
 

 

 
 
San Francisco Environment Commissioners     January 22, 2018 
c/o Anthony Valdez 
1455 Market Street, Suite 1200 
San Francisco, CA   94103 
 
Dear Commissioners, 
 
I write in support of the resolution urging the Retirement Board of the Employees Retirement 
System of the City and County of San Francisco to divest from fossil fuel companies. 
 
Climate change is a global emergency and the window to act in time to avoid its worst impacts is 
getting smaller. Furthermore, San Francisco is a city that could experience major impacts from 
sea level rise to high heat days to increased drought and fire risk. And throughout the world, it is 
the most vulnerable among us who will be hurt the most. 
 
San Francisco’s divestment alone will not shift the tide of climate change, which is a problem so 
large that entitites all over the world must act. But it will demonstrate leadership and encourage 
other cities and counties and institutions to act. As a city that has long been a leader on 
environmental and social justice, we must not be a laggard on the moral issue of our time. By 
joining with the city of New York, which has recently committed to divest, we can help build 
momentum for action.  
 
Since our current federal government has abdicated its responsibility to act on climate, cities and 
states and civil society must step up. That’s why Gov. Brown has called for a global Climate 
Action Summit to take place in San Francisco in Septmeber. San Francisco has strong carbon 
reduction targets and divestment should go hand in hand with that.  
 
Our member faith communities throughout California, including 90 here in San Francisco, are 
acting on global warming because we see it as our moral obligation. We encourage your support 
for the resolution to divest from fossil fuel companies. Thank you for your attention to this issue. 
 
Faithfully, 
 

 
 
Susan Stephenson 
Executive Director 



From: Jack Lucero Fleck
To: Valdez, Anthony (ENV)
Cc:
Subject: Fwd: Quotes
Date: Wednesday, January 17, 2018 7:01:15 PM
Attachments: Screen Shot 2018-01-17 at 6.56.39 PM.png

Dear Mr. Valdez,

Please pass this statement to the Environment Commissioners for Item 8 on the agenda for January 23.

As a retiree, I count on the San Francisco pension fund for my income.  I also count on having a livable
planet for my children and future generations.  Fortunately, there is no conflict between having a stable
pension fund and divesting from fossil fuel stocks.  In fact, fossil fuel investments have cost the fund
hundreds of millions of dollars in the past 5 years as the stock market has nearly doubled, while fossil fuel
stocks have stagnated.  See graph below.  For the future of the planet and for the health of our retirement
system, I urge the San Francisco Employee Retirement System board to divest as soon as possible.

Jack Lucero Fleck
retiree from SFMTA
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January 23,201$

To: San Francisco Retirement Board, San Francisco Commission on the Enviroment
From: Dale Radford and the Hastings Environmental Law Association (HELA)
Supported by David Takacs, Esq., of UC Hastings College of the Law’ and

Helen Kang, Esq., of Environmental Law and Justice Clinic at Golden Gate
University College of Law2
Jeff Selbin, Esq., of UC Berkeley School of Law3
Paulina Tones, Esq., of Center for Race, Poverty, and the Environment4

Fossil fuel Divestment fulfills the fiduciary Duty of the Retirement Board

INTRODUCTION

Full and expeditious fossil fuel divestment fulfills the Retirement Board’s fiduciary duty

to its beneficiaries for three reasons. First, fossil fuel reserves will likely become “stranded

assets” due to the market being rapidly transformed by other private and public sector

stakeholders now. Second, fossil fuel investments have historically provided limited returns, if

any. Third, fiduciary duty can be fulfilled by other means of investment. The below sections

discuss how divestment from fossil fuels by the San Francisco Employees’ Retirement System

(SFERS) would fulfill the Retirement Board’s fiduciary responsibility to their retirees and

employees pursuant to § 12.100 of the San Francisco City Charter.

1. Retirement Board Must Fulfil] Its Fiduciary Duty by Divesting from Fossil Fuels,
Which Are Becoming “Stranded Assets.”

Fossil fuels are at risk of becoming “stranded assets”, and this necessitates divestment by

the Retirement Board in order to fulfill its fiduciary duty.5 The Stranded Asset Program at the

Smith School of Energy and the Environment at Oxford defines “stranded assets” as

“environmentally unsustainable assets [that] suffer from unanticipated or premature write-offs,

downward revaluations or are converted to liabilities.”6 Indeed, an Intergovernmental Panel on

Climate Change (IPCC) report found that companies and governments worldwide have identified

Organization affiliation for informational purposes only.
2 Organization affiliation for informational purposes only.

Organization affiliation for informational purposes only.
Organization affiliation for informational purposes only.
See Bevis Longstreth, OUTLINE OF POSSIBLY INTERPRETIVE RELEASE BY STATES’ ATTORNEYS GENERAL UNDER

THE UNIFORM PRUDENT MANAGEMENT Of INSTITUTIONAL FUNDS AcT (Jan. 29, 2016), available at
hup ://insideclimatenews.org/sites/default/files/documents/UPMlFAlnterpretationBevisLongstrethPDF.pdf.
6 AtifAnsar et al., STRANDED ASSETS AND THE FOSSIL FUEL DIVESTMENT CAMPAIGN: WHAT DOES DIVESTMENT
MEAN FOR THE VALUATION Of FOSSIL FUEL ASSETS? (Oct. 2013), available at
hftp ://www.sm ithschool.ox.ac.uklpublications/reports/SAP-divestment-report-final.pdf.
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four times more fossil fuel in reserve than the earth can safely burn without experiencing the

most drastic effects of climate change.7 Fossil fuels are thus the very definition of

environmentally unsustainable assets that will likely become financial liabilities.

Recent divestment actions in New York and climate change reflect this view. On January

9, 201$, the City of New York joined the State of New York in announcing their pension funds,

collectively worth $391 billion, would divest from fossil fuel holdings.8 Many governments —

including California - are aggressively enacting protections against climate change by promoting

policies to reach 100% renewable energy targets.9 As renewables replace sources like coal and

oil, stranding becomes more likely as a result.1° These government actions reveal evolving

social norms and consumer behavior that reinforces the view of fossil fuels as not only

environmentally irresponsible but also toxic to the bottom line. There is also growing scientific

consensus that no more than one-fifih of the current fossil-fuel reserves can be burned in order to

prevent the most catastrophic effects of climate change.’

Finally, fossil fuel corporations face massive litigation risk, which would negatively

impact shareholder value. San Francisco and Oakland have commenced public nuisance

litigation against Bay Area-based Chevron, ConocoPhillips, ExxonMobil, Shell and BP, to pay

billions in compensation for past and fttture flooding, coastal erosion and property damage

resulting from climate change.’2 Coupling divestment with its litigation strategy, New York City

has also become the eighth city to join these lawsuits.’3 As the severity of climate change

worsens, the diversity of impacts will multiply, and more cities could utilize different litigation

Justin Gulls, U.N. DRAFT REPORT LisTs UNCHECKED EMISSIONS RISKS, New York Times (Aug. 26, 2014), at A3.
8 Robert Steyer, NEW YORK GOVERNOR CALLS ON COMMON RETIREMENT FUND TO MOVE AWAY FROM FOSSIL-FUEL

INVESTMENTS PENSIONS & INVESTMENTS (Dec. 19, 2017), available at
http://www.pionline.com/article/20 171219/ONLINE/i 71219793/new-york-governor-calls-on-common-retirement-
fund-to-move-away-from-fossil-fuel-investments.

Andrew Tarantola, CALIFORNIA IS SET TO HIT ITS GREEN-ENERGY GOALS A DECADE EARLY, Engadget (Dec. 20,

2017), available at hffps ://www.engadget.com!20 17/i 2/20/california-green-energy-goal-2020/.
‘° Nancy Schneider, Revisiting Divestment, 66 HASTINGS L. J. 589 (20] 5)
(describing Duty of Loyalty as putting trust beneficiaries’ interests ahead of their own. Duty of Prudence is

described as a duty to administer a trust with a degree of care, skill, and caution.)

Olaf Weber & Truzaar Dordi, How DIVESTING OF FOSSIL FUELS COULD HELP SAVE THE PLANET, Phys.org (2017),

https://phys.org/news/20 17-1 2-divesting-fossil-fuels-planet.html (last visited Jan. 22, 2018).
12 Kurtis Alexander, SAN FRANCISCO, OAKLAND SUE MAJOR OIL COMPANIES OVER RISING SEAS, SFGate (Sept. 20,

2017), http://www.sfgate.com/bayareaJarticle/San-Francisco-Oakland-sue-major-oil-companies- 1221 5044.php.
13 Sarah Holder, WHY NEW YORK CITY is GETTING ITS MONEY OUT OF FOSSIL FUELS?, CityLab (Jan. 11, 2018),

available at https ://www.citylab.com/environment/20 1 8/01 /fossi l-fuel-divestment-reaches-city-hall/5502 17/.
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strategies. Thus, divestment is necessary to protect investors from massive devaluation through

the growing litigation risk faced by fossil fuel companies.

