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Motivation: Finance Externalities in the time of Corona

Markets help allocate resources efficiently (Adam Smith’s “invisible hand”)
•

Except when there are “externalities” (spillovers affecting people not part of a transaction)

Example: Carbon emission and global warming
•

A global problem, affecting people/firms based on location, not based on own emission

Example: Corona
•

Close contact increases the risk of getting infected – and infecting others (negative externality)

•

Developing/taking a vaccine: reduces spreading of virus (positive externality)

Textbook solution:
•

Tax negative externalities, subsidize positive externalities

•

What if this does not happen?

Alternative: Environmental, social, and governance (ESG) investing
•

Tax/subsidy on firms’ cost of capital
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Motivation

ESG investing is becoming a large part of global markets
•

Principles for Responsible Investments (PRI): signatories manage close to $90 trillion in assets

•

Cf. global equities about $85 trillion, global bonds about $100 trillion (SIFMA Fact Book 2018)

Questions:
•

How to invest using ESG information?

•

Does ESG investing raise or lower returns?

Heavily debated issue:
•

Some believe ESG must necessarily lower expected returns

•

ESG proponents believe that ESG investing must raise returns

What we do:
•

Theory and empirical evidence

Source: Sifma Fact Book, 2018. Bloomberg reports on 2/8/2019 that Europe alone has “some $12 trillion committed to sustainable investing”. The Global Sustainable Investment
Review 2018 reports over $30 trillion invested with explicit ESG goals as of the beginning of 2018. The 2017/18 annual report of the Principles for Responsible Investments (PRI), a
proponent of ESG supported by the United Nations, reports that its signatories manage close to $90 trillion in assets.
References: The price of sin: The effects of social norms on markets (Hong, Kacperczyk, 2009)
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Main results

Solve Markowitz portfolio problem when ESG is both information and affects preferences
•

Investor’s problem characterized by ESG-efficient frontier

•

4-fund separation*

Equilibrium: ESG-adjusted CAPM, where higher ESG is associated with
•

higher returns when investors don’t take into account that ESG predicts future profits

•

lower returns when investors do take this into account and have a preference for ESG

Empirical findings
•

Empirical ESG-efficient frontier quantifies the costs and benefits of ESG investing
•

ESG information can significantly raise the ESG-SR frontier

•

Further increasing the ESG score comes at modest cost

•

ESG constraints can have surprising effects

•

Theory helps reconcile empirical evidence

* 4-fund separation means that all optimal portfolios are spanned by 4 “funds” i.e. 4 portfolios.
Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. Not representative of any portfolio that AQR currently manages. For educational and illustrative
purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Literature

Theory
•

Segmented markets: investor avoidance leads to lower prices
•

Merton (1987), Heinkel, Kraus, and Zechner (2001), Pastor, Stambaugh, Taylor (2019), Zerbib (2020)

→ We model general ESG preferences, not just exclusions, and derive the ESG-SR frontier and ESG-CAPM

•

Taste-based discrimination (Becker 1957), statistical discrimination (Phelps 1972)
→ We adopt these concepts to finance: ESG in the utility function and ESG as information

Empirical
•

ESG can empirically be associated with high returns
•

“G” pillar of ESG: Gompers, Ishii, and Metrick (2003)

•

“S” pillar: stocks with higher employee satisfaction, Edmans (2011)

•

Or low returns
•

•

Sin stocks: Alcohol, tobacco, and gaming, Hong and Kacperczyk (2009)

High quality stocks have high alpha, Asness, Frazzini, and Pedersen (2019)
→ We reconcile these findings, empirically estimate the ESG-SR frontier, and consider the effects of constraints

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. Not representative of any portfolio that AQR currently manages. For educational and illustrative
purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Overview of Talk

1.

Investor’s problem: ESG-SR frontier

2.

How ESG affects stock returns: ESG-adjusted CAPM

3.

