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1.1

1.2

INTRODUCTION
Background

Transport Scotland plays a key role in the assessment of proposed changes to land use and
transport networks across Scotland. As part of the planning process, Transport Scotland offers
the use of its strategic transport and land use appraisal tools to assess the social, economic,
operational, and environmental impacts of different land use options and transport interventions.

These appraisal tools include National integrated land use and transport models which cover the
whole of Scotland. These National models include both the Transport Model for Scotland
(TMfS) and the Transport, Economic, and Land-use Model of Scotland (TELMoS) which are
both developed and maintained under Transport Scotland’s Land Use and Transport Integration
in Scotland service (LATIS).

For more information regarding the LATIS service and the National Transport and Land Use
Models, please visit the LATIS website: www.transport.gov.scot/latis

Transport Scotland requested the development of TMfS14 which is calibrated to transport and
land use conditions observed during 2014, with this model being an update of the previous
TMfS12. The TMfS14 development was to consider:

During the development of TMfS12 a number of additional data sources
became available or were identified as missing, technical challenges were
encountered, enhancements proposed and other models developed.

TMIS shall incorporate the new data, technical updates and potentially the
proposed enhancements. This model shall also have the specific objective of
being suitable for supporting the Outline Business Case for improvements on
the Inverness to Aberdeen transport corridor.

This model is to be used to prepare a single (baseline) Forecast Scenario and two Alternative
Forecast Scenarios for the future years; 2017 — 2037 at five year intervals.

Introduction

In summer 2012 SIAS Limited (SIAS) was appointed as a hominated consultant within the
Multiple Framework Agreement (MFA) for the Transport Planning, Modelling and Audit
Services, Lot 1: Commission for the Maintenance and Enhancement of TMIfS,
which encompasses the maintenance and enhancement of the existing LATIS models.

The Transport Model for Scotland (TMfS12) was a “light touch” refresh of TMfS07 to 2012
conditions undertaken by SIAS throughout the first half of 2013. TMfS12 and its associated
primary forecasts were circulated to all LATIS Framework Participants in the summer of 2013
for use on various applications. The primary focus of TMfS12 was its future application on the
A9 Dualling between Perth and Inverness and therefore any updates to the model will also apply
to this corridor.

In December 2014 SIAS provided Transport Scotland with an updated programme for the
development of TMfS12A, an updated version of TMfS12 utilising the 2011 census travel to
work data which had become available from the National Records for Scotland. Following this,
Transport Scotland agreed that the demand model structure needs to change to include the ports
and other zone disaggregation opportunities would also be included to take advantage of this
change to the demand model.

Page 1 of 166
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Further TMfS12A scoping discussions took place which concluded on 28 May 2015,
where Transport Scotland (TS) requested that SIAS update TMfS12 to create TMfS14.
The scope of this commission contains the following elements (SIAS Ref. 78104,
TMfS14 Specification Note, June 2016):

Updating TMfS12 to a 2014 base year, thus creating TMfS14

Establishing TMfS14/TELMoS14 requirements and features

Incorporating 2011 census travel to work data

Data collection, collation and assimilation

Homaogenising the zone system between the demand and assignment models
Establishing a range of forecast scenarios for TMfS14/TELMoS14
Calibration, validation and realism testing of the demand model

Calibration and validation of the road and PT assignment models

Updating the TMfS14 Trip End Model

Preparing a release version of TMfS114

Engagement with the LATIS Lot 3 participant David Simmonds Consultancy
(Development, Update and Application of the Transport Economic Land-Use Model
of Scotland (TELMoS)

Preparation of updated technical and support documentation

This Report describes the development, calibration, and validation of the TMfS14 National
Public Transport Model and is one of a series of documents describing the development,
calibration, and validation of the TMfS14 models, as follows:

TMfS14 National Road Model Development Report

TMfS14 National Public Transport Model Development Report
TMfS14 Demand Model Development Report

TMfS14 Forecasting Report

Page 2 of 166
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21

KEY FEATURES OF THE MODEL

Background

The TMfS14 National Road Model forms part of the overall TMfS14 model hierarchy, which is
shown in Figure 2.1. It is a strategic model which has been prepared with a level of detail
commensurate with appraising national policy and strategic land-use and transport interventions
and providing a key source of transport supply and demand data.

TMfS14 will also form the starting point for the development of any Sub-Area and Regional
models; providing assistance in preparation of model structure, input to base year development
and providing a source of forecast travel demand.

799 Zones

v

National Road
Model 799 Zones

799 Zones

TMFS14
Model Hierarchy

Figure 2.1 : TMfS14 Model Hierarchy, National Public Transport Model Interaction

A set of primary forecast scenarios were developed for the years 2017, 2022, 2027, 2032,
and 2037. Further detail can be found in the TMfS14 Forecasting Report.

TMfS14 v1.0 has been developed using the GIS-based software packages Maplinfo, QGIS,
and Citilabs CUBE Voyager software version 6.1.1.

In this update the TMfS14 Public Transport network is largely based upon the TMfS12 network,
however, it was reviewed against available information including Ordnance Survey OpenData
Meridian GIS layer, bus/rail timetable data, bus stop/rail station data, local knowledge,
and Google Maps. In addition, improvements implemented between 2007 and 2014 that have
been represented as forecast schemes in previous versions of TMfS were reviewed against
current information.

TMfS14 includes all Scottish Motorways and A-Roads, many strategically-important Scottish
B-Roads, a ‘skeletal’ representation of the road network in England and Wales and ferry
crossings around Scotland.
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2.2

This section covers the following aspects of the model:
e Geographical Coverage
e Zoning System
e Time Periods

e User Classes
Geographical Coverage

The TMfS14 Public Transport Model Road Based network and geographical coverage for
Scotland is shown in Figure 2.2.

Figure 2.3 highlights the TMfS14 Public Transport Model Rail Based network and geographical
coverage for Scotland.

