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INTRODUCTION

Aberdeen Sub Area Model

The Aberdeen Sub Area Model (ASAM) is a strategic-matlal transport model covering
the main road and public transport networks within Aberdeen and Aberdeenshire, and parts
of Moray and Angus.

The previous@SNEA2Y 2F GKS ! {!la Y2RStzZ W {!lamnQ=Z
conditions during 2014, and connects with the Transport Model for Scotland 2014 (TMfS14)

and the Transport Economic Land use Model of Scotland 2014 (TELMo0S14) to produce
transport forecasts for a set of future years. The Aberdeen Western Peripheral Route (AWPR)

is included as a future year transport scheme within these forecast year scenarios.

SYSTRA Ltd was commissioned in July 2019 by the Nestrans Regional Transport Partnership to
update the ASAM model to represent observed traffic and travel conditions following the
opening of the AWPR.

The AWPR was fully operational in February 2019, and the new bypass route is anticipated to
have significantly altered travel patterns and road traffic levels within the region. A significant
Y2RSt dzLJRI G S- @2 wB T NS @ dvdskeqDPeg iR dnduke 2hyt dhe north

east of Scotland has access to a regional transport model that is a robust and effective tool in
the development of future transport strategies, projects and land use plans for this area

¢tKA&a NBLER2NI RSaONROoSa (GKS !'{!la WYmMdpQ Y2RSt R
structures, trip generation and demand modelling and road and public transport network
assignment calibration.

Model Development Objectives

With the AWPR now operational, the ASAM19 update provides the opportunity to accurately
reflect changes in accessibility, travel patterns and traffic conditions associated with the new
bypass corridor. Robustly calibrating the wider network response léll key to
understanding how travel movements may evolve over time, and provide a consistent
evidence base to support the diverse range of transport and development appraisal planned
for the North East of Scotland

Objectives
To support these outcomes, ASAM19 must therefore deliver the following objectives:

° a robust base year to establish future network and policy scenarios, with calibration
and validation idine with guidance, clearly documented and with suitable
demonstration of model responses;

° extensive multimodal functionality, capable of appraising a wide variety of travel
modes, distinguishing between different journey purposes and detailed aspects of
travel costs/time;

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 13/ 29¢
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° 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;

° 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;

° an interface to highetier national modelling, with linkages to TMf34&nd
TELMo0SI1& providing a consistent set of forecast data to feed into regional
modelling - at a more disaggregate level to identify and model specific
developments and transporrelated impacts;

° 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 Katore train station, rail revolution service enhancements, and bus
service changes.

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

0 Low Emission Zones (LEZs) functionalidemonstrating how the response of
compliant and norcompliant vehicle owners to potential restrictions/cost changes
may impact travel patterns;

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

1.2.3 The delivery of objectiveis supported through the use of extensive new data sources, with
ASAM19 calibrated to provide a robust base year representation of 2019AWéRR traffic
and travel conditiong and a firm platform to develop forecast year scenarios. Sophisticated
technical components tailored to potential model applicatiorismproving the model
responseg; extending the model capability across a wider range of applications.

1.2.4 Themodelling approach provide

° A fully documented model development, following relevant industry standards and
undertaking calibration and validation comparisondime with TAG guidance;

° Use and comparison ofwgide range of observed data sets
° Development through a concurrent model development audit process;
° Road, public transport and park and ride modelling with coverage of morning, inter

and evening peak time periods, with travel responses segmented by business,

Aberdeen Sub Area Mod2019 (ASAM19)
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commuting, educationretired and other purposes, and light and heavy goods
vehicles also incorporated within the assignment (including PASSQ Preloading);

4-stage tour based choice model, including trip generation, mode and destination
choice and cost damping;

Aberdeen City centre parking capacity restraint which specifically models car park
location choice, along with separately representing free workplace parking;

Rail capacity / crowding within the morning and evening peak hours;
Separate Aberdeen Airport and Heliport surface access passenger modelling;

Low Emission Zone (LEZddelling segmentation within the demand modsid
road assignment modgl

Model user manual, and deliverable model and scenarios;

The capability to produce statistical and miagsed data outputs including:

A Traffic vehicles and public transport passenger volumes;

Travel times: Road traffic speeds and public transport journey times;
Accessibility analysis;

Economic appraisal through travel demand and cost matrices;
Travel cordon matrices;

Public transport revenue and car park demand;

Select Link routing analysis for road vehicles;

> D> >

Documented set of regional model forecasts, with population, employment and
longer distance transport movements linked to the higher tier TMfS18
TELMoS18transport and land use modelling suitevith future year scenarios for
2025, 280, 203, 240 and 204 generated(forecasting scenarios are described
within a separate document).

Specific Exclusions

1.25 ASAM19 will not include:

(o]

o o o o

o

Formal peak spreading or macro time of day choice respanakisough the model
structure will allow for specific manual adjustments of inputs and parameters to be
applied for sensitivity testing these choices;

Ability to represent Mobility as a Service / disruptive technologies;

A detailed public transport ticketing module;

Weekend modelling;

Road traffic accident modulgalthough traffic volumes could be used to feed into
road traffic accident appraisal,

ENEVAL Emissions modelling; and

Wdzy OG A2y aAayYdzZ FdAz2y Y2RSttAy3 2dzigA K
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1.3 Commissioning

131 {,{¢w! g+a& O2YYA&4&a4A2YSR G(KNRdAK {020t yR 9EC
and technical consultancy services Lot 2.

1.3.2 The Client Project Team consists of officers from Nestrans, Aberdeen City and Aberdeenshire
Councils and Transport ScotlanBegular progress meetings and calls were held to discuss
the model development approach, collection, collation and use of key data sets, and to
monitor development progress, review outputs and identify and manage project risks.

1.3.3 The LATIS Lot 4 Traffic and Transport Advisor and Auditor consultants, Staagec,
commissioned to undertake a concurrent auditing role over the life of the projddte
SYSTRA team liaikavith and responéd to auditor queries to assist the audit process
throughout the model developmentThe MDR was updatewith further information
following the release of theDraft Audit Report The aud Report should be read in
conjunction withthis report.

1.4 Data Collection

1.4.1 A significant data collection exercise was undertaken to record observed travel patterns
following the opening of the AWRRNd prior to the Covid19 pandemicdPata sets specifically
collected for ASANO during Autumn 2018cluded:

0 Wdzy O A2y Gdz2NYyAy3 O2dzyidaz !¢/ Qas vdzsSdzsS €8S
City and Aberdeenshire;

0 Bus occupancy and passenger interviews;
0 Rail boarding / alighting (occupancy) and passenger interviews;
0 Park and ride occupancy and user interviews; and
0 Rail station car park occupancy and user interviews

1.4.2 Model development also utilised sevemdistingkey data sets, including:
PreAWPR

°© Census Travel to Work origin destination dét811)

©  Scottish Household Surv@@12-2018

° MOIRA Rail ticket data2017 (as later 2022019 data was impacted by considerable
rail service disruption on the Inverness line;

School Travel Hands Up sung®018 (recording pupil mode of school travel)

Pupil Censug 2018 (recording pupil school travel movements)

Aberdeen Airporsurfacepassenger movemen{2018)

Aberdeen University student movements (2016)

Robert Gordon student movements (2018)

O o o o o

Post AWPR

Mobile Phone Daté@MPD)¢ Spring 2019

Bus ticket data; Stagecoach and First Aberdeen (September 2019);

Parking ticket data (Off Street Car Parks Aberdeen City Gehtezch2020);
Numerous Taffic count data, drawing on the NTDS datahas#lated Local Authority
dataand data collected for other projectand

° INRIX traffic speed data (Autumn 2019)

o
o
o
o

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 16/ 29¢



1.5

151

152

153

154

155

156

1.5.7

158

159

SVYSTIA

Model Application

The upgrade of the new ASANE 2 Yy | £ Y2 RAE LOINRIZARSWRD G KS 2 LILJ2 NI
and advance the transport modelling available across the North East of Scotland and interface
with other higher and lower tier transport and land use models.

New data sources were utilised to record recent traffic and travel conditions and provide an
updated calibrated®2019base year model to form the basis of future year forecasting. New
technical components tailored to potential model applications improve the model responses
¢ maintaining and improving the evidence base for transport and land use appraisal within
AberdeenCity and Aberdeenshire.

Prior to model application, users are recommended to review the model development and
audit reports and relevant model coverage, components and calibration to understand how
the model represents a particular study area or purpose. Users should consiter so
comparison of traffic and/or public transport volumes and journey times, and also some
evaluation of travel demand movements.

These type of model reviews may result in identifying issues that need to be considered during
appraisal, and/or updates to the modelling which would be beneficial to provide improved
representation for the project. For example, coding updates may impralibration within

the relevant study corridor, which would be of key relevance if undertaking outline or
strategic business case applications, or specific development appraisal.

Users may wish to commission separate local surveys to evaluate travel patterns within their
relevant study area if deemed necessary for a particular model application.

For example Automatic Number Plate Recognition (ANPR) surveys would capture local travel
patterns to evaluate specific modelled routing, travel movements and journey times. Lennon
or Moira rail ticket data would provide a means of comparing specifitreaiel movements
between stationsg noting that the most recent data sets available at the time of model
development were of less value due to the disruption across the North East rail network

The ASAM modelling can be used to provide traffic volume forecasts for various project
applications. In areas where calibration and validation is deemed poorer, users are
recommended to consider a wider coverage of traffic flows to compare changes fia traf
volumes. For example, comparing screenlines of data, or flows at several locations along a
corridor.

When preparing microsimulation modelling inputs (i.e. cordon matrices), comparisons of
traffic volumes at external route zones would be beneficial, along with comparison of local
GNI FFAO Y2@SYSy i a Whelelledslosedvazt dathlis availZb@dvdbining + Q &
ASAM19orecasting with detailed microsimulation modelling provides a-stage approach

for assessing more detailed impacts, particularly operational performance and traffic routing
GAGKAY .!val! Q&

A model coding and user manual can be provided to users upon request. This describes the
approach to undertake model coding updates for each model component, relevant model
coding and parameter files and provides further technical advice for model afpptisa
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1.6 Audit Outcomes

ASAM14 Audit Findings

1.6.1 The ASAM19 model development approach and objectives aimed to address many of the
audit findings from the previous ASAM14 development and audit process. The key
improvements compared to earlier ASAM mdihej are described below

° ObservedTrafficdata: Hundredsof additionaltraffic counshave been collated and
collecied to calibrate and validate ASAM1gaffic patterns. These are focussed
within Aberdeen and the main corridors across Aberdeenshire providing a robust
coverage of detailed calibration data to represent 2019 traffic conditions;

° Observed Public Transport Dat&our cordons (rather than two cordons) of bus
and rail passenger count data have been collected to calibrate the ASAM19 public
transport modelling. On boarthus passenger counts have been used as an
alternative to (less reliable) roadside countand occupancy surveys were
undertaken at all major park and ride sites and rail station car parks

° Matrix Development: ASAM19Mow utilises observed Census travel to work data
directly within the car and public transport commuter matrig¢esther than using
synthetic commuter matrices). Matrices are underpinned and calibrated to the
overall level of observed traffic and public transport demaqdwithin the
developmentof PriorOmatrices, calibration of demand model mode share and
distribution and at the more detailed network level during matrix estimation;

0 Active Modes: ASAM19 now covers all main modes of transport, including
representing walking and cycling demand and accessibility;

0 Data Comparison® Reporting More detailed reporing and commentaryof
model data and calibration comparisons is provided, accompanied with extensive
appendices detailing aspects of model development (made possibieelyore
extensive data collection noted above);

° Improved standard of calibratiofvalidation: The quality of ASAM1&mpaisons
is improved, particularly in relation to the actual number of traffic and passenger
counts that meet desired criteria,

° Demonstration Testing a series of demonstration test were implemented to
illustrate the model response across a wider range of potential applications and
inform model developmentand

° Coding Manual:A coding and user manual is available for ASAM19 which provides
wide ranging and consistent advidaringmodel application

Aberdeen Sub Area Mod2019 (ASAM19)
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MODELLING APPROACH & COVERAGE

Approach & Scope

The ASAM19 development exteed and enhancd the demand model structureby
incorporating features from the Tay Cities Regional Transport MG@RTM)such as

° active travel as a separate mgde

° separate user class for concessionary travelield NS i A NE R QU

° LEZs impacts and driver respongsgegmenting compliant/ noicomplaint vehicles
within the demand and assignment modgls

° city centre parking capacity and price response&svering workplace parkingnd
on and off street parking

0 Wi 2 dzZNR Q 0 | -anPrBviny r2pReSehthtidnbEravel matricey accounting
for variations in journeys segments

Applyingthe tours structure is considered better value than continuing the current ASAM
form and building new components. The structure is aligned with Scottish data, meets
industry guidance, and uses existing processes toigetechnical development. It also
provides 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).

The model development therefore commenced from the TCRTM structure and incorporated
updated ASAM road and PT models, and numerous data sets, inputs and parameters
representing travel conditions within the North East of Scotland model coverage area.

In addition, ASAM19 also includes Airport and Heliport models which represent surface
passenger movements to these major transport hubs.

ASAM19 links to the LATIS TMfS18 and TELMoS18 transport and land use modelliag suite
inform the base year and future year modelling forecasting

GeographicalCoverae

The ASANO9 network coverage is illustrated frigure 1 This coverage extends over a wide
area, covering the full Local Authority areas of Aberdeen, Aberdeenshire, Northern parts of
Angus, and Southern parts of Moray within the Demand model choice processes.

The ASAM19 update enhargc¢his coverage, with more detailed network / zoning /
simulation junctions includingin and around the A96 corridor (South of Huntly), Toll of
Birness, Central Aberdeen and A956 corridbhe new AWPBNdA90 Bilmedie toTipperty
corridorsare alsarepresentedwithin the 2019 network

The East Coast mainliral stations are represented from Arbroath to Aberdeen, and stations
along the Inverness lineetween Aberdeen anélgin. The 2019 base year model does
include Kintore Station.

Aberdeen Sub Area Mod2019 (ASAM19)
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2.2.4 Road, public transport and park and rideavel demandto/from areas located outwith the
ASAM19model coverage area are informed Wlye TMfS18National modelling. These
external movements are input from theslevant TMfS18 matricedor each forecast year
aO0SYINRA2 |yR FINB GKSNBFT2NB STFSOGAOSte WFAES
(i.e. covering longer distancA90, A92, andA96 road and bus traveand East Coast and
Invernesgail lineg. New scenario updates and model runs through the appdicadf the
TMfS18A/ TELM0S18A National modelling would be required to change these external inputs
within ASAM19 as standard.

Figure 1.ASAM19Network Geographical Coverage Area

2.3 Model Structure

231 The ASAM19 structure and main components are illustratédgare 2

Aberdeen Sub Area Mod2019 (ASAM19)
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Figure 2. ASAM19Model Structure

2.3.2 This structure provideall of the traditional 4stage multimodal 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 and ride and
parking, r@ad and public transport assignment models, and active modes.

2.3.3 Separate mechanismare applied torepresent Aberdeen Airport and Heliport passenger
movements and choices.

2.3.4 ASAM19 applies Wpd ENERQ  F LILINR2 F OK FSSRAY3I GKNRdAzIK
demand segmentation by mode, car avhildy, time-period, travel purpose and Low
Emission Zone vehicle complian€ost Damping isicluded, and an incremental adjustment
is applied to demand model outputs to reflect observed travel conditions

2.3.5 ASAM19 trip generatiotis based onTELMo$8 population and employment composition
data,disaggregated to the more detailed ASAM19 zone system

2.3.6  Externalroad, public transport and park and rideovements to/from areas located outwith
the model coverage areare informed by TMfS18.e. A90, A9@nd associated rail lings

2.3.7 The Road and PT network assignment modeéscalibratedto represent travel conditions
observed in 2019. The assignment modelling includesl link and junction capacity
restraint, the SATURN PASSQ procedune rail passenger crowding.
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2.3.8 Avariety of road and public transport outpwasz available from the AM Peak, Inter Peak and
PM Peak models, with the model capable of providing traffic outputs to inform operational,
economic and environmental assessments.

2.3.9 Emission and economics related outputs can be calculated using industry standard processes
and guidance. This typically uses the model outputs e.g. vehicle flows and speeds for each
link in the model, matrices, fares and time and distance skims. Thesetiecluded in the
model functionality and are viewed as post modelling processes.

Low Emission Zon8egmentationg Compliant Vehicles

2.3.10 ASAM19 considergehicle fleet emissions characteristics (fuel type, engine size, age, Euro
class etg)allowing the modelling to consider measures that seek to improve air quality by
restricting access based on compliance criteria (e.g. LHX®.demand model and traffic
assignment models disaggregate LEZ road user costsalole separation of measures that
g NE GKS O2adGa IyRk2N) OK2A0S -ORNLIWASLPOHR OBGSB:
of vehicle.

Tours and Trip Types

2.3.11 ASAM19 derivesrip ends travel movements and travel costizd A Y 3 - With 21 dehB Q
considered as any set of trips which begin at home and end at home. Two specific types of
tour are considered:

° A simple tour which goes straight from home to a single destination and then
returns directly home; and

° A non-simple tour which has an initial outbound trip from home to a first
destination, an unspecified number of ntwwmebased trips to alternative
destinations, and a final return home trip.

2.3.12 Figure 3illustratesthese tour segments / trips. Note thanly a single representative nen
home-based trip ishown,while in practice there can be multipifeon-home based trips

One Way FH

Simple FH

First
Destination

Simple TH

One Way TH Second
Destination

Figure 3.Tour Segments

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update  GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 22/ 29¢



SVYSTIA

2.4 Time Periods: Demand & Assignment Model

24.1 The ASAM19 demand model requires 24 hour trip ends which are used to define travel
movementsfor four different weekday time periods:

AM (07:00¢ 10:00);

Inter Peak (Average hour, 10:9@6:00);
PM (16:0Q; 19:00); and

Off-peak(OP, 19:0§07:00).

o o o o

2.4.2 These time periods are used to derive the overall demand for each assignment, model
including the main peak hour models and fpeak PASSQ road assignments.

2.4.3 Theroad, PT and active travel assignment models reflect averagiedayconditions within
the AM peak houraverage Intefpeak hour and PM peak hour. The ASAM19 peak hour time
segments are defined as follows:

° AM peak hour (for assignment modelling) 0800- 0900;
A (Calculated as 0.37 of AM Peak Period Road travel demand
A (Calculated as 00of AM Peak Period PT travel demand

° AM prepeak PASSQ road assignment 07000800;

° Inter peak hour (for assignment modelling) 1/6 of 1000- 1600;
A (Calculated as 0.17 of the Inter Peak Period travel demand)

° PM peak hour (for assignment modelling) 1700¢ 1800;
A (Calculated as 0.37 of PM Peak Period Road travel demand
A (Calculated as 86 of PMPeak PeriodPT travel demand

° PM prepeak PASSQ road assignment 1600-1700;

2.4.4 ASAM19 ime periods factors werealculatedbased on the analysis of traffic and public
transport passenger counts used for the calibration and validation ob#se yearoad and
public transport assignment modelsSurvey data applied to create the period to hour and
PASSQ period factors was filtered as follows:

0 Car / LGV / HGV classification (i.e. using fully classified counts and therefore
excluding most ATC/NTDS datasets);

° PAAYy 3 adNBSea ¢gAGK K2dz2NIF & RFEGFE NBO2NRA 0

° Excluding surveys where no c¢eaffic was recorded.

2.4.5 Themajority oftheseobservedtraffic counts were undertaken iBpring and Autum2019
outwith the school holiday periodsA number of other traffic counts from 2019 were also
dzZa SR RdzNAYy3I OFftAONIGA2YS>S 6KAOK Ffaz2 NBLINBaSy
holiday and winter periods. Therefore, the ASAM19 base year model generally represents
traffic conditions fora typical weekday within either Spring or Autumn 2019, outwith the
school holiday periods.

246 The bus and rail surveys used for calibration were undertaken during Autumn 2019.
Therefore, the ASAM19 Base Year Public Transport modelling generally represents a typical
weekday in Autumn 2019, outwith the school holiday period.
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TravelModes, Demand Segment& User Classes

Travel Modes
The ASAM18emand model contains a mode choice which considers five distinct modes:

Car(drivers and passengers)

Public Transport (rail and bus)

Park and Ridéat busbased sites and rail station car parks)
Walk; and

Cycle.

© ©o o o o

The travel demand for each mode are assigned within the respective assignment models.
Demand SegmentsTravel Purposes

The ASAM19 demand model disaggregates total travel movements into particular traveller
types in order to more robustly model the choices they make, and the trip end model is the
first stage of defining the different types of traveller.

Fivehome-based and two noihome basedravel purposes are considered for each mode
and distribution choice as follows:

Homeo I & SR S Yousiness (BN &

Homebased commuters (COM);

Homebased education (EDU);

Homebased other (OTH); and

Homebased retired (RET);

Non-home based employers business (NHEBY

Non-home-based other (NHBO) combines norhome based commuter, other and
retired purposes within the demand model

© 0O 0 0o o o o

WhiKSNR A& OalyoaahyRo8rpaSeR which dd Indd spécifically fall into the other
three categories(i.e. shopping, leisure e€) ' yR y2idlofe& O2yidl Aya
movements. Thereforééducatiodrips solely consider those made by the person travelling

to primary and secondargducation establishments to be educatedertiary education
Y2@3SYSyida INB AyOfdzZRSR gAGKAY (GKS W2{iKSNR

¢ K Setirad@®urpose capturesthe lower travel costs associated with public transport
concessionary travelyith the age definition of concessionary / retiréallowingthrough the
demand model and consequently through the assignment ngdel

The Park & Ride and parking mechanisms do NOT considéionoa based tripsAssignment
models combine noome based trips with the equivalehbme based trips for assignment.

Car Availability

Household car availabiliggroportions are used to distinguish traveller types, and informs the
mode choice and distribution processeshe Demand model operates with a dimension of
four household types as described below. These household types serve as a proxy for car
availability.

Aberdeen Sub Area Mod2019 (ASAM19)
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CO: zero car household (these travellers are considered to be captive to PT);
C1/1: 1 car, 1 adult household;

C1/2+: 1 car, 2+ adult household; and

C2+: 2+ car household

© o o o

Road Assignment User Classes

2.5.9 Fourteen user classes are includeithin the ASAM19 AM, Inter & PM Peak Road Assignment
models and assigned separately as follows:

Car in work(businessjime (CIW) LEZ compliant vehicles
Car: in work (business) time (CIQM)EZ norcompliant vehicles;
Car: in commute time (CNWEQ)EZ compliant vehicles

Car: in commute time (CNWEQ)EZ norcompliantvehicles

Car: in other time (CNWQ)LEZ compliant vehicles;

Car: in other time (CNWQ@)LEZ norcompliant vehicles;

Car: in education time (CNWE&LEZ compliant vehicles;

Car: in education time (CNWHEZ norcompliant vehicles;
Car: in retired time (CNW®IL.EZ compliant vehicles;

10. Car: in retired time (CNWRLEZhon-compliant vehicles;

11. LGV: Light Goods Vehicles (LE\WEY compliant vehicles;
12. LGV: Light Goods Vehicles (LGMNDZ norcompliant vehicles;
13. HGV: Heavy Goods Vehicles (HGWEY compliantehicles;
14. HGV: Heavy Goods Vehicles (HG\WEYZ norcompliant vehicles;

©CoNOOR~WDNE

2.5.10 The Road Modehourly travel demand matrices are stored in Passenger Car Unit (PCU)
SlidzA @1t Syld @FtdzSa F2NI/IFNJLY 22Ny /NI /2YYdz
| SI g8 D22Ra SKAOfS&a 01 DxQaAL D

Public Transport Model User Classes

2.5.11 The public transport assignment modelling considers the five main travel purposes and
disaggregates these further to take account of different PT fares available to passengers.

2.5.12 PT passenger demand are allocated for each user classsigthedseparately ly ticket type
with a Ticket Conversion module stage used to convert from demand model purposes into
public transport model user classes.

2.5.13 Public Transport travel demand matrices are assigned in persa@ypeiphourfor each user
class as described Trable 1
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Table 1. PublicTransport User Classesby Ticket Type
TRAVEL PURPO CODE PT MODEL USER CLASS BY TICKET TY]|

9YL) 28 SN& ¢ EBN 9 YL 2& SNBEDay. Tez@tfWCIZ X Q t N

CMN Commutec Day Trave¢ WCdzf £ Q t NRA OS

Commute
CMS Commuteg Multi-Day Travet season ticket discounts
Other OTN Others¢ Day Travet WCdzft £t Q t NAOS
{lEgEeey o) oTS Others¢ Multi-Day Travet, season ticket discounts
Education EDS Educationc Multi-Day Travelwith child discounts
Retired RET Retired ¢ including concessionatyavel discounts

Assignment Models

2.5.14 The Road and Public Transport Assignment models consist of calibrated and validated
assignment matrices and network models by time period, informed by the demand and park
and ride andparking models. The Assignment models determine the potential routes and
services used by motorists and PT passengers, and calculate the average travel time and costs
experienced by travellers.

2.5.15 The road assignment model includes capacity restraint across the road network with specific
junction modelling in Aberdeen and parts of Aberdeenshire. The Public Transport assignment
reflect changes in bus speeds by connecting with the road assignmen¢lmddle PT
capacity restraint is represented for rail services only.

2.5.16 Park and ride and city centre parking car and PT passenger movements are reflected travelling
to and from the relevant destination/origin car park.

2.5.17 The active travel model consists of walking and cycling movements which are calibrated to
active travel mode share proportions and based on active travel walking and cycling modelled
network speeds.

2.5.18 The road, PT and active travel models provide travel times and generalised costs to inform
the demand modelling mode and destination behavioural choice mechanisms, and parking
and park and ride models.

2.6 Forecasting

2.6.1 In forecast mode, the ASAM19 Trip Generation and Demand models calculate predicted
changes in travel demand and patterns from bgsar (2019) conditions. The Trip
Generation Model forecasts changes in goods vehicle movements, along with the main
commuter, businesseducation, retirechnd other journey purpose trip ends.
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The Demand model forecasts changes to the Rdéadblic Transporiand Active Travel
assignment matrices that arise through changes in forecast planning data (ie development /
population changes) and/or changes in future transport costs (ie transport investments,
policies and/or congestion). This process also represents changes assagthtéte price

of parking car parkcapacity and park and ride site / rail station accessibility.

In turn the road and PT assignment models inform the demand model of changes in travel
costs, which iterates between mode, destination and parking choice responses to generate
forecast year outputs.

The TELMoSXonomianodel provides planning development dathéngein households,
population, and jobsand goods commodity matriceat ASAM19 zonal level to inforthe
base and future year Trip Generation Modelling.

The TMfS18 model providesxternal movements to inform the level and movement of
ASAM19 long distance trip making, informing the Trip Generation modelling and assignment
matrices.

Software

ASAM19uses SATURN Softwar@ersion 114.06D MC_N4 whichis the UK standard for
Y2RStftAy3d O02y3ISaiSR diNbly ySisg2Nla FyR F2N C
over-capacity junctionsR2 g Y 4 4 NB I Y WTFY R gV typedloBiN@tiffc Queues

from earlier time periods¢ KS { ! ¢! @B N®QdzF dzr OlG A2y A& | LILX ASR
times.

ASAM1uses CUBE Software for demand and PT mode(agsion6.4.5). CUBElusteris
used torun specific processes in parallel asbedup modelrun times.

The model has been developed for use within Wiasndows10 operatingsystem.
The computers currently used to operate the ASAM19 have the following specification:

0 Windows 10 64bit operating system;
0 8 GB RAM; and
0 I7 processor (3.%5Hz)4 cores.

This specification is not a minimal requirement but it should be noted that run times could
increase significantly should these specifications not be met

A full forecast year demand and assignment model run requires ar@s®D hours to
complete to run to convergence.

These SATURN and CUBE Software versions were used during model development and are
also consistently applied during model application. Newer Software versions are now
available, but testing and potential #ealidation would be required before changingday
Software updates. Users should note that when previously changing Software versions for
earlier model versions, changes in outpbts/e occurred, and can potentially cause issues for
running the model.
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3. ZONE SYSTEM

3.1 Overview

3.1.1 The model zone system defines the extent of the area where, qpalolic 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. This section describes the
approach for building the ASAM19 zone system and describes the various zoning
representation.

3.1.2 ASAM19 zoning based on the earlier ASAM14 system, which included a total of 630 zones.
Theupdatedzoning t a2 G221 | O002dzyd 2F GKS WLINByidiQ 12
models, which are more aggregate. The approach also took account of the more detailed
geographical zoningften used to present land use or transport and planning data, where
W5 GF %2y SaQs 2 hdplistRodhiSagitefatel aneds ldave to @ BdveSdetailed
geographical level.

3.1.3 The nain objectivefor ASAM19 zoningvasto improve the representation of key areas
particularly where new development and transport infrastructure are now in, or planned to
be in place. For example, areas close to the AWPR, A96 corridor, commuter towns, City
OSYiGNBZ aSLINFGAY3I WNHzNI f Q | NB KacceSiNiRyyanddA £ £ | 3
more detailed representation of key trip generators, such as business, retail and health
activities).

3.2 Zone Types
3.2.1 The ASAM18ase model zone system contaih®30zones in total, including:

0 960 y i Sdedfidnd nebdelling zones (with relevant population / jobs data);
A Aberdeen City = Zones4D8(408 zones392used zones, #6lspare zones);
A Aberdeenshire = Zone¥)9-822 (414 zones395used zones]9 spare zones);
A Angus = Zone823-892(70 zones65 used zoness spare zones);
A Moray = Zone893-960 (68 zones54 used zones, 4 spare zone);
0 21Wt | NJ bws andirdd St@dion zoneé¥61-981 (17 used and4 spare zones);
0 33Wt | NJ Ay Jzores (RIbfCsireieteca parks, 13 ostreet] 2y SaxX ¢ WT N
peripheral parking areas andspare parking zongspare zones 982, & 983
°o 16 External Rout&Zones: representing A90, A92, A96, A93 Erst Coast Mainline
and Inverness rail lin@nd reflectirg the boundary with TMfS18

322 b2dS 0GKFd GKS WCNBS 22NJ LIXIFOS tFENJAYy3 az2RStQ
zones to assign commuter trips.

3.2.3 The ASAMAzone system isontainedand available for closer inspection within Appendix A,
which includes a GIS Shape file displaying demand model zone boundaries
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3.3 Zonal Data and Approach

Internal Demand Modelling Zones

3.3.1 TheASAM zone systegeographywasoriginallycreated usinghe 2011 Census boundaries
at output area level. For consistengyASAM19zoning forns disaggregations of TMfS18/
TELMoS18onesand does not overlap Census Data zones or Local Authority boundades
the ASAM19 Update, the ASAM14 system was disaggregated into smaller zonal areas using
Data Zones andQutput Area boundaries. In areas where output areas where too large to
isolate specific activities or network access points, these areas were further disaggregated
using mappin@nd local knowledgo achieve a more detailed representation.

3.3.2 Zoningwasalso updatedo limit large volumes atraffic loading into a single point in the road
network by splitting zones which have large trip generation / attraction. Wasnformed
by comparing levels of zonal population and employment.

3.3.3 The process for creating standard ASANtiternal demand model zones was as follows:

0 L RSy (i A TASAME4dodidptichlones where more detailed zoning could more
accurately reflect travel accessibility;

0 Identify ASAM14zones withlarger number of households and/or employment to
limit traffic loading);

0 Sarting from the ASAM14 system, cross reference a combinatioBesfsusV R I G I
I 2 yBmdzi Lidziy R NB2 Ddhdpedild(d@Liing 2011 Census Household
and employmentecords) to identify household data to create zonal aggregatidns
approximatdy 500 households per zoneSimilarly crossreference employment
(jobs) data to identify aggregations of around 1,000 jobs per zone.

A These thresholds were used to limit zonal traffic loadings to under 300 vehicles
per hour, to ensure the road network is not affected by large zone areas
(assuming an approximate trip rate of around 0.3 trips per peak hour per
household, and that some engimentrelated activity may also be present).
b23S (GKIG (KSaS GKNBakKz2tRa ¢SNB y2aG dza$s
larger housing or employment figures were deemed acceptable, and depending
on specific access arrangements, much smalletsspire required.

A Note also that within the city centre area, a proportion of car trips are also
segregated into specific car park zones, which further limits the level of traffic
loading into one zone.

° Split out largeoutput areazones which contain a high number of jobs,do not
accurately distinguish between separate activities or network access p@ets
business / retail areas, or around the periphery of Aberdeenshire tgwns

A At the end of this stage, generate ASAM1%one system with a total number
of households and jobs per zogdased oPASAM14 2014 planning data

° Cross reference the new zoning with TELM0oS18 2018 planning data (available
within a larger zones) and disaggregate the 20E8 Mo$ata set into the ASAM19
zones based on 2014 datgroviding a initial 2018 ASAM19 zonal data set
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TELMo0S18 Planning Data at ASAM19 Level

3.3.4 To provide consistency with the LATIS national modelling during forecasting, a set of
TELMo0S18 planning data at ASAM19 zonal level was requested from David Simmonds
Consultancy. The initial ASAM19 zonal data(described aboveyas provided to identify
the ASAM19 zonal geographgquired and to help aid the TELMoS18 to ASAM19 level
disaggregation process.

3.3.5 Initially, a 2018 TELMoS planning data set (households, population and empldignests)
was provided from the TELM0S18 2018 Base year mdtelzonal data sewas reviewed to
understand the 2018 representation arentify the main generators / attractors in terms of
employment categories. Several discrepancies vigeatified between theTELM0S18 data
and the initial ASAM19 data set¥hese discrepancies mostly appeared to relate to boundary
issues, where jobs may be located in or accessed thr@eughighbouring zoneor where
employment category differed to that known @he-ground (mostly between retail and
education activity) The review focussed on areas withrger retail, education, or health
related jobs,and also relatively new areas of housing and employment. Feedback was
provided to the TELMoS team, with updated data sets provided for ASAM19.

3.3.6 The 2018 datavas latersupersededny a TELMo$8A 2019 data set to coincide with the
ASAM19 2019 base year modelye@r9 [ a2 { my da! é NBTFSNHEH (G2 GKS yS
disaggregates outputs into additional categories such as remote workers.

337 b2dS GKFdG GKS wHnmdgp RFEGF aSéd Aa-2009Qsingshel f € & |
TELMoS18modelling process. The 20TELM0S18A scenario data forthe key ASAM19
planning data inputs.

3.3.8 The endof this stage provided an ASAM¥®ne system with a number of households,
population by household car availability and employment by job category per zone. Zonal
household, population and employment figures match TELMA® LI NBy 1 Q T2y S G2
aggregated, and reflect more local locational and job category data when used at the ASAM1
zonallevel¢t KS wHnmep ¢9[ az2{my! RIFI{IFI aSi¢oRNBAIARSBSHEY UKS
data into the ASANI9 coverage area and zone system (TELMoS18/ARark. 5 YWgh YW

o Households:289,520
o Population:645,766
0 Working Population341,551
A Commuters 263,748, Remote Workers = 26,175, Quasi Workers = 51,628
° Employment {Vorkplacejobs): 258,993

3.3.9 The final 2019 data set at ASAM19 zonal level is input to the ASAM19 Trip End Model to
provide Trip Generation activity for the base year. TELMA®1I8also provide similar data
sets to inform the ASAM19 forecasting.

Spare zones

3.3.10 Separate zones are set aside within the modelling to facilitate the detailed modelling of future
new development sites and/or car parks and park and ride sites. This approach provides
flexibility during forecasting, enabling development data and sitetiona to be input to the
model in isolation and forecasts / impacts to be understood in detail.
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Zone Centroids

3.3.11 Zone centroids are used to load traffic and passengers to/from the road and public transport
networks.

3312 / SYGNRPARa KIF@S 06SSy RRSR (2 I ydzyeasphdtyz ¥ Wa ld
restraint links) to join with the main network. These have been incorporated to reflect the
geography of the network within or close to zonal areas, with traéfading reflecting the
layout and main access available (i.e. at the main residential sites).

3.3.13 For larger zones, multiple centroids have been used to reflect different access options, and to
ensure a large number of trips are not inappropriately loading to a single network point.

3.3.14 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 codedufal zones where
there is less network detail.

Excessive Trip Loading At Zones

3.3.15 The ASAM19Audit processhighlighted a number of zones where the number of road trips
loading onto the networkvithin the Base Yeawere higher than the desired 300 vehicles per
hour loading thresholdMany of these higher loadings related to zones reftegthe nature
of the network within the local area. For example, where a particular area of high activity is
accessed from a specific point, or additional zone centroids are used to distribute traffic from
a specificresidential / business activity. &be zones are listed below with commentary
discussing potential impact to network representation and model use.

0 Aberdeen Royal Infirmary (Zone 131Jhe ARI zone contains the highest traffic
loadings within ASAM19Due to thisactivity, the zonehas three centroids to load
traffic to differentnetwork points, and is therefore generally representativetiod
ARlaccess arrangements The nature of access arrangementesmbined with
periods of high activityvould likely influence congestion, with some larger delays
modelled within the PM peak, whicdppearsreasonable for this area.

Users should be aware of the higher traffic loadifjgsd subsequent potential
congested impactsat the ARI during model applications, and consider if any
additional network or zoning detail is required to assist applications within this area
of the model(for example signal optimisation)

Future model development could consider is there is merit in disaggregating the
ARI zone into separate zones to represent different areas of site activity, and/or car
parking arrangements.

° Altens (Zonesl35, 142176, 207, 221) The Altens are#s split into several zones
to represent thdocations of the varioubusiness and industrial sites. The majority
of these Altens zorghave loadings just above the 300 vehicle trip threshold, and
therefore there is less value in undertaking further disaggregation to separately
load a relatively low number of tripsZones 207 and 221 also have two zone
centroidsto load trips to the network
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° Altenszone 176 mainly represents the Shell office buildings (present in 2019), and
traffic loadings sit at over 400 vehicles per hour. Two connectors are used to load
traffic andreflect the access arrangemerdsailable for motorists.

Users should note that Shell has recently moved office location to Aberdeen City
centre, and therefore travel activity within this area is likely to change.

° Gornhill zone 157: Mainly Representaberdeenshire Council headquarters, with
traffic loading at the main access poisitting just above the 300 threshold. There
is some merit in considering incorporating a second connector to reflect the
northern access point during future model development.

° Summerhillzone 174: Mainly represents the Rubislaw business site, and this area
of higher activity is appropriately represented with the two main road access points
at Queens Road and Anderson drive.

° Garthdee (South) zone 175Mainly represents the retail park to the south of
Garthdee Roadgonnected tothe mainroundaboutaccess Trip loadings sit just
above 300 vehles per hourand are reflectiveof the main retail premises and car
parking. Users could consider disaggreggtrips associated with theriority
junction access located further Northo accessBoots and Currys premises)
further detail is required for specifapplications

° Mastrick one 215 Represents various business and retail premises to the north
of the Lang Stracht, with trip loadings just over the 300 vehicles per hourat th
main access pointAlthough current network representation is appropriate for this
area, 1sers may wish to considadding an additional centroid (i.e. connecting to
Mastrick Drive) osplitting this zonéf further detail is deemed required in this area.

0 Denmore pne 307: Appropriately representghe northern parts of theDenmore
Drive industriabnd retailareas, where access tioe wider network is only available
further north and south Users may wish to consider spitting the relevant retail
and industrial elements if further detail is required within the area.

° Kingswells ane 349 Suitably represents the Prime Four business park with
relevant north and south access points.

° Dyce pne 371 Suitably represents the Pitmedden Road industrial area and the
two accesses connecting to Pitmedden Road.

