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Land use decision modeling
with opportunity costs

Abstract: The purpose of this paper is to propose a model approach to the land devel-
opment decision-making process that formally incorporates opportunity costs. Drawing
on the experiences of municipalities in the Silesian Voivodeship regarding the analysis of
post-industrial land development, the study used content analysis of project documents
and the BPMN (Business Process Model and Notation) notation to develop an innovative
decision process model. The research identified key required stages, including socio-eco-
nomic analysis, social participation, financial efficiency analysis, and comprehensive
economic and environmental analyses that quantify both costs and benefits. Crucially,
the model mandates a systematic analysis of alternative options and introduces a formal
decision gateway based on the acceptable level of quantified opportunity costs, including
their often-neglected social and ecological dimensions. This framework offers a practical
tool for decision-makers at the local government level, enabling a more holistic, sustain-
able, and economically optimal approach to land use planning by directly addressing the
trade-offs inherent in resource allocation.

Keywords: opportunity costs, land management, decision-making modelling, social
costs, environmental costs

Introduction

The problem of limited resources is widespread today, and researchers from many
scientific disciplines are involved in the search for the right way to use them, but
also to preserve them. Acemoglu (2016) argues that economics is the science of
society’s choices regarding the allocation of its resources and how these choices
affect society (Acemoglu et al. 2016). The issue of limited resources is linked to
the concept of scarcity, understood as a shortage of what is needed. Scarcity is
characterized by its ubiquity and diversity, it is inevitable and found in almost
every area of human life (Sun, Teichert 2024). In economic terms, scarcity is most
often related to existing constraints that occur in economic transactions. These
constraints are usually the result of the difference between the availability of
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resources and the needs reported by individuals (Cannon et al. 2019). The phe-
nomenon of scarcity and the necessity to choose to raise the problem of how to
allocate resources most effectively, which poses challenges for decision-makers,
expecting optimal choices in conditions of limited resources (Shi et al. 2020). In
view of the necessity to choose in the face of scarcity, it can be concluded that
scarcity implies the existence of alternatives and the possibility of loss, while
optimization, as one of the basic principles of economics, not only forces us to
choose, but also imposes the need to compromise and give up one thing in favor
of another. The existence of optimization and the phenomenon of scarcity leads
directly to the emergence of the category of opportunity cost.

A choice is the selection of a preferred option from the sum of all possible
alternatives and consists of the selected option and the rejected options. The op-
portunity cost, described by Buchanan (1999), is the relationship between scar-
city and choice. Every decision has its opportunity cost, even when there are no
restrictions on the number of other available resources, because the choice made
by an individual inevitably results in the elimination of all other possible actions.
The opportunity cost is a measure of the value of the most valuable and advan-
tageous of the rejected alternatives. It is the value sacrificed to realise the higher
value of the chosen option (Buchanan 1999).