Empirical results
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Model: Markowitz Meets Sustainability Goals

Assets:
•
•

Risk-free asset with return 𝑟𝑟 𝑓𝑓

𝑛𝑛 risky assets with excess returns 𝑟𝑟 = (𝑟𝑟1 , . . , 𝑟𝑟 𝑛𝑛 )′ and ESG scores 𝑠𝑠 = (𝑠𝑠1 , . . , 𝑠𝑠 𝑛𝑛 )′

Investors
•
•
•

Type-U (ESG-unaware): Use unconditional excess returns 𝐸𝐸(𝑟𝑟) with risk given by var(𝑟𝑟)

Type-A (ESG-aware): use ESG scores to update their views, 𝜇𝜇 = E(𝑟𝑟|𝑠𝑠), and Σ = var(𝑟𝑟|𝑠𝑠)
Type-M (ESG-motivated): use ESG information and also have preferences for high ESG

Portfolio of type-M investor
•
•

Investor M starts with a wealth of 𝑊𝑊0𝑀𝑀

Chooses a portfolio of risky assets, 𝑥𝑥 = (𝑥𝑥 1 , . . , 𝑥𝑥 𝑛𝑛 )′, where 𝑥𝑥 𝑖𝑖 𝑊𝑊0𝑀𝑀 value of position in security 𝑖𝑖.

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. Not representative of any portfolio that AQR currently manages. For educational and illustrative
purposes only.
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Markowitz’s Portfolio Problem with ESG

The investor’s future wealth is
Average ESG score

Utility of type-M investor:
•
•

𝑊𝑊 = 𝑊𝑊0𝑀𝑀 1 + 𝑟𝑟 𝑓𝑓 + 𝑥𝑥 ′ 𝑟𝑟
𝑥𝑥 ′ 𝑠𝑠
𝑠𝑠̅ = ′
𝑥𝑥 1

mean-variance with absolute risk aversion 𝛾𝛾̅ and relative risk aversion 𝛾𝛾 = 𝛾𝛾𝑊𝑊
̅ 0𝑀𝑀
ESG preference function f

�
𝛾𝛾

𝑈𝑈 = 𝐸𝐸 𝑊𝑊 𝑠𝑠 − 𝑉𝑉𝑉𝑉𝑉𝑉 𝑊𝑊 𝑠𝑠 + 𝑊𝑊0𝑀𝑀 𝑓𝑓(𝑠𝑠)̅
2

= 𝑊𝑊0𝑀𝑀 1 + 𝑟𝑟 𝑓𝑓 + 𝑥𝑥 ′ 𝜇𝜇 −

�
𝛾𝛾
2

𝛾𝛾

𝑊𝑊0𝑀𝑀 2 𝑥𝑥 ′ Σ𝑥𝑥 + 𝑊𝑊0𝑀𝑀 𝑓𝑓

= 𝑊𝑊0𝑀𝑀 1 + 𝑟𝑟 𝑓𝑓 + 𝑥𝑥 ′ 𝜇𝜇 − 𝑥𝑥 ′ Σ𝑥𝑥 + 𝑓𝑓
2

𝑥𝑥 ′ 𝑠𝑠

𝑥𝑥 ′ 𝑠𝑠

𝑥𝑥 ′ 1

𝑥𝑥 ′ 1

Objective function
Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. Not representative of any portfolio that AQR currently manages. For educational and illustrative
purposes only.
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Standard Mean-Variance Efficient Frontier
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Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 1. Not representative of any
portfolio that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the
disclosures.
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Standard Mean-Variance Efficient Frontier
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Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 1. Not representative of any
portfolio that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the
disclosures.
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Standard Mean-Variance Efficient Frontier
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Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 1. Not representative of any
portfolio that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the
disclosures.
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ESG-Efficient Frontier
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Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 1. Not representative of any
portfolio that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the
disclosures.
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ESG-Efficient Frontier: Link to Standard Mean-Std Frontier

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 1. Not representative of any
portfolio that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the
disclosures.
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ESG-Efficient Frontier
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Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 1. Not representative of any
portfolio that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the
disclosures.
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ESG-SR Frontier

Proposition 1 (ESG-SR Trade-off). The investor should choose her average ESG score 𝑠𝑠̅ to maximize :
𝑆𝑆𝑆𝑆 𝑠𝑠̅
2𝛾𝛾

max
𝑠𝑠̅

2

+ 𝑓𝑓 𝑠𝑠̅

Proposition 2 (ESG-SR Frontier). The maximum Sharpe ratio, 𝑆𝑆𝑆𝑆 𝑠𝑠̅ , that can be achieved with an ESG
score of 𝑠𝑠̅ is
𝑆𝑆𝑆𝑆 𝑠𝑠̅ =

