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Abstract: This paper investigates the impact of construction activity and associated parking on
the overall parking behaviour of a rapidly changing metropolitan city. The study adopted the
modelling and simulation of baseline and impact scenarios of increasing demand, changing parking
infrastructure and limited on-street parking supply. Results indicate that construction and population
growth, as well as limited parking capacities, will have a significant impact on overall parking
behaviour. Furthermore, the proximity to the construction site was identified as an important
consideration in carpark location choice. These findings suggest that decisions on capacity and
locations should be based on critical factors, including the behaviour of various users and loads. This
study has implications for policymakers on the provision and selection of parking infrastructure
for a range of users. Outcomes of this research have directly influenced the planning framework
for the Parramatta Light Rail project, future zoning, and infrastructure development in Parramatta.
These findings can be used for recommendations on developing travel demand management (TDM)
strategies for various stakeholders, depending on the context of parking demand, supply, and future
changes. However, the study is limited to surveys of actual parking demand without considering
latent demand during the peak period of the day.

Keywords: kerbside parking; impact scenarios; travel demand management (TDM); parking
infrastructure

1. Introduction

Rapid urbanisation is leading to rising levels of demand for the distribution of goods
and associated parking needs in cities [1]. An increased level of demand for parking and
changes to parking infrastructure is further evident from increasing levels of construction
activities associated with new infrastructures such as light rails and residential towers.
These increased levels of demand cause not only major disruptions, reducing the amount
of on-street parking [2], but also reduce other parking options due to changes to current
parking infrastructure, including the planned demolition of existing carparks [3]. Further-
more, increased urbanisation with the surge in freight transport movements has resulted
in a hazardous impact on public health, the environment, and the quality of life in urban
areas [4].

Parking within the broader topic of transport planning has been investigated from a
range of perspectives, including parking infrastructure planning across a range of park-
ing facilities (e.g., off-street and kerbside (on-street)) in urban cities, parking policies,
and parking assessments. Parking infrastructure relates to facilities and requirements in
metropolitan cities and other large established areas such as university campuses and
sporting venues [5,6]. Parking infrastructure comprises a range of facilities which includes
kerbside parking in city centres and private multi-storey carparks. On the other hand,
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parking policy is an integral part of the parking assessment. It is mainly the question for
policymakers at the local government/council level, focusing on types of kerbside parking
allocation, parking time limits, and pricing of parking. Parking assessment is a continuing
work for various stakeholders due to the changing environment in many metropolitan cities,
increasing level of infrastructure, commercial and residential developments, increasing
demand for different types of parking (e.g., freight and servicing activities), and changes to
existing parking infrastructure [7].

The parking infrastructure of the kerbside and off-street parking supply is continu-
ously changing due to various factors such as urban redevelopment and minimum parking
requirements. It is recognised that minimum parking requirements exacerbate all prob-
lems associated with increasing demand, leading to higher vehicle ownership, more car
ownership, and poor air quality [5]. These problems are further compounded when the
parking infrastructure is impacted by city infrastructure development, particularly when
existing parking spaces are reduced, and demand is increased due to population growth
and construction activities [3].

Various studies have reported on parking assessments from different perspectives
and viewpoints, including evaluation of parking infrastructure from constraint and/or
opportunity for urban development [5], energy management for a large-scale electric vehicle
charging-enabled municipal parking deck [8], the costs and benefits of inner-city parking
using network optimisation [9], and the effectiveness of on-street parking pricing schemes
under changing conditions [7] using different pricing strategies [10]. Recently, Tran, Yang,
and Huang [11] investigated traffic and transportation planning-related indicators and
identified on-street parking within broader parking infrastructure as a significant indicator
of sustainable transportation infrastructure rating systems. Some studies have investigated
the demand for parking influenced by other factors including changes in parking cost
shifting demand and their interaction on cruising for parking [12,13], a tradeoff between
cruising and walking cost [14], and pricing elasticity of parking occupancy and associated
supply restrictions [15]. Latent demand as part of demand not realised has also been
studied, particularly demand modelling incorporating cruise-around searching [16,17]. It
is recognised that measuring the share of traffic that is cruising for parking is a significant
portion of parking demand [16]. There is growing recognition that parking assessment is
critical for any future infrastructure development, particularly when current infrastructure
is affected during the construction stage and expected/planned changes to existing parking
facilities.

Substantial research examines parking in urban cities, national parks, and public lands
by consideration of various factors impacting transportation planning, urban challenges
for parking occupancy detection, overall parking assessment, the role played by social
norms, communication responsibility, and institutional environment in regulating park-
ing behaviour and the social impacts of shared transportation [5,7,18–24]. Those factors
impacting the availability of parking include (i) possible closure of existing kerbside park-
ing due to new public transport infrastructure such as light rails, (ii) increasing demand
due to population growth, (iii) increasing freight and servicing activities, (iv) changes to
other parking facilities (e.g., closure of existing carparks for developing new residential
and commercial buildings), (v) real-time availability for on-street parking in an urban
environment, and (vi) the impact of a sharp increase in construction volume (activity) and
the development zone’s compaction [25]. However, most of these studies have focused
on these factors with limited consideration of future impact including rapid growth in
construction activities and infrastructure changes. Furthermore, those research studies
have not considered inter-dependencies of those factors on overall parking assessment. In
contrast, many cities are continuously impacted by many rapidly changing conditions over
many years of infrastructure development and population growth [2]. Parking assessment
of current demand/usage and capacity, as well as future impacts on overall parking require-
ments and supply due to population growth and infrastructure development, is lacking.
Therefore, the research questions of this study are: (i) what the current demand on existing
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parking infrastructure is, mainly influenced by construction activities and (ii) how future
impact scenarios will impact the overall parking needs in a rapidly changing urban city. To
address the broader research question on parking assessment of a rapidly changing urban
city, the Parramatta CBD (one of the fastest-growing cities in Australia) was selected for this
research. The research was carried out using the assessment of current parking behaviour
based on survey data and simulation modelling of future kerbside impact scenarios.

The research paper is structured as follows. Next, a background of the current park-
ing infrastructure in the Parramatta CBD is presented. This is followed by the research
methodology providing details of the data collection methods, analysis, and modelling
and simulation used in the assessment. The results are presented next. Finally, findings,
discussion, and conclusions are presented by outlining recommendations for policymakers
for developing TDM strategies on off-street and kerbside parking, limitations, and practical
implications.