° Aberdeen Airport Zone 341Represents the main Airpopassengef erminaland
neighbouring short stay car padccess poirg Users should note that there is no
representation of separat®ng staycar parking facilities. Aberdeen Heliporaiso
represented by a separate zone.

° Portlethen Zone 419: Suitably represents the Baydentoy Industrial Park with the
only access to the North of the A92.
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° Westhill zones433, 435, 441, 447Represent the various industrial, business and
retail areas in the south of Westhill. Although each area is individually defined with
relevant local access points, users may wish to consider defining further detail to
distinguish retail and businessasswithin zone 435.

° Inverurie zone 530: More generally represents part of Inverurie town centre.
Users should consider further zonal and network loading points if applications
require more detailed representation within this area.

° Inverurie outer zone 537:Represents new residential development to the east of
Old Meldrum Road. Development access is currently represented by one centroid
connector, and users could consider incorporating further centroids if development
and traffic loadings increase signéitly during forecasting.

° Peterhead zone 717More generally represents parts of Peterhead town centre
YR KFNDB2dz2NJ | NBI &4 o l'a t SGSNKSIFR Aa LI NI
is required here in terms of network representation. Users could consider
incorporating further zomg and separate access points more detailed
representation of the local area is requiréat specific applications

° Turriff (z737), Banff (z794), Arbroath North (z863), Buckie (z904), Rothes (z910),
Elgin (zones 927, 930, 933, 93@Represent zonal areas more generally within the
Buffer network where less detail is requiredevel of ehicle loadings are just over
the 300 threshold sthere isless value in furthedisaggregationvithin these areas.

0 Lossiemouth (zone 940more generally represents the town of Lossiemouth
within the Buffer area where less detalil is required.

0 Burghead (z941)Mainly represents RAF Lossiemouthich is reflected as one site
andthe relevantnetwork access point.

3.4 Parking Capacitg Park & RideZones
City CentreCar Parks

3.4.1 There are33 zonesrepresenting car parks in ASAM(Acluding twosparezoneg, with 13
on-street zonal parking areas and2 loff-street car parks,and six peripheral zones
representing fregarking at the edge of the controlled area.

3.4.2  Off Street car parks reflect the access to specific car parks, whilst on street reflects the general
area associated with a controlled parking zone. The free parking zones represent general
areas / streets where motorists could usually park for free amdkwo the city centre to
complete their journey.Car park modelling is discussed furtheCimapterl3.

Park & Ride Zones

343 {SLINIYGS waLRiGQ 12ySa INB dz&ASR (2 NBLINBaSyid
(representing access at site car parks). These include:
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RailStation Car Parks
° Aberdeen Rail Station, Dyce;

° Inverurie, Insch, Huntly, Keith, Elgin;
0 Portlethen, Stonehaven, Laurencekirk; and
0 Montrose, Arbroath;

Bus BasedPark & Ride Car Parks

Bridge of Don;
Kingswells;
Ellon; and
Craibstone

o ©o o o

3.4.4 Park and Ride modelling is discussed furtheZhapterl 1.
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4. ROAD NETWORK AND ASSIGNMENT

4.1 ASAM19RoadNetwork ConstructionApproach &Data

4.1.1 The following section describes how th&SAM19road model network supply was
constructed and the procedures usefbr Assignment The ASAM19road network was
developed using SATURN software was based on the original ASAMd@dednetwork.

412 ¢KS !'{lamn wnamTt W. I aSt Ay S QwhiclSinciNdedssch@medzios R
on-the-ground

4.1.3 The coding for the AWPR and A9@lirBedie toTipperty projects were extracted from the
ASAM14 2022 scenario and incorporated into the 2019 network. A numbeddfonalroad
links and junctions wermcorporatedto provide more detail across the network, particularly
to accommodate aumber of rural bus routes. Updatesso included various access points
at new developments which were now #he-ground in 2019 (e.g. The Event Complex (TECA
/ P&J Live) and Countesswells and Chapelton residential develagm

4.1.4 The mairroad schemesncorporated into the 2019 networire described ifable 2

Table 2. ASAM192019 Road Network Additions

DESCRIPTION

SCHEME

1. Diamond Bridge

Single carriageway crossing the River Don, between Tillydrone & Brid
Don. Signalised junction at St Machar Drive (replacing roundabout). Pi
junctions accessing Tillydrone / Bridge of Don.

Diversion of bus servicés 9 & 18 to routeviathe Diamond Bridge

Closure of Bedford Road to traffic just to the south of the University. B
2. Bedford Road Bus Gate 8, 9. 18 & 19 use this route
3. Dubford Bus Gate Bus Gate connecting Dubford Ra&a&hielhill Avenuevith services 8 & X4C
' Note bus operations have changed with bus gate used by First service
4. Broad St Bus Gate Traffic restriction now in place &road Street; bus only access betwee

Queen SandUpperkirkgate
5. Segregated Left turn &

A L, Z Z 4 2 A v A
King George VI Bridge bSg tATR HoRY W¥Bf XL U2 Sau ¢ dz t

New Dual Carriageway linking the A96 with Dyce Drive. New sign:

6. A96-Airport Dyce Drive
Link Road

7. Dyce Driv®evelopment
Access

8. A96 / Dyce Drive Signal

roundabout connectingo A96, new signalised intersection connectitog
Dyce Drive.Traffic signals connecting to new development sivesroute.
Closure of Marshall Trailers Roadween A96 and Dyce Drive

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

Signalised Intersection (replag theexisting A96 Roundabout)
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SCHEME

9. A944 Corridor Spee
Limits

10. Kingswells Roundabot
at A944

11. Prime FouEastAccess
12. B9119 Signals

13. A956 Traffic Signals
14. North Esplanade Wesl
15. Stoneywood access
16. A93Milltimber Access

17. Countesswells
Development Access

18. A96 Park & Ride

19. Inveramsey Bridge
20. Kinneff Speed Limit
21. Inverurie Link Road

22. Dubford Access

23. Stoneywood access

24, New TECA Event
ComplexAccess
6at sW [ ABSE0

25. AWPR

SVYSTIA

DESCRIPTION

Reduction irdtee flontspeed between Kingswells Roundabd&utVesthill,
reflecting change tepeed limit from 50mph to 40mph. From summer 20
40mph from Westhill to the Lang Stracht and Skene Road 30mph sec
40mph sections north of Kingswells Roundabout.

Additional circulating lane on Kingswells roundabout and approach cap
following buildout of Prime Four development

Signalised Junction to access Prime Rena@scent from East at Fairley Roi
Traffic signals incorporated to represent access to Crematorium
Traffic signal access to Cove and Balmoral sites on A956

New traffic signals to access Raiks Road in City Centre

New site accesgriority junctionon A947 at Stoneywood Rd & Aspen Pl
Signals on A93 to East of Milltimber at Murtle Den Wynd (Oldfotgss)

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

Park & Ride Zone added to represent neWnterchange poinat new Dyce
Drive Link Road.

Removal of signalsn the A96at Inveramsey Bridge.

Speed limit reduced (Free Flow Speed) to 40mph through Kinneff on A
New single carriagewayetween BO900X B9170with Roundabouts.
Dubford Development priority junction access from Sheihill Drive to No

New priority junction at Stoneywood Road at Aspen Plas¢racted from
ASAM14 2022 Model)

TECAaccess via new traffic signals at Dyce Drive. Traffic can access sit
A96 (left in only)x and bus gate in/out from east. Closure of Greenbt
Road. Traffic signal access also from Wellheads Reddacted from
ASAM14 2022 model networkNote that in the original base year codir
general traffic access is available for right turning traffic from A96 Sc
The network has been updated to restrict this movement for general tre
within the forecasting scenarios (i.e. now a bus onlynjur

Aberdeen Western Periphery RouteDual Carriageway with several gra
separated interchanges connecting to the local netwoAWPR exclude:
traffic signals on the A947 at Dyce Drive and the Golf Course roe¢
Stonehaven remainspen.
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SCHEME DESCRIPTION

26. A90 BT A90 Balmedie to Tipperty Dual Carriageway and connecting intersectic

4.1.5

4.1.6

4.1.7

4.1.8

4.1.9

4.1.10

41.11

41.12

2019 Traffic Signal Settings

Traffic signal settings were provided from Aberdeen City Council, Aberdeenshire Council, and
Transport Scotland which reflected 20&djunction operation. These were used to update
the ASAM signal settings to 2019 representation.

A variety of data was received to update signal settings and these were processed into the
ASAM19 model as follows:

° Signals locatedvithin Aberdeencity centrewere initially coded from data sets
extracted from the underlying SCOOT traffic system. These were origioddg
into new Aberdeen City CentrParamics modelthen transferred across and
reformatted to the appropriate Saturn coding within ASAM1Bue to the level of
detailed data, some signals required averaging to be compatible with the average
hourly nature of the Saturn model;

° For areas outwith the Paramics coveraged where availablesignalsettingswere
coded directly intdhe ASAM19 networko reflect the data provided; and

0 For traffic signals located within the areas around Ellon and Inverurie, the local
Paramics models were usdd provide data. These modeldready contained
recent representation osignal setting.

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. These locations included:

° Banchory High St/ B974, A944/ B9119, Craigton R&amdihgfield Road, North
Deeside Road/ Kirk Brae, North Deeside Road / Ballieswells Road, Queens Road/
Angusfield Lane, Queens Ro&pringfield Road

JunctionSimulationArea& Buffer Network

The ASAM19 road network remains a mixture of detailed junction simulation coding within
Aberdeen and also covering thwain Aberdeenshire commuter towns, aness detailed
WodzFFSND O2RAYy3 AYy Y2NB NUzNJI f I NBI &ao al ye
network, reflecting their rural nature.

Road attributes for the new sections, such as speed, capacity and relevant speed flow curve,
were obtained through GIS mapping, satellite imagery and google Streetview.

The default capacities applied for the majority of junction coding are describEabie 3

The list of ASAM19 Speed Flow Curves are described in AppeniihkisBincludes a speed
flow curvefor the new AWPR and A9QTBGrade separated dual carriageways.

The ASAM19 Road Network coverage is illustratefignre 4 with green links identifying
NEIFR& 6KAOK AyOfdzRS 2dzyOGA2y WaAYdzZ  GA2YyQ Y2
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4.1.13

4.1.14

4.1.15

4.1.16

4.1.17

4.1.18

4.1.19

4.1.20

41.21

SVYSTIA

Zone Connectors

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.

Each zone was coded with between one and four zone loading points, depending on the zone
location, land use mix, local geography and access options available.

Route zone centroid connectors are used to represent the external areas at the edge of the
core modelled area.

Zoning used the followdefault parameters:

° Urban (Aberdeen) Connection distance = 200m
° Rural (Aberdeenshire, Moray, Angus) Connector Distar®0m
o External Route zoneS00 metres;

These default distances are used for the majority of zones, but some differences do occur for
some specific zones in local areas.

Assignment Parameters

The ASAM19 Assignment parameters remain generally consistent with those used previously
within ASAM14, with the exception of the following updates:

0 PCNEAR =1 (part of the convergence threshold criteriindim with Guidance);

0 NOMADS= 14 To enableunning of 14 user clagsatriceswith LEZ cmpliant /
non-compliant vehicle matrix tables

0 Value of Time Parameters to reflect the 2019 Base; et

0 BUSCU= 3.2 (PCU factor for bus vehicles)GV PCU factor remains at 1.9

The ASAM19 Bus and HGV PCU factors are brought through from earlier model versions.
Although these factors will still typically reflect the extra road space required to accommodate
larger vehicle footprints, there is some merit in considering the addifiimpact these type

of vehicles may have on the detailed operation of the network (particularly within congested
environments). For example, buses stopping at bus stops / bus buildwlse there is
insufficient space for general traffic to overtgkmay impact traffic queuing. And similarly,
where the size of H@&Westrict two-way traffic operations. In these type of constrained
circumstances, the modéiigmay merit larger PCU factto represent the fukbrimpacs.

If updating the PCU factors, parameters would need to be changed for each scenario to create
a consistent comparison for forecasting and appraisal purposes. The change in network
speeds would also need to be monitored to ensure resultant changes in pames and
congestion were inline with expectations, and ideally, observed data sets for local areas.

Network Coverage Summary

Within the ASAM19 road network there aapproximately 9,000 simulation nodes, 8,500
buffer nodes and 90 signalised junctions. The network contains 1030 zones within the
updated model version. The first 960 zones are internal to the demand model. Zones 961
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963 represent park and ride, 984014 represent parking sites, and 101830 represent
external route zones.

Figure 4. ASAM19 Road Network Coveraf@reen is Simulation Area)

4.2 Original ASAM14&RoadCoding

4.2.1 For ease of reference, the following sectiaescribéhe original construction of the ASAM14
road network, which forms the underlying basis of the ASAM19 network. The original
network was constructed usirgcombination of the following data sets:

° OS Mastermap Integrated Transport Network (ITN);

°o TomTom speed/time data;

° Traffic signal settings dafaom Local Authoritiesnd Paramics modelaipdated
for ASAM19 using more recemtaffic signaldata sets)

° Transport scheme informatiorreceived from Transport Scotland and Local

Authorities

ASAM14 zone syste(@one system updated for ASAMZ19)

ExistingASAMA4 versiomad network codindincluding AWPR forecastetwork);

Other existing SATURN model data sets; and

Satellite mappingnd Google Streetview;

© ©o o o
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43.1

4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

4.4

44.1

4.4.2

4.4.3

4.4.4

4.4.5

4.4.6
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ASAM14integrated Transport Network (ITN)

The ASAM14 road network was generated based on a detailed 2016 ITN GIS shapefiie
excluded the new Diamon8ridge Crossing, and therefore represented road accessibility
during 2014. The ITN network includes attributes such as link distances, and this provides a
robust database to convert the road network into SATURN format.

The first task in the road network development process was to decide on and flag the required
links in the ITN shapefile layer (using ArcGIS) for inclusion to ASAM14. This includes flagging
those links which were to form external links and zone loadirigtpo

I 188 adsSL gra G2 O02yOFGSylrdS G4KS L¢b y2RS y
order to remove a potential problem where one road passes over another, otherwise SATURN
would interpret this as a junction rather than a flyover.

The ITN data did not specify explicitly which links representedvwameand tweway links,
FYR &2 GKAa o6+a AYFSNNBR olFlaSR 2y GKS NRIR
Carriageway then it was assumed this was awag link.

A significant amount of data was required to be added to the ITN layer before exporting to
SATURN. A database containing the parameters used for the Capacity Indicedl(speed
curves) was developed and imported to MS Access, which were joined to tNeRTNF Q FTAf S o

The ITN links flagged for removal were deleted from the ITN layer and this was exported as a
AKFLISTAL SO ¢tKS WROTQ FAES gl a dzaSR G2 ONBLF G
A series of lookups converted this data into the correct forfioatSATURN buffer network

coding.

ASAM14:SATURN Network Building & Coverage

The ASAM14 road assignment moudels developed using SATURN softwaris require
coding road links and junction layouts across the modelled.area

Model assignmenparameters for theASAM14 SATURMNodel were extracted from the
SEStran Regional Model (SRM3A&TURIMdssignment model where appropriate.

The SATURN model consists of two main road network areas: the buffer area and the
simulation area.

Buffer Network

[ Saa RSO A fveRussaeprésSnidare furkl gattsiof Aberdeenshire, Moray,
Angusand connections with external areas further south and towards Inverness. This
represened a similar coverage to the existing ASAM model, with further detail around the
key Aberdeenshire towns and to coincide with new zoning.

The buffer area contains no junction information. It contains-baked information, such as
distance, link type, speed, etc.

The buffer network was created from the ITN shapefile layer, using Excel to convert the
shapefile data into the correct buffer coding format to be read by SATURN.
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Simulation Network

The SATURN simulation network, unlike the buffer area, includes detailed junction modelling
to represent traffic signals, roundabouts and priority junctions.

0 the whole of Aberdeen City;

0 the area of Aberdeenshire beten the main commuter towns (i.Ellon, Inverurie,
Westhill, Banchorg Stonehaven) and Aberdeen; and

o the A90 South corridor to Laurencek&kA92 to Montrose

¢2 ONBIGS GKS {!¢!wb aAYdg I GA2Yy ySiis2Ny =z |
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macra-enabled spreadsheet to validate the data, exporting links and saf#a in a specific
format for use in the Network Builder program.

ASAM14Road Link Coding Approach

The road network was developed from the ITN GIS layer, reference to Satellite mapping and
the Network Builder program. This data formed the basis of road link coding, priority and
roundabout modelling and represented the layoutsiggnalised junctions.

RoadAttributes

Attributes for these links (distances, speftow curves, number of lanes/allocation and
saturation flow) were inferred from the GIS network using a number of rules and default
values to transfer theharacteristics of road links into the relevant SATURN attribute format
(ie Rural Dual Carriageway = 70mph, with two lane capacity).

Where no automatic distinction in road attributes could be made to isolate the characteristics
between different road sections (ie separation of speeds for road sections through rural
towns / villages, these were developed by comparing with the TMfS readank (which
includes some rural town speed detail) and speed limits extracted from the TomTom data set
covering Aberdeen). A number of manual changes were also made to reflect the delivery of
20mph areas within Aberdeen and recent changes to speedslifinié. A944 corridor).
Satellite imagery and photography along with local knowledge was also used to review road
attributes.

w2dzy Rl 62dzia NS5 LINAYINAfe O2RSR IFa | asSi
represented by short ongvay links, and each roundabout approach coded as a priority
junction. This approach directly matches the ITN link structure. -tMdumdaboutshave
(usually) been coded using a SATURN Roundabout junction type.

A number of refinements were introduced to cater for different roundabout approach
capacities/flares, linking to the road class attribute, and also to appropriately represent the
circulating and diverge (off) movements at roundabouts.

Traffic flowdelay relationships were coded for all modelled road lilgqgeedflow curves are
described inPAppendix B Speedflow relationships are designed to provide road link speeds
based on the traffic interactions on the links themselves (as opposed to at junctions).
Therefore, the total delay is a combination of the link travel time and the time taken to travel
through simulated junctions.
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Traffic Restrictions

45.7 Traffic restrictions were added to the network, including a ban for Heavy Good Vehicles
(HGVs) using the Bridge of Dee. The eastern section of Union Street, Esplanade, Victoria
{ONBSG 658080 /FANY hQaz2dzyd | yR riaa$HGO21 ail f
restrictions. A number of banned turns are also incorporated into the junction modelling.

4.5.8 Note that there isnot a HGV ban incorporated in the ASAM19 network at Riverside Drive (to
reflect the height restriction under Queen Elizabeth Bridge) as traffic count data continues to
AaK2g a2YS |1 D+xQa dzaAy3a (GKAA NRdziSo

RepresentingPublic Trasport Connectivity

4.5.9 Additional public transport network and service information (bus lanes, bus gates) were
added to the road networki.e. Kingswells Bus lanes are assumed to be operational within
the AM and PM Peaks and excluded during the Inter Pedindrwith the operating times
displayed on traffic signage. The vast majority of roads used by public bus services are
incorporated, especially witn the simulation area. There are a number of more rural routes
that are used by infrequent services that are not incldde the network.

4.5.10 Modelled saturation flows and lane allocations were reduced on sections of road links where
bus lanes are in operation (bus lanes are not modelled in the Inter Peak).

Zone Centroid Connectors

4.5.11 The model zone system was updated for ASAM19 as described above.

Inconsistent Link Distances

4.5.12 During the audit process it was identified that a number of modelled links were coded with
different link distances for the opposite directions, creating an inconsistency.

4.5.13 In total 69 linkswithin the base year model wereoded with different distances for different
directions. The majority of these (4iiks) have a difference dkss than 10 metres, and are
consideredinsignificant. 14 link distances have a distance of between 10 and 100 metres,
and 7 links have a distandéferenceof greater than 100metres. Two links have a difference
of 1.1km, but are associated with zone spigot connections so do not impact routing. There
are ahandfulof links around Dyce drive where distances are inconsistent by aroun@a®0
metres These linkshould be updatedtahe next opportunity.

4.5.14 The links impacted by these differences are described within the ASAM19 Version Control and
Issues Log. These distance issues are consistent for each modelled time period.

4.6 ASAM14:Junction Simulation Coding Approach

4.6.1 The Network Builder program provided the initial SATURN junction coding structure based on
a series of default values. These were modified from values applied in previous Scottish
regional model developments (i.e. SRM12)), with slightly lower straigredcabapacities and
varied roundabout coding to match different road approach capacities.
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The default saturation flows (described in passenger car units per hour (PCU)) for traffic
signals and priority junctions are as follows (note the Network Builder does not model any
2dzy OlA2ya dzaAy3a {! ¢! whbhQ& NRdzyRI062dzi GeLISOY

Table 3. Default Junction Saturation Flows

MOVEMENT TRAFFIC SIGNALY PRIORITY JUNCTIO

Left turn (major to minor) 1500 1500

Left turn (minor to major) 1500 1200

Straight ahead 1700 1700

Right turn (major to minor) 1250 1250

Right turn (minor to major) 1500 875
Modifications

A review of the outputs from thelefault network coding was undertaken and a series of
modifications implemented to ensure appropriate network representation.

{YFff NRBdzyRI02dzid @6SNB NBUNRALISOGAODStE 02y Q¢

type, and were coded with saturation flows between 70800 PCU per lane depending on
the junction layout and constraints.

A number of saturation flow values were modified depending on the geometric properties of
junctions and approaches. For example, some saturation flows were reduced where the
junctions appeared to be constrained, have tight turns or poor visibility.

Additional elements such as flares and additional/reduced internal junction stacking
capacities were added where appropriate.

Many junctions were consolidated into a single node (e.g. at-daalageway junctions) to
accommodate signal timings or to more accurately model priority arrangements.

The coding output from the Network Builder process was imported into a series of bespoke
spreadsheets to modify SATURN codingsfoecific junction characteristics and locations.
This process included the following steps:

0 W5dzYYeQ y2RSa OKIFy3ISR (2 tNRA2NARAGE G@&LXS
turning saturation flows modified to match the saturation flow of link;

° Twolane, nonpriority movements changed from the default saturation flow of
3600 to the link's capacity (excluding nodes on roundabouts and zone connector
nodes);

° Incorrect priority markers removed at locations where sircggriageway links are
adjacent to duaktarriageway links, as well as turning saturation flows amended to
match link saturation flows at these locations;
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° Roundabout stogine nodes changed to two lanes with 3,000 circulating saturation
flow and 1,700 saturation flow for roundabout exit (if applicable). Turning
saturation flow at approach to roundabout set equal to 95% of link capacity;

0 'y 2FFTAARS FiINB 2F FAGS t/! Qa RRSR (2 |
a Capacity Index of 3 (for very good qualityo&ds); and
° Specific location refinement. For example, large roundabouts (such as Haudagain

Roundabout and those on the Anderson Drive corridor) required additional coding
modifications to represent detailed characteristics appropriately.

ASAM14 Signal Coding

4.6.9 During the development of ASAM14xigting Paramics mode&ssailable at the time of the
build were used as the primary source of traffic signal information. These provided signal
phasing and timings for the following areas and earlier years:

° Aberdeen City Centre (2012); Northern (2012) & Southern Aberdeen (2009) and
Dyce / Airport (2014);

° Westhill (2014), Portlethen (2014), Stonehaven (2014), Ellon (2009), Inverurie
(2012) and Kintore (2012); and

° Aberdeen A93 Great Western Road (2010), Westburn Road and Kings Gate (2016).

4.6.10 Where required, additional signal data was obtained from the relevant Local Authorities. This
data covered signals in Banchory and around 12 locations across Aberdeen, including the A93
Deeside corridor and A944 Lang Stracht corridor (including King&eelledlabout and Prime
Four access) and the Beach Boulevard. These locations were not covered by microsimulation
models.

4.6.11 Where signal data was not available, template signals were used based on estimated signal
timings. These were refined during the calibration process to ensure junction delays matched
those suggested by observed data (i.e. TomTom data).

4.6.12 Signal timings were reviewed and updated where necessary as part of the road model
calibration phase (for example where, intersections did not provide an intuitive balance of
flows / delays that reflected the nature / capacity of the route / intersection).

ASAM19 Signal Coding Updates

4.6.13 For ASAM19 the majority of this sigmaformation has been updated using raw traffic signal
settings data, and also signal data extracted from more recent microsimulation models.
Where signal timings at junctions were deemed to remain unchanged since 2014, these
timings for these locations @re kept consistent with the ASAM14 build.

Stopping Nodes

4.6.14 Stopping nodes represent specific coding at merge points in the road network. These improve
the representation of traffic behaviour at junction merges on eceriageways and
motorways.
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Stopping nodes were coded at merge locations on the A96 and A90, with a default saturation
flow at these locations of 3,600 PCUs per hour. This represented a 10% reduction in the
standard link saturation flows used on these corridors (4,020 PCUSs).

Network Coverage Summary

Within the ASAM14 road network there are approximately 9,000 simulation nodes, 8,500
buffer nodes and 150 signalised junctions. The network contains 630 zones within the
updated model version. The first 507 zones and zones63D6are internal to the denrad
model. Zones 50874 represent park and ride and parking sites, and external zones. The
initial model contained 574 zones, excluding zones from&3

SpeedFlow Curves

The initial speedlow curves used in ASAM14 were extracted from the existing SRM12 model
and A96 Corridor Study model, which included some coverage withia3i#d114 area. Some
additional curves were added to isolate and better represent fttehay characteristics for
some modelled roads.

Speed flow curves were allocated based on a series of rules (as described in 4&titor
example, regarding road hierarchy, number of lanes and speed limit, and also more subjective
characteristics, such as the nature of the section of route (built/-boitt up) with more/less
interactions within the road space available, such as pe@escrossings, parked cars and
general activeness of the road. Where identified lower capacities and/or free flow speeds
were generally assigned to these more active areas.

Separate HGV maximum speeds were included for a number of dlmeedcurves to
represent the speed limit restrictions for these vehicles on higher speed routes. For example,
on 70mph limit road, HGVs are restricted to 60mph.

It was found on review of the journey time data (TomTom) that the maximum speed coded
on some speedlow curves was too high, indicating that traffic was travelling on some routes
below the speed limit of the link. Some modifications were made to a nuwitsweedflow
curves following a review of observed speeds on key corridors in the modelled area.

When reviewing the HGV routing during the calibration process, it was found that many HGVs
dzA SR AYFLILINPLINRFGS WNI G NizyaQ GKFG RAR y2i
on the links on the signposted route was increased for HGVs to ergmtinase vehicles to
reassign to the correct route. This exercise related to the Anderson Drive corridor, and
neighbouring routes. Specific updates to coding were also made to represent observed
general traffic rafrunning at the Bridge of Dee througmkorth.

Coding Manual

A coding and user manual is provided to users and describes the approach to undertake road
network coding updates within the relevant ASAM19 files.

2
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to the level obasemodelnetwork updates there are numerous 'include’ (update) files within
the ASAM19road network building procedurewhich can add some complexity to the
network coding processThe coding process could be sirfi@dl by merging coding filesr
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potentiallyre-creating the main road netwoditlat(ile by dumping the .UFN fil&Care would
be required here to ensure assignment results remain consistent with the original coding, and
changes to represent future year network during forecasting remain valid.

4.7 ASAM19Road Assignment Procedures

4.7.1 The road assignment model procedure adopted for the ASN@Ad model is an Equilibrium
Assignment. The FrafWolfe Algorithm is used to identify the equilibrium solutiofihis is
consistent with ASAM14.

4.7.2 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.

4.7.3 The Assignment process input files include:

{1 ¢!'wb NRIFIR ySig2N] Whpfile® FA{S |yR &adzomas
. dza WLINBf 21 RaQT

Road trip matricesrepresenting 14 Road User classes

Generalised cost parameters; and

Range of assignment procedures, including defining convergence.

© 0O o o o

4.7.4 The ASAM19 road assignment waslated to runwith 14 user classes
SATURN Road Network Files

4.7.5 The assignment model contains SATURN road network coding (.dat files) for each modelled
time period. These files contain link and junction coding, zonal data, dfmedcurve
definitions and model parameters (generalised costs parameters).

476 ThRSasS FAftSa Fftaz2z O2ydlAy | aSNARSa 2F ol yySR
banned link references are also used to input roads or cordons wherearplaint vehicles
(NC User Classes) would not be able to access Low Emission Zones.

Bus Preloads

4.7.7 Bus vehicle traffic within the SATURN network is modelled using fixed preload flows. The bus
routes and frequencie were extracted from the ASAM1€ube Voyager) Public Transport
model and converted to SATURN format. These were then added as a setlHsiék
preloaded flows into the SATURN road model.

4.7.8 Bus flows are converted into PCUs using a factor of 3.2 per véticisistent with ASAM14)
This value was set higher than the earlier SRM12 model (set at 2.2) to better represent the
impact bus service vehicles have on road network capacity.

Road TripMatrices

4.7.9 The road model assigsgvenmain traffic user typesepresenting different travel purposes.
Each user class has a LEZ compliant anagaopliant vehicle proportion and are User classes
I NB ydzYoSNBER Fa F2ft26a 06AGK (GKS W2RRQ | aSNJ
user class representing naomplaint vehicles:
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Car Business (U®12);

Car Noawork Commute (UC & 4);
Car Nonawork Other (UC & 6);
CarNonwork Education (UC 7 & 8)
Car Nonawork Retired (UC 9 & 10)
Light Goods Vehicles (UC & 12; and
Heavy Goods Vehicles (€& 19

© 0O 0O 0o o o o

The compliance factor (proportion of compliant vehicles) for the 2019 base year model is set
in the Demandmodel proceduresby user clagswith ability to varythe proportion during
forecastingf required.

These user classes are assigned to the network using a set of trip matrices, expressed in PCUs.
The PCU factors for the road model are 1.0 for all cars and light vehicles and 1.9 for heavy
goods vehicles. These factors are consistent with earlier TMF&&AM modelling inputs.

There would be some merit in reviewing the HGV and Bus PCU factors. Using a higher factor
may provide a better representation of the impact of large vehicles travelling through
constrained areas of the network where such locabdsupports this approach.

Note that theASAM19 roaanodeldoesnot containhigh occupancy vehicle modelling
Generalised Cost Paramete¢2019 and consistent compliant / neoompliant

The calculation of generalised cost parameters was basedhenTAG guidanc®atabook
May 2019 v1.1Zavailable at the time of road model development)sers should note that
the databook has since been updated, gratametersare also adjusted during forecasting

to reflect future policy commitments. Users should consider if more recent updates and
forecasting adjustmentand assumptionsould impact their intended model application.

¢KS dzyAata 2F GAYS LINFYSGSNBE FYyR GKS RA&llY
ottav FYR WtSyOS tSNI YAft2YSUNBQ ott YO NBaLSO

Table 4describes the parameters calculated for each User Class along with their associated
value of time coefficients. The Toll parameter was used to convert tolls from pence to
generalised minutes for each user class.

Heavy Goods Vehicle Routing Adjustment

During theroad calibration process the routing of HGVs was seen to be overly bias towards
someshort distance routes, which did not reflect thevel ofHGV traffic courgobservedor
specific roads. For example, the Bridge of Dwdth restriction requiresHG\$ to divert
around arelatively longer distanceoute to use the neighbouring bridge crossing to access
the Anderson Drive corridor. More strategically, the shorter routes through Aberdeen
appeared overly attractive compared to the longer distance AWPR bypass route.

To help minimise these routing issues, the HGV Pence ppakameterwas adjusted down

by 20% to increase the attractiveness of longer distance alternatives, and improve the
comparison with HGV count data. The adjusted HGV PPK figure is descilibbtkid This

20% adjustment is also applied consistently to the forecast year PPK figures in the future year
scenarios.
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Table 4. Road Assignment Coefficients for 20Base Year
MODE - - TOLL TIME DISTANCIH

Car Business 32.68 1277

Car NoAwork Commute 21.44 6.14 3.18 1.00 0.29
Car Nonwork Other 13.97 6.14 2.07 1.00 0.44
Car Nonwork Education 22.13 6.14 3.29 1.00 0.28
Car Nonwork Retired 13.97 6.14 2.07 1.00 0.44
LGV 22.29 14.94 0.53 1.00 0.67
HGV 4451 30.07 1.05 1.00 0.68
HGV: Adjusted 44.51 22.55 1.05 1.00 0.68

All figures arean 2010 values

4.7.18 The road generalised cost function for assignment by user class is:
GC =a x distance (km) + b x time (mins) + ¢ X(pahce)
where a, b and c are the parameters and GC is in Generalised time
Convergence

4.7.19 Within SATURN theonvergence of the assignment / simulation loops is controlled by the
LI N YSGSNE Wt/ b9! wQ> Ww{c¢chtQ YR bL{¢ht ®
percent of the link flows change by less than PCNEAR percent from one assignment to the
next for a number of consecutive iterations (NISTOP). For ASQANHse parameters were
set as follows:

° RSTOP =98
° PCNEAR =00
° NISTOP =4

4.7.20 The final convergence % GAP (% DELActual costs minus minimum costs) for the 201
Base yearoad modelsare set out below.

° 0.1858% for the AM Peak model aftet iterations(BC85 ME4A PostME Run)
A (BC88 129400p3Run= 22 iterations & 0.222%)

° 0.1724% for the Inter Peak model afte? iterations(BC85 ME4A PostMiLIN;
A (BC88 129400p3Run= 9 iterations & 0.171%) and

° 0.1820% for the PM Peak model afté@ iterations(BC85 ME4A PostMtLI)
A (BC88 129400p3Run= 39 iterations & 0.183%).
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The figures detail the convergence statistics for the final (post matrix estimation) fixed matrix
assignment model rud & . / ypé 0 FyR Ffaz2 GKS TAYIlIf Nizy
0a./ yyéuo ¢tKSaS Ndlzya | NBE OSNE AAYAf I NE 0 dz
due to small differences in the trip matrices. The statistics provided demonstrate that both
setsof runs produce very similar convergence statistics.

The ASAMA SATURN assignment model is operated through a CUBE Voyager interface.
Multicore operation is used which utilises additional processors to run each road assignment
in parallel

Road Assignment Outputs
The road model assignment produces several output files, including:

° Unassigned Network File (*.UFN): At the start of the assignment process, Saturn
builds an unassigned network file based on the network coding data, which,
together with theinput Trip Matrix (*.UFM), creates the Assigned Network File;

° Assigned Network File (*.UFS): These files contain all the assigned network traffic
volumes and loaded / congested network data for each time period. They can only
be opened from theSATURISoftware interface;

° Link/Route Costs File (*.UFC): These binary files contain information about the

O2YLX SGS aSa 27F f A yistructimiilmdnSdost oufeg;a G &4 ¢ dza SR

° Various Print Files (*.LPT, LPN): These print files summarise various parameters,
processes and information to facilitate analysis of pleeformance of the model

° Road Model Travel Cost files (*.RCM), containing travel costs for 14 user classes to
inform the demand model

PASSQ Assignment

The SATURN PASSQ funcisapplied during the model assignment process. This involved
modelling a proportion of the calibrated traffic demand within an earlier hour to preload
gueues into the main modelled hourly time period.

The proportion of calibrated traffic used within the earlier hour was based on observed traffic
count survey datesspanning the ASAM19 model coverage areehe PASSQroportions
covering all modelled vehicle movementsh ( K A y -t (B ededt NB

° AM Peak 070@800=0.95 95%o0f 08000900)
° PM Peakl600-1700 = 0.99 (99% of 17A@00)

LEZ NorComplaint Vehicle Assignment

ASAM1Provides model segmentation to appraisew Emission Zongseparately assigning
compliant and norcompliant vehicles to measure the impact of motorists that may change
their vehicle, route, destination or car park in response to an LEZ).

[ 9% WO2 Y bnicompliauser ylasses generatetotal of 14 road user classes for
final assignment based on LEZ compliant proportions.
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4.9.3 The proportion of compliant vehicles that would not be subject to LEZ restrictions is termed
0§KS W02 YL} AdmylianSe faktbs@ré thtidhé@ Demand model run inputs by user
class The base year road model has and area wide value that (B%%%)of internal and
external cars are deemed compliant and HGV and LGV traffic is set at 100% compliance.

4.9.4 The 69.7% compliant car vehigheoportion usedwithin the ASAM19modellingis derivel
from ANPR surveys undertaken within central Aberdeen during .2008 ANPR surveys
recorded the engine classification of vehicles across Aberdeen, which were cross referenced
with the LEZ scheme compliance standards to create the relevant proportion. The proportions
were originally developed as part of the study supjpay the development of th&éEZ

495 The parametersised to assigfh O 2 Y LI A | y-QRY LIy Rl yHy @ ydza SNI Of I 44 S
and for the base year modeind are described inTable 4 As an LEZ scheme was not
operational in Aberdeenuring2019, the LEZ segmentation has no impact on the base year
assignment.

4.9.6 LEZ modelling is included within the ASAM19 forecasting scenarios. To represent LEZ
restrictions, ink (A-node-B-node)identifiers areapplieds A G KAy GKS a[ 9%y. | ygf A
identify the coverage of the LEZ cordon area.

4.9.7 AneffectiveWo | y Q-campliant\&hyicless appliedby inputting a large generalised cost to
each relevant nortompliant user class, with@ode-b-node links (around the LEZ cordon).

4.9.8 A secondary cost is added to the relevant zone spigot(s) for zones situated within the LEZ
boundary. This ensures a more significant mode/destination response focampliant
vehicle motorists travelling to/from the LEZ areawhere nonrcomplaint vehigs are
effectively banned.

4.9.9 Within the demand and assignment modelling, such a large cost should be sufficient to ensure
effectively all motorists either choose an alternative mode, destination, parking location,
and/or divert away from the cordon to travel across the area. Usensldireview outputs
to check an appropriate response from the specific LEZ being applied.

Assignment ofAdd-in Trip Movemens

4910 b2dS GKFdG Fy | OGdzrf WolyQ Aa y2a | LILXASR (2
restriction for external and HGV and LGV trips accessing the LEZ area, and result in an
assignment error (as zones within an LEZ would not be reached). WithictEZ set up nen
complaint external trips can therefore access the LEZ arb#e wxperiencing a large (but
unavoidable) penalty. This large cost penalty has no impact on external trips as these are
fixed and do not go through the demand model process

4.9.11 To change this assumption, the atid matrices would need to be manually updated, with
non-compliant trip movements removed from the relevant LEZ zones, and ideally transferred
to alternative zones (potentially using judgement informed by the modelletdaegtion of
internal trips).

4.9.12 Further technical details associated with the LEZ modelling are described within the ASAM19
Coding Manual.

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 50/ 29¢



SVYSTIA

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 51/ 29¢



SVYSTIA

5. PUBLIC TRANSPORT NETWORK, SERVICES & ASSIGNMENT

5.1 Public Transport Structure

5.1.1 This Chapter describes the development of &@AM1%Public Transport (PT) morning, inter
and evening peak assignment models, including the network and service supply definition,
fares and capacity modelling, assignment procedures and model parameters.

5.1.2 The main objectivefor the PT moddihg was to bring ASAM up to date to reflect 2019
network and service representatipmalibrate to represent 2019 travel conditiorsd to
provide public transport travel costs to inform the demand model

5.1.3 The ASAM1%ublic transport model wss CUBE Voyager Software, and is predominantly
based on the previous ASAM14 public transport modelling approach, witvoreing to
include updated:

road network to provide consistency with the ASAM19 road model;

rail services to reflect 2019 timetabling and recemansportscheme delivery;

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

rail fares model to reflect statientation fares matrices for each travel purpose;

bus service routes to reflect 2019 digital bus timetables;

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

° Segmentation of concessionary and education purposes, and fare types;

° Updated PT assignment parameters, such as values of time.

