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Introduction

1 INTRODUCTION

1.1  OVERVIEW

Stantec, as framework consultant for Lot 4 of the LATIS commission, were appointed by Nestrans and
Transport Scotland as Auditors of the Aberdeen Sub Area Model 2019 (ASAM19).

The ASAM19 is a multi-modal transport model focussed on the local authority areas of Aberdeen and
Aberdeenshire and incorporating parts of Angus and Moray. The Model Development Report (MDR)
(Systra Ltd, October 2023) describes the development of ASAM19 covering: data collection, model
structures, trip generation and demand modelling and road and public transport network assignment
calibration.

This Report describes the audit including a review of base model networks and datasets, the model
documentation, the methodology employed in the ASAM19, and model sensitivity testing. The ASAM19
audit was undertaken in parallel with the model development with regular liaison between the model
developer and the auditor.

The audit is largely based on the MDR, alongside model datasets provided by Systra Ltd, and information
acquired from liaison with Systra Ltd throughout model development. The audit has considered the
calibration, validation and realism testing of the base year model only. Careful review of the model
responses when forecasting should be undertaken by any model user as it is likely that future modelled
scenarios will stress test the assumptions in the model.

The conclusion of the audit does not assure the robustness of the model for each application. It provides
an independent review of the model against current Department for Transport (DfT) Transport Analysis
Guidance (TAG), commentary on model integrity and robustness for application.

In all cases, any model user should ensure for themselves that the model is appropriate for their specific
application This would be expected to include a review of the quality and robustness of the model in the
area of interest and covering the sphere of influence (SOI) of the proposed application (the SOl may be
defined both geographically (reviewing the network representation that may be affected by the
application) and procedurally (i.e., if (for example) modal shift, destination choice, changes in parking
regulations were being considered). A review may involve sensitivity test using model forecasts and may
result in enhancements (local or model-wide) which should be checked against any implications for the
base year calibration and validation.

1.2 BACKGROUND
1.2.1 Model Summary

The Aberdeen Sub Area Model (ASAM) is a strategic multi-modal transport model covering the main road
and public transport networks within Aberdeen, Aberdeenshire, and parts of Moray and Angus. The
previous version of the ASAM model, ASAM14, was calibrated to represent travel conditions in 2014.

&
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Systra Ltd was commissioned in July 2019 by Nestrans to update the ASAM to represent traffic and travel
conditions following the opening of the Aberdeen Western Peripheral Route (AWPR) in February 2019.

1.2.2 Model Objectives

The MDR states the following objectives for ASAM19:

e arobust base year to establish future network and policy scenarios, with calibration and validation in-
line with guidance, clearly documented and with suitable demonstration of model responses

e extensive multi-modal functionality, capable of appraising a wide variety of travel modes,
distinguishing between different journey purposes and detailed aspects of travel costs/time

e capability to help appraise the transport planning objectives from the City Region Deal Strategic
Transport Appraisal, help inform STPR2 and the RTS2040 and business cases for other strategic
transport investments

o sufficiently robust that ASAM can be used to inform DPMTAG and cumulative impact assessments,
AWPR Locking in the Benefits and the roads hierarchy review, and the Regional Transport Strategy

e an interface to higher-tier national modelling, with linkages to TMfS18A and TELMoS18A, providing a
consistent set of forecast data to feed into regional modelling - at a more disaggregate level to identify
and model specific developments and transport-related impacts

o sufficiently wide and detailed geographical representation to capture predicted impacts of major
infrastructure, such as the dualling of the A96, and more locally at the Toll of Birness on the A90 near
Ellon, and also representing the future delivery of Kintore train station, rail revolution service
enhancements, and bus service changes

e an accurate response when appraising alternatives to the private car, such as active travel, bus
priority, and parking management strategies, especially accessing Aberdeen City Centre to support
the City Centre Masterplan and new roads hierarchy

e Low Emission Zones (LEZs) functionality - demonstrating how the response of compliant and non-
compliant vehicle owners to potential restrictions/cost changes may impact travel patterns

e alignment with microsimulation models so ASAM travel movements forecasts can inform the local
modelling forecasts

The MDR states that the delivery of these objectives is supported through the use of extensive new data
sources, with ASAM19 calibrated to provide a robust base year representation of 2019 (Post-AWPR)
traffic and travel conditions — and a firm platform to develop forecast year scenarios.

1.2.3 ASAM14 to ASAM19? Transition

ASAM19 represents an updated model from its predecessor model, ASAM14 in terms of enhanced
functionality and more recent base year. This ASAM19 audit does not reflect on the outcomes of the
ASAM14 audit as it understood that the model developer has taken them into consideration during model
development.

&
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1.24 ASAMI19 Enhancements

The MDR states that a significant data collection exercise was undertaken to record observed travel
patterns following the opening of the AWPR (and prior to the Covid19 pandemic). Data specifically
collected for ASAM19 during Autumn 2019 include:

e Junction turning counts, ATC’s, Queue lengths, ANPR movements across Aberdeen City and
Aberdeenshire

e Bus occupancy and passenger interviews

e Rail boarding / alighting (occupancy) and passenger interviews

e Park and ride occupancy and user interviews

e Rail station car park occupancy and user interviews

In addition to the data sources noted above, model development also made use of several other key data
sets including:

Pre introduction of the AWPR:

e Census Travel to Work origin destination data (2011)

e Scottish Household Survey 2012-2018

¢ MOIRA Rail ticket data — 2017 (as later 2018-2019 data was impacted by considerable rail service
disruption on the Inverness line

e School Travel Hands Up survey — 2018 (recording pupil mode of school travel)

e Pupil Census — 2018 (recording pupil school travel movements)

o Aberdeen Airport surface passenger movements (2018)

e Aberdeen University student movements (2016)

e Robert Gordon student movements (2018)

Post introduction of the AWPR:

e Mobile Phone Data (MPD) — Spring 2019

e Bus ticket data — Stagecoach and First Aberdeen (September 2019)

e Parking ticket data (Off Street Car Parks Aberdeen City Centre — March 2020)

¢ Numerous Traffic count data, drawing on the NTDS database, collated Local Authority data and data
collected for other projects

o INRIX traffic speed data (Autumn 2019)

These new data sources were utilised in the development of a 2019 base year model which forms the
basis of future year forecasting.

1.2.5 ASAMI19 Application

The MDR states that the upgrade of ASAM19 provided the opportunity to update and advance the
transport modelling available across the North East of Scotland and to interface with other higher and
lower tier transport and land use models. New technical components, tailored to assist in potential model

&
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applications have been introduced to improve the model responses — maintaining and improving the
evidence base for transport and land use appraisal within Aberdeen City and Aberdeenshire.

1.2.6 Relationship to the Transport Model for Scotland

ASAM19 has linkages to the LATIS TMfS18A and TELMoS18 transport and land use modelling suite to
inform both base year and future year modelling forecasting.

1.3 AUDIT GUIDANCE

It is assumed that users of ASAM19 will have the necessary technical knowledge of the transport
modelling in addition to an understanding of the relevant software packages appropriate to the application
of the model.

ASAM19 is owned by Nestrans, who are the Transport Partnership for the Aberdeen City and Shire.
Transport Scotland have agreed with Nestrans that applications for using the model will be managed as
part of the LATIS suite of regional and national transport models. Where insufficient detail is available
from the supporting model development documentation, or this audit Report, users should, therefore,
refer to the LATIS support team for advice. Contact details and the Terms of Use can be found on the
LATIS website.

Applications of any part of the modelling component of the LATIS model, including the use of model data
or outputs is subject to permission from Transport Scotland, which is obtainable through the completion
and submission of a LATIS User Request Form. This includes the ASAM19, its inputs and outputs. In line
with the audit Specification Report, the audit process documented in this report has considered the
development, calibration and validation of the ASAM19 base model. While the audit seeks to undertake a
thorough review, this has been balanced against the practicality of undertaking the audit within an
appropriate timeframe and making best use of the resources invested by Nestrans in this process. By
implication, topics not outlined or referenced in this audit Report (for example; the application of the
model in forecast years) should be considered as not having been subject to the audit process.

As with any transport modelling, there is the assumption that the user of the model will undertake a
thorough review of ASAM19 in their intended study area. It is the user’s responsibility to establish
appropriateness of the model in the context of the application. This review process should continue
throughout the model application to ensure that appropriate amendments are included and to verify the
robustness of any assumptions made, the model inputs, and its outputs in forecast mode. If in any doubt
over this matter, users should seek advice and clarification through the LATIS service.

1.4 RELEVANT GUIDANCE

As per best practice in transport modelling, Transport Analysis Guidance (TAG) published by the UK
Department for Transport is relevant to the development of transport models including the ASAM19. The
auditor has referenced the following TAG units and data sources in the Audit:

e TAG Unit M2-1 Variable Demand Modelling, May 2020
e TAG Unit M2-2 Base Year Matrix Development, May 2020

&
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e TAG Unit M3-1 Highway Assignment Modelling, May 2020

e TAG Unit M3-2 Public Transport Assignment Modelling, May 2020

e TAG Unit M4 Forecasting and Uncertainty, April 2023

e TAG Unit M5-1 Modelling Parking and Park and Ride, October 2013

e TAG data book v1.12, DfT, May 2019 (version applicable at time of model development)

References to relevant guidance documents are included in each chapter of this report. It should be noted
that traffic appraisal modelling guidance is continually evolving and this audit was undertaken in line with
the guidance available at the time of model development. Model users should take cognisance of this in
model application.

1.5 AUDIT APPROACH

There was regular dialogue between the auditor and model developer (Systra Ltd) which facilitated some
transparency and opportunity for the auditor to comment throughout model development. The auditor
provided guidance and feedback on model development, undertaken initial reviews of methodologies and
model outputs, and provided commentary to Nestrans and Transport Scotland.

The draft Audit report was issued in June 2023 and shared with the model developer. Subsequent to this
the MDR was updated based on the Audit findings and commentary. This version of the Audit report is
based on the final draft MDR (October 2023, Systra Ltd).

The auditor has provided comments where appropriate on the subheadings within each of the chapters,
these are highlighted by the peach colour in this report.

At the end of each chapter, a summary conclusion section is provided in the form of a Red/Amber/Green
(RAG) scale to reflect a view on the significance of any noted issues. These are as follows:

¢ RED - Significant Concern. It is recommended that immediate action be undertaken to
amend/correct or provide reasoning. Such issues would be likely to have a significant impact on
model responses and results.

. — Concern. These points should be investigated and may require action as they contain
a level of caution for their potential impact on model responses and results. Clarification on the impact
of the model should be investigated.

e GREEN - Slight Concern. These points should be reviewed for commentary. They may have
impact on specific applications and in all cases should be considered as part of any future model
development.

1.6 ACKNOWLEDGEMENTS

Stantec wish to acknowledge the assistance and cooperation of Systra Ltd as part of the ASAM19 Audit.
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2 MODELLING APPROACH AND COVERAGE

2.1 INTRODUCTION

This chapter encompasses the modelling approach and coverage. The following topics are reviewed:

e approach and scope

e spatial coverage and representation

¢ model structure

e time period representation

e segmentation of models and travel purposes
e software

22 APPROACH AND SCOPE

ASAM19 development provided enhancements to the demand model structure by incorporating features
from the recently developed Tay Cities Regional Transport Model (TCRTM), including:

e addition of active travel (walk and cycle) as a separate mode

e separate user class for concessionary travellers (‘retired’)

e Low Emission Zones (LEZs) impacts and driver responses — segmenting compliant/ non-complaint
vehicles within the demand and assignment models

e city centre parking capacity and price responses — covering workplace parking and on and off street
parking

e ‘tours’ based modelling - improving representation of travel matrices by accounting for variations in
journey segments

The MDR states that applying the tours structure is considered better value than continuing the current
ASAM form and building new components. It is noted that ASAM19 is derived from the TCRTM structure
(which in turn is derived from the Strathclyde Regional Transport model (SRTM) structure) and
incorporates updated ASAM road and PT assignment models, and numerous data sets, inputs and
parameters representing travel conditions within the North East of Scotland model coverage area.
ASAM19 also contains more detailed representation (than ASAM14) of the Airport and Heliport models
which represent surface passenger movements to these major transport hubs.

&
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Auditor comments:

The auditor is satisfied that the ASAM19 approach and scope is aligned to the specified objectives. The
auditor notes the relationship with the TCRTM in terms of approach and scope, the model is also similar
in design to the Strathclyde Regional Transport Model (SRTM). It should be noted that Stantec is also the
auditor for the TCRTM, which is currently being audited.

2.3 SPATIAL COVERAGE AND REPRESENTATION

ASAM19 coverage extends over the full Local Authority areas of Aberdeen, Aberdeenshire, Northern
parts of Angus, and Southern parts of Moray within the Demand model choice processes. The
geographical coverage of the model network is illustrated in Figure 2-1.

Figure 2-1 : ASAM19 Geographical Network Coverage

The ASAM19 update enhances this coverage from ASAM14, with more detailed network / zoning /
simulated junctions — including in and around the A96 corridor (South of Huntly), Toll of Birness, Central
Aberdeen and A956 corridor. The new AWPR and A90 Balmedie to Tipperty corridors are also
represented within the 2019 network. The East Coast mainline rail stations are represented from Arbroath
to Aberdeen, and stations along the Inverness line between Aberdeen and Elgin.

&
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Auditor comments:

The auditor considers the geographical network coverage representation appropriate for application in
and around Aberdeen City. For application to the south and west of Aberdeen, the model may not
contain the full complement of travel movements.

It is noted that travel demand to/from the external area, including movements through the internal
network, are not subject to ASAM19 choice models, with data imported from TMfS18 for both base year
and forecast travel demand.

24 MODEL STRUCTURE

ASAM19 includes traditional 4-stage multi-modal modelling functionality across the model coverage area,
including trip generation (with links to the TELMoS land use model and TMfS18), behavioural models
(covering: mode, destination, park & ride and parking), road & public transport assignment models, and
active modes. Separate mechanisms are applied to represent Aberdeen Airport and Heliport passenger
movements and choices.

ASAM19 includes several model enhancements (from that of ASAM14) as illustrated in Figure 2-2 and
including:

e External linkages with TMfS18A and TELM0S18
¢ Low Emission Zone (LEZ) Compliant Vehicles

e Tour Allocation to Time Period

e Cost Damping

e Active Travel

e PASSQ Spreading in the road model

e PT Crowding

e Emissions

§ Development Plans ]
& 2
= i Trip Generation ]
- | - < -
v v
P - TMVIS18A [ LEZ compliant Vehicles | TELMOS18A
TS External - B Population
g:::s"l.:l Popul:ﬁon, Linkages /p [ Tour Allocation to Time Periods ] ﬁ Employment
Linkages Employment ‘
4 Mode Destination, P&R, Alrport ) =)
Damping J

Road Modal
reading
—-J
AM Peak, Inter Peak, PM Peak

L

Local Micro Economic, Traffic Passenger ‘
Skieming. Volumes, mﬂv [ Micro- ] [ } [ Economic, J( Traffic ][wmmm}[ ) J
Cordons

Select-Links Speeds Ticketing
Figure 2-2 : Comparison of ASAM14 & ASAM19 Structure
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Auditor comments:

The auditor considers the structure of ASAM19 appropriate relative to the specified objectives and notes
the enhanced functionality relative to ASAM14.

2.5 TIME PERIOD REPRESENTATION

ASAM19 includes the following four weekday time periods:

AM Peak Period (07:00-10:00)

Inter Peak (IP) Period (an average of 10:00-16:00)
PM Peak Period (16:00-19:00)

Off-Peak (OP) Period (19:00-07:00)

These time periods are used to derive the travel demand for each assignment model.

The road, PT and active travel assignment models reflect average conditions within the AM peak hour,
Average IP hour, and PM peak hour. ASAM19 period peak hour factors were calculated based on the
analysis of traffic and public transport passenger counts as used for the calibration and validation of the
road and public transport assignment models. These observed counts were undertaken in 2019.

Auditor comments:

The auditor considers the demand and assignment modelled time periods appropriate relative to the
specified objectives. It should be noted that the peak hour factors are fixed in ASAM19 (in the base and
forecast years) and, therefore, there is no representation of peak spreading.

2.6 MODEL SEGMENTATION

The MDR provides a summary of the ASAM19 segmentation including:

e Travel Modes (car, public transport, park & ride, walk, cycle)

e Home-based and Non-home based trips

e Travel Purpose / Person Type (employer’s business, commute, education, other, retired)
e Car Availability

¢ Road Vehicle Classes (Car, light goods vehicles, heavy goods vehicle)

e Public Transport Ticket Type Classes (full price tickets, season tickets, discounted tickets)

Auditor comments:

The auditor considers the ASAM19 segmentation is considered appropriate relative to the model scope
and structure and in the context of available data.

Model users should note the segmentation definitions. The Education demand segment includes school
pupil trips only, where escort to education and tertiary education trips are included in the Other demand
segment. The inclusion of a separate retired demand segment is a noted enhancement from ASAM14.
This is based on the eligibility age for concessionary travel (currently 60+), which may include an element

&
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of commuter trips that should be considered in model development and associated processing of data
inputs as well as model application and forecasting, particularly where there are future changes in
retirement ages.

2.7 SOFTWARE

ASAM19 has been developed using SATURN Software (version 11.4.06D_MC_N4) which is considered
appropriate for modelling congested urban networks and for capturing effects such as ‘blocking back’
from over-capacity junctions, downstream ‘flow metering’ and ‘PASSQ’ — preloading traffic queues from
earlier time periods. The SATURN ‘Multi-core’ function is applied to help improve model run times.

ASAM19 has been developed using CUBE Software for demand and PT modelling (version 6.4.5). CUBE
Cluster is used to run specific processes in parallel and help improve model run times.

Auditor comments:

The auditor notes that these are not the most up to date versions of the software packages but
understands that, at the time of model development, the version of SATURN and Cube were appropriate.
As noted in the MDR, these software versions should be used for any model application. Before
changing to any software updates, testing and potential revalidation should be undertaken.

As with any model of this type, the auditor recommends that users undertake a full model demand
assignment to ensure that the same model outputs are obtained as per the release version before
undertaking any other model application.

2.8 AUDIT SUMMARY AND RECOMMENDATIONS

Table 2-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 2-1 : ASAM19 Model Structure Audit Summary

Item Conclusion RAG

Approach and Scope The auditor is satisfied that the ASAM19 approach and scope is | GREEN
in line with the specified objectives. The auditor notes the
relationship with the TCRTM in terms of approach and scope. It
should be noted that Stantec is also the auditor for the TCRTM,
which is currently being audited.

Spatial Coverage and | The auditor considers the geographical network coverage GREEN
Representation representation appropriate.
Model Structure The auditor considers the structure of ASAM19 appropriate GREEN

relative to the specified objectives and notes the enhanced
functionality relative to ASAM14.

&
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Time Period The auditor considers the demand and assignment modelled GREEN
Representation time periods appropriate relative to the specified objectives.
Base Year It is recommended that the MDR includes a note of the base GREEN
year month.
Travel Modes, The auditor considers the ASAM19 segmentation is considered GREEN
Demand Segments appropriate relative to the model scope and structure and in the
and User Classes context of available data. Model users should note the
segmentation definitions, particularly the Education and Retired
demand segments.
Software The auditor notes that these are not the most up to date versions | GREEN

of the software packages but understands that at the time of

model development, the version of SATURN and Cube were

appropriate. These software versions should be used for any
model application. Before changing to any software updates,
testing and potential revalidation should be undertaken.
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3 ZONE SYSTEM

3.1 INTRODUCTION

This chapter describes the ASAM19 zone system. The model zone system defines the extent of the area
where road, public transport and active travel trips access the modelled transport network. The system
constitutes a large number of zonal areas and zone centroid connectors or loading points. The main
objective for ASAM19 zoning was to improve the representation of key areas, particularly where new
development and transport infrastructure have been introduced since ASAM14 or are planned in future.

3.2 ZONETYPES

The ASAM19 base model zone system contains 1,030 zones in total, including:

¢ 960 ‘internal’ demand modelling zones covering Aberdeen City and Aberdeenshire plus parts of
Angus and Moray

e 21 ‘Park & Ride’ bus and rail station zones

e 33 ‘Parking Capacity’ zones

e 16 External Route Zones

Auditor comments:

The auditor notes ASAM19 contains an enhancement in the number of zones compared to ASAM14, as
demonstrated in Table 3-1. The resolution of the zone system is considered appropriate for the model
scope and coverage, and the inclusion of spare zones allows flexibility for model application.

Table 3-1 : ASAM Zone Comparison

Zone Type ASAM14 (including spare ASAM19 (including spare

zones) zones)
Internal Demand Modelling 507 (21) 960 (54)
Park and Ride 25 (11) 22 (5)
Parkin Capacity 29 (5) 33(2)
External Route 13 16
All 574 1,030
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3.3 ZIONAL DATA

For consistency, ASAM19 zoning forms disaggregation of TMfS18/TELM0S18 zones and does not
overlap Census Data zones or Local Authority boundaries. For the ASAM19 Update, the ASAM14 system
was disaggregated into smaller zonal areas using Data Zones and Output Area boundaries. In areas
where output areas where too large to isolate specific activities or network access points, these areas
were further disaggregated using mapping and local knowledge to achieve a more detailed
representation. Zoning was also updated to limit large volumes of traffic loading into a single point in the
road network by splitting zones which have large trip generation / attraction. This was informed by
comparing levels of zonal population and employment.

To provide consistency with the LATIS national modelling, a set of TELM0S18 planning data at ASAM19
zonal level was prepared. The end of this stage provided: number of households, population by
household car availability and employment by job category for each ASAM19 zone. Zonal household,
population and employment figures match TELMoS18A ‘parent’ zone totals when aggregated and reflect
more local locational and job category data when used at the ASAM19 zonal level.

Auditor comments:

The zonal data sources are considered appropriate for model development.
3.4 ZONE CENTROIDS

Zone centroids are used to load traffic and passengers to/from the road and public transport networks.
Centroids were added to a number of ‘spigots’ (less detailed ‘approximate’ non-capacity restraint links) to
join with the main network. These were incorporated to reflect the geography of the network within or
close to zonal areas, with traffic loading reflecting the layout and main access available (i.e. at the main
residential sites). For larger zones, multiple centroids were used to reflect different access options, and to
ensure a large number of trips are not inappropriately loading to a single network point.

Zone centroid distances reflect the local nature of the zone system and network coverage, with urban
distances coded to represent a short journey from the main areas of activity to reflect the network access
point, with slightly larger distances coded for rural zones where there is less network detail. Further
information is provided in the road network preparation reporting (see Chapter 4).

