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Executive Summary
This technical note summarises the development and performance of the Park and Ride and Station
Parking Model (in short: Parking Model). Standard technical reports about the model have been
issued previously, specifically the Model Specification Report (MSR), the Local Model Validation
Report (LMVR) and the Travel Forecast Report (TFR). Due to the timing of the development of the
Parking Model within the project program, this note was issued separately. The Parking Model is
integrated into the Chelmsford Strategic Model forecasts for years 2021 and 2036, and follows the
same general methodology, as described in the TFR and the Variable Demand Modelling (VDM)
note. The model has been developed and validated according to the WebTAG guidance.

The role of the Parking Model is to model the impact of the new station parking facilities at Beaulieu
Park and the new Park and Ride facilities at Widford and Boreham in 2021 and 2036. The impact of
these combined trips is modelled via the PT assignment model by using a simplified elasticity
approach. The PT and car legs of the combined trips are loaded on the respective assignment
models. Due to data limitations, existing station and park and ride facilities are not modelled explicitly.

The Parking Model was developed on the basis of extensive data collection via revealed preference
(RP) surveys, carried out historically and during the project lifetime. The RP data provided information
about trips to the Chelmsford railway station and to Sandon and Chelmer Valley Park and Ride
facilities, as well as the various aspects of car park utilization. The model made direct use of the
following survey information: (1) origin-destination location and time (2) trip frequency (3) trip purpose
(4) duration of stay (5) travel mode prior to opening the facility. The survey results are shown in
Chapter 2.

Chapter 3 summarises the parking supply model, which consists of highway, cycling, and walking
network components. The key feature of the model is the park and ride car connectors between the
zones and the parking facilities.

Chapter 4 provides a detailed description of the parking demand model development. The model is
based on a public transport assignment methodology, which takes advantages of coding drive
connectors to the parking facilities, as well as using regular walk connectors. The assignment follows
a simplified elasticity methodology, which has been benchmarked against historic park and ride
survey count data. The parking model has been built for forecast years of 2021 and 2036 in the AM
peak, average inter-peak and PM peak periods.

Based on information from ECC, Beaulieu Park station is assumed to be operational by 2021, and
therefore is included in both the 2021 and 2036 time horizons. The new Park and Ride facilities at
Widford and Boreham are expected to become operational at a later stage, and therefore are
modelled only in the 2036 time horizon. Forecast results for the car leg of the park and ride trips by
2021 and 2036 are shown in Chapter 5. Forecast results for the public transport leg of the park and
ride trips by 2021 and 2036 are shown in Chapter 6.
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1. Introduction
Chelmsford City is facing the challenge of meeting increasing travel demands while actively
encouraging economic growth. Jacobs has been commissioned to build a multi-modal transport
model for the city of Chelmsford to understand the current and future transport issues in Chelmsford
and to help bid for funding that will be made available via the Local Enterprise Partnership (LEP) and
national funding sources.

Further background to the study is provided by the County Council’s “Essex County Growth Deal”
which forms part of the South East Local Enterprise Partnership’s (SELEP) £1.2 Billion bid to
Government to leverage £10 Billion of investment into the South East.  The Essex County Growth
Deal identifies a number of transport schemes and initiatives to help realise and promote the growth
planned for the city of Chelmsford.

The scale of the potential proposals is such that the funding approval process will require the
development of WebTAG compliant transport models. To this end, a strategic multi-modal model was
developed to assess the strategic transport impacts of the various transport schemes in the city. The
model was needed to evaluate the following infrastructure and policy interventions, to be implemented
in Chelmsford:

· Residential, industrial and commercial land use developments,
· Road infrastructure improvements (roadways, junctions),
· Public transport service improvements (stations/stops, routes, timetables),
· Public transport policy (fares, information),
· Parking infrastructure and policy (car parks, parking costs),
· Cycling infrastructure and policy (bicycle lanes, parking).

Due to the need to assess the impact of new Park and Ride and station parking infrastructure and
policies, station parking and Park and Ride models have been incorporated into the Chelmsford
Strategic Model for the time horizons of 2021 and 2036.

The PTV VISUM14 software package has been used for modelling parking to be consistent with the
rest of the Chelmsford Strategic Model. The model provides detailed spatial and network coverage of
the whole Chelmsford Administrative and Urban Area, but also extend beyond its boundaries to
ensure detailed representation of the key adjacent areas.
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2. Park and Ride Data Collection
2.1 Introduction

Data was collected during the commission to provide station parking information for the model
building, including volumetric counts and revealed preference surveys. In addition, historic park and
ride travel surveys were carried out in 2011, which have also been used for this work. The purpose of
the data analysis was (1) to summarise the survey results and to (2) identify data from which to
validate the parking model.

2.2 Volumetric data at Chelmsford Station (Townfield Street car park)

Vehicle counts were undertaken in January 2015 at both entrances/exits of the Townfield car park.
Vehicles entering and exiting the car park were counted between 7:00 am and 7:00 pm in 15 minute
intervals. The traffic counts to/from the car park are shown in the following figure.