©O 0O 0o o o o

Time Periods

5.1.4 The PT assignment model covers three time periods reflecting average travel conditions
during the AM peak, inter peak and PM peak hourly time periods, including:

o AM Peak hour: 0860900;
° Inter Peak: Average hour between 160600; and
o PM Peak hour: 1700800

Travel PurposesFare Types & User Classes

5.1.5 Demand matrices are prepared for five public transpdz S NJ Ofraveh gupeses @ &
whichareextended (i 2 & 8Scebiye LAS ¢  dzifdd Askigdrhdntal BeSedinclude:

° In Work (IW} Business trips;
° Non Work Commute (NWELommuting trips to/from place of work;
A Season ticket and neseason commute
° Non Work Other (NWGQ)Other journey purposes (ie retail, leisure);
A Season ticket and neseason other travel
° Non Work Education (NWEPrimary & Secondary school pupils; and
° Non Work Retired, retirement age population entitled to concessionary travel.

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 52/ 29¢



SVYSTIA

516 ¢KS WwWO2YYdzi SNKI @SR LRNIKSNDE | NB -:di adiy Q yiiro
types to enable assignment of user class travel demand along with specific fare levels
attributed to a proportion ofrelevant traveldemand. These seven tickiyfpe user classes
are assigned separately to the public transport network.

School Bus Travel

5.1.7 Note that 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 filesThe use of scheduled bus services and
school bus transport is allowable for ampdelledtravel purpose.This approach helps ensure
a reasonable (or minimal) level of PT accessibility is available for each modelled zone / area.

5.1.8 This approaclalsocreates a limitation in that noschool passengers can travel via school
servicesin the mode) (whereas thids unlikely tobe possible operationallyand herefore
some public transport journeys would be represented by a lower travelthastanticipated
This issue is more relevant for rural areasere school services connecting settlemerdasd
where no other service iactuallyavailable (whereas pupils in Aberdeen mainly travel using
the localtimetabledbus servicesand specit school services are not readiyailablg.

5.1.9 In most cases this issue is not anticipated to be significant, as the frequency of school services
is anticipated to be limited, and the public transport passenger volumes involved to/from
rural areas with no scheduled services are also likely to be low.

5.1.10 The public transport calibration reporting in Chapter 9 details the comparison of both school
and nonschool passengers in rural arealkiswill aid users in understanding how school and
non-school movements impact the overall level of public transport passenger volumes across
the modelled area and within specific corridors.

Mitigation Options

5.1.11 To mitigate this issue, users can review the prevalence of school bus services within their area
of interest, check the level of neschool patronage, and consider if PT travel costs are
sufficientlyrepresentative. These types of checks would be more relevant if testing new bus
services within or connecting to rural areas outwith the main public transport corridors.

5.1.12 Future model development could also consider methods for restrictingsotiool travellers
from using school services. One approach could be through introducing more détaded
segmentation, (or penalty fares) which would add higher fares to school services for specific
PT user classes. Note that a subsequent impact of this type of approachheotddeduce
modelledPT accessibilitin rural zonesand potentiallyincrease public transport costs an
unreasonably high value, which may require fertimitigation.
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5.2 Public Transport Network

Road Networkinputs

5.2.1 The ASAM1®T network is based on the ASAM3BTURN road network with the addition of
the North Eastail network(East Coast Mainline and Inverness rail linB)is structure allows
for simple and consistent transfer ohanges in forecast road traffic speeds and delays. The
modelled PT network includes the following elements:

0 Road network;

0 Rail network between Carnoustie and Forres, including all intermediate stations;
A Carnoustie and Forres represent external route zones for all rail travel to/from

the South / North.

° Bus priority measures (bus lanes, bus only routes);

° Walk connections between zones and the road network and rail stations;

° Walk connections between rail stations and park & ride sites and the road network

and
° Active travel links that provide access to zonal areas and PT services.

Bus Speeds

5.2.2 Congested traffic speeds are extracted from the road model to form the underlying basis of
bus network speedsBus vehicle speeds are adjusted by a rangeetfvork speedfactors
(applied to the congested road speeds) represent the slower average speeds of buses
through the network These include:

95%: RuralDual Carriagewayaor 3 Lane ARoad

85%: RuralRoads

97.%%: Sburban/ Urban >30mph

97.5%: Suburban Urban <30mph

98.5%: Bus Lane¢of the Free Flow Speed, so uncongested)
85%: Any other route

©O O O o o o

5.2.3 Busesperating along urban routesre assumed to travel through the networkaltmostthe
same speed as cafge. 97.5% of congested car speedjth bus speedsfurther reduced
through the Dwell time factor described below.

5.2.4 The lower rural bus speeds reflect the general nature of bus travel within rural areas, where
buses tend to travel at lower speeds than cars. Final vahees based on judgement through
reviewing the bus journey timegalidation, with factors implemented through grouping of
network Capacity Indices (road types).

Bus Dwell Times

5.2.5 Bus speeds are also impactadd calculated bythe time required for passengers boarding
and alightingous services This is represented bynaaverage¥ 5 ¢ S t fper bus fopEng
node, which isnput to the bus service file for each time perioBwell imesRA F ¥ SNJ F2 NJ a L
' NDFYyé O0ADPSP CANBRIG ! 0SNRSSYy ! laydetailddbglawS NJ | ND |
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5.29

5.2.10
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Intra UrbanServiceDwell Time

° AM Peak 0.2 Bus Dwell time factor (i.&5.2 seconds stopping time per stop);
° Inter Peak @11 Bus Dwell time factor (i.24.6 seconds stopping time per stop);
° PM Peak @4 Bus Dwell time factor (i.26.4 seconds stopping time per stop);

Inter UrbanServiceDwell Time

° AM Peak 0.33 Bus Dwell time factor .(1.8.8seconds stopping time per stop);
° Inter Peak 0.30 Bus Dwell time factor.(L8.0seconds stopping time per stop);
° PM Peak 0.32 Bus Dwell time factor.(18.2seconds stopping time per stop);

Dwell time factors were calibrated for each time period based on bus journey time
comparisons with timetablesand in tandem with the bus speed network factor

A minimum congested speed tkph has been set for bus services. This reflects the detailed
nature of bus manoeuvres approaching heavily congested intersections within Aberdeen,
where buses can tend to block traffic as passengers board / aigbtucing the traffic
volume along thenext section of the route, and potentially providing a higher speed and
quicker journey time. Furthermore, although bus lanes are represented within the PT
modelling, Saturn software will predominately allocate junction delaythe specific junction
node, resulting in an over estimate in delays for buses (as the majority of bus lanes will stop
just prior to the junction). In reality, only a proportion of this delay would be attributed to
buses, and the allocation of a delagd a percentage reduction for boarding / alighting, and
therefore the capping of low speeds limits this potential over estimate of congestion impacts.

Bus journey times are therefore dependent congestedroad network spees, interaction
with bus priority measureand number of service stops (and associated dwell time).

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

Rail Lines & Stations

The ASAMArail network represents the East Coast Mainline and Aberdeen to Inverness ralil
line, within the model boundary. The following rail stations and associated rail lines and
connectors have been incorporated into ASAM1

Aberdeen: Aberdeen Station and Dyce,

Aberdeenshire: Laurencekirk, Stonehaven, Portlethen, Inverurie, Insch, Huntly;
Angus: Arbroath & Montrose;

Moray: Keith & Elgin

External connectorsat Carnoustie and Forres representing points of onwards
travel to/from the South and North;

© © o o o

Where applicable, each of these stations also has a car parking capacity allocation within the
Park & Ride moddb allow carNJ A f A y (li@exdaiPark & Bide modélling excludes
cardependent interchangegat Carnoustie & Forrestations, which is extracted from TMfS
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5.2.14

5.2.15

5.2.16

5.2.17

5.2.18

5.2.19
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Bus Priority

As part of the network development the coverage of bus lanes and bus only links was
reviewed and updated to reflect the more detailed layout link/node structure of the road
network. Streets which include general traffic bans are coded ashlydinks. These lanes

are coded within the road model and carried through to the PT netwBhle PT model applies
90% of the relevant freflow speed (rather than congested speed) for modelled links that are
located along bus lanes and bus only links.

Bus priority information was derived from previous ASAM bus network coding, review of
satellite imagery, local knowledge and client feedbaddus gates / bus only routesire
representedat Old Lang StrachBedford RoagdDubfordand Broad Streetvithin the 2019

base year modelling.

Note that some minor bus lane modelled segments are no longer operational and should be
updated in future modelling. These are noted in the ASAM19 Issudsialtime periods,
and some specific updates for the inter peak period when some bus lanes are not operational

Walk Links

The walk link network included the reverse direction of links where the road network is one
way, together with links to represent facilities such as footpaths, footbridges and
pedestrianised shoppingtreets as required.

The walk speed within the PT model is se4 &kph(consistent with earlier model versions)
Maximum (unweighted) walk time is capped3tminutes for rail access led) minutes for
accessing inteurban bus, an@5 minutes for Urban Bus.

Motorised Non-transit Link Walk Cost

For travel to/from model zones thatannot access a inter urbanbus service within30
minutes walk timgand a maximum cost of 500 minutea}hotorisedime isinput for these
areas, reflecting the potential to travel by taxi, or potentially be dropped off at a bus
stop/station.

This extra travel time is used within the route enumeration stage, and incorporated into the
overall travel cost to/from these zones along with other PT journey cost component (i.e. wait
time, fares etc). The extra nanotorised travel time penalty is sat 65 minutes with a PT

time disbenefit of 1.75 times the PT travel time. Therefore representing a much higher cost
for these inaccessible PT zones (i.e. reflecting a higher cost of taxi, and/or inconvenience of
obtaininglift by carto bus stops).

A summary of the composition of the public transport network is describdciote 5
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Table 5. Public TransportNetwork Statistics

DESCRIPTION LTYPE] NUMBERY TOTAL LENGTH (K

Railway Links

Walk link to/from station, park and ride
site or walk only link

Active travel link (passenger can also L
these links to access the PT network’

5.3

531

5.3.2

5.3.3

5.34

5.35

Subway Links

Ferry Links *

18

24

12

30

463.8

50 19.5
114 87.6
NA NA
NA NA

* Note that ASAM19zone 1030 is used as an external link to represent Ferry traffic and
passenger movements at Aberdeen HarhotWhis connects with TMfS18A to extract relevant
ferry movements téfrom the ASAM1®Harbour area. No actual ferry links/routes are though

codedin ASAM19.

Public Transport Services

PTservicesvere developed to represen2019 PT travedccessibility, including:

0 East Coast Mainline and Aberdeen to Inverness rail line
0 all scheduled public bus serviceghin the modelled arepand
0 available school bus service information

¢tKS RS@OSt2LISyd 27
public transport system and service data. This includes the definition of System Information

and the coding of PT servidef A.y S & ¢

System Information contains data for:

o
o
o
o

available PT modes;
PT operator definition;
wait curves; and
crowding curves.

iKS

Lidzo £ AO (NJF yaLR2NI &SN

The PT lines contain data for each modelled public transport service, including the route the
service take across the modelledransport network. Within ASAMEY &ptzMI | vy Q 0 dza
servicesare used to represent and more rurally orientatservicesbetween Aberdeen City

and Aberdeenshire, and beyor(de. Stagecoachpnd also used toeflect long distances

coaches travelling on the A90 to/from the South

WL ydaNglHF Y Q

aSNDAOSA

NS

buses operating within AberdeendiFirst Group).
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5.3.7

5.3.8

5.3.9

5.3.10

5.3.11

5.3.12

5.3.13
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Public transport services contain the following data:

mode;

operating company;

route type (circular/linear);

headway for each modelled time period;
short and long text descriptions;

Dwell Timeand

sequence of nodes along the route.

©O 0 0o o o o o

Service time periods were identifigtirough identifying the mid-point of the service time
(within the modelled AM, Inter and or PM Peaksjth the timetable used to calculate a
headway for each route in the database. Rail service coding is timetabled within the PT
modelling whilst bus journey times are dependent on the road network spédrasstop dwell
timesand interaction with bus priority measures.

Bus Services

ASAMD bus services are modellda time period andwere formed based onhe relevant
2019TransXchange digital bus timetable files for services operating within the modelled area
(extracted September 2019)Thisincludes services crossing the model boundamrg school
services Additional school service data was also provided by Aberdeenshire Council
illustrating routes to some secondary schools (i.e. Mackie Academy in South Aberdeenshire).

TransXchange digital timetables record the bus stops relevant to each bus service, and these

were cross referenced with the ITN GIS network TOIDs which are used to prepare the nodes

for the road and bus networks. Where some route coverage was not aeaiéihin ASAM?

(i.e. for some minor rural or urban routes, particularly in rural towrajditional road links

were either incorporated, 0d dzid a G 2LJA ¢KSNB WwWayl LIISRQ (2 06S f
network node.

Sequences of bus stopping nodes were used to highlight the approximate route of each
service. Using GIS algorithms, bus node sequences were infilled with an estimate of the route
used between each bus stop. This estimate was based on a calculationstibtihest time

path between each stop.

Urban and inteturban bus services are coded to stop only at defined bus stops. Where the
modelled network does not include the actual road (e.g. diversions to local settlements, used
by a service), the modelled service has been routed using the neagestadent road.
However, the vast majority ofus stops are reflected in ASAM19, as further minor rural routes
were incorporated to represent rural school bus services

A number of spot checks were undertaken to check that services followed logical routes
between bus stops, with some manual changes implemented as required.

Some additional service frequencies were required to be incorporated into the inter and PM

peak model service files where PT connectivity to rural zones was not available and the
NBadz G yd GNI ¢St O02ad o1 a 2dzi g A Ecked Wdbild WY 2 G 2 N
have added an artificially high travel cost into the demand model). These amendments added

a very infrequent service to access these zones, including:
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Inter Peak:

° Zone 748 Lumsden, services 208_219 & 209 219, Adf@&ulathdon, inter peak
frequency changed from zero wservice ever@60minutes

PM Peak

0 Zone 706, 740 Turriff, services 276 253 & 277 253, Turriff Mintlaw or
Fraserburgh, PM frequency changed from zero to h&tutes; and

0 Zone 656 Rothienorman, services 377_308 & 380 308, Aberchirder or Turriff
Inverurie, PM frequency changed from zero to h&utes.

5.3.14 The result of these changes effectively provides a low lev@Tatcessibility to these zones,
eventhough there is no recorded PT service actually operating in these areas / directions
during these time periods. In reality, PT travellers to/from these areas, would need to access
an earlier service or make othravel arrangementto access aervice located further away.

Rail Services

5.3.15 Rail service coding wagvelopedusing2019ATCCClHail timetabledata. Rail services were
aggregated based on stopping patterns with average headways derived for each time period.
The following approach wasppliedto prepare the PT lines:

° modelled headways are based on the number of services that operate in each time
period (i.e. 0701000, 100Q1600 and 16061900) with the time period definition
based on thdimetable midpoint within the model network;

° modelled capacity was based on the coded capacities of the ASAM14 model, with
some updates to represetfiie new services operating (i.e. Montrose local service);

° somelong distance servicesith infrequent service patterngereincluded in more
than one time period to ensure connectivity throughout the model network

5.3.16 Therelevant PT Modes armassociatechumber ofcodedservicelinesare detailedin Table 6

0 Intra-urban bus operatingmainlywithin Aberdeen(i.e. First Aberdeen)
0 Inter-urban bus: City-Shire services arldnger distance coach services; and
0 Rail servicesoperating along the East coast and Inverness lines.

Table 6. ASAMD Public TransporBus & RaiServices

MODE AM PEAK INTER PEAK PM PEAK

Intra Urban Bus

Inter Urban Bus 373 325 294
Rail 23 17 24
Total 483 398 378

5.3.17 Public Transport service coverage is illustratedppendix C
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5.4 Public Transport Systems Coding

5.4.1 The MODE control statement defines the type and characteristics of the PT mbdele 7
documents the five transit modes and accompanying four-transit modes available within
the ASAM19 Public Transport Assignment model.

Table 7. ASAM19 Public Transport Modes

NUM NAME LONG NAME

96

97

98

ey

Urban Bus Urban Bus

Inter Urban Bus Inter Urban Bus

Rail Rail

Tram Tram

New Mode Available for new mode input
NTL_AE M NTL Access / Egredgetorised
NTL_AE NTL Access / Egress
NTL_Z2Z NTL Zone to Zone
NTL_Trans NTL Transfer Legs

5.4.2 The ASAM19 base year modeblies the first three PT modes, with accompanying PT service
coding representing bus and rail routes. Nbransit modes are used to generate and model
relevant levels of accessibility for zones where a PT service may not operate.

5.4.3 The nontransit leg creation processtablishegieneral connectivity, but not exclusivdéipm
each zone node to a public transport stopping node through a series of ieseASAM19
rules are as listed below:

(]

Mode 96¢ (NTL_AE_M) Based on MOT_NTL_COSTaHonodel zones the maximum
connection time of 500 minutes for Inter Urban Bus Stdpsiaximum of 2 non transit
legs are permitted from zoned20-491,493897,8991017,10191030. A maximum of 5
non transit legs are permitted from zones 492, 898 and 1018. All other zones are
assumed to have an alternative non transit method to get to their destination

Mode 97 ¢ (NTL_AE) Based on WALK TIME the maximum connection tim25of
minutesfor Urban Bus and 30 minutes for Inter Urban Bus and Rad. maximum
number of nontransit links permitteds discussed below and set outliable 8

Mode 98¢ (NTL_Z2Z) Based on WALK TIME the maximum connection time of 5
minutes from/to any zone to zone transfeand

Mode 99¢ (NTL_Trans) Based on WALK TIME the maximum connection tin20of
minutes from bus stop to bus stop and bus stop to/from rail station.
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The maximum number of netmansit links is defined by each non transit mode , PFraode
and in some cases by area. This is a traifidetweenincorporatingtoo many nontransit
links (and impacting PT model run timeashd notmodelling sufficientaccess/egress to the
Public transport servicggmpacting the representation of PT routing)hisstageis generally
an iterative procesbalancingnaximum cost and maximum number of link&he final cap of
non-transit links is shown imable 8

Table 8. ASAM19Maximum number of nortransit links permitted

NTL MODE URBAN BUS INTER URBAN BUS RAIL

5.5

5.5.1

5.5.2

5.5.3

554

2-5 (zone dependent)

7 (Aberdeen City), 1 = 8 (Aberdeen City), 15 1 (internals) and 3

97 (Aberdeenshire & Bu;  (Aberdeenshire & Bus (externals)
Station), 5Externals) ' Station), 5 (Externals)

98 1 1 1

99 3 3 3

Fares Model Development

As part of the public transport assignment model, ASAM19 requires representations of fares
for each PT service included in the model.

The ASAM19 Fares Model is based on a set of distaersed bus fares and station to station
rail fare tables. Fare tables are allocated to modelled PT operators by user class (travel
purpose) and time period and are described in 2019 prices unless owestdted.

Allocating fares by travel purpose improves the representation of the average fare paid by
commuters that have season tickets, other concessionary travellers, and the full prices paid
by more irregular business travellers. Further disaggregation by tigetand time period,

allows the assignment of the proportion of travellers that may have access to cheaper tickets.

Table rovides the relevant equivalence between user class and fare (or ticket) class.

Table 9. PT Ticket Class by User Class Fare Structure

USER TICKET CLAS i
CLAS DESCRIPTION (BUS) TICKET CLASS (R

9 YLX 2 &S NEDayTrawal A y Day Return Day Return
CMN  Commuteg Day Travel Day Return Day Return
OTN  Othersg Day Travel Day Return Day Return
CMS  Commuteg Multi-Day Travel Weekly Ticket Season
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USER TICKET CLAS ]
CLAS DESCRIPTION (BUS) TICKET CLASS (R

EDS

RET

Educationg Day &Multi-Day Travel

Retired Concessionary

Othersg Multi-Day Travel Weekly Ticket Season

Weekly Ticket  Average Day / Seaso
(Child) (Child)

Discounted Day
Return

5.5.5 PT fares therefore fall into five classes, including:

© o o o o

ADT STRQ Adult Day Return based fares;

ADT WKYX Adult Weekly / Season baséates;

CHD STRChild Day Return based fares;

CHD WKY Child Weekly / Season based fares; and
CONCEG&Concessionary travel based fares

5.5.6 The ticket class structure was updated from earlier regional models to reduce the number of
user classes and reduce model run times. This included combining Employers Business Day
and Season tickets, and also combining Child Day and season ticketasses.cl

Bus fares

5.5.7 Bus fares are assigned within the PT model across the following bus operator groupings.

o ©o o o o

FirstAberdeen (covering all First services);

Stagecoach Aberdeen (covering the majority of Stagecoach services);
Other urban services operating within Aberdeen City

Other interurban services operating across Aberdeensbhiother rural services
Citylink / Megabus Longer distance coach services.

5.5.8 ASAM19 Bus fares are distance based and were determined using analysis of a sample of fares
for Stagecoach, First and Citylink services. This identified an average distance for each
Stagecoach, First and Citylink fare stage. Fare and distance calailattutded analysis of
the following services:

First Aberdeen

o]

o]

o]

Route 1% Peterculter to Cairn Road
Route 2¢ Ashwood Park to Newburgh Drive
Route 18 Dyce to Victoria Street

Stagecoach

° Service 5% Northfield (Howes Road) to Torry

° Service Xt Union Square to Dundee

o Service 6% Kirkton Brae to Aberdeen Bus Station
o

Service 3% Inverurie to North Anderson Drive
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Mega Bus & Citlink

° Aberdeen to Dundee (this is the only service operating undsftifitor Megabus
in the ASAM9 model)

5.5.9 This fare was then adjusted for each user class based on the following assumptions:
° BusAdult Employer8usines&nd CommutgDay TravellFares:
Return fare divided by two I NBFGAy3 a! RdzZ G {GF yRI NF

° BusAdult Nonwork Otherand CommutgDay Travellrares:
Return fare divided by twé /I NBFrGAy3a | O2yaradaSyda
(with concessioary travellers included in the retired travel purpose)

° BusAdult Nonwork Commute(Multi-day Travelfares:

Weekly seasoticket for the relevant zone (based on distance) divided by the
seasons factor. The seasons factor is 10, assuming 10 trips per week using
the weekly pass.

Users should note that recent guidance suggests a lower seasons factor of
8.5 is appliedor public transport modelling The impact of higher levels of
remote working since 2019 is also likely to impact the seasons factor and the
representation of fares. These considerations should be explored as part of
future model updates

0 Bus Child Education (Mutiay Travelfares:
Adult Multi Day Travel divided by tvio represent child fare discount

° Concessionary travel

All concessionary travel is subject to a nominal fare of 5p, with the exception
of bus operator Cylink which reflects a 50p online booking fee.

5.5.10 Theresultant First bus fares by distance band are showrainle 10

CHILIMULTIDAY
(£)

Table 10First Bus Fares

DISTANCH ADULT MULIDAY
ADULT DAY (£
(KM)
1.53 1.80

0-1.47

0.90

1.47+ 2.43 1.80 0.90
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5.5.11 TheCitylink bus fares by distance band are showitable 1(Mhelow:

Table 11Citylink Bus Fares

DISTANCH ADULT MULIDAY § CHILD MULIDAY
ADULT DAY (£

0-84.5 12.10 10.70 5.35

84.5+ 13.60 10.70 5.35

5.5.12 TheStagecoaclus fares by distance band are showTable 12below:

Table 12StagecoaciBus Fares

DISTANCEH ADULT MULIDAY
ADULT DAY (£
(KM)
0-5 1.25 1.29

CHILD MULTDAY
(£)

0.64
5-7.5 2.20 1.29 0.64
7.514 2.45 2.68 1.34
14-27 3.15 2.68 1.34
27-49 4.90 4.22 2.11
49-55 8.20 4.85 2.43
5565 8.95 4.85 2.43
65-100 9.90 4.85 2.43
100+ 10.80 4.85 2.43

5.5.13 Usersshouldnote that in the ASAM19 base model there is an error in the PM peak Bus fare
coding where the initial boarding fee is duplicated for the Stagectaeh This subsequently
generates slightly higher PT travel costs in the 2019 PM Peak base year model. An updated
2019 Baseline scenario was subsequently developed which removes this duplication and is
available for application. This coding issue has &lsen rectified within the forecasting
scenarios.
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Rail fares

5514 2 AUKAY GKS t¢ Y2RStfAy3dX NIAf FIFENBa INB |
%2y SaQ | Fabla K3avithii tha ASAM19 coverage area for all rail operators using

aa
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fares are applied to represent the price to travel by rail to areas external to the model
coverage.

Table 13ASAM19 Rail Station Fare Zones

ASAM19 FARE ZONE RAIL STATION

1 Aberdeen

2 Dyce

3 Huntly

4 Insch

5 Inverurie

6 Montrose

7 Portlethen

8 Stonehaven

9 Keith
10 Laurencekirk
11 Arbroath
12 Elgin
13 Carnoustie (External South)
14 Forres (external North)

Rail Fares Data Source

5.5.15 Theunderlying source of the ASAM19 rail fare data is the Association of Train Operating
Companies (ATOC) fares database. The original database has been downloaded from
(http://data.atoc.org/faresdata) on December'2019 (RJFAF275 Fares) and is in the form
of a collection of fixed width text files.

5.5.16 These are initially reformatted to separate all the tables contained and uploaded into a SQL
database through Windows batch files and an SQL Server procedure.
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5.5.17 The fare matrix creation process makes use of the following tables from the ATOC database:

[Flow];

[Station clusters];
[Fare];

[Ticket types]; and
[Non derivable fares].

© ©o o o o

5.5.18 The ticket type table lists all of the ticket types available on the railway. These include first
class tickets and promotional / operator specific advance fafdgesewere not included in
the output given they are used predominately by longer distance rail travellers, rather than
f20Ff Wb2NIK 9FadQ GNRLAO®

5.5.19 In addition to the above ATOC tables, the process makes use of two further tables to enable
linkages to the ASAM19 model:

° [Station ref]; and
° [Node ref].

5.5.20 Together these relate the NLC (National Location Code) number to single stations and
consequently station to nodes in the ASAM19 model.

5.5.21 The process consists of a single SQL query that brings together movements and fares from
the fare tables and ticket information from the ticket types table, along with the reverse
movements where applicable.

5.5.22 Fares associated with flows are generated by joining the [Flow] table with the [Fare] table. A
field specifies whether the reverse fare applies.

5.5.23 Fares with no associated flow are found in the [Mmrivable fares] table. These are taken
as recorded and transposed for the reverse movement.

5.5.24 Movements are converted into inter node movements by joining with thedetined tables
of station [station_ref] and nodes [node_ref] based on NLC numbers.

5.5.25 The output table of station to station movements is then exported into access to segment by
ticket type, these types being:

Anytime Return;

Anytime Day Return;

Off Peak Return;

Off peak Day Return; and
Season.

O o o o o

5526 C2NJ a2YS Y2@0SyYySyiaszs GKSNB Aa 2yfeé SAGKSNI I 6
generate a full database of movements, the next stage joined these outputs such that if the
Day Return value was 0, it was replaced by the Return.

5.5.27 In some cases, as no return fare was available within the database, the single journey fare
was doubled.
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The matrices were then factored to create an average fare per journey, assuming weekly
travel by season ticket (10) and 2 journeys per return ticket.

The Child fare matrices were based on half of the fares of the adult tickets.

Travel Purpose & Ticket Conversion

The calculation of relevant PT fares and travel purpose to rail passenger ticket class
proportions was undertaken with reference to the PDFH Conversion Table (Non London 2)
and supplemented with analysis of the MOIRA2 (2RQ78) database within the NortBast

of Scotland, and analysis of relevant population data.

Note that the MOIRA 2019 database was considered poor quality due to the level of service
disruption, hence the use of 202018 data.

To developASAMrail fares, ATOC Fare Fematputs (May 2019)vere processed to create a
station to station fare matrix. All ticket types sold for each station to station movement are
included within the dataset. The following process was used, to develop passenger
proportions to cross reference PT fares with eBdhuser class and time period as follows:

Varying fares and factors were applied to determine the station to station fare avaitable
representeach user class and time perjaslith the process applied as follows:

Adult Standard AM and PiIAnytime Day Return/2;

Adult Standard e Off Peak Return/2;

Adult Seasolg AM, IP and PM Seven Day Standard/Seasons Factor (10);

Child Season Adult Season/2;

Adult Concession The Concessionary factor is applied and based on the number of
railcards issued in the UK/total population and the assumption of a 33% discount on
fares. Two Together and Family & Friends railcards were excluded from this calculation.
The Concessionarydtmr is 97%, resulting in a discount of 3% on the Standard fare (by
relevant time period);

o Child Standard AM/IP/PI Adult Standard/2; and

0 Adult Advance AM/IP/PMThe Other Advance is calculated based on the proportion
of advance fares per movement from the ATOC data with commute and busiipsss
removed (isingPDFHicket type by purpose for Nehondon trips) andhe average
saving for Advanceompared toAnytime Singlécalculated looking 2 weeks ahead for

a selection of routgs This method reflected that many of the routes in the model did
not have Advance Tickets availabMote that this fare is included within the fare table
but isnot used within ASAM19.

o o o o o

Bus ticket conversion also made use of bus operator ticketing data to calculate the level of
concessionary travel

The proportion of each fare type applied to each PT user class within each time period is
summarised withinrable 14
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Table 14PT Assignment User Class Ticket Type Proportions

TIME PERIOD TYPE COMMUTE OTHER

NonSeason 66% 99%
AM Peak

Season 34% 1%

NonSeason 89% 99%
Inter Peak

Season 11% 1%

NonSeason 59% 98%
PM Peak

Season 41% 2%

Non-Season 89% 99%
Off Peak

Season 11% 1%

Model Input FareDefinition Files

5.5.36 Rail fares, and fares for bus operator groups are stored in four. fiketway fare matrices
contain additional tables for time period specifiser /ticket class faresThesefiles are
located in {CATALOG_DRijns{Model Yeaft{Run ID}input\Additional PY and are
named

° Rail_Fares.MAT
° Bus Fares:

Fares AM.FAR,;
Fares IP.FAR; and
Fares PM.FAR.

CFENB 'tt20F0A2Yy WTFFOUG2NID CAf Sa

5.5.37 Seven fare allocation factorfiles are located in {CATALOG_ERRhs{Model Yeaf{Run
IDMInput\ Factor_Fileésand are nameds per the ticket type user classes defined able 9
These files link the operator groups to the fare systems defined in the .FAR files

° {ticket type userclassNO_VOT.FAC

5.5.38 In addition, a further matrix file with several tables is applied to proportion passenger travel
demand from each travel purpose to the relevant Ticket Class. This file is named:

° PT_Ticket_Conversion.MAT
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Passenger Wait Curves

The calculation of average passenger wait times to access PT services is undertaken using wait
curves. Figure Sllustrates theinitial wait curve adopted iMSAM.O.

30

= - [ N
o i <) wn

Actual Wait Time (Minutes)

L

0 20 40 60 80 100 120 140 160 180

Service Headway (Minutes)

Figure 5. PT Passengénitial Waiting Time CurvéMinutes)

¢KS OKIFNI AffdzadNyaGSa GKS aF OQldzrt oF Al GAYSE
represents the unweighted waiting time within the PT model at a specific headway. The
FaaA3dyyYSyid Y2RSt dzasSa GKS GLISNOSA &Shelows I A G 0
multiplied by the wait time factofwhere the current ASAM19 wait time factor is 2)

As can be seen, the wait times rise sharply for frequent services, where the effective headway
is lower than around 20 minutes, with the curve continuing to increase wait times for lower
frequency servicesThe rise in wait time is decreased for waits of over 120 mingishich

also affects all waits longer than the maximum of 180 defined

This type of curve provides an effective means of representing varying levels of PT service
frequency for lessvell served areasnd facilitates a model response and assessment of
service changes associated with less frequent services.

Two passenger waiting times are applied withAiBAM9E NBLINB &aSy dAy3 (GKS WL
F£a2 TFT2N) WadonalSljdSyid ¢ Mmitin@aSAVAENR wait cuvSA 0S A
norrinitial waits (waiting while interchanging) is set to be the same as the initial wait curve.

The ASAM19 wait curve is consistent with the earlier ASAMglonwait curve which was

originally based on the SRM12 model, and which dexived from the Passenger Demand
Forecasting Handbook (PDFHRS a ONR 6 SR | a -Utbagd yFurfhéer iifBrengfionL y i S NJ
on the derivation 0ASAMwait curvess contained irAppendixD.
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Passenger Crowding

Public transport crowding is represented within tASAM9 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 averagadbais are likely

to remain broadly constant over time.

Note that the impact that car park capacity constraints atstitions and park and ride sites
will have on mode and route choice is dealt with by the Park and Ride model.

The PT crowding assignment requires the specification of the following data:

0 Rail service train set capacities;
0 PT crowding curves; and
° passenger and vehicle arrival profiles.

Rail Service Capacity

Specific rail service capacities have been coded for all rail services in the ASAM base year, to
be consistent with ASAM14 capacities which is based on development of the TMfS14 base
Year model. Capacities were allocated to each service extracted fro20tte ATCETIF
timetable datg with further capacities incorporated for the new Montrose servicekhis
provided an indication of the seated and crush capacity on all train services in 2019, which is
broadly representative of rolling stock allocations.

Capacities on nofscotRail services have been extracted from the TMfS14 rail service coding.
b2GS GKIG GKSNB OFry 0SS a2YS FRRAGAZ2YLFE dzyOS
capacity within a time period where a long distance service operatessatwostime periods.

Users should consider reviewing rail service capacities if relevant to their dtushassumed
that rail services are fully operational and not impacted by-tiaglay operational issues.

Crowding Curves & Utilisation

Crowding curves are implemented as multiplicative curves in the CUBE Voyager public
transport assignment procedures. For each level of utilisation, the free link journey time is
multiplied by the appropriate adjustment factor to represent the perceivegrijey time

spent in crowded conditions. It should be noted that all modelled occupants perceive the
same crowding on a given section of the route, regardless of where they boarded.

The measure of utilisation is expressed as the percentage of standing passengers as a
proportion of the standing capacity. Utilisation is therefore zero until all seats are occupied
and standing is necessary. Ultilisation is 100% when the vehicle igsat capacity, i.e. all
standing room is taken.

The PDFH recommends that the measure of crowding 'is taken to be the load factor up to
100% of seats being taken, and the standing passengers per m2 of standing space beyond
that'. In the absence of available standing space figures for rail rolling ist&otland, the
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ScotRail rolling stock crush capacity figures have been used to allocate the PDFH Regional
crowdngcurve. The ratio of seated versus crush capacity varies between train classes ranging
from 1.27 to 1.56 suggesting the crush capacities do reflect variations in standing space.

Therefore, in order to derive a crowding curve that can be applied across the entire network
an assumed crush capacity equivalent to 140% of the seated capacity on average has been
applied where it is assumed the crush capacity is equivalent to 5 passqreyan2. The data
points for the resulting crowding curve are described @ble 15based on théV b 2.ghdon

I 2YYdziAy3a wlkAfQ / NPgRAYI RSFAYAUGAZYO D

Table 15ASAMLI Rail Passengetrowding Curve

% SEATED CAPACIT UTILISATION CROWDING FACTOR

100% 0% 1.00
108% 20% 1.26
116% 40% 1.53
124% 60% 1.80
132% 80% 2.07
140% 100% 2.35

Passenger & Vehiclarrival profiles

The passenger and PT vehithain) arrival profiles are assumed to be constant throughout
the modelled time periods. This is a potential weakness in the crowding procedures applied,
since it makes no allowance for varying demand on individual services within the modelled
peak hour. Givethe nortlinear nature of crowding costs, this assumption of constant hourly
demand may result in an undestimation of crowding on busy routes where demand varies
significantly across the peak hour.

Crowding Calculations

Modelling PT crowding is an iterative process. The model calculates an initial set of crowding
factors and passenger loadings, feeds these back into the model and produces a revised set
of passenger loadings and corresponding perceived crowding costglel Monvergence 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, tthiterations applied for the
ASAMO PT crowding loopas standard. This lower number of loops was set as a balance
between delivering practical model run times and the level of crowding present within the
base year model (whereby the recent delivery of new local rail services reduced the level of
crowding compared to eadr modelling).

Users should consider reviewing the number of iterations depending on the level of future
year travel demand and interventions being testetlote that the ASAM19 forecasting
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includes two main forecast scenarigsNB LINB A Sy G Ay 3 GéoA (K LRt AORE
Although the without policy scenario is likédycontinue relatively low levels of rail passenger
crowding, the with policy scenario contains greater levels of public transport growth, which
could impact the number of crowding loops required to consistently calculate public transport
crowding costs.

5.7.16 Future model updates should consider the implementation of higher penalties to prevent
passenger loadings above realistic crush capaciied potentially adjust the calculations to
apply crowding costs when seated capacity is above 80% (rather than 100% as at present)

5717 b24GS GKFd GKS NBOSYyid a! ¢C[9-¢ RIYLAY3I FI OAft .
stabilise crowding) is natpplied in ASAM19The use of this facility should be considered in
future model updatesand may assist with accommodating higher levels of crowding costs if
the updates described above are also applied

5.7.18 Model users should review rail loadings and craowdevels in their study area as part of any
PT model applicatian

Crowding Loops Sensitivity Test

5.7.19 Although thestandardnumber of crowding loopstwWo loopg used to assign rail passenger
demand was seen as appropriate for the base year modelling, the number of crowding loops
may require further consideration during forecasting and scheme/policy testing. This is
particularly relevant as following the develoent of the base year modelling alternative
G2 AGK t 2f An@ 8cénari@ feMeSdevelapéd whichrepresented policies which
resulted in higher levels of rail patronage.

5.7.20 To understand the impadhat the number of crowding loopapplied hason these more
significant raildemand assumptiongand resultant patronagéorecasting, a sensivity test
was undertaken using four crowding loops, rather than the standard two crowding |labyss.
G6Sad O2YLI NBR (GKS LI GNRYyF3IS Ft26a 6AUGKAY GKS
run with a different number of loops as the only change in assumptions (Test ID$ ! a m ¢
tMO [206€ZX aHnNnnNnpéZ AaCO9. H[yYn/ [€ZX a%Cmnpy[ 20HE

5.7.21 A summary of theesults of the differencem passenger flomahen four crowding loops are
appliedare summarisedelowand illustrated inFigure 6

PT NetworkPassenger|Bw Differences:

° East Coast Mainline South of Aberdeen:

A -136 passengersger hour northbound (1502 down to 136689%) ¢ where
crowding is an issue within the AM Peak due to the mgmbers of rail
passengers included within the With Policy scenaaiud

A -3 passengers per hoBouthbound where rail crowding is less of an issue
during the AM peak forecasts.

° Inverness Line North of Dyce:
A +4 passengers per hour southboyrahd
A -1 passenger Northbound
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° Inverness Liné&outhof Dyce:
A +13 passengers per hour southbounand
A +167passengers per hoiNorthbound

° Bus passenger volumes:

A Passenger volumes increasing by aroRBei0 passengeralong the A92A90
following a shiftin passengerfrom the ECMLand considerable reduction in
bus passengers between Aberdeen City centre and Dyce; Rride

A Very small changda passengetevelsacross the remainingusnetwork.

° Public Transport Assignment Matrices41 passengers@.3%) within the AM Peak
Hour;

° Convergenceacceptabldevel of convergencafter six demand model loops with
four crowding loops applief0.082, compared to 0.078 with two crowding loops)

° Model run time: 25 hours with four crowding loops, compared to 18 hours with
two crowding loops

The sensitivity test demonstrates that the overall change to public transport passenger
demand within the PT assignment matrices is very small. And therefore the impact to overall
levels of public transport demand forecasting is relatively marginaleatdlygionwide level.