Auditor comments:

Analysis was undertaken to determine the level of base year road traffic demand associated with each
zone. This is an important step to understand if the network contains any zone loading in excess of
recommended guidance. TAG Unit M3.1 (Highway Assignment Modelling) suggests the number of trips to
and from each zone should be relatively small, such as 200-300 per hour. Table 3-2 shows the zones
which exceed 300 trips either originating or destinating in each modelled hour.
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Table 3-2 : ASAM19 Excessive Zone Loading (2019 Base Year - PCUs per Hour)

Zone Number of Al ‘ = e
Number Location connectors Origin ‘ Destination = Origin Destination Origin Destination
131 Cornhill 3 335 1,250 819 800 | 1,409 766
135 Altens 1 310 325
142 Altens 2 341
157 Cornhill 1 306
174 Summerhill 2 415 303
175 Garthdee 1 308 315 311 305
176 Altens 2 457 451
207 Altens 2 333 352
215 Mastrick 1 314
221 Altens 2 318 316
307 Denmore 1 366 405
341 Aberdeen 2 307
Airport
349 Kingswells 2 387 424
371 Dyce 2 321 337
419 Portlethen 3 483 442
433 Westhill East 2 382 384
435 Westhill East 2 531 512
441 Westhill East 2 363 331
447 Westhill West 1 322
530 Inverurie 1 325
537 Outer Inverurie 1 327
717 Peterhead 2 396 416
737 Turriff 2 303
794 Banff 2 389 353 230
863 Arbroath North 1 346 358
904 Buckie 1 340 320
910 Rothes 1 301
924 Elgin South 1 312 314
927 Elgin North 1 310
930 Elgin South 1 306
933 Elgin South 3 364 360
936 Elgin North 2 462 388
940 Lossiemouth 2 482 417
941 Burghead 1 367 303
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Auditor comments:

The auditor considers the methodology undertaken by the model developer appropriate for the
preparation of the ASAM19 zone system. There are instances of zones potentially having high traffic
flows, though these are mostly spread over multiple connectors. The MDR provides commentary on the
zones listed above, potential impact on the road network assignment, and points to note for model use.

The auditor notes the enhancements made in terms of representing the revised zones and their
connectivity to the network. TAG Unit M2.1 states that ‘generally preferable to minimise the number of
centroid connectors from a single zone to a network. Multiple connections can lead to instability during
assignment and model convergence problems.’.

Table 3-3 presents the number of zone centroid connectors for all zones. The vast majority of zones are
shown to have one or two connectors. Fourteen zones have three connectors. The maximum number of
centroid connectors is four, and further investigation indicated that this was zone 19 representing
Woolmanhill in central Aberdeen where the road network is very dense.

Table 3-3 : ASAM19 Zone Connectivity

Number of Centroid Connectors Number of Zones

1 829
2 186
3 14
4 1
All 1,030

A review of the centroid connectors indicated that a small number of zones appeared to have an
excessive number of connections which may lead to local instability and uncertainty in forecasting.
However, this is unlikely to have a significant impact on strategic flows. Broadly the definition of zone
connectors is considered reasonable for the modelled area and network. It is recommended that the
model users should review centroid connectors in the study area in detail prior to any use of the model.

3.5 PARKING CAPACITY AND PARK & RIDE ZONES

There are 33 zones representing car parks in ASAM19 (including two spare zones), with 13 on-street
zonal parking areas and 12 off-street car parks, and six peripheral zones representing free parking at the
edge of the controlled area. Separate ‘spot’ zones are used to represent interchange at Park and Ride
sites and rail stations (representing access at site car parks).

Auditor comments:

The definition of parking capacity and park & ride zones in the modelled area is broadly appropriate and
further commentary is provided in the relevant chapters of this Report.
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The auditor notes that Kintore station car park is not represented in the 2019 base model where this new
station opened in 2020.

3.6 AUDIT SUMMARY AND RECOMMENDATIONS

Table 3-4 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 3-4 : ASAM19 Zone System Audit Summary

Item

Zone Types

Conclusion

The auditor notes ASAM19 contains a significant enhancement in the

number of zones compared to ASAM14. The resolution of the zone
system is considered appropriate for the model scope and coverage,
and the inclusion of spare zones allows flexibility for model
application.

RAG
GREEN

Zonal Data

The zonal data sources are appropriate for model development.

GREEN

Zone Centroids

The auditor considers the methodology undertaken by the model
developer appropriate for the preparation of the ASAM19 zone
system.

There are instances of zones potentially having high traffic flows,
though these are mostly spread over multiple connectors. The auditor
provides commentary on these zones, which should be noted by
model users, particularly when forecasting.

Broadly the definition of zone connectors is considered reasonable
for the modelled area and network. It is recommended that the model
users should review centroid connectors in the study area in detail
prior to any use of the model.

GREEN

Parking Capacity
and Park & Ride
Zones

The definition of parking capacity and park & ride zones in the
modelled area is broadly appropriate and further commentary is
provided in the relevant chapters of this Report.

GREEN
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4 ROAD NETWORK AND ASSIGNMENT

4.1 INTRODUCTION

This chapter focusses on the road network and assignment processes used in ASAM19.

4.2 ROAD NETWORK PREPARATION

The ASAM19 road network was developed using SATURN software and was based on ASAM14. The
ASAM14 2017 ‘Baseline’ Year was used as a starting point, which included schemes on-the-ground in the
ASAM19 base year. The MDR includes details of schemes incorporated into the 2019 network.

Auditor comments:

A review of the coding of on-the-ground’ schemes is summarised in Table 4-1. The MDR notes these as
‘main road schemes’, which suggests that other changes may also have taken place. It is noted that
various access points at new developments are also included in the ASAM19 base model.

¢
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Table 4-1 : ASAM19 Road Network Additions

Scheme

1. Diamond Bridge

Summary

Single carriageway crossing the River Don, between Tillydrone & Bridge of
Don. Signalised junction at St Machar Drive (replacing roundabout). Priority
junctions accessing Tillydrone / Bridge of Don. Diversion of bus services 8, 9
& 18 to route via the Diamond Bridge.

Auditor Comments

Appropriate representation of scheme,
however unable to determine if the rerouting
of the No 9 bus has been undertaken

2. Bedford Road Bus
Gate

Closure of Bedford Road to traffic just to the south of the University. Buses 8,
9, 18 & 19 use this route.

Appropriate representation of scheme,
however unable to determine if the rerouting
of the No 9 bus has been undertaken

3. Dubford Bus Gate

Bus Gate connecting Dubford Road & Shielhill Avenue with services 8 & X40.
Note bus operations have changed with bus gate used by First service 1B.

Bus Gate represented, does not follow other
examples of bus gate coding, however traffic
is prevented from using this section of road.

4. Broad St Bus Gate

Traffic restriction now in place at Broad Street — bus only access between
Queen St and Upperkirkgate

Appropriate representation of scheme

5.Segregated Left turn
at King George VI
Bridge

New lift turn ‘slip’ from KG VI to West Tullos Road

Appropriate representation of scheme

6. A96-Airport Dyce
Drive Link Road

New Dual Carriageway linking the A96 with Dyce Drive. New signalised
roundabout connecting to A96, new signalised intersection connecting to
Dyce Drive. Traffic signals connecting to new development sites on route.
Closure of Marshall Trailers Road between A96 and Dyce Drive

Appropriate representation of scheme

7. Dyce Drive
Development Access

New traffic signals (2) on Dyce Drive and Wellheads Drive to access ABZ and
AIBP Developments

Appropriate representation of scheme

8. A96 / Dyce Drive
Signals

Signalised Intersection (replacing the existing A96 Roundabout)

Appropriate representation of scheme

9. A944 Corridor

Reduction in ‘free flow’ speed between Kingswells Roundabout & Westhill,

Appropriate representation of scheme

Roundabout at A944

following build-out of Prime Four development.

Speed Limits reflecting change to speed limit from 50mph to 40mph. From summer 2017
40mph from Westhill to the Lang Stracht and Skene Road 30mph sections.
40mph sections north of Kingswells Roundabout.
10. Kingswells Additional circulating lane on Kingswells roundabout and approach capacity Appropriate representation of scheme
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Scheme

11. Prime Four East
Access

Summary

Signalised Junction to access Prime Four Crescent from East at Fairley Road

Auditor Comments

Appropriate representation of scheme,
however coordinate location needs to be
amended

12. B9119 Signals

Traffic signals incorporated to represent access to Crematorium

Appropriate representation of scheme

13. A956 Traffic
Signals

Traffic signal access to Cove and Balmoral sites on A956

Appropriate representation of scheme

14. North Esplanade
West

New traffic signals to access Raiks Road in City Centre

Appropriate representation of scheme

15. Stoneywood
access

New site access priority junction on A947 at Stoneywood Rd & Aspen Place

Appropriate representation of scheme

16. A93 Milltimber
Access

Signals on A93 to East of Milltimber at Murtle Den Wynd (Oldfold access)

Appropriate representation of scheme

17. Countesswells
Development Access

Speed Limit reduction (Free flow Speed) to 40mph from Kingswells
roundabout south along Kingshill Rd for 400m

Appropriate representation of scheme

18. A96 Park & Ride

Park & Ride Zone added to represent new PT interchange point at new Dyce
Drive Link Road.

Appropriate representation of scheme

19. Inveramsey Bridge

Removal of signals on the A96 at Inveramsey Bridge.

Appropriate representation of scheme

20. Kinneff Speed
Limit

Speed limit reduced (Free Flow Speed) to 40mph through Kinneff on A92

Appropriate representation of scheme

21. Inverurie Link
Road

New single carriageway between B9001 & B9170 with Roundabouts.

Appropriate representation of scheme

22. Dubford Access

Dubford Development priority junction access from Sheihill Drive to North

Appropriate representation of scheme

23. Stoneywood
access

New priority junction at Stoneywood Road at Aspen Place (extracted from
ASAM14 2022 Model)

Appropriate representation of scheme

24. New TECA Access

TECA access via new traffic signals at Dyce Drive. Traffic can access site
from A96 (left in only) — and bus gate in/out from east. Closure of Greenburn
Road. Traffic signal access also from Wellheads Road (extracted from
ASAM14 2022 model network). Note that in the original base year coding
general traffic access is available for right turning traffic from A96 South. The

Noted reported base year coding updates
following auditor queries.
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Scheme

Summary

network has been updated to restrict this movement for general traffic within
the forecasting scenarios (i.e. now a bus only turn).

Auditor Comments

25. AWPR

Aberdeen Western Periphery Route — Dual Carriageway with several grade
separated interchanges connecting to the local network. AWPR excludes
traffic signals on the A947 at Dyce Drive and the Golf Course Road at
Stonehaven remains open.

Appropriate representation of scheme

26. A90 B-T

A90 Balmedie to Tipperty Dual Carriageway and connecting intersections

Appropriate representation of scheme
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4.3 NETWORK CODING

Traffic signal settings were provided from Aberdeen City Council, Aberdeenshire Council, and Transport
Scotland which reflected 2019 road junction operation. These were used to update the ASAM signal
settings to 2019 representation. The client group confirmed that traffic signals had not changed at a
number of locations, and these were left consistent with the earlier ASAM14 coding.

Auditor comments:

The auditor notes the processes undertaken to determine average signal times. The auditor considers the
enhancements to the signal timings as an appropriate measure in the development of ASAM19. However,
it should be taken into account that on ground signal operation may affect traffic flows and patterns
differently to how the model predicts to the vehicle activation compared to average signal times. The
auditor suggests that an image of the signalised junction updates is provided, which will allow users to
gain an understanding of where updates were undertaken.

ASAM19 road network remains a mixture of detailed junction simulation coding within Aberdeen and also
covering the main Aberdeenshire commuter towns, and less detailed ‘buffer’ coding in more rural areas
and outer area including Peterhead and Fraserburgh. Road attributes for the new sections, such as
speed, capacity and attribution of speed flow curves, were obtained through GIS mapping, satellite
imagery, and Google Streetview.

Auditor comments:

The auditor notes that the model developer has made use of ‘INCLUDE’ files within the SATURN network
building process. The naming convention employed by the model developer is generic, for example
‘BC54_updates.dat’. Model users may have difficulties in understanding if the INCLUDE’ files are part of
the schemes outlined in Table 4-1 and should refer to the ASAM19 Coding Manual, which describes the
road coding process and file usage with advice for users. In addition to checking for the scheme’s
inclusion in the model, a review was undertaken of the coding employed to determine if a consistent
approach was used.

A selected review was undertaken in sample areas of the model. The auditor notes the updates made to
the previous incarnation of ASAM14 and the effort made to improve the coverage and representation.
The selected network review has noted that the level of detail modelling in certain rural areas an example
being Strichen has an excessive number of nodes and links given the size of the settlement and the road
representation. There could be other areas in the model where a similar approach to node detail is
applied. This may have an impact on the model run times, including the public transport assignment
model which inherits the assigned road networks, and add complexity to model updates.

The auditor notes that a total of 55 speed flow curves are used in ASAM19 with adjustment of HGV
speeds. Analysis undertaken notes that there is variation in the number of instances a speed flow curve is
used in each of the modelled time periods. An example of this being speed flow curve 25 (Urban 25mph
Fixed Speed), this is employed on 19 links in the AM and PM models, but only 11 instances in the Inter
Peak. The model developer has identified an issue on Holburn Street that is noted within the ASAM19

¢
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Version Control and Issues Log. Other differences are where bus lanes are not operational in the inter-
peak.

It is noted that the AWPR has its own speed flow curve, this curve is also attributed to the links
representing the A90 dualling between Balmedie and Tipperty. Caution should be employed when

specifically naming a speed flow curve after a scheme where it is applied to other schemes as users may
not realise this when making network modifications.
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Figure 4-1 illustrates the speed flow curves attributed to each of modelled link. The speed flow curve
naming conventions are derived from the names given in the network coding records. To present this
information, curves have been grouped together.
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Figure 4-1 : ASAM19 Link Representation (Grouped Speed Flow Curves)

Inspection of the speed flow curves indicates that these are broadly appropriate and represent the road
network hierarchy and characteristics. Model users should review the network speed curves in their area
of interest prior to model application.

Zone connectors were updated across the model network to coincide with the new zone system.
Centroids were positioned to represent the approximate access/egress points associated with local roads.

Auditor comments:

The auditor undertook a review of the zone connectors, which identified some anomalies in contrast with
the MDR default parameters. Some centroid distances in Aberdeen are 100m. Zones in Peterculter have
both 200m and 350m connectors. Urban areas in Aberdeenshire such as Stonehaven have 200m

connectors. Most external zones have 500m connectors, but some have 750m connectors. Model users

O
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should note that, as stated in the MDR, default distances are used for the majority of zones, but some
differences do occur for some specific zones in local areas.

The model developer has provided a copy of the road network input files, which were used in SATURN to
reproduce the network build print (.LPN) file providing a breakdown of errors, warning and serious
warnings. An initial review of the ‘simulation link distances and/or times differ in reverse directions’ section
highlighted instances where link times and distances differ by direction. Commentary on this is provided
in the MDR, where the majority have a difference of less than 10 metres and are considered insignificant.
There are, however, a small number of links with greater differences in distance by direction, which are
described in the ASAM19 Version Control and Issues Log and should be noted by model users.

The ASAM19 parameters remain generally consistent with those used previously within ASAM14 with
exceptions reported in the MDR.

Auditor comments:

It is noted that the assignment parameters were amended based on those employed in ASAM14.
Commentary on the derivation and potential update of PCU factors for bus and HGV is provided in the
MDR and should be noted by model users.

A Coding Manual for ASAM19 has been prepared and is referenced in the MDR. This describes coding
options for modelling transport schemes and policy options including road network edits and should be
referenced by model users.

Auditor comments:

The ASAM19 Coding Manual should be referenced by model users for any application that includes
modifications to the modelled road network.

44 ASAM14ROAD CODING

The MDR includes a description of the ASAM14 road network, which was used as the basis of the
ASAM19 network, including the following aspects:

ASAM14: Integrated Transport Network (ITN)
ASAM14: SATURN Network Building & Coverage
ASAM14: Road Link Coding Approach

ASAM14: Junction Simulation Coding Approach

4.5 ROAD ASSIGNMENT PROCEDURES

The road assignment model procedure adopted for the ASAM19 road model is an Equilibrium
Assignment. The SATURN model combines the assignment stage with a junction simulation stage. The
traffic delay data from the simulation is passed back to the assignment stage where a new trip pattern is
derived. The process is iterated until convergence is achieved.

¢
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The road model assigns seven main traffic user types representing different travel purposes. Each user
class has a LEZ compliant and non-compliant vehicle proportion. The compliance factor (proportion of
compliant vehicles) for the 2019 base year model is set in the Demand model procedures by user class,
with ability to vary the proportion during forecasting if required.

Bus vehicle traffic within the SATURN network is modelled using fixed preload flows. The bus routes and
frequencies were extracted from the ASAM19 (Cube Voyager) Public Transport model.

The calculation of generalised cost parameters was based on the TAG Databook May 2019 v1.12.

The SATURN PASSQ function is applied during the model assignment process. This involved modelling
a proportion of the calibrated traffic demand within an earlier hour to preload queues into the main
modelled hourly time period. The proportion of calibrated traffic used within the earlier hour was based on
observed traffic count survey data spanning the ASAM19 model coverage area.

Auditor comments:

The model developer provided road assignment model output files to the auditor relating to network run
identification BC85, demand scenario ME4A, modelled year 19.

The model developer has stated that a higher bus PCU factor of 3.2 was used, compared to a previous
donor model (SRM12) which applied 2.2, to better represent the impact bus service vehicles have on
road network capacity. MDR Section 4.1 provides commentary on the implications of adjusting these
parameters, for example in scheme appraisal, and this should be noted by mode users.

As noted in the MDR, TAG databook updates have been made available since the development of the
ASAM19 road assignment model and parameters are adjusted during forecasting to reflect future policy
commitments. Model users should review and consider the application of updated TAG generalised cost
parameters during model application noting that any significant changes to base year values may require
validation checks.

The auditor notes the applied reduction in HGV operating cost parameters (pence per kilometre, PPK)
values which have been implemented in the base and forecast networks with commentary provided in the
MDR. The value of time parameters and cost parameters for all user classes are consistent with the
MDR.

The assignment convergence parameters are in line with TAG and the SATURN User Manual. The model
developer has provided assignment print (.LPT) files which include a summary table of assignment
statistics, which indicate acceptable levels of convergence. However, these do not match the
convergence statistics in the MDR, which appear to be from loop 1 of the SATURN assignment. This is
not expected to have a material impact on the assigned networks but should be updated in future
reporting.

The MDR includes a description of how LEZ non-compliant vehicles are treated in the road assignment
model, which should be noted by model users. In particular, model applications should consider if LEZ

¢
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restrictions should be included in forecast scenarios with determination of compliance factors and, as
highlighted in the MDR, review of outputs to check an appropriate response.

4.6 AUDIT SUMMARY AND RECOMMENDATIONS

Table 4-2 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 4-2 : ASAM19 Model Structure Audit Summary

Item Conclusion RAG
ASAM19 Road ASAM19 contains a significant amount of detail to replicate | GREEN
Network Construction | the road structure based on the previous model (ASAM14)

Approach & Data and ITN. The related number of nodes used may be

excessive, which could increase model run time and
network coding effort.

ASAM19 uses average signal timings in SATURN as part of | GREEN
the road assignment. Users should note this methodology
when undertaken model assignment.

Inspection of the speed flow curves indicates that these are | GREEN
broadly appropriate and represent the road network
hierarchy and characteristics. Model users should review
the network speed curves in their area of interest prior to
model application.

Model users should note that, as stated in the MDR, default | GREEN
distances are used for the majority of zones, but some
differences do occur for some specific zones in local areas.

Commentary on the derivation and potential update of PCU | GREEN
factors for bus and HGV is provided in the MDR and should
be noted by model users.

Commentary on model building error checks is provided in GREEN
the MDR with a small number of issues described in the
ASAM19 Version Control and Issues Log, which should be
noted by model users.

Coding Manual The ASAM19 Coding Manual should be referenced by GREEN
model users for any application that includes modifications
to the modelled road network.

O
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ASAM19 Road
Assignment
Procedures

Model users should review and consider the application of
updated TAG generalised cost parameters during model
application noting that any significant changes to base year
values may require validation checks.

GREEN

The value of time parameters and cost parameters for all
user classes are consistent with the MDR.

GREEN

The model developer has provided assignment print (.LPT)
files which include a summary table of assignment statistics,
which indicate acceptable levels of convergence. However,
these do not match the convergence statistics in the MDR
and this should be updated in future reporting.

GREEN

Model applications should consider if LEZ restrictions
should be included in forecast scenarios with determination
of compliance factors and review of outputs to check an
appropriate response.

GREEN

¢
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Relevant Guidance:
TAG Unit M3-2 Public Transport Assignment Modelling, May 2020

TAG data book v1.12, DfT, May 2019

5.1 INTRODUCTION

This chapter focusses on the public transport (PT) road network, services, fares and capacity modelling,
and assignment processes used in ASAM19.

5.2 PUBLIC TRANSPORT MODEL STRUCTURE

The ASAM19 public transport model uses CUBE Voyager software, and is predominantly based on the
previous ASAM14 public transport modelling approach, with updates including:

e road network to provide consistency with the ASAM19 road model

rail services to reflect 2019 timetabling and recent transport scheme delivery

bus fares model to reflect local 2019 bus fares for each travel purpose

rail fares model to reflect station-station fares matrices for each travel purpose

bus service routes to reflect 2019 digital bus timetables

e travel demand matrices to reflect PT activity observed in 2019, recent delivery of PT
schemes/services and changes in population and employment

e segmentation of concessionary and education purposes, and fare types

e updated PT assignment parameters, such as values of time

The public transport modelling includes education travel demand for travel to/from schools within
Aberdeen, Aberdeenshire, Moray and Angus. School bus services are also incorporated into the public
transport service files. The use of scheduled bus services and school bus transport is allowable for any
modelled travel purpose.

Auditor comments:

The auditor notes the methodology for developing the PT model structure and considers it appropriate for
the purposes of ASAM19.

The MDR provides commentary on the treatment of school buses and the potential for non-school
passengers to travel on school services. This limitation of the PT assignment model should be considered
by model users with review of impacts in their study area where the MDR includes comparison of school
and non-school passengers in rural areas within the PT model calibration (Chapter 9). It is recommended
that the model developer considers potential methods to address this in future versions of ASAM (for
example, application of ‘penalty’ fares).

&
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5.3 PUBLIC TRANSPORT NETWORK

A Coding Manual for ASAM19 has been prepared and is referenced in the MDR. This describes coding
options for modelling transport schemes and policy options including PT network, service and fare edits
and should be referenced by model users.

Auditor comments:

The ASAM19 Coding Manual should be referenced by model users for any application that includes
modifications to the modelled PT network, services, or fares.

The ASAM19 PT network is based on the ASAM19 SATURN road network with the addition of the rail
network (East Coast Mainline and Aberdeen-Inverness rail line) and walk connections and active travel
links for accessing/egressing modelled services.

Congested traffic speeds are extracted from the assigned road networks to determine bus travel times.
Bus speeds are adjusted by network speed factors (applied to the congested road speeds) to represent
the slower average speeds of buses through the network. Final values were based on judgement through
reviewing the bus journey time validation, with factors implemented through grouping of network Capacity
Indices (road types).

Dwell time factors, which represent the time required for passengers boarding and alighting bus services,
were calibrated for each time period based on bus journey time comparisons with timetables, and in
tandem with the bus speed network factor. Dwell times differ for “Intra Urban” (i.e. First Aberdeen) and
“Inter Urban” (i.e. Stagecoach) services.

Bus lanes are coded within the road model and carried through to the PT network with adjustment of the

free-flow speed (rather than congested speed) to determine bus travel times. Bus priority information was
derived from previous ASAM bus network coding, review of satellite imagery, local knowledge, and client
feedback.