Figure 2.4 highlights the TMfS14 Public Transport Model Ferry coverage in the west
of Scotland.

Figure 2.7 highlights the TMfS14 Public Transport Model Ferry coverage in the north-east
of Scotland.

Page 4 of 166
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TMfS14 PT Network
Scotland: Road Based

= Road Based

O ™™y TN | 100km

Contains Ordnance Survey data © Crown copyright and database right 2015 ||
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Figure 2.2 : TMfS14 Public Transport Road Based Network, Scotland
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TMfS14 PT Network
Scotland: Rail Based

Rail Based
O™ ™™y’ W ] 100km

Contains Ordnance Survey data © Crown copyright and database right 2015
Figure 2.3 : TMfS14 Public Transport Rail Based Network, Scotland
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TMfS14 PT Network o
Scotland West: Ferry

- e Ferry
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L Contains Ordnance Survey data © Crown copyright and database right 2015
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Figure 2.4 : TMfS14 Public Transport Network Ferry Routes, West Scotland
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Nigg to Cromarty ferry

| TMfS14 PT Network
‘ Scotland North East: Ferry

- e Ferry

Oy W ] 100km

e Contains Ordnance Survey data © Crown copyright and database right 2015
2

Figure 2.5 : TMfS14 Public Transport Network Ferry Routes, North-East Scotland
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Figure 2.6 highlights the TMfS14 PT Model coverage for the Central Belt.

TMfS14 PT Network
Central Belt: Road, Rail and Underground

Road

N\

— Rail

7

e Underground

0 ey NN ] 25km
p.

. AN 7 7 V]

Contains Ordnance Survey data © Crown copyright and database right 2015
~ | Y] L z ==\

Figure 2.6 : TMfS14 Public Transport Road and Rail Based Network, Central Belt
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SIAS

Figure 2.7 highlights the TMfS14 Public Transport Model geographical coverage for the Perth

to Inverness and Inverness to Aberdeen corridors.

RL ST, =74

TMfS14 PT Network
Perth to Inverness and
Inverness to Aberdeen:
Road and Rail

Road

e R

O™y WM | 50km

Contains Ord‘nance Survey data © Crown copyright and database right 2015

Aberdeen Corridors

Figure 2.7 : TMfS14 Public Transport Road and Rail Based Network, Perth to Inverness and Inverness to
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2.3

Zoning System

The TMfS14 zone systems are consistent across the model hierarchy at 799 zones. This is to
improve consistency between different elements of the TMfS14 suite.

The TMfS14 national model consists of 799 zones, comprising:
e 774 internal zones
e Four Airport Zones
e Five Key Port Zones

e 16 “External’ zones covering England and Wales

Previous model audits and input data requirements were taken into consideration and TMfS14
zoning created. Key enhancements are as follows:

e Update in to Census 2011 geography
e Census data zone and local authority boundary compliant

e Operate a unified zoning system (i.e. Demand Model, Assignment Model and the
Land-Use model are to use the same system)

e Further disaggregation in Scotland, particularly in the Aberdeen-Inverness corridor

e For improved ferry representation, split the group of islands of Rum, Canna, Eigg,
and Muck away from the mainland

e Further Disaggregation in England splitting into Regions, but also to keep boundaries
consistent with Census Travel to Work Boundaries

e Ensure that only one Rail station is present per zone (with the exception of
Conon Bridge)

Discussions with Transport Scotland, its land-use consultants, the study team and the LATIS
Lot 2 consultant leading on the A9 application concluded in agreement that a number of
TMfS07 zones should be disaggregated. Details of the disaggregated zones are presented in
Appendix A.

The four main airport zones (Glasgow, Edinburgh, Prestwick, and Aberdeen) have been defined
separately from their underlying Data Zones. The airport zones are:

e Edinburgh Airport Zone 709

e Prestwick Airport Zone 710
e Glasgow Airport Zone 711
e Aberdeen Airport Zone 712
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Figure 2.8 shows the TMfS14 zone system.
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Figure 2.8 : TMfS14 Zone system
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2.4

2.5

Figure 2.10 highlights the Central Belt zone system more clearly.
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Figure 2.10 : TMfS14 Central Belt Zone System

The TMfS14 zone system is available from Transport Scotland (GIS format) on request.
Further technical detail can be obtained in TMfS14 — Creation of Model Zone System
(SIAS, May 2016) also available on request.

Time Periods

The model covers three time periods within a ‘typical” weekday. These are:
e Average AM Peak Hour between 07:00 — 10:00
e Average Inter Peak Hour (1/6 of 10:00 — 16:00)
e Average PM Peak Hour between 16:00 — 19:00

For the peak time periods, the ‘average peak hour’ represents the ‘peak hour’ within the 3hr
period. This ‘peak hour’ was calculated using relevant observed traffic count data collected
across Scotland, so represents a ‘Scottish Average’ peak hour within the relevant time period.

User Classes

The public transport model includes three user classes, as follows:
e Person In-Work
e Person Non-Work Commuters

e Person Non-Work Others
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2.6 Assignment Model Enhancements

The TMfS14 Public Transport assignment model contains enhancements over its predecessor
TMfS12, namely:

e Representing 2014 conditions

e A disaggregated (799) zone system

e Refined model which takes account of the TMfS07 and TMfS12 audits
e Inclusion of 2011 census data

e Inclusion of Perth/Aberdeen to/from Inverness corridor bus and rail interview data
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3.1

3.2

MODEL DIMENSIONS
Time Periods

The model covers three time periods within a ‘typical” weekday. These are:
e Average AM Peak Hour between 07:00 — 10:00
e Average Inter Peak Hour (1/6 of 10:00 — 16:00)
e Average PM Peak Hour between 16:00 — 19:00
For the peak time periods, the ‘average peak hour’ represents the ‘peak hour’ within the 3hr

period. This ‘peak hour’ was calculated using relevant observed traffic count data collected
across Scotland, so represents a ‘Scottish Average’ peak hour within the relevant time period.

