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Abstract: This study investigates how the simultaneous development of multiple urban
megaprojects creates synergistic effects in residential property markets, with significant
implications for urban planning and policy. Through an enhanced hedonic pricing model
incorporating inter-project interaction terms, the research quantifies both individual and col-
lective impacts of concurrent developments on property values. Analysis of comprehensive
transaction data (2016-2022) reveals complex patterns of complementary and competing
effects between proximate megaprojects, demonstrating that their combined impact differs
substantially from the sum of their individual effects. The findings highlight the critical
importance of coordinated planning approaches that consider inter-project dynamics when
designing urban regeneration strategies. This research provides the first empirical mea-
surement of megaproject synergy effects, offering valuable insights for policymakers and
investors in optimizing the economic outcomes of transformational flagship buildings.
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1. Introduction

A contemporary trend in the provision of urban infrastructure is the use of so-called
megaprojects or flagship projects—large-scale urban development initiatives [1-4]. Cities
increasingly leverage flagship buildings as iconic symbols of urban regeneration [5] while
simultaneously embracing place-making projects that prioritize social and cultural cohe-
sion [4,6]. The urban intervention and emergence of mixed-use developments, often in the
form of megaprojects or flagship projects, can create agglomeration effects in CBDs. The
Alonso-Muth-Mills (AMM) monocentric city model [7-9] explains how transport costs
can lead to the concentration of employment in a central business district (CBD) and a
decline in land rents and population density with increasing distance from the center. This
countervailing dynamic manifests when projects establish new centers of gravity through
premium urban spaces and cultural amenities. Investments in mobility—such as rail sys-
tems, highways, and urban transit—can alter traditional monocentric patterns by reducing
transport costs and travel times, thereby enhancing connectivity between peripheral and
central areas. Zegras refers to these effects as “centrifugal” forces that push development
outward [10]. Spatial restructuring induced by transportation improvements has been
empirically demonstrated [1]. In contrast, one can hypothesize an opposite effect when
major urban interventions occur in the CBD, exerting “centripetal” forces that increase
demand in the urban core.

The resultant tension between centrifugal mobility effects and centripetal place-making
impacts raises fundamental questions about the complex interplay of forces when multiple
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megaprojects are developed simultaneously within a city. This simultaneity of develop-
ment may create unprecedented patterns of urban transformation that transcend traditional
models of urban spatial economics. Consequently, the question arises whether synergy
effects are present, and if so, how these synergy effects can be measured. The research
question raised in this study is, “Are there synergy effects that go beyond the sum of indi-
vidual megaproject impacts?”. This study hypothesizes that these interventions will trigger
rapid property value appreciation in core areas, directly challenging the expected dispersal
effects of enhanced mobility. Yuan et al. advocate a shift towards more sophisticated
methodologies, moving beyond basic qualitative approaches to incorporate more advanced
theories and quantitative analyses in megaproject research [11].

This study aims to fill these knowledge gaps by investigating not only the individual
impacts of multiple concurrent megaprojects but also their potential synergy effects. This
study addresses this critical gap by explicitly incorporating interaction terms within an
enhanced hedonic pricing framework, enabling quantification of the incremental economic
impacts of multiple concurrent megaproject developments. No existing study has explic-
itly measured how simultaneous proximity to multiple flagship projects generates either
multiplicative benefits or competitive effects on residential property values.

Drawing from recent methodological recommendations for applying quantitative
methods to megaproject research [12], this research provides empirical evidence that signif-
icantly enhances our understanding of the complex interplay among simultaneous flagship
urban projects. We propose a hedonic pricing model augmented with interaction terms to
capture these effects. The hedonic price modeling approach allows for the estimation of the
implicit prices of various property attributes, including spatial proximity to megaprojects.
By incorporating interaction terms, this study seeks to disentangle the intangible effects of
each megaproject from the synergy effects that may result from concurrent development.
The hedonic model is extended to include interaction variables that capture the additional
impact on property prices arising when properties are proximate to multiple megaprojects
simultaneously, over and above the sum of individual project effects. This approach dis-
tinctly identifies the incremental economic effects created by concurrent developments,
representing a methodological and empirical innovation in both urban economics and
property market research. Thus, this research contributes not only methodologically but
also practically, offering essential insights for policymakers, urban planners, and real es-
tate investors aiming to optimize the benefits of urban regeneration through strategically
coordinated development initiatives.

2. Materials and Methods
2.1. Literature Review

Urban megaprojects have attracted substantial academic interest due to their signifi-
cant implications for urban dynamics and real estate markets. These large-scale, mixed-use
initiatives are increasingly pivotal instruments for urban transformation, aimed not only
at driving economic growth but also at rebranding and regenerating urban spaces. These
megaproject approaches, although distinct in focus, converge in their aim to reimagine
urban spaces through transformative and innovative development strategies [1-3] Typi-
cally executed through public-private partnerships, these developments integrate diverse
elements, including residential, commercial, cultural, and transport infrastructures [13-15].
However, the ambitious scope, high costs, and long timeframes of such projects raise critical
questions about power, place, and the true beneficiaries of these urban ventures.

The problems associated with the stated public benefits of megaprojects invariably
confront what Flyvbjerg terms the “Iron Law of Megaprojects”: over budget, over time,
underdeliver on their promised benefits, ‘over and over again’ [16,17]. In a study of
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transportation infrastructure megaprojects, Flyvbjerg et al. [18] analyzed a sample of
258 projects across 20 countries and five continents over a 70-year period. The authors
found that nine out of ten projects experienced cost overruns, with average overruns of
28% for all projects, 45% for rail projects, and 20% for road projects—findings that have
been corroborated in subsequent studies [9]. This systematic pattern of underperformance
raises fundamental questions about the true cost of these projects and their impact on the
urban core. As these projects are often driven by public—private partnerships, an important
question is how private (specifically residential) markets respond to such top-down urban
interventions, and whether any intangible value from these megaprojects is manifested
in residential property prices. The hypothesis is that, ceteris paribus, properties located
closer to urban megaprojects will command a price premium over those that are further
away—all else being equal.