Although thePT passenger flow results show very small changes in areas were crowding
impacts are relatively low, the four loop test does demonstrate variationprédicted
passenger volungin corridors were considerable levels of crowding are present (i.e. East
Coast mainlinend Aberdeen to Dyge

Users should note that the results described here for the with policy scenario sensitivity test
reflect a forecast year where rail passenger volumes (and subsequent passenger crowding
impacts) are significantly higher than current levels. Other ASAM&8dset scenarios wita

lower level of predictedpassenges are less likely to have such a significant variaiion
passenger volumes

These results suggest that users should apply a greater number of rail crowding loops when
runningmodel forecast scenarios, particulafty the with policy scenarigandwhen testing

rail proposals.For consistencydditionalcrowding loops should also lme®nsideredon other
comparison scenarios with lower levels of crowdifAthis approach should result in greater
levels of model stability during application.

Users should note that running with four crowding loops will increase the demand model runs
to in excess of 24 hours to run through.
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Figure 6.Crowding Loop Sensitivity Tes€hange irPTPassenges (2045AM Peak)
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5.8 Public Transport Assignment Parameters
Path Building and Loading

5.8.1 TheASAM19PT path building and loading procedures have been developed using the CUBE
Voyager public transport assignment model software, with the following models:

o Walk Choice Model;
° Service Frequency and Cost Model; and
0 Alternative Alighting Model.

5.8.2 Each model applies relevant data sets and parameters to represent the PT system and assign
passenger demand. These processes, data and parameters are discussed further below:

Generalised Cos¥alue of Time

5.8.3 Where relevant PT choice calculations are based on generalised time, with Value of Time
applied to convert monetary values in to generalised time. The following Values of Time are
applied for theASAM12019 base year (£/hr):

0 £1220perhour:. dzZAAyS&da k WLY 22N)] QT
0 £ 6.16per hour:Non work (CommutgOtherand educatiol;, and
0 £ 622 per hour:Non Work Concessionary travel (retired)

5.8.4 These values are applied consistently across all PT mddhegotential to consider updates
to thesevaluesis discussed further in sectidh 10.

5.8.5 The model assignment is split into two stages as follows:

Route Enumeration:

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

Route Evaluation:

° ¢CKA& &aidlr3sS OFfOdAFIGSa GKS aLINBolFoAtAGE
between zone pairs, including the impacts of crowding and fares.

5.8.6 A range of parameters are available to control the path building process, including:

° route enumeration fare rusiime factors;
Aberdeen Sub Area Mod2019 (ASAM19)
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spread factor and spread constant;

mode specific irvehicle time weighting factors;
wait time weighting factors;

walk time weighting factors;

mode specific boarding penalties;

mode to mode transfer penalties; and

mode specific minimum and maximum wait times.

© O 0O o o o o

5.8.7 TheASAM1PT assignment model parameters, common to peak and Inter peak assignments,
are described ifable 16

Table 16 ASAM19Public Transport Assignment Model Parameters

MODEL PARAMETER VALUE/FACTOR

Route Enumeration Fare -rehicle urban bus / interurban bus 1.0
Time Factors{REFAREFACTOR)

rail 15
Spread Factor 13
Spread Constant 15 mins
LAMBDAA 04
LAMBDAW 0.2
In-vehicle Time Factors: Urban bus 14
AM, Inter & PM Peaks
(RUNFACTOR) Inter-urban bus 1.4

Rail 1.0
Walk Time Factor 1.8
Wait Time Factor 2
Minimum Wait Time 0 mins
Maximum Wait Time Route Enumeration Only 60 mins
Boarding Penalty: AM, IP & P Urban Bus 5mins
o¥Y. w5t 9b QU

Inter-urban Bus 6 mins

Rail 10 mins
Transfer Penaltyo Y- C9 wt 9 b to/from rail and/or bus 5mins
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In Vehicle Time

5.8.8 The invehicle time factor is a weighting applied to the travel time spent within the transit
vehicle. This varies by mode,represent the differing perceptions of each modeail travel
GAYS KFa I FIrOG2NI 2F WmonQ | LILX ASR (G2 NBTESC
mode. Within the base year modellingas@S KA Ot S GAYS FI Oi2NI 2F WMo

Boarding Penalties

5.8.9 Boarding penalties are mode specific penalties that add the specified time penalty to each
service barded, with a valugranging from five to ten minutes

Interchange Penalties

5.8.10 Interchange(or transfer)penalties areadditional time coded into the model to represent the
inconvenience of transferring between the modes of the public transport system.

5.8.11 Note that transferpenalties arenot included within theCUBEoute enumeration (path
building) stage.

Wait Time Factor

5.8.12 The wait time factor is valued at 2 times the value eféhicle time, in line with the migoint
of WebTAG guidance (TAG Unit M821.5).

Walk Time Parameters

5.8.13 The walk time is valued at8 times the value Dbin-vehicle time, in line with the values
suggestedvithin WebTAG guidance of using a value between 1.5 and 2.0 (TAG Unig M3.2
3.1.5).

Route Enumeration Fare Factors

5814 ¢ KS | { RetandFc OW 2 NIW mAdnbO¥ Sridan @nd intra urban bus sub modes and
rail factor set to®®dp Q ® ¢ KA A R kefle€t bl geyeBiowsrdostadsbGsRared 2
compared to rail. This will provide more competitive bus costs and allow a greater number
of bus routes to be enumerated (as specific PT fares are not included within the Route
Enumeration Stage).
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Public Transport Assignment Process

The key steps within the public transport assignment mqatecess are illustrated within
AppendixEandinclude

° Ticket Conversion modutgstage to convert from demand model user classes into
publictransport model user classes;

Build public transport network and services;

Public Transport Assignment;

Post Assignment Analysis; and

Cost Conversion.

o ©o o o

Ticket Conversion

Theconversionprocess loads in the demand mod&l passengdrip matrices(segmented
by travel purpose)land applies factors to proportion the trips to the appropriate public
transport model user cladyy ticket type

Build Public Transport Network

This stage takes the road network as output from the road assignment model and adds
additional nodes and links to represent the railway, walk network and additional zone
connections. In addition, PT model user class specific factor files are generdtethavit
appropriate value of time for the model run year.

The resulting network and factor files are then used in conjunction with the input public
transport service lines files to build a complete set of public transport inputs for the
assignment model.

Public Transport Assignment

The public transport model takes theilt network and bus and rail service files and generates
paths by PT model user class. This is undertaken through the two stage process of route
enumeration followed by loading of the PT model user class matrices to the network for
assignmenfroute evaluation).

Post Assignment Analysis

Following trip assignment, a variety of analysis routines are called using the output network
and cost skims.

Cost Conversion

The final stage of the public transport assignment model is to convert the costs for each
demand model user class. This is accomplished by weighting the travel costs from the
assignment model by the ticket type conversion factors used to proportion tpertatrices

in the ticket conversion stage.
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Public Transportnputs

The inputs to the public transport assignment model are:

° Model parameters, generally remaining constant;
° Outputs from other model componentand
° Direct inputs from the user.

The inputs sourced from the other model componeinisiude

° Public transport hourly trip matrices by demand model user class; and
° Time period specific road networks with post assignment road speeds.

5.9.10 The inputs from the user agenerally related to:

5.9.11

5.9.12

5.10

5.10.1

5.10.2

0 Public transport fares;
0 PT service levels and stopping patteqi¥f A y Sa Q FAf SA&T
° PT specific infrastructure such as bus gates, priority measures / bus only links,

coded through the road model; and
° PT walk access to bus stops and rail stations.

Public Transport Outputs
The public transponmnodellingprovides a range of output files, including:

Cost skims for the demand modmid Park & Ride Modelling

Cost skims of various public transport trip components (walk time, wait time, etc);
Cost skims of various public transport trip components by mode;

Network file withpassengewolume loadings for each time period;

Summaries of public transport loadings $®rviceline; and

Rail boarding and alighting data.

o 0O 0o o o o

The key outputs for operation of the model are the compoBitetravetost matrices for the
next loop of the demand model.

Public Transport Values of Time Updates

As part of the model audit, the auditoecommendedconsidering theapproachfor applying
values of timgVoT)to the public transport modellingwith guidancerecommending distinct
values are applied for commuter and neommuting travel purposes. ASAM19 currently
applies consistentvoT values for commutingother and educationtravel purposesas
described insection5.8.3 (i.e. with ASAM19 continuing tose a similar approach tahat
applied withinearlier ASAM and LATi&tional and regiongbublic transport modelling

The implication of implementingthe recommendedmore complexapproach is that the
ASAM19 Commuter purposeould have a higherVoT appliedwhereasother discretionary
tripsand education tripsvould have dowerVoT appliedthancurrent modelling) Therefore,
within the choice responsespmmuters willcurrentlyreact more strongly to the price of PT
fares, and otheand educatiorusers will be less sensitive to fathan anticipated
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Public Transport Value of Time Sensitivity Tests

5.10.3 To understanchow changes to the PT VoT assignment values would impact ASAM19 public
transport modelling, sensitivity tests were undertaken which gplit values of time for the
commuter, other and educatiortravel purposes.For thissensitivityexercise thesducation
travel purposewas give the sameVoTvalue aghe other travel purpose

5.10.4 Thetestingincluded updates to the model scripasmdinput the VoTparametersdescribed in
Table 17o representspecific VoValuesby travel purpose

5.10.5 Two tests were undertaken, the first updating thelevant VoT figures within th019
Baseline scenari@nd the second updating thealues in the 2045 With Polifgrecast Each
test included the full range of ASAM19 demand model choice responses.

Table 17PT Value of Time Sensitivity Test Parameters

TRAVEL ASAM19 2019

PURPOSE BASELINE

Business 12.20 12.20 16.31 16.31
Commute 6.16 11.02 8.25 14.73
Other 6.16 5.03 8.25 6.72
Education 6.16 5.03 8.25 6.72
Concessionary 6.22 6.22 8.31 8.31

Impact to Trip Matrices

5.10.6 Table 1&ndTable 13lescribe the overall change to the ASAMiL®lic transporassignment
matrices from introducing the updated values of time. These data demonsiratéatively
consistentincrease in commuting trips and reduction in other trips for both the Baseline and
forecast yearscenarios This trend reflects that commut@hoices(with a higher value of
time), arenow less impacted by the price of public transport fares, \g#T as a lower cost
mode and leathgto an increase i T trip making Whereas, discretionary trips now have a
lower value of time and will see PT faresaagreater travécost. Subsequently, commuter
road trips are seen to reduce slightly and other road trips increase.

5.10.7 Overall, PT trip making is shown to increase by around 2% within the peak periods and reduce
by 2% within the Inter peak. These differences reflect the higher proportion of commuter
travel within the peak periods, and are likely to balaioee to some degee when demand is
compared at a daily or annual level.

5.10.8 The changes iRT demand are mostwidentin the Baseline scenario, with the scale of change
reducing within the 2045 scenario.
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Table 18PTVoTSensitivity Tes 2019 Baseline PT Matrices

PURPOSE SCENARIO PT TRI AM PEAK INTER PEAY PM PEAK

Commute Trips Baseline 4,466 1,111 3,779
Change 601 118 475
% Change 13% 11% 13%

Other Trips Baseline 2,478 3,394 4,149
Change -198 -259 -297
% Change -8% -8% -7%

Total PT Trips Baseline 13,200 8,418 9,080
Change 298 -184 177
% Change 2% -2% 2%

Table 19PT VoT Sensitivity Test: 2045 With Policy Forecast PT Matrices

PURPOSE SCENARIO PT TRIR AM PEAK INTERPEAK PM PEAK

Commute Trips 2045 With Policy 6,357 1,420 5,033
Change 344 73 271
% Change 5% 5% 5%

Other Trips 2045 With Policy 3,168 4,282 5,075
Change -199 -247 -284
% Change -6% -6% -6%

Total PT Trips 2045 With Policy 16,239 10,343 11,606
Change 73 -202 -13
% Change 0.4% -2% -0.1%
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PT Network Volumes

5.10.9 Appendix X contains network maps illustrating changes in public transport passenger flows
with the updated values of time in placéhese show changes in commuter and other trip
purpose passenger volumes within tB819 Baseline and 2045 forecast year scenario

5.10.10 The maps show th@&Tcommuter flows generally increase across the network and passenger
flows related to other trips reduce slightlyithin each scenario and time period

5.10.11 There is a relatively extensive change in commuter rail trips, with around +100 passengers on
both the East Coast Mainline and Inverness Lines approaching AbendbenAM Peak Rail
trips associated with discretionary travel reduce by arouneRQQrips at these locations,
which leads to an overall increase in the level of rail travel of over 80 trips. Similar trends are
also seen within the PM peak modelling.

Park & Ride and Station Car Park Occupancy

5.10.12 These changes in public transport demand subsequently lead to around a 24% increase
(approximately 200 vehicles) total park and ride and rail station car park usagethe
Baselineand a 10% increase in usage within the 2045 with pstiepario.

Model Updates

5.10.13 The sensitivity testing demonstrates that the audit recommendation péating the
representation of public transport values of time in more detail should be considered during
the next model update. Users should also be aware of this limitation during model
application, particularly for users that are assessing public trangpres, or policies which
may impact passenger flows differently by travel purpose. Further sensitivity tests could be
undertaken to understand impacts for specific appraisal puegos

5.10.14 Note thatif adopting the updatedvoTapproach the scale of change in PT demasttbwn
here islikely to impact theguality ofsomecomparisons with observepublic transportdata
sets. Changesn PT demandould also potentially impact crowding costs across the rail
network. Therefore, complementary adjustments to model parameters (and potentially
further calibration) may also be required to bringerall public transport demand into line
with observations. Therefore, it may also be beneficial to consider wider changes to public
transport demand (since the base year model development) to achieve more value during any
future re-calibration.
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PRIOR MATRIX DEVELOPMENT

6.1 Travel Demand Matrix Composition

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

6.1.8

This chapter describes the composition, data and processes involved to generat®A19

0N} St RSYFYR WtNA2NDR YIGNROSao® ¢tKSasS T2NYy
matrices that represent hourly travel movements between zones during the AM, Inter & PM

Peak time periods. Demand movements represented include:

Travel between activities in each zone (defined byresidential& employment data);
to/from Park & Ride sites and rail station car parks;

to/from Aberdeencity centre car parks;

to/from external route zones

Aberdeen Airport passengerand

off shore workergravellingto/from Aberdeen Heliport

© O 0o o o o

Thechapter f 82 RS&AONAO6SE G(GKS OKIFIy3aSa o6SGeSSy (K
9aidAYl GMEYMAtricestTe Pdst ME matricese the final hourly demand matrices
for input to the assignment modelsvhich then inform the final calibration comparisons

Travel Demand CompositiogUser Classes & Time Periods

ASAM19epresents specific travel demd movements using a set of 20bfse year travel
assignment matrices for relevant travel purposes and user classes. These purposes cover
road, public transport and active travel and include the following user classes for all AM, Inter
and PM Peak hourly network assignments:

Business trips (hwvork¢W. | { QO T

Commuter trips (Notwork commuteg (W ha QU T

Other trips (retail, health, leisure trips etc& tertiary educationo Wh ¢ 1 Q0 T

Education trips (primary & secondary educatiq) Y9 5| Q0O

WSGANBR O0AYyOf dzZRAY3 LINBLRNIAZ2Y 2F GNI @St SH

© O©o0 o o o

Within the road model the following two additional user classes are present:

° Light Goods Vehicles (LGV); and
° Heavy Goods Vehicles (HGV).

These form seven general road model user classes in total. Each of these are then spit out
AYyGi2 [ 9% WwO2 YAAYALE G O Gy RizZAGNA4Odad user Qassedife ISy S
final assignmentbased on LEZ compliant proportiofas described in sectich9.4).

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

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

A summary of the user classes within the assignment matrices are providatliz 20
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Table 20Assignment Model User Classes

uc ROAD MODEL USER] PT USER CLASS BY TIQ ACTIVE TRAVE
CLASS BY COMPLIAN( TYPE USER CLASS

Car:in work (business) Employers Busines®ay ) .

1 (CIW)¢ LEZ compliant; TravelcWCdzt £ Q t NS Walk:Business
Car:in work (business) Commute:Day Travet W C d. ]

2 (CIW); LEZ norcompliant; Price Walk:Commute

3 Car:cqmmute (CNWC) LEZ Commute:_MuItl-I?ay Travel Walk:Other
compliant ¢ season ticket discounts

4 Car:comm_ute (CNWC) LEZ Ot_hers Day Travet W C dzt Walk:Education
non-compliant Price

5 Car:other .(CNWO); LEZ Others Multl-Dgy Travet Walk:Retired
compliant; season ticket discounts
Car:other (CNWOY, LEZ Education Multi-Day Travel, -

6 o . S CycleBusiness
non-compliant; with child discounts

7 Car:educat_lon (.CNWE); Retlredlwnh concessionary CycleCommute
LEZ compliant; travel discounts
Car:education(CNWEY,

£ LEZ norcompliant; CycleOther

9 Car:re_t 'ref’ (CNWRE LEZ CycleEducation
compliant;

10 Car:retlred. (CI.\IWR); LEZ CycleRetired
non-compliant;

11 LGVLiight Goods Vehicles
(LGVCY LEZ compliant;

12 LGVLightGoods Vehicles
(LGVN) LEZ norcompliant;

13 HGV:Heavy Goods Vehicle:
(HGVCY, LEZ compliant;

14 HGV:Heavy Goods Vehicle:

(HGVNY LEZ norcompliant
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6.2 Matrix Processes

6.2.1

6.2.2

6.2.3

The development of thASAM19Prior assignment matrices utilised a number of processes
and data sets which are summarised through the steps below:

° Establishing commuter travel patterns by mode through interrogatieprmatting
and factoringCensus 2011 Travel to Work movements into hodtym hometand 4o
homeCxommuting patterns for each model hourly time period,;

° wdzy Y A Y 3Pridr prégesNisigSAM14travel demand matrice§2017 Baseline
Model)to established initial travel costs for input to tAe&SAM1demand model;

° Using planning data from TELM®&®Ato set the level of households, population and
employment car availabilityand remote workingor each model zone and establish
levels of travel activityor each travel purpose

° Applying theASAM19demand model to generate synthesised travel movements for
non-commuter purposesbusiness, other, education & retired movements;

° Applying theASAM13emand model to synthesise walking and cycling movements;

° Comparing synthesisedSAM19travel demand movements with observed data to
calibrate modelledtrip rates andtravel patterns {e. comparing mode shareyip
distribution, local areasectorto-sector tripsand road traffic and public transport
passenger volumes)

° Use theASAM1%ark & Ride models to spit journeys into road and public transport trip
legs to represent park and ride and rail station car park movements;

0 Use theASAM19workplaceParking model to segregatommutingroad users that
receive free workplace parking;

0 Use theASAM1%arking Distribution model to distributaarusers to specific car parks
within Aberdeenrcity centre;

0 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;

0 Provide a representation diberdeenAirport business and leisure passenger ground
access movements

° Represent offshore workers travelling to/froAberdeen Heliportand

° Apply the ASAM19Trip Generation model to incorporate long distance external car,
HGV, LGV, public transport and park and ride movements from B#f8ikaggregated
to the ASAM1%one system.

The steps above were repeated through numerous iterations of model development, with
updated and refinedASAM19ravel costs fed back into the demand modelling and gravity
model processes to produce updated levels of demah8AM4 travel costs were only
applied for the first few iterationsf matrix developmento initiate the ASAM19rocesses).

Updated travel demand was then assigned to the road, PT and active travel networks, and
modelled flows compared with observed data to understand if the matrices generated similar
levels of travel demand at the hourigvel. Trip ratesandcar availabilityproportions (within

the trip generation modelling) were then adjusted to reconcile the difference between overall
levels of observed/modelled car and PT passenger volumes.
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6.2.4 This stage alsmcluded adjustment oEommutingand business travel trip rates to reconcile
the proportion of workers that undertake these activities at home (i.e. as remote workers are
now identified separately within the TELM0oS18A population data sets and given a zero trip
rate within the trip generation model, and therefore a higher trip rate is required for the
remaining commuters and business travellers to match observed road/Pmes)u

6.2.5 Travel patterns were also compared at the 24 hour level, in terms of mode share, trip
distribution and sector movements to calibrate travel patterns for each tour and travel
purpose. Numerous demand model parameter and travel cost updates were undettaken
ensure a close match with the available observed data.

6.2.6 Park & Ride and City Centre Parking trips were produced by the demand modelling and
compared and calibrated with local parking data, with several adjustments to parameters and
travel costs to calibrate levels of parking at each site / station and car park.

6.2.7 The following sections describe these steps in further detail.

6.3 Census Commuter Movements

6.3.1 The majority of ommuter movements for input to thASAM19assignment matrices were
generateddirectly from 2011 Census Travel to Work (TTW) movement data. This followed a
request and Census data provision from National Records of Scotland (NRS) of Census TTW
commuter movements by modand car availability segmentation, amd output area and
data zone geographical level.

632 / Syadza O2YYdziAy3a Y2@0SYSyda NBFESOO wizdalrtQ O
not distinguishcommuter trip frequency orday or time of travel. The process for
manipulating Census commuting movements to represent2@dekday travel ydirection
and modelled time period is described below:

Zoning

° Cross reference, disaggregate and/or combine Census TTW movement origins and
destinations (Data Zones) with the releva®®AM19 demand modebne. This was
achieved by applying a geographical lookup, and where relevant combining the Census
data toASAM1%oring. Where theASAMzones were more disaggregate than Census
geographies, Census movements were split based on the proportid8AkMplanning
RFEGlF LINBaSyid sAGKAY SFEOK 12yS 60ADdSd &L AGC
L2 Lddz I GA2y Ay SFOK T12ySo YR WRS&AGAYLl (A
employment in each zone).

This initial step provided a pattern of TTW movementa®AMzonal level for areas
within the ASAMcoverageflully coveringAberdeen CityAberdeenshire and partial
coverage oAngus andvoray, but excluding external movements).

Weekday Trip Making

° TTW movements within all time periods were thiactored by 74.1% (regiewide) to
reduce the level of commuters down to typical weekday legalsscounting weekend
commuting and reflecting the frequency of commuting during weekdays (i.e.
accounting for part time workers and other issues such as sick leave).
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This typical weekday factor was initially set at 0.591 based on a consistent figure
as applied in TMfS14. This initial figure was originally sourced from Census
Matrix Tools data supplied by Peter Davidson Consultancy.

¢KS FTAIdNB 61 & NBOGAASR (2 Tnom: T2N Wy2
HOp: dzLX AFG F2NJ Wub OF ND K2dzZaSK2f Ra 6 NJ
within 2+ car households). This followed the assignment of the Census matrices

to the retwork and comparison with observed traffic and PT flows (mainly
comparing morning peak flows, where the commuter trip purpose constitutes

the majority of trip making).

From Home and To Home Directionality

° From Home to Work movements were then proportioned into the relevant model time
periods and To Home directions using Scottish Household Survey directional time
period proportionsg with SHS travel diary responses used to ascertain the magnitude
of commutirg from home and to home movements within the AM, Inter and PM Peak
periods. These regiewide proportions are described ifiable 21 SHS data record
processing is described in sectibh.3

Table 21Census TTW Conversion: Directional Time Period Proport{@&tisModes)

TIME PERIOD FROM HOME % TO HOME %

AM Peak: 070000 0.62 0.01
Inter Peak: 100A.600 0.1 0.22
PM Peak: 1600900 0.03 052

CarDrivers & Passengers

° Calculations were initially applied to commuter patterns for bo#r drivers andtar
passengersthen subsequentlyscaled down taepresent totalcars (i.ematching the
level oftotal car driversand representinghe driver and car passenggip pattern).

2011 to 2019 Commuter Growth

° The following step accounted for uplifting the (original) 2@ikked data set to reflect
2019 commuting levels. Thigrocessappliedan additional 2011 working population
and employment data filgreceived fromthe TELMoSand usemodelling) This
estimated the change in househaland jobs between 2011 and 28for eachASAM19
model zone. Thiscomparisondata provided growth factors for each zonal origin and
destination activity, (with working population used to provide origin growth, and
employment data used to provide destination growth for each zone. The resultant
commuter matrices were then furnessed to avoid double countingin/destination
growth factors.
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Thisstep alsoincluded a seeding process (whigkeda proportion ofthe trip
distribution ofaneighbouringparent zonewith similar activity, to apply growth

for zones where ndhousing or employmengctivity was present in 2011.
Seeded anes include: 324, 336, 348, 349, 351, 361, 427, 4358464,

A secondary furnessing procedure was undertaken to rationalise the seeding
process with the standard growth factors

Hourly Time Periods
0 al GNAOSa 6SNB (KSy TFIFO0U2NBR FNRY GAYS
K 2 dzNX) (Wher® facolsRvere calculated using traffic and passenger count data).
Thesefactorsvary by mode and time perioas follows:

Car AM = 0.37, Car P¥0.37
Rail AM = 0.38, Rail PM =0.36
Bus AM = 0.40, Bus PM =0.36

Park & Ride & Parking

° Park and ride and city centre Parking distribution trips are formed through the demand
model (i.e. separatingout the park and ridecar and PT legs, and trangieg
origins/destinationgo specific car parkite zones and for parking, relocating car user
origins/destinations to city centre car pajksTherefore, Cense®@mmutingcar and PT
matrices were reduced to avoid double counting, with specific adjustments to/from
matrix sectors where Park & Ride and parking trips were incorporated within the
Demard model. Note that these adjustments were only required to adjust the Prior
commuter travel purpose matrices.

0 This step used &9 sectomatrix system tocollate,establish and compare where park
and ride site/station and city centre car pademand modelcommuter movements
were located, and factored down th€ensustravel to work demand for relevant
sectors. These sector adjustmentand maps of the sectorare describedwithin
AppendixF.

Network Comparison & Sector Adjustment

° These initial commuter matrices were assigned to the network along thé@hPrior
matrices for the other modétd travel purposes. Following detailed network flow
comparisons a factoring process wapplied (prior to undertaking MEYo adjust
specific sectoto-sector movements to better match the magnitudétravel recorded
by observed dataThese calibration sector adjustments are described within Appendix
F, andcover adjustments for all travel purposes, including

Road Censu& Synthetic +/- 2.5% adjustment to all car tripgcross all time
periods Increasing traffic travelling within Aberdeen, and reducing car trips
travelling between the Aberdeen City and Aberdeenshire

Public Transport Censusp to 30%reductionin commutingPT passenger trips
across all time periods. Focussing on main travel corridors to from central
Aberdeen to/from both the City and Shire areas (majority of adjustments tend
to be around-10%)

Public TransporSynthetic -5% reduction tdPTpassengetrips across all time
periods for travel between the City of Aberdeen and Aberdeenshire;
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Offshore Workers

6.3.3 A consistent processs applied for offshore workers (which are distinguished separately
within Censusdata) to obtaina census(commuter) trip pattern (as describd above.
Offshore trip distributions (i.erelevant origing/destinations) are then transferredo the
Aberdeen Helipormodel zone(ASAM19 zone 366 The calibration ofhe offshore worker
travel patternsis discussed further below.

Changes in Mode Choice

6.3.4 The earlier Census procedures applied factors to commuter patterns (based on planning data)
to represent geographical changgeowth in travel activity between 20:2019. A further
process was applied to distinguish changesnimde share over this time period based on
observed bus and rail passenger statistics. This included the following adjustmastiag
that this processworks in addition to the general activity changesN&S o6 | £  yOS WI NP
between modes

° Bus Factor: 0.89: Reflecting a 11% reduction in bus patronage;

° Rail Factor: 1.02: Reflecting a 2% increase in rail passengers;

° Car Factor: 1.009Reflecting a small 0.5% increase in car use (as some bus users change
mode to car) and

° Active Factor: 1.005: Reflecting a small 0.5% increase in walking and cycling (as some
bus users change mode to active travel).

Blending of Synthetic and Observé&gbmmuting Patterns

6.3.5 Observed commuter movements were also used to compare the synthetic commuter travel
demand producedthrough the demandchoice modelling ¢ where ideally the synthetic
demand would closely match the recorded Census movem@md help minimise théevel
of incremental adjustments requiredDifferences in travel patterns were generally expected
for a number of reasongnd these are discussed further in thmitations section below.

6.3.6 Toimprove consistency within the modelling and minimise the differences between the
RSYIYR Y2RSft |yR FaaArayyYSyid YlFIGNROSaz I Wwof
incorporated75% of the observed Census movements with 25% of the synthetic commuter
demand (for car and PT modedp produce the finalPrior assignment matrices. Th
proportioning results in the majority of commuter movements remaining directly observed,
whilst also benefiting from use ofhoice modelling in the assignmentlemand and
subsequaetly providing a more consistent basis during forecastibglancing the benefits of
observed datawhilst mitigatingunderlyingdatalimitations.

Limitations of Census TTW Data & Processing

6.3.7 The underlying 2011 Census data is now relatively dated and will not represent changes in
commuter patterns between 2012019. Changes in residential/ employment activity and
subsequent commuting patterns are representedd8AM1%hrough the use of 202 zonal
planning data. However, these may not fully capture specific new movements where original
land use activity / travel patternsnd mode choicebave altered significantly over time.
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6.3.8 Applying daily and time period travel adjustmen®011-2019 growth factorsand modal
adjustmentsat a region wide levedill provide a general representation of changes in travel
across the whole modelled area. However, this approach may not capture specific modal
trends during this period. For example, where growth/decline in a specific mioderridor
varies significantly from another, or where the level of weekend or part time employment
varies in across different geographies / zones.

6.3.9 Census commuting travel pattermgere alsorecorded before the delivery of newansport
investments, such as the AWPR and Diamond Bridihis. type osignificant schemeelivery
will alter accessibility, arkkely to impact where peoplehoose tolive and work and choice
of travel mode.

6.3.10 AlthoughCensud TW movements do continue to provide a very detailed and powerful data
set, (particularly whenconsideringthe number of associated traverecordg these data
limitations should be borne in mind when applying the ASAM19 modelling.

6.3.11 Note thatCensusactivetravel movements are not used within the ASAM19 prior matrices,
with walking and cycling commuter trips generated directly from the synthetic matrices

6.3.12 Note that dthoughthe 2011 Censu®ravel to Educaticfdata set wouldn theory provide
comprehensive datdor representing education movementi is understood from earlier
ASAM14 model development that this data is not available in the level of geographical detail
required to generate matrices (i.e. datarne to dda zond. There may also be datmality
issues relating to the representation of movement data when used in detail.

6.4 Wy iKSaAaAaSRQ ¢NI @St t dzN1J2aS ¢ N LK

6.4.1 Noncommuter trip movements within théASAM1%Prior assignment matrices, for rogdT
and walking and cyclingavel modes were developed through the use of the trip generation
and demand model processes, and the application and comparison of several data sets. This
synthesising process generated trip movements for the following travel purposes:

° Business;

° Other;

° Education(i.e. primary and secondary school pupid

° Retired

6.4.2 The synthesising process also generates all travel purpose movements (including commuting)
for the park and ridenixed mode modelling and city centre car park modelling

6.4.3 The ASAM19demand model represents travel movements by particular traveller types in
order to more robustly model the choices they make. The trip generation model is the first
stage of defining the different types/purposes of traveller, and levels of travel activit
associated with eacimodelledzone.

6.4.4 The approach for creating business, other, education and retired trips (synthesised trips)
G2k TNRY &0GF yYRINR WRSY IAgAM1YiR geriefatidn modeytGdcieate LILIE A S |
a set of zonal trip ends for each travel purpose based on detailed population and employment
data. These were input to the demand model to synthesise person travel movements to
match observed travel distributions.
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Thetrip generation and demand model also produces synthesised commuter movements,
and these are used to inform the model forecasting proces5% of synthetic commuter

trips are alsanput to the Base Year Prior assignment matri@dsng withCensus Travel to

Work movements, as described above). Census Travel To Work data is used to calibrate the
synthesised commuter travel patterns and mode share.

Once all other elements of travel demand (i.e. commuters, externals, HGV / LGV) were also
AYO2NLIR2 NI GSRE (KAa LINPRdzOSa | asSid 2F !tax Lyi:
input to the matrix estimation (ME) phase for calibration against furthieserved data.

This Prior Matrix process therefore appltep end data to generate the overall level of zonal
travel demand, andubsequently appliethese trip ends alongwith zonal travel costs to
create synthesised travel demand. Synthetic travel demand is calibrated (using
mode/distribution parameters) to match observed Census and SHS travel paifiSsdata
record processing is described in sectiénd). The overall magnitude of travel demand is also
calibrated to match the overall level of travel observed within traffic and PT passenger counts.

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

Initial ASAM14Travel Demand Travel Costs

The Demand model processes require road, public transport and active travel costs to
aeyiKSaAaS (NI @St YRWEYRPGX® G NN NSngASAMIR 6§ 0 S w2 |
travel demandassignmentmatriceso6 H nmT . F A4St AyS a2RSt dwdzy L5
demand was converted to the ASAM19 zone sysfeased on planning data proportions
andassignedusing initial ASAM19 networks and PT services to established initial travel costs

for input to the ASAM19 demand model.

These initial runs provided travel cost matrices that were used to check the road network for
any major issues, such as large traffic del&ysce updates and refinements were undertaken

to resolve these issues, the networks were reassigned wittAb&M14derived matrices to
generate updated costs for the initial demand model runs and synthesising processes.

Once the Demand model generated intuitive trip matrices, these spe&8itM1%utputs
were used to produce travel costs, and subsequently numerous iterations of travel demand
calibration. ThASAM4 demand data was discarded.

Travel Purpose Demand Calibration Data Demand Segments / Travel Purposes

Table 22describes the key observed data applied to calibrate travel demand movements
generated by the demand model. These include comparing modelled 24 hour weekday travel
Y2gSYySyida o0& WY2RStftSR RSYlIYyR &aS3YSyiaQs o6A®S
available / norcar available, and for home based and Awme based trips).

Mode share comparisons included individual calibration of th& fmain modes of travel,
covering car, public transport (bus, rail & park & ride combined), and walking and cycling.

Observed trip length / travel cost comparisons were formed by cross referencing observed
movement origins/destinations with travel costs generated by the network models, then
comparing with the synthesised trip matrices.
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6.4.7 The 24 hour mode and distribution calibration was supplemented with additional
comparisons with road and public network dataomparing with screenlines of hourly road
traffic volumes and bus and rail passenger volumes to determine if the overall lelezhahd
generated was iline with observed network data.

Table 22Synthesised Travel Purpose Demand Calibration Data

PURPOSE OBSERVED DATA SET

Censudravelto Work Mode Share and Trip Distribution comparisons at

regionmodel-wide level, and also mode share at Local Authority level

Separate calibration for car available and rear available households.
Commute Sectorto-sector movement comparisons for each mode.

Note significant number ad€ensusnovement recordsbut data from2011,

sounderyingobserved mode shares / distribution reflect 2011 conditions.

Scottish Household Survey Travel Diary Response2-2218) for mode
Business: share and trip distribution at regiewide level. Separate calibration for car
Home & Non available and nomar available households.
Home based  Note there is a limited number of business trips recorded in, 8H&non car
available records are also more limited

_ SHS Responses (2024018) for mode share and trip distribution at region
Other: Leisure, ide level. Separate calibration for car available and-camavailable
retail elC. households.
Home & NoOn  Note more limited records from SHS, particularly for san available. Othe
Home based  ygcordsinclude Tertiary education movements.

{ dz& G NI ydzlJ® | ¥ ¥ RE A K NB & dzNIDAberdedis a |

Aberdeershire, Angus anl¥loray (2018). Mode Share calibration compares

Educat combined Primary and Secondary school responses at region wide level
ucation:

Primary & wt dzLaA t  / S y& eshddseRusditd calibrate education trip
Secondary distributions
Note more generatrip distribution calibration as Pupil Census does not
identify travel mode.Some records suppressed due to GDPR.

SHS Responses (282018) for mode share and trip distribution at region
. wide level. Separate calibration for car available and-camavailable
Retired households.
Note limited SHS records, particularly for rcar available.

6.4.8 Note that the Censugsecordsdo not isolate responses dfavellersusing Park and Ride
facilities and servicest ik therefore assumedCensugespondents would answer that they
use PT travel (as opposed to car if using park & ragethe PT legusually forms the most
significant part of a mixed mode journeyTherefore modelled PT and Park and Ride
movements are combinedvithin the calibration analysiso compare with Census PT
movements. Modelled park and ride statistics are also descskedratelyin Chapter 11
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6.5 Synthesised Trip Generation & Attraction

6.5.1 The following section details the use of tASAM19Trip Generation model to produce travel
activity (Wrip Endspfor each model zone to inform the Prior matrix development process.

6.5.2 Note that the ASAM19 Trip Generation modelling produces trip ends that distinguish the level
2T WNBY230SQ YR WljdzZ 8AQ ¢62NJSNA FTNRY G(GK2aS$s
outputs produced from the TMfS18A and TELMoS18A model versions). orberef level
of workers working from home / commuting is inherent within these underlying trip ends.

6.5.3 The process for producing ASAM19 Trip BEadsform synthetic Prior matrices included

° TheTELMo$8Aplanning database detailing the level of population and jobs 9201
was input to the trip generation model tandem withareabased person trip rates (i.e.
urban, rural classifications etc from NTEM versid?). Thesegeneratal the level of
24 hour trip productions for eachSAM19nodelled zone; creatinga set of production
and attractionTrip Endgor each modelledravel purposeand by car availability

° Initial adjustments were made tNTEMtrip rates to account far

proportion of remote workers working from home (i.e. increasing the commuter
trip rate by 7.5% to account for the (smaller) segment of workers actually
commuting)

business activity (i.e. teleconferencing) taking place at home;

weekday adjustments to remove weekend activity;

Level of geographical accessibility across the North East;

0 Initial adjustments were also made to:

Attraction rates: to reflect the attractiveness and frequency of use of types of
activities at travel destinations; and

Car availability likelihoods: to reflect the likelihood of a person having access to a
car when the (2+ person) household must share a car between 2 or more persons
(potentially travelling at the same time).

° Resultant Trip Ends were applied to the demand model, along with modelled travel
costs to create initial synthetic demand matrices;

° Following comparison witmodelled/observedoad/PT network flows and mode share
and distribution data, further adjustments were made to the inputs described above to
improve the representatiorto the level of travel generated across the North East
network. This processicludednumerous iterations of Prior matrix development, and
demand model and road and public transport voluomenparison andalibration.

° Network passenger flow comparisons demonstrated that modelled public transport
demand was higher than local observations. Therefore, trip rates were generally
reduced to match recorded passenger flogmrticularly for more rural areaand non
car available persons), and car availability likelihoods were subsequently increased
Note that NTEM trip rates represenational data, rather than reflecting the specific
nature and level of PT accessibility available acros&8®Mcoverage area.
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° In addition adjustments were made to the number of joladlocatedto specific
employment areas to vary the level of trip attractions) these areas to better match
the level of travehctivity observed locally Adjustments also amended some planning
data boundary issues identified between neighbouring zoheg R (G KS Wi & LIS
employmentallocated Employment adjustments were made to the following areas:

General adjustment and rebalancmg of employment type for some zones within

! oSNRSSY /I AGe |/ SyuNJS G2 0SS Y2NB WNBGFAfC
AYRAZAGNREF £ | NBI $SNBE R2YAYIlIGSR o0& (KS
intuitive;

General adjustment of health, education and university jobs (which are associated
with higher attraction rates) to reflect the actual activities within zonal areas;
General increase in employment at Westhill business park and Dyce Drive to enable
representation of the business activity and higher traffic flows observed travelling
to/from these areas;

Increase irretail jobs at Garthde€Zones 162 & 175and Portlethen(zone 421)

retail parlsto reflect the higher level of activity and travel flowssociatedwith

these popular destinations

Zone 131: Aberdeen Royalimfary: reducing the number of health jobs to reflect

a larger proportion of shift and weekend workiggwhich is proportionally less
relevant to ASAM19 average weekday modelling. Reducing the numl{AROf
University jobgo coincide withthe higher education trip attraction rate

Zone 941: RAF Lossiemouth: reducing the number of jobs for this unique location
as much of the associated employment would not result in typical weekday travel;
Zone 910: Reducing jobs around Dufftown as appeared high for the rural location;
Zone 16: Union Square: Increase in retail jobs to reflect the activity at this popular
retail destination.