The public transport assignment model reflects conditions in the AM Peak Hour,
Average Inter-Peak Hour, and PM Peak Hour.

Peak hour demand data and observed count data has been derived from the 3hr peak period data
through application of a peak period to peak hour factor. These factors have been obtained from
analysis of the TMfS07 bus occupancy count data and the National Rail Travel Survey (NRTS).
The resulting factors were very similar for bus and rail and have been combined into a single set
of Public Transport Peak Hour factors. These factors are reported in Table 2.1.

Table 3.1 : Peak Hour Factors

Time Period Factor
Peak Period to Peak Hour (AM) 0.45
Inter-peak (average of 10:00 - 16:00) 1/6
Peak Period to Peak Hour (PM) 0.44

User Classes

There are three user classes in the model:
e ‘Inwork’ (IW), e.g. trips on employers business
e ‘“To/from work’ (TW), i.e. commuting trips between home and work

e ‘Non work’ (NW), i.e. all other journey purposes

Demand matrices have been prepared for each user class, which are assigned separately to the
public transport network in the model.
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3.3 Modes

The MODE control statement defines the characteristics of the public transport modes used by
the PT System. Six separate modes have been defined, namely:

e Urban Bus

e Inter-urban bus
e Rail

e Underground

o Ferry

e Tram (not used in the base year, but included to permit the modelling of tram
schemes in future year public transport networks)

The Edinburgh Tram opened to the public on 31 May 2014. Although this is within TMfS14
base year, after consideration and consultation with Transport Scotland, it was agreed not to
include within TMfS14 base year. This was due to the absence of count data at the time of
model development and that the scheme was still in its bedding-in period.
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4.1

4.2

PUBLIC TRANSPORT NETWORK
Introduction

This section describes the development of the network and public transport supply.
The TMfS14 National Model has been developed in Cube VVoyager.

Public Transport Network

TMfS14 includes a single modelled network that is used by both the Public Transport
assignment model and Road assignment model. This allows for easy and consistent transfer of
changes in forecast road traffic delays.

The TMfS12 Public Transport Network was reviewed against the Ordnance Survey (OS)
OpenData Meridian GIS Layer, local knowledge, and Google Maps. This platform provides
a geographically accurate representation of Scotland’s Public Transport network and was
developed in CUBE Version 6.1.1.

The modelled network includes the following elements:
e Strategic road network
e Heavy rail/underground
e Ferry links
e Road, rail and ferry zone connectors

e Walk connections between rail/underground/ferry ports and stations, and the
road network

The TMfS14 National Road Model Development Report provides a full description of the
development and preparation of the TMfS14 network. Table 3.1 provides a summary of the
TMfS14 link types relevant to the Public Transport model.

Table 4.1 : Public Transport Network Link Types

Link Type Value Description

1lto9 General Road Links

10 Bus Only Links

11 Rail Links

12 Subway Links

13 Tram/LRT/New Mode Links (for future year networks)
18 Rail to Road Connector

19 Zone Rail Connector

22 Zone-Road Connectors

22 Zone-Ferry Connectors

28 Ferry Routes - Banned for HGV

29 Ferry-Road Connectors

30 Ferry Routes-Car and HGV allowed

31 Ferry Routes - Banned for both Car and HGV, ie passanger ferry
32 Rail-Ferry Connector
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4.3

Public Transport Lines Data

The development of the public transport lines file is dependent on the input of public transport
system and service data. This includes the definition of System Information and the coding of
PT services.

System Information contains data for:

Modes
Operator definition
Wait curves

Crowding curves

The PT lines contain the data for the modelled public transport services including the route the
service will take across the modelled transport network.

Public Transport service data contains the following information:

Mode

Operating company

Route type (circular/linear)

Service type (stopping/express)

Headway for three modelled time periods

Fare (generally expressed as a distance-based fare table)
Short and long text descriptions

Sequence of nodes along the route

Inter urban bus lines have been coded to stop at all nodes where more than one link is attached

to it.
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4.4 Lines Coding
441 Urban Bus

Urban bus services have been defined as those that are wholly within the contiguous Aberdeen,
Dundee, Edinburgh, or Glasgow conurbations as shown in Figures 3.1 to 3.4. Services that
extend outwith these areas have been defined as Inter Urban Bus.
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Figure 4.4 : Extent of Urban Area Glasgow

Urban buses have been coded on a corridor basis with a single line coded in each direction that
represents the average frequency along the corridor. This approach was adopted to reduce the
need to code large numbers of urban bus routes, while still providing a reasonable
representation of urban bus supply within this national strategic model.
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4.4.3

Public Transport Modes

Inter-urban buses have been coded based on public timetable information. Where the strategic
modelled network does not include the actual road, e.g. diversions to local settlements, used by
a service the modelled service has been routed using the nearest equivalent road.

Table 4.2 shows the number of PT lines coded by mode and time period.

Table 4.2 : Number of Public Transport Services by Mode

Mode AM Peak Inter Peak PM Peak
Urban Bus 100 100 100
Inter Urban Bus 885 776 768
Rail 216 205 208
Underground 2 2 2
Ferry 60 60 60
Total 1263 1143 1138

Operating Companies

Fifty-one operating companies were coded, reflecting operators across all modes.
Table 4.3 shows the number of PT lines coded by operator and time period.

All routes, frequencies and stopping patterns for all relevant inter-urban public transport
services operated by the companies listed in Table 4.3 were inherited from TMfS12.

The PT service headways were coded based on the frequency of services over the period
(AM and PM - 3hr and IP 6hr). Effective headways were calculated over the periods using the
sum of the square of each individual headway divided by the sum of headways, which allowed
for the representation of irregular services. Where there was a single service in a period then
a headway of 180 was used for the AM or PM and a headway of 360 for the IP.

