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ARTICLE INFO ABSTRACT

Modern Portfolio Theory is a well-established method in economic research for considering the risks and returns
in asset allocations and the potential benefits of diversification for risk averse agents. Thus, it is a useful tool for
guiding sustainability discourse under uncertain future states. Existing discussions around the method's use in
environmental research have evolved during over the 75 years of its application, leading to a continued renewal
of perspectives on utilising it. We classify the environmental questions where portfolio theory has been applied,
and critically discuss the methodological approaches taken; providing a stepping stone for future use of the
method. This article provides a framework for its application in environmental research using the following
questions: 1) what is the type of research or management question and objective(s) of the decision-maker(s); 2)
what are the definitions of the assets to be included in the portfolio; 3) what are the ways that returns are valued,
discounted, distributed and weighted; 4) what is the most appropriate way for risks to be accounted for and
managed, including the selection of the appropriate model and taking into account risk preferences; and 5) what
are the definitions of constraints in the programming problem.
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1. Introduction

The demand for practical, interdisciplinary and well-tested decision-
making methods, in the context of environmental asset management
decisions across temporal and spatial scales, is increasing (Guerry et al.,
2015). Integrated tools must address the interlinkages between com-
peting objectives over spatial and temporal scales (e.g. between forestry
and agriculture, see Ferretti-Gallon and Busch, 2014) and the urgent
need to concurrently mitigate and adapt to global change challenges
(e.g. biodiversity loss, see Pimm et al., 2014; and climate change, see
Duguma et al., 2014). Complex questions of sustainability related to
new forms of risk and landscape-level trade-offs require research to
assess and improve tools for providing guidance to users and decision-
makers. In the context of these developments, one method, Modern
Portfolio Theory (MPT), continues to receive attention from economic
and environmental management researchers (see Figge, 2004; Ando
and Shah, 2016; Alvarez et al., 2017). The evolving discussion around

the utilisation of MPT in environmental research raises challenging
questions; to which this article tries to respond.

MPT is a method for choosing an efficient portfolio of assets via
mean and variance of (financial) return, as well as individual risk
preferences (Elton and Gruber, 1997). It was first presented by
Markowitz (1952, 1959) as a means for a decision-maker (e.g. an in-
vestor) to evaluate assets on the basis of the return relationship between
different assets and their deviation (i.e. the covariance of expected re-
turns) rather than an asset's individual characteristics alone. A brief
description is presented in Appendix A. Although MPT still forms the
backbone of financial theory, it has also been proposed as both a nor-
mative (i.e. as a recommendation for portfolio selection to reduce their
exposure to the unsystematic risk of a single asset) and a positive (i.e. as
a hypothesis about investor behaviour) method and tool for environ-
mental management decisions (e.g. Castro et al., 2015).

For environmental management questions, portfolios often consist of
alternative allocations, uses or groups of land (e.g. agriculture or
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conservation) or land-use management decisions (e.g. crop selection). This
practice refers to von Thiinen's theory (1826)," which has since been
combined with the theory of portfolio selection (e.g. Macmillan, 1992).

Shortly after Markowitz (1952) first introduced the theory, re-
searchers started applying MPT empirically to questions concerning
human management of the environment. Heady (1952) noted that the
land-use decision-maker is faced with the trade-off between long-run
profits (returns) and short-run price risks (variance) - the goal being to
utilize diversification to effectively reduce the variance of financial
returns. McFarquhar (1962) applied MPT empirically to agricultural
land-use planning, he used variance in income (as a function of yield) as
a proxy for differing environmental impacts (e.g. climatic variance), to
determine the optimal crop portfolio in the UK. Thereafter, MPT
quickly became a popular method, used solely or in conjunction with
other models, to determine efficient and optimal risky portfolios both
for guiding environmental management interventions and to address
the overutilization of and the resulting changes to ecosystems from
management decisions. The application of MPT to current social wel-
fare questions, such as those dealing with landscape level planning or to
address global change trade-offs, are a product of those early in-
vestigations and even more timely in the context of global change dy-
namics (e.g. Schindler et al., 2010; Marinoni et al., 2011; Ando and
Mallory, 2012; Sandsmark and Vennemo (2007)).

