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Abstract: Planning delay time is a ubiquitous but under-researched land use regulation method.
The aim of this study is to link planning delay time with the loss of urban locally provided ecosystem
services (ULPES) caused by land development. Our main hypothesis is that the planning delay is
an informal tool that ensures social welfare in a given urban area increases even if land is developed
and the ULPES associated with the undeveloped land are lost. Whereas the developer’s objective is
to maximize his profits, the planner’s target is to achieve the greatest social welfare, as calculated by
considering public interest based on the value of open space and the developer’s expected profits.
Our results show that, when the ULPES provided by an undeveloped parcel are sufficiently high,
planning delay times can be used to prevent the execution of low quality initiatives and to only
permit projects that improve general welfare and justify the potential ULPES loss. Planning delay
times are interpreted as the expression of continuous negotiation between the interests of the public
and those of real-estate developers, regarding the value of ULPES. The implication of the study is
that ULPES values are introduced using a simple game-theoretic model allowing interaction between
developers and planning authorities. The main significance is an alternative explanation for planning
delay times as a consequence of ongoing negotiations between developers and urban planners that
represent the general public in the city.

Keywords: planning delay; urban planning; ecosystem services; regulation; game theory;
separating equilibrium

1. Introduction

Urban growth is the source of one of the most extensive and permanent land use changes
worldwide [1]. Covering the natural land with impervious construction material, urban growth
intensifies the transformation of green spaces near and within cities [2]. However, green and open
land within urban areas provide several environmental services to urban dwellers [3]. One particularly
elusive aspect of urban environmental impact is the issue of ecosystem services [4]. Ecosystem services
are bundles of benefits that people obtain from natural ecosystems, even those located within urban
areas [5]. However, the source of the ecosystem services available to urbanites is mainly green and
open areas located within or around the city [4], which are usually under constant threat from ongoing
development [6]. To make things worse, the ecosystem services provided by green urban areas are
hard to measure [7], making it difficult to assess the negative external costs involved in the eventual
replacement of these green areas by built structures.

Negative externalities usually justify planning intervention in urban land markets, aiming at,
among other objectives, reducing the gap between the social and the private costs of land market
outcomes [8]. Planning interventions in urban land markets should be designed with clear spatial
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objectives. Zoning regulations, adequate infrastructure provision, floor/area ratios and construction
codes are examples of feasible and quantifiable urban planning tools [9]. However, there is also
an additional type of urban planning instrument that is more subtle and not explicitly defined.
In a planned city, any real-estate development project is submitted to the planning authorities in
order to be approved. This approval process, usually called a “planning delay” [10], can be time
consuming; its duration and outcomes are hardly predictable. The planning delay substantially impacts
the developers’ decision-making, and likewise affects the resulting spatial pattern of the urban area [11].
However, despite the potential importance of the planning delay as a regulatory tool, its origins, causes
and determinants are barely discussed in the literature [10]. The few available studies on planning
delays focuses on their consequences, either on urban dwelling markets ([10,12,13] or on urban spatial
development ([11,14,15]). However, studies regarding the possible reasons behind the implementation
of planning delays by regulatory bodies are not available. This paper aims to fill this gap by linking
planning delay practice with uncertainties related to urban ecosystem services valuation.

Our main hypothesis is that the planning delay is an informal tool that ensures social welfare in
an urban area increase even if green land is developed. Since any planning delay results in financial
losses to the real-estate developer, the willingness to wait in order to fulfil the project sends a strong
signal to the planning authority: its meaning is that the social welfare achieved through the project
will be larger than the loss of social welfare caused by the disappeared green area and its associated
ecosystem services. In practical terms, when urban green patches are developed, the planning delay
expected for the project is proportional to the loss of ecological services formerly provided by these
patches. Using a game-theoretic approach, we model the interaction between the planning authority and
real-estate developers willing to develop an urban green parcel. We take into account standard variables
such as land price and willingness to pay for the real-estate project. In addition, we also introduce
planning delay costs, and the value of the ecosystem services provided by the undeveloped parcel.
Later, we expand the model to consider the case of a large green area suitable for urban development
within a city, assuming that the ecosystem services provided by the green area are size-dependent.