Typically, service start times were used to determine the headways and included all services that
spanned the time period (i.e. start or end in time period) to derive the average headway.

It should be noted that a degree of judgement was required where services span more than one
time period to determine the most appropriate timetable coding and also avoid double counting.

The bus stop coding methodology was kept consistent with TMfS12. This method ensured that
services stopped where there was more than one link connected to a node.
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Table 4.3 : Number of Services by Operator

Operator No. Operator AM Peak Inter Peak  PM Peak
1 Scotrail - National 71 68 65
2 Scotrail - SPT 111 88 113
3 Scotrail - Highlands 11 14 7
4 Scotrail - Northern Highlands 6 8 5
5 East Coast Intercity Rail 9 14 10
6 West Coast Intercity Rall 8 13 8
11 SPT Subway 2 2 2
15 First Glasgow 113 90 89
16 First Edinburgh 145 112 126
17 National Express 6 6 4
18 Scottish Citylink 55 48 55
19 Stagecoach West 78 74 59
20 Stagecoach Inverness 39 31 23
21 Stagecoach Strathtay 64 57 64
22 Stagecoach Fife 103 92 73
23 Stagecoach Bluebird 64 70 67
24 Stagecoach Perth 8 11 12
25 Watermill Coaches 1 2 3
26 Strathtay Scottish 3 2 2
27 Travel Dundee 2 2 6
28 Rapsons 9 10 5
29 Citylink/Rapsons 4 8 4
30 Scotbus 4 4 1
31 Westerbus 1 1 6
32 Crieff Travel 3 4 5
33 Docherty's Midlands 5 6 4
34 Pegasus Travel 3 2 1
36 Bluebus 1 1 6
37 Mcgills 5 5 18
38 Arriva 24 17 3
39 SPT Subway 1 2 2
40 McKindless 2 1 3
41 Irvines 3 3 62
42 Lothian 61 48 37
43 D&G Various 46 41 26
44 First Borders 30 24 2
45 Arriva Airport 2 2 768
51 Edinburgh Urban Bus 26 26 26
52 Glasgow Urban Bus 44 44 44
53 Aberdeen Urban Bus 16 16 16
54 Dundee Urban Bus 14 14 14
101 SPT Renfrew Ferry 2 2 2
102 Cal Mac Ferries 38 38 38
103 Highland Council 2 2 2
104 Western 2 2 2
105 JOG Ferries 2 2 2
106 Pentland 2 2 2
107 Northlink 8 8 8
108 SPT Kilcreggan Ferry 2 2 2
109 Cromarty Ferry 2 2 2

Total Services 1263 1143 1906
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5.2

TRIP MATRIX DEVELOPMENT

Introduction

This section describes the development of the TMfS14 “prior’ Public Transport matrices which
feed into the calibration process and details the following enhancements:

e Update to the non-work commute matrices with 2011 census travel to work data

e Update to all matrix user classes with up to date bus and rail Inter-Urban survey data
for the Perth to Inverness and Inverness to Aberdeen corridors

The methodology adopted for developing the TMfS14 Public Transport matrices involved using
the TMfS07 public transport matrices as a starting point and updating them with the above data.

2011 Census Travel to Work Data

SIAS, on behalf of Transport Scotland, received 2011 Census Travel to Work data from the
National Records of Scotland (NRS) and 2012/13 Scottish Household Survey data from
The Scottish Government.

This section sets out the methodology used to split the 2011 Census Travel to Work data into
peak periods using the Scottish Household Survey (SHS) data and the process used to combine
the Census data with the TMfS07 prior Public Transport Non-Work Commute matrices.

The Census Travel to Work data was originally requested in 720 zone format. After consultation
with NRS it soon became clear that disclosure issues were present so disclosure criteria was to
be applied. The disclosure criterion that every zone should have at least 715 people aged 16 or
over in full-time employment was to be applied. The final geography for the provision of
Census Travel to Work data was at 686 zones.

The Census Travel to Work data contains the following person trip information for Full Time
Students and the working population:

e Work or study mainly at or from home
e Underground subway metro light rail or tram
e Train

e Bus minibus or coach

e Taxi

e Motorcycle scooter or moped

e Driving a car or van

e Passenger in a car or van

e Bicycle

e On foot

e Other
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5.3

For the purposes of incorporating the Census data into the Non-Work Commute AM/IP/PM
matrices the “Underground subway metro light rail or tram”, “Train” and “Bus minibus or
coach” fields were used for both Full Time Students and Non-Full Time Students. The Census
data is considered representative of a 24hr weekday sample and each trip equates to a person
travel to work/education trip.

Scottish Household Survey Data

The SHS data was used to split the 24 hour weekday Census Travel to Work data into the three
peak hours modelled in TMfS14, namely the AM, IP, and PM peak. The SHS dataset used in
the analysis contains the following relevant fields required for this analysis, namely:

e Main Mode
e Journey Purpose

e Journey Start Time

The SHS data was used to split the 24 hour 2011 Census Travel to Work data into the three peak
hours modelled in TMfS14, namely the AM, IP, and PM peak. This was achieved by applying
a peak period to 24hr factor at the appropriate aggregation level, e.g. at zone or Local Authority
(LA) level. An initial review of the SHS data was undertaken to understand what aggregate
level was suitable for disaggregating the Census data.

The SHS data was provided in 720 zone format, consistent with TMfS12, because at the time
the request was made, the intention for TMfS12A, as it was titled at the time, was to retain the
TMfS12 demand model structure, i.e. 720 zones.

The SHS data was processed at the Local Authority (LA) level of aggregation which produced
reasonable peak period to 24hr factors, with 10% of all recorded LA to LA movements
containing more than 10 trips (23% more than 5 trips).

The Local Authority aggregation was split between working population & Full Time Students,
however, it was noted that the SHS data contained only 94 Full Time Student records observed
over the 24hr period, so this could not be used in isolation unless a very aggregate factor was
used. For this reason the working population & Full Time Students datasets were combined to
derive the peak period factors.

