) +
Oex.miktqd COV(Tx,, Tmy [Tm, ), Where rx, is the value-weighted excess return on stock k (k =
1,....,nx), and Sx,m, is the slope of an OLS regression of rx, on rp,,; ﬁiBXkIC'I is the
proxy for the indirect taste factor and p; is the proxy for the proportion of integration in-
vestors’ wealth; ¢ is the proportion of the excluded assets’ market value in the market, and
Cov(rx,, rmx|7r) (and Cov(rx, ,Tmy |rm,)) are the covariances of the excess returns on stock
X}, with those on the excluded market, the excess returns on the investable market (and
the vector of investable assets, respectively) being given. The investable assets are analyzed
using 46 industry-sorted portfolios. The S-CAPM specification is compared with two other
specifications: (i) the 4F S-CAPM is the S-CAPM to which the betas of the Fama and French
(1993) size and value factors and the Carhart (1997) momentum factor have been added, and
(ii) the 4F model is the CAPM with respect to the investable market to which the betas of the
Fama and French (1993) size and value factors and the Carhart (1997) momentum factor have
been added: E(rx,) = &+ 6mrtBx,m; + 0smBBx, sMB + dumLBx,amr + dvomBx, MoM-
These specifications are estimated using the Fama and MacBeth (1973) procedure. First, the
variables are estimated, stock-by-stock, in a 3-year rolling window, at monthly intervals. In
the second pass, a cross-sectional regression is performed on a monthly basis on all the stocks.
The data are winsorized: the two stocks giving the highest and lowest excess returns every
month are removed from the second pass. The estimated parameter is the average value of
the estimates obtained on all months during the period of interest. t-values, estimated fol-
lowing Newey and West (1987) with three lags, are reported between parentheses. The last
column reports the average OLS adjusted-R? and the GLS R? on the row underneath. The
95% confidence intervals are shown in brackets.

« 6mkt 6taste 5ez.asset 5em.mkt 5SMB 5HML 5MOM AdJ OLS/GLS R2
Estimate 0.0114  0.0044 0.03 [0.01,0.04]
tovalue  (8.76)  (5.19) 0.04 [0.03,0.05]
Estimate  0.0152 10.3536 0.05 [0.04,0.07]
fovalue  (13.28) (-1.78) 0.06 [0.04,0.07]
Estimate 0.0153 -36.3 0.05 [0.04,0.07]
fovalue  (14.53) (-1.63) 0.06 [0.05,0.08]
Estimate 0.0136 1624 0.11 [0.09,0.13]
t-value  (13.36) (4.11) 0.12 [0.09,0.14]
Estimate 0.0142 16.5 193.5 0.14 [0.12,0.17]
tovalue  (14.36) 0.73)  (5.28) 0.17 [0.15,0.2]
Estimate 0.0119 0.0025 19 1954 0.15 [0.12,0.18]
tvalue  (8.42)  (2.34) 0.77)  (5.22) 0.21 [0.18,0.24]
Estimate 0.0124 0.0019 -0.2493 28.9 180.7 0.17 [0.15,0.2]
tvalue  (8.9)  (1.88) (-1.61) (1.13)  (4.95) 0.24 [0.21,0.27]

Estimate 0.0116 0.0014 -0.6497 31 190.5 -0.0001 -0.0003 0.0001  0.21 [0.18,0.23]
tvalue  (8.55) (1.15) (-2.67) (1.2)  (5.1) (-0.78) (-2.66) (1.94)  0.33[0.3,0.36]
Estimate 0.0114  0.0039 -0.0001 -0.0001 0.0000  0.06 [0.04,0.08]
t-value  (8.75)  (3.36) (-1.03)  (-0.95) (0.06)  0.11[0.1,0.13]




Chapter 1. A sustainable capital asset pricing model (S-CAPM): Evidence from

green investing and sin stock exclusion

TABLE 1.21: Cross-sectional regressions for sin stocks over three consecu-
tive periods between December 2007 and December 2019. This table provides
the estimates obtained with the S-CAPM on the value-weighted monthly returns in ex-
cess of the 1-month T-Bill for 52 sin stocks between December 31, 2007, and December
31, 2019 over three consecutive periods. The specification is written as follows: E(rx,) =
o+ 6mkt5ka1 + 6tasteﬁiBXk,ICI + 5ex.assetq COV(TX,; y 'mx ‘TI) + 5ez.mktq COV(TXi s Tmx |71m1);
where rx, is the value-weighted excess return on stock k (k = 1,...,nx), and Sx,m, is the
slope of an OLS regression of rx, on r.,,; p;Bx, IC'I is the proxy for the indirect taste factor
and p; is the proxy for the proportion of integration investors’ wealth; ¢ is the proportion of the
excluded assets’ market value in the market, and Cov(rx, , Tm |rr) (and Cov(rx,, Tmy |Tm,))
are the covariances of the excess returns on stock X with those on the excluded market,
the excess returns on the investable market (and the vector of investable assets, respectively)
being given. The investable assets are analyzed using 46 industry-sorted portfolios. This
specification is estimated using the Fama and MacBeth (1973) procedure. First, the variables
are estimated, stock-by-stock, in a 3-year rolling window, at monthly intervals. In the second
pass, a cross-sectional regression is performed on a monthly basis on all the stocks. The data
are winsorized: the two stocks giving the highest and lowest excess returns every month are
removed from the second pass. The estimated parameter is the average value of the estimates
obtained on all months during the period of interest. t-values, estimated following Newey
and West (1987) with three lags, are reported between parentheses. The last column reports
the average OLS adjusted-R? and the GLS R? on the row underneath. The 95% confidence
intervals are shown in brackets.

Panel A: Dec. 2010 - Dec. 2013 (second pass) / Dec. 2007 - Dec. 2013 (first pass and second pass)

a Omkt  Otaste  Ocz.asset Oew.mhkt Adj. OLS/GLS R?

Estimate 0.0046 0.0063 0.4618 11.9 3114 0.26 [0.2,0.31]

tvalue  (2.37)  (3.49)  (321)  (0.5)  (6.7) 0.36 [0.32,0.4]

Panel B: Dec. 2013 - Dec. 2016 (second pass) / Dec. 2009 - Dec. 2013 (first pass and second pass)
a Omkt Otaste  Ocx.asset Oex.mkt Adj. OLS/GLS R?

Estimate 0.0162 -0.0014 -1.2 4.9 278.7 0.16 [0.1,0.21]

t-value  (16.23) (-1.03) (-4.26) (0.23)  (5.18) 0.23 [0.18,0.27]

Panel C: Dec. 2016 - Dec. 2019 (second pass) / Dec. 2013 - Dec. 2019 (first pass and second pass)
a Omkt Otaste  Oex.asset Oex.mht Adj. OLS/GLS R?

Estimate 0.0166 -0.0034 -0.4444  132.7 -4.5 0.33 [0.27,0.38]

t-value  (14.33) (-1.96) (-1.76)  (3.27)  (-0.04) 0.32 [0.26,0.38]
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TABLE 1.22: Cross-sectional regressions on sin stocks’ excess returns where p;
is a proxy for p.. This table provides the estimates obtained with the S-CAPM on the
value-weighted monthly returns in excess of the 1-month T-Bill for 52 sin stocks between
December 31, 2007, and December 31, 2019. In the exclusion-asset and the indirect taste
factors, p; is used as a proxy for p.. The specification is written as follows: E(rx,) =
a+0mrtBx,m; + 5tasteﬁ12BXkIOI +0cz.assetPq COV(TXi y 'mx |TI) +0cz.mktq G:OV(""X“ T'mx |T'HL[)7
where ry, is the value-weighted excess return on stock k (k = 1,...,nx), and Sx,m, is the
slope of an OLS regression of rx, on ry,,; ﬁiBXkIC‘I is the proxy for the indirect taste factor
and p; is the proxy for the proportion of integration investors’ wealth; ¢ is the proportion of the
excluded assets’ market value in the market, and Cov(rx, ,7my|7r) (and Cov(rx, , Tmx |[Tm;))
are the covariances of the excess returns on stock Xj with those on the excluded market,
the excess returns on the investable market (and the vector of investable assets, respectively)
being given. The investable assets are analyzed using 46 industry-sorted portfolios. The
S-CAPM specification is compared with two other specifications: (i) the 4F S-CAPM is the
S-CAPM to which the betas of the Fama and French (1993) size and value factors and the
Carhart (1997) momentum factor have been added, and (ii) the 4F model is the CAPM
with respect to the investable market to which the betas of the Fama and French (1993)
size and value factors and the Carhart (1997) momentum factor have been added: E(rx,) =
o+ it Bxym; +0smBBx, smB +0uMmLBx, HML +OmomBx,monm- These specifications are
estimated using the Fama and MacBeth (1973) procedure. First, the variables are estimated,
stock-by-stock, in a 3-year rolling window, at monthly intervals. In the second pass, a cross-
sectional regression is performed on a monthly basis on all the stocks. The data are winsorized:
the two stocks giving the highest and lowest excess returns every month are removed from the
second pass. The estimated parameter is the average value of the estimates obtained on all
months during the period of interest. t-values, estimated following Newey and West (1987)
with three lags, are reported between parentheses. The last column reports the average OLS
adjusted-R? and the GLS R? on the row underneath. The 95% confidence intervals are shown
in brackets.

« 6mkt 6taste 6ex.asset 5ex.mkt 6SMB 5HML 6MOM AdJ OLS/GLS R2
Estimate 0.0114  0.0041 0.03 [0.02,0.05]
tovalue  (10.18)  (4.35) 0.05 [0.04,0.07]
Estimate 0.0153 4747 0.07 [0.05,0.0]
tovalue  (16.54) (-1.62) 0.07 [0.05,0.08]
Estimate 0.0152 -33487.3 0.08 [0.06,0.11]
fovalue  (19.13) (-1.19) 0.08 [0.06,0.1]
Estimate (0.0134 162.3 0.18 [0.15,0.21]
t-value  (14.93) (2.79) 0.14 [0.11,0.17]
Estimate 0.0136 01849.7  211.7 0.2 [0.17,0.23]
tvalue  (14.58) (2.52)  (3.95) 0.21 [0.18,0.24]
Estimate 0.0116 0.0015 60221 230.3 0.21 [0.18,0.25]
tvalue  (8.4)  (1.3) (2.62)  (4.17) 0.25 [0.22,0.28]
Estimate 0.0124 0.0005 -465.2 495159  196.9 0.24 [0.21,0.28]
tvalue  (9.14) (0.42) (-1.81)  (2.1)  (3.88) 0.3 [0.27,0.33]

Estimate 0.0115 0.0014 -1028.8 40277.1  219.3  0.0001 -0.0003 0.0002  0.31 [0.27,0.35]
tvalue  (825) (0.97) (-2.3)  (1.52)  (3.97) (0.58) (-2.68) (1.67)  0.42[0.39,0.44]
Estimate 0.0115 0.0039 0.0000  0.0000 0.0001 0.1 [0.08,0.13]
tvalue  (9.93) (3.24) (0.04) (-0.29) (0.72)  0.16 [0.14,0.18]
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FIGURE 1.5: Geometric representation of the exclusion-asset premium. This figure
provides a geometric picture of the conditional covariance Cov(rx,, my|rr), which, after
being multiplied by factor 'ylf; ~q, forms the exclusion-asset premium on asset Xj. In the
graph, the standard deviation of the excess returns on an asset is depicted by the norm of
the associated vector, and the correlation coefficient between the excess returns on two assets
is depicted by the cosine of the angle between the two vectors. The total market is depicted
by the space R3, and the assets in the investable market (Iy,...,1,,) is depicted by plane
(X,Y). Asset X and the excluded market, mx, projected onto the space of investable assets
offer a graphic depiction of the conditional expectations, E(X|I) and E(mx|I), respectively.
Cov(rx,, mx |r1) is therefore depicted geometrically as the difference between the cosines of
the two angles o and o', both of which are normalized by the norms of vectors generating

them: Cov(rx,, ruy 1) ~ || Xl| llmx]| cos(a) — || ECXi|1)|| || E(max )] cos(a).
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Home > News & Statements > Press Releases

SEC Adopts Enhanced Mutual Fund Expense and Portfolio Disclosure;
Proposes Improved Disclosure of Board Approval of Investment

About the SEC Advisory Contracts and Prohibition on the Use of Brokerage
Filings (EDGAR) Commissions to Finance Distribution

Regulatory Actions

FOR IMMEDIATE RELEASE

Staff Interps 2004-16

Investor Info
News & Statements
News Digest

Press Releases
What's New

Washington, D.C. Feb. 11, 2004 -- The Securities and Exchange Commission took the following
actions today at its open meeting:

Shareholder Reports and Quarterly Portfolio Disclosure by Funds

The Commission adopted several amendments to its rules and forms that are intended to

Upcoming Bvents | juhrave significantly the periodic disclosure that mutual funds and other registered
Speeches | b anagement investment companies provide to their shareholders about their costs, portfolio

Testimony
Special Studies

investments, and performance.

Complaint Data | The amendments include the following:

Open Meetings
Other Webcasts
Litigation
Information for...

Divisions

« Enhanced Mutual Fund Expense Disclosure in Shareholder Reports. The
amendments will require open-end management investment companies (mutual funds) to
disclose fund expenses borne by shareholders during the reporting period in their
shareholder reports. Shareholder reports will be required to include: (i) the cost in dollars
associated with an investment of $1,000, based on the fund’s actual expenses for the
period; and (ii) the cost in dollars, associated with an investment of $1,000, based on the
fund’s actual expense ratio for the period and an assumed return of 5 percent per year.
The first figure is intended to permit investors to estimate the actual costs, in dollars, that
they bore over the reporting period. The second figure is intended to provide investors
with a basis for comparing the level of current period expenses of different funds. The
expense disclosure will also be required to include the fund's expense ratio and the
account values as of the end of the period for an initial investment of $1,000.

Quarterly Disclosure of Fund Portfolio Holdings. The amendments will require a
registered management investment company (fund) to file its complete portfolio holdings
schedule with the Commission on a quarterly basis. These filings will be publicly available
through the Commission’s Electronic Data Gathering, Analysis, and Retrieval System
(EDGAR). This amendment is intended to enable interested investors, through more
frequent access to portfolio information, to monitor whether, and how, a fund is
complying with its stated investment objective.

FIGURE 1.6: U.S. funds holdings disclosure. This figure shows the text of the SEC’s
February 2004 amendment requiring U.S. funds to disclose their holdings on a quarterly basis.
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FIGURE 1.7: Green funds’ holdings. This figure shows, quarter-by-quarter, the number
of green funds for which the composition has been retrieved in FactSet (a), and the number

of stocks held by all these green funds (b).
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F1GURE 1.11: Heatmap of the spillover effects. This figure shows, for each sin stock X}
(presented in rows), the estimated spillover effects of the other sin stocks (X;)jec1,....nx} (Pre-
sented in columns), estimated as dez.assetqx,; Cov(rx,, X, |71)+0c.mrtqx; COV(rx,, rx,|Tm;)-
The positive effects are shown in red, and the negative effects are shown in green. The first
diagonal gives the own effects, which all have a positive or zero estimated value.
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Chapter 2

The effect of pro-environmental
preferences on bond prices:

Evidence from green bonds!

!This chapter was published in the Journal of Banking and Finance, 2019, 98:39-60. It was

awarded the Best Paper Award at International Conference on Energy, Finance and the Macroe-
conomy (2017), the Best Paper Award at the International Conference on Finance (2018), and the
SUERF /UniCredit Foundation & Universities Research Prize (2018).
It benefited from the valuable comments of Hansjoerg Albrecher, Claire Bonello, Jean-Francois
Boulier, Marc Boubal, Ian Cochran, Joost Driessen, Damir Filipovic, Christian Francq, Christian
Gouriéroux, Olivier Guéant, Nabil Kazi-Tani, Morgane Nicol, Joél Petey, Xavier Pieri, Sébastien
Pouget, Bacem Rezgui, Christian Robert, Igor Shishlov, Paul Smeets, participants in the 32nd An-
nual Congress of the European Economic Association - 70th European Meeting of the Econometric
Society, the 2017 Central Banking and Green Finance workshop (CEP-DNB), the 26th European
Financial Management Associaton Conference, the 23rd European Association of Environmental and
Resource Economists Annual Conference, the 1st Global Research Alliance for Sustainable Finance
and Investment Conference, the 2017 Green Finance Research Advances Conference, the 2018 In-
ternational Conference on Finance, the 1st International Conference on Emnergy, Finance and the
Macroeconomy, the 34th International Conference of the French Finance Association, the 5th Inter-
national Symposium on Environment and Energy Finance Issues, as well as seminar participants at
CREST, ISFA, Paris School of Economics, Paris-Dauphine and the Climate Economics Chair.
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from green bonds

In this chapter, I use green bonds as an instrument to identify the effect of non-
pecuniary motives, specifically pro-environmental preferences, on bond market prices.
I perform a matching method, followed by a two-step regression procedure, to estimate
the yield differential between a green bond and a counterfactual conventional bond
from July 2013 to December 2017. The results suggest a small negative premium: the
yield of a green bond is lower than that of a conventional bond. On average, the pre-
mium is -2 basis points for the entire sample and for euro and USD bonds separately.
I show that this negative premium is more pronounced for financial and low-rated
bonds. The results emphagize the low impact of investors’ pro-environmental pref-
erences on bond prices, which does not represent, at this stage, a disincentive for

investors to support the expansion of the green bond market.

2.1 Introduction

In response to environmental crises, financial investors have recently taken up the
challenge and become key actors in the energy and environmental transition. This
pivotal role is notably due to their ability to mobilize a considerable amount of funds:
the global stock of manageable assets?, which amounted to USD 160 trillion in 2016
(Financial Stability Board, 2018), can be compared to the infrastructure investment
needs of 6.9 trillion over the next 15 years to be consistent with the 2 degrees Celsius
threshold (OECD, 2017a). Several initiatives have been launched to redirect assets
toward green investments. For example, by signing the Montreal Carbon Pledge,?
more than 120 investors with assets under management worth more than USD 10
trillion have committed to supporting the development of the green bond market and
to measuring and publishing the carbon footprint of their investments.

The drivers to invest in assets with a low environmental impact (green assets here-
after) can be related to financial motives, such as the expectation of better financial
performance (Nilsson, 2008; Bauer and Smeets, 2015; Hartzmark and Sussman, 2018)
or a lower risk (Kriiger, 2015). These drivers can also be attributable to non-pecuniary
motives. Preferences linked to pro-social and pro-environmental norms and attitudes
lead investors to increase their investments in the assets of companies behaving more
ethically (Hong and Kacperczyk, 2009; Riedl and Smeets, 2017; Hartzmark and Suss-
man, 2018). The incentive is not necessarily a proprietary choice of the asset manager:
it can be delegated by the asset owner through the delegated philanthropy mechanism
described by Benabou and Tirole (2010a).

The price impact of investors’ preferences for green assets has been broadly docu-

mented in the literature. Although there is no unanimity on the subject, most of the

2This amount corresponds to the Monitoring Universe of Non-bank Financial Intermediation,
including all non-bank financial intermediation: insurance corporations, pension funds, other financial
intermediaries and financial auxiliaries.

3http://montrealpledge.org/

4Pro-social and pro-environmental motives refer to investors’ interest in social and environmental
issues per se in their investment decisions.
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works focusing on the bond market suggest that companies with high environmen-
tal performance benefit from a lower cost of capital (see Section 2.2 for an extensive
literature review). Authors mainly attribute this negative yield differential to a fi-
nancial reality: intangible asset creation (Porter and Linde, 1995; Hart, 1995; Jones,
1995; Ambec and Lanoie, 2008; Flammer, 2015) as well as better risk management
and mitigation (Ambec and Lanoie, 2008; Bauer and Hann, 2014), both being imper-
fectly captured by rating agencies’ models (Ge and Liu, 2015; Oikonomou, Brooks,
and Pavelin, 2014). However, the existing literature does not identify whether, and
by how much, this yield differential is driven by non-pecunary motives.

By integrating into the utility function of a group of investors an appetite for cer-
tain types of assets in addition to their expectations regarding return and risk, Fama
and French (2007a) show that investors’ tastes modify equilibrium prices. Neverthe-
less, few studies have empirically isolated the impact of non-pecuniary motives on
market prices. Focusing on sin stocks and controlling for a battery of financial indica-
tors, Hong and Kacperczyk (2009) show that social norms lead to a 2.5% higher return
for sin stocks than non-sin stocks. However, the analysis of non-pecuniary motives on
the stock market implies comparing the financial securities of different companies and
thus makes it very difficult to identify the effect.

In this paper, I exploit the bond market to clearly identify the impact of pro-
environmental preferences on prices. To do so, I use green bonds as an instrument:
I compare each green bond with an otherwise identical counterfactual conventional
bond. Unlike two bonds issued by companies with different environmental perfor-
mances, green and conventional bonds of the same company are subject to the same
financial risk once all their differences have been controlled. Comparing the yield of a
green bond and that of a conventional counterfactual thus makes it possible to isolate
the impact of pro-environmental preferences on bond prices.

Therefore, this paper aims to provide answers to the following two questions:

- Research question 1: Do pro-environmental preferences translate into bond mar-

ket prices?

- Research question 2: If so, do they apply uniformly across the entire bond

market?

The study of the green bond market is made possible by the recent accelerated
development of this asset class, which has been supported by the definition of the
Green Bond Principles® providing issuers with guidance and investors with reliable
information about environmental impacts. The labeled green bond market reached
USD 301 billion outstanding in December 2017. Green bond issuances rose to USD 163
billion in 2017, up 68% from the previous year. Government-related bonds, including
government, national and supranational agencies, account for 30% of the total, while
32% are financial bonds and 21% are bonds issued by energy companies. Among the
44% of the bonds rated by S&P, Moody’s or Fitch in the entire database, 90% are

"The 2017 voluntary process guidelines for issuing green bonds are summarized in
https://www.icmagroup.org/assets/documents/Regulatory /Green-Bonds/GreenBondsBrochure-JUNE2017.pdf.
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investment-grade bonds, and 10% are high-yield bonds. The main currencies involved
are the USD and the euro (EUR), each of which accounts for one-third of the total
outstanding green bond debt.

We identify the effect of pro-environmental preferences through a green bond pre-
mium, which is defined as the yield differential between a green bond and an otherwise
identical conventional bond. I perform an analysis on 110 green bonds on the sec-
ondary market between July 2013 and December 2017. This sample accounts for 10%
of the number and 17% of the amount of green bonds issued worldwide at the end of
2017. 1 first use a matching method to estimate the yield of an equivalent synthetic
conventional bond for each live green bond issued in the global universe on December
31, 2017. To do so, I build a counterfactual conventional bond from the same issuer,
having the same maturity, currency, rating, bond structure, seniority, collateral and
coupon type, as well as a limited difference in issue date and size. In the second
stage, I control for the residual difference in liquidity between each green bond and
its counterfactual to extract a green premium by performing a fixed-effects panel re-
gression: the green premium is the unobserved specific effect of the regression of the
yield differential on the bonds’ liquidity differential. By performing a panel regression
on matched pairs of bonds for which the characteristics are identical except for the
green feature of one of the two, we circumvent two biases inherent in a cross-sectional
regression of yields on bonds’ characteristics: an omitted variables bias and a bias
related to overweighting assets with the longest price history. Finally, to identify the
factors affecting the costliness of a green bond, I explain these green premia according
to the specific characteristics of the bonds through a cross-sectional regression.

We show that there exists a small, albeit significant, negative green bond premium
of -2 basis points (bps) in our sample. The sector and the rating are significant drivers
of the premium: the negative premium is greater® for financial bonds and low-rated
bonds. Through several robustness tests, I verify that the premium is neither a risk
premium nor a market premium, that the matching method is sufficiently stringent,
and that the average and median premia remained negative on a monthly basis from
May 2016 onward. T also show that the estimated premium in our sample has a
reasonable chance of reflecting a similar phenomenon across the total sample of green
bonds.

Our contribution to the literature is threefold. First, I contribute to the literature
on non-pecuniary motives in ethical investing. I use green bonds as an instrument
to cleanly identify the effect of pro-environmental preferences on the bond market.
Although social and environmental preferences can have a substantial positive impact
on investment inflows in ethical funds and assets, the 2-bps negative yield premium on
green bonds shows that the impact of pro-environmental motives on bond prices is still
limited. I also contribute to the literature linking the cost of debt and the company’s

environmental performance. The low negative green bond premium, which is related

5When the premium is negative, we use the terms greater negative premium and lower premium
interchangeably to mean that the negative premium has a higher absolute value.
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to the price impact of pro-environmental preferences, suggests that the lower cost of
debt for companies with good environmental performances should be more related to
a lower level of risk than to non-pecuniary motives. Third, this study on the valuation
of green bonds complying with the Green Bonds Principles is the most extensive in
terms of geographical scope, number of bonds studied as well as price history. The
methodology developed—which, more generally, can be used to estimate the valuation
of other types of bonds of which the proceeds are directed to a specific use, such
as social bonds"includes strict liquidity control and is supplemented by numerous
robustness tests.

The negative yield premium of 2 bps has distinct implications for the various
market players; it does not represent a notable disincentive for investors who should
not substitute their purchase of green bonds with conventional bonds. Moreover,
although low, this premium demonstrates investors’ appetite for green bond issues and
supports the hypothesis that this instrument offers issuers the opportunity to broaden
their debtholder base. Finally, from the supervisory authority perspective, while this
negative premium underlines a certain buying pressure on green bonds, it does not yet
reveal any substantial valuation discrepancy between green and conventional bonds.

This paper is organized as follows. In the second section, the literature on the
topic of interest is reviewed. The method used to build the data on which this study
is based is described in the third section. Our empirical approach is described in the
fourth section, and the results obtained using the empirical model are presented in
section five. The robustness checks run are described in the sixth section, and the
results are discussed in section seven. The conclusions of our findings are summarized

in section eight.

2.2 Literature review

Numerous authors have addressed the effects of corporate social performance (CSP)®,

9 on companies’ stock

especially the effects related to good environmental performance
returns (Konar and Cohen, 2001; Derwall et al., 2005; Kempf and Osthoff, 2007;
Semenova and Hassel, 2008; Statman and Glushkov, 2009; Dixon, 2010). Although

no consensus has been reached, most of the articles published have suggested that

"The ICMA recently published voluntary guidelines for issuing social bonds, which are a
nascent asset class: https://www.icmagroup.org/assets/documents/Regulatory/Green-Bonds/June-
2018 /Social-Bond-Principles—June-2018-140618-WEB.pdf

8Luo and Bhattacharya (2009) clarify the difference between corporate social responsibility (CSR)
and CSP: CSP (i) refers to stakeholders’ assessment of the quality of CSR investments, (ii) can be a
proxy for a firm’s cumulative involvement in CSR and (iii) is a notion relative to the competition in
the industry.

9According to the Forum for Sustainable and Responsible Investment, "Sustainable, responsi-
ble and impact investing (SRI) is an investment discipline that considers environmental, social and
corporate governance (ESG) criteria to generate long-term competitive financial returns and posi-
tive societal impact.”" (https://www.ussif.org/sribasics, answer to the question "What is sustainable,
responsible and impact investing?"). Investments with a positive environmental impact (or good
environmental performance) are therefore a form of sustainable investment for which the expected
benefits specifically concern the environment.
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CSP has a positive impact on companies’ financial performance. Moreover, CSP has
been found to have similar effects on the cost of equity capital: firms with better
CSP (ElGhoul et al., 2011; Dhaliwal et al., 2011'%) or a low environmental impact
(Heinkel, Kraus, and Zechner, 2001; Sharfman and Fernando, 2008; Chava, 2014)
benefit from a lower cost of equity capital. However, these findings are not necessarily
transferable to the debt market for at least two reasons. First, the payoff profile of a
debtholder differs from that of a stockholder (Oikonomou, Brooks, and Pavelin, 2014
and Ge and Liu, 2015): Merton (1973) specifies that a bond payoff can be replicated
by the purchase of a stock and the sale of a call option on the same asset. Since
bondholders have little upside available, it is crucial for them to analyze and assess
all the downside risks, including environmental hazards. This need for insurance
against a market downturn is all the more relevant for socially responsible investing,
as CSP leads to better credit ratings (Jiraporn et al., 2014) and has a strong effect
on a company’s default risk reduction (Sun and Cui, 2014). Second, as previously
suggested by Oikonomou, Brooks, and Pavelin (2014), firms are more sensitive to the
pressure exerted by bond market investors because firms refinance via the debt market
more frequently than they increase their capital. This pressure can be all the more
easily exerted because debt instruments are frequently held by institutional investors
with advanced risk analysis capacities.