The current state of the literature exposes the fragmented nature of megaproject
research, highlighting substantial thematic concentrations such as sustainable develop-
ment, governance, project management, risk assessment, and socio-economic impacts.
Cottafava et al. [19] identify significant gaps, particularly regarding the limited attention
given to the operational and end-of-life phases of megaprojects, insufficient economic
evaluation of environmental and social impacts, and a deficiency in sustainability reporting.
Furthermore, they critique the dominant ‘predict and control” planning method, which
inadequately manages risks and uncertainties inherent in megaprojects, advocating for
more adaptive frameworks such as Real Options Theory (ROT) [20]. Despite ROT’s po-
tential in enabling flexible decision-making and better valuation of project uncertainties,
its practical application remains hindered by mathematical complexity and a scarcity of
empirical validation [20].

The economic rationale behind urban megaprojects typically includes their potential
to stimulate local economies, attract global capital, and enhance city competitiveness [21].
Scholarship highlights the symbolic significance of flagship developments, positioning
them as critical assets that communicate a city’s identity, modernity, and aspirations on a
global stage [22]. Moreover, contemporary literature identifies the emergence of “placemak-
ing” approaches aimed at integrating cultural and social dimensions within urban renewal
strategies, thereby achieving more inclusive and cohesive urban environments [23,24].

The symbolic dimensions of megaprojects also attract considerable attention, especially
regarding their role in legitimizing developments and mitigating public opposition. Studies
emphasize how megaproject promoters frequently leverage international inter-referencing
practices, iconic architectural elements, and narrative constructions to enhance the per-
ceived legitimacy of projects and manage stakeholder expectations [25,26]. These symbolic
strategies have proven effective in garnering consensus and deflecting criticism, yet they
often mask deeper socio-economic disparities and governance issues, reflecting persistent
challenges in aligning symbolic aspirations with substantive urban policy outcomes [25,27].

An understudied yet critical dimension in megaproject research concerns the synergy
effects that emerge when multiple flagship developments are concurrently implemented
within the same urban context. While prior research has analyzed the individual impacts of
transportation infrastructure projects on surrounding property values [28], explicit empiri-
cal quantification of the synergy or interaction effects among simultaneous megaprojects
remains limited. This limitation is especially pronounced regarding interactions between
transportation megaprojects and other types of urban development. Although recent
scholarly contributions conceptually recognize the potential for synergies [29,30], rigorous
empirical analysis of these effects is still largely absent from the literature. Several case
studies highlight both the benefits and complexities of synergy in urban megaprojects,
including Santa Cruz de Tenerife’s integration of lessons from previous initiatives [31],
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Riyadh’s coordinated development of the Metro and King Abdullah Financial District em-
phasizing sustainability and walkability [30], Tokyo’s Hikifune neighborhood’s successful
integration of housing, transportation, and public spaces for enhanced livability [32]), and
Shenzhen’s harmonized planning of rail transit systems with land use, optimizing urban
efficiency and sustainability [33]. Recent research explicitly calls for more sophisticated
quantitative analyses to understand these inter-project dynamics better, especially given
the complexities inherent in concurrent developments [19,31].

Despite the substantial attention devoted to project management within the context
of urban megaprojects, academic discourse remains heavily dominated by qualitative
studies [19,34]. A methodological imbalance exists, caused by a notable scarcity of em-
pirical validation in the absence of statistically robust empirical validation [20,35]. This
is in addition to an inadequate measurement of project outcomes [35] and an absence of
longitudinal quantitative data [19]. Although the need for methodological sophistication in
advanced statistical, econometric, and spatial analytical methods has been emphasized [35],
the practical application of these quantitative techniques remains relatively limited. This
scarcity extends to the systematic quantitative measurement of project outcomes, includ-
ing the impacts and synergies of concurrent megaproject developments, thus restricting
comprehensive and evidence-based conclusions on the determinants of project success
and failure.

2.2. Hedonic Pricing Model

Hedonic price models are extensively utilized in the study of real estate to analyze how
various characteristics of properties influence their market value or price. The core principle
behind these models is to elucidate price variations across different properties by attributing
these differences to the distinct features that each property possesses. Hedonic price models
are based on the premise that the price of a heterogeneous good, such as a residential
property, can be decomposed into the implicit prices of its constituent attributes [36].
Real estate is a heterogeneous good, and in housing, for example, key attributes typically
include structural characteristics (e.g., size, number of bedrooms, age), locational factors
(e.g., proximity to amenities, neighborhood quality), and environmental features (e.g., air
quality, noise levels) [37,38]. The strength of hedonic pricing models allows us to put a
monetary value behind externalities, such as the impact of air pollution [39-42]. Similarly,
brownfield redevelopments [43] have been shown to positively influence surrounding
property values. Further studies assessed the influence of amenities on property values,
the effects of proximity to goals [44], environmental amenities [45], airport noise [39], and
rail and transport [46], among other factors. Transportation infrastructure projects, such as
rail transit systems [47,48] and highways [49,50], have been found to significantly affect
property values, with proximity to these amenities generally commanding higher prices.
The model specification and estimation for this paper are discussed in Section 2.5. The
application of hedonic price models in real estate research has evolved over the years, with
advancements in statistical techniques and the availability of rich datasets. Different model
specifications have emerged, from parametric to semi-parametric methods to improve the
explanatory power. The debate extends beyond the mere inclusion of attributes and largely
focuses on model specification and the accuracy of models [51,52] and involves ordinary
least squares [37,38,53] or generalized additive models (GAMs) [54-57] as well as spatial
autoregresseive (SAR) and geographically weighted regression (GWR) models. Despite
these advancements, ordinary least squares (OLS) regression has been the most commonly
used method for estimating hedonic price models [37,38,53].
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2.3. Study Area and Context