2. Fossil fuel Investments Have Historically Provided Limited Returns, If Any.

Historically, the City’s fossil fuel holdings have provided limited returns. In August

2017, SFERS staff admitted that “energy has dramatically underperformed the S&P 500 for the

past 3.5 years.”4 Studies from at least three financial firms have also shown that not only are

fossil-free portfolios doing as well-as or slightly better than market average; if coal, oil, and gas

had been screened out of their portfolios five to ten years ago the returns would be greater, too.15

This evidence of fossil-free portfolios performing similarly to other portfolios permits fossil fuel

divestment without breaching a duty of loyalty.16

3. The Retirement Board Could Fulfill Its Fiduciary Duty by Making Responsible
Investments in the Clean Energy Economy.

Many institutional investors already have socially responsible investment (SRI) policies

that govern how fiduciaries may consider environmental and social issues without breaching

their duties.’7 One potential strategy includes investing in portfolios of ‘climate solutions’

providers that could be developed progressively, building a low-carbon portfolio funded by

incremental allocations from fossil fuel holdings.’8 The Rockefeller Brothers Fund and the

Wallace Global Fund have also championed a divest-invest strategy imitated by hundreds of

14 Robyn Purchia, WITH LIVES, LIVELIHOODS ON THE LINE, SF CLINGS TO COAL, OIL INVESTMENTS, SF Examiner
(Aug. 18, 2017), available at http://www.sfexaminer.com/lives-Iivelihoods-line-s-f-clings-coal-oil-investments/.
15 Stephanie Lenorovitz, THE FINANCE Of DIVESTMENT: AN INFOGRAPHIC, available at
https://gofossilfree.org/uk/the-finance-of-divestment-an-infographic/ (last visited Jan 18, 201 8).
See also Patrick Geddes, Do THE INVESTMENT MATH: BUILDING A CARBON-FREE PORTFOLIO, APERJO GROUP
(2013), available at
https://www .aperiogroup.com/resourcel I 3$/node/downloadwww .aperiogroup.com/system/files/documentsfbuild ing
_a_carbon_free portfolio.pdf.
‘6Nancy Schneider, RevisitingDivestment, 66 HASTINGS L.J. 589, 606 (2015) (Under the UPIA and Baltimore
framework, the duty of loyalty permits divestment if... (2) divestment does not have more than a de minilnis impact
on plan performance.)
17 Laura Deeks, Discourse and Duty: University Endowments, Fiduciaiy Law, and the Cultural Politics offossil
Fuel Divestment, 47 ENVIRONMENTAL LAW 335 (2017)
18 Impax Asset Management, BEYOND FOSSIL FUELS: THE INVESTMENT CASE FOR FOSSIL FUEL DIVESTMENT (2013),
at 8, available at
hups:’/www.impaxam.comv’sites/default/files!20 I 30704%20lmpax%20White%20Paper%20fossil%2OfueI%2odivest
ment%2OFINAL.pdf (last visited Jan 17, 2018).
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institutional investors.’9 The SFERS Retirement Board may also similarly consider better, more

equitable investments as the world transitions to a clean economy.

CONCLUSION

As divestment picks up momentum across the United States, the SFERS Retirement

Board is at risk of breaching its fiduciary duty by not divesting from fossil fuels. Moving

beyond “stranded assets” in the form of fossil fuels, the SFERS Retirement Board should seek

economically competitive clean-energy investment portfolios instead.

19 BBC, ROCKEFELLERS TO SWITCH INVESTMENTS TO ‘CLEAN ENERGY’ (2014), available at
http://www.bbc.com/news/world-us-canada-293 10475; See also Philanthropy News Digest, Rockefeller Brothers
fund Invests 510 Million in Renewable Energy Firm (July 29, 2016), available at
https://ph i lanthropynewsdigest.org/news/rockefeller-brothers-fund-invests- I 0-mU lion-in-renewable-energy-firm.
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Honorable Board Members of the San Francisco Employee Retirement System,

We the undersigned, call on the Board to initiate a process for determining a prudent
divestment and exclusion strategy for fossil fuel reserve owners that responsibly
reduces the pension portfolio’s exposure to carbon risk and mitigates financial risks
resulting from climate change, consistent with your fiduciary duty. In short, we ask that
you vote, on January 24th, to divest from fossil fuels.

We are issuing this call to action in the wake of the divestment announcement
from the world’s financial center and fourth largest pension system, New York
City. As the New York City divestment resolutions states, “the issue of climate change
is already having and will continue to have a profound impact on our society and
economy,’ current and future changes in risk, regulations, and attitudes towards the use
of fossil fuels should be taken into account as we evaluate our investment portfolio.”

As you know, New York joins San Francisco, Oakland, Santa Cruz, Mann, San Mateo,
San Diego, and soon the city of Los Angeles, in filing lawsuits to hold specific fossil fuel
companies accountable for contributing to more frequent crises like wildfires, droughts
and strong storms.

The risks associated with fossil fuel investments are now far beyond what a prudent
pension system should sustain.

Research shows that the carbon embedded in existing fossil fuel production will
take us far beyond safe climate limits. Thus, not only are new exploration and new
production incompatible with the Paris climate accord and limiting global warming to
well below 2°C (and as close to 1 .5°C as possible), but many existing projects will need
to be phased-out faster than their natural decline. Simply put: there is no more room for
new fossil fuel projects and therefore no case for ongoing investment.

Continued expansion of oil, coal, and gas is only serving to hinder the inevitable
transition while at the same time exacerbating conflicts, fuelling corruption, threatening
biodiversity, clean water and air, and infringing on the rights of Indigenous Peoples and
vulnerable countries and communities.

The late Mayor Ed Lee was confident the pension board would do the right thing and
vote to be “one of the first major cities in the nation to divest from the fossil fuel
industry.” And one of the largest city employee unions, SEIU 1021, has publicly
supported fossil fuel divestment.





Current and future investments in fossil fuel production are at odds with a safe and
equitable transition away from ever stronger climate disasters. Next Wednesday, please
vote YES.

Si nce rely,

May Boeve, Executive Director Chuck Collins, Author and Senior Scholar
350.org Institute for Policy Studies

Michael Brune, Executive Director Candice Kim, Climate Campaign Director
Sierra Club Center for Biological Diversity

Bob Musil, President & CEO Leah Qusba, Deputy Director
Rachel Carson Council Alliance for Climate Education (ACE)

Ross Hammond, US Campaigns Director Mark Magana, President & CEO
Stand.earth GreenLatinos

Stephen Kretzmann, Executive Director Mary Gutierrez, Executive Director
Oil Change International Earth Action, Inc.

Tom Athanasiou, Executive Director Heather C. McGhee, President
EcoEquity Demos

Michael Marx, Executive Director Deborah Silvey, Board Chair
Corporate Ethics International Fossil Free California

Dan Jacobson, State Director Jack Lucero Fleck, Steering Committee
Environment California 350 Bay Area

Murshed Zaheed, Political Director
CREDO

Patrick McCully, Climate & Energy
Program Director
Rainforest Action Network

Rob Sargent, Energy Program Director
Environment America

John Cavanagh, Director
Institute for Policy Studies





C.



SOM is the research institute of the Faculty of Economics & Business at
the University of Groningen. SCM has six programmes:
- Economics, Econometrics and Finance
- Global Economics & Management
- Organizational Behaviour
- Innovation & Organization
- Marketing
- Operations Management & Operations Research

Research Institute SCM
Faculty of Economics & Business
University of Groningen

Visiting address:
Nettelbosje 2
9747 AE Groningen
The Netherlands

Postal address:
P.O. Box 800
9700 AV Groningen
The Netherlands

T +31 50 363 9090/3815

www. rug. nl/feb/resea rch

2



Implicit Premiums in Renewable-Energy Support
Schemes
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Divesting Fossil Fuels:

The Implications for Investment Portfolios

Arjan Trinks a, , Bert Scholtens a, b Machiel Mulder a Lamrnertjan Dam a

Abstract

Fossil fuel divestment campaigns urge investors to sell their stakes in companies that supply

coal, oil, and gas. However, avoiding investments in such companies can be expected to

impose a financial cost on the investor because of reduced opportunities for portfolio

diversification. We compare the risk-adjusted return performance of investment portfolios

with and without fossil fuel companies over the period 1927-2015. Contrary to theoretical

expectations, we find that fossil-free investing does not seem to impair financial performance.

These findings can be explained by the fact that fossil fuel company portfolios do not generate

above-market performance and provide relatively limited diversification benefits. Significant

performance impacts of a divestment strategy, however, are observed over short time frames

and when applying divestment to less diversified investment portfolios.

Keywords: Fossil Fuel Divestment, Socially Responsible Investing, Portfolio Performance,

Risk-adjusted returns, Market Capitalization, GARCH

JEL codes: Gil, Q41
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1. Introduction

Recent divestment campaigns have been urging investors to sell their stakes in companies that

supply coal, oil, and gas. Initiated at US universities, fossil fuel divestment campaigns have

gained support from foundations, pension funds, faith-based groups, governmental

organizations, educational institutions, and others. The movement’s ultimate aim is to reduce

Greenhouse Gas (GHG) emissions by cutting down financial support for and addressing the

moral legitimacy of fossil fuel production and use (Ansar et al., 2013; Ayling and

Gunningham, 2015). As of December 2016, about $5.5 trillion of institutions’ Assets under

Management has been committed to divest from at least one type of fossil fuel.’

The call for divestment closely relates to scientific and political debate about the need

for global action to avert dangerous anthropogenic climate change (Arbuthnott and Dolter,

2013; DeCanio, 2009: Gross, 2015) and the associated societal costs and distribution thereof

(DeCanio, 2009; Van den Bergh and Botzen, 2015). The divestment movement contends that

investors should do their part by considering the ecological impacts of the activities they

finance next to traditional risk-return measures (Ritchie and Dowlatabadi, 2014). As such,

divestment requires investors to also consider the ethical merits of excluding publicly listed

coal, oil, and gas companies (Ayling and Gunningham. 2015).2

Conforming to the moral call to divest, however, can be costly and/or problematic for

investors (see Ritchie and Dowlatabadi, 2015). fossil fuel companies make up a material part

of major benchmark indexes. Despite popular claims about performance improvements

following from divestment (Hunt et al., 2016; Heaps et al., 2016), theoretical expectations

are that constraining an investment portfolio would reduce opportttnities for investment-

portfolio diversification and consequently would impair financial performance. Our paper is

the first to systematically investigate this financial dimension of divestment. Our analysis is

firmly grounded in Modern Portfolio Theory and covers a broad market over an extensive

I
http:Hgofossilfree.orWcommitmentsl (accessed: December 22, 2016).

2 Parallel to this moral appeal, some reports predict strong declines in the stock prices of fossil fuel companies
(Caldecott et al., 2014; Leaton. 2011; Leaton et al., 2013). They refer to Allen et al. (2009) and Meinshausen et
al. (2009) who find that to keep the increase in global mean temperature below 2 CC, a commitment ratified in
the Paris Agreement, up to 80% of current proven fossil fuel reserves must be left unused. McGlade and Ekins
(2015) highlight the incommensurability of current and planned coal, oil, and gas production in different regions
with the 2 °C limit. However, Griffin et al. (2015) do not find a corresponding strong negative impact of the
above publications on US oil and gas firms’ stock prices.

See, for instance, http://fossilfteeindexes.com/20 16/02/02/fossil-fliel-underperformance-short-term-
phenomenon-or-secular-trend! (accessed: February 17, 2016).
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time horizon. As social norms and pressure to divest in the end likely affect society at large, it

is momentous to rigorously study the potential costs of pursuing a divestment strategy.

