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Central banks are increasingly concerned about climate-related risks and want to ensure that
the financial system is resilient to them. As they integrate these risks into financial stability
monitoring, they also discuss how to apply environmental criteria to their own policy
portfolio management, without compromising their policy mandate. We describe different
strategies and assess their relevance for central banks, using the Swiss National Bank’s
(SNB) equity portfolio as a laboratory. We develop a carbon-conscious screening approach
that is likely consistent with its policy mandate. The approach reduces the portfolio’s carbon
footprint by 20%, with little impact on diversification or performance. (JEL E58, G11)
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Central banks and banking supervisors all over the world have started to
advocate climate risk management in the financial sector. They launched
the Network for Greening the Financial System (NGFS) to support their
efforts in 2017.1 In its 2019 report titled “A call for action: Climate change
as a source of financial risk,” the NGFS developed six nonbinding recom-
mendations (NGFS 2019a). These recommendations include ambitious goals,
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such as the integration of climate-related risks into financial stability monitor-
ing and micro-supervision, as well as more operational recommendations,
such as robust climate-related disclosure. Importantly, the NGFS realized
early on that, should central banks want to be taken seriously, they would
have to lead by example and integrate sustainability factors into their own
portfolio management (recommendation 2 in NGFS 2019a).

Therefore, the NGFS also published a sustainable and responsible invest-
ment (SRI) guide for central banks’ portfolio management (NGFS 2019b),
followed by a progress report a year later (NGFS 2020b). The overall con-
clusion from the 2020 progress report points to a lack of consensus on how
central banks should address ESG and climate-related risks in their portfolio
management, as many central banks were still trying to understand how
sustainable investing fits within their specific mandates. We believe that as
of this publication, there is still no consensus. Whether and if so, how, a
central bank should address ESG-related issues in their own portfolio manage-
ment remains an important and open question.

In this paper, we use the large equity portfolio of the Swiss National Bank
(SNB) as a laboratory to discuss the possibilities for and limitations to a more
climate conscious investment approach in central banks’ policy portfolios.
Our objective is twofold. First, we develop the different strategies that a
central bank, such as the SNB, could follow regarding carbon emissions in
its policy portfolio while maintaining its primary price stability mandate.
Second, we quantify the impact of a more carbon conscious investment
approach, consistent with the central bank’s policy mandate, on the portfolio’s
carbon footprint and financial performance. We show that a best-in-class
screening approach would reduce the portfolio’s carbon footprint by 20%,
with little impact on diversification or performance.

Central banks find themselves in a predicament. On the one hand, central
banks are subject to public scrutiny if they fail to address, within their role as
guardians of financial stability, the increasing climate change-related concerns
of their countries’ citizens or politicians. The problem is compounded if a
central bank (or bank supervisor) wants the financial sector to address climate-
related risks, but fails to appropriately address the same risks in its own
operations. On the other hand, central banks have a monetary policy (and
not a climate or ESG) mandate for their policy portfolios, and also do not want
to influence markets with their investment policy and operate as neutrally as
possible.

The SNB’s policy portfolio mostly consists of currency reserves and is
large by all standards. At the end of 2020, the SNB held foreign currency
reserves in the total amount of CHF 910 billion.2 Equity investments represent

2 The SNB’s foreign currency reserves arose from the frequent currency interventions made to fulfill its monetary
policy mandate since 2011, in particular during the period of the enforcement of a minimum exchange rate vis-
�a-vis the euro between 2011 and 2015.
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20% of the currency reserves and the SNB’s equity portfolio of approximately
CHF 180 billion makes the SNB an important global equity investor.
According to its annual reports, the SNB manages its equity portfolio pas-
sively, based on a strategic benchmark comprising a combination of equity
indexes in various markets. It does not invest in systemically important banks
worldwide (for obvious conflicts of interest reasons) and in companies that
seriously violate fundamental human rights, systematically cause severe envi-
ronmental damage, or are involved in the production of internationally con-
demned weapons. Other ESG aspects are deliberately not considered, and the
SNB is frequently criticized for the lack of a more pro-ESG portfolio manage-
ment approach.

An important question is what the ultimate goal of an ESG-conscious
investment approach is. Bonnefon et al. (2022) provide a useful summary
of the two main views of investors’ ethical preferences. They distinguish
between value-alignment and impact-seeking preferences. An investor with
value-alignment preferences has an aversion to owning shares of companies
that do not have a business model in line with her own moral values. An
investor with impact-seeking preferences values the social consequences of
her own investment decisions (also known as additionality). For example, a
value-alignment investor is content excluding carbon-intensive firms from her
portfolio. An impact-seeking investor wants to invest in a way such that
carbon-intensive firms reduce their carbon emissions. Some financial econo-
mists and more and more proponents of sustainable finance believe that addi-
tionality is a quintessential component of a climate-conscious investment
approach, because it is the only way to reduce global emissions.

Yet, it is not obvious how to characterize the preferences and the role of the
Swiss National Bank as an investor and as a public institution. The fact that
the SNB excludes companies from its portfolio that are involved in the pro-
duction of condemned weapons, or violate human rights speaks for value-
alignment preferences, where the values are defined by those of the Swiss
society. However, some proponents of a more active role of the SNB in the
ESG debate voice views that are more in line with impact seeking and
additionality.

We discuss different climate conscious investment styles that range from
negative screening over best-in-class/tilting to shareholder engagement and
thematic impact investing and conclude that screening and tilting approaches
are particularly well suited for central banks because they do not require
politically delicate assessments of individual companies. More active strat-
egies, such as shareholder engagement with individual companies or thematic
impact investment that are more consistent with additionality, also may be
difficult to reconcile with the current primary mandate of the SNB, which is to
ensure price stability.

We believe there are two main reasons a more active exclusion or a tilting
policy, especially climate-related, may be permissible under the current
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mandate of the SNB. First, central banks seem to have reached a consensus
that climate change is a threat to financial stability (Bolton et al. 2020). In
particular, the transition to a low-carbon economy could imply that a large
fraction of reserves of fossil fuels cannot be extracted. The resultant fall (if
currently mispriced) in the value of firms involved in fossil fuel extraction
would negatively affect the value of the SNB’s portfolio. Adopting a precau-
tionary principle to the management of these climate-related financial risks
may imply the exclusion, or at least, the downweighting of such firms in the
portfolio. Second, in its 2020 annual report, the SNB announced that it would
from now on exclude companies primarily active in the mining of coal from
its portfolio, following the broad consensus in Switzerland in favor of phasing
out coal. This decision suggests that the SNB can adopt a more expansive
exclusion policy within its current mandate if it believes that there is sufficient
consensus (value alignment) in Swiss society.

Of the many different ESG issues, we focus on carbon emissions because of
the climate emergency and media attention. In addition, the Greenhouse Gas
(GHG) Protocol established a comprehensive global standardized framework
to measure and manage emissions, and many publicly listed companies report
their carbon emissions, according to the GHG Protocol (Greenhouse Gas
Protocol 2004).

We first compare the carbon footprint of the SNB’s portfolio to that of two
benchmark portfolios. Finding the proper benchmark is not obvious; no other
central bank holds an equity portfolio of a similar size, and other central banks
have only just begun to implement or consider implementation of green tilts of
their corporate bond policy portfolios (e.g., the Bank of England or the
European Central Bank). We use the portfolio of the world’s largest asset
manager, BlackRock, as well as the portfolio of the Norwegian Government
Pension Fund Global (GPFG), Norway’s sovereign wealth fund, as bench-
mark portfolios.

Most of Blackrock’s assets under management (AUM) are in passive,
index-tracking portfolios and thus are invested similar to SNB’s AUM.
Blackrock has issued statements suggesting they offer investment products
consistent with value-aligned preferences. We will describe these statements
in detail later. BlackRock is also very large and visible, and their experimen-
tation with a more active environmental portfolio management approach has
recently revealed important reputation risks. For example, BlackRock was
part of a list of financial companies that, in the view of Texas Comptroller
Glenn Hegar, boycott Texan energy companies and should be banned from
doing business with, among other entities, Texas public pension funds.
Hegar’s official statement is exactly the type of statement in which a central
bank would not want to be mentioned.3

3 In the statement, Hegar is quoted as follows: “The environmental, social and corporate governance (ESG)
movement has produced an opaque and perverse system in which some financial companies no longer make
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We believe that GPFG is also a good benchmark, because it is large and
visible, is well known for its ESG-conscious approach, and is managed by the
investment arm of Norges Bank, the Norwegian central bank, although GPFG
is of course not the portfolio that arises from the monetary policy mandate.4

The primary GPFG management objective is to generate the highest possible
return net of costs, but an additional mandate is that responsible management
shall form an integral part of the investment portfolio strategy. Responsible
management is defined in accordance with internationally recognized princi-
ples and standards. Exclusion decisions are based on recommendations from a
Council on Ethics, which is an independent body appointed by the Ministry of
Finance. We show that GPFG’s preferences are likely somewhere between
value-based and impact seeking. The governance and investment mandate of
the GPFG, with formal rules following internationally recognized principles,
also could be a politically feasible model for central banks’ own portfolio
management. In fact, the equity portion of Norges Bank’s foreign exchange
reserves (i.e., part of its policy portfolio) is managed according to guidelines
similar to those governing the GPFG (NGFS 2019b, p. 24).

In our empirical analysis, we use Standard and Poor’s (S&P) Trucost data
to attribute the Scope 1—2 carbon emissions of U.S. companies to their equity
investors.5 We find that the SNB “owns” approximately 7.9 million tonnes
(metric tons) of carbon through its U.S. equity investments in 2020. In terms
of carbon footprint (carbon emissions per million U.S. dollar invested), the
SNB’s portfolio does as well as BlackRock’s once one accounts for the fact
that the SNB does not invest in large systemic banks, which have low Scope
1—2 carbon emissions. The SNB’s portfolio has a significantly worse carbon
footprint than the more actively managed portfolio of GPFG.

We examine several carbon-conscious strategies, based on the carbon inten-
sity (carbon emissions per million U.S. dollars of revenue) of portfolio com-
panies. We first show that a small subset of portfolio companies has a
particularly large environmental impact. In 2020, the 20 (118) portfolio firms
with the highest carbon intensity correspond with 1% (5%) of the market
value of the SNB’s U.S. equity portfolio, but cause 27.3% (61.7%) of its
carbon emissions.

The first strategy we discuss is a global exclusion strategy, in which the
SNB divests the companies with the highest carbon intensity, and overweights

decisions in the best interest of their shareholders or their clients, but instead use their financial clout to push a
social and political agenda shrouded in secrecy.” See Texas Comptroller of Public Accounts (2022).