The empirical context for this study is Brisbane, Australia, which experienced significant
urban transformation from 2016 to 2022, driven by the concurrent development of several
large-scale urban regeneration projects (megaprojects). This simultaneous implementation
of multiple megaprojects presents a unique opportunity to analyze potential synergy effects
on residential property values. The convergence of these transformative developments,
each expected to significantly impact Brisbane’s urban fabric, enables examination of their
collective influence on property markets. This study specifically focuses on three major urban
megaprojects located strategically in Brisbane’s Central Business District (CBD) and inner-city
areas, each significantly reshaping their immediate urban environments:

e  Queen’s Wharf Brisbane: Located along Brisbane’s CBD riverfront, spanning from
William Street to Alice Street, this USD 3.6 billion integrated resort project features
luxury residential apartments, multiple hotels, high-end retail and dining precincts,
extensive public spaces, and revitalized heritage structures [58].

e  Cross River Rail (CRR): This USD 5.4 billion infrastructure development includes
a 10.2 km rail corridor from Dutton Park to Bowen Hills, with new underground
stations in Brisbane’s inner city. This project unlocks a bottleneck in Brisbane’s CBD
through enhanced accessibility, reduced travel times, and increased connectivity to
core areas [59-61].

e  Brisbane Live: This USD 2.1 billion project is situated above the existing Roma Street
railyard. The plan comprises a 17,000-seat entertainment arena, alongside new resi-
dential units, and commercial amenities. Its strategic location next to major transport
nodes promises to attract increased activity in the area [62,63].

A comprehensive dataset of residential property transactions in Brisbane over this
period is utilized, including property attributes, transaction details (sale prices), and
straight-line distance measures for each megaproject considered. The selected megaprojects’
diverse yet complementary features, ranging from entertainment to residential, commercial,
transport, and leisure functions, facilitate the analysis of complex interactions and synergy
effects within the urban property market. The presence of several megaprojects occurring
simultaneously in Brisbane provides a unique opportunity to investigate how these projects
interact in influencing the surrounding real estate market.

2.4. Data Sources and Variables

This study draws upon residential property transaction data from PriceFinder, a
comprehensive proprietary database that provides detailed information on property sales
and attributes in the Australian market. The database is widely used in professional
valuation practice in Australia. Figure 1 shows the distribution of sales price by postcode.

The dataset encompasses residential property transactions in Brisbane from January
2016 to December 2022 (N = 2859), spanning critical development phases of multiple
urban megaprojects. This temporal range captures pre-announcement, construction, and
early operational periods of the projects under study. This timeframe includes significant
milestones, as seen in Table 1.

Data preprocessing followed a systematic protocol to ensure robustness and reliability.
Initially, the raw dataset comprised 3142 residential property transactions. First, any
transactions with missing or invalid information, such as those with zero or negative sale
prices or missing property attributes, were removed. Second, the data were filtered to
include only arm’s-length transactions, excluding any sales between related parties or
non-market transactions, adhering to the legally permissibility aspect of the Highest and
Best Use [67]. After preprocessing, the final dataset consists of 2859 residential property
transactions in Brisbane recorded from 2016 until January 2022. While the dataset provides
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a comprehensive and representative sample of residential property transactions in Brisbane,
there are some limitations and potential biases to acknowledge. First, the dataset only
includes transactions that are reported in the PriceFinder database, and there may be
some missing or unreported sales that are unrepresented. Second, the dataset does not
include information on some potentially relevant property attributes, such as the quality
of construction, renovation history, or energy efficiency. Third, the distance variables are
based on straight-line distances and do not account for the actual transportation network
or accessibility to the megaproject sites. The final key variables in the dataset can be seen in
the table below. Table 2 presents the key variables employed in the analysis. Variables are
categorized into property characteristics (structural attributes), location measures (distance
variables), and project phase indicators (time dummies).

Sale Price

“u | T H =
:ILI%%%iii%

Figure 1. Distribution of sales price by postcode.
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Table 1. Project timeline and key milestones.

Project Stage Brisbane Live Cross River Rail Queen’s Wharf Brisbane
Prospective May 2018: Business case Apr 2016: Authority announced 2012-2014: Initial
Detailed Planning Iuns uzs(zii’s;gz;M Iunziglz%gzsgui?rolle\/slsﬁcl;liing, 2015-2016: Design
Announced Feb 2023: USD 2.5B funding, Sept 2017: EOIs opened 2017: Plan approved

Under Procurement

Under Delivery
Operational

Mar 2024: Site change
Dec 2019: Market sounding Apr 2019.: Con.tract, July 2019: 2018-2020: Construction
Financial close

2027: Construction start Jan 2020-2025: Construction 2021-2024: Main works
2030: Completion 2026: Operations start 2024-2030 staged

Sources: Authors adapted from [58,59,61,62,64-66].

