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Abstract

Landscape Performance Evaluation (LPE) practices have made significant progress over
the past decade. However, challenges persist in comparing landscape benefits and con-
ducting cost-benefit analyses for decision-making. This paper introduces a “universal
currency” for comparing landscape benefits and weighing them against costs. Employing a
revealed-preference approach, this study quantifies the perceived benefits of public open
spaces in a fast-growing peri-urban town in New Zealand by analysing their impact on
land values. The findings reveal a positive correlation between proximity to public open
spaces and increased land prices, highlighting the potential of economic indicators for
unifying landscape benefit measurements. An analysis of 15-year historical geoinforma-
tion and transaction data further demonstrates the consistency of the contributions, even
during major market disruptions, showing the robustness of the monetary indicator. This
exploration, while offering a pathway toward more effective landscape performance eval-
uation practices, also underscores the critical role of landscape architecture in enhancing
human well-being.

Keywords: landscape performance evaluation; landscape benefit; valuation; universal
currency; intangible benefits; revealed preference

1. Introduction

Over the past half-century, modern landscape architecture, as a young discipline,
has rapidly evolved, with pioneer researchers and practitioners pushing its boundaries
in diverse directions [1-6]. The wide range of benefits that landscape architecture inter-
ventions can offer is increasingly recognised and acknowledged by scholars, practitioners,
authorities, and the general public [7,8]. The recognition and acknowledgement extend to
environmental, economic, and socio-cultural values [8,9].

With the growing number of claims for benefits that can be offered by landscape
architecture interventions, there was also a corresponding rise in the demand for evidence to
substantiate these claims [7,10-12]. Since 2010, there have been collaborative endeavours in
landscape performance evaluations that have contributed significantly to the measurement
of landscape benefits, thereby providing evidence for future landscape architecture practice.
Of particular importance is the Landscape Architecture Foundation (LAF)’s Case Study
Investigation (CSI) programme, a collaborative endeavour which is building incremental
knowledge on landscape performance [13-15]. Over the past decade, the CSI programme
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has funded more than 190 Landscape Performance Evaluation (LPE) projects, built up
perhaps the most extensive landscape performance database, and iteratively developed an
evaluation framework that has guided hundreds of LPE projects and continues to influence
ongoing performance evaluation endeavours in the field as flagship guidelines [9,13].
Landscape Performance Evaluation (LPE) refers to the systematic assessment of the benefits
generated by designed environments, which can include environmental, social, cultural, and
economic benefits [8,13,16]. LPEs are often conducted to examine how effectively landscape
interventions achieve intended outcomes and contribute to human wellbeing [8,16].

Apart from the CSI initiative, similar efforts have also emerged internationally in
different forms. For example, performance-focused approaches have been integrated
into landscape planning and assessment frameworks in Europe [17,18], China [13], and
Australia [19] through ecosystem services and planning assessment initiatives, etc. In New
Zealand, while there is no dedicated LPE framework or programme, such practices are
also conducted sporadically [16,20,21]. These international developments also demonstrate
a global shift toward evidence-based landscape evaluation and practice. However, the
current LPE practices still face some methodological challenges that limit their effectiveness
for evidence-based decision-making and planning.

Drawing upon a 2021 CSI evaluation conducted by Bowring and Chen [22], Chen,
Bowring and Davis [12] shared their reflections on adopting the LAF’s flagship evaluation
framework for their CSI evaluation, as well as their observations related to the methods and
results of some past CSI evaluations they studied during their CSI research process. Their
study identified two key challenges hindering LPE practices from achieving their full poten-
tial and meeting their purposes of providing evidence for future landscape developments
and better communicating landscape developments’ contributions to human wellbeing.

The first challenge lies in the difficulty of comparing the landscape benefits with their
associated costs [12]. Over the past decade, LPE practices have made substantial progress
in quantifying landscape benefits—the benefits of many landscape architecture projects
were quantified, clearly communicated, and celebrated as evidence for high-performing
landscape architecture practices [9,12]. However, the assumption often defaults to viewing
any improvements as positive, without comparing them to the associated costs [23]. The key
reason related to this is the mismatch in measurement units—under the current evaluation
framework, benefits are often measured using various measurement units, such as tons
of sequestrated carbon, pounds of reduced downstream nitrogen, and percentages of
users with improved quality of life, while their associated costs are typically measured in
monetary terms [12,23]. As a result, the quantified benefits are not comparable with their
costs, and even when benefits are quantified, there is no clear threshold for determining
how large they must be for a project or a design intervention to be considered cost-effective
and deemed “successful” [23]. The absence of a clear threshold for justifying costs against
benefits undermines the effectiveness of using quantified landscape benefits as evidence to
demonstrate design excellence or provide evidence for decision-making [23].

Apart from the difficulty in justifying costs against benefits, the aforementioned
nonuniform measurement units of landscape benefits also hinder comparisons between
different benefits, presenting a second challenge [12]. The absence of a “universal currency”
or a “common metric” capable of bridging the unit difference among diverse benefit
measurements makes it almost impossible to compare one benefit with another [12,24]. In
this study, universal currency refers to the standardisation of different benefit measurements
that enables the comparison of otherwise incomparable benefits. The absence of such
measurements becomes particularly pertinent when facing limited investment and when
priorities must be set, which is a constant reality in practice, where resource scarcity always
necessitates decisions on priorities [12,25,26]. In the absence of a comparative framework,
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the opportunity costs associated with each of these benefits remain unaccounted for under
the current evaluation frameworks. Research in environmental economics indicates that
without a “universal currency”, benefit evaluations may lead to suboptimal decisions,
as alternatives are not assessed on a comparable basis [26]. In other words, while all
quantified benefits present a positive outlook, it is still insufficient to support claims that
a landscape intervention is “successful” in terms of resource allocation [12,26]. Without
a “universal currency” that would allow for one benefit to be comparable with another,
the evaluations conducted under the existing framework offer little insight into whether
more significant benefits could have been achieved by allocating the same resources in
other ways [12]. Translating different landscape benefits into a common measurement can
help planners and decision makers to better understand the trade-offs between different
development options [25]. Despite these recognised challenges, there remains a notable
gap in empirical studies to test practical approaches for translating different landscape
benefits into a comparable evaluative measurement.