We construct investment portfolios with and without fossil fuel companies using

industry classifications and the Carbon Underground 200 list. We investigate the differential

in portfolio risk and performance between fossil-free and unconstrained portfolios by

comparing the variance, the Sharpe and Sortino performance ratios, and four-factor adjusted

aiphas over the period 1927-2015. Our results suggest that fossil fuel companies do not

provide abnormal risk-adjusted returns and that avoiding investments in these companies does

not significantly impair financial performance.

This paper proceeds as follows. Section 2 provides a theoretical framework and

highlights our contribution to the literature. Section 3 and 4 provide the methodology and data

respectively. Results are presented in Section 5. Section 6 concludes and discusses the

implications in light of the divestment and screening discussion.

2. Socially responsible investing and diversification costs

Fossil fuel divestment can be regarded as a specific way of Socially Responsible Investing

(SRI), namely exclusion (see Capelle-Blancard and Monjon, 2012; Revelli and Viviani,

2015). Through SRI, investors aim to align ethical and financial concerns and consider the

‘social damage’ that their investment objects cause (Dam and Scholtens, 2015). A common

approach to achieve this is witholding investments in harmful or controversial activities

(Eurosif, 2014; Global Sustainable Investment Alliance, 2012), such as fossil fuel production.

Modern Portfolio Theory (Markowitz, 1952; Roy, 1952; Tobin, 1958) implies that any

constraint that reduces the investible universe will leave investors with a less efficient

portfolio (Barnett and Salomon, 2006; Galema et al., 2008; Rudd, 1981). Divestment thus

may impose an ineffiency, a cost, by increasing ideosyncratic (diversifiable) risk which is not

(fully) compensated by higher returns. The associated ‘diversification costs’, the reduction in

risk-adjusted returns, are a function of the number of stocks in a portfolio and the correlation

between the stock returns (cf. Markowitz, 1952). Hence, we expect, first of all, that the

exclusion of a large (small) set of stocks with a low (high) correlation with other market

investments has larger (smaller) diversification costs (cf. Boutin-Dufresne and Savaria, 2004).

Secondly, however, standard asset pricing models may imperfectly capture the risk

characteristics of the fossil fuel industry. For instance, high exposure of the industry to

3



perceived (ir)responsibility or ‘sustainability’ risk as well as energy price risk may

significantly affect stock returns, despite these factors are not being captured by standard asset

pricing models (Cuñado and Perez de Gracia, 2014; Driesprong et al., 2008; Sadorsky, 1999;

Scholtens, 2014).

Thirdly, SRI implies that some investors’ utility functions may depend on non

financial attributes too.4 The divestment debate, in fact, treats fossil fuel companies as

controversial or ‘sin’ stocks (see Luo and Balvers, 2015; cf. Hong and Kacperczyk, 2009). A

growing preference for fossil-free investment reduces aggregate demand for fossil fuel

company stocks in favor of non-fossil ones, resulting in the former being underpriced (lying

above the security market line) and the latter overpriced (lying below the security market

line). This differential should be detectable as risk-adjusted abnormal returns (alphas)

(Heinkel et al., 2001). The reduction in demand for fossil fuel stocks limits risk sharing

among fossil fuel investors and makes them imperfectly diversified, which leads them to

demand additional compensation for firm-specific risk, thereby increasing (decreasing) the

required rate of return for fossil fuel (fossil-free) investments (Dam and Scholtens, 2015;

Fama and French, 2007; Heinkel et al., 2001; Mackey et al., 2007; Merton, 1987). This

demand mechanism effectively ‘prices’ social responsibility in capital tiiarkets. It implies that

fossil-free investment produces risk-adjusted returns which are below those of unconstrained

investments (cf. Hong and Kacperczyk, 2009; Trinks and Scholtens, 2015). The expected

effects of this mechanism for the supply of social responsibility by firms in the energy sector

resemble a ‘virtuous circle’ as the cost of equity financing reduces in responsibility (Revelli

and Viviani, 2015). This could have an economic impact by incentivizing environmentally

responsible firm behavior in case these costs are sufficiently large to warrant installing less

carbon-intense technology. In other words, a decrease in the cost of capital potentially induces

more investments in low-carbon technologies to become profitable.

The movement of fossil fuel divestment, however, is only five years old and still

relatively limited in size. The above effects related to social norms against fossil fuel

investments thus seem to be virtually absent in long-term historical data. In this way, fossil

fuel stocks are unlike sin stocks. We must take the demand for fossil-free firm activity as

given (contrary to Luo and Balvers (2015)), even though the effects due to an additional

preference for fossil-free investments will probably become more important in the future (cf.

Ibikunle and Steffen, 2015). Nonetheless, portfolio diversification is not only constrained

“Fama and French (2007, p. 675) argue “[investors] get direct utility from their holdings of some assets, above
and beyond the utility from general consumption that the payoffs on the assets provide.”
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because of social norms but because of practical or behavioral reasons as well, suggesting

there will be a compensation for idiosyncratic risk nevertheless (Boehme et al., 2009; Fu,

2009; Goyal and Santa-Clara, 2003; Malldel and Xu, 1997). Accordingly, fossil fuel

companies may receive additional returns because of their specific risks, such as high

litigation and reputational risks (cf. fabozzi et al., 200$) and industry and environmental

challenges, such as the need for a radical transition to low- or zero-carbon alternatives (Ansar

et al., 2013; Busch, 2007).

So far, the empirical SRI literature has found little to no negative impacts of ethical

constraints on investment portfolio performance (Bello, 2005; Humphrey and Tan, 2014;

Lobe and Walkshäusl, 2016; Trinks and Scholtens, 2015). Differences in findings might relate

not only to the amount or market capitalization of the stocks excluded, but also to the

correlations between excluded and remaining investment categories. Still, most of the

environmental SRI literature has focused on the performance of specific environmentally

responsible investment funds (Galema et al., 200$; Hoepner and Schopohl, 2016; thikunle and

Steffen, 2015).

We complement this SRI and investment performance literature by systematically

analyzing the risk and return characteristics of portfolios with and without fossi] fuel stocks

over an extensive study period. Our main interest lies with the size and significance of the

diversification costs related to divesting fossil fuel companies. In other words, we are

concerned with investigating whether excluding the fossil fuel industry makes the mean-

variance frontier more flat or not and whether investment in this industry is needed to create a

well-diversified portfolio. To this extent, we test whether divestment increases portfolio risk

and impairs performance relative to the unconstrained market portfolio. Since diversification

costs depend on size and risk-return characteristics, we first look into the variance and

financial performance of publicly-listed fossil fuel companies. Next, we test whether portfolio

performance is impaired by divestment. Our focus lies with the costs of divestment related to

impaired diversification, abstracting from future policy and technology changes as well as any

additional financial costs that divestment might impose, such as selection, transaction, and

monitoring costs (see Bessembinder, 2016).

3. Methodology

3.1. Financial performance of the fossil fuel industry and fossil-free portfolios

5



The financial performance of fossil fuel company portfolios and the corresponding

fossil-free market portfolios is evaluated using two well-documented measures of portfolio

perfonnance, namely the Sharpe and Sortino ratio, and by relating returns to risk factors via

the Carhart four-factor model. As the two methods cover different portfolio-performance

attributes it is common practice to combine them (Humphrey and Tan, 2014; Lobe and

Walkshausl, 2016). We start by considering the expected returns, total risk, and downside risk

of fossil and fossil-free portfolios.

To test whether divestment comes with diversification costs (increased risk for a given

return), we compare the total risk (variance) of constrained and unconstrained portfolios. We

employ a standard F-test of equal variances as well as the Ledoit and Wolf (2011) test, which

is robust to non-normal and serially correlated return data. Significant differences in portfolio

variance would indicate reduced diversification. In the presence of imperfect investor

diversification portfolio variance would be the appropriate measure to look at, as not only

systematic risk component but idiosyncratic risk as well will be compensated.5 We then

evaluate portfolios’ reward-to-risk performance using the Sharpe ratio (Sharpe, 1966) and the

Sortino ratio (Sortino and Van der Meer, 1991). The Sharpe ratio relates the expected return

on a portfolio in excess of the risk-free rate to the standard deviation of returns:

Sharper
= E(R)-R

(1)

The Sortino ratio divides excess returns by downside risk:

Sortino
= E(Rp)_Rf

(2)p
t(Rpt—RMAR)

T is the total number of periods, t is a dummy variable which takes the value I if

RMAR and 0 if > RMAR, is the return on the portfolio in period t, and RMAR stands for

the Minimal Acceptable Rate of return, which we take to be the risk-free rate. Downside risk

focuses on the probability of losses (negative returns), which might be a better reflection of

investors preference for low levels of ‘bad volatility’ (Plantinga and De Groot, 2001; cf.

Also note that we study the US market portfolio, which still includes unsystematic risk as it only imperfectly
reflects the true market portfolio; it represents only a quarter of total value of common stocks outstanding
globally, notwithstanding other non-common stock investable asset classes.
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Nofsinger and Varma, 2014). In both the Sharpe ratio and the Sortino ratio the investor

maximizes risk-adjusted return at the portfolio which displays the highest performance ratio.

Significance of differences in Sharpe ratios is tested using the robust Ledoit and Wolf (200$)

test recommended by recent related studies (Auer, 2016; Lobe and Walkshäusl, 2016) next to

the standard Jobson-Korkie (1981) test corrected by Memmel (2003). The Ledoit and Wolf

(2008) test is robust against non-normal and serially correlated return data. We use the

circular blocks bootstrap procedure with 5,000 resamples, as recommended by Ledoit and

Wolf (2008) and used in the recent literature (Lobe and Walkshäusl, 2016).

The Sharpe and Sortino ratio, however, assume perfect capital markets and do not

allow for clean comparisons between portfolios due to (by definition) higher variability of

subsamples and differences in exposure to systematic risk. Consequently, we will also have to

evaluate the financial performance of fossil fuel company portfolios and divested portfolios

by relating the returns in excess of the risk-free rate on each portfolio to well-documented risk

factors. In line with related studies, we estimate the Carhart (1997) four-factor model:

RP,t—Rf,t = ap + Pp,m(Rm,tRf,t) + Pp,sMBSMBt + 13p,HMLHMLt + PP,WMLWMLt + Ep,t

(3)

The Carhart model relates the value-weighted excess return on an investment portfolio p in

month t to four common determinants of risk. RmtRft, the market risk premium, is the

return on a value-weighted market portfolio in excess of the risk-free rate. SMB (Small

minus Big) is the return on a portfolio long in small cap stocks and short in large caps. The

HML (High minus Low) factor, in a similar fashion, measures the return differential between

high and low book-to-market stocks. WML (Winners minus Losers) represents the return on

a portfolio long in stocks with the highest returns and short in those with the worst

performance in previous 12 months. Lastly, a represents the variable of interest, namely the

portfolio’s abnormal return performance when controlling for the above four risk factors. US

factor data are obtained from CRSP.