The Euclidian distance is used to measure the proximity of each property to the
megaprojects. The straight-line distance (in kilometers) is calculated from the property
coordinates to the centroid of each megaproject site using the latitude and longitude
coordinates obtained from Nearmaps—Geographic Information Systems (GIS) software.
These distance variables are used to capture the spatial relationship between each property
and the megaproject. Appendix A visualizes the locational distribution in relation to the
three megaprojects.
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Table 2. Variable description.

Variable Description Data Source

The transaction price of the
Sales Price residential property in PriceFinder
Australian dollars (AUD)

Date of when the

Sales Date . PriceFinder
transaction has occurred
Bedrooms The n-umber of bedrooms PriceFinder
in the property
Bathrooms The n}lmber of bathrooms PriceFinder
in the property
The number of car spaces
Car Parks associated with the PriceFinder
property
Longitudinal and The geographic
Latitudinal Coordinates  coordinates of the property Google Maps AP
Scope Key milestones Website
. Euclidian distance to .
Distance - Feature Engineered
megaproject

2.5. Descriptive Statistics

Table 3 presents the descriptive statistics for residential property transactions in Bris-
bane from 2016 to 2022. The sample consists of 2859 transactions with an average sale price
of AUD 645,527 (standard deviation = AUD 361,989). The median sale price of AUD 555,000
indicates a slight positive skew in the price distribution.

Table 3. Descriptive statistics of property transactions in Brisbane, 2016-2022.

Variable N Mean Median SD Min MAX
Sales Price [AUD] 2859 645,527 555,000 361,989 60,800 8,000,000
Continuous Latitude 2859
Longitude 2859
Rooms 2859 1.93 2 0.66 0 7
Discrete Bathrooms 2859 1.66 2 0.53 0 7
Carparks 2859 1.2 1 0.57 0 10
2016 [AUD] 529 634,111 573,740 407,031 100,000 8,000,000
Dummi 2017 [AUD] 403 655,768 555,000 348,839 293,000 2,750,000
[1‘_ Ye:S 2018 [AUD] 443 652,726 560,000 354,976 260,000 4,000,000
0 :N ]’ 2019 [AUD] 421 663,527 560,000 360,477 160,000 3,500,000
=No 2020 [AUD] 395 614,021 540,000 318,676 200,000 3,000,000
2021 [AUD] 668 650,898 545,000 361,445 60,800 2,900,000
QWSB centroid [km] 2859 1.73 1.44 1.23 0.24 6.27
Distances Cross River Rail centroid [km] 2859 1.56 1.13 1.22 0.06 5.58
Brisbane Live [km] 2859 1.69 1.16 1.19 0.20 5.86
QWB centroid [km] x Cross River 2859
Rail centroid [km]
. QWSB centroid [km] x Brisbane Live
Synergies centroid [km] 2859
Brisbane Live centroid [km] x Cross 2859

River Rail centroid [km]

Regarding property characteristics, the sample properties have a median of 2 bedrooms
and 2 bathrooms, with most including at least one car park. The standard deviations for
these structural attributes are relatively small (0.66 for bedrooms, 0.53 for bathrooms, and
0.57 for car parks), suggesting consistency in the housing stock across the sample. Annual
transaction volumes remained relatively stable throughout the study period, with slight
variations ranging from 395 transactions in 2020 to 668 in 2021.
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From the descriptive statistics table, the need for a natural logarithm transformation of
multiple variables becomes apparent because they differ substantially with regard to their
absolute values. These include the target variable. The Box—Cox test for the functional form of
the distance variables was completed. While the Box—Cox test supported a log transformation
for the distance variables, no transformation was applied, partly due to the more intuitive
interpretability of distance using metrics, but also due to the necessity to standardize these
variables as evident in the correlation matrix (see Table 4). Cook’s distance was used to handle
outliers in the dataset. The correlation matrix is reported below.

Table 4. Correlation matrix of key variables.

Std Distance Std Distance

Cﬁzetl?il?n Ln_Sales Price Bedrooms Bathrooms Car Parks i(t)dQ]?NlS];aI?:: to Brisbane to Cross
Live km River Rail
Ln_Sales Price 1 0.0000 ** 0.0000 *** 0.0000 *+* 0.1134 0.1778 0.0962 *
Bedrooms 0.7217 1 0.0000 *** 0.0000 *+* 0.0157 ** 0.0021 *+* 0.8288
Bathrooms 0.6162 0.7148 1 0.0000 ** 0.0717 * 0.0252 ** 0.0137 **
Car Parks 0.5551 0.513 0.3282 1 0.0000 *** 0.0000 *+* 0.0000 ***
StdQDvi,s];ali‘;e to 0.0296 0.0452 0.0337 0.1538 1 0.0000 *+* 0.0000 **+*
Std Distance to —0.0252 —0.0575 —0.0418 0.1115 0.914 1 0.0000 **+*
Brisbane Live km
Std Distance to 0.0311 ~0.004 —0.0461 0.1944 0.7565 0.7992 1

Cross River Rail

! Note: This table reports Pearson correlation coefficients. Values below the diagonal represent correlation
coefficients, with corresponding p-values above the diagonal; *, **, and *** indicate significance at the 10%, 5%,
and 1% levels, respectively.