4 Norges Bank conducts Norway’s central banking operations. Norges Bank Investment Management (NBIM)
has a separate investment mandate from the Norwegian Ministry of Finance to manage Norway’s sovereign
wealth fund GPFG.

5 Our empirical analysis focuses on the carbon footprint of the SNB’s U.S. equity portfolio. The SNB generally
does not disclose detailed holdings data of its portfolio. The exception is the U.S. equity portfolio, because the
U.S. regulator forces the SNB to disclose its holdings of all publicly listed U.S. companies. The SNB’s U.S.
equity portfolio was valued at approximately CHF 130 billion at the end of 2020, representing 74% of the total
value of the global equity portfolio and 14.4% of the total currency reserves of the SNB.
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companies with the lowest carbon intensity. In 2020, the exclusion of the 20
companies mentioned above, from a portfolio of 2,064 companies, would
reduce financed carbon emissions by 27.3%. The exclusion of the 118 com-
panies with the highest intensity would reduce financed carbon emissions by
61.7%.

The SNB replies to requests for a more environmentally active approach
that it is not its mandate and that it is not allowed to disadvantage specific
economic sectors.6 We therefore examine two additional strategies that main-
tain sectoral balance.

The first strategy is global exclusion with sectoral best-in-class reinvest-
ment. With this strategy, the SNB would exclude firms with the highest
carbon intensities overall and reinvest in companies with the lowest carbon
intensities in the same sectors as the excluded firms. Such a strategy maintains
the sectoral exposure of the portfolio and retains all diversification benefits.
Following this strategy and excluding the same 20 most polluting firms and
reinvesting the proceeds in the least polluting firms in the same sectors leads
to a reduction of the total financed carbon emissions by 24.9% in 2020 (52%
for the same 118 companies).

Alternatively, the SNB could exclude, in each sector, the same proportion
of firms with the highest sector-specific carbon intensities, and reinvest the
proceeds in the best-in-class companies in that sector. We show that such a
strategy has relatively little impact on total emissions because the most pollut-
ing companies are concentrated in a few sectors (utilities, energy, and
materials).

None of the strategies we analyze would meaningfully affect the overall
performance of the SNB’s portfolio and hence would not have affected the
annual distributions of the SNB to its stakeholders. We find that the annual
return differences arising from our carbon emission reduction strategies are
less than 0.1%. As the list of the companies with the worst environmental
impact is also stable across the years, and our strategies would exclude few
companies, we estimate that the cost of implementation is small.

In a robustness test, we also investigate carbon emissions reduction strat-
egies based on the carbon footprint (carbon emissions per million U.S. dollars
of market capitalization) instead of the carbon intensity. We find economically
and statistically similar results.

Overall, a global exclusion and sectoral reinvestment (best-in-class) strat-
egy would be very effective at greening the SNB’s portfolio and may poten-
tially be carried out within the current mandate. However, the strategy is a

6 In its annual report 2021, the SNB states: “It should be noted that the constitutional and legislative authorities
have deliberately not tasked the SNB with using its asset management activities to selectively influence the
development of certain economic sectors. The SNB’s investment policy therefore cannot be geared to pursuing
structural policies, i.e. advantaging or disadvantaging specific economic sectors via positive or negative selec-
tions, or promoting or inhibiting economic, political or social change.” See the SNB’s 2020 annual report
(SNB 2021, p. 95).
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value-alignment strategy and does not provide additionality, because the SNB
would execute the trades to implement its exclusion strategy in secondary
markets, and hence sell the shares of high carbon intensity companies to
different investors, with little direct impact on the polluting companies.

1. Central Banks’ Own Portfolios and Climate Change

The NGFS encourages the finance community to play a key role in addressing
climate change, and believes central banks have a responsibility to provide
leadership and to help coordinate international efforts along this endeavor. As
leadership requires leading by example, the NGFS published a sustainable and
responsible investment (SRI) guide for central banks’ own portfolio manage-
ment (NGFS 2019b), in which it described SRI objectives, strategies, and
monitoring and reporting for central banks’ own portfolios.7 In this section,
we first define the policy portfolio of a central bank and its underlying primary
mandate. We then develop the different possible SRI objectives for the policy
portfolio of a central bank as well as the benchmark portfolios. We finally
assess the applicability to central banks of different strategies to reduce port-
folio carbon emissions, and relate them to the large academic literature on
ESG investments.

1.1 Climate considerations versus policy mandates
Although the NGFS distinguishes between different portfolios of central
banks (e.g., policy portfolios, pension portfolios, or third-party portfolios),
we focus in our paper on the policy portfolio because it is typically the largest
central bank portfolio and also the area with potentially the most tension
between a monetary policy mandate and climate actions. Policy portfolios
are held for foreign exchange intervention, asset purchase programs, or other
monetary policy goals. The investments of the policy portfolios must meet
high standards with respect to liquidity and credit quality, and are governed by
a mandate. As one example, consider how the SNB states in various publi-
cations the primacy of its monetary policy mandate and the implications for its
asset management: “The Swiss National Bank (SNB) conducts the country’s
monetary policy as an independent central bank. [. . .] Its primary goal is to
ensure price stability [. . .] Asset management is governed by the primacy of
monetary policy.”8 Any SRI strategy must be consistent with the primary
mandate.

7 The NGFS also argues that climate change is of importance to central banks, because climate change will affect
the central banks’ price stability mandate. Boneva, Ferrucci, and Mongelli (2021) provide many examples of
why climate change may threaten price stability, from greater macroeconomic uncertainty over supply shocks to
stranded assets affecting growth. Here, we focus on climate change and the policy portfolios of central banks.

8 See SNB (2022).
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Similarly, the European Central Bank (ECB) announced in July 2021 its
Monetary Policy Strategy Review (MPSR). It clearly states that the primary
objective of the ECB is to maintain price stability in the euro area. Climate
change and the policy portfolio are explicitly mentioned, but not until the
second-to-last point of the MPSR.9 Executive board member Isabel Schnabel
reflected in several speeches on whether central banks should or could con-
sider climate change in their monetary policy operations.10 While the ECB
eventually decided to implement a green tilt in corporate sector asset pur-
chases (more below), she also explained the limits for the ECB: “Clearly, the
ECB cannot be transformed into an environmental agency conducting climate
policies autonomously. [. . .] The ECB was created to maintain price stability
in the euro area, and the mandate foresees a clear hierarchy of objectives, with
price stability taking precedence over other objectives.”

1.2 SRI objectives for a central bank’s policy portfolio
The two reports on sustainable and responsible investments for central banks’
portfolio management (NGFS 2019b; NGFS 2020b) survey central banks on
their motivations to implement SRI in their portfolios (with 27 participating
central banks in 2019, and 42 in 2020). Table 1 shows the results of the
survey.

We derive three important observations from the table. First, central banks
seem to want to lead by example, and they are worried about reputational risks
vis-�a-vis their own constituents if they invest in companies that are in the
headlines for a negative environmental impact. Second, central banks are
concerned about the potential negative impact on the performance of their
portfolios arising from physical or transition risks. Third, generating a positive
impact is not among the core priorities of central banks when it comes to
socially responsible investments in their own portfolios. The survey results of
Table 1 are helpful for making inferences about the preferences of central
banks. Bonnefon et al. (2022) distinguish between value-alignment and
impact-seeking preferences. An investor with value-alignment preferences
has an aversion to owning shares of companies that do not have a business
model in line with her own moral values. An investor with impact-seeking
preferences has a concern about additionality, or the social consequences of
her investment decisions. An investor who is concerned about the potential
negative impact of climate-related risks on her portfolio is somewhere in the
middle. She thinks about the consequences of, for example, excessive fossil

9 In its review, the ECB states that “Climate change has profound implications for price stability through its
impact on the structure and cyclical dynamics of the economy and the financial system. [. . .] the Governing
Council will adapt the design of its monetary policy operational framework in relation to disclosures, risk
assessment, corporate sector asset purchases and the collateral framework.”

10 See some speeches made by Schnabel (2021a,b) in 2021.
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fuel consumption, but the main concern is about her own portfolio’s bottom
line, not the societal impact of the resultant emissions.

Bonnefon et al. (2022) argue that value-alignment preferences are often
modeled in the portfolio choice literature (e.g., Heinkel, Kraus, and Zechner
2001; Pastor, Stambaugh, and Taylor 2021; Pedersen, Fitzgibbons, and
Pomorski, 2021). For example, in the model of Pastor, Stambaugh, and
Taylor (2021), agents derive utility from holding green firms and disutility
from holding brown firms. In equilibrium, green assets have low expected
returns because investors enjoy holding them and because green assets hedge
climate risk. Note that in their model, there is a positive aggregate impact
through a cost of capital channel, even though agents do not have direct
preferences for it. Similarly, Heinkel, Kraus, and Zechner (2001) find in an
equilibrium model with polluting firms that negative screening reduces the
pool of available investors, which limits risk sharing and increases the cost
of capital.

Models of impact-seeking preferences and investments assume that corpo-
rate externalities enter an investor’s utility function unconditional of the
stocks they own (examples include Oehmke and Opp 2022; Broccardo,
Hart, and Zingales 2021; Landier and Lovo 2020). For example, in the model
of Oehmke and Opp (2022) a necessary condition for impact is that socially
responsible investors internalize the social costs generated by firms regardless
of whether they are actual investors in these firms. Similarly, to explain social
action, Broccardo, Hart, and Zingales (2021) assume that some investors are
socially responsible in the sense that they put a positive weight on the well-
being of others affected by the investment decision.

Based on the survey results in Table 1, we believe that, currently, the
preferences of participating central banks can be better described as value-

Table 1
NGFS SRI survey

Motivation for SRI 2020 rank 2019 rank

Reputational risk 1 1
To set a good example 2 3
Protecting against sustainability risks 3 2

(e.g., physical or transition risks)
Enhancing the risk-return profile 4 4
Complying with international standards 5 6

or frameworks
Generating positive impact (e.g., by 6 N/A
investing in line with the Paris Agreement, SDGs)
Required by beneficiaries / stakeholders 7 5
Fiduciary duty 8 7
Other 9 8
Legal requirements 10 N/A

Motivations for socially responsible investing (SRI) as ranked by central banks in the 2019 and 2020 surveys of
the Network of Central Banks and Supervisors for Greening the Financial System (NGFS) Sources: NGFS
(2019b, 2020b).
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alignment preferences (and risk management) rather than impact-seeking pref-
erences. The Swiss National Bank is quite specific in its 2021 annual report
when it describes nonfinancial factors that influence portfolio selection: “The
SNB also takes account of Switzerland’s fundamental standards and values in
its investment policy” (SNB 2022).