Rail journey times are represented and dictated by timetabled service coding.
Auditor comments:

The auditor notes the same bus link speed factors are applied in all time periods (AM, Inter and PM
peaks). The variation in bus dwell times by service type and time period suggests this was used to
represent differences between periods. It is noted that there is no differentiation of dwell times by area, for
example where it is expected that bus dwell times around the busy city centre area would be higher than
at less busy suburban locations. This should be considered in future model updates.

A review of bus lane representation has been undertaken by the auditor. The model developer
acknowledged coding issues at the following locations which should be updated in future modelling as
noted in the ASAM19 Version Control and Issues Log:

e bus lane segments no longer operational in any time period:
— the northbound approach to the A944 / Fairley Road roundabout

&
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— A944 between Springhill Road and Rousay Drive
— A944 westbound from Lewis Road

e operation of the bus lane on North Donside Road, this is shown on satellite imagery but not in the
model networks

The AM and PM Peaks have a consistent number of modelled bus lanes. The Inter Peak model does not
contain as many bus lanes due to the nature of their operation. The model developer acknowledged
coding issues where Inter Peak bus lanes were modelled at the following locations (illustrated in Figure
5-1) but were not operational during this period in 2019. This coding should be updated in future
modelling as noted in the ASAM19 Version Control and Issues Log:

the northbound approach to the A944 / Fairley Road roundabout
bus lane located in Inverurie

northbound on King Street, south of Esplanade

northbound on King Street, north of Regent Walk

eastbound on B9119 Skene Road

eastbound on A944 Lang Stracht

both directions on sections of Union Street between Market Street and Bridge Street (noting this is
operational in forecast scenarios)
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Figure 5-1: Inter Peak Modelled Bus Lane Operation

The walk network included the road network together with links to represent facilities such as footpaths,
footbridges and pedestrianised shopping streets as required. The walk speed within the PT model is set
at 4.8kph. Maximum (unweighted) walk time is capped at 45 minutes for rail access legs, 30 minutes for
accessing inter-urban bus, and 30 minutes for Urban Bus.

&
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For travel to/from model zones that cannot access an inter urban bus service within 30 minute walk time

(and a maximum cost of 500 minutes), a ‘motorised’ time is input, reflecting the potential to travel by taxi,
or potentially be dropped off at a bus stop/station with higher access/egress times (i.e. reflecting a higher
cost of taxi, and/or inconvenience of obtaining lift by car to bus stops).

Auditor comments:

A review of walk links (link type 18) has been undertaken. This confirmed that walk link connectivity exists
between the road network and the railway stations.

The PT model includes active travel links (link type 24), these are located within Aberdeen City, but are
also provided across some rural areas and are mainly made up of pedestrian only access. The model
also includes connectivity between rural areas and main roads to permit public transport service access.

5.4 PUBLIC TRANSPORT SERVICES

PT services were developed to represent 2019 PT travel accessibility, including:

e East Coast Mainline and Aberdeen to Inverness rail line
e all scheduled public bus services within the modelled area
e available school bus service information

The PT lines contain data for each modelled public transport service, including the route the service takes
across the modelled transport network. ‘Inter-urban’ bus services are used to represent and more rurally
orientated services between Aberdeen City and Aberdeenshire, and beyond (i.e. Stagecoach) and also
used to reflect long distance coaches travelling on the A90 to/from the South. ‘Intra-urban’ services are
used to represent predominantly ‘Urban’ bus services covering buses operating within Aberdeen (i.e. First
Group).

Rail service coding is timetabled within the PT modelling whilst bus journey times are dependent on the
road network speeds, bus stop dwell times and interaction with bus priority measures.

ASAM19 bus services are modelled by time period and were based on 2019 TransXChange digital bus
timetable files.

Rail service coding was developed using 2019 ATCO-CIF rail timetable data. Rail services were
aggregated based on stopping patterns with average headways derived for each time period.

Auditor comments:

The auditor considers the approach and methodology used the development of the PT service provision
to be appropriate.

Table 5-1 presents the corridor analysis undertaken to review the modelled services and timetabled
frequency and routing. Given the number of services represented, a corridor-based approach was
adopted. ASAM19 users should take into consideration the naming conventions used with the lines files.
An arbitrary number is applied to each service, followed by the route number. Analysis of the bus service
reviews indicates that there are concerns relating to some modelled services. For example, between
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Aberdeen and Peterhead, no reverse 61 service could be identified within the Interurban Bus lines file,
the only service observed was from Aberdeen to Peterhead. This appears to be a function of the service
operating on the fringes of the modelled periods and how the timetable is translated to service

frequencies.

However, this service was also split between two coded services: 679 _61 and 677_61. A more accurate
description of these services should be 679 61 Aberdeen to Ellon and 677_61 Ellon to Peterhead. The
MDR notes the use of TransXChange data in the bus lines. This dataset can split services into different
sections rather than a single direct service. In the example noted above, the 61 does stop as per
timetabled information at Ellon for a very short period of time, between 1 and 2 minutes, but passengers
can remain on the bus with no need for interchange. The separation of services into sections in ASAM19
impacts on modelled travel times and costs with the addition transfer wait time and boarding penalty. The

model developer has noted that there are some further split services coded within other corridors, for
example the Aberdeen-Braemar service, but the main issues were related to the A96, A947 and A90

North corridors and these have been resolved.

As noted in Table 5-1, all services reviewed indicated an appropriate level of frequency.

Table 5-1 : ASAM19 Bus Service Review

Corridor e . RS Routing Headway
Service

Ellon 61 679 61 Aberdeen Peterhead No reverse Routing not Appropriate
service appropriate. Has | frequency.
identified been split into

two services.

Inverurie 10 4 10 Aberdeen Inverurie Reverse Routing seems Appropriate
service appropriate. frequency
identified

Dyce 17A 118_17A | Dyce or Faulds Gate | No reverse Routing seems Appropriate

Newhills service appropriate. frequency
identified

Westhill 218 206_218 | Alford Aberdeen Longname is Routing seems Appropriate
incorrect for appropriate. frequency
Alford to
Aberdeen

Peterculter 201 178_201 | Aberdeen Banchory Reverse Routing seems Appropriate
service appropriate. frequency
identified

Stonehaven | 7 805 7 Stonehaven | Aberdeen No reverse Routing seems Appropriate
service appropriate. frequency
identified

Dundee X7 965_X7 Aberdeen Perth Reverse Routing seems Appropriate
service appropriate. frequency
identified

Inverness 10 9 10 Inverness Aberdeen Reverse Routing seems Appropriate
service appropriate. frequency
identified
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The auditor recommends that ASAM19 users undertake a review of the service provision in their study
area, prior to application.

5.5 PUBLIC TRANSPORT SYSTEMS CODING

The MODE control statement defines the type and characteristics of the PT and non-transit modes. The
non-transit leg creation process establishes connectivity to/from zones and between services.

Auditor comments:

The representation of modes and treatment of non-transit legs is considered broadly appropriate. The PT
system (.PTS) file provided as part of the audit is named ‘TCRTM_SYSTEM_FILE.PTS’. This file should
be renamed relevant to ASAM19 in future model versions.

The non-transit leg generation script is included as part of the network inputs to allow for user-defined
scenarios; however, this should be amended with caution as it may deviate from the calibrated base
model. It is recommended that model users undertake checks to ensure appropriate connectivity to/from
all zones where changes are made to modelled services.

5.6 FARE MODEL DEVELOPMENT

As part of the public transport assignment model, ASAM19 includes representation of fares for each
service. Fare tables are allocated to modelled PT operators by user class (travel purpose) and time
period.

Allocating fares by travel purpose, ticket type, and time period improves the representation of the average
fare paid by different users. The ticket class structure was updated from earlier regional models to reduce
the number of user classes and reduce model run times.

Bus fares are distance based and were determined using analysis of a sample of fares for Stagecoach,
First and Citylink services.

ASAM19 rail fares are based on the Association of Train Operating Companies (ATOC) fares database.
Rail fares are assigned between relevant station pairings using ‘Fares matrices’ by time period and travel
purpose / ticket class. Forres and Carnoustie fares are applied to represent the price to travel by rail to
areas external to the model coverage.

Auditor comments:

The data sources used to derive modelled fares are appropriate, however, the bus fare-distance tables
are based on a relatively small sample of services and it is recommended that commentary is added to
the MDR regarding this.

The travel purpose ticket type allocation should be noted in context of model application, for example the
assumption that all in-work travel is by day tickets. The modelled proportion of Other purpose trips using

season tickets appears to be very low (<2%) in all periods and it is recommended this is reviewed as part
of future model updates where data from the Rail Demand Forecasting Estimation study (Leigh Fisher for

&
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DfT, November 2016) suggests higher proportions, whilst noting this may not reflect local network
characteristics.

The application of anytime (peak) day return fares for all rail trips in the AM and PM peaks is likely to
overstate fares where off-peak fares are available in part of these periods. It is recommended that the
inclusion of off-peak fares is considered in future model updates.

Average season ticket prices were based on an assumed 10 journeys per weekly ticket. Whilst this is a
reasonable estimate, future model updates should consider application of assumptions from the TAG
Databook (Table M4.2.5) and related research undertaken for the UK Department of Transport?, which
suggests a lower (8.5) number of trips per week, which would increase modelled season ticket fares. As
noted in the MDR, these assumptions may also be affected by changes in the level of remote working.

5.7 PASSENGER WAIT CURVES

The calculation of average passenger wait times to access PT services is undertaken using wait curves,
which were extracted from TMfS14 (and SRTM14 and TCRTM) and adopted in ASAM19.

Auditor comments:

The implemented wait curve and treatment of perceived wait time is broadly appropriate.
5.8 PASSENGER CROWDING

Public transport crowding is represented within the ASAM19 PT assignment procedures for rail services
operating in the morning, inter peak and evening peak time periods.

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

The PT crowding includes the specification of the following data:

¢ Rail service train set capacities extracted from TMfS14 rail service coding

e PT crowding curves implemented in CUBE Voyager based on Passenger Demand Forecasting
Handbook

e passenger and vehicle arrival profiles which are assumed to be constant

The crowding 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. Model convergence is achieved when the public transport loadings (and hence the
crowding costs) stop changing significantly between iterations. The number of crowding iterations is
specified by the user, with three iterations applied for the ASAM19 PT crowding loops as standard.

1 Journeys per Season Ticket Study, WSP/Steer, April 2019
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Auditor comments:

The rail rolling stock is based on 2014 data which could be out of date for some services, and it is
recommended this is reviewed in future model updates. As noted in the MDR, model users should review
rail service capacities where relevant to their study.

The interpretation of the Passenger Demand Forecasting Handbook (PDFH) crowding parameters is
broadly appropriate. It should be noted that crowd penalties are only applied when all seats are occupied
whereas PDFH recommends crowding is applied when seated capacity is above 80%.

It is noted that the same crowding factor is applied for all loadings in excess of 5 passengers per m?2. As
noted in PDFH6, standing space is above 6 passengers per m2 is unlikely to be experienced in reality
(except occasionally on some commuter services) as passengers would decide not to board the train at
this level. Therefore, arbitrarily high penalties in combination with the CUBE Voyager UTFLEX facility
should be considered to prevent passenger loadings above this point.

The MDR notes that the recent “UTFLEX” damping facility in CUBE Voyager is not applied in ASAM19. It
is assumed that this is meant to refer to the LINKDF option in CUBE Voyager, which should be
considered in future model updates where testing in TMfS18A indicated this can greatly reduce
differences in crowded skims between different model scenarios in congested PT networks.

Model users should review rail loadings and crowd levels in their study area as part of any PT model
application.

The specification of two crowd model loops is considered very low. The MDR provides commentary and
analysis on | crowd model convergence including a forecast sensitivity with greater levels of demand. The
MDR notes that the test does demonstrate variations in predicted passenger volumes in corridors were
considerable levels of crowding are present (i.e. East Coast mainline and Aberdeen to Dyce). Therefore,
it is recommended that model users consider increasing the number of crowd loops with review of crowd
model stability when testing rail options and where greater PT demand is predicted.

5.9 PUBLIC TRANSPORT ASSIGNMENT PARAMETERS

The ASAM19 PT path building and loading procedures were developed using the CUBE Voyager public
transport assignment model software.

PT choice calculations are based on generalised time, with values of time applied to convert fares. The
following values of time are applied in the ASAM19 2019 base year:

e £12.20 per hour: Business / ‘In Work’
e £6.16 per hour: Non work (Commute, Other and Education)
e £6.22 per hour: Non Work Concessionary travel (Retired)

A range of parameters are used to control the assignment process, and these were adjusted during the
model calibration.
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Auditor comments:

The auditor requested further information on the derivation of the values of time, particularly where
Commute, Other and Education travel purposes are the same. The TAG Databook suggests a Commute
value of time around £11 per hour (2010 prices) in 2019, which is over 80% higher than that implemented
in ASAM19 and will have a notable impact on sensitivity to PT fares. This is a significant departure from
TAG recommended values and should be addressed in future model versions as a priority. The MDR
includes sensitivity testing to understand the impact of this on model application and key outputs in the
base and forecast scenarios, which should be considered by model users in their study area particularly if
assessing outputs segmented by travel purpose.

The range of specified model parameters appears reasonable and is within expected ranges.
5.10 AUDIT SUMMARY AND RECOMMENDATIONS

Table 5-2 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 5-2 : ASAM19 Public Transport Audit Summary

Iltem Conclusion RAG

Public Transport | The treatment of school buses and the potential for non-school
Structure passengers to travel on school services should be considered
by model users with review of impacts in their study area. It is
recommended that the model developer considers potential
methods to address this in future versions of ASAM (for
example, application of ‘penalty’ fares).

Public Transport | The ASAM19 Coding Manual should be referenced by model GREEN
Network users for any application that includes modifications to the
modelled PT network, services, or fares.

It is noted that there is no differentiation of dwell times by area, GREEN
and this should be considered in future model updates.

Bus lane representation is included within the modelling and GREEN
model users should note a small number of issues described in
the ASAM19 Version Control and Issues Log.

Clarification is requested on the maximum walk times where GREEN
these differ from the MDR and later reporting of the non-transit
leg generation procedures.
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Public Transport
Services

The audit has highlighted a small number of bus service coding
issues and the auditor recommends that ASAM19 users
undertake a review of the service provision in their study area,
prior to application.

GREEN

In general, of those services reviewed, an appropriate
representation of frequency and routing were noted.

GREEN

Public Transport
Systems Coding

The PT system (.PTS) file should be renamed relevant to
ASAM19 in future model versions.

GREEN

It is recommended that model users undertake checks to ensure
appropriate connectivity to/from all zones where changes are
made to modelled services.

GREEN

Fare Model
Development

The data sources used to derive modelled fares are appropriate,
however, the bus fare-distance tables are based on a relatively
small sample of services and it is recommended that
commentary is added to the MDR regarding this.

GREEN

The modelled proportion of Other purpose trips using season
tickets appears to be very low (<2%) in all periods and it is
recommended this is reviewed as part of future model updates.

GREEN

It is recommended that the representation of a proportion of off-
peak fares in the AM and PM peaks is considered in future
model updates.

It is recommended that future model updates should consider
application of average season ticket journeys per ticket data
from the TAG Databook.

Passenger Wait
Curve

The implemented wait curve and treatment of perceived wait
time is broadly appropriate.

GREEN

Passenger
Crowding

The rail rolling stock is based on 2014 data which could be out
of date for some services, and it is recommended this is
reviewed in future model updates. As noted in the MDR, model
users should review rail service capacities where relevant to
their study.

GREEN

The interpretation of the Passenger Demand Forecasting
Handbook crowding parameters is broadly appropriate.
However, it is recommended that future model updates should
consider the implementation of higher penalties to prevent
passenger loadings above realistic crush capacities and the
application of crowding stability facilities in CUBE Voyager.
Model users should review rail loadings and crowd levels in their
study area as part of any PT model application.
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The specification of two crowd model loops is considered very
low and the MDR provides commentary and analysis on crowd
model convergence, which should be considered by model
users. It recommended that model users consider increasing the
number of crowd loops with review of crowd model stability
when testing rail options and where greater PT demand is
predicted.

Public Transport
Assignment
Parameters

The auditor requests further information on the derivation of the
values of time, particularly where Commute, Other and
Education travel purposes are the same. This is a significant
departure from TAG recommended values and should be
addressed in future model versions as a priority. The MDR
includes sensitivity testing to understand the impact of this on
model application and key outputs in the base and forecast
scenarios, which should be considered by model users in their
study area particularly if assessing outputs segmented by travel
purpose.

The range of specified model parameters appears reasonable
and is within expected ranges.

GREEN
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6 PRIOR MATRIX DEVELOPMENT

6.1 INTRODUCTION

This chapter describes the composition, data and processes involved to generate the ASAM19 travel
demand ‘Prior’ matrices.

6.2 TRAVEL DEMAND MATRIX COMPOSITION

The road, public transport and active travel matrices represent hourly travel movements between zones
during the AM, Inter & PM Peak time periods.

ASAM19 represents specific travel demand movements using a set of 2019 base year travel assignment
matrices for relevant travel purposes and user classes. These purposes cover road, public transport and
active travel.

The car travel purposes and goods vehicles form seven general road model user classes in total. Each of
these are then spit out into LEZ ‘compliant’ and “non-compliant” user classes to generate 14 road user
classes for final assignment based on LEZ compliant proportions.

A PT ticket conversion module is used to split out the five general user classes into detailed fare
categories, to generate a total of seven PT user classes for final assignment.

The active travel model represents walking and cycling trips separately for each user class, creating a
total of ten active travel user classes for final assignment.

Auditor comments:

The composition of the travel demand matrices is considered appropriate for the defined model
segmentation and functions.

6.3 MATRIX PROCESS

The development of the ASAM19 Prior assignment matrices utilised a number of processes and data
sets:
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e Establishing commuter travel patterns by mode through interrogating, reformatting and factoring
Census 2011 Travel to Work movements into hourly ‘from home’ and ‘to home’ commuting patterns
for each model hourly time period

¢ Running a ‘Pre’-Prior process using ASAM14 travel demand matrices (2017 Baseline Model) to
established initial travel costs for input to the ASAM19 demand model

e Using planning data from TELMoS18A to set the level of households, population and employment,
car availability and remote working for each model zone and establish levels of travel activity for each
travel purpose

e Applying the ASAM19 demand model to generate synthesised travel movements for non-commuter
purposes - business, other, education & retired movements

e Applying the ASAM19 demand model to synthesise walking and cycling movements

e Comparing synthesised ASAM19 travel demand movements with observed data to calibrate modelled
trip rates and travel patterns (i.e. comparing mode share, trip distribution, local area sector-to-sector
trips and road traffic and public transport passenger volumes)

o Use the ASAM19 Park & Ride models to spit journeys into road and public transport trip legs to
represent park & ride and rail station car park movements

e Use the ASAM19 workplace Parking model to segregate commuting road users that receive free
workplace parking

e Use the ASAM19 Parking Distribution model to distribute car users to specific car parks within
Aberdeen city centre

e Apply a gravity model to synthesise heavy and light goods vehicle movements based on zonal
planning data / activity levels, trip rates and travel costs. Calibrating HGV / LGV trip length
distributions, movements and traffic volumes with observed data

o Provide a representation of Aberdeen Airport business and leisure passenger ground access
movements ' Represent offshore workers travelling to/from Aberdeen Heliport

e Apply the ASAM19 Trip Generation model to incorporate long distance external car, HGV, LGV,
public transport and park & ride movements from TMfS18A, disaggregated to the ASAM19 zone
system

The steps above were repeated through numerous iterations of model development, with updated and
refined ASAM19 travel costs fed back into the demand modelling and gravity model processes to produce
updated levels of demand (ASAM14 travel costs were only applied for the first few iterations of matrix
development to initiate the ASAM19 processes).

The MDR provides commentary on other datasets and methods that were considered as part of the
matrix build, for example the use of MOIRA rail demand data or Census travel to education data, and why
these were discounted.

Auditor comments:

The auditor acknowledges the significant work undertaken to prepare and calibrate the ASAM19 trip
matrices, which encompasses a large number of datasets and analytical processes. Model users should
note that the vast majority of the trip matrices have been synthesised, with calibration against observed
datasets. The remainder of this chapter provides commentary on the individual matrix elements.

6.4 CENSUS COMMUTER MOVEMENTS

The majority of commuter movements for input to the ASAM19 assignment matrices were generated
directly from 2011 Census Travel to Work (TTW) movement data by mode and car availability
segmentation, and at output area and data zone geographical level.
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Census commuting movements reflect ‘total’ commuting from home to work in 2011, and do not
distinguish commuter trip frequency or day or time of travel. The process for manipulating Census
commuting movements to represent 2019 weekday travel by-direction and modelled time period is
described in the MDR. this included the processing to convert to ASAM19 matrix formats and periods,
commuter growth and mode choices changes between 2011 and 2019, treatment of park & ride, and
calibration adjustments.

To improve consistency within the modelling and minimise the differences between the demand model
and assignment matrices, a ‘blending’ process was implemented. This incorporated 75% of the observed
Census movements with 25% of the synthetic commuter demand (for car and PT modes) to produce the
final Prior assignment matrices.

The MDR notes that Census active travel movements are not used within the ASAM19 prior matrices,
with walking and cycling commuter trips generated directly from the synthetic matrices.

Auditor comments:

The reported method to process Census TTW data to prepare Commute trip matrices is considered
appropriate. The auditor notes that the commute peak hour factors are based on counts, which are not
necessarily reflective of purpose, but considered a reasonable estimate in absence of more detailed data.

The use of SHS data to estimate period proportions is reasonable.

The MDR outlines the limitations of census TTW data and processing, which should be noted by model
users when considering the basis of the ASAM commute trip matrices.

6.5 SYNTHESISED TRIP MATRICES

Non-commuter trip movements within the ASAM19 Prior assignment matrices, for road, PT and walking
and cycling travel modes were developed through the use of the trip generation and demand model
processes, and the application and comparison of several data sets.

The synthesising process also generated all travel purpose movements (including commuting) for the
park & ride mixed mode modelling and city centre car park modelling.

The matrix development stage involved several iterations of working through the required processes,
updating travel costs and comparing outputs with observed data.

Initial travel demand was sourced from ASAM14, which was converted to the ASAM19 zone system and
assigned using initial ASAM19 networks and PT services to establish initial travel costs for input to the
ASAM19 demand model. Once the Demand model generated intuitive trip matrices, ASAM19 output
produce travel costs were used, and subsequently numerous iterations of travel demand calibration.

The MDR describes the key observed data applied to calibrate travel demand movements generated by
the demand model. These include comparing modelled 24-hour weekday travel movements by ‘modelled
demand segment’, (i.e. business/ other/ education/ retired by car available / non-car available, and for
home based and non-home based trips).
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The MDR describes the process for producing ASAM19 Trip Ends to inform synthetic Prior matrices
including a series of adjustments applied iteratively as part of the model calibration.

The MDR describes how the ASAM19 Demand model was applied to produce zonal travel movements
between model zones to inform the Prior matrix development process involved the following key steps:

Similar to the approach applied for Census commuter movements, synthetic Prior matrices were assigned
to the network to undertake detailed network flow comparisons. Hourly commuter matrices were also
compared against Census travel to work movements at a 40 Sector/Area level (39 internal sectors and 1
external sector covering all external zones) to understand differences in specific modelled and observed
travel patterns. Patterns for other travel purposes were also examined.