Although several studies have focused on the effects of CSP on corporate bond
yields, no unequivocal conclusions have yet been reached on this topic. Magnanelli
and Izzo (2017), using a database of 332 companies worldwide with 1641 observations
from 2005 to 2009, are among the few authors showing that CSP increases the cost
of debt. In line with the shareholder theory, their results support the assertion that
CSR is considered "a waste of resources that can negatively affect the performance of
the firm." Conversely, Menz (2010) focuses on the European corporate bond market
and observes that socially responsible firms suffer more from a greater credit spread
than do non-socially responsible companies, although this finding is weakly significant.
Likewise, Stellner, Klein, and Zwergel (2015) obtain relatively weak evidence that good
CSP systematically reduces credit risks. Other authors, however, report a significant
negative relationship between CSP and the cost of debt. Oikonomou, Brooks, and
Pavelin (2014) show that for U.S. corporate debt, good CSR performance is rewarded
by lower bond yields and CSR. irresponsibility is positively correlated with financial
risk. Based on information provided by a cross-industrial sample of U.S. public corpo-
rations, Bauer and Hann (2014) establish that environmental strengths are associated
with lower bond yields. Other authors, such as Klock, Mansi, and Maxwell (2005), us-
ing U.S. data, and Ghouma, Ben-Nasr, and Yan (2018), using Canadian data, report
that bond spreads decline with the quality of corporate governance. Klock, Mansi, and

Maxwell (2005) notably show that compared to firms with the strongest shareholder

%Dhaliwal et al. (2011) focus on the initiation of a voluntary disclosure of CSR, activities and show
that it leads to a reduction in a firm’s cost of capital.
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rights (proxied by weak antitakeover provisions), firms with the strongest manage-
ment rights (strongest antitakeover provisions) benefited from a 34 bps reduction in
the cost of debt for the period 1990-2000. Ge and Liu (2015) focus on the effects
of CSP disclosure on the spreads of new corporate bonds issued in the U.S. primary
market and establish that firms reporting favorable CSPs enjoy lower bond spreads.
Hasan, Hoi, and Zhang (2017) also examine the primary market of U.S. firms from
1990 to 2012 and find that firms headquartered in U.S. counties with higher levels of
social capital benefit from lower at-issue bond spreads. Finally, although the financ-
ing of private loans and public bonds must be analyzed differently mainly because
banks have access to more information than bondholders, Goss and Roberts (2011)
reach similar conclusions after examining the impact of the CSR scores of 3996 U.S.
companies on the cost of the companies’ bank loans. They also establish that firms
with the lowest CSR scores pay between 7 and 18 bps more than the most responsible
firms.

However, few articles have been published on the specific cost of green bonds.
Table 2.1 summarizes the results of and differences between these studies.

In contrast to the analyses in the papers presented above, the analysis of the green
bond yield is not based on the CSP of the issuing company because the green bond
label is associated with the funded projects and not with the issuer type. Thus, we
can compare a green bond yield with the yield of a similar conventional bond from
the same issuer.

HSBC (2016) and Climate Bonds Initiative (2017) study the difference in yield at
issuance between a green bond and a conventional bond by calculating the difference
between the two yields for samples of 30 and 14 bonds, respectively. These two works
do not find any significant differences on the primary market, which confirms the
analyses conducted in OECD (2017) and I4CE (2016) showing that investors are not
willing to pay a premium to acquire a green bond at issuance ("flat pricing"). Barclays
(2015) and Bloomberg (2017) focus on the yield differential on the secondary market.
Through an OLS regression of the credit spread on several market risk factors, Barclays
(2015) points to a negative premium of 17 bps between March 2014 and August 2015.
By analyzing 12 bonds between March 2014 and December 2016, Bloomberg (2017)
highlights a negative 25 bps premium on EUR-denominated government-related bonds
but does not identify any premium on USD-denominated and corporate bonds.

Subsequent works have built on the first version of this paper (Ehlers and Packer,
2017; Karpf and Mandel, 2018; Hachenberg and Schiereck, 2018 and Baker et al.,
2018). Ehlers and Packer (2017) and Hachenberg and Schiereck (2018) study samples
of 21 and 63 green bonds aligned with the Green Bond Principles, respectively. Ehlers
and Packer (2017) focus on the primary market between 2014 and 2017, whereas
Hachenberg and Schiereck (2018) analyze the secondary market over 6 months be-
tween 2015 and 2016 using a matching procedure and a panel regression based on the
methodology of our paper. Both papers find a negative premium but of very different
magnitudes: -18 bps for the former and -1 bp for the latter. Karpf and Mandel (2018)
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TABLE 2.1:

Research methods and findings on green bond pricing. This table
summarizes the research methods and empirical findings of studies on the relative pricing of
green bonds in relation to conventional bonds.

Barclays (2015)

HSBC (2016)

Bloomberg (2017)

Climate Bonds
Initiative (2017)

Green bonds

(Alignment with the Yes Yes Yes Yes
GBP)
European Investment
Bank, Nordic EUR- and
Investment Bank and USD-denominated
Scope Global Euro and US International Bank for Govt.-related and
Reconstruction and corporate bonds
Development
Primary / Secondary market Secondary Primary / Secondary Secondary Primary
Number of bonds N.A. 30 /4 12 14

Time period

Mar. 2014 - Aug. 2015

Nov. 2015 - Sep. 2016

Mar. 2014 - Dec. 2016

Jan. 2016 - Mar. 2017

Method OLS regression Comparison Comparison Comparison
Liquidity control Date of issuance No No No
Strict maturity control No No No No
EUR-denominated
Govt.-related bonds:
Yield premium -17bps No -25ps No

USD-denominated and
corporate bonds: No

(A) Literature prior to this paper.

Ehlers and Packer

Karpf and Mandel

Baker et al. (2018)

Hachenberg and

(2017) (2018) Schiereck (2018)
Green bonds
(Alignment with the Yes No No Yes
GBP)
US Municpal bonds US Corporate and
Scope Euro and US with a Bloomberg green Municpal bonds with a Global
flag Bloomberg green flag
Primary / Secondary market Primary Secondary Primary Secondary
Number of bonds 21 1880 2083 63
Time period 2014-2017 2010-2016 2010-2016 Oct. 202131'6 March.
o Blind Matching + panel
Method Comparison axaca-binaer OLS regression regression based on our
decomposition
paper’s method
L Number of transactions
Liquidity control No within the past 30 days Issue amount Issue amount
Strict maturity control Yes Yes Yes Yes
Yield premium -18 bps +7.8 bps -7 bps -1 bp

(B) Literature subsequent to and building on this paper.
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and Baker et al. (2018) study a less restrictive framework than that of green bonds
aligned with the Green Bond Principles: U.S. bonds with a Bloomberg green flag.
Karpf and Mandel (2018) focus on municipal bonds on the secondary market, and
Baker et al. (2018) analyze municipal and corporate bonds on the primary market.
By controlling bonds’ liquidity through the number of transactions within the past 30
days, Karpf and Mandel (2018) find a positive premium of 7.8 bps. In contrast, using
the issue amount as a proxy of the liquidity, Baker et al. (2018) find evidence of a 7
bps negative premium.

Existing works on the relative valuation of green bonds aligned with the Green
Bond Principles therefore suffer from both a limited scope of analysis as well as im-
perfect control of the liquidity premium, leading to mixed results. This paper aims to
estimate the fair yield of green bonds compared to that of conventional bonds over an
extensive scope, ensuring that all the discrepancies between the two types of bonds

are duly controlled.

2.3 Data description and matching method

The empirical method primarily used in the CSR literature to analyze bond spreads
consists in performing an appropriate regression on a suitable specification. This step
requires determining the financial and extra-financial independent variables likely to
explain the intrinsic value of the bond spread as exhaustively as possible while ensuring
the robustness of the specification. Analyzing the yield of a green bond allows us to
forgo this method because we can match two similar bonds from the same issuer, for
which most of the factors explaining the yield are identical. I therefore use a matching
method, also known as a model-free approach or a direct approach, which is a useful
technique for analyzing the intrinsic value of a specialized financial instrument. This
method consists of matching a pair of securities with the same properties except for the
one property whose effects we are interested in. This method has been used to assess
the additional return of ethical funds in comparison with identical conventional funds
or indices (Kreander et al., 2005; Renneboog, Ter Horst, and Zhang, 2008; Bauer,
Koedijk, and Otten, 2005) as well as the cost of liquidity by matching and comparing
pairs of bonds issued by the same firm (Helwege, Huang, and Wang, 2014).

We set up this database to evaluate the yield spread between a green bond and
an equivalent synthetic conventional bond. For this purpose, I take matched pairs
consisting of a green and a conventional bond with identical characteristics except
for their liquidity. The variable construction procedure used here is closely related
to that used by Helwege, Huang, and Wang (2014) to assess the effects of liquidity
on corporate bond spreads. However, while building on the latter study, we add a
new parameter—the greenness of a bond: determining the impact of this parameter on
the bond yield is the goal of our assessment. The difference between the green bond
yvield and the equivalent synthetic conventional bond yield is therefore precisely the

cumulative effect of the liquidity differential and the green bond premium.
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We examine the entire sample of 1065 green bonds complying with the Green Bond
Principles indexed by Bloomberg on December 31, 2017. This set includes bonds of
various kinds: supranational, sub-sovereign and agency (SSA), municipal, corporate,
financial and covered bonds. To build this synthetic conventional bond, for each
green bond, I first search for the two conventional bonds with the closest maturity
from the same issuer and having exactly the same characteristics: they all have the
same currency, rating,'' bond structure, seniority, collateral and coupon type. Since
the maturities cannot be equal, I collect conventional bonds with a maturity that is
neither two years shorter nor two years longer than the green bond’s maturity. The
difference in maturity is limited in this way to estimate more accurately the equivalent
synthetic conventional bond yield in the next stage. The other difference between the
two categories of bonds is their liquidity, which can be assessed from either their
issue amount or their issue date (see Bao, Pan, and Wang (2011) and Houweling,
Mentink, and Vorst (2005)). A substantial difference in liquidity can have a notable
effect on the yield level and must therefore be limited.!? Here again, to ensure a fair
approximation in this first stage, I combine a double constraint on the difference in
liquidity: I restrict the eligible conventional bonds to those (i) with an issue amount
of less than four times the green bond’s issue amount and greater than one-quarter
of this amount (Table 2.10) and (ii) with an issue date that is, at most, six years
earlier or six years later than the green bond’s issue date!® (see Figure 2.1). This
double restriction in the matching method allows us to better control for any residual
liquidity bias in the estimation step of the green bond premium (see Section 2.4.1).
Any green bonds for which fewer than two of the corresponding conventional bonds
comply with these requirements is excluded from the database.

In a second stage, the maturity bias is eliminated by building a panel composed
of pairs of bonds: an equivalent synthetic conventional bond with the same maturity
is assigned to each green bond. The ask yields of each triplet of bonds (the green
bond and the two corresponding conventional bonds) are retrieved from the issue
date of the green bond up to December 31, 2017. The source used for this purpose
is Bloomberg BGN', which provides end-of-day market prices and yields based on
multiple contributors’ market prices as well as all the characteristics of the bonds.

As green bonds are not all listed in TRACE, we cannot take advantage here of the

'Gince an institution can issue various bonds of different kinds or seniority levels and, thus, with
different ratings, we make sure that the rating is the same.

121t is widely agreed that bond credit spreads incorporate a positive illiquidity premium (see for
example Chen, Lesmond, and Wei (2007), Beber, Brandt, and Kavajecz (2009), Bao, Pan, and Wang
(2011), Dick-Nielsen, Feldhiitter, and Lando (2012), Jong and Driessen (2012)).

13 Authors controlling for the difference in liquidity solely through the date of issuance suggest
different levels, from 1 year (Elton et al., 2004) to 2 years (Alexander, Edwards, and Ferri, 2000;
Houweling, Mentink, and Vorst, 2005). In this paper, we combine three different liquidity controls
(two in the matching method and one in the estimation process), with less stringent restrictions
for the first two controls, to enable a closer maturity matching and a wider sample. I verify in the
robustness checks (Section 2.6) that these liquidity controls are acceptable. Furthermore, Wulandari
et al. (2018) find that the impact of illiquidity on green bonds’ yield spread has become negligible in
most recent years.

1We voluntarily exclude Bloomberg BVAL prices that combine market data with model pricing.
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Green bond
universe Conventional bond universe

(1065 bonds)

GB, CB1 and CB2 have the same: currency, rating, bond structure, seniority, collateral and coupon type

~| The maturity differential d.:-f::r:rs\:i:?:ﬁ t:att:e The issue amount ratio
with the matched CBs is S e with the matched CBs is
shorter than 2 years between 0.25 and 4
than 2 years

Green bond sample
matched with CB1 and CB2

(110 triplets)

FIGURE 2.1: Matching process. This figure illustrates the matching process. We match
each green bond (GB) of the universe on December 31, 2017, with two conventional bonds
(CB1 and CB2). Green and conventional bonds are required to have the same currency,
rating, bond structure, seniority, collateral and coupon type. Moreover, the maturity of the
conventional bond is neither two years shorter nor two years longer than that of the green
bond. Also, we select the conventional bonds (i) with an issue amount of less than four times
the green bond’s issue amount and greater than one-quarter of this amount. We therefore
collect 110 triplets of (GB, CB1, CB2).

richness of this source, especially with respect to the volumes traded. Since this study
focuses on the investors’ demand and the issuers’ supply of green bonds, we focus on
the ask yields of each triplet for a more precise analysis. If, on a specific day, at least
one of the three ask yields is not available, I remove the line from our panel. I then
interpolate (or extrapolate) the two conventional bonds’ yields linearly at the green
bond maturity date to obtain a synthetic conventional bond yield, which thus shows
the same properties as the green bond except for the difference in liquidity. Practically,
for each triplet, with a* the slope and b* the intercept of the affine function passing
through (Maturityc gy, y©P') and (Maturityoge, y©5?), the yield of the synthetic
conventional bond is §9F = a*Maturitygp + b* (see Figure 2.4). Because of the
linear interpolation (or extrapolation), this method differs slightly from that used in
Helwege, Huang, and Wang (2014), in which the closest bond is selected, which gives
rise to a tiny maturity bias. The constitution of the database is finalized by defining
the yield spread between the green bond and the equivalent synthetic conventional
bond. Let yftB and ngtB be the green bond and the conventional bond #’s ask yields,
respectively, on day t. We take Ay, = in’tB — g]ic’;B.

This approach enables us to remove all the unobservable factors common to both
bonds in the matched pairs and to significantly reduce the liquidity bias. The process
leaves us with 110 matched green bonds accounting for 10% of the global green bond
universe and 17% of the total outstanding green bond debt. All of the bonds in our
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sample are senior, bullet, fixed-coupon bonds. Except for one BB and 12 non-rated,
all of them are investment-grade bonds. Significant variations are observed in the yield
levels, notably between the various issue currencies, i.e., across the corresponding rate
and credit curves (see Table 2.2). For example, while the average AAA government-
related green bond yield in Turkish lira is 10.28%, it only amounts to 0.26% in the
same market segment for the bond labeled in EUR.

The sample comprises a 37,503-line unbalanced bond-day panel in which the earli-
est information dates back to July 18, 2013, and the latest is dated December 29, 2017.
For the sample, the statistics of the green and conventional bonds’ yields, maturities
and issue amounts are presented in Table 2.3.

Upon focusing on the time average difference in yield (Ag;), the distribution across
bonds is found to be skewed to the left: There are 63% negative values, giving an
average of -2 bps'® and a median value of -1 bp. In the next section, I will therefore
study Ay;; to determine whether there is a premium attributable to the greenness of
a bond.

2.4 Empirical methodology

2.4.1 Step 1: Estimation of the green bond premium

The first step of the empirical methodology aims at controlling for the residual dif-
ference in liquidity between both bonds of each pair and estimating the green bond
premium. I therefore design a variable, ALiquidity, ;, capturing the difference in lig-
uidity and defined as the difference between a green bond and a conventional bond’s

liquidity indicator:
ALiquidity; , = Liquidity{” — Liquidity(/” (2.1)

The green bond premium p; is therefore defined as the unobserved effect in the fixed-

effects panel regression of Ag;; on ALiquidity; ;:
Agi = pi + BALiquidity; ; + €;¢, with €;; being the error term (2.2)

Given the data sources and the type of regression, the liquidity proxies that can
be used here are subject to three constraints. Firstly, since we cannot use intraday
data to calculate intraday liquidity indicators, such as the Amihud measure (Amihud,
2002), Range measure (Han and Zhou, 2016) or intraday Roll and Gamma measure
(Roll, 1984; Bao, Pan, and Wang, 2011), for example, we focus on low-frequency
data. Secondly, in constrast to what can be done with the TRACE database, we do

not have any information about the daily trading volumes that might have been used

15Note that one cannot infer the -2-bps average yield difference with y9P and §°° because the
average in ¢ of the average in t of the yield differences is not equal to the yield difference on the
average in ¢ of the average in ¢ of the green bonds’ yields and the conventional bonds’ yields. The
same applies to the medians and quartiles.
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TABLE 2.2: Description of the sample of 110 green bonds. This table shows the
average yield and maturity of the sample of 110 green bonds, broken down by sector, rating,

and currency.

AUD CAD CHF CNY EUR GBP INR JPY RUB SEK TRY USD Total
Basic Materials
Average yield (%) 0.96 0.96
NR, Average maturity (years) 4.74 4.74
Nb. of GB 1 1
Consumer, Non-cyclical
Average yield (%) 0.78 0.78
BBB Average maturity (years) 5.51 5.51
Nb. of GB 1 1
Financial
Average yield (%) 2.43 0.07 0.79 0.10 1.98 0.83
AAA Average maturity (years) 2.50 4.94 2.43 2.96 3.52 4.13
Nb. of GB 1 10 1 1 6 19
Average yield (%) 3.00 0.28 2.10 1.11
AA Average maturity (years) 3.37 5.68 2.70 4.86
Nb. of GB 3 8 1 12
Average yield (%) 3.70 0.36 0.77 2.17 1.34
A Average maturity (years) 0.53 4.25 4.13 1.98 3.09
Nb. of GB 1 8 2 8 19
Average yield (%) 0.61 3.65 2.13
BBB Average maturity (years) 4.49 2.92 3.70
Nb. of GB 1 1 2
Average yield (%) 5.23 5.23
BB Average maturity (years) 3.38 3.38
Nb. of GB 1 1
Average yield (%) 0.66 0.66
NR, Average maturity (years) 2.77 2.77
Nb. of GB 11 11
Government
Average yield (%) 241 1.57 0.03 0.26 0.59 5.70 6.65 0.49 10.28 1.73 1.92
AAA Average maturity (years) 1.33 2.85 7.10 5.54 2.18 3.15 1.57 4.75 1.24 3.15 3.50
Nb. of GB 1 2 1 3 1 1 1 4 1 15 30
Average yield (%) 0.31 2.16 1.23
AA Average maturity (years) 11.92 1.64 6.78
Nb. of GB 2 2 4
Average yield (%) 0.39 0.39
A Average maturity (years) 14.79 14.79
Nb. of GB 3 3
Average yield (%) 2.68 2.68
BBB Average maturity (years) 2.25 2.25
Nb. of GB 1 1
Industrial
Average yield (%) 0.83 0.83
BBB Average maturity (years) 5.94 5.94
Nb. of GB 1 1
Utilities
Average yield (%) 0.49 0.49
A Average maturity (years) 2.85 2.85
Nb. of GB 2 2
Average yield (%) 0.94 0.94
BBB Average maturity (years) 6.41 6.41
Nb. of GB 3 3
Average yield 2.77 1.57 0.22 3.70 0.34 0.69 5.70 0.39 6.65 0.62 10.28 2.09 1.31
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TABLE 2.3: Descriptive statistics of the bonds in the sample. This table gives the dis-
tribution of several variables of interest in all 110 triplets of bonds in our sample. The number
of days per bond is the length of the time series per pair of bonds since their inception. The
distribution of the ask yield is presented for green bonds (y“?), the two closest conventional
bonds (y“Pt and y“P2) and the interpolated (or extrapolated) conventional bonds (7¢%).
The difference in yield (Ag; ) is the difference between the green bonds’ ask yield and the
interpolated (or extrapolated) conventional bonds’ ask yield. To compare the accuracy of the
interpolations (or extrapolations), this table also shows the distribution of maturities and the
issue amounts of the green bonds and the two closest conventional bonds.

Sample

Min. 1st Quart. Median Mean 3rd Quart. Max
Number of days per bond 12 99 306 341 518 1150
Ask yield of the GB (y“P) -0.35 0.26 0.92 131 1.90 10.28
Ask yield of the interp. CB (§°P) -0.43 0.27 094 1.33 1.92  10.19
Ask yield of the CB1 (y“B!) -0.34 0.22 088 1.29 1.98 10.17
Ask yield of the CB2 (y©5?) -0.33 0.24 0.81 1.25 1.95 10.28
Yield difference % (Ag;) - 0.46 - 0.03 -0.01 -0.02 0.01  0.10
Green bond maturity on Dec. 30, 2017 (years)  0.14 2.20 3.45  4.15 4.87 29.74
Conventional bond 1 maturity 0.07 1.86 3.29 4.03 4.72 28.99
Conventional bond 2 maturity 0.26 1.82 3.11 3.79 4.93 28.23
Green bond issue amount (USD bn) 0.01 0.30 0.50  0.65 0.80  3.60
Conventional bond 1 issue amount 0.01 0.32 1.00 1.34 1.48 7.20
Conventional bond 2 issue amount 0.01 0.28 0.90 1.24 1.24 748

as liquidity proxies (Beber, Brandt, and Kavajecz, 2009; Dick-Nielsen, Feldhiitter, and
Lando, 2012). Thirdly, to ensure the full rank condition of a within regression, any
variable that does not change over time with a given bond is not suitable. Proxies
such as the issue amount, the issue date or off-the-run versus on-the-run indicators
(Bao, Pan, and Wang, 2011; Houweling, Mentink, and Vorst, 2005) therefore cannot
be used.

We take the closing percent quoted bid-ask spread as a proxy of the liquidity,
consistent with Fong, Holden, and Trzcinka (2017), who show, through an extensive
analysis of the quality of high- and low-frequency liquidity proxies, that it is the best
low-frequency liquidity proxy. Indeed, bid-ask spread has been widely used as a major
measure of the degree of illiquidity of a bond (see Beber, Brandt, and Kavajecz (2009),
Dick-Nielsen, Feldhiitter, and Lando (2012), Chen, Lesmond, and Wei (2007)).

Since the synthetic conventional bonds are based on the two closest conventional
bonds, the conventional bond’s bid-ask spread is defined as the distance-weighted av-
erage of CB1’s and CB2’s bid-ask spreads. In practical terms, let d; = |Green Bond
maturity - CB1 maturity| and do = |Green Bond maturity - CB2 maturity|. The syn-

thetic conventional bond’s bid-ask spread is therefore as follows:

d dq
BAGS = BACP! BA{? 2.3
,t dl +d2 1,0 + dl +d2 1,0 ( )
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ABA;; = BA%B —BAEtB is consequently the independent variable used in equation
2.2 to estimate the fixed-effects linear panel.

Table 2.4 show that ABA is concentrated around zero and has a low standard
deviation. This condition indicates that the first liquidity controls on the issue amount
and the date of issuance in the matching method yielded acceptable results.

TABLE 2.4: Descriptive statistics of the liquidity proxy ABA. This table summarizes
the distribution of the liquidity control: ABA is the difference between the green bonds’

bid-ask spread and the conventional bonds’ distance-weighted average bid-ask spread, in a
specific pair of bonds, during the period under consideration.

Min. 1st Quart. Median Mean 3rd Quart. Max  Std. Dev.

ABA  -0.436%  -0.021%  0.000% 0.006% 0.032% 0.758% 0.11%

We use a within regression to estimate the fixed effects p; in equation 2.2 for various
reasons. Firstly, we want to bring out the bond-specific time-invariant unobserved
effect without imposing any distribution or using any information about the other
bonds. Secondly, these data do not hold for a broader category but, rather, give the
characteristics of a specific bond. From the technical point of view, strict exogeneity
holds and ensures unbiasedness and consistency of the estimator. Finally, the fact
that we do not require the difference in liquidity proxy to be uncorrelated with the
unobserved specific effects provides for a wide range of potential control parameters.

Several individual effect tests and a Hausman test are performed to check the
efficiency of the fixed-effects estimator. Moreover, controlling the difference in yield
by the difference in liquidity prevents the occurrence of any simultaneity effects: the
difference between two yields does not have any retroactive effect on the liquidity of
the bonds. Lastly, various robustness tests are performed and, to address the loss of
efficiency due to heteroscedasticity and serial correlation, I use the Newey-West and

Beck-Katz robust estimations of the standard errors.6

2.4.2 Step 2: The determinants of the green premium

In the first step, we isolated the yield premium of a green bond linked to the specific
nature of the debt security. The second step highlights the determinants of the green
bond premium since it may not be stable across bonds. We therefore consider the
characteristics through which bonds differ to determine where, and to what extent,
the premium applies. The variables considered are the rating, the sector, the currency,
the maturity and the issue amount of the green bond. Table 2.5 provides details on
the variables and their construction.

After performing robustness tests, I estimate several cross-sectional specifications,

including the main specification described in the following equation, through an OLS

'6The results are robust to performing a Fixed Effects Generalized Least Squares regression: the
estimated premia are equal to those estimated with a Fixed Effects Ordinary Least Squares (within)
regression by a factor of 0.1 bps. Since the number of bonds studied is lower than the average number
of days and for the sake of simplicity, I present here the results of the Fixed Effect OLS regression
with robust estimation of the standard errors.
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TABLE 2.5: Description of the independent variables of the step 2 regression. This table provides details about the independent variables used in

the step 2 regression, namely, their type, unit and description.

Variable

Type

Unit

Description

Rating

Qualitative

The rating of the bond can be AAA, AA, A BBB, BB or Non-rated (NR) in our
sample. The reference value is AAA. To attribute a single rating to the bond, the
following procedure is used. The issuer ratings of the three agencies S&P, Moody’s and
Fitch are rounded off by removing the potential + or —. We then take the majority
rating among those available. If there are only two different ratings available, we take
the highest one.

Sector

Qualitative

We use the level 1 Bloomberg classification (BICS level 1) for the issuer-type break-
down procedure, which leaves us, in the case of the present sample, with six cate-
gories: (i) Basic Materials; (ii) Consumer, Non-cyclical; (iii) Financials, which en-
compasses non-public banks and financial services; (iv) Government, also referred to
as Government-related, which includes public institutions, municipalities, regional and
sovereign agencies, and national, supranational and development banks; (v) Industrial;
and (vi) Utilities. The reference value is Government.

Currency

Qualitative

The currency of the bond issuance. In our sample, the referenced currencies are as
follows: AUD, CHF, EUR, JPY, SEK, USD, CAD, RUB, GBP, TRY, CNY and INR.
The reference level is the USD. See the online appendix for the meaning of each acronym.

Maturity

Quantitative

Years

The maturity of the bond on December 31, 2017.

Issue Amount

Quantitative

bn USD

The issue amount of the green bond considered December 31, 2017.
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regression with robust estimation of the standard errors. Taking n; to denote the error

term, we set the following:

Nrating_l Nsector—1
pi = + § A1, rating; 1Tatingj + § Q2 sector; 1sect07'j
= j=1

Ncu'rrency -1

+ Z Q3 currency; Leurrency; + cuMaturity 4 aslog(Issue Amount) + n;
j=1
(2.4)

We take the logarithm of the issue amount to linearize the values of the variable
that can be interpolated by an exponential function. Moreover, as an alternative to
having the variables represent rating and sector, we also consider the dummy variables
that capture rating x sector cross effects because descriptive statistics indicate that

this segmentation may promote the variation of the premium.

2.5 The green bond premium

2.5.1 A small, albeit significant, negative green bond premium

The first step in the analysis aims to estimate the green bond premium, including its
significance, sign and magnitude. I confirm the presence of an unobserved heteroge-
neous effect via an F-test, a Wooldridge test, a Breusch-Pagan test and a Honda test.!”
I also conduct a Hausman test that indicates that the fixed-effects within estimator
is more robust than the random-effect estimator. The within estimator is unbiased
and consistent: although it is intuitive that the idiosyncratic error term may not be
correlated with either the previous or future differences in liquidity (neither feedback
effect nor financial periodicity), I confirm the strict exogeneity hypothesis through Su,
Zhang, and Wei (2016)’s test.!® This estimation is all the more satisfactory as the
average number of days is higher than the number of bonds (see Goldstein (2003))
and ABA;; varies substantially with time.

Moreover, I run Breusch-Godfrey, Durbin Watson, and Wooldridge tests, all of
which indicate the existence of serial correlation. In addition, a Breusch-Pagan test
shows the presence of heteroscedasticity. To account for heteroscedasticity and serial
correlation, I complement the regression with Newey-West and Beck-Katz'? robust
estimations of the standard errors.