2. Background of Current Parking Infrastructure—Parramatta CBD

The Parramatta CBD is one of the most rapidly changing cities in Australia, with
major infrastructure projects in progress including the Parramatta Light Rail and Sydney
Metro West rail line. The proposed light-rail project will have a major impact on the
current parking infrastructure of off-street (e.g., multi-storey carparks) and kerbside parking
facilities. Figure 1 shows the map of the planned route of light-rail infrastructure and the
parking study area in Parramatta CBD on a 2 km × 2 km map. The parking study area of
short-term parking (STP) and freight activity space (FAS), defined by the boundaries of the
area (shown in blue), is about 0.78 km2 (i.e., 0.91 km × 0.86 km).
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The second major change expected in the Parramatta CBD is ongoing road infras-
tructure development, which also impacts the current kerbside parking infrastructure.
Moreover, there are several other residential and commercial infrastructure projects that
are in the pipeline, including a large number of applications for commercial office develop-
ment in the Parramatta CBD [2,26]. There are two stages of impact on kerbside parking
due to these projects. First, there is an immediate impact on kerbside parking demand
due to increased demand by construction activities. Second, there is an expected de-
mand increase and potential changes to demand composition (e.g., short-term parking and
freight/servicing activities), influenced by the development completion and subsequent
occupation of those buildings by residents and businesses.

The next major change is the reduction of existing parking facilities, due to other
developments in the Parramatta CBD. There are three public multi-storey carparks. Two of
them are flagged for demolition to make way for other developments. Commuter carparks
on the fringe of the CBD are likely to be the replacement. While there is some sense in this
approach from a land-value perspective, the overall profile of commuter parking could
be impacted by this approach. However, tradespersons using the carpark on Horwood
Place are likely to be using kerbside due to its convenient proximity to the large city-
centre developments such as Parramatta Square (a major commercial development site),
particularly if the worker is carrying tools to the site. All of these expected changes and
the resulting impact on overall kerbside parking behaviour from the perspective of usage
with time and bottleneck are complex to visualise and are required to be investigated for
developing TDM strategies for all stakeholders. This is further impacted by changes to
demand impacted by population growth and thereby an increased demand in the parking
needs of construction workers, freight services, and other users of city facilities.

Furthermore, Transport for NSW (TfNSW) of the NSW government is overseeing the
overall transport/parking planning to be fed into the overall planning of the infrastructure
development in the Parramatta CBD. TfNSW observed a significant number of construction
workers parking in multi-storey parking facilities in the Parramatta CBD to work on nearby
building sites. While TfNSW supports the use of off-street parking facilities, there are likely
implications to the broader community should the off-street parking provision change. The
Horwood Place carpark that was central to this study and is highly frequented by construc-
tion workers is scheduled for closure, with the area to be redeveloped. TfNSW set this as a
priority area for further investigation within the city infrastructure development planning
framework. Although several other factors including cost, alternatives to commuting by
public transport, and willingness to walk from a distant carpark could influence the overall
parking behaviour, the scope of this research is limited to investigating parking assessment
in the context of key areas of growing construction activity, infrastructure changes, and
the impact of population growth. Therefore, this research focused on the implications of
impact scenarios, incorporating the expected demand increase and changes to the parking
infrastructure over the next six years.

In addressing the broader research question of parking assessment in a rapidly chang-
ing urban city, using the case of the Parramatta CBD with the implications outlined above,
the broader aim of this research is to assess the traffic/parking impact of ongoing high
demand from construction workers and limited future off-street parking supply as the basis
for developing TDM strategies. Therefore, the key objectives of this investigation/research
are to:

• Gain an understanding of parking behaviour of construction workers at a council
carpark by trip purpose, site destination, and user through a survey of workers using
the carpark;

• Illustrate and analyse/forecast expected future kerbside parking demand due to
population and construction growth as well as capacity reduction due to infrastructure
development;

• Develop and execute a traffic/parking simulation model of baseline scenario (current
demand/usage and supply) and various kerbside impact scenarios, including expected
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demand increase and reduction/changes of/to existing kerbside and carpark capacity,
and

• Provide evidence-based information on parking assessment in Parramatta CBD and
guidelines to key stakeholders of infrastructure planning for developing TDM strategies.

This research was carried out using surveys (manual and video-capture) for data
collection and a simulation approach for modelling of the baseline scenario and future
impact scenarios. Details of the research approach, including methods adopted for data
collection and analysis, are outlined next.

3. Research Methodology

The research study adopted a holistic approach of modelling parking behaviour and
simulation of impact scenarios to illustrate the impact of future changes to parking demand
and capacity changes in a rapidly changing metropolitan city. The overall approach in-
volved three stages: (i) worker intercept survey at the selected carpark, using a behavioural
questionnaire, (ii) the carpark data using camera and ticket data and kerbside parking
usage using video/camera and manual data collection, and (iii) modelling and simulation
of baseline and impact scenarios. The first two stages mainly involved survey data, the
carpark usage using video/camera and ticket data and the kerbside parking usage using
video/camera and manual data. Analysis of kerbside and carpark data was used to model
the baseline simulation model. Details of data collection involved in the first two stages
are presented next. This is followed by the details of the third stage of modelling and
simulation of baseline and impact scenarios.

3.1. Data Collection
3.1.1. Worker Intercept Survey Data Collection

The worker intercept survey (Appendix A) was designed to gather a deeper under-
standing of the drivers for construction workers’ choice in parking at the subject carpark.
Surveyors at four entry/exit points of the carpark intercepted construction workers and
collected responses using Google Form. The survey was conducted over two working days,
two shifts each day: (i) 7 May 2019, 6 a.m.–9 a.m. and 11 a.m.–2 p.m.; and (ii) 8 May 2019,
6 a.m.–9 a.m. and 12 p.m.–3 p.m.

3.1.2. Carpark Data Collection—Video/Camera and Ticket Data (Provided by TfNSW)

Carpark parking data consisted of video and ticket data of parking events at Horwood
Place carpark for six continuous days (Monday 6 May 2019 to Saturday 11 May 2019) and
was provided by TfNSW. The ticket data provided details on vehicle arrival times and
exit times. The camera data provided details on vehicle arrival times and vehicle type. To
determine parking duration, vehicle arrivals from the camera data were matched with the
unique vehicle arrival and exit times from ticket data.

The matching process required both datasets to be cleaned and synchronised first.
Available ticket data were matched with camera data for 06 May to 11 May to form a
synchronised dataset. The synchronised dataset consists of arrival times and vehicle types
ascertained from camera data and parking duration derived from ticket data. Hourly
parking time distributions were then developed for use in the carpark parking model. It is
also noted that some records had no matching dwell time information after synchronisation;
however, this is related to a small percentage of entries (about 3%). By evaluating parking
duration distributions for parking events of each hour and then by sampling from these
distributions, the missing information was reconstructed. That is, for camera records
with no matching ticket data, a parking duration was assumed using hourly parking
distributions. Distributions of parking duration of parking events in each hour are modelled
using triangular distributions with mean, minimum, and maximum duration using camera
data and are shown in Appendix B.

The intercept survey data were then matched with the synchronised dataset using the
arrival time, parking duration (as claimed by construction workers and actual), and vehicle
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type. More than 90% of parking events were consolidated by matching all three categories
and using the correctly matched camera and ticket data. For other cases, at least one of the
attributes was matched. This resulted in a synchronised dataset that included all carpark
data and construction worker usage data.