1.3 SRI objectives of the benchmark portfolios
Blackrock states on its website that “Our investment conviction is that climate
risk is investment risk, and that integrating climate and sustainability consid-
erations into investment processes can help investors build more resilient
portfolios and achieve better long-term, risk-adjusted returns.”11 The state-
ment suggests to us that, at the overall family level, Blackrock thinks about
ESG as an input into the investment process, and not as an output as would be
required for impact-seeking preferences. Partially driven by the recent public
controversies, such as the one mentioned in the introduction, Larry Fink, CEO
of Blackrock, was quite careful in discussing Blackrock’s view on corporate
sustainability in his 2022 letter to CEOs of portfolio companies.12

Overall, Blackrock offers different solutions to different clients.
Blackrock’s clients can choose passive portfolios that align their investments
with their values. There might even be products that satisfy investors with
impact-seeking preferences. But Blackrock as a whole does not use its clout
for a consistent push toward additionality.

NBIM, as the administrator of GPFG, states on its web page that its moti-
vation for responsible investment is to achieve the highest possible return with
moderate risk. NBIM excludes companies based on clear criteria and main-
tains a public list of excluded companies, including the reason for exclusion.13

Exclusion recommendations are made by an independent body, the Council
on Ethics.14 The charter of the council and the governance model leading to
exclusion speak for value-based preferences.

However, NBIM went one step further in September 2022 and announced
its climate action plan 2025.15 In the plan, NBIM outlines how it will work
with portfolio companies on a plan toward net zero. Crucially, as the climate

11 See https://www.blackrock.com/ch/individual/en/themes/sustainable-investing.

12 In his letter, Fink writes that “We focus on sustainability not because we’re environmentalists, but because we
are capitalists and fiduciaries to our clients. That requires understanding how companies are adjusting their
businesses for the massive changes the economy is undergoing. As part of that focus, we are asking companies
to set short-, medium-, and long-term targets for greenhouse gas reductions. These targets, and the quality of
plans to meet them, are critical to the long-term economic interests of your shareholders. [. . .] Divesting from
entire sectors — or simply passing carbon-intensive assets from public markets to private markets — will not
get the world to net zero. And BlackRock does not pursue divestment from oil and gas companies as a policy.
We do have some clients who choose to divest their assets while other clients reject that approach.” See https://
www.blackrock.com/corporate/investor-relations/larry-fink-ceo-letter, accessed April 20, 2023.

13 https://www.nbim.no/en/the-fund/responsible-investment/exclusion-of-companies/.

14 https://etikkradet.no/en/.

15 https://www.nbim.no/en/the-fund/responsible-investment/2025-climate-action-plan/.
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action plan mentions, “We believe that our engage-to-change approach will
yield the best financial results for the fund. It will also contribute to improved
real-world outcomes.” The climate action plan explicitly mentions addition-
ality as a byproduct of the effort to mitigate risks and achieve high financial
returns and is thus, at least partially, consistent with impact-seeking
preferences.

1.4 SRI strategies for central banks’ policy portfolios
Amel-Zadeh and Serafeim (2018) survey investors on how they use ESG
information, and classify different investment styles. These styles range
from negative screening, that is, not investing in companies that do not
meet specific ESG criteria, over best-in-class, that is, investing in companies
that perform better on ESG criteria than their competitors do, over shareholder
engagement to thematic impact investing. The NGFS guide on SRI in central
banks’ own portfolio management (NGFS 2020b) uses a similar classification
of investment styles.

1.4.1 Negative screening. Hong and Kacperczyk (2009) report that man-
agers of institutions, such as pension funds and endowments, have screened
their investments to rule out sinful stocks, such as alcohol, tobacco, and
gaming companies, for more than 20 years. The global sustainable investment
alliance reports that negative screening is among the most commonly applied
sustainable investment strategies (Global Sustainable Investment Alliance
2018). McCahery, Sautner, and Starks (2016) document widespread
governance-motivated exits among institutional investors. Gibson et al.
(2020) report on the tools used by signatories of the Principles for
Responsible Investment (PRI) and show that negative screening is one of
the most commonly applied tools.

Does negative screening affect the cost of capital? Fabozzi, Ma, and
Oliphant (2008) and Hong and Kacperczyk (2009) find a positive abnormal
return for sin stocks and Bolton and Kacperczyk (2021) find a positive abnor-
mal return for carbon-intensive firms. Their evidence seems to confirm that
carbon-intensive firms need to compensate investors for their exposure to
carbon emission risk. Berk and van Binsbergen (2022) though caution,
through a calibration of their model to current data, that the change in the
cost of capital that results from a divestiture strategy is too small to mean-
ingfully affect real investment decisions.

Central banks worry with negative screening about losing the benefit of
diversification if they exclude too many firms or entire sectors. Central banks
also worry about market neutrality and unduly influencing markets when
considering exclusion filters. When central banks apply negative screens,
they tread carefully and often set their exclusionary filters on the basis of
(inter)national laws, conventions, principles, and standards, such as the
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international treaties on controversial weapons (NGFS 2020b). Often, the
decision to exclude companies is outsourced to specialized providers.16

1.4.2 Best-in-class/tilting approaches. Best-in-class is an approach to sus-
tainable investing that focuses on investing in companies that perform better
on sustainability issues than their peers do (Amel-Zadeh and Serafeim 2018).
An alternative but similar approach is to strategically tilt the weight of secur-
ities with a high sustainability rating while maintaining minimal exclusions.

The European Central Bank has recently considered best-in-class and tilting
approaches for their bond policy portfolios, and how such approaches would
be consistent with market neutrality. Market neutrality has been historically
implemented by purchasing corporate bonds in proportion to outstanding
quantities of bonds to keep relative prices across securities the same. Yet,
Papoutsi, Piazzesi, and Schneider (2022) use micro data on bond holdings,
firm characteristics and emissions to show that the ECB’s corporate bond
portfolio is tilted toward brown sectors relative to a market portfolio of sec-
toral capital stocks, mainly because brown firms are much more likely to
access bond markets. Schoenmaker (2021) develops a method to tilt the
European Central Bank’s (ECB) asset and collateral framework toward low-
carbon assets. He finds that a careful tilting approach that does not interfere
with the transmission mechanism of monetary policy can reduce carbon emis-
sions in the ECB’s corporate and bank bond portfolio by over 50%.

Bremus, Schuetze, and Zaklan (2021) and Eliet-Doillet and Maino (2022)
show that the announcement of the ECB that it will consider a green tilt of its
Corporate Sector Purchase Programme portfolio had an effect on yields in the
European green bond market and thus on companies’ cost of capital. It sug-
gests that a central bank can potentially influence allocation of capital to green
projects through its monetary policy tools.

The Bank of England has a similar monetary policy tool, the Corporate
Bond Purchase Scheme (CBPS), that purchases investment grade sterling
corporate bonds. In March 2021, the Chancellor of the Exchequer announced
that the economic strategy of the U.K. Government, which the monetary
policy committee is expected to support as a “secondary objective,” includes
supporting the transition to a net zero emission economy. With such a sec-
ondary objective, the Bank of England could adjust its CBPS portfolio to

16 For example, at the SNB the process for the exclusion of companies that violate fundamental human rights,
cause severe environmental damage, produce condemned weapons, or have a business model primarily based
on coal mining is as follows: “A specialised external service provider reviews the SNB’s investment universe to
specifically identify companies involved in the manufacturing of condemned weapons. With regard to com-
panies that focus on coal mining, the SNB bases its assessment on a classification by a specialised index
provider. Companies that fall under other exclusion criteria are identified in a two-phase process. The first phase
consists of examining and processing public information in order to identify companies whose activities are
very likely to fall under the exclusion criteria. During the second phase, a detailed assessment is performed on
each identified company to ascertain whether it should be excluded or not. The SNB relies on the recommen-
dations made by the specialised external service providers in deciding on the exclusion of companies, and
reviews its decisions on a regular basis.”
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support the transition to net zero, without undermining its primary monetary
policy purpose. It did so by announcing to tilt future CBPS purchases within
sectors toward the debt of eligible firms that are performing relatively strongly
in support of net zero.

Some central banks are also open to a best-in-class approach in equities,
albeit within their pension portfolios (and not policy portfolios). The NGFS
(NGFS 2020b) reports that some central banks optimize the carbon footprint
of some portfolios, aiming for a lower footprint than the benchmark.

1.4.3 Voice channel and ESG shareholder proposals. Investors can voice
their preferences, either actively through individual meetings with a firm’s
management or more passively through voting on shareholder proposals at
annual general meetings (AGMs). A subset of large shareholders, so-called
“activist investors,” go further and attempt to replace the board or manage-
ment if the company does not respond to their demands.

Passive investors tend to use the AGM voice channel at scale; that is, they
voice general preferences for certain corporate and governance aspects in
published guidelines rather than use a case-by-case approach that would
require in-depth analysis of firm-specific data to engage individual firms.
Researchers have shown that these guidelines can have an indirect effect on
corporate governance because corporations monitor what their largest institu-
tional investors want, and because other, more active investors can engage
with companies, knowing that institutional investors will support certain of
their initiatives (Appel, Gormley, and Keim 2016; Couvert 2020; Gormley
et al. 2021).17

Central banks as quasi-public institutions will not be able to actively voice
their opinions, let alone be activist investors. A passive strategy based on
proxy voting guidelines could be possible, however, and could be actually
quite appealing for central banks, because they do not have to engage with
individual companies directly but rather publish high-level guidelines. NGFS
(2020a) reports that such guidelines, together with the outsourcing of the
actual voting to a third-party specialist, is considered by several central banks
a viable strategy. The SNB follows such a strategy, but only for the European
equity securities in its portfolio.18

The last several years have witnessed an increase in shareholder proposals
regarding environmental issues. Most of the proposals however only ask

17 For example, Gormley et al. (2021) describe how, in 2017, the “Big Three” institutional investors (BlackRock,
State Street, and Vanguard) launched campaigns to increase gender diversity on corporate boards threatening to
vote against directors at AGMs if the slate of director candidates was all male.