Several reviews and discussions have already been written on MPT's
use, its challenges and limitations, by various authors (e.g. Figge, 2004;
Ando and Shah, 2016; Alvarez et al., 2017) on its application to en-
vironmental questions. In addition to answering many important ques-
tions, those studies form an integral part of the long tradition of discourse
around the method within natural sciences and economics (e.g. Robinson
and Brake, 1979; Kruschwitz, 2005; Hyytidinen and Penttinen, 2008).
Recently, Alvarez et al. (2017) proposed a framework for applying MPT in
the context of ecosystem service research or management questions. They
created a list of four essential questions to rationalize the application of
MPT to questions concerning ecosystem services: (1) the nature and ob-
jectives of the portfolio manager, (2) the definition of assets to be included
in the portfolio, (3) the way in which returns and risk are measured and
distributed, and (4) the definition of constraints in the programming
problem. However, many important questions related to the use of the
method were left unanswered by earlier reviews and discussions, for ex-
ample those relating to new forms of return and risk and landscape-level
trade-offs, and Alvarez et al.‘s four questions omit many of the key aspects
of environmental management challenges (e.g. landscape level planning
and multiple decision-makers).

In response to both the earlier reviews and discussions, and Alvarez
et al.‘s framework, we believe that the applicability of MPT merits
further study and a framework that more broadly accounts for the use
of this method across environmental research applications. For ex-
ample, a framework that considers different types of decision-making
levels or contexts (e.g. market and non-market benefits from ecosystems
for one or more decision-makers) and a wider range of potential re-
search and decision-making questions. We organize our article ac-
cording to our proposed 5 questions adapted from Alvarez et al.‘s fra-
mework: 1) what is the type of research or management question and
objectives of the decision-maker(s); 2) what are the definitions of the
assets to be included in the portfolio; 3) what are the ways that returns
are valued, discounted, distributed and weighted; 4) what is the most
appropriate way for risks to be accounted for and managed, including
the selection of the appropriate model and taking into account risk
preferences; and 5) what are the definitions of constraints in the pro-
gramming problem.

We propose expanding Alvarez et al.‘s first question to be more
broadly inclusive of the problem space in environmental research and

1See Samuelson (1983) for a comprehensive overview of von Thiinen's
theory.
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splitting their second and third questions into three separate questions
to provide further inclusions (e.g. discounting and the selection of the
appropriate model). For the fifth question, Alvarez et al. (2017) provide
a thorough review of the potential considerations in determining con-
straints to the programming problem and we do not review that ques-
tion nor its considerations in detail here. Instead we dedicate more
space to other previously unanswered or omitted topics, and guide in-
terested readers to that article. While other important risk management
tools exist, such as the simulation and ranking of different scenarios,
adaptive models applying real option theory (e.g. Jacobsen and
Thorsen, 2003) or Bayesian updating (e.g. Yousefpour et al., 2014), we
here focus on methodological potentials and limitations of the appli-
cation of MPT in environmental management.

Within each section (and question) of this article, we respond to
considered earlier challenges noted within the broader discussion on
the application of MPT. Our focus here is on novel or critical elements
that should be considered in the context of each framework question;
encouraging interested readers to also read those earlier articles to
develop a broad understanding of this method and its nuances.

1.1. A brief summary of our approach

Using both ISI Web of Knowledge and Google Scholar in 2016 and
2017, we searched for the following terms: “portfolio theory” OR
“natural capital”

“markowitz” “forest/agriculture/crop/fish”

“mean-variance”
system”

“conservation/biodiversity/environment/eco-

That resulted in 741 catches, of which we reviewed 95 MPT related
articles with empirical applications to environmental asset man-
agement questions

Only those articles where the explicit use of MPT was underlying the
methodological framework were reviewed. We included supplementary
articles throughout our analysis, from within the MPT literature and in
related fields of study, to respond to specific points outlined under
Sections 3-7. The review forms a core component of the following
sections.

2. What is the type of research or management question and
objectives of the decision-maker(s)?

The most common applications of MPT in environmental research
have been in the agriculture and forestry fields of study, which have
largely focused on questions of economic return and risk from the
perspective of investing in specific land use or management regimes as
environmental assets — also in combination with investment in other
financial assets — to create diversified real asset portfolios. Recently
there has been a shift in research focus away from such questions to-
wards environmental diversification benefits and a broader spectrum of
environmental assets, such as genetic and ecological diversification to
enhance ecosystem resilience. The flexibility of the method is in-
herently linked to its advantages as a guidance tool; the fact that no
single-best option is presented but that rather the whole set of scienti-
fically derived opportunities is given (see Mallory and Ando, 2014).
Upon reviewing the current literature, we have identified six research
or management approaches and question types that demonstrate the
evolution of MPT's use in answering questions related to sustainable
environmental asset management, see Table 1.