3.1.3. Kerbside Parking Demand Data Collection

Using the kerbside assessment conducted in 2017 [3], which involved both manual data
collection and video data provided by TfNSW, a “typical day” scenario was constructed.
Typical day model provides kerbside parking usage on a typical weekday. This model was
verified using 2019 kerbside demand data and was found to be a reliable representation
of the Parramtta CBD parking. To adopt kerbside video/camera data collected in 2017,
provided by TfNSW for the purpose baseline modelling, kerbside video/camera data was
validated using a small-scale kerbside parking survey in 2019 (carried out by TfNSW).
Data gathered in the 2017 kerbside assessment included camera data (provided by TfNSW)
and manually collected data on parking usage over two days. Manual data collection
was limited, covering only a limited period (7 a.m.–4pm) over two days (17–18 October
2017) using a few selected parking spaces of limited parking segments in Parramatta CBD.
The purpose of the validation was to ensure no significant discrepancy between current
kerbside parking usage compared to usage in 2017, before incorporating the 2017 data
into modelling. The validation of 2017 kerbside data using a small-scale parking survey
carried out by the TfNSW over two days (7–8 May 2019) concluded that the data gathered
in 2017 remains valid and reliable for use in the development of the traffic/parking baseline
simulation model.

To overcome limitation of scope of manual data collection in 2017 using a few selected
parking segments, the camera data of kerbside parking events on the broader scope of
parking segments over five workdays were used for the basic analysis of kerbside parking
demand and baseline model. Using the 2017 video/camera data collection, a “typical
day” parking scenario that utilises 31 STP and 8 LZ parking spaces was constructed for
modelling purposes.

The camera dataset was carefully checked for any missing data, overlapping data, and
outliers (e.g., parking events with more than 24 h durations). The refinement and checking
produced a dataset comprised of typical day behaviour:

• Parking events for 84 short-term parking (STP) spaces and 28 loading (LZ) parking
spaces in Parramatta CBD;

• Arrival time and exit time of each of these parking events, 24 h a day over one week
(16–20 October 2017).

This refined dataset is assumed to be a reliable representation of the whole Parramatta
CBD kerbside parking space (501 STP and 46 LZ spaces in Parramatta CBD) and was used
as the primary input to the Phase 3 simulation model.

4. Modelling and Simulation of Baseline and Kerbside Impact Scenarios

The goal of the simulation modelling is to model (i) current parking demand on
kerbside parking spaces in the Parramatta CBD and at the Horwood Place carpark and
(ii) kerbside impact scenarios, incorporating expected/forecasted future capacity/demand
changes.

A baseline simulation model that represents the current kerbside parking demand
around the centre of the CBD and the Horwood Place carpark was developed as the
first step. This incorporated both kerbside and carpark usage for a typical day scenario.
The simulation model is developed as a discrete-event simulation using hourly parking
duration distributions, hourly parking arrival rates, and parking capacities as the main
inputs. The simulation modelling platform used was Flexsim [27], and the analysis of
results was performed using MATLAB [28] and Microsoft Excel.



Sustainability 2022, 14, 5098 7 of 28

4.1. Analysis and Modelling of Kerbside Parking Usage

Model inputs on arrival rates and parking durations for kerbside modelling were
obtained using camera data of video capture during the one week of 16–20 October as part
of the 2017 kerbside assessment [3]. The kerbside camera dataset consists of parking events
on 84 STP and 28 LZ spaces. Parking duration was modelled for all available 2017 weekday
kerbside data by evaluating duration distribution for events of each hour. Appendix B
shows the resulting parking distributions thus determined and an example of a parking
distribution validation for STP parking zones.

A simulation model of the “typical day” was built using FlexSim. The simulation
model was verified against the expected parking usage and arrivals. The typical day
scenario was then extended to the baseline simulation model by appropriately evaluating
hourly arrival rates to reflect the baseline (2019) kerbside scenario. The baseline kerbside
model takes into consideration the kerbside capacity of 501 STP and 46 LZ parking spaces.
It is assumed that about 30–45 s is taken/used between parking events. Since the average
length of stay on a kerbside parking space (STP and LZ) is around 28 min [3], this accounts
for approximately 8–10% of kerbside parking capacity that is not being utilised. Therefore,
it is assumed that 90% utilisation is full kerbside capacity.

4.2. Analysis and Modelling of Carpark Usage

The carpark data (both camera and ticket data) were analysed for hourly arrival rates,
parking duration (dwell time) of each event by hourly intervals, and percentage of usage
over a five-workday period, the selected day of the week and a typical day of the week
as the representatives of a weekday for the baseline model of 2019 parking demand. In
this analysis, a synchronised carpark dataset was developed by matching each parking
event recorded in the camera dataset and ticket dataset, using key characteristics (e.g.,
entry/exit times of camera data and parking duration in the ticket dataset) of the parking
events of each hour. Appendix C shows distributions of parking duration of hourly carpark
events using synchronised camera/ticket and survey data. Parking events by construction
workers are matched with the already synchronised data of camera and ticket data of
carpark parking events. The synchronisation of construction worker parking events with
ticket/camera data is based on the matching of common measures of respective records. In
this case, common measures include:

(1) Time in and/or time out of ticket/camera data and time of worker interception on
arrival at the carpark or leaving work, allowing about 3–5 min interval between
recorded times;

(2) Type of vehicle noted by both synchronised and intercept survey records;
(3) Parking duration recorded by ticket data and noted in the intercept survey.

The analysis of camera data showed that the carpark has a similar usage across all
weekdays, and the intercept survey for 8 May 2019 was a more robust representation of
weekday behaviour of construction worker parking activity compared to the 7 May 2019
dataset (which has some missing construction worker intercepts). The Horwood Place
carpark parking model was developed by consolidating the results of the intercept survey
and camera and ticket data for 08 May 2019. Inputs to the model included hourly arrival
rates and parking time distributions (Appendix C).

4.3. Baseline Model

A carpark baseline model was developed on the Flexsim software platform using the
overall synchronised dataset. The model was verified using the hourly arrival rates and
parking durations of the events generated by the simulation models. The baseline simu-
lation model reflects the current parking scenario for kerbside parking segments around
the centre of the Parramatta CBD and the Horwood Place carpark. The traffic/parking
simulation baseline model was developed as a discrete-event simulation using hourly
parking duration distributions, hourly parking arrival rates, and parking capacities as
the main inputs. The parking duration is modelled by evaluating all available weekday
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kerbside parking data by evaluating the parking duration distribution for parking events
of each hour. The kerbside parking logic and baseline traffic/parking simulation models
are shown in Figure 2.
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4.4. Modelling of Impact Scenarios

Kerbside impact scenarios (Table 1) are modelled by extending the baseline model
using the forecast of the growth of construction activities, population and freight activities,
and capacity changes for the six years from 2020 to 2025.

Table 1. Kerbside impact scenarios.