The paper is structured as follows: the background of the model and its related concepts are
described in Section 2. Section 3 defines the game between the planner and developers at the level of
a single undeveloped parcel, and Section 4 expands the scope to a larger urban green area. Section 5
concludes with a short discussion about the model and its implications.

2. Background and Conceptual Model

Land markets, particularly in urban areas, suffer myriad problems engendered by market
failures [16]. Some of these market failures stem from specific characteristics of land as a product:
for example, land supply, especially in urban areas, is limited. In addition, every parcel of land is fixed
in a specific location and is strongly influenced by the uses and attributes of nearby parcels, as well
as the public investments made in its surrounding areas. These characteristics hinder land market
competitiveness and impose externalities that are sometimes difficult to quantify [16,17]. In the context
of population growth and increasing urbanization, land market failures take specific forms that may
lead to unintended urban outcomes [18]. There are several types of land market failures, related to
issues such as urban infrastructure or the social cost of the transportation network, but one of the most
widespread externalities is difficulties associated with the social value of open spaces [19].

A significant component of these social values is what is now known as ecosystem services [20,21].
The concept denominates the benefits that people obtain from natural ecosystems. Ecosystem services
can be catalogued according to their broad characteristics, commonly defined as provisioning,
regulating, supporting and cultural services [5]. Although there is a wide range of ecosystem services,
spanning from planetary regulation processes to local provision of food and fiber [5], not all of them
are relevant on an urban scale. An attempt to characterize the ecosystem services that influence the
daily life of urbanites and are generated within or adjacent to urban areas has led to the definition
of “urban locally provided ecosystem services” (ULPES), which include a restricted and relevant
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set of services [22]. In an urban environment, ULPES are delivered mainly by open spaces, parks,
vegetated areas and surrounding agricultural or natural areas, conceived collectively as a green urban
infrastructure [23,24]. Examples of these ULPES are physical and mental wellbeing [25], regulation of
micro-climate [26], pollution abatement [27], and air purification and noise reduction [28], among others.
These ULPES are highly valuable for urban dwellers, as willingness to pay high prices to live near
them attests [29–31]. However, despite widespread consensus on the importance of ULPES and recent
efforts to quantify their benefit [32–34], there is no agreed method for ULPES valuation. In other words,
one of the most important economic externalities of the land market cannot be valuated, since a method
to accurately define the ULPES provided by a parcel of land, and their values, is not available.

Due to their potential impact and omnipresence, land market failures justify intervention by
governmental regulation [35] and are usually wielded as a central argument in favor of urban
planning [36,37]. In effect, implementing land-use regulations and policies to tackle these market
failures are the “bread and butter” of urban planning agencies all over the world [17,35,38–40]. Relevant
regulations include a wide spectrum of local policymaking, ranging from zoning and density codes to
public facility requirements and service capacity restrictions [41,42]. The common denominator of all
these instruments is that they are well-defined and refer to measurable dimensions: what is allowed in
a certain location may not be allowed in others; projects are required to comply with certain minimal or
maximal thresholds regarding their size, volume or number of users; urban infrastructure is designed
to serve a pre-defined number of beneficiaries.

Planning delays are a more subtle, but certainly effective, tool with which to impact planning
decisions. The planning delay time is defined as the period that elapses between the acquisition of
property rights by a developer and the submission of a project to the planning authority, and also
between the project’s approval and the realization of returns [10]. Real-estate developers know that
the effect of the planning delay time on a project’s profit may be sizeable compared with obvious and
predictable differences in construction costs or land values among different locations [11]. Empirical
studies of planning delay times have found that typical waiting times are much longer than reported
by official data [12] or by statutory requirements [10]. This explains the significant impact of planning
delay times on developers’ behavior, consequently reducing the willingness and speed with which
housing projects are executed, and therefore hindering responsiveness to the demand for housing
supply [10,12]. Planning delay time is also perceived by real-estate developers as a regulatory risk that
may distort the housing supply in unexpected ways [13,43]. Moreover, according to several theoretical
models, the planning delay variation over space is a plausible cause of unplanned typologies of
spatial development, such as leapfrogging development [11,14] and peripheral urban sub-centers [15].
Surprisingly, despite the importance of the planning delay times as a regulatory tool and their influence
on urban spatial configuration, their determinants and the possible causes of their implementation are
barely discussed in the literature.