The SHS records were split into the following time periods:
e Whole Day (00:00 — 24:00)
e AM Period (07:00 - 10:00)
e |P Period (10:00 - 16:00)
e PM Period (16:00 — 19:00)
e The remainder of the Day (19:00 — 07:00, used as a checking mechanism)
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The following rules were applied at LA level and were used to create the proportions of peak
period travel relative to the 24hr period:

e |fthere are trips in the peak period, divide the peak period value by the 24hr value

o If there are no trips in the peak period, apply the lesser of the LA origin or destination
peak hour to 24hr factor

e |f there are no trips in the 24hr period, apply the lesser of the total (all LAs combined)
origin or destination peak period to 24hr factor

If the sum of the AM, IP, and PM factors was greater than 1 then the factors were reduced
proportionally so the maximum sum of the AM, IP, and PM factors was less than or equal to the
total AM, IP, and PM records divided by the 24hr period records.

The resulting proportions for Public Transport trips to/from workplace/study are shown in
Appendix B.

Application of SHS factors to Census data

Following the creation of the peak period factors, they were applied to the 24hr Census data to
produce the peak period census matrices.

The census matrices were split up by the SHS peak period proportions and adjusted to represent
each peak hour by applying the TMfS14 peak hour to peak period factors which are:

e AM Peak 2.222
e Inter Peak 1/6
e PM Peak 2.273

The next factor that was applied to the Census matrices is based upon research undertaken by
Peter Davidson Consultancy Traffic Engineering and Control, Census Matrix Tools Software —
An essential data source for transport planning in the UK (February 2006) which stated that the
proportion of census trips made on a typical day was as follows:

e To Work 59.1%
e From Work 54.2%

The final process for producing the TMfS14 Public Transport matrix was identifying where
2011 Census cell values were available and replacing the equivalent TMfS07 prior matrix
values with these. The intra-zonal values and cell values that do not have new 2011 Census
data remain unchanged from their 2007 values.

The resulting TMfS14 Public Transport matrix was aggregated to Local Authority level and
compared to the TMfS07 prior matrix which is underpinned by the 2001 Census data.
This growth comparison was compared to the 2001 — 2011 LA to LA Census Travel to Work
growth which was independently calculated. Where significant differences between the
TMfS14 growth in travel to work were observed, the proportion of census trips made in a day
was adjusted so the TMfS14 prior LA growth was more consistent with the 2001 — 2011 LA to
LA Census Travel to Work growth. This was only applied at LA level so the trip distribution
within each LA was retained.
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5.5

This approach of replacing the TMfSO7 prior matrices with 2011 Census Travel to Work data
was agreed with Transport Scotland, as it was acknowledged that the timescales did not permit
investigating and removing the 2001 census data from the TMfS07 prior matrices which would
have been the preferred approach.

The resulting TMfS14 prior matrix totals are provided in Table 5.1.

Table 5.1 : Census Update Matrix Totals - Non-work Commute (person trips)

Peak AM Peak Inter Peak PM Peak

TMfS14 Non-work Commute
(after census update) 84,493 16,045 77528

TMfS14 Non-work Commute
(after census update and PT
Interview data) 84,246 16,015 77,219

The matrix totals appear intuitive and are consistent with the growth in Census Travel to Work
between 2001 and 2011. The final check was to assign the TMfS14 Public Transport matrices
to their respective networks and compare with observed data. This was undertaken and the high
level comparisons (i.e. screenline calibration/validation comparisons) were consistent with
TMfS07 Public Transport matrices. The matrices were therefore considered sufficiently robust
to be taken forward and used as prior matrices for the TMfS14 Public Transport
Assignment Model.

It should be noted that the TMfS14 Public Transport matrix totals shown in Table 5.1 do not
include the Public Transport data collected between 2007 and 2014. This process is described
in the following sections.

Public Transport Data Processing

This section details the processing of public transport service Interview data collected for the
Perth to Inverness and Inverness to Aberdeen corridors for use in the Public Transport trip
matrix development within TMfS14. The data used in TMfS14 Matrix Development are
as follows:

e Public Transport Interview data between Perth and Inverness (6/7 February 2013)
e Public Transport Interview data between Inverness and Aberdeen (6/7 February 2013)

e ScotRail 2012 Boarding and Alighting Surveys

Each Public Transport interview dataset was ‘cleaned’ at source to remove or correct records
whose origins and destinations appeared illogical. Interview records were mapped by origin
and destination using the coordinates for each recorded postcode. Records with an illogical
origin or illogical destination were rejected from the datasets.

The resulting records were then used to derive individual sample rates for the site, by journey
type (Bus & Rail), by comparing with the surveyed data with the boarding and alighting data
collected for each station on the two corridors. Factors were then generated to expand the
sampled data for each corridor to meet the observed station boarding and alighting flows.
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For the public transport records, the “Purpose” data provided for origin and destination
(home, work, etc.) was then used to define the trip purpose for each record. The trip purposes
are consistent with TMfS12, namely:

e In-Work (IW)
e Non-Work Commute (NWC)
e Non-Work Other (NWO)

The resulting observed Public Transport data was assigned and the boarding/alighting and
loadings were compared to the observed data. Following the conclusion of the matrix
development the observed data was combined with the TMfS14 Public Transport matrices with
the 2011 census update described in Section 5.4.

The resulting TMfS14 Public Transport matrix totals are provided in Table 5.2.