In the context of land use, the issue of resource allocation takes on particu-
lar importance. Post-industrial areas are generally understood as spaces where
industrial activity has ceased or which have lost their auxiliary functions related
to industrial production (Domanski 2000). In a broader sense, this category also
includes areas degraded as a result of industrial activity, such as contaminated
land, waste disposal sites or post-mining areas (Domanski 2000). These areas
are most often located within urban structures and constitute an important ele-
ment of reurbanization processes. In the international literature, post-industrial
areas are often referred to as brownfields, typically defined as previously used
industrial or commercial sites that may be affected by contamination. It should
be noted, however, that not all such areas can be classified as degraded, as the
concept of degradation is defined in various ways in legal and planning contexts
(Domanowska 2010). The emergence of post-industrial areas is closely linked
to the industrial crisis that began in Western Europe in the second half of the
20th century, leading to the decline of large industrial plants and the creation of
extensive unused urban spaces. In Poland, this process occurred later due to the
specific conditions of the centrally planned economy, which allowed industrial
enterprises to retain large land reserves within cities (Stodczyk 2003). The eco-
nomic transformation of the 1990s resulted in the closure of many industrial fa-
cilities and, consequently, in a significant concentration of post-industrial areas,
particularly in regions such as Upper Silesia (Gasidlo 1998). From the perspec-
tive of urban development, post-industrial areas represent both a challenge and
an opportunity. On the one hand, they may pose environmental and social risks;
on the other hand, due to their location and existing infrastructure, they consti-
tute valuable development potential (Pancewicz 2012). Their transformation is
therefore a key element of urban policy, often involving complex decision-mak-
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ing processes related to redevelopment, functional change and the integration
of these areas into the urban structure. Land is a non-renewable and immovable
resource, which makes decisions about its use (e.g. for housing, infrastructure
or nature conservation) difficult to reverse and long-term. This is a paradigmat-
ic field of conflict between different, mutually exclusive functions — economic,
social and environmental. Each decision on land use therefore generates a high
opportunity cost, which often goes beyond the purely monetary aspect to include
social losses (e.g. loss of access to recreation) and environmental losses (e.g. loss
of biodiversity, deterioration of water retention) — i.e. external and immeasurable
costs. Although opportunity cost is fundamental, its formal and systematic inclu-
sion in models supporting land use decisions remains a challenge. In the context
of land use, the issue of resource allocation takes on particular importance. Land
is a non-renewable and immovable resource, which makes decisions about its
use (e.g. for housing, infrastructure or nature conservation) difficult to reverse
and long-term. This is a paradigmatic field of conflict between different, mutu-
ally exclusive functions — economic, social and environmental. Each decision on
land use therefore generates a high opportunity cost, which often goes beyond
the purely monetary aspect to include social losses (e.g. loss of access to recre-
ation) and environmental losses (e.g. loss of biodiversity, deterioration of water
retention) — i.e. external and immeasurable costs. Although opportunity cost is
fundamental, its formal and systematic inclusion in models supporting land use
decisions remains a challenge. Despite the extensive body of literature on op-
portunity costs and economic efficiency, there is a noticeable lack of studies ad-
dressing these concepts in the context of post-industrial land redevelopment. In
particular, existing research does not sufficiently consider how opportunity costs
can be incorporated into decision-making processes related to the transformation
of such areas. This gap is especially relevant given the complexity and long-term
consequences of investment decisions concerning post-industrial sites. There-
fore, the main objective of this article is to propose a decision-making framework
for post-industrial land redevelopment that explicitly incorporates opportunity
costs. Traditional analysis methods, such as classic cost-benefit analysis, often
focus on the present value of the selected option, neglecting the systematic quan-
tification and comparison of the value of sacrificed alternatives. Furthermore, the
multi-criteria complexity of spatial decisions (MCDM - Multi-Criteria Decision
Making) requires tools capable of simultaneously weighing multiple conflicting
objectives and measuring the loss resulting from the choice. In light of the above,
the aim of this article is to design and validate an innovative decision-making
model which, by integrating multi-criteria analysis methods, will enable the
proper estimation and formal consideration of the full spectrum of alternative
costs at each stage of the land allocation and planning process. The contribution
of this article to the scientific discussion lies in proposing a structured approach
to the decision-making process for post-industrial land redevelopment, in which
opportunity costs are not treated solely as a theoretical concept but are formally
incorporated as a factor conditioning the selection of investment options. The
article offers a novel perspective by combining an economic approach (oppor-



148 Paulina Badura

tunity costs), analytical tools (multi-criteria analysis and non-market valuation
methods), and process modelling (BPMN). The development of such a tool is
intended to support decision-makers in their efforts to achieve a more sustaina-
ble and optimal use of land resources.

The next part of the article is structured as follows: Section 2 presents a lit-
erature review on decision models in spatial planning and a theoretical approach
to opportunity cost. Section 3 describes in detail the methodology and construc-
tion of the proposed model, including the definition of criteria and the method
of quantifying opportunity costs. Section 4 presents the results of simulations
demonstrating the application of the model. Section 5 presents a discussion of
the results obtained and their contribution to research in this field. Finally, Sec-
tion 6 summarizes the key conclusions and indicates directions for further re-
search.