Following assignment, traffic and public transport passenger flows were compared to understand if the
synthesised (and Census commuter) hourly matrices demonstrated a reliable match with observed flows.
Network comparisons tended to display considerably higher PT passengers flows than suggested by
observed data. Comparisons also indicated lower modelled traffic flows within the Aberdeen City area.

To improve comparisons, a factoring process was then applied (prior to undertaking Matrix Estimation
(ME)) to adjust specific sector-to-sector movements to better match the magnitude of travel recorded by
observed data. Car and PT adjustments were made for each time period. No sector adjustments were
made for Active travel or HGV and LGV trips.

PT commuter adjustments were more extensive and detailed than for the other purposes due to the
availability of sufficiently detailed Census (sector) movements to compare modelled demand. Adjustments
for other purposes displayed a similar trend as for commuting (i.e. applying a reduction in PT movements)
but were applied more generally across all Aberdeen City or Aberdeenshire/Moray/ Angus sectors.

For ASAM19, all relevant levers of travel demand were adjusted (where possible based on observed data
comparisons), to ensure the best possible representation of travel demand prior to commencing ME.

The synthesised matrices produced by the demand model at 24-hour level were compared with observed
data. The comparisons compared modelled 24-hour movements across the internal demand model area
(region-wide) by travel purpose, disaggregated by car available and non-car available movements, and
home based and non-home based trips - Twelve travel movement comparisons in total. Each demand
segment combines movements for all relevant tours across the modelled time periods.

Comparisons included mode share, trip distribution, and travel patterns.

The MDR states that overall, the ASAM19 synthesised demand modelling demonstrates an acceptable
match to observed levels of mode shares. The modelling compares reasonably strongly across all modes
for both car-available and non-car available travel.

The MDR states that overall, the ASAM19 synthesised trip cost distributions are considered acceptable,
with good comparisons shown with observed data at the average level, and also for the vast majority of
demand segments and travel modes.
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Sector Movement Comparisons show some considerable variation for specific sector-to-sector
movements (which is somewhat expected when comparing movements at this level of detail), but the
general patterns of commuter travel, within Aberdeen and Aberdeenshire, and between towns
represented by specific sectors is shown to be represented within the synthetic commuter matrices.

Auditor comments:

The use of SHS data to calibrate the trip matrices is considered reasonable. As noted in the MDR, the
disaggregated sample size from some travel purposes / mode combinations is quite low and this should
be noted in terms of the level certainty that can be placed in detailed and/or segmented model outputs.

The auditor notes the synthesised trip ends were prepared in tandem with calibration of the trip end
model and demand model, which is discussed in Chapter 14 and Chapter 15, respectively.

It is recommended that analysis of the correlation between planning data and trip ends is undertaken and
reported in future model updates.

The MDR presents extensive analysis of the synthesised trip matrices which shows a broadly acceptable
level of calibration against the available ‘observed’ datasets. Model users should note the lower
confidence in the SHS data at a more detailed level when assessing the model calibration.

The MDR highlights the limitations of synthesising trips, which should be noted by model users. In
particular, aggregate trip cost distributions are unlikely to reflect local variations in travel patterns, mode
share, demand profiles etc. It is recommended that model users review the calibration comparisons in
relation to intended model application to understand the strengths and weaknesses of ASAM19. Users
should also review trip distributions and their plausibility in advance of undertaking any detailed
modelling.

6.6 PARK & RIDE AND PARKING MOVEMENTS

The ASAM19 Park & Ride processes were used to separate simple tours into individual road and PT trip
legs to/from specific P&R and rail station car parks.

The ASAM19 Free Workplace parking model (FWPP) was applied to assign car trips to zones where free
commuter parking at workplaces is available in Aberdeen City Centre. As noted above, the synthesised
Commute matrices were blended with the Census TTW data to form the Prior matrices.

The ASAM19 parking distribution model was applied to distribute motorists to available car parking within
Aberdeen city centre and car parking trips were incorporated into the Prior road matrices. Note that the
(walking) trip leg between the car park and the final destination (and vice versa) is not incorporated into
the trip matrices (i.e. not classed as active travel or added to the PT matrices).

Auditor comments:

The application of the demand model parking sub-models as part of the synthetic trip matrices
preparation is considered an appropriate approach. Further audit commentary on the parking models is
provided in relevant chapters.
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6.7 EXTERNAL MOVEMENTS

The Trip End Model (Chapter 14) was applied to external trip matrices, including park & ride, based on
TMfS18A data.

Active travel trips are not included within TMfS18A and are therefore not included within the ASAM19
external movements.

Auditor comments:

The application of the trip end model to prepare external trip matrices is considered an appropriate
approach. Further audit commentary on TMfS18A data processing is provided in Chapter 14.

6.8 ABERDEEN AIRPORT AND HELIPORT MODELLING

ASAM19 represents Aberdeen Airport and Heliport surface access travel patterns by separate modelling
of business and leisure passengers to/from Aberdeen Airport and offshore (commuter) working patterns
to/from Aberdeen Heliport. Passenger trips accessing the airport by active travel are not included within

the airport modelling.

Scottish Transport Statistics 2019 data and 2018 CAA passenger survey data was used to prepare
ASAM19 Aberdeen Airport trip matrices by travel purpose and mode. The annual figure was
disaggregated to identify employment and leisure trips travelling to/from the airport. The CAA data for the
ASAM19 coverage area was used to establish passenger trip purpose and mode share proportions to
calibrate business/leisure trips and car/PT airport trip patterns. The split of business/leisure passengers at
Aberdeen Airport was found to be 40%/60% respectively.

The MDR reports the calibrated mode share for business and leisure trips. The analysis demonstrates a
close calibration for each time period with the modelling closely representing the 84% / 16% car / PT
mode share for business trips within he AM and PM peak time periods and illustrating slightly higher car
share within for the PM Peak (noting that mode share data is only available at daily level).

The MDR includes a comparison of modelled car and PT business trip distributions. The analysis
illustrates much lower generalised costs for car trips than for PT, which reflects the general accessibility to
the airport area and the general make-up of PT generalised costs. The modelled distribution for both car
and PT business trips are shown to closely reflect the CAA passenger data distribution.

Aberdeen Airport business and leisure air passenger trips are included in the Business and Other
assignment matrix user classes. Airport employee travel is accounted for within the standard Commuter
travel development processes.

The 2011 Census records the origins of commuters working at offshore installations. These road and PT
travel patterns were interrogated and input to the ASAM19 zone system to identify offshore worker origins
located within the ASAM geographical coverage area. These trips were assumed to form the main pattern
of flight passengers to Aberdeen Heliport (the main access point for offshore working in the North East).
The Census commuter mode share proportions were assumed to represent the relative proportions of
road and PT passenger surface access travel to the Heliport.
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Web-based research was undertaken to understand the frequency of offshore helicopter flight departures
and arrivals per day, how the schedule varied during the AM, Inter and PM peak time periods, and the
average passenger capacity of helicopters (undertaken using the flight schedule available in 2019). An
arrival time assumption (of 1.5 hours) was used to represent the lag between heliport passenger arriving
at the Heliport and flight departure, and 30 minutes for the time required to depart. This data was
combined and used with the Census distribution to calculate trip productions and attractions for the AM,
Inter and PM peak hourly time periods for road and PT modes.

CAA (rotary wing) passenger (2019-based) data was used to control the total number of annual trips
to/from Aberdeen Heliport. This annual passenger figure was scaled down to a weekday level, and then
factored to reflect the helicopter flights / seats available during each modelled time period.

The MDR analysis demonstrates the ASAM19 modelling contains a Heliport car/PT mode share split of
approximately 87% / 13% within the AM and PM peak time periods and illustrating slightly higher car
share within for the PM Peak (89%/11% for car/PT).

Aberdeen Heliport Air Passenger trips (offshore workers) are assumed to represent commuter travel
patterns to/from the Heliport to/from residential areas. Heliport employee commuter travel is also
represented but is accounted for within the standard commuter travel development processes and
demand modelling.

Auditor comments:

The data sources and processes to prepare Aberdeen Airport and Heliport trips are considered
appropriate with a reasonable level of calibration and plausible period and purpose splits.

It is noted that ASAM19 provides a relatively aggregate estimate of airport / heliport demand for
forecasting purposes and model users should exercise caution in the use of detailed model outputs.

6.9 LIGHT AND HEAVY GOOD VEHICLES MOVEMENTS

As no Roadside Interviews (RSIs) were undertaken for the development of ASAM19, an alternative
approach and data sources were sought to develop goods vehicle matrices. A matrix synthesising
approach was applied making use of available (modelled) goods pattern data, and cross referencing with
the more detailed ASAM19 zone system and local production and attraction activities.

This process applied zonal planning data to generate goods vehicles trip ends, segmented by HGV, LGV
‘delivery’ and LGV ‘other’ vehicles, and a gravity model (GM) based on travel costs to synthesise goods
vehicle travel patterns for the internal ASAM19 modelled area.

The trip patterns were compared against other data sets, with gravity modelling parameters adjusted to
generate a closer trip distribution match to the comparison data. The HGV trip distribution was calibrated
against data from TMfS / ASAM14 / TELMoS commodities matrix and the RSIs previously conducted in
the TCRTM model area.
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LGV and HGV matrices were assigned to the network and compared to Screenlines. Percentage
adjustments were calculated to scale goods matrices to better reflect the overall level of goods vehicle
traffic volumes observed across the North East network.

The screenline flow comparisons showed that all HGV/LGV prior matrix assignments fall within 10% of
the observed hourly goods f-ow - therefore demonstrating a relatively good representation of goods
demand, and robust basis for the later matrix estimation processes.

Auditor comments:

The goods vehicle matrices are synthesised, and model users should note the limitations of this as
outlined above.

The auditor notes that a significant adjustment (~-40%) was made to initial LGV trip matrix volumes,
however, this does not appear unreasonable in the context of the high-level trip rate assumptions.

The MDR presents screenline flow comparisons showed that all HGV/LGV prior matrix assignments fall
within 10% of the observed hourly goods flow. However, it should be noted that this is a comparison of
average observed and modelled traffic across all screenlines and would question the value of this
analysis where it masks differences in flow on individual screenlines across a wide range of location and
directions.

6.10 FORMATION OF PRIORS & MATRIX ESTIMATION

The final hourly prior travel demand matrices composed of the following matrix elements:

e Road/PT Commuter: 2011 Census movements (adjusted to 2019 demand), blended with synthetic
commuter trips and adjusted to match observed network flows

e Road/PT: Synthesised demand model trips for all other travel purposes, calibrated to reflect observed
mode shares and trip lengths

e Park & ride road and PT trip legs, to/from sites/stations

e Parking trips to/from city centre car parks

e Synthesised LGV and HGV trips, calibrated to match observed goods vehicle flows, and reflect
available trip distribution data

e Addition of TMfS18A travel demands to produce external road and PT flows, and corresponding
internal park & ride trip legs

e Aberdeen Airport business and leisure passenger car and PT demand

o Aberdeen Heliport Offshore worker car and PT demand

The matrix estimation process is a mechanism employed in the creation of the base year matrices. The
goal of the process is to modify the prior trip matrices to better match a range of observed network data.

The MDR includes the following analysis to understand changes made to the prior Road and PT matrices
during matrix estimation:

Matrix Trip Ends Slope, Intersect and R-Squared statistics
Trip End Plots

Trip Length Distributions

Sector Movement Comparisons
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Road Matrix Estimation

ASAM19 road matrix estimation was undertaken using SATURN.

The datasets were separated by user class (cars (combined travel purposes), LGVs and HGVs). Trip
movements between park & ride sites, city centre car parks and to/from external areas were also subject
to change during matrix estimation (note that park & ride trips are later replaced by the Park & Ride model
output demand).

Zonal constraints inform the procedure of the minimum and maximum number of trips permitted to be in
the final matrix produced at the end of the ME process (i.e. limiting the % change for each zone in the
Prior matrix).

SATURN road assignments were undertaken using the base year road networks containing Screenline
locations and the prior demand matrix for each time period. To reach a balance between accuracy and
runtime required, the procedure was configured to loop through three matrix estimation iterations,
producing intermediate files after each iteration, with a final set of estimated matrices at the end of the
procedure.

The procedure was carried out for all three modelled time periods, over a number of iterations, with
investigation and refinement of the road modelling undertaken to improve the comparison in specific
areas and for specific purposes. The process was judged to be successful when comparisons of model
outputs were favourable when compared to observed data sets and calibration criteria.

The MDR includes tables indicating the user class totals for each time period for the Prior and Post Matrix
Estimation. The comparisons show that the ME process has only had a marginal effect on the overall
road matrix size for all periods (changing by 1%, -2% and 3% for the AM, IP, and PM respectively).

The ME adjustments made to individual user classes were also relatively marginal for car trips, with the
AM and PM peaks ranging from 0% to +/-4%. A greater percentage change is shown in the IP of up to -
7% for the education and retired user class. For goods vehicles, the post ME matrices have increased
trips in all time periods, from 19% in the AM and IP and 29% in the PM peak for HGV. The MDR notes
that the Prior matrix network comparison showed that modelled goods flows were generally low
compared to observed traffic data, so some increase in goods trips during ME was expected.

Public Transport Matrix Estimation

ASAM19 public transport matrix estimation procedures were undertaken using CUBE Software processes
(Cube Analyst Version 6.4.2). The inputs were AM, Inter peak and PM peak hourly prior matrices, and
bus and rail passenger count Screenlines.

The estimation process uses count confidences to establish the priority and focus changes for passenger
count location and model zone trip ends. Higher confidence limits were given to rail counts, external flows
and park & ride site zones.

A CUBE total passenger demand assignment was carried out using the base year PT network and
services containing Screenline locations and the PT prior demand matrix. To reach a balance between
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accuracy and runtime required, the procedure ran using total passenger demand (rather than separate
travel purpose assignments) and without passenger crowding applied. This produced a set of estimated
matrices for total passenger demand by time period, which were then segmented back into the relevant
PT travel purpose proportions for reassignment by travel purpose and further network comparison.

The procedure was carried out for all three time periods, over a number of iterations, with investigation
and refinement of the PT modelling undertaken to improve the comparison in specific areas and for
specific purposes. Prior matrices were also revisited to improve and establish a better fit to mode shares,
travel patterns and subsequent comparison of passenger flows. The process was judged to be successful
when comparisons of model outputs were favourable when compared to observed data sets and
calibration criteria.

The MDR includes tables detailing the PT Assignment for both the prior and post matrices by user class.
The analysis demonstrates that the ME procedure has only made relatively marginal changes to the size
of the overall public transport matrices, with increases of 0%, 1% and 3% for the AM, IP and PM peaks
respectively between the Prior matrices to the Post ME matrices.

Auditor comments:
The matrix estimation analysis is considered appropriate and in line with TAG.

The MDR presents the matrix estimation analysis, which indicates reasonable comparisons that are
mostly in line with TAG suggested values for both road and PT, whilst highlighting where there are some
differences.

The calibration of the road assignment model and PT assignment model is discussed in Chapter 7 and
Chapter 9, respectively, and this provides the matrix validation reporting. It is suggested that reporting of
the matrix validation at different stages of the matrix development may be useful in future to show the
impact of the iterative adjustments.

ASAM19 users should note the matrix estimation analysis, including the trip length distribution
comparisons, and assignment model calibration provides a headline summary of the model performance.
A more detailed review of the model validation in the study area should be undertaken prior to any
application.

6.11 ACTIVE TRAVEL DEMAND

The MDR presents the final assignment matrix totals for the active travel modes of walking and cycling.
These matrices are produced by synthesising active travel demand and comparing with observed mode
share data sets. Matrix estimation was not undertaken for these active travel modes and no walking or
cycling network flows were available for undertaking more detailed comparison. These data limitations
should be borne in mind when considering the active travel modelling.

Auditor comments:

The auditor notes that the active travel demand trip matrices are completely synthesised with high-level
comparisons against aggregate mode share data and no calibration or validation to network flows.

&
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Therefore, model users should treat the active travel demand modelling outputs with a high level of

caution.

6.12 AUDIT SUMMARY AND RECOMMENDATIONS

Table 6-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 6-1 : ASAM19 Prior Matrix Development Audit Summary

Item

Travel Demand
Matrix
Composition

Conclusion

The composition of the travel demand matrices is considered
appropriate for the defined model segmentation and functions.

RAG
GREEN

Matrix Process

The auditor acknowledges the significant work undertaken to prepare
and calibrate the ASAM19 trip matrices which encompasses a large
number of datasets and analytical processes.

Model users should note that the vast majority of the trip matrices have
been synthesised with calibration against observed datasets. The
remainder of this table provides commentary on the individual matrix
elements.

GREEN

Census
Commuter
Movements

The reported method to process Census TTW data to prepare
Commute trip matrices is considered appropriate. The MDR outlines
the limitations of census TTW data and processing, which should be
noted by model users when considering the basis of the ASAM
commute trip matrices.

GREEN

Synthesised Trip
Matrices

The use of SHS data to calibrate the trip matrices is reasonable. As
noted in the MDR, the disaggregated sample size from some travel
purposes / mode combinations is quite low and this should be noted in
terms of the level certainty that can be placed in detailed and/or
segmented model outputs.

GREEN

The auditor notes the synthesised trip ends were prepared in tandem
with calibration of the trip end model and demand model, which is
discussed in Chapter 14 and Chapter 15, respectively.

GREEN

It is recommended that analysis of the correlation between planning
data and trip ends is undertaken and reported in future model updates.

GREEN

The MDR presents extensive analysis of the synthesised trip matrices
which shows a broadly acceptable level of calibration against the
available ‘observed’ datasets. Model users should note the lower
confidence in the SHS data at a more detailed level when assessing
the model calibration.

GREEN
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The MDR highlights the limitations of synthesising trips, which should
be noted by model users. It is recommended that model users review
the calibration comparisons in relation to intended model application to
understand the strengths and weaknesses of ASAM19. Users should
also review trip distributions and their plausibility in advance of
undertaking any detailed modelling.

Park & Ride and The application of the demand model parking sub-models as part of GREEN
Parking the synthetic trip matrices preparation is an efficient and appropriate
movements approach. Further audit commentary on the parking models is provided
in relevant chapters.
External The application of the trip end model to prepare external trip matrices GREEN
Movements is an efficient and appropriate approach. Further audit commentary on
TMfS18A data processing is provided in Chapter 14.
Aberdeen Airport | The data sources and processes to prepare Aberdeen Airport and GREEN
and Heliport Heliport trips are appropriate with a reasonable level of calibration and
Passenger plausible period and purpose splits.
Modelling . . . .
It is noted that ASAM19 provides a relatively aggregate estimate of GREEN
airport / heliport demand for forecasting purposes and model users
should exercise caution in the use of detailed model outputs.
Light and Heavy The goods vehicle matrices are synthesised, and model users should
Good Vehicles note the limitations of this as outlined above.
Movements The auditor notes that a significant adjustment (~-40%) was made to GREEN
initial LGV trip matrix volumes, however, this does not appear
unreasonable in the context of the high-level trip rate assumptions.
The MDR presents screenline flow comparisons showed that all GREEN
HGV/LGV prior matrix assignments fall within 10% of the observed
hourly goods flow. However, it should be noted that this is comparison
of average observed and modelled traffic across all screenlines and
would question the value of this analysis where it masks differences in
flow on individual screenlines across a wide range of location and
directions.
Matrix Estimation | The matrix estimation analysis is considered appropriate and in line GREEN
with TAG.
The MDR presents the matrix estimation analysis, which indicates GREEN
reasonable comparisons that are mostly in line with TAG suggested
values for both road and PT, whilst highlighting where there are some
differences.
o
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It is suggested that reporting of the matrix validation at different stages | GREEN
of the matrix development may be useful in future to show the impact

of the iterative adjustments.

ASAM19 users should note the matrix estimation analysis, including GREEN

the trip length distribution comparisons, and assignment model
calibration provides a headline summary of the model performance. A
more detailed review of the model validation in the study area should
be undertaken prior to any application.

Active Travel
Demand

The auditor notes that the active travel demand trip matrices are
completely synthesised with high-level comparisons against aggregate
mode share data and no calibration or validation to network flows.
Therefore, model users should treat the active travel demand
modelling outputs with a high level of caution.
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7 ROAD MODEL CALIBRATION

Relevant Guidance:

TAG Unit M3-1 Highway Assignment Modelling, May 2020

7.1  OVERVIEW

Road model calibration is the process of attempting to match the modelled output data with observed
data as closely as possible, using a variety of data sources. The calibration process for the ASAM19 road
model makes use of several data sources, and includes the following steps:

Collation and collection of traffic count data
Formation of traffic count screenlines

Matrix Estimation (based on the ‘Prior matrices’)
Iterations of model refinement

Calibration analysis

In practice, the calibration process also takes account of traffic validation and journey time data to refine
and improve the model comparisons with observed data. However, these validation data sets are not
applied within the ME process and are described in the following Validation Chapter.

7.2 COLLATION AND COLLECTION OF TRAFFIC DATA

A variety of observed traffic count data sources were collated to inform the calibration process, and these
data sets are listed below. The model development made best use of available data to represent 2019
Base Year Post AWPR traffic conditions, particularly with large data sets recently collected for other
studies in central Aberdeen and the A96 corridor.

Traffic data collated and collected included:

¢ National Traffic Data System (NTDS) — year 2019, neutral month, average weekday period data
(some data used from proceeding or later years due to availability)

Angus Council ATC data (2018) — Montrose A90 link at Laurencekirk

ATC data collected in Angus for the development of TCRTM (2018)

A96 Corridor AECOM ATC and JTC data (2019)

Aberdeen ATC and JTC data used for the development of the Aberdeen City Paramics models (May
2019)

Wellington Rd, Aberdeen AECOM data (2019)

ASAM14 count data — for minor roads in rural area (2014)

ASAM14 model version — 2017 Baseline Scenario (BB06) — modelled flow data

TMfS18A model version - 2018 BN18 ADL scenario - modelled flow data

Aberdeen City and Aberdeenshire count data collected for ASAM19 (Oct 2019)

Due to the size and nature of a regional model, there can be a significant variation in availability and
quality of data for use in the calibration and validation processes. In order to achieve a degree of
consistency in the data available, a factoring process was undertaken to uplift data to represent the
common base year of 2019.
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The MDR notes that there is considerable uncertainty associated with some of the traffic count data used
to calibrate and validate the ASAM road model. To mitigate for these discrepancies, and to still allow a
fuller screenline of traffic data to be developed and used for calibration, a number of adjustments were
applied.

A specific data issue was identified relating to the classification of goods vehicles from ATCs. This
highlighted miscounting of traffic as HGVs, where observed HGV flows appeared too high as a
percentage of overall traffic volumes. Therefore, all relevant ATC site data was adjusted to account for
LGV miscounting.

Auditor comments:

The auditor notes that the AM and PM peak observed traffic count data is for a single peak hour (0800-
0900 and 1700-1800, respectively). This is in contrast to the modelled average peak hours which are
based on factored 3-hour periods, which may introduce a difference between observed and modelled
peak traffic levels. As noted in the MDR, model users should note the potential uncertainty of comparing
traffic data with different peak hours within the peak periods across the modelled area.