18 In its 2020 annual report, the SNB states: “In exercising its voting rights, the SNB focuses on mid-cap and
large-cap companies in Europe and also works with external service providers to this end. The voting procedure
is based on the SNB’s internal guidelines for exercising voting rights. The external service providers are tasked
with interpreting the guidelines for exercising voting rights and applying them to the proposals being put
forward at the shareholders’ meetings. The SNB is in regular contact with the external service providers and
monitors the correct interpretation of the guidelines for voting rights.” (SNB 2021).
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companies to disclose more information. For example, of the 400 environ-
mental shareholder proposals submitted to AGMs of U.S. publicly listed
companies in 2018 (as classified by Institutional Shareholder Services), the
most common environmental proposals were “Report on Environmental /
Sustainability / Water Impact of Operations” (41 proposals) or “Disclose
Climate Change / Greenhouse Gas Emissions” (33 proposals). Proposals
rarely ask for implementation of concrete goals related to environmental
and social issues (e.g., reduce carbon emissions by 20%). One potential
explanation for the lack of such proposals is that the U.S. Security and
Exchange Commission (SEC) can grant management the right to exclude
proposals from the annual general meeting if they relate to the company’s
ordinary business operations (Rule 14a-8(i)(7)).19

Finally, the proxy fight at Exxon in May 2021 showcased an interesting,
and potentially feasible voice mechanism for passive investors. The environ-
mental activist fund Engine 1 secured several board seats with the support of
large passive investors voting in favor of Engine 1’s director candidates at the
AGM.20

2. Data and Methodology

Our data sources are Standard and Poor’s (S&P) Capital IQ and Trucost
databases for equity portfolio holdings and carbon emissions, respectively.
The performance of individual stocks is based on the total return index
(including dividend payments), available from Refinitiv.

2.1 Equity portfolio holdings
We obtain annual snapshots of the equity portfolios of the SNB, the
Norwegian Oil Fund (GPFG) as well as BlackRock from December 2013
to December 2020. We chose December 2013 as a start date because the
SNB began to build a diversified equity portfolio in 2012 and to invest sig-
nificantly in U.S. equities in 2013.

The source of the S&P Capital IQ data on the U.S. equity portfolios of the
above three entities is Form 13F of the U.S. Securities and Exchange
Commission (SEC).21 The SEC only requires institutional investment man-
agers to report on their Section 13(f) securities, which primarily include U.S.
exchange-traded stocks, shares of closed-end investment companies, and

19 For an example, see https://www.sec.gov/divisions/corpfin/cf-noaction/14a-8/2020/activehomeexxon030620-
14a8.pdf.

20 See https://www.bloomberg.com/news/articles/2021-03-18/exxon-activist-reveals-high-30-million-cost-of-
boardroom-battle.

21 Institutional investment managers that exercise investment discretion over $100 million or more in Section
13(f) securities must file Form 13F. The SEC specifies explicitly that governments or political subdivisions,
agencies, or instrumentality of government are also considered institutional investment managers under the
Securities Exchange Act and have to file.
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shares of exchange-traded funds (ETFs).22 The SNB, for example, does not
file most of its non-U.S. equity holdings.

The SNB mentions in its annual report 2020 (p. 93) that “[. . .] at the end of
2019, the equity portfolio comprised mostly shares of mid-cap and large-cap
companies in advanced economies. Shares of small-cap companies in
advanced economies and shares of companies in emerging economies were
also held. This resulted in a globally well-diversified equity portfolio of
around 6,700 individual shares.” The 2020 annual report further specifies
that the equity portfolio represented 20% of the total foreign exchange
reserves, and that the foreign exchange reserves were valued at CHF 900
billion at the end of 2020. We deduce that the value of the SNB’s equity
portfolio was approximately CHF 180 billion at the end of 2020. Capital IQ
reports SNB’s holdings of 2,767 stocks for Q4 2020 with a total market value
of $150.8 billion, which at the exchange rate at the end of 2020 translates into
CHF 132.8 billion. Hence, our data capture 41% of the number of stocks and
73.8% of the total equity portfolio value of the SNB’s equity portfolio.

As the SNB data available in Capital IQ only include a relatively small
portion of non-U.S. firms, we exclude them from the analysis. Finally, we
exclude firms for which carbon data are not available. Our final sample con-
sists of 2,064 companies (31% of the total number of stocks of the SNB) and
$126.7 billion (62% of the total equity portfolio value) in 2020.

The SNB excludes systemically important financial institutions from its
portfolio. As banks have relatively low Scope 1–2 emissions, the SNB there-
fore has, by construction, a worse carbon profile than our benchmark portfo-
lios.23 To make the portfolios more comparable, we therefore remove banks
from the benchmark portfolios as well.24

We also remove non-U.S. equity securities for BlackRock and GPFG from
our analysis to facilitate comparisons with the SNB portfolio. At the end of
2020, the holdings reported in Capital IQ represent 9,030 firms with a total
market value of $961.6 billion for GPFG and 13,020 firms with a total market
value of $4,322 billion for BlackRock. Considering U.S. equity securities with
carbon data only, our final sample contains 1,683 firms with a market value of
$379.2 billion for GPFG and 2,914 firms with a market value of $2,748.7
billion for BlackRock. We also use the U.S. MSCI index, which is a market-
capitalization weighted portfolio of medium-size and large-size firms (621
U.S. firms at the end of 2020), as a benchmark in our analysis.

22 Investment managers do not have to report their short positions. However, the SNB does not short stock.

23 Table A1 in the appendix displays the number of firms and the relative weights of each sector in the SNB,
GPFG, BlackRock and MSCI portfolios, based on firms for which carbon data are available.

24 More precisely, we exclude firms in the “Diversified Banks,” “Investment Banking and Brokerage,” and
“Multi-Sector Holdings” primary industries.
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2.2 Carbon emissions data
Our analysis of the portfolio carbon footprints relies on annual data from S&P
Trucost. This data set covers a large number of firms globally (from 5,628 in
2013 to 17,269 in 2020) and provides information on three scopes of carbon
emissions. Scope 1 refers to the GHG emissions generated from burning fossil
fuels and production processes, which are owned or controlled by the com-
pany (direct emissions). Scope 2 relates to the GHG emissions from con-
sumption of purchased electricity, heat, or steam by the company (first-tier
indirect emissions). Scope 3 relates to other (upstream and downstream) indi-
rect greenhouse gas emissions, such as from the extraction and production of
purchased materials and fuels, transport-related activities in vehicles not
owned or controlled by the reporting entity, and electricity-related activities
not covered in Scope 2. Data are provided in terms of emissions (in tonnes of
CO2 equivalent) and intensity (in tonnes of CO2 equivalent per million U.S.
dollars of revenue).

In our analysis, we focus on the sum of Scope 1 and Scope 2 (Scope 1–2
from hereon) emissions for two reasons. First, the availability and quality of
Scope 3 emissions data are not as good as for Scope 1–2 emissions. Scope 3
emissions often need to be estimated by the data provider because of the lack
of information reported by firms. Usually, only Scope 3 upstream emissions
are measured, while downstream emission estimates are very scarce.25 Second,
Scope 3 emissions raise the issue of double counting because Scope 1–2
emissions of some industries are often Scope 3 emissions of other industries.
As a well-diversified portfolio includes firms from all industries, including
Scope 3 emissions would overestimate the actual portfolio carbon footprint.

2.2.1 Total carbon emissions. We assign the total reported carbon emis-
sions to the equity owners of the respective company. If a fund owns 2% of
the equity of a corporation, it “owns” 2% of its emissions. The advantage of
the total carbon emissions approach is that we gain an idea of the magnitude
of the financed carbon emissions, and do not report a relative number that
allows for a comparison across portfolios but is otherwise difficult to interpret.

We compute the carbon emissions of the portfolio by multiplying the
emissions of each firm in the portfolio by the fraction of the market capital-
ization of the firm held by the SNB.

The total market values of the portfolios of our benchmarks, BlackRock
and GPFG, are larger than that of the SNB, and are therefore mechanically
assigned more carbon emissions. Whenever we compare the total carbon
emissions of those three entities, we rescale the value of the portfolios of
GPFG and BlackRock to the size of the SNB’s portfolio, at the end of each
year.

25 Trucost provides information regarding Scope 3 downstream emissions, but not before 2017.
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2.2.2 Portfolio carbon metrics. We follow the recommendation of the
Task Force on Climate-related Financial Disclosures to evaluate the carbon
exposure of a portfolio (TCFD 2017).26 The metric recommended by the
TCFD is the (weighted-average) carbon intensity, which measures the port-
folio’s exposure to carbon-intensive companies, expressed in tonnes of CO2

equivalent per million U.S. dollars of revenue. It is defined as

CIðpÞt ¼
XNt

i¼1

wðpÞi;t
Ei;t

Revi;t
; (1)

where Ei;t represents the carbon emitted by firm i in year t, Revi;t represents the
revenue generated by the firm i in year t, and wðpÞi;t is the weight of firm i in the
portfolio. The portfolio weight is defined as wðpÞi;t ¼ V ðpÞi;t =V ðpÞt , where V ðpÞi;t is
the dollar value invested in firm i and V ðpÞt ¼

PNt
i¼1 V ðpÞi;t is the dollar value of

the portfolio. Nt denotes the number of firms in the portfolio.
The carbon footprint of a portfolio (also called “financed emissions”) meas-

ures the amount of annual carbon emissions that can be allocated to the
investor per million U.S. dollars invested in the portfolio. It is measured as

CFðpÞt ¼
1

V ðpÞt

XNt

i¼1

oðpÞi;t Ei;t: (2)

where oðpÞi;t ¼ V ðpÞi;t =Capi;t represents the equity ownership in firm i in year t,
with Capi;t being the market capitalization of firm i in year t.

2.3 Caveats
First, companies are financed with debt and equity, yet our main approach
assigns carbon emissions to the equity owners only. An alternative is to
distribute the carbon emissions to all financiers of the corporation, that is,
to lending banks, holders of corporate debt, and equity holders, in proportions
corresponding to the market value of their claims as a fraction of total firm
value. These calculations would require details on the owners of corporate
debt and the providers of bank financing, to which we do not have access.

Second, the Scope 2 emissions of one company may be the Scope 1 emis-
sions of another company in a well-diversified portfolio, and our analysis
double-counts them. Hence the total carbon emissions we attribute to the
SNB’s portfolio may be overstated. Such double-counting is particularly
challenging for the energy sector. For example, an industrial company may
report Scope 2 emissions that are released at the facility where the electricity is
generated (i.e., the power plant). The power plant itself would report these
emissions as Scope 1. If the SNB owns both the industrial company that

26 Some research suggests going even further by assessing the alignment of a portfolio with a temperature
trajectory as described by the Paris Agreement. See, among others, Germanwatch and NewClimate
Institute (2018) and Institut Louis Bachelier et al. (2020).
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purchases and consumes the energy and the power plant that generates it, we
count the emissions caused by the energy generation twice. In a robustness
test, we assess the severity of the problem, and redo all of our analysis using
Scope 1 emissions only. In general, we find that Scope 1 emissions represent
approximately 85% of Scope 1–2 emissions. All the main results of our
analysis remain valid if we focus on Scope 1 emissions only.