We analyze the impact of divestment by excluding stocks belonging to the fossil fttel

industry from the unconstrained market portfolio. Differences in return performance between

the unconstrained market portfolio and the same market portfolio screened for the fossil fuel

company samples are tested using the long-short (zero-investment) approach (see Hong and

Kacperczyk, 2009; Lobe and Walkshäusl, 2016), which regresses the returns of a portfolio
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with a long (positive) position in the fossil-free portfolio and a corresponding short (negative)

position in the unconstrained portfolio on the four Carhart factors. The resulting alphas in

these regressions provide the risk-adjusted return performance of the fossil-free market

portfolio when benchmarked against the unconstrained market portfolio.

Diversification costs, the reduction in risk-adjusted returns, due to a divestment

strategy may vary over time, as do our model’s parameters. Therefore, we perform five- and

one-year rolling window regressions and compare crisis and non-crisis periods. In addition,

since investors in practice often rely on restricted market indexes, we rerun our analysis

applying fossil-fuel screens to the S&P 500 and FUSE 100 indexes. Finally, we address

volatility clustering and non-normality by employing a GARCH model and median

regression.

Note that diversification costs may result from a reduced investment universe (number

of stocks) and portfolio composition (type of stocks). We will have to consider disentagling

both effects if and only if we would find significant effects of divestment. This can be done

using the approach by Humphrey and Tan (2014), which simulates portfolios of similar size

and as such distillates the portfolio composition effect.

4. Data

We construct portfolios with and without publicly listed fossil fuel companies. We

extract data on all listed and delisted US common stocks from Center for Research in Security

Prices (CRSP). Fossil fuel stocks are identified using Standard Industry Classification (SIC)

codes (cf. Fama and French, y997)6 Using industry classifications is common practice in

investment management and academic research (Hong and Kacperczyk, 2009; Humphrey and

Tan, 2014). We follow the general approach of the divestment movement and focus on the

supply (production) of fossil fuels. However, we acknowledge that in the future the movement

might expand its scope to include demand, most notably energy conversion and consumption

(Ansar et al., 2013). To acconimodate differences in focus, we employ a narrow industry

definition, which identifies companies involved in coal mining (SIC 12) and oil and gas

extraction (SIC 13), as well as a broad industry definition, which also captures activities

6 Our results are robust to complementing SIC codes with North American Industry Classication System
(NAICS) codes. NMCS codes are available in CRSP only from 2004 onwards and add only a small number of
stocks.
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directly related to the supply of fossil fuels, such as oil and gas fiel machinery, mining

services, and transportation. Table A. 1 in Appendix A provides an overview of the codes used

to identify companies involved in coal and oil and gas. The broader definition can be of

interest to the investor who aims to avoid any major involvement with fossil fuel production

as well as involvement by energy majors, which are often grouped in SIC 291. Our approach

complements the SRI literature which has relied ttpon shorter time frames and less

comprehensive industry classifications (e.g., Luo and Balvers, 2015), company-level

exclusions (Tñnks and Scholtens, 2015), or exclusions within particular SRI fund types

(thikunle and Steffen, 2015).

Next to analyzing SIC industries, we consider the companies included in the Carbon

Underground 200 (CU200), which is a list composed by Fossil Free Indexes LLC of the 100

largest coal and oil & gas companies based on their reported reserves. The list is often

employed by advocates of divestment as a useful starting point7 as it provides a

straightforward method to identify the potential carbon content of one’s investments (see

Ritchie and Dowlatabadi, 2014).8 The CU200 sample is constructed using the CU200 list as

of July 2016 and identification is done through ISIN numbers (using ORBIS) and company

names (manually). We do not explicitly consider other SRI strategies which can be used

instead or alongside divestment. One such approach would be Divest-Invest, which replaces

fossil fuel investments by low- or zero-carbon ones10, using the recently developed Carbon

Clean 200 (CC200), a list of the 200 largest stocks based on green energy revenues (Heaps et

al., 2016), as a natural opposite of the CU200. Note, however, that our main analysis

implicitly accounts for this Divest-Invest approach since the CU200-free CRSP market

portfolio fully covers CC200 stocks.”

For each of the three identification methods (using the broad- and narrow-definition

SIC codes as well as the CU200 list), we construct three fossil fuel portfolios, consisting of all

companies involved in coal, oil and gas, or all fossil fuels. Hence, we end up with nine (3x3)

fossil fuel company portfolios. Correspondingly, we construct nine fossil-free portfolios by

http://ofossilfree.org/top-200/ (accessed: August 8, 2016).
8 Of course, other lists could also be considered, such as the ‘filthy fifteen’ of the largest and dirtiest US coal
mining companies and coal-fired utilities (ps://fossilfreefunds.org/fi1thy-15/) or the 90 ‘carbon majors’ of the
most carbon-intensive US firms (Heede, 2014).

We thank Carbon Tracker Initiative for making this information publicly available at
http://fossilfreeindexes.com/researchlthe-carbon-underground/ (accessed: August 2, 2016).
‘° See: http://divestinvest.org/ (accessed: September 27, 2016).
° Also note that, by construction, in fossil-free portfolios, weights of CC200 stocks and other remaining non-
fossil stocks are increased proportionally to their market capitalization. This corresponds to the fact that
divestment moves capital from the fossil fuel industry to other sectors (Ritchie and Dowlatabadi, 2014).

9



discarding from the CRSP market portfolio all stocks in the respective fossil fuel portfolios.

Table 1 shows the amount of stocks in each sample. The results indicate that fossil-fuel

screening, with the exception of screening for coal, could considerably reduce the number of

investible assets. Also, it shows the important contribution of employing a broader range of

industry codes than is commonly done in the literature (cf. Fama and French, 1997; Luo and

Balvers, 2015).

From CRSP, we obtain monthly total returns, closing stock prices, and shares

outstanding for NYSE, Amex, and Nasdaq stocks over the period 1927-2015. We follow the

literature (see Lobe and Walkshäusl, 2016; Luo and Balvers, 2015) by focusing on companies

with CRSP share codes of 10 or 11 and excluding companies with one-digit SIC codes of 6,

belonging to the financial services industry. We delete stocks without return and market value

of equity data or those with less than 60 months of returns or market values to allow for a

sufficiently long price discovery process.

Table 1: Sample size of fossil and fossil-free portfolios
Sample #stocks

Coal Oil and gas All fossil All stocks
SIC broad definition 58 829 883 -

SIC narrow definition 44 584 628 -

CU200 23 47 68 -

CRSP market portfolio 12,141

This table shows the number of stocks of the nine fossil fuel company samples.
The SIC narrow definition includes SIC 12 (coal) and 13 (oil and gas); the SIC
broad definition adds SIC 3532, 5052, and 5082 (coal), and SIC 291, 3533, 46,
492, 517, 5541, 598, md 6792 (oil and gas). CU200 is the July 2016 list from
Fossil Free Indexes LLC of the 100 largest coal and oil & gas companies based on
their reported reserves (http://gofossilfree.org/top-200/). Note that the number of
stocks represent the total number of stocks identified over the complete study
period. The size of the portfolios at a particular time point is lower (e.g., in 2015,
the year-average number of stocks in the market portfolio was 2,193).

5. Results

In this section, we first investigate the financial performance of the fossil fuel industry

relative to the overall market index. We then report our findings for the effects of applying

fossil fuel industry screens and discuss the implications for the divestment debate. Finally, we

test and discuss the robustness of our findings.
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5.1. Performance of fossil fuel investments

Table 2 presents the descriptive statistics and portfolio performance measures of the

portfolios with and without stocks of companies involved in the supply of coal, oil, and gas.

We observe market-conform average excess returns for coal stocks and above-market returns

for oil and gas stocks. However, fossil fuel portfolios exhibit substantially higher risk than the

market portfolio, both when measured in terms of standard deviation and downside risk.

Notably, coal stocks face almost double the risk. As a consequence, the Sharpe and Sortino

ratios are marginally lower for most fossil fuel portfolios as compared to the market portfolio.

As shown in the last two columns of Table 2, the variance of fossil fuel portfolios is

significantly higher than that of the market portfolio, while the Sharpe ratio is significantly

lower only for the coal portfolio. Consequently, investments in the fossil fuel industry seem to

offer market-like risk-adjusted returns, while, as expected, taken on their own do not provide

sufficient diversification opportunities. The finding of higher returns and higher risk for fossil

fuel investments is consistent with the hypothesized higher industry risk (cf. Cuñado and

Perez de Gracia, 2014; Fabozzi et al., 2008). Moreover, we notice that total risk decreases by

more than 20% when moving from the narrow definition sample to the broad definition

sample. In line with this move, Sharpe ratios increase. This finding informs the portfolio

performance literature by showing that portfolio diversification benefits may still increase

considerably in portfolios which already include a large number of stocks (cf. Evans and

Archer, 1968; Statman, 1987), and by expanding the activity set covered by the portfolio.