2

𝑐𝑐𝑠𝑠𝑠𝑠 − 𝑠𝑠𝑐𝑐̅ 1𝜇𝜇
𝑐𝑐𝜇𝜇𝜇𝜇 −
𝑐𝑐𝑠𝑠𝑠𝑠 − 2𝑠𝑠𝑐𝑐̅ 1𝑠𝑠 + 𝑠𝑠̅ 2 𝑐𝑐11
0.8

where 𝑐𝑐𝑎𝑎𝑎𝑎 : = 𝑎𝑎′Σ −1 𝑏𝑏 ∈ r for any vectors 𝑎𝑎, 𝑏𝑏 ∈ r𝑛𝑛

Sharpe ratio

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.0

0.5
ESG Score

1.0

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 1. Not representative of any portfolio
that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Four-Fund Separation

Proposition 3 (Four-fund separation). Given an average ESG score 𝑠𝑠,̅ the optimal portfolio is

where 𝜋𝜋 =

̅ 11 𝑠𝑠̅2
𝑐𝑐𝑠𝑠𝑠𝑠−2𝑐𝑐1𝑠𝑠 𝑠𝑠+𝑐𝑐

. The optimal portfolio is therefore a combination of

1.

the risk-free asset

2.

the tangency portfolio, 𝛴𝛴 −1 𝜇𝜇

3.
4.

•

̅ 𝑠𝑠𝑠𝑠
𝑐𝑐1𝜇𝜇 𝑠𝑠−𝑐𝑐

1
𝑥𝑥 = Σ −1 𝜇𝜇 + 𝜋𝜋(𝑠𝑠 − 1𝑠𝑠)̅
𝛾𝛾

the minimum-variance portfolio, 𝛴𝛴 −1 1
the “ESG-tangency portfolio,” 𝛴𝛴 −1 𝑠𝑠.

Can be seen as a theoretical foundation for “ESG-integration”

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. Not representative of any portfolio that AQR currently manages. For educational and illustrative
purposes only.
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Overview of Talk

1.

Investor’s problem: ESG-SR frontier

2.

How ESG affects stock returns: ESG-adjusted CAPM

3.

Empirical results
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How ESG Affects Stock Returns

E 𝑣𝑣 𝑠𝑠 = 𝜇𝜇̂ + λ 𝑠𝑠 − 𝑠𝑠 𝑚𝑚

Fundamental
value
Fundamental value
Final profits 𝑣𝑣 = (𝑣𝑣1 , . . , 𝑣𝑣𝑛𝑛 )′

Stock
return 𝑟𝑟

ESG scores 𝑠𝑠
Investors
• ESG-unaware: use 𝜇𝜇̂ = 𝐸𝐸(𝑣𝑣)
• ESG-aware: use ESG scores, 𝜇𝜇̅ = E(𝑣𝑣|𝑠𝑠)
• ESG-motivated: ESG information+preferences

Price
𝑝𝑝 = (𝑝𝑝1 , . . , 𝑝𝑝𝑛𝑛 )′

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019, UN PRI.
For illustrative purposes only. The use of the logos and pictures is for informational purposes only and is not authorized by, sponsored by or associated with the trademark owners.
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ESG and Firm Profits
E 𝑣𝑣 𝑠𝑠 = 𝜇𝜇̂ + λ 𝑠𝑠 − 𝑠𝑠 𝑚𝑚
Environmental
•

Reducing waste is economical

•

Consumers will pay more for responsible products

•

Reduces legal and other risks

Social
•

Good working conditions make employees more productive and attracts talent

•

Firms who don’t discriminate attract more diverse talent (Becker 1957)

•

Stocks with higher employee satisfaction perform better (Edmans 2011)

Governance
•

Well governed firms perform better

•

Accruals: Sloan (1996), Richardson, Sloan, Soliman, and Tuna (2006)

•

Further evidence: Gompers, Ishii, and Metrick (2003)

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019, UN PRI.
For illustrative purposes only. The use of the logos and pictures is for informational purposes only and is not authorized by, sponsored by or associated with the trademark owners.
References: Firms who don’t discriminate attract more diverse talent (Becker 1957), Stocks with higher employee satisfaction perform better (Edmans 2011), Accruals: Sloan (1996),
Richardson, Sloan, Soliman, and Tuna (2006), Further evidence: Gompers, Ishii, and Metrick (2003).
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ESG-Adjusted CAPM
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Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 2. Not representative of any portfolio
that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Overview of Talk

1.

Investor’s problem: ESG-SR frontier

2.

How ESG affects stock returns: ESG-adjusted CAPM

3.