From the correlation matrix, various insights can be drawn. The matrix displays Pear-
son correlations below the diagonal and their corresponding p-values above the diagonal.
Values below the diagonal represent correlation coefficients. Positive correlation values
above 0.25 (in line with [68]) are defined as the threshold for econometric issues among
the independent controlling covariates to monitor multicollinearity. The correlation matrix
reveals the expected relationships between structural attributes and sale prices, with corre-
lation coefficients ranging from 0.52 to 0.72. This is expected, as these features contribute
significantly to property prices. Distance variables show weaker correlations with price
(coefficients < 0.25), though several exhibit strong correlations with each other, necessitating
careful treatment in the model specification. Distance to megaprojects generally shows
weak to moderate negative correlations with sale price, consistent with the hypothesis
that proximity enhances property value. However, distance variables are highly correlated
with each other, indicating the potential for further multicollinearity when creating the
interaction terms. While multicollinearity among distance variables is expected due to the
spatial proximity of megaprojects, solutions had to be applied to improve the model fit.
The standardization of these distance measures (mean = 0, standard deviation = 1) facili-
tates interpretation of the interaction terms in the hedonic model. Distance variables were
standardized and re-estimated for further exploration. Further, it was decided to remove
the Distance to Northshore Hamilton and Brisbane Waterfront to retain the predictability
of the model.

2.6. Model Specification and Estimation

We specify an ordinary least squares (OLS) regression model. We find OLS appropriate
for the analysis, given the large sample size and the assumptions of the hedonic price model,
in line with Malpezzi [37], noting that OLS is a commonly employed method for estimating
hedonic price functions. The specification of an ordinary least squares (OLS) regression
model as a preferred econometric tool over alternative models, namely a GAM, GWR, and
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SAR, follows a rationale for substantive and practical reasons. Besides its computational
advantages, the transparency and interpretability of OLS are particularly suited for clearly
capturing and explaining individual and combined effects of structural attributes and
spatial interaction terms, which in turn directly aligns with the central research objective of
explicitly quantifying megaproject synergy effects.

This study includes an interaction term in the standard hedonic price model that
captures the potential synergy effects between megaprojects. The analysis proceeds in
three stages. First, a baseline hedonic model establishes the relationship between struc-
tural attributes and property prices. Second, distance variables are introduced to capture
individual megaproject effects. Third, interaction terms are incorporated to measure the
synergy effects between concurrent projects. As such, the overall model specification can
be stated as follows:

InP)=ax+B xS+yxL+dxD+0I+¢ (1)

where

- In(P) represents the natural logarithm of property sale price;

- « is the intercept;

- S denotes structural characteristics (bedrooms, bathrooms, car parks);
- L captures temporal effects through yearly time dummies;

- Dis a vector of distance variables for each megaproject;

- lincorporates interaction terms between projects;

- B,v, d, and 0 are vectors of coefficients to be estimated; and

- ¢isthe error term.

To capture synergy, we introduce interaction terms between pairs of megaproject
distance variables. The interaction terms (I) in the model are created by multiplying
the distance variables for pairs of megaprojects. For reference, Equation (2) shows the
interaction term between Queen’s Wharf and Cross River Rail

IQWB x CRR = DQWB x DCRR )

where DQWB is the distance to Queen’s Wharf Brisbane and DCRR is the distance to Cross
River Rail.

These interaction terms allow us to capture the potential synergy effects between
the megaprojects. These terms assess whether co-location amplifies or diminishes their
individual effects. The logarithmic transformation of the dependent variable addresses
the typically right-skewed distribution of property prices and enables coefficient inter-
pretation as percentage effects, in line with Oertel et al. [68], suggesting a transformation
of all absolute values into natural logarithm, to dampen the noisy effect variables with
substantially large absolute values have on variables. Distance variables are standardized
to have zero mean and unit standard deviation before creating interaction terms. This
standardization serves two purposes: it reduces the potential multicollinearity between
interaction terms and their components, and it facilitates the interpretation of interaction
coefficients as standard deviation effects. The model is estimated to use ordinary least
squares (OLS) with heteroskedasticity-robust standard errors to address potential variance
heterogeneity. While spatial dependence likely exists in the data, computational constraints
prevent the implementation of more sophisticated spatial econometric techniques. This
limitation is acknowledged and partially addressed through careful interpretation of the
results. Several diagnostic tests assess model validity. Variance inflation factors (VIFs)
examine multicollinearity, with values above 5 flagged for concern. The Breusch-Pagan
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test evaluates heteroskedasticity, while Ramsey’s RESET test checks functional form spec-
ification. The methodology enables the quantification of both direct project effects and
synergistic impacts while controlling property characteristics and temporal trends. How-
ever, endogeneity concerns regarding project locations and potential omitted variables
suggest caution in the causal interpretation of results. Several versions of the model are esti-
mated, starting with a base model that includes only the structural and locational attributes,
and then progressively adding the megaproject distance variables and interaction terms.
This approach allows for a detailed assessment of the incremental impact of megaprojects
and their synergy effects on residential property prices.

Zurada et al. [69] highlight several limitations of the OLS due to its inherent assump-
tions. These include the presumption of linearity, a lack of model flexibility, issues of
multicollinearity among variables, and spatial autocorrelation. Spatial autocorrelation
specifically addresses the tendency for real estate values to cluster within specific geograph-
ical areas or submarkets [70]. Regretfully, property data often exhibit spatial dependence
and heterogeneity, which may violate the assumptions underlying OLS [71,72]. To address
these issues, researchers can draw on an arsenal of alternative model specifications from spa-
tial autoregressive models [70,73,74] as well as geographically weighted regression [75,76]
to semi-parametric and non-parametric approaches like gene [55-57].

3. Results and Discussion

The empirical analysis reveals significant effects of both individual megaprojects
and their interactions on residential property values in Brisbane. We report the results
progressively for the two model specifications: a baseline model with only structural
attributes and a full model including interaction terms (synergy effects).