Initially and primarily, MPT was applied at the local or site level to
determine the benefits associated with the diversification and hedging
of management activity portfolios (Type 1) for a single or group of
decision-makers. Early studies found numerous benefits from applying
MPT to diversification questions, including, but not limited to, agri-
cultural inventories, crop allocation alternatives, and forward and
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credit contracts (see e.g. Heifner, 1966; Johnson, 1967; Scott and
Baker, 1972; Barry and Willmann, 1976; Buccola and French, 1977).
The negative correlations of environmental assets with other available
financial asset classes (e.g., stocks, bonds, commercial real-estate) de-
monstrated financial diversification benefits of such environmental
assets as investments (e.g. Conroy and Miles, 1989; DeForest et al.,
1989; Thomson, 1992). Many of these applications demonstrated the
positive use of MPT in guiding more optimal diversification-based de-
cisions across environmental management questions. Still, challenges of
applying MPT in such a decision-making context remained, mainly:
applications to non-linear production yields, indivisibility and illi-
quidity of alternative options in environmental decisions, and the var-
iance being split over both the price and yield components as part of the
expected returns (Robinson and Brake, 1979).

In consideration of issues such as indivisibility of options in en-
vironmental decisions and non-linearity in production, studies of mixed
asset portfolios (Type 2) and harvest timing portfolios (Type 3) have
made comparisons between land-uses and within land-uses at both the
local and landscape levels. Comparisons between agriculture and forestry
options have demonstrated the benefits of considering multiple land-uses
as they are often uncorrelated and provide a good hedge against the high
inflation associated with financial assets (e.g. Mills and Hoover, 1982;
Blandon, 1985; Waggle and Johnson, 2009). Relaxing indivisibility
within land-uses has been considered by looking at variables such as
production and species mixes, among others (e.g. Lilieholm and Reeves,
1991; Knoke et al., 2005; Perruso et al., 2005; Neuner et al., 2013).
Reductions in environmental risks have been shown to potentially out-
weigh lower returns associated with diversification, with benefits coming
from the differing growth rates, economic rotation ages, market prices,
and survivability of diversification in management decisions. Con-
siderations for differing environmental risks within land-use types and
management units have noted overall reductions in risk associated with
the low correlations of returns between species (e.g. Beinhofer, 2010).
Harvest timing portfolios have looked at how diversification benefits
could be achieved across multiple time periods and spatial scales. Greater
diversity of harvest attributes, such as locations in fishing and timing in
forestry, have been found to positively affect diversification benefits (e.g.
Oglend and Tveteras, 2009). However, such diversification benefits are
often geographically contingent, and subject to non-systematic risks not
faced by other investments (e.g., natural disturbance risks - snow, storm
and insect damages) and correlations between individual assets (e.g.,
market prices and cohorts or rotation ages for different species) (e.g.
Thomson, 1987; Caulfield, 1998; Baldursson and Magnisson, 1997;
Reeves and Haight, 2000).

Since Robinson and Brake (1979)'s early commentary, further
questions have been raised concerning the use of MPT to address
emergent risk considerations and applications to include non-market
values in the context of global change dynamics (e.g. biodiversity loss
and climate change). Biodiversity, as a concept, is inherently a portfolio
of species, genes, and ecological communities that respond to internal
and external stimuli, which affect the distribution and proportion of
each element over spatial and temporal dimensions (Figge, 2004;
Harrington et al., 2010). Inquiries for applying MPT in biological con-
servation questions began in the 1950s, with suggestions (e.g. by
MacArthur, 1955; Elton, 1958) that a stability-diversity relationship
existed within complex landscapes and ecosystems. This relationship
supposes that diverse ecological communities are more stable, which
includes their resilience under their natural disturbance regimes (i.e.
abiotic and biotic disturbances) (Doak et al., 1998; Tilman et al., 1998).