Literature review

In microeconomic terms, opportunity cost is the value that must be sacrificed to
achieve a goal. Opportunity cost determines the amount of a good that must be
sacrificed to produce or deliver an additional unit of another good. Based on the
definition of accounting cost, economic cost accounting also considers the costs
of lost (unused) opportunities. It is the result of a situation in which limited
resources force a choice to be made and alternative options to be automatically
rejected. Opportunity cost is not included in accounting because it is not relat-
ed in any way to expenditure or consumption of production factors. As Musiat
(2010) notes, it is a type of ‘cost’ that cannot be expressed solely in monetary
terms, as it does not only affect the financial aspect. It therefore remains an un-
measurable, unused opportunity (Musial 2010). According to the assumptions
of subjective value theory, the value of an economic good is determined by the
subjective point of view of the economic agent (Menger 2013). This theory pro-
poses an approach according to which the value of a good is not determined by
any inherent property of the good or by the amount of labor required to produce
it. Instead, it is the meaning that a person attributes to a good when they realize
that only that good can satisfy their needs (Janik 2014). This perspective con-
trasts with the labor theory of value associated with classical economists such
as Ricardo, which links value to the amount of labor embodied in a good and
therefore does not fully capture the subjective and context-dependent nature of
value relevant to decision-making processes. An individual assesses the value of
goods by assigning them weight according to the hierarchy of their own needs.
This demonstrates their awareness of the relationship between a given good and
the extent to which it satisfies their needs. At the same time, by ranking goods
in this way, they are aware of the value they will lose by deciding to satisfy their
needs with another good that will do so most fully (Appelt 2018). As Haghpour
(2022) points out, the subject of opportunity cost is so specific that the number
of studies in this area is still limited, which significantly hinders the search for
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the most appropriate definition of opportunity cost (Haghpour et al. 2022). To
this day, there is ongoing debate as to whether, in light of contemporary research,
opportunity cost should be treated as a physical entity with the highest value
(Hubbard, O’Brien 2012, McConnell et al. 2012, Krugman, Wells 2020, Mankiw
2021), or expressed in terms of willingness to pay (Samuelson, Nordhaus 2010,
Frank, Bernanke 2012, Colander 2014). However, despite the multitude of dif-
ferent definitions, most of them are based on a similar concept and boil down
to the claim that the opportunity cost is the best alternative use of a resource
(Parkin 2016). Unlike other types of costs in economics, opportunity cost does
not have to be expressed in monetary terms, as it is an option, choice or possi-
bility that has been foregone in favor of another choice. Opportunity cost arises
when the use of resources in a planned project prevents their alternative alloca-
tion in another available way. This perspective is also consistent with Robbins’
understanding of economics as a science of choice under conditions of scarcity,
where costs reflect the valuation of alternative options resulting from individual
decision-making (Ksiezyk 2012). This results in the creation of opportunity costs
of resources, which are expressed as the value of goods or services that could be
produced from the resources in their most optimal alternative use (Ligus 2010).
In the classical approach, the main criterion for assessing project effectiveness is
the Hicks-Kaldor criterion, which assumes that a project can be effective if the
sum of the benefits achieved is higher than the sum of the costs incurred for its
implementation. However, this approach has its limitations and does not consid-
er projects that show significant benefits in the social, economic, environmental
or infrastructural spheres. The explanation for why the economic and financial
effectiveness of investment projects may differ lies in market imperfections, es-
pecially in the market where public projects operate, where externalities arise
(Ligus 2010). To obtain a complete picture of the costs and benefits of the invest-
ment being evaluated, the scope of the evaluation should be broadened to include
the measurement of effects not only from a financial perspective, but also from
an economic perspective, considering the non-market perspective. In this case,
the value of the expenditure is expressed in terms of the opportunity costs of its
use, and the assessment of the results is measured by one of the elements of the
contingent valuation method, namely willingness to pay (WTP) (Boardman et
al. 2001). Social opportunity cost can be said to exist when a project or product
excludes the implementation of another solution (project, product or service) in
each place (or at a given time) that would better meet the expected social ben-
efits (would serve society). In the context of public projects, social opportunity
costs can therefore take the form of public objectives not directly related to fi-
nancial efficiency, such as: modernization of buildings and improvement of their
aesthetics, change of the urban landscape, development of culture, tourism and
recreation in connection with a new investment, development of new economic
activities or economic revitalization of the area (Drobniak 2001).