Figure 1 Car park entry/exit counts at Chelmsford Station (Townfield car park)

In total, 414 vehicles entered the car park and 475 vehicles exited the car park during the 12 hours of
data collection. The difference is attributable to vehicles that entered/exited the car park outside of the
counted time periods. The peak hour for arrivals (car park entries) occurred between 7:00 and 8:00
am, with a total of 311 vehicles. Peak hour for departures (car park exits) occurred between 6:00 and
7:00 pm, with a total of 242 vehicles.

Essentially all vehicles arrived at the car park before 9:30 am, while all vehicles departed after 3 pm.
Trip arrival was virtually zero between 9:30 am and 7:00 pm, while trip departure was virtually zero
between 7:00 am and 3:00 pm. This observation corresponded with the survey results, as described
below.

2.3 Revealed Preference Survey at Chelmsford Station (Townfield Street car park)

An RP survey and a corresponding car park entry/exit count were carried out at Chelmsford station in
January 2015. The objective of the survey was to collect data about the station car park (Townfield
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Street car park) users, and the corresponding trips they made. The survey questionnaire can be
found in Appendix A.

The mail-back RP survey at the Townfield Street car park was carried out in January 2015. A total of
63 questionnaires were collected, which corresponds to a response rate of about 12.4%. The survey
results provided insights into the trips being made to the station car park – trip origins, trip length, trip
purpose, trip frequency, duration of stay and average vehicle occupancy. This information,
summarised below, informed the station parking model development for the forecast years 2021 and
2036.

Figure 2 Current catchment area of the Townfield Street car park

Figure 3: Trip frequency at the Townfield Street car park



Park and Ride and Station Parking Model Technical
Note

5

Figure 4: Trip purpose at the Townfield Street car park

Figure 5: Duration of stay at the Townfield Street car park

As the above figures show, the catchment area of the station car park at Townfield Street extends to
about 15 kilometres from Chelmsford railway station, particularly to the north and east of the city. The
trips to the station car park are dominated by the home-based work (HBW) trip purpose (97%).
Drivers tend to make this trip on a daily basis, as only 9% of them use the car park less than four
times a week. The duration of stay is typically between 10-14 hours, with 83% of trip makers falling
into this category. Average vehicle occupancy at the car park reflects the dominance of HBW trips,
with 1.19 passengers per vehicle.

2.4 Revealed Preference Survey at the Sandon/Chelmer Valley Park and Ride
facilities

The mail-back revealed preference surveys at the Sandon and Chelmer Valley Park and Ride
facilities were carried out in June 2011. The results of these surveys, performed by Mouchel on behalf
of Essex County Council, were analysed to gain insights into the trips using the Park and Ride
facilities. A total of 1119 and 359 questionnaires were collected for Sandon and Chelmer Valley Park
and Ride facilities, respectively. Using this data, trip origins, trip length, trip purpose, trip frequency,
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duration of stay and average vehicle occupancy were analysed. This data informed the Park and Ride
model development for the forecast years 2021 and 2036. The survey questionnaire can be found in
Appendix. Travel patterns at the Sandon Park and Ride facility are summarised in the figures below.

Figure 6 Current catchment area heat map of the Sandon Park and Ride facility (2011)1

1 Darker colour means a higher concentration of Park and Ride trip origins
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Figure 7: Trip frequency at the Sandon Park and Ride facility (2011)

Figure 8 Duration of stay at the Sandon Park and Ride facility (2011)

As the above figures show, the catchment area of the Sandon Park and Ride facility extends to about
25 kilometres from Chelmsford to the east and south of the city. Almost 70% of the drivers tend to
make this trip at least three times a week, while the remaining 30% use the car park less frequently.
The duration of stay varies between 1 and 12 hours, out of which 53% stay between 4 and 8 hours.
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Figure 9 Trip purpose at the Sandon Park and Ride facility (2011)

Figure 10 Revealed travel mode prior to opening the Sandon Park and Ride facility (2011)

As the above figures show, the trips to the car park are dominated by home-based (HBW) work trip
purpose (75%), with most of the other trip purposes being home-based other (HBO) trips. Average
vehicle occupancy at the car park reflects the dominance of HBW trips, with 1.19 passengers per
vehicle. Prior to opening the Park and Ride facility, 72% of the travellers used the car to get to their
destination, 9% used public transport, 1% walked/cycled, and 18% did not travel (these are trips
induced by the Park and Ride facility and bus service).
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Figure 11: Arrival time profile at Sandon P&R – 9th June 2011

Figure 11 summarises the number of cars arriving at Sandon P&R on 9th June 2011 (Thursday).
According to the chart, the peak period for arrivals at Sandon P&R is between 7:00 and 10:00 am.
Specifically, 83% of the arrivals between 7:00 am and 12:00 pm (survey time) happened between
7:00 and 9:00 am. A total of 366 vehicles arrive in the peak hour, which occurs between 8:00 and
9:00 am. These results were expected, as during this period most of the travellers are commuting to
work, and they are using Sandon P&R to access the city.