The institutional economics approach suggests that institutional settings are constraints imposed
on rational actors, setting clear limits on their available choices [44]. However, these constraints are not
fixed in time. In this view, the institutions governing urban development and the spatial structure of the
city co-evolve over time in a path-dependent pattern [45]. According to this approach, the relationships
between land use regulations and the urban land market are fluid and negotiated. In this context,
planning delay times are the informal instrument that manages the negotiation between planning
agencies and real-estate developers [46]. However, well-defined and measurable planning regulations
do not require such a subtle and fluid process. Even if well-defined regulations evolve, their impact
on a project should be quickly assessed and adaptive measures readily applied. In that case, what is
the reason for planning delay times? We hypothesize that, in projects where green land development
is involved, planning delay times are the instrument implemented by urban planning agencies in
order to assure that the loss of ULPES is outweighed by the increasing social welfare provided by
the real-estate project. Planning delay times cause direct financial losses to the real-estate developer.
Therefore, the determination to complete the real-estate project, regardless of the (perhaps lengthy)
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waiting time, is a strong signal to the planning authority. If the developer expects the profit to be
worth the planning delay time, such perseverance indicates that, from the perspective of social welfare,
the project’s benefits are greater than its costs, including the loss of ULPES. In the next section we
describe the game-theoretic setting that implements these ideas.

3. Materials and Methods

Unlike previous game-theoretic analysis of land-use planning [47–49], the focus of this paper is
solely on the planning delay time. It assumes that there are no land use regulations or spatial policies
implemented, excepting the planning delay time that will be related exclusively to the loss of ULPES.
The framework of the game settings is an application of market signaling games [50], which were
pioneered in job market models [51]. In this type of non-cooperative game, the participants have
asymmetric information: the agent is a player able to make decisions on behalf or affecting other
players, called the principals [52]. In our implementation the agent is the planning authority, and the
principal is a real-estate developer.

3.1. The Case of a Single Green Parcel

Consider a city where the planning authority (the agent) has the prerogative to approve
development initiatives in any location within the municipal administrative boundary. In such
a city there is an undeveloped (green) urban parcel. Real-estate developers (the principals) are active
in the city, seeking to maximize their own private profits. Some of the developers are aware of the
parcel’s availability, and they propose their most profitable projects for the parcel given their current
(and imperfect) knowledge of the parcel’s geography and potential. The revenue of the project proposed
by developer i is defined by the difference between the willingness to pay of the potential buyers
(WTPi), the investment required in order to develop the project (Ii) and the cost of the property rights
to the parcel (c). It is assumed that the WTPi and the Ii are accurately estimated by each developer i
in advance, while c is defined in the urban land market, and neither the developer nor the planning
authority have any influence on it. If the developer were able to build the proposed project overnight,
the target function would be

WTPi − Ii − c (1)

However, developers cannot build overnight: they need to submit their projects to the planning
authorities in order to be approved and are therefore subject to an unknown planning delay time, t.
This implies that, if a developer is willing to execute his project under these conditions, the property
rights can be purchased today but the project will be performed after time t. For simplicity, it is assumed
that investments and revenues are paid and received, respectively, instantaneously (“overnight”) once
time t expires.