Although the regression evidences a weak R? equal to 1%, the bid-ask spread dif-
ferential used to control for the difference in liquidity proves to be highly significant
for the three different estimators of the standard errors (Table 2.6). Although small in

the present case, the residual liquidity differential has significant explanatory power

17See the online appendix for the details of the tests performed.
18We test strict exogeneity for a two-day lag and lead period. The P-value is equal to 73.1%.
19Beck and Katz (1995) prove that their robust estimator performs well in small panels.
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TABLE 2.6: Results of the step 1 regression. This table gives the results of the step 1
regression: Ag;; = p; + SABA,;; + €, ;. In addition to a classical within regression, Newey-
West and Beck-Katz robust standard error tests are performed.

Dependent variable: Ay; 4

Within Newey-West Beck-Katz
robust std. err. robust std. err.
ABA —9.881*** —9.881*** —9.881***
(0.440) (2.774) (3.334)
Observations 37,504
R? 0.013
Adjusted R? 0.010
F Statistic 504.125***

(df = 1; 37393)

Note: *p<0.1; **p<0.05; **p<0.01

and the step used for its control should not be discarded, a fortior: in situations in
which the matching constraints are less stringent and because it is useful for develop-
ing a general method. Thus, a 1-bp increase in the percentage price bid-ask spread
differential induces a 9.88-bps decrease in Ag; ;.

The value of the 110 fixed-effects p; constituting each of the green bonds’ premia
is more important for the present purposes. The distribution ranges from -38 bps
to +10 bps with a mean and a median value of -1.76 bps and -1.04 bps, respectively
(Table 2.7). A total of 63% of the premia are negative, and the amplitudes are greater
on the downside than on the upside (Figure 2.2). It is worth noting that the extreme
values of p; appear for currencies presenting a high yield (such as INR, RUB or TRY).
TABLE 2.7: Distribution of the estimated green bond premia. This table summarizes

the distribution of the estimated green bond premia in our full green bond sample, i.e., the
fixed effect of the following regression: Ay;; = p; + SALiquidity, ; + €; -

pi (%)
Min.  1st Quart. Median Mean 3rd Quart. Max
- 0.381 - 0.029 -0.01  -0.018 0.008 0.100

Lastly, T break down the sample in several subsamples by the main characteristics
of the bond: its rating, sector and currency. I calculate the average premium by
subsample and test whether it is significantly different from zero for subsamples with
at least ten bonds. Through a Shapiro-Wilk normality test, we reject the normality
hypothesis for all subsamples except AA bonds and SEK-denominated bonds. I there-

fore use the non-parametric Wilcoxon signed-rank test, which is applied to our specific
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FIGURE 2.2: Green bond premia distribution. This figure gives the distribution of the
green bond premia p; across all bonds included in this study.

framework,?° to assess the significance of the premia per subsample. The results are
robust to a test under the hypothesis of normality for A and SEK-denominated bonds.

Table 2.8 shows the average and median premia per subsample. The -1.8-bp
average premium on the entire sample is significantly different from zero at a 99%
level of confidence. Financial green bonds carry a -2.3-bps average premium with the
same degree of significance. EUR-denominated and USD-denominated green bonds
also have a significant negative premium of -1.7 bp and -2.3 bps, respectively. Lastly,
AA green bonds show a -2.9-bps premium. Although the average and median premia
of the other categories are not significantly different from zero, most of them are
negative.

The literature analyzing the liquidity of off-the-run vs. on-the-run bonds high-
lights a significant liquidity premium of approximately 1.5 bp on U.S. Treasury bonds
with the same characteristics except for their issue date. The comparison can be
of interest because this premium affects bonds from the same issuer that have the
same characteristics except for their issue date and, therefore, their degree of liquid-
ity. By matching 55 pairs of bonds between 1994 and 2000, Goldreich, Hanke, and
Nath (2005) show a yield differential of 1.5 bp between off-the-run and on-the-run US
Treasury bonds. Pasquariello and Vega (2009) also find a yield difference of 1.6 bp on
5-year U.S. Treasury bonds by matching 86 bonds over the period 1992-2000.

We therefore provide evidence that investors in the secondary market pay a small

20For a subsample of n premia, the test is built as follows. We rank the n premia in ascending
order of their absolute value and assign them a rank, R, from 1 to n. Let sgn represent the sign of
the premium; we consider the following statistic:

W= sgn(E)R,
=1

Under the null hypothesis Ho: p = 0, with o, = 4/ n(an(QnH), Waio'5 converges to a normal

distribution. We add (subtract, resp.) 0.5 if W < 0 (W > 0, resp.) as a continuity correction since
we compare discrete data to a continuous probability function.
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TABLE 2.8: Green bond premia in several market segments. This table shows the

mean and median green bond premia in several market segments, the level of significance at

which we rejected Hy : p; = 0, and the number of green bonds in each of the subsamples. We
use a Wilcoxon signed-rank test with continuity correction.

Mean(p;) Median(p;) pi #0 # GB
Total 20.018 20.010 ok 110
Basic Materials -0.016 -0.016 1
Consumer, NC -0.011 -0.011 1
Financial -0.025 -0.013 ook 64
Sector  Government 20.009 0.000 38
Industrial 0.005 0.005 1
Utilities 0.002 -0.003 5
AUD ~0.031 20.019 5
CAD -0.010 -0.010 P
CHF 0.000 0.001 3
CNY 0.024 0.024 1
EUR -0.017 ~0.011 ok 37
GBP -0.001 -0.001 p
Currency 1nR 0.055 0.055 1
JPY 0.033 0.051 3
RUB -0.381 -0.381 1
SEK -0.009 -0.007 19
TRY 0.079 0.079 1
USD -0.023 -0.019 ook 35
AAA 20.010 -0.003 49
AA -0.029 -0.024 kK 16
, A -0.018 ~0.011 24
Rating  gpp -0.021 -0.009 8
BB -0.206 -0.206 1
NR -0.012 -0.007 12
Note: *<0.1; *p<0.05; **p<0.01
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negative yield premium inherent to green bonds, which is of a magnitude comparable

to that of the on-the-run liquidity premium on U.S. Treasury bonds.

2.5.2 The determinants of the green bond premium

To determine and evaluate the determinants of a green bond premium, a linear regres-
sion of p; is performed on the characteristics of the green bonds. Table 2.9 shows the
four regression specifications considered: (a) represents the most general specification,
based on equation 2.4; (b) excludes the variables Maturity and log(Issue Amount);
(c) further excludes the currency dummies and the independent variables; and (d)
represents solely the Rating x Sector cross effects. To avoid artificially high R2s, the
four regressions are performed on samples in which each of the dummy variables cap-
tures more than three observations. The R?s therefore range from 11.3% (d) to 14.1%
(a). The regression on the entire sample, of which the results are in line with that on
restricted samples, is shown in Appendix (Table 2.11) and has an R? equal to 60.6%.
Since the results of the Breusch-Pagan test evidence the presence of heteroscedasticity
for the first three specifications?!', T estimate White robust standard errors. Besides,
the VIF calculation does not lead to a suspicion of multicollinearity.

Specifications (a) and (b) show that neither the maturity, the issue amount, nor
the currency has a significant impact on the level of the premia in the considered sub-
sample. The first two conclusions hold for the regression on the entire sample (Table
2.11); however, although the number of observations is limited, we suspect that the
currency involved may have an impact in less mature financial markets. Specifications
(a), (b), and (c) show that the rating significantly affects the premium: the lower the
rating of the green bond is, the lower the green premium. The effect is particularly
significant for AA and A bonds, with both values -2.3 bps with respect to AAA bonds
(specification (b)). The study of Rating x Sector cross effects (specification (d)) shows
that the level of premia varies between government-related bonds and financial bonds:
while the negative impact of a lower rating is maintained in both sectors, the premia
on financial bonds (-2.7 bps and -2.5 bps for AA and A, respectively) are lower than
those on government-related bonds (-1.7 bps for AA).

These findings can be linked with the literature on the liquidity premium. Similar
to the liquidity premium, the green bond premium fades with the increase of the
credit quality (Longstaff, Mithal, and Neis, 2005; Chen, Lesmond, and Wei, 2007,
Bao, Pan, and Wang, 2011; Dick-Nielsen, Feldhiitter, and Lando, 2012; Huang and
Huang, 2012; Abudy and A., 2016). In addition, the absolute value of the negative
green bond premium is greater for financial bonds, similar to the situation regarding
the liquidity premium (Longstaff, Mithal, and Neis, 2005). However, contrary to the
liquidity premium, which increases for low issue amounts (Longstaff, Mithal, and Neis,
2005), the green bond premium does not seem to be affected by low issue amounts.
Moreover, Driessen, Nijman, and Simon (2016) find liquidity segmentation between
long- and short-dated bonds, and Ejsing, Grother, and Grothe (2012) and Schuster

21See the online appendix for the details of the tests performed.
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TABLE 2.9: Results of step 2 regressions. This table gives the results of step 2 regressions
in which the green bond premium is explained by the characteristics of the bonds through
specifications (a),(b), (¢), and (d). The premium is expressed as a percentage. The rating is a
qualitative variable, the four modalities of which are AAA (reference modality), AA, A, and
BBB. Maturity is the maturity of the bond expressed in years on December 31, 2017. The issue
amount is the amount of green bonds issued expressed in USD billions. Sector is a qualitative
variable, of which the three modalities are Government (reference modality), Financials and
Utilities. We also consider Rating x Sector cross effects. Currency is a qualitative variable,
of which the four modalities are USD (reference modality), AUD, EUR, and SEK.

Dependent variable: p;

Cross-sectional regressions with White robust standard errors

(a) (b) (©) (d)

Constant —0.003 —0.004 —0.002 —0.007
(0.015) (0.010) (0.009) (0.009)
Rating AA —0.025** —0.023** —0.024**
(0.010) (0.010) (0.010)
Rating A —0.026* —0.023* —0.022*
(0.014) (0.013) (0.013)
Rating BBB —0.043 —0.040 —0.041
(0.043) (0.041) (0.040)
Non-rated —0.018 —0.009 —0.001
(0.020) (0.018) (0.014)
Sector Financial —0.008 —0.009 —0.008
(0.012) (0.012) (0.012)
Sector Utilities 0.039 0.035 0.037
(0.034) (0.032) (0.031)
AA x Government —0.017*
(0.009)
AAA x Financial 0.004
(0.011)
AA x Financial —0.027**
(0.013)
A X Financial —0.025*
(0.013)
NR x Financial —0.005
(0.015)
Currency AUD —0.009 —0.006
(0.014) (0.013)
Currency EUR 0.009 0.004
(0.010) (0.010)
Currency SEK 0.004 0.010
(0.016) (0.011)
Maturity —0.001
(0.002)
log(Issue Amount) (bn USD) —0.006
(0.009)
Observations 92 92 92 84
R2 0.141 0.134 0.127 0.113
Adjusted R2 0.023 0.039 0.066 0.056
Residual Std. Error 0.041 (df = 80) 0.041 (df = 82) 0.040 (df = 85) 0.038 (df = 78)
F Statistic 1.195 (df = 11; 80)  1.411 (df = 9;82)  2.064* (df = 6;85)  1.987* (df = 5; 78)

Note: *p<0.1; **p<0.05; ***p<0.01
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and Uhrig-Hombourg (2012) show that the liquidity premium is greater in the short
term. The green bond premium, in contrast, does not appear to be significantly
impacted by the maturity of the bond.

Focusing on specification (b), we can express the green bond premia in absolute
terms: they increase as the rating improves and are lower for financial bonds. For
example, the yield of an AAA, AA, A and BBB EUR financial green bond is lower
than that of an equivalent conventional bond by 0.9 bps, 3.2 bps, 3.2 bps and 4.9 bps,
respectively. However, the yields of green and conventional AAA government-related
bonds are in line (0 bp for EUR and -0.4bp for USD). As for the EUR (USD, resp.)
utilities, although not significantly different from zero, the average premium is +1.2
bps (+0.8 bps, resp.) for A-green bonds and -0.5 bps (-0.9 bps, resp.) for BBB-green
bonds.

These findings nuance several previous works that addressed this issue. I show that
the yield differential between green and conventional bonds is negative for financial
bonds—which are the most active corporate issuers—as suspected by Barclays (2015)
and Ehlers and Packer (2017). Nevertheless, I substantially qualify the premium
amount, of which the magnitude for A and AA bonds is closer to -3 bps than to -17
bps (Barclays, 2015) or -18 bps (Ehlers and Packer, 2017). Similar to HSBC (2016)
and Climate Bonds Initiative (2017), I find evidence that this premium may be close to
zero in several market segments, such as AAA government-related bonds or utilities.
Lastly, I do not find evidence of a positive premium on USD-denominated bonds, as
estimated by Karpf and Mandel (2018) (+7.8 bps).

In the final step, as a result of step 2, a green bond curve can be obtained from
a conventional bond curve by applying the estimated green bond premium to the
latter. This exercise is useful for investors as well as for issuers since few green bond
benchmarks have been issued to date. Figure 2.5 presents the reconstituted green
bond curve obtained by performing specification (b) as well as the conventional bond
curve for eight different issuers. The quality of the fit achieved on the entire sample
is satisfactory. However, the green bond curve does not always exactly intersect with
the green bond market yields for three main reasons. Firstly, the green bond premia
we calculate and explain here are long-term green premia, which reflect the average
distortion since their inception. To obtain a closer fit, a short-term analysis would
be more appropriate (see Section 2.6). Secondly, the low liquidity of several green
bonds results in a yield that does not always reflect the actual yield on the reference
date. Lastly, the greater the number of data available for estimating the green bond

premium is, the closer the fit will be.

2.6 Robustness checks

In the first step of our robustness checks, we examine whether a negative premium
may reflect the fact that the level of risk involved in a green bond is lower than in

a conventional bond. I calculate the 10-day, 20-day and 30-day rolling annualized
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volatility during the period of interest in the case of both green and synthetic conven-
tional bonds, following equation 2.3 applied to the volatility, and take the difference
between the members of each pair. I then estimate a step 1 regression adding the
difference in volatility as an additional independent variable (Table 2.12). Using a
robust standard errors estimation, I find no evidence that a difference in volatility is
embedded in the yield differential between green and conventional bonds. This result
indicates that the green bond premium should differ from a risk premium.

Another main issue is the question as to whether or not a green bond premium
remains stable with time. We add a time fixed effect in the panel regression procedure.
The estimated bid-ask spread parameter is found to be significant and almost equal to
the parameter estimated above. Nevertheless, the individual time effect is significant
during 24% of the 1162 days considered, which means that there might not be a
durable daily time effect involved in the green bond premium.

However, upon applying the same regression procedure to the whole range of data
on a monthly basis from January 2016 onward, I find the green bond premium to
be variable,?? although the mean and the median premia have become and remained
negative since May 2016 (Figure 2.3), similar to what Karpf and Mandel (2018) re-
ported. Moreover, interestingly, Delis, Grieff, and Ongena (2018) find a similar result
on bank loans: they show that, before 2015, bank did not price climate risk and, after
2015, a 2-bps average premium is charged to fossil fuel firms compared to non-fossil
fuel firms.?3 I carry out the same analysis on each rating, sector (Government and
Financials) and currency (EUR and USD) subgroups and find the same pattern for
most of them with different amplitude ranges (Figure 2.6). It is worth noting that
the robustness checks on a monthly basis are performed on rather small samples, and
fewer bonds than in the main regression are therefore included. Thus, the informa-
tion involved is somewhat different from that in the entire data history, which largely
explains the discrepancies observed between the results.

A further potential concern is whether the green bond premium reflects a market
risk premium over time. I therefore compare the daily returns of the time effects with
three market indices’ returns. Based on the S&P 500, the Eurostoxx 50 and the MSCI
World indices, I first establish that the correlations between the index daily returns
and the green bonds’ time effects daily returns are low (10.9%, 7.8%, and 10.6%,
respectively). In addition, to address the heteroscedasticity issue, I perform an OLS
regression, with White robust standard errors,?* to explain the daily returns of the
green bond’s time effects by the index daily returns (Table 2.13). Neither the S&P
500, the Eurostoxx 50, nor the MSCI World shows a significant effect. This analysis
indicates that the time effect is not explained by a market risk premium and, hence,

that the green bond premium does not reflect any market risk premium.

22 As a comparison, Longstaff, Mithal, and Neis (2005), Favero, Pagano, and Thadden (2010), and
Huang and Huang (2012) show that the liquidity premium also varies over time.

23More precisely, Delis, Grieff, and Ongena (2018) show that a one standard deviation increase in
their measure of climate policy exposure induces a 2-bps increase of the loan rate.

24None of the Durbin Watson tests performed on the three specifications indicate any evidence of
autocorrelation in the residuals. However, the hypothesis of heteroscedasticity is rejected.
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FIGURE 2.3: Green bond premium dynamics. This figure shows the evolution over

time of the mean (light green solid line), the median (dark green solid line) and the quartiles

(dashed blue lines) of the green bond premium during the years 2016 and 2017 based on the
step 1 regression for the entire sample of green bonds.

The quality of the matching method, as well as the interpolation or the extrap-
olation performed to obtain the synthetic conventional bond yield, must also be ad-
dressed. If CB1 and CB2 have significantly different levels of liquidity from that of
the green bond, the first-step regression might not completely control for the residual
liquidity. Furthermore, if the maturities of CB1 and CB2 differ greatly from that
of the green bond, the yield of the synthetic conventional bond is liable to be over-
or under-estimated. I therefore reproduce the matching method with more stringent
liquidity constraints: I restrict the eligible conventional bonds to those (i) with an
issue amount of less than twice the green bond’s issue amount and greater than one-
half of this amount and (ii) with an issue date that is, at most, two years earlier
or two years later than the green bond’s issue date. I also restrict the difference in
maturity between CB1 and the green bond to a maximum of one year.?> Comparing
the estimated premia?® of this sample to that of the same sample stemming from the
matching constraints used in the general method, I find the descriptive statistics to
be almost equal (Table 2.14). Moreover, after performing the step 2 regression, the
estimated premia per subsample are very close for each of the two methods (Table
2.15). The minor difference is generally due to a poorer maturity matching with the
second liquidity matching constraints. Therefore, in addition to restraining the ob-
tained sample, requiring very stringent matching constraints can degrade the quality
of the estimation.

Furthermore, I carry out a linear regression with White robust standard errors

Z5Requiring the same restriction on CB2 leads to a total sample of only 30 matched pairs of bonds
and, thus, to very small subsamples.

26The independent variable in step 1, ABA, is no longer significant with the second matching
method, demonstrating that there is almost no more residual liquidity to be controlled.
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on the matched bond-day panel to explain the yield differential between GB and CB
by the independent variables of specifications (a), (b), (c¢), (d), adding the liquidity
differential control ABA.%7 For the sake of the comparison, we focus on the samples of
92 bonds ((a), (b) and (c)) and 84 bonds ((d)) used in the step 2 regression. The results
(Table 2.16) confirm the necessity of controlling for the residual liquidity, although
the effect is weakly significant for specifications (c¢) and (d). Moreover, the estimated
effects are very close to that of the general method with less than 1 bp difference.
However, the findings are slightly biased by overweighting the effect of bonds with the
longest history. Furthermore, all of the estimated paramaters are significant, which
makes it difficult to discriminate between groups on the basis of the significance of
their impact on the premium. Moreover, the R?, approximately 5%, is less satisfactory
than that of the second step in our general method.

It may also be interesting to contextualize our results with those of an OLS regres-
sion with White robust standard errors of the yield of green and conventional bonds
on their characteristics. T apply specifications (a) and (b) on the sample consisting of
the green and the closest conventional bonds (CB1),%® using BA (instead of ABA) as
a control for liquidity and adding a firm fixed effect as well as a dummy variable con-
trolling for green bonds. Likewise, I find a significant negative premium that ranges
from -0.6 bp to -0.9 bp (Table 2.17). However, as in the previous case, this method
overweights premia for which a long price history is available.

Finally, the representativeness of the green premium estimated in our sample is
addressed. Figure 2.7 compares the distribution of bonds in our sample with that of
the global sample by rating and sector, which are the two factors that significantly
influence the green premium. To assess goodness of fit, I perform a Chi-squared
test on the distributions of investment-grade bonds and on three of the four most
represented sectors (Government, Financials, and Utilities) which account for 78%
of the total sample of green bonds. With P-values of 21.3% and 19.9%, respectively,
I find that our green premium estimate should be reasonably representative of the
overall sample for investment-grade bonds in the considered sectors. Moreover, to
estimate a premium over a broader scope, I use a matching method between each
green bond and one conventional bond with less restrictive criteria requiring the same
issuer, currency and coupon type; I also impose a maximum maturity difference of four
years and an issue amount ratio between one-quarter and four. I therefore perform a
cross-sectional regression on the 179 matched pairs, accounting for 40% of the global
amount of green bonds issued, controlling for all the different characteristics of the
bonds. The amount of the estimated negative premium (Table 2.18) is found to be
of a similar magnitude to that which we find with our main method. Finally, we test
the robustness of the result by restricting our estimate to subsamples. By carrying

out 10,000 draws with and without replacement of 40, 60 and 80 pairs among the 110

2Tt is worth noting that, as in our two-step regression, the better the matching, the more accurate
the estimations.

28The same method could be applied to non-matched bonds, but the results would be much less
accurate and would not be comparable with those of the main method presented in this paper.
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studied, we observe that more than 99% of the estimated premia are negative in the

six different cases.

2.7 Discussion

The -2-bps average green bond yield premium (1.5% of the average yield in the sam-
ple) indicates the yield that investors are willing to give up to fund green investments
rather than conventional investments with strictly equal risk. 1 find evidence of a
low impact of investors’ pro-environmental motives on bond prices. This statisti-
cally significant effect is consistent with existing theoretical works. Fama and French
(2007a) demonstrate that when a group of investors has a taste for a certain type
of assets, equilibrium prices shift and the capital asset pricing model (CAPM) fails
to explain asset returns. Focusing on equity, Heinkel, Kraus, and Zechner (2001)
show that, by excluding polluting assets from their portfolio, green investors drive
up the cost of capital of polluting companies. We also relate our result to the em-
pirical finding that investors’ pro-social and pro-environmental inclinations increase
inflows to socially responsible investments (Hong and Kacperczyk, 2009; Riedl and
Smeets, 2017; Hartzmark and Sussman, 2018), of which the psychological origin can
be altruism (Brodback, Guenster, and Mezger, 2018) or social pressure (DellaVigna,
List, and Malmendier, 2012). However, I show that, in contrast to the effects on the
volume of financial flows, the impact on prices is very limited. In this respect, our
findings suggest that the lower cost of debt for companies with good environmental
performance should be predominantly related to a lower level of financial risk, through
intangible asset creation? (Porter and Linde, 1995; Hart, 1995; Jones, 1995; Ambec
and Lanoie, 2008; Flammer, 2015) and better risk management and mitigation (Am-
bec and Lanoie, 2008; Bauer and Hann, 2014), rather than investors’ non-pecuniary
preferences.

A negative yield differential of 2 bps for green bonds has several implications for
the different types of market participants. Regarding investors, the amount of this
premium should not constitute a sufficient differential likely to discourage them from
investing in green bonds. Becker and Ivashina (2015) study the arbitrage of insurers
between investment-grade U.S. corporate bonds with the same rating but different
yields, controlling for duration and liquidity, between 2004 and 2010. In particular,
they show that a positive differential of 100 bps leads to a reallocation of between
3.6% and 7.4% of insurance companies’ holdings on the primary market and 0% to
2.5% on the secondary market. Given the amounts highlighted by this article in a
similar framework, a -2-bps premium should therefore not constitute a disincentive
to invest in green bonds. Moreover, although this premium is low, it demonstrates
investors’ appetite for green bond issues and thus highlights the opportunity for issuers

to broaden their bondholder base by issuing green bonds, as suggested by I4CE (2016).

2Intangible assets may refer to an improvement in the company’s reputation, the attraction of
new customers or a greater loyalty of employees towards the company.
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This premium is also consistent with the results of Flammer (2018), who finds that
green bond issuances induce an increase in ownership by long-term and green investors.
Finally, from the supervisory authority perspective, this result addresses the concern
about the appearance of a bubble on green assets raised by the Dutch Central Bank
(De Nederlandsche Bank, 2017): while the amount of this premium indicates investors’
preference for green bonds, it does not yet reveal any substantial pricing discrepancy
between green and conventional bonds.

The opportunity to increase the issuance of green bonds, which still accounted for
1.3% of the outstanding global debt in 201730 is not only supported by the results
of this paper but also consistent with political ambitions and the recommendations
of financial players. Policymakers can play a crucial role by providing green project
developers and investors with a clearer legal framework to unlock the full potential
of the green bond market. Indeed, as recommended by the EU High-Level Group on
Sustainable Finance (European Union High Level Expert Group on Sustainable Fi-
nance, 2018), the European Commission set a roadmap on March 8, 2018, to establish
a common taxonomy (EU Classification System) for sustainable finance and to create
EU labels for green financial products based on this classification (European Commis-
sion, 2018). These actions will notably help establish a precisely defined framework
for green bond requirements and should streamline the approval process to increase

the flow of low-carbon projects.?!

2.8 Conclusion

In this paper, I use green bonds as an instrument to identify the effect of non-pecuniary
motives, specifically pro-environmental preferences, on bond market prices. I analyze
the yield of green bonds compared to that of equivalent synthetic non-green bonds
through a matching method for bonds issued from July 2013 to December 2017. 1
identify the effect of pro-environmental preferences through a green bond premium,
which is defined as the yield differential between a green bond and its counterfactual
conventional bond after controlling for their difference in liquidity. I evidence a sig-
nificant, albeit low, premium related to investors’ pro-environmental preferences in
the bond market. This result highlights the opportunity for issuers to benefit from an
expansion of their bondholder base through this asset class, especially for low-rated
and financial bonds. However, at this stage, the premium is still low enough not to
demonstrate any substantial valuation discrepancy between green and conventional
bonds or to dissuade investors from supporting the development of the green bond

market.

30According to the Bank for International Settlements, the total outstanding debt worldwide
amounted to USD 23,580 billion in the third quarter of 2017: https://www.bis.org/statistics/c1.pdf

31Tn 2016, green bonds accounted for only 17% of the USD 694 billion climate-aligned bonds
universe (Climate Bonds Initiative, 2016) that gathers numerous potential candidates for a green
bond label.
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The main limitation of this study arises from the quality of the data. Since bonds—
and a fortiori corporate bonds—are not frequently traded, a bond yield does not ac-
curately reflect the fair value of the bond in some cases. Further research along these
lines could focus on pursuing the following two main objectives. An empirical study
could be performed to assess whether the use of proceeds has a differentiating impact
on the premium. This study could also be extended to social impact bonds, once this
market is sufficiently mature, to analyze the impact of pro-social preferences on bond

prices.
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2.9 Appendix A: Additional tables and figures

TABLE 2.10: Average issue amount broken down per type of bond and currency.
This table gives the average amount of green bonds, CB1 and CB2 issued in each currency.

Average issue amount (bn USD)

Green bonds Conventional bonds 1  Conventional bonds 2

AUD 0.45 0.63 0.64
CAD 0.40 1.11 0.95
CHF 0.33 0.29 0.35
CNY 0.23 0.15 0.08
EUR 1.05 1.95 1.98
GBP 1.89 6.84 247
INR 0.08 0.30 0.22
JPY 0.09 0.15 0.17
RUB 0.01 0.10 0.01
SEK 0.11 0.13 0.13
TRY 0.07 0.03 0.10
USD 0.65 1.50 1.38
Average 0.65 1.34 1.24

Median 0.28 0.29 0.28
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TABLE 2.11: Results of the step 2 regression on the entire sample. This table
gives the result of the step 2 regression in which the green bond premium is explained by the
characteristics of the bonds through specification (a) on the entire sample of 110 bonds.

Dependent variable: p;

Linear regression with White robust standard errors

Constant —0.005
(0.011)
Rating AA —0.022**
(0.010)
Rating A —0.023"
(0.014)
Rating BBB —0.040
(0.044)
Rating BB —0.194***
(0.010)
Non-rated —0.011
(0.018)
Sector Basic Materials —0.011
(0.018)
Sector Consumer, Non-cyclical 0.031
(0.046)
Sector Financial —0.007
(0.012)
Sector Industrial 0.047
(0.046)
Sector Utilities 0.037
(0.034)
Currency AUD —0.007
(0.014)
Currency CAD —0.005
(0.013)
Currency CHF 0.020
(0.015)
Currency CNY 0.059**~
(0.012)
Currency EUR 0.003
(0.011)
Currency GBP 0.007
(0.020)
Currency INR 0.060"**
(0.011)
Currency JPY 0.062**
(0.024)
Currency RUB —0.376"""
(0.011)
Currency SEK 0.011
(0.011)
Currency TRY 0.084***
(0.011)
Observations 110
R? 0.606
Adjusted R? 0.513

Residual Std. Error

F Statistic

0.040 (df = 88)
6.459*** (df = 21; 88)

Note:

*p<0.1; **p<0.05; ***p<0.01
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TABLE 2.12:

Results of the step 1 regression with a control of the difference

in volatility. This table gives the results of the step 1 regression to which the difference
in volatility between green and conventional bonds is added as an independent variable:
A+ = pi + BABA; + + AVol; ; +¢€; . Newey-West and Beck-Katz robust standard error tests
are performed.