Travel patterns at the Chelmer Valley Park and Ride facility are summarised in the figures below.
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Figure 12 Current catchment area heat map of the Chelmer Valley Park and Ride facility (2011)2

Figure 13: Trip frequency at the Chelmer Valley Park and Ride facility (2011)

Figure 14 Duration of stay at the Chelmer Valley Park and Ride facility (2011)

2 Darker colour means a higher concentration of Park and Ride trip origins
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Figure 15 Trip purpose at the Chelmer Valley Park and Ride facility (2011)

Figure 16 Revealed travel mode prior to opening the Chelmer Valley Park and Ride facility (2011)

As the above figures show, the catchment area of the Chelmer Valley Park and Ride facility extends
to about 25 kilometres from Chelmsford to the north of the city. The trips to the car park are
dominated by the HBW trip purpose (74%), with most of the other trip purposes being HBO trips. 75%
of the drivers tend to make this trip at least three times a week, while the remaining 25% use the car
park less frequently. The duration of stay varies between 1 and 12 hours, out of which 56% stay
between 4 and 8 hours. Average vehicle occupancy at the car park reflects the dominance of HBW
trips, with 1.18 passengers per vehicle.

Prior to opening the Park and Ride facility, 86% of the travellers used the car to get to their
destination, 4% used public transport, 5% walked/cycled, and 5% did not travel (these are trips
induced by the Park and Ride facility and bus service).
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Figure 17: Arrival time profile at Chelmer Valley P&R – 9th June 2011

Figure 17 summarises the number of cars arriving at Chelmer Valley P&R on 9th June 2011
(Thursday). According to the chart, the peak period for arrivals at Chelmer Valley P&R is between
7:00 and 10:00 am. Specifically, 81% of the arrivals between 7:00 am to 12:00 pm (survey time)
happened between 7:00 and 9:00 am. A total of 125 vehicles arrive in the peak hour, which occurs
between 8:00 and 9:00 am. These results were expected since during this period most of the
travellers are commuting to work, and they are using Chelmer Valley P&R to access the city.

2.5 Parking Capacity Data

The existing Park and Ride facilities of Sandon and Chelmer Valley have a capacity of 1400 and 1003
vehicles, respectively.

The new Beaulieu Park Station is assumed to be operational by the year 2021, and therefore it has
been modelled in the year 2021. The station is expected to have a car park with a total capacity of
1400 vehicles3.

3 Beaulieu Park, Chelmsford, Proposed Station, Transport Statement, January 2012, Section 4.9
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In addition, the proposed Widford and Boreham Park and Ride facilities are expected to come into
operation a few years later. These Park and Ride facilities, based on information from ECC, will both
have a capacity of 700 vehicles.  Therefore, the Park and Ride bus service and the Park and Ride
facilities have been modelled in the year 2036.

The planned car parks are summarised in the table below.

Facility Assumed
Capacity

Model horizon

Beaulieu Station parking 1400 vehicles 2021, 2036

Boreham P&R 700 vehicles 2036

Widford P&R 700 vehicles 2036

Table 1 Capacity assumed for the new station parking and P&R facilities in Chelmsford
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3. Transportation Supply Model
3.1 Highway Transport Network
The purpose of the supply model is to represent the network topology and the physical properties of
the highway network that provides accessibility to the city of Chelmsford.

A modelled network consists of sections of roads (known as links) connected by junctions (known as
nodes).  Links are formed by creating connections between node points. For further analysis of model
outputs to inform noise, air quality and other outputs, it is important that all junctions are coded with
the correct local coordinate system reference.

The highway network inside the Chelmsford Urban Area includes all streets and roads that are to be
used by motor vehicles. The Chelmsford Administrative Area l also includes all major and minor roads
with proportional treatment of local roads. Outside of the Chelmsford Administrative Area major and
minor roads are be coded while the model has a lower resolution as we move further away from the
Essex County boundaries, Figure 18 contains a schematic map of the different areas.

Figure 18 Administrative and Urban Areas

A total of 96 different highways classes or types were be coded in VISUM software, classifying roads
based characteristics such as: road class, number of lanes, speeds, and modes allowed, etc. a full list
of all the defined link types can be found in Appendix. The main roadway types are listed below:

· Motorways
· A roads
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· B roads
· Minor roads
· Local roads (residential streets etc.)
· Ancillary roads (bus links, cycle lanes, etc.)

In the external model area, only major highways (selected Motorways, A roads and B roads) were be
coded in order to guarantee good levels of accessibility to and from the Chelmsford Administrative
area. Network topology was coded according to design, but physical attributes were coded notionally
in order to accommodate traffic volumes to and from the external areas.

3.2 Public Transport Network

The model includes every public transport service (rail, coach and local bus), which serve the
modelled area (Chelmsford Administrative Area). Individual lines and timetables were coded into
VISUM software so that, for the modelled area, each line route, for each variation, has been coded to
run along the correct route and stops at each stop at the scheduled time.