3. Analysis

3.1 Evolution of carbon metrics across time
We start with the evolution of the carbon intensity and the carbon footprint of
the benchmark portfolio (U.S. MSCI index, excluding large banks). For this
portfolio, weights in the index are proportional to the market capitalization, so
that the carbon footprint simplifies to CFðbÞt ¼

PNt
i¼1 Ei;t=

PNt
i¼1 Capi;t.

Figure 1 reveals that the carbon metrics of the MSCI benchmark index
substantially improved over the sample period. The carbon intensity (solid
line) decreased from 205.7 tonnes of CO2e per million U.S. dollars of revenue
in 2013 to 145.7 tonnes in 2020, a 29.2% reduction. The carbon footprint
decreased from 128 tonnes of carbon per million U.S. dollars invested in 2013
to 56.4 tonnes in 2020, a 56% reduction. These trends reflect the improvement
in the energy efficiency of production processes as well as the growing
importance of the low-emissions tech sector. The fact that the carbon footprint
decreased more than the carbon intensity can be explained by the larger
increase in the market capitalization of U.S. firms relative to the increase in
their revenues.

In Figure 2 (panel A), we display the carbon footprint of the portfolios of
the SNB, BlackRock, and GPFG and compare them to the carbon footprint of
the benchmark index. As we consider entities with the same investment
opportunity set (U.S. firms, excluding banks), the measures are comparable
across entities. The figure reveals that the carbon footprint of the SNB’s and
BlackRock’s portfolios are larger than the footprint of the GPFG’s portfolio
and the MSCI index.

Panel B of Figure 2 displays the level of carbon emissions that can be
attributed to each of the portfolios. The total emissions of the SNB’s portfolio
have considerably increased during the period, mainly driven by the increase
in the size of its portfolio: The market value of the U.S. equity portfolio has
increased by 533% over the sample, while carbon emissions have increased
by 137%. Hence, although the carbon footprint of the portfolio improves
through time, the SNB “owns” more and more carbon emissions, equal to
7.9 million tonnes in 2020. This number can be compared to the total CO2

emissions of Switzerland in 2020 of 34.4 million tonnes.27 The carbon

27 Data are from the Federal Office for the Environment.
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emissions generated by the U.S. portion of the SNB’s equity portfolio corre-
spond to approximately 23% of what all of Switzerland has emitted in 2020.

Once rescaled to the same market value of the portfolio, total emissions by
BlackRock (8.3 million tonnes in 2020) are slightly above the emissions
owned by the SNB. Numbers for GPFG are more favorable, as its total carbon
emissions are equal to 5.5 million tonnes in 2020 for the same market value of
the portfolio. In other words, for the same portfolio size, the GPFG’s portfolio
is responsible for 30% less carbon emissions than the SNB’s portfolio.

To evaluate the financial performance of the three portfolios during the
sample period, we use the portfolio weights at the end of a given year to
compute the portfolio return over the subsequent year. Our approach does not
calculate the actual portfolio performance because there may be intra-annual
rebalancing, which we do not observe. Instead, we obtain the performance,
assuming that the number of shares held is constant during the year. Table 2
reports the financial performance of the three portfolios over the 2014–2021
period. We observe that the SNB’s portfolio performs slightly better than the
other portfolios. Over the sample period, the average return (including divi-
dends) is equal to 15.5% for SNB (with a Sharpe ratio of 0.96), 14.8% for
BlackRock (Sharpe ratio of 0.89) and 15.1% for GPFG (Sharpe ratio of 0.88),
while the MSCI index return is equal to 15.2% (Sharpe ratio of 0.93).

Figure 1
Carbon metrics for the U.S. MSCI index
The figure displays the Scope 1–2 carbon intensity (in tonnes of CO2e per million U.S. dollars of revenue) and
carbon footprint (in tonnes of CO2e per million U.S. dollars invested) for the U.S. MSCI index (excluding
banks). The sample covers the period from 2013 to 2020.
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Carbon footprint

Carbon emissions

A

B

Figure 2
Carbon metrics for the SNB portfolio versus benchmarks
The figure displays the Scope 1–2 carbon footprint (panel A) and carbon emissions (panel B) for the U.S. equity
portfolios of the SNB, GPFG, and BlackRock, as well as the U.S. MSCI index (excluding banks). The footprint
is measured in tonnes of CO2 per million U.S. dollars invested, and emissions are measured in million tonnes of
CO2. The sample covers the period from 2013 to 2020.
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In summary, the carbon intensity and footprint of the SNB’s portfolio is
higher than those of GPFG and similar to those of BlackRock, whereas its
financial performance is slightly higher than the performance of the other
portfolios. As argued by Hong and Kacperczyk (2009) for sin stocks and
Bolton and Kacperczyk (2021) for carbon-intensive firms, the higher perform-
ance of the SNB’s portfolio relative to GPFG may be interpreted as the
compensation for investing in carbon-intensive firms, as investors may be
already demanding a premium for their exposure to carbon emission risk.

3.2 Cross-sectional distribution of firm-level carbon intensities
Figure 3 illustrates the empirical distribution of Scope 1–2 carbon intensities
of U.S. firms in 2020. Note that we use a log scale on the x-axis. The
distribution of carbon intensities is extremely right-skewed. A few companies
have particularly large carbon intensities. The top 1% (5%) of companies
ranked by carbon intensity have an average intensity of 3261 tonnes (770
tonnes) of CO2 per million U.S. dollars of revenue.

Figure 4 shows box plots of carbon intensities by industry. Three industries
have particularly large carbon intensities (utilities, energy, and materials). The
figure also reveals large within-industry variation in these particularly carbon-
intensive industries. It matters a lot for the carbon intensity of a portfolio
whether it is invested in the top or bottom quartile of firms ranked by carbon
intensity in the utilities sector, but it does not really matter whether it is
invested in the top or bottom quartile of firms in the health care or financial
sector.

The skewed distribution and large within-industry variation, which is evi-
dent from Figures 3 and 4, have important consequences for the design of
strategies that aim to reduce the carbon footprint of a portfolio. It means that
an investor can exclude a small subset of companies and accomplish a

Table 2
Financial Performance and Carbon Emissions of SNB’s and Benchmarks’ Portfolios

SNB GPFG BlackRock MSCI

Annualized return (in %) 15.5 15.1 14.8 15.2
Annualized volatility (in %) 15.4 16.5 16.1 15.7
Sharpe ratio 0.96 0.88 0.89 0.93
Tracking error (in %) 1.22 1.25 1.30 0.00

Carbon emissions (mln tonnes CO2e) 6.18 4.50 6.41 5.47
Carbon footprint (tonnes CO2e/mln $ invested) 120.1 89.4 121.9 98.3
Carbon intensity (tonnes CO2e/mln $ revenue) 230.3 154.3 210.7 192.2

The table reports the financial performance and the carbon characteristics (carbon footprint, carbon intensity,
and total emissions) of the three sample portfolios and the MSCI index. Carbon footprint is in tonnes of CO2

equivalents per million U.S. dollars invested. Carbon intensity is in tonnes of CO2 equivalents per million U.S.
dollars of revenue. Carbon emissions are in million tonnes of CO2 equivalents. SNB is the Swiss National
Bank. GPFG is the Norwegian Government Pension Fund Global. All portfolios have been rescaled to the same
assets under management as the SNB’s portfolio of U.S. equity holdings. Statistics are calculated based on
actual U.S. equity portfolio holdings with available carbon data between 2013 and 2020. Sources: S&P Trucost,
S&P Capital IQ, and Refinitiv.
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significant reduction in the portfolio footprint. Focusing on a small subset will
also reduce trading costs for the exit strategy and engagement costs for an
engagement strategy. It also hints at the promise of a best-in-class approach.

3.3 Negative screening and best-in-class strategies
We now consider strategies that would improve the carbon footprint of the
SNB’s portfolio by excluding subsets of firms.

3.3.1 Global exclusion strategy. We start with a global exclusion strategy,
which consists of excluding the firms with the highest carbon intensities and
reinvesting the proceeds in the firms with the lowest carbon intensities. We
sort all companies in the U.S. equity portfolio of the SNB by their carbon
intensity, in descending order. Then, we identify the companies with the
highest carbon intensities until the total dollar value excluded from the port-
folio reaches 1%, 2.5%, or 5% of the total market value of the portfolio. These
firms are excluded from the “decarbonized” portfolio. The proceeds are rein-
vested in the companies with the lowest carbon intensities. We rebalance the
portfolio once a year.

In 2020, the global exclusion strategy based on 1%, 2.5%, or 5% of the total
market value would have led to 20, 36, and 118 firms being excluded from the

Figure 3
Distribution of Scope 1–2 carbon intensities (log scale)
The figure displays the histogram of the Scope 1–2 carbon intensities of firms in the SNB’s portfolio in 2020.
Carbon intensity is measured in tonnes of CO2 per million U.S. dollars of revenue. The histogram is in log scale.
The figure also displays the 95%, 97.5%, and 99% thresholds.
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SNB’s portfolio, respectively. Table 3 provides summary statistics on the 20
firms excluded with the 1% exclusion strategy in 2020. The 20 excluded firms
have an average carbon intensity (weighted by their weight in the SNB’s
portfolio) equal to 3,974 tonnes per million U.S. dollars of revenue. Their
average carbon footprint is equal to 1,739 tonnes per million U.S. dollars
invested. Excluding these firms would therefore reduce the carbon footprint
of the portfolio by 0:0097� 1; 739 ¼ 16:94 tonnes per million U.S. dollars
invested. As the carbon footprint of the SNB’s portfolio is equal to 62.01
tonnes in 2020, it would reduce to 45.07 tonnes by excluding these firms.
Reinvesting the proceeds in the lowest intensity firms would increase the
portfolio footprint by 0.02 tonnes, for a final footprint equal to 45.09 tonnes.
The overall reduction in percentage terms is 16:94=62:01� 100 ¼ 27:3% in
2020. The 2.5% and 5% exclusion strategies would lead to reductions of
42.3% and 61.7% in 2020, respectively.28

Figure 4
Distribution of Scope 1–2 carbon intensities by sector
The figure displays the cross-sectional distribution of the Scope 1–2 carbon intensities by sector for 2020. The
intensity is measured in tonnes of CO2 per million U.S. dollars of revenue.

