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Mechanisms to incentivize divestment strategies, such as divestment schedules, are an important component of carbon
reduction strategies. We use dynamic asset allocation methodologies to assess this impact over time on index portfolios (S&P
500 and FTSE 100), and global exchange-traded funds (ETFs). Although return profiles are not affected, the risk profile of S&P
500 divestment portfolios is impacted by rapid divestment strategies as divestment concentration increases. Instantaneous
divestment may benefit management structure, while slower divestment provides greater stability in portfolios’ tracking errors
and benefits carbon reduction, especially from reinvested capital. Divesting from energy and utilities sectors reduces the carbon
footprint of up to 7%, while ETFs’ divesting from highly carbon concentrated ETFs offers further carbon footprint reductions.
Investing in funds with a low carbon footprint results in lower dividend returns and management fees. Although ETFs’ returns
are insensitive to divestment strategies and schedules, their risk profiles are affected, proportionally to their carbon intensity,
especially for rapid divestment and at the expense of higher tracking errors. Divestment strategies based on ESG rating
screening of FTSE 100 portfolios improve diversification and impact risk/return performance. Our study underscores the
importance of considering such factors as dividends, management structure, and carbon reduction targets.

Introduction

With the increasing focus of the current global macroeconomic environment on ESG, approaches to
investment decision-making in equity markets have undergone a structural change to the principles
adhered to in order to include a climate mitigation perspective and green finance considerations when
forming an investment thesis. This development has subsequently driven the change in investment
practices with the introduction of a primary focus on addressing elements of climate change in addition to
the classical risk-return trade-offs. This change is beginning to reduce the efficacy of traditional arguments
that approach investment solely on the basis of macro-business cycle investment strategies in favor of
those that also clearly incorporate a long-term consideration of objectives that offer meaningful returns,
risk mitigation, and capital growth while also satisfying the ESG requirements of investors. In facilitating
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this change in investor practices, there is a core component that must be carefully considered to balance
the economic feasibility of achieving such ESG objectives while still meeting the financial objectives of
investment decisions.

Accordingly, a core challenge currently being faced by investors pertains to optimal divestment strategies
that will allow them to move capital from one large class of non-ESG-compliant assets to a different class
of assets that will satisfy criteria for inclusion in portfolio design. Often the class being considered for
divestment practices relates to companies that are primary producers of fossil fuel, such as oil and gas
companies. These companies are so entrenched in investor portfolios that they have become too large
and too widely held for divestment to be performed easily and rapidly without significant cost and impact
on investor portfolios in terms of drawdown, capital loss, and cash flow reduction. Thus, the pertinent
guestion to the investment universe is “how fast should one divest?” Pension and investment funds have
held sizable positions of carbon-intensive companies in their portfolios (Mooney, 2017) and selling all
positions in short periods may negatively impact the market and be a costly operation. Furthermore, fund
managers are often required by regulation and as a fiduciary duty to investors to follow practices that
govern best execution and risk management when making large divestment decisions that could materially
impact the market and the portfolios’ risk profile, which is likely to preclude immediate rebalancing of
portfolios. Thus, it is often impractical for large portfolios to implement an instantaneous divestment
strategy. Consequently, it is crucial that investors review the different rates at which the portfolio is
divested over time.

To address the practical challenges associated with fossil fuel divestment, this paper proposes a dynamic
asset allocation strategy that is both flexible and tailored to the diverse needs of investors. The core of
this approach lies in a multi-period portfolio optimization framework, which allows for the gradual or rapid
divestment of fossil fuel assets based on the specific goals and risk tolerance of the investor. The strategy
recognizes that an instantaneous divestment process is impractical, given the varying impacts on risk,
return, and carbon reduction across different portfolios. Therefore, it offers customizable divestment
schedules that can be adjusted over time, ensuring that the transition away from carbon-intensive assets
is managed in a way that maintains overall portfolio stability. This method also includes reinvestment
strategies, where capital withdrawn from fossil fuel companies is reinvested into assets that align with
environmental, social, and governance (ESG) criteria. The approach not only mitigates the potential
negative financial impacts of divestment but also enhances the portfolio’s alignment with sustainable
investment goals. Furthermore, the proposed strategy is designed to be adaptive, allowing for ongoing
adjustments as market conditions and investor priorities evolve. This flexibility ensures that the portfolio
remains resilient in the face of changing market dynamics, while steadily advancing toward lower carbon
footprints and improved ESG ratings.