Services that are either partially inside of the Chelmsford Administrative Area or within the Essex
County boundaries are also fully represented. Public transport services were coded using 2014
timetables.

Services that are partially inside the county or in the external model (the rest of mainland United
Kingdom) were coded using headway-based timetables. This includes national rail, London
Underground and key long distance bus services. The decision as to which services to include was
made based on accessibility criteria, which required that access is provided between each pair of
model zones.

The following auxiliary network components were coded in the model, at a different level of detail
depending on their proximity to the internal model area:

· Walk access/egress connectors;
· Drive access/egress connectors; and
· Park and ride access/egress connectors.

Walk access/egress connectors were coded between zones and either railway stations or bus stops
within urban areas inside of the boundary of the county of Essex. They provide access to zones and
have been coded to model the walking/cycling times as accurately as possible. Drive access/egress
connectors were coded to provide connectivity between rural zones and railway stations. Park and
ride access/egress connectors were coded to provide connectivity between any zone within the
catchment area of the parking facility, and the car parking facility itself.

In the external area, outside of the county of Essex, the objective was to provide an accurate
representation of routes and journey times via the national network. For more details, please refer to
the LMVR Chapter 4.2.
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4. Transport Demand Model
4.1 Model Characteristics

4.1.1 Zonal Structure

The model uses geographic zones to represent locations of trip origins and destinations. The level of
zonal detail of the model varied as follows:

· Chelmsford Administrative Area use Lower Level Super Output Area (LSOA) and Middle Level
Super Output Area (MSOA) to define the zonal system. Infrastructure topology and land use
were taken into account and further divisions were added on this basis;

· Middle Level Super Output Area (MSOA) was used to define the zonal system immediately
surrounding Chelmsford Administrative Area;

· District or unitary authority level for the counties surrounding the county of Essex; and
· County or regional level for the rest of mainland United Kingdom, with the exception of

London, where zones were defined at aggregated borough level.

These four levels of spatial detail were being applied according to the illustration below:

Figure 19 Zonal structure level of detail

The intermediate model area contains the remaining region of the county of Essex outside of the
Chelmsford Administrative area. Different parts of the intermediate model area was coded at a
different level of resolution, such as MSOAs were used for zones immediately surrounding
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Chelmsford Administrative area, and district or unitary authority definitions further away. The zone
structure by geographic area is summarised in the table below.

Geographic Area Zone ID Number of Zones
Chelmsford Admin Area 1-146 (excluding 115) 143

Essex Area 147-269 (including 115) 122
Rest of mainland UK 301-321 21

Total 286

Table 2 Zone structure summary table

4.1.2 Journey purpose, vehicle class and user class segmentation

The journey purpose, vehicle class and user class segmentation of the model have been specified in
detailed in the LMVR of the Chelmsford model. The cycling model made it necessary to append to the
list of motorised trip purposes, user classes, and vehicle types.

The relationships between purpose, vehicle class and user class, including non-motorised (cycling)
trips, are summarised in the table below:

Purpose User Class (UC) Vehicle Class
(VC)

Home Based Work (HBW) UC1: Commute

VC1: Car

Home Based Employer’s Business (HBEB)
UC2: Business

Non-Home Based Employer’s Business (NHBEB)

Home Based Other (HBO)
UC3: Other

Non-Home Based Other (NHBO)

LGV (All Trips) UC4: LGV VC2: LGV

HGV (All Trips) UC5: HGV VC3: HGV

Cycles (All Purposes) UC6: Cycle VC4: Cycle

Table 3 Purpose, User Class and Vehicle Class Correspondence

In line with WebTAG Unit 2.6, user classes are defined to differentiate between travellers with various
perceptions of travel cost, such as commute, business and other trips. Light and Heavy Goods
Vehicles on employers’ business are kept separate from cars on employers’ business as their origins,
destinations and trip distribution are likely to be substantially different.

Cycle assignment is performed separately from the rest of the user groups, where the capacity
available for cyclists is informed by the assignment of the motorised user groups. Since cycle travel
demand is not included in WebTAG for appraisal calculations, it was sufficient to use a single purpose
cycling user class.

Buses are loaded onto the network as fixed pre-loads based on the coded timetables, therefore, they
do not form part of a discrete assignment user class.
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4.1.3 Modelled Time Periods

In line with the highway and PT models, the parking model was also built for AM peak, inter-peak
periods. In summary, the main travel demand model is between 07:00 to 10:00 in the morning and
between 16:00 to 19:00 in the evening, and is based on the average hour between 10:00 and 16:00
for the inter-peak.

The assignment models were developed for the peak hours in order model the most critical traffic
conditions. The following standard time periods were used:

· Morning peak hour (08:00-09:00);
· Average inter-peak hour (average hour for 10:00-16:00); and
· Evening peak hour (17:00-18:00).