28 Using Scope 1 carbon data instead of Scope 1–2 data would have a limited impact on our results. On average
over the sample, excluding 1% (5%) of the market capitalization would allow the SNB to reduce its carbon
footprint by 23% (68%). The total emissions attributed to the SNB’s portfolio would be reduced from 5 million
tonnes to 3.8 million tonnes with the 1% exclusion and to 1.6 million tonnes with the 5% exclusion.
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Table 3 also shows that, in 2020, the U.S. firm in the SNB’s portfolio with
the highest carbon intensity is Vistra Corp., a utility specialized in electricity
generation, with a carbon intensity of 8,269 tonnes per million U.S. dollars of
revenue and a weight of 0.022% in the U.S. equity portion of the SNB’s
portfolio with carbon data. The firm with the largest market capitalization
that would be excluded in the 1% exclusion strategy is the Southern
Company, a utility specialized in natural gas power generation, with a carbon
intensity of 3,697 tonnes per million U.S. dollars of revenue and a weight of
0.244%. Vistra Corp. and Southern Company contribute to 2.6 and 3 tonnes
of CO2 per million U.S. dollars invested, respectively, which represents 9% of
the total footprint of the SNB’s portfolio. Of the 20 excluded firms, 15 are
utilities, 4 are in the materials sector, and 1 is an energy firm.

Table 4, panel A, reports the reductions in the carbon intensity and carbon
footprint generated by the global exclusion strategies across the entire sample
period. On average over the sample, excluding 1% of the market capitalization

Table 3
Summary statistics for excluded firms (as of end of 2020)

Excluded company Sector

Scope 1-2
intensity

(tCO2e/$mln)

Scope 1-2
footprint

(tCO2e/$mln)

Percent
ownership

(in %)

SNB ptf
weight
(in %)

Contrib.
ptf

intensity

Contrib.
ptf

footprint

Vistra Corp. Utilities 8,269.1 11,923.00 0.344 0.022 1.78 2.57
ALLETE, Inc. Utilities 6,238.1 2,217.50 0.225 0.006 0.36 0.13
Cleveland-Cliffs Inc. Materials 6,052.4 4,546.70 0.181 0.010 0.62 0.46
OGE Energy Corp. Utilities 5,917.1 2,082.00 0.378 0.018 1.06 0.37
Evergy, Inc. Utilities 4,875.2 1,964.10 0.633 0.061 2.97 1.20
Diversified Gas & Oil
PLC

Energy 4769.7 1,446.60 0.215 0.002 0.11 0.03

Ameren Corporation Utilities 4,697.7 1,445.30 0.582 0.083 3.89 1.20
CF Industries Holdings,
Inc.

Materials 4,536.2 1,865.80 0.378 0.030 1.36 0.56

The AES Corporation Utilities 4,473.7 2,403.70 0.376 0.053 2.39 1.28
Otter Tail Corporation Utilities 3,727.9 1,896.10 0.200 0.003 0.10 0.05
Alliant Energy
Corporation

Utilities 3,696.9 1,077.00 0.423 0.039 1.45 0.42

The Southern Company Utilities 3,696.5 1,237.40 0.507 0.244 9.00 3.01
IDACORP, Inc. Utilities 3,654.1 1,138.20 0.226 0.008 0.28 0.09
MGE Energy, Inc. Utilities 3,570.7 817.62 0.227 0.004 0.15 0.03
Century Aluminum
Company

Materials 3,482.5 3,430.10 0.135 0.002 0.06 0.06

Xcel Energy Inc. Utilities 3,409.6 1,260.10 0.615 0.151 5.16 1.91
PPL Corporation Utilities 3,375.8 1,216.40 0.396 0.066 2.23 0.80
American Electric Power
Company, Inc

Utilities 3,330.1 1,311.90 0.455 0.136 4.53 1.78

Eagle Materials Inc. Materials 3,324.0 917.14 0.213 0.009 0.29 0.08
NRG Energy, Inc. Utilities 3,300.2 3,169.00 0.377 0.028 0.93 0.89

Sum 0.974 38.72 16.94

The table reports summary statistics on the 20 firms that would be excluded from the SNB’s portfolio in 2020 in
the global exclusion strategies. Statistics are for the Scope 1–2 intensity in tonnes of CO2e per million U.S.
dollars of revenue; the Scope 1–2 carbon footprint in tonnes of CO2e per million U.S. dollars invested; the
percent ownership, that is, the fraction of the market capitalization of the firm held by the SNB; the weight of
the firm in the SNB’s portfolio; the contribution of the firm to the SNB’s portfolio intensity; the contribution of
the firm to the SNB’s portfolio footprint. Sources: S&P Trucost, S&P Capital IQ.
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would allow the SNB to reduce the carbon footprint of its portfolio by 21%.
Its carbon footprint would then be of the same magnitude as the one of the
GPFG portfolio. Excluding 2.5% and 5% of the market capitalization would
reduce the footprint by 45% and 60%, respectively.29 Panel A of Figure 5
displays the carbon footprint of the SNB’s portfolio based on the global

Table 4
Financial performance and carbon performance of alternative strategies

A B
Global exclusion
and reinvestment

Sectoral exclusion
and reinvestment

1% 2.5% 5% 1% 2.5% 5%

Annualized return (in %) 15.6 15.6 15.8 15.5 15.5 15.6
Annualized volatility (in %) 15.5 15.6 15.7 15.4 15.4 15.4
Sharpe ratio 0.96 0.95 0.96 0.96 0.96 0.96
Tracking error wrt MSCI (in %) 1.16 1.07 1.06 1.18 1.15 1.13
Tracking error wrt SNB (in %) 0.21 0.51 0.72 0.10 0.19 0.37

Carbon emissions (mln tonnes CO2e) 4.79 3.46 2.52 5.93 5.68 5.34
(% reduction) �22.6 �44.0 �59.2 �4.1 �8.0 �13.6
Carbon footprint (tonnes CO2e/mln $ invested) 94.9 66.2 48.1 115.1 110.8 104.0
(% reduction) �21.0 �44.9 �59.9 �4.1 �7.8 �13.4
Carbon intensity (tonnes CO2e/mln $ revenue) 180.7 121.3 77.5 221.3 213.4 198.8
(% reduction) �21.5 �47.4 �66.4 �3.9 �7.3 �13.7

C D
Global exclusion with
sectoral reinvestment

Global exclusion with primary
industry reinvestment

1% 2.5% 5% 1% 2.5% 5%

Annualized return (in %) 15.5 15.5 15.4 15.5 15.5 15.6
Annualized volatility (in %) 15.4 15.4 15.4 15.4 15.4 15.4
Sharpe ratio 0.96 0.96 0.95 0.96 0.96 0.96
Tracking error wrt MSCI (in %) 1.22 1.21 1.19 1.22 1.21 1.21
Tracking error wrt SNB (in %) 0.08 0.10 0.23 0.07 0.12 0.21

Carbon emissions (mln tonnes CO2e) 4.87 3.96 2.93 5.09 4.51 4.19
(% reduction) �21.2 �35.9 �52.5 �17.7 �27.1 �32.2
Carbon footprint (tonnes CO2e/mln $ invested) 96.2 75.4 56.0 100.0 88.4 82.3
(% reduction) �19.9 �37.2 �53.4 �16.7 �26.4 �31.4
Carbon intensity (tonnes CO2e/mln $ revenue) 183.0 141.9 89.3 189.0 163.3 154.2
(% reduction) �20.5 �38.4 �61.2 �17.9 �29.1 �33.1

The table reports financial performance and the carbon characteristics (emissions, footprint, and intensity) of
four alternative exclusion strategies. Carbon emissions are in million tonnes of CO2e. Carbon footprint is in
tonnes of CO2e per million U.S. dollars invested. Carbon intensity is in tonnes of CO2e per million U.S. dollars
of revenue. Sources: S&P Trucost, S&P Capital IQ, and Refinitiv.

29 We applied the same global exclusion strategy to BlackRock and GPFG to understand the effect on their
portfolios. For BlackRock, whose portfolio is quite similar to the SNB’s portfolio, the strategy would result in
similar carbon footprint reductions. On average, a 1% (5%) exclusion strategy would reduce the carbon foot-
print of BlackRock’s portfolio by 21% and 60%, respectively. For GPFG, whose investment strategy already
incorporates some exclusions, the carbon footprint reduction from a further divestment strategy would be
attenuated. The reduction in the carbon footprint would be equal to 17.4% and 51.3% for the 1% (5%) exclusion
strategies, respectively.
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Figure 5
Carbon metrics with global exclusion and reinvestment
The figure displays the Scope 1–2 carbon footprint (panel A) and carbon emissions (panel B) for the SNB’s
portfolio with global exclusion and reinvestment with thresholds of 1%, 2.5%, and 5%. It also displays the
carbon footprint and carbon emissions of the initial SNB, GPFG, and BlackRock portfolios and the U.S. MSCI
index. The footprint is measured in tonnes of CO2 per million U.S. dollars invested, and emissions are measured
in million tonnes of CO2. The sample covers the period from 2013 to 2020.
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exclusion strategy through time and compares it with the benchmarks. Panel B
displays the total carbon emissions for the same exclusion portfolios.

Table 4 (panel A) also reports the financial performance generated by the
global exclusion strategy. The 1% and 2.5% exclusion portfolios would have
had no material impact on the financial performance of the SNB’s portfolio.
The average return would have been equal to 15.6% in both cases. The 5%
exclusion portfolio would have even benefited from a slightly higher average
return (15.8% on average, with a Sharpe ratio of 0.96). Figure 6 (panel A)
displays the temporal evolution of the cumulative excess monthly return of the
exclusion portfolio relative to the initial SNB’s portfolio. The positive excess
return obtained for the three exclusion portfolios confirms the higher annual-
ized return reported in Table 4. The figure also demonstrates that the gain in
performance is obtained at the end of the sample, between 2020 and 2021.
Panel B represents the annualized tracking error (computed based on one year
of data) relative to the initial SNB’s portfolio. The figure illustrates, not
surprisingly, that the tracking error is higher when a larger fraction of the
market capitalization is excluded.

3.3.2 Sectoral best-in-class strategy. When investors consider building a
portfolio based on the exclusion of stocks with some specific characteristics,
they face the issue of changes in risk exposures. Excluding high-carbon
intensity firms might severely affect sectoral exposures. Most of the excluded
firms are from the utilities, energy, and materials sectors. Other sectors, such
as the financial, health care, and information technology sectors, are low
carbon intensive and therefore overweighted in the portfolio resulting from
the global exclusion strategy. The utilities sector is the most affected sector
when using the global exclusion strategy. In 2020, 27.7% of the market value
of the utilities sector would be excluded from the SNB’s portfolio with the 1%
exclusion threshold. With the 2.5% and 5% thresholds, the excluded market
value would jump to 58.4% and 74.7%, respectively. Although such an
exclusion would be desirable from a carbon footprint perspective, it could
affect the risk exposure of the portfolio (an oft-voiced concern of the SNB).