Therefore, assuming that the interest rate (r) is fixed over time, the future value of the project is
given by the following expression:

FVi =
WTPi − Ii

(1 + r)t − c > 0 (2)

On the other hand, the planner’s target is to ensure that the social value of the parcel does not
decrease after the project development. We assume that the planner has an accurate estimation of the
ULPES value (ESVal) provided by the undeveloped parcel. Therefore, the planner’s goal is to guarantee
the following expression:

WTPi − Ii

(1 + r)t − c ≥ ESVal (3)

If (3) does not hold, it is preferable to maintain the parcel undeveloped and wait for a better proposal,
since the social value of the undeveloped parcel is greater than the developed one. But information is
asymmetric: the developer doesn’t know ESVal, and, because it is considered an externality, it is not
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included in his considerations. The planner, on the other hand, ignores both the willingness to pay for
the developed parcel (WTPi) and the investment required for the project (Ii).

Therefore, the project revenue of developer i is an unknown variable from his viewpoint. The only
variable known to both developers and planners is the purchasing cost of the property rights over
the parcel (c). The planner should define a policy for the given parcel based only on his actual data:
ESVal and c.

In a free market with perfect competition and complete information, the parcel property rights
purchase cost should reflect, at least, the parcel’s undeveloped value, which means that ideally
c ≥ ESVal. If this is the case, the planner does not have any reason to intervene, since the market has
regulated prices already: any real-estate developer willing to take control of the parcel will be sure that
WTPi − Ii > c ≥ ESVal, in order to profit. This is exactly the same condition required by the planner,
and therefore the project can be built in time t = 0, and all players are better off.

A market failure that justifies the planner’s intervention arises when c ≤ ESVal. In this situation,
planning delay time can be utilized. Using administrative procedures or by simply delaying the
proceedings, the authority can maintain the land-use status-quo for a long time. The developer can
then demonstrate his confidence in the project’s profitability by persevering, regardless of the imposed
planning delay time. Since the interest rates in the market (r) are assumed to be fixed over time,
the planner can calculate the waiting time required in order to match the ULPES value and the parcel’s
market value:

c =
ESVal

(1 + r)t (4)

Solving for the time variable (t):

t = ln
(ESVal

c

)
/ln(1 + r) (5)

Waiting time, as defined in (5), solves the market failure caused by parcel sub-pricing and fits the
planner’s requirements.

The game is defined formally as follows:
Players: The planner is the agent (P), and there are two principals: a high-quality developer (DH)

and a low-quality developer (DL).
Information: Asymmetric c is known by all players in advance. P knows only ESVal. DH knows

his own WTPH − IH values, and the same holds for DL regarding WTPL − IL. P’s setting of the waiting
time t is unobserved by DH and DL. Therefore, the information is incomplete.

Actions: The agent P moves first setting t according to the following rules: if ESVal ≤ c then t = 0.
Otherwise (if ESVal > c) set t = ln

(ESVal
c

)
/ln(1 + r) . The principals make the second move by rejecting

the conditions (refraining from developing the parcel) or accepting them and developing the parcel.

3.2. The Case of a Large Green Area

Urban green areas—including gardens, parks, recreation sites, and remnants of forests—are
often quite extensive [53], going well beyond a single parcel in size. Following the framework of the
theoretical game developed in the previous section, we can ask what the effect will be of developing
a single green parcel in a larger green area on the provision of ULPES by the entire area. If the provision
of ULPES is proportional to the size of the green area, the decrease in ULPES because of a single parcel’s
development is relatively simple to calculate. However, abundant evidence exists of a non-linear
relation between the size of green areas and the ecosystem services they provide. Larger green areas
support higher biodiversity levels [54,55], better pollination services [56] and extensive regulating
services [57]. In urban areas, larger green spaces are more attractive as recreational sites [58], provide
more temperature regulating services [59], and are highly valued as amenities, as evidenced by
empirical assessments of the residential market [60,61]. Several studies suggest that the functional
relationship between areal reduction and decreasing ecosystem services take the form a logistic decay
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curve [62,63], and this type of relationship has also been used for spatially explicit models of green
areas and ecosystem services [64].