4.1.4 Modelled time horizons

The year 2014 was selected as the base year time horizon for the Chelmsford Strategic Model.

ECC requested that the travel forecast year model was developed for years 2021 and 2036 in order
to be consistent with the council planning horizon. Local and national planning data was used to
inform the forecast year demand models.

The new Beaulieu Park Station is assumed to become operational by the year 2021. In addition, the
2036 model includes the proposed Widford and Boreham Park and Ride facilities.

4.2 Parking Assignment Model Methodology

The Chelmsford Strategic Model was developed such that the existing station parking facilities
(Townfield Street car park), and Park and Ride facilities (Sandon and Chelmer Valley) were not
modelled explicitly. This was because the base year demand model was developed from mobile
phone origin-destination data, which was divided into only two travel demand strata: car trips and
public transport trips. Hence model calibration and validation for highway and public transport trips
were each based on a single user class. The resulting base year model is accurate for both highway
and public transport trips, but it does not treat existing Park and Ride trips explicitly.

Despite this, there was a need to model the travel impacts of the proposed new station parking
facilities at Beaulieu Park station and the proposed new Park and Ride facilities of Widford and
Boreham. The approach taken for the station parking and Park and Ride modelling is assignment-
based. New Park and Ride trips were generated by modelling car trips to/from the facilities via special
public transport connectors, which represent the car leg of these trips. The park and ride connectors
are in addition to the regular public transport walk connectors. This way, mode shift from existing bus
only trips and car only trips was captured, without the need to develop new demand strata for Park
and Ride trips.

The model is based on calculating the travel cost savings that results from the new parking facility,
relative to the previously available car only (or bus only) travel modes. These cost savings are
translated into the Park and Ride demand via a simplified elasticity model. Mode-specific and time-of
day specific penalties were used as a proxy for the elasticity factor. The time penalties are
summarized in the following sections.

The results of the station parking model and the Park and Ride model were benchmarked against
traffic counts at the Townfield Street car park, Sandon Park and Ride and Chelmer Valley Park and
Ride facilities. The trips that use the parking facilities result from mode shift from car only trips or bus
only trips. Once the combined Park and Ride trips are generated, the car legs of the combined trips
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are assigned to the corresponding highway network. Similarly, the public transport legs of the
combined trips are assigned to the corresponding public transport network.

4.3 Beaulieu Park Station Parking Model

Currently, Chelmsford railway station is the only station that serves the city of Chelmsford. Each
station has a service area (catchment) which is governed by the distance within which it can
attract/produce trips. Once Beaulieu Park Station comes into operation, the current station catchment
area will be split between these two stations. The catchment areas were modelled using the ArcGIS
software and the Thiessen polygon analysis technique4.  The catchment areas of the stations around
Chelmsford in 2021 are shown in the following figure.

Figure 20: The catchment area of the railway stations near Chelmsford in 2021 and 2036

“Car connectors” were modelled for public transport trips that will use the Beaulieu Station parking to
represent the car trips between the origins/destinations and the railway station. The following figure
shows these connectors to/from Beaulieu park station.

4 Thiessen (Voronoi) polygons define individual areas of influence around a set of points. Thiessen polygons are polygons
whose boundaries define the area that is closest to each point relative to all other points. They are mathematically defined
by the perpendicular bisectors of the lines between all points. They can be used to estimate service areas e.g. Station
access service areas.
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Figure 21: Car connectors to Beaulieu park Station in the 2021 model

As shown in the figure, trips to/from Beaulieu Park station are coming from the north-east part of
Chelmsford and from the rural areas north and east of the city.

The cost of using the station parking facility includes a mode-specific and a time-of-day specific
penalty. The mode penalty is a proxy for the monetary cost of parking, as well representing the fact
that some people may not have access to a car. The time-of-day penalty is a proxy to further limit car
park departures in the AM, car park arrivals in the PM, and all trips in the inter-peak period. This
reflects the observed trip pattern of park and ride facilities throughout the day. Mode and time period
specific penalties are summarised below.

Station Parking Mode Penalty
(min)

Time of Day
Penalty (min)

Total Penalty
(min)

AM
Arrivals 15 0 15

Departures Ban Ban Ban

IP
Arrivals Ban Ban Ban

Departures Ban Ban Ban

PM
Arrivals Ban Ban Ban

Departures 15 0 15

Table 4 Park and ride penalties for station parking

Based on the Townfield Street car park survey, the Beaulieu Station car park model was set up to
allow arrivals in the AM peak period only and allow departures in the PM peak period only. No trip
arrivals or departure were assumed for the IP period for similar reasons. Only commute trips were
permitted at the Beaulieu Station parking, as this purpose accounted for 97% of the total trips at the
Townfield Street station car park. The resulting car trips to/from Beaulieu Park station in the year
2021 and 2036 are summarised in the tables below.
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Beaulieu Park Train Station (Vehicles)

2021 AM PM

Arrival 360 0
Departure 0 164

Table 5 Modelled Station Parking trip arrivals and departures at Beaulieu Park Station in 2021