Zone 336: TECA/P&J Live: Additional hospitality jobs to reflect this new conference
and events development (noting that ASAM19 will not reflect travel activity for
major events);

These employment adjustments are present within the Base Year Trip End model processes,
(and base year matrices) and also applied for consistency withi8&M19orecasting
procedures

This process generated a set of 24 hour zékal NA L3 p@dadiénand attractions for
business, commuter, other, education and retired trips from home trips, and business and
other nonhome based trips.

Further information describing the Trip Generation Model is contained within Chapter 14.

Synthesised Mode &estination Choice

The following section details the use of tA&AM1Demand model to produce zonal travel
movements between model zones to inform the Prior matrix development process. This
involved the following key steps:
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° Total 24 hour productions and attractions by car availability and travel purpose were
provided from theASAM19Trip Generation model and input to tlESAM1emand
model and cross referenced with generalised travel costs associated each travel
purpose and mode (travel costs were output from the assignment models).

The first set of initial Generalised costgene created by assigningSAM4 2017
hourly demand matrices to thénitial ASAM19networks. Cost matrices were
updated as demand matrices were prepared and supply network / services were
refined. Thistageinvolved several iterations aéviewing outputs for anomalies,
comparing with observed data and subsequentlgdating the assignments
matricesand costghrough the matrix developmenrdnd calibratiorprocess;

This stage included the application of tb@st damping procedurehich ispart of

the underlyingdemand moddingused tosynthesisetravel movements. This vase
underlying travel costs by zonal distance travelled for road, PT and active travel
modes.

° The demand model then created sets of zonal person demand matrices by mode, travel
purpose and car availability based on the underlying Generalised travel costs and
demand model mode and distribution choice parameterGreating 24 hour purpose
Y I (i NJagyRgad tours).

0 Park and Ride trip patterns are produced and input at this stage. These are represented
and calibrated as a separate mode, with the overall number of trips set to match the
overall number of park and ride trips / vehicles recorded parking in site / statio
parks (this data is discussed further within the Park and Ride Chapter).

° WCNBS 42NJ L FOS LINYAYIAQ Y20SYSyida | NB |If
commuting between standard demand model zones and central Aberdeen (for the
proportion of commuters that have access to free parking).

° Parking distribution trips are also produced at this stage with specific road movements
assigned to/fromAberdeencity centre car parland on street parking locationsNote
GKFG GKS Wglrt1 £S3Q TNRY (GKS OAaAlGe OSyidaNB
is not added to the modedssignmenmatrices.

° Trip distribution and mode share charts were prepared to compare modelled and
observed trip lengths and level of modal travel, with subsequent adjustments to
demand model parameters to better reflect observed travel distributions and mode
shares for eachravel purpose, and car availability segmefthese comparisons are
discussedn section6.7.

° 24 hour matrices (which include all modelled togrse. leaving home in the morning
and returning in the evening etc) are then aggregated with relevant tour groups and
AYO2N1IR2 NI GSR Ayid2 (GKS !axX LYGSNIFyR ta tStk

° Period matrices were then factored down to hourly level using period to hour factors
for each mode of travet for assignment along with other matrix elements.
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Prior Matrix Sector Adjustmen& CalibrationProcess

Similar to theapproachapplied forCensusommuter movements, synthetierior matrices

were assigned to the networko undertake detailed network flow comparisonsHourly
commuter matrices weralsocompared against Census travel to work movements &b a 4
Sector/Area levelJ9 internal sectors and externalsector covering all external zone®
understand differences in specific modelled and observed travel patterns. Patterns for other
travel purposes were also examined.

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

To improve comparisons,factoring process wathen applied (prior to undertaking/atrix
Estimation ME)) to adjust specific sectdp-sector movements to better match the
magnitude of travel recorded by observed data. Theessiledcalibration sector adjustments
are described withiM\ppendixF, and cover adjustments for all travel purposes, including:

RoadCensus & Synthetict/- 2.5% adjustment to all car trips across all time
periods. Increasing traffic travelling within Aberdeen, and reducingrgzs
travelling between the Aberdeen City and Aberdeenshire;

Public Transport Censusp to 30% reduction in commuting PT passenger trips
across all time periods. Focussing on main travel corridors to from central
Aberdeen to/from both the City and Shire areas (majority of adjustments tend
to be around-10%);

Public TransporSynthetic -5% reduction to PT passenger trips across all time
periods for travel between the City of Aberdeen and Aberdeenshire;

PT commuter adjustments are more extensive and detailed thathfoother purposes due

to the availability ofsufficientlydetailed Census (sector) movements to compare modelled
demand. Adjustments for other purposes display a similar traador commuting(i.e.
applying aredudion in PT movements), but are applied more generally across all Aberdeen
City or Aberdeenshire/Moray/ Angus sectors.

The PT factors reduce tliitial prior matrix demand. Commuting adjustments mainly focus
on scaling back movements from each sector to/from central areas of Aberdeen (where PT
flows tend to be most significant, and demonstrated an overestimation of passgngers

The majority ocommuter sectoradjustmentswere around-10%, with the largest reduction
associated with PT trip to/fronthe Westhill area of Aberdeenshire (where the demand
modelling was considerably over estimating bus passenger trips when compared to observed
passenger data). The commuter towns of Stonehaven and Inverurie have a small reduction
of around 12% applied aBT demand compared more favourable here. N@adjustments

were made for intra Aberdeenshire to Aberdeenshire sectors (with the exaept Westhill).
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6.6.8 Adjustments for other purpose®llowed similar trends butvere applied more generally
with a-5% reduction between Aberdeen City and Aberdeenshireadjlastments were made
to intra Aberdeen City or Intra Aberdeenshgectorsfor non-commuter PT trips.

6.6.9 All synthetic ar trips within the City were generalfpund to be quite low compared to
observed traffic counts, so cars travelling within the city were increased by 2.5% across all
time periods. Car trips travelling between Aberdeenshire and Aberdeen City tended to be
higher than indicated by traffic counts on thesdalia routes, so were reduced by 2.%%ith
the exception of the PM Peak)

6.6.10 Car and PT adjustmentgere made for eactime period. Nasectoradjustments were made
for Active travel or HG¥nd LGV trips

6.6.11 Ideally the syntheticand Census commuter matrices would provideare exactingmatch
with overall levels of observed network demand, particularly for public transpg@sten the
variations identified, iis best practiceo firstly alter matrices through a transparent process
prior to the ME procedure as ME is aimed more at adjusting for route or corridor variations
(rather than global levels of demandyor ASAM1%lirelevant levers of travel demand were
adjusted (where possible based on obserdeda comparisons), tensure the best possible
representation of travetlemand prior to commencing ME

6.6.12 Following these adjustments, the assignment of road and PT Prior matrix demand
demonstrated a good comparison with the overall level of observed road traffic and PT
passenger levels within each time period.

Limitations of Synthesising

6.6.13 The synthesising approach to matrix development provides a very detailed method for
constructing travel movements, enabling disaggregation into several travel purposes and
compiling tours and also segmentation of Rbome based trips. With the exceptiorf o
Census commuter movements, there is currently no other reliable large scale data set that
could represent these types of movements for raymmuter travelfor a model of this
granularity SHS does not contain sufficient records and therefore wouldR®vi @S NE Wt dzY L
zonal patterns, and Mobile Phone Data does not tend to capture shorter trip movements.

6.6.14 Therefore, applying matrix synthesising along with detailed comparisons with observed data,
where available, provides a sufficiently robust matrix development metlzodi allows users
to understand areas where modelled data may not represent travel obsens.

6.6.15 Users should note, that synthesising relies on creating relatively uniform trip distributions
GKAOK I NB dzyRSNILIAYYSR o0& (N} @St OzaitakRAailly
unique characteristics of travel for specific areas/people. Howstiersubsequent matrix
adjustment and estimation processes (which rely on local flow data) will, to some extent, pick
up these local variations in travel demand and adjust travel demand accordingly within the
ASAMmodelling.

6.6.16 The overallASAM19%pproach of using observed data to compare and adjust synthetic trip
rates, travel demand mode share and distributions, prior matrix patterns and network flows,
makes best use of local (observed) data to inform and calibrate the production of prior
matrices.
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Undertaking several iterations of prior matrix comparisons/adjustments before undertaking
matrix estimation ensures the synthetic demand modelling is more reflective of local demand
and travel patterns, reduces subsequent ME variations and will also thmitscale of
incremental adjustments required within the demand modelling during forecasting (i.e.
minimising the incremental adjustments undertaken to match the final estimated matrix
demand and subsequent network flows)

Note that MOIRA rail ticket data was not used to creatermaivements within the ASAM19
matrices as thigata representstationto-station trips, rather than final origin to destination
movements (as offered by the Census travel to work dakIRA would though provide a
useful data source to compare ASAM19 statspation movements to aid validation (if these
were extracted and compared on a consistent basis (i.e. annual rail movements / boardings).

Synthesising travel patterns relies on calibration to SHS data records. Users should note that
the number of SHS records associated with some travel purposes / mode combinations are
relatively low (i.e. PT business passengers). SHS data records aiteedescsectiorl5.3

Mode Share and Trip Distribution Comparison

The following section describes how the synthesised matrices produced by the demand model

at 24 hour levekcompare with observed data. It is these synthesitestel matrices that
subsequently form the Prioassignmentmatrices for the noncommuter travel purposes

(Business, Other, Education & Retiredy R Ay T2 N)XY (KS Wof SYRSRQ 02Y)

These comparisons also illustrate the calibration of the demand model to observéd 201
conditions, where synthesised movements (for all purposé@scluding commute) are also
applied to forecast future travel patterns over time.

The comparisons compare modelled 24 hr movements across the internal demand model
area (regioawide) by travel purpose, disaggregated by car available andcaomvailable
movements, and home based and nbame based trips- Twelve travel movement
comparsons in total. Each demand segment combines movements for all relevant tours
across the modelled time periods. Comparisons include:

° Mode Share Road, PTRark & RideWalking & Cycling travel demand proportions

The % Park & Ride &stimated as the majority of observed data does not
RAAOAYIdA ARy DEOSBER Wt W] 5 WARS (NI O9SET

° Trip Distribution: illustrating level of trips by travel cost / trip lengths;

Specific modelled P&R cost distribution is shown, (covering the fulteeedd
journeyc¢ road and PT legs)Theequivalent observed dat&s an estimate

0 Travel Patterns:lllustrating how trips disperse between areas/sectors.

These show a comparison of commuter pattermsodelled and observed Census
2011 sectoito-sector movements for each travel moddigplayed using a 39
internal ASAMsectorsysten).

Comparisons use the synthesised commuter assignment matrices for the AM Peak
hour, and compare against the observed Census travel to work movements. With
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the Census comparison matrix scaled up/down to match the total level of modelled

6.7.4 The observed data used for these comparisons are describ&@dhblfe 22 Detailed Mode
Share and Trip Cost distribution data (and summarised data) for each travel demand segment
are describedn Appendix G. Commuter Sector comparisons are described in Appendix H.

Mode Share Comparison

6.7.5 Table 23summarises the synthesised mode share calibration produced byAS#®M9
demand model and able 24demonstrates the % difference to observed mode share data.
Table 25shows the average difference for all car available and-cemmavailable demand
segments. The following should be noted:

w/1rQ r

© o©o o o

- NJ

car hire or taxi use;
0 Park & Ridés modelled as a separate mode, with further calibration through the P&R

site choice model.

' gl AflofSs Wb/ ' Q T

and PT assignment modegls
0 Education travellers (i.e. primary and secondary school pupils are not included within
the Park & Ride modelling); and
0 Non Home Based travel are not included within the Park & Ride modelling.

51 G NBLIN®Z3BVROVKANY ®St =
Walking and cycling are modelledd calibratecas separate modes withinSAM19
Business travellers are all assumed to be car available, either through car ownership,

dzy t $44&

Table 23Demand Model Synthesised Mode Share by Demand Segment

D SEGMENT | cope - - wak | cycLe

Business CA

Commute CA DS3

Commute NCA DS5

Other CA DS7

Other NCA DS9

Education CA DS11

Education NCA DS13

Retired CA DS15

Retired NCA DS17

NHBBusiness CA DS19

NHB Other CA DS21

95.7%

88.5%

78.2%

36.4%

81.5%

87.8%

82.9%
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1.1%

4.7%

50.6%

2.4%

17.5%

15.4%

27.8%

4.3%

34.4%

1.9%

2.3%
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0.5%

0.6%

0.7%

0.8%

2.3%

5.1%

43.6%

17.9%

79.7%

44.0%

65.8%

12.5%

62.3%

9.9%

13.9%

b2y /N ! &I

ALISOATASR

Road/PT trip legs are subsequently included within both the road

0.5%

1.0%

5.8%

0.8%

2.9%

3.8%

6.4%

0.9%

3.3%

0.4%

0.9%
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NHB Other NCA

Table 24% Difference in Synthesised Mode Share compared to Observed Data

DS23

18.1%

SVSTrA

79.0%

2.9%

Business CA

Commute CA

Commute NCA

Other CA

Other NCA

Education CA

Education NCA

Retired CA

Retired NCA

NHB Business C/

NHB Other CA

NHB Other NCA

Table 25Summary of Synthesised Mode Share compared to Observed Data

DS3

DS5

DS7

DS9

DS11

DS13

DS15

DS17

DS19

DS21

DS23

0.7%

2.0%

2.0%

3.5%

1.9%

-4.7%

-1.5%

-12%

-12%

1%

-1%

-3%

-8%

0%

-1%

1%

-3%

-1%

12%

-46%

-44%

-43%

-13%

-10%

-1%

-5%

0%

0%

0%

-T%

-1%

70%

7%

-2%

125%

3%

-2%

40%

10%

-12%

-2%

27%

2%

270%

62%

-8%

Average CA
Average NCA
Average CA
Average NCA
Average CA

Average NCA

Obs

Mod

Mod

Diff.

Diff.

78.6%

78.7%

0.2%
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5.0%

29.2%

4.6%

29.7%

-0.4%

0.5%
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1.1%

0.6%

-0.4%

14.8%

66.5%

15.1%

66.1%

0.3%

-0.5%

1.1%

4.3%

1.2%

4.3%

0.1%

0.0%

Page 100/ 29¢



SYSTIrA
sconer | o] e | | | oo

Average CA % Diff 0% -8% -41% 2% 11%

Average NCA % Diff - 2% - -1% -1%
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CarMode Share

The data sets demonstratevary close match to observed car mode share proportions, with
mode shares for all modellechrdemand segments falling within 3% of observed levels.
There is a slight overestimate of car mode shares for hbawmed travellers, andlight
underestimate for norhome based travellers.

Public TransporMode Share

The data also demonstrates a good comparisbipublic transportmode shareswith the
modelling falling within +/12% for all segments, and with8% overall. The comparisons for
non-car available travellers is particularly clogeor car available travellers, the datppears

to indicate that the modellingunderestimates public transport usage by an average of
around8% 6.0% observed v4.6% modelled).

Users should note that throughout the calibration phase, the ASAM19 model actually tended
to over-estimate public transport passenger volumes once the PT matrices were assigned to
the PT network and services. Therefore, there is a misnimtheenthe general mode share

data sets (which suggests a higffrmode shar¢ and passengerobservedusingactual PT
services Although there is an underestimate of PT mode share within the demand himgglel

this imbalanceassists with the more detailed calibratiaf PT assignment flows, and helps
reduce the amount of variation required during matrix estimation.

Park & Ride Mode Share

Observed park and ride mode share data is generally less reliable due to the lack of data
coverage, and the fuller model calibration effectively determines park and ride usage through
the specific park and ride car park occupancy modelling. Thereforégtires provided here

are shown for completeness alongside the other modes, and should be used as a general
guide. Although the mode share analysis suggests the demand model is underestimating park
and ride trip making (i.e41% overall), the park andde occupancy model display a more
exacting match with observed data (as described later within the park and ride chapter). The
overall park and ride mode share calibration is therefore considered reasonable, and as park
and ride is associated with smalbae share proportions this imbalance will have little impact

on the other mode share values.

WalkingMode Share

ASAM19 walking mode share is shown to closely match observed data, falling within 2% of
observed values on average. Although thare larger percentagefluctuations for both
home-based and no#home based business trips, these are relatively small absolute
differences due to the lower levels of walking mode share associatedhvgthusinessravel
purpose (i.e. 2.7% vs 2.3%).

CyclingMode Share

Cycling mode shardemonstratea reasonable match on average, falling within 1&#o
observations. Although greater percentage variations are shown for individual travel
purposesthesedifferences are relativelgninor when compared to the smaller cycling mode
share values (i.e. 0.2% vs 0.5%).
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6.7.17

6.7.18
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Overall, theASAM1%ynthesised demand modelling demonstrates an acceptable match to
observed levels of mode shares. The modelling compeagasonablystrongly across all
modes forboth caravailable anshon-car available travelThe uncertainty regarding park and
ride data shald though be borne in mind Users should noteéhat mode share calibration

also takes into account feedback from the road and PT assignment flow calibration, and
specific park and ridsite calibrationprocessesliscussed ifater chapters.

Potential users should also note that the level of records available to compare synthesised
mode shares are considerably lower for mroommuting, and noreducational travel
purposes. As result, there is more uncertainty associated with business, other and retired
mode share comparisons.

The synthesised matrices produced by the above demand modelling are input to a further
matrix adjustment process to balance the level of modelled demand by mode (following
comparisons across the network). Therefore, the final Prior matrix mode shares are
calibrated to represent the final assignment observed traffic and passenger flows (with the
Census, SHS and education mode share comparisons forming the first stage of calibration,
and also demonstrating the representation of the demand modelling modeehmibcess).

Trip Distribution Comparison

Table 26summarises the ASAM19 synthesised trip distribution calibration by describing the
average generalised cost modelled for each demand segment (described in generalised
minutes). Table 27demonstrates the % difference compared to the average generalised cost
of observed Trip Distribution datal'able 28&hows the average difference in the generalised
cost of travel for all car available and roar available demand segments.

The trip distribution comparison charts for each travel purposedmscribed in Appendix.G
These show the observed and modelled cumulative frequency (total travel cost distribution
as costs change) of trips compared to generalised cost.

Note thatPark & Riderip lengthsare not compared with specific observed datBstimated
P&R costs are used as an alternative, and enable calibration and demonstrate comparisons
with modelledpatterns Park and ride costs include both the car and PT legs.

Car gneralised costs include parking charges / search times and cost damping. Public
GNF yaLR2 NI O2aia NBTfSOG WLISNOSABSRQ (NF @St
fares. Walking and cycling costs also include weighted values.

It is notedthat the SHS datéused to inform observed necommuter trip lengthsprovided
a lower number of responses for naar available travellers.
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Car Trip Distribution

6.7.20 The analysis showhat the ASAM19 region wide synthetic trip distributions closely match
observed values, falling within 1% for home bagealvel purposes. There is a slight
underestimateof modelledcar costs for nofome based travel of aroun®%. Average car
costs appear relatively high, and this tends to reflect the level of rural population resident
within the modelled area, and longer distance journeys between rural settlements and
Aberdeen City.

Public Transport Trip Distribution

6.7.21 Although public transport trip distributions provide a good match to average travel costs for
both car available and necar available travellers, there is a slight overestimate of PT travel
cost for homebased travel purposes, and underestimate of #wme based travel costs
(with variations falling within +/10%).

6.7.22 PT trip costs are much higher than car travel costs, and although tiglser valuesnostly
stem from combining the various elements of PT generalised(icesncluding fares)it also
tends toreflect thegeneral nature of PT accessibility across the North East. With the majority
of PT services focussed within Aberdeen and along the key radial corridors to/from Aberdeen,
and much fewer services between the more rural areas.

Park & Ride Trip Distribution

6.7.23 The Park & Ride trip distribution is also shown to provide a close match to the estimated
values used for calibration (within 1% overall). Average park and ride costs are generally set
slightly higher than public transport costs, which reflects the lecetand general nature of
journeysassociated with these sites that tend to provide either travel to and from the
periphery of Aberdeen to/from the city centre, ahohger journeybetween Aberdeenshire
rail stations and Aberdeen (whilst benefitting frdiaster local access to park and ride sites
through use of the car mode).

Walking Trip Distribution

6.7.24 The overall average ASAM19 walk trip cost distribution is within 4% of average observed
values. The hombased trip distribution comparisons fluctuate close to observations.
However, the norhome based modelled distributions are shown to underestimatéking
trip cost by around 15%.

Cycling Trip Distribution

6.7.25 The comparisons demonstrate that the ASAM19 cycling trip distribution provides an
underestimate of observedostvaluesof around 10%with the most significant differences
associated with business and Other hotrased travel purposes, and also Aoome based
travel. These differences are relatively small in absolute terms, of around seven generalised
minutes.
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6.7.26 Overall, the ASAM19 synthesised trip cost distributions are considered acceptable, with good
comparisonshownwith observed data at the average level, and also for the vast majority of
demand segmentand travel modes

6.7.27 More detailed trip distribution charts ardisplayed in Appendix &chdemand segment and
mode of travel. These charts include bditr Trip Cost and Trip Length distribution
comparisons. The comparisons show that all trip distributions display a reasonable
correlation to the observed trends. Although there are several fluctuations compared to the
observed cosiand trip lengthdistributions, there are no major anomalies demonstrated
between data sets

Table 26 Demand Model Synthesised Trip Distributig@eneralisedVinutes)

Business CA

Commute CA DS3 24 136 146 42 29
Commute NCA DS5 124 43 29
Other CA DS7 22 106 129 42 29
Other NCA DS9 100 36 35
Education CA DS11 8 98 43 41
Education NCA DS13 85 38 34
Retired CA DS15 21 104 108 51 45
Retired NCA DS17 99 49 50
NHB Business C/ DS19 28 124 17 19
NHB Other CA DS21 21 104 34 32
NHB Other NCA DS23 96 31 31
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Table 27% Difference in Synthesised Trip Distribution Generalised Cost vs Observed Data

Business CA

Commute CA DS3

Commute NCA DS5

Other CA DS7

Other NCA DS9

Education CA DS11

Education NCA DS13

Retired CA DS15

Retired NCA DS17

NHB Business C£ DS19

NHB Other CA DS21

NHB Other NCA DS23

-0.5%

0.5%

0.9%

-0.6%

0.7%

-7.1%

-5.6%

3%

1%

1%

9%

9%

6%

4%

4%

3%

-8%

-11%

-6%

1%

1%

3%

6%

-1%

-1%

3%

1%

-1%

-2%

-1%

0%

-18%

-20%

-13%

Table 28Synthesised Trip Distribution Generalised CosiQisserved Data

Average CA

Average NCA Obs
Average CA Mod
Average NCA Mod
Average CA Diff.
Average NCA Diff.
Average CA % Diff

Average NCA % Diff

23
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111

101

1.8

0%

2%

GB01T19F21
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126

1.7

1%

41

37

-4%

2%

-21%

-8%

-6%

-20%

-11%

-1%

-1%

-1%

-T%

-14%

-15%

-19%

39

32

-12%

-9%
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Sector Movement Comparisons

6.7.28 Appendix H compares specific synthesised AM Peak commuter travel patterns (output from
the demand model) with observed 2011 Census travel to work data. This forms a comparison
of travel patterns aggregated t89 internal sectors covering the internAISAM19%demand
model area. Census data is scaled to match the magnitude of commuter trips generated by
the demand model (compared at hourly assignment level). Sector comparisons include park
and ride and parking movemenigthin the relevant sector locations

6.7.29 There is some considerable variation for specific setiegector movements (which is
somewhat expected when comparing movements at this level of detail), but the general
patterns of commuter travel within Aberdeenand Aberdeenshire, andetween towns
represented by specific sectoisshown tobe represented within thesyntheticcommuter
matrices.

6.7.30 Appendix H provides very detailed data for users to compare travel movements within
LI NI A Odzf F NJ addzRé FNBFa 2F AyGaSNBado I & SN&
commuter data, although containing very detailed data, is becoming relatively datet],
g2y Qi GSYyR (2 LAO|l dzLJ RSiGIAf SR GNBYyR&a9 2NJ OKl
It also does not distinguish between specific weekday and weekend travel patterns, or
frequency of travel between different areas.
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6.8 Park & Ride & Parking Movements
Park & Ride

6.8.1 TheASAM19.J- NJ YR NRARS Y2RStftAy3d SaidlofAriakKSa WAy
The Park & Ride processes are usedeparate simple tours into individual road and PT trip
legs to/from specific P&R and rail station car pakegsreferenced to therelevant origin
Zone to site/station and then to final destination zgnerhese trip legs are then added to the
road and PT Prior matrices, (for business, commute, other and retired trip purposes) with the
full endto-end trip/tour then removed. This includes the relevant level of reverse trip legs
travelling to and then away from the car park during each time period.

6.8.2 The park & Ride modelling is calibrated to reflect the level of parking at specific site / station
car parks. The park and ride development and calibration is discussed in more detail within
Chapter 11

Free Workplace Parking

6.8.3 The ASAM19ree Workplace parking model (FWPP) is applied to assign car trips to zones
where free commuter parking at workplaces is availahléberdeen City Centr@up to a
specific private nomesidential car park capacity). These trip movements are represented
between the relevant demand model zonebgtween demand model zones and zones
located within the controlled parking aresithin AberdeenCity Centre).

6.8.4 These FWPBommutermovements are synthesised by the demand modath 25% of the
synthetic commuter tripgncorporated into the prior matriceghrough the blending process
The remaining 75% of FWPP reflect the Census travel patterns.

Parking Distributionc Paid for City Centre Car Parking

6.8.5 TheASAM19arking distribution model distributemotoriststo availablecar parkng within
Aberdeencity centre. These include effreet and onstreet car parks, and free estreet
parking areas around the periphery of the city centre.

6.8.6 These specific car parking trips are incorporated into the Prior road matrices, (i.e. to/from the
specific car park zone withthe city centrg with the relevant adjustment to remove the full
endto-end car trip. Note that the (walking) trip leg between the car park and the final
destination(and vice versd¥ not incorporated into the trip matrices (i.e. not classed as active
travel or added to the PT matrices).

6.8.7 The FWPP and parking distribution modelling is calibrated to reflect the level of spaces
available, and parking occupancy observed at specific car parks. The develogmdent
calibrationis discussed in more detail within Chapter 12 and Chapter 13.

6.8.8 ASAM1%ark and ride or parking modelling does not cover the education trip purpose er non
home based trips.
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External Movements

Within the Prior matrices, external trips for representing movements outwith AlSAM19
demand model coverage area were sourced from TE#S1The trip end model applies
subarea cordoning of the TMf8A road and public transport models covering tASAM
boundary. This generates matrices at TMi&¥onal level, which are then subjected to
disaggregation to process external movements into the rele®8AM1%¥oning.

As TMfS8A does not isolate education and retired trips, TM3322 (0 K SN § NA LJa
out to proportion these trips into théASAm1%xpanded purposes.

The cordoning process also extracts TN#SHGV and LGV external movements for input to
ASAM

Active travel trips are not included within TM#54. and are therefore not included within the
ASAM1%®External movements.

External park and ride trips are extracted from the T\8&fpark and ride modelling, and
incorporated into the relevant road/PT leg within the interdesAM1demand model area
(the external park and ride leg movement is already captured through the BAi®Ad/PT
cordoning processes).

Further information regarding the external trip processing is described within the Trip
Generation (Chapter 14).
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6.10 AberdeenAirport Modelling

6.10.1 ASAMBrepresensAberdeenAirportandHeliportsurface accedsavel patterns by separate
modelling of offshore (commuter) working patterns to/from Aberdeen Heliport, and business
and leisure passengers/tmm Aberdeen Airport The main demand model continues to
representthe actual commuters working dioth these locationgi.e. Airportworkers) This
section details the development of the Airport demand modelling and incorporation
surface access car and PT tiit® the Prior Matrices.

6.10.2 Aberdeen Airportar and PT passenger trips aepresent by ASAM19 zone 35Bassenger
trips accessing the airport by active travel are not included within the airport modelling.

Aberdeen Airport Passengsr

6.10.3 A CAA airport passenger survey was undertakemAberdeen Airportduring 20B. The
surveydatawassupplied andesponsesdnterrogatedto convert passenger movemerttsthe
ASAMD zone system This step producedtip movementpatterns by travel purpose and
mode tothis key travel generatog enabling separation of business and leisure trawel
surfaceaccess modéo inform model development and calibration

6.10.4 The passengedatawasused todevelopa similartype of simplified Airport Surface Access
model whichwas previously developet model Glasgow and Prestwick airports, as part of
the Strathclyde Regional Transport Mod8RTNldevelopment

6.10.5 The airport patronage data, travel costs from the road and PT models and assumptions about
the resident/visitor and leisure/business splits were applied to adjust the car vs PT mode
OK2AOS LI NXYSGSNRE o0& (NARLI LlzNLI2 & &£ & pudlic NB LINE |
transport trips to & fromAberdeenAirport (as recorded within the CAA data).

6.10.6 Glasgow Airport modelling assumptions were also applied for ASANduding

°  Mode splits of trips from the airport are generally assumed to match the mode splits of
trips to the airport (as represented in the airport surface access data). Taxi drop off /
pick up are simply included within the car demand

° Passengedistributions were initially based onassumptions angharameters obtained
from the SRTMGlasgow Airport Model calibratiomwhich showedthat (for each zong
the number of airport trig produced wasmostly determined by the land use/
demography of each zoneThe Glasgow modehterrogation showed that distance
(within a regional contextyas a negligible factpandtherefore was omitted.

A This assumption was revisited for ASAMtOtefine the demand associated with
areas which were located closer to alternative airport locations (i.e.
Dundee/Edinburgh and Inverness). This step scaled down Aberdeen Airport
demand for Moray zones by 25% and Angus zones by 50% to better represent
observed patterns (these factors are consistently applied to the planning data used
to generate airport trip movements within the base and future year modelling).
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This data was appliedo produce the relationship between planninglata (jobs and
population), to produce a plausible -atlode Aberdeen airport row and colunpattern for
(to/from home) business and leisure trips.

The Airport modetherefore picks up changes in the relevaabnalland-usecompositionand
changes in the relativiravel cost of car vs PT (for example additional bus services, shorter
walk between the station and the airport, the impact of tteadimprovementsetc) through

a mode tioice mechanism which reproducebservedsurface acces&CAAata.

Airport PassengetCalibration

The total level of trips travelling to Aberdeen Airport is calculated using Scottish Transport
Statistics, where 2@ data indicates annudixed wingpassengers of.213 million for all

travel purposes. This annual figure when disaggregated to identify employment and
leisure trips travelling both to and from the airport in eaghl, IP and PMime period (using
similar time period propdions as applied for the Glasgow Airport model). $pecific(2018)

CAA data for the ASAM19 coverage area was ts@stablish 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.

Airport PassengeMode Share

6.10.10 The calibrated mode share for business and leisure trips is shoWabie 2%nd Table 30

Note that observed mode share data is only available at the daily level and is therefore
consistent for all time periodevhere AM and PM time periods =h8urs, IP = 6 hours)The
final base year hourly mode share figures may change as a result of matrix estimation.

6.10.11 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 i Peakroting that
mode share data is only available at daily level).

6.10.12 The ASAM19 airport modelling also demonstrates a close match of leisure passenger mode

share, with around a 83% /16% car/PT split across all time periods.

Airport Passengefrip Distribution

6.10.13 Comparisons of modelled car and PT business trip distributions is providiéguire 7and

Figure 8respectively. These charts compare the ASAM19 trip generalised cost distribution
against the observed passenger trip distribution formed using the Aberdeen Airport CAA
passenger trip patterns.

6.10.14 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 mgkef PT generalised costs.
The modelled distribution for both car and PT business tripshosvn to closely reflect the
CAA passenger data distribution.
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[DYAY AN MODE AM PEAK INTER PEAK PM PEAK
Car 136 187 46

ASAM19 Model PT 21
Airport Busme_ss Total 163
Passenger Trips
2019 % Car 83.7%
% PT 16.3%
ObservedAirport % Car 83.5%
BusinesdPassenger
Trips2019 % PT 16.5%
- 0
Mode Share Car 0.2%
Difference PT 0.2%

Table 30Aberdeen Airport ModeShare: Leisure PassengePetiod)

37

224

83.3%

16.7%

83.5%

16.5%

0.2%

-0.2%

8

54

84.6%

15.4%

83.5%

16.5%

-1.2%

1.2%

DATA MODE AM PEAK INTER PEAK PM PEAK
Car 245 242 82

ASAM19 Model PT 43
Airport Lelsur_e Total 289
Passenger Trips
2019 % Car 85.0%
% PT 15.0%
ObservedAirport % Car 85.5%
LeisurePassenger
Trips2019 % PT 14.5%
0,
Mode Share Car 0.6%
Difference PT -0.6%
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42

284

85.2%

14.8%

85.5%

14.5%

0.4%

-0.4%

14

95

85.5%

14.5%

85.5%

14.5%

0.1%

-0.1%
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Input of Airport Passengers to Prior Matrix

6.10.15 Aberdeen Airport business and leisure air passenger trips to/from (residential, business,
hospitality) areas are developed and included specifically in ASA&bHe358 These trips
are included to the business and other assignment matrix user class for each time period.
Airport employee travel is also represented in zoB®8, but accounted for within the
standard commuter travel development processeBase year hourly trip patterns may
change as a result of matrix estimation within the final assignment matrices.

Airport Passenger Forecasting

6.10.16 Within the demand modelling, Airport passenger growth assumptions are required for
forecasting passenger demand over time. Growth assumptions work alongside zonal
population data to forecast changes in passenger demand at travel origins, and forecast car
and PT travel costs to determine mode choice.
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AberdeenHeliport Passenger Modelling
Aberdeen HeliportSurface Access f@ffshore Workers

The 2011 Census records the origins of commuters working at offshore installations. These
road and PT travel patterns were interrogated and input to the ASAktihe 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 Eagt)e Census commuter mode share
proportions were assumed to represent the relative proportiarisoad and PT passenger
surface accedsavel to the Heliport.

Heliport Passenger Calibration

Web-based research was undertaken to understand the frequency of offshore helicopter
flight departures andhrrivals 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 20l 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 distribubn to calculate trip productions and attractions for the AMter and PM

peak hourly time periods for road and PT modes.

CAA (rotary wing) passenger (®aased) 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 griod.

The road and PT Census offshore pdgternswere factored by the resultant trip production
and attraction data to produce row and column patterns to represent heliport trips.

Heliport Passenger Mode Share

Table 31describes the totgberiodtrip production and attractions to/from Aberdeen Heliport
(where AMand PM time periods = 3 hours, IP = 6 haurBpe 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/PThis is dower PTmode share than demonstrated by the
Census Offshore data, which indicates a 26% public transport passenger mode share (for
internal) airport trips.

Note that theobserved Census Offshore trayaittern is only available at annual/daily level,
so the observed pattermvill remaingenerallyconsistent for each time period, but level of
time period passenger demand will vaig-line with available flights The low number of
heliport trips during the PM is due to the flight departure times.
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Table31! 6 SNRSSyYy | St ALRZNI hFFak2NB az2RS {KINBY oW/ 2YYdz

DATA MODE AM PEAK INTER PEAK PM PEAK
Car 304 675 83

ASAM19 Model PT 46 103 10
Hdiport Canmuter

. Total 349 778 92
Passenger Trips
2019
% Car 87.0% 86.8% 89.4%
% PT 13.0% 13.2% 10.6%
ObservedHdiport % Car 74% 74% 74%
CensusPassenger
Trips2019 % PT 26% 26% 26%
0 0 0
Mode Share Car +13% +13% +13%
Difference PT -13% -13% -13%

Input of Heliport Passengers to Prior Matrix

6.11.7 Aberdeen Heliport Air Passenger trips (offshore workers) are assumed to represent commuter
travel patterns to/from the Heliport to/from residential areas. Thedeliport trips are
specifically included within ASAIZone366. Heliport employee commuter travel is also
represented in zone366, but is accounted for within the standard commuter travel
development processesnd demand modellingBase year hourly trip patterns may change
as a result of matrix estimation within the final assignmenattrices.

6.11.8 PT (Prior) matrices were generally reduced as part of the calibration process, as modelled
passenger flows were typically higher than suggested by observed bus/rail counts. This
explains the lower PT modal share represented within ASAM19 at the Helipanithg future
Y2RS8f dZJRIGS4as a2YS O2yaAARSNI GA2Yy aK2df R 068
Heliport trips within the Prior matrix to preserve the underlying Heliport mode share. In this
case, due to the age of the underlying Census data (2@idtching more recent 2019 count
data provides the mosippropriate andup-to-date data set to calibrate to.

Heliport Passenger Forecasting

6.11.9 Heliport passenger growth assumptions are required to forecast future year passenger
demand, along with zonal population data to forecast changes in demand for worker travel
origins (i.e. determining changes in the level of working population within eané/area).
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Light & Heavy Goods Vehicles Movements

Traditionally, goods vehicles have been represented in strategic modelling by interrogating
vehicle patterns collected frorRoadside Interviews (RSIsfowever, Y RSNI I { Ay 3 w{ L
expensive and provideless valuewhen consideringthe lower levels of HGV and LGV
movements that actually tend to be recordeés no Roadside Interviews (RSIs) were
undertaken for the development of ASAMXEh alternativeapproach andlata sources were

sought to develop goods vehicle matriceé proportionate, and tried and tsted matrix
synthesising approach wakerefore appliedfor ASAMY - making best use of available
(modelled) goods pattern data, and cross referencing Withmore detailed ASAND zone

system and local production and attraction activities.

This process applies zonal planning data to generate goods vehicles trip ends, segmented by
| DX [ Dz WRStAGSNEQ YR [ D YIGWBaIIoNn @Sk A Of S a .
costs to synthesise goods vehicle travel patterns for the intel®M19nodelled area.

INRIX data providing information on LGV trips across the study area was latterly obtained
from Transport Scotland i.e. after the process for generating trip matrices was established.
hgAy3d G2 GKS FIFOG GKFG GKA& A aprdtandassessihe RI (4 |
quality of these data. It was uncertain how well INRIX isolated specific goods vehicle
movements and whether trips are recorded equally well in urban and rural locations.

RSI records (obtained for the recefay @ies (TCRTNmodeling) were used to check the
calibration of overall goods vehicle trip distributions (as shown on the charts below), but not
used as actual origidestination inputs to the Prior matrices. Similarly, goods vehicle trip
length distributions fronthe Transport Model for Scotland (TMf§ were also usgto check

the calculatednatrices.

INRIX observed data

Goods vehicles trip data from INRIX was obtained via Transport Scoflaeddata covered
the period from 10/3/2020 to 2/4/2020 (12hours every day) for the whole of Scotl&waly
data for TuesThurs was downloaded. This data was then spatially filtered to prowxide
relevantdataset coveringonly the ASANI9 geographicarea.

91%otheL bwL - RIFGF 2NAIAYIFIGSR FNRBY acCftSSié OSKAO
G/ 2y adZYSND SONEROT $400Fpdz0 2F (GKS CtSSG OSKA
duty trucks /vans: 14,004 c Snnnf 60advé gKAES it 2F (GKS [/ 2Yy
Fd G[ A3IKG Rdzié (GNHzOl k LI aaSy3asSN) @SKAOt SYy ¢
recorded by INRIX are from medium duty trucks / vans operated in fleets.