Scenario

Description

Capacity Changes Demand Changes Construction Worker Displacement
to the Kerbside

Scenario 1

Removal of multi-storey
(Horwood Pl) carpark and

reduction of kerbside parking
spaces (STP-436 and LZ-44) from

2020 onwards

2.55% General population
growth and 12.5% freight
activity growth each year

from 2020 to 2025

0% displacement of multi-storey
carpark users to the kerbside

Scenario 2 Capacity changes as per Scenario
1

Demand changes as per
Scenario 1

Displacement of 10% of multi-storey
carpark users to the kerbside

Scenario 3 Capacity changes as per Scenario
1

Demand changes as per
Scenario 1

Displacement of 20% of multi-storey
carpark users to the kerbside.

Scenario 4 Capacity changes as per Scenario
1

Demand changes as per
Scenario 1

Displacement of 30% of multi-storey
carpark users to the kerbside.
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The estimated population growth in the Parramatta CBD is shown in Table 2. The
year-to-year demand growth of kerbside parking is projected using the population growth
rate [29].

Table 2. Predicted population growth for Parramatta.

Year 2019 2020 2021 2022 2023 2024 2025

Population 260,130 266,763 273,565 280,541 287,695 295,031 302,555

Cumulative Growth 0% 2.55% 5.16% 7.85% 10.60% 13.42% 16.31%

Year-to-Year Demand
Growth 2.55% 2.55% 2.55% 2.55% 2.55% 2.55%

Source/s: Provided by TfNSW.

According to TfNSW’s growth estimation, an increase in freight and servicing activity
is assumed to be 10–15% annually from 2019 to 2025. Therefore, a 12.5% increase in demand
due to freight and servicing is assumed for each year. The construction worker forecast
was developed for the period 2020–2025 and is shown in Figure 3. The year-to-year growth
rate developed was used in predicting the number of construction workers who may use
the carpark if available.
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Figure 3. Construction worker forecast for 2021–2025.

Since the methodology involved a set of datasets, collected through a manual survey
and video-captured camera data over two different timeframes and synchronised using
carefully selected methods as outlined above, a number of assumptions were made and
limitations were noted. Those assumptions and limitations are given in Appendix D.

5. Results

Parking data were analysed under two areas of investigation:

(1) Analysis of current parking demand on kerbside and carpark, including construction
worker demand using intercept survey;

(2) Analysis of both current and future parking demand, including kerbside impact
scenarios influenced/generated by construction activities and population and freight
activity growth in the future (2020–2025), using traffic/parking simulation models.

The current parking demand was analysed using qualitative and quantitative methods,
including patterns of parking behaviour and observations. The results of the simulation
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of kerbside impact scenarios were analysed using key analytical/statistical measures and
illustrations.

5.1. Construction Worker Intercept Survey Data Analysis and Results

Results of construction worker intercept survey data are presented using analysis of
information gathered under each question, and the observations are presented below.

5.1.1. Intercept Survey Results by Each Survey Question

a. Construction worker consent to participate in the survey: Can I ask a few questions
about your travel to work?

The difference of responses between the two days in Table 3 can be attributed to the
fact that some of the “No” responses were not recorded on the first day. The low response
rate of the first day can be explained by the fact that the second 3 h survey window was
from 11 a.m. to 2 p.m., which was one hour earlier than the second day. As such, the
second-day dataset is assumed as the best representative of the weekday behaviour of
construction worker parking in the Parramatta CBD.

Table 3. Summary of consent to participate in the intercept survey.

Date Yes No Total

7 May 2019 83 66 149

8 May 2019 110 104 214

It was also noted that the utilisation of the carpark by construction workers is signif-
icant, which is about 28% of total carpark capacity, based on the 8 May dataset. It was
also noted that more than 50% of workers intercepted (110 out of 214 on the second day)
were willing to participate in the survey. We also observed a considerable number of users
carpooling to their worksite. However, our survey did not capture all users of a single
vehicle, rather only one user of the pooled vehicle. This means that the total number of
intercepted workers does not represent the total number of construction workers using the
carpark. Overall, responses to the consent to participate in the survey were very positive,
with an overall agreement of around 53%, ranging from 56% on 7 May and around 51%
on 8 May. The slight difference in agreement between the two days is attributed to not
recording some of the “No” responses on 07 May.

b. Construction worker worksite: What construction site are you coming from/going to?

The purpose of this question is to capture the construction worker’s worksite (included
a few options, including main sites around Horwood Place carpark). Figure 4 shows the
distribution of responses to this question.

The majority of workers worked at the Walker/Built/PSQ site (82%), followed by the
Arthur Phillip High School site (14%). This could be mainly due to the proximity of the site
and the large number of workers in each site. The carpark’s proximity to these worksites
makes carrying tools much easier.

c. Frequency of driving to the site: How often do you drive to site?

The majority of construction workers were driving to their worksite every day (78%),
as illustrated in Figure 5. The percentage of workers driving to their worksite for three or
more days is about 88%. Therefore, it can reliably be assumed that the daily construction
worker parking behaviour (i.e., hours of parking) is a good representation of weekday
behaviour.
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Figure 5. Frequency of construction workers driving to their worksite.

Based on the 8 May results, about 28% of the carpark was occupied by construction
workers. The majority of them worked at the PSQ site (about 83%) and arrived before 7 a.m.
Construction workers who used the carpark parked there every day more than 78% of the
time. At least 75% of construction workers used the carpark for more than 6 h.

d. Parking duration: How long will you park here today?

As shown in Figure 6, a significant number of construction workers parked for more
than 6 h and accounted for 89% of intercepted workers, including 61% parking for more
than 8 h. Considerable parking activity was also observed before the start of the intercept
data collection at 6 a.m. on both days. Overall, there were 50 to 55 vehicles parked at
the carpark by 5:50 a.m. and 5:55 a.m., respectively, on 08 May. Thus, it is reasonable to
assume that 50–60 vehicles park from 5:00 a.m. to 6:00 a.m., and the majority of those cars
are parked by construction workers. Based on the information that 61% of construction
workers were parking for more than 8 h, it is reasonable to assume a majority of those
who arrived between 5 and 6 a.m. are construction workers and park for more than 8 h.
Therefore, construction worker arrivals are purely based on intercept data and observations
(e.g., 5 a.m. to 6 a.m.) using the 8 May 2019 data. It can be noted from the above analysis of
all vehicle and construction worker arrivals that construction workers use around a quarter
of the capacity of the carpark during the peak time.
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Figure 6. Parking duration by construction workers.

e. Vehicle type: What sort of vehicle do you drive?

This question aims to explore any noticeable pattern by the type of vehicle for different
purposes, including carrying heavy tools. Figure 7 shows that the utes (utility vehicles) rep-
resent the largest proportion vehicle type, very closely followed by car/sedan/hatchback.
When vehicle types are categorised into two groups: commuter (car/sedan/hatchback
and motorbike/scooter) and large vehicles (van/truck and 2WD/4WD/SUV), 60% of
construction workers use large vehicles. To some extent, this complements the observation
of some construction workers carrying tools to their worksite.
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f. Travel distance: Can you tell us what postcode you drove from?