Therefore, we model the value of the ULPES provided by a green area comprising N parcels using
the following function:

ESVal(n) =
ESN

1 + A · B(N−n)
(6)

where ESN is the maximal value of the ULPES provided by all the undeveloped N parcels, and n is the
number of developed parcels (the parcels that no longer provide ULPES). A and B are parameters that
control the decreasing rate of the function (A > 0, 0 < B < 1). When all N parcels are green, n = 0 and
ESVal(0) ≈ ESN. As the number of developed parcels (n) grows, ESVal(n) decreases following a logistic
decay function.

When a real-estate developer requests permission to develop a single undeveloped parcel,
the planner implements a planning delay time as defined in (5). The only difference here is that, in this
case, the ULPES value is a function of n—the number of currently developed parcels—and therefore t
likewise depends on it:

t(n) = ln
(

ESVal(n)
c

)
/ln(1 + r) (7)

Since ESVal(n) is a decreasing function, t(n) also decreases. To make things worse
(from the perspective of ULPES values), as the number of parcels developed increases, the purchasing
cost of a single parcel (c) is expected to increase too, pushing t(n) further downwards.

4. Results

4.1. The Case of a Single Green Parcel

Table 1 shows the payoffs of the players.

Table 1. Representing the payoffs of the planner, the high-quality developer and the low-quality
developer, respectively.

πH πL πP

If DH develops the parcel πH = WTPH−IH

(1+r)t − c πL = 0 πP = WTPH−IH

(1+r)t − c− ESVal

If DL develops the parcel πH = 0 πL = WTPL−IL

(1+r)t − c πP = WTPL−IL

(1+r)t − c− ESVal

If the parcel is not developed πH = 0 πL = 0 πP = ESVal

Pursuant to the game settings, the following proposition can be demonstrated: assuming that
interest rate (r) is fixed over time, and the following relation holds:

(WTPH − IH) > ESVal > (WTPL − IL) (8)

Here, the waiting time (t) represents a single crossing property for the developer’s project type
(the proof of the proposition is included in Appendix A). This means that if the planner defines the
planning waiting time according to (5), this prompts the high quality developer DH to develop the
parcel, increasing its social value despite the loss of the ULPES it formerly provided. The low-quality
developer DL will refrain from developing the parcel since doing so would incur net losses. In other
words, the planner (the agent) manages to impose a condition on the developers (the principals) that
ensures only real-estate projects that increase the parcel’s social welfare will be developed. Otherwise,
the parcel remains undeveloped and continues to provide ULPES (other possible results of the game,
as for example the case if (6) does not hold, are analysed in Appendix A). The game-theoretical model
described in this section interprets the planning delay time as a conscious land market regulation
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instrument implemented by urban planners in order to assure that, even if ULPES provided by green
areas are lost, at least their value is outweighed by the social value of the developed project.

4.2. The Case of a Large Green Area

The following is a numerical simulation of the dynamics described by Equations (6) and (7),
according to the imaginary scenario defined in Table 2 (the full simulation is included in the
Supplementary Materials). For simplicity, we do not model two competing developers (as our focus is
no longer on the outcomes for a single parcel but on the dynamics of the whole green area as additional
parcels are developed over time). The game defined in the previous section, with all its associated
details, is played when a new green parcel becomes a candidate for development. In this simulation,
we show the outcomes of the game for a high-quality developer that manages to upgrade the parcels,
increasing their social value even if the ULPES values disappear (see Figure 1 below).

Table 2. Imaginary simulation scenario of a large green area.

Parameter Value Meaning

N 200 The initial number of green parcels in the green area
ESN 50,000 The maximal ULPES value provided by the green area

A 1000 Parameter of the ULPES value logistical decay function
B 0.92 Parameter of the ULPES value logistical decay function
r 0.05 The rate of interest, assumed to be fixed
I 30,000 The building costs incurred by the developer

WTP 100,000 The initial willingness to pay for the real-estate project developed on a single
parcel. Each new parcel converted increases its value by 200

c 10,000 The initial purchasing price of a single parcel. Each new parcel converted
increases its cost by 100
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Figure 1. Simulation scenario of a large green area according to Table 2. The planning delay time is
presented as a function of the number of developed parcels (left). The urban locally provided ecosystem
services (ULPES) value provided by the whole area and the developer’s profit by developing a single
parcel are presented as a function of the number of developed parcels (right).