Empirical results
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Empirical ESG-Efficient Frontier
Quantifying the Potential Benefit of ESG Information
ESG measured as governance based on accruals; non-ESG information: equity risk premium and B/M
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Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For details please refer to appendix description of Figure 5, Panel B. Not representative of any portfolio
that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Empirical ESG-Efficient Frontier
Quantifying the Potential Benefit of ESG Information
ESG measured as governance based on accruals; non-ESG information: equity risk premium and B/M
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Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For details please refer to appendix description of Figure 5, Panel B. Not representative of any portfolio
that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Empirical ESG-Efficient Frontier
Quantifying the Potential Cost of ESG Preferences
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Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For details please refer to appendix description of Figure 5, Panel B. Not representative of any portfolio
that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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The Impact of Screening on the ESG-SR Frontier

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For details please refer to appendix description of Figure 6. Not representative of any portfolio that
AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Empirical ESG Measures

1.

Accruals (negated)
•

Seen as measure of governance (the “G” pillar of ESG)

•

Can be computed based on accounting information, January 1963 through March 2019

2.

MSCI ESG
•

3.

One of the most widely used ESG scores by institutional investors, January 2007 through March 2019
CO2 (negated)

•

Carbon intensity defined as the ratio of carbon emissions in tons over sales in millions of dollars

•

Use the sum of “scope 1 carbon emissions” (a firm’s direct emissions, e.g., from the firm’s own fossil
fuel usage) and “scope 2 carbon emissions” (indirect emissions from the use of electricity), January
2009 through March 2019.

4.

Non-sin stock
•

Alcohol, tobacco, and gaming, defined as in Hong and Kacperczyk (2009), January 1963 through
March 2019.

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. Not representative of any portfolio that AQR currently manages. For educational and illustrative
purposes only.
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Summary of Empirical Findings on Valuation and Returns
ESG Measures Differ
Predictability
Fundamental
value
Profit
Stock
return

ESG

Demand

Price

Strong demand

Governance (low accruals)
Cheap and high return

Strongly predicts fundamentals
Weak predictability

Weak demand

MSCI ESG, low-CO2 expensive
Non-sinlower return than sin(?)

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. Not representative of any portfolio that AQR currently manages. For educational and illustrative
purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Conclusion

ESG-efficient frontier:
•

New framework to optimize portfolio’s risk, return, and ESG

•

Evaluate cost and benefits of ESG investing
•

Benefit of ESG information: quantified as increase in maximum SR

•

Cost of ESG preferences: quantified as drop in SR as you move out of the ESG-efficient frontier

•

Theoretical foundation for “ESG integration”
•

•

Markowitz portfolio problem with ESG exhibits 4-fund separation

ESG constraints can have surprising effects

Theory explains how a high ESG score relates to expected returns:
•

higher returns when investors don’t take into account that ESG predicts future profits

•

lower returns when investors do take this into account and have a preference for ESG

Different ESG measures are different
•

in what they measure, whether it predicts profits, relation to valuation and returns

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. Not representative of any portfolio that AQR currently manages. For educational and illustrative
purposes only Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Appendix

ESG-Adjusted CAPM: Type U Investors Dominate
Proposition 6. If all investors are of type U (𝑊𝑊0𝐸𝐸 = 𝑊𝑊0𝑀𝑀 = 0), then any security i has equilibrium price
𝑝𝑝𝑖𝑖 =

𝜇𝜇̂ 𝑖𝑖 −

𝛾𝛾
cov(𝑣𝑣𝑖𝑖 , 𝑣𝑣 𝑚𝑚 )
𝑊𝑊
1 + 𝑟𝑟 𝑓𝑓

Unconditional expected excess return obeys the standard unconditional CAPM:

but conditional expected returns are given by

𝐸𝐸 𝑟𝑟𝑖𝑖 𝑠𝑠 = 𝛽𝛽𝑖𝑖 𝐸𝐸 𝑟𝑟

12%
Conditional expected
return

𝐸𝐸 𝑟𝑟𝑖𝑖 = 𝛽𝛽𝑖𝑖 𝐸𝐸 𝑟𝑟 𝑚𝑚
𝑚𝑚

𝑠𝑠𝑖𝑖 − 𝑠𝑠 𝑚𝑚
+λ
𝑝𝑝𝑖𝑖

10%
8%
6%

ESG-unaware
investors

4%
2%
0%
0.0

0.2

0.4
0.6
ESG Score

0.8

1.0

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 2. Not representative of any portfolio
that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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ESG-Adjusted CAPM: Type E or M Investors Dominate
Proposition 7 (ESG-CAPM). If all investors are of type M (𝑊𝑊0𝑈𝑈 = 𝑊𝑊0𝐸𝐸 = 0), then any security i has
equilibrium price
𝛾𝛾
𝜇𝜇̂ 𝑖𝑖 + λ 𝑠𝑠𝑖𝑖 − 𝑠𝑠 𝑚𝑚 −
cov(𝑣𝑣𝑖𝑖 , 𝑣𝑣 𝑚𝑚 |𝑠𝑠)
𝑊𝑊
𝑝𝑝𝑖𝑖 =
1 + 𝑟𝑟 𝑓𝑓 − 𝜋𝜋(𝑠𝑠𝑖𝑖 − 𝑠𝑠 𝑚𝑚 )

where 𝑠𝑠 𝑚𝑚 is the ESG score of the market portfolio and the corresponding 𝜋𝜋 is given by (10).
The equilibrium conditional expected excess return is given by
𝐸𝐸(𝑟𝑟𝑖𝑖 |𝑠𝑠) = 𝛽𝛽𝑖𝑖̅ 𝐸𝐸(𝑟𝑟 𝑚𝑚 |𝑠𝑠) − 𝜋𝜋 𝑠𝑠𝑖𝑖 − 𝑠𝑠 𝑚𝑚

If all investors are of type E (𝑊𝑊0𝑈𝑈 = 𝑊𝑊0𝑀𝑀 = 0), the same conclusions hold with 𝜋𝜋 = 0.
Conditional expected return

12%

ESG-aware
investors

10%
8%
6%
4%

ESG-motivated
investors

2%
0%
0.0

0.2

0.4
0.6
ESG Score

0.8

1.0

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. For further details please refer to appendix description for Figure 2. Not representative of any portfolio
that AQR currently manages. For educational and illustrative purposes only. Hypothetical performance data has inherent limitations, some of which are discussed in the disclosures.
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Risk-free rate is measured by the BofAML 3-month Treasury Bill Index.
ESG Masures and Data
ESG is a very broad umbrella term and consequently we chose four different proxies, each motivated differently and possibly followed by different investor clienteles. Our goal is not a
horse race between them, but rather a broad discussion of how different elements of ESG may be priced in the market, and an illustration of how our theory guides empirical tests for
investors who want to incorporate some ESG metric into their portfolios. Our four proxies for ESG are:
(i) Accruals (negated). Our longest time series is a measure of governance (the “G” pillar of ESG) that can be computed based on accounting information. Specifically, we look at each
firm’s accruals over assets with a sample period spanning January 1963 through March 2019. We negate accruals so that higher values indicate better ESG. The idea, coming from the
accounting literature, is that low accruals indicates that a firm is conservative in its accounting of profits (e.g., Sloan, 1996) and better governed companies tend to adopt more conservative
accounting processes (e.g., Kim et al., 2012). Indeed, research shows companies that are subject to SEC enforcement actions tend to have abnormally high accruals prior to such actions
(e.g., Richardson, Sloan, Soliman, and Tuna, 2006) and companies with high accruals also have a higher likelihood of earnings restatements (e.g., Richardson, Tuna, and Wu, 2002;
Bradshaw, Richardson, and Sloan, 2001).
(ii) MSCI ESG. One of the most widely used ESG scores by institutional investors is computed by MSCI, and our sample for this variable is from January 2007 through March 2019. The
MSCI score is a comprehensive assessment of each company’s ESG profile. We use the top-level ESG score that summarizes each company’s E, S, and G characteristics, on an industryadjusted basis, as a numerical score from 0 (worst ESG) to 10 (best ESG).
(iii) CO2 (negated). As a measure of how “green” a company is (the E in ESG), we compute its carbon intensity (CO2), defined as the ratio of carbon emissions in tons over sales in millions
of dollars. Carbon emissions can be measured in different ways, but we use the sum of “scope 1 carbon emissions” (a firm’s direct emissions, e.g., from the firm’s own fossil fuel usage) and
“scope 2 carbon emissions” (indirect emissions from the use of electricity); we do not include “scope 3” (other indirect emissions) since these are rarely reported by companies and are at
best noisily estimated and inconsistent across different data providers (e.g., Busch, Johnson, and Pioch, 2018). Similarly to accruals, we negate the CO2 variable so that higher values
indicate better ESG (less carbon intensive, “greener” companies). This data is obtained from Trucost and is available from January 2009 through March 2019.
(iv) Non-sin stock. Stocks in certain “sin” industries are shunned by some ESG-conscious investors, for example tobacco, gambling, or controversial weapons (related to the S in ESG). We
consider a “non-sin stock” indicator, taking the value of 0 for sin stocks and the value of 1 otherwise, so that its higher values indicate better ESG. Sin industries are defined as in Hong and
Kacperczyk (2009) and this indicator is available for our longest sample, January 1963 through March 2019.
The investment universe for table 1-4 is defined as all stocks within the CRSP database.