Q)¢

Origins and Destinations of the INRIX trips were compared with the matrices generated using
the gravity model (GMgynthesisingrocess detailed below. This showed that INRIX recorded
around 15% fewer trips within Aberdeen City Centre and more trips in Aberdeenshire, Angus
and Moray than generated by the GMrips between Local Authority areas were, however,

in relatively close agreement (<2% differenc&ecause of the possible tendency of INRIX
data to overemphasize rural trips, INRIX data was not fieeeeused to inform trip Origins

and Destinations but was instead used to validate GM trip length distribution.
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LGV / HGV Trip Generation

6.12.8 ASAMY9 LGV and HGV movements were based on a combination of data sets. Firstly, LGV
and HGV Trip Generations for each modelled zone were calculated based on planning data
(i.e. households and jobs) and trip rates extracted from the TRICs database. The ngderlyi
goods vehicle trip rates applied are describedlrable 32(these rates are consistent with
those applied within the earlier ASAMa#d later Tay Citiemodeldevelopmeny.

Table 32LGV & HGV Trip Rates (Daily Weekday)

ACTIVITY TYPE LGV IN LGV OUT HGV IN HGV OUT

Residential

(Por Duelling) 0.21 0.18 0.02 0.02
Business Park

Office (per ob) 0.26 0.26 0.02 0.02
Industrial Estate 0.75 0.77 0.18 0.18
Parcel 2.37 3.00 0.22 0.24
Distribution ) ' ' '
Retail (average o 0.49 0.48 0.05 0.05

food & nonfood)

6.12.9 Goods vehicle househol@lated trips are simplgalculated by multiplying the number of
households per zone by the corresponding residential trip rate. The application of
employment trip rates is more complex, as the zonal jobs database codes some employment
Fd G20KSNE ¢ KAOK O lenpe&iwithoe§uivaleht Yripltates. Oheeford, NB T S
0ST2NBE UGNARLI NFGSa ¢SNB FLILIX ASRYI G20 KSNE {NR LI
or business park activity types while maintaining the existing proportions for each zone.

6.12.10 The household and employment data applied to inform the trip calculations was taken from
the ASAM9 2019 TELMo$8A planninginputs {.e. detailedin the avzn employment file at
ASAM1%onal level).

6.12.11 The goods modelling approach was constructed to represent two types of light goods vehicle
movements:

° LGV delivery trip.e. Delivery = [ Bé+(@nd
° All other LGV trip§.e. traditional trades & [ D¥x0

6.12.12 Delivery tripgLGV2jvould be related to shorter trip lengths, reflecting multiple leg deliveries
/ drops, whereas, other LGV moveme(it&V1ould tend to represent longer distance trips
for specific purposes, such as trades vehicles.
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6.12.13 Brathwaite (2017) provides an estimate of 10% of LGV trips being related to grocery /
package delivery. A DfT Statistical Release (204f@tes that, in 2008, delivery vehicles
accounted for 26% of all van traffic. A TfL paper from 2Gtates that, in London, 32% of
vans are used for collection / delivery of goods. Taking into account the above references and
allowing for continued growth in the internet shopping sector, the goods matrix development
assumed that 35% of LGV trips a2eNJ RSt A SNR Sa @ ¢ KS LINE L] NI A2\
GNRLE 64[D+HéV 6+ a GKSNBF2NB FTAESR |4 GKAaAa f

6.12.14 A second assumption was made that 50% of trips to / from households are for deliveries. The
YydzYo SN 2F &S Y LdelRadyYriPs/viete thpnDatljusted to allow the overall
proportion of LGVXelivery(d NA LJA (2 NBIF OK op:® ¢ KS ydzYo SN
6a[ Dtmé0 Aa GKSY NBRdzOSR (2 YIFIAydarAy GKS O2N.

6.12.15 This Trip Generation process created LGV and HGV trip productions and attractions for each
modelled zone. These were then disaggregated down to each of the modelled hourly
assignment time periods using a series of proportional factors (based on an&lpSam 19
classified traffic volume data). This resulted in the following daily HGV / LGV demand being
allocated to each hourly time period:

o AM Peak 9.5%
o Inter Peak 9.0%
o PM Peak 6.0%

6.12.16 In tandem with the calibration of goods vehicle trip distributions (described below), LGV and
HGV matrices were assigned to the network and compared to overall LGV and HGV traffic
Screenlines. Percentage adjustments were calculated to scale goods matbetter reflect
the overall levelof goods vehicle traffic volumes observed across the North East network
This amounted to the followingdjustments made to scale down L&¥nd adjust HGV
movements in the AM, Inter and PM Peak time periods.

° AM Peak LGV =0.33, HGV =1.04
° Inter Peak LGV =0.35, HGV =0.96
° PM Peak LGV =0.39, HGV =0.85

6.12.17 Following these adjustments, the prior HGV and LGV trip matrices produced the following
level of calibration compared to the average hourly HGV / LGV flow across all screenlines
within the ASAM9modelled aredas described withiffable 33. The comparisons show that
all HGV/LGV prior matrix assignments fall within 10% of the observed hourly goods flow
therefore demonstrating relativelygoodrepresentaton of goods demand , and robussis
for the later matrix estimatiorprocessegparticularly when the relatively smaller level of
goods vehicle demand is taken into account).

! Braithwaite (2017) The implications of internet shopping growth on the van fleet and traffic activity, report
for the RAC Foundation, [online]
http://www.racfoundation.org/assets/rac_foundation/content/downloadables/The Implications_of Internet_
Shopping_Growth_on_the Van_Fleet_and_Traffic_Activity Braithwaite May 17.pdf

2https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/611304/

annuatroadtraffic-estimates2016.pdf
30 ¢ SOKY A OF2fKIbli2 FNB1pi KS YAy GNBYR&a FyR RS@St2LYSyda |7
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Table 33HGV / LGV Prior Matrix Network Comparison (PCUSs)

TIME PERIOD OBSERVED MODEL
0
VEH TYPE AVERAGE AVERAGE DIFF. /oDIFF.

AM: HGV -9%
IP: HGV 176 169 -7 -4%
PM: HGV 99 92 -7 -1%
AM: LGV 177 165 -12 -1%
IP: LGV 166 168 +2 +1%
PM: LGV 136 123 -13 -9%

LGV / HGV Trip Distribution

6.12.18 The underlying LGV and HGV trip pattern was generated for each goods vehicle type using a
gravity model. This process applied the goods vehicle trip ends individually against the
relevant LGV or HGV generalised travel cost to create a trip distribuliba.resultant trip
patterns were compared against other data sets, with gravity modelling parameters adjusted
to generate a closer trip distribution match to the comparison data.

6.1219C2NJ AK2NISNJ RAalGlIyOS [ Dx RStAGBSNE (NRILBE
YIGdzZNE 2F Ylyeé 3I22Ra OSKAOfS Y2@9SySyidaasz
between leaving the depot and returning. Therefore, for these LGV2 delivesyatiiaverage
trip length of3km was assumed with model parameters calibrated appropriately.

> R

6.12.20 For LGV1 trips, model parameters were calibrated such that the trip distribution for all LGV
trips (combination of longer LGV1 and shorter LGV2 trips) closely matched the observed
distribution calculated from INRIX trip data within the ASAM area. A sedlmerk was that
the LGV1 trip distribution lay between the distribution of TMfS18 LGV trips when applied to
the ASAM zone system (internal zones only) and the distribution calculated from the 35 LGV
RSI records available from TCRTM (no RSI records wdebkeviir the ASAM area).

6.12.21 The HGV trip distribution was calibrated against data from TMESAM14 /| ELMS
commodities matrixand the RSIs previously conducted in the TCRTM model area. The trip
distribution comparison data therefore included:

TMfS18 HGV matrices trip distributions (ASAM area / internal trips only);
Roadside Interview trip distributions (undertaken in the TCRTM coverage area)
ASAM14 HGV matrices trips distributions

TELMoS18ommodities matrix

© ©o o o

6.12.22 A summary of average trip lengths and calibrated alpha and beta parameters is presented in
Table 34
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Table 34LGV / HGV Calibration Gravity Model Parameters & Modelled Tepgths

VEHICLEYPE ALPHA BETA AVERAGE TRIP LENGTH (K

LGV1 (standard trips) : -0.05
LGV2 (delivery trips) 0.50 -1.40 3.0
HGV 2.00 -0.07 41.3

6.12.23 The Prior trip distribution comparison are shownFigure 9and Figure 10for LGV and HGV
patterns respectively.

6.12.24 The charts demonstrate that the calibrated ASAM HGYV trip distribigiseighted in favour
of longer tripswhen compared to the ASAM14 and TMfS distributiovdhen compared to
the TCRTM R8istribution there are more short trips (<30km) and fewer long trips (>30km).
There are fewer shorter trips compared to th&lOMoSdistribution. Therefore the HGV
distribution occupies a reasonable mpdint between these different datasets.

6.12.25 For total LGV trips (LGV 1 & 2), the analysis shows that TCRTM displays a close match to the
observed INRIX data. In comparison to the TMfS LGV trips interval to the ASAM area, there
are more short trips and fewer long trips. The LGV1 distribution is sttowesemble the
TCRTM RSI LGV patterwhich would tend to pick up these longer distance movements.
LGV2 delivery trips are shown to have a much shorter distribution within the modelling to
reflect the nature of multiple delivery drops/legs.

Input to Final Prior Matrices

6.12.26 The AM, Inter and PM peak LGV and HGV movements desahlbgd were combined with
the LGV and HGV external movements to form the goods vehicles hourly matrices for input
to the Prior Matrices and subsequent ME process
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6.13 Formation of Priors & Matrix Estimation
6.13.1 The final hourly prior travel demand matrices composed of the following matrix elements:

° Road/PT Commuter: 2011 Census movemdatfjusted to 2019 demand), blended
with synthetic commuter trips anddjusted to match observed network flows;

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

o Park and ride road and PT trip legs, to/from sites/stations;

0 Parking trips to/from city centre car parks;

0 Synthesised LGV and HGV trips, calibrated to match observed goods vehicle flows, and

reflect available trip distributio datg

o Addition of TMfS®& travel demands to produce external road and PT flows, and
corresponding internal park and ride trip legs;

° AberdeenAirport business and leisure passenger aad PT passenger demgrahd

° Aberdeen Heliport Offshore worker car and PT passenger demand.

6.132 2 AUKAY (GKS {(2dz2NBR &G NHzOGdzNBX WaAYLX SQ O2YYdz
matrices. Nor@ A YLIX S (2dzNJ £ STa 0APSd GNI @gStftAy3a (2 N
matrices. All tertiary education trips are also included within the othip matrices.

6.13.3 The number of trips contained in each prior matrix is described within the following tables.
These Final Priassignmentmnatrices are one of the key inputs to matrix estimation.

Matrix Estimation & TAG Guidance

6.13.4 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 dataThese include traffic counts, public transport passenger volumes
and road and bus journey times.

6.13.5 The following sections describe the analysis undertaken to understand changes made to the
prior Road and PT matrices during matrix estimation, comparing:

0 Matrix Trip Ends Slope, Intersect an@8uared statistics;

°o Trip End Plots;

° Trip Length Distributions; and

° Sector Movement Comparisons

6.13.6 TAG gidance(Unit M3.1)suggests that changes between two matrices should fall within the
criteria as described imable 35 These estimation comparisons are discussed over the next
sections for the road and public transport modelling respectively.
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Table 35TAG Matrix Estimation Comparison Criteria
MEASURE CRITERIA

Slope within 0.98 and 1.02
Matrix cell zonal values Intercept near zero
R2 in excess of 0.95

Slope within 0.99 and 1.01
Matrix zonal trip ends Intercept near zero
R2 in excess of 0.98

Means within 5%

Trip length distributions Standard deviations within 5%

Sector to sector level matrices Differences within 5%

6.14 Road Matrix Estimation

6.14.1 ASAM19 oad matrix estimation was undertaken using the SATURN SATME2 and SATPIJA
processes (Saturn Version 11.4.06D_MC_N4). Matrix Estimation inputs for the AM, Inter and
PM peaks were as follows:

SATURKbad network data files;

Prior matrices;

Zonal origin and destination constraints; and
Traffic count screenline links

© o o o

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

6.14.3 Zonal constraints inform the procedure of the minimum and maximum numbetrip$
permitted to be in the final matrix produced at the end of the ME prog¢esslimiting the %
change for each zone in the Prior matrixp constraint of +/17.5% was applied to the
majority of ASAM1@onetrip end origins and destinatioris all time periodsnd for car, LGV
and HGV matricesHowever, nore flexible trip end constraintsere used for specific zones
where more significant change was deemed required when @ing road network flows.
These included:

z162 & z175: Garthdee Retail Pa#ncouraging additional car trips;

z421: Portlethen Retail Paglencouraging additional car trips;

z1020: A94 South West of Forfato adjust external HGV flow from TMfS18; and
z1027: A96 Northern External to adjust external HGV flowsas flow provided
through TMfS18 was deemed to vary considerably compared to traffic counts.

o
o
o
o

6.14.4 A constraint valuef five is applied to limit excessive individual cell value changes between
the Prior and Post ME matrices.
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6.14.5 SATURN road assignmemiere undertakenusing the base year road netwarkontaining
Screenline locations and the prior demand maftaxk 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 proage.

6.14.6 The above procedure was carried out for all threedelledtime 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 outpuiese favourable when compared to observed
data sets and calibration criteria.

6.14.7 Traffic countdataat 429 locations (one way), across 48 (two way) Screenlines (as described
in Chapter 7) were used as ME traffic volume control inputs. Counts included within
Screenlines with higher traffic flows wegenerallyprioritised, along with some central
Aberdeen Screenlinesand those where some larger flow differences were identified
Smaller trafficked screenlines, (i.e. those covering some rural areas) where given less
prioritisation within the estimation process.

6.14.8 Table 360 Table 3&ummarise the Prior, Post Estimation and difference matrix totals for
the road modelling (these figures include internal and external trippsle Prior matrix
Y2RSf NMzy L5 A& d./ypé aCt.moéX FYyR (G4KS t24f

6.14.9 Appendices |, J & K descrild changes at total model, LA and 41 sector level respectively.

Table36w2 I R ! 8aA3yYSyld WtNAZND al GNRE (20l ta&a ot/ | :

USER CLASS AM PEAK INTER PEAK PM PEAK

EmployersBusiness 5,310 3,320 4,600
Commute 29,844 6,435 26,803
Others 22,393 31,019 39,138
Education 3,298 1,505 29
Retired 3,405 6,978 4,152
Light Goods 7,105 7,052 5,200
Heavy Goods 3,600 3,321 1,927
Total 74,955 59,631 81,849
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Table 37Road! 84 A Ay YSyi

USER CLASS AM PEAK INTER PEAK PM PEAK

Employers Busines:
Commute
Others
Education
Retired
Light Goods
Heavy Goods

Total

5,286
29,846
22,336

3,157

3,388

7,688

4,284

75,985

Wt 2aidQ

3,141
6,218
29,972
1,408
6,498
7,441
3,961

58,637

SVYSTIA

al GNMNE

G201t a

4,581
27,589
39,605

29

4,160

5,750

2,481

84,195

Table 38Prior & Post Estimation Road Assignment MatComparison: Chang& Change

USER CLAS AM PEAK INTER PEAK PM PEAK

Business
Commute 2
Others -57
Education -141
Retired -17
LGV 583
HGV 684
Total 1,030

0%

0%

0%

4%

0%

8%

19%

1%

-179
-217
-1,048
-98
-481
389
640

-994

-5%

-3%

-3%

-6%

-1%

6%

19%

-2%

787
466
-1
8
551
554

2,346

0%

3%

1%

-2%

0%

11%

29%

3%

ot/

6.14.10 The comparisons shothat the ME process hamlyhad a marginal effect on the overatiad
matrix sizefor all periods ¢hangingoy 1%:-2% and 3% for the AM, IP, and PM respectively).

6.14.11 The ME adjustments made to individual user classes araaivelymarginal for catrips,
with the AM and PM peaks ranging from 0% te4%6. A greater percerdagechange is shown
in the IP of up to7% for theeducation andetired user classFor goods vehicles, the post
ME matrices have increasédps in alltime periods, from 19% in the AM and IP and 29% in

the PM peallor HGV Users should note that the Prior matrix network comparison (described
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in Table 33 showed that modelled goods flows were generally low compared to observed
traffic data, so some increase in goods trips during ME is expected.

6.14.12 Users shouldlsonote that there will be greater uncertainty regarding travel patterns and
observed traffic flows associated with individual user classes, and it is anticipated that there

could be greater % fluctuation with the smaller absolute levels of traffic withingtheds
vehicle matrices.

6.14.13 Overall, the scale of matrix changes are considered acceptable, and have improved the overall
traffic volume calibration compared to observed data (see following road calibration chapter).
Users should note the larger adjustments made by ME to the LGVH&M matrices
compared to the car matrices.

Matrix Cell Zonal Values

6.14.14 Table 3%0 Table 41describe the statistical comparisaf the Yonal cell valuedor the car
LGV and HGmatricesrespectively (these statistics are extracted from the direct outputs of
the Saturn road ME)TAG Unit 3.1 suggests evaluating the significance of matrix estimation
changes by applying the following criteria: for zonal trip ends the slope should be within 0.98
and 1.02, the intercept near zero, and theSRBuared in excess of 0.95.

Table 39Car Matrix Estimation Comparison: Zonal Cell Values

STATISTIC AM PEAK INTER PEAK PM PEAK

SLOPE
INTERCEPT 0.001 0.003 0.004
RSQUARED 0.98 0.97 0.97

Table 40LGV Matrix Estimation Comparison: Zonal Cell Values

STATISTIC AM PEAK INTER PEAK PM PEAK

SLOPE
INTERCEPT 0.001 0.001 0.001
RSQUARED 0.92 0.91 0.89

Table 41HGV Matrix Estimation Comparison: Zonal Cell Values

STATISTIC AM PEAK INTER PEAK PM PEAK

SLOPE
INTERCEPT 0.0005 0.0006 0.0004
RSQUARED 0.83 0.72 0.75
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6.14.15 Thecarbased statistics (which form the majority of road traffic movements), demonstrate
the matrix cell changes fall within the TAG criteria range for the AM Peak, lie close to the
threshold for the PM Peak, and fall outwith the desired range for the IntetkkPThe Car
Intercept values are all close to zero, and th&driared values all lie above 0.95. These
statistics therefore demonstrate a good correspondence with TAG criteria for the car matrix
comparisons.

6.14.16 The LGV statistics also demonstrate a good correspondence when comparing with the Slope
and Intercept criteria, but with the LGVSRjuared values falling further outwith the guidance
range. Although the HGV statistics shows a good correspondence farténeelpt values,
the Slope, and particularly the&juared values fall further outside the criteria range.

6.14.17 Overall, hese statistics demonstrate satisfactorycorrespondence to TAG criteyiand
indicatean acceptable level of change between the Pre and Post assignoshmatrices
(particularlyasLGV and HGV trips constitute a smaller proportion of the overall matrices).

Prior and Estimated Road Matrix Comparison Statistics

Trip End Statistics

6.14.18 TAG UniM3.1 suggestevaluating the significance of matrix estimation chaniggspplying
the following criteria: for zonal trip ends the slope should be within 0.99 and 1.01, the
intercept near zero, and the-Bquared in excess of 0.98.

6.14.19 Table 4Xescribes the changes between the prior and estimated matrix trip ends using these
statistics. This shows that that the changes made to road matrix trip ends fall slightly outwith
the recommended criteria for the Slope statistic across all time perfodsn@trix origins and
destinations) with the excepton of the AM origin and PM destinationAlthough he AM
intercept isreasonablyclose to zerpthe statistic falls further from zero fahe IP and PM.

The modellings shown tameet the RSquared criteria across all peaks.

Table 42Road Matrix Estimation Comparison (Total Road Trips): Trip End Statistics

_ STATISTIC AM PEAK INTER PEAK PM PEAK
1.00 0.96 1.04

SLOPE
Origin INTERCEPT 0.82 1.10 -1.15
RSQUARED 0.99 0.99 0.99
SLOPE 1.02 0.93 1.00
Destination INTERCEPT -0.41 3.17 2.14
RSQUARED 0.99 0.99 0.99
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Trip End Scatter Plots

6.14.20 Figure 1llcontains scatter plots illustrating the modelledad trip pattern by trip end origin
and destination zones for the AM, IP, and PM peaks. The figures indicate good correlation
between the pre and post matrix estimationatrices

Road Trip End Correlation - Origins - AM Road Trip End Correlation - Destinations - AM
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Figure 11. Road Matrix Estimation Comparison: Scatter Plots

Trip Length Distribution

6.14.21  Trip length distribution is used to understand the level of thi/elling at a range of
distances across the modelled are@his analysis is used to ascertain whether the ME
process has had an effect on the overall distribution of twithin the matricesand the
distances travelled while attempting to match observed flows.

6.14.22 Figure 12andFigure 13llustrate trip length distribution analysis for the road model prior
and post estimation AM and PM Peak matrices respectivégble 43summarises the
change in the mean and standard deviation of distances for each time period during
estimation.
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6.14.23  The statisticalanalysis demonstratea consistent but relativelgmall reduction irtrip
length during theroad ME process (of aroun@% to-7%across all time periods)This is
a common outcome of ME as the process tend to generate shorter distance trips to enable
matching of traffic flows across screenlineBhe Trip Lengthcharts demonstrateéhese
trends, and also indicate slight uplift in trips of between 10k®0km.

Table 43Road Matrix Estimation Comparison: Trip Length Distributigm)

TIME POST
PERIOL STATISTIC ESTIMAT ESTIMATH CHANG

-0,
AM Mean 3%
Peak Standard Deviation 23 22 -4%
Mean 19 18 -6%
Inter
Peak Standard Deviation 24 22 -1%
-20,
PM Mean 18 18 2%
Peak Standard Deviation 22 21 -4%

Road Trip Length DistributicrAM

50%
45%
40%
35%

30%
25%
20%
15%
10%
I
0% [ 1 | . [ | I . ——

10-30 30-60 60-90 90-120 >120

Distance (km)
m Pre Estimation m Post Estimation

Trip Length (%)

Figure 12. AM Road Trip Length Distribution for Prior & Post Road Matrix Estimation
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Road Trip Length Distribution - IP
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Figure 13. IPRoad Trip Length Distribution for Prior & Post Road Matrix Estimation
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Figure 14. PM Road Trip Length Distribution for Prior & Post Road Matrix Estimation
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Road Movements Sector Comparisons

6.14.24 Appendix K describe¢le changes in Road traffic movements pre and post estimation using a
detailed 41 sector system. Matrix differences are also summarised within a more aggregate
Local Authority based five sector systesontained in Appendix J.

6.14.25 The LA analysis highlights some of the main differendésough applying the matrix
estimation procedures. ME is shown to increase road trips travelling within Aberdeen across
all time periods (by around 4%jJ.otal road travel from Aberdeenshire is shown to decrease
in the AM peak and travel to Aberdeenshire increases in the PM p&hakse trends directly
relate to the Prior matrix road volume comparisons, which showed that modelled traffic levels
were slightly low within Aberdeen and slightly highdome Aberdeenshire movements. The
ME process has therefore aimed to improve the comparisons for these specific movements.

6.14.26 TAG guidance indicates thethanges tesector tothe level ofsector movementshrough the
ME processhould fall within 5%f the Prior matrix values. Although many LA comparisons
do fall outwith this threshold, the larger intrAberdeen and intréAberdeenshire movements
fall within 5%. The key AM peak hour inbound Shire to City movement chadgg, iand PM
peak outbound @&y to Shire movement change is 8%. These scale of changes are considered
acceptable.

6.14.27 The roadVE processncreased the total size of the matrices during the AM and PM peaks by
1% and 3% respectively and decreased thedfix by -2%. Theserelativelysmall changes
to the overall road matriceare considered acceptable.

6.14.28 The 41 sector analysis provides detailed information for users to inspectcamgare
detailed movements for different areas across the modelled coverage.
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6.15 Public Transport Matrix Estimation

6.15.1 ASAM19 pblic 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.

6.15.2 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 and ride site zones. ASAM1%&bdiervs originate from
TMfS18, so this approach maintains more consistency with the parent modé&hnk.and
Ride passenger volumeare mainly controlled bythe demand modellingoroceses and
calibrated tospecificPark & Ridaite and rail stationar park occupancy data

6.15.3 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 accuracy and runtime required, the procedureusingtotal passenger
demand(rather than separate travel purpose assignmertsyl 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 perpogportions for
reassignment by travel purpose and further network comparison.

6.15.4 The above 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 purposEsior 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 ealibration criteria.

6.15.5 Passenger counts at 50 locations (two way) acfoss CordonScreenlines (inbound and
outbound), as described in Chapter 9, were used as ME passenger volume control inputs.

6.15.6 Table 440 Table 46summarise the Pricand Post Estimatiof? Tmatrix totals foreach travel
purpose and provide a comparison of overall changes in.tiijpsanalysis 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 Miatrices.

6.15.7 There is slightly more fluctuation within the individuedvel purposematrices, one being a
aYlLtf NBRdAzOGAZ2Y Ay t¢ OGNALEA F2N wOo2YYdziSQ Iy
GKS ta LISIF]® DSy SNI f f purpdsésiBeresis@diakrGsslBll tihey R WSF
periods.

6.15.8 Overall, the analysis demonstrates acceptable adjustments through the application of the ME
procedures, which have helped to improve the overall PT passenger volume calibration (see
Chapter 9 for further details).
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USER CLASS AM PEAK INTER PEAK PM PEAK

Employers Busines:

Commute 4,461 1,094 3,527
Others 2,386 3,307 3,658
Education 4,585 1,915 6
Retired 1,332 1,796 896
Total 13,062 8,290 8,201

Table45t ¢ ! 8&aA3yYSyid Wwt2adQ alGNRE G20Fta o6tlaasSy3

USER CLASS AM PEAK INTER PEAK PM PEAK

Employers Business

Commute 4,336 1,106 3,605
Others 2,454 3,372 3,661
Education 4,664 1,956 6
Retired 1,292 1,795 929
Total 13,043 8,391 8,416

Table 46Change & % Change Between Prior & Post Estimation PT Assignment Matrices

USER CLAS AM PEAK INTER PEAK PM PEAK

Business 0% -8% 0%
Commute -125 -3% 11 1% 78 2%
Others 67 3% 65 2% 103 3%
Education 78 2% 41 2% 0 -2%
Retired -40 -3% -1 0% 33 4%
Total -19 0% 102 1% 214 3%
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Prior and Estimated PT Matrix Comparison Statistics

Trip End Statistics

6.15.9 TAG unit M3.2 (Public Transport Assignment Modelling) states that changes due to PT
estimation should be considered using consistent criteria as applied for road modelling (i.e.
TAG Unit 3.1 Thereforeevaluating the significance 88AM19 Pnatrix estimation changes
were establishedisingthe following criteria: for zonal trip ends the slope should be within
0.99 and 1.01, the intercept near zero, and th&duared in excess of 0.98.

6.15.10 Table 47escribes the changes between tASAM19 Prior and estimated matrix trip ends
using these statistics.

Table 47PT Matrix Estimation Comparison: Trip End Statistics

_ STATISTIC AM PEAK INTER PEAK PM PEAK
1.01 0.99 1.03

SLOPE
Origin INTERCEPT -0.16 0.16 -0.03
RSQUARED 0.99 0.99 0.99
SLOPE 1.01 0.98 1.01
Destination INTERCEPT -0.09 0.25 0.15
RSQUARED 0.99 0.99 0.98

6.15.11 This analysis shows that the majority of PT matrix changes during estimatiavithiat the
recommended ranges, with a few statistical comparisons which lie marginally outside the
desired range.

6.15.12 Figure 15illustrates the trip end scatter plots which show that the PT matrix estimation
procedure yields a gooskt ofcorrelations between the prior and post matrix distribution.
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PT Trip End Correlation - Origins - AM PT Trip End Correlation - Destinations - AM
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Figure 15. PT Matrix Estimation Comparison: Scatter Plots

Trip Length Distribution

6.15.13 Figure 16to Figure 18illustrate trip length distribution changes between prior and post
estimated PT matrices, whilstable 48provides a summary of the mean and standard
deviation changes in trip length.

6.15.14 This analysicharts shows a increasing trip length within the matrices (of 0% to 3%
progressing from the AM peak to the PM peak), with the ME process factoring up some
shorter distances movements less than 10km and factoring down longer distance
movements. Thistrendcanalsob&sg FNRY (GKS &aSO02NI Iyl fearax
Movements Comparisons.
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6.15.15 The statistical analysis shows a slight reduction in the mean trip lemgtistandard deviation
for the AMand PMpeals, anda greater reductiorduringthe Inter Peak The shortepverall

trip length within the AM peak reflects the large proportion of education (school) trips within
the morning, which tend to have a shortdistance

Table 48PT Matrix Estimation Comparison: Trip Length Distributigm)

TIME PRE POST
PERIOL STATISTIC ESTIMATH ESTIMATH CHANG

-70,
AM Mean 7%
Peak Standard Deviation 25 24 -4%
Mean 16 14 -13%
Inter
Peak Standard Deviation 27 24 -10%
-70
PM Mean 20 19 7%
Peak Standard Deviation 31 29 -4%

PT Trip Length DistributicrAM
35%
30%

S 25%

£
D 20%
15%
10%
5%

10-50 50-75 75-100 >100

Distance (km)
m Pre Estimation m Post Estimation

(%)

Trip Lengt

Figure 16. AM PT Matrix Estimatiot€Comparison: Trip Length Distribution
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PT Trip Length Distribution - IP
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Figure 17. IP PT Matrix Estimation Comparison: Trip Length Distribution
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Figure 18. PM PT Matrix Estimation Comparison: Trip Length Distribution
Sector Movements Comparisons

6.15.16 Appendix K describes the changes imf&Vements pre and post estimation using a 41 sector

system. Matrix differences are also summarised within Appendix J in a more aggregate Local
Authority based five sector system.

6.15.17 TheLAanalysis shows a small increas@vuerallPT trips across the® and PM time periods
(1% and 3% respectivelywith marginal chang in the AM Peak PT trips increaséor
passengers travelling withiAberdeenand within Aberdeenshire in all time periods (by
between 3%0%). PT tripdecrease to/from Aberdeenshire to Aberdeby around 10%30%
The total level of trips travelling to/from each LA change by less than 5% in all time periods.
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6.16 Active Travel Demand

6.16.1 Table 4%andTable 5Qletail the size of each of the active travel walking and cycling matrices,
describing the number of person trips for edcavel purposeand modelled time period.

6.16.2 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 walkingr cycling network flows were available fondertakingmore detailed
comparison. These data limitations should be borne in mind when considering the active
travel modelling.

Table 49Walking Assignment Final MatriXotals (Pedestrians per hour)

USER CLASS AM PEAK INTER PEAK PM PEAK

EmployersBusiness

Commute 4,228 985 3,509
Others 12,191 15,303 19,703
Education 13,455 5,340 0
Retired 2,080 3,082 1,843
Total 32,192 24,897 25,220

Table 50Cycling Assignment Final Matribotals (Cyclist per hour)

USER CLASS AM PEAK INTER PEAK PMPEAK

Employers Busines:

Commute 710 149 540
Others 511 614 826
Education 1,213 481 0
Retired 124 185 112
Total 2,584 1,443 1,502
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7. ROAD MODEL CALIBRATION

7.1 Approach

7.1.1 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 robustness of the
model is then assessed using further, independent data sources dhgngtidation process.

7.1.2 The calibration process for the ASA8road model makes use of several data sources, and
includes the following steps:

Collationand collectiorof traffic count data;

Formation of traffic count screenlines;

al GNRE 9aidAYlFLdA2Yy o606l &aSR 2y (KS Wt NA2NJ YI (
Iterations of model refinement; and

Calibration analysis.

© Oo o o o

7.1.3 The model calibration approach uses group®lo$ervedtraffic counts to form screenlines,
which are used to compare modelled traffic volumdaitial comparisons are based on the
AYAGALFET OWt NA2NRO YIFGONAROSE O06RSAONAROSR GAGKAY
matrix calibration.

7.1.4 Using an iterative process, the screenline comparisons are used to review and refine the
model network and matrices. Subsequently, a matrix estimation process has been
undertaken to adjust traffic movements to better match observed traffic volumes.

7.1.5 The calibration is compared in terms of overall matrix adjustments, trip distribution analysis
and screenline flovand individual countomparisons. The impact of the ME procedures on
the trip matrices and travel distribution is described earlier within Chapter 6.

7.1.6 The resultant calibration analysis from the Post ME assignment of traffic demand are
described within the following sections.

7.1.7 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 deddrilibe following
Validation Chapter.

7.2 Collationand Collectionof Traffic Data

7.2.1 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 studieséntral Aberdeen and the A96 corridor.

7.2.2 It was important that dataised for model development reflected traffic volumes following
the opening of the AWPEn early 2019, as this scheme has had a considerable impact on
travel patterns. Therefore, only Post AWPR data was used to corrp#re volumeswithin
and nearby to Aberdeethat would be impacted Some older data was though used to
compare traffic flows on rural roads that are unlikely to be impacted by the scheme.
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Traffic data collated and collected included:

° National Traffic Data System (NTRS)ear 2019, neutral month, average weekday
period data (some data used from proceeding or later years due to availability);

° Angus Council ATC data (20&8Jontrose A90 linkat Laurencekirk

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

° A96CorridorAECOM AT&nd JTdata (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 datg for minor roads in rural area (2014)

0 ASAM14 model version2017Baseline Scenario (BB@gnodelled flow data

o TMfS18 model version2018 BN18 ADL scenarimodelled flow dataand

o

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

A traffic data review was undertaken to understand gaps in data coverage in terms geography,
age and classification of data, and following this exercise new data was collected for locations
across Aberdeen and Aberdeenshire in October 2019.

Where no appropriate survey data was available, use was made (where possible) of modelled
flows fromthe TMfS18 ASAM14modek to provide a best estimate of traffic flows.

Average AM peak hour, Inter peak and PM peak hour traffic count data was derived from each

of these datasourcesandprovided datao comparei KS Yl Ay Y2 RSt f &4 WLISI ]

WIS 1 Q K2 dzNB ¢ ¢CKAA FIOAtTAGIFGSR GKS {! ¢! wb
traffic from the earlier®? LINIS | tin€@ periods and more fully capture congestiorlJsers

should note the potential uncertainty of comparing traffic data where traffic volumes can
differ across a wider area, with different peak hours observed within the peak periods.

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 factoririggsavas undertaken to
uplift datato representthe common base yeasf 2019.

The factoring process was based on the yaayear change in Scottish Vehicle Kilometres as
recorded within the Scottish Transport Statist 9 edition(Total Vehicle Kilometres across

all roads) within the four key ASAM Local Authority ar@sserdeen City, Aberdeenshire,
Angus and MorayNote that the STS 2020 edition was unavailable at this stage which would
include 2019 data.2019based trends may also represent changes in Veh Kms associated
with the delivery of the AWPR (i.e. motorists travellamglonger distance route), which would
impact the factoring of traffic count locations unaffected by the AWPR. Although 2018 STS
data does not directly match the model base year, it was the most relevant data available.
No factoring was undertaken to traffic counts undertaken a8ds.

A separate factor was produced for Aberdeen City, but as all Aberdeen City traffic counts that
were actually used were undertaken during 2019, this specific factoring was not required.

Factors for Aberdeenshire, Angus and Moray were based on the average annual Vehicle
Kilometre data for these Local Authorities with the relevant factors describ&dle 51
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7.2.11 It is noted that as this approach applies a generic change in traffic volumes, elements of the
2019 common base may not reflect the impact of local changes over time. The age of traffic
data is described for each observeaunt in Appendix L.

Table 51TrafficCountUplift Factors VKms per Annum & Change to 2018 (million Vkms)

AREA 2013 2014 2015 2016 2017 2018

Aberdeen City 1,301 1,331 1,338 1,365 1,384 1,390
ASAM total 5,831 6,037 6,101 6,231 6,501 6,366
Change to 2018 1.068 1.044 1.039 1.018 1.004 1.000
Aberdeen City

Change to 201¢ 1.092 1.054 1.043 1.022 0.979 1.000
ASAM total

DataUncertainty

7.2.12 Users should note that there is considerable uncertainty associated with some of the traffic
count data used to calibrate and validate the ASAM road model. Several anomalies were
identified through data processing, where flows may appear imbalanced &stidin, varied
significantly compared to similar neighbouring locations (up/downstream), and provided
high/low % goods vehicle composition. Potential issues particularly related to ATC data and
where flows wereclassified.

7.2.13 To mitigate for these discrepancies, and to still allow a fuller screenline of traffic data to be
developed andused for calibration, a number of adjustments were applied. This included
patching or reversal of traffic flows from neighbouring locational data or fromTikES18
model. Table 5ists the individual adjustments made to survey data.

ATCGoods Vehicléiscounting

7.2.14 In addition, a specific data issue was identified relating to the classification of goods vehicles
from ATG. This highlighted miscounting of traffic as HGVs, where observed HGV flows
appeared t@ high as a % of overall traffic volumes recorded at AT& site

7.2.15 Therefore allrelevantATC site data was adjusted to account for LGV miscourfiogthese
sites,the adjustmentreclassified 23% of counted HGVs as LGWe.value of 23% was taken
from a Government repoftwhich contains analysis of the misclassification of LGVs by ATC
surveys. Further, the percentage of HGV traffic was assessed at all sites. Where this
LISNOSyGF3S g1Fa&a 3INBFGSNI GKIYy wmp: GKS O2dzyi
classification perentages were generally reverted to average values calculated from model
wide, fully classified JTCAt some specific locations where higher HGV flows were justified
the original ATC classification was retair(ed. close to known high HGV activity such as
Aberdeen harbour)

4

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/527810/h
gv-traffic-estimatesreport.pdf
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Table 52 Adjustments made tcCalibration and Validation Traffi€urvey Data

LO@TIONADESRIPTION SURVEY ID A_B: ADJUSTMENTS REASON

26656_26706: Use El
Val count very low compared tc

A96- West of Kintore C44wWB Val count instead AM> PM, S .
other direction at same location
PM> AM- done
12170_12135: Flagge:
Sir lan Wood House / Harenes  JTG515Hareness as "trunk road" and I
Rd /Crawpeel Rd (E) Val global LGV, HG JTC_515 classification suspect
proportion used instead.
Sir lan Wood House / Harenes  JTG515Hareness Val 12135_12174: See rov
Rd / Crawpeel Rd (E) above
81315_12067: sa
JTE518-Souter flagged as "trunk road" I
Souter Head Rd / Crawpeel R Head Rd (W) Val and global LGV, HG JTC_518 classification suspect
proportion used instead.
JTGE518-Souter 12067_81315: See rov
Souter Head Rd / Crawpeel Ri Head Rd (W) Val above
11190_11188: sc
A956 / Craigshaw Rd JTG507- flagged as "trunk road" -
Greenwell Rd Greenwell Rd val and global LGV, HG JTC_507 classification suspect
proportion used instead.
A956 / Craigshaw Rd JTE507- val 11188_11190: See rov
Greenwell Rd Greenwell Rd above

41100_41096: JTZ19

JTE219 classification suspect st
A982 / A90 / South Base Roac PeterheadBypass( Val flagged as "trunk road" JTE219classification suspect
W) and global LGV, HG

proportion used instead.

JTE219 )
A982 / A90 / South Base Roac PeterheadBypass( Val 41096_41100: See rov
W) above

30710_30693:
ASAM_ATC_36
A957, Stonehaven, A957 Nort ASAM_ATC_36_N val classification suspect st
of A92 Stonehaven B flagged as "trunkoad"
and global LGV, HG
proportion used instead.