As a means of exploring these two challenges, this paper focuses on a particular case
study to identify how benefits measured in diverse ways could be translated into monetary
terms—a form of “universal currency”—to enhance comparability. Such monetary expres-
sions serve as an effective vehicle to make different landscape benefits comparable [24].
This research assesses the monetary value of the perceived benefits of public open spaces
in Lincoln Township, Canterbury, New Zealand. In this study, “public open space” is de-
fined as publicly accessible, non-commercial outdoor green space intended for recreational
passive use. It includes neighbourhood parks and reserves but excludes playgrounds
and sports fields. These excluded spaces, which serve active recreational functions and
attract activity-specific users, generate value contribution patterns that differ from the
broader landscape amenity this study aims to capture. Restricting public open space to
passive, non-specialised open spaces ensures that the hedonic model focuses on general
landscape-related amenity rather than facility-driven preferences. By separating them, our
model was able to assess their influence individually. The public open spaces in Lincoln
referred to in this paper are all planned or artificially managed for delivering multiple
landscape benefits, including socio-cultural benefits. Lincoln was selected as the study
area for two reasons. Firstly, Lincoln offers a relatively controlled environment for our
statistical analysis—it is topographically flat, and the housing developments there are
mostly single-story dwellings. This homogeneity reduces the number of variables (such
as varying building types, vertical structures, and visual accessibility differences resulting
from topography and vertical structure differences) and the complexity of the statistical
modelling. Secondly, Lincoln is also a representative case in the growth context of many
New Zealand peri-urban towns, as well as a similar context overseas, where planners
and decision makers face decisions about investing in landscape amenities. Insights from
Lincoln can be informative beyond this case. Lincoln’s popularity created a competitive
residential market, leading to an increased use of landscape architecture design for public
open spaces in new residential subdivisions to establish market differentiation. The use of
monetary value as a “universal currency” contributes to the ongoing endeavour to address
the two identified challenges related to benefit measurements.

Other disciplines overcame the challenges of measuring heterogeneous goods by iden-
tifying and isolating variables that can be measured. This created two broad approaches
to identify value, namely market valuation and non-market valuation. This study applies
a non-market valuation approach (see Figure 1) through a hedonic price model to assess
how market participants value landscape design through property market transactions. It
is noteworthy that this study does not define landscape performance solely in economic
terms. Instead, the economic valuation we applied here serves as a methodological explo-
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ration, which examines whether monetary indicators can function as one possible universal
metric representing the broader environmental, social, cultural, and economic dimensions
recognised within LPE.

The objective of this study is to empirically examine whether this monetary valuation
can function as a “universal currency” that enables comparison across different landscape
benefits and between benefits and their associated costs. This inquiry contributes to LPE
literature by testing an environmental economics approach that could improve benefit jus-
tification, enhance comparability between projects, and strengthen cost-benefit reasoning
in landscape design and planning. By employing the hedonic pricing model approach,
this study analyses how the perceived benefits provided by the public open spaces within
the local township of our study site are reflected in the transactional data of the real estate
sales that occurred over a 15-year period. Further, instead of using the capital value of the
properties, we use the land value for our hedonic model analysis. In doing so, this study
is unique in focusing on land values rather than capital values. This allows us to isolate
the contribution of the structural differences (i.e., the buildings themselves), making the
dependent variable more relevant. Also, the study’s originality is further reinforced by our
longitudinal study design, which is rare in the literature. The 15-year longitudinal analyses
allow us to observe how amenity value premiums persist or fluctuate under changing
market conditions over time. Through this analysis, this paper indicates the monetary
value of the perceived benefits of public open spaces (which include improved mood and
quality of life, opportunities for physical activities, and aesthetic and amenity values, etc., as
identified by Bowring and Chen [22]) and also explores how the value changes over time.

This study is situated at the intersection of environmental economics, planning, and
landscape architecture—disciplines that share a common interest in better understand-
ing how landscape amenities enhance human wellbeing yet often approach this question
through different methodological traditions. Despite increasing calls for evidence-based
landscape evaluation [16,21,27], empirical techniques capable of converting diverse land-
scape benefits into a unified evaluative metric remain limited. By integrating the hedonic
pricing approach with landscape performance evaluation, this study seeks to establish
an analytical pathway for translating various landscape benefits into a standardised and
comparable form, thereby helping to bridge existing methodological gaps and strengthen
the foundations of evidence-based evaluation.

2. Literature

While assessing the monetary value of landscape benefits is a recent develop-
ment in the field of landscape architecture, similar ideas have been broadly examined
in the fields of land use planning, property, ecology, and conservation. A range of
items have been explored for monetising their associated benefits, including trees [28],
forests [29-32], green spaces [28,33,34], waterbodies [28,35-40], scenic views [41,42], recre-
ation areas [43], linear infrastructure [44], and school districts [45]. Apart from the physical
items, some specific categories of benefits have also been monetised, such as air quality
improvements [30,31,46-49], water flow regulation [32], urban cooling [31,46,50], noise
reduction [51], and carbon sequestration [22,23,31,48,52].