Neoclassical analysis of corporate equilibrium primarily considers own costs
and opportunity costs. The costs of corporate impact on the environment, which
may also constitute an opportunity cost, are rarely or almost never considered.
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Ecosystems and their services are essential for creating an optimal living environ-
ment for humans. Although each successive generation is becoming more aware
of the need to respect ecosystems, they are still too often viewed in terms of what
they can offer, e.g. free space for development, without considering the long-term
consequences of decisions. The complexity of land use decisions, resulting from
the need to reconcile conflicting economic, social and environmental interests,
has necessitated the development of advanced analytical tools. Multi-criteria
decision-making (MCDM) methods play a key role here. These methods, such
as the Analytic Hierarchy Process (AHP), PROMETHEE and ELECTRE, enable
the hierarchization and evaluation of alternative land use options by combining
multiple criteria (Malczewski 1999). The use of MCDM allows for the inclusion
of both quantitative criteria (e.g. investment cost, distance from infrastructure)
and qualitative criteria (e.g. impact on landscape aesthetics, social acceptance),
assigning them different weights based on the preferences of decision-makers.
In the context of spatial planning, MCDM is often integrated with Geographic
Information Systems (GIS-MCDM) for the visualization and spatial analysis of
results, which is particularly important in the case of land resources. These meth-
ods allow for the modelling of trade-offs between conflicting objectives, support-
ing the selection of the most optimal option. However, despite their versatility,
classic MCDM implementations focus on optimizing the selection and ranking of
options, without offering a formal mechanism for quantifying and integrating op-
portunity costs, i.e. the loss of value resulting from rejecting the best unselected
options (Belton, Stewart 2002). In face of the postulate of considering external
effects and non-market value, it becomes crucial to apply methods enabling the
transformation of intangible assets into measurable cost categories. According to
the environmental economics literature, contingent valuation methods (CVM),
based on the concept of willingness to pay (WTP), are the primary tool for es-
timating the value of public and environmental goods (Mitchell, Carson 1989,
Boardman et al. 2001). Through surveys or market simulations, CVM allows for
the estimation of the value that society assigns to a given resource (e.g. a city
park or recreational area) before it is lost to alternative uses.

In spatial planning, this quantification is essential for correctly determining
the social and environmental opportunity cost, enabling its formal inclusion in
the decision-making matrix. Other methods, such as the hedonic price meth-
od (HPM) or the travel cost method (TCM), also provide indirect measures of
non-market values, allowing the discussion to move from a purely descriptive
to a quantitative level (Freeman 2003). This quantitative approach to lost value
is a prerequisite for developing a decision-making model capable of holistically
assessing the effectiveness of land development projects, in accordance with the
accepted definition of opportunity cost. In the literature, it is emphasized that
decision-making processes in spatial planning within the public sector, includ-
ing at the level of local government units, are inherently multi-criteria in nature
and require the integration of economic, social and environmental aspects (Mal-
czewski 1999, Belton, Stewart 2002). In practice, these decisions are based on
spatial analyses and planning documents, the preparation of which is determined
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both by formal requirements and by the availability of data and analytical tools.
Studies focusing on local government practice indicate, however, that the scope
of analyses applied in decision-making processes remains limited, which may
affect both the decision-making process and the quality of the decisions taken.

Methods

The literature review highlighted the complexity of the concept of opportunity
cost and the difficulties associated with its unambiguous interpretation, while at
the same time confirming its potential usefulness in the analysis of investment
processes, including those in the public sector. In order to verify this useful-
ness in the decision-making practice of municipalities, a qualitative study was
conducted based on semi-structured in-depth interviews and document analysis.
The subject of the study was investment decisions related to the redevelopment
of post-industrial areas undertaken by municipalities in the Silesian Voivodeship.
A purposive sampling approach was applied, with the following selection criteria:
location within the Silesian Voivodeship, the status of an urban or urban-rural
municipality, and ownership or co-ownership of post-industrial land subject to
or planned for investment. The study covered 10 municipalities located in the
Silesian Voivodeship, all of which were urban units with experience in managing
post-industrial areas. The Silesian region is characterized by a high concentration
of such areas due to its industrial heritage, which makes it a particularly relevant
context for the analysis of redevelopment processes. The municipalities were se-
lected purposively based on their ownership or co-ownership of post-industrial
land and their involvement in investment processes related to its redevelopment.
A total of 10 in-depth interviews were conducted with representatives of munic-
ipalities directly involved in investment decision-making processes. The study
was carried out between September and December 2022, based on a previously
prepared interview scenario. In qualitative research, it is generally assumed that a
sample size of several to a dozen interviews is sufficient to reach data saturation
(Guest et al. 2006, Creswell 2007, Mason 2010) and increasing the sample size
does not necessarily lead to a significant improvement in analytical outcomes
(Adler 2012). The collected material was transcribed and analyzed using quali-
tative coding. An open coding approach was applied, involving the identification
of categories directly from the respondents’ statements (Charmaz 2009). This
process allowed for the identification of recurring elements of the decision-mak-
ing process, key determinants of investment decisions, and barriers related to
the redevelopment of post-industrial areas. The study was complemented by an
analysis of investment documentation provided by selected municipalities. Only
projects implemented within the last five years were included in the analysis,
and the examined materials consisted primarily of feasibility studies and concep-
tual project documentation. Ultimately, documents from 6 municipalities were
analyzed. The document analysis enabled the identification of key stages of the
decision-making process and an assessment of the scope of analyses applied in
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practice. The combination of interview results and document analysis formed
the basis for the development of a decision-making process model using BPMN
notation, reflecting the actual practices observed in the analyzed local govern-
ment units. At the same time, the proposed model is not a tool that offers accu-
rate, quantified calculations of the alternative cost of land development. In this
case, the model is understood as a simplified representation of reality (Czakon
2021) or a representation of reality and serves to identify ‘components and their
characteristics that are relevant to the analysis’ (Ciszewski, Nowakowski 2017).
The developed model focuses primarily on the chronological order of activities
that should follow one another during an investment planning. BPMN notation -
business process modelling notation — was used to build the model. The key in-
novation of the proprietary BPMN model is the formal integration of alternative
costs as an element that is mandatory for the decision.