To address this issue, we now consider a sectoral best-in-class strategy.
With the 1% threshold, we exclude in a given sector all firms with the highest
carbon intensity until the total dollar value excluded reaches 1% of the market
value of the sector. Then, the proceeds are reinvested proportionally in firms
in the same sector with the lowest carbon intensity (representing 1% of the
market value of the sector). The portfolio weights of these “green” firms with
the lowest carbon intensity double.

The three sectoral exclusion strategies, based on 1%, 2.5%, and 5% of the
market capitalization in each sector, have a much more limited impact on the
carbon footprint. Panel B of Table 4 and Figure 7 show that on average over
the sample period, the 1% exclusion results in a reduction of the carbon
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Excess performance relative to initial SNB’s portfolio

Tracking error relative to initial SNB’s portfolio
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Figure 6
Financial performance with global exclusion and reinvestment
The figure displays the cumulative monthly excess return (panel A) and tracking error (panel B) for the SNB’s
portfolio with global exclusion and reinvestment with thresholds of 1%, 2.5%, and 5%, relative to the initial
SNB’s portfolio. Both series are expressed as a percent per year. The sample covers the period from 2014 to
2021.
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Figure 7
Carbon metrics with sectoral exclusion and reinvestment
The figure displays the Scope 1–2 carbon footprint (panel A) and carbon emissions (panel B) for the SNB’s
portfolio with sectoral exclusion and reinvestment with thresholds of 1%, 2.5%, and 5%. It also displays the
carbon footprint and carbon emissions of the initial SNB, GPFG, and BlackRock portfolios and the U.S. MSCI
index. The footprint is measured in tonnes of CO2 per million U.S. dollars invested, and emissions are measured
in million tonnes of CO2. The sample covers the period from 2013 to 2020.
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footprint of the SNB’s portfolio by 4.1% only. Increasing the exclusion to 5%
of the market value decreases the portfolio footprint by 13.4% and total
emissions by 13.6%, that is, to a level close to the MSCI index. The carbon
footprint of the 5% portfolio is still 16.3% higher than the footprint of the
GPFG’s portfolio.

Table 4 (panel B) also indicates that the impact of sectoral exclusion on the
financial performance is minimal. This result is expected, as the exclusion
process affects all sectors to the same extent and therefore has limited impact
on risk exposures.

We conclude that excluding the same fraction of the portfolio within each
sector would not be able to significantly reduce the carbon footprint of the
SNB’s portfolio: in CO2-intensive sectors, too few highly polluting firms
would be excluded; in low-intensity sectors, too many very low-carbon-
intensity firms would be excluded.

3.3.3 Global exclusion with sectoral reinvestment. An alternative strategy
to keep the same sectoral exposure as in the initial portfolio consists of
excluding the highest intensity firms globally but reinvesting the proceeds
in the same sector as the excluded firms. We proceed as follows. We exclude
the firms with the highest carbon intensities globally, until the total dollar
value excluded from the portfolio reaches 1%, 2.5%, or 5% of the total market
value of the SNB’s portfolio. Then, we measure how much of the market
value of each sector is excluded with this process and we reinvest the proceeds
in the firms with the lowest carbon intensity in this sector. For instance,
assume that in the exclusion process, 20% of the market value of the utilities
sector is lost by excluding high carbon-intensity firms. We identify the utilities
with the lowest carbon intensities until the total dollar value reaches 20% of
the market value of the utilities sector in the initial portfolio. For each of these
low carbon-intensity utilities, we double their weight, so that the utilities
sector represents exactly the same proportion as in the initial SNB’s portfolio.
Note that there is a trade-off regarding the weights when reinvesting. The
larger the overweighting of lowest carbon firms, the larger the reduction in the
footprint, but the higher the danger of undesirably large individual positions.

Table 5 shows the 34 firms that would be overweighted with our strategy.
CenterPoint Energy, Inc., is the last firm overweighted in the portfolio, with a
Scope 1-2 intensity of 713.9. It can be compared to the last excluded firm of
Table 3, NRG Energy, with a Scope 1–2 intensity of 3,300.2. The comparison
suggests that even in the utilities sector, the presence of enough lower-
intensity firms reduces emissions significantly. However, one can also see
some limitations. The name of many of the included utilities contains
“Water,” indicating that we replace electricity utilities with water utilities.
Finally, we overweight 34 firms, while only excluding 20, which shows
that overweighted firms with low intensities are relatively smaller.
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Figure 8 (panel A) displays the carbon footprint of the three best-in-class
portfolios, based on 1%, 2.5%, and 5% of the market value, and panel C of
Table 4 shows the average reductions over the entire sample period. We find
that with the 1% exclusion the carbon footprint of the SNB’s portfolio is

Table 5
Summary statistics on overweighted firms (as of end of 2020)

Excluded company Sector

Scope 1-2
intensity
(tCO2e/
$mln)

Scope 1-2
footprint
(tCO2e/
$mln)

Percent
ownership

(in %)

SNB ptf
weight
(in %)

Contrib.
ptf

intensity

Contrib.
ptf

footprint

World Fuel Services Corp. Energy 2.3 22.36 0.227 0.002 0.00 0.00
AptarGroup, Inc. Materials 18.7 6.41 0.224 0.033 0.01 0.00
Valvoline Inc. Materials 19.9 10.31 0.231 0.018 0.00 0.00
Sunnova Energy
International Inc.

Utilities 32.4 1.26 0.102 0.004 0.00 0.00

Cadiz Inc. Utilities 45.5 0.06 0.218 0.001 0.00 0.00
Unitil Corporation Utilities 53.5 36.19 0.226 0.001 0.00 0.00
NextEra Energy Partners, LP Utilities 70.4 11.83 0.185 0.008 0.01 0.00
Eversource Energy Utilities 77.0 25.69 0.508 0.113 0.09 0.03
SJW Group Utilities 108.3 34.48 0.203 0.003 0.00 0.00
Southwest Gas Holdings,
Inc.

Utilities 108.6 97.75 0.221 0.007 0.01 0.01

The York Water Company Utilities 108.7 11.03 0.226 0.001 0.00 0.00
American States Water
Company

Utilities 112.7 21.08 0.226 0.005 0.01 0.00

California Water Service
Group

Utilities 114.1 34.10 0.222 0.005 0.01 0.00

Middlesex Water Company Utilities 132.6 15.72 0.226 0.002 0.00 0.00
American Water Works
Company, Inc.

Utilities 144.3 22.76 0.412 0.083 0.12 0.02

Ormat Technologies, Inc. Utilities 154.0 23.89 0.165 0.006 0.01 0.00
Edison International Utilities 162.0 104.01 0.391 0.069 0.11 0.07
New Jersey Resources Corp. Utilities 163.3 83.48 0.225 0.007 0.01 0.01
South Jersey Industries, Inc. Utilities 190.4 111.05 0.227 0.005 0.01 0.01
UGI Corporation Utilities 193.7 155.90 0.378 0.026 0.05 0.04
ONE Gas, Inc. Utilities 207.9 87.28 0.225 0.007 0.01 0.01
Northwest Natural Holding
Company

Utilities 211.3 111.95 0.226 0.003 0.01 0.00

Spire Inc. Utilities 213.4 114.22 0.225 0.007 0.01 0.01
Brookfield Infrastructure
Corp.

Utilities 213.4 99.83 0.193 0.005 0.01 0.00

PG&E Corporation Utilities 278.2 240.79 0.277 0.049 0.14 0.12
Consolidated Edison, Inc. Utilities 299.0 158.62 0.737 0.142 0.43 0.23
Chesapeake Utilities Corp. Utilities 318.4 82.77 0.213 0.003 0.01 0.00
Atmos Energy Corporation Utilities 341.5 85.03 0.384 0.036 0.12 0.03
Brookfield Renewable Corp. Utilities 392.9 159.31 0.280 0.018 0.07 0.03
Exelon Corporation Utilities 415.3 355.50 0.377 0.122 0.51 0.43
Essential Utilities, Inc. Utilities 415.7 59.80 0.359 0.031 0.13 0.02
MDU Resources Group, Inc. Utilities 471.6 446.75 0.226 0.011 0.05 0.05
Sempra Energy Utilities 604.1 194.01 0.361 0.107 0.65 0.21
CenterPoint Energy, Inc. Utilities 713.9 493.84 0.373 0.033 0.24 0.17

Sum 0.974 2.83 1.49

The table reports summary statistics on the 34 firms that would be overweighted in the SNB’s portfolio in 2020
in the global exclusion strategy with sectoral reinvestment. Statistics are for the Scope 1–2 intensity in tonnes of
CO2e per million U.S. dollars of revenue; the Scope 1–2 footprint in tonnes of CO2e per million U.S. dollars
invested; the percent ownership, that is, the fraction of the market capitalization of the firm held by the SNB; the
weight of the firm in the SNB’s portfolio; the contribution of the firm to the SNB’s portfolio intensity; and the
contribution of the firm to the SNB’s portfolio footprint. Sources: S&P Trucost, S&P Capital IQ.
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Figure 8
Carbon metrics with global exclusion and sectoral reinvestment
The figure displays the Scope 1–2 carbon footprint (panel A) and carbon emissions (panel B) for the SNB’s
portfolio with global exclusion and sectoral reinvestment with thresholds of 1%, 2.5%, and 5%. It also displays
the carbon footprint and carbon emissions of the initial SNB, GPFG, and BlackRock portfolios and the U.S.
MSCI index. The footprint is measured in tonnes of CO2 per million U.S. dollars invested, and emissions are
measured in million tonnes of CO2. The sample covers the period from 2013 to 2020.
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reduced by 19.9% on average over the sample period. The resultant carbon
footprint is slightly above that of the GPFG’s portfolio (7.6% higher on
average over the sample period). Increasing the exclusion threshold to 5%
of the market value decreases the portfolio footprint by 53.4%. However, the
strategy that excludes 5% of the market value of the portfolio would exclude
utilities (with the highest intensity) representing 74.7% of the market value of
the utilities sector. With the sectoral reinvestment strategy, the proceeds
would be reinvested proportionately in the remaining utilities (with the lowest
intensity) representing 25.3% of the utilities sector. Thus, we would have to
increase position limits for those relatively clean utilities significantly beyond
200% of the initial investment.

When we consider the total emissions of the portfolios in panel B of
Figure 8, we note that the 1% exclusion would allow the SNB to reduce
the carbon emissions of its portfolio to a level slightly above the emissions
generated by the GPFG’s portfolio (with the same portfolio market value). In
2020, total emissions would have been reduced from 7.9 million tonnes to 5.9
million tonnes, that is, 7.5% above the GPFG’s emissions.