To address these questions, environmental risk management port-
folios (Type 4) and environmental valuation portfolios (Type 5) have
been increasingly applied. Edwards et al. (2004) suggested that the use
of the ‘prices and revenues only’ MPT approach to indicate the optimal
risky portfolio negates the risk of current actions on future harvesting
opportunities (i.e. stock depletion or degradation). Those authors used
a multi-species management portfolio approach that balanced between

Schindler et al., 2010; Griffiths et al.,

Mills and Hoover, 1982; Perruso et al.,
2014

2005; Beinhofer, 2010
Crowe and Parker, 2008; Ando and

Barry and Willmann, 1976; DeForest
Mallory, 2012

et al., 1989
Knoke et al., 2011; Matthies et al.,

Baldursson and Magntsson, 1997;
2015

Examples noted in this study
Reeves and Haight, 2000

Mitigation of invasive species, flooding damages, and yield

losses
Prevent loss of milk production, optimal yield, ecological

Determine area allocated, number of contracts, types of
diversity retention, prevent population collapse

species, length and location of fishing trips
Allocation of farmland, commodity futures, timberland,

payment for ecosystem service schemes in mixed asset

portfolio
Valuation of payment for ecosystem service schemes,

Timing of the optimal harvest
prevention of deforestation

Examples of Decision

Biotic and abiotic
Price, survivability, yield

Price and Yield
Price and Yield
disturbances

Basis of Risk

Price
Price

Basis of Return
Financial return
Financial return
Financial return
Activity intensity
Financial return
Financial return,
Ecological return

Fields of Study Applied
Fisheries, Conservation
Agriculture, Forestry,
Agriculture, Forestry, Fisheries

Conservation
Agriculture, Fisheries,

Agriculture, Forestry,

Forestry
Conservation

Environmental risk management

portfolios

Management activity portfolios
Type 5:

Type 2:
Genetic variation and genetic

Harvest timing portfolios
diversification portfolios

Type 4:
Environmental valuation

Type 6:

Mixed asset portfolios
2 Applications associated with CAPM are not included in this table.

Research or Management Approach and

Question Type

Type 1:
Type 3:

Main trends in the research or management approaches and question types applying MPT in environmental decision-making.”

Table 1

928



B.D. Matthies et al.

biomass and other species attributes through subtraction, to balance
expected returns and variance while concurrently accounting for in-
stitutional harvest objectives and questions of biological and ecological
protections. Such approaches to MPT are critical for establishing sus-
tainable management of population dynamics and estimating optimal
sustainable harvest levels over time. Crowe and Parker (2008) eval-
uated the structural diversity of forests in the context of climate change
adaptation and species selection, indicating that optimal species port-
folios of specialists better account for climatic uncertainty than gen-
eralist species. Ando and Mallory (2012) and Mallory and Ando (2014)
studied conservation planning, noting that spatial trade-offs and
monetary valuation techniques can have important implications for
optimal allocation of conservation portfolios. They indicated that when
the relationship between the estimated value and quantity of ecosystem
services is non-linear, then valuation techniques are especially influ-
ential to the result. Incorporating non-market valuations in MPT ap-
plications has also provided guidance on the internalization of en-
vironmental externalities through questions of optimal land-use
diversification,” measurement of uncertainty in non-market valuations
and assessment of the trade-offs from participating in different eco-
system service compensation schemes (e.g. Knoke et al., 2011; Akter
et al., 2015; Matthies et al., 2015).

Genetic variation and genetic diversification portfolios (Type 6)
specifically expand the application of MPT into questions relevant to
the resilience of biodiversity under risk. Initial investigations, such as
Schneeberger et al. (1982), who looked at dairy sire breeding plans,
have noted only the effect of genetic selection on expected incomes
with MPT. However, later questions focused more on the role of di-
versity in temporal stability (e.g. Lehman and Tilman, 2000; Koellner
and Schmitz, 2006), showing that diversity increases temporal stability
at the community level and decreases it at the population level. Po-
pulation synchronization® can lead to increases in inter-population
covariance and reductions in portfolio variance for some species, while
intact landscapes (i.e. limiting anthropogenic impacts like dams) can
lead to higher portfolio performance overall (Moore et al., 2010;
Griffiths et al., 2014). Schindler et al. (2010) noted that diversity
(heterogeneity) within populations led to lower variability and lower
risk of population collapse.