Relevance of Research Questions

The study makes three key novel contributions to advance research on asset management divestment
practices. Firstly, the study addresses the critically unexplored gap in academia and practice with respect
to the impact of the rate of divestment. The importance and impact of gradual transition on divestment
decisions has been verified by Flora and Tankov (2023), but only in relation to energy transition projects.

S[Clig

bayes-cid.com | Summer 2025 | Commodity Insights Digest
74



Mechanisms for Implementing Fossil Fuel Divestment in Portfolio Management with
Impact on Risk, Return and Carbon Reduction

Most studies on fossil fuel divestment assume instantaneous divestment. Divestment from fossil fuels and
utilities achieves higher risk/adjusted returns by including clean energy through instantaneous divestment
from fossil fuel industries and reinvestment in green industries (Henriques and Sadorsky, 2018; Hunt and
Weber, 2019), but Trinks et al. (2018) finds contradictory effects based on companies classified by Standard
Industry Classification (SIC) codes or Carbon Underground 200 (CU200). Bolton and Kacperczyk (2021) find
that high-emitting firms earn higher returns, yet their divestment strategies are based only on scope 1
intensity emission screening and fossil-fuel-intensive industries. In addition, the effectiveness of
decarbonization in the energy stock market fluctuates significantly (Kuang, 2021; Abid et al., 2023).
Divestment announcements also decrease the share price of fossil fuel companies, thus divestment can
impact the financial performance of affected companies (Dordi and Weber, 2019). We perform a
comprehensive analysis of divestment practice with practical relevance, as we model and study the impact
of divestment schedules. Furthermore, our analysis offers a dynamic assessment based on the evolution
of the impact of divestment strategies over time. Most fossil fuel divestment research excludes all high-
carbon stocks throughout the study period and assumes that the fossil-free portfolio remains unchanged
over time. Thus, these studies provide only an aggregate assessment of divestment strategies, while our
study offers a dynamic assessment based on the evolution of the impact of divestment strategies over
time. In fact, we document a more substantial impact on the risk profiles of divestment strategies over
time.

Second, we assess the impact of divestment schedules on risk-return profiles and carbon reduction, both
for broad sector portfolios and from a more targeted managed funds perspective based on ETFs. Studies
in different equity markets have documented empirical evidence on the diverse impact of divestment
strategies on portfolio performance; see for instance Henriques and Sadorsky (2018); Trinks et al. (2018);
Bolton and Kacperczyk (2021). Note that, decarbonization of equity mutual funds in the U.S. and Europe,
associated with divestment from carbon-intensive stocks, leads to an average decrease of stock prices of
divested firms and, to an average reduction of their carbon emissions (Humphrey and Li, 2021; Huynh et
al., 2021; Rohleder et al., 2022). Furthermore, decarbonization may induce herding behaviors in hedge
funds (Benz et al., 2020). We show that, even though some of these results typically hold, the coverage
of these effects may vary over time and is affected by divestment schedules. Also, in line with Rahat and
Nguyen (2022), who show that divestment based on environmental scores or carbon intensity improves
performance (in the BRICS stock markets), we also confirm the benefits of divestment practice based on
environmental score screening in the FTSE 100 case.