The auditor notes the MDR comments relating to the use of the 2019 Post AWPR opening traffic surveys.
The listing of traffic data contains sites that predate 2019. The developer has stated that these sites are
unlikely to be impacted by the opening of the AWPR, but no further commentary or supporting evidence is
provided.

The use of factoring counts to a consolidated year is an acceptable practice and the latest version of
Scottish Transport Statistics was used during model development. The auditor has undertaken a review
of the factors but could not replicate the values obtained in the Change to 2018 Aberdeen City and ASAM
total column. This comparison indicated relatively small differences which are unlikely to have a
significant impact where the largest differences were in ASAM14 count data on rural roads.

The MDR includes commentary on traffic count inconsistencies during model development. The MDR
tabulates count sites that were adjusted with reasoning; however, no further information is provided as to
the magnitude of adjustments, and it is recommended this is included in future reporting.

Further anomalies are noted in relation to Automatic Traffic Counts miscounting goods vehicles. The
methodology employed to adjust the proportion of light and heavy goods vehicles is considered
appropriate.

The screenline definition contained in MDR Appendix L are missing location descriptions and years, the
auditor recommends that the Appendix is updated.

It is noted that a number of counts are not from a neutral month, which is not recommended. There are a
number of counts from 2007, which is very aged. The MDR notes that the composition of the final
processed traffic data set included 95% of survey data collected during 2019, with 96% of survey data
representing a neutral month. Therefore, this was not considered a significant issue.

Appendix Y of the MDR includes a series of images showing the traffic count source dates, count sites
with inconsistencies, and count sites with goods vehicle adjustments. It is recommended that model users
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undertake a review of count data in their study area to consider the location of adjusted counts and the
potential impacts it could have on ASAM19 outputs.

7.3 TRAFFIC COUNT SCREENLINES

The collated observed traffic counts were combined to form groups of screenlines to compare with
modelled traffic volumes. The screenlines were chosen to represent the major movements across the key
network corridors and depended on the location of available traffic data. A total of 96 screenlines (48 bi-
directional locations) were developed to inform the calibration comparisons and undertake matrix
estimation. The majority of Screenlines consisted of multiple road links, with two individual calibration
points / routes (i.e. Elgin West, Burn of Turriff). A total of 429 one-way individual traffic count data points
are used to form all screenlines and single points.

For some areas the geography of the network made it less logical for Screenlines to consist of at least 5
locations as suggested by guidance. For example, at the River Don crossings and the AWPR at Dyce.
The layout and number of points included in screenlines was deemed most appropriate to make use of
available data and compare and calibrate the major corridor traffic patterns.

Auditor comments:

The auditor notes that two screenlines are made up of single points, which is a departure from TAG. The
use of single sites means that the matrix estimation process can have a tendency to satisfy count
constraints at a single site level by adjusting origin/destination patterns from immediately local zones and
‘over encouraging’ local short distance trips. The auditor recommends that this practice should be
avoided where possible. Overall, it is considered that ASAM19 provides an appropriate representation of
screenlines for calibration.

7.4 ROAD TRAFFIC VOLUME CALIBRATION

Final modelled traffic volumes for each ASAM19 time period (Post ME) were measured against 96
observed traffic count screenlines and cross-referenced with respect to TAG guidance. Two levels of
screenline analysis were undertaken, the first comparing the total traffic flow across all screenlines, and
the second comparing all individual data points included within the screenlines.

The MDR includes a table presenting the summary of total screenline traffic flows percentage differences.
This demonstrates how total modelled traffic volumes across all calibration count locations compare with
the total observed data flow available.

The MDR screenline percentage flow difference analysis shows that the model-wide proportion of
screenline comparisons that fall within 5% of the total observed flow is over 65% in the AM and Inter
peak, and over 70% in the PM. This is less than suggested by the relevant TAG criteria (“All or nearly all
within 5% of observed”), however a much greater proportion of Screenlines (84%-93%) fall within the
(less onerous) 10% threshold.

Traffic volumes within the Aberdeen Central area tend to display a slightly poorer comparison compared
to observations, particularly within the AM Peak. The Aberdeen Peripheral area comparisons provide a
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similar comparison to the model-wide traffic volume statistics while the Aberdeenshire comparisons are
generally better than the model wide results.

The MDR includes a table showing the proportion of screenline comparisons that fall within the various
GEH statistic bands. The MDR states that overall, the total screenline traffic flow analysis demonstrates
that the ASAM19 road model provides a good comparison with observed traffic data sets for a model of
this scale and nature. The modelling meets the specific TAG GEH criteria thresholds, albeit with slightly
poorer quality comparisons in the Aberdeen Central in the AM period.

The MDR includes an additional measure to demonstrate how model-wide traffic volumes compares with
observations. The analysis shows the average flow calculated across all screenline locations.

The MDR states that overall, with the majority of individual road link flow comparisons achieving around
the 60-70% range (compared to guidance of 85%) the ASAM individual link traffic volume analysis
demonstrates that the road model provides a reasonable match to observed traffic levels, for a model of
this scale and nature.

Auditor comments:

TAG states that vehicles per hour should be used for flow comparison and it recommended this measure
is used in future model updates and reporting. The MDR presents calibration comparisons for total traffic.
It is suggested that future reporting include commentary and summary analysis for cars, which is currently
provided in an appendix.

The auditor has been provided with a range of spreadsheets with formulas removed. It is recommended
that for future audits, model developers should provide working spreadsheets to assist in the reviewing
process. Post estimation model outputs are used in the calibration analysis, noted as Run ID: BC85 and
Demand: ME4A.

Aggregate traffic flow comparisons can mask where individual user classes are disproportionally higher or
lower than observed data. It is evident that when disaggregated into individual sites the match against
observed count data deteriorates. This is particularly noticeable in Aberdeen Central screenline.

Spot checks have been undertaken on the MDR spreadsheet received to determine if the flows in the
received network files correspond to the values contained within the MDR spreadsheet. The screenline
identified as ‘AWPR-Milltimber-EB’ and ’AWPR-Milltimber-WB’ was reviewed, which included 3 locations.
Table 7-1 provides a summary of the auditor findings. It should be noted that the flows are the sum of
Car, LGV, and HGV user classes and exclude buses. The table shows marginal inconsistencies between
reported flows and the output CUBE networks. The model developer has indicated that the calibration
spreadsheets are taken from the SATURN road modelling outputs (not CUBE) and there may be slight
differences in rounding due to this.
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Table 7-1 : ASAM19 Screenline Check AWPR-Milltimber-WB/EB

Area / Range

AWPR-Milltimber-wB

Contlaw Road 17503 _17689 109 109 58 58 194 196
A93 North Deeside

Road Milltimber 78251 78187 260 262 241 242 446 449
West Kingswells A944 (78383 78285 1439 1442 1163 1166 1479 1492

AWPR-Milltimber-wB

Contlaw Road 17689 17503 155 155 69 69 137 136
A93 North Deeside

Road Milltimber 78187 _78251 372 369 222 222 295 295
West Kingswells A944 |78453 78400 1682 1678 1167 1168 1458 1448

Flows in actual PCUs

A review of the Total Screenline Traffic Flow GEH Statistic was undertaken. It is acknowledged that the
headline percentages reported for the whole of ASAM are reasonable. However, there are areas where
the level of calibration is below guidance, for example in Aberdeen Central. The auditor notes that overall,
the ASAM19 road model provides a reasonable comparison with observed traffic data used for
calibration.

It should be noted that as a result of the data collection issues noted in previous sections, infilled data
makes up a significant proportion of observed screenline flows. Matrix estimation can be an important
aspect of developing trip matrices and the outcome of this process can see modelled traffic flows have a
close correlation to observed data. Given the level of infilling undertaken to create screenline flows, a
degree of caution should be exercised when reviewing the screenline calibration. Model users should
take this into consideration when reviewing ASAM19 in their study area prior to application with
consideration of obtaining additional local data for validation purposes.

The MDR includes a comparison of average observed and modelled traffic across all screenlines. The
auditor would caution the value of this analysis where it masks differences in flow on individual
screenlines across a wide range of location and directions.

The individual link comparisons show that the TAG criteria is not met. The model developer has noted the
areas of poor calibration, which includes some strategic locations. Users of ASAM19 should review flow
comparisons in their area of interest prior to application of the road assignment model with consideration
of related uncertainties in model forecasts.
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7.5 HGV & LGV TRAFFIC VOLUME CALIBRATION STATISTICS

The MDR analysis indicates only around 30-40% of HGV screenlines and around 60% of LGV
screenlines contain modelled flows within 5% of observations. Around 60% of HGV and 80% of LGV
screenlines fall within 10% of observations. The MDR states that these results are reasonable when
comparing modelled flows at the more detailed individual user class level - where the absolute volume of
flows are smaller and harder to match % comparisons.

The MDR includes a table presenting the HGV and LGV GEH statistics for individual traffic count
locations. The analysis indicates that 90-100% of individual HGV and LGV calibration locations fall within
a GEH of 5, meeting the suggested 85% guidance threshold, and demonstrating that the modelled HGV
and LGV flows display a good comparison with observed data. The MDR states that overall, these GEH
comparisons demonstrate a good level of calibration when the relatively small levels of goods vehicles
are taken into account through this statistical measure.

Auditor comments:

The auditor notes the relatively poor level of calibration for HGV and LGV screenline volumes. The GEH
statistics for individual links indicate a good comparison with observed data, however, this is a function of
relatively small volumes at this disaggregate level. Noting the uncertainty relating to observed goods
vehicle flow data, and specifically the classification of vehicle types, as well as the independent datasets
used for trip matrix development the level of calibration is understandable. This weakness should be
considered in any model application with lower confidence in the representation of modelled goods
vehicles, particularly in absolute terms.

7.6 AUDIT SUMMARY AND RECOMMENDATIONS

Table 7-2 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 7-2 : ASAM19 Road Model Calibration Audit Summary

Iltem Conclusion/ RAG

Collation and The auditor notes that the AM and PM peak observed traffic
collection of traffic data | count data is for a single specified hour, which is in contrast to
the modelled average peak hours. As noted in the MDR, model
users should note the potential uncertainty of comparing traffic
data with different peak hours within the peak periods across the
modelled area.

It is noted that a number of counts are not from a neutral month | GREEN
and some are from 2007, which is very aged. The MDR notes
that the composition of the final processed traffic data set
included 95% of survey data collected during 2019, with 96% of
survey data representing a neutral month. Therefore, this was
not considered a significant issue.
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It is recommended that model users undertake a review of count
data in their study area to consider the location of adjusted
counts and the potential impacts it could have on ASAM19
outputs.

GREEN

Traffic Count
Screenlines

ASAM19 provides a good representation of screenlines. The
auditor notes that two screenlines are made up of single points,
which is a departure from TAG, and users should be aware of
the potential for overestimating short distance trips.

GREEN

Road Traffic Volume
Calibration

TAG states that vehicles per hour should be used for flow
comparison and it recommended this measure is used in future
model updates and reporting.

GREEN

There are slight inconsistencies between the output network
flows and those reported in the MDR. The model developer has
indicated that the calibration spreadsheets are taken from the
SATURN road modelling outputs (not CUBE) and there may be
slight differences in rounding due to this.

GREEN

The auditor notes that overall, the ASAM19 road model provides
a reasonable comparison with observed traffic data used for
calibration. However, infilled data makes up a significant
proportion of observed screenline flows and model users should
take this into consideration when reviewing ASAM19 in their
study area prior to application with consideration of obtaining
additional local data for validation purposes.

The MDR includes a comparison of average observed and
modelled traffic across all screenlines. The auditor would caution
the value of this analysis where it masks differences in flow on
individual screenlines across a wide range of location and
directions.

GREEN

The individual link comparisons show that the TAG criteria is not
met, with areas of poor calibration on some strategic locations.

HGV & LGV Traffic
Volume Calibration
Statistics

The auditor notes the relatively poor level of calibration for HGV
and LGV screenline volumes. Model users should note the lower
confidence in the representation of modelled goods vehicles,
particularly in absolute terms.
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Relevant Guidance:

TAG Unit M3-1 Highway Assignment Modelling, May 2020

8.1 INTRODUCTION

This chapter describes the level of validation of the ASAM19 road model. This involves determining how
well the model compares to observed data that were not used during the calibration process, providing an
independent validation data set. Validation analysis includes comparisons with independent traffic count
data and road journey time analysis.

Data for observed traffic volume validation comparisons are extracted from the same range of data sets
as used within model calibration but cover different network locations (not used in calibration).

Validation journey times were extracted from a large data set of observed road network speeds and
vehicle time data provided from INRIX. The INRIX data set represents 2019 Post AWPR traffic conditions
and covers Tuesdays to Thursdays for the month of November.

Auditor comments:

The methodology applied follows the recommended guidance of using different counts in calibration from
those used in validation. The application and processing of INRIX data for journey time validation is
considered appropriate.

8.2 TRAFFIC COUNT VALIDATION COMPARISON
Individual Road Link Traffic Flow Comparison

Traffic count validation analysis was undertaken to compare the ASAM total modelled traffic flows and
heavy goods, and light goods vehicle flows against observed traffic count data at individual locations.

The MDR shows that around 75% of ‘lower’ trafficked roads fall within 100 vehicles of the traffic count.
Around 50%-60% of ‘mid’ trafficked link flows fall ‘within 15%’ of the observed traffic flow criteria. There
are no validation locations within ASAM with flows over 2,700 vehicles per hour.

The MDR includes a table presenting the TAG GEH comparisons, indicating that around 60-65% of
individual validation locations fall within a GEH of 5. The MDR HGV and LGV GEH analysis indicates that
over 80% of HGV volumes and over 90% of LGV volumes fall within a GEH of 5 for all modelled time
periods.

The MDR states that although the validation statistics fall outwith the relevant guidance criteria, this level
of calibration is not uncommon for a model of this scale, and therefore the results are considered
acceptable.

&
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Auditor comments:

The auditor notes that the total traffic validation does not achieve the TAG criteria for flow comparison
and GEH statistic. The GEH validation for HGV and LGV is better with HGV just below and LGV above
the TAG criteria. Overall, the level of traffic flow validation is broadly in line with the achieved calibration
and considered reasonable for a model of this scale. Users of ASAM19 should review flow comparisons
in their area of interest prior to application of the road assignment model with consideration of related
uncertainties in model forecasts.

8.3 JOURNEY TIME VALIDATION

ASAML19 road journey time validation involved comparing modelled traffic journey times along a number
of routes with observed INRIX data. Comparisons cover 66 routes (33 in each direction) for each time
period. An overview of the routes is illustrated in Figure 8-1.

Figure 8-1: ASAM19 Road Journey Time Routes (inset: Aberdeen routes)

Distance comparisons were undertaken with modelled and observed route link/segment data, which
showed some disparities where it is not always possible to replicate INRIX coverage due to the larger
observed route segments. Although the differences are all less than 5%, these types of variations should
be borne in mind when interpreting the data comparisons.

The journey time validation analysis showed that in the AM and Inter Peak periods the road model meets
the TAG guidance criteria (with 86% and 95% of routes falling within 15% of observations). The PM peak
just falls short of meeting the TAG criteria with 83% of routes falling within 15%.

&
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Auditor comments:

As noted above, the application and processing of INRIX data for journey time validation is considered
appropriate. However, it is noted that the INRIX data provided to model developers comprised of average
vehicle time/speed values over a number of days and months and that this data couldn’t be ‘unpacked’ to
identify data anomalies. It is recommended that future model updates explore the availability of
disaggregate INRIX data (or equivalent) that enables the review and removal of inconsistencies and
anomalies.

ASAML19 provides good coverage of journey time routes in the validation process. The main arterial
routes are captured. From the mapping provided, gaps exist of the strategic roads on the A90 and A92 to
the north of Stonehaven, along rural sections of the A96 and to the north of Ellon on the A90 and A952.
No journey time data comparisons are included for the AWPR Stonehaven Fast Link. It is recommended
that journey time data for Fast Link is obtained and used to validate the modelled journey times as part of
any ASAM19 application that considers the strategic road network.

INRIX data does not directly provide delay associated with the junction turning movements, instead
average delay attributed onto links. Model users should take this into account when examining journey
time comparisons at a local level.

The MDR acknowledges that rural routes may be impacted by speed flow curves with higher speeds
compared with observed data. It is recommended that the amendment of rural speed flow curves is
considered in future model updates.

TAG suggests that ‘validation routes should be neither excessively long (greater than 15 km) nor
excessively short (less than 3 km). Routes should not take longer to travel than the modelled time periods
(although, a few minutes longer is unlikely to be problematic).” The MDR appendix shows that all journey
routes are in excess of 3km, however, 34 routes are greater than 15km. It is recommended that a further
breakdown of journey time validation for routes in excess of 15km should be provided in future reporting.
Model users should refer to MDR Appendix O, which provides charts showing comparisons along the
journey time routes.

Overall, the level of journey validation is considered good, however, model users should review
comparisons in their area of interest prior to application of the road assignment model.

8.4 ROUTE CHOICE VALIDATION

Auditor comments:

The MDR includes select link analysis which demonstrates that modelled traffic routing appears logical in
terms of the origin-destination of traffic on key links. However, the MDR does not include route choice
validation for any vehicle classes. In line with TAG, it is recommended that this analysis is undertaken
and reported. This should show modelled routes through the network taken by selected traffic movements
(zone pairs), i.e. a reasonable sample of movements between key origins and destinations. This analysis
should be undertaken and reported in future model updates where it would provide confidence in the
ASAM19 traffic assignment and be a useful tool for identifying network anomalies.
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8.5 CONVERGENCE

The MDR includes a table showing the level of convergence achieved by the SATURN road assignment
model, demonstrating this meets the recommended level of convergence within TAG.

Auditor comments:

As noted in Section 4.5, the model developer has provided assignment print (.LPT) files which include a
summary table of assignment convergence statistics, which do not match those in the MDR. This is not
expected to have a material impact on the assigned networks but should be updated in future reporting.

8.6 AUDIT SUMMARY AND RECOMMENDATIONS

Table 8-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 8-1 : ASAM19 Road Model Validation Audit Summary

Iltem Conclusion RAG

Traffic Count The auditor notes that the total traffic validation does not achieve
Validation Comparison | the TAG criteria. Overall, the level of traffic flow validation is
broadly reasonable for a model of this scale. Users of ASAM19
should review flow comparisons in their area of interest prior to
application of the road assignment model.

Journey Time The application and processing of INRIX data for journey time GREEN
Validation validation is considered appropriate. It is recommended that
future model updates explore the availability of disaggregate
INRIX data (or equivalent) that enables the review and removal
of inconsistencies and anomalies.

ASAM19 provides good coverage of journey time routes in the GREEN
validation process.

The model developer has demonstrated that using the available
INRIX dataset that journey turns output from the model are
within the guidance required for two out of the three time
periods. The PM peak does not match the required guidance.
There are areas where significant areas of delay are noted, and
these will affect the associated journey times.

It is recommended that journey time data for Fast Link is GREEN
obtained and used to validate the modelled journey times as part
of any ASAM19 application that considers the strategic road
network.

The MDR acknowledges that rural routes may be impacted by GREEN
speed flow curves with higher speeds compared with observed
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data. It is recommended that the amendment of rural speed flow
curves is considered in future model updates.

It is recommended that a further breakdown of journey time
validation for routes in excess of 15km should be provided in
future reporting. Model users should refer to MDR Appendix O,
which provides charts showing comparisons along the journey
time routes.

GREEN

Overall, the level of journey validation is considered good,
however, model users should review comparisons in their area
of interest prior to application of the road assignment model.

GREEN

Route Choice
Validation

The MDR includes select link analysis which demonstrates that
modelled traffic routing appears logical in terms of the origin-
destination of traffic on key links. However, the MDR does not
include route choice validation for key traffic movements (zone
pairs). In line with TAG, it is recommended that this analysis is
undertaken and reported in future model updates.

Convergence

The network convergence assignment statistics are acceptable,
however, these do not match those reported in the MDR and this
should be updated in future reporting.

GREEN

&
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Public Transport Model Calibration and Validation

9 PUBLIC TRANSPORT MODEL CALIBRATION AND
VALIDATION

Relevant Guidance:

TAG Unit M3-2 Public Transport Assignment Modelling, May 2020

9.1 INTRODUCTION

This chapter describes the calibration and validation process undertaken for the ASAM19 public transport
(PT) assignment model and passenger demand matrices, comprising:

Calibration of total modelled PT bus/rail link passenger demand screenline cordons
Calibration of individual PT passenger flows travelling via roads/rail lines

Validation of modelled bus journey times

Validation of rail passenger boardings and alightings at stations

The initial stage of the ASAM19 PT calibration process assigned the Prior matrices against the modelled
networks and services and compared output bus and rail passenger flows with observed passenger
counts. Network, service and matrix adjustments were undertaken through an iterative process until a
satisfactory aggregate level of Prior matrix calibration was achieved. Further PT calibration was then
undertaken following the Road model calibration, with final congested road speeds used to inform the PT
bus modelling, and the application of PT matrix estimation.

The PT validation process mainly included comparing modelled bus journey times with published
timetables to review and adjust how modelled PT travel costs compared to expected travel times.

The MDR notes that as PT passenger data is limited, all relevant link-based passenger volume data were
used within the calibration process, and there was therefore insufficient additional link-based data
available for independent PT validation. However, modelled and observed rail station boarding and
alighting data were used to validate passenger access levels at rail stations.

Calibration and validation was undertaken on an iterative basis, with the modelled network and services
reviewed and updated as required as a result of applying updated matrices, road speeds and passenger
flow data comparisons.

Auditor comments:

The auditor notes that an iterative process was undertaken during the calibration, which is described in
the MDR and appears reasonable.

It is noted that a lack of link- based public transport survey data was an issue in the validation process.
Observed data consisting of boarding and alighting counts was the only dataset used.
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9.2 PUBLIC TRANSPORT DATA

Collecting public transport passenger data for transport models is historically challenging, as PT surveys
are relatively expensive to undertake, and often offer lower value for areas with low public transport
patronage. Although an extensive PT data collection exercise was undertaken for ASAM19, this was
designed proportionately, with the main aim to capture the higher passenger flows along key radial
corridors and within Aberdeen.

The model development also benefitted from the operators First Group and Stagecoach kindly providing
bus passenger ticket data. These data were used to understand travel movements and to supplement
newly collected passenger data to create a wider set of calibration cordon screenlines across the wider
model coverage — particularly for rural areas.

PT data used for calibration and validation included:

e Onboard bus passenger occupancy counts of First Aberdeen Services (November 2019)

e Stagecoach bus ticket data to establish rural and urban passenger levels on stagecoach services
(September/October 2019)

e passenger flows using Megabus services operating along the A92 South of Aberdeen were estimated
based on timetabled services and assumed load factors.

¢ Rail passenger boarding & alighting surveys at rail stations (November 2019): to establish
= passenger flows along each rail line section for estimation and calibration
= passenger boarding and alighting at each rail station

e 2019 TransXChange bus timetable data was processed to extract bi-direction travel times for a
selection of services covering the main urban and rural PT corridors

Auditor comments:

It is noted that ASAM19 makes use of 2019 public transport datasets, however the estimation processes
used for determining onboard bus passenger volumes should be taken into consideration. The First Bus
service passenger volumetric data includes some roadside estimation of on-board occupancy, which has
limited accuracy as highlighted in TAG Unit M1.2. Estimation of Stagecoach service loadings from ticket
data is also likely to have limited accuracy where recorded destinations can be aggregate. Passenger
volumes are estimated entirely for Megabus (and presumably Citylink), which given the strategic nature of
these services has implications on the calibration of external travel movements when compared to rail
services.