Table 2: Descriptive statistics and performance ratios of tonsil and fossil-free investment portfolios (1927-2015)
Mean StDev DR Sharpe Sortino 5Var SSharpe

CRSP Market portfolio 0.65% 536% 3.54% 0.12 0.18 - -

fossil fire! portfolios

SIC broad Coal 0.59% 9.34% 5.93% 0.06 0.10 0.59%*** F.LW 0.0578** JK.LW

Oil and gas 0.72% 6.02% 3.84% 0.12 0.19 0.08%*** F.LW 0.0018*** 1K

All fossil 0.72% 6.03% 3.85% 0.12 0.19 0.08%”° F.LW -0.0027

SIC narrow Coal 0.61% 9.95% 6.32% 0.06 0.10 0.70%**dTT.0 -O.O6O4”°
Oil and gas 0.74% 7.74% 4.92% 0.10 0.15 0.3l%* F.LW .00263*1K

All fossil 0.72% 7.68% 4.89% 0.09 0.15 0.30%”’ 0028l*Mt

CU200 Coal5 0.82% 8.41% 5.04% 0.10 0.16 0.43%’ F,LW -0.0243’
Oil and gas 0.95% 8.25% 4.85% 0.12 0.20 O.39%*** F,LW -0.0062
All fr,ssil 0.95% 8.23% 4.84% 0.12 0.20 0.39%” F.LW -0.0065

fossil-free portfolios

SIC broad Market escl. Coal 0.65% 5.35% 3.54% 0.12 0.18 0.00% 0.0001
Market exci. Oil and gas 0.65% 5.43% 3.60% 0.12 0.18 0.01% -0.0020
Market end. All fossil 0.65% 5.43% 3.60% 0.12 0.18 0.01% -0.0019

SIC narrow Market excl. Coal 0.65% 5.35% 3.54% 0.12 0.18 0.00% 0.0001
Market earl. Oil and gas 0.65% 5.33% 3.53% 0.12 0.18 0.00% 0.0006
Marketexcl. All fossil 0.65% 5.33% 3.53% 0.12 0.18 0.00% 0.0007
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CU200 Market excL. Coal 063% 5.35% 3.54% 0.12 0.18 0.00% 0.0001
Market cxci. Oil and gas 0.65% 5.38% 3.56% 0.12 0.18 0.00% -00009
Market exci. All fossil 0.65% 5.38% 3.56% 0.12 0.18 0.00% -0.0009

This table presents the mean, standard deviation, and downside risk (OR) of monthly excess returns of the fossil and fossil-free portfolios, as well as their Sharpe
and Sortino ratios over the period 01/1927-12/2015. AVar is the difference between each1ortfolio’s variance and the variance of the CR51’ Market portfolio. ***

p.cO.Ol, p<0.O5, pc0.10, with denoting the F-test for equality of variances and C the robust Ledoit-WoIf (2011) alternative using the studentized time
series bootstrapping procedure with 5,000 resamples. sSharpe is the difference between each portfolio’s Sharpe ratio and that of the CR51’ Market portfolio. °

denotes the Jobson-Korkie (1981) test of equal Sharpe ratios and C55 the robust Ledoit-WoIf (2008) alternative using the studentized time series bootstrapping
procedure with 5,000 resamples. The SIC narrow definition includes SIC 12 (coal) and 13 (oil and gas); the SIC broad definition adds SIC 3532, 5052, and 5082
(coal), and 5]C29l, 3533,46, 492, 517, 5541, 598, and 6792 (oil andgas). CU200is theJuly 2Ol6list fromfossil Free Indexes LLC of the 100 largestcoaland
oil & gas companies based on their reported reserues (hnp://eofoccilfree.oreitop-200/).

* Return series starts from February 1949 (N=803).

To control for well-documented risk factors, we employ the Carhart four-factor model.

Table 3 shows that over the 1927-20 15 period portfolios consisting of fossil fuel companies,

in particular coal companies, have generated slightly negative aiphas. This demonstrates the

substantial systematic risk associated with investments in the fossil fuel industry (in line with

Cuñado and Perez de Gracia (2014), Driesprong et al. (2008), Sadorsky (1999)), which more

than offsets the above-market returns observed in this industry. In particular, the significant

loadings on the Market, SMB, and HML risk factors indicate that the relatively high average

excess returns on fossil fuel stocks can largely be explained as a compensation for their

significant exposure to systematic risk factors.

From a pure financial perspective, however, the decision to divest should not be based

on the performance of fossil fuel stocks in isolation, but rather it should be looked at how

divesting fossil fuel stocks impacts the total portfolio of the investor. This is what we will do

in the next subsection.

Table 3: Risk-adjusted return performance of fossil fuel portfolios (Carhart model, 1927-2015)
Alpha Rm_rf 5MB HML WML

SIC broad Coal -0.0024 1.0202*** 0.4190*** 0.3535*** -0.0696
(0.0021) (0.0465) (0.1125) (0.0980) (0.0732)

Oil and gas -0.0000 0.9223*** 0. 1958” 0.2$90*** 0.0$885*
(0,0011) (0.0269) (0.0424) (0.0405) (0.0356)

All fossil -0.0001 0,924$*** .0.1895*** 0.2886*** 0.0$77**
(0.0011) (0.0268) (0.0425) (0.0406) (0.0356)

SIC narrow Coal -0.00 17 O,9905*** 0.3928*** 0.3016*** -0.0879
(0.0024) (0.0554) (0.1192) (0.1105) (0.0799)

Oil and gas -0.0010 t.1038*** -0.0810 0.3458*** 0.0120
(0.0015) (0.0339) (0.0565) (0.0498) (0.0398)

All fossil -0.0011 1.09$0*** -0.0589 0.3410*** 0.0103
(0.0014) (0.0329) (0.0555) (0.0489) (0.0396)

CU200 CoaI* -0.0003 1.0974*** 0.2305** 0.2666*** -0.0365
(0.0025) (0.0678) (0.0954) (0.0969) (0.0630)

Oil and gas 0.0011 l.0376*** 0.2828*** 0.5701*** 0.0285
(0.0018) (0.0498) (0.0780) (0.0756) (0.0670)

All fossil 0.0010 l.0431*** 0.2759*** 0.562l*** 0.0253
(0.0018) (0.0496) (0.0777) (0.0752) (0.0666)

This table reports the results from regressing the excess returns of the nine capitalization-weighted fossil fuel portfolios on
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the Carhart (1997) US factors using OLS. Alpha is the intercept, indicating relative out- or underperformance. Rm_rf, SMB,
HML, and WML are the coefficients on the Market, Size, Book-to-Market, and Momentum factors respectively. White
standard errors appear in brackets. p<O.Ol, ** p<O.05, * p<O.IO. The SIC narrow definition includes SIC 12 (coal) and
13 (oil and gas); the SIC broad definition adds SIC 3532, 5052, and 5082 (coal), and SIC 291, 3533, 46, 492, 517, 5541,
59$, and 6792 (oil and gas). CU200 is the July 2016 list from Fossil free Indexes LLC of the 100 largest coal and oil & gas
companies based on their reported reserves (http://gofossilfree.oro/too-200fl.

* Retum series starts from February 1949 (N=803).

5.2. Performance of fossil-free investments

We now turn to the impact of divesting fossil fuel stocks on investment portfolios.

Figure 1 shows the year-average percentage share of the number and market capitalization of

stocks which are excluded relative to total market portfolio. While on average the effects of

screening are modest, there is considerable variation in the share the fossil fuel industry takes

in the market portfolio in our sample period. Higher percentage shares, as witnessed in the

1980s for instance, could mean larger diversification costs related to a divestment strategy.

This is relevant to the divestment debate, as implications of divestment could become more or

less pronounced in future periods when the market share of fossil fuel stocks changes.

Figure 1: Year-average number of stocks and market capitalization of fossil fuel

portfolios as a percentage of the market portfolio
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As shown in the last two columns of Table 2, there is no significant differential

between the variance nor the Sharpe ratio of fossil-free portfolios and the unconstrained

market portfolio. Hence, there does not seem to be a significant reduction in diversification
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opportunities following from a divestment strategy. Table 5 shows the four-factor risk-

adjusted return performance of fossil-free portfolios relative to the unconstrained market

portfolio. We find no evidence of significant abnormal risk-adjusted returns for fossil-free

portfolios over the whole study period, as indicated by the insignificant alphas.

Table 4: Risk-adjusted return performance of fossil-free market portfolios (Carhart model, 1927-2015)
Alpha Rm_rf SMB HML WML

SIC broad Coal 0.0000* 0.0003*** -0.00O5’ 0.0003* -0.0001
(0.0000) (0:0001) (0.0002) (0.0002) (0.0001)

Oil and gas 0.0002 0.0005 0.0336*** 0.0348*** 0.0215***
(0.0002) (0.0053) (0.0070) (0.0069) (0.0065)

All fossil 0.0002 0.0000 0.0331*** 0.0352*** 0.0217***
(0.0002) (0.0053) (0.0071). (0.0069) (0.0065)

SIC narrow Coal 0.0000* 0.0002** -0.0004 -0.0002 -0.0001
(0.0000) (0.0001) (0.0001) (0.0001) (0.0001)

Oil and gas 0.0001 0.0053*** 0.0037* 0.0070*** 0.004l**
(0.0001) (0.0014) (0.0019) (0.0018) (0.0017)

Mi fossil 0.000 1 0.0056*** 0.0033* 0.007t*** 0.0042**
(0.0001) (0.0015) (0.0020) (0.0019) (0.0018)

CU200 Coal 0.0000 0.0005** 0.0000 -0.00 ** -0.0003
(0.0000) (0.0002) (0.0002) (0.0002) (0.0002)

Oil and gas 0.0000 0.0024** 0.0093*** 0.0139*** 00059***
(0.0001) (0.0012) (0.0018) (0.0016) (0.0018)

All fossil 0.0000 0.0021* 0.0095*** 00l44*** 00064***
(0.0001) (0.0012) (0.0018) (0.0017) (0.0018)

This table reports the results from regressing the excess returns on the zero-investment portfolio with a long position in the
fossil-free market portfolio and a short position in the unconstrained market portfolio on the Carhart (1997) US factors using
OLS. Alpha is the intercept, indicating relative out- or underperformance. Rm_rf, SMB, HML, and WML are the
coefficients on the Market, Size, Book-to-Market, and Momentum factors respectively. White standard errors appear in
brackets. ** p<O.Ol, ** p<O.O5, * p<0.lO. The SIC narrow definition includes SIC 12 (coal) and 13 (oil and gas); the SIC
broad definition adds SIC 3532, 5052, and 5082 (coal), and SIC 291, 3533, 46, 492, 517, 5541, 598, and 6792 (oil and gas).
CU200 is the July 2016 list from fossil Free Indexes LLC of the 100 largest coal and oil & gas companies based on their
reported reserves (httD://ofossiIfree.org/top-2001).

5.3. Sensitivity analyses

To test the robustness of our main results we consider rolling windows, crisis and non-crisis

periods, divestment implications for the S&P 500 and the FTSE 100 indexes, and GARCH

and median regression specitications. Details are available upon request at the corresponding

author.