Third, divestment practice is examined based on trade-offs between factors of practical relevance such as
ESG targets, management fees, tracking errors, dividends, and diversification. This aspect of the analysis
is of critical importance as it informs the financial implications of divestment strategies. The trade-off
between carbon footprint, tracking error, and expected returns of decarbonized indexes is assessed by
Andersson et al. (2016) using constrained optimization techniques. Social pressure to contribute to carbon
emission targets by holding socially responsible investments is material in the mutual funds industry
regardless of attracting higher management fees and lower returns (Riedl and Smeets, 2017; Humphrey
and Li, 2021). We show that ETFs with a high carbon footprint attract higher management fees.
Furthermore, the comovements between European stock prices and carbon prices identified by Millischer
et al. (2023) can provide an incentive for firms to decarbonize, as it benefits stock returns. We investigate
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the impact on both the return and risk profiles of ETFs and find that risk profiles are also affected
proportionally to their intensity of carbon, especially for rapid divestment and at the expense of higher
tracking errors. Also, we find that carbon divestment in ETF portfolios may be related to lower dividend
yields (Chen and Guo, 2005). Regarding diversification, we show that generally divesting from FTSE 100
companies with low environmental ratings improves diversification (Trinks et al., 2018; Naqvi et al., 2022).
In conclusion, by employing a multi-period portfolio optimization approach with divestment schedules,
our study extends these idealistic approaches to enable a robust, dynamic, and realistic representation
and assessment of divestment strategies. It details divestment effects in equities and ETFs and integrates
assessment on risk/return profiles, carbon reduction and practical aspects such as ESG targets, dividends,
and management fees.

Data and Methods

To offer a comprehensive assessment of the practical effectiveness and efficacy of divestment strategies,
we evaluate the performance of divestment strategies on global indices, including the broad sector U.S.
market based on the S&P 500 assets, and a specialized collection of global portfolios representing various
thematic ETFs from a variety of developed and emerging markets. Thus, the study has international
significance and has relevance to different investor types. Investors who would invest with a broad market
diversification perspective and those who target specific objectives in investing as delineated in a
specialized investment vehicle, such as actively managed ETFs.

In addition, we use different screening criteria for divestment strategies, including the classical approach
of divesting from carbon-intensive primary industries, and a more practical approach based on a
company’s ESG performance. We examine the effect of divestment from an ESG rating screening
perspective in the FTSE 100 and explore the practical impact that arises when divestable assets are
screened based on ESG, E, S, or G scores with varying thresholds on the performance of each company’s
ESG scores. Thus, the findings of these empirical investigations inform a wide range of financial investors
and provide insights of practical relevance to different markets, including fund managers, hedge funds,
financial institutions, and individual investors.

Divestment Methodology

The adoption of dynamic divestment strategies addresses the shortcomings of traditional approaches that
assume instantaneous divestment and disregard the practical importance of accounting for gradual
portfolio reallocation from carbon-intensive companies to low-carbon companies. We introduce an
innovative methodology for practicing gradual divestment, categorized into instantaneous, fast, and slow
strategies within the framework of multi-period portfolio optimization (MPPO). The primary strategy
involves reallocating capital from divestable assets and proportionally reinvesting it into other assets
within the asset universe based on their original allocations in the portfolio before divestment. An
algorithm is used to approximate this single-period optimization solution, achieving an optimal weight
allocation that complies with divestable asset constraints. This approach significantly reduces
computational time while maintaining technical accuracy. To assess portfolio performance of divestment
strategies, several measures are considered:
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e The stability of the risk and return profile is scrutinized using a clustering algorithm. This method
is designed to capture the sensitivity of changes in the risk and return profile clusters after
divestment.

e To understand which market sectors benefit or suffer due to divestment, the
divestment/reinvestment ratio is introduced, helping to identify sectors that gain from reallocation.
The potential for poorer divestment outcomes leading to a more concentrated portfolio was
addressed with the Carbon Divestment Ratio (CDR).

e Diversification, an essential aspect of portfolio allocation, is examined through an approach that
analyzed the covariance structure of the portfolio after divestment. Additionally, dynamic
diversification is assessed using a new measure, namely the Portfolio Diversification Ratio.

An assessment of divestment practice is studied through the lens of trade-offs between factors of practical
relevance such as ESG targets, management fees, tracking errors, dividends, and diversification.

Results

The findings of the paper are accumulated from three case studies that examine divestment practices from
different investors’ perspectives, including carbon divestment from assets in the S&P 500, divestment on
leading global ETF portfolios, and divestment by ESG rating screening in the FTSE 100. The findings of each

case study are presented below.