This question is mainly for assessing the distance construction workers travel by
vehicle. This assessment/information could be useful for making some judgment on
construction workers’ acceptance of using public transport if the carpark is closed. It can
be noted from Figure 8 that the majority of construction workers (39.5%) drive between
10 km and 20 km. Overall, more than two-thirds of construction workers (70.9%) drive only
up to 20 km to their worksite. This suggests that the time to their worksite could not be
an issue if the construction workers were to use public transport (assuming very frequent
peak-hour public transport and easy access to public transport from those postcodes).
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Figure 8. Distance between the postcode and Parramatta using 8 May 2019 intercept data of construc-
tion workers.

It can be noted from Figure 9 that a significant concentration of construction workers
is within a 20 km circle from the Parramatta CBD. Similarly, construction workers outside
20 km circle seem to be spread all around the Parramatta CBD, with significant proportions
in the south and southwest of Sydney.
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g. Did the company organise for you to park here?

This question measures the extent to which the worker’s employer arranges off-street
parking for employees.

It can be noted from Table 4 that a large percentage of workers (45% and 54% on 7
and 8 May 2019) did not respond to this question. Of all responses, it is noted that a large
proportion (i.e., 37% compared to 17.4%; 27.1% compared to 19.2%) of workers parked at
their own cost.

Table 4. Responses to the question: Did the company organise for you to park here?

Did Your Company
Organise to Park Here?

7 May 2019 8 May 2019

Number % Number %

No 56 37.6% 58 27.1%

Yes 26 17.4% 41 19.2%

Did not answer 67 45.0% 115 53.7%

Grand Total 149 100% 214 100%

h. Observations

The survey also recorded observations on the company name, trade (electrician,
surveyor, labourer, etc.), and whether the driver was carrying tools. It was also observed
that there were multiple occupants in some vehicles noted at one entry point. There were
only a very few records with the company name recorded (9 and 16 on 7 and 8 May
2019, respectively). Observations on the type of trade indicated that more than 50% of the
construction workers were labourers. About 29% of construction workers were observed
to carry tools to their worksite from the carpark. Another observation was that some
construction workers made multiple trips to their vehicle to collect or drop off tools during
their work shifts.

5.1.2. Summary—Intercept Survey Results

Intercept survey results and parking observations show that the majority of carpark
users in the early hours are construction workers, including around 98% of arrivals from
5–7 a.m., followed by 36% from 7–8 a.m. and 13% from 8–9 a.m. Overall, there was a
considerable percentage (28%) of carpark usage by construction workers, with the majority
(around 90%) parking for more than 6 h. A majority (82%) of construction workers who
participated in the survey worked at the Walker/Built/PSQ site. Similarly, a significant
percentage of construction workers (78%) drove to their worksite.

The breakdown of vehicle types driven by the construction workers shows that the
category of car/sedan/hatchback/motorbike accounts for 40%, compared to 60% of the
category of 2WD/4WD/ute/van/truck. Many workers parked at their own cost. It is also
noted that 29% of construction workers were observed to carry tools to their site, indicating
that the proximity of the carpark to their site was an important factor in parking location
choice.

Since construction worker arrivals were higher in the early hours of the day, and
the majority of workers parked for more than 6 h, the non-availability of the multi-storey
carpark in the future could impact kerbside parking in the Parramatta CBD, in particular
in the vicinity of the carpark, making other users have less choice for their parking needs
during the peak time of the day.

5.2. Analysis and Results of Carpark Capacity and Parking Demand/Usage Using Camera/Ticket
Data

Analysis of multi-storey carpark usage/capacity was carried out as the basis for better
understanding of the overall parking demand at current times, leading to developing a
baseline traffic/parking simulation model incorporating both the kerbside and multi-storey
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carpark demand. Carpark demand and usage/utilisation were analysed using a weekly
dataset (Monday, 6 May–Friday, 10 May 2019). Although data are available for Saturday,
11 May 2019, it was not used for the main analysis since it does not represent a weekday
demand. The analysis is presented under the following areas/categories:

• Overall carpark demand and usage/utilisation over one week;
• Demand and carpark usage/utilisation over hourly intervals of the day.

5.2.1. Overall Carpark Demand and Usage/Utilisation over One Week

It can be noted from Figure 10 and that capacity utilisation of the carpark was ap-
proximately around the same level over the first four days of the week (Monday, 6 May
to Thursday, 9 May 2019), while the capacity utilisation for Friday, 10 May 2019 showed
a slight decrease. There was a very significant drop in demand/capacity utilisation on
Saturday, 11 May 2019 compared to the demand from Tuesday, 7 May to Thursday, 9 May.
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Figure 10. Overall parking demand and carpark usage/utilisation.

When the daily average arrivals, exits, and usage by each hour of the day (6 to 10 May,
excluding Saturday, 11 May) are considered, parking demand and usage/utilisation on
average (Figure 11) seem to be slightly below the full capacity. In this case, the maximum
usage/utilisation was around 98% of the total capacity, and it was recorded from 11 a.m. to
12 p.m.

5.2.2. Demand and Carpark Usage/Utilisation over Hourly Intervals of One Selected
Workday of the Week

Figure 12 illustrates the carpark utilisation on 8 May 2019 using hourly arrivals and
departures, which shows that the carpark utilisation reached its full capacity from 11 a.m.
to 12 p.m. Overall, the carpark operated around its maximum capacity only for a short
period of the day, between 10 a.m. and 1 p.m.
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Figure 11. Average daily parking demand and utilisation.
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Figure 12. Carpark usage of 8 May 2019 using hourly intervals.

5.3. Traffic/Parking Simulation Model Results and Analysis

Traffic/parking simulation model results and analysis are presented under three main
categories: (i) results of the baseline model, (ii) results of the impact scenarios, and (iii)
analysis of saturation levels and periods, based on baseline and impact scenarios.

5.3.1. Baseline Model of Kerbside and Carpark Demand/Usage and Results

The baseline simulation model of parking events using hourly arrivals and best-fit
distribution of parking duration for parking events at each hour is closely reproduced by a
distribution of the actual dataset and is shown in Figure 13.
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Figure 13. Kerbside parking events using the baseline simulation model.

Since the baseline model closely reproduces kerbside and multi-storey parking us-
age, the baseline model can reliably be used to model the four scenarios outlined above,
incorporating various kerbside impact situations (Table 1).

As shown in Figure 14, the carpark is full between 10:14 a.m. and 1:40 p.m. This is
aligned with the carpark usage noted from the analysis of carpark data reported earlier [3].
Similar to multi-storey parking usage reproduced by the baseline model, kerbside parking
usage is reproduced based on the arrival rate and parking duration obtained from camera
data.
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Figure 14. Percentage usage of the carpark on a typical day in May 2019 using the baseline model.