ASAM_ATC_36 classification suspi

A957, Stonehaven, A957 Nort ASAM_ATC_36_¢ 30693_30710: See rov

Val

of A92 Stonehaven B above
28036_28198: sa
flagged as "trunkoad"  JTE220-A90(S) classificatior
A90 / A948 JTE220-A90(S) Val and global LGV, HG suspect
proportion used instead.
A90 / A948 JTE220A90(S)  val  28198.28036: See rov
above
27810_27889: SC
A90 | A952 ITE02A90(N) val flagged as "trunk road" JTE202-A90(N) classificatior

and global LGV, HG suspect
proportion used instead.
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A90 / A952

A96- Huntly

A96- Huntly

Mid Stocket Road, East of A
Anderson Drive

Beechgrove Terr / Mid Stocke
Rd

A96- SE of Inverurie

A96- SE of Inverurie

KingGeorge VI Bridge

King George VI Bridge

B9001- North of Inverurie

B9001- North of Inverurie

A920 west of Oldmeldrum

A920 west of Oldmeldrum

A948 North of Ellon,

A948 North of Ellon,

B999, Udny StationSouth of
Udny Station

B999, Udny Station, South ¢
Udny Station

SURVEY ID

JTE202-A90(N)

V15EB

V15WB

ASAM_ATC_30_E
B

City-84aB983(N)

C4GNB

C406SB

4175 _A03_1

4175_A03_2

C14NB

C14SB

V19EB

V19WB

ASAM_ATC_1_NE

ASAM_ATC_1_SE

ASAM_ATC_4_NE

ASAM_ATC_4_SE
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A_B: ADJUSTMENTS

27889_27810: See rov

val above

42864 _43063: Add 10(
Val cars to AM EB and PN\

WB

43063_42864: See rov
Val

above

16042_80785: Use PA
Val WB value as AM EB (i.t

add 75 cars)
val 13462_13449: Use PA

NB values as AM SB

27486_27601: Couni
SL L

directions swapped

27515 _27589: See rov
SL —

above

11114_80005:  Coun
SL S

directions swapped

11115 14334: See rov
SL —

above

79678_31677: Couni
SL o

directions swapped

31677_79678: See rov
SL -

above

79806_30946: Couni
SL o

directions swapped

30946_79806: See rov
SL -

above

32686_32734: Count
SL =

directions swapped

32734_32686: See rov
SL

above

25586_25510:  Coun

directions swapped.
SL - :

Peak time compensatior

(+10% AM and +5% PN

25510 _25586: See rov
SL

above
GBO1T19F21
28/06/2024

SVYSTIA

REASON

To better reflect expected tidality

AM EB is very low compared to P!
WB

AM SB is low compared to PM NB

To better reflect expected tidality

To better reflect expected tidality
likely ATC channels miscoded

AM SB should be higher than NB !
that tidal flow is towards Inverurie.
PM vice versa.

AM SB should be higher than NB :
that tidal flow is towards
Oldmeldrum. PM vice versa.

AM SB should be higher than NB !
that tidal flow is towards Ellon. PN
vice versa.

AM SB should be higher than NB !
that tidal flow is correct. PM vice
versa. NTDS data suggests that pei
at these locations is 0760800 while
we have taken data from 0860900
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LO@TIONADESRIPTION SURVEY ID A_B: ADJUSTMENTS REASON

25490_25487: Ellor

commuter belt strategic NTDS data suggests that peak
A947 at Straloch, north o V22WB SL links peak time  these locations is 0760800 while

Newmachar (RS 12) compensation:  +10% we havetaken data from 080@900

AM Period +5% PM

B999, Udny Station, South ¢ 25510_25586: See rov

ASAM_ATC 4 SE SL

Udny Station above
MON A90 §496l\At Newburgh NTCO1541 SL 88946_88944: See rov
Road Junction above
A947 at Straloch, north of V22EB SL 25487 _25490: See rov

Newmachar (RSI 12) above

B999, Udny Station, South ¢ 25586_25510: See rov

ASAM_ATC 4 NE SL

Udny Station above
MON A90 Q496SN Newburgh NTCO1542 SL 88943 88945: See rov
Road Junction above
21978_21982: A9z
commuter belt strategic NTDS data suggests that peak
A90 South of Portlethen JTC00427_N SL links - peak time these locations is 0760800 while
compensation:  +10% we have taken data from 086@900

AM Period, +5% PM

B979, Maryculter, South of
Maryculter

77896_77841: See rov

ASAM_ATC 6 NE SL
- - above

B979, Maryculter, South o
Maryculter

77841_77896: See rov

ASAM_ATC 6 SE SL
- — = above

22846_22952: Kintore

strategic links - peak NTDS data suggests that peak

B977- West of Fintray C21EB SL time compensation: these locations is 0760800 while
+506 AM Peri?) d " we have taken data from 0860900
B979 / A96 / UnnamedRd\96 23933_24003: See rov
West of Blackburn JTEL2A6(W) St above
B9126 Letter Road JTE31-B9126 SL 26503_26529: See rov
Letter Road above
A944 east of Dunecht(RSI 11) V20EB sL 26558_26486: See rov
above
C67C at Kinmuck (Inverurie) ~ V25EB SL 91772 91771 See rov
above
B977- West of Fintray C21WB sL 22952_22846: See rov
above
B979 / A96 / UnnamedRdA96 23932 _24072: See rov
West of Blackburn JTEL2-A6(W) St above
A944 east of Dunecht(RSI 11) V20WB sL 26486_26558: See rov
above
B9126 Letter Road JTE31-B9126 SL 26529 26503: See rov
Letter Road above
C67C at Kinmuck (Inverurie) V25WB SL 91771 _91772: See rov
above
Aberdeen Sub Area Mod2019 (ASAM19)
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LOGTIONADESRIPTION

Bridge of Don A956

North Anderson Drive

North Anderson Drive

A978 Westburn Dr / A9011
Ashgrove Rd West

A978 Westburn Dr / A9011
Ashgrove Rd West

Dyce Dr / A96 / Craibstone Dr

Dyce Dr / A96 / Craibstone Dr

A96- South of Blackburn

A96- South of Blackburn

A96- West of Inverurie (RSI 1C

A96- West of Inverurie (RSI 1C

Chapel ofStoneywood Fairley
Rd / A944

A90 S of Bridge of Muchalls t
Cortins

A95 Banff Road

Bridge of Don A956

Bridge of Don A956

MON A90 6496NAt Newburgh
Road Junction

SURVEY ID

4179 _A07_2

ATC00109_N

ATCO00109_S

City-86-A978(S)

City-86-A978(S)

JTCL9-A96(W)

JTCLI-AIB(W)

V4EB

V4WB

V2-EB

V2WB

JTE225-A944(E)

JTC00424_S

JTE6-A95 Banff

Road

4179_A07_1

4179 _A07_2

NTCO01541

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update

Model DevelopmenFinalReport

A_B: ADJUSTMENTS

14994_14847: 40 HG'

St trips removed from AM
15165_16296: 50 HG'

val trips  removed from
AM/IP. PM was
reasonable already.
14574 _15184: See rov

Val
above

val 13255_13258: AM / IP
PM HGV counts doublet
13258_13255: See rov

Val

above

80007_10842: 100
Val added to HGV count ir

all periods
10854_80007: See rov
Val
above
23891 24102:
Val Reduction inEB in AM,
IP & PM periods {85,
75,50 vehs)
23892_23998: WB100
Val —

vehs in PM period only

27475 _27662: A96 a
Val Inverurie AM: EB-70
vehs WB +70 vehs

27662_27475: See rov

val above

17521 _17626: A944 EE
Val +50 vehs added in al
peaks

26305 _26277:
StonehavenNorth SL ol
SL A92: SBflows reduced
by 150,150,60 vehs ir
AM, IP and PM periods

56084_56061: 100 trips
SL taken off AM total, 50
trips taken off IP total

SL 14813 15827: HG\
flows adjusted
14994 _14847: See rov
SL =
above
SL 88946_88944: HGV
LGV flows adjusted
GBO1T19F21
28/06/2024

SVYSTIA

REASON

RiverDon SL SB count on Ellon R
2x higher than counts to north

North Anderson Drive: ATCO001(C
counts too high compared tc
surrounding counts

To better match count to the south
To better match SL count to the ea:

A96 val counts reduced to bette
match count to West on KintoreEas
SL

See row above

To better match tidal flows on
counts from Inverurie SL

To better match SL count to west o
AWPRMilltimber SL

To better match counts to N on A9

Location of Keith 1 2y § R
capture school trips, so removin
school trips from the OBS NB flow ¢
Banff Road

To reflect main HGV route and t
balance HGV flows

No classified datato rebalance HGV
/ LGV proportions
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LOGTIONADESRIPTION

MON A90 64963t Newburgh
Road Junction

A975 Cruden Bay, South ¢
Cruden Bay

A975 Cruden Bay, South o
Cruden Bay

B9170, Methlick, North of
Methlick

B9170, Methlick,
Methlick

North of

A90 North Road, Peterheac
A90 North Road, North of A98.

A90 North Road, Peterheac
A90 North Road, North of A98:

MON A90 1792N At
Stonehaven Junction

MON  A90 1792S At
Stonehaven Junction

B9001- North of Inverurie

B9001- North of Inverurie

A96- SE of Inverurie

A96- SE of Inverurie

A90 S of aurencekirk

A90 S of Laurencekirk

A92 South Stonehaven,

A92 South Stonehaven,

A92 N of B9120

A92 N of B9120

SURVEY ID

NTC01542

ASAM_ATC_3_NE

ASAM_ATC_3_SE

ASAM_ATC_2_NE

ASAM_ATC_2_SE

ASAM_ATC_37_N
B

ASAM_ATC_37_<
B

NTCO01501

NTC01502

C14NB

C14SB

C406SB

C46NB
ASAM2014_A90 ¢

of Laurencekirk

ASAM2014_A90 ¢
of Laurencekirk

ASAM_ATC_25_N
B

ASAM_ATC_25_<
B

ASAM2014_A92 N
of B9120

ASAM2014_A92 N
of B9120

Aberdeen Sub Area Mod2019 (ASAM19)

Aberdeen Sub Area ModelPost
Model DevelopmenFinalReport

AWPR Update

SL

A_B: ADJUSTMENTS

88943_88945: HGV

LGV flows adjusted
27804_27857: Adjustec
SL to maintain consistency
with  other  nearby
counts
27857_27804: See rov
SL =
above
SL 79173 _79298: HG\
flows adjusted
79298_79173: See rov
SL
above
SL 41712_41494: A9C
North Road Peterhead
41494 41712: See rov
SL
above
88893 _88891: HGV an
SL LGV flows require
balancing
88890 _88892: See rov
SL -
above
SL 79678 _31677: HG\
flows adjusted
31677_79678: See rov
SL -
above
SL 27515 27589: HG\
flows adjusted
27486_27601: See rov
SL =
above
SL 39084_39123: HGV
LGV flows adjusted
39117_39081: See rov
SL =
above
SL 30770_30681: HGV an
0700 car adjustments
30681_30770: See rov
SL
above
SL 38907_38909: HG\
flows adjusted
38909 _38907: See rov
SL =
above
GBO1T19F21
28/06/2024

SVYSTIA

REASON

No classified datato rebalance HGV
/ LGV proportions

Counts inconsistent and 07@B00
flows much higher

NB / SB flows
balanced

inconsistent s

HGV's appear high to other count
on main road but data is reasonabpl
consistent- asclassed as HGV high
20% threshold was set lower.

No classified data

NB / SB flows
balanced

inconsistent s

NB / SB flows
balanced

inconsistent s

No classified datato rebalance HGV
/ LGV proportions

NB / SB flows
balanced

inconsistent s

NB / SB flows
balanced

inconsistent s
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LOGTIONADESRIPTION SURVEY ID A_B: ADJUSTMENTS REASON

Mastrick Road, West of A9. ASAM_ATC_29 E 16521_16470: HG\ EB / WB flows inconsistent s

Anderson Drive B flows adjusted balanced
Mastrick Road, West of A9. ASAM_ATC 29 16470_16521: See rov
. SL
Anderson Drive WB above
Provost Rust Drive ATCO00110 E SL 17203_1_7251: HG\ EB / WB flows inconsistent s
- flows adjusted balanced
Provost Rust Drive ATC00110 W SL 17251_17203: See rov
above
. HGV consistency and AM peak ea
A96- SE of Inverurie C40SB SL 27515—2.7589' HG\ peak - Bad count likely due to
flows adjusted . )
queuing traffic
A96- SE of Inverurie C4GNB SL 21486_27601: See rov
above
10399_10377: A96 IF
flow and vehicle . .
A96 /B979 JTE30-A96(E) SL proportions made IP flows inconstent with other
- . nearby counts
consistent with other
A96 Counts
A96 / B979 JTC30-A96(E) sL 10409_10336: See rov
above
18552_18608: SB cour
A92 / UpperPersley / Laurel DI JTE241-A92(S) SL adjusted to increase Due to early 0700 flow

flow

18608_18552: See rov

A92 / UpperPersley / Laurel DI JTC241-A92(S) SL above

7.2.16 For roads with no available or poor quality classified traffic data, the relevant % LGV and HGV
composition made use of a modeide average % HGV/LGV using data that was considered
more robust.

Observed Traffic Count Statistics

7.2.17 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 momtie location and age of
count data is illustrated in Appendix Y, along with a flag of estimated data and adjustments.

7.2.18 Of the key traffic count records used in calibration screenlines, the following percentages
were infilled were data was unavailable or less reliable:

1.4% from ASAM 2007;

4.7% from ASAM 2014;

18.9% were estimated; and
1.4% from TMfS modelled flows

© o o o

7.2.19 l.e. atotal of 26.3% of traffic count records werdilled. However, in the AM peak-@am)
these infilled records made up only 12% of the total Car vehicle flowisich demonstrates
that infilled records were generally attributed to road links witluch lower vehicle flows.

Aberdeen Sub Area Mod2019 (ASAM19)
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7.3 Traffic Count Screenlines

7.3.1 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 ofladeaiiaffic
data. A totalof 96 screenlines (48 Hiirectional locations) were developed to inform the
calibration comparisons and undertake matrix estimation. The majority of Screenlines
consisted of multiple road links, with two individual calibratpmints / routes(i.e.Elgin West,

Burn of Turriff) A total of 429 onevay individual traffic count data points are used to form
all screenlines and single points.

7.3.2 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 £avskthg
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.

7.3.3 Screenlines andhe individual traffic count locations used to generate the calibration
screenlines arelescribed in Appendix L and illustrated in Appendix M.

7.4 Road Traffic Volume Calibration
Traffic Count Screenline Analysis

7.4.1 Final modelled traffic volumes for each ASKEMime period (Post ME) were measured
against 96 observed traffic count screenlines and creferencedwith respect to TAG
guidance.

7.4.2 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.

743 Notethatd Y2aid Fff aONBSyftAySa dzaSR RIDRNF Iyt fy aad
rather than individual pointg making it more challenging to match counts to the guidance
criteria ¢ particularly for a model of this size. The application of reaneenlires better
ensures that detailed travel patterns are not inappropriately distorted to match individual
traffic counts during matrix estimation.

GEH Statistic

7.4.4 Both absolute difference and percentage difference comparisons can be misleading when
there is a wide range of observed flows when comparing observed and modelled counts. For
example, a difference of 20 vehicles is more significant on a link with an elisow of 50
vehicles than on one with 500 vehicles, while a 15% discrepancy on an observed flow of 50
vehicles is less important than a 15% discrepancy on an observed flow of 500 vehicles.

7.4.5 To avoid these comparison difficulties, a standard summary statistic known as the GEH score
is used. This statistic is designed to focus attention on significant absolute differences at low
flows and significant percentage differences at high flows.

7.4.6 The GEH Statistic is defined as:

Aberdeen Sub Area Mod2019 (ASAM19)
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7.4.7

7.4.8

7.4.9

7.4.10

7.4.11

SVYSTIA

GEH = /—(M -O)°
(M+C)- 2

where,GEHs the StatisticM is the Modelled Flow an@is the Observed Count.
Total Traffic Screenline Calibration Criteria
TAG guidance relating to total screenliresnparisons is as follows:

° Total screenline flows (normally > 5 links) to be within 5% for all (or nearly all)
screenlines (i.e. 95%).

Although a GEH statistic is not part of TAG guidance for total screenline calibration, this
measure is useful for comparative purposes, and is shown below (i.e. GEH <5, <10, <15).

Screenlines: Total Traffic Flow % Comparison

This section presents the results of the total screenline traffic flows based on the estimated

matrix assignment, compared against total observed traffic coumt®dél Run ID:
BC85_ME4A). Results are provide8MAASAMY 6 pc 0 aONBSyf AySa €20 (.
ASAM coverage area, and also for the 24 screenlines located in the cedtberleen City

(Ybd Certp, 20 screenlines locatedn the periphery ofAberdeen Citgentre (Bbd PeiphQ

and 52 screenlines located in Aberdeenslfard Moray andAngus)('8hreQ. Thisanalysis

AyOf dzRSa GKS G201t GNIXYFFAO @2fdzyS 2F ff dzas$s

Analysis is also provided to demonstrate how total modelled traffic volumes across all
calibration count locations compare with the total observed data flow available.

Table 53Jescribes the proportion of screenlines that fall within various percentage difference
bands compared to observed traffic count data for each time period.

Table 53Summary ofTotal Screenline Traffic FlowRercentageDifferences (Totalraffic)

AREA

INTER PEA
% OF TOTA

% RANGE

All ASAM: +/5%

All ASAM: +/ 10% 81 84% 89 93% 87 91%
Abd Cent: +/5% 12 50% 13 54% 14 58%
Abd Cent: +/10% 19 79% 23 96% 21 88%
Abd Periph: +/5% 13 65% 15 75% 12 60%

Aberdeen Sub Area Mod2019 (ASAM19)
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Abd Periph: +/10% 17 85% 19 95% 19 95%
Shire: +£5% 39 75% 35 67% 42 81%
Shire: +/10% 45 87% 47 90% 47 90%

7.4.12 The total screenline percentage flow difference analysis demonstrates that the madie|
proportion of screenline comparisons that fall within 5% of the total observed flow is over
65% in the AM and Inter pealind over 70%n the PM. This iess than suggestedy the
NEf S@FydG FdzZARFYyOS ONARGSNREF oa!ftf 2NJySFENIe |
proportion of Screenline884%93%)fall within the (less onerog4.0% threshold.

7.4.13 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 similar comparison to the medige traffic volumestatistics while
the Aberdeenshire comparisons are generally better than the model wide results.

7.4.14 Although the analysis demonstrates that the ASAM total screenline calibration falls outwith
the relevant guidance criteria, users should note the large amount of screenlines used to
calibrate the road mode] and therefore a high absolute number of locatigasross the AM,

Inter and PM peaks) dend to meet the ++ 5% guidance threshold.

Screenlines: Total Traffic Flow GEH Comparison

7.4.15 Table 54describes the proportion of screenline comparisons that fall within the various GEH
statistic bands.The statistical analysghowsthe proportion of screenlines across the whole
modelled area that fall within a GEH of ®@94for the AM peak, 100% for the Inter peak and
95% for the PM peakComparisons arslightlypoorer across the 24 screenlines within the
Aberdeen Central area in the Adak althoughwithin the AM and IP period400% of these
screenlines fall within a GEH of (tfis reduces slightly to 96% in the PNDomparisons for
the Aberdeen Peripheral and Aberdeenshire areas are simildretier than that of the
modelwide results.

Table 54Summary ofTotal Screenline Traffic Flows GEH Statistic

AREA: GEH

RANGE

All ASAM: <5

All ASAM: <10 96 100% 96 100% 95 99%
Abd Cent: <5 18 75% 24 100% 22 92%
Abd Cent: <10 24 100% 24 100% 23 96%
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AREA: GEH

RANGE

Abd Periph: <5

Abd Periph: <10 20 100% 20 100% 20 100%
Shire: <5 51 98% 52 100% 49 94%
Shire: <10 52 100% 52 100% 52 100%

7.4.16

7.4.17

7.4.18

7.4.19

7.4.20

7.4.21

7.4.22

7.4.23

Aberdeen Central Screenlines

In the AM period, within Aberdeen, screenlines that have a GEHfor Botal vehicles)
generally have flows that are high compared to observed values. These irscugmlines
at: Guild St (both directions), Haudagain S| (WB), RieeEast (NB) and Willowbank Rd (SB).
Only Anderson Drive South (EB) screenline has a low flow and GEH >5.

In the IP period, within Aberdeen, all screenlines have a GEHn<the PM period, within
Aberdeen, the only screenlines that have a GEH > 5 are Great Northern Rd (WB) where
modelled flows are low and River Dee East (SB) where modelled flows are high.

Aberdeen Peripheral Screenlines

In the AM period, in the peripheral area, three screenlines have GEH >5 for total vehicles.
These are AWRW/esthill (EB), Cove Bay (NB) and River Dee West (SB) where modelled flows
are high compared to observationh the IP and PM periods, all screenlines have GEH <5 for
total traffic.

Aberdeenshire Screenlines

In the AM period, in the Aberdeenshire area, there is one screenline which has a GEH > 5 for
total vehicles: Fastling A92 (NB) where modelled flows are high compared to observations.

In the IP period, all screenlines have GEH < 5 for total vehigtethe PM period, three
screenlines have GEH > 5 for total vehicles: Elgin West (WB) and Keith West (WB) where
modelled flows are low, and Fastligka92 (SB) where modelled flows are high.

In general, modelled flows tend to be higher within Aberdeen Central and Peripheral and
lower in Aberdeenshire compared to observations.

Traffic volume comparisons are illustrated further using network miaggpendix M

Overall, the total screenline traffic flow analysis demonstrates that the ASAM19 road model
provides a good comparison with observedffic data sets for a model of this scale and
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nature. The modelling meets the specific TAG criteria thresholds, albeit with slightly poorer
guality comparisons ithe Aberdeen Central in the AM period.

Total Traffic (Average) Flow Comparison

7.4.24 As an additional measure to demonstrate how meddde traffic volumes compares with
observations,Table 55describes the average flow calculated across all screenline locations.
The data shows average observed screenline traffic volume, and model difference and %
difference compared to the observed value.

Table 55AverageObserved Total TraffiYolume vrs. Average Modelled Total Traffic Volume

AREA Obs § AM | AM %] Obs IP IP Obs PM IP %
AM Diff Diff IP Diff § % Diffg PM Diff DIFF

All
0 - -10, 0
ASAM 1,698 19 1% 1,310 18 1% 1,698 19 1%
Abd
2,336 83 4% 1,950 -5 0% 2,577 35 1%
Cent
Abd
: 2,192 22 1% 1,544 -25 -2% 2,344 -3 0%
Periph
Shire 1,213  -12 -1% 925 -21 -2% 1,289 5 0%

7.4.25 The analysis indicates average total screenline flowarofind 1,500 vehicles across the
whole model coverageyith higher flows in the Periphergnd CentraAberdeen and lower
average flows within the Shire. The data shows that overall modelled traffic volumes are
within +/- 4% of (total average) observations. Tihdicates that modeivide, andin allthree
smaller assesseaateas, theASAM9 Basanodeldisplays very closeverall traffic volumeso
observations, with no significant over onderestimate of traffic volumes

Individual Road Link Count Traffic Volume Calibration

7.4.26 The following sections discuss the calibration of individual traffic volumes compared to
observations. For individual link flow comparisons, TAG criteria are as follows;

° Individual flows within 15% for flows 7@®,700 vph (>85% of cases);

° Individual flows within 100 vph for flows < 700 vph (>85% of all cases);

° Individual flows within 400 vph for flows > 2,700 vph (>85% of all cases); and
° Individual flows: GEH < 5 (>85% of all cases).

Individual Road Link Traffic Flow Comparison

7.4.27 The following tables summarise the individual link flow comparisons between modelled and
observed flows, set against the TAG individual link flow calibration crit€remd Table 57
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7.4.29
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describe the results for all29road link comparisons across the modelled area, whiddile
58 describes comparison for the 11&cations inAberdeen CentraB8 locationsn Aberdeen
Periphery and 222 locations in Aberdeenshifiéne number of comparison locations reflect
one-way directional data.

0 showsthat 77%88%0of Wf 2 6 SN NRBI R Ff2¢a FlLftf G6AGKAY wmn
count (achieving a reasonable level of calibration but not quite matching the 85% threshold

for AM and PM periods)Around63%74%of mid-NJ y3S Ff2¢a YIFIGOK GKS W,
20aSNWSR GNIFTFAO Ft206Q ONRGSNAL @ ¢ KSNB | NB
the modelled area.

Table 57ndicates thataround60-70% of individual locations fall within a GEH <5, compared
to the 85% criteria suggested by guidance. Howeateleast90% of model comparisons do
fall within a GEH <10, across the three modelled time periods. Only aidaatiraffic flow
comparisonglisplay a GEH of >15.
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Table 56Individual Road Link Flol@omparison® & Cf 2¢ .l yR ot/ ! Q&0

FLOW PEAK %

RANGE WITHIN
<700
700-2,700 68 63% 50 74% 75 71%
>2,700 0 - 0 - 0 .
Total 429 429 429

e ol RE
LINKS
259 60%
<10 398 93% 415 97% 394 92%
<15 426 99% 426 99% 425 99%
Total 429 100% 429 100% 429 100%

7.4.30 The GEH comparisons for Aberdeen Centrdlahle 58show that onlyaround 4963% of
locations fall within the TAG GEH<5 threshold (compared to the recommended value of 85%).
The Aberdeen Periphery area is shown to perform better, with arour@®3 of locations
falling within a GEH of <5. The Aberdeenshire area performs better again with aro7dd©68
of locations falling within a GEH of <5.

7.4.31 Users should note the relatively large number of road links used within the calibration
process, and that ove250 bcationsacross the whole model areas do meetthé D WD9 I f p Q
threshold. Over 70 locations fall within this threshold withinerdeen Central area, around
50-60 locations in Aberdeen Periphery and over 150 locations in Aberdeenshire.
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Table 58Individual Link CounGEHXatistic in Aberdeen Central, Periphe& Aberdeenshire

AREA: GEH
RANGE
Abd Cent: <5 71 60% 75 63% 58 49%
Abd Cent: <10 109 92% 112 94% 106 89%
Abd Cent: <15 119 100% 118 99% 117 98%
Abd Periph: <5 54 61% 61 69% 50 57%
Abd Periph: <10 79 90% 81 92% 75 85%
Abd Periph: <15 85 97% 86 98% 86 98%
Shire <5 156 70% 165 74% 151 68%
Shire <10 210 95% 222 100% 213 96%
Shire <15 222 100% 222 100% 222 100%

7.4.32 Overall, with the majority of comparisons achieving around@b&0%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.

7.4.33 Some notable areas of poorer traffic volume calibration for individual roads include:

King George VI Bridgevhere model flows tend to be too high;

Guild St&; where model flows tend to be too high;

A956 / Wellington Rd where model flows tend to be too high;

A93 North Deeside Road Milltimlewhere model flows tend to be too low;
A90 South of Portlethenwhere model flows tend to be too higand

A92 / A96 at Haudagamwhere model flows tend to be too high

O O o o o o

7.4.34 Users should also note that road flow comparisons, particularly along some rural roads, will
be associated with lower trafficked routes, and therefore traffic volume differences are likely
to be relatively small.

7.4.35 Detailed maps of traffic volume calibration are illustrated witAjppendix M.
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7.5 HGV & LGV Traffic Volume Calibration Statistics
7.5.1 This section describes the calibration of heavy and light goods vehicle traffic volumes.
Screenlines: Total Traffic Flow % Comparison & GEH Comparison

7.5.2 Table 5%ndTable 6aiescribe the total screenline calibration statistics for HGV and LGV user
classes.Table 53describes the number and percentage of Screenlines where the total HGV /
LGV traffic volume falls within 5% or 10% of the observed fldwble 60describes the
number and percentage of screenlines that fall within the relevant GEH statistical bands.

Table 59Summaryof Total HGV & LGVrafficFlows Percentage Differences

HGV: +5% 36 38% 39 41% 29

HGV: +/10% 56 58% 64 67% 48 50%
LGV: +/5% 55 57% 58 60% 55 57%
LGV: +/10% 73 76% 79 82% 82 85%

7.5.3 The analysis indicatesnly around 30-40% of HGV screenlines and aroud@o of LGV
screenlines contain modelled flows within 5% of observatioAsound60%of HGV an@0%
of LGV screenlines fall within 10% of observations. These results are reasonable when
comparing modelled flows at the more detailed individual user class lewdiere the
absolute volume ofiows are smaller and harder to match % comparisons.

Table 60Summaryof Total ScreenlindrafficFlows GEH Statistic

PM PEAK
TOTAL
SCREEN SCREEN
LINE

94 93 97%
HGV: <10 96 100% 96 100% 96 100%
LGV: <5 96 100% 96 100% 95 99%
LGV: <10 96 100% 96 100% 96 100%
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TheGEH statistical analysis indicates the proportion of HGV screenlines that fall within a GEH
of 5 is98%for the AM peak 97%for the Inter peakand 97% for the PM peak.GVs display a
similar level of GEH calibration with almost all screenlfali®g within a GEH of 5.

Individual Road Link HGV & LGV Traffic Flow Comparison

Table 61describes the HGV and LGV GEH statistics for individual traffic count locations.

Table 61Summary ofindividual Link CounGEHstatistic for HGV & LGV Traffic

LGV:

LGV:

LGV:

7.5.6

7.5.7

7.5.8

7.5.9

7.5.10

. <10 427 100% 427 100% 425 99%
. <15 427 100% 427 100% 426 99%
<5 408 95% 404 94% 415 97%
<10 427 100% 427 100% 427 100%
<15 427 100% 427 100% 427 100%
The analysisdicates tha90-100%of individualHGV and LGV calibration locations fall within

a GEH of 5meeting the suggested 85% guidance threshold, and demonstrating that the
modelled HGV and LGV flows displayoad comparison with observed data.

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.

Total Traffic (Average) Flow Comparison

Table 62describes how HGV and LGV volumes compare, on average, across all comparison
locations for the whole modelled area (describing observed HGV / LGV flow, model difference
and % difference from observed).

The data shows thaASAMdisplays a good match to observed volumes in AM and peeak
periods but a 6% overestimate in the PM period.

For LGV traffic, the comparisons indicate that modelled\dhymnes arevery close to average
observationgn the Interpeak while AMand PM periods show a 3% overestimate.
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Table 62AverageObserved HGV / LGV Flow vs. Average ModeHaV / LG\Flowo t / | Qa0

USER]J] Obs AM | AM% ] Obs IP IP Obs PM IP %

CLASYy AM Diff Diff IP Diff § % Diff§ PM Diff DIFF

HGV 184 -1 0% 176 -2 -1% 99 6 6%
177 5 3% 166 -2 -2% 136 4 3%

LGV

7.5.11 The full list of traffic count calibration comparisons for each screenline and individual sites is

described within Appendix L Note that taffic volumes used within the calibration
spreadsheets are taken directly from the SATURN road modelling outputs (not CUBE) and
there may be slight differences flows due toroundingif flows are displayed using different
Software.

7.6 Conclusions and Recommendations

7.6.1

7.6.2

7.6.3

7.6.4

7.6.5

7.6.6

7.6.7

The ASANIO road calibration uses setof classified traffic count data to calibrate traffic
movements to observed hourly traffic flows by applying a matrix estimation process.

A variety of count data are used tepresent2019 traffic conditions, with some counts
undertaken in earlier years, and scaled up to ref19 levels Throughout the road model
development, anomalies were identified within the traffic data with some adjustments made
where necessary to ensure the consistent operation of the matrix estimation process (with
counts available for each screenline route,dinection, road user class and time period).

The lower quality of some traffic counts and variations in count data characteristics produces
uncertainty, which should be borne in mind when interpreting the calibration results, and
during future model applicatianThis particularly relates to the composition and comparison
of goods vehicles.

A significant quantity of traffic count data has been applied to form a large number of
screenlines, located on individual road locations across the model coverage area. Although
there is a good coverage of screenlines across the model area, the cahibasti matrix
estimation process will mainly adjust traffic levels where screenlines are present, so
calibration will be more uncertain outwith the screenline locations.

ASAM19 modelled traffic flows compare well wétherage traffic volume observations across
the whole model area ASAM is slightly high in the AM period for LGVs, close for all vehicle
types in the IP period and slightly high in the PM period for LGVs and HGVSs.

The model traffic volume and observed traffic count data compare both the total screenline
traffic flow and flows at each individual road locatiofihese statistical results demonstrate
that the model calibration falls short of the relevant guidance thresholds, but does provide a
reasonable level of calibration when a higher threshold is compared.

Calibration tends to be better within thimter peakperiod, and car flowstend to compare
wellacross all time periodg he level of calibration is poorer within the Aberdeen central area
and better in Aberdeenshire.
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7.6.8 This level of calibration is not uncommon when calibrating a strategic model of this scale and
nature, and should be borne in mind during model application. Users should also note the
large number of traffic counts used within the calibration process, #vad a significant
absolute number of locations do fall within the relevant guidance thresholds.

7.6.9 The calibration data is provided at a detailed level, including by each user class / vehicle type
and by time period. Users can review these comparisons to form a more detailed view of the
level of calibration in respective study areas. Further traffignt data maybe required in
some areas to confirm traffic levels, depending on the coverage and characteristics of
calibration data.
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8. ROAD MODEL VALIDATION

8.1 Approach & Data Sets

8.1.1 This chapter describes the level of validation of the AS&kbad 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.

8.1.2 Validation analysis includes comparisons with independent traffic count data and road
journey time analysis.

Validation Data

8.1.3 Data for observed traffic volume validation comparisons are extracted from the same range
of data sets as used withinodelcalibration, but cover different network locations (not used
in calibration). Observed counts are prepared for 302 locations (one way records) for each
time period to compare and verify modelled traffic volumes.

8.1.4 Road volume validation data is described in detathin Appendix L. Thiscludes data for
each time period and bsoad user class (Cars, LGV, HGV) for each locafibe location and
age ofvalidationcount data is illustrated in Appendix Y, along with a §lagwing locations
of estimated data and adjustments

8.1.5 \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 repPd&rRost
AWPR trafficonditions and coversuesdays to Thursdays for the monthNafvember

816 LbwlL:- RFGF A& LINPGARSR FT2N) SIOK Y2RSftfSR (A
Segments tend to cover a few road link sections over a number of junctions, rather than
specific and more detailed lidky-link data.

8.1.7 Relevant segments were combined to create 33 journey time routes for each dirextion
travel, providing journey times for 66 routes to compare with modelled journey times.

8.1.8 AppendixN describes the detailed journey time results for each route along with maps
illustrating each route AppendixO contains graph$or each time period which illustrate how
the observed and modelled journey times change over the length of each route.

8.1.9 The INRIX data set that is originally provided to model developers comprises of average

GSKAOES GAYSKkALISSR @ fdzSa 20SNI I ydzZYoSNI 27
Wdzy LI O1 SRQ (2 ARSYGATFe RIGE | y2Yl écbrparcd Fa |
against each observed time period, and also using local knowledge to understand general
representativeness.

8.1.10 When comparing the AM and PM peak times (which generally tend to be slower than the
Inter Peak), there are several INRIX inter peak journey times that are higher than those
recorded for the Peaks. Although on average the AM and PM Peak observed timss éicr
routes) are slower than the Inter Peak, there is a general perception that the observed times
may tend to underestimate the differences between time periods. These potential issues
should be borne in mind when interpreting the journey time dattsse
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8.2 Traffic Count Validation Comparison
TAG Validation Criteria

8.2.1 The following section discuss the calibration of individual traffic volumes compared to
observations. For individual link flow comparisons, TAG criteria are compared as follows:

Individual flows within 15% for flows 7@®,700 vph (>85% of cases);
Individual flows within 100 vph for flows < 700 vph (>85% of all cases);
Individual flows within 400 vph for flows > 2,700 vph (>85% of all cases); and
Individual flows: GEH < 5 (>85% of all cases).

o O o o

Individual Road Link Traffic Flow Comparison

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

8.2.3 Table 63describes the results for all 302 road link comparisons across the modelled area,
noting that the number of comparison locations reflect emay directional data.

Table 63Individual Road Link Flowalidation/ 2 YLJt NA &2y a4 o6& Cft2¢ .lFyR ot/ ! Q&

PEAK %

WITHIN
<700
700-2,700 51 53% 34 62% 68 49%
>2,700 0 - 0 - 0 -
Total 302 302 302

8.2.4 Table 63shows thataround 7592 ¥ Wf 2SN (N} FFAO1 SR NRI Ra Tl
traffic count, and this set does not therefore meet the 85% threshéicound 50%60%o0f
WYARQ UGNXYFFAOISR fAYy]l Fft26a FlLif WHAGKAY mMp:
validation locationsvithin ASAMwith flows over 2,700 vehicles per hour.

8.2.5 Table 64describes the TAG GEH comparisons, indicatingat@aind 6065%o0f individual
validation locations fall within a GEH <5, compared to the 85% criteria suggested by guidance.
However,over 90%0f model comparisons do fall within a GEH <10, across each of the three
modelled time periods. Onground 1%of validation flows display a GEH of >15.

8.2.6 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 these comparisons are
considered acceptable.
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Table 64Individual Road Link Flow GBHilidation Statistic

AM PEAK PM PEAK

TOTAL TOTAL PEAK
LINKS
189 60%
<10 275 91% 278 92% 277 92%
<15 298 99% 299 99% 298 99%
Total 302 100% 302 100% 302 100%

HGV & LGV Traffic Flow Validation

8.2.7 Table 65describes the HGV and LGV GEH statistics for individual traffic count locations.

Table 65Individual Link Flow GEH Validati@tatistic for HGV & LGV Traffic

INTER
PEAK %

HGV: <5

HGV: <10 293 97% 294 97% 300 99%
HGV: <15 302 100% 302 100% 302 100%
LGV: <5 274 91% 284 94% 290 96%
LGV: <10 301 100% 302 100% 301 100%
LGV: <15 301 100% 302 100% 302 100%

8.2.8 TheGEH analysis indicates thater 80%of HGV traffic volumes fall within a GEHdbr all
modelled time periodsjust falling short of meeting the relevant guidance criteria. LGV
volumes within alPeakaneet the 8846 threshold with over 90% of total links falling within
GEH of 5.
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8.3 Journey Time Validation

8.3.1

8.3.2

The following section describes the ASAM19 road journey time validation which involved
comparing modelled traffic journey times along a number of routes with observed INRIX data.
Comparisons coves6 routes (33 in each directiofdr each time period. Detailed results,
route details and route maps are containgtithin AppendixN and AppendidO. Anoverview

of the journey time routes are displayed withtigure 19 Note that a journey time validation
comparison is included for the AWPR route between Charleston and Blackdog.

Distance comparisons were undertaken with modelled and observed linkisegmentdata

to understand if route distancesere consistent Thedata shows some disparitieas 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 type of variations should be borne in mind
when interpreting the data comparisons.

8.3.3

8.3.4

Figure 19. ASAM Road Journey Time Routes (inset: Aberdeen routes)

TAG Road Journey Time Criteria

For journey time validation, the TAG criteria advises that modelled journey simadd be
within 15% (or 1 minute if higher) for greater than 85% of routes.

Table 66summarises the overall operational performance of the road model against the
observed journey times calculated.
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Table 66 RoadJourney Time Route Pasfmancecompared to Guidance Criteria

WITHIN
15%

57 86% 63 95% 55 83%

9 14% 3 5% 11 17%

The validation analysis demonstrates that in the AM and Inter Peak periods the road model
meets the TAG guidance criteria iffiv 86% and95% of routes falling within 15% of
observations). The PM peak just falls short of meeting the TAG criteria 88¥bof routes
falling within 15%.