The model divides the decision-making process into two main, interdepend-
ent analytical paths: variant analysis (assessment of financial, social and envi-
ronmental costs and benefits) and alternative cost assessment. The model uses
basic elements of BPMN notation, such as Tasks, Events, Pools/Lanes to distin-
guish roles, and Exclusive Gateways. The process includes an ‘alternative cost
valuation’ stage. This valuation concerns the lost value of the best rejected al-
ternative and is based on environmental economics methods (e.g. contingent
valuation — CVM, based on WTP), which allows for a quantitative assessment
of intangible social and environmental costs. The quantified alternative cost, di-
vided into three dimensions, is assessed at the Decision Gateway. In accordance
with the adopted methodology, this gate acts as a qualifying filter, as an accept-
able level of quantified opportunity costs is a prerequisite for moving on to the
project implementation stage. This means that the model forces decision-makers
to formally compare the benefits of the selected option with the loss of value
resulting from rejecting the best alternative. Business process modelling is a typ-
ical software engineering activity in which processes occurring in companies are
represented and visualized in such a way that each process can be analyzed and
improved (Zytniewski, Zadora 2013). Business Process Modelling and Notation,
more commonly referred to in English literature as BPMN, is most often used
for business process modelling. BPMN is a standard used primarily to describe
business processes in a way that is understandable to both professionals and
average users (Rizun 2021). BPMN notation is also defined as a standard that
combines the documentation of business process flows and visual interaction
techniques (Polak 2019). In this case, the use of BPMN notation allowed for the
visualization of a complex decision-making process concerning the development
of post-industrial areas. It allowed for the analysis of alternative costs in this pro-
cess to be considered.

Several limitations of the study should be acknowledged. The first one results
from the voluntary nature of participation, which limited access to investment
documentation and consequently reduced the number of analyzed cases to 6. The
second limitation concerns the diversity of the collected documentation, both
in terms of its type (e.g. feasibility studies, conceptual designs) and the level of
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detail. This affected the comparability of the materials and the identification of
common elements. The third limitation relates to the application of a time cri-
terion (projects not older than five years), which further narrowed the research
sample. At the same time, this criterion was intentional and aimed at capturing
current decision-making practices in local government units.

Findings

Based on the documentation review, the elements appearing in the project docu-

mentation for investments implemented in selected municipalities of the Silesian

Province were identified. The following common elements of the process were

identified:

* Analysis of the socio-economic environment — diagnosis of the investment
environment, which includes, among other things, a detailed description of
the demographics, economy, society, institutional environment in the region
and an analysis of its potential in terms of planned investments. The aim is to
establish the boundary conditions and the macro- and meso-social context of
the project. This diagnosis forms the basis for determining the absorption po-
tential of the region (e.g. availability of labour, infrastructure) and identifying
existing risks and opportunities related to the environment. This is a key step
before defining the effectiveness criteria.