Rotting windo’ts’ results

First, we look into the stability of our results by performing five-year rolling window

regressions. Figure B.l in Appendix B shows that the out- or underperformance of the fossil

fuel industry (SIC broad definition) varies substantially over time and strongly negatively
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correlates with the returns on the fossil-free portfolio.’2 Clearly, the most recent period is an

extreme case, which is preceded by a period of fortune for fossil fuel investments. Though we

generally find negative implications of divestment, we observe that an investment which is

long in the fossil-free portfolio and short in the unconstrained portfolio generates significant

positive aiphas and Sharpe ratios significantly above the market portfolio during the mid

19$0s and the period 2009-2015. However, the magnitude of this effect is quite modest (0.9-

1.1% annual outperformance for these specific time frames). Moreover, the temporary nature

of these alphas are clearly demonstrated by expanding our study period backwardly using

one-year reverse-recursive rolling window regressions.

In tine with our expectations, we further find the impact of divestment to depend on

the type and proportion of stocks excluded during a specific time frame (Figure 1). An

increase in the share of the fossil fuel industry positively relates to the financial impact of

divestment. Additionally, the beta (loading on the Carhart market factor) of fossil fuel

investments is fairly stable and close to one over the whole time period. Figure B.2 shows the

development of beta over time for the SIC broad definition fossil fuel portfolio and the

portfolio long in the portfolio excluding these stocks and short in the market portfolio. It

suggests that periods in which divestment has significant return implications there are

significantly positive shocks in the beta of the excluded stocks. The outperformance of fossil-

free investments in the 1980s illustrates the effects from the type and proportion of the stocks

excluded. The outperformance in this period corresponds with the fossil fuel industry’s strong

underperformance, the shock in its beta, and its significant share in the market.

Crisis vs. non-crisis periods

Next, we compare crisis- and non-crisis periods. Previous studies have found the

performance of controversial sectors and screened portfolios to differ between economically

good and bad times (see Nofsinger and Varma, 2014; Trinks and Scholtens, 2015). Nofsinger

and Varma (2014) find that portfolios screening for controversial sectors do not outperform

during crises (general economic downturns) while they significantly underperform the market

during non-crisis periods. Accordingly, we might expect that fossil-free investments show

(more) positive impacts during crises while performance would be impaired during non-crisis

periods.

12 Moreover, if we include (log) WTI oil price returns, outperformance becomes statistically insignificant, which
further suggests that the outperformance of fossil-free portfolios in specific time frames can be attributed mainly
to specific oil price shocks.
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Using National Bureau of Economic Research (NBER) recession dates (cf. Nofsinger

and Varma, 2014), we identify 15 crises lasting 196 months in total. As shown in Tables 3.1

and 3.2, we find no return differential between crisis and non-crisis periods for fossil and

fossil-free investments. However, in crises corresponding to specific oil price shocks, aiphas

on fossil-free investments are significantly lower. These results confirm our general finding

that the impact of divestment in specific time frames mainly relates to extraordinary

performance of the divested category.

Divesting the S&P 500 and FTSE 100 indexes

In practice, investors often rely on restricted market indexes which imperfectly reflect

the market portfolio. Most SRI funds use the S&P 500 as their benchmark (Humphrey and

Tan, 2014). In the divestment discussion, the FTSE 100 is often considered next to the S&P

50013, due to its high share of fossil energy firms (Leaton et al., 2013). For the S&P 500, we

obtain historical constituents data from Compustat (1965-2016) and discard all stocks which

are in each of our fossil ftiel samples. This dataset is then merged with CRSP total return and

market value data (as in Humphrey and Tan (2014)). For the ElSE 100, we retrieve historical

constituents from Datastrearn (1996-2016) and couple these with SIC, NAICS. and NACE

industry classifications (see Table A.1) data using ORBIS. Results, in Table B.3 are

qualitatively similar to otir main analysis. In line with our expectations, we find a more

pronounced negative, but statistically insignificant, impact of divestment using the FTSE 100

index, as shown in Table 3.4. Figure 3.3 shows that about twice the proportion of stocks is

excltided from the ElSE 100 (15% of the stocks with a market capitalization of 30% of the

total index). We observe that the divested index generates a marginally lower Sharpe ratio

(Figure B.4), while the downside risk is substantially lower, resulting in a much higher

Sortino ratio (figure 3.5). Interestingly then, investors might have a strong preference for

responsible (fossil-free) investments due to their safety despite their lower risk-adjusted

returns, as suggested by Nofsinger and Vanna (2014). In the specific period mid-2010/201 ito

mid-2015/2016 we find (in Figure 3.4) statistically and economically significant

outperformance of fossil-free over the unconstrained index. However, the ‘hanging belly’

shape in the one-year recursive rolling window aiphas (Figure 3.6) illustrates that the impact

of a divestment strategy has been generally negative while it turns insignificant when

including recent time frames.

GARCH(1, 1) regression
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We address time-varying volatility (volatility clustering) present in our sample by

using a GARCH(l,1) model. Results, included in Table B.5, remain qualitatively similar as

OLS estimates. However, effects are less significant when employing a GARCH

specification.

Median regression

Lastly, since our return data are not normally distributed (as is the case with most

stock return series), we replace OLS with median regression analysis. Median regression is a

type of quantile regression which fits the conditional median of the dependent variable as

opposed to the mean in OLS (see Koenker and Hallock, 2001). Consistent with the literature,

we perform median regressions using the Design Bootstrap procedure with 5,000 replications.

Table B.6 shows that results slightly deviate from our main analysis. Coal stocks now show

significant below-market median returns of -0.41%, -0.5 1%, -0.58% for the narrow definition,

broad definition, and CU200 respectively. Results for fossil-free portfolios (Table B.7) are

similar to those found in our main and sensitivity analyses. Only the portfolio which excludes

the SIC broad definition coal stocks significantly outperforms the unconstrained market

portfolio, but this effect economically insignificant (<0.01% monthly).

6. Discussion and conclusion

Fossil fuel divestment campaigns insist that investors must consider the impacts of the

activities they finance on climate change, and consequently, they shoctid sell their stakes in

companies that supply coal, oil, and gas. We investigate whether fossil fuel divestment

reduces opportunities for portfolio diversification and conseqttently impairs financial

performance relative to the unconstrained market portfolio. Our main finding is that divested

(fossil-free) portfolios do not significantly underperform the unconstrained market portfolio.

A commitment to divesting fossil fuels thus does not seem to come at a significant cost.

Furthermore, we find that holdings in fossil fuel companies generate higher mean returns, but,

consistent with the theoretical and empirical literature, this can be explained as a

compensation for higher exposure to systematic risk factors.

We complement the SRI and screening literature by systematically comparing

portfolios with and without fossil fuel stocks over an extensive time frame and by analyzing

the time-dependency of our results, the implications of divestment for the less diversified
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S&P 500 and FTSE 100 indexes, and the effects when adopting GARCH and median

regression specifications. We furthermore show that, contrary to standard portfolio theory, a

constrained portfolio is not a sufficient condition for impaired performance.

Our findings are consistent with Bello (2005), Humphrey and Tan (2014), and Lobe

and Walkshäusl (2016), but contrast with Hong and Kacperczyk (2009) and Trinks and

Scholtens (2015) who find more pronounced outperformance of various controversial sectors

and an underperformance of screened portfolios. In line with our expectations, diversification

costs related to fossil fuel divestment are low because these costs increase, ceteris paribus,

with the proportion of stocks excluded from the market portfolio and they decrease with the

correlation between the unconstrained market portfolio and the fossil-free portfolio. The share

of fossil fuel stocks is lower than the share of other main controversial sectors, and merely

one investment category is avoided. Additionally, fossil fuel stocks have a beta close to one,

meaning they are more or less substitutes, having relatively low diversification benefits,

whereas for alcohol, tobacco, and gambling, beta is as low as 0.6 (see Trinks and Scholtens,

2015). Finally, the market-conform performance of the fossil fuel industry contrasts with the

well-documented attractiveness of other controversial (Hong and Kacperczyk, 2009). Hence,

the fossil fuel industry appears to be unlike various ‘sin’ industries not only because of the

lack of a ‘sin premium’ (outperformance), but because of modest diversification benefits as

well.

Nevertheless, a continued growth of investor commitment to fossil fuel divestment

should be expected to significantly increase demand effects, inducing higher rettirns on fossil

fuel investments and lower returns on fossil-free ones (Dam and Scholtens, 2015; fama and

French, 2007; Heinkel et al., 2001; Mackey et al., 2007; Merton, 1987). Additionally, more

substantial effects of divestments are observed when considering less widely diversified

investment portfolios (particularly the FTSE 100 index) and specific time frames. Our median

regressions suggest that it may be financially wise to stay away from coal stocks as these

potentially underperform the market over a long time span and divesting them at least does

not seem to significantly hurt risk-adjusted returns. Finally, it should be noted that even small

differences in portfolio returns can inflate quite significantly over longer time horizons, which

might particularly concern institutional investors.

Our main results may seem as a welcome finding for proponents of divestment. Based

on the period 1927-2015 and considering a portfolio of US common stocks, it seems that

investors can safely divest the fossil fuel industry without significantly impairing portfolio

performance. Absent any performance improvement, however, popular claims by some
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advocates of divestment, such as 350.org and fossil Free Indexes, about the financial

attractiveness of fossil-free investing’3 are unfounded. The divestment movement would thus

benefit from shifting focus to its merits as a social and political tool to address climate change

and away from cherry-picked historical outperformance.