Beaulieu Park Train Station (Vehicles)

2036 AM PM

Arrival 415 0
Departure 0 195

Table 6 Modelled Station Parking trip arrivals and departures at Beaulieu Park Station in 2036

The AM peak arrivals at the Beaulieu Park Station (2021) have been benchmarked against AM peak
arrivals in Townfield Street car park (2015). Similarly, the PM peak departures at the Beaulieu Park
station (2021) have been benchmarked against PM peak departures in Townfield Street car park
(2015). It is noticeable that the increase in the number of trips at the station between 2021 and 2036
is not significant. This may be attributable to Boreham Park and Ride facility becoming operational by
2036, and attracting some trips away from the Beaulieu Park station’s catchment area.

4.4 Widford and Boreham Park and Ride Model

Currently, Sandon Park and Ride and Chelmer Valley Park and Ride are in operation in the city of
Chelmsford. Once Widford and Boreham Park and Ride facilities come into operation, the current
station catchment area will be split into four quadrants, corresponding to the four parking facilities.
The catchment areas were modelled by the ArcGIS software via using the Thiessen polygon analysis
technique. The catchment areas of the Park and Ride facilities around Chelmsford in 2036 are shown
in the following figure.
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Figure 22 The catchment area of the Park and Ride facilities in Chelmsford in 2036

Public transport trips that will switch to using Widford and Boreham Park and Ride facilities were
modelled via “car connectors”, which are coded in the model to represent the car trips between the
corresponding catchment area zones and the Park and Ride facilities. The following figure shows the
connectors to/from Widford and Boreham Park and Ride facilities.

Figure 23 Car connectors to Beaulieu park station, Widford and Boreham Park and Ride facilities in the 2036 model
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As shown in the figure, trips to Widford Park and Ride facility are coming from the south-west of
Chelmsford, while trips to Boreham Park and Ride facility are coming from the north-east of
Chelmsford. The orientation of trips to Beaulieu Park station parking facility is the same as in 2021.

Only commute trips were permitted at the Widford and Boreham Park and Ride facility, as this
purpose accounted for 90% of work trips at Sandon and Chelmer Valley P&R in the AM peak hour.
During the inter-peak period, according to the surveys, other trips were in the same magnitude as
work trips. However, the number of other trips in inter-peak is not significant enough to warrant their
inclusion in the model.

The cost of using the Park and Ride facilities has been modelled using a mode-specific and a time-of-
day specific penalty. The mode penalty is a proxy for the monetary cost of parking, as well
representing the fact that some people may not have access to a car. The time-of-day penalty is a
proxy to further limit car park departures in the AM, car park arrivals in the PM, and all trips in the
inter-peak period. This reflects the observed trip pattern of park and ride facilities throughout the day.
Mode and time period specific penalties are summarised below.

Park and Ride Mode Penalty
(min)

Time of Day
Penalty (min)

Total Penalty
(min)

AM
Arrivals 5 0 5

Departures 5 20 25

IP
Arrivals 5 20 25

Departures 5 20 25

PM
Arrivals 5 20 25

Departures 5 0 5

Table 7 Park and ride penalties for Park and Ride facilities

In order to model the public transport trips from the Park and Ride facilities, a new Park and Ride bus
route was coded in the 2036 model. Based on information received from ECC, the bus route is
expected to connect Widford and Boreham parking facilities by passing through the city centre. The
resulting route is shown in the following figure.
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Figure 24 Park and Ride bus route between Boreham and Widford

Based on the Sandon and Chelmer Valley Park and Ride surveys, the Widford and Boreham parking
model was set up to allow trip arrivals and departures in all time periods for the HBW trip purpose.

The resulting modelled car trips to/from Widford and Boreham Park and Ride facilities in the year
2036 are summarised in the tables below.

Boreham Park & Ride (Vehicles)

2036 AM IP PM

Arrival 77 6 13
Departure 21 8 47

Table 8 Modelled Park and Ride trip arrivals and departures to/from the Boreham Park and Ride facility in 2036

Widford Park & Ride (Vehicles)

2036 AM IP PM

Arrival 224 13 27
Departure 38 27 140

Table 9 Modelled Park and Ride trip arrivals and departures to/from the Widford Park and Ride facility in 2036

The AM peak arrivals were at 77 and 224 vehicles at the Boreham and Widford Park and Ride
facilities, respectively. The PM peak departures are 47 and 140 vehicles at the same facilities. These
results have been benchmarked against AM peak arrivals in Sandon and Chelmer Valley Park and
Ride facilities in 2011.