The kerbside usage using the baseline simulation model in Figure 15 shows usage of
above 90% of capacity from 8:08 a.m. to 10:54 a.m. Kerbside usage of 90% or more is as-
sumed to be full capacity due to potential loss of time between parking events, particularly
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when a large proportion of kerbside parking is designated as STP and average parking
time on STP is short during peak period. In the case of the Parramatta CBD, there are 501
STP spaces, compared to only 56 LZ parking spaces. According to [3], the average parking
time during peak time is 27 min, leading to more than 20 parking events on average on a
single parking space during the peak period (7 a.m. to 5 p.m.) on a weekday.

Sustainability 2022, 14, x FOR PEER REVIEW 18 of 28 
 

Since the baseline model closely reproduces kerbside and multi-storey parking us-
age, the baseline model can reliably be used to model the four scenarios outlined above, 
incorporating various kerbside impact situations (Table 1). 

As shown in Figure 14, the carpark is full between 10:14 a.m. and 1:40 p.m. This is 
aligned with the carpark usage noted from the analysis of carpark data reported earlier 
[3]. Similar to multi-storey parking usage reproduced by the baseline model, kerbside 
parking usage is reproduced based on the arrival rate and parking duration obtained from 
camera data. 

 
Figure 14. Percentage usage of the carpark on a typical day in May 2019 using the baseline model. 

The kerbside usage using the baseline simulation model in Figure 15 shows usage of 
above 90% of capacity from 8:08 a.m. to 10:54 a.m. Kerbside usage of 90% or more is as-
sumed to be full capacity due to potential loss of time between parking events, particularly 
when a large proportion of kerbside parking is designated as STP and average parking 
time on STP is short during peak period. In the case of the Parramatta CBD, there are 501 
STP spaces, compared to only 56 LZ parking spaces. According to [3], the average parking 
time during peak time is 27 min, leading to more than 20 parking events on average on a 
single parking space during the peak period (7 a.m. to 5 p.m.) on a weekday. 

The kerbside parking events and percentage of parking events of a typical day using 
the baseline model are shown in Figures 16 and 17. 

 

00:00:00 02:00:00 04:00:00 06:00:00 08:00:00 10:00:00 12:00:00 14:00:00 16:00:00 18:00:00 20:00:00 22:00:00 24:00:00

Time of Day

0

10

20

30

40

50

60

70

80

90

100

P
e

rc
e

n
ta

g
e

 u
sa

g
e

 o
f c

a
rp

a
rk

Percentage usage of carpark on a typical day in May 2019

All
Construction Workers
Other

Figure 15. Kerbside parking percentage usage on 17 October 2017.

The kerbside parking events and percentage of parking events of a typical day using
the baseline model are shown in Figures 16 and 17.
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Figure 16. Kerbside parking events of using baseline model—typical day, October 2017.

It can be noted from Figures 16 and 17 that kerbside parking is full and is shown at
two time intervals (from around 7:32 a.m. to 11:00 a.m. and 6:00 p.m. to 8:00 p.m.).
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Figure 17. Percentage of kerbside parking events using baseline model—typical day, October 2017.

5.3.2. Analysis of Kerbside Impact Scenarios with Construction Workers’ Displacement
onto the Kerbside

Four scenarios were tested for construction workers’ displacement as a result of lack
of carpark availability (from closure or proximity). The scenarios tested zero displacements
through to 30 percent. Figure 18 illustrates that with an assumption of the ongoing static
provision of parking supply, each kerbside impact scenario has a full-capacity usage period
(saturation period). Even with a baseline scenario of zero displacements, the level of
saturation increases from less than 40 to over 60 percent of the time between 6 a.m. and
6 p.m. by 2025. With 30 percent of driving construction workers using the spaces, the
saturation point is reached over 80 percent of the time with 90% assumed as the practical
operational maximum utilisation.
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Figure 18. Kerbside saturation assessment—displacement of construction workers from 0% to 30%.
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Overall, the results of the parking assessment presented above are based on the
simulation of four impact scenarios, using the expected demand growth and changes
to parking infrastructure (e.g., kerbside and carparks) over six years. Research studies
on the broader topic of parking assessment have adopted several methods including
simulation of traffic and parking demand, empirical assessment of parking requirements
and capacities using hypotheses testing, and modelling of parking occupancy using sensor
technologies. Since the simulation approach is common in the context of general parking
assessment studies, the results presented could be generalized from the perspective of
parking assessment in the context of growing demand and infrastructure changes. For
example, the workers’ replacement on kerbside parking as a result of a lack of carpark
availability could be generalized as a basis for simulating priority users of any carpark
when using the simulation approach for parking with impact scenarios of similar context.

6. Research Findings

The majority of workers parking in the carpark were working on the Parramatta Square
construction site, which is a major construction site with approximately 2000 workers.
Although the majority of construction is assumed to use public transport, it was found
that there was about 10% of workers (about 150–200) who were driving to the carpark, and
vehicles often had multiple occupancies. It was discovered from follow-up observations
that parking is very localised to nearby construction sites. It was also found from the
construction worker forecast developed for the period 2020–2025 that there is a significant
year-to-year growth rate, making some implications for meeting parking demand on both
the carpark and kerbside, particularly when the carpark near the major construction is
closed as planned in 2021.

It was found that each kerbside impact scenario has a saturation period, indicating
that spare kerbside capacity noted in the baseline has already taken up by the least impact
situation (scenario one in 2020). Furthermore, the saturation period is increasing with
the year and level of impact on kerbside identified by the percentage of displacement of
construction workers from the carpark onto the kerbside. The impact on the kerbside is
very significant, in particular, as overall usage of kerbside with current demand is less than
full capacity over most of the time of the peak period of the day (6 a.m. to 6 p.m.).

Furthermore, there is a significant increase in the percentage of peak time with full
kerbside utilisation in 2020–2025 due to the kerbside impact scenarios considered, from
the lowest impact, scenario one, in 2020 to the most extreme impact, scenario four, in 2025.
This means that the impact is not only significant in 2020 but also increasing over the years,
reaching about 66% of the peak time with full kerbside utilisation in 2025.

Aside from construction activity, kerbside demand, including for loading zones, will
also be impacted by population and commerce (e.g., freight activities) growth in the
Parramatta CBD. This was noted by the considerable increase in the saturation of the
zero-displacement scenario.

7. Discussion and Conclusions

Based on the findings of construction worker parking behaviours presented earlier,
it can be assumed that construction sites will move, and parking demands will move
with them. With scheduled construction programs set to continue in the Parramatta CBD,
there will continue to be a large number of construction workers. They will not have
an issue parking, as they arrive early. In the assessment of traffic entering the carpark,
it is calculated that they account for 98 percent of arrivals between 5 a.m. and 6 a.m.,
with drivers predominantly staying for over six hours. The most likely scenario is that
construction workers’ parking demands are met by available carparks whilst other drivers
arriving later to seek parking may be displaced.