Despite the evolution of the monetisation/capitalisation literature, it has yet to cover
all realms of value [53]. In comparison to tangible benefits like the ones mentioned earlier,
intangible benefits are often more challenging to quantify and thereby receive less atten-
tion in practice [53]. Although intangible benefits (including a variety of socio-cultural
benefits) are incorporated in almost all value frameworks (e.g., ecosystem services, sustain-
ability, and LAF’s CSI evaluation framework) [54-58], without the support of capitalised
empirical evidence, these intangible benefits are less competitive in the decision-making
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process compared to the tangible ones and are thereby often undervalued or excluded
from valuation [53]. However, an especially significant portion of the benefits derived from
landscape architecture projects are intangible, adding a layer of complexity to the valuation
of landscape benefits. As Corkery [19] noted, assessing such intangible benefits requires
“a sensitive approach to gathering evidence of tangible benefits”. This difficulty is also
highlighted by Deming [59], who noted “wherever intangibility is a factor in research, it
can pose special intellectual and practical research challenges that demand creativity and
subtlety in response”. Despite this difficulty, conquering the challenge is crucial to ensure
that intangible benefits, a substantial part of landscape values, are not overlooked in the
decision-making process. This allows for the application of existing value measuring tech-
niques used in the extant literature from various other disciplines in landscape performance
evaluation. As documented by the LAF’s guidebook for LPE metrics and methods [56],
landscape interventions can offer a range of intangible benefits such as aesthetic values,
recreational opportunities, health and wellbeing benefits, noise mitigation, cultural preser-
vation, and educational opportunities. The intangibility of such landscape benefits often
makes them difficult to measure directly. However, economic theory provides a basis for
inferring the value of such benefits through observable market behaviours. According to
hedonic price theory, buyers or residents evaluate properties as a bundle of attributes and
are willing to pay price premiums for characteristics that contribute to human wellbeing,
such as recreational opportunities and amenity value [60,61]. A wide range of empirical
studies [33,34,37—43] show that the housing market captures the value contribution of a
wide range of environmental and landscape attributes. These studies [33,34,37-43] demon-
strate that when landscape features improve residents’ perceived wellbeing or provide
desirable amenities, these contributions are reflected in market transactions, allowing in-
tangible non-market landscape benefits to be inferred from sales prices. In this sense, a
hedonic price model can serve as a defensible approach for capturing the perceived value
of intangible landscape benefits.

In parallel with the monetisation approach, recent spatial planning approaches also
highlight the value of integrating ecosystem service assessments into land-use decisions.
For instance, Cérdoba Herndndez and Camerin [62] propose a flexible planning framework
that uses ecosystem service information to justify ecosystem protection efforts. However,
on the other side of this debate, some scholars urge caution against the exclusive monetisa-
tion of environmental and cultural values. There is an ongoing dialogue in the literature
about the limitations of purely economic valuation, including noted tensions between
economic efficiency and social equity considerations. For example, Chan, Satterfield, and
Goldstein [53] advocate incorporating dimensions such as moral notions into ecosystem
service valuation frameworks, arguing that a purely economic metric is inherently incom-
plete in scope. Douglas McCauley [63] cautions that an over-reliance on monetary metrics
may overlook or undervalue qualities that are difficult to quantify. By acknowledging
various viewpoints in the literature, we clarify that our proposed metric is presented with
an understanding of its limitations and the need for complementary qualitative judgments.
We would also like to highlight that employing monetary valuation methods is a deliberate
methodological choice: such approaches are widely recognised in research and practice
globally, providing a common currency that reflects societal preferences and environmental
preferences [24,64—68]. Monetary values enable direct comparisons between costs and
benefits, as well as between different benefits. Therefore, despite their acknowledged limi-
tations, monetary indicators remain a practical and robust tool for integrating non-market
or intangible benefits into decision-making processes.
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3. Material and Methods

As aforementioned, intangible benefits are often challenging to measure because they
are normally in non-commercial form and are not tradable in the market. However, there
are some possible approaches that can help measure these intangible benefits indirectly.
Figure 1 adapted from Clough and Bealing [69] outlines common valuation approaches
used in practice. Among these, non-market valuation approaches are particularly relevant,
as they enable the translation of intangible benefits into monetary values, making them
comparable with other tangible ones, as well as the costs, which are often measured
in monetary terms. This study adopts the revealed-preference method, which entails
assessing the value that the users of an environment assign to it by examining their in-
market purchasing behaviours that relate to the characteristics of the environment [70,71].
The chosen value indicator (i.e., the in-market purchasing behaviours) for this study
is the transactions of land properties, whose market values are closely tied to various
environmental characteristics, such as the proximity to public open spaces, green space
and waterbodies. The land value of properties is adopted in this study as it focuses on
the locational, rather than structural characteristics. This type of approach is commonly
referred to as the hedonic pricing model and is often employed to estimate the value of
features pertaining to the surrounding environment of the property [72,73]. The hedonic
pricing approach is a widely accepted approach, and particularly in comparison to other
approaches, it offers the advantage of basing the valuation on observed actual behaviours of
individuals who perceive and respond to the intangible landscape benefits [74]. The hedonic
model is especially well-suited to the conditions of the landscape amenities examined in
this study.

Mar b‘f’ﬁ“ Non-market valuation Other
valuation
4 Market based N Revealed ) /Stated preference\ (Other approaches\
techniques preference (simulated
(surrogate market)
Change in market) techniques Benefit

productivity techniques transfer

Life
satisfaction

Change in
income

Replacement Contlngent QALYs
cost valuation
Preventative Travel cost Choice Measurement
expenditure analysis modelling of well-being
Relocation Hedonic Conjoint Experienced
expenditure pricing analysis preference

. N N N J/

Figure 1. Common valuation methods used in practice. Adapted from Clough and Bealing [69]. The
hedonic pricing model, as highlighted, was the valuation approach employed in this study.

This study developed a series of regression models using transactional data from real
estate sales and geolocation data. These regression models were developed to analyse and
explain how public open spaces, as an independent variable, along with other locational
variables, affect the dependent variable, the price of the adjacent residential lands. Addi-
tionally, this research also investigated the temporal changes in this perceived value over
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the 15-year study period. This section outlines the process of how the data were acquired,
generated, processed, and eventually statistically analysed.

3.1. Study Site

The study site, Lincoln, is a town located in the Canterbury region of New Zealand’s
South Island. Lincoln has a population of 10,250 at a density of about 1100 people per
square kilometre [75]. The residential developments in Lincoln are particularly conducive
to the employment of the hedonic pricing model due to their topographical and building
homogeneity. Firstly, the town is located on the Canterbury Plains, characterised by a very
flat landform (as shown in Figure 2). Consequently, properties within Lincoln town exhibit
very similar elevations and topography, which reduces the number of variables that have
to be introduced to the statistical model. Secondly, almost all the residential buildings in
Lincoln are low-density single-storey buildings (as shown in Figure 2), which eliminates
the impacts that vertical structures have on factors such as visual accessibility and, further,
on transactional values. This structural homogeneity again reduces the number of variables
and makes Lincoln an ideal site for this study. The town experienced residential growth
after the devastating 2010/11 Canterbury earthquakes and, as a result, represents mostly
modern residential dwellings with similar building materials and building styles. Lincoln’s
development characteristics not only facilitate our modelling approach but also make it
reasonably representative of similar fast-growing peri-urban communities in New Zealand
and beyond. The insights from Lincoln can be informative for planners and decision makers
facing decisions about investing in landscape amenities in a similar context.