All of these studies indicate that broadening the use and application
of MPT, to consider a wider range of risk and returns, leads to new
approaches across a greater number of research or management ques-
tions within the current sustainability paradigm. They also indicate
that, when it comes to portfolio selection, not only is information on an
individual decision-maker's objective needed, but also information on
the type of research or management question and, in some cases, the
objectives of a broader set of decision-makers. Our summary shows that
important advances have been made during the last two decades to
adjust selection criterions from the financial market context towards
greater emphasis on environmental returns and risks (see Table 1).

In summary, the trend in applying MPT is clearly towards greater
considerations for environmental risks and questions focusing less on
determining the optimality of a given asset class and towards those
focused on the benefits of environmental diversity. Therefore, the re-
search or management question should be framed carefully in con-
junction with defining the assets and the approach (see Sections 3 on-
wards). As environmental questions focus less on optimality of an asset

2 Defined as the consideration for a given optimal risky portfolio that consists
of different and simultaneous land use options, which are perceived as being
both controlled by financial forces and inherently risky natural assets.

3 Synchrony of population dynamics is defined by Moore et al. (2010) as a
naturally and anthropogenically driven process based on three mechanisms: (1)
the spatial coherence of environmental drivers, (2) spatial distribution among
populations, and (3) interaction with other synchronized species. Asynchrony is
maintained through diversity of phenotypes and variance of environmental
conditions at the local scale.
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class and more on the benefits of environmental diversity, a greater
assessment of benefits and beneficiaries may also necessitate con-
siderations for more than a single decision-maker and their objectives at
varying scales of decision-making. Landscape level decisions are in-
creasingly common, but remain complex, and require different con-
siderations® (e.g. such as greater integration of spatial considerations)
(see Section 3). Focusing on single decision-makers or a poorly framed
question can lead to sub-optimal results in many planning contexts.
Thus, this forms a critical first question and consideration. However,
review of question types clearly indicates that diversification benefits
can change according to market, geographic, environmental or decision
contexts or conditions. Penttinen and Lausti (2004) and Hildebrandt
et al. (2010) highlighted the challenge of establishing ubiquitous
findings (for Type 1 and 2 respectively) across all studies, geographies
and contexts. Given that Type 1 and 2 questions have a greater volume
of research and longer history of applications of MPT, the results for
those questions are informative to guide researchers towards these
considerations when applying MPT to questions under Types 3-6. To
support more accurate assessments that include multiple decision-ma-
kers over larger decision contexts, further research into decision pre-
ferences and their associated trade-offs and impacts on valuations per
asset quantity is needed.

3. What are the definitions of the assets to be included in the
portfolio and how are they weighted?

Alvarez et al. (2017) considered that any natural capital assets that
produce ecosystem services of any category should be considered as
“natural assets”, setting a broad spectrum of future applications for
MPT. Quantification of expected returns, and therein risk, from a given
environmental asset or because of a environmental management action
requires that individuals and/or society more broadly derive a benefit
from it that may vary over temporal and spatial scales. This drives the
definition or definitions of the asset(s) considered, as an “asset” may be
defined differently according to the number and type of decision-ma-
kers, in the research or management question and the context of the
decision (i.e. for conservation management versus profitability of dif-
ferent land-uses).

Market prices of outputs have traditionally been used to calculate the
return in ecological investment and management for defined assets
(Milliken and Cubbage, 1985), but other benefits from traditionally non-
market sources (e.g. hiking and biodiversity) have also been increasingly
considered (Mallory and Ando, 2014). In our review we find that assets,
and thereby expected returns and variance of those returns (i.e. risk), can
be defined by some or all of the following four key return components: a)
access/ownership to the resource base/asset (e.g. land) (Barkley and
Waggener, 1980); b) biological growth component (i.e. periodic growth
increment); c) growth in the unit value of the output of the asset (i.e.
transitions between timber assortments); and d) changes in value (i.e.
monetary or non-monetary) associated with the asset (Mills and Hoover,
1982; Mills, 1988; Zinkhan and Mitchell, 1990). In the case of some
question typologies, only some of these components will hold.