In the future, when all four Park and Rides are operational, the model suggests that Sandon will still
attract the highest parking demand of the Park and Ride sites, followed by Widford and Chelmer
Valley. Based on the model, Boreham Park and Ride will attract the lowest parking demand of the
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facilities. Based on the model, Widford Park and Ride will  attract more trips than Boreham Park and
Ride, since on the one hand it will be the preferred facility for trips  from/to London, while on the other
it stands alone without a competing parking facility nearby, whilst Beaulieu Park station parking
shares its catchment area with Beaulieu Park station parking.
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5. Park and Ride Trip Assignments
5.1 Year 2021 Highway Assignments

Detailed methodology of the car, LGV and HGV assignments of the Chelmsford Strategic Model can
be found on the LMVR Chapter 6.1. This section shows the result of the highway assignment of just
the new parking and park and ride trips in the vicinity of the new parking facilities in year 2021 and
2036.

The Beaulieu station car park is assumed to become operational in the year 2021. The results of the
Park and Ride trip highway assignment in the AM and PM peak hours are shown in the following
figures.

Figure 25 Car trips to/from Beaulieu Park station parking in the AM peak hour in 2021
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Figure 26 Car trips to/from Beaulieu Park station parking in the PM peak in 2021

The figures show that car trips to Beaulieu car park are coming from eastern part of Chelmsford as
well as from north and east of the city. Trips in the AM peak travel to the station and trips in the PM
peak travel from the station.
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5.2 Year 2036 Highway Assignments

In addition to Beaulieu Park station car park, which is expected to be operational by 2021, the
Boreham and Widford Park and Ride facilities will be operational by 2036. The results of the parking
trip highway assignment by 2036 for the AM, IP and PM peak hours are shown in the following
figures.

Figure 27 Car trips to/from Beaulieu station parking and Boreham Park and Ride in the AM peak in 2036

Figure 28 Car trips to/from Widford Park and Ride in the AM peak in 2036

The figures show that in the AM peak, car trips to Beaulieu Park station car park and Boreham Park
and Ride are coming from the eastern part of Chelmsford as well as from north and east of the city.
Trips to Widford Park and Ride are coming from south and west of the city.
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Figure 29 Car trips to/from Beaulieu station parking and Boreham Park and Ride in the average IP in 2036

Figure 30 Car trips to/from Widford Park and Ride in the average IP in 2036

The figures show that in the inter-peak, car trips to Beaulieu station car park and Boreham Park and
Ride are coming from the eastern part of Chelmsford as well as from north and east of the city. Trips
to Widford Park and Ride are coming from south and west of the city.
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Figure 31 Car trips to/from Beaulieu station parking and Boreham Park and Ride in the PM peak in 2036

Figure 32 Car trips to/from Widford Park and Ride in the average PM peak in 2036

The figures show that in the inter-peak, car trips from Beaulieu station car park and Boreham Park
and Ride are going to the eastern part of Chelmsford as well as to north and east of the city. Trips
from Widford Park and Ride are going to south and west of the city.

Car only, LGV and HGV highway assignment results may be found in the LMVR and TFR reports of
the Chelmsford Strategic Model.
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6. Public Transport Trip Assignments
6.1 Year 2021 Public Transport Assignment

The methodology of the public transport assignment can be found on the LMVR Chapter 6.3. The
purpose of this section is to show the results of the Public Transport assignments in the vicinity of the
new parking facilities by 2021 and 2036.

The Beaulieu Park station car park is expected to become operational by 2021. The results of the
public transport assignment in the AM and PM peak hours, including Park and Ride trips, are shown
in the following figures.

Figure 33 Public transport trips near Beaulieu Park station in the AM peak in 2021
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Figure 34 Public transport trips near Beaulieu Park station in the PM peak in 2021

The assignment plots in 2021 show public transport trips to/from the new Beaulieu Park station.

6.2 Year 2036 Public Transport Assignment

Besides Beaulieu Park station car park, which is expected to operational by 2021, the Boreham and
Widford Park and Ride facilities are assumed to be operational by 2036. The results of the public
transport assignments for 2036 in the AM, IP and PM peak hours, including Park and Ride trips, are
shown in the following figures.
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Figure 35 Public transport trips near Beaulieu Park station and Boreham Park and Ride in the AM peak in 2036

Figure 36 Public transport trips near Widford Park and Ride in the AM peak in 2036

The assignment plots show public transport trips to/from the new Beaulieu station and the Boreham
and Widford Park and Ride facilities by 2036 in the AM peak.
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Figure 37 Public transport trips near Beaulieu Park station and Boreham Park and Ride in the average IP in 2036

Figure 38 Public transport trips near Widford Park and Ride in the average IP in 2036

The assignment plots show public transport trips to/from the new Beaulieu station and the Boreham
and Widford Park and Ride facilities by 2036 in the inter-peak.
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Figure 39 Public transport trips near Beaulieu Park station and Boreham Park and Ride in the PM peak in 2036

Figure 40 Public transport trips near Widford Park and Ride in the PM peak in 2036

The assignment plots show public transport trips to/from the new Beaulieu station and the Boreham
and Widford Park and Ride facilities by 2036 in the PM peak.
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7. Conclusions
The role of the Parking Model is to model the impact of the new station parking facilities at Beaulieu
Park and the new Park and Ride facilities at Widford and Boreham in 2021 and 2036. The impact of
these combined trips is modelled in the public transport assignment model using a simplified elasticity
approach. The Parking Model is integrated into the Chelmsford Strategic Model forecasts for years
2021 and 2036, and follows the same general methodology, described in the TFR and the Variable
Demand Modelling (VDM) note. The model has been developed and validated according to the
WebTAG guidance.