* Analysis of demand and investment needs — a study to identify the target
stakeholder group and current demand for investment to verify the needs of
the local community. This study is essential to ensure the usefulness of the
project. It includes market segmentation and analysis of the gap between cur-
rent development and the actual needs of residents and potential investors.
Verification of community needs is closely linked to the concept of public
good and influences the assessment of the social benefits of the project.

* Social participation is understood not only as a form of consultation with resi-
dents, but as a series of activities undertaken by local government units in the
process of adopting spatial planning documents. It is a two-way process aimed
at increasing the legitimacy and social acceptance of decisions (social licence
to operate), including both information techniques and consultation and deci-
sion-making methods that allow the preferences of various stakeholders to be
incorporated into the decision-making matrix. It should also be noted that, de-
spite the formal inclusion of social participation in decision-making processes,
the role of local communities may in practice remain limited. This creates a
risk of government paternalism, where decisions are taken primarily from the
perspective of public authorities, without fully incorporating the preferenc-
es and perceptions of residents. Given that the consequences of investment
decisions, including non-financial opportunity costs, are borne by the local
community, insufficient involvement of residents may lead to suboptimal al-
location of resources and reduced social acceptance of implemented projects.
Full participation is therefore key to reducing social opportunity costs.
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* Financial efficiency analysis — focuses on the perspective of the entity im-
plementing the project (municipality or investor) and assesses the project’s
ability to generate profits or cover costs. It includes standard indicators such
as net present value (NPV), internal rate of return (IRR) and payback period
(PP), and its purpose is to assess the financial profitability and liquidity of the
development option.

* Economic analysis (considering social costs and benefits) — this is a broader
analysis conducted from the perspective of society (the state or region). It
uses shadow prices instead of market prices to take externalities into account.
Taking social costs and benefits into account (e.g. impact on employment,
health, accessibility of public services) is fundamental to meeting the criterion
of allocative efficiency (Hicks-Kaldor criterion) in public projects.

* Environmental impact assessment (considering environmental costs and ben-
efits). This is a mandatory part of the process in the context of sustainable
development. In addition to traditional environmental impact assessment
(e.g. emissions, resource consumption), it requires the quantification of en-
vironmental costs and benefits (e.g. value of ecosystem services, remediation
costs), often using environmental valuation methods. This is a direct prepara-
tion for estimating the environmental opportunity cost.

* Analysis of alternative options — this is a systematic comparison of possible
land use scenarios that differ in function (e.g. industrial park, residential area,
green zone). Identifying alternative options is a prerequisite for multi-criteria
modelling and, most importantly, enables the identification of the best unse-
lected option, the value of which forms the basis for calculating the alternative
cost. It should be noted that the scope and type of analyses carried out in
the decision-making process may vary depending on the characteristics of the
investment and the specific conditions of the area concerned. In particular,
factors such as the level of environmental degradation, the intended function
of the site, and the scale of the project influence the selection and depth of
the applied analyses. The proposed model should therefore be understood as
a general framework indicating key analytical components, rather than a rigid
procedure applicable uniformly to all cases.

The model was developed presenting the decision-making process for land
development, considering alternative costs. It is not purely conceptual but is
grounded in empirical research. Its individual components reflect recurring pat-
terns identified in both in-depth interviews and the analysis of investment docu-
mentation. In particular, the stages of the decision-making process and the types
of analyses included in the model correspond to actual practices observed in the
analyzed municipalities (Table 1).

The first stage in the decision-making process for land development is to
identify vacant land and decide about its development. An important element
is to conduct a socio-economic analysis and an analysis of demand and invest-
ment needs. As a result of these analyses, it is usually possible to choose several
equally relevant and feasible scenarios for the development of vacant land. When
considering the effectiveness of land development from the perspective of local
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Table 1. Empirical basis of the decision-making process model

Element of the decision-making process Empirical basis
Socio-economic analysis Present in the majority of analysed documents
Analysis of investment needs Identified in both documents and interviews as

a recurring element of the process
Analysis of alternative options (financial, social ~Rarely observed in practice; present in the

and environmental costs and benefits) literature and introduced in the model as a
recommended element (identified gap)

Social participation Indicated in selected interviews as part of the
decision-making process

Opportunity cost analysis Not observed in practice; introduced in the
model as a key component (identified gap)

Identification and implementation of Not observed in practice; proposed in the model

compensation mechanisms as an extension of opportunity cost analysis
(identified gap)

Source: own elaboration.

government units, it is important to conduct an in-depth analysis of the costs and
benefits incurred by both the municipal authorities and its residents.