Wiy

R Ll e

PR -

Figure 2. A drone image looking Northwest across Lincoln township from the air (Image
credit: Donald Royds, 2023).

3.2. Data Acquisition and Processing

e A dataset that contains information about all the real estate sales from the past 15 years
(from 2007 to 2021) in Lincoln was acquired from Valbiz, Headway Systems [76], a
local supplier of New Zealand property sales data. The dataset contains a range
of information, including the full street addresses of the property sales, the date of
the sales, the value of the sales, rating valuation, including the separate land value
and capital value, the floor area of the residential dwellings, and the land area of
the properties. These data were cleaned to remove possible non-bona fide sales and
unusual data points, including;
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e the ones that have a GIS-unidentifiable street address;

e non-residential property sales (e.g., agricultural or commercial lands, by analysing the
land size, combining with Google Maps information);

e the sales that have an unreasonably small land size (after double-checking the land
sizes with their property registration records);

e the ones that indicate inconsistent land sizes in multiple sales of the same property;

e  Suspicious sales (e.g., one-dollar sales or significant “overnight” value fluctuations).

The land values are used for modelling purposes, with each of the data points subse-
quently adjusted to their 2021 values, accounting for inflation on a yearly basis, a technique
often applied to remove the effect of inflation on price growth [34,77]. Following the ad-
justment, the unit land value for each sale was calculated by using the adjusted land value
and the land area of the property sales. This calculation, yielding the land value per square
metre, enabled a comparison of land values on a square metre rate to standardise the effect
of section sizes on land value. In the next step, all the transactions were geolocated on a
map by using the Geocode Addresses tool of ArcGIS Pro 3.3.1, as shown in Figure 3. The
street addresses of the sales were used as an identifier for GIS geolocation.

>

Geo Address
Identifier Standardisation Points on a Map

r ------------------------------ : xx Douglas Slreel‘ Lincn\n. r . ed

Street address | " % Canterbury, 7608 M A A

H T T T T T e XX Murray Place, Lincoln, | Z . e © 00.:
Canterbury, 7608 Vv o o - < s

Date of the sales sl ° X Date of the sales
XX Ormond Road, Lincoln, | f AE 5. E® - Land value
Canterbury, 7608 e © [} e L d
s e g |- Lsudarea
o ® os0® o - Unit land value
Geocode J, NPT

Addresses 9 % L e o
e © e ©
Unit land value Tool m —) ol feivel Kenle ==

Figure 3. Geolocating the sales on a map. Source: Authors” work, 2025.

In order to measure the level of accessibility of each property to various landscape
amenities, the location and the boundaries of relevant landscape amenities were mapped
using satellite maps. The selection of landscape amenity variables and the reasoning for
the selection are detailed in Section 3.3. Supplementary ground-truthing was carried out
in cases where satellite maps alone could not provide sufficient information for a higher
mapping accuracy. To improve the validity of the model, some control variables (features
or points of interest that may have potential impacts on the unit land price) were also
introduced to the model. In this case, the locations and boundaries of the university
campus, high school, primary school, and the closest major city, Christchurch (where many
Lincoln residents commute to for work) were also included in the mapping

This mapped spatial information was then converted into numeric data for subsequent
model building. This conversion involved calculating the shortest possible distance or
commuting time between the location of each sale and each type of feature. It is worth
noting that while ‘commuting time” was considered a more reliable indicator of the level of
accessibility, it can only be calculated when both objects are points (i.e., have a specific street
address, or geo-coordinates) rather than areas indicated by GIS polygons, due to technical
limitations. Therefore, the accessibility to public open spaces, water bodies, playgrounds,
and sports fields was indicated by using the shortest physical distance between the location
of each sale (as a point) and each type of feature (as a GIS polygon), while the accessibility
to the university, schools, and Christchurch was indicated by using the shortest commuting
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time (i.e., the shortest travel time between two points). All the numeric data were exported
and included in the hedonic model. Table 1 lists all the variables included in the model.

Table 1. List of variables included in the model.

Variables Unit
Identifi Street address /
entifiers Date of the sale Year-Month-Date
Target variable Unit land value New Zealand dollar/sqm
Distance to the closest public open space Metre
Distance to the closest water body Metre
Distance to the closest playground Metre
Predi bl Distance to the closest sports field Metre
redictor variable Commuting time to the university campus Minute
Commuting time to the high school campus Minute
Commuting time to the closest primary school Minute
Land area Square metre

2008

In addition to mapping the current (2021) status of the landscape amenities, this
study also mapped the historical status of each type of amenities to capture their dynamic
changes over the past 15 years (including the changes in the boundaries, construction of
new amenities, and demolition of old ones) in the second stage to build temporal models
and explore how the amenities’ contributions to the land values change over time. Figure 4
shows an example of how public open space, as one of the landscape amenities, has changed
over time. Mapping the historical spatial status of these amenities allows this study to align
sales records that occurred at each stage with the landscape amenity status at that specific
time. Considering the availability interval of the historical information, this study mapped
the amenities with five three-year intervals, as shown in Figure 4. The shortest possible
commuting time and physical distance were also calculated using the spatial information
mapped using the corresponding past status of the amenities.

2011 2014 2017 2020

Google Earth Pro V 7.3.6.9796. Lincoln Township,
Kilometers New Zealand. Maxar Technologies

Figure 4. The spatial status of the public open space changes over time during the 15-year study
period. The green overlays on the satellite imagery indicate the configuration of public open space at
the times shown above each map. Source: Authors” work, 2025.