3.1. Interpretation of Results

The coefficients estimated in the hedonic price model can be interpreted as the marginal
effects of the explanatory variables on the natural logarithm of the sale price. For the
structural attributes, the coefficients represent the percentage change in the sale price
associated with a one-unit change in the attribute, holding other factors constant. Due to the
standardization of distance variables, for the megaproject distance variables, the coefficients
represent the percentage change in the sale price associated with a one standard deviation
increase in the distance to the respective megaproject, holding all other variables constant.
A negative coefficient indicates that properties located closer to the megaproject command
higher prices, while a positive coefficient suggests the opposite. This is counterintuitive, as
one standard deviation decrease in distance is associated with an increase in sales price.
A negative sign on a distance coefficient indicates that proximity to that project increases
property value, whereas a positive sigh would suggest the opposite. The coefficients of the
interaction terms are of particular interest as they capture the synergy effects between the
megaprojects. A significant negative coefficient on an interaction term indicates a positive
synergy effect, suggesting that the proximity to multiple megaprojects simultaneously
has a larger positive impact on property prices than the sum of the individual effects.
Conversely, a significant positive coefficient indicates a negative synergy effect, suggesting
that the combined effect of proximity to multiple megaprojects is smaller than the sum of
the individual effects.

3.2. Hedonic Price Model Estimates

Model 1 presents the estimated coefficients and their standard errors for the hedonic
price models. Model 1 is the base model, which includes only the structural. Models 2 to 3
progressively add the megaproject distance variables and interaction terms.
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3.2.1. Baseline Model

The baseline model (Table 5) demonstrates strong explanatory power, with an R-
squared value of 0.592, indicating that about 59% of the variation in log-transformed
property prices is explained by basic structural characteristics. All structural coefficients
included are statistically significant at the 1% level. An additional bedroom is associated
with a 26.1% increase in property value, while an extra bathroom and car park correspond
to 17.2% and 18.5% price premiums, respectively.

Table 5. Regression output baseline model.

Dependent Variable Ln(Sales Price (AUD))
Independent Variables
Constant 12.2724 (0.021)
Bedroom 0.2606 ***
Bathrooms 0.1723 ***
Carparks 0.1853 ***
Observations 2859
R2 0.592
Adjusted R2 0.592
F Statistic 841.7 *** (df = 3; 2855)

Note: ** p < 0.01.

3.2.2. Extended Model

Model 2 includes interaction terms and reveals compelling evidence of synergy ef-
fects between megaprojects (see Table 6). The introduction of interaction terms further
improves the model fit (R? = 0.616). The interaction between Queen’s Wharf Brisbane and
Brisbane Live produces a significant positive coefficient (3 = 0.1766, p < 0.01), suggesting
complementary effects between these developments. As per our interpretation framework
discussed earlier, this suggests a negative synergy (competitive effect) between Queen’s
Wharf and Brisbane Live. In other words, while each project individually boosts nearby
property values, being close to both does not confer as large a combined benefit as one
might expect from adding their separate effects. There may be diminishing returns or
competition for attention/economic activity between these two attractions when both are
in close proximity to a property.

Conversely, the interaction between QWB and CRR and Brisbane Live and Cross
River Rail shows a negative coefficient (3 = —0.1106 (p < 0.05) and 3 = —0.0924 (p < 0.01),
respectively). QWB x CRR: The coefficient is a significant negative coefficient. This implies
a positive synergy (complementary effect) between Queen’s Wharf and Cross River Rail.
Properties that are conveniently near both the waterfront development and the new rail line
enjoy a higher premium than the sum of the individual proximity premiums. This could
reflect an interaction where improved accessibility (rail) and a new destination (QWB)
together enhance the attractiveness of a location more than either would alone.

Brisbane Live x CRR: The coefficient is —0.0924 (p < 0.01), also a significant negative
coefficient, indicating a positive synergy between Brisbane Live and Cross River Rail.
Similarly, it appears that the combination of the new entertainment precinct and the
improved transit infrastructure creates added value for nearby properties beyond their
separate contributions.

The synergy model further exposes temporal variations through the annual dummy
variables, which capture market dynamics relative to the base year. The coefficients reflect
how residential property prices changed, controlling for structural attributes and distance
effects. The coefficient for 2019 is specifically negative and significant (3 = —0.0725, p < 0.01),
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(a) Residuals vs. Fitted Values: Baseline Regression Model Results

indicating that property prices were about 7.3% lower than 2016 after controlling for

other factors.

Table 6. Regression output model 2 with interaction terms.

Dependent Variable Ln(Sales Price (AUD))
Independent Variables
Constant 12.3002(0.019) ***
Bedroom 0.2717 (0.012) ***
Bathrooms 0.1628 (0.013) ***
Carparks 0.1947 (0.010) ***
Distance to QWB —0.0606 (0.018) ***

Distance to Northshore Hamilton
Distance to Brisbane Live
QWB X Brisbane Live
QWB x Cross River Rail
Brisbane Live x Cross River Rail
Year 2016
Year 2017
Year 2018
Year 2019
Year 2020
Year 2021
Observations
R2
Adjusted R2
F Statistic

0.1463 (0.022) ***
—0.0728 (0.016) ***
0.1766 (0.021) ***
—0.1106 (0.035) **
—0.0924 (0.023) ***

—0.0269 (0.017)
—0.0410 (0.016) **
—0.0725(0.017) ***
—0.0471 (0.017) **

—0.0201 (0.015)

2859
0.616
0.614
326.3 *** (df = 14; 2844)

Note: * p < 0.05; ** p < 0.01.

Both models were subjected to diagnostic checks. The Breusch-Pagan test indicates
the presence of heteroskedasticity (p < 0.01), addressed through robust standard errors.
Figure 2 shows residual vs. fitted values of baseline, extended and synergy.