Dependent variable: Ay; 4

Newey-West  Beck-Katz  Newey-West  Beck-Katz  Newey-West  Beck-Katz

ABA

A 10-day volatility

A 20-day volatility

A 30-day volatility

S1L778F —1LTT8F —12.316%  —12.316%%  —12.484%%  —12.484%
(3.178) (3.861) (3.330) (3.989) (3.459) (4.129)
—0.020 —0.020
(0.040) (0.049)
0.037 0.037
(0.055) (0.086)
0.017 0.017
(0.060) (0.119)

Note:

*p<0.1; **p<0.05; ***p<0.01

TABLE 2.13: Green premium and market returns. This table shows the regression of
the daily returns of the time effects in the step 1 regression on the daily returns of several

market

indices.

Dependent variable: Time effects’ returns

Whit
Constant —0.818**
(0.416)

S&P 500 returns 184.449
(133.206)

Eurostoxx 50 returns

MSCI World returns

e robust std. err. estimation
—0.764** —0.802**
(0.380) (0.402)
85.116
(60.130)
203.006
(135.363)

Note:

*p<0.1; **p<0.05; **p<0.01
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TABLE 2.14: Descriptive statistics of more stringent matching criteria. This table
gives the descriptive statistics of the estimated green bond premia through a step 1 regression
on two different samples: a) the sample stemming from the matching criteria #2 and b) the
sample stemming from the matching criteria #1 restricted to bonds in sample a). Matching
criteria #1 require the conventional bonds to have (i) a maturity that is neither two years
shorter nor two years longer than the green bond’s maturity, (i) an issue amount of less than
four times the green bond’s issue amount and greater than one-quarter of this amount, and
(iii) an issue date that is at most six years earlier or six years later than the green bond’s
issue date. Matching criteria #2 require the conventional bonds to have (i) a maturity that
is neither one (resp. two) year(s) lower nor one (resp. two) year(s) greater than the green
bond’s maturity for CB1 (resp. CB2), (ii) an issue amount of less than twice the green bond’s
issue amount and greater than one-half of this amount, and (iii) an issue date that is, at most,
two years earlier or two years later than the green bond’s issue date.

Green bond premia

Matching 1
Matching 2 on M2’s sample
Min. - 0.130 - 0.127
1st Quartile - 0.034 - 0.039
Mean - 0.020 - 0.018
Median - 0.012 - 0.011
1st Quartile 0.003 0.001
Max. 0.079 0.079

TABLE 2.15: Estimated premia using more stringent matching criteria, broken
down by rating and sector. This table gives the estimated average EUR and USD premia
through a step 2 (b) regression using bonds stemming from matching criteria #1 and matching
criteria #2, both restricted to the same largest common sample. The premia are broken
down by ratings and sector. Matching criteria #1 require the conventional bonds to have
(i) a maturity that is neither two years shorter nor two years longer than the green bond’s
maturity, (ii) an issue amount of less than four times the green bond’s issue amount and
greater than one-quarter of this amount, and (iii) an issue date that is at most six years
earlier or six years later than the green bond’s issue date. Matching criteria #2 require the
conventional bonds to have (i) a maturity that is neither one (resp. two) year(s) shorter nor
one (resp. two) year(s) longer than the green bond’s maturity for CB1 (resp. CB2), (ii) an
issue amount of less than twice the green bond’s issue amount and greater than one-half of
this amount, and (iii) an issue date that is at most two years earlier or two years later than
the green bond’s issue date.

- EUR USD
Matching criteria Govt Financials Govt Financials
1 2000 -002 -002 -004
9 AAA T 902 _003  -003  -0.04
1 - 0.02 - 0.04
9 AA - 0.01 - 0.01
1 - 0.02 - 0.04
2 A - 0.03 - 0.04
1 - 0.02 - 0.04
9 BBB - 0.03 - 0.04
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TABLE 2.16: Results of a step 2 regression performed on the difference in the
yield while controlling for the difference in liquidity. This table gives the results of
step 2 regressions performed on the bond-day sample in which we explain the yield differential
by a proxy of the difference in liquidity ABA and the bonds’ characteristics of specifications
(a),(b), (c), and (d). The yield differential and ABA are expressed as percentages. The rating
is a qualitative variable, of which the four modalities are AAA (reference modality), AA, A
and BBB. Maturity is the maturity of the bond expressed in years on December 31, 2017.
The issue amount is the amount of green bonds issued expressed in USD billions. Sector is
a qualitative variable, of which the three modalities are Government (reference modality),
Financials and Utilities. We also consider Rating x Sector cross effects. Currency is a
qualitative variable, of which the four modalities are USD (reference modality), AUD, EUR,
and SEK.

Dependent variable: Ag; ¢

Linear regressions with White robust standard errors

(a) (b) (c) (d)
Constant 0.001 —0.006*** —0.002*** —0.009***
(0.001) (0.001) (0.001) (0.001)
ABA —1.378%** —1.399*** —0.939* 0.578
(0.533) (0.521) (0.500) (0.460)
Rating AA —0.014*** —0.019*** —0.021%**
(0.001) (0.001) (0.001)
Rating A —0.028%** —0.030%** —0.031%**
(0.001) (0.001) (0.001)
Rating BBB —0.026%** —0.035%** —0.038%**
(0.003) (0.003) (0.003)
Non-rated —0.006*** —0.009*** —0.002**
(0.001) (0.001) (0.001)
Sector Financial —0.010*** —0.009*** —0.006™***
(0.001) (0.001) (0.001)
Sector Utilities 0.027*** 0.034*** 0.041***
(0.002) (0.002) (0.002)
AA x Government —0.014***
(0.002)
AAA x Financial 0.006™***
(0.001)
AA x Financial —0.019***
(0.001)
A x Financial —0.033***
(0.001)
NR X Financial —0.002**
(0.001)
Currency AUD 0.003*** —0.0003
(0.001) (0.001)
Currency EUR 0.012*** 0.009***
(0.001) (0.001)
Currency SEK 0.028*** 0.014***
(0.002) (0.001)
Maturity —0.002***
(0.0002)
log(Issue Amount) (bn USD) 0.007***
(0.001)
Observations 33,127 33,127 33,127 28,682
R2 0.059 0.053 0.049 0.046
Adjusted R? 0.059 0.052 0.049 0.045

Residual Std. Error
F Statistic

0.071 (df = 33114)
173.178*** (df = 12; 33114)

0.071 (df = 33116)
183.831%** (df = 10; 33116)

0.071 (df = 33119)
243.608*** (df = 7; 33119)

0.071 (df = 28675)
228.418*** (df = 6; 28675)

Note:

*p<0.1; **p<0.05; ***p<0.01
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TABLE 2.17: Results of an OLS regression of the yields on the characteristics of
green and conventional bonds. This table provides the results of an OLS regression with
White standard errors performed on the yields of the green and the closest conventional bonds
(CB1). Following specifications (a) and (b), the yields are explained by the characteristics
of the bonds (rating, sector, currency, maturity) and a control for liquidity (bid-ask spread,
BA), to which a dummy variable for green bonds and a firm fixed effect are added. The issue
amount is not included in this regression since the bid-ask spread is used to control for bonds’
liquidity.

Dependent variable: Bonds’ yields

(a)

(b)

Constant 1.633*** 1.748***
(0.010) (0.015)
Green —0.0006** —0.009***
(0.002) (0.003)
BA 80.880** 134779
(4.009) (5.169)
Maturity 0.082***
(0.001)
Rating control Yes Yes
Sector control Yes Yes
Currency control Yes Yes
Firm control Yes Yes
Observations 66,254 66,254
R? 0.905 0.890
Adjusted R? 0.905 0.890

Residual Std. Error

0.312 (df = 66198) 0.336 (df = 66199)

F Statistic 11,515.150** (df = 55; 66198)  9,928.532*** (df = 54; 66199)

Note: *p<0.1; **p<0.05; **p<0.01
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TABLE 2.18: Results of an OLS regression of the yields on the characteristics
of green and conventional bonds matched with less stringent criteria. This table
provides the results of an OLS regression with White standard errors performed on the yields
of the green and the matched conventional bonds with less stringent criteria than the main
matching method. We require that both bonds have the same issuer, currency, coupon type, a
maximum maturity difference of four years and an issue amount ratio of between one-quarter
and four. The yields are explained by the characteristics of the bonds (rating, sector, currency,
maturity, collateral, coupon type, bullet/callable structure) and the price percentage bid-ask
spread as control for liquidity, to which a dummy variable for green bonds is added. The 179
bond pairs are studied over the same time period as the main regression: from July 18, 2013
to December 31, 2017.

Dependent variable: Bonds’ yields

Constant 3.284***
(0.049)
Green —0.042***
(0.003)
Maturity 0.099***
(0.001)
Bid-Ask 21.952%**
(0.560)
Rating control OK
Sector control OK
Currency control OK
Collateral control OK
Coupon type control OK
Bullet/Callable control OK
Observations 138,272
R? 0.901
Adjusted R? 0.901

Residual Std. Error
F Statistic

0.649 (df = 138226)
27,975.340% (df — 45; 138226)

Note:

*p<0.1; *p<0.05; **p<0.01
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FIGURE 2.4: Interpolation and extrapolation of the synthetic conventional bond

yield. This figure shows how we calculate the yield of the synthetic conventional bond

through (a) a linear interpolation or (b) a linear extrapolation of the yields of CB1 and CB2
at the maturity date of the green bond.
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FIGURE 2.5: The green bond yield curves. This figure shows eight green bond curves

(green dashed lines) reconstituted from conventional bond curves (grey solid lines) based on

the parameters estimated in step 2 of regressions (b) performed on EUR and USD bonds.
The market yields of the green bonds are also shown (blue stars).
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F1GURE 2.6: Green bond premium dynamics per group. These figures show the
evolution over time of the mean (light green solid line), the median (dark green solid line)
and the quartiles (dashed blue lines) of the green bond premia brokend down by groups during
the years 2016 and 2017 based on the step 1 regression for the entire sample of green bonds.
The groups are as follows: (i) EUR, (ii) USD, (iii) Government-related, (iv) Financials, (v)
AAA, (vi) AA, (vil) A, and (viii) BBB green bonds.



2.9. Appendix A: Additional tables and figures 125

Sample representativeness: Ratings

Frequency

HY
NR

g & 0 &

Sample
Al Green Bonds

Sample representativeness: Sectors

Freguency
1

0 Omhm h m h
=4 v} & ) ¥ \ S A
EC g SO g g
W E TE S
o o@ < ol AP
# F S &
Sample

Al Green Bonds

Sample representativeness: IG Ratings

045 r

0.3 r

A1 1 |

g : -

Sample
@ Al Green Bonds

Frequency

EBE

Sample representativeness: Sectors Gov., Fin., Ut.

0.6 r

05 r

04 r

0.3 r

Frequency

02 r

0.1 I r
&

> o
(&Q& 0&6‘ &
S
< @SP
Sample

@ Al Green Bonds

FIGURE 2.7: Analysis of the representativeness of the matched sample. This figure
shows the distribution, by sector and rating, of green bonds in the matched sample (110 bonds)
compared to the distribution of those in the global universe (1065 bonds). The right-hand
figures correspond to the left-hand figures, and the comparison is focused on investment-grade
bonds for the top figure and the Financial, Government, and Utilities sectors for the bottom
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2.10 Appendix B: Internet Appendix

TABLE 2.19: Meaning of the currency acronyms. This table gives the currencies and
their acronyms.

ID Currency

AUD Australian Dollar
CAD Canadian Dollar

CHF Swiss Franc
CNY Chinese Yuan
EUR Euro

GBP Great British Pound
INR Indian Rupee
JPY Japonese Yen

RUB Russian Ruble
SEK Swedish Krona
TRY Turkish Lira
USD US Dollar
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TABLE 2.20: Tests of the step 1 regression. This table shows the tests performed in the
step 1 regression controlled by the difference in the bid-ask spread: Ag;; = p; + SABA;+ +
€;t- The results of the tests are presented in terms of the statistics, the P-values and their

interpretation.
Panel : Ag controlled by ABA
Test Statistic P Value Conclusion
Strict exogeneity Su et al. (2016) 73.1% Strict exogeneity
Fixed vs. Random effect Hausman 16.011 (df=1) 6.3e-05 Fixed effect
134.93 .
F test (df1-109, df2—37933) <2.2e-16 Individual effect
o Wooldridge 3.5746 0.0004 Individual effect
Individual effect 571880
Breusch-Pagan (df-1) <2.2e-16 Individual effect
Honda 756.23 <2.2e-16 Individual effect
, 30717 . .
Breusch-Godfrey Wooldridge (df—12) <2.2e-16 Serial correlation
Serial correlation 1y iy Watson 0.21446 <22e-16  Serial correlation
Wooldridge 1530 <2.2e-16  AR(1) serial correlation
o 129060 .
Heteroscedasticity Breusch-Pagan (df=110) <2.2e-16 Heteroscedastitiy

TABLE 2.21: Tests of the step 2 regression.. This table presents the results of the tests
performed using the step 2 regression (specifications (a), (b), (c) and (d)).

~

Di
(a) (b) (c) (d)
21.72 19.61 16.92 3.51

Statistic

Breusch-Pagan (df=11) (df=9) (df=6) (df=5)
P Value 0.03 0.02 0.01 0.62

GVIF Rating 7.89 5.67 2.08
GVIF Sector 2.98 2.76 2.08
GVIF Sector x Rating
GVIF Currency 8.19 3.64
GVIF Maturity 1.35

o , GVIF log(Issue Amount) 4.92

Multicolinearity test .

V GVIF(/CPD) Rating 1.29 1.24 1.1

VGVIF/CPD) Sector 1.31 1.29 1.2
VGVIF(/PD) Sector x Rating
V GVIF/CPD) Currency 1.42 1.24
)
)

GVIF(/CPD) Maturity 1.16

V GVIFY/CP9) Jog(Issue Amount) — 2.22
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F1GURE 2.8: Descriptive statistics of the matched sample.

boxplots of the matched sample by currency, rating, sector and sector x rating.
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FIGURE 2.9: Heatmaps of the green bond premia. This figure presents two heatmaps
of the green bond premia expressed by rating and sector for EUR and USD bonds, based on
the step 2 regression (b).

TABLE 2.22: Results of the step 1 regression using criteria #1 and #2 for the
matching method. This table gives the results of the step 1 regression: Ag;; = p; +
BABA, ; + €;; using samples from the matching methods with criteria #1 and criteria #2.
Newey-West and Beck-Katz robust standard error tests are performed. Matching criteria #1
require the conventional bonds to have (i) a maturity that is neither two years shorter nor two
years longer than the green bond’s maturity, (ii) an issue amount of less than four times the
green bond’s issue amount and greater than one-quarter of this amount, and (iii) an issue date
that is at most six years earlier or six years later than the green bond’s issue date. Matching
criteria #2 require the conventional bonds to have (i) a maturity that is neither one (resp.
two) year(s) shorter nor one (resp. two) year(s) longer than the green bond’s maturity for
CB1 (resp. CB2), (ii) an issue amount of less than twice the green bond’s issue amount and
greater than one-half of this amount, and (iii) an issue date that is at most two years earlier
or two years later than the green bond’s issue date.

Dependent variable Ay;

Matching 1 ~ Matching 2

ABA  -9.881%* -0.039%**
(2.774) (0.785)

Note: *<0.1; **p<0.05; **p<0.01
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TABLE 2.23: Results of the step 2 regression using criteria #1 and #2 for the
matching method. This table gives the results of the step 2 regression using samples from
the matching methods with criteria #1 and criteria #2. White robust standard error tests are
performed. Matching criteria #1 require the conventional bonds to have (i) a maturity that
is neither two years shorter nor two years longer than the green bond’s maturity, (ii) an issue
amount of less than four times the green bond’s issue amount and greater than one-quarter
of this amount, and (iii) an issue date that is at most six years earlier or six years later than
the green bond’s issue date. Matching criteria #2 require the conventional bonds to have (i)
a maturity that is neither one (resp. two) year(s) shorter nor one (resp. two) year(s) longer
than the green bond’s maturity for CB1 (resp. CB2), (ii) an issue amount of less than twice
the green bond’s issue amount and greater than one-half of this amount, and (iii) an issue
date that is at most two years earlier or two years later than the green bond’s issue date.

Dependent variable: p;

Regression (b)
White robust standard errors

Matching 2~ M1 on M2’s sample

Constant —0.028 —0.021
(0.017) (0.016)
Rating AA 0.025 —0.004
(0.016) (0.012)
Rating A 0.004 0.002
(0.028) (0.026)
Rating BBB —0.001 0.004
(0.064) (0.059)
Non-rated —0.007 —0.007
(0.029) (0.028)
Sector Financial —0.011 —0.018
(0.026) (0.023)
Sector Utilities 0.011 —0.006
(0.063) (0.056)
Currency AUD 0.003 0.001
(0.022) (0.026)
Currency EUR 0.008 0.019
(0.019) (0.020)
Currency SEK 0.038*** 0.035**
(0.013) (0.016)
Observations 43 43
R? 0.281 0.107
Adjusted R? 0.112 —0.103
Residual Std. Error (df = 34) 0.031 0.036
F Statistic (df = 8; 34) 1.665 0.510

Note: *p<0.1; **p<0.05; **p<0.01
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This chapter shows how green investing spurs companies to reduce their greenhouse
gas emissions by raising their cost of capital. Companies’ emissions decrease when the
proportion of green investors and their environmental stringency increase. However,
heightened uncertainty regarding future environmental impacts alleviates the pressure
on the cost of capital for the most carbon-intensive companies and pushes them to
increase their emissions. We provide empirical evidence supporting our results by
focusing on United States stocks and using green fund holdings to proxy for green
investors’ beliefs. When the fraction of assets managed by green investors doubles,

companies’ carbon intensity drops by 5% per year.

3.1 Introduction

26% ieo
22% } 140
18% j - 130

N - 120
\ - 110
- 100

2014 2015 2016 2017 2018

— Carbon intensity
Sustainable investing

Fercentage of sustainable investing (Y% ALM)
Average carbon intensity (tCO2eg/USDmn)

Year

FIGURE 3.1: Percentage of sustainable investments and average carbon intensity
of the AMEX, NASDAQ, and NYSE stocks. This figure presents the evolution of the
proportion of sustainable investing relative to total managed assets over time, according to the
Global Sustainable Investment Alliance (2018), as compared to the average carbon intensity
of AMEX, NASDAQ and NYSE companies provided by S&P-Trucost between 2014 and 2018.
The carbon intensity corresponds to the direct (scope 1 and 2) and indirect (upstream scope 3)
greenhouse gas emissions of the companies, expressed in tCO2e per million dollars of revenue
generated.

From 2014 to 2018, sustainable investments grew from 18% to 26% of the total
assets under management (AUM) in the United States (U.S.) (US SIF, 2018) while,
over the same period, the average carbon intensity of the companies listed on the Na-
tional Association of Securities Dealers Automated Quotations (NASDAQ), American
Stock Exchange (AMEX), and New York Stock Exchange (NYSE) decreased from 140
tC0O2e/USDmn to 100 tCO2e/USDmn (Figure 3.1).2 The downward trend in corpo-

rate greenhouse gas intensity may be driven by several factors, such as the reduction

2The carbon intensity of a company is defined as its emission rate relative to its revenue over one
year. This metric is expressed in terms of tons of equivalent carbon dioxide per million dollars.
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in green technology prices, tighter environmental regulation, consumer pressure for
more sustainable practices, or the pressure exerted by green investors.> The two main
channels through which green investors can have an impact on companies’ practices
are environmental screening and shareholder engagement. Through environmental

4 companies from

screening, by underweighing or excluding the most carbon-intensive
their investment scope, green investors increase these companies’ cost of capital (Pas-
tor, Stambaugh, and Taylor, 2019; Pedersen, Fitzgibbons, and Pomorski, 2019; Zerbib,
2019a) and can push them to reform. We focus on the specific channel of environ-
mental screening (referred to as green investing hereinafter) and address the issue
of impact investing by answering the following questions: does green investing push
companies to reduce their greenhouse gas emissions? If so, what are the factors that
lead companies to mitigate their emissions?

We show that the development of green investing—both in terms of the proportion
of AUM and the environmental stringency of green investors—pushes companies to
reduce their greenhouse gas emissions by raising their cost of capital. By internalizing
the negative impact of green investors on their financial valuation, companies are
incentivized to pay a cost to mitigate their emissions by adopting less carbon-intensive
technologies and thereby lowering their cost of capital. However, we also show that
investors’ uncertainty regarding future environmental impacts reduces the incentive
for carbon-intensive companies (also referred to as brown companies hereinafter) to
mitigate their emissions.

We develop a dynamic equilibrium model populated by: (i) 2 different groups
of constant absolute risk aversion (CARA) investors who determine their optimal
allocation by maximizing their expected wealth at a given terminal date, but differ
in their environmental beliefs, and (ii) n companies with different marginal costs
of reducing their greenhouse gas emissions (referred to as marginal abatement cost
hereinafter). Out of the two groups of investors, one is a group of green investors
and the other of regular investors. Green investors differ from regular ones in that
they internalize the expected financial impact of future environmental externalities of
companies in which they invest.

In the first version of our model, green investors internalize deterministic envi-
ronmental externalities that can be positive or negative and reflect the exposure of
companies to: (a) environmental transition risks, such as the rise in the carbon price
(Jakob and Hilaire, 2015); (b) physical risks, such as the deterioration of the produc-
tion fleet due to an increase in the frequency and intensity of natural disasters (Arnell
and Gosling, 2016); or (c) litigation risks (Hunter and Salzman, 2007).

At the initial date, t = 0, each company chooses a deterministic greenhouse gas

emissions schedule—corresponding to a given corporate strategy—up to a final date

3Green investing is a form of socially responsible investing aimed at contributing to environmental
objectives by internalizing environmental externalities.

“We refer to carbon-intensive companies and companies with high greenhouse gas emissions
interchangeably since carbon dioxide is the main gas contributing to global warming. In the
United States (U.S.), it accounted for more than 80% of the total emissions in 2018: https:
//www.epa.gov/ghgemissions/overview-greenhouse-gases.
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T. This setup is consistent with the fact that a company reforms its environmen-
tal practices over a sufficiently long period of time. Choosing the optimal emissions
schedule for a company involves a trade-off between reducing its emissions to broaden
its investor base and limiting this reduction to contain the cost of reform. Therefore,
each company determines its emissions schedule by maximizing its expected utility,
which breaks down into two criteria: (i) its future valuation at the targeted emissions
schedule irrespective of the cost of reform and (ii) the cost of reform to achieve the
targeted emissions schedule. In addition, each company’s choice of emissions schedule
also accounts for the strategies adopted by all other companies, hence reducing the
companies’ problem to a nonzero-sum game. This framework notably differs from
standard heterogeneous belief models because the choice of each company’s emissions
schedule directly affects the parameter on which investors disagree—companies’ envi-
ronmental externalities.

We obtain a tractable formula of the equilibrium asset prices and show that they
are adjusted by an externality premium. Through this premium, the price increases
with the financial impact of future environmental externalities (referred to as environ-
mental externalities hereinafter) internalized by green investors, which can be positive
or negative, and with the proportion of green investors’ wealth relative to total wealth.
Therefore, all else being equal, the asset price of a brown company will be lower than
that of a green company. Conversely, the equilibrium returns increase when the envi-
ronmental externalities are negative and decrease when they are positive.

We characterize companies’ optimal emissions schedule in a general setup and
provide their explicit expression when environmental externalities are measured by a
quadratic decreasing function of the company’s emissions. At equilibrium, emissions
decrease as function of the proportion of assets managed by the green investors and
their environmental stringency and increase with the cost of reducing environmental
externalities. In addition, companies’ emissions decline convexly over time, with a
slope that becomes steeper with higher time preference rates. We calibrate the model
on the AMEX, NASDAQ, and NYSE stocks between 2006 and 2018 using the carbon
intensity of companies as a proxy for their emissions. We then simulate the mitigation
of emissions in several scenarios by considering a company that reduces its emissions
by an average of 1% per year over a 20-year period when green investments account
for 25% of the AUM. For example, we show that this company reduces its emissions
by an average of 4.4% per year over the same period when green investments account
for 50% of the AUM.

These results have a three-fold normative implication for public authorities. First,
they highlight their role in supporting the development of green investments—in par-
ticular with regard to the definition of rigorous standards for environmental impact
assessments—to foster and increase impact investing. This stake is consistent with
the recommendations of the FKuropean Union High Level Expert Group on Sustain-
able Finance (2018) and the European Commission (2018)’s Action Plan, particularly

regarding the development of a green taxonomy and an official standard for green
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bonds. Second, these results emphasize the major role of transparency and access
to information on the environmental impacts of companies to enable green investors
to internalize environmental externalities as accurately as possible, thereby maximiz-
ing their impact on the most carbon-intensive companies. Third, they highlight the
importance of low-cost access to greener technological solutions (i.e., reducing the
marginal abatement cost) as an incentive for companies to mitigate their environ-
mental impacts. Specifically, industries for which green alternatives are limited, such
as cement or aircraft, face a structural barrier to which the increase in research and
development (R&D) is an essential response.

From the investors’ viewpoint, these results suggest that they can increase their
impact on companies by raising their environmental requirements, for example by re-
stricting the range of companies which they invest in or by significantly underweighing
the most carbon-intensive companies. In addition, impact investing is financially ben-
eficial if investors favor companies that will reduce their environmental footprint, for
example companies that will have access to more efficient or cheaper decarbonization
technologies.

We extend the first version of our model to the case where green investors also
internalize uncertainty about the realization of future environmental externalities.
Environmental risks, such as a rise in the carbon price or the occurrence of natural
disasters, are peculiar in that their distribution is generally non-Gaussian and fat-
tailed (Weitzman, 2009; Barnett, Brock, and Hansen, 2020). Therefore, we model
future environmental risk internalized by green investors as a stochastic jump process.
Since the financial impact associated with the transition risk is more pronounced for
the most carbon-intensive companies, we assume that the size of the jumps depends
on the companies’ emissions. We characterize the optimal allocation of green and
regular investors as the unique solution of an equilibrium equation and express the
returns in equilibrium. We give a tractable expression of the first-order approximation
of equilibrium allocations and expected returns when the frequency of environmental
shocks is high, but the financial impact of each shock is small. This setup allows us to
analyze the model with environmental uncertainty as a marginal deviation from the
deterministic case. The environmental uncertainty pushes green investors to mitigate
their absolute allocation to risky assets: on average, they reduce their allocation to
green assets and increase their allocation to brown assets. Therefore, compared to the
deterministic setup, the equilibrium expected returns decrease for brown companies
and increase for green companies because the pressure exerted by green investors
lessens. As a consequence, compared to the first version of our model, the companies
with the highest emissions adjust their greenhouse gas emissions upwards to benefit
from the narrowing of the cost of capital differential with the companies with the
least emissions. These results suggest that green investors can increase their impact
by pushing companies to enhance disclosure on environmental issues, thereby reducing
uncertainty about future environmental externalities. In addition, green investors can

benefit from financial gains by investing in green companies for which information on
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their environmental footprint is still poorly available.

We support our results with empirical evidence. Focusing on the case where green
investors internalize deterministic environmental externalities, we estimate both the
asset pricing and the emissions schedule equations for the AMEX-, NASDAQ- and
NYSE-listed companies between 2006 and 2018. First, we follow Zerbib (2019a) to
construct a proxy for the environmental externalities from the holdings of 348 green
funds investing in U.S. equities as of December 2018. For each industry at each
date, we define this proxy as the relative difference in weight of the industry under
consideration between the allocation of the aggregated green funds and the industry
breakdown of the investment universe. The more green funds underweigh an industry,
the more they internalize a negative financial impact of environmental externalities;
the converse is true when they overweigh an industry. We show that the environmental
externality premium is significant, and we estimate it for each Standard Industrial
Classification (SIC) industry. For example, because they internalize large negative
externalities for the coal industry, green investors induce a 0.84% annual increase in
returns on the coal industry compared to the electrical equipment industry. Second, to
estimate the dynamics of companies’ emissions over a one-year horizon, we construct a
proxy for the proportion of green investors’ AUM as the proportion of the market value
of the U.S. stocks in the 348 green funds relative to the market value of the investment
universe. We approximate the emissions of companies using their carbon intensity.
By estimating the specification derived from the model, we show that the proportion
of green investments has a significant negative impact on the carbon intensities of the

companies: when the former doubles, the latter falls by 5% over a one-year horizon.