To make the most optimal choice, each of these scenarios should first be ana-
lyzed in terms of costs and benefits, both financial and non-financial (social and
environmental). The results obtained will serve as a basis for comparing all pos-
sible options and selecting the one that appears to be the most advantageous in
terms of economic efficiency. The model adopts a qualification criterion for the
project, which is represented by the first decision gate in the diagram and accord-
ing to which a variant could be selected if it showed at least two positive analyses
out of the three performed (financial, social and environmental analysis). This
assumption limits the possibility of selecting a project that risks generating more
costs than benefits at later stages. After the project has been positively verified
by a cost-benefit analysis, the selected option is subjected to an alternative cost
assessment. This is performed through a comparative analysis with the other
possible options that were not selected and which, at this stage, represent the
‘next best possibilities’. The alternative costs will therefore be assessed for each
of the non-selected options in terms of: financial (e.g. using elements of Cost
Benefit Analysis — financial analysis), social (e.g. based on the contingent valua-
tion method) and environmental (e.g. using the opportunity cost of conservation
method).

After the valuation, a second key verification takes place in the model, repre-
sented by a decision gate that checks the acceptable level of opportunity costs.
This gate acts as a formal filter in the process, as its condition for passage is an
acceptable level of opportunity cost. This level means that the investor is willing
to accept the compensation associated with the planned project and is willing to
pay it. The selected option is then subject to pub lic consultation, during which
the planned investment is widely discussed, also in the context of measures that
could compensate for the losses that may be incurred by the environment. This
process is supervised by a third decision gate, which requires consensus to be
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reached to proceed to the project acceptance stage. A situation where the local
community categorically refuses to consent to such measures should prompt a
reassessment of alternative costs to verify whether there is a variant with com-
pensation that is more acceptable to residents. The procedure is repeated until a
consensus is reached. Then, when the project is handed over for implementation,
followed by the preparation of documentation and its commencement, the pro-
cess of paying compensation should be started simultaneously. At this stage, it is
crucial to identify the stakeholder groups that should receive compensation and
to define the forms of compensation.

According to the assumptions of the presented model, the project will be fully
economically effective if, at the time of its commencement, its alternative cost is
zero. However, this situation is impossible to achieve, as there is an alternative
for every choice. Considering the possibility of compensation payments for de-
termining and valuing the alternative cost significantly completes the picture of
the planned investments, thus providing an opportunity to make decisions in the
light of striving for economically optimal choices. The presented model shows a
model of actions in the decision-making process regarding land development in
a new light — not as a condition for obtaining external funding and a necessity
to be presented in the project documentation, but as a tool enabling the most
optimal and economically effective decision to be made. The proposed approach,
which involves conducting a cost-benefit analysis for all the options under con-
sideration and evaluating the alternative costs of the selected option in relation
to the others, is something of a novelty. Currently, cost-benefit analysis is only
carried out for the option that will ultimately be implemented. According to the
interviews conducted, it is usually carried out due to formal requirements when
attempting to obtain external funding for a project.

Discussion

The local government units avoid conducting more complex analyses, limiting
themselves to the minimum necessary, which is a conceptual design. Any addi-
tional analyses are carried out only if they are a prerequisite for the implemen-
tation of an investment or obtaining external financing. An important reason for
this may be a lack of knowledge about how to carry out such analyses or a lack of
awareness of their importance and benefits. An analysis of the documents shows
that comprehensive analyses are carried out relatively rarely, almost exclusively
in the case of large projects where they are a prerequisite. This situation leads to
decisions being made based on fragmentary knowledge, which in the long term
increases the risk of allocational inefficiency and contributes to high, unidenti-
fied external costs. Based on the analysis of the documents, it was found that
all municipalities had analyzed the socio-economic environment, and almost all
had taken into account public participation and analyzed investment demand
and needs. Half of the respondents conducted a financial efficiency analysis, and
only two municipalities enriched their documentation with analyses considering
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social and environmental costs and benefits. This lack of analysis in non-market
costs and benefits (social and environmental) is consistent with the classic prob-
lem of not considering external economic effects (Ligus 2010). It is crucial that
only one municipality considered other scenarios alternative to the investment
in its project. The practical lack of analysis of alternative options means that lo-
cal government units are de facto unable to estimate or manage the opportunity
cost, i.e. the value they are giving up in favor of the selected investment. With-
out a formal analysis of alternatives, these choices may be suboptimal, even if
the selected projects are financially profitable. The above conclusions prove that
the innovative approach proposed in this paper is not only theoretically justi-
fied (through the concept of opportunity cost) but is also urgently required by
spatial planning practice in Poland. The BPMN model formalizes and enforces
two missing elements: systematic analysis of all possible scenarios (alternative
options) and integration of a decision gate based on verification of an acceptable
level of opportunity cost, which translates economic theory into a decision-mak-
ing procedure. As a result, the decision-making process moves from the level of
minimum compliance with formal requirements to the level of striving for full
economic efficiency in social and environmental terms.