Table 5.2 : PT Interview Matrix Totals - Non-work Commute (person trips))

Peak AM Peak Inter Peak PM Peak
In-Work 5,845 2,902 4,238
Non-Work Commute 84,246 16,015 77,219
Non-Work Other 60,159 59,255 50,942
Total 150,250 78,171 132,399
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6 ASSIGNMENT MODEL DEVELOPMENT

6.1 Introduction

The inputs to the Public Transport Assignment Model for each time period are:
e The strategic transport network
e A ‘PT lines file’ describing all relevant public transport services
e A ‘PT System file’ defining operators, wait and crowd curves
o A ‘Fares’ file

e Hourly public transport travel demand matrices (in person trips)

The Assignment process contains the following procedures:
e Path Building (Route Enumeration and Route Evaluation)
e Crowding

e Bus Speed Factors
6.2 Path Building and Loading

The path building and loading procedures have been developed using the CUBE Voyager public
transport assignment model software, with the following models:

e Walk Choice Model
e Service Frequency and Cost Model
o Alternative Alighting Model

The model assignment is split into route enumeration and route evaluation.

Route Enumeration identifies a set of discrete routes between each zone pair, along with the
probabilities that passengers will use each route. Routes that fail to meet certain criteria are
discarded. The criteria are specified using the Spread Factor and Spread Constant parameters
that define the range of routes that will be retained for each zone pair based on their generalised
time relative to the minimum generalised time. Fares are not included explicitly at this stage,
but a mode specific run-time factor, exclusively used in route enumeration, is used to make
a proxy of the impact of fare on generalised costs. Passenger crowding is not considered in this
Route Enumeration stage.

Route Evaluation calculates the “probability of use” for each of the enumerated routes between
zone pairs, including the impacts of crowding and fares. Further details on the PT assignment
processes can be found in the Cube Voyager software help documentation.
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6.3

Crowding

Public transport crowding has been included in the TMfS14 PT assignment procedures for the
morning and evening peak. Crowding is not considered to be a significant issue outwith the
peak periods and, therefore, has not been included in the inter-peak period assignment.
This also assists in reducing model run times.

Note that the impact that car park capacity constraints at Park & Ride sites will have on mode
and route choice is dealt with by the Park & Ride model, which is described in the main
Demand Model Development Report.

Modelling PT crowding is an iterative process. The model calculates an initial set of crowding
factors and passenger loadings, feeds these back into the model and produces a revised set of
passenger loadings and corresponding perceived crowding costs. Convergence of the model is
achieved when the public transports loadings (and hence the crowding costs) stop changing
significantly between iterations.

The number of iterations is specified by the user. A review of the convergence of the Base Year
model suggests that five iterations of the PT crowding loop will generally be sufficient for the
TMfS14 PT assignment procedures. Model users should consider reviewing the number of
iterations depending on the interventions being tested.

The PT crowding assignment requires the specification of the following data:
e PT crowding curves
e PT line capacities

e passenger and vehicle arrival profiles

Crowding curves are implemented as multiplicative curves in the CUBE Voyager public
transport assignment procedures. For each level of utilisation, the free link journey time is
multiplied by the appropriate adjustment factor to represent the perceived journey time spent in
crowded conditions. It should be noted that all modelled occupants perceive the same crowding
on a given section of the route, regardless of where they boarded.

The measure of utilisation is expressed as the percentage of standing passengers as a proportion
of the standing capacity. Utilisation is therefore zero until all seats are occupied and standing is
necessary. Utilisation is 100% when the vehicle is at crush capacity, i.e. all standing room is
taken. The “crush capacity’ is assumed to be 40% above the seated capacity, which is consistent
with TMfS12 and corresponds to the version of the Rail Passenger Demand Forecasting
Handbook PDFH that was in use when the TMfS07 PT model was developed. This indicated
crowding penalties up to 140% load factor for Non-London Commuting, which is considered to
be the maximum train loading.

The Rail Passenger Demand Forecasting Handbook (PDFH) Non-London Commuting Rail
Crowding curve has been allocated to all rail lines (including the Glasgow Subway) in the
TMfS14 Model in the morning and evening peak. The data points for this crowding curve are
described in Table 5.1.
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6.4

Table 6.1 : PDFH Non-London Commuting Rail Crowding

% Seat Capacity Utilisation  Crowding Factor
100% 0% 1.00
108% 20% 1.09
116% 40% 1.18
124% 60% 1.26
132% 80% 1.35
140% 100% 1.44

Capacities have been coded for all rail lines in the morning and evening peak periods based on
rolling stock usage in 2006 derived from the ScotRail survey data. The model framework
allows the user to model crowding effects on any new tram services, if required.

No crowding modelling calculations are performed for bus services, as it is assumed that
operators will increase the vehicle capacity and/or service frequency on routes where demand
regularly exceeds vehicle capacity, so the average load factors are likely to remain broadly
constant over time.

The passenger and vehicle arrival profiles have been assumed to be constant throughout the
modelled time periods. This is a potential weakness in the crowding procedures applied, as it
makes no allowance for varying demand on individual services within the modelled peak hour.
Given the non-linear nature of crowding costs, this assumption of constant hourly demand may
result in an under-estimation of crowding on busy routes where demand varies significantly
across the peak hour.

Bus Speed Factors

Modelled bus journey times in TMfS14 are based on the assigned congested road speeds with
a series of factors applied to adjust the bus link speeds by link class. These factors are common
in all three time periods and are based on groupings of link classes, e.g. urban single
carriageway. Bus lanes have also been coded in the PT modelled network, and on these links the
bus speed is related to the free flow road network. During the calibration process the bus link
speed factors were adjusted to better match the timetable data where appropriate. The final bus
speed factors are as follows:

e Motorways 95% of congested road speed
e Rural single 85% of congested road speed
e Rural dual 95% of congested road speed
e Urbansingle  50% of congested road speed
e Urban dual 75% of congested road speed

e Bus lanes 80% of free flow speed

Validation of the modelled bus journey times to timetable data is presented in Section 3.
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6.5

Assignment Model Parameters

A range of parameters are available to control the path building process, including:
e Route enumeration fare run-time factors
e Spread factor and spread constant
e Mode specific in-vehicle time weighting factors
e Mode specific wait time weighting factors
e Walk time weighting factors
e Mode specific boarding penalties
e Mode to mode transfer penalties

e Mode specific minimum and maximum wait times

The assignment model parameters, common to peak and inter-peak assignments, are shown in
Table 6.2.