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019. Investment process subject to change at any time.
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Figure 1. ESG Efficient Frontier. We consider three types investors. Type-U (“ESG-unaware”) investors are unaware of ESG scores and simply seek to maximize their unconditional
mean–variance utility. Type-A (“ESG-aware”) investors also have mean–variance preferences, but they use assets’ ESG scores to update their views on risk and expected return. Lastly,
type-M (“ESG-motivated”) investors use ESG information and also have preferences for high ESG scores. In other words, M investors seek a portfolio with an optimal tradeoff between a
high expected return, low risk, and high average ESG score. While trading off three characteristics may seem challenging, we show that the investor’s problem can be reduced to a tradeoff
between ESG and the risk-adjusted return. Specifically, for each level of ESG, we compute the highest attainable Sharpe ratio (SR). We denote this connection between ESG scores and
the highest SR by the “ESG-SR frontier”. To understand why the ESG-SR frontier is hump shaped, consider first the tangency portfolio known from the standard mean–variance frontier:
The tangency portfolio has the highest SR among all portfolios, so its ESG score and SR define the peak in the ESG-SR frontier. Further, the ESG-SR frontier is hump shaped, because
restricting portfolios to have any ESG score other than that of the tangency portfolio must yield a lower maximum SR.
Figure 2. ESG-CAPM. We also derive the equilibrium security prices and returns. In particular, we show that expected returns are given by an ESG-adjusted CAPM. When there are many
type-U investors and when high ESG predicts high future profits, we show that high-ESG stocks deliver high expected returns. This is because high-ESG stocks are profitable, yet their
prices are not bid up by type-U investors, leading to high future returns. In contrast, when the economy has many type-A investors, then these investors bid up the prices of high ESG
stocks to exactly reflect their expected profits, thus eliminating the connection between ESG and expected returns. Further, if the economy has many type-M investors, then high ESG
stocks actually deliver low expected returns, because ESG-motivated investors are willing to accept a lower return for a higher ESG portfolio.
Figure 3. ESG-Efficient Frontier and Indifference Curves for a ESG-motivated Investor. This figure shows an example of an ESG-Sharpe ratio frontier for a ESG-motivated investor M
(solid line). The investor’s utility increases in both the Sharpe ratio and the ESG score of her portfolio, yielding a tradeoff illustrated by the downward-sloping indifference curves (dashed
lines).
Figure 4. ESG-Efficient Frontier and Indifference Curves for an ESG-Aware Investor. This figure shows an ESG-Sharpe ratio frontier (solid line) and an ESG-aware investor’s
indifference curves (dashed lines), which are horizontal because this type of investor does not derive direct utility from ESG.
Figure 5. Empirical ESG-Efficient Frontier. We estimate the ESG-Sharpe ratio frontier for S&P 500 stocks, with returns driven by valuation (measured by each stock’s book-to-market
ratio) and ESG (measured by each stock’s accruals to assets ratio, a measure related to governance). The figure shows annualized maximum Sharpe ratios attainable for each level of
ESG constraint. The ESG-unaware investor U (solid blue line) solely utilizes book-to-market to estimate expected returns; The ESG-aware investor A (dashed line) uses both book-tomarket and a measure of governance (the “G” in ESG) based on accruals to estimate expected returns. Panel A presents the perceived frontier, built using the ex ante estimates from each
investor. Panel B presents the realized frontier, constructed using the portfolios from Panel A and computing their ex post performance.
Figure 6. Impact of screening on the ESG-Sharpe ratio frontier. This figure shows an ESG-aware investor’s perceived ESG-Sharpe ratio frontier (solid blue line, the same as the solid
line in Figure 4A) as well as two frontiers for an investor who only allows herself to use a screened investment universes: removing 10% of stocks with the lowest ESG scores (dashed
green line), or removing 20% of stocks (dotted red line).