3.3. Model Building

A separate model was built for each of the five three-year periods and consists of the
parameters indicated in Equation (1). In the initial set of models, the land value per square
metre is the dependent variable (P), while the predictor variables, listed in Table 1, were
determined based on empirical reasoning due to the absence of theoretical literature for a
similar geographical context. Our variable selection was informed by analogous studies
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conducted in different settings. In general, factors influencing land /property prices fall
into four categories—S.C.L.N.: Structural attributes (i.e., building structures), Community
attributes (i.e., community characteristics), Locational attributes (i.e., proximity to ameni-
ties), Neighbourhood attributes (i.e., access to services, such as schools) [78-80]. Given the
topographical and building homogeneity of the study site, as outlined in Section 3.1, the
attributes of high homogeneity were not included in the model. In the context of Lincoln
township, the following variables were considered relevant, as supported by evidence in
the literature: land area [81,82], distance to public open spaces [83], recreational opportu-
nities and sport facilities [83,84], and commuting time [85]. The equation of the model is
as follows:

P =wa+ B1A+ B2Dpos + BsDwp + BaDp + BsDsr + BeTu + B7Ths + PsTps +¢ (1)

where P is the unit land price; A is land area, Dppg is the distance to the closest public
open space; Dy is the distance to the closest water body; Dp is the distance to the closest
playground; Dgr is the distance to the closest sports field; Ty is the commuting time to
the university campus; Ty is the commuting time to the high school campus; Tpg is the
commuting time to the closest primary school; ;.. g are parameters to be estimated; ¢ is
an idiosyncratic error term. It is noteworthy that Lincoln has only one high school, one
university, and two primary schools of similar popularity and parental preference. Since
there is no meaningful variation in school-choice options within the township, school-
related preferences were not considered a contributing factor to land-value differences in
this study.

The initial set of models was tested to examine whether they meet the eight assump-
tions of the multiple regression models [86-88], as well as how each of the predictor
variables contributes to the explanatory power of the model. Based on the testing results,
the models underwent iterative improvement and retesting to address the issues preventing
them from meeting the assumptions and improved the explanatory power by adjusting pre-
dictor variables and functional forms of the target variable and predictor variables. Given
the absence of a prescribed functional form in the theoretical literature, the selection of
functional forms had to be determined by empirical reasoning, as well as by comparing the
goodness of fit. While the distance to the closest public open space is normally distributed,
the distribution of land area shows a strong positive skewness. A reciprocal transformation
is applied to convert the data to normality. Equation (2) shows the form of the final model.

PZIX—F%—F}QZDPOSJFE (2)

where P is the unit land price; A is land area, Dppg is the distance to the closest public open
space; By and B are parameters to be estimated; ¢ is an idiosyncratic error term.

4. Results and Discussion
4.1. Static Model

The final multiple regression model was run to predict the unit land price of real
estate property sales (2019-2021) from the land area of the properties, the shortest distance
between the locations of the sales, and their closest public open space. Other predictor
variables were excluded from the final multiple regression models in the iterative model
improvement process due to various reasons, such as multicollinearity issues and some
predictor variables’ negative contribution to the explanatory power of the model. Lin-
ear relationships between the dependent variable and the inverse-transformed land area
variable, as well as between the dependent variable and the shortest distance between
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the locations of the sales and their closest public open spaces, were observed via a visual
inspection of the results. Another visual inspection of a plot of studentised residuals versus
unstandardised predicted values indicates that there were homoscedasticity and a linear
relationship between the target variable and the predictor variables collectively. There was
independence of residuals, as assessed by a Durbin—Watson statistic of 1.770. There was
no evidence of multicollinearity, as assessed by tolerance values greater than 0.1. There
were no leverage values greater than 0.2 and values for Cook’s distance above 1. There
are five data points whose studentised deleted residuals were greater than £3 standard
deviations but were smaller than £3.5. Further investigations were carried out to discover
any possible errors or unusual factors affecting the overall quality of the model. The
assumption of normality was met, as assessed by a P-P Plot (as shown in Figure 5). The
multiple regression model statistically and significantly predicted the unit land value of
the sales (F(2, 391) = 1073.262, p < 0.001, adj. R? = 0.85). Both variables added statistically
significantly to the prediction (p < 0.001). Regression coefficients and standard errors can
be found in Table 2.

1.0

0.8

0.6

04

Expected Cum Prob

0.2

0.0 0.2 0.4 0.6 0.8 1.0

Observed Cum Prob

Figure 5. Normal P-P plot of regression standardised residual. Authors” work, 2025.

Table 2. Multiple regression results for Unit Land Price (2019-2021).

Unit Land Price B 95% CI for B SEB B R? AR?
LL UL
Model 0.85 0.85 ***
Constant 104.62 *** 95.01 114.23 4.89
Land area_Inverse 142,064.62 *** 135,670.73 148,458.51 3252.07 0.89 ***
Distance to the closest public open space —36.87 *** —47.63 —26.12 5.47 —0.14 ***

Note. B = unstandardised regression coefficient; CI = confidence interval; LL = lower limit; UL = upper limit;
SE B = standard error of the coefficient; f = standardised coefficient; R? = coefficient of determination;
AR? = adjusted R?. *** p < 0.001.

As presented in Table 2, the multiplicative inverse of the land area exhibits a statistically
significant positive impact on the unit land price. The coefficient shows that the unit land
price decreases as the land area increases. This result is as expected, given that smaller
land parcels are often transacted in the market at higher rates per square metre than larger
land parcels. However, the relationship between the two variables is not simply linear.
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As the land area gradually increases, its resulting “volume discount” impact decreases
and gradually approaches zero. In other words, the land price rapidly decreases with the
increase in land area when the land area is small, but when the area becomes relatively
large, the rate of decrease in land unit price gradually decreases and eventually infinitely
approaches zero.

As exhibited in Table 2, the distance to the closest public open space is statistically
significant, and as expected, negatively correlated with the unit land price. The regression
coefficient of this variable suggests that the unit land price can be expected to decrease
by 36.88 New Zealand Dollars with each one-kilometre increase in the distance to the
closest public open space. This means that, for a typically sized residential section in
Lincoln (i.e., with a median land area of 713 square metres), its total land value is expected
to decrease by 2104 New Zealand Dollars for every 80 metres (or one-minute walking
distance) further away from its closest public open space. The results reveal that public
open space, as a typical landscape amenity, significantly contributes to the land value
of residential development. It can be speculated that the land price premium is largely
attributed to the landscape services provided by the public open spaces.