Related literature. This paper contributes to two strands of existing literature
on sustainable investing. First, from an asset pricing perspective, we clarify the re-
lationship between the development of sustainable investing® and asset returns. The
empirical literature on the effects of Environment, Social and Governance (ESG) inte-
gration on asset returns is mixed: some authors highlight the negative impact of ESG
performance on asset returns, while others suggest a positive relationship or find no
significant impact.® Three recent papers by Pastor, Stambaugh, and Taylor (2019),
Pedersen, Fitzgibbons, and Pomorski (2019) and Zerbib (2019a) study this relation-

ship using a single-period model with investor disagreement. They show that the stock

®Sustainable investing can be motivated by pecuniary or non-pecuniary motives (Kriiger, Sautner,
and Starks, 2020). Riedl and Smeets (2017) and Hartzmark and Sussman (2020) highlight the
positive effect of sustainable preferences on sustainable fund flows. Pro-social and pro-environmental
preferences also impact asset returns since they induce an increase in the return on sin stocks (Hong
and Kacperczyk, 2009), a decrease in the return on impact funds (Barber, Morse, and Yasuda, 2018)
and a decrease in the return on bonds (Baker et al., 2018; Zerbib, 2019b).

5For negative impacts, see Brammer, Brooks, and Pavelin (2006), Renneboog, Ter Horst, and
Zhang (2008), Sharfman and Fernando (2008), ElGhoul et al. (2011), Chava (2014), Barber, Morse,
and Yasuda (2018), Bolton and Kacperczyk (2020) and Hsu, Li, and Tsou (2019). For positive
impacts, see Derwall et al. (2005), Statman and Glushkov (2009), Edmans (2011), Eccles, Ioannou,
and Serafeim (2014), Kriiger (2015) and Statman and Glushkov (2016). Finally, Bauer, Koedijk, and
Otten (2005), Galema, Plantinga, and Scholtens (2008) and Trinks et al. (2018) find no significant
impact.
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returns of the most carbon-intensive companies are increased by a positive premium.
We contribute to this emerging literature by developing a dynamic model in which
green investors internalize non-Gaussian environmental uncertainty. Compared to the
case where green investors internalize deterministic externalities, we show that the
environmental risk uncertainty internalized by green investors increases asset returns
but narrows the return differential between the most and least polluting companies.

We also contribute to the emerging literature on impact investing. In a seminal
paper, by constructing a single-period model in which green investors have the ability
to exclude the most polluting companies, Heinkel, Kraus, and Zechner (2001) show
that the latter are pushed to reform because exclusionary screening negatively impacts
their valuations. Chowdhry, Davies, and Waters (2018) study the optimal contracting
for a company that cannot commit to social objectives and show that impact investors
must hold a large enough financial claim to incentivize the company to internalize so-
cial externalities. Oehmke and Opp (2019) develop a general equilibrium model and
show that, in addition to regular investors, sustainable investors enable a scale in-
crease for clean production by internalizing social costs. Landier and Lovo (2020) also
build a general equilibrium model where sustainable investors have the same return
as regular investors and where markets are subject to search friction. They show that
the presence of an ESG fund forces companies to partially internalize externalities.
Through an asset pricing model, Pastor, Stambaugh, and Taylor (2019) show that
green investors increase firms social impact through two channels: greener firms have
higher market values and lower cost of capital. We also address the problem from
an asset pricing perspective by constructing a dynamic multiperiod model in which
returns are stochastic and the environmental risk internalized by green investors is
stochastic and non-Gaussian. In our framework, investors and companies enter into a
dynamic nonzero-sum game to determine their equilibrium strategies. We show that
the increase in the proportion of green investments and the environmental stringency
of green investors affect companies’ emissions from the first dollar invested and that
the dynamic of emission mitigation is convex over time. In addition, when the envi-
ronmental risk uncertainty is internalized by green investors, brown companies have
less incentive to mitigate their emissions. We provide empirical evidence supporting
our results by using green fund holdings to proxy for green investors’ beliefs.

The remainder of this paper is structured as follows. The second section presents
an economy with greenhouse gas emitting companies and heterogeneous beliefs. Sec-
tion 3 details the equilibrium pricing equations and companies’ emissions schedules
when green investors internalize deterministic environmental externalities. Section 4
extends the model to non-Gaussian stochastic environmental externalities. Section
5 provides empirical evidence and present the calibration of the model. Section 6

concludes the paper. The proofs are detailed in the Appendix.
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3.2 A simple economy with greenhouse gas emitting com-

panies and heterogeneous beliefs

We develop a simple model of heterogeneous beliefs in which the environmental ex-
ternalities are internalized by green investors as deterministic. We introduce the
dynamics of the assets available on the market and the heterogeneous beliefs about
environmental externalities of three types of agents—a group of regular investors, a
group of green investors and n companies. We then present the investors’ and com-

panies’ optimization programs.

3.2.1 Securities market

In this section, we consider a financial market consisting of n risky stocks and a risk-
free asset, which is assumed to be free of arbitrage and complete. The risk-free asset
is in zero net supply and we assume that the risk-free rate is zero without loss of
generality. Each stock ¢ € {1,...,n} is in positive net supply of one unit and is a
claim on a single liquidating dividend DZ;F at horizon T. We denote by Dy € R"
the vector of dividends paid at date T. The terminal dividend is only driven by the

sequence of cash flow news, o¢dB; (t € [0,T]), and reads

T
DT = DQ +/ O'tdBt. (31)
0

Here, (Bs)seo,1] is a standard n-dimensional Brownian motion defined on a probability
space (€, F,P) equipped with a filtration (Fs)ser,. For each s € [0,T], o5 is a
deterministic, n X n, invertible matrix; and Dg is the vector of the initial dividend
forecast (i.e., Do = E[Dr|Fo]), of which the value is public information at time ¢ = 0.
To simplify the analysis without loss of generality, we assume that the dividend trend
is zero under the probability P. Denoting by (pt)te[o,T] the equilibrium price process
in R™, we assume pp = Dp. We also denote the dividend forecast in ¢ € [0, 7] by

t
D: = E[Dy|F] = Do + / 0.dBs. (3.2)
0

This Gaussian continuous-time specification of the dividend dynamics is consistent
with previous literature on heterogeneous beliefs dealing with investors’ reaction to
good and bad news (Veronesi, 1999), excess confidence (Scheinkman and Xiong, 2003)
and extrapolation bias (Barberis et al., 2015).” We choose a setup with Gaussian
dividends and prices because we seek to explicitly characterize the equilibrium price,
which is used by companies to endogenously determine their prospective greenhouse

gas emissions.

"Other articles on heterogeneous beliefs adopt this same setup in discrete time such as Hong and
Stein (1999), Barberis and Shleifer (2003) and Barberis et al. (2018).
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3.2.2 Investors’ and companies’ beliefs

The market is populated by two types of investors, reqular and green, who have differ-
ent expectations regarding companies’ future cash flow news. Regular investors only
consider the information related to the flow of financial news. Therefore, under their
probability measure P", B, is a Brownian motion, and, conditional on the information
in t, the expectation of the future cash flow news, f(f 0sdBs, is zero. Denoting by E}

this conditional expectation,
E}(Dr) = Di. (3.3)

From the point of view of the properties of the cash flow news, osdBg, there is no
difference between measures P and P, and we can simply assume P = P". However,
it should be noted that P is a technical device and, as such, we make no assumptions
about the realistic nature of this measure, which means that the expectations of
regular investors are not necessarily consistent with the realized events.

In contrast, green investors internalize the financial impact of the expected envi-
ronmental externalities of the companies in which they invest. These environmental
externalities can be negative and correspond to several types of risks: an environmen-
tal transition risk related to a rise in carbon price (Jakob and Hilaire, 2015; Battiston
et al., 2017) or the change in consumer practices (Welsch and Kiihling, 2009); the
exposure of a company to physical risks, which are essentially the expected impact of
natural disasters on its infrastructure (Mendelsohn et al., 2012; Arnell and Gosling,
2016); and the litigation risk related to the company’s environmental impact (Hunter
and Salzman, 2007). These externalities can also be positive and reflect, for example,
a company’s pioneering environmental positioning in an economic segment or its lim-
ited exposure to physical risks. The internalization of such environmental externalities
may also be driven by non-pecuniary motives (Riedl and Smeets, 2017; Hartzmark
and Sussman, 2020) and be characterized by the overweight and underweight of finan-
cial assets on ethical grounds. As a result, in addition to the cash flow news, green
investors internalize, under their probability measure, the expected financial impact

of future environmental externalites at date ¢ € [0,7]. The latter is expressed by

T
/t (15 )ds. (3.4)

Here, (1)) € R™ is the vector of the financial impact of environmental externalities
(referred to as enwironmental externalities hereinafter), and v is the vector of the
greenhouse gas emissions at date t. We refer to greenhouse gas emissions for simplicity,
but 1 can be seen as a measure of relative emissions compared to a level of production
(e.g., carbon intensity) or a sector average (e.g., avoided emissions), or more generally
as an environmental rating. We assume ¢ € F([0,T],R"), where F([0,T],R") is the
set of Borel-measurable functions of [0,7] in R’} . For each i € {1,...,n}, we assume
that the i-th coordinate of vector @ is of the form 6;(s/}). This means that the i-th



140 Chapter 3. Environmental Impact Investing

asset is affected by the emissions of the i-th company at time ¢. Naturally, we also
assume that 6; is a decreasing function of v so that higher emissions correspond to
stronger negative externalities. As a consequence, green investors internalize their
environmental beliefs regarding the i-th company by paying a price for the i-th stock
at time ¢ that is higher (if j; i (1?)ds is positive) or lower (if ft i (¥8)ds is negative)
than the value of the future dividend (see Equation (3.2)). Under the green investors’
probability measure, P9, the process D; has deterministic drift fo (1s)ds. Denoting
by EJ the expectation of the green investors conditional on the information in ¢, we

have

64(0r) =i+ [ 0w (35)

Along with the two types of investors, we also introduce the productive sector by
modelling the views of the companies about the n assets available on the market. Asin
Oehmke and Opp (2019), company managers (referred to as companies hereinafter)
also have subjective beliefs about the impact of environmental externalities on the
dividend dynamics of each of the n companies. We denote by 6°(¢;) the vector of
the environmental externalities internalized by all companies. Under the companies’
probability measure, P¢, the process D; has deterministic drift fo (1s)ds. Denoting

by Ef the expectation of the companies conditional on the information in ¢, we have

T
ES(Dr) = Dy + / 0° (1) ds. (3.6)

3.2.3 Investors’ preferences and optimization

Regular and green investors have CARA preferences. Subject to their budget con-
straints, investors maximize the expected exponential utility of their terminal wealth®
W, which reads

E(l—e "), 4 >0, je{rg},

where the superscripts r and g refer to the regular and green investors, respectively,

and /s are their absolute risk aversions. The wealth processes follow the dynamics
t t

W=+ [T W=t [ (V) T, (3.7
0 0

where N/ and N/ are quantities of assets held by the regular and green investors,
respectively, at time ¢, and prices (pt);e(o,7] are determined by the market clearing
condition. The initial wealth levels of regular and green investors are denoted by w"
and w9, respectively, and symbol T stands for the transposition operator

In what follows, we denote by 'y* the global risk aversion, defined by L+1

'Yg’

and set a = # and 1 —a = ] qu To simplify the interpretation of the 1mpact

8As Atmaz and Basak (2018) point out, investors’ preferences are based on their wealth at the
terminal date rather than on intermediate dates, which would have led to endogenizing the interest
rate in equilibrium.
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of green and regular investors’ wealth on the variables in equilibrium, and without
losing generality, we assume that green and regular investors have equal relative risk
aversions; that is, v = y9w9 = y"w", where 4 denotes the relative risk aversion. In
this case, « is the proportion of the green investors’ initial wealth at t = 0, and 1 — «

r

is that of the regular investors; that is, a = #gwr and 1 —a = 7.

3.2.4 Companies’ utility and optimization

As we are interested in the impact of green investors on corporate emissions, we fo-
cus on the financial motives of companies and do not build a model incorporating
the effect of consumer preferences or regulatory pressure. A company’s decision to
reform so as to reduce its emissions is usually made over a sufficiently long period
of time. For example, the transformation of a generating fleet by an electric utility
or the development of a line of electric vehicles by a car manufacturer is the result
of a long-term decision. Therefore, at ¢ = 0, the i-th company chooses its emissions
schedule (¢§)te[w up to the horizon T so as to optimize two criteria throughout the
period: (i) maximize its future valuation at the targeted emissions schedule irrespec-
tive of the cost of reform and (ii) minimize the cost of reform to achieve the targeted
emissions schedule. In our setup, we endogenize companies’ emissions through their
market value: the asset price of the i-th company, p'(1), is a function of the vector
of all companies’ emissions because green investors allocate their wealth according to
the whole vector of environmental externalities, 6(¢), which also affects the price of
the i-th asset. For the ¢-th company, we denote by ¢; the marginal abatement cost in
t = 0 related to a decrease in its emissions over the period [0,T],” and by p the rate
of time preference; 9" is the company’s initial level of emissions, and ¢~ represents
the emissions schedule of the other companies. The companies have a linear util-
ity and risk neutral preferences (Lambrecht and Myers, 2017; Binsbergen and Opp,
2019). Therefore, at t = 0, the i-th company chooses (¢§)t€[O7T] so as to maximize the

following objective function:
T,y = E° [ | e (o + e (i - 0) )dt] . (3.8)
0

This optimization program is in line with the approach of Heinkel, Kraus, and
Zechner (2001) in the context of a multi-period model where the company’s environ-
mental impact is endogenized.

Maximizing the sum of the market values over the entire period is consistent with
Pastor, Stambaugh, and Taylor (2019) as well as recent studies on Chief Executive
Officers’ (CEQ) compensation plans: Larcker and Tayan (2019) report that “stock-
based performance awards have replaced stock options as the most prevalent form of
equity-based pay.” In addition, CEOs are generally required to hold their companies’

stocks. Managers are therefore directly interested in the valuation of their company’s

9 A non-constant marginal abatement cost can be considered without complicating the calculations.
To simplify the interpretation, we present the case where the marginal abatement cost is constant.
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stock price at each date, which endogenizes the financial impact of the company’s
emissions schedule.

The marginal abatement cost, ¢;, corresponds to the company’s benefit from not
reducing its emissions by one unit over the period. Thus, by reducing its emissions
by z, the company reduces its utility by c;x. It should be noted that a company’s
motivations for reform in this model can be interpreted more broadly than solely in
pecuniary terms. Indeed, the cost, ¢;, can be regarded as a financial cost net of (i) the
non-pecuniary motives of shareholders or managers and (ii) the incentives to reform
due to consumer and regulatory pressure.

The optimal emissions schedule, 1*, corresponds to the Nash equilibrium where

each company i € {1,...,n} determines 1** in t = 0, such that
JH W) 2 T WY, forall ¢ € F([0,T],RY). (3.9)

Table 3.1 summarizes the preferences and optimization programs of the different

players and their interactions in the economy we model.

TABLE 3.1: Summary of agents’ actions. This table summarizes the optimization
programs of each agent as well as their interactions between t =0 and ¢t = T.

Date Agent Choose Given
Att=0 Companies Their deterministic emissions - Their expected market capitalization
schedule from 0 to T’ between 0 and T

- The cost of reducing their emissions

Vt € [0,T7] Regular investors Their asset allocation - The observed cash flow news between 0
and ¢, and the expected cash flow news
between t and T'

Vt € [0,7] Green investors  Their asset allocation - The observed cash flow news between 0
and ¢, and the expected cash flow news
between ¢t and T
- Companies’ emissions schedule be-
tween t and T

3.3 Equilibrium in the presence of greenhouse gas emit-

ting companies and heterogeneous beliefs

This section presents the asset prices and returns in equilibrium in the simple model
developed in Section 3.2. The optimal allocations of regular and green investors are
also detailed. Finally, we characterize the optimal dynamics of companies’ emis-
sions, for which we give a tractable formula when the environmental externalities are

quadratic.
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3.3.1 Equilibrium stock price and return

In equilibrium, investors choose their allocations to maximize their expected util-
ity, and equilibrium prices are determined such that the market clears. Denoting
Y = 0, 0y, and letting 1 be the vector of ones of length n, Proposition 7 gives the

equilibrium prices and allocations.

Proposition 7. Given an emissions schedule (wt)te[o,T]y the asset price in equilibrium

reads
T
pt = Dy —/ psds  with  py =751 — af(ir), (3.10)
t

where —af(1y) is the externality premium. The optimal number of shares for the

reqular and green investors are
T 1 —1 g 1 —1
N=1-«a)(1- %Et 0(¢r) and N/ =a |1+ ?Zt 0(¢n) ), (3.11)

respectively.

The different beliefs of green investors introduce an ezternality premium, which is
an additional drift in the price dynamics. When future environmental externalities
are negative, the price is adjusted downward proportionally to the fraction of the
initial wealth held by the green investors, a. Conversely, when future externalities
are positive, green investors bid up the price, which is adjusted upwards. This same
dynamic can be expressed in terms of expected dollar returns (referred to as ezpected
returns hereinafter), p;dt. Since 6; is a decreasing function of v, expected returns
increase with companies’ emissions. The externality premium on asset returns can be
positive (0;(1)*) < 0) or negative (6;(x)*) > 0). This result is supported by extensive
empirical evidence, including Renneboog, Ter Horst, and Zhang (2008), Sharfman
and Fernando (2008), Chava (2014), Barber, Morse, and Yasuda (2018), Bolton and
Kacperczyk (2020) and Hsu, Li, and Tsou (2019). It is also consistent with the
theoretical works of Pastor, Stambaugh, and Taylor (2019), Pedersen, Fitzgibbons,
and Pomorski (2019) and Zerbib (2019a), who show, through a single-period model,
that expected returns increase along with a company’s environmental impact as green
investors require a higher cost of capital. Therefore, investors can increase their profits
by investing in companies that will mitigate their carbon emissions, 1.

The number of shares purchased by investors is also adjusted by the environmental
externalities. Green investors overweigh assets with the higher positive externalities
and underweigh or short assets with the higher negative externalities. Regular in-
vestors have a symmetrical allocation by providing liquidity to green investors. This
result is consistent with optimal allocations in disagreement models where some in-
vestors have an optimistic market view and others a pessimistic one (Osambela, 2015;
Atmaz and Basak, 2018): the risk is transferred from pessimists to optimists who

increase their holding of the asset under consideration.
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3.3.2 Equilibrium emissions schedule

At the initial date, companies choose their optimal emissions schedules, taking into
account their expected market value between times 0 and 7T'. In this simple economy
where prices and dividends are Gaussian, the optimal emissions schedule of a company
(determined from the program in Equation (3.9)) does not depend on those of the other

companies, ",

Proposition 8. The optimal emissions schedule of the i-th company is the one that

mazimizes for all t € [0, T

et + B0 (W) + i (), (3.12)

where (T ,
1 —ePH— Pt 1
Bi=—"— and ="

P P

At each date, the i-th company maximizes the sum of the benefits from not re-
ducing its emissions (¢;7}) and from the two environmental externalities premia, that
is, the one endogenized by the company (6¢(¢{)) and the one by the green investors
(af;(¥})) adjusted by a discount factor (B¢ and By, respectively). The optimal sched-
ule is a trade-off between the positive benefit of not reducing the emissions and the
negative effect of decreasing (i.e., deteriorating) the environmental externalities.

Research in environmental economics consensually suggests the use of a convex
specification to model the economic damage associated with environmental risks (Di-
etz and Stern (2015), Burke, Hsiang, and Miguel (2015), and Burke, Davis, and Dif-
fenbaugh (2018)). Particularly, Barnett, Brock, and Hansen (2020) use a quadratic
environmental damage function to model the economic impact associated with climate
change. Assuming that the environmental externalities are quadratic, Proposition 8

has a simple solution outlined in Corollary 9.

k

Corollary 9. Assuming 0;(z) = ko — 522 and 05(z) = k§ — S22, for x > 0, where
K, kS, Ko and K are positive constants,'0 the optimal emissions schedule for the i-th
company 1s

¢;~<,i o C;

= i (3.13)

The emissions schedule declines as the proportion of green investors, «, increases.
Parameters k and k¢ reflect the stringency with which green investors and companies,
respectively, internalize the externalities. For example, k can be interpreted as the
inverse of the maximum carbon intensity at which green investors will still purchase
an asset. The emissions schedule also declines as green investors and companies inter-

nalize the externalities more stringently. Therefore, green investors can increase their

0For simplicity we assume that , x°, ko and § are the same for all companies but the generali-
sation to different constants is straightforward.
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impact on companies by raising their environmental requirements, for example by re-
stricting the range of companies which they invest in or by significantly underweighing
the most carbon-intensive companies. Since the discount factor 5; (55) increases (de-
creases) with time ¢, green investors have an even greater influence on the company’s
emissions in the long run.!' In addition, the emissions of the i-th company logically
decrease with its marginal abatement cost, ¢;. In the special case where the marginal
abatement cost is zero, the company cuts its emissions to zero. Finally, it should
be noted that even if the company does not internalize environmental externalities
(k¢ = 0), green investors’ beliefs and the threat they pose to a company’s market
value are sufficient to prompt a company to reduce its environmental impact. In such

a case, the optimal emissions schedule is simplified as

o a;z%. (3.14)

As a feedback effect, the increase in the proportion of initial wealth held by the
green investors («), their environmental stringency (k) as well as that of the compa-
nies (k°) have a positive impact on asset prices and a negative impact on expected
returns (Equation (3.10)). The same effects on prices and returns occur when the
marginal abatement cost, ¢;, decreases. The marginal abatement cost is a company
(or industry) specific factor that plays an important role in the greening dynamics
of the economy. Research and development in industries where green alternatives
are still limited (e.g., cement, aviation) is therefore a major instrument to foster the
environmental transition.

Figure 3.2 presents the optimal emissions schedules of a company whose parame-
ters are calibrated in Section 3.4. It should be noted that the starting point of these
optimal trajectories is not the company’s initial level of emissions. Therefore, when
the company emits more than the initial optimal emissions level, it is incentivized to
reduce its emissions. Conversely, the company has an incentive to increase its emis-
sions when its initial level of emissions is lower than the initial optimal level. The
increase in the share of green investments and the environmental stringency of green
investors lead to a faster and more convex decrease in the company’s emissions. For
example, when 25% of the AUM are managed by green investors, the company re-
duces its emissions by 1% per year on average. This drop increases to 4.4% per year
on average when green investments account for 50% of the AUM. The rate of time
preference affects the slope of the curve: a low rate encourages companies to reduce
their emissions very early on and to maintain this low level over the entire period;
a high rate encourages companies to emit more in the short run and to reduce their
emissions more steeply over time. Finally, the marginal abatement cost plays an im-

portant role since it shifts the emissions dynamics upwards when the cost is high and

"The importance of the long run in environmental matters justifies the use of low discount rates
(Gollier, 2002; Gollier, 2010). This is all the more appropriate in the context of current low financial
rates. When the time preference rate p is close to zero (i.e., p ~ 0), the discount factors are 8¢ ~ T —¢
and B¢ ~ t, respectively.
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F1GURE 3.2: Emissions schedules. This figure shows the emissions schedules, 1, according

to several values of the proportion of green investors («, sub-figure (a)), the green investors

stringency (k, sub-figure (b)), the marginal abatement cost (¢, sub-figure (c)), and the rate

of time preference (p, sub-figure (d)). The parameters are calibrated according to the values
estimated in Section 3.4: a = 0.25, p = 0.01, k = 0.11, kK® = ak, ¢ = 13.
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downwards when it is low.

This model extends the work of Heinkel, Kraus, and Zechner (2001) by endoge-
nously characterizing the dynamics of companies’ environmental impacts. In addition,
in our model, companies can choose a continuum of environmental impacts over a tem-
poral schedule, in contrast to Heinkel, Kraus, and Zechner (2001) where companies

reform in a binary way (from brown to green) in a single-period model.

3.4 Equilibrium with environmental uncertainty

We extend the model presented in Section 3.2 to the case where the environmental
externalities are internalized by green investors as a stochastic and non-Gaussian
process. Compared with the equilibrium with deterministic externalities we obtained
above, the uncertainty about future environmental externalities alleviates the pressure
on the cost of capital of the most carbon-intensive companies and pushes them to

increase their emissions.

3.4.1 Environmental uncertainty

The internalization of deterministic environmental externalities is an imperfect ap-
proach. Barnett, Brock, and Hansen (2020) note that “given historical evidence alone
it is likely to be challenging to extrapolate climate impacts on a world scale to ranges
in which many economies have yet to experience. Both richer dynamics and alterna-
tive nonlinearities may well be essential features of the damages that we experience in
the future due to global warming.” Indeed, climate risks are characterized by fat tails
(Weitzman, 2009; Weitzman, 2011) and abrupt changes beyond tipping points (Alley
et al., 2003; Lontzek et al., 2015; Cai et al., 2015) that will severely impact the world
economy (Dietz, 2011).

We therefore extend our model to the case where green investors internalize un-
certainty about the environment-related financial risks. In this subsection, we model
the effect of the environmental uncertainty on the dividend process and we will focus
on investors’ beliefs in the next subsection. As this uncertainty is not Gaussian and
occurs in jerks and turns, we model environment-related financial risks by a time-
inhomogeneous compound Poisson process. On the same filtered probability space,
(Q, F, (Ft)t>0,P), we define a time-inhomogeneous Poisson process N (counter of the
shocks) and a sequence of R™-valued integrable independent random variables (Yj)x>1
(shock sizes). We denote by (A¢)icpo,7] the time-dependent intensity of the Poisson
process and by 14 the distribution of Yy, when the shock occurs at time ¢ € [0,T]. The
distribution of Y}, describes the impact of the k-th shock on the expected dividend
of each company. In particular, Y is negative (positive) if the environment-related

financial risk is negative (positive).
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As before, the fundamental value of each asset at time T is denoted by DLT The

vector of terminal dividends is now expressed as follows:

Nr

T
Dr = Dy +/ o1dBy + Y Vi
0 k=1

The actual equilibrium price process is denoted by (pt)te[gvT], and it is assumed that

pr = Dr.

3.4.2 Investors’ and companies’ beliefs

The probability of regular investors, P, is equal to the original probability measure P.
In this general case, we consider that regular investors can internalize the uncertainty
about environment-related financial impacts, which are modelled through a jump with
time-dependent intensity A¢, at time ¢ € [0,T]. Therefore, as a first approach, green
and regular investors internalize the uncertainty of environmental shocks but with a
different intensity. Further on in this section, we will focus on the particular case
where the environmental externalities that regular investors anticipate are zero.

In contrast to the setting of Section 3.2, the Brownian motion in the dividends’
dynamic does not change under the green investors’ measure, P9. Instead, the in-
tensity of the shocks changes from A; to AY, while the distribution of the magnitude
of shocks 14 remains the same under the measures P and P9. Consistent with the
transition and litigation risks, according to which companies are more exposed to
environment-related financial risks as the greenhouse gas emissions are significant,'?
this distribution depends on the emissions, ;. To reflect this dependence, we shall
from now on denote it by I/;b . To summarize, the distribution I/Zb models how envi-
ronmental risk affects different companies, and does not depend on the probability
measure. By contrast, the intensity of shock occurence describes how different in-
vestors internalize the environmental risk: it does not depend on the emissions 1, but
takes different values A; and AY under the measures P = P" and P9, respectively. We

denote by
e;/} = /n 2wl (dz), tel0,T], (3.15)

the expectation of environmental shocks on all assets. We draw a parallel with the
previous setup where the internalized environmental externalities are deterministic by
expressing the expected environmental shocks (per unit time) as a function of the
emissions schedule:

0(y) := Ade?.

In a similar way, we assume that under the probability measure of the companies,
P, the jump intensity is Af, whereas the jump-size distribution and the Brownian mo-

tion do not change. Moreover, we can once again express the expected environmental

12The reasoning is transposable to physical risks by considering 1) as the exposure to physical risks.
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externalities (per unit time) as a function of the emissions:

0°(e) = Afey.

3.4.3 Equilibrium stock price and return

We make the following technical assumption about the Laplace transform of I/;p which

guarantees that environmental shocks do not have an infinite impact.

Assumption 7. Let L?(u) = fqn e“Tzuf(dz), fort € [0,T] and u € R". We assume
that
Li(u) < oo, forallte|[0,T] and u € R™.

The optimization framework and notation remain similar to the case where green
investors internalize deterministic environmental externalities. In equilibrium, in-
vestors choose their allocation to maximize the expected exponential utility of their
terminal wealth (recall (3.7)). Prices (pt)ie(o,r] are determined by the market clearing
condition.

Theorem 10 gives the equilibrium price and allocations. In the theorem’s state-
ment, VL; stands for the gradient of u — L:(u) and

Ny

t
D, = Dy + / osdBs + ZYk~ (3.16)
0 k=1

Theorem 10. Suppose that Assumption 7 holds true. The optimal quantity of assets
for the regular investors is given, at all times t, by the unique solution, N|, of the

following equation.
AJVLy(—9(1 = NY)) = 79%(1 = Nf) = AV Ly(—y"N{) + "N =0, (3.17)

Moreover, the optimal quantity of assets for the green investors is given at all times

t by N} =1 — N/, and the price process is given by

T
pt = D¢ —/ psds (3.18)
t
with drift
e = "}/rthtr — AtVLt(—’er{) (319)

The price drift, u, breaks down into a first term that is written similarly to the
drift in the case with deterministic externalities, v"%;N", and an additional term,
—ANVLi(—"N"). Indeed, in the case with deterministic environmental externalities

(see Equations (3.10) and (3.11)), the drift of the equilibrium price process also writes
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as follows:
pe =78l — ab(hr) = 7" SNy

From now on, for consistency with the case where green investors internalize deter-
ministic environmental externalities, we assume that the jump intensity for regular
investors is zero. Therefore, the dividend dynamic under regular investors’ probability

is equal to that in the first version of our model.
Assumption 8. A; = 0.