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019.
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Table 1: Does ESG Predict Firm Profits? This table reports the regression of future profitability on current ESG scores, where profitability is measured 12 months into the future.
Profitability is computed as the accounting return (return on net operating assets, RNOA) in Panel A and as gross profit over assets in Panel B. We consider four ESG metrics and three
control variables (market beta, the logarithm of market capitalization, and the logarithm of the book-to-price ratio). The ESG metrics are a measure of governance labelled “accruals
(negated)”, the overall “MSCI ESG” score, a measure of low carbon usage labelled “CO2 (negated)”, and a “non-sin stock” indicator (all signed so that higher values are better ESG). The
estimation method is either a pooled regression with month fixed effects (“pooled”) or Fama-MacBeth (“FM”), as indicated. Robust t-statistics are in parentheses, which are clustered at the
stock level in pooled regressions, or adjusted using Newey-West weighting scheme in Fama-MacBeth regressions.
Table 2: Does ESG Predict Investor Demand? This table reports the regression of investor demand on measures of ESG. Investor demand is measured as institutional ownership
(obtained from 13f reports, leaded three months) in Panel A, trading activity in Panel B (log number of trades in the next month), and signed order flow (dollar buy volume over total dollar
volume) in Panel C. The ESG proxies and control variables are as in Table 1. The estimation method is either a pooled regression with month fixed effects (“pooled”) or Fama-MacBeth
(“FM”), as indicated. Robust t-statistics are in parentheses, which are clustered at the stock level in pooled regressions, or adjusted using Newey-West weighting scheme in Fama-MacBeth
regressions.
Table 3: ESG and Valuation. We regress each firm’s valuation ratio (the logarithm of price to book) on the contemporaneous ESG score, controlling for the market beta. The ESG proxies
are as in Table 1. Robust t-statistics are in parentheses, clustered at the stock level in these pooled regressions.
Table 4: Does ESG Predict Returns? This table reports the performance of high-ESG minus low-ESG portfolios. Specifically, each month, stocks are sorted into portfolios based on
quintiles of their ESG scores proxies, and we then compute the return over the following month of the quintile with the best ESG scores minus that with the lowest scores. Stocks are equalweighted in Panel A and value-weighted in Panel B. The ESG proxies are as in Table 1. We report the portfolios’ excess return, 1-factor CAPM alpha, 3-factor alpha that also controls for
the Fama-French (FF) factors related to size and value, 5-factor alpha that further controls for the FF factors related to profitability and investment, and 6-factor alphas that also controls for
momentum. T-statistics are reported in parenthesis.