The auditor notes that the AM and PM peak observed traffic count data is for a single specific peak hour
(0800-0900 and 1700-1800, respectively). This is in contrast to the modelled average peak hours which
are based on factored 3-hour periods, which may introduce a difference between observed and modelled
peak traffic levels. As noted in the MDR, model users should note the potential uncertainty of comparing
passenger loading data with different peak hours within the peak periods across the modelled area.

The MDR notes a selection of services were used for bus journey time comparisons. It is implied that by
using TransXChange data, all services could be compared and this is recommended in future model
updates.
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9.3 SCREENLINE PASSENGER VOLUME CALIBRATION

The MDR includes comparisons of total cordon passenger flows by direction and summary calibration
statistics, compared against the relevant TAG calibration criteria. All Cordon site locations were included
in the PT matrix estimation (ME) procedure, with the ME process altering travel patterns and passenger
levels to better match the observed data. Observed data was ‘patched’ or adjusted to deal with zero
values or where observations appeared counter intuitive.

The MDR summarises total screenline observed vs modelled flows including both bus and rail flows
combined. ASAM19 represents school pupils using public transport, but these educational movements
are not captured by the observed PT data sets in Aberdeenshire (Shire Cordon). The comparisons of
Aberdeenshire modelled flows describe cordon flows that both include and exclude pupil passengers.

In the AM peak and inter peak all of the Inner, Mid, Outer, and Shire screenlines excluding education fall
within 15% of the observed flow at total screenline level. The Shire screenline including modelled
education trips falls outwith this criteria, which is as expected, as the observed data excludes education
trips. In the PM peak all screenlines fall within 15% of the observed flow at total screenline level. The two
Shire modelled flows (with and without education trips) are very similar to each other and close to the
observed, confirming that education trips are generally not included in the PM peak.

The MDR states that in general, there is more % variation in passenger volumes at individual site
locations, but the actual magnitude of flow difference is often relatively low.

The MDR includes a summary of the PT flow calibration statistics. For individual links >150 passengers,
the bus flow comparison shows that over 90% of modelled flows are within 15% of the observed flows in
all periods. The modelled rail flows on individual links are all within 15% of the observed flows for all
peaks, and within 5% for at least 83% of rail flows.

Auditor comments:

Four screenlines were defined for the ASAM19 PT model calibration and are considered appropriate with
good coverage of main routes across the model area.

A review of the four screenlines indicates that overall, the modelled flows compare well with the observed
calibration datasets, as would be expected based on the application of matrix estimation. There are large
percentage differences at some individual locations, however these are based on low observed values.
Given the estimation of some observed data, a degree of caution should be exercised when reviewing the
screenline calibration. Model users should take this into consideration when reviewing ASAM19 in their
study area prior to application with consideration of obtaining additional local data for validation purposes.

The inclusion of education trips has a significant effect on the calibration comparisons, where there is
very limited observed data. This weakness should be considered in any model application with lower
confidence in the representation of school trips.
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9.4 BUS JOURNEY TIME VALIDATION

A selection of modelled urban (Aberdeen City) and rural services were compared to the observed bus
journey times.

The MDR notes that ASAM19 demonstrates a high level of journey time validation against observed data.
Across the three peaks the urban services tend to have a lower level of validation than the rural services.
In the AM peak 80% of modelled urban service journey times are within 15% of the observed, whereas
the figure is 85% for rural services. In the inter-peak the splitis 73% urban / 95% rural and in the PM peak
the split is 73% urban / 85% rural.

Users should note the differences for individual routes and consider any relevant issues when applying
the model. Bus journey times rely on road journey times, bus priority measures where present, and the
use generic bus stop dwell times to represent the boarding time at all bus stops.

Auditor comments:

The model developer has reviewed a sample of urban and rural services to undertake bus journey time
validation. The coverage of rural services is illustrated in Figure 9-1. This shows that the bus services
used in the validation process focus on the main arterial corridors. Figure 9-2 illustrates the public
transport routes associated with the Aberdeen City services used in the validation analysis. Overall, there
is an adequate selection of routes covered.

The auditor notes that 373 inter urban routes are contained in the AM Peak, with 87 intra urban routes.
Given that 19 inter urban routes (only 5% of the total modelled) and 15 intra urban routes (17% of the
total modelled) are used in validation, the auditor notes that a relatively low number of comparisons were
reported on. It is recommended that additional bus routes are included in the journey time validation in
future model updates. Model users should take this into consideration and undertaken additional bus
journey time comparisons along any study corridors.
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Figure 9-1: Rural Sérvice Validation Corridors

N 7 /</

Figure 9-2: Aberdeen City Service Validation Corridors

9.5 RAIL STATION BOARDING AND ALIGHTING COMPARISON

The MDR includes tables presenting the observed and modelled rail station passenger boardings and
alightings for each time period, the difference in passenger volumes, the percentage difference, and the
GEH.

The comparisons highlight a reasonable validation with intuitive boarding and alighting rail travel patterns.
The majority of station usage appears in line with the size of settlements, though overall the modelled
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passenger flow is higher than the observed. There are some large percentage differences, but these
mainly relate to low passenger volumes.

The data indicates an issue relating to rail usage at Arbroath, as the Arbroath comparison shows the
modelled boardings and alightings much higher than the observed. This is due to the station node for
Carnoustie, on the model boundary, being coded as a non-stopping node for some rail services. This
forces passengers to alight early or board later than the last station within the ASAM network, Carnoustie.

Auditor comments:

The auditor notes the issue relating to modelled rail loadings at Carnoustie and Arbroath stations and
their location at the southern edge of the model. Model users focussing on boarding and alighting
analysis should take this into consideration.

9.6 AUDIT SUMMARY AND RECOMMENDATIONS

The MDR includes a section listing their conclusions and recommendations, in which the salient points
are noted below.

Table 9-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 9-1 : ASAM19 Road Model Validation Audit Summary

Iltem Conclusion RAG

Approach The auditor notes that an iterative process was undertaken during the | GREEN
calibration, which is described in the MDR and appears reasonable.

The MDR notes that there was a lack of link based public transport GREEN
count data available for validation.

Public Transport It is noted that ASAM19 makes use of 2019 public transport datasets,
Data however the estimation processes used for determining onboard bus
passenger volumes should be taken into consideration. It is
recommended that enhanced data collation and collection is
considered for any future model development.

The auditor notes that the AM and PM peak observed traffic count
data is for single specific peak hours, which is in contrast to the
modelled average peak hours. As noted in the MDR, model users
should note the potential uncertainty of comparing passenger loading
data with different peak hours within the peak periods across the
modelled area.

The MDR notes a selection of services were used for bus journey GREEN
time comparisons. It is implied that by using TransXChange data, all
services could be compared and this is recommended in future model
updates.
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Screenline Four screenlines were defined for the ASAM19 PT model calibration GREEN
Passenger and are considered appropriate with good coverage of main routes
Volume across the model area.
Calibration . . o
A review of the four screenlines indicates that overall, the modelled
flows compare well with the observed calibration datasets, as would
be expected based on the application of matrix estimation. Given the
estimation of some observed data, model users should take this into
consideration when reviewing ASAML19 in their study area prior to
application with consideration of obtaining additional local data for
validation purposes.
The inclusion of education trips has a significant effect on the
calibration comparisons, where there is very limited observed data.
This weakness should be considered in any model application with
lower confidence in the representation of school trips.
Bus Journey Time | Overall, there is an adequate selection of routes covered. GREEN
Validation . i . .
It is recommended that additional bus routes are included in the
journey time validation in future model updates. Model users should
take this into consideration and undertaken additional bus journey
time comparisons along any study corridors.
Rail Station The auditor notes the issue relating to modelled rail loadings at
Boarding and Carnoustie and Arbroath stations and their location at the southern
Alighting edge of the model. Model users focussing on boarding and alighting
Comparison analysis should take this into consideration.
Da \\edI-vfps-001\projects$\47370 - latis lot 4 - asam19 audit\4. tasks\task 4 - reporting\20241025_asam19_model audit report v2.3
final.docx 9.7




LATIS LOT 4 ABERDEEN SUB AREA MODEL (ASAM19) AUDIT

Demand Model Realism Tests

Relevant Guidance:

TAG Unit M2-1 Variable Demand Modelling, May 2020

10.1 INTRODUCTION

This chapter focusses on the Demand Model Realism Tests.
10.2 DEMAND MODEL RESPONSE VALIDATION APPROACH

As part of ASAM19 development, the variable demand choice model has been validated to ensure that an
appropriate response is represented for a range of potential impacts. The ASAM responses include mode
and destination choice, and also take account of city centre parking charges and capacity, and park &
ride across the three modelled time periods. ASAM also includes a Cost Damping process which adjusts
the input of travel costs to the choice models depending on the distance travelled by each modal
movement.

Model Realism Tests were undertaken in accordance with TAG Unit M2.1 (Variable Demand Modelling,
May 2020), which recommends tests to check the elasticity of demand with respect to:

e Car fuel cost
e Public transport fares
e Carjourney time

The car fuel cost and public transport fares tests were run through a number of external loops to
convergence to produce results. The journey time test outputs reflect a one loop run.

Auditor comments:

The demand realism tests were agreed with the client group during the course of the study. The auditor
considers the tests undertaken are appropriate.

It should be noted that external trips to/from/through the ASAM internal modelled area are excluded from
the demand modelling and, therefore, are excluded from the realism test elasticity values. This is
acknowledged in the MDR where the exclusion of these longer distance trip may be expected to reduce
the model sensitivity relative to TAG ranges.

10.3 REALISM TEST RESULTS
Car Fuel Cost

The realism test analysis shows that the overall elasticity response of the ASAM demand model (-0.39) is
slightly higher than the range of values expected within TAG (-0.35). The MDR notes the following trends:
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e Employer’s business trips are relatively insensitive with an elasticity near -0.1, aligning closely with
guidance

o Discretionary trips (Other and Retired) are higher at ~0.5, displaying an intuitive response, but is more
elastic than the TAG recommendation of -0.4

e Commute and education trips are both slightly lower than -0.3, and the level of elasticity intuitively
falls between the sensitivity of business and discretionary trips

The Fuel Price Realism Test Elasticity Response Results by Sector Pair (All Purposes) results show that
the elasticity generally increases by distance as would be expected, with intra-sector movements on the
leading diagonal (shorter trips) being much closer to zero.

The MDR states that the ASAM modelled response to the fuel realism test is considered reasonable, and
relatively intuitive across the travel purposes. Users should though note the overall response, which is
higher than suggested by guidance, particularly the sensitive response associated with
discretionary/other trips.

Auditor comments:

The MDR presents matrix-based elasticity values for the car fuel cost test. Future reporting should specify
how goods vehicle fuel costs are treated in the test, where these may influence route choice assignment
for all vehicle types.

The auditor agrees that the elasticity response for the fuel price realism test is reasonable. It is noted that
the total and Other elasticity values are higher than TAG ranges, however, the range of responses by
travel purpose and distance is logical. It is recommended that further commentary is provided in future
reporting on the reasons why the elasticity response may differ from guidance ranges. For example, there
will be differences in trip distribution, average trip lengths, fuel prices, and values of time within ASAM19
relative to TAG noting that guidance is based primarily on research undertaken in 2002.

Public Transport Fares

The MDR analysis shows that the overall ASAM fare response falls around the lower end of the range of
TAG expected values— with an overall elasticity of -0.24. The response of Other trips has the highest
sensitivity at -0.42.

Retired trips are shown to have a very insensitive response, which is as expected where the majority
have zero (or close to zero) bus fares. Education trip fares also have a discount applied to reflect child
(half) fares and. therefore, the fare cost change within the realism test will be lower and subsequent
elasticity also expected to be relatively low as demonstrated.

The response from business travellers to the fare change at first appears less intuitive, as it is stronger
than the commuter response. The MDR notes that the business purpose has full fares applied and
therefore the cost change applied would be more significant than for commuters which receive a discount
to represent season tickets. The business response also sits within the range of elasticities suggested by
guidance.

The sector-based elasticities highlight a general trend of increasing elasticities for more distant sector
movements, with intra-sector movements in particular showing elasticities closer to zero. Note that a large
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proportion of PT journeys take place within Aberdeen, and therefore these intra-sector trip responses will
dominate a major part of the overall elasticity response.

Auditor comments:

The auditor notes the total elasticity response for the PT fare realism test is within the suggested
guidance and the range of responses is reasonable whilst noting the sensitivity of Business and
Commute trips is inverted from that expected.

The noted departure from TAG PT assignment value of times (see Section 5.9) will impact the ASAM19
response to changes in fare and model users should refer to the sensitivity test reported in Chapter 5 of
the MDR.

Car Journey Time

The MDR includes a table showing the elasticities which reflect changes in road journey times (measuring
changes in road trips). The TAG guidance gives no specific range for these but suggests that they should
be no greater than -2.0. The analysis shows that the ASAM sensitivities fall within the suggested
guidance with all values being less than -2, and an overall response of -0.1.

This lower sensitivity may reflect the representation of parking charges and capacity within the road
modelling, and whereby journey time constitutes a smaller proportion of travel costs. Within ASAM, a
proportion of commuter travellers are also allocated free parking at workplaces (up to a specific capacity
for each zone). With higher journey times, some commuters will switch away from car travel, but this will
also then make available workplace spaces for other commuters that previously paid for parking. This
secondary parking impact may off-set some of the overall model response.

Auditor comments:

The auditor notes the elasticity response for the car journey time realism test is within the suggested
guidance, however, this is relatively insensitive. In particular, intra-sector movements (Intra-Aberdeen etc)
show counter-intuitive responses with an increase in trips, which the MDR suggest is a function of
reduced congestion associated with reduced long-distance trips as well as parking/capacity responses.
As stated in the MDR, this should be noted by model users and also be considered during future model
updates.

10.4 AUDIT SUMMARY AND RECOMMENDATIONS

Table 10-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.
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Table 10-1 : Demand Model Realism Tests Audit Summary

Item

Demand Model
Response
Validation
Approach

Conclusion

The auditor considers the realism tests undertaken are appropriate.

RAG
GREEN

Model users should note that external trips to/from/through the ASAM
internal modelled area are excluded from the demand modelling and,
therefore, are excluded from the realism test elasticity values.

GREEN

Realism Test
Results

The auditor notes that the elasticity response for the fuel price
realism test is reasonable. It is recommended that further
commentary is provided in future reporting on the reasons why the
elasticity response may differ from guidance ranges.

GREEN

The auditor notes the total elasticity response for the PT fare realism
test is within the suggested guidance and the range of responses is
reasonable whilst noting the sensitivity of Business and Commute
trips is inverted from that expected.

GREEN

The noted departure from TAG PT assignment value of times will
impact the ASAM19 response to changes in fare and model users
should refer to the sensitivity test reported in Chapter 5 of the MDR.

The auditor notes the elasticity response for the car journey time
realism test is within the suggested guidance, however, this is
relatively insensitive. As stated in the MDR, this should be noted by
model users and also be considered during future model updates.

GREEN
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Park & Ride Modelling

Relevant Guidance:
TAG Unit M2-1 Variable Demand Modelling, May 2020

TAG Unit M5-1 Modelling Parking and Park and Ride, October 2013

11.1 INTRODUCTION

This chapter focusses on the ASAM19 park & ride modelling.

11.2 APPROACH

The park & ride model is a distinct module which sits within the larger ASAM19 demand model structure.
The module estimates the journeys which utilise each individual park & ride site (including rail station car
parking) based on a range of parameters. These trips are then segmented to identify the individual ‘legs’
of the trip relevant to other modes i.e. the road trip From-Home to a site and the PT trip from a site to the
ultimate destination.

Kiss and Ride is omitted from this model as the measure of park & ride usage is the number of vehicles
which occupy a space and Kiss and Ride travellers do not contribute to these.

The model takes into account the travel costs to and from each site by the relevant mode, the duration of
the stay, the associated parking charges, and the number of available spaces.

Park & ride within ASAM19 is considered as a trip which transfers between road and PT (in that order for
the outbound trip) on a single trip and returns using the same set of modes in reverse. Interchange is only
considered at specific zones which offer formal park & ride or station parking services described in the
‘Site File’.

Auditor comments:

The park & ride modelling approach is considered appropriate and in line with established methods
applied across the LATIS national and regional models.

11.3 INPUTS AND DATA

The modelled inputs to park & ride are provided by the mode and destination model for the majority of
user classes and the FWPP mode for commuters.

The ‘site file’ defines the attributes for each park and Ride site. 16 park & ride sites were included from
within the ASAM19 coverage area. These consisted of all rail stations and bus park & ride sites in the
internal modelled area. A specific zone was assigned for each park & ride site, locating it close to the
actual rail station zone or zone adjacent to a bus park & ride to represent car park access.

&

Da \\edI-vfps-001\projects$\47370 - latis lot 4 - asam19 audit\4. tasks\task 4 - reporting\20241025_asam19_model audit report v2.3
final.docx 11.1




LATIS LOT 4 ABERDEEN SUB AREA MODEL (ASAM19) AUDIT
Park & Ride Modelling

Only the Aberdeen rail station site car parking has parking charges allocated to it (obtained from the
ScotRail website), all the other sites are free to use.

The near and far parking capacity of each site were obtained from the ScotRail website, Google Maps or
online bus park & ride resources.

As the park & ride choice modelling does not cover external trips, an estimate of external park & ride
demand is removed from the capacity of each site to allow a consistent comparison with the occupancy
level recorded at each site. The remaining capacity is referred to as “internal” capacity to provide a
consistent occupancy with the “internal” demand model tours which are represented within the main park
& ride choice modelling.

Park & ride origin catchments were generally widely distributed along corridors to reflect the flexible
access provided by car leg. Destination catchments were more closely defined closer to each site
(destination), mirroring the more limiting aspects of onward travel on foot and through PT interchange.

The ASAM19 park & ride model was calibrated to match observed levels of car park occupancy at each
park & ride site and rail station. Observed occupancy data was collected on the following dates:

o Rail Station park & ride Occupancy Surveys — 26 November 2019
e Bus park & ride Occupancy Surveys — 10 October 2019.

Observed car park occupancy for the AM period was calculated at 10:00, the Inter peak car park
occupancy at 13:00, the PM occupancy after 16:00 and the OP occupancy after 19:00. The Car
Occupancy ratio used to convert observed and modelled park & ride vehicles to person demand is 1.23
persons per vehicle. As the park & ride modelling operates and undertakes site choice calculations at an
“all travel purpose” level, an average car occupancy across all relevant travel purposes is applied.

Auditor comments:

A comparison with data sources including TMfS18A and the Scotrail website was undertaken which
indicated differences in the capacity at some locations, and parking charges at Elgin and Arbroath that
are not modelled. This should be reviewed in future model updates.

As catchment areas are relatively unique to each site, users should review the extents when applying the
park & ride model and ensure future year development (spare) zones and additional areas served by new
services are included. It is recommended that this is described in an ASAM19 Coding Manual.

Model users should note the calibration of the park & ride model is based on occupancy at specific times,
which will mask the profile of users arriving and departing and underestimate total demand if there is any
‘churn’, particularly during the 6-hour interpeak. The auditor notes the application of an average
occupancy factor for all travel purposes, which is a reasonable approximation in the context of the
modelling process and available data. The aggregate representation of park & ride should be noted by
model users with lower confidence in segmented modelled outputs.
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11.4 MATHEMATICAL FRAMEWORK

The MDR includes a detailed description of the park & ride model processes including site choice, model
parameters, capacity restraint, and treatment of modelled periods.

Auditor comments:
Park & ride costs are reported as being in Euros in the MDR and this should be corrected.

The auditor notes the park & ride value of time is included as a Catalog Key in ASAM19 and clarification
is requested on how this is adjusted in forecast years and the related price base for parking charges in
the site file. It is recommended that this is described in an ASAM19 Coding Manual.

As noted above and in the MDR, the aggregate representation of modelled periods is a weakness in the
treatment of park & ride demand with greater uncertainty in specific occupancy levels, which should be
considered when assessing model outputs.

11.5 PARK & RIDE CALIBRATION

The MDR presents the calibration of the park & ride model including the overall occupancy and individual
site usage. The AM Peak occupancy was the focus for calibration where this was considered a
representative gauge as the level of confidence in the observed data is generally higher (as there will
tend to be less turnover of spaces or churn during this period).

Auditor comments:

The MDR shows the overall park & ride modelled occupancy correlates well with observed data and that
individual site comparisons are also within reasonable tolerances. As noted above and in the MDR, there
is greater uncertainty in modelled occupancies during specific periods and therefore users should
exercise caution in the use of detailed model outputs.

11.6 AUDIT SUMMARY AND RECOMMENDATIONS

Table 11-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 11-1 : Park and Ride Modelling Audit Summary

Item Conclusion/ RAG

Approach The park & ride modelling approach is considered appropriate GREEN
and in line with established methods applied across the LATIS
national and regional models.

Inputs and Data The auditor notes the inconsistencies with the capacities and GREEN
parking charges at some locations.
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Users should review site catchments when applying the Park
and Ride model and ensure future year development (spare)
zones and additional areas served by new services are included.

GREEN

The aggregate representation of park & ride should be noted by
model users with lower confidence in segmented modelled
outputs.

GREEN

Mathematical
Framework

The aggregate representation of modelled periods is a
weakness in the treatment of Park and Ride demand with
greater uncertainty in specific occupancy levels, which should be
considered when assessing model outputs.

GREEN

Park And Ride Site
Choice Calibration

The MDR shows the overall Park and Ride modelled occupancy
correlates well with observed data and that individual site
comparisons are also within reasonable tolerances. There is
greater uncertainty in modelled occupancies during specific
periods and users should exercise caution in the use of detailed
model outputs.

GREEN
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12 FREE WORKPLACE PARKING APPROACH

Relevant Guidance:
TAG Unit M2-1 Variable Demand Modelling, May 2020

TAG Unit M5-1 Modelling Parking and Park and Ride, October 2013

12.1 INTRODUCTION

This chapter focusses on the ASAM19 free workplace parking modelling.

12.2 FREE WORKPLACE PARKING APPROACH

Free Workplace Parking (FWPP): represents that can access free parking spaces at workplaces (private
non-residential, (PNR) parking) within Aberdeen city centre.

There is a significant amount of free workplace parking available within city centre controlled parking
areas. However, PNR capacity it is not unlimited and thus the free workplace parking model aims to
replicate the choices that a traveller may face. In particular, modelling the likelihood of obtaining a space
and making the decision on whether to continue travelling by car if a space is not likely to be available
(and paying a parking charge), or travelling via an alternative mode or to an alternative destination.

The FWPP modelling enables demand from the ‘car available’ commuting demand segment to access
free parking within Aberdeen parking areas, followed by a secondary mode choice for those trips that
have not been satisfied. Subsequently, the FWPP model works alongside the parking distribution model
whereby, commuter demand above available PNR capacity (per zone) can choose to pay to use on street
and off street car parks.