In equilibrium, under Assumption 8, Equation (3.17) becomes
I8+ (0 + ) DN] + AJVL(—~7(1 ~ N[)) = 0. (3.20)

We now restrict our attention to the case where the probability of environmental
risk is high, and the financial impacts are small. We focus on this particular case
for two reasons: to analyze the model with environmental uncertainty as a marginal
deviation from the deterministic case, and to obtain a tractable approximation of
prices, returns and asset allocations in equilibrium. This setup is also consistent with
environmental transition risks, which are likely to occur as a succession of small shocks.
To this end, we introduce a small parameter h, and assume that the jump intensity is
given by A{ = hflAtg and the jump sizes are multiplied by A, so that the expected
jump size reads e? Y= he;p. Therefore, when h — 0, the current setup converges
towards the setup from Section 3.2, where the externalities are deterministic.

We recall that A e;/) = 0(¢1) for a given emissions schedule (¢t);c[o,7] and notice
that 6(vy) is invariant with respect to h, as indeed Afe}f = Af’he?’w. Similarly to 6,
we introduce the variable 7(¢;) that represents environmental risk, which is defined

as the product of the frequency by the second moment of environmental shocks:

() = Ag/ 22 vf(dz),  forte0,T). (3.21)

n

Proposition 11 gives an explicit formula for the solution to Equation (3.20) in the

asymptotic limit of h — 0.

Proposition 11. Suppose that Assumptions 7 and 8 hold true and fix an emissions
schedule (V1)iejo,r)- As h — 0, the vector of the quantities of assets held by the green

imvestors is given by
h - 1 -
NP = N90 — h(1 — a)aX; 7 (yy) (1 + ?Zt 19(%)) + O(h?),
and the vector of the quantities of assets held by the regular investors is given by

N/ = N™ 4 h(1 — a)aX; i (i) <1 + ,:7“215_19(1%)) +O(h?),
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where N9¥ = o (1 + %Z;IG(@/%)) and N™° = (1 —a) (1 - %Zt_lﬁ(wt» coincide
with the quantities of assets held by green and reqular investors, respectively, in the
case of deterministic environmental externalities.

Finally, the drift of the equilibrium price is given by
ul = i+ h(1 — a)am () (71 +S710(%) + O(h?), (3.22)

where 1) = ayI¥1 — af () coincides with the drift in the case of deterministic

environmental externalities (see (3.10)).

The uncertainty associated with environmental risk induces corrections of in-
vestors’ asset allocations and companies’ cost of capital. Denoting the diagonal matrix
of ‘ones’ by I, the quantity of assets held by green investors can be written in relation
to this same quantity in the case where environmental externalities are deterministic
as:

N9t = (1 ~h(1— a)E;lﬂ(q/}t))Ng’O +O(h?).

The adjustment of the quantity of assets depends on the matrix of environmental risks
normalized by the covariance matrix, ¥, '7(¢¢), and on the proportion of wealth of
regular investors, (1 — «). In the case where green investors internalize uncertainty
about environmental risks, and by comparison with the deterministic case, they de-
crease their overall absolute allocation to risky assets, since ||N9"|| < [|[N9°||. Thus,
on average, they will reduce their allocation to green assets (long positions in their
portfolio) and increase their allocation to brown assets (short positions). This ad-
justment is proportional to the frequency of the risk (A7) and its second moment.
The adjustment of green investors’ allocations is offset by the adjustment of regular
investors’ allocations since regular investors provide green investors with the needed
liquidity. As a result, since the pressure exerted by the green investors weakens, the
cost of capital increases for the greenest assets and decreases for the brownest assets
by an adjustment commensurate with environmental risks (in terms of frequency and

second moment).

Remark 12. Letting
() = 0(h) — h(1 — a)VIn ()l and 3y = S + h(1 — )7 (),

the vector of quantities of assets held by the reqular and green investors, respectively,

can be written as
1 — 41—
Ny = (1-a) (1= 5B ) + o)
11—
N =a <1 s 19(%)) +O(h?).

Up to a correction term of order O(h?) the above expressions are the same as in

the deterministic case, but with drift 6 and covariance matriz . Therefore, for the
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green investors, the effect of the environmental uncertainty at the first order in h is
to decrease the value of the drift in the equilibrium price (from 6 to ) and to increase

the values of the covariance matriz (from ¥ to %3).

3.4.4 Equilibrium emissions schedule

Companies fix their emissions schedules by optimizing the same gain function as in
the deterministic case (Equation (3.8)): they maximize their future market value
irrespective of the cost of reform and minimize their abatement cost. The main
difference with the case where environmental externalities are deterministic is that
the optimal emissions schedule of the i-th company depends on those of the other
companies, 1"

To simplify the model and focus on the effect of the uncertain arrival of the shocks,
we now assume that the size of the environmental shocks is deterministic. In particu-
lar, we let (yt)te[o,T} be a deterministic, R™-valued process and assume that the shocks’

distribution is concentrated on y; at each time ¢ € [0, 7.

Assumption 9. Recall the sequence of random shocks (Yi)r>1 and assume Y = y,
if the shock occurs at time t € [0,T].13

It then follows from Equation (3.15) that eff’ = ¥, S0 in our formulae below we

continue to use the average shock size e;p. Moreover, in this special case we have
T
m(v) = A e (e}) T,

which will be needed for the proof of the next result.
In Proposition 13, we give a tractable expression of the approximation of the
emissions schedule of the i-th company when the environmental shocks are small but

frequent.

Proposition 13. Let Assumptions 7, 8 and 9 hold. Moreover, assume that A] and
A§ are independent of the emissions schedule and eff’ is such that 0(¢) and 0°(¢) are

as in Corollary 9. As h — 0, the optimal emissions schedule of the i-th company reads
i k04 i 0\ 2 -
$i 0 (1—hft¢t”) +O(h?), fori=1,...n, (3.23)
with ¢:’0’i = ¢i(BEKC + aBik) ! being the emissions schedule in the deterministic case
(Corollary 9) and

= w | (r 0w + 07 )5 o)

Market adjustment

+ (77191;(%,0) +207 ()5 0i0i( :’0)> ],

Stock adjustment

13Notice that, in terms of the distribution v, this assumption is equivalent to v (dz) = §(y: — 2)dz,
where 0(y: — ) is a Dirac delta concentrated on y;.
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where 0; is a vector whose i-th coordinate is equal to one and all other coordinates are

ZEro.

Compared to the equilibrium in the deterministic case, the emissions schedule
is adjusted by a correction factor that is a function of T%. T breaks down into a
market adjustment that is driven by the externalities of all stocks in the market and
a stock adjustment that is driven by the externality of the i-th stock, each of the two
adjustments being decomposed into a linear and a quadratic effect.

As the adjustment is inhomogeneous depending on the market structure, the cor-
relation between the assets and their environmental externalities, we illustrate its
effect by considering a simple market made up of two assets and using the parameters
calibrated in Section 3.5. The first asset is a green asset, through a low marginal
abatement cost (¢c; = 0.5), and the second is a brown asset, through a high marginal
abatement cost (¢ = 13). Figure 3.3 shows the emissions schedule with environmental
uncertainty of the brown company compared to the emissions schedule with determin-
istic environmental externalities. For all levels of correlation considered, the brown
company increases its carbon emissions as compared to the deterministic case. Indeed,
green investors increase their allocation to the brown company’s assets—of which they
were short in the deterministic case—thereby mitigating the pressure they exert on
the cost of capital of the brown company, which therefore incentivizes it to increase
its emissions. The opposite effect arises for the green company: it cuts its emissions
because green investors—who were long on the company’s assets in the determinis-
tic case—reduce their asset allocation to the green company and increase its cost of

capital.

— Deterministic externalities

~- - Slochastic externalities, correlation=0

----- Stochastic externalities, correlation=0.25 or -0.25
-~ = Stochastic externalities, correlation=05 or -0.5
—— Slochastic externalities, correlation=0.75 or -0.75

15 20 25 30 35 40 45 50

FIGURE 3.3: Emissions schedules with stochastic environmental externalities. This
figure shows the emissions schedules of a brown company (marginal abatement cost co = 13)
in the deterministic case and in the stochastic case for different levels of correlation with the
asset of the second company in the market. The market is made up of two assets and the
second asset is that of a green company, with a marginal abatement cost of ¢; = 0.5. The
correlation is the nondiagonal element in >. The parameters are calibrated according to the
values estimated in Section 3.4: « = 0.25, p =0.01, Kk = 0.11, K = ak, kg = 0.1,y " =~9 =1
and A = 1. We take h = 104
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This result underscores the value of increasing the transparency of companies’
environmental impacts as well as improving the forecasting of environment-related fi-
nancial risks. It also emphasizes the importance of predictability of public policies in
favor of environmental transition, notably, the upward trajectory of the carbon price.
Transparency and predictability are key pillars for a better integration of environment-
related financial risks by green investors, which provides incentives for companies to
better internalize their environmental externalities and thus reduce their environmen-

tal impact more rapidly.

3.5 Empirical evidence

In this section we provide empirical evidence of (i) the asset pricing equation (Equa-
tion (3.10)) and (ii) the dynamics of companies’ emissions (Equation (3.14)) in the
case where green investors internalize deterministic environmental externalities. We
calibrate the parameters of interest on U.S. stocks between 2006 and 2018 using green
fund holdings.

3.5.1 Asset pricing with green investors

As previously demonstrated, with or without uncertainty about environmental risks,
a corrective factor, known as the externality premium, applies to asset returns. We
focus on the case where green investors internalize environmental externalities without
uncertainty regarding future environmental impacts (Section 3.3) and take expecta-
tions of asset returns (y; in Equation (3.10)) with respect to the regular investors’
probability measure P". Consistent with Pedersen, Fitzgibbons, and Pomorski (2019)
and Zerbib (2019a) who test a negative effect of companies’ environmental perfor-
mance on asset returns, we assume that the probability measure of regular investors
is the real world probability and we test the existence of the negative externality pre-
mium on asset returns, that is, the presence of the correction term —af;(v)dt in the

expected returns:14

E(dp) = v*Sidt — ab;(¥))dt. (3.24)

Since the dollar returns, dp!, are non-stationary we cannot reasonably perform an
estimation based on our theoretical model that uses normally distributed prices and
dividends. Facing the same challenge, Banerjee (2011) performs the estimations on
rates of return. The author claims that the empirical predictions of his model are
robust to using rates of return instead of dollar returns and supports the assertion
with descriptive statistics. We go a step further by showing that the pricing equa-

tion is written similarly when returns are Gaussian, and, therefore, we perform the

MUnder PY, the externality premium has a positive effect on expected returns, which read

B (dp}) = " Sidt + (1 — a)6i(v))dt
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empirical analysis on rates of return. Indeed, by using a one-period model with nor-
mally distributed returns, in which green investors disagree with regular investors by

internalizing a private externality factor, (1), the analogue of Equation (3.24) reads
E(r') = v Cov(r',r™) — ab;(¢"), (3.25)

where 7% and 7™ denote the rates of returns in excess of the risk-free rate on the i-th
asset and the market, respectively.'® The time subscripts are omitted for simplicity.

We perform the estimation on U.S. data from the common stocks (share type
codes 10 and 11) listed on the NYSE, AMEX and NASDAQ (exchanges codes 1, 2
and 3) in the Centre for Research in Security Prices (CRSP) database. Given the
recent development of green investing, and in line with Zerbib (2019a), the estimation
is performed from December 31, 2006 to December 31, 2018 on 48 industry-sorted
portfolios using the SIC classification based on a total number of 6019 stocks.

The environmental externalities internalized by green investors are both the key
variable and the most complex one to approximate. Indeed, the environmental ratings
provided by the numerous data providers are an imperfect proxy for green investors’
tastes and beliefs, given the lack of a common definition (Chatterji et al., 2016) and
their low commensurability (Gibson et al., 2019). Moreover, the environmental ratings
and carbon intensities are available at an annual frequency and do not allow the
estimation to be performed on a monthly basis. Therefore, we follow Zerbib (2019a) to
construct a monthly proxy for the revealed environmental externalities internalized by
green investors from the holdings of the 348 listed green funds worldwide investing in
U.S. equities in December 2018. We identify these funds via Bloomberg and download
the fund holdings from FactSet on a quarterly basis. We aggregate the green funds’
holdings and denote by w;; the weight of the i-th industry in the U.S. allocation of
the green funds as of month ¢. Denoting by wgt the weight of the i-th industry in the
CRSP universe on date t, we define the instrument for the ¢-th industry in ¢ as

b
Wi — Wiy

0;(v})

A large value of §; means that green funds allocate a larger proportion of their
portfolios’ wealth to stocks from the i-th industry relative to the market, reflecting
higher positive environmental externalities of the i-th industry. Conversely, when 0; is
negative, green investors reduce their holdings in stocks from the i-th industry because
they internalize negative externalities. The instrument defined, é, is the opposite of
the one constructed by Zerbib (2019a), who proxies a cost of externalities. We then
extend this value over the next two months of the year in which no holdings data are

available. Assuming that 6 = 66, § > 0, we therefore perform the estimation on the

153ee Zerbib (2019a), Appendix, Equation (9), where the market is not segmented (i.e., taking
q=0).
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following econometric specification:
E(r!) = o + v Cov(ri, r™) — adf; (1), (3.26)

where ¢ is the constant term. We estimate the parameters in (3.26) by performing
a two-step cross-sectional regression (Fama and MacBeth, 1973). In the first step,
we estimate variables E(r?), Cov(r,r™) and 0;(¢") over a 3-year rolling period at a
monthly frequency, yielding time series of 109 dates for each of the three variables. In
the second step, we perform 109 cross-sectional regressions on the 48 portfolios consid-
ered. The estimated loadings correspond to their average over the 109 dates. Standard
errors are adjusted following Newey and West (1987) to account for heteroskedasticity
and serial correlation. We report the ordinary least squares (OLS) adjusted-R? of the
cross-sectional regressions as well as the generalized least squares (GLS) R?, which is
a suitable measure of model fit because it is determined by the factor’s proximity to
the minimum-variance boundary (Lewellen, Nagel, and Jay, 2010).

The estimates are presented in Table 3.2. The environmental externality premium
is significant and the estimate is robust to the inclusion of the size factor (SMB), book-
to-market factor (HML) (Fama and French, 1992) and the momentum factor (MOM)
(Carhart, 1997) betas. The average effect is close to zero because green investors
are unlikely to overweigh or underweigh the market as a whole (Pastor, Stambaugh,
and Taylor, 2019; Zerbib, 2019a). However, the externality premium varies from one
industry to another (see Table 3.5 in the Appendix). For example, green investors
induce a 0.84% annual increase in returns on the coal industry compared to the elec-
trical equipment industry. Consistent with Zerbib (2019a) who estimates a capital
asset pricing model (CAPM)-like specification, these results illustrate the fact that
green investors require a higher return on the most polluting companies and support
the asset pricing predictions of our model.

Pastor, Stambaugh, and Taylor (2019) point out that approximating expected
returns by realized returns fails to account for the unexpected changes in investors’
tastes or beliefs which, however, impact realized returns. Indeed, a green stock may
have a lower externality premium than a brown stock and yet have a higher realized
return because green investors reinforce their pro-environmental beliefs. Therefore,
we estimate the main specification by adding instrument Aéi(wi) to control for the

unexpected changes in beliefs, defined as
Aéi,t(l/}iyt) = éi,t(wi7t) - éi,t—l(wi7t_1)

As expected, the estimate of instrument AG; (4" is positive and significant: when green
investors’ pro-environmental beliefs reinforce unexpectedly (Af;(1)") > 0), realized
returns increase. However, the externality premium remains significant and its loading

is consistent with that of the main estimation.
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TABLE 3.2: Estimation of the asset pricing equation. This table presents the
estimates of the asset pricing Equation (3.26): E(r’) = ¢ 4+ v Cov(r’,r™) — adf;(¢)"). The
estimation is performed using value-weighted monthly returns in excess of the 1-month T-
Bill for the 48 SIC industry-sorted portfolios between December 31, 2006, and December 31,
2018. r* is the value-weighted excess return on industry ¢ (i = 1,...,n), r™ is the market
excess return, and 6; (") is the proxy for the environmental externalities of industry I;. This
specification is compared with two other specifications: (i) we add to our model the beta
of the Carhart (1997) momentum factor and betas of the Fama and French (1993) size and
value factors, of which the loadings are denoted by usyp, ugarr, and upronr, respectively;
(ii) we add to specification (i) the unexpected shifts in beliefs Af;(1)?), of which the loading is
denoted by uag. First, the variables are estimated by industry in a 3-year rolling window at
monthly intervals. In the second step, a cross-sectional regression is performed by month on
all the industries. The estimated parameter is the average value of the estimates obtained on
all months during the period. t-values, estimated following Newey and West (1987) with three
lags, are reported in round brackets. The last column reports the average OLS adjusted-R2
and the GLS R? on the row underneath. The 95% confidence intervals are shown in square

brackets.
L Y ad /BSMB UHML UMOM UAQ AdJ OLS/GLS R2
Estimation of the market and externality premia separately
Estimate 0.0141 -0.6871 0.05 [0.03,0.07]
t-value (11.54)  (-0.94) 0.07 [0.05,0.09]
Estimate 0.0142 -0.0002 -0.01 [-0.02,-0.01]
t-value (18.16) (-3.41) 0.01 [0.01,0.01]
Main estimation
Estimate 0.0142 -0.6855 -0.0002 0.04 [0.02,0.05]
t-value (11.73)  (-0.92)  (-3.6) 0.08 [0.06,0.09]
Main estimation with SMB, HML and MOM betas

Estimate 0.0138  0.4387 -0.0003 -0.00004 0.0002 -0.0001 0.22 [0.18,0.26]
t-value (12.38)  (0.59) (-5.6) (-0.33)  (1.27) (-1.36) 0.31 [0.27,0.34]

Main estimation with SMB, HML and MOM betas, and control for unexpected shifts in beliefs

Estimate 0.014  0.2866 -0.0002 -0.00005 0.0002 -0.0001 0.0138  0.22 [0.18,0.26]
tvalue  (12.43) (0.38) (-1.95) (-0.38)  (1.09) (-1.41) (3.89)  0.32[0.28,0.35]
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3.5.2 Companies’ emissions schedule

The second estimation concerns the companies’ greening dynamics as expressed by
their greenhouse gas emissions: we test the accuracy of the emissions schedule ¢ —
1} obtained in Equation (3.14). The latter gives the companies’ optimal emissions
schedule as a function of the proportion of green investors at the optimization date, «,
their environmental stringency, , the marginal abatement cost of the i-th company, ¢;,
and the discount factor, ;. Assuming that companies have a one-year optimization
horizon and that the rate of time preference is close to zero at that horizon, the
discount factor is reduced to 51 ~ 1. Taking the logarithm of the equilibrium equation

between ¢ and t 4+ 1, Equation (3.14) is rewritten as follows:

log(Yit41) >~ log(ci) — log(k) — log(ay). (3.27)

As a proxy for the companies’ emissions, we use their carbon intensity, which is
the environmental metric most used by investors (Gibson et al., 2019). Provided by
S&P-Trucost, the carbon intensity of the i-th company on year t is defined as the
amount of greenhouse gases emitted by that company during that year divided by its
annual revenue. We construct a proxy for the percentage of green investors in each
period, &y, as the market value of the U.S. stocks in the CRSP investment universe
held by the 348 green funds divided by the total market value of the U.S. investment

universe:

. Market value of U.S. stocks in green funds holdings in ¢ (3.28)
o = . .
! Total market value of U.S. stocks in ¢

Figure 3.4 shows the evolution of &, which reaches 0.10% at the end of 2018.
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FI1GURE 3.4: Evolution of &. This figure shows the evolution of the proxy for the proportion
of green AUM, @, defined in Equation (3.28).
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We assume that a = Aa, A > 0, and we estimate the following econometric speci-
fication on a set of 48 portfolios sorted by industry according to the SIC classification,

at an annual frequency, between December 2006 and December 2018:

log(itr1) = ¢+ fi + Balog(ar) + €, (3.29)

where 9;; is the carbon intensity of the i-th industry at time ¢, f; is the industry
fixed effect, &y is the proxy for the proportion of green investors at time ¢, and ¢ and
€+ stand for the constant and the error terms, respectively. In the estimation, & is
lagged by one year as compared to the dependent variable. Since o = A@, the term
log()) is absorbed in the constant.

We estimate the parameters in Equation (3.29) using an OLS regression with
industry fixed effects and White standard errors. Table 3.3 presents the results of the
estimation. As predicted by the model, the loading of log(d;) is negative and highly
significant. However, 3, is not equal to —1 for three main reasons : in the theory,
we make several simplifying assumptions (6 is a quadratic function of ¥, p ~ 0, and
k¢ = 0) that do not accurately reflect financial reality; we estimate the equation over
a one-year horizon (7' = 1); furthermore, the model reflects a partial equilibrium
because environmental screening is not the only channel that explains the effect of
the share of green investors, «, on companies’ emissions, 1. Therefore, this section
is for illustrative purposes and shows that the effect is indeed negative and of an
acceptable order of magnitude. Under the considered specification, when the proxy
for the percentage of green assets, &, doubles, the carbon intensity, ¢, drops by 5%
the following year.'® The estimation is robust to the use of &; lagged by two years.

Table 3.6 in the Appendix reports the estimated fixed effects by industry in de-
scending order. As the cross-sectional heterogeneous effect, the industry fixed effect

differs according to the marginal abatement cost in each industry i:

fi=log(c).

The industries with the highest marginal abatement cost are at the top of this

ranking and include, for example, mining, fossil fuel and polluting transport industries.

3.5.3 Calibration

We choose the rate of time preference, p, equal to 0.01 (Gollier, 2002; Gollier and
Weitzman, 2010). We estimate the proportion of assets managed by taking into ac-
count environmental criteria, «, at 25% (US SIF, 2018). We use the carbon intensities
as a measure of greenhouse gas emissions, and we estimate ¢; by industry as the expo-
nential of the industry fixed effects estimated via specification (3.29). Table 3.6 in the
Appendix reports the average values of ¢; and the estimates of ¢; by industry between
2006 and 2018. The marginal abatement cost of the banking industry, which is the

1Denoting by 11 the current emissions and 1), the emissions when the percentage of green assets
doubles, ¥2-41 — ¢=007909(2) _ 1 — —0.053.
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TABLE 3.3: Estimation of the emissions schedule. This table presents the estimates
of the emissions schedule (Equation (3.29)): log(v;1+1) = ¢ + fi + Balog(éy) + €t it is
the carbon intensity of the i-th industry at time ¢ + 1 provided by S&P-Trucost and defined
as the greenhouse gas emissions emitted by the companies including scope 1, scope 2 and
upstream scope 3 expressed in tCO2e per million dollars of revenue generated. &y is the
proxy for the proportion of green AUM in ¢, defined in Equation (3.28), f; is the industry
fixed effect, ¢ is the constant and ¢; ; is the error term. The equation is estimated using an
OLS regression with industry fixed effects and White standard errors.

Dependent variable: log(1; ¢+1)

log(ay) —0.079***
(0.014)
Industry FE Yes
Observations 564
R? 0.964
Adjusted R? 0.961
F Statistic 297.502*** (df = 47; 516)
Note: *p<0.1; *p<0.05; ***p<0.01

least carbon-intensive, is close to zero, while it is 17.12 for precious metals, which is
the most carbon-intensive industry. Using Equation (3.14) and assuming /; ~ 1 (see

subsection 3.5.2), we estimate r as:

n

1 C;
= — =0.11.
" n Z a;

=1

We assume that companies internalize their environmental externalities as the propor-
tion of those internalized by all the investors in the market, that is, k< = a x k = 0.03.
The externality premium estimated in Table 3.5 for different industries is —af(v). To
obtain an order of magnitude of ko = 6(0) that we cannot directly estimate, we approx-
imate 6(¢)) by dividing the externality premium by —« and choosing a value slightly
larger than the largest value of (1), which is 0.08. We therefore set ko = 0.1. For the
section dealing with environmental uncertainty, we set jump intensity A = 1, which
corresponds to one jump per year on average. Table 3.4 summarizes the calibrated

parameters.

3.6 Conclusion

In this paper we show how green investing impacts companies’ practices by increasing
their cost of capital. Companies are pushed to internalize their environmental exter-
nalities and thereby reduce their greenhouse gas emissions. They are more inclined

to do so if their marginal abatement costs are low and the proportion and stringency
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TABLE 3.4: Calibrated parameters. This table gives the value of the parameters
calibrated based on the estimates in this section and used for the simulations presented in
Figure 3.2.

Parameter Value
« 0.25
P 0.01
K 0.11
K ak
Ko 0.1
G See Table 3.6
A 1

of green investors is high. However, uncertainty about environmental risks pushes
green investors to mitigate their exposure compared to the deterministic case: green
investors increase their allocation to brown companies, thereby reducing their cost of
capital and encouraging them to increase their emissions relative to the deterministic
case. The opposite effect arises for green companies. We support our main results by
estimating our model on U.S. data. By estimating the specification derived from the
model, we show that when the fraction of assets managed by green investors doubles,
companies’ carbon intensity drops by 5% per year.

These results suggest two main normative implications for public authorities; they
emphasize the importance of establishing conditions for the development of green in-
vestments, and they highlight the need to promote transparency and disclosure of
companies’ environmental impacts to minimize uncertainty of future environmental
impacts that green investors internalize. From the investors’ viewpoint, these results
suggest that they can increase their impact on companies by raising their environmen-
tal requirements as well as prompting companies to enhance disclosure on environ-
mental issues. In addition, impact investing is financially beneficial if green investors
favor companies that will reduce their environmental footprint or green companies for
which information on their environmental footprint is still poorly available.

Future research may develop along two main avenues. Shareholder engagement
seeks to achieve the same goals as the internalization of environmental externalities
in the asset allocation by using opposite means: instead of divesting from the assets
of a polluting company, the investors push companies to reform by holding part of
their capital. A first line of research could jointly analyze these two mechanisms to
disentangle their respective impacts and their interaction. A second line of research
could introduce the ability for companies to reform dynamically to determine whether
they have an incentive to maintain a stable emissions schedule or to regularly change

their objectives.
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3.7 Appendix A: Proofs

In this appendix we collect proofs and some supporting mathematical materials,

needed to justify rigorously our claims.

Proof of Proposition 7

Since the market is assumed to be free of arbitrage and complete, there exists a unique
state price density €7, i.e., a positive Fp-measurable integrable random variable such
that the market price at time ¢ of every contingent claim with terminal value X,

satisfying E[¢r|X7|] < oo, is given by
& Eler X | F), (3.30)

where & = E[¢p|F:] = E[&r]. In particular, since the interest rate is zero, E[¢p] = 1.
It is worth recalling that P = P" and that (B;).c[o,] is 2 Brownian motion under this
measure.

The optimization problems of the two investors read:

min E" [e77"Wr], min EY {ZTe*VgWﬂg"] , (3.31)
W’ICEAT W%EAT

subject to the budget constraints
ElgrWr]l =w",  E[&rW7] = v, (3.32)

where w” > 0 and w9 > 0 are the initial wealth of the regular and green investor,
respectively. Both investors use the real-world probability measure for pricing but
every investor uses her subjective measure for computing the utility function. Here

we consider admissible controls from the class
.AT = {X S .FT : [Er[fT’XH < OO}

and denote by Zr the Radon-Nikodym density that connects the two probability

measures P9 and P". More precisely, recalling (3.3) and (3.5), we have

Zp = elo N dBs=3 [ X |Pds (3.33)

where we set \; := o; '0(1y), to simplify the notation, and || - || is the Euclidean norm
in R™.

The optimization problem is over the set of all admissible contingent claims, but
we shall see later that the optimal claims will be attainable. Moreover, we assume
that

[ET[£T| log fTH < oo and [ET[£T| log ZT”. (334)
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This assumption will be checked a posteriori for the equilibrium state price density.
By the standard Lagrange multiplier argument, the solutions to problems (3.31)-
(3.32) are given by

1 1 1 Er 1 Er
Wi = — —1 CE 6] W9 =wd — —log 2L + —E" |¢rlog 21| .
r=w = ogér + o Erlogér], Wi=w S g7 + ~a [ﬁT og ZT:|

(3.35)

The equilibrium state price density &7 is found from the market clearing condition
Wr+ W2 =1"Dr.