4.2. Temporal Model

Four similar models were built for the other four temporal periods (i.e., 2016-2018,
2013-2015, 2010-2012, and 2007-2009) following the same procedure to test the impor-
tance of public open spaces at different periods on land value. Each period is assessed
individually to explore the temporal changes in the perceived value associated with an
expanding urban framework and the introduction of green space. The same set of predictor
variables (i.e., the land area of the properties and the closest distance from the locations
of the sales to their most adjacent public open spaces) were included in the models to
predict the dependent variable (i.e., the unit land price of the sales). The results of the four
models are presented in Table 3 along with the model built for the period of 2019-2021. We
acknowledge that these temporal delineations are a simplification. We chose a three-year
span as a compromise between granularity and statistical power: shorter periods (annual,
for example) might yield too few sales for reliable modelling, whereas overly long periods
(five years, for example) could blur distinct phases and lower the accuracy of representing
the landscape development dynamics. The 3-year intervals also correspond to the rating
valuation cycles of the local district. Land values are updated every three years and there-
fore represent a snapshot of the value of land at a point in time and fixed for three years.
The analysis was therefore also aligned with these periods to ensure consistency in the
analysis. Future research might experiment with alternative segmentations (e.g., six-year
periods or rolling windows) to verify the robustness of the patterns observed.

Table 3. Multiple regression results of the temporal models for Unit Land Price.

Model 1 Model 2 Model 3 Model 4 The Static Model
Temporal Period (2007-2009) (2010-2012) (2013-2015) (2016-2018) (2019-2021)
Model Rzz 0.85 *** 0.74 ** 0.80 *** 0.85 *** 0.85 ***
AR 0.85 *** 0.73 *** 0.80 *** 0.85 *** 0.85 ***
Constant B 121.66 *** 107.44 *** 100.50 *** 105.05 *** 104.62 ***
Land area_Inverse B 153,799.66 *** 149,453.08 *** 143,968.53 *** 136,705.59 *** 142,064.62 ***
Distance to the closest public open space B —23.81 *** —15.73 *** —32.25 *** —31.20 *** —36.87 ***

Note. Model = “Enter” method in SPSS Statistics 29; B = unstandardised regression coefficient; R? = coefficient of
determination; AR? = adjusted R2, ##x p <0.001.

As shown in Table 3, all the models were statistically significant for predicting the unit
land value of the sales. The two predictor variables (i.e., land size and the distance to the
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closest public open space) made a statistically significant contribution to the prediction.
The correlation relationships were consistent with the model built for the 20192021 period
presented in Section 4.1; i.e., the multiplicative inverse of the land area exhibits a significant
positive impact on the unit land price, and the distance to the closest public open space has
a significant negative impact on the unit land price.

We were interested in observing the change in coefficient for open public spaces for
the various periods in order to identify the effect of temporal changes on the importance
of public open spaces on land value. While the impact that land size had on the sales
remained very stable (with its regression coefficient remaining stable throughout the study
period, as shown in Table 3), the impact that public open spaces had on the sales fluctuated,
especially during 2010-2012, where the public open space coefficient is lower compared to
a stable coefficient in all the other periods. By converting the regression coefficient to an
indicative land price premium for the median-sized Lincoln residential property, Figure 6.
visualises how the contribution of public open spaces to the sales changed over time. Apart
from the period of 2010-2012, the indicative premiums for the other periods are all greater
than 1300 NZD per median-sized property per one-minute walking distance (80 metres)
and exhibit an increasing trend.

2500

2000

1500

1000

500

Indicative land price premium (NZD)

2007—-2009 2010-2012 2013—-2015 2016—2018 2019-2021
Time period

Premium based on the models presented in Table 3

e Premium based on the adjusted model presented in Table 4

Figure 6. Indicative land price premium (for a typically sized Lincoln residential property) con-
tributed by getting 80-metre (one-minute walking distance) closer to a public open space (NZD).
Source: Authors’ calculations, 2025.

Interestingly, the drop in the public open space-related premium was exactly coinci-
dent with a major “black swan” event that happened during that period—The 2010/2011
Christchurch Earthquake Series caused substantial damage in Christchurch, including the
loss of numerous residential properties [89,90]. Multiple neighbourhoods were impacted by
soil liquefaction, and many other houses experienced structural damage. As an indication
of the scale of the impact, around 8000 houses were red-zoned and demolished [91]. All
of this led to a surge in property acquisitions in areas deemed to be safe and without
liquefaction risk [92]. Many of these areas are located on the periphery of the city, which
includes Lincoln, a town located 15 km from Christchurch [92]. When chaos hits, priorities
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shift [93]. The fear of missing out can drive a short-sighted market, in which securing a
property can take precedence over considerations of landscape amenities. This explains the
2010-2012 drop in the open space-related premium observed in Figure 6.

A similar anomaly was observed in the data of the period 2019-2021. During data
cleaning, we observed that from August 2021 onward, a large number of sales exhibited
unusually rapid price increases, with some land values appearing to even double within
weeks. This pattern aligns with the post-COVID economic conditions in New Zealand,
characterised by the historically low mortgage interest rates and strong pent-up demand
following the 2020 lockdowns [94,95]. As the impact of the post-COVID economic climate
on the real-estate market only began after August 2021, the static mode presented in Table 3
and in Figure 6 (as shown by the red line) excluded the irrational sales that occurred in the
four-month period between August and December 2021. This exclusion ensures that the
estimated premiums reflect long-term underlying landscape-related amenity effects rather
than short-term macroeconomic dynamics.

In order to examine the impacts that such “black swan” events and the resulting
market boom can have on the premium of proximity to public open space, this study built
another model by including the previously excluded August-December 2021 sales (1 = 53).
This adjusted model also statistically significantly predicted the unit land value of the
sales, even if its explanatory power is lower than the original model presented previously,
F(2, 444) = 174.285, p < 0.001, adj. R2 = 0.439. Both variables added statistically significantly
to the prediction, p < 0.01. Regression coefficients and standard errors can be found
in Table 4.