A limitation of the Parking Model is that park and ride trips are not modelled explicitly in the base year
(2014), due to due to data limitations. Nevertheless, the approach to model future station and park
and ride parking provides reliable estimates of the impact of the future facilities, since the likely
changes to catchment areas have been considered. Another limitation is that the Parking Model time
penalty was estimated by benchmarking the model results against existing parking counts. This
implies that in case of a significant change in future congestion or fares, the Parking Model will need
to be revalidated. Although the model does not take parking capacity into account explicitly, this is not
regarded as a limitation of this work, because the parking demand for Beaulieu Park, Widford and
Boreham is expected to remain below respective car park capacities in the foreseeable future.

The model could be used in the future to model other proposed parking facilities using the
methodology explained in this report. Should the location of the planned facilities change, the facilities
be removed from plans, or additional facilities are proposed, the model will need to be updated. This
work would be limited to revising the car connectors in the supply model, and therefore, may be done
at relatively low cost.
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Appendix A. Chelmsford City Centre Car Park Survey
questionnaire (January 2015)
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Appendix B. Chelmsford Park and Ride questionnaire (June
2011)
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Appendix C. Link type specification
Link Type NAME NUMLANES

0 Blocked opposite direction 0
1 Rural dual 4 motorway 4
2 Rural dual 3 motorway 3
3 Rural dual 2 motorway 2
4 Rural dual 3 all purpose 3
5 Rural dual 5 motorway 5
6 Rural dual 6 motorway 6
7 Rural dual 1 motorway slip 1

10 Suburban dual 2 slight development 2
11 Suburban dual 2 typical development 2
12 Suburban dual 2 heavy development 2
13 Suburban single slight development 1
14 Suburban single typical development 1
15 Suburban single heavy development 1
16 Suburban dual 3 heavy development 3
17 Suburban dual 3 slight development 3
18 Suburban dual 4 slight development 4
19 Suburban single slight development HGV ban 1
20 Suburban single typical development HGV ban 1
21 Suburban single heavy development HGV ban 1
23 Rural single carriageway 10m good 1
24 Rural single carriageway 10m typical 1
25 Rural single carriageway 7.3m good 1
26 Rural single carriageway 7m typical 1
27 Rural single carriageway 6.5m bad 1
28 Rural single carriageway 5m awful 1
29 Rural single carriageway 10m typical HGV ban 1
30 Rural single carriageway 7.3m good HGV ban 1
31 Rural single carriageway 7m typical  HGV ban 1
32 Rural single carriageway 6.5m bad HGV ban 1
33 Rural carriageway  typical 2 lanes 2
34 Rural single carriageway 5m awful HGV ban 1
41 Urban non-central 50% development 1
42 Urban non-central 80% development 1
43 Urban non-central 100% development 1
44 Urban non-central 50% development HGV ban 1
45 Urban non-central 80% development HGV ban 1
46 Urban non-central 100% development HGV ban 1
47 Urban non-central 80% development 2 lanes 2
48 Urban non-central 80% development 2 lanes HGV ban 2



Park and Ride and Station Parking Model Technical
Note

MSR

Link Type NAME NUMLANES

49 Urban non-central 80% development 3 lanes 3
51 Small town 35% development 1
52 Small town 60% development 1
53 Small town 90% development 1
54 Small town 35% development HGV ban 1
55 Small town 60% development HGV ban 1
56 Small town 90% development HGV ban 1
60 Urban central INT = 2 1
61 Urban central INT = 4.5 1
62 Urban central INT = 9 1
63 Urban central INT = 2 HGV ban 1
64 Urban central INT = 4.5 HGV ban 1
65 Urban central INT = 9 HGV ban 1
70 Roundabout Circulate 4 4
71 Roundabout Circulate 3 3
72 Roundabout Circulate 2 2
73 Roundabout Circulate 1 1
78 Walk Links (Cycle dismount) 1
79 Walk Links Stations Access (Cycle dismount) 1
80 Walk Links 1
81 Residential Road 1
82 Cycling Paths 1
83 (Cycling signals) Urban central INT = 4.5 HGV ban 1
84 (Cycling signals) Residential Road 1
85 (Cycling signals) Suburban single heavy development 1
86 (Cycling signals) Rural carriageway 7m typical 2 lanes 2
87 (Cycling signals) Suburban dual 2 heavy development 2
88 (Cycling signals) Urban non-central 80% development 1
89 (Cycling signals) Suburban dual 4 slight development 4
90 Single track road 1
95 Bus only 1
96 Car Park 1
97 Rail Link 1
98 LU Links 1