Aside from construction activity, kerbside demand including for loading zones will
also be impacted by population and commerce growth in the Parramatta CBD. This is
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illustrated by the considerable increase in the saturation of the kerbside parking, even with
zero displacements of construction workers (scenario one).

The findings of this investigation suggest that there could be implications for other
construction sites in the Parramatta CBD that are not as close to transport interchanges or
adjacent to carparks. In such circumstances, workers potentially carrying tools may have
the first choice of kerbside parking, therein displacing other drivers by selecting spots close
to sites. The closure of carparks could also influence/generate kerbside parking demand.

While construction traffic management plans (CTMPs) have not yet been received
for many proposed developments, the expected growth rate of construction worker em-
ployment in the Parramatta CBD for the next six years, based on the knowledge of the
development pipeline, can have implications for developing such CTMPs. While CTMPs
typically aim to promote public transport for workers, for some it will not be a feasible
option. Even in the very near future (with a reduced amount of kerbside space available),
if 10 percent of construction workers drove and used kerbside space, they would require
123 percent of all the Parramatta CBD kerbside spaces, which are occupied for the day
already by 6.30 a.m.

Proximity is important for workers arriving with tools. It is reasonable as part of
CTMPs to ask proponents to therefore consider approaches for workers parking in prox-
imity to their site. With many construction jobs available across Sydney, considerations
such as parking provision, location, and ease of access could become critical in attracting a
good and reliable workforce. Overall, the outcomes of this research project have directly
influenced the planning framework for the Parramatta Light Rail project, a two-way track
spanning 12 km, and future zoning and infrastructure development in Parramatta. This
planning framework now identifies (i) the importance of evidence-based travel demand
management strategies for construction companies, (ii) modelling to inform decision mak-
ing concerning future zoning and infrastructure development, and (iii) the requirement to
prioritise the parking needs of a broader cross-section of users in the Parramatta CBD.

The simulation approach adopted for parking assessment in the context of growing
construction activity and infrastructure changes illustrated through a case study can be
generalized for parking assessment in other contexts as evident from exploring sustainable
business models in the context of urban infrastructure settings using agent-based simu-
lation applied to the city of Copenhagen [4] and using a modelling approach to examine
different traffic scenarios in a university campus [20]. Similarly, some studies have adopted
an empirical approach for assessing parking requirements and capacities in residential
development settings [21]. One of the common characteristics of all these studies is the mod-
elling of scenarios under respective contexts towards validating models and/or hypotheses
for addressing the research questions. Therefore, the simulation approach adopted in this
research is a well-established approach to modelling various parking/traffic scenarios.

8. Future Research Directions and Limitations

In this research, kerbside impact scenarios have been tested taking into account growth
factors and parking scenarios. The Flexsim simulation model that has been developed
could be used further to evaluate other comprehensive growth and utilisation what-if
scenarios, in particular kerbside impact from the perspective of saturation times over a
6-year period.

The evidence-based information using this research investigation can be used to
develop TDM strategies and guidelines as follows:

• Consider when developing parking management approaches as the Parramatta CBD
grows;

• Use as key input to TDM strategies for construction companies and their workers;
• As an assessment approach in concurrent significant construction traffic management

plans to assess the implications of parking demand on the local area;
• Extend and adapt the proposed model to incorporate other transport requirements

and parking uses.
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The proposed approach of surveys of current parking behaviour and simulation of
future impact scenarios could be easily adopted and tested with existing parking/traffic
data from other cities, making the developed models more generic within a broader
traffic/parking assessment context for developing TDM strategies for various stakeholders,
depending on the context of parking demand, supply, and future changes. However, the
study is limited to surveys of actual parking demand without considering latent demand,
mainly drivers cruising/searching for an available spot during the peak period of the
day. Furthermore, the scope of the investigation into the parking assessment was limited
to consideration of only key factors such as growing construction activity, infrastructure
changes, and the impact of expected population growth over the next six years. Moreover,
the simulation of impact scenarios did not take into account the increase in parking demand
resulting from progressive land use (customers) and developing transport infrastructure
(light rail).
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Appendix A. Worker Intercept Survey

I am from Western Sydney University and I’m conducting a quick survey to under-
stand the use of public carparks by construction workers, on behalf of Transport for NSW:
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Appendix B. Kerbside Parking—Modelling of Parking Duration Distributions

The parking duration distributions are determined using the distribution fitting soft-
ware ExpertFit. The distributions are identified using manual kerbside parking data. The
resulting distributions are summarised in Table A1. All arrivals are noted in minutes
starting from 12:00 a.m. (i.e., 6 a.m. occurs at the 360th minute). All notations in Table A1
are based on ExpertFit nomenclature. For example, the parking distribution for arrivals
between 6 a.m. and 7 a.m. is modelled using a gamma distribution, which is represented in
ExpertFit using following the function:

gamma(0.000000, 209.559227, 0.240048,0)
The above represents a gamma distribution with a shape value of 209.559227 and a

scale value of 0.240048. Figure A1 shows the comparison of actual data and the gamma
distribution frequency (histogram) comparison plot for the arrivals between 6:00 a.m. and
7:00 a.m., which shows a close agreement with between fitted data and the actual data.

Table A1. Kerbside parking duration distributions.

Hour of Day Statistical Distributions

12:00 a.m.–1:00 a.m. lognormal2 (0.000000, 5.807300, 1.687028, 0)

1:00 a.m.–2:00 a.m. lognormal2 (0.178321, 4.811677, 2.147157, 0)

2:00 a.m.–3:00 a.m. lognormal2 (0.116557, 4.652049, 1.837019, 0)

3:00 a.m.–4:00 a.m. lognormal2 (0.029836, 4.484549, 1.996308, 0)

4:00 a.m.–5:00 a.m. lognormal2 (0.049436, 4.712603, 2.098731, 0)

5:00 a.m.–6:00 a.m. Beta (0.000000, 291.365485, 0.302362, 1.471484,0)

6:00 a.m.–7:00 a.m. Gamma (0.000000, 209.559227, 0.240048,0)

7:00 a.m.–8:00 a.m. Gamma (0.000000, 280.856572, 0.183131,0)

8:00 a.m.–9:00 a.m. gamma (0.000000, 202.605142, 0.199305,0)

9:00 a.m.–10:00 a.m. pearsont6 (0.000000, 417.879875, 0.292071, 4.553596,0)

10:00 a.m.–11:00 a.m. randomwalk (0.000000, 6837607.005105, 0.042896,0)

11:00 a.m.–12:00 p.m. randomwalk (0.000000, 6967213.278142, 0.039863,0)

12:00 p.m.–1:00 p.m. randomwalk (0.000000, 9691630.102523, 0.033042,0)

1:00 p.m.–2:00 p.m. randomwalk (0.000000, 8560311.419228, 0.043442,0)

2:00 p.m.–3:00 p.m. randomwalk (0.000000, 5769230.901413, 0.040093,0)

3:00 p.m.–4:00 p.m. randomwalk (0.000000, 7287449.579532, 0.047363,0)