13 14 15 16 12

Fitted Values

13 14 15 16
Fitted Values

(b) Residuals vs. Fitted Values: Synergy Model with Time Dummies

Figure 2. Residual vs. fitted values: (a) Baseline regression model results; (b) synergy model with

time dummies.

Variance inflation factors remain below critical thresholds for primary variables,

though some interaction terms show elevated values, warranting careful interpretation.
Residuals are independent and show no autocorrelation. The Jarque—Bera test rejected the
normality of residuals, and the Ramsay RESET showed no evidence of misspecification
due to omitted or irrelevant variables.
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3.3. Discussion

The empirical findings reveal complex dynamics between concurrent urban megapro-
jects and residential property values in Brisbane, advancing our understanding of how
transformative urban development collectively shapes property markets. Cities consist
of a complex web of social factors within the built environment, where price formation
arises from individual decisions of buyers and sellers, which are difficult to capture in one
model. As expected, the baseline model demonstrated significant influence of structural
attributes on property price formation, as supported by [52,53]. Bedrooms, bathroom:s,
and car parks are foundational determinants of value as they align with buyer preferences
and practical needs. We focus our discussion on novel insights regarding megaproject
impacts and their interactions. The empirical findings reveal complex dynamics between
concurrent urban megaprojects and residential property values in Brisbane, advancing our
understanding of how transformative urban development collectively shapes property
markets. Several key insights emerge for theory and practice, with important considera-
tions for urban policy. First, the results demonstrate a positive synergy between Queen’s
Wharf Brisbane and the Cross River Rail, as well as between Brisbane Live and the Cross
River Rail. These complementary effects suggest that mixed-use development and im-
proved transit accessibility can mutually reinforce individual benefits. Previous literature
on transportation infrastructure projects has found that proximity to these amenities gen-
erally commands higher prices, such as rail transit systems [47,48] and highways [49,50].
This study, however, finds evidence of a synergistic effect beyond individual effects when
such projects are developed in concert. This finding extends beyond traditional proximity
benefits; it indicates that coordinated planning of land use and transport infrastructure can
generate multiplicative benefits for property values. This analysis provides several key
insights for theory and practice, while highlighting important considerations for urban
policy. Second, the results also indicate a negative synergy between Queen’s Wharf and
Brisbane Live. This suggests that when two large-scale flagship projects are located near
one another, the incremental benefit of having both is less than what each would contribute
independently. This competitive effect may stem from construction-phase disruptions or
indicate that transportation infrastructure projects generate different market responses
than mixed-use developments. Such findings challenge simplified assumptions about the
uniformly positive impacts of urban megaprojects. It might further reflect a saturation
effect—there is a limit to how much multiple nearby attractions can keep adding to real
estate desirability, perhaps due to competition in changing the spatial gravity of the city or
simply diminishing returns, because one major attraction is enough to draw interest to the
area. These findings challenge simplified assumptions that all megaprojects invariably and
uniformly increase nearby property values. Instead, the impact of one project can depend
on what other projects are in its proximity.

Third, the temporal analysis reveals important patterns in market response across
project phases. The observed decline in relative property values during peak construction
periods, particularly in 2019, suggests that short-term disruptions may temporarily offset
long-term benefits. This highlights the importance of considering project timing and
sequencing in urban development strategies.

These results have significant implications for urban planning and policy. First, evi-
dence of positive synergies supports the strategic clustering of complementary develop-
ments, suggesting that coordinated project timing could maximize property market benefits.
Second, the identification of competitive effects indicates the need for careful management
of concurrent construction impacts and potential market saturation. For property investors
and developers, these findings provide valuable insights into investment timing and loca-
tion decisions. The varying strength of proximity effects across price segments, particularly
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in the upper quartile, suggests opportunities for targeted development strategies. However,
the temporary negative impacts during the construction phases warrant consideration in
investment horizons. We observed that property values relative to the 2016 baseline dipped
during the peak construction years around 2018-2020, with the largest decline occurring in
2019. This pattern is consistent with short-term negative externalities from construction
activity offsetting longer-term benefits [77]. Moreover, the inclusion of temporal variables
mitigates omitted variable bias, ensuring that the results more accurately represent the
underlying trends in the housing market.

Methodologically, we found that the integration of interaction terms increased the
explanatory power of price formation in residential markets, allowing them to extract a
synergy effect among projects. The use of robust standard errors instills confidence that our
inferences are not unduly influenced by heteroskedasticity. Standardizing variables proved
to be a useful strategy for mitigating multicollinearity, thus preserving the interpretability
of interaction term coefficients. Given that interaction terms are essentially products of
collinear distance measures, some multicollinearity is inevitable; our approach kept VIFs at
acceptable levels for key variables. Future studies might explore alternative specifications
to further address this issue, but there is often a trade-off between multicollinearity and the
richness of interpretation, which we managed by focusing on standardized terms. Overall,
this study’s findings offer insights for a range of stakeholders in the built environment.
Policymakers and urban planners should consider the potential synergies. For real estate
investors and developers, the findings highlight the potential opportunities and risks
associated with investing in residential properties located near concurrent megaprojects.
The presence of positive synergy effects suggests that properties located in areas where
multiple complementary megaprojects are being developed may offer higher returns than
those located near individual megaprojects. However, the evidence of negative synergy
effects also warns against the blind pursuit of such opportunities and emphasizes the
importance of careful market analysis and due diligence. This explicit quantification
directly responds to recent scholarly calls for more sophisticated quantitative methods in
analyzing the complex dynamics of large-scale urban interventions [15,19,24].