A lin-yitation of our study is that it is retrospective and as such does not guarantee that

similar effects will obtain in the future. Our rolling window estimates show that impacts of

divestment on portfolio performance may vary significantly across specific time periods. The

divestment movement thus may prefer emphasizing long-term prospects and potential dangers

of fossil-related investments rather than referring to historical outperformance, for which we

find little evidence. Also, we abstract from any additional financial costs that divestment

might impose, such as selection, transaction, and monitoring costs. Future studies could assess

different responsible investing strategies next to simple exclusionary screens.
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Appendix A. Industry classifications

Table A.1: Endustry classifications of coal and oil and gas companies
Sample SIC NAICS NACE
Narrow def. Coal 12 (coal mining) - 2121 (coal mining) 05 (mining of coal and

lignite)

Narrow def. Oil & gas 13 (oil and gas extraction) 211 (oil and gas extraction) 06 (extraction of crude
petroleum)

Broad def. Coal See SIC narrow def. See NAICS narrow def. See NACE narrow def.
3532 (mining machinery) 213113 (support activities for 0892 (extraction of
5052 (coal and other coal mining) peat)
minerals and ores) 333131 (mining machinery 0990 (support activities
5082 (construction and and equipment for other mining and
mining (except petroleum) manufacturing) quarrying)
machinery and equipment) 423520 (coal and other 1910 (manufacture of

mineral and ore merchant coke oven products)
wholesalers)

Broad def. Oil & gas See SIC narrow def. See NAICS narrow def. See NACE narrow def.
291 (petroleum refining) 213111 (drilling oil and gas 0910 (support activities
3533 (oil and gas field wells) for petroleum and
machinery and equipment) 213112 (support activities for natural gas extraction)
46 (pipelines, except oil and gas operations) 1920 (manufacture of
natural gas) 2212 (natural gas distribution) refined petroleum
492 (gas production and 23712 (oil and gas pipeline products)
distribution) and related structures 2011 (manufacture of
517 (petroleum and construction) industrial gases)
petroleum products) 32411 (petroleum refineries) 4671 (wholesale of
5541 (gasoline service 333132 (oil and gas field solid, liquid and
stations) machinery and equipment gaseous fuels and
598 (fuel dealers) manufacturing) related products)
6792 (oil rayalty traders) 4247 (petroleum and 4950 (transport via

petroleum products merchant pipeline)
wholesalers)
45431 (fuel dealers)
486 (pipeline transportation)
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Appendix B. Sensitivity analyses

figure Bd: Five-year rolling window monthly

(Sharpe_ES) differential between fossil-free and

the alpha of the fossil fuel portfolio (alpha_fossil)

alpha (alpha_ES) and Sharpe ratio

unconstrained market portfolio, and

Cl

alpha_fossil alpha_LS

Sharpe_LS

Figure B.2: Five-year rolling window beta of fossil fuel portfolio (beta_Fossil) and

differential between fossil-free and unconstrained market portfolio (beta_ES)
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Table B.1: Crisis vs. non-crisis risk-adjusted return performance of fossil fuel portfolios (Carhart model, 1927-2015)
Crisis Alpha Rm_rf 5MB HML WML

SIC broad Coal 0.0006 -0.0025 1.0209*** 0.4l92*** 0.3536*** -0.0692
(0.0061) (0.0022) (0.0468) (0.1125) (0.0980) (0.0731)

Oil and gas -0.0016 0.0003 0.9206*** 0.1963*** 0.2888*** 0.0879**
(0.0031) (0.0011) (0.0267) (0.0425) (0.0405) (0.0354)

All fossil -0.0015 0.0002 0.9231*** 0.1900*** 0.2884*** 0.086$**
(0.0031) (0.0011) (0.0266) (0.0426) (0.0406) (0.0355)

SIC narrow Coal -0.0007 -0.0016 0.9896*** 0.3925*** 0.30l5*** -0.0884
(0.0070) (0.0025) (0.0565) (0.1192) (0.1104) (0.0798)

Oil and gas 0.0003 -0.00 10 t.1041*** -0.0809 0.3459*** 0.0121
(0.0043) (0.0015) (0.0310) (0.0566) (0.0498) (0.0399)

All fossil 0.0002 -0.0012 1.0982*** -0.0588 0.3410*** 0.0104
(0.0042) (0.0015) (0.0329) (0.0556) (0.0489) (0.0397)

CU200 Coal* 0.0024 -0.0007 1.100I*** 0.2309** 0.2678*** -0.0355
(0.0099) (0.0025) (0.0702) (0.0951) (0.0967) (0.0635)

Oil and gas -0.0008 0.0012 1.0367*** 0.283l*** 0.5699*** 0.0280
(0.0060) (0.0017) (0.0508) (0.0779) (0.0758) (0.0664)

All fossil -0.0008 0.0012 l.0422*** 0.276l*** 0.5620*** 0.0248
(0.0059) (0.0017) (0.0505) (0.0776) (0.0755) (0.0660)

This table reports the results from regressing the excess returns of the nine capitalization-weighted fossil fuel portfolios on
the Carhart (1997) US factors using OLS. Crisis is a dummy taking the value 1 for the NBER crisis periods and 0 otherwise.
Alpha is the intercept, indicating relative out- or underperforniance. Rm_rf, SMB, HML, and WML are the coefficients on
the Market, Size, Book-to-Market, and Momentum factors respectively. White standard errors appear in brackets.
p<0.0I, ** p<O.O5, * p<O.lO. The SIC narrow definition includes SIC 12 (coal) and 13 (oil and gas); the SIC broad
definition adds SIC 3532, 5052, and 5082 (coal), and SIC 291, 3533, 46, 492, 517, 5541, 59$, and 6792 (oil and gas).
CU200 is the July 2016 list from Fossil Free Indexes LLC of the 100 largest coal and oil & gas companies based on their
reported reserves (http://ofossilfree.org/top-200f).

* Return series starts from February 1949 (N=803).

Table B.2: Crisis vs. non-crisis risk-adjusted return performance of fossil-free market porttolios (Carhart model,
1927-2015)

Crisis Alpha Rm_rf SMB HML WML

SIC broad Coal 0.0000 0.0000* 0.0003*** 0.0005*** 0.0003* -0.0001
(0.0000) (0.0001) (0.0002) (0.0002) (0.0001) (0.0001)

Oil and gas 0.0003 0.0001 0.0008 0.0337*** 0.0348*** 0.0213***
(0.0006) (0.0052) (0.0070) (0.0069) (0.0065) (0.0065)

All fossil 0.0003 0.0001 0.0004 0.0332*** 0.0352*** 0.0215***
(0.0006) (0.0053) (0.0071) (0.0069) (0.0065) (0.0065)

SIC narrow Coal 0.0000 0.0000* 0.0002** 0.0004*** -0.0002 -0.0001
(0.0000) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

Oil and gas 0.0000 0.0001 0.0053*** 0.0037* 0.0070*** 0.004l**
(0.0002) (0.0014) (0.0019) (0.0018) (0.0017) (0.0017)

All fossil 0.0000 0.0001 0.0055*** 0.0033* 0.0071*** 0.0042**
(0.0002) (0.0014) (0.0020) (0.0019) (0.0018) (0.0018)

CU200 Coal 0.0000 0.0000 0.0005*** 0.0000 0.0006*** -0.0003
(0.0000) (0.0002) (0.0002) (0.0002) (0.0002) (0.0002)

Oil and gas 0.0000 0.0000 0.0023** 0.0093*** 0.0139*** 0.0059***
(0.0002) (0.0012) (0.0018) (0.0016) (0.0018) (0.0018)

All fossil 0.0000 0.0000 0.0021* 0.0094*** 0.0143*** 0.006l***
(0.0002) (0.0012) (0.0019) (0.0017) (0.0019) (0.0018)

This table reports the results from regressing the excess returns on the zero-investment portfolio with a long position in the
fossil-free market portfolio and a short position in the unconstrained market portfolio on the Carhart (1997) US factors using
OLS. Crisis is a dummy taking the value I for the NBER crisis periods and 0 otherwise. Alpha is the intercept, indicating
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relative out- or underperformance. Rm_rf, SMB, HvIL, and WML are the coefficients on the Market, Size, Book-to-Market,
and Momentum factors respectively. White standard errors appear in brackets. ‘l’ p<O.Ol, ** p<O.05, * p<0.IO. The SIC
narrow definition includes SIC 12 (coal) and 13 (oil and gas); the SIC broad definition adds SIC 3532, 5052, and 5082
(coal), and SIC 291, 3533, 46, 492, 517, 5541, 598, and 6792 (oil and gas). CU200 is the July 2016 list from Fossil Free
Indexes LLC of the 100 largest coal and oil & gas companies based on their reported reserves (htto://gofossilfree.org/top

Table B.3: Risk-adjusted return performance of fossil-free S&P 500 portfolios (Carhart model, 1927-2015)
Alpha Rm_rf SMB FINE WML

SIC broad Coal 0.0000 -0.0002 0.0000 0.0000 -0.0001
(0.0000) (0.0001) (0.0001) (0.0002) (0.0001)

Oilandgas 0.0002 0.0024 0.0315*** 0.02l2* 0.0286***

(0.0003) (0.0085) (0.0108) (0.0123) (0.0098)
All fossil 0.0002 0.0022 0.03 16*** 0.021l* 0.0288***

(0.0003) (0.0085) (0.0108) (0.0123) (0.0099)

SIC narrow Coal 0.0000 -0.0002 0.0000 0.0000 -0.0001
(0.0000) (0.0001) (0.0001) (0.0002) (0.0001)

Oil and gas 0.0000 0.0048* 0.0055 -0.0013 0.0070**

(0.000t) (0.0027) (0.0035) (0.0040) (0.0030)
All fossil 0.0000 0.0050* 0.0055 -0.0012 0.0071**

(0.0001) (0.0028) (0.0036) (0.0040) (0.0031)

CU200 Coal 0.0000** -0.0001 -0.0006 0.00l$*** -0.0001
(0.0000) (0.0003) (0.0004) (0.0004) (0.0002)

Oil and gas 0.0000 0.0062** 0.0132*** .0.0l38*** -0.01 l3***

(0.0001) (0.0031) (0.0039) (0.0049) (0.0034)
All fossil 0.0001 0.0062** 0.0l27*** 0.0l57*** -0.01 14***

(0.0001) (0.0031) (0.0040) (0.0050) (0.0034)

This table reports the results from regressing the excess retums on the zero-investment portfolio with a long position in the
fossil-free S&P 500 portfolio and a short position in the unconstrained S&P 500 portfolio on the Carhart (1997) US factors
using OLS. Alpha is the intercept, indicating relative out- or underperformance. Rm_rf, SMB, HML, and WML are the
coefficients on the Market, Size, Book-to-Market, and Momentum factors respectively. White standard errors appear in
brackets. p<O.Dl, ** p<O.O5, * p<0.lO. The SIC narrow definition includes SIC 12 (coal) and 13 (oil and gas); the SIC
broad definition adds SIC 3532, 5052, and 5082 (coal), and SIC 291, 3533, 46, 492, 517, 5541, 59$, and 6792 (oil and gas).
CU200 is the July 2016 list from Fossil Free Indexes LLC of the 100 largest coal and oil & gas companies based on their
reported reserves (http://gofossilfree.org/topZOa/.