The FWPP mechanism enables a more detailed representation of traveller choices, and the capability to
alter/test changes to the level of free workplace parking available within the controlled areas. Figure 12-1
illustrates the coverage of the FWPP within the City Centre.
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Figure 12-1 : FWPP Model Coverage: Aberdeen City Centre

The travel demand inputs to the initial free workplace parking model are outputs from the mode and
destination choice model for the commuter demand segments (simple tours only). The demand for
parking is considered by tour and compared with parking supply to estimate who had access to the free
spaces. Modelled occupancy is calculated throughout the day to take account of spaces which have been
filled earlier based on accumulation of tour trips. External trips are not included within the parking
processes.

The MDR notes that (depending on workplace parking arrangements), there are likely to be a mix of
commuter and business motorists accessing FWPP. The ASAM FWPP aims to capture the travel cost /
choice response of the larger commuter travel purpose.

Auditor comments:

The inclusion of the FWPP mechanism in ASAM19 as part of the demand model is considered
appropriate and adds functionality for model application in line with the model objectives. It is noted that
the FWPP model only applies to Commute, and it is recommended that future model updates consider
the inclusion of Employer’s Business trips which would also be influenced by the availability of workplace
parking.

12.3 FWPP OBSERVED DATA

Despite the widespread use of private non-residential parking by commuters, there is very little recent
data available that records either workplace parking capacity or day-to-day occupancy within Aberdeen
city centre. Undertaking private non-residential surveys is also challenging and relatively onerous, as car
parks are often hidden from view and require specific permission from occupants to survey.

&

Da \\edI-vfps-001\projects$\47370 - latis lot 4 - asam19 audit\4. tasks\task 4 - reporting\20241025_asam19_model audit report v2.3
final.docx 12.2



LATIS LOT 4 ABERDEEN SUB AREA MODEL (ASAM19) AUDIT
Free Workplace Parking Approach

To overcome this for ASAM19, an estimate of the level of private non-residential parking in the city region
was obtained from an Aberdeen City Council Parking Strategy Report (08/08/2011). This report estimated
the total number of private non-residential parking spaces in zones of the Aberdeen City Controlled
Parking Zone (CPZ), industrial estates and other significant locations during 2011.

These FWPP assumptions were used alongside the TELM0S18 Employment Forecasts (Zonal Jobs) for
2018, to estimate the overall parking capacity available within each city centre zone. The TELMoS
employment data was used as a check using the known number of jobs (and to adjust where relevant)
the parking capacity of each zone. This step was used to review the modelling has an appropriate
balance of supply and demand at the zonal level and ensure relevant overcapacity issues are
represented.

Auditor comments:

Model users should note the limitations relating to observed data where FWPP provision is estimated
based on 2011 data allocated to ASAM19 zones. As noted in the MDR, this uncertainty should be noted
for model application and users should exercise caution in the use of model outputs. Future model
updates should consider the collection of observed private non-residential parking supply and usage data.

Model users should review the FWPP provision data as part of relevant forecast applications and update
this appropriately, particularly in relation to future changes in employment. It is recommended that this is
described in an ASAM19 Coding Manual.

12.4 FWPP CALIBRATION

The MDR includes a summary of the ASAM19 FWPP outputs. The modelled occupancy demonstrates
that FWPP in the Inner zones are 98% occupied at the end of the AM Peak time period (10:00), with
occupancy reducing to 68% for Outer zones, and 51% for the Peripheral located zones. Parking
occupancy reduces throughout the Inter peak, and by the end of the PM Peak time period (19:00)
occupancy in the Inner zones has reduced to 16% and 9% in the Peripheral zones.

Auditor comments:

The reported modelled FWPP occupancy levels are plausible. As noted above and in the MDR, the
FWPP observed data is dated and users should exercise caution in the interpretation of the model
calibration and the use of model outputs.

The MDR presents zone-level data in Appendix T. This shows a maximum occupancy of 99% in AM and
clarification is requested to confirm if this is the modelled limit and the point at which demand is
transferred to the Parking Distribution model. Maximum occupancy is 86% in IP and clarification is
requested if this indicates that there is no restraint in this period.

Further analysis and reporting of the FWPP impacts may be useful, for example showing ‘unserved'
demand that is transferred to Parking Distribution model.
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12.5 AUDIT SUMMARY AND RECOMMENDATIONS

Table 12-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 12-1 : Free Workplace Parking Audit Summary

Item

Free Workplace
Parking Approach

Conclusion/

It is noted that the FWPP model only applies to Commute, and it
is recommended that future model updates consider the
inclusion of Employer’s Business trips which would also be
influenced by the availability of workplace parking.

RAG
GREEN

FWPP Observed Data

Model users should note the limitations relating to observed data
where FWPP provision is estimated based on 2011 data
allocated to ASAM19 zones. As noted in the MDR, this
uncertainty should be noted for model application and users
should exercise caution in the use of model outputs.

Future model updates should consider the collection of observed
private non-residential parking supply and usage data.

GREEN

Model users should review the FWPP provision data as part of
relevant forecast applications and update this appropriately,
particularly in relation to future changes in employment.

GREEN

FWPP Calibration

As noted above and in the MDR, the FWPP observed data is
dated and users should exercise caution in the interpretation of
the model calibration and the use of model outputs.

Clarification is requested on the zone-level modelled
occupancies and the level of restraint in each period.

Further analysis and reporting of the FWPP impacts may be
useful, for example showing 'unserved' demand that is
transferred to Parking Distribution model.

GREEN
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Relevant Guidance:
TAG Unit M2-1 Variable Demand Modelling, May 2020

TAG Unit M5-1 Modelling Parking and Park and Ride, October 2013

13.1 INTRODUCTION

This chapter focusses on the parking distribution model.

13.2 PARKING DISTRIBUTION MODEL APPROACH

The ASAM19 parking distribution model (Pdist) was developed to provide a mechanism within the
demand model to represent the average cost and search time of parking in different areas/zones within
Aberdeen City Centre. The process also provides parking capacity restraint, (with higher costs attributed
as car parks reach capacity) and addresses the impact that parking availability has on travel choice.

The Pdist process is a distinct module which sits within the larger demand model structure. The module
estimates the motorists which utilise (paid for) car parks within Aberdeen city centre controlled parking
areas. These trips are then assigned to specific car parking zones.

Parking distribution modelling is applied using simple tours across all time periods (i.e. representing city
centre parking distribution and capacity for simple from home and to home tours, and therefore excluding
more complex non-home based trips). This approach is a simplification of complex tour behaviour and
considered appropriate and proportionate to represent the majority of city centre parking demand and
associated choices. It is considered that simple tours tend to dominate city centre paid car park usage, as
motorists are less likely to choose to park/pay at more than one city centre car park.

Education trips (school pupils) and external trips are not included within the parking distribution model.
Pdist also excludes the proportion of commuters which already have access to free workplace parking,
which are represented within the ASAM FWPP modelling.

Auditor comments:

The inclusion of the parking distribution model in ASAM19 as part of the demand model is considered
appropriate and adds functionality for model application in line with the model objectives. It is noted that
the parking distribution model is only applied to simple from-home and to-home tours, which is a
reasonable simplification but should be considered as part of any model application.

13.3 PARKING COVERAGE & OBSERVED DATA

The parking distribution model destinations cover the controlled parking areas where parking restrictions
and charges are in place. This includes off-street car parks and on-street parking areas/streets. There is
also a band of free on street parking included in the city centre model, which represents areas of free
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parking just outwith the controlled areas (where motorists could park for free and walk to their final city
centre destination). Large car parks are represented as separate model zones. Some smaller car parks
are combined with other car parks within similar areas of the city centre and are represented by a model
zone.

Observed parking occupancy data for Aberdeen off-street car parks was provided by Aberdeen City
Council for March — June 2020. Only the five-day average occupancy for March 2020 was used to create
ASAM19 observed data comparisons (to avoid data being impacted by subsequent Covid19 lockdowns).
For off-street car parks where no recent observed data was available, occupancy data from the previous
ASAM14 was utilised.

ASAM19 retained the capacities used in ASAM14 for off street and on-street car parks as (paid for)
available parking supply in the city centre was believed to remained consistent between 2014-2019.

Parking prices for on and off-street car parking were collated from web based pricing searches and
calculated into a set of hourly charges for each car park. Where car parks were represented as groups,
an average price across the relevant car parks was applied for the model car park zone. Free parking
zones around the periphery of the city centre were allocated a consistent capacity of 180 spaces each
and a nominal parking charge of 25p (reflecting that motorists may need to pay from time-to-time if unable
to find a free space).

Auditor comments:

The definition of the parking coverage areas and definition of dedicated ASAM zones appears
reasonable, whilst noting that some smaller car parks have been combined and that off-street parking
zones represent a single traffic loading point in the network. In addition, the MDR notes that historic data
and related assumptions were applied to estimate some off-street car park and all on-street occupancies.
As noted in the MDR, these data limitations should be considered during model application and as part of
future model updates.

13.4 PARKING DISTRIBUTION INPUTS

The inputs to parking distribution model are car demand trip matrices from Mode and Destination Choice
(Business, Other and Retired travel purposes) and ‘excess’ Commute trips from the Free Workplace
Parking model.

A csv file is used to input the coverage of the city centre parking model, detailing the car park zones,
number of spaces available at each specific car park zone, the associated parking charges and
catchment area.

The MDR details the average parking duration assumptions which are used alongside the hourly charge
to calculate the relevant overall parking charge for each tour between time periods.
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Auditor comments:

Model users should review the input parking provision data as part of relevant forecast applications and
ensure future year parking supply, associated charges, and catchments are represented appropriately. It
is recommended that this is described in an ASAM19 Coding Manual.

The auditor notes the application of average parking durations for all modelled trips, which is a
reasonable approximation in the context of the modelling process and available data. The aggregate
representation of parking should be noted by model users with lower confidence in segmented modelled
outputs.

13.5 PARKING DISTRIBUTION MODELLING

Parking distribution sits within the choice model. Road generalised costs are uplifted with parking charges
and any additional parking search time costs considered through parking distribution.

Parking distribution is informed by road travel costs for the road leg to/from the car park, and the active
travel cost for the walk leg to/from the final destination. The parking distribution model produces a
combination of road and walk trips by intermediate (car park zone) destination/origin. It is also used to
adjust the average road cost to represent any extra charges, changes to search time and any additional
time required to complete their journey (on foot and driving to a car park).

These segmented car trips (to/from car parks) are input to the demand aggregation stage, which is
subsequently converted into assignment trips, while the parking costs are input to the cost calculation
stage. Note that the walk leg to/from the final destination is not added to any of the assignment matrices.

The Parking Distribution model can be considered as a humber of simplified stages, with interactions
between each component:

e Preparation

e Loop Initiation

e Derive Demand by Outbound (From Home) Time Period
e Stopping Criteria

A logit approach is applied to distribute trips which compares the utility of all relevant choices and then
allocates a proportion of parking trips to each choice. This calculates the set of zones considered for
Parking Distribution on that loop — on the first loop all zones are considered, but on subsequent loops and
time periods, zones which are at capacity will be removed from the choice set.

Within the looping procedure of parking distribution, the car parking search time is recalculated on each
iteration to reflect the latest occupancy. For the purposes of car park occupancy and search time
calculations, it is assumed there is no demand occupying spaces at the start of the AM period i.e. no
overnight or early morning tours (OP-OP and OP-AM,IP,PM). So occupancy is set to zero at 0700, for
cost calculations. Capacity is increased by a “churn” factor to represent the extra spaces made available
from users exiting and exciting car parks within an actual time period.
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The ‘aggregation of trips’ process expands the OD parking trips (which are now set out by car and walk
mode legs, travelling via intermediate car parks) by using the proportional split of travel purposes derived
earlier. This expansion calculation is undertaken on zonal OD basis. Parking movements are then
combined from relevant tours into time periods for assignment by travel purpose.

A logsum approach is applied for deriving the parking costs for input to the mode and destination choice.
This considers the range of costs to/from each car park and relevant OD movement, and are used to
adjust the road skims on the next model loop. This alters the total road cost to reflect where people park,
charges paid, parking availability and relevant search times. Conversion of parking charges into
generalised costs are linked to specific VoT values, so forecast values of time are taken into account for
forecasting.

Auditor comments:

Guidance on how users should assess the parking distribution model outputs and stopping criteria is
provided in the ASAM19 Coding Manual and should be referred to by model users, particularly in model
forecasting application if parking provision is changed.

13.6 PARKING DISTRIBUTION CALIBRATION

Car park usage data is output from ASAM19 as a set of person trips for each car park and tour. Modelled
person trips are factored to create vehicle usage / occupancy statistics for each car park.

The ASAM19 calibration comparisons (and over capacity / search time mechanism) are set up to
incorporate all (tour) users that may potentially use a car park within a time period. A “churn” factor is
applied to uplift parking capacity to represent the effective additional capacity made available by users
that enter and exit a car park within a given time period. This ensures the overcapacity calculations do not
incorporate excessive search times when free parking capacity is likely to be available.

The car park vehicle occupancy comparisons show that ASAM19 generates an AM occupancy level of
around 5,000 vehicles across all car parks, which is around 7% higher than observed levels (or 55%
modelled occupancy against an observed occupancy of 51%). The modelled Inter Peak occupancy is
around 4% higher than observations, and the PM peak around 15% higher than observations. When free
peripheral parking areas are excluded, the modelling shows a slightly closer comparison to the observed
off street and on street parking occupancies.

Auditor comments:

The comparisons with observed data look reasonable overall, whilst noting there are some greater
differences in some periods and at individual car parks. Model users should note the calibration of the
Park and Ride model is based on occupancy at specific times relative to the defined demand model tours,
which will mask variations in demand within each period. The auditor notes the application of an average
occupancy factor for all travel purposes, which is a reasonable approximation in the context of the
modelling process and available data. The aggregate representation of parking should be noted by model
users with lower confidence in segmented modelled outputs.
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13.7 AUDIT SUMMARY AND RECOMMENDATIONS

Table 13-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 13-1 : Parking Distribution Audit Summary

Item Conclusion RAG
Parking Distribution It is noted that the parking distribution model is only applied to GREEN
Model Approach simple from home and to home tours, which is a reasonable

simplification but should be considered as part of any model

application.
Parking Coverage & As noted in the MDR, observed parking occupancy data GREEN
Observed Data limitations should be considered during model application and as

part of future model updates.
Parking Distribution Model users should review the input parking provision data as GREEN
Inputs part of relevant forecast applications and ensure future year

parking supply, associated charges, and catchments are

represented appropriately.
Parking Distribution Guidance on how users should assess the parking distribution GREEN
Modelling model outputs and stopping criteria is provided in the ASAM19

Coding Manual and should be referred to by model users.
Parking Distribution The comparisons with observed data look reasonable overall, GREEN
Calibration whilst noting there are some greater differences in some periods

and at individual car parks. The aggregate representation of

parking should be noted by model users with lower confidence in

segmented modelled outputs.
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Trip End Model

Relevant Guidance:
TAG Unit M4 Forecasting and Uncertainty, April 2023

TAG data book v1.12, DfT, May 2019

14.1 INTRODUCTION

This chapter focusses on the trip end model.
14.2 OVERVIEW

The ASAM19 Trip End structure includes updated modelling of “one-way” trips. This structure models
from and to home trips and parameters separately to provide a more detailed representation of trip
direction within each modelled time period.

Planning data inputs are supplied from TELMoS18A. These contain the household, population,
employment and car availability data as well as workers type data, detailing those that commute, work
remotely and quasi workers. TELM0S18A planning data is provided and input using the ASAM19 zoning
system.

The core Trip End outputs (‘Demand Model inputs) are generated at the 24hr level. The goods vehicle
and TMfS18A assignment external movement ‘add-in’ matrices are available by time period and are
representative of an average peak hour. External and good vehicle processes do not consider the off
peak period as TMfS18A only covers a 12 hour time period.

Tours and trip types are used to disaggregate travellers to allow the subsequent stages of the modelling
to identify the type of traveller.

Auditor comments:

The trip end modelling approach is considered appropriate. The segmentation of the trip end model is
aligned with the ASAM19 demand model and includes tours modelling and representation of different
worker types aligned with TELMo0S18 forecasting capabilities.

The auditor notes that the terms trip end model and trip generation model are used interchangeably
throughout the MDR. It may be helpful to use a single term to avoid possible confusion.

14.3 INITIAL TRIP ENDS: INPUTS, TRIP RATES, CAR AVAILABILITY,
OUTPUTS

The ASAM demand model requires 24-hour trip ends representative of all mode travel and disaggregated
into appropriate demand segments.

&
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The major input to the Trip End Model is the planning data provided from TELM0S18A, consisting of two
files detailing population data and employment attraction data. These population and jobs data distinguish
between those commuting, remote workers and quasi workers by modelled zone (Quasi workers are
those that do not tend to have a fixed place of work).

Trip rates for the four home-based travel purposes were initially applied based on standard NTEM trip
rates (Version 7.2) to produce productions by zone, person type, and household type. Commute and
business trip rates firstly required adjustment to cater for the new remote worker category. NTEM trip
rates were adjusted in detail through calibration to generate the overall level of observed road and PT
travel activity.

The use of trip rates in ASAM19 forecasting is currently set up with commuter trip rates remaining stable
over time, as future changes to the level of remote workers are input using the TELMoS18A planning
data. However, forecast year trip rates are currently reduced within the Trip End model to reflect a
reduction in business trips due to teleconferencing etc. Other trip rates would need to be altered to
represent potential changes to the level of other types of trip making (i.e. associated with retail trips /
home deliveries etc).

Car availability is used to distinguish traveller types where it has a considerable impact on mode choice.
This is derived based on household car ownership contained in the TELMoS18A planning data. Car
availability is applied as the main influence on travel choice as opposed to car ownership, and so a
conversion from household car ownership to car availability was applied.

NTEM derived attraction rates were applied to the planning data to produce relative attractions for each
zone. Home based attraction rates were derived from NTEM 7.2 and adjusted based on road and public
transport calibration comparisons (the education journey purpose is defined as pupil trips to school). Non-
home based attraction rates were initially taken from the earlier SRTM (and TCRTM modelling), which
originally derived these rates using mobile phone data covering the Strathclyde area.

Home-based and non-home based rates were reviewed in relation to the level of travel activity modelled
in and around destination zones and identified how these compared to available observed data. Several
adjustments were undertaken to vary the attractiveness of certain activities.

The Scottish Household Survey (SHS) was interrogated to establish the probability that a From Home trip
is a simple trip. This probability was applied to total productions to separate into ‘simple productions’ and
‘non-simple productions’ by travel purpose. A similar procedure was applied to the attractions, which were
scaled to overall production levels to provide simple attraction levels and non-simple home-based
attraction levels.

Having established the number of outbound trips which will result in a non-home-based trip, the From
Home destinations are multiplied by the average number of non-home-based trips separately for
employer’s business and other to find the total number of non-home-based origins by purpose. The non-
home-based destinations are estimated by taking the NHBEB and NHBO attraction weights and scaling
them to the total number of internal origins.

&
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Auditor comments:

The segmentation of the trip end model and input planning data is considered appropriate.

The application of NTEM trip rates is considered appropriate and it is noted that these were adjusted as
part of model calibration. It is recommended that further analysis and reporting of the trip rate adjustments
is provided in future reporting. It is noted that NTEM version 8.0 is now available and the application of
related trip rates could be considered in future model forecasting applications, which should be discussed
with the model developers.

It is noted that car availability likelihoods, to convert from household car ownership, were determined
based on estimates and assumptions and these provide a reasonable approximation in the absence of
more complex modelling.

The non-home based attraction rates were based on other LATIS regional model (SRTM and TCRTM)
with adjustment for ASAM19, which is considered reasonable in the absence of other datasets. As noted
in the MDR, attraction rates should be reviewed, and research and data collection considered as part of
future model updates.

The use of SHS data to estimate home-based simple tour proportions and outbound / inbound purpose
splits is considered reasonable. The SHS dataset was the same as that reported in Section 15.2 of the
MDR and model users should note the lower sample size and related level of confidence for business
users and public transport trips.

The greater uncertainty relating to non-home based trips should be noted by model users with greater
confidence in aggregate modelled outputs.

14.4 EXTERNAL TRIPS AND GOODS VEHICLE ADD-IN MATRICES

To ensure all outputs are in a consistent format for the demand model and to reduce the overall number
of files passed across, external, goods vehicle and special zone trips are combined into a set of ‘add-in’
matrices. The MDR describes the trip end model processes to prepare these:

o external road trips are extracted from TMfS18A using sub-area cordon procedures

o external PT flows are extracted from TMfS18A using select link procedures

o external Park & Ride trip movements are extracted from TMfS18A park & ride model data

e goods vehicle trips are forecast by factoring base year trip matrices based on TELMoS18A LGV and
HGV base and future year commodity matrices

¢ new development vehicle goods vehicle trips are derived based on TELMoS18A planning data, trip
rates, and a gravity model process

The TMfS18A Other user class is expanded to the ASAM definitions of Other, Education, and Retired
using a proportion file derived from Scottish Household Survey data.

Auditor comments:
The processes to extract external trips data from TMfS18A are considered appropriate.

&
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14.5 FINAL INTERNAL TRIP ENDS

The outputs from the initial trip end model processes consider all trips to all locations, and in order to
restrict the road and PT trips to the internal demand modelled area, TMfS18A outputs are used to remove
the relevant level of external movements from the 24-hour trip ends (as external movements are
represented through the TMfS18A external cordon modelling). The proportion of external trips by mode
and user class are calculated from the subarea assignments of TMfS18A networks.

Auditor comments:

The auditor notes the internal/external trip proportions are derived from TMfS18A and applied at zone
level. It is noted that ASAM19 and TMfS18A have been developed independently with different levels of
detail and data sources, which may lead to differences in the trip matrices and related breakdown of
internal/external trips. Analysis of internal/external trips is presented in the MDR, which states that
external proportions are generally intuitive for all road car trip purposes and public transport commute
trips. However, the MDR does note some potential anomalies for public transport business and other
external trip proportions and the Auditor agrees that these should be investigated further.

14.6 OPERATION OF THE TRIP END MODEL

The ASAM19 trip end model has a large number of inputs and parameters required to create a model run
scenario. A detailed list of all files required for a model scenario as well as their purpose and potential
source is provided in the MDR.

Depending on requirements, in some instances not every aspect of the Trip End model may need to be
run to generate a forecast year scenario update. The key components which affect the ASAM19 demand
model trip ends are mainly associated with forecast planning data covering the ASAM area.