Initially, the ULPES value provided by the whole undeveloped green area is almost maximal,
while the purchasing price of a parcel is minimal. Therefore, the planning delay time is extremely long.
Only an extremely stubborn developer will be willing to wait such a long planning delay time. It is
precisely this characteristic that is the main factor keeping the green area from development and in its
current state, probably for a long time. However, once a real-estate developer succeeds in developing
the first parcel, it triggers a snowball effect: suddenly the green area does not appear immune to
development. The land purchasing price of each remaining green parcel increases slightly, as does the
willingness to pay of the developer’s potential clients. Since purchase prices are a bit higher, and the
ULPES value of the whole area decreases slightly, the planner’s delay time is shortened. Every parcel
of green land successfully developed accelerates the process, shortening the planning delay time for



Sustainability 2020, 12, 5940 8 of 14

each subsequent parcel. Once the system approaches the more pronounced decreasing gradients of
the ULPES value function (when n is approximately 90 in the simulation), large planning delay times
are no longer justified, and soon the planner’s intervention itself is not justified. In the simulation,
this happens when n = 121. In all the remaining parcels, the developer can build his real-estate project
overnight, and the ULPES values formerly provided by the area vanish. In order to test the robustness
of the results with regards to changes in the parameters, we perform a sensitivity analysis of the of the
planning delay time, the monetary values of the ULPES and the developer’s profit as a function of
the initial number of undeveloped parcels. We use successive values of 200 (the baseline, as shown
in Figure 1), 150 and 100 for the parameter N (the initial number of green parcels), assuming that
ES200 = 50, 000 and that ES150 and ES100 behave according to Equation (6). The results are included
in Figure 2.
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Figure 2. Simulation scenario of a large green area according to Table 2 with different starting points:
N = 200, N = 150 and N = 100. The planning delay time is presented as a function of the number
of developed parcels (left). As in Figure 1, the ULPES value provided by the whole area and the
developer’s profit from developing a single parcel is presented as a function of the number of developed
parcels (right).

A smaller undeveloped area, composed by less parcels, results in lower initial ULPES values and
higher initial developer’s profits (Figure 2 Right). This is a consequence of the lower initial delay
planning times, and results in a steeper decline of the delay functions when the number of developed
parcels grows (black, gray and light-gray lines in Figure 2 Left). The processes depicted in Figure 2
have the same dynamics of the baseline in Figure 1, influenced by different initial conditions.

5. Discussion

Some assumptions in this study have been introduced for simplicity, but no significant difficulties
arise if these are relaxed. For example, the assumption that the developer builds the project overnight
once permission is received, and the revenues are collected instantaneously. Although in a realistic
setup this is impossible, an additional building and marketing delay will not quantitively change
the model’s results. This addition implies that a certain period of time is added to the exponent t
in Equation (2). However, this additional time is different from the point of view of the developer.
The planning delay time is imposed exogenously and is out of the developer’s control. In comparison,
any additional building or marketing delay depends on the developer’s abilities and business skills.

A more serious limitation of the study is the assumption, also introduced for simplicity,
that the planner has an accurate estimation of the ULPES values provided by the undeveloped
parcel. This is clearly not true, since the best a planner can hope is to have an approximate guess.
This situation implies two different risks: undervaluation or overvaluation of the ULPES values.
If these are undervalued, a low-quality project can be approved even if it causes a loss of social welfare.
On the contrary, if the ULPES value are overvalued, high-quality projects can be rejected even if
they are worthy of development. In order to deal with both cases, a more complicated game setting
is required. For example, an iterative game in which both players are allowed to learn from past
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experiences and update their current strategies. This type of evolutionary games can be a follow up of
the current simple model.