4:00 p.m.–5:00 p.m. randomwalk (0.000000, 8794788.467290, 0.045034,0)

5:00 p.m.–6:00 p.m. gamma (0.000000, 160.228408, 0.178354,0)

6:00 p.m.–7:00 p.m. beta (0.000000, 257.322782, 0.216935, 1.283921,0)

7:00 p.m.–8:00 p.m. randomwalk (0.000000, 6060606.190421, 0.020216,0)

8:00 p.m.–9:00 p.m. randomwalk (0.000000, 7857142.967592, 0.024854,0)

9:00 p.m.–10:00 p.m. gamma (0.000000, 100.836290, 0.194298,0)

10:00 p.m.–11:00 p.m. beta (0.000000, 66.082893, 0.211496, 0.772317,0)

11:00 p.m.–12:00 a.m. lognormal2 (0.030494, 5.877433, 1.780053, 0)
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Appendix C. Distribution of Parking Duration of Hourly Carpark Events Using
Synchronised Camera/Ticket and Survey Data

The parking duration distributions are based on the best-fit distributions of the carpark
dataset (synchronised data of the camera, ticket, and intercept survey data) and determined
by the distribution fitting with FlexSim software. In this case, parking duration distributions
are determined for parking events of each hour. Since there were a few parking events
between 12 a.m. and 5 a.m. and 9 p.m. and 12 mid-night, hourly parking duration
distributions are not considered for those periods. Each hourly parking duration is fitted
with a triangular distribution with mean, minimum, and maximum parking duration of
the hour using the dataset. The parking duration distributions for both construction and
non-construction workers are fitted separately, and the resulting distributions are shown in
Table A2.
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Table A2. Carpark hourly parking duration distribution—construction and non-construction workers.

Hour of Day
Triangular Distribution for

Parking Duration of
Non-Construction Workers

Triangular Distribution for
Parking Duration of Construction

Workers

5:00–6:00 triangular(145,862,553,
RandomSeed)

triangular(441,737,575,
RandomSeed)

6:00–7:00 triangular(210,826,551,
RandomSeed) triangular(57,815,535, RandomSeed)

7:00–8:00 triangular(31,791,486, RandomSeed) triangular(115,803,482,
RandomSeed)

8:00–9:00 triangular(22,1008,423,
RandomSeed)

triangular(110,590,349,
RandomSeed)

9:00–10:00 triangular(30,750,274, RandomSeed) triangular(169,510,299,
RandomSeed)

10:00–11:00 triangular(18,791,195, RandomSeed) triangular(54,182,114, RandomSeed)

11:00–12:00 triangular(19,478,127, RandomSeed) triangular(124,124,124,
RandomSeed)

12:00–13:00 triangular(16,363,118, RandomSeed) triangular(19,126,72, RandomSeed)

13:00–14:00 triangular(16,522,114, RandomSeed) N/A

14:00–15:00 triangular(18,716,109, RandomSeed) N/A

15:00–16:00 triangular(15,670,129, RandomSeed) N/A

16:00–17:00 triangular(15,330,119, RandomSeed) N/A

17:00–18:00 triangular(14,276,124, RandomSeed) N/A

18:00–19:00 triangular(27,270,105, RandomSeed) N/A

19:00–20:00 triangular(17,217,96, RandomSeed) N/A

20:00–21:00 triangular(29,117,72, RandomSeed) N/A

Appendix D. Assumptions and Limitations of Data

Assumptions and limitations of data associated with each dataset and construction
worker growth/forecast over six years (2020–2025) are outlined as follows:

Worker intercept survey data

i. Number of construction worker arrivals at the carpark during 5 a.m.–6 a.m., based
on observations, matched by camera/ticket data is a reliable estimation for the
purpose of data analysis;

ii. The number of construction workers arriving and parking at the carpark after 3 p.m.
is very small (negligible); therefore, it is not taken into consideration;

iii. Time difference between the time of worker intercept and corresponding time
recorded in the camera data using video capture is between 2 and 6 min;

iv. Matching of intercept survey records with camera/ticket data is based on the
matching of two or more key measures: arrival time or departure time, vehicle type
and parking duration;

v. When survey records are matched with camera/ticket data, arrival times and dwell
times are taken from synchronised camera/ticket dataset;

vi. The sample is a good representation of construction workers of a weekday in 2019;
vii. Limitations of the data include (a) small sample size and (ii) matching of a few

records with only one key measure.

Carpark data using camera and ticket data

i. Time difference between arrival time by video capture and arrival time recorded by
ticket data is around 2–5 min;
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ii. Matching of the camera and ticket data is based on common measures of arrival
time recorded by both records, entry location, and entry lane with an allowance of
time for the time difference between recordings;

iii. When records are matched, arrival times are taken from the camera dataset while
the parking durations are taken from the ticket dataset to form the synchronised
camera/ticket dataset;

iv. Any camera data record with no matching ticket data (to obtain dwell time) is
assumed to be a parking time, based on the parking time distribution (Appendix C)
determined by the best-fit parking time distribution of the corresponding hour of
arrival;

v. Main limitations of the synchronised camera/ticket dataset are:

a. Ticket dataset and camera data had two different time bases where the differ-
ence was not always constant;

b. The arrival lanes were not always recorded correctly in the camera dataset;
c. Having to assume dwell times for camera data records that have no corre-

sponding ticket data entry due to having more camera data records compared
to ticket data. It is understood this discrepancy is due to some users not
having to use tickets to gain access to the carpark (a difference of about 60 to
70 or 3% to 4% each day).

Kerbside camera data using video capture (2017 kerbside assessment data)

i. Camera data using video capture after comprehensive cleaning of data (e.g., remov-
ing outliers, duplicate data, and events with overlap parking times on the same
parking space) are assumed to be a good representation of all parking events;

ii. Limitations of kerbside data using video capture include:

a. Data captured in a small scope of parking spaces (84 STP and 28 LZ), com-
pared to the full scope of Parramatta CBD kerbside (501 STP and 46 LZ);

b. Removal of some records due to missing data.

Construction worker growth from 2020 to 2025
Year-to-year parking demand growth due to construction worker growth for 2020–

2025 is based on the following assumptions and forecast of growth forecast using historical
data as outlined below.

i. Current estimation of construction workers at PSQ using a ratio of workers to the
construction area is reliable for estimating future construction worker demand
growth, using DA approvals for 2020–2025;

ii. The construction worker forecast for 2018–2020 can reliably be estimated using DA
approvals during the corresponding period;

iii. Construction worker forecast for 2021–2025 is based on exponential smoothing of
historical Parramatta construction activities during 2010–2018 and estimated values
of construction workers during 2019–2020 (provided by TfNSW).

A possible reduction of vehicle arrivals for kerbside parking due to increased public
transport use and effective TDM strategies is not considered as part of this assessment.
A possible reduction of demand can be compensated with the lost demand that was not
captured due to the non-availability of data on vehicles seeking demand and left without
parking on the kerbside.
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