Carbon Divestment from Assets in the S&P 500

The first case study examines the effects of carbon divestment on a portfolio replicating the S&P 500 index,
with a particular focus on divestable assets within the CU200 stocks and the Energy and Utility sectors.
This study evaluates how different divestment rates influence portfolio performance, including the
evolution of portfolio weights, the stability of risk profiles, risk-return dynamics, and carbon footprint
reduction. The study covers the period from January 1, 2010, to November 1, 2020. In line with the
existing literature, we find that divestment strategies do not adversely affect average returns, but we find
that the rate of divestment significantly affects risk profiles.

The application of the CLARA clustering method provides a nuanced analysis of how divestment rates
impact the stability of portfolios’ risk-return profiles. Accelerated divestment rates introduce greater
variability, while rapid divestment strategies are particularly effective in reducing the weights of carbon-
intensive assets and benefiting sectors such as Industrials, Information Technology, and Financials.
However, these strategies may inadvertently lead to portfolios with higher carbon intensity, highlighting
the importance of careful simulation and planning of divestment strategies. The findings advocate for
strategic capital reallocation to lower-carbon sectors to optimize risk-return profiles while achieving carbon
reduction objectives.
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Carbon Divestment on Leading Global ETF Portfolios

We investigate the implications of divestment strategies across five ETFs, each characterized by different
concentrations of divestable assets. We examine the impact of divestment practice on performance
indicators such as dividend yields, management fees, and stability, with a special focus on the iShares
Select Dividend ETF (DVY).! We find that divestment does not markedly affect DVY’s average dividend
yield, yet divested portfolios generally exhibited lower dividend performance compared to their non-
divested counterparts.

Additionally, the study reveals a positive correlation between management fees and both the carbon
footprint and ESG quality scores, suggesting that divestment from carbon-intensive assets could result in
lower management fees and dividends. Regression analyses demonstrate that accelerated divestment
rates were associated with reductions in net expense ratios and dividends, highlighting a potential trade-
off between adhering to ESG standards and financial performance.

Lastly, we explore the effects of divestment on monthly average risk and return, portfolio stability, and
tracking error. Although divestment strategies have minimal impact on monthly average returns, they
significantly affect tracking error, particularly in ETFs subjected to higher divestment rates. The analysis
shows varying degrees of sensitivity in ETFs’ risk profiles to divestment, with some experiencing significant
shifts in risk attributes as the concentration of divestable assets increased. This underscores the critical
role of carbon asset concentration in divestment decisions. Interestingly, slow divestment strategies
emerged as preferable, providing a more stable performance trajectory compared to more rapid
divestment approaches.

Divestment by ESG Rating Screening in FTSE 100

In the last case study, we delve into the effects of divestment on portfolios comprised of FTSE 100
constituents, particularly examining Active Equal Weight (AEW) and Global Minimum Variance (GMV)
portfolios with divestable assets ranging from 10% to 70%. This study investigates the impacts on
cumulative returns, risk-return stability, covariance structure robustness, and overall diversification. We
find that ESG screening criteria significantly influences the average cumulative returns across portfolios, as
confirmed by t-tests at the 95% confidence level.

Sector-specific tracking error analyses highlight that sectors most affected by divestment, such as Real
Estate, Technology, Energy, Industrials, and Utilities, exhibited distinct changes. The GMV portfolio
experienced characteristic shifts when divestment levels reached or exceeded 30%, underscoring the
subtle yet significant impact of divestment on portfolio performance and risk profiles.

We also evaluate the robustness of covariance structures post-divestment (using GLASSO) and find that
divestment actions did not compromise the integrity of asset covariances within portfolios. This outcome
highlights the resilience of diversified portfolios amidst divestment initiatives. Furthermore, a Portfolio
Diversification Ratio (PDR) analysis demonstrates that divestment, especially when guided by
environmental risk scores, substantially improved portfolio diversification. Remarkably, portfolios divested
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at a 70% rate exhibit higher PDRs, substantiating the positive relationship between environmental scoring
and diversification.