The spread parameters were defined based on achieving a reasonable range of enumerated
routes for assignment, while maintaining practical model run-times. All other parameters were
based on standard ranges used in other studies. The values in Table 5.2 reflect the values used
in the final calibration.

Values of time and Generalised Cost were derived using the Values of Time taken from
WebTAG (November 2014). Using the average earnings data, a factor was derived and applied
to the 2014 Value of Time to produce the value used in the TMfS14 Base year model.
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Table 6.2 : Public Transport Assignment Model Parameters

Model Parameter

Value / Factor

Route Enumeration Fare In-vehicle Time Factors:

- urban bus / inter-urban bus
- rail / subway / ferry

Spread Factor
Spread Constant
In-vehicle Time Factors - AM + PM:
- Urban Bus
- inter-urban bus
- rail / subway / ferry
In-vehicle Time Factors - IP:
- Urban Bus
- inter-urban bus
- rail / subway / ferry
Walk Time Factor
Minimum Wait Time
Maximum Wait Time
Boarding Penalty - AM + PM
Boarding Penalty - IP
Transfer Penalty:
- rall to rail
- bus to bus
- rail / underground / tram to bus
Value of time (2014 Base Year):
- in work
- non work

0.85
1.00

1.25
5 mins

1.40
1.30
1.00

1.40
1.20
1.00
1.60

0 mins
60 mins
10 mins
5 mins

5 mins
5 mins
5 mins

17.64 £/hr
6.5 £/hr
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6.6 Wait Curves

A wait curve derived from PDFH has been implemented for all PT lines in the TMfS14 model.
It should be noted that the wait curve calculates the wait time in real time, so no additional wait
time factor is applied to the resulting perceived wait-time.

It should be noted that, as indicated in Table 6.3, the maximum perceived wait time will be
capped at 60 minutes for all modes.

Table 6.3 : Wait Times

Precieved

Headway (min) Wait Times (min)
5 g
10 10
15 14
20 18
a0 23
40 26
60 31
a0 34
120 47
180 60
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6.7

Fares Model

The Fares Model for the TMfS14 Model is based on a set of flat and distance-based Fare Tables
for different PT operators.

The distance-based Fare Tables consist of a set of distances and fares that define points on
a curve. For distances between two fixed points in the table, the Fares Model will linearly
interpolate to determine the modelled fare. Fare tables for bus and rail have been defined based
on analysis of scatter plots showing fare versus distance for each modelled PT operator.
Average fare curves were then prepared. For subway and ferry services flat fare tables were
derived based on operator data and in the case of ferries a weighted 'average' fare was derived
using an estimated proportion of ticket sales. Further details are available on request.

The TMfS12 fare information was utilised as the start point for the development of TMfS14.
Equivalent 2015 fares were obtained from operators’ online sources and the resulting 2014
TMfFS14 fares were calculated by interpolating between the 2013 and 2015 fares.

The modelled rail fares are described in Table 6.4, the modelled Bus Fares in Table 6.5 and the
modelled Ferry Fares in Table 6.6.

Table 6.4 : Rail Fares (2014 prices)

Fare AM/PM Peak IP
Table Region Distance (km) Fare () Distance (km) Fare (£)
1 Scotrail - National 0 0.8 0 0.9
12 3.8 22 3.9
140 16.8 120 9.8
750 132.3 750 104.5
2 Scotrail - SPT 0 0.8 0 0.8
15 3.7 25 3.3
750 66.5 750 42.5
3 Scotrail - Highland 0 0.9 0 0.9
12 3.9 22 3.9
140 171 120 9.8
260 29.3 225 18.4
750 91.6 750 79.9
4 ScotRail -Nth Highland 0 2.5 0 2.5
140 17.8 140 17.8
750 28.0 750 28.0
11 SPT - Subway 1.32 (Flat Fare)
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Table 6.5 : Bus Fares (2014 prices)

Fare Table Operator Distance Fare (£)
15 First Glasgow 0 0.69
8 1.75

30 3.26

750 21.74

16 First Edinburgh 0 117
750 78.67

17 Citylink 0 1.35
750 83.31

18 Stagecoach Scotland 0 0.90
750 90.00

19 Stagecoach Fife 0 0.90
750 162.00

20 Rapsons 0 0.90
20 3.60

750 57.86

21 McGills 0 1.46
750 64.63

22 Arriva 0 1.37
750 76.38

23 First Aberdeen 0 1.20
7 2.10

18 2.50

24 All Services 0 1.50
750 83.64

25 Lothian Buses Flat Fare - 1.50
26 Glasgow Airport Bus Flat Fare - 6.25

Page 40 of 166
20 December 2016



78551

Table 6.6 : Ferry Fares (2014 prices)

Fare Tabl Operator Fare (£)
101 Renfrew Foot Ferry 1.58
1001 Rhubodach — Colintraive 1.45
1003 Ardgour — Corran 0.00
1005 Feolin — Port Askaig 1.52
1007 Lochaline - Fishnish 3.07
1009 Hunters Quay — Gourock 3.99
1011 Portavadie — Tarbet 3.99
1013 Gourock — Dunoon 3.90
1015 Mallaig — Armadale 4.00
1019 Rothesay — Wemyss Bay 4.36
1021 Berneray — Leverburgh 6.89
1023 Craignure — Oban 4.82
1025 Brodick — Ardrossan 4.28
1027 Uig — Tarbet (Harris) 5.70
1029 Uig — Lochmaddy 5.70
1031 Port Askaig — Kennacraig 6.30
1033 Port Ellen — Kennacraig 6.30
1035 Ullapool — Stornoway 8.40
1037 Lochboisdale — Oban 12.60
1039 John O’Groats — Burwick 16.83
1041 Gills Bay — St Mgrt Hope 13.95
1043 Scrabster — Stromness 17.02
1045 Kirkwall — Lerwick 77.03
1047 Kirkwall — Aberdeen 95.28
1049 Lerwick — Aberdeen 124.68
1051 Largs — Cumbrae 4.30
1053 Gourock — Kilcreggan 2.40
1055 Cromarty — Nigg 3.77
1057 Oban — Coll/Tiree 9.25
1058 Mallaig - Eigg 8.08
1017 Lochranza - Claonaig 4.16
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7.1