Source: AQR. Pedersen, Fitzgibbons, Pomorski, “The ESG-Efficient Frontier”, 2019.
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Disclosures
This document has been provided to you solely for information purposes and does not constitute an offer or solicitation of an offer or any advice or recommendation to purchase any securities or other financial
instruments and may not be construed as such. The factual information set forth herein has been obtained or derived from sources believed to be reliable but it is not necessarily all-inclusive and is not guaranteed as
to its accuracy and is not to be regarded as a representation or warranty, express or implied, as to the information’s accuracy or completeness, nor should the attached information serve as the basis of any
investment decision. This document is intended exclusively for the use of the person to whom it has been delivered and it is not to be reproduced or redistributed to any other person. For one-on-one presentation use
only. PERFORMANCE IS NOT A GUARANTEE OF FUTURE PERFORMANCE. There is no guarantee, express or implied, that long-term return and/or volatility targets will be achieved. Realized returns and/or
volatility may come in higher or lower than expected.
HYPOTHETICAL PERFORMANCE RESULTS HAVE MANY INHERENT LIMITATIONS, SOME OF WHICH, BUT NOT ALL, ARE DESCRIBED HEREIN. NO REPRESENTATION IS BEING MADE THAT ANY FUND
OR ACCOUNT WILL OR IS LIKELY TO ACHIEVE PROFITS OR LOSSES SIMILAR TO THOSE SHOWN HEREIN. IN FACT, THERE ARE FREQUENTLY SHARP DIFFERENCES BETWEEN HYPOTHETICAL
PERFORMANCE RESULTS AND THE ACTUAL RESULTS SUBSEQUENTLY REALIZED BY ANY PARTICULAR TRADING PROGRAM. ONE OF THE LIMITATIONS OF HYPOTHETICAL PERFORMANCE
RESULTS IS THAT THEY ARE GENERALLY PREPARED WITH THE BENEFIT OF HINDSIGHT. IN ADDITION, HYPOTHETICAL TRADING DOES NOT INVOLVE FINANCIAL RISK, AND NO HYPOTHETICAL
TRADING RECORD CAN COMPLETELY ACCOUNT FOR THE IMPACT OF FINANCIAL RISK IN ACTUAL TRADING. FOR EXAMPLE, THE ABILITY TO WITHSTAND LOSSES OR TO ADHERE TO A
PARTICULAR TRADING PROGRAM IN SPITE OF TRADING LOSSES ARE MATERIAL POINTS THAT CAN ADVERSELY AFFECT ACTUAL TRADING RESULTS. THERE ARE NUMEROUS OTHER FACTORS
RELATED TO THE MARKETS IN GENERAL OR TO THE IMPLEMENTATION OF ANY SPECIFIC TRADING PROGRAM WHICH CANNOT BE FULLY ACCOUNTED FOR IN THE PREPARATION OF
HYPOTHETICAL PERFORMANCE RESULTS, ALL OF WHICH CAN ADVERSELY AFFECT ACTUAL TRADING RESULTS. The hypothetical performance results contained herein represent the application of the
quantitative models as currently in effect on the date first written above and there can be no assurance that the models will remain the same in the future or that an application of the current models in the future will
produce similar results because the relevant market and economic conditions that prevailed during the hypothetical performance period will not necessarily recur. Discounting factors may be applied to reduce
suspected anomalies. This backtest’s return, for this period, may vary depending on the date it is run. Hypothetical performance results are presented for illustrative purposes only. In addition, our transaction cost
assumptions utilized in backtests, where noted, are based on AQR Capital Management, LLC’s, (“AQR”)’s historical realized transaction costs and market data. Certain of the assumptions have been made for
modeling purposes and are unlikely to be realized. No representation or warranty is made as to the reasonableness of the assumptions made or that all assumptions used in achieving the returns have been stated or
fully considered. Changes in the assumptions may have a material impact on the hypothetical return.
Gross performance results do not reflect the deduction of investment advisory fees, which would reduce an investor’s actual return. For example, assume that $1 million is invested in an account with the Firm, and
this account achieves a 10% compounded annualized return, gross of fees, for five years. At the end of five years that account would grow to $1,610,510 before the deduction of management fees. Assuming
management fees of 1.00% per year are deducted monthly from the account, the value of the account at the end of five years would be $1,532,886 and the annualized rate of return would be 8.92%. For a 10-year
period, the ending dollar values before and after fees would be $2,593,742 and $2,349,739, respectively. AQR’s asset based fees may range up to 2.85% of assets under management, and are generally billed
monthly or quarterly at the commencement of the calendar month or quarter during which AQR will perform the services to which the fees relate. Where applicable, performance fees are generally equal to 20% of net
realized and unrealized profits each year, after restoration of any losses carried forward from prior years. In addition, AQR funds incur expenses (including start-up, legal, accounting, audit, administrative and
regulatory expenses) and may have redemption or withdrawal charges up to 2% based on gross redemption or withdrawal proceeds. Please refer to AQR’s ADV Part 2A for more information on fees. Consultants
supplied with gross results are to use this data in accordance with SEC, CFTC, NFA or the applicable jurisdiction’s guidelines.
There is a risk of substantial loss associated with trading commodities, futures, options, derivatives and other financial instruments. Before trading, investors should carefully consider their financial position and risk
tolerance to determine if the proposed trading style is appropriate. Investors should realize that when trading futures, commodities, options, derivatives and other financial instruments one could lose the full balance of
their account. It is also possible to lose more than the initial deposit when trading derivatives or using leverage. All funds committed to such a trading strategy should be purely risk capital.
Broad-based securities indices are unmanaged and are not subject to fees and expenses typically associated with managed accounts or investment funds. Investments cannot be made directly in an index. The MSCI
World Index is a free float-adjusted market capitalization weighted index that is designed to measure the equity market performance of developed markets.
The information set forth herein has been prepared and issued by AQR Capital Management (Europe) LLP, a U.K. limited liability partnership with its registered office at Charles House 5-11 Regent St. London, SW1Y
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