Externalities are ubiquitous in land markets in general, particularly in urban areas [9,16].
One of the reasons urban planning exists is to deal with these externalities, and many very common and
widely applied regulative instruments are specifically designed towards this objective. Urban planning
regulations should, therefore, be feasible and quantifiable [9]. Whether justified or disputed, the rules of
the game should be clear to all involved in the urban land market. However, planning delay times do not
follow this mold. On one hand, the planning delay is a well know factor [12] that influences real-estate
developers’ decisions [10,11]. On the other, since it is not known in advance, it is an informal tool
perceived as a regulatory risk [13]. A possible interpretation of the planning delay times is that they are a
consequence of bureaucratic opaqueness on the part of the planners. If this is the case, more transparent
and precise regulations will result in a delay-free planning process [10]. Our interpretation is different:
in our view, planning delay times are an integral part of the planning process and have an important
function within it. Looking at the planning process as a continuous negotiation between regulators,
society and developers, the role of planning delay times is to (attempt to) ensure that the social
welfare in an urban area is not impaired as a consequence of development, particularly when land use
conversions are involved. This said, why is this additional informal instrument needed in addition
to formal and quantifiable regulations? The answer is found in the uncertainty associated with
the potential loss of locally provided urban ecosystem services (ULPES), which are very difficult to
define and valuate accurately. The informal regulation imposed by planning delay times is in fact an
attempt by the planning agencies, together with the general public, to balance the loss of ULPES with
worthwhile social gains.

The general public was introduced here since it is, at least in democratic societies, an integral
part of the urban planning process [65]. Public involvement, in particular when expressed through
lawsuits and appeals, is considered a significant factor in planning delay [66]. The game setting
described in this paper assumes that the agent is a single entity (“the planner”), but this agent can
also be conceptualized as a coalition of forces (including planning agencies, civil society, social groups,
environmentalist organizations, and others influenced by or interested in the area under development).
In addition, we assumed that “the planner” has an accurate assessment of the ULPES provided either
by a single undeveloped parcel or a large green area. In reality, such assessment is not available,
and only rough estimates may be defined. Moreover, the perception of potential ULPES loss may
be different for different people according to place of residence, personal background and lifestyle.
The simple game described in this paper is unable to take into these details account, but it provides
a reasonable framework for reflection on the phenomenon of planning delay times and their role in the
ongoing negotiation between real-estate developers and society over the value and utilities provided
by urban land.

6. Conclusions

Accurate valuation ecosystem services in general, and locally provided urban ecosystem services
(ULPES) in particular, are a troublesome issue. After more than two decades of intensive research
efforts, the quantification and valuation of different types of ecosystem services are either questioned
in principle [67] or are actively being discussed without an apparent convergence towards an agreed
ground [68,69]. It is not surprising, thus, that a review of the recent scientific literature on the valuation
of ecosystem services in urban areas found that most of the studies are based on diverse types of
non-monetary valuations [70]. However, ecosystem services are real, in the sense that people obtain
tangible benefits from their existence [71,72] and clearly perceive their loss when these are no longer
provided [73]. As such, the urban planning system must take ULPES into account, assigning them
concrete values [71], either explicitly or implicitly. We interpret that planning delay times are an
attempt to implicitly assess the potential loss of ULPES expected when a real-estate project is developed
converting former green land.
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To summarize, the main hypothesis of this paper is that the planning delay is an informal tool
that ensures social welfare in an urban area increases, including cases in which open spaces are
developed. Since locally provided urban ecosystem services (ULPES) are hard to assess, it is difficult
to compare their potential loss with the potential gains of a real-estate project. Planning delay times
are an alternative tool that, by presenting financial losses to the real-estate developer, test whether the
developer is willing to wait the imposed time. If the developer is stubborn enough, this is interpreted
as a strong signal that the social welfare achieved through the project is larger than the loss of social
welfare caused by the elimination of green space and its associated ecosystem services. Although the
model was defined in simple, well-known and clear-cut terms, it offers an alternative explanation for
planning delay times that appear fluid as a consequence of ongoing negotiations between developers,
urban planners and the general public in the city.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/15/5940/s1,
Table S1: SI-Sustainability-PlanningDelayTime-Rev1-LargeGreenAreaSimulation.