MODEL VALIDATION

Introduction

In this section we describe the validation process undertaken for the assignment of the TMfS14
PT model through detailed analysis of the following:

e Observed and modelled bus and rail loading comparisons on the Perth to Inverness
and Inverness to Aberdeen corridors

e Observed and modelled bus and rail loading comparisons across Scotland
e Rail station boarding and alighting comparisons
e Rail Crowding comparisons

e Comparison of timetabled and modelled bus journey times

The validation of the original Public Transport assignment model compares the modelled flows
with equivalent observed data across screenlines. As specified in Section 7 of TAG Unit M3.2,
the modelled public transport flow should ideally fall within 15% of observed flow across
appropriate screenlines.

The analysis of the modelled flows also makes use of a summary statistic known as GEH,
which is defined as:

(Modelled — Observed)?
(Modelled +Observed)/2

The GEH value is designed to be more tolerant of large percentage differences at lower flows.
For example, one would not normally be concerned about a modelled flow which differed from
a count by 40% if the count was only 100, but one would be if the count were 1,000.
The reason for introducing such a statistic is the inability of either the absolute difference or the
relative difference to reflect differences over the wide range of flows contained in the model.

The GEH statistic is typically used for the validation of road assignment models. It is, however,
also a useful indicator for PT assignment model though a greater level of tolerance would be
expected due to the higher level of variation of public transport data. In the absence of official
guidance it is considered that, for a model of this complexity and size, a GEH of five or less is
considered to be excellent.
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7.2

Observed Screenline Data Update

The timescales for the development of TMfS14 were condensed and as such there was limited
opportunity to collate and incorporate recently collected observed public transport Screenline
data. In discussion with Transport Scotland the pragmatic solution for updating the observed
public transport flows was to take account of national public transport trends between 2007 and
2014, and apply these to the 2007 dataset.

The national trends were calculated using vehicle kilometres statistics (Scottish Transport
Statistics No 33, Table 2.3a: Vehicle kilometres on local bus services by type of service)
and Passenger Traffic statistics (Table 7.2 Passenger traffic originating in Scotland: journeys
and revenue) from the Scottish Transport Statistics. The trends between 2007 and 2012 were
calculated using the above data with the assumption, in agreement with Transport Scotland, that
Public Transport usage remained constant between 2012 and 2014. The conclusion from the
analysis was a 10 — 20% decrease in bus usage between 2007 and 2014 and a 21 — 36% increase
in rail usage. The resulting factors which were applied to the 2007 observed data are presented
in Table 7.1.

Table 7.1 : Public Transport Growth Factors (2007 — 2014)

Peak/Mode Bus Rail
AM/PM Peak 0.9 121
Inter Peak 0.8 1.36
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7.3

Passenger Loading Comparisons

Comparisons have been made between modelled and factored observed flows. It should be
noted that the observed data is independent data separate from the data used in matrix
development. Due to the high quality of the underlying travel demand information (e.g. NRTS,
PT interview, and the Census data), there was no specific procedure undertaken to re-estimate
the travel demand matrices to match the independent counts. There is a greater degree of scope
for the counts versus modelled flows to differ.

It should be noted that the ScotRail data does not include passenger count information on rail
services run by other operators, i.e. Virgin West Coast Mainline, InterCity East Coast,
and Arriva Cross Country Services.  This includes services that operate between
Inverness/Aberdeen/Dundee and England via Edinburgh. For the purposes of the modelled
versus observed count comparisons presented the modelled passenger flows on non-ScotRail
services have been excluded in order to present a direct comparison.

Appendix C contains a series of Figures that show the location of the public transport survey
sites. Table 7.2 provides a summary of the cordon and screenline passenger flow comparisons,
Table 7.3summarises the individual site passenger comparisons for the PT model and Table 7.4
summarises the individual site passenger comparisons where the observed flows are greater than
150 passengers per hour.

Table 7.2 : Summary of PT Cal Val, Cordon Screenlines

Mode AM P PM

No. % No. % No. %
Bus within 15% 8 57% 5 36% 6 43%
Bus within 25% 9 64% 8 57% 8 57%
Rail within 15% 3 21% 4 29% 6 43%
Rail within 25% 7 50% 8 57% 7 50%
Multi within 15% 8 57% 9 64% 9 64%
Multi within 25% 11 79% 11 79% 13 93%
Table 7.3 : Summary of PT Cal Val, Individual Sites
Mode AM IP PM
Bus within 25% 47% 53% 47%
Rail within 25% 55% 62% 47%
Bus and Rail within 25% 50% 56% 47%

Page 45 of 166
20 December 2016



78551

7.4

Table 7.4 : Summary of PT Cal Val, Individual Sites (Greater than 150 Passengers)

Mode AM P PM
Bus within 25% 27% 46% 34%
Rail within 25% 50% 52% 44%
Bus and Rail within 25% 38% 49% 38%

Appendix D contains the individual count comparisons at the screenlines and cordons and at
a selection of strategic locations.

The multi-modal passenger count comparisons for the city cordon totals are generally
acceptable. Individual count comparisons are generally satisfactory on the whole.

Overall, it is considered that the key strategic passenger movements are represented
appropriately in the TMfS14 Model.

Rail Passenger Boarding/Alighting Compa