Conclusion

We analyse mechanisms to develop dynamic divestment strategies and schedules, to offer a
comprehensive assessment of their impact on investment performance, and to relate this analysis to
investor demographic attributes such as management fees, dividends vyields, and carbon footprint
reductions. We provide a comprehensive assessment of divestment practice based on three case studies.
The first case study investigates divestment strategies from the broad S&P 500 asset set, while the second
case study takes a more targeted approach to explore divestment in ETFs with high carbon concentration.
While carbon concentration is the typical screening criterion of divestment strategies, which we also
employ in the first two case studies, the third case study analyses ESG based screening for divestment
decisions.

Open Software for Dynamic Portfolio Divestment

We have also marked a pivotal transition from theoretical exploration to practical application with the
development of customizable software for portfolio divestment. Using the divestment strategies and
evaluation methods proposed in Marupanthorn et al. (2024a), we developed an open-source software
called Divfolio. (See Figure 1 on the next page.) This publicly available portfolio analytics software tool
enables the construction of a variety of portfolios (from personal to elaborate institutional portfolios) that
consider decarbonization and ESG investing, and evaluates/compares performance of divestment
practices. The tool gives users access to data and facilitates the application of divestment strategies to
portfolios, especially those based on assets listed on global indices. The software can also be used to
reproduce the results of the paper above. The software can be accessed through the following URLs:

https://github.com/QuantFlLab/Divfolio
and
https://quantfilab.shinyapps.io/divfolioserveri/

The guidelines for its use, along with examples of the construction and evaluation of divestment strategies,
are detailed in Marupanthorn et al. (2024b). An illustrative application of the software demonstrates its
use in evaluating the impact of divesting from ESG risks within portfolios drawn from the utility and energy
sectors of the FTSE 100. Another example showcases the divestment from assets with high environmental
risk within mixed pension funds in the U.S. and U.K., highlighting the software’s versatility in analyzing
diverse investment scenarios.

This software is designed to democratize access to investment strategies, reflecting the commitment to
making sustainable investing accessible to wider audiences. By offering a user-friendly platform for
implementing dynamic divestment strategies, we address a gap in the investment landscape, merging
advanced methodologies with practical utility.
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Figure 1
DivFolio’s Screen

DivFolio App RN

Divfolio: Green Finance Wealth Management Software

+ Sustainablising porifolio by divestment
& Divestment Plan + Comparing performance of porticlios before and after divestment
+ Comparing performance of portfolios in general purpose

B User Guide

&+ Our Team
Changes in the contemporary climate inciude both global warming and its effiects on the planet's weather patterns. Climate change has occurred in the past, but the current rate of

change is significantly more fast and is not attributatie 1o natural causes. It is instead caused by the release of greenhouse gases, primarily carbon dioxide (CO2) and methane
The majority of these emissions are caused by the burming of fassil fuels for energy production, At the current warming level of 1.2 C (2.2 F), several of these effects can already
be noticed. Additional warming will amglify these effects and may set off tipping points, such as the Greenland ice sheet melting. Under the Paris Agreement of 2015, govemnment
pledged to limit global warming ‘well below 2 C'. Despite the commitments made under the Agreement, global warming would still reach reughly 2.7 degrees Celsius (4.9 degrees
Fanrenneit) by the end of the century. To limit waming o 1.5 C, emissions must be cut in falf by 2030 and reach net-zero levels by 2050

Divestment and exclusion are approaches that limit investment in carbon-intensive assels of industnies, based on an organization of i1 stakeholders guiding principles. Thus,
Individuals who seek to avold carbon-intensive assets frequently favor this policy. These stakeholders say that divestment and exclusion increase the cost of capital fer carbon-
intensive operations, provide a market signal to enterprises engaged In these activities te encourage a more rapid transition, and ensure that investors are comfortabie with the
sources of their retums

Diviolio offers a comparison of the risk profiles, ESG scores, and customized attributes of portfolios, such as carbon intensity, before and after civestment based on the simulatio
using historical data as well as advanced options such as assessing stability of porifolio via clustering and cormrelation structure. The tool is useful for investigating the impact of
divestment on portfolio performance in multidimensional views

Endnote

1 The analysis was predicated on the assumption of a constant asset universe and stationary return series; deviations from
these conditions would necessitate tailored re-simulations.
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