Table 4. Adjusted multiple regression results for Unit Land Price.

Unit Land Price B 95% CI for B SEB B R? AR?
LL UL
Model 0.44 0.44 **
Constant 108.15 *** 83.82 132.47 12.38
Land area_Inverse 145,079.14 *** 128,649.62 161,508.66 8359.56 0.63 ***
Distance to the closest public open space —23.02** —38.16 —7.89 7.70 —0.11**

Note. Model = “Enter” method in SPSS Statistics 29; B = unstandardised regression coefficient; CI = confidence
interval; LL = lower limit; UL = upper limit; SE B = standard error of the coefficient; p = standardised coefficient;
R? = coefficient of determination; AR? = adjusted R%. ** p < 0.01. ** p < 0.001.

Table 4 presents several interesting facts. Firstly, it is evident that the adjusted R?
value of the adjusted model (0.44) is lower than that of the original model (0.85). This
decreased adjusted R? value indicates the lowered explanatory power of the model when
the post-COVID economic climate, as an uncaptured variable, significantly influenced
market sales. Secondly, while the regression coefficient of the land area variable (145,079.14)
does not have a significant change (2%) in comparison to the original model (142,064.62),
the coefficient of the distance to the closest public open space (—23.02) exhibits a significant
difference (60%) from the original model (—36.87). This reveals that the premium related to
the proximity to the public open space was significantly lowered, reducing from 2103 NZD
per minute walking distance per median-sized property to 1313 NZD during a period that
experienced quick house price growth and an expansionary economic climate. The trend
of the open space premium of the adjusted model is shown as the blue line in Figure 6,
along with the trend of the original model (shown as the red line). The difference between
the two models echoes the interpretation of the premium drop in the period 2010-2012
presented earlier. In other words, both periods experienced a disruption, and the effect of
this on land value reacted similarly. This decline suggests that during periods of disruption,
and in particular a supply shock where supply is disrupted and demand outpaces supply,
the importance of the role that landscape amenities play in the property acquisition-related
decision-making process can be affected. However, another noteworthy fact is that despite

https://doi.org/10.3390 /urbanscil0010007


https://doi.org/10.3390/urbansci10010007

Urban Sci. 2026, 10,7

15 of 22

the impacts of the 2010/2011 Christchurch Earthquake and COVID-19, the contribution
that proximity to a public open space has had on land price has consistently been positive
and statistically significant. This result underscores public open spaces” enduring appeal
to residents, to which landscape architects often contribute their value. This could also
underpin how we understand landscape amenities: not just as desirable features in good
times, but also as enduring assets in bad times. Furthermore, although it is not practical to
eliminate the impact of the 2010/2011 Christchurch Earthquake Series on land prices, as
done for the 2021 post-COVID economic climate, a reasonable inference can still be drawn
based on the indications from other time periods—the premium related to the public open
space is increasing over time (note: the value has been discounted to 2021 value to eliminate
the impact of inflation, as detailed previously). The increasing value may be attributed to
either an improved awareness of the benefits of the public open space or an improvement
in the landscape quality of public open space.

4.3. Measuring the Monetary Value

In addition to revealing the association between the land price and proximity to public
open space, the models can also serve as a tool for land value prediction. For example, by
feeding the resulting regression coefficient values back into the predicting model, the unit
land value of the period 2019-2021 can be expressed using Equation (3):

142064.62
P =104.62 + ———— —36.87 x Dpos 3)

where P is the unit land price; A is the land area, and Dpps is the distance to the closest
public open space. Since the two variables, A and Dppg, are readily available, it becomes
possible to estimate the land value of a specific property using the formula. This enables
the calculation of the total perceived value of a specific piece of a public open space by
introducing an imaginary scenario where the target public open space is removed. The
sum of land values for the land sections around the public open space (within its service
catchment) can be calculated for both the actual scenario and the imaginary scenario (in
which the target public open space is removed). The difference between these two sum
values can then be considered an indicative value for the total perceived value of the public
open space. This total perceived value can be expressed by Equation (4):

Vpos = 3y 1 36.87 x (Dposan — Dposin) X An (4)

where Vpps is the total perceived value of public open space; Dpogs 4y, is the actual distance
between the nth land section and its closest public open space; Dppsy, is the distance
between the nth land section and its closest public open space in the imaginary scenario;
and A; is the land area of the nth land section. We expect similar results for other “peri-
urban” towns and villages that have similar landscape features. While the magnitude of
the benefits might be different, this study has demonstrated the potential of this approach.

However, this paper acknowledges the limitations of this approach. Our model
currently does not take into account some factors that may also influence residential land
values in reality, such as the size and the quality of the public open space, landcover
diversity, the proportion of private on-site green space, and scenic view quality. Although
these variables are conceptually relevant, their inclusion was not feasible for methodological
and data availability reasons. Firstly, as aforementioned, Lincoln’s peri-urban residential
developments exhibit a high degree of homogeneity in these excluded attributes, which
limits the spatial variability needed for the variables to contribute meaningfully to the
model. Secondly, data availability is limited for most of these variables, whether current or
historical. However, future research conducted in different geographical /temporal contexts
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with greater spatial variability or with access to more comprehensive datasets may be
better positioned to include such variables and investigate their potential contributions to
property values in greater depth.

Apart from being instrumental in aiding decision-making and communicating the
value of landscape benefits, the monetary value of the public open space can also play
a crucial role in supporting the planning of future residential developments. Current
planning legislation in New Zealand mandates that newly built medium-density residential
developments should reserve at least 20% of the entire developed site (including the area
for private house plots and the shared public area) for grass or plants as landscaped
areas [96]. In practice, some developers have chosen to exceed this minimum requirement,
allocating more than 20% of their site to the public open space at the cost of reducing their
sellable land area. This behaviour could reasonably suggest that the developers recognise
that the added value generated by the presence of or the proximity to public open space
may offset the reduction in sellable area and yield a better financial return overall. This
appears to indicate an awareness of the relationship between proximity to green space and
property value. Having an indicative monetary value for public open spaces can assist
developers in identifying an optimal balance, where the overall financial return can be
maximised. Also, a maximised financial return, from the residents’ perspective, equates to
a maximised willingness to pay, reflecting the maximised values that landscapes can offer,
which are not limited to economic benefits, but rather also include environmental, social,
and cultural benefits.