Conclusions

The aim of this study was to design and justify a model for the decision-making
process in land development that formally considers opportunity cost. The liter-
ature review confirmed that the traditional approach to analyzing the economic
efficiency of investment projects, especially in the public sector, often suffers
from a lack of systematic quantification of non-market values and neglects lost
value (Mitchell, Carson 1989, Boardman et al. 2001). Empirical research con-
ducted among local government units in the Silesian Province clearly showed
that practice rarely goes beyond the formal minimum, focusing on the analyses
required to obtain financing, with minimal consideration of social and environ-
mental costs and benefits. A crucial empirical gap was found to be the fact that
only one of the municipalities surveyed considered other, alternative investment
scenarios. The findings indicate that current decision-making processes do not
systematically incorporate the estimation and management of opportunity costs.
In response to this gap, the proprietary model developed, visualized using BPMN
notation, brings key elements to the decision-making process. The basic one is
the formalization of the opportunity cost as a decision-making criterion, which
integrates it not as a theoretical postulate, but as an obligatory decision gate
(Exclusive Gateway), conditioning the transition of the project to implemen-
tation and requiring the quantification of the lost value of the best alternative
(social, financial and environmental) using environmental economics methods
(e.g. CVM). The model also introduces multidimensional verification, including
qualification based on cost-benefit analysis (2/3 positive analyses), qualification
based on an acceptable level of alternative cost, and qualification based on social
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consensus (social participation). As a result, the model shifts the focus from
striving for financial profitability to striving for full economic efficiency, under-
stood as minimizing losses (opportunity costs) to society and the environment.
The model assumes that a project is fully effective when compensation for the
accepted opportunity cost is included in the implementation cost. The proposed
model provides valuable methodological guidance for local government units,
offering them a more transparent and holistic tool for making decisions on land
allocation. The conclusions should be interpreted in the context of the qualitative
and exploratory nature of the study. Further research should focus on validating
the model through a detailed case study in which the model is applied to a real
project, and on simplifying the valuation tools to facilitate preliminary, rapid es-
timation of opportunity costs and economic efficiency by decision-makers.
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Modelowanie procesu decyzyjnego zagospodarowania terenéw
z uwzglednieniem kosztéw alternatywnych

Zarys tresci: Celem artykutu jest zaproponowanie modelowego podejécia w procesie decyzyjnym
dotyczacym zagospodarowania terenéw, ktére formalnie uwzglednia koszty alternatywne. W badaniu
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wykorzystano analize dokumentéw i notacje BPMN do opracowania innowacyjnego modelu, bazujac
na do$wiadczeniach gmin wojewddztwa $laskiego. Okreslono kluczowe etapy, w tym analize efek-
tywnosci finansowej, ekonomicznej (koszty/korzysci spoteczne) oraz srodowiskowej (koszty/korzysci
ekologiczne), a takze systematyczna analize opcji alternatywnych. Model wprowadza bramke decyzyj-
ng opartg na akceptowalnym poziomie skwantyfikowanych kosztéw alternatywnych. Badanie dostar-
cza decydentom praktycznego frameworku dla bardziej optymalnego i zréwnowazonego planowania
przestrzennego.

Stowa kluczowe: koszty alternatywne, zarzadzanie gruntami, modelowanie podejmowania decyzji,
koszty spoleczne, koszty srodowiskowe
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