Funding: This research was funded by the Israel Science Foundation, Grant Number 319/17.
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Appendix A

Demonstration of the effective screening condition.

Proposition 1. Assume that the interest rate (r) is fixed over time, and the following relation holds:

(WTPH − IH) > ESVal > (WTPL − IL) (A1)

Then, the waiting time (t) represents a single crossing property for the developer’s project type.

Proof: The function (1 + r)t is monotonically increasing ∀t ∈ R. �

Therefore, functions WTPH−IH
(1+r)t and WTPL−IL

(1+r)t decrease monotonically ∀t ∈ R.

Since t was defined as the time necessary to match c = ESVal
(1+r)t , and since (A1) holds, it follows that

WTPH − IH

(1 + r)t >
ESVal

(1 + r)t >
WTPL − IL

(1 + r)t (A2)

In other words,

WTPH−IH
(1+r)t > c > WTPL−IL

(1+r)t ⇒
WTPH−IH
(1+r)t − c > 0 > WTPL−IL

(1+r)t − c (A3)

Therefore, the present value of a project with waiting time t will be profitable for a high-valued
project, whereas for a low-valued project it will not. As a result, the waiting time (t) fulfills the single
crossing property’s requirement and is an effective screening policy for P.

If (A1) does not hold, there are two possible cases:

(WTPH − IH) > (WTPL − IL) > ESVal (A4)

Or
ESVal > (WTPH − IH) > (WTPL − IL) (A5)

http://www.mdpi.com/2071-1050/12/15/5940/s1
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In case (A4), the result is:

WTPH − IH

(1 + r)t − c >
WTPL − IL

(1 + r)t − c > 0 (A6)

Therefore, the present value of a project with waiting time t will be profitable both for a high-valued
project and for a low-valued one. Under these conditions, the waiting time (t) does not fulfill the single
crossing property’s requirement anymore.

In case (A5), the result is:

0 >
WTPH − IH

(1 + r)t − c >
WTPL − IL

(1 + r)t − c (A7)

In other words, the present value of a project with waiting time t will be unprofitable both for
a high-valued project and for a low-valued one. Under these conditions, the waiting time (t) again
does not fulfill the single crossing property’s requirement anymore.

Corollary 1.

1. If (A1) holds and P sets a waiting time t > 0 as defined previously, then the following separating
equilibrium exists: a developer of type DH will develop the parcel, and a developer of type DL

will do nothing. This follows immediately from the proposition that DH will not deviate because
he will lose the opportunity to make a profit, and DL will not deviate either, since developing the
parcel will result in net losses. Additionally, any type of pooling equilibrium is impossible due to
the single crossing property and the fact that t is initially defined by the planner.

2. If (WTPH − IH) > (WTPL − IL) > ESVal, the following pooling equilibrium emerges: both types
of developers will seek to develop the parcel. DH will not deviate because he will lose the
opportunity to make a profit, but the same holds for DL. Any imposed waiting time t will
unnecessarily lower the social utility. Therefore, t = 0.

3. If ESVal > (WTPH − IH) > (WTPL − IL), the following pooling equilibrium emerges: both types
of developers will not be interested in the parcel’s development. Both DH and DL will incur net
losses if they develop the parcel. They will not deviate from the do-nothing action because in so
doing they will incur net losses. The planner will define t depending on ESVal and c relations,
but the outcome will be an undeveloped parcel and a planner payoff πP = ESVal.

Summarizing, it was demonstrated that given (WTPH − IH) > ESVal > (WTPL − IL), if the agent
(in this case P) defines a waiting time such as c = ESVal

(1+r)t , a separating equilibrium arises.
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