Auditor comments:

Model users should refer to the MDR before applying the ASAM19 trip end model.
14.7 AUDIT SUMMARY AND RECOMMENDATIONS

Table 14-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

&
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Table 14-1: Trip End Model Audit Summary

Item Conclusion/ RAG
Overview The trip end modelling approach is considered appropriate. The GREEN
segmentation of the trip end model is aligned with the ASAM19 demand
model and includes tours modelling and representation of different worker
types aligned with TELMoS forecasting capabilities.
The auditor notes that the terms trip end model and trip generation model | GREEN
are used interchangeably throughout the MDR. It may be helpful to use a
single term to avoid possible confusion.
Initial Trip Ends: It is recommended that further analysis and reporting of the NTEM trip GREEN
Inputs, Trip rate adjustments is provided in future reporting.
Rates, Car . . .
Availabilit As noted in the MDR, attraction rates should be reviewed, and research GREEN
afiabiity, and data collection considered as part of future model updates.
Outputs
The SHS dataset was the same as that reported in Section 15.2 of the GREEN
MDR and model users should note the lower sample size and related
level of confidence for business users and public transport trips.
The greater uncertainty relating to non-home based trips should be noted | GREEN
by model users with greater confidence in aggregate modelled outputs.
External Trips The processes to extract external trips data from TMfS18A are GREEN
and Goods considered appropriate.
Vehicle Add-In
Matrices
Final Internal Trip | The auditor notes the internal/external trip proportions are derived from GREEN
Ends TMfS18A and applied at zone level. The MDR notes potential anomalies
for public transport business and other external trip proportions and these
should be interrogated further in future model updates.
Operation of The | Model users should refer to the MDR before applying the ASAM19 trip GREEN
Trip End Model end model.
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Relevant Guidance:
TAG Unit M2-1 Variable Demand Modelling, May 2020

TAG data book v1.12, DT, May 2019

15.1 INTRODUCTION

This chapter focusses on the demand model.

15.2 DEMAND MODEL STRUCTURE

The ASAM19 demand modelling structure was developed by using and extending features from the
TCRTM. The extended ASAM demand model functionality contains enhanced four stage demand
modelling including:

e Tours’ based modelling - representing travel patterns by accounting for variations in journeys
segments

¢ Mode & destination travel choice responses

Active travel as a separate walking and cycling modes

Separate user class for concessionary travellers (‘retired’)

Representation of park & ride trip segments

Commuter parking capacity responses covering free workplace parking

Parking modelling to specifically represent individual city centre car parks in Aberdeen, within a

parking capacity and car park choice model

e Detailed Low Emission Zone (LEZ) modelling - providing demand and assignment model
segmentation to appraise LEZs (separately assigning compliant and non-compliant vehicles to
measure the impact of motorists that may change their vehicle, route, destination or car park in
response to an LEZ)

e Cost damping procedure to formulate travel costs for mode and destination choice

e Cost averaging to improve model convergence

e Assigning public transport costs for OD movements with zero demand by skimming specific PT travel
costs for each trip purpose (irrespective if there is OD demand)

e Separation of one-way trips into from home and to home trips to improve directionality within the
assignment models

¢ Airport model representing trips to/from the main Aberdeen City airport and Heliport

ASAM applies the ‘tours-based’ approach feeding through the demand modelling, with demand
segmentation by mode, car availability, time-period, travel purpose and Low Emission Zone vehicle
compliance. Cost Damping is included, and an incremental adjustment is applied to synthesised demand
model travel pattern outputs to reflect observed travel data and network conditions.

The demand model processes function across the “internal” ASAM zone system only. ASAM “External”
trips are fixed within the demand model to represent travel movements to, from and through the demand
model area (i.e. Edinburgh-Aberdeen or Dundee-Inverness etc.).

&
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Auditor comments:

The demand model structure and tours based modelling approach outlined is considered to be in line with
current guidance.

15.3 SCOTTISH HOUSEHOLD SURVEY (SHS) DATA PROCESSING

The SHS Random Adult travel diary dataset was provided to the ASAM19 developers from the SHS
Scottish Government data team. Data included all journeys which started or ended within the ASAM area
in the 2012-2018 SHS dataset.

The SHS Travel diary data records trips as a sequence of trips/journeys disaggregated into legs/stages
where either the mode or journey purpose (or both) change. For the purposes of ASAM, these trips and
sub-trips are further classified by ‘Trip Type’, based on whether they are ‘From Home’, “‘To Home’ or ‘Non-
home-based’.

A review of SHS data was performed to identify records to be cleaned from the analysis. In its original
format there were 13,867 stages within the ASAM coverage area and after the cleaning process the final
count of the useful stages was 12,310 (which represents a reduction of 11%). The majority of trips
removed were due to them appearing in the weekend (which is not relevant for this model analysis).

Mode share by demand segment was established from observed data to calibrate the demand modelling.
Mode shares were split into the from/to home (business, commute, other, education, and retired) and the

non-homed based trip (business and other) categories. Census data is applied to calibrate the commuter

travel purpose mode share, the Sustrans hands-up survey was applied to calibrate education mode share
and SHS data was applied to calibrate the mode share for all business, other and retired purposes.

Trip matrices were extracted from the SHS for the 24 demand segments (with consistent data used to
compare the identical LEZ compliant and non-compliant segments) and the 4 modes (Car, PT, Walk,
Cycle) by datazone. These datazone to datazone zone movements were then converted to the equivalent
zones within the ASAM19 zoning system. This data, in combination with ASAM19 travel cost and
distance skims from the prevailing assignment models, is used to derive trip length and trip cost
distributions to calibrate the synthetic travel patterns generated by the ASAM demand model.

Auditor comments:

The use of SHS data to derive demand parameters including tour proportions, mode shares, car
occupancy factors, and trip length distribution is considered appropriate. The MDR includes a summary of
the number of SHS records that were available and associated data cleaning including a breakdown by
trip type and car availability which shows a reasonably large dataset. The MDR Appendix AC includes
analysis of the SHS travel diary records by mode, travel purpose, and car availability and this should be
noted by model users where there was a relatively small sample of data for some segments, notably
business and education trips, with corresponding greater uncertainty in disaggregate modelled outputs. It
is recommended that future model updates include additional reporting of uncertainty and potential bias
relating to the availability and treatment of demand data including potential limitations on model use.

&
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As stated in the MDR, the uncertainty relating to education car occupancy should be noted when
analysing the education travel demand segment. If available, the use of more specific car occupancy data
sets should be considered during future model updates.

15.4 CENSUS TRAVEL TO WORK DATA

Census data was received from National Records of Scotland (NRS) in the form of Census Travel to
Work movements as origin to destination zone pairs with the geographic structures covering the extent of
the ASAM19 modelled areas.

The data was translated into the ASAM19 zoning system for all movements within the ASAM modelled
area. This was achieved through proportions derived from the population and employment numbers for
home and place of work accordingly.

Auditor comments:

Commentary on the processing of Census Travel To Work (TTW) data to prepare Commute trip matrices
is provided in Section 6.4.

15.5 MODE & DESTINATION CHOICE MODELLING

The mode and destination choice module is the core component of the ASAM demand model. Its
essential function is to replicate the choices (of mode and destination) that a traveller will make when
undertaking a journey for a particular purpose, where they will be travelling at a particular time of day
(considering both outbound and inbound time periods).

Each demand segment is modelled separately within mode and destination choice, for both simple tours
and time period based trips collectively. Commuters undertaking a simple tour are also be subjected to a
secondary mode choice following feedback from the free workplace parking model (applied to the
proportion of commuters that do not receive a free parking space at their workplace).

Through development and operation of the previous SRTM (and TCRTM) modelling, it became apparent
that significant mode constants would be required to ensure that the observed cycle mode share was
reproduced. In order to improve the model’s ability to forecast changes in the cycling mode, a factor
representing the level of cycle ownership was included within the model. The bicycle ownership utilised
within the ASAM is 22.2% owning a bicycle and the remainder not owning a bicycle, which is consistent
with the SRTM and TCRTM models.

Auditor comments:

The sensitivity of mode and destination choice has not been assessed for the model hierarchy and it is
recommended this is undertaken in future model updates to confirm the choice model structure is
appropriate.

The process to doubly constrain Commute trips achieves a reasonable compromise between model run
times and modelling requirements in line with relevant guidance.

&
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As noted in the MDR, the single constraining of Education trips should be considered further during future
model development. It is recommended that education data sources should be obtained and that model
users should check for unrealistic destination choices responses.

It is recommended that further research into bicycle ownership is conducted to support future model
updates.

15.6 DEMAND MODEL CALIBRATION APPROACH & PARAMETERS

The calibration of the mode and destination choice model involves the estimation and refinement of
model parameters until the synthesised modelled travel patterns adequately represent observed travel
patterns data. Calibration also involves undertaking realism tests to understand the response of the
choice models.

The demand model calibration approach requires a set of costs to initialise the process. Initially these
costs were sourced from the assignment of earlier ASAM14 trip matrices to the ASAM19 network models.
These costs were replaced using specific ASAM19 costs and updated throughout model development
with the final demand model calibration using the final assignment costs when assigned with the final
estimated matrices (and final park & ride and parking distribution calibration).

The mode and destination choice calibration involved the adjustment of the demand model parameters
(lambda, alpha, beta, ASCs (Alternative Specific Constant), IZM (Intrazonal Mode constant) and k-factors
to obtain a ‘best fit’ with the observed data.

The parameters used within ASAM19 are generally within or close to the TAG illustrative values, noting
that the values presented below are split between Car Available and Non Car Available, and the guidance
presents combined values.

Auditor comments:

The calibrated demand model parameters appear to be reasonable and the MDR includes a comparison
against TAG suggested values highlighting where there are some differences.

15.7 TOUR AGGREGATION AND ASSIGNMENT PREPARATION

While the ASAM demand model represents tours and considers directionality of trips (From Home and To
Home), the assignment models works strictly in simple one-way trips in specific time periods and do not
require any differentiation by direction. A conversion or aggregation process is therefore required.

This process uses the outputs from the standard Mode and Destination choice, Free Workplace Parking,
Park and Ride, and Parking distribution models (where all these files detail trips by direction and mode).

The aggregation process combines the simple tour user class demand into their time period specific
matrices based on aggregations of tours, separated by mode. The process transposes the To-Home leg
trips to ensure the appropriate directionality.

&
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The assignment preparation stage converts demand model matrices into a format suitable for use in the
assignment model, in particular converting to vehicles and converting to represent average peak hours.

Further alterations to the assignment matrices are also undertaken, including accounting for external
trips, goods vehicles, special zone airport trips (add-ins), and delta / incremental adjustment.

Auditor comments:

The MDR includes reporting of the incremental adjustment with analysis of the number of zone pairs by
the range of additive values and multiplicative factors, which indicates a broadly reasonable level of
adjustment relative to the different modelled and observed datasets. It is recommended that future model
updates include additional analysis of demand totals by incremental adjustment additives / factors and
commentary on how this may impact model sensitivity when forecasting.

15.8 GENERALISED COST CALCULATION

The Generalised Cost Calculation stage takes travel costs from the assignment models and processes
costs for use within the next demand model loop. This requires the conversion of costs calculated from
the assignment networks into the correct format for the demand model, focussed on creating tour-based
costs and including the impact of parking.

This stage also identifies the variation in road costs associated with compliant and non-compliant vehicle
classes if a specific LEZ scheme is included within the road model assignment (otherwise the compliant
and non-compliant costs will be consistent).

Auditor comments:

The generalised costs calculations appear to be reasonable.
15.9 COSTDAMPING

A cost damping feature is incorporated to the variable demand model to improve the model choice
response of longer distance trips. This process applies parameters that control the generalised cost
derivation within the model by a function of distance.

Cost damping was implemented using the generalised cost by a function of distance mechanism. Final
parameters were derived through calibrating the synthesised travel patterns through several iterations of
model runs. These generated travel demand movements for each travel purpose which reasonably
matched observed trip length distributions, and also produced realism test results (at a sector level) which
provided an appropriate model response overall and for longer distance trips.

Auditor comments:

The inclusion of cost damping is considered appropriate and in line with TAG.

&
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15.10 ABERDEEN AIRPORT & HELIPORT MODELLING

The travel pattern for business and leisure trips to and from Aberdeen Airport is taken into consideration
within a separate component in the demand modelling. These Airport surface access trips are
incorporated at the assignment preparation stage where the trips are derived and added to the matrices
prior to the road and public transport assignments.

A process using similar procedures was adopted to calculate the energy sector ‘commuting’ trips that are
made to North Sea offshore locations via Aberdeen Heliport.

Aberdeen Airport Trips are calibrated to reflect 2018 Aberdeen Airport Passenger Survey movement data,
whilst the Heliport trips are extracted from the 2011 Census Travel to Work movement data. Each data
set is scaled to match hourly passenger demand to/from the Airport/Heliport collated using 2019 levels of
travel activity.

Note that the ASAM19 Airport and Heliport modelling is not anticipated to represent all surface access
options and traveller choices (i.e. taxis are not implicitly represented — they are combined with general car
movements). The main objective here is to isolate these specific types of non-standard travel demand to
enable separate understanding and forecasting for these movements.

Auditor comments:

The inclusion of airport and heliport demand modelling processes adds functionality for model application
in line with the model objectives. It is noted that the model procedures provide a relatively aggregate
estimate of airport / heliport demand for forecasting purposes and model users should exercise caution in
the use of detailed model outputs.

15.11 DEMAND MODEL CONVERGENCE

The convergence measure indicates how well the demand model loop has converged to establish when
to end the model, based on a comparison of costs and demand from each successive loop of the model.
The MDR notes that only the four main modes (road, PT, walk and cycle) are considered in this
comparison.

For the convergence criteria TAG guidance states “that gap values of less than 0.1% can be achieved in
many cases, although in more problematic systems this may be nearer to 0.2%”. In line with this, the
convergence is considered acceptable when GAP<0.1%, but this can be changed depending on runtimes
implications.

To improve the level of convergence and model runs times, ASAM19 parking distribution costs remain
fixed after loop two. During forecasting, additional loops will be required to achieved convergence, with 5-
7 external loops anticipated, but the specific number will depend on the type and nature of specific future
year test scenarios.

Auditor comments:

&
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It is recommended that future model updates include reporting of the demand model convergence
statistics for the relevant realism and demonstration tests.

ASAM19 users should monitor convergence as part of any demand model application, particularly for
economic appraisal where there should be confidence that the model results are as free from error and
‘noise’ as possible. TAG (Unit M2.1 Section 6.3) suggests that ideally the user benefits, as a percentage
of network costs, should be at least 10 times the % Gap achieved in the Without Scheme and With-
Scheme scenarios.

15.12 AUDIT SUMMARY AND RECOMMENDATIONS

Table 15-1 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 15-1 : Demand Model Audit Summary

Item Conclusion/ RAG
Demand Model The demand model structure and tours based modelling approach GREEN
Structure outlined is considered to be in line with current guidance.

SHS Data The MDR analysis of the SHS travel diary records should be noted by | GREEN
Processing model users where there was a relatively small sample of data for

some segments, notably business and education trips, with
corresponding greater uncertainty in disaggregate modelled outputs.
It is recommended that future model updates include additional
reporting of uncertainty and potential bias relating to the availability
and treatment of demand data including potential limitations on model
use.

As stated in the MDR, the uncertainty relating to education car GREEN
occupancy should be noted when analysing the education travel
demand segment. If available, the use of more specific car
occupancy data sets should be considered during future model

updates.
Census Travel to | Commentary on the processing of Census TTW data to prepare GREEN
Work Data Commute trip matrices is provided in Section 6.4.
Mode & The sensitivity of mode and destination choice has not been GREEN
Destination assessed for the model hierarchy and it is recommended this is

Choice Modelling | undertaken in future model updates to confirm the choice model
structure is appropriate.

The process to doubly constrain Commute trips achieves a GREEN
reasonable compromise between model run times and modelling
requirements in line with relevant guidance.

&
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It is recommended that data sources should be obtained to support GREEN
future implementation of double constraining education trips, and that
model users should check for unrealistic destination choices
responses.
It is recommended that further research into bicycle ownership is GREEN
conducted to support future model updates.
Demand Model The calibrated demand model parameters appear to be reasonable GREEN
Calibration and the MDR includes a comparison against TAG suggested values
Approach & highlighting where there are some differences.
Parameters
Tour Aggregation | The MDR includes reporting of the incremental adjustment with GREEN
and Assignment analysis of the number of zone pairs by the range of additive values
Preparation and multiplicative factors, which indicates a broadly reasonable level
of adjustment. It is recommended that future model updates include
additional analysis of demand totals by incremental adjustment
additives / factors and commentary on how this may impact model
sensitivity when forecasting.
Generalised Cost | The generalised costs calculations appear to be reasonable. GREEN
Calculation
Cost Damping The inclusion of cost damping is considered appropriate the GREEN
implemented method is in line with TAG.
Aberdeen Airport | The inclusion of airport and heliport demand modelling processes is GREEN
& Heliport and adds functionality for model application in line with the model
Modelling objectives. It is noted that the model procedures provide a relatively
aggregate estimate of airport / heliport demand for forecasting
purposes and model users should exercise caution in the use of
detailed model outputs.
Demand Model It is recommended that future model updates include reporting of the | GREEN
Convergence demand model convergence statistics for the relevant realism and
demonstration tests.
ASAM19 users should monitor convergence as part of any demand GREEN
model application, particularly for economic appraisal where there
should be confidence that the model results are as free from error
and ‘noise’ as possible.
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16 MODEL APPLICATION

Relevant Guidance:

TAG Unit M4 Forecasting and Uncertainty, April 2023

16.1 ASAM19 MODEL VERSIONS
Initial Base Year Modelling

The model calibration and validation results described within the development report relate to the
ASAM19 2019 Base Year. This includes the final Post Matrix Estimation Calibrated and Validated road
and public transport assignment runs as follows:

e Trip End Model version: v6_9
¢ Demand Model version: v10
e Base Year Network: BC85

e Base Year Demand: ME4A

In addition, demand model outputs relating to the final demand modelling, such as parking and park &
ride outputs relate to the following model version and run ID:

e Trip End Model version: v6_9
¢ Demand Model version: v12
e Base Year Network: BC88

e Base Year Demand: I129a

2019 Baseline

A 2019 “Base Plus” scenario is also now available and is referred to as the “2019 Baseline Scenario”.
This scenario is based upon the calibrated ASAM19 base model and includes minor updates and
amendments to provide a compatible 2019 “Baseline” scenario to compare with the forecast year
scenarios.

Updates to the Baseline scenario include network coding adjustments and an amendment to the PM peak
bus fare. These updates are also carried through consistently to the forecast year network scenarios
described below. The relevant version ID for the baseline scenario is:

e Trip End Model version: v6_9 "’
e Demand Model version: v12

e Base Year Network: BLO1

e Base Year Demand: 129a

&
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Auditor comments:

The auditor received both the initial base year model and the demand model as noted above. Analysis
was undertaken which identified some differences between the two model runs in terms of Annual
Average Daily Traffic (AADT) flows. The auditor requested clarification from the model developer on the
magnitude and the reasoning for the differences noted and this is provided in MDR Section 16.1 and
Appendix AE, which stated that differences are “due to the impacts of rounding within the full demand
model processes and slight variations in parking and park & ride modelling and subsequent greater
changes during assignment”. As highlighted in the MDR, model users should note these differences when
interrogating the base model outputs.

The level of rerouting in illustrated in

Figure 16-1, where the blue section indicates flow reductions and orange showing where traffic increases.
Sizeable bandwidths are located within the city centre Caroline Place containing decreases of just under
500 vehicles (AADT).

&
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Figure 16-1 : ASAM Base Model Flow Differences - Highway

A similar comparison was undertaken for the PT modelled flows as illustrated in Figure 16-2. This shows
as change in AADT passenger volumes on the rail line to the south of Aberdeen of around 120
passengers.

&
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Figure 16-2 : ASAM Base Model Flow Differences — Public Transport

As noted in the MDR, model users should ensure they use consistent and up to date Baseline and
forecasting scenarios for any model application.

DEMONSTRATION TESTS

The following demonstration tests were undertaken by the model developer. The results of which were
presented to the auditor and client group at the meeting held on 34 March 2022 in the following document
(20220303_ASAM19_Demonstration_Tests_v1.2.pdf). It is important to note that the demonstration tests
were undertaken using the base year model and travel demand.

Auditor comments:

During the meetings with the model developer, it was noted that some of the demonstration tests did not
achieve the desired results. These are summarised below:

&
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Table 16-1 : Demonstration Test Summary

Test ID

Description

Auditor Comments

workplaces

DTO1 Improved Active Adjust perceived walking/ cycling | Did not provide the improvements
Travel speeds by 20% to make active in the walking leg of PT journeys.
travel more attractive.

DTO02 Free Bus Fares Applied for all bus services: mode | Provided a 14% increase in PT
choice response to major cost Trips and subsequent increase in
change park & ride.

DTO03 Low Emission Considering cordoning LEZ assumptions were made that

Zone (LEZ) requirements and illustrating LGV and HGV were compliant with
potential responses to LEZ test and therefore are not banned.
functionality Test provided a 16% reduction in

non-compliant trips. Model
developer stated this was expected
to be higher.

DTO04 Car Parking Price | 40% increase in on & off street Indicated issues with model noise.
City Centre parking charges:
illustrating mode/destination
choice

DTO05 Kintore Rail New rail services / stops with park | Analysis was not provided during

Station & Ride interchange the meeting and models were to be

re ran.

DTO06 CCMP - Union Union St closed to traffic, buses No significant impacts other than

Street Closure allowed access, minimal network | rerouting.
mitigation

DTO7 Electric Vehicle Car operating costs set at 20% of | Substantial increases in vehicle

Fleet current fuel costs to reflect lower kilometres with a small reduction in
marginal costs of electric vehicles | PT and active travel trips.

DTO8 Restricted 50% availability of parking Noted parking noise issue

Workplace spaces: lllustrating higher potentially impacting re-routing &

Parking commuting costs to city centre Car Park Choice.

The auditor notes that, in some cases the demonstration tests provide appropriate responses, however, it
should be taken into account that these tests were applied to base year model using base year travel
demand. The auditor requests clarification from the model developer that the tests were applied to the
calibrated/validated model being audited. Model users should take cognisance that in some of the
demonstration tests indicated anomalous responses.

&
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16.2 AUDIT SUMMARY AND RECOMMENDATIONS

Table 16-2 provides a summary of the audit findings including a red/amber/green (RAG) scale to indicate
the significance of any noted issues.

Table 16-2 : Model Application Audit Summary

Iltem Conclusion RAG
ASAM19 Model The auditor noted flow differences between the BC85ME4A and | GREEN
Versions BC88I29a models received and further information is provided in
the MDR. As noted in the MDR, model users should ensure they
use consistent and up to date Baseline and forecasting
scenarios for any model application
Demonstration Tests The auditor has noted unexpected results with the base year
demonstration tests, these have been noted by the model
developer
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17  AUDIT SUMMARY

This Report has described the ASAM19 audit including a review of base model networks and datasets,
the model documentation, the methodology employed, and base year model sensitivity testing. The audit
is largely based on the MDR, alongside model datasets provided by Systra Ltd, and information acquired
from liaison with Systra Ltd throughout model development.

At the end of each chapter, a summary conclusion section is provided in the form of a Red/Amber/Green
(RAG) scale to indicate the significance of any noted issues, which should be noted by model users.

The audit has not identified any ‘red issues’ that have a significant effect on the modelling undertaken and
would require immediate remedial action.

The audit has identified several issues, marked as amber, which should be addressed as they contain a
level of caution for their impact on the model.

The audit has identified points, marked as green, which should be noted, and any issues should be
investigated.

As with any modelling, the model user should undertake a review of ASAM19 in their intended study area.
It is the user’s responsibility to establish that the model is appropriate for their specific application. This
review process should continue throughout the model application to ensure that appropriate amendments
are included and to verify the robustness of any assumptions made, the model inputs, and its outputs in
forecast mode.

It is recommended that dialogue between the model commissioners, model developers, and the auditor
continues in order to conclude the model development.

&
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