While our analysis provides valuable insights, it is important to acknowledge lim-
itations that open avenues for further research. First, our focus on Brisbane within a
context-specific period means that the findings may not automatically generalize to other
urban contexts or timeframes. Constraints in the data collection did not fully capture the
post-completion operational phase of the megaprojects; for instance, the Queen’s Wharf
opened its doors in August 2024. Future research should examine longer-term data to
observe whether the synergy effects persist, intensify, or dissipate once all projects are
completed and fully functional. Cross-city comparative studies could also test whether
similar synergy or competition patterns occur in different urban settings or in different
governance/policy environments. Next, although we included rich controls and a novel
interaction structure, the hedonic model could not capture all factors influencing property
prices. Our use of year dummies partly controls for macro-trends, but a more granular
approach might help isolate project impacts further. Additionally, there may be dynamic
effects—for instance, speculation and expectation of megaproject impacts could have
caused price changes even before or during the construction ‘announcement effect’ [78],
which this model cannot fully disentangle. A difference-in-differences approach or an event
study design could be fruitful in future research to more causally pin down the timing of
price responses to project announcements and milestones. Moreover, as discussed, spatial
autocorrelation is likely present. Spatial econometric models would allow capturing the
influence of neighboring observations’ prices on each other. The use of such models, or ge-
ographically weighted regression to see if effects vary spatially across the city, could refine
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the understanding of the spatial extent of megaproject impacts. Finally, multicollinearity
among distance variables posed a challenge. We addressed it through variable selection
and standardization, but this meant that further projects like Northshore Hamilton or
Eagle Street Pier had to be omitted from the model specification. Semi-parametric mod-
els like generalized additive models (GAMs) or generalized additive models for location
scale and shape (GAMLSS) have been suggested [56,57] to capture such non-linearities
and could improve the modeling of price gradients around these projects. Despite these
limitations, this study makes a novel contribution by quantifying the synergy effects of
concurrent megaprojects in an urban property market. It provides empirical evidence that
multiple flagship developments should not be viewed in isolation, as their interactions can
significantly alter local economic outcomes.

4. Conclusions

This study investigated the impacts of concurrent urban megaprojects on residential
property values using Brisbane’s recent development cycle as a case study and employing a
hedonic pricing model with interaction terms to capture synergy effects. Our findings provide
strong evidence for the presence of both positive and negative synergy effects among these
urban megaprojects, highlighting the complex ways in which these large-scale developments
interact in shaping urban property markets. The analysis contributes to the scant literature on
megaproject synergies and offers new insights into urban economics in the context of flagship
developments. The findings contribute significantly to the broader international discourse on
urban development, infrastructure planning, and economic geography.

The empirical results show that coordinated megaprojects can generate added value
beyond individual effects (positive synergies), particularly when infrastructure and place-
making projects coincide. However, when multiple projects of a similar nature overlap, the
incremental benefits can diminish (negative synergies), or temporary negative impacts can
arise during simultaneous construction. While we acknowledge several limitations, our
research provides empirical support for the idea that multiple flagship projects can produce
synergy effects that significantly boost nearby residential property values. We opted for
an OLS specification in the present study over alternative econometric methods. Spatial
autoregressive (SAR) models, geographically weighted regression (GWR) models, and
generalized additive models (GAMs) are becoming increasingly popular for addressing
spatial dependencies and nonlinearities; however, they introduce complexity that may
obscure the clear and direct interpretation of interaction effects, which is essential in the
present course of analysis. Although our large dataset provides adequate statistical power,
it also presents computational constraints, in light of the use of more advanced spatial
econometric models. On the upside, as discussed, this opens avenues for future research to
build upon the findings of this study.

This study has practical and policy implications for a wide array of stakeholders.
Policymakers and urban planners should consider the timing, mixture, and spatial arrange-
ment of megaprojects collectively rather than in isolation. Eminently, urban policymakers
and planners can draw on these insights to form agglomeration clusters of complementary
developments such as pairing transit infrastructure with major mixed-use or entertainment
projects to maximize synergy effects. Implementing such strategies in coordination not only
ensures immediate benefits through reduced negative externalities but also enhances long-
term economic outcomes by effectively leveraging the cumulative attractiveness generated
by multiple flagship developments. Consequently, cities worldwide adopting coordi-
nated strategic approaches can better harness megaproject synergies, ensuring sustained
socioeconomic value creation for urban communities.
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By identifying where synergies are likely, they can aim to design interventions that
amplify positive outcomes—for example, aligning a new transit line opening with the
launch of a major commercial hub. Conversely, recognizing potential negative interactions
can help in devising strategies to mitigate them, such as staggering project timelines or
implementing measures to reduce construction nuisances. For investors and the commu-
nity, the findings highlight that the impacts of urban megaprojects on property markets
are multi-dimensional. The true “value” of a megaproject to its surroundings lies not only
in its direct benefits but also in how it complements or competes with the city’s other
transformative initiatives. While Brisbane provides an empirical context, the results and
analytical approach can be transferred to assist strategic decision-making in urban megapro-
ject planning globally. Cities increasingly deploy multiple simultaneous megaprojects as
strategic instruments for economic revitalization, urban regeneration, and competitive
place-making, extrapolating our findings to have broad applicability beyond Brisbane.

At a universal level, our approach advances theoretical and practical knowledge of
megaproject-induced urban dynamics. We demonstrated how interactions among large-
scale urban interventions significantly alter property market outcomes. In empirically
quantifying synergistic effects, this study offers an analytical framework that can be adapted
and applied to diverse urban areas facing simultaneous types of development.
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