Substituting the formulas for W7, and W3, yields
_ x94T 7*
§r = cexp <—’y 1 Dr+ % log ZT>

for some constant ¢, where we recall ﬂ% = 7% + ,Yig Note that since Dy and log Zr
are Gaussian, our a priori assumptions (3.34) are satisfied.
We can now use the fact that E"[{7] = 1 to conclude that:

exp <—7*1TDT + % log ZT>

§r = - :
E" {exp (77*1TDT + Y/—g log ZT)}

Substituting the explicit formulae for Dy and Z7 (see (3.1) and (3.33)) and using

that
T ’7*
/ <—7*1Tat + AZ) dB,
0 9

is normally distributed with zero mean and variance

r

because (0¢).ejo,7) and (A¢)sejo,r) are deterministic, we have:

Er=E& (/0 {—'y*lTat + ZQAI} dBt> . (3.36)
T

Here £ denotes the stochastic exponential, i.e., for any adapted square integrable

2
dt,

*q4 T 7* T
- 1 O‘t—i-%)\t

process X € R",

. t 1 t
5</ Xsst) = exp </ XsdBS/ ||X5|]2ds>.
0 ¢ 0 2 Jo

From (3.36) and (3.33) we can easily verify that (3.34) holds, since (o¢) and (\;) are

deterministic.



164 Chapter 3. Environmental Impact Investing

Using the no-arbitrage pricing rule (3.30), the vector of equilibrium prices is then

given by
t T
pe =& "Ef[érDr] = Do +/ 0sdBs + EP [/ asst] ,
0 t
where @ is the risk-neutral measure defined by

dQ
dpPr

=¢r.

Fr

Under Q, the process

- t *
Bt:Bt—/ {—7*02—1%—7/\3}(15
0 ¥

is a standard Brownian motion. Hence, the equilibrium prices are computed as follows.

pe =& "Ef[¢érDr] (3.37)

t T ,7*
= Dy +/ osdBs + / O {—’Y*U;r]. + )\s} ds
0 t 9
T
=Dit [ {-7"Ed+ b)) ds,
¢

with

T

5
VA9

t
D; = DO —l—/ O'Sst, Y= O‘tO':, G(wt) = O't)\t, and a =
0

This completes the proof of (3.10).
Next we determine the number of shares that each investor holds in her portfolio.
The values of the investors’ portfolios are determined through the no-arbitrage pricing

rule (3.30). In particular, we have

Wi =& EflerW)

1 1
=w" — ?[EI [55 <log2 + log5t>] + ?[ET [& <Zlog Z) + <Z> & logft} g

by simple algebraic manipulations. Then, using that &7 /& is independent of F; (hence
of &) and that E"[§] = E"[é7] = E][¢7/&] = 1 we obtain the wealth at time ¢ of the

regular investor
T T 1 1 T
Wi =w" — 5 log & + ?[E [€elog &] - (3.38)

By construction W/ = EQ[WZ|F], hence it is a Q-martingale. Moreover, by (3.38)
we see that the only stochastic term in the dynamics of (W/) is —1/4" log &. Then,

&=E& (/ {—7*1%5 + 7/\;} dBS) ,
0 v9 t

using
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we can conclude that, under the measure Q, the process (W) has martingale dynamics

t 1 .
Wi =w" + (1 - a)/ {1%—5 - Aj} dB,.
0 v9

The price derived in (3.37), on the other hand, has martingale dynamics under the

measure Q given by

t ~
pt = pO +/ Jsd357
0

where

T
po = Do +/ (=7 Es1 4 ab(vy)) ds.
0

It follows that the optimal claim for the investor is replicable by a self-financing

portfolio whose value can be written as follows:
¢ 1
W/ =w"+(1—- a)/ {]_TO'S - )\I} o tdps
0 9
t 1
=w" +(1— a)/ {ﬂ — e(ws)Tzs—l} dps.
0 9

We conclude that the vector of quantities of shares held by the regular investor at

time ¢ is given by
1 -
N = (- {1- Letew )
while that of the green investor is given by

N/ =a {1 - ’erztle(wt)} .

The latter can be obtained by the former and the market clearing condition. Alterna-
tively, the risk-neutral pricing principle and calculations analogous to the ones above

allow us to deduce that
K 1
W =& el =ut o [ {174 o Te
0
from the formula in (3.35). Hence, the expression of N/ follows.

Proof of Proposition 8

Recalling (3.6), the measure P¢ has density with respect to the measure P given by

T ye\T 1T c||2
76, = e 0T AWk [T IxcIPas

where \{ := o} 10°(¢)y).
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Using (3.37) and Girsanov theorem, the vector of expected equilibrium prices

under the measure P°¢ reads

t T T
E°(p:) = Do —i—/o 0°(vs)ds + a/t 0(vs) — fy*/t Ylds.

Then, the profit function of the i-th company reads
gty = [ (Dpr [oruiiassal owiis— [ [alas a
0 0 t t
T . .
te / e (0 — ),
0

where [¥51]; is the i-th coordinate of the vector ¥31. Then, each company maximises
a function that only depends on its own emissions.

Maximizing J* (1%, ") is equivalent to maximizing

T t T T
J'W ™) = / e Pt </ 05 (Y2)ds + a/ Gi(@b;)ds) dt + ci/ e Plapidt.
0 0 t 0
Applying integration by parts to the integral with respect to ‘dt’ we have
- . T fe=pt _ o=pT . 1— e Pt . o
Gt = [ (T ot R e ol ) e (339)
0
The problem reduces to maximizing the integrand above along the entire trajectory
of (¢})sepo,r)- That is

et —el 1—e i —pt i
max (| —————07(¢;) + a———0i(¢t) + cie” "y
by p

which, multiplying by e” reads

max
¥y

<1 — e—P(T-1) ePt — 1

S o ot o

and the claim follows (see (3.12)).

Proof of Theorem 10

The standard approach to the problem, via dynamic programming, requires us to

introduce the value processes for the two agents:

V)= min E] [exp (=" W7])], V7 = min EY [exp (—y9W3)],
t NeAy ¢ lexp (=" W7)] ¢ NeA?, t[ p( Y T)]

where for t < T and j € {r, g} we define

.A{’T = {(Ns)t<s<r : N is R"-valued, (Fs)i<s<r-adapted and PJ-square integrable}
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and PJ-square integrable means

T
EJ [/ |Nt|2dt] < +00.
0

Moreover, we assume that the equilibrium price has the following dynamics.

N

t t
Pt = po + / psds + / osdBs + Z Yy (3.40)
0 0 —1

where 4 is deterministic and must be found in equilibrium. We shall show a posteriori
that an equilibrium price process of this form can indeed be found.

Notice that from pp = D7 it follows that

T
Po + / psds = Do,
0

and recalling (3.16) we can equivalently write

T t Nt T
=Dy —/ ,usds—i—/ 0sdBs+ Y Y = D —/ [1sds.
t 0 1 t
Following a well-known ansatz we expect
Vii=exp (=YW +Qp), V¥ =exp(—'W/+Qf),

where Q" and Q9 are absolutely continuous deterministic processes with
dQj = q;dt and dQJ = q¢/dt.

Applying the It6’s formula for jump processes yields

7\2
v =V, (—’y’”dW[ +qpdt + (”2) A Cat N vAWD)

)2
= Vi (= (N9 T+ g+ O (N Tl

F (e YN APy VT(NZ—)TAPt))

\2
Vi (=) T i+ ) Tl

+ At/ (e77"(ND = 1)y;ﬁ(dz)>dt + M,

where (M) is a P"-martingale on [0,7] and [W7"]¢ is the continuous part of the
quadratic variation of the process W7". Since V" must be a martingale along the

trajectory of the optimal process (N;) and a submartingale along every trajectory, we
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conclude that the drift term in ‘dV;”” must be non-negative and

(v")?
2

min (—ertTut +ai + NS Ng + Ay (Le(—"Ny) — 1)) =0 (3.41)
for each t € [0,T]. Since ¥ is nondegenerate, the function to be maximized is strictly
convex and coercive (i.e., it tends to 400 as || V|| = oo; notice that L:(—v"N¢) > 0),
thus the unique maximum is always attained. With a slight abuse of notation, we
denote the minimizer of (3.41) (which does not depend on ¢;) by N/, as this will be
the number of assets held by the regular investors. By imposing first order conditions

we have that N/ must be the unique solution of
e — ’}/TEtNt + AtVLt(_’YNt) =0.

By the same logic, the green investors use the measure P9 to compute the dynamic
‘dV?’ and find the optimal quantity of assets. In particular, the optimal quantity N}

is the minimizer of

min ( —9N," pe + g+wNTEN+A9(L(— IN;) —1)) =0
Nt’Yt,tht o vt =iVt ¢\t =77 4V =Uu

The market clearing condition therefore allows to compute (u, N™, N9) by solving

the following system of equations:

M — ’YTEtNtr + AtVLt<—"}/TNtr) = O,
pr — YITNY + AV Li(—INY) = 0; (3.42)
N} + N} =1.

Substituting u; from the second equation into the first one, allows to eliminate it,

obtaining Equation (3.17) in our theorem. The left-hand side of Equation (3.17)

coincides with the gradient of the strictly convex, differentiable and coercive function

r g
F(N) = —795,1N + 2 ‘57

A AY
NTSN + #Lt(—’YTN) + 7;Lt(—79(1 - N)),

which proves existence and uniqueness of the solution of (3.17).

Proof of Proposition 11

The Laplace transform of the shock size distribution, scaled by h, reads

L u) = / M), te 0T,
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If we denote the quantities of assets held by the regular investor by N™" then by
Theorem 10 (see also (3.20)) we have

—I8 1 + (V9 + )N+ AL (—49(1 = NJMY) = 0. (3.43)
Consider now the function fp : R™ — R defined by

7"+ g Ag’h
T EVNTSN + . (L2 =) —1),

r g
— 91 TE,N + %NT&N — ()T (1= N)

+ /\;];L(L?(—ryg(l SN (e T(1 - N) — 1>'

fu(N) = —491T SN +

On the one hand, this function satisfies fj,(1) = WIT&I. On the other hand,
since the Laplace transform is positive and the only quadratic term in NN is positive,
it is clear that there exists a constant k, independent of h such that, for | N|| large

enough,
fn(N) = E|[N|>. (3.44)
Since Ntr’h minimizes f;(N) (see Theorem 10) we have

fa(1) > fu(N]™) = KIIND™)2,

where the final inequality holds if ||NtT’h|| is large. So, either way the norm of Ntr’h is

bounded from above by a constant independent of h. Now, let
rh _ Arr,0 r,1 . r0 1 -1
N =N/" 4+ N/ (h) with N/”:=(1—-a)q1- —th O(¢y) ¢ - (3.45)
Y

It follows from (3.44) that the norm of Ntr’l(h) is also bounded from above. Substi-
tuting (3.45) into (3.43) we obtain an equation for N/*'(h):

—(07 + AN ) + APPVLE (=9 (L= NP0 - NP () )~ 6w =0 (340

To proceed we shall use the next lemma.

Lemma 2. Fiz t € [0,T]. As h — 0, the following limit holds uniformly for u € R"™

lying in a compact:

Jim % {971l () — 0w) } = m(w)u

h—0

with m(:) as in (3.21).
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Proof. The expression under the limit is computed as follows.
1 1
AV L @) 00 } = {ATV L) - Afef )

1
= Af/ u'zz (/ ech“Tde> V¥ (dz).
" 0

To prove the lemma, it is enough to show that

1
/ 2i Zj </ ech“Tde> l/tw(dz) — zi zjugp(dz)
n O R,L

as h — 0, uniformly on u € [-U, U]", for 0 < U < oo. It is also enough, by considering

each orthant separately, to show that
1 T
/ Zq Zj]-ziZU]-szU </ BChu ZdC> V;p(dz) — Zi Zjlzizolzjzouzp(dz) (347)
n 0 R’VL
Assume that v € [-U,U|". The integral fol ech“Tde admits the following bounds:
1
e—hU X1z < / eChuTZdC < PV 2|zl
0

Then,

1
T .
/ zi 2j12,>01z,>0 (/ eShu Zd() V;’Z’(dz) < / % Zjlziz()lzjz()eh[]z|Z1|Vtw(dz),
n 0 n

and similarly for the lower bound. If we recall the well-known inequality
_ 1 .
|2 25"V 2=l < 2—]21 zj|? 4 2e 2"V X NFL for any € > 0,
€

we can use Assumption 7 (which implies that V;p has finite 4-th moment) and the

dominated convergence theorem, to conclude that

]lllir(l) Z3 Zjlzizolzjzothz‘Zi|VZZJ(dZ) = / Z3 Zjlzizolzjzoug)(dz).
R’ﬂ n

A similar argument holds for lower bound, so that the convergence in (3.47) holds

uniformly on u € [—U, U]"™ and the lemma is proved. O

In view of the boundedness of N, 1(h), we immediately conclude from the above
lemma and (3.46) that N;"'(h) — 0 as h — 0. But then, we can divide both sides of
(3.46) by h and take the limit:

r . 1 T . 1 T T
() Jim NP )+ lim = {APMTLE(=47(1 = N} = NP () = 06 | = 0.
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Using once again Lemma 2, we conclude that

. ]- T — T — 1 —
lim ENt’l(h) = —(1—a)AS71S, (1—N°) = (1—a)aA!s]L S, {1 + ?zt 16(¢t)} .

This shows that N/*'(h) is differentiable at h = 0 and allows to write down its first
order Taylor expansion up to a remainder of order O(h?). Recalling the expression
for the drift y from (3.19) and that A; = 0, we have pul* = 7"S,N/"". Then, using the

first order expansion of Nt’"h we obtain (3.22).

Proof of Proposition 13

We start by recalling that the equilibrium price dynamics reads (see (3.40) and (3.18))

t t N T t N
po=m+ [ st [odB4 > Vi=Do [ pds+ [ odbeyovi
0 0 k=1 t 0 k=1

In order to compute the objective function of the i-th company (see (3.8)) we first

notice that recalling (3.40) we have

Ni

St

k=1

E*[pi (s, )] = Do — / ids 1 E° ~ / pids + /O 05 () ds, (3.48)

t

where the sign “~” means that the two sides are equal up to terms which do not depend
¥

on the emissions schedule!”. In particular the integral of 0S(1s) = Afe; appears due
to the following calculations:

Nt
D Y
k=1

[EC

—e[f tyscws] -/ B dEN)

where the final equality uses independence of Yy and N and we conclude by using
E[Y:] = €¥ and EC[N;] =[5 ASdu.

Then, the optimization problem of the i-th company reads

T T t T
ji(wi,q/ri)w/o e—pt{—/t p,gds+/0 eg(ws)ds} dt+ci/0 e Plpldt
T
= [ B + B + b, (3.49)

where the final expression follows by integration by parts as in (3.39). As in Propo-
sition 8, also in this case the problem reduces to a point-wise maximisation along
the trajectory of the emissions schedule. Since the problem is too complex in its full

generality and we are interested in the asymptotic results as h — 0, we replace y; in

'"We must of course keep the drift term because in general it depends on the emissions by Theorem
10.
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(3.49) by its first order Taylor expansion, obtained in Proposition 11, i.e.
ui =y + hpy + O(h%),
with
= a5l —af(yy) and gt = (1—a)am() (Y1+57'0()) .

Dropping terms of the second order in A the optimization for the i-th company reduces

to maximizing over 1; the functional

T
— 0, 1, .
/ e PH{=Bulpy" + h- ") (o) + BEOS () + canpy bt
0
After dropping terms independent of 1, the latter is equivalent to maximizing

aBili(1hr) + BO5 (Ve) + cithe — hBro(1 — o) [w(hy) (v 1+ 57 '0(wr))],  (3.50)

for each ¢ € [0, 7). Due to the fact that m(1) = AY (e (e¥)T), with A? independent
of 1, and O(¢py) = A? ef’ we can equivalently write (3.50) in terms of () as

QBili(e) + B0 (V) + et — hfa(1 — a)Af e (77 (ef) "L + (e} TE710(w))

= () + B0506) + e — n2UC D g ) (707 ()1 + 67 ()2 0w )

A
(3.51)

Clearly, the equilibrium strategy corresponding to the zeroth-order approximation

of p, i.e., taking h = 0 in (3.51), is given by
vt = argmax{afifi(v) + B0 (1) + e}

In order to find the ‘uncertainty correction’ to the equilibrium emission strategy, we

expand the last term of (3.50) around ¢*?. The maximizer will satisfy
A" = 0(¢%) = 0(1°) = O(h)

hence we can ignore terms of order higher than one in A#". Then, approximating

(3.51) and dropping terms independent of 1, the i-th player must maximise

9h (W) =aBufi (1) + BEOS () + cithy

~ WP ) (7767 1+ 07 (07 O 00 ))
)

g 0w (71T 0(wn) + 207 (07 )5 0w ).
t
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Differentiating with respect to v{ and imposing first order conditions we obtain

(ot + m 8w+ e B U (371 T00) + 07 () 0 ) v
t

(1-a)

« * r *, - 7
B S 0 () (77178 4+ 20T ()T ) v = 0,
t

where d; is a vector whose i-th coordinate is equal to one and all other coordinates

are zero. Rearranging terms and recalling that w:’o’i = ¢;(akfr + K°Bf) we obtain

¥ (1 ~hp, M=)

| (e 67 i ot

+0,07°) (7178 + 207 (07 )7 1)) ]wf 0) =0

Solving for ¢} concludes the proof given that ¢’ — g (¢") is concave for small h

(notice also that the denominator in (3.23) is not zero for small h).
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TABLE 3.5:

Externality premia broken down by industry. This table presents the
externalities premia, estimated using specification (3.26), broken down by SIC industry and
ranked in descending order.

Industry name

Externality premium

Tobacco products 0.0023***
Defense 0.0022***
Printing and publishing 0.002***
Precious metals 0.0018***
Coal 0.0015™**
Aircraft 0.0014***
Non-metallic and industrial metal mining 0.0013***
Cand & Soda 0.0012***
Entertainment 0.0012***
Petroleum and natural gas 0.0011***
Communication 0.0011***
Shipping containers 0.001"**
Trading 0.001™**
Retail 0.0009"**
Meals 0.0009"**
Banking 0.0009***
Insurance 0.0009™**
Pharmaceutical products 0.0008"**
Personal services 0.0008™**
Clothes apparel 0.0007***
Real estate 0.0006**
Business services 0.0004™**
Recreation 0.0003™**
Transportation 0.0001**
Beer & Liquor 0
Chemicals 0
Computers 0
Consumer Goods -0.0001***
Steel works -0.0001
Shipbuilding & Railroad equipment -0.0001
Agriculture -0.0002
Automobiles and trucks -0.0002***
Rubber and plastic products -0.0004***
Healthcare -0.0006**
Textiles -0.0006™
Food products -0.0007***
Medical equipment -0.0007***
Chips -0.0012***
Wholesale -0.0015™**
Business supplies -0.0021***
Utilities -0.0023***
Machinery -0.0026™**
Fabricated products -0.0028"**
Construction materials -0.0051**
Electrical equipment -0.0069***
Measuring and control equipment -0.0076"**
Construction -0.0083***
Other -0.0217***
Note: *p<0.1; **p<0.05; ***p<0.01
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TABLE 3.6: Carbon intensities and marginal abatement costs. This table gives,

for each SIC industry, the average carbon intensity of the companies, ¥, the industry fixed

effect estimated via specification (3.29) and the estimated marginal abatement cost, ¢;, such
that f; = log(c;).

Industry wi fi ci

Precious metals 566.76 2.84 17.12
Petroleum and natural gas 436.64 2.63 13.87
Non-metallic and industrial metal mining 498.51  2.57 13.07
Shipping containers 540.90 2.53 12.55
Transportation 377.60 245 11.59
Steel works 492.61 2.44 11.47
Food products 466.31 2.43 11.36
Chemicals 417.34  2.37  10.70
Utilities 375.12 237 10.70
Business supplies 396.08 2.36 10.59
Textiles 364.15  2.30 9.97
Fabricated products 284.29 1.99 7.32
Construction materials 302.78 1.91 6.75
Other 255.54  1.83 6.23
Cand & Soda 220.34 1.78 5.93
Beer & Liquor 208.01 1.58 4.85
Rubber and plastic products 184.31 1.46 4.31
Tobacco products 155.53 1.36 3.90
Consumer Goods 152.09 1.34 3.82
Machinery 176.77 1.34  3.82
Electrical equipment 152.54 1.23 3.42
Meals 146.95 1.23 3.42
Medical equipment 84.90 1.17 3.22
Shipbuilding & Railroad equipment 172.74 1.16 3.19
Automobiles and trucks 168.17 1.09  2.97
Wholesale 123.34  0.99 2.69
Personal services 115.42 0.91 2.48
Recreation 96.41 0.88 2.41
Chips 117.14  0.85 2.34
Aircraft 89.24 0.83 2.29
Defense 130.73  0.80 2.23
Construction 86.40 0.69 1.99
Insurance 15.88 0.69 1.99
Clothes apparel 73.46 0.65 1.92
Measuring and control equipment 78.20 0.62 1.86
Pharmaceutical products 70.44 0.56 1.75
Real estate 74.78 0.44 1.55
Retail 74.72 0.43 1.54
Entertainment 59.26 0.15 1.16
Communication 35.53 0.12 1.13
Printing and publishing 70.85 0.11 1.12
Healthcare 59.20 0.08 1.08
Computers 57.64 -0.17 0.84
Business services 41.21  -0.18 0.84
Trading 26.20 -0.69 0.50

Banking 10.53 -0.86 0.42
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Conclusion

In this thesis, I study the effect of investors’ pro-environmental preferences on asset
prices and companies’ practices.

I show that pro-environmental preferences impact asset returns and prices in equi-
librium. I characterize the effect in a one-period model (Chapter 1) and a multi-period
model (Chapter 3). In equilibrium, asset returns decrease (increase) for green (brown)
assets because sustainable investors accept a lower (require a higher) return to hold
them. T estimate this effect by constructing a proxy using green fund holdings (Chap-
ters 1 and 3): the average effect between the least and most polluting industries ranged
between -1.12% and 0.14% per year between 2007 and 2019 and increased over time
(Chapter 1). T also document the effect of exclusionary screening on asset returns.
I show that this sustainable investing practice translates into two exclusion premia,
one of which is a generalized form of Merton (1987)’s premium on neglected stocks.
When applying the model to sin stocks as excluded assets, the exclusion effect was
1.43% per year between 2007 and 2019.

I also estimate the share of the green premium induced by non-pecuniary prefer-
ences by focusing on the bond market (Chapter 2). To do so, I use green bonds as
an instrument that I compare to a synthetic counterfactual conventional bond, and 1
derive the yield differential by controlling for the effect of the difference in liquidity.
The share of non-pecuniary preferences in the yield differential between green and
brown assets is small—approximately 2 bps, which is the yield that green investors
are willing to forgo owing to their non-pecuniary preferences. This result suggests
that the yield differential between the bond yields of green and brown companies is
mainly driven by green investors’ expectations of environment-related financial risks
being more pronounced for brown companies rather than the effect of non-pecuniary
preferences.

Finally, Tiziano De Angelis, Peter Tankov, and I show that by modifying the equi-
librium return, and thus companies’ cost of capital, investors push them to reform
(Chapter 3). Consequently, companies pay a price to mitigate their environmental
impact and increase their shareholder base, thereby lowering their cost of capital. In
particular, both the increase in the proportion of green investors and their environ-
mental stringency push companies to reduce their carbon footprint. We estimate the
equilibrium equation applied to companies’ carbon intensity by using the history of
green fund holdings. When the share of green investors doubles, the carbon, com-

panies’ carbon intensity falls by an average of 5% per year. Extending our analysis
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to the case where environmental externalities are uncertain, we show that green in-
vestors reduce their allocation to risky assets, thereby mitigating the pressure they
exert on the most polluting companies’ cost of capital. As a result, brown compa-
nies are incentivized to increase their carbon footprint compared to the equilibrium
without uncertainty.

The results of this thesis have several normative implications for investors and
public authorities. From the investors’ viewpoint, (i) the results show that it is finan-
cially profitable to support companies that will become green. Indeed, the direct taste
premium decreages when the cost of environmental externalities decreases. Moreover,
(ii) we show that green investors have the means to increase their impact on the most
polluting companies and push them to reduce their environmental footprint by in-
creasing their environmental requirements. To do so, they can either restrict their
investment scope to the most virtuous companies or more significantly underweight
the least virtuous companies.

From the viewpoint of the public authorities, (i) the results of this thesis show that
supporting the increase in the proportion of green investors contributes to increasing
the pressure on the most polluting companies and accelerating the mitigation of their
environmental footprint. The consolidation of green finance can be achieved through
the development of green stock market indices, environmental taxonomies, green stan-
dards and certifications, the improvement of green securities’ liquidity, and the raising
of retail investors’ awareness about the risks and opportunities of environmental is-
sues. Those are levers that contribute to the growth of the share of investors likely to
internalize pro-environmental preferences in their investment choices. Moreover, (ii)
developing initiatives and regulations to increase transparency on the environmental
footprint of companies gives green investors the means to have a stronger impact on
companies and thus contribute to accelerating the ecological transition.

Several research avenues are possible building on this thesis. First, another key
aspect of green investment is the ability for shareholders to push companies to reform
by participating in companies’ decisions; this is called shareholder engagement. This
practice is not examined in this thesis, and its interaction with ESG integration and
divestment practices is not yet developed in the academic literature. However, re-
garding the analysis of impact investing, it is crucial to take into account shareholder
engagement as well, as it aims at the same goals as ESG integration by using oppo-
site means—increasing participation in a brown company to support the reduction
of its environmental footprint. This dual approach constitutes a potentially fruitful
line of research in the continuity of this thesis. Second, an empirical study could be
performed to assess whether the use of green bonds’ proceeds has a differentiating
impact on the green premium. This would make it possible to identify whether the
degree of non-pecuniary preferences induces a differentiating impact on asset returns.
Third, a literature that combines asset pricing and climate models is emerging. Such
interdisciplinary contributions could shed light on the role that finance could play to

support and foster the ecological transition.
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Résumé en francais

1. Définitions liminaires

Préférences pro-environnementales. Un investisseur a des préférences pro-environnementales
lorsque, dans sa fonction d’utilité, il valorise plus fortement les actifs des entreprises
les plus vertes et plus faiblement les actifs des entreprises les plus polluantes. Ces
préférences pro-environnementales peuvent étre motivées par des enjeux pécuniers ou
non-pécuniers.

Préférences non-pécuniaires. Un investisseur a des préférences non-pécuniaires
pour certains actifs lorsqu’il valorise plus fortement ces derniers, indépendamment de
leur rendement anticipé ou de leur variance anticipée. En particulier, les préférences
pro-environnementales non-pécuniaires font références aux motivations des investis-
seurs 4 investir dans des actifs verts indépendamment de leurs caractéristiques finan-
ciéres.

Investissement d’impact. Un investissement d’impact vise & « générer un im-
pact social et environnemental positif et mesurable, en complément d’'un rendement
financier » (Global Impact Investing Network). En particulier, un investissement
d’impact environnemental cherche a réduire I’empreinte environnementale des en-

treprises émettrices des actifs financiers.

2. Enjeux et problématiques

L urgence environnementale, qui suppose de repenser ’organisation de nos sociétés et
le fonctionnement de nos économies, nécessite de mobiliser des capacités de finance-
ment considérables. Pour exemple, les seuls besoins d’infrastructure au cours des
quinze prochaines années permettant aux pays de FOCDE d’étre cohérents avec la
trajectoire 2 degrés Celsius s’élévent a 6 900 milliards de dollars (OECD, 2017a). En
complément du soutien public, les financements privés représentent donc un précieux
levier pour parvenir & mobiliser de tels montants.

De maniére concomitante, l'intérét des investisseurs financiers pour les enjeux
environnementaux s’est considérablement accru au cours des derniéres années. Les
investisseurs qualifiés de « verts » adaptent ainsi leur allocation d’actifs en sur-
pondérant les actifs des entreprises les plus vertueuses sur le plan environnemental
et en sous-pondérant, voire en excluant, les actifs des entreprises les plus polluantes.
L’ajustement de leur allocation d’actifs peut étre motivée par deux principaux en-

jeux : (i) des préférences non-pécuniaires pour les enjeux environnementaux et (ii)
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I'internalisation du risque financier li¢ & I’environnement. Dans le premier cas, les
investisseurs excluent les entreprises les plus polluantes pour des raisons éthiques et
sont préts & renoncer & une partie de leur rendement espéré au nom de leurs con-
victions environnementales. Dans le second cas, les investisseurs se couvrent contre
un risque financier lié a4 'environnement qui est encore imparfaitement valorisé par
les marchés financiers. Ce risque peut étre un risque de transition environnementale
(Jakob and Hilaire, 2015), un risque physique (Arnell and Gosling, 2016) ou un risque
légal (Hunter and Salzman, 2007).