In association with the definitions of the assets, the question of how
to assign appropriate portfolio weights is critical for determining both
local and landscape level recommendations and linked closely to the
definitions of the assets to be included. Optimal weights in MPT are
computed as a proportion of initial capital invested into each man-
agement option, which requires sound information on the investment
into each considered option to be derived. However, due to the spatial
and temporal variation and the inclusion of non-market goods, this may
not be an appropriate measure. Therefore, in many environmental asset

#Note that this precipitates discussions on how multiple objectives are han-
dled within an MPT framework, which we acknowledge are not covered in this
article and require further discussion and research.
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Table 2
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Comparison of area and value weighted portfolios (time t = 0 to 1) for 14 hypothetical tree species, covering an equal portion of the forest estate (artificial data).

Species Area proportion Value proportion Market value Market value Periodic return (%) Return weighted by Return weighted by market value at
t=0 t=1 area t=0

1 0.0714 0.0719 6761 7687 13.69 0.9781 0.9846

2 0.0714 0.1236 11626 11796 1.46 0.1045 0.1809

3 0.0714 0.0403 3786 4553 20.27 1.4479 0.8161

4 0.0714 0.0914 8591 9398 9.40 0.6714 0.8587

5 0.0714 0.0505 4747 6192 30.43 2.1735 1.5362

6 0.0714 0.0440 4138 4555 10.07 0.7196 0.4434

7 0.0714 0.0699 6576 7216 9.73 0.6950 0.6805

8 0.0714 0.1180 11098 10836 —-2.36 —0.1688 —0.2788

9 0.0714 0.0436 4097 3591 -12.36 —0.8827 —0.5385

10 0.0714 0.1269 11935 12241 2.56 0.1831 0.3254

11 0.0714 0.0556 5228 5221 -0.13 —0.0091 —0.0071

12 0.0714 0.0827 7781 7819 0.49 0.0347 0.0403

13 0.0714 0.0425 3996 4566 14.25 1.0176 0.6055

14 0.0714 0.0391 3673 4056 10.43 0.7447 0.4072
Mean 7.7095% 6.0542%

management questions, it will be biophysical units to be allocated that
is used as weighting approach, e.g. area proportions, rather than fi-
nancial capital. Especially where environmental portfolios are con-
sidered and optimized in isolation, careful consideration should be
made when biophysical units are used as portfolio weights to aggregate
relative returns for various assets (Mills and Hoover, 1982; Weber,
2002, p. 86). This calculus may result in incorrect average returns, for
example if applied to questions of optimal land-use allocation (see
Table 2).

A key driver in defining assets and their weights is often data
availability and quality. These data features affect the stability of the
result from optimization under MPT, which is a relevant problem for
many applications to environmental problems. This may be one reason
why MPT in environmental management has so far largely remained a
scientific tool. Obtaining reliable data on return covariance of all pos-
sible asset combinations is critical for result stability, but information
on covariances that will hold true for future developments of market
and biophysical risks is almost impossible to obtain (e.g. land prices
under climate change). Consequently, practitioners often abstain from
creating portfolio optimizations in environmental decision-making be-
cause their results may be highly variable (e.g. Goldfarb and Iyengar,
2003).

In response to such problems with the availability of appropriate
data, Richardson et al. (2000) have developed a practicable method to
simulate multivariate empirical probability distributions for farm-level
risk assessment. This method applies particularly when empirical data
is scarce and retains as much of the empirical distributions as possible,
for example the relevant intra- and inter-temporal correlations. How-
ever, the problem of possibly constructing a different future develop-
ment in the data compared to historical data still remains.

A way to overcome that issue is to use a less data demanding ap-
proach that provides highly diversified portfolios proposed by Knoke
et al. (2015). That approach was formulated as a variant of robust
optimization (Ben-Tal et al., 2009), which considers future un-
certainties by means of possible deviations from the nominal return.
Maximizing the objective function is conditional on meeting an in-
clusive set of constraints, which control the achievement of predefined
return thresholds for all considered return perturbations and portfolio
options. Compared with portfolios generated with MPT, the non-sto-
chastic alternative produced greater portfolio diversification with only
moderate expected economic loss of the robust portfolios. However,
Shah et al. (2017) have demonstrated that this type of “information
retreat” in the context of probabilities may not be necessary. They note
that algorithms can be developed to inform fine-scale planning deci-
sions. Therefore, to increase applicability of MPT in environmental
management, looking for improved alternatives in the spirit of MPT
appears both promising and challenging, demonstrating the need for

further applied research.

In summary, data availability and quality are critical underlying
factors that guide the selection and de