Table B.4: Risk-adjusted return performance of fossil-free FESE 100 portfolios (Carhart model, 1927-201 5)
Alpha Rmjf SMB HML WML

SIC/NAICS/NACE broad All fossil -0.0004 -0.0416 0.08 10* 0.0411 0.0199
(0.0013) (0.0343) (0.0418) (0.0445) (0.0309)

This table reports the results from regressing the excess retums on the zero-investment portfolio with a long position in the
fossil-free FUSE 100 portfolio and a short position in the unconstrained FUSE 100 portfolio on the Carhart (1997) US factors
using OLS. Results are robust to using the UK factors, as proposed by Gregory et al. (2013)14 Alpha is the intercept,
indicating relative out- or underperformance. Rm_rf, SMB, HML, and W7vlL are the coefficients on the Market, Size, Book-
to-Market, and Momentum factors respectively. White standard errors appear in brackets. p<O.Ol, ** p<O.O5, * p<0.I0.
The SIC narrow definition includes SIC 12 (coal) and 13 (oil and gas) and corresponding NAICS and NACE codes; the SIC
broad definition adds SIC 3532, 5052, and 5082 (coal), and SIC 291, 3533, 46, 492, 517, 5541, 598, and 6792 (oil and gas)
and corresponding NAICS and NACE codes. CU200 is the July 2016 list from Fossil Free Indexes LLC of the 100 largest
coal and oil & gas companies based on their reported reserves (http://gofossilfree.org/top-200/).

14 UK factors are obtained from: http://business-school.exeter.ac.uldresearchlcentres/xfi/famafrench/files/
(Accessed: January 11.2017).
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Figure B.3: Year-average number of stocks and market capitalization of fossil fuel

portfolios as a percentage of the total FTSE 100 index

— — —
- % #stocks % Market Cap.

Figure BA: Five-year rolling window monthly alpha (alpha_LS) and Sharpe ratio

(Sharpe_LS) differential between fossil-free and unconstrained FTSE 100 index

Figure B.5: Five-year rolling window differential in Sharpe ratio (Sharpe_LS) and

Sortino ratio (Sortino_LS) between the fossil-free and the unconstrained FTSE 100

index
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Figure B.6: One-year recursive rolling window monthly alpha differential between

fossil-free and unconstrained FISE 100 index

‘rihlc P5: Risk-adjusted return performance or fossil-tree portfolios (Carhart model with GARCH(1J) specification, 1927-2015)
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Mean specification: R00R10 = a + Ppm(Rn,—Rt) +

13,.5,,05M8, + 13. 0,,HML, + 13. .V*,,WML, + Efl

Alpha Rmrf - SMB HML WML

Variance specification: h1 = 0* + a1f?_1+ a2h_1

C Ci

SIC narrow Coal 0.000 0.000 0.000*0* 000*0* 0.000*0
(0.000) (0.000) (0.000) (0.000) (0.000)

Oil & gas 0.000 -0.001 0.004* .0.008*0* 0000
(0.000) (0.001) (0.001) (0.001) (0.001)

All fossil 0.000 -0.001 0.003*0* 0009*0* 0.000
(0.000) (0.001) (0.001) (0.000) (0.001)

SIC broad Coal 0.000 0.000 .0.00l*** .000004* 0.000*0
(0.000) (0.000) (0.000) (0.000) (0.000)

Oil & gas 0.000 0.0l0 0.024*0* .0.051*0* -0.003
(0.000) (0.003) (0.004) (0.004) (0.003)

All fossil 0.000 0.00100*0 0.023*** .0.052*5* -0.002
(0.000) (0.003) (0.004) (0.004) (0.003)
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CU200 Coal* 0.000 0.00l0 0.00l* J3093*** -0.000 0.000* 0.2010*0 0.7630*0
(0.000) (0.000) (0.000) (0.001) (0.000) (0.000) (0.013) (0.054)

Oil & gas -0.000 0.000 0.000 0.005*** -O.0OP 0.000* 0.140*** 0.874*0*
(0.000) (0.000) (0.000) (0.001) (0.000) (0.000) (0.015) (0.013)

All fossil -0.000 0.000 0.000 0.005*** 0.001m 0.000mm 0.147*0* 0.869***
(0.000) (0.000) (0.000) (0.001) (0.000) (0.000) (0.016) (0.013)

This table reports the Maximum Likelihood coefficient estimates of the GARCH(1l) Carhart (1997) regressions of the monthly excess returns of the nine
capiralization-weirhted zero-investment portfolios with a long position in the fossil-free portfolio and a short position in the unconstrained market portfolio on
the US factors from 1927-2015. Alpha is the intercept, indicating relative Out-or underperformance. Rm_rf, SNW, HNIL, and WML are the coefficients on the
Market, Size, Book-to-Market, and Momentum factors respectively. Standard errors appear in brackets. p<o01, * p<0.05, p<0.IO. The SIC narrow
definition includes SIC 12 (coal) and 13 (oil and gas); the SIC broad definition adds SIC 3532, 5052, and 5082 (coal), and SIC 291, 3533, 46, 492, 517, 5541,
593, and 6792 (oil and gas). CU200 is the July 2016 list from Fossil Free Indexes LLC of the 100 largest coal and oil & gas companies based on their reported
reserves (htttxl/nofossilfree.oreltop-200/).

Return series starts from 1997 (n=228).

Table B.6: Risk-adjusted return performance of fossil fuel portfolios (Carhart model with Median regression specification, 1927-2015)
Alpha Rm_rf 5MB HML WML

SIC broad Coal 0.005l* 0.9742*** 0.3947*** 0.2974* -0.0262
(0.0018) (0.0379) (0.0703) (0.0638) (0.0581)

Oilandgas -0.0005 0.9546* .0.2522*** 0.3099** 0.l055**
(0.0012) (0.0236) (0.0485) (0.0445) (0.0419)

All fossil -0.0001 0.9511*0* 0.248$*** 0.3O8l* 0.0050*0
(0.0012) (0.0289) (0.0467) (0.0354) (0.0418)

SIC narrow Coal -0.0043 0.9036** 0.3700** 0.23730*0 -0.0615
(0.002) (0.0522) (0.0782) (0.0875) (0.0658)

Oil and gas -0.0011 1.09750*0 -0.0995 0.3081*0* -0.0516
(0.0015) (0.0393) (0.0807) (0.0719) (0.0439)

All fossil -0.0009 l.0952** -0.0796 0.3186*0* -0.0577
(0.0014) (0.0398) (0.0732) (0.0648) (0.0436)

CU200 Coal0 0.0058** 1.0656*00 0.1784 0. 1472 -0.0432
(0.0026) (0.0921) (0.1589) (0.1552) (0.0774)

Oil and gas -0.0025 0.9720*00 o.l9l7*** 0,48900m 0.033
(0.0019) (0.054) (0.0613) (0.069) (0.0741)

All fossil -0.0021 0.9909*0* 0.2l45*** 0.4766*** 0.0349
(0.0018) (0.0506) (0.0613) (0.0626) (0.0632)

This table reports the results from regressing the excess returns of the nine capitalization-weighted fossil fuel portfolios on the Carhart (1997) US factors using
median regression. Alpha is the intercept, indicating relative out- or underperformance. Rm_rf, SMB, HML, and WML are the coeFficients on the Market, Size,
Book-to-Market, and Momentum factors respectively. Standard errors appear in brackets. *00 p-cOOl, *0 p.<oos, * p-co. 10. The SIC narrow definition includes
SIC 12 (coal) and 13 (oil and gas); the SIC broad definition adds SIC 3532, 5052, and 5082 (coal), and SIC 291, 3533, 46, 492, 517. 5541, 598, and 6792 (oil
and gas). CU200 is the July 2016 list from Fossil free Indexes LLC of the 100 largest coal and oil & gas Companies based on their reported reserves
(hllp://gcsfossi(frec.orn/Itsn-200/).

* Return series starts from February 1949 (N=803).

Table B.7: Risk-adjusted return performance of fossil-free market portfolios (Carhart model with Median regression specification, 1927-2015)
Alpha Rm_rf SMB HML WML

SIC broad Coal 0.0000*0 0.0000 •O.0005*** 00004*0* 0.0001
(0.0000) (0.0001) (0.0001) (0.0001) (0.0001)

Oil and gas 0.0001 0.0034 0.0325*** 0.04O4*** 0.0l32**
(0.0002) (0.0041) (0.0087) (0.0068) (0.0058)

All fossil 0.0001 0.0026 0.0312*0* 00393*0* 0.0l37**
(0.0002) (0.0042) (0.0083) (0.0070) (0.0060)

SIC narrow Coal 0.0000* 0.0001* O.BJO4*** 0.0003*** 0.0001
(0.0000) (0.0001) (0.0001) (0.0001) (0.0001)

Oil and gas 0.0000 .0.00230* 0.0016 0.0069* 0.0000
(0.0000) (0.0010) (0.0016) (0.0017) (0.0012)

All fossil 0.0009 0.0023** 0.00t4 0.0072*** 00303
(0.0000) (0.0010) (0.0017) (0.0016) (0.0013)

CU200 Coal 0.0000* 0.0000 0.0000 0.0000 0.0000
(0.0000) (0.0000) (00001) (0.0000) (0.0000)

Oil and gas 0.0000 0.0014* 0.0044*0* 0.0082*** -0.0017
(0.0000) (0.0008) (0.0014) (0.0013) (0.0012)

All fossil 0.0000 0.0014* 0.0035* 0.00$1* -0.0013
(0.0000) (0.0008) (0.0014) (0.0014) (0.0013)

This table reports the results from regressing the excess returns on the zero-investment portfolio with a long position in the fossil-free market portfolio and a
short position in the unconstrained market portfolio on the Carhart (1997) US factors using median regression Alpha is the intercept, indicating relative out- or
underperformance. Rm_rf, SMB, [CML, and VML are the coefficients on the Market. Size. Book-to-Market, and Momentum factors respectively. White
standard errors appear in brackets. *0* p-cOOl, 0* peO.05, ° p.cO.lO. The SIC narrow definition includes SIC 12 (coal) and 13 (oil and gas), the SIC broad
definition adds SIC 3532, 5052, and 5082 (coal), and SIC 291, 3533, 46, 492, 517, 5541, 598, and 6792 (oil and gas). CU200 is the July 2016 list from Fossil
Free Indexes LLC of the 100 largest coal and oil & gas companies based on their reported reserves (http://gofocsilfree.orcltop-200/).
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