Que ce soit pour des motifs non-pécuniers ou pour internaliser un risque financier
lié & 'environnement, I’ajustement de ’allocation d’actif des investisseurs verts a une
double incidence : (i) elle modifie les prix et les rendements des actifs a I’équilibre
et, en conséquence, (ii) elle affecte les pratiques des entreprises en modifiant leur
colit du capital. L’analyse de la premiére conséquence participe d’une approche de
valorisation d’actifs, tandis que ’analyse de la seconde conséquence s’inscrit dans le
champ de recherche embryonnaire que ’on qualifie d’investissement d’impact.

Dés lors, trois grandes questions se posent :

- Comment les rendements espérés des actifs se déforment-ils lorsqu’un groupe
d’investisseurs internalise les enjeux environnementaux dans son allocation d’actifs
? [Chapitre 1]

- Comment se décompose ’ajustement du rendement espéré entre (i) 'impact des
préférences non-pécuniaires et (ii) celui de Uinternalisation du risque financier

lié & I'environnement ? [Chapitre 2]

- Les entreprises les plus polluantes, dont le cotit du capital est affecté par les
pratiques des investisseurs verts, sont-elles incitées & réduire leur impact envi-

ronnemental 7 [Chapitre 3|

Comme l'illustre la Figure 1, les trois chapitres de cette thése s’attachent & répon-

dre respectivement & chacune de ces questions.

3. L’investissement environnemental

a. L’approche de valorisation d’actifs
i. Valorisation d’actifs avec préférences pro-environnementales

La théorie moderne du portefeuille, fondée sur le travail séminal de Markowitz (1952),
ainsi que le modéle d’évaluation d’actifs, qui s’appuie sur les contributions de Sharpe
(1964) et Lintner (1965), n’offrent pas le cadre théorique permettant d’expliquer I'effet
des préférences pro-environnementales des investisseurs sur les rendements des actifs
a I’équilibre. Si plusieurs facteurs de risque, tels que les facteurs de Fama and French
(1993) ou de Carhart (1997), ont été identifies comme des déterminants de la dy-
namique des rendements des actifs, ils ne permettent pas non plus d’expliquer 1'effet

de l'investissement vert sur le rendement des actifs.
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Chapters 1 & 3 (theoretical & empirical, applied to stocks)
Chapter 2 (empirical, applied to bonds)

Investors’ preferences

Asset pricing approach Risk materialization

The environment Financial investments

Impact investing approach

Chapter 3 (theoretical & empirical applied to stocks)

FIGURE 5: Principales approches de recherche en investissement environnemen-
tal Ce schéma illustre les deux principales approches de recherche dans le champ de
I'investissement environnemental: la valorisation d’actifs et ’investissement d’impact.

Une foisonnante littérature empirique a cherché & mettre en évidence l'effet de
I'impact environnemental des entreprises sur leurs rendements a ’équilibre. Générale-
ment, ces articles ont cherché a régresser des rendements financiers réalisés sur des
notes environnementales. Cependant, les résultats de cette littérature sont non con-

clusifs :

- Certains articles mettent en évidence une relation négative entre la performance
environnementale et la performance financiére, notamment Brammer, Brooks,
and Pavelin (2006), Renneboog, Ter Horst, and Zhang (2008) et Barber, Morse,
and Yasuda (2018). De plus, Sharfman and Fernando, 2008, ElGhoul et al.
(2011) et Chava (2014) mettent en évidence ce méme effet sur les rendements
espérés. Bolton and Kacperczyk (2020), Hsu, Li, and Tsou (2019) et In, Park,
and Monk (2019) montrent que les entreprises qui émettent le plus de gaz a
effets de serre ont des rendements plus élevés que les entreprises qui en émettent

moins.

- D’autres articles trouvent une relation positive, notamment Derwall et al. (2005),
Statman and Glushkov (2009), Edmans (2011), Eccles, Toannou, and Serafeim
(2014), Flammer (2015), Kriiger (2015) et Statman and Glushkov (2016). En
particulier, Kriiger (2015) montre que les investisseurs réagissent trés négative-
ment aux nouvelles négatives concernant la responsabilité environnementale des

entreprises.
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- Enfin, d’autres auteurs encore, tels que Bauer, Koedijk, and Otten (2005) et
Galema, Plantinga, and Scholtens (2008), ne trouvent pas de relation significa-

tive entre performance environnementale et performance financiére.

C’est en me basant sur la littérature sur les préférences hétérogénes et le désaccord
entre investisseurs,'® que j’éclaire dans le premier chapitre de cette thése, d’un point
de vue théorique et empirique, 'impact des préférences pro-environnementales sur les

rendements des actifs.

ii. Préférences non-pécuniaires pour les actifs verts

I’analyse de I'impact des préférences pro-environnementales sur les rendements des
obligations donne des résultats empiriques plus consensuels que cette méme analyse
sur les actions. En effet, méme si les conclusions ne sont pas unanimes, la majorité des
travaux suggére que les entreprises ayant une performance environnementale élevée
bénéficient d’un coiit de la dette plus faible. Les auteurs attribuent principalement ce
différentiel de cotit du capital & une réalité financiére : la création d’actifs intangibles
(Porter and Linde, 1995, Hart, 1995, Jones, 1995, Ambec and Lanoie, 2008, Flammer,
2015) ainsi qu’une meilleure gestion du risque (Ambec and Lanoie, 2008; Bauer and
Hann, 2014), tous deux étant imparfaitement capturés par les modeéles des agences
de notation (Ge and Liu, 2015; Oikonomou, Brooks, and Pavelin, 2014). Cependant,
la littérature n’identifie pas la part de ce différentiel de rendement qui est imputable
aux préférences non-pécuniaires.

L’émergence des obligations vertes (green bonds) et la liquidité croissante de ces
actifs offre un cadre propice a l'identification de la part du différentiel de rendement
obligataire imputable aux préférences pro-environnementales non-pécuniaires des in-
vestisseurs. En effet, de méme que pour les obligations conventionnelles, le risque
des obligations vertes est celui de I'entreprise émettrice. Ainsi, comparer des obli-
gations vertes & des obligations contrefactuelles synthétiques conventionnelles permet
d’éliminer le différentiel de risque financier et d’isoler 'impact des préférences non-
pécuniaires des investisseurs verts sur le rendement des obligations. C’est ’approche

que j’adopte dans le deuxiéme chapitre de cette thése.

b. L’approche d’investissement d’impact

Parce que l'investissement vert impacte le rendement espéré des actifs & 1’équilibre,
comme analysé dans les chapitres 1 et 2 de cette thése, il modifie le coiit du capital
des entreprises qui peuvent étre incitées a réagir en conséquence. En particulier, elles

peuvent étre incitées & réduire leur impact environnemental. C’est le mécanisme de

!8En particulier, Harris and Raviv (1993), Biais and Bossaerts (1998), Scheinkman and Xiong
(2003), Fama and French (2007b), Jouini and Napp (2007), David (2008), Dumas, Kurshev, and
Uppal (2009), Banerjee and Kremer (2010), Bhamra and Uppal (2014), Carlin, Longstaff, and Matoba
(2014), Baker, Hollifield, and Osambela (2016), Atmaz and Basak (2018) and Banerjee, Davis, and
Gondhi (2019).
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Iinvestissement d’impact qui a été documenté par les travaux séminaux de Oehmke
and Opp (2019), Landier and Lovo (2020) et Pastor, Stambaugh, and Taylor (2019).

Les deux premiers articles développent un modeéle d’équilibre général. Oehmke
and Opp (2019) introduisent des investisseurs durables qui acceptent de financer des
projets moins rentables et montrent que les entreprises réduisent leur empreinte en-
vironnementale en étant contraintes d’internaliser leurs cofits sociaux. Landier and
Lovo (2020) arrivent & des conclusions similaires en introduisant un fonds qui a des
préférences pour les enjeux ESG mais un objectif de rendement financier similaire
aux investisseurs standards. Enfin, Pastor, Stambaugh, and Taylor (2019) arrivent
également aux mémes conclusions en montrant que les entreprises les plus polluantes
ont un colt du capital plus élevé.

Dans le troisiéme chapitre de cette thése, nous abordons le probléme sous ’angle
de la valorisation d’actifs & travers un modéle dynamique ou les investisseurs et les
entreprises entrent dans un jeu & somme non-nulle. Nous analysons notamment 1’effet
de l'incertitude concernant I'impact environnemental futur d’une entreprise sur son

incitation a se réformer et a réduire ce dernier.

4. Contributions

Chapitre 1 - A sustainable capital asset pricing model (S-CAPM):
Evidence from green investing and sin stock exclusion

Dans le premier chapitre de cette thése, je montre d’un point de vue théorique com-
ment les pratiques (i) du filtre d’exclusion et (ii) du filtre ESG par les investisseurs
« durables » affectent les rendements espérés des actifs & 1’équilibre. Je valide em-
piriquement le modele appliqué (i) aux « actions du péché » (alcool, jeux, tabac) pour
le filtre d’exclusion et (ii) en construisant un proxy du gott des investisseurs verts a
partir des détentions d’actifs des fonds verts pour le filtre ESG.

Plus précisément, je montre que les pratiques d’exclusion et d’intégration ESG
des investisseurs durables induisent, respectivement, deux « primes d’exclusion » et
deux « primes de goiit » sur les rendements espérés d’équilibre. Dans ce marché
partiellement segmenté (Errunza and Losq, 1985), je montre que ces primes ont des

effets croisés entre les actifs exclus et les actifs non-exclus.

Primes d’exclusion

Les deux primes d’exclusion, induites par la réduction de la base d’investisseurs, ont
été indépendamment mises en évidence par Errunza and Losq (1985) sur les actifs
exclus et Jong and Roon (2005) sur les actifs non-exclus dans le cadre de marchés
partiellement segmentés. Je montre que ces deux primes s’appliquent simultanément
a 'ensemble des actifs, ce qui refléte notamment D'effet croisé des primes d’exclusion
sur les actifs non-exclus. Ces primes d’exclusion sont induites par l'effet de couverture

conjoint des investisseurs durables qui pratiquent ’exclusion et des autres investisseurs
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qui sont contraints de détenir ces actifs. En effet, pour un actif donné, chacune de ces
primes peut étre décomposée en deux effets : (i) d’une part, contraints de détenir les
« actifs exclus », les investisseurs qui ne pratiquent pas ’exclusion valorisent d’autant
plus Pactif exclu qu’il est décorrélé des autres actifs exclus; (ii) d’autre part, les in-
vestisseurs qui pratiquent ’exclusion cherchent & se couvrir en achetant le portefeuille
de réplication de l'actif exclu a partir des actifs non-exclus; ceci induit ainsi une pres-
sion d’autant plus forte sur le rendement des actifs exclus dont la dynamique est
aisément réplicable a partir des actifs non-exclus.

En relachant ’hypothése d’indépendance des rendements, je montre que l'une de
ces deux primes généralise la prime des actions « négligés » caractérisée par Merton
(1987). Par ailleurs, plusieurs articles empiriques, tels que Hong and Kacperczyk
(2009) et Chava (2014), ont mis en évidence l'effet positif de I’exclusion sur le ren-
dement des actions du péché. Je montre d’'un point de vue théorique que, si I'effet
d’exclusion est bien positif en moyenne, il peut étre négatif pour les actifs exclus pris
individuellement, notamment lorsqu’ils sont décorrélés des autres actifs exclus. Je
valide empiriquement ce résultat théorique en estimant 1’équation d’équilibre micro-
fondée sur données américaines entre 2007 et 2019. Je montrant ainsi que, si l'effet
d’exclusion moyen annuel est de 1,43%, ce dernier est négatif pour 10 actions du
péché parmi 52. La valeur moyenne de D'effet d’exclusion moyen est cohérent avec
leffet estimé par Hong and Kacperczyk (2009).

Enfin, j’analyse la dynamique de 'effet d’exclusion. En régressant la prime d’exclusion
que Luo and Balvers (2017) mettent en évidence sur un proxy du cylce économique,
ces auteurs affirment que la dynamique d’exclusion est déterminée par les cycles
économiques. Je montre que la dynamique de la prime d’exclusion, pour un actif
donné, n’est pas directement liée aux cycles économiques mais & la covariance du ren-
dement de cet actif avec les autres actifs, en particulier avec les rendements des autres
actifs exclus. Ainsi, lorsque la corrélation entre actifs s’accroit, notamment pendant
les périodes de crises, l'effet d’exclusion augmente sensiblement. C’est ce que 'on
observe pendant la crise financiére de 2008: la prime d’exclusion a fortement cru et
s’est effondrée avec la remontée des marchés et la baisse de la corrélation entre les
actifs.

Je conduis enfin plusieurs tests de robustesse sur des spécifications alternatives qui

valident les résultats principaux résumés ci-avant.

Primes de gotit

Les deux primes de gott (prime de goat directe et prime de gout indirecte) sont
induites par 'internalisation des externalités ESG par les investisseurs durables qui
modifient leur pondération d’actifs en conséquence. Ces derniéres se matérialisent via
trois canaux. Premiérement, en cohérence avec les travaux indépendants de Pastor,
Stambaugh, and Taylor (2019) et Pedersen, Fitzgibbons, and Pomorski (2019), la
prime de got directe est plus élevée (faible) pour les actifs bruns (verts), car les

investisseurs durables requiérent un rendement plus élevé (acceptent un rendement
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plus faible) pour les détenir. Deuxiémement, et en conséquence, la prime de marché
est également ajustée de la prime de goiit directe. Troisiémement, la prime de gott
indirecte affecte les actifs exclus car les investisseurs pratiquant l'intégration ESG se
couvrent en surpondérant les actifs exclus les plus corrélés aux actifs non-exclus des
entreprises polluantes qu’ils sous-pondérent.

D’un point de vue empirique, de nombreux articles ont taché d’expliquer I'impact
des notes ESG sur le rendement réalisé des actifs, avec des résultats non consen-
suels. Cela s’explique notamment par trois raisons : (i) les notes ESG ou les indi-
cateurs environnementaux sont des proxy imparfaits du gott agrégé des investisseurs
durables et sont généralement disponibles uniquement a une fréquence annuelle ; (ii)
les équations estimées ne prennent pas en compte l’accroissement de la proportion
des investisseurs durables ; (iii) les rendements réalisés sont des proxys imparfaits
des rendements espérés car ils ne prennent pas en compte les changements inatten-
dus des préférences des investisseurs durables (Pastor, Stambaugh, and Taylor, 2019).
Je contourne cette triple difficulté en estimant 1’équation d’équilibre microfondée a
partir de proxies (i) du cout d’externalités environnementales, (ii) de la proportion
d’investisseurs verts, et (iii) du changement inattendu de leurs préférences, construits
a partir de I’historique des détentions d’actifs des fonds verts dans le monde. (i) Le
proxy du colt d’externalités environnementales est construit comme la différence rel-
ative entre le poids d’un actif dans le portefeuille agrégé des fonds verts et son poids
dans 'univers d’investissement; je montre théoriquement que cet instrument approx-
ime bien le cofit d’externalités environnementales tel que défini dans le modele. (ii)
Le proxy de la proportion d’investisseurs verts est défini comme la valeur des actifs
sous gestion des fonds verts & chaque date divisée par la valeur de marché de 'univers
d’investissement. (iii) Enfin, le proxy du changement inattendu des préférences est
défini comme la variation du facteur de gotit direct construit a partir de (i) et (ii).

En estimant 1’équation d’équilibre appliquée & l'intégration des enjeux environ-
nementaux, je montre que 'effet de gotit moyen entre les industries les moins et les
plus polluantes varie entre -1,12% et 0,14% par an entre 2007 et 2019 et qu’il s’accroit
dans le temps.

Je vérifie, & travers plusieurs tests de robustesse, que le résultat principal reste
valide en reproduisant l’estimation sur des modéles alternatifs (plus longue durée pour
la premiére passe de I'estimation, rendements équipondérés, portefeuilles doublement
triés par taille et par industrie), en écartant la possibilité que la significativité du
résultat soit liée a une causalité inverse, en contrélant le risque de variable omise
lié¢ au changement inattendu des préférences, et en conduisant une analyse du risque

d’erreur de mesure & partir de l'intensité carbone des entreprises.
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Chapitre 2 - The effect of pro-environmental preferences: Evidence
from green bonds.

Le deuxiéme chapitre de cette thése estime empiriquement la part de 1’écart de ren-
dement entre les actifs verts et non-verts qui est induite par les préférences non-
pécuniaires des investisseurs. Pour ce faire, je me concentre sur le marché obligataire
et j'utilise les obligations vertes (« green bonds ») comme instrument pour estimer

cette « prime verte ».

Prime verte

A partir d’'une méthode d’appariement, j’identifie les 110 obligations vertes pour
lesquelles il est possible de construire un contrefactuel synthétique d’obligations con-
ventionnelles ayant exactement les mémes caractéristiques (hormis le fait qu’elles ne
sont pas vertes). Plus précisément, afin de construire une obligation conventionnelle
contrefactuelle synthétique, pour chaque obligation verte, j’identifie d’abord deux obli-
gations conventionnelles du méme émetteur, dans la méme devise, avec la méme no-
tation, la méme structure obligataire, le méme type de coupon et ayant les maturités
les plus proches de celle de l'obligation verte; de plus, je limite I’écart de maturité
et de liquidité (a partir de la taille de la souche et de la date d’émission) entre les
obligations vertes et les deux obligations conventionnelles appariés. Je construis alors
I’obligation conventionnelle contrefactuelle synthétique en interpolant linéairement le
rendement des deux obligations conventionnelles & la date de maturité de 'obligation
verte; ceci permet d’éliminer le biais de maturité. Enfn, afin d’éliminer le biais de
liquidité, je régresse la différence de rendement entre 'obligation verte et 'obligation
conventionnelle contrefactuelle synthétique sur un proxy de leur différence de liquid-
ité construit a partir du bid-ask spread. Cette régression en données de panel & effets
fixes permet d’extraire la prime verte définie comme D'effet spécifique inobservé de la
régression.

Utiliser le différentiel de rendement entre obligations vertes et obligations con-
ventionnelles contrefactuelles comme variable dépendante permet de contourner deux
biais inhérents a une régression ot les rendements des obligations vertes et conven-
tionnelles sont régressés sur les caractéristiques des obligations: un biais de variables
omises et un biais lié & la surpondération des actifs ayant ’historique le plus long.

L’analyse porte sur le marché secondaire entre juillet 2013 et décembre 2017. Les
110 obligations représentent 10% du nombre et 17% du montant des obligations vertes
émises dans le monde a la fin de 'année 2017. La prime verte est estimée & -2 points
de base (bps) en moyenne. Cela signifie que le rendement (prix) des obligations vertes
est légérement plus faible (élevé) que celui des obligations conventionnelles. Cette
prime verte refléte le rendement que les investisseurs sont préts & céder pour détenir
des actifs obligataires verts & risque égal. Si elle est statistiquement significative,
cette prime demeure économiquement trés faible. Elle suggére donc que la différence

de rendement entre les obligations d’entreprises vertes et celles d’entreprises brunes,
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9 correspond principalement & une

largement mise en évidence dans la littérature,!
différence de risque financier entre les deux types d’entreprises plutdt qu’a effet des
préférences non-pécuniaires des investisseurs verts.

Du point de vue des praticiens, cette prime verte met en évidence 'appétit des
investisseurs pour les obligations vertes et le fait que les entreprises peuvent diversifier
leurs bases de créanciers a travers cette classe d’actifs. Cependant, compte tenu de sa
trés faible valeur, elle ne constitue pas une désincitation pour les investisseurs verts
a soutenir le marché des obligations vertes. En outre, du point de vue des autorités
de supervision, cette prime ne révéle pas d’écart de valorisation substantiel — donc de

bulle — entre les actifs verts et bruns a risque égal.

Tests de robustesse

Je conduis toute une série de tests de robustesse. Premiérement, je vérifie que la
prime verte ne correspond pas & une différence de risque financier entre les obliga-
tions vertes et conventionnelles. Pour ce faire, je reproduis la régression principale en
données de panel augmentée d’une variable correspondant & la différence de volatilité
entre I'obligation verte et ’obligation contrefactuelle conventionnelle. Qu’il s’agisse
des volatilités 10 jours, 20 jours ou 30 jours annualisées, le différentiel de ces derniéres
n’a pas de pouvoir explicatif de la prime verte. Ce résultat correspond & ce qui était
attendu compte tenu de la similarité du risque entre obligations vertes et convention-
nelles du méme émetteur. Deuxiémement, j’analyse la dynamique de la prime verte
dans le temps. En reproduisant ’analyse mois par mois, je montre que la prime verte
est proche de zéro et non significative jusqu’a mai 2016. A partir de cette date, &
six mois de la signature des accords de Paris, une prime verte significative de 1’ordre
de -2 bps se matérialise. L’analyse de différents sous-groupes d’obligations vertes fait
apparaitre une dynamique similaire. Troisiémement, je m’assure que la prime verte
ne correspond pas & une prime de marché en introduisant un effet fixe temps dans
la régression en données de panel et en régressant ce dernier sur le rendement de
plusieurs indices actions. Aucun effet causal n’apparait significativement, ce qui per-
met d’écarter la possibilité que la prime verte capture un facteur de risque de marché.
Quatriémement, je reproduis ’analyse en modulant les critéres d’appariement sur les
bornes du différentiel de maturité et de liquidité. Avec des critéres plus restrictifs,
les résultats ne sont pas alterés. Enfin, je teste la représentativité de I’échantillon
analysé par rapport & 'univers total d’obligations vertes en comparant les distribu-
tions des caractéristiques des obligations vertes dans les deux échantillons a 1’aide
d’un test du x2. Il apparait que I’échantillon étudié ne différe pas significativement de
I'univers d’obligations vertes; cela suggére donc que cette prime négative de 2 bps en
moyenne pourrait étre matérielle pour I’ensemble des obligations vertes de 'univers

d’investissement.

!9Par exemple, Bauer and Hann (2014), Oikonomou, Brooks, and Pavelin (2014), Flammer (2015).
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Déterminants de la prime verte

Enfin, j’analyse I'hétérogénéité de cette prime parmi ’ensemble des obligations du
panel. Plus précisément, je réalise une régression transversale de la prime verte es-
timée sur les caractéristiques discriminantes des obligations vertes: le type d’émetteur,
leur notation, la devise, la maturité et la taille de la souche (comme proxy de la lig-
uidité). Je montre notamment que cette prime est plus prononcée sur les obligations
des émetteurs financiers et des émetteurs ayant une faible notation. Par exemple,
le rendement d’une obligation financiére européenne verte de notation AAA, AA, A
BBB est plus faible que celui d’une obligation conventionnelle équivalente de, respec-
tivement, 0.9 bp, 3.2 bps, 3.2 bps et 4.9 bps. Cette analyse permet de construire
une courbe verte pour I’ensemble des émetteurs n’ayant pas encore émis d’obligations
vertes & partir de leurs caractéristiques (type d’émetteur, notation, devise, maturité,
liquidité) et en utilisant les paramétres estimés via cette derniére régression. Cet
exercice est utile, tant pour les émetteurs que pour les investisseurs qui cherchent a
estimer, respectivement, un « taux d’endettement juste » et un « rendement juste »
lors de I’émission d’une nouvelle souche obligataire verte pour laquelle aucun repére

n’est encore disponible.

Chapitre 3 - Environmental Impact Investing

Dans le troisiéme chapitre de cette thése, co-écrit avec Tiziano de Angelis et Peter
Tankov, nous montrons comment l’'investissement vert peut avoir un impact sur la
pratique des entreprises, notamment les plus polluantes, qui sont poussées a réduire

leur impact environnemental.

Externalités environnementales déterministes

Nous construisons un modéle d’équilibre dans un marché peuplé par (i) un groupe
d’investisseurs standards et (ii) un groupe d’investisseurs verts qui internalise 'impact
financier des externalités environnementales des actifs dans lesquels ils investissent.
Ces externalités sont, dans un premier temps, considérées comme déterministes. En
prenant en compte leffet des préférence des investisseurs, les entreprises choisissent
une trajectoire d’émissions carbone jusqu’a une date finale. Elles font ainsi face &
un arbitrage entre réduire leurs émissions carbone & un cott financier (par exemple,
renouveler leur parc de production) et, ainsi, élargir leur base d’investisseurs, ou bien
ne pas réduire leurs émissions carbone et ne pas bénéficier d’un élargissement de leur
base d’investisseurs. Les entreprises choisissent donc leur trajectoire d’émissions car-
bone en maximisant leur espérance d’utilité qui se décompose en deux critéres : (i)
leur future valorisation & une trajectoire d’émissions carbone donnée, indépendam-
ment du cott de réforme, et (ii) le cout de réforme pour atteindre cette trajectoire

d’émissions. Les entreprises prennent également en compte les choix des autres en-

treprises, ce qui créée un jeu & somme non-nulle auquel participent investisseurs et
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entreprises. Dans ce modéle, nous endogénéisons donc 'impact environnemental des
entreprises et analysons leur trajectoire d’empreinte carbone optimale.

Nous déterminons les rendements d’équilibre dont I’expression est cohérente avec
le premier chapitre de cette thése en temps continu. Nous déterminons également une
expression explicite et simple de la trajectoire d’émissions des entreprises dans le cas
ou les externalités environnementales sont quadratiques en les émissions. Nous mon-
trons que "augmentation de la proportion d’investisseurs verts ou de leurs exigences
environnementales, en augmentant le cotit du capital des entreprises les plus pollu-
antes, poussent ces derniéres & réduire leur empreinte carbone. Ce résultat souligne
I'importance du soutien des personnes publiques au développement de 'investissement
vert — par exemple, au travers de la définition de standards rigoureux pour évaluer
I'impact environnemental telle la taxonomie sur laquelle travaille actuellemment la
Commission Européenne. Du point de vue des investisseurs, ce résultat suggére que
ces derniers peuvent accroitre leur impact sur les entreprises en élevant leurs exigences
environnementales, par exemple en restreignant leur périmétre d’investissement ou en
sous-pondérant plus significativement les entreprises les moins vertueuses. De plus, en
cohérence avec le premier chapitre de cette thése, nous montrons que l'investissement
vert est bénéfique financiérement lorsque les investisseurs favorisent les entreprises qui

vont effectivement baisser leur impact environnemental.

Externalités environnementales incertaines et non-gaussiennes

Nous étendons notre analyse au cas ou les investisseurs verts internalisent les exter-
nalités environnementales futures avec incertitude. En cohérence avec la nature des
risques environnementaux, nous modélisons cette incertitude comme non-Gaussienne
& travers un processus & saut. Nous montrons que I’augmentation de 'incertitude sur
le risque futur pousse les investisseurs verts & réduire leur allocation en actifs risqués,
ce qui atténue la pression qu’ils exercent sur le colit du capital des entreprises les plus
polluantes et, en conséquence, incite ces derniéres a accroitre leur empreinte carbone
par rapport & I’équilibre sans incertitude. Ce résultat souligne I'importance majeure
de la transparence sur l'impact environnemental des entreprises et de ’acceés & cette
information par les investisseurs : meilleure est I'information, plus les entreprises sont
contraintes par les investisseurs verts d’internaliser leurs externalités environnemen-

tales et donc de réduire leurs émissions.

Estimation du modéle

Nous estimons empiriquement notre modéle appliqué & l'intensité carbone des en-
treprises en utilisant, comme dans le premier chapitre, I'historique de détention des
fonds verts dans le monde pour approximer la proportion d’investisseurs verts. Nous
définissons ce proxy comme la valeur des actifs gérés par les fonds verts rapportée

& la valeur de marché de 'univers d’investissement. Nous montrons notamment que
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lorsque la proportion d’investisseurs verts double, I'intensité carbone des entreprises

baisse en moyenne de 5% par an.

5. Principales implications pour l’'industrie financiére

Les résultats de cette thése ont des implications concrétes pour 'industrie financiére

a plusieurs égards.

1. Premiérement, ces travaux montrent que I'investissement dans une entreprise qui
est amenée & se verdir est financiérement rentable. Cela souligne 'importance
de I’analyse « extra-financiére », conduite par les institutions financiéres ou les
agences de notation, afin que les investisseurs soient en mesure d’allouer leur
capital sur les entreprises qui seront les plus vertueuses sur le plan environ-

nemental.

2. Deuxiemement, cette thése souligne la capacité des investisseurs & pousser les
entreprises a se réformer en augmentant leurs exigences environnementales. Cela
peut se traduire par un ajustement & la baisse de la pondération des entreprises
les plus polluantes ou par la restriction du périmetre d’acceptabilité de ces

derniéres.

3. Troisiemement, ces travaux mettent en évidence 'importance de la transparence
sur les informations environnementales des entreprises afin de maximiser I'internalisation
par ces derniéres de leur cotit social et environnemental et, en conséquence, de

réduire leur impact environnemental.

4. Enfin, et plus généralement, cette thése souligne 'importance du soutien des
personnes publiques au développement de la finance verte, notamment a travers
la définition de normes et de standards rigoureux offrant aux investisseurs une
lecture plus précise de I'impact environnemental des entreprises dans lesquelles

ils peuvent investir.
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