Our analysis also prompts reflection on its implications for equity—if living near
an open space adds significant value, there is a risk that such amenities become more
accessible for higher-income residents who can afford the premium, and planning new
public open spaces in less affluent communities might unintentionally contribute to gentri-
fication pressures. These socio-spatial inequalities are central to broader concerns about
environmental justice. Recognising this dynamic, planners and policymakers might need
to take into account both the public open space premium and its associated environmental
justice concerns. Essentially, the “universal currency” we discuss has an ethical dimension:
it quantifies value but does not in itself guarantee fair access to that value. Currently, within
Lincoln, this dynamic may not yet be an issue requiring immediate attention, as the town
is small and most residents live relatively close to some form of open space. However, in
larger urban areas, the implications could be much more significant.

While the hedonic model developed in this study effectively quantified the perceived
value of public open space in Lincoln, its generalisability to other geographical contexts
should be approached with caution. The fast-growing peri-urban context of Lincoln,
combined with its relatively homogeneous spatial attributes, differs from the conditions
of some other geographical contexts, such as larger metropolitan centres, which normally
have a high variability in spatial attributes. However, while the magnitude of the identified
premiums may not be directly translatable to other contexts, the modelling framework
itself is transferable. With locally relevant spatial datasets and amenity characteristics,
this approach can be adapted for application in settings with different market dynamics,
demographic compositions, or planning frameworks. Further testing of this “universal
currency” in other contexts would help evaluate its robustness and broader applicability
as well.

5. Conclusions

This study explores the potential of using the hedonic model approach to measure the
value of perceived landscape benefits, which are often intangible and difficult to quantify.
By translating the perceived benefits into monetary value, such intangible benefits can
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become comparable to tangible landscape benefits. Also, by incorporating other monetised
tangible benefits (which are often quantified through market transaction prices), it becomes
possible to calculate an overall value for a specific landscape, enabling comparison between
landscape benefits and their associated costs. Through this preliminary exploration of
quantifying the intangible benefits of public open spaces, we also demonstrate the potential
of using a revealed preference approach to quantify the perceived values of landscape
benefits. Such values can serve as a “universal currency” for bridging gaps between
different landscape performance measurements.

Through the employment of the hedonic pricing approach, this study not only es-
tablishes a predictive model revealing how proximity to public open space—a prominent
type of landscape amenity providing diverse benefits—affects the land price but also exam-
ines the temporal variations in the land price premium related to the proximity to public
open space.

The model for the latest research period reveals a nonlinear decrease in unit land price
with increasing land area. Also, proximity to public open spaces, as another significant
factor, was found to positively contribute to the unit land price.

The temporal analysis spanning 15 years, while demonstrating the impacts that unfore-
seen events can have on the public open space-related land price premium, also indicates
that public open spaces have always been a positive factor influencing the land price, and
the influence has always been statistically significant.

However, it is important to acknowledge that this study represents only a preliminary
exploration within a broader effort to address the identified challenges in Landscape
Performance Evaluations. While our findings suggest that adapting economic approaches
and using monetary value as a “universal currency” is a promising direction for addressing
the disconnection between different landscape benefit measurements and between costs
and benefits, future research is required to meet the goal of bridging the measurement
gaps. From an LPE perspective, our study contributes a piece of the puzzle needed to
address the two key challenges identified by prior research: comparing different benefits
and linking benefits to costs. We showed that it is feasible to express at least one group of
landscape benefits (related to open space access) in the same unit as costs (i.e., monetary
terms). This is a step toward enabling cost-benefit analyses that were previously hampered
by incompatible units. If, for instance, a new park costs $X to build and maintain, and our
model indicates it adds $Y in land value premium to surrounding properties, decision-
makers have a tangible way to weigh those numbers. However, we reaffirm that our aim is
not to argue that monetary measures capture all that matters in landscapes. Instead, by
providing a “universal currency”, we hope to equip planners and decision makers with a
tool to argue for the contributions landscape interventions can have on human wellbeing.
Yet, as with any tool, it must be used judiciously—complemented by considerations of
various dimensions that might not have direct market analogues and not be reflected by
goods in the market.

Our results reveal promising avenues for future research to assess how landscape
benefits introduced in new residential subdivision developments generate value for the
users of these areas. Further exploration using spatial models such as spatial lag models,
spatial error models, or weighted geographic models can help assess how location-specific
landscape features influence land values. Since our study did not run a spatial econometric
model, spatial dependence and heterogeneity in the data that have not been accounted for
might have an impact on the analysis.

A promising direction for future exploration is using the multiple regression models
built in a specific context to predict the add-on value offered by certain types of landscape
features. When combined with cost estimation, these models can provide valuable evidence
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for supporting decision-making in landscape planning and development. Such approaches
can also be applied retrospectively to estimate the perceived value of existing landscape
features, offering insights into their contributions to improved landscape benefits.

Another critical area for further investigation is the development of a landscape
benefit value structure/framework. A well-defined value structure/framework would
help prevent overlaps or omissions in value calculations, ensuring more precise alignment
between monetisation methods and the scope of benefits, either in the form of individual
benefits, or in other cases, more practically, in the form of well-defined value groups.
Such well-defined value structures/frameworks and clear alignment would then allow
inter-benefit comparisons, as well as more robust cost-benefit analyses.

We also acknowledge that landscapes are inherently complex systems, with their
overall performance shaped by many small factors that are often dynamic and interrelated.
Due to technical and resource constraints, this study was unable to fully capture these
subtleties. Highlighting these limitations is crucial for future research, which we believe
may benefit from the availability of a broader range of data and techniques, enabling deeper
and more comprehensive exploration of the contributions that various factors have on the
value of landscapes.

In essence, this research not only enhances the understanding of the perceived values
of public open space but also provides a practical tool for stakeholders or decision-makers in
assisting their planning process. By acknowledging the enduring positive impact of public
open spaces on land prices, even when facing external disruptions, this study underscores
the importance of landscape amenities in shaping human well-being.
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