Table 4 (panel C) also shows that the ex post financial performance of the
portfolio would be barely affected by the exclusion. The cumulative return
and the Sharpe ratio for all thresholds are only slightly reduced relative to
those of the initial SNB’s portfolio. Figure 9 (panel A) reveals that the cumu-
lative excess monthly return of the best-in-class portfolios for 1% and 2.5%
are essentially unaffected relative to the initial SNB’s portfolio. When the
exclusion process is increased to 5% of the market value of the portfolio,
the excess performance is negative relative to the initial SNB’s portfolio,
although to a limited extent, as reported in Table 4. The loss for this portfolio
accumulates over the second half of the sample. As panel B of the figure
indicates, the annualized tracking error is usually below 0.1% for the 1% and
2.5% exclusion thresholds but increases to 0.25% on average for the 5%
threshold.

3.3.4 Implementability of the exclusion and best-in-class strategies. The
global exclusion strategy leads to the largest reduction in emissions. However,
the strategy shifts sectoral risk exposures in a way that the SNB, among other
entities, may not find desirable. The sectoral exclusion, which implements a
best-in-class approach, leads to the least deviation from the original portfolio,
but it also leads to the lowest carbon reduction. The global exclusion with
sectoral reinvestment strategy combines the advantages of the two other
approaches. Using the global exclusion criterion excludes the companies
with the highest carbon footprint overall, while the sectoral reinvestment
maintains portfolio diversification. The 1% and 2.5% exclusion thresholds
would be implementable in that they would not lead to too concentrated
positions in “green” utilities.
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Tracking error relative to initial SNB’s portfolio
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Figure 9
Financial performance with global exclusion and sectoral reinvestment
The figure displays the cumulative excess monthly return (panel A) and tracking error (panel B) for the SNB’s
portfolio with global exclusion and subsectoral reinvestment with thresholds of 1%, 2.5%, and 5%, relative to the
initial SNB’s portfolio. Both series are expressed in % per year. The sample covers the period from 2014 to 2021.
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How expensive would it be to implement that strategy? Potential issues are
the increase in trading costs through portfolio turnover, monitoring fees,
increase in tracking error, and purchase cost of carbon emission data.

Trading cost and monitoring fees are low if the carbon intensity rankings
are relatively stable. The more stable the ranking, the less turnover and the less
monitoring is required. We have evaluated the stability of the carbon intensity
ranking as follows. For a given threshold (1%, 2.5%, or 5% quantiles), we
store the list of firms with a carbon intensity above this threshold. Then, we
compute the correlation of the list from one year to the other. The average
correlation is equal to 57% for the 1% threshold and 64% for the 2.5% and 5%
thresholds. The high correlations suggest that the list of excluded firms is quite
stable over time, thus limiting the cost of rebalancing the portfolio.

We also calculate two measures of tracking error, defined as the annualized
volatility of the difference between the SNB’s portfolio return and the return
of a reference portfolio. The first reference portfolio we consider is the initial
SNB’s portfolio. For our preferred strategy with global exclusion and sectoral
reinvestment, the tracking error is low because proceeds from excluded firms
are reinvested in firms in the same sector. Even with a 5% threshold, the
tracking error is only 0.28% per year.

The second reference portfolio we use is the U.S. MSCI index. The tracking
error between the U.S. MSCI index and the original SNB’s portfolio is equal
to 1.1%, reflecting the investment strategy of the SNB. For any exclusion
threshold in the global exclusion and sectoral reinvestment case, the tracking
error does not exceed 1.2% per year. Hence, concerns about increases in
tracking error due to exclusion are unwarranted.

Finally, the cost for carbon data is minimal given the size of the SNB’s
equity portfolio. In addition, corporate carbon disclosure will become more
prevalent and the cost for carbon data will decrease over time, as an increasing
number of investors will share the cost of the data collection.

4. Discussion of Results and Alternative Strategies

The exclusion strategies we presented in the prior section are very effective at
reducing the carbon footprint of the SNB’s portfolio, without a significant
impact on its financial performance during our sample period. The strategies
are consistent with value-based and risk-management-based preferences, but
they do not lead, at least directly, to additionality.

The SNB would implement the different exclusion strategies we discussed
by selling shares in secondary markets; that is, it would sell its holdings of
high carbon intensity companies on the stock exchange to different investors.
Such a strategy per se would not affect the targeted company, in the sense that
the company would not have less capital to carry out its investments. It merely
reallocates the financed carbon emissions to a different investor. The effect on
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global carbon emissions is at best indirect: fewer investors could be partic-
ipating in a future equity or debt financing round for the excluded companies
and therefore the company’s cost of capital could increase in the future. Or the
management of excluded companies worries that more investors become dis-
satisfied with them and therefore implement environmentally friendly
changes.

In our preferred strategy (global exclusion with sectoral reinvestment), we
sell companies in a specific sector and reinvest the proceeds in the same
sector, which may increase pressure on companies to improve their carbon
footprint. Still, the sectors are very broadly defined and the excluded compa-
nies may argue that the chosen replacement companies have little in common
with themselves (e.g., a utility producing electricity with coal is sold and the
proceeds are reinvested in a utility providing water services (see, e.g.,
Table 5). In such a scenario, they would not feel much pressure to change.
What if we implemented a strategy in which we followed a stricter best-in-
class reinvestment approach, where we sell one utility company producing
electricity with coal and invest in the least polluting publicly listed utility
producing electricity with coal available in the U.S. market? If enough invest-
ors carried out such a reallocation to truly comparable companies, the strategy
could be more effective at increasing the pressure on polluting companies to
reduce their carbon footprint.

With such an exclusion strategy at the primary industry level, the SNB
would see, as before, an immediate reduction in its own carbon footprint.
As Figure 10 reveals, in 2020, with the 1% exclusion, total carbon emissions
attributed to the SNB’s portfolio would be reduced from 7.9 million tonnes to
6.2 million tonnes, corresponding to a 21.3% reduction. Increasing the exclu-
sion to 5% of the market value would cut total emissions by 33.6%. As
indicated in Table 4 (panel D), financial performance would not be affected
in a significant way. If this strategy forced the most polluting companies to
reconsider their carbon intensity, it would have in addition a long-term effect
of reducing global carbon emissions. To estimate the global reduction in
carbon emissions, one has to make assumptions on how the excluded com-
panies would react. Suppose that each of the excluded companies would strive
to improve its carbon intensity to become like the average of the nonexcluded
companies in its primary industry. For instance, in 2020 the 1% exclusion
strategy would lead to 14 electric utilities getting from an average carbon
intensity of 3,654 tonnes per million U.S. dollars revenue to a carbon intensity
of 1,950 tonnes per million U.S. dollars of revenue. Assuming that revenues
of these companies would not change, total emissions by these 14 firms would
decrease from 326 million tonnes to 176 million tonnes in 2020, a 46%
reduction. With this strategy, the impact on the SNB’s own portfolio footprint
would be lower than in the global exclusion with sectoral reinvestment strat-
egy because the SNB would continue to hold some shares in the “best of the
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Figure 10
Carbon metrics with global exclusion and subsectoral reinvestment
The figure displays the Scope 1–2 carbon footprint (panel A) and carbon emissions (panel B) for the SNB’s
portfolio with global exclusion and subsectoral reinvestment with thresholds of 1%, 2.5%, and 5%. It also
displays the carbon footprint and carbon emissions of the initial SNB, GPFG, and BlackRock portfolios and
the U.S. MSCI index. The footprint is measured in tonnes of CO2 per million U.S. dollars invested, and
emissions are measured in million tonnes of CO2. The sample covers the period from 2013 to 2020.
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worst” companies, but it would have contributed to a reduction in global
carbon emissions.

An alternative strategy to reduce global emissions follows a “voice”
approach that aims at putting more pressure on the most-carbon-intensive
companies to reduce their carbon emissions. The SNB would sell no shares
and remain shareholder in all portfolio companies. However, it would publicly
disclose that it will vote from now on at AGMs in favor of, say, activist
strategies similar to the one successfully carried out by Engine 1 at Exxon.
The effectiveness of such a strategy to reduce global emissions depends on the
frequency of activism campaigns, the success of those campaigns, and the
post-campaign impact of the activist on carbon emissions. For example, if
every other of the 20 highest carbon intensity firms was targeted, and if the
campaign was successful in half of the cases, and if the activist managed to
reduce carbon emissions at targeted companies by 25%, the carbon footprint
of the SNB’s portfolio would be reduced by 0:5� 0:5� 0:25� 27:3% ¼
1:7%, where 27.3% corresponds to the reduction in the carbon footprint in
the 1% exclusion strategy in 2020. This reduction in the portfolio’s footprint
would translate one-to-one in a reduction of global carbon emissions. There
would, however, be only a limited reduction in the carbon footprint of the
SNB’s portfolio. For a central bank, such a more active approach would most
likely require a substantially revised mandate, as Thomas Jordan, chairman of
the governing board of the SNB, has frequently pointed out. In addition, even
with such an expanded mandate, the SNB is a sufficiently large investor that
its declared support of activist campaigns could lead to reputation and head-
line risks. Central banks most likely do not want to be exposed to these risks.

5. Conclusion

Central banks have placed themselves at the head of a movement toward a
more sustainable financial sector. In this paper, we analyze how they could
lead by example in the management of their own portfolios. We examine the
motives for a carbon-conscious asset management approach and discuss
which strategies for a more carbon-conscious policy portfolio management
could be politically feasible for central banks and consistent with their policy
mandate of price stability.

Survey results suggest that central banks would like to reduce exposure to
companies whose values do not correspond to those of the central banks’
countries. Central banks are also concerned about the impact of transition
risks on their portfolio’s performance. Central banks’ primary objective for
their policy portfolios is price stability, and any other objective, for example,
sustainable and responsible investment criteria, will remain a subsidiary goal.
Central banks as public institutions are subject to national and international
scrutiny and are unlikely to be able to engage with individual portfolio firms,
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and any carbon-conscious investment approach needs to follow objective
criteria that can be implemented, ideally, by third parties following broad
guidelines. We argue that best-in-class exclusion strategies are particularly
well suited for central banks to implement carbon conscious investment
policies.

We demonstrate that the SNB could implement a simple strategy that would
significantly and immediately reduce its portfolio’s carbon footprint, without
much of an impact on portfolio’s financial performance and with negligible
costs. Because there is a small subset of particularly carbon-intensive firms,
the exclusion in 2020 of 20 firms in a portfolio of 2,064 firms (representing
1% of the portfolio market value) would reduce total financed carbon emis-
sions by 27.3%. The strategy does not privilege economic sectors over others,
maintains diversification, and does not expose the SNB politically, and is thus
likely consistent with its current mandate.
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