With the AM and PMmodelledtime periods meeting TAG criteria and tRéM Pealonly 2%
below the criteriathe model shows a reasonable level of validation for this type and size of
model ¢ especially considering the large number of routes compared with observed data.

Table 67describes the average journey time across all 66 routes, indicating an average of
around B minutesper route. This also describes the average difference in journey time for
routes within Rural and Urban areas of the network.

Table 67 AverageRoad Journeyime Comparison: ASAM vs INRIX

INTER
ROUTE TYPE PEAK PEAK PEAK

INRIX Average Time (minutes) 16.

ASAM Average Time (minutes) 16.7 15.7 17.2
All Routes % diff -0.2% -0.3% -0.7%
Rural Routes % diff -5.1% -6.8% -5.6%

Urban Routes % diff +3.8% +5.4% +3.2%

The analysis firstly demonstrates that, on average, the ASAM times and INRIX observed times
displayvery close agreement across all modelled periods.

The comparisons show that the ASAM road modelliggieerally fastethan observed times
suggest for rurabrientated routes. This may suggest that some speed flow curves applied
are slightly too fast and may not fully represeghe nature andall traffic interaction along
these rural routes Thevast majorityof rural route comparisons fall within the 15% threshold,
so this potential underestimate of rural journey times should not cause significant concern.

The analysis also indicates that modelled journey times in Urban areas are slightly lower than
observations (by-5%). Notable routes with poorer quality validation in Urban areas include:
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8.4 Convergence
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° Braeside to Aberdeen Airport (via Kingswells / Bucksbymiere themodelledroad

Aberdeen Uni to Middleton (via Diamond Bmvhere the road modelling is too slow;
Lorisbank Rd via Robésordon Uni to A92 where the road modelling is too slow
A92 via Robert Gordon Uni to LorisbankcRehere the road modelling is too slownd
Commerce St to AWPR (B9g%yhere the road modelling is too slow

8.4.1 Table 6&escribes the level of convergence achieved bySAdURNKbad assignment model
alongside the recommended level of convergence within relevant TAG guidance.

Table 68Summary of Road Assignment Model Convergence

1 9 40

BC85

No of Iterations
BC88
BC85

Delta & %GAP
BC88

2
NA
22
0.186
<0.1% or at least stable
0.222

BC85/ % of links with flow Four consecutive iteration: Yes

BC88 change (P)<1%

>98%

BC85/ % of links with cos Four consecutive iteration: Yes

BC88 change P2)<1%

>98%

BC85/ % change in total use Four consecutive iteration: N/A

BC88  costs (V)

<0.1% (SUE only)

9

0.172

0.172

Yes

Yes

N/A

39

0.182

0.184

Yes

Yes

N/A

8.4.2 The figures detail the convergence statistics for the final (post matrix estimation) fixed matrix

I 88A3Y Y8y

Y2RSt NY¥zy o0da./ypéoz

0./ yyéoo ¢KSaS NHzya | NBE OSNE
due to small differences in the trip matrices. The statistics provided dstraie that both
sets of runs produce very similar convergence statistics.

8.5 Traffic Routing Analysis

I.
aa

YR | faz
YA I NE

8.5.1 Althoughno up-to-date travel patterndata was available to formally validatiaffic routing
patterns,analysis was undertaken to illustratew ASAM19 modetsaffic patterns at specific
locationsand demonstrate intuitiveness.The routing analysis is contained Appendix Z
which providesseveral mapgo illustrate total traffic volume bandwidths at seven strategic
locationsusingselect link analysisPoints of note regarding each location include:
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Anderson Drive: Inter Peak

° Intuitive and consistent Northbound / Southbound distribution of traffic along
North and South Anderson Drive, connecting to the various side roads, radial routes
and A96 and A90 North and South strategic routes further afield;

Market Street: Inter Peak

° Similar routing displayed for Northbound & Southbound directions;

° Majority of traffic volumes intuitively routing along Market Street from North
Esplanade West and onwardibng Virginia Street;

° Variation in routing along King Street and Beachfront areas mirroring the
alternative route options available on the grourahd

° Balanced routing alorigiverside Drive Great Southern Road and Wellington Road,
in-line withthe two mainviable alternativeroutesto/from the South.

King George VI Bridge: AM Peak Northbound, PM Peak Southbound

° Similartraffic routing displayed for Northbound & Southbound directions;

° Main route to and from south is A90, with lower volumes dispersed across South
Deeside Road, West Tullos Road and Provost Watt Drive;

° Major routes of Riverside Drive and Holburn Street well ueatie North and

0 {2YS NRdziAy3d 20aSNISR (KNRUEZAK A y®ORNLHXE N
of Dee

PersleyBridge:AM Peak SouthboundPM Peak Northbound

0 Generally consistenmbuting displayed for Northbound & Southbound directions;

0 Majority of traffic dispersed along the Parkway and North Anderson Drive routes,
with some volumes routing via Muggiemoss Road to reach A96 corridor (as
expected, as an alternative to queuing at Haudagain Roundabout);

A90 North: AM Peak Southbound, PM Peak Northbound

0 Generally consistent routing displayed for Northbound & Southbound directions;

0 Balance of traffic routing along the AWPR, Bridge of Don cortitbokway, and on
to the Diamond and Persley Bridges;

° AWPR volumes dissipate at each intersection, with traffic shown to route to/from
the Dyce area, Westhill and further Sowth expecteg

° Traffic to/from Tullos and Altens area mainly routes throtigé shorter distance
Aberdeenroute, but viathe fasterAWPRoute to access areas further South

° Further North traffic routing to/from a mixture of Ellon, Peterhead, Fraserburgh
and other rural settlementas expected

A96 North West of AWPR: AM Peak Southbound, PM Peak Northbound

° Generally consistent routing displayed for Northbound & Southbound directions;

° Traffic volumes extend full length of A96, South along A90jrdndively travelling
via the faster bypass route to access Altens and Cove areas;

°o Majority of traffic access Aberdeen via Anderson Drive and Great Northern road,
but some greater fluctuation along local roads Northbound during PM peak;
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° Some local diversion away from section of A96 in Aberdeen to route via Kingswells
North junction during PM peak;

A90 South: AM Peak Northbound, PM Peak Southbound

° Generally consistent routing displayed for Northbound & Southbound directions;

° Reasonable balance of traffic routing to/from further South, mostly along the A90,
then A92, andalsotraffic dispersing along routes to/from Montrose, Arbroath and
Forfar,

° Majority of traffic travelling towards Aberdeen. Traffic also routing along the AWPR

with intuitive access via interchanges at A93, A944, A96, A947 and A90 North;
° Within Aberdeen traffic using both Bridge of Dee and Wellington Road corridors,
with HGVs routing via King George VI Bridge to access South Anderson Drive;

8.6 Road Validation Conclusions and Recommendations

8.6.1

8.6.2

8.6.3

8.6.4

8.6.5

8.6.6

TheASAM road validation uses a consideeatrhount of traffic count data independent from

the calibration data sets to understand how other areas of the model network compare to
observed data. It also compares modelled and actual journey times to demonstrate traffic
speed and time validation.

The total road traffic volume comparisons indicate a generally lower level of validation, with
the level of variation falling outwith the guidance thresholds. Although not uncommon for a
model of this scale and nature, users should take care during nagpgdication when using
absolute traffic volumes and also consider the use of further available data to review the
suitability of modelled flows within areas of interest. Users should also note the uncertainty
associated with some ASAM observed trafficrdalata.

The validation of specific HGV and LGV vehicle levels is shown to be very close to achieving
the level of validation set out by TAG guidance (i.e. betwee843@ versus guidance of
>85%).Users should again note the uncertainty regarding the composition of observed goods
traffic volumes.

The road journey times comparisons achieve an excellent level of validation with observed
travel time and speed data within the AM and Inter Peak periods (86 and 95% versus guidance
of >85%). The PM Peak road journey time validation fall slightly shGGfguidance at

83%. Journey times tend to be around 5% faster than observations for rural routes, whilst
around 5% slower than observations for urban routes.

The traffic volume and journey time route validation data is provided at a detailed level,
including charts that illustrate how journey times vary along route segments. Users can
review these comparisons to form a more detailed view of the level of vadidan respective
study areas.

Select link analysis demonstrates that modelled traffic routing appears logical, with intuitive
levels of traffic modelled along alternative routes, particularly for the strategic corridors.
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PUBLIC TRANSPORT MODEL CALIBRATION & VALIDATION

Approach

This chapter describes the calibration and validation process undertaken fokSAéV19
public transport (PT) assignment model grassengedemand matrices, coprising:

° Calibration of total modelled PT bus/rail link passenger demand crossing a number of
screenline cordons;

° Calibration of individual PT passenger flows travelling via roads/rail lines crossing the
cordons;

° Validation of modelled bus journey times; and

° Validation of rail passenger boardingsd alightings at stations

Chapter 5 describes the development of the PT netwegkvicesand fares whilst Chapter 6
describes the formulation of the PT Assignment 'Prior' matrices, and comparison of changes
in demand following PT matrix estimation.

Calibration

Theinitial stage of theASAM1PT calibration process assigned the Prior matrices against the
modelled networks and services and compared output bus and rail passenger flows with
observed passenger counts. Netwpdervice and matrix adjustments were undertaken
through an iterative process until a satisfactaggregatdevel ofPrior matrixcalibration was
achieved. This included matrix factoring to balance the overall level of PT demarediéat
observed passenger count data (as described in the pratrix development Chapter and in
particular section6.6.4). Further PT calibration washen undertaken following the Road
model calibrationwith final congested road speeds used to inform the PT bus modediitty

the application of PT matrix estimation

The outputs from the calibration process included a set of hourly PT assignment matrices
(including all bus and rail movements) and assigned PT networks.

Validation

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

Note thatas PT passenger data is limitall relevant linkbased passenger volume data were
used within the calibration process, and there wlasreforeinsufficient additionalink-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 alidation was undertaken on an iterative basis, with the modelled network
and services reviewed and updated as required as a resafiying updated matrices, road
speeds and passenger flodata comparisons. For example, refinement$o bus speed
networkfactorsand bus stop dwell timesere introducedo match timetables antb balance

the level ofbus and rail movementgby comparing passenger flows dhe competing
Inverness and East Coast Mainlhoaites). PT routebuilding parameterswere alsorefined

to ensurethe assignment modelling captured all relevant paths within a corridor.
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Public Transport Data

Collecting pblic transport passengetatafor transport models ifistorically challenging, as
PT surveys areelatively expensivéo undertake and often offer lower value for areas with
low public transportpatronage Although an extensive PT data collection exercise was
undertaken forASAM19this 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 coveggggticularly for rural areas.

PT passenger datssed for calibration and validation included

° Onboard luspassenger occupancy courgsFirst Aberdeen Servic€2019)
° Stagecoach bus ticket data to establish rural and urban passenger levels on
stagecoach services (2019); and
° Railpassengeboarding& alightingsurveysat rail stations (2019): to establish:
A passenger flows along each rail line section for estimation and calibration; and
A passenger boarding and alighting at each rail station.

Thesesurveys and the subsequent collation and interrogation of PT passenger data is
discussed further below:

FirstAberdeenBus Occupancy Surve819

G hy o2 baddtlé budldccupancy surveysFirstAberdeenserviceswere undertaken in
November 201%y Tracsis on the following dates:

° Wednesday 8 and Thursday 7 November 2019
° Tuesdayl2", Wednesday 1"8and Thursday f4November 2019
° Tuesday 19 and Wednesday 20November 209

At each site surveyotsoarded buses where possible and counted and recorded the number

of occupants.In the case of buses which did not stop and/or it was difficult to see through

the windows, the surveyormsstimated the percentage occupancy of each service. Passenger
estimates were then obtained using the assumptions for bus capaestgribed inrable 69

Table 69Bus Vehicle Type Passenger Capacity Assumptions

BUS VEHICLE TYF] CAPACITY (PASSENGEI{

Mini Bus 30
Single Decker 40
DoubleDecker 70
Coach 56

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update  GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 170/ 29¢



SVYSTIA

9.2.7 The sites were chosen toapture the main bus routes and record thmajority of bus
passengers using urban servigdsch passed through two Aberdeen cordofi$ie data were
then used taform the followingcalibrationscreenlineswithin Aberdeen

° Inner Aberdeen cordon roughly Beach Boulevard t8erryden tov dzSSy Qa / NR & &
Holburn Sto Victoria Bridgeand

° Mid Aberdeen cordong roughly King George VI Bridge, then following the A92
Anderson Drive / North Anderson Drive to Bridge of Don

9.2.8 Following a series of data interrogation and review, the First Aberdeen data sets formed total
hourly bus passenger counts by direction for each modelled AM, IP and PM time period. This
represented all passengers (including school pupils) using Firstédreservices crossing
each screenline crossing point.

9.2.9 Note, to form complete screenlines of bus passengers within Aberdeen, passengers flows
associated with Stagecoach servigesre required to be incorporated into each of the data
sets. This process is descrifacther below:

Limitations to Onboard and Roadside Bus Occupancy Surveys

9.2.10 The ASAM19 PT modelling generally benefits from the collection of bus passenger data using
on board surveysg where the surveyor can be more confident of recording an accurate level
of passengers using a particular First Aberdeen service.

9.2.11 Where onboard surveys were not possibtee accuracyof the alternativeroadside bus
occupancy surveys is often compromised due to the reduced ability to view passengers
through often dirty/darkened bus windowsa//here this is the case the survey technician will
note this, and assumptions/adjustments were carried eutere relevantbased on local
1y26ft SRAS | yR QO2T™e gegeralduSegriaittassodatedwith dbserved
bus passenger counts should though be borne in mind during model application

StagecoaclBus Ticket Dat2019

9.2.12 Stagecoach provided bpassengejourney ticket information for the weeketween Monday
30September 2019 and Friday 4 October 2019 (inclusié} dataset included information
ontime ofticket purchase, boarding point, journére destinationstoppoint, and ticket type
(adult, concession, etc).

9.2.13 Theareacovered by the ticket data overlapped with the Fitdterdeensitessurveyedwithin
Aberdeerandalsoextended into Aberdeenshirevering rural bus corridors. The stagecoach
ticket data was used to form and suppleméhé following calibratiorcordonscreelines:

° Inner Aberdeen cordonas above but covering only strategic bus stops E&gare 20);

° Mid Aberdeen cordonas above but covering only strategic bus stops tSgare 20);

° Outer Cordonroughly A92 south of AWPR to A93 west of Peterculter to A944 east of
Westhill to A92 north of Aberdeen (sé&gure 2); and

° Shire Cordonroughly A92 north of Stonehaven to A93 west of Banchory to A96 east
of Insch to A90 south of Toll of Birness (Begure 22 beloyv
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9.2.14 Using the location information of the boarding and alighting points, this ticket data was
aggregated to secteto-sector movements, separately for each individ@shgecoactbus
serviceroute. Based on if and where each bus route crossed each of the four cgrifese
sectorto-sector passenger volumes were then allocated to the appropriate cordon point(s),
either inbound or outbound (as applicable). The Monday to Friday data was averaged,
separately for the AM, Inter and PM Peak periods, for each coptont (separately for
inbound and outboundo/from Aberdeen trave).

9.2.15 Ticket information for theX7 services were missing from the original data provided, therefore
passengewolumesfor theseserviceswere estimated fromX7timetable information and the
X6servicedata providedwhich operated along the same 28outhcorridor). While X7 ticket
information was subsequently receivgehssenger datavas missindgor 2 hours from the inter
peak period and 1 hour from the PM peak periods and was not taken forftl@@ademaining
X7 data was also seen to correspond with the earlier estimates).

9.2.16 Note that the Stagecoach ticket data does not capture typical rural school pupil education
movements, as (where necessary) the majority of pupils would use specifically chartered bus
services to travel to school in Aberdeenshire. This issue is discusget fn the calibration
section¢ where modelled school pupil (education) movements are not included within the
comparison of passenger flows across the two ruratigntated Screenlines.

Megabus services to/from Aberdeen

9.2.17 Due to lack of observed dataagpsengefflows usingMegabus servicesperating alonghe
A92 South of Aberdeen were estimated based on timetabled services and assumed load
factors, as outlined inrable 70 below Megabus coach capacity was assumed to be 72
passengers.

Table 70Megabus service assumptions

_ ASSUMED LOAD FACTOl  TIMETABLED SERVICES

Time period: AM IP PM AM IP PM
Inbound: 60% 35% 25% 2 12 7
Outbound: 25% 25% 50% 4 12 6

9.2.18 Megabus passenger volumes thus estimated were added to the Mid, Outer and Shire cordons
(point 14, 31 and 39, respectivelyseeFigure 2QFigure 2land Figure 22 beloyv Megabus
PT passengers were not added to the Inner cordon as the coach routexpestedto cross
this cordon between cordon points)

Observed Bus Passenger Volui@erdon PointAggregation

9.2.19 The passenger data from the First, Stagecoach and Megabus services were combined where
required across the relevant sites to calculate the total level of passengers crossing each
screenline in the AM, IP and PM peak hourly time periods. This includeuligsitag with
and without educatiorflows Echool pupil flowsy, with educationflows included within the
Aberdeen InnerMid and Outercordons and excluded from the Shire cordon
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Rail Passenger Boarding and Alighting Surv29

Rail passenger surveys were undertaken to capture the level of passengers using each North
East rail station and movements between each station. With particular focus on the rail line
sections crossing the fowalibrationcordons.

Boarding andlighting surveys were undertaken ByacsisetweenTuesday 26 - Thursday
28" November 2019. HRerail stations surveyedrelisted below

o

Forres

Elgin

Keith

Huntly
Insch
Inverurie
Dyce
Aberdeen
Portlethen
Stonehaven
Laurencekirk
Montrose
Arbroath

© 0 0 0O O o o 0o 0o 0o o o

Although no major incidents occurred during the surveys which would impact on the quality
of the data collected, some rail services were not able to be fully captured and data patching
was applied to ensure an appropriate level of overall patronage watabieato inform the
calibration processThis included patching passenger data from trains captured in other time
periods, and scaling up counts to account for missing trains.

The outcome of this phase wastal bi-directional observed passenger flows (combined) for
all services at the cordocrossing points (for each hourly time period). This also calculated
hourly boarding and alighting counts at each station.

Bus Journey Time Data

To create an observed bus journey time datafetvalidation,the 2019 Transxchange bus
timetable data was processeid extract the bidirection travel time for each service. A
selection of services covering the main urban and rural PT corridors were then used to
compare with modelled bus journey times along the full route

One limitation of this procesfr longer distance servicasthat the observed (timetabled)
journey timerelates to a location outwith the boundary of the ASAM model, and the modelled
timing point is taken from the nearest stopping point to the boundary of the modek.

longer distance services this issue becomes more apparent due to the nature of the services
having alow number of stops An example of this would be the AberdeBerth services
where the nearest stopping node to the boundary of the model is Dundee, adding perhaps 20
minutesto the journey time A reasonable journey time reduction wHeerefore applied to

the observed data in cases such as these, higstshould be borne in mind when considering
the calibration of the PT modébr these type of services
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9.3 Screenline Passenger Volun@alibration

9.3.1 Thssection demonstratethe calibration of public transport passengers comparing modelled
link flows with bus and rail observed data for the AM, Inter and PM Peak hourly time periods.
Detailed comparisons of each screenlagmrdonpoint can befound inAppendixP.

9.3.2 Comparisons describe total cordon passenger flows by direction, and also provide a summary
of calibration statistics, compared against the relevant TAG calibration criteria. The calibration
screenline locations are shownigure 2do Figure 22

9.3.3

ME process altering travel patterasid pasenger levelgo better match the observedata

Observed data wasP LI § OKSRQ 2 NJ

' Redzad SR (2 R atlords

All Cordon sitéocations were included in the PT matrix estimation (ME) procedure, with the

gAlK

appearedcounter intuitive (i.e. where tidal flows were inconsistent, and would impact the

guality of matrix estimation).
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Figure 20. ASAM19PT Screenlines Inner Aberdeen (orange) and Mid Aberdeen (green)
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Figure 21. ASAM19 PT Screenlineuter Cordon (blue)
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Peterhead

Inverurie

Stonehaven

Figure 22. ASAM19 PT ScreenlinesShire Cordon (red)

Calibration Criteria

9.3.4 The ASAM19 PT modelled flows were compared to the observed data across screenlines
based on the following calibratiathreshold comparisons

° Modelled public transport flow should ideally fall within 15% of observed flow across
appropriate screenlines; and
° Modelled public transport flow should ideally fall within 25% of observed flow, except

where observed flows are particularly low (less than 150), on individual links.

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21

Model DevelopmenFinalReport 28/06/2024 Page 176 29¢



SVYSTIA

ScreenlineCalibration Statistics

9.3.5 Total screenline observed vs modelled flows is showhable 71 including both bus and ralil
flows combined ASAM19 represents school pupilising public transpartbut these
educational movementsre not captured by the observed PT data sets in Aberdeenshire
(Shire Cordon)The comparisonof Aberdeenshire modelled flovdescribe cordon flows that
both include and exclud@upil passengets Including a version with education flows for
completeness(Shire Total) and a version excluding pupil flow® provide a consistent
comparisorwith observed datgNon Edu)

Table 71Summary of PT Flow CalibratianTotal Screenline Links

CORDO AM PEAK INTERPEAK PMPEAK
OBS MOD DIFF%DIFH OBS MOD DIFF %DIFF OBS MOD DIFF %DIFF

mher 3692 | 498 +3% 2192 1 | 0% 2201 | 482 1%
Inner . . .
Ouboung 1938 | #69  +4% | 2217  +12 | +1% 3308 458  +2%
Mid ) 0 O
mbound | 3074 8 +0% 1570 430 | 42% 1802 | 8 0%
Mid ) 0 O
Outbound 1643 = %85  +2% 1704  +29 | +2% 2820 -1l -0%
Icr)lltj):i:n d 1290 +52 +4% 600 +22 +4% 615 +20 +3%
83:(;;““ 469 | 427  +6% | 652  +13 4206 1275 = +38  +3%
Isnrt')';iTn%ta' 747 | +219 +29% | 390  +50 | +13% 413 = 3 1%
gﬂ'{gg&tﬂ 331 | +112  +34% | 400  +72 | +18% 839 = +10  +1%
Shire

Non Edu 47 +12 +2% 390 -2 -0% 413 5 1%
Inbound

Shire

NonEdu 331 11 3% 400 -1 0% 839 = +9  +1%
Outbound
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9.3.6 Inthe AM peakall of the Inner, MigdOuter, and Shire Non Edscreanlines fall within 15% of
the observed flow at total screenline lev&he Shirescreenline including modelled education
trips falls outwith this criterig which is as expected, #se observed dat@xcludesducation
trips.

9.3.7 Intheinter peakall of the Inner, Mid, Outeand Shire Non Edacreelines fall within 15% of
the observed flow at total screenline levehs with the AM pealkthe Shire flowsn the inter
peak with education tripsincludedare high compared to the observdahich represents
pupils returning home from school)

9.3.8 In the PM pealall screalines fall within 15%f 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 generallyneaidedin the
PMpeak

Individual Cordon Crossing Point Locations

9.3.9 At the more detailed level,hie individual cordon point calibratiomwithin AppendixP
highlights Union Grove in the Inner Cordon has lowedelledflows than the observedwith
a high percentage difference of 29%9% lower, but thebsoluteflow volumes are also low
at generally less than 50 passengpes hour. On the Midcordon Great Southern Road and
Great Northern Road both sho8%6- 19%higher than observed flowsAlso Garthdee Road,
leading to and from Robert Gordon University, is moderatelydatbound to the university
in the AM (7%) and inbound from the university in the FXI2%).

9.3.10 In general, there is more % variation in passenger volumes at individual site locations, but the
actual magnitude of flow difference is often relatively low. These variations should be
considered during model application.

Calibration Statistics
9.3.11 Table 72to Table 74provide a summary of the PT flow calibratistatistics

Table 72PT Flow Calibratioq Individual Links >150 PassengeexcludingEducation Trips

% DIFE AM PEAK INTERPEAK PMPEAK
. BUS RAIL ALL § BUS RAIL 4 BUS RAIL

< 5% 53% 83% 60% 58% 100% = 69% 55% 86% 63%
<15% 95%  100% 96% 92% 100% = 94% 90%  100% 93%
< 25% 100%  100% 100% = 100% 100% 100% 95%  100% 96%
>=25% 0% 0% 0% 0% 0% 0% 5% 0% 4%

9.3.12 Forindividual links >156bservedpassengers, the bus flow comparison shows that 95%, 92%,
and 90% of modelled flows (which exclude Education Trips) are within 15% of the observed
flows for the AM, inteypeak and PM peakespectively. The modelled rail flows on individual
links are all within 15% of the observed flows for all peaksl within 5% for at least 83% of
rail flows
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Table 73Summary of PT Flow CalibratianScreenlinesexcludingEducation Trips

% DIFE AM PEAK INTERPEAK PMPEAK
BUS RAIL 4 BUS RAIL 4 BUS RAIL

< 5% 28% 70% 32% 34% 40% 35% 34% 80%  39%
< 15% 60% 90% 63% 71% 90% 73% 67%  100% 70%
< 25% 78% 90% 79% 87% 100%  88% 78% | 100% 80%
>=25% 22% 10% 21% 13% 0% 12% 22% 0% 20%

9.3.13 The comparison of all screenline flows shows that betw&&¥% and71% of modelledbus
flows are within15% of the observed flowacross the three peak3he calibration for rail
flows is better than the calibration for bud®ws with 90%- 100% of all comparisons falling
within 15% of the observed

Table 74Summary of PT Flow Calibratianindividual Link GEHexcludingEducation Trips

AM PEAK INTERPEAK PMPEAK
RAIL BUS RAIL 4 BUS RAIL
100%  100% 100% = 99%  100% = 99% 99% | 100% 99%

<10 100% = 100% 100% = 100% 100% = 100% 100% = 100% 100%

9.3.14 The above summary using the GEH statistliich accounts for the variation in flow levgels
shows that99%-100%0of individualbus and raiflows areless thara GEH of 5.

9.4 Bus Journey Time Validation

9.4.1 A selection of modelledrban @Aberdeen Cityand rural service@nter-urban)were compared
to the dbserved bus journey times, arde summarisedn Table 780 Table 77 Further detail
isprovided in Appendig. This selection of bus services cover the main radial corridors within
Aberdeen and the key corridors between Aberdeen and Aberdeenginiceinclude the
comparison of one bus service for each service group
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Table 75Bus Journey Time CalibrationAM

ROUT COUNT DIFF % DIFF

Urban Inbound 7 7 38% 88%  88%
Outbound 7 4 5 7 57% 71%  100%

Total 15 7 12 14 47% 80%  93%

Rural Inbound 9 3 9 9 30% 100% @ 100%
Outbound 10 5 9 10 50% 90%  100%

Total 20 8 17 19 40% 85%  95%

TOTAL 35 15 29 33 43% 83%  94%

Table 76Bus Journey Time CalibratianlP

ROUT COUNT DIFF % DIFF
ARIES PIRECTLL COUNTH <5% < 15% i < 15% <2

Urban Inbound 6 8 38% 75%  100%
Outbound 7 5 5 7 71% 71%  100%

Total 15 8 11 15 53% 73% = 100%
Rural Inbound 10 4 10 10 40%  100% = 100%
Outbound 10 6 9 9 60% 90%  90%

Total 20 10 19 19 50% 95%  95%

TOTAL 35 18 30 34 51% 86%  97%
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Table 77Bus Journey Time CalibratiopnPM

ROUT COUNT DIFF % DIFF

Urban Inbound 6 50% 75%  100%
Outbound 7 4 5 7 57% 71%  100%

Total 15 8 11 15 53% 73% | 100%

Rural Inbound 9 3 8 9 30% 80%  100%
Outbound 10 5 10 10 50% 100%  100%

Total 20 8 17 18 40% 85% 90%

TOTAL 35 16 28 33 46% 80% 94%

9.4.2 The above summasdemonstrates dighlevel of journey time calibration against observed
data. Across the three peaks thebanservicegend to havealower level ofvalidationthan
the rural services. In the AM peak 80% of modelleobn service journey times are within
15% of the observedvhereas the figure is 85% for rural services. In the iptak the split
is 73%urban/ 95% rural and in the PM peak the split is 7@%an/ 85% rural.

9.4.3 The detailed journey time informatioin AppendixQ showsthe modelledurbanservices are
overall 1%- 4%faster than the observed dataith the exception of the X2DyceAirport-
Aberdeen service which is consistently 153@% slower than the observed journey tiniehe
X7 rural servicéon the A92 coast roadd also consistently 13946% faster than the observed
journey time, noting that the road model journey times were afast on this corridor
compared to the observed data.

9.4.4 Users should natthe differencedor individual routes andonsider any relevant issuagen
applying the model.Bus journey times rely on road journey times, bus priority measures
where presentand the use generious stopdwell timesto represent the boarding time atll
bus sto.

9.5 Rail Station Boarding and Alighting Comparison

9.5.1 Observed rail station boarding and alighting data were usesupplement PT validatiooy
comparing to the modelled outputs individual stationsTable 78o O describethe observed
and modelled rail stationpassengerboardings and alightings for each time peridtie
difference in passenger volumes, the percentage difference, and the GEH

9.5.2 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 passenger flow is higher than the observed. There are some
large percentage differences, but these mainly relate to low passenger volumes.
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The data indicates an issue relating to rail usage at Arbroath, as the Arbroath comparison
shows the modelled boardings amatlghtings much higher than the observed. This is due to
the station node for Carnoustie, on the model boundary, being coded as-atopping node

for some rail services. This forces passengers to alight early or board later than the last station
within the ASAM network, Carnoustie.

Although this issue affects boarding figures, it will likely cause less impact to passenger
routing, as rail services remain accessible. However, users should note this issue during
application and service amendments should be considered during futureonketupdates.

When Arbroath data is excluded, 94% of all time period comparisons have a GEH value less
than 5, indicating a good level of calibration for low volume stations. Aberdeen station, which
has relatively high passenger usage, shows a strong validation atinpsaks with passenger
volumes within 5% of observed counts (except for the AM boardings which is 14% higher).

Table 78Station Boarding and Alighting AM peak

STATION OBSERVED)} MODELLED BOARD ALIGHT GEH
BOARD ALIGHR BOARDALIGHTR DIFF % DIFg DIFF % DIFf BOARD ALIGH
54 19 71 73 17 2 8

Elgin 32% 54 282%

Keith 17 3 29 11 11 66% 8 228% 2 3
Huntly 23 2 24 8 1 4% 6 322% 0 3
Insch 23 3 47 7 25 109% 4 154% 4 2
Inverurie 172 18 173 36 1 1% 18 97% 0 3
Dyce 83 93 73 126 -10 -12% 33 36% 1 3
Aberdeen 290 734 330 700 40 14% -34 -5% 2 1
Portlethen 36 9 39 27 3 8% 18 199% 0 4
Stonehaven 187 26 171 77 -16 -9% 51 195% 1 7
Laurencekirk 50 13 50 19 0 0% 6 43% 0 1
Montrose 101 45 142 52 41 41% 7 15% 4 1
Arbroath 91 22 403 352 311  341% 329 | 1469% 20 24
Total 1126 988 1551 = 1487 425 38% 499 51% 12 14
Total Excl. 1035 = 966 1148 1136 113 11% 170 18% 3 5
Arbroath
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Table 79Station Boarding and Alighting Inter-Peak

STATION OBSERVED)} MODELLED BOARD ALIGHT GEH
BOARD ALIGHY BOARD ALIGHR DIFF % DIF DIFF % DIFlf BOARD ALIGH
29 21 44 36 14 2 3

Elgin 49% 16 77%

Keith 6 5 7 10 1 25% 5 100% 1 2
Huntly 5 4 12 6 8 172% 2 39% 3 1
Insch 4 4 9 13 6 160% 9 262% 2 3
Inverurie 20 34 29 29 9 45% -4 -13% 2 1
Dyce 38 38 30 28 -8 21%  -10 -27% 1 2
Aberdeen 262 255 269 251 7 3% -4 -2% 0 0
Portlethen 13 9 15 11 3 21% 2 22% 1 1
Stonehaven 39 23 67 75 28 73% 53 231% 4 8
Laurencekirk 17 11 17 18 0 0% 7 62% 0 2
Montrose 36 62 56 56 20 56% -6 -9% 3 1
Arbroath 33 18 352 340 319 961% 322 | 1815% 23 24
Total 501 482 908 873 407 81% 391 81% 15 15
Total Excl. 468 464 556 533 88 19% 69 15% 4 3
Arbroath
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Table 80Station Boarding and Alighting PM Peak

STATION OBSERVED)} MODELLED BOARD ALIGHT GEH
BOARD ALIGHR BOARD ALIGHR DIFF % DIFR DIFF % DIFf BOARD ALIGH
25 54 46 101 21 3 5

Elgin 83% 46 85%

Keith 1 22 11 24 10 1394% 3 12% 4 1
Huntly 3 19 7 34 4 121% 15 81% 2 3
Insch 1 25 10 31 9 607% 6 25% 4 1
Inverurie 22 127 48 145 26 122% 18 14% 4 2
Dyce 93 91 130 98 38 41% 7 7% 4 1
Aberdeen 782 360 747 358 -35 -4% -2 0% 1 0
Portlethen 16 45 27 48 10 63% 3 6% 2 0
Stonehaven 65 218 81 167 16 24% -51 -23% 2 4
Laurencekirk 32 71 21 36 -12 -36% -35 -50% 2 5
Montrose 64 104 69 117 6 9% 13 13% 1 1
Arbroath 40 76 427 492 387 973% 416 < 551% 25 25
Total 1144 | 1212 1624 @ 1652 480 42% 439 36% 13 12
Total Excl. 1104 | 1137 1196 @ 1160 92 8% 23 2% 3 1
Arbroath
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Public Transport Conclusions Recommendations
Conclusions

The ASAM19 public transport assignment is calibrated using a relatively extensive coverage
of public transport passenger data, covering four separate cordons across the modelled area.
Theon-board bus passenger counts, combined with thesticketing datasuppliedby the
operators provi@s greater confidencein representing public transport activityhan earlier
ASAMmodelswhere PT data has been more limited. The ASAM19 modelling therefore
captures the key bus and rail flow comparisons within both arbad rural corridors, and
provides considerable detailed data for users to examine during future studies.

In general, he ASAM1PTnetwork displays agood level of calibration taobserved public
transport passenger volumeparticularly at the total screenline level.

ASAM displays a stromgil passenger flow calibratiorvith >90% of comparisons across
screenlines being within 15% of the observed flo&us passenger flow comparisons for
individual links achieved a reasonable level of calibration with 69%%6 ofmodelledlinks
being within 15% of the observed flow.

Bus journey times compare reasonably with bus timetable data, indicating that modelled PT
speeds are iine with dayto-day service operationgcorded in 2019

Modelled rail station boarding and alightingplumes areintuitive and broadly in line with
observedoccupancydata, with the exception of ArbroathDuring future updates, sers
should consideramendng the station node for Carnoustie (20007) in the rail lines files to
ensure it is a stopping node at the start and end of the route node sequence

The ASAM19PT modelling will appropriately provide forecasting functionality to undertake
incremental comparisons against a reliable 2@fase year model, that generally reflects
observed travel conditions

Users should note that ASAM19 initially represents travel demand and PT services based on
the longer morning, evening and inter peak time periods, which is then reduced down and
calibrated to reflect (average) peak hour travel levels and conditidvlereas he demand

for specific services will likely diffes some extentdepending on the actual timetabling of
services available with the time periods. Thjgproachprovides a consistent basis for
calibration and subsequerdpplication and appraisal purpes,but with more uncertainty
regarding passenger usage of individual serwaéisin each time period
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10. DEMAND MODEL REALISM TESTS

10.1 Demand Model Response Validation Approach

10.1.1 As part of ASANR 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
parkingcharges and capacity, and park and 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 nevem

10.1.2 Model Realism Tests have been run according to the TAG (Variable Demand Modelling)
guidance in TAG Unit M2.1 (May 2020). The advice on Variable Demand Modelling
recommends carrying out realism tests to check the elasticity of demand with respect to:

o Car fuel cost;
o Public transport fares; and
0 Car journey time.

10.1.3 The tests undertaken to identify these responses within the demand model were as follows:

° 20% increase in car fuel costs;
° 20% increase in public transport fares; and
° 20% increase irbadjourney times.

10.1.4 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.

10.1.5 To analyse theest outputs, the elasticities are calculated on the entire simulatkednand
Y2RStft SR I NBIF O00GKS WAYGSNYyrt 12yS8aqQo sA0GK (K

a&odo a
a &

Where:

C is the initial calibrated cost;

/ Q Aa (GKS NBalLRyRSyd 02adT

K is the total base car kilometres; and

YO Aada GKS NBaLRYyRSyd G2aGFft OFNI(1Aft2YSGNBa

© ©o o o

10.1.6 This method of calculating the elasticity ensures the same resulting elasticity, regardless of
the direction of change and can be thought of as an approximation to a point elasticity at the
mid-point of the data.

10.1.7 For the car fuel cost realism test, the elasticities were calculated by weighting the trips by
distance toobtain vehicle kilometres. For the car journey time and PT tests sensitivity is
calculated using the unweighted trips only.
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10.1.8 ASAMOcovers an area with a diverse range of travel patterns and purposes along with a mix
of urban (high density public transport provision with typically short distance trips) and rural
(lower levels of public transport provision with typical longer distatnipes) areas.

10.1.9 The cost damping aspect of the demamddelshould better represent and influence these
geographical responses to an extent. However as many model parameters / factors are set
Fad F watzolftQ tS@Stsx ofFO1 2F REFGF G2 [ LLX @
area types are to be exptsd.

10.1.10 The realisntest analysis also evaluated the sensitivafydemandat a sector level such that
GKS Y2RStQa aSyaAadAgnmoeddtdiy3S O2dxZ R 0SS AyalLlS

10.2 RealismTest Results

10.2.1 Theelasticityresults for the three demand model realism tests are presentebaible 81to
Table 86 These describe the elasticity calculated for each travel purpose by time period, and
subsequently the total elasticity by sector area movement (for all purpasesyeringeach
of the car fuel cost, Public Transport Fares and car journey tésis

Car Fuel Cost

10.2.2 Table 81shows the elasticities with respect to car fuel cost implied within the demand model
(relating to changes in vehicle kmsYhe latest TAG guidance (M2 6.4) recommends that
annual fuel price elasticities should be in the rarg5 t0-0.35 (overall across all purposes
FYR GAYS LISNRA 2 RA 0 Z-0.3, witR peakyperiddkeBsticitibtNodds ihad interA RS 2
peak easticities, and with:

0 Short trip lengths closer to zero thad.3;
° High car driver mode share closer to zero thau3; and
° Employers business trips nedéx1, and discretionary trips nead.4;

Table 81Fuel Price Realism TeBtasticityResponse Results by User Class

TRAVEL PURPOSE AM PEAK INTER PEAKR PM PEAK DAILY

Business -0.100 -0.113 -0.104 -0.106
Commute -0.298 -0.307 -0.283 -0.294
Other -0.493 -0.503 -0.493 -0.498
Education -0.287 -0.285 0.000(N/A) -0.286
Retired -0.499 -0.508 -0.497 -0.505

TOTAL -0.392

10.2.3 The analysis shows that the overlhsticityresponse of the ASAM demand mod@€l.39)is
slightly higher than the range of values expected within TAG guidab&5) The following
trends can be observed:
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° 9YLX 28SNN&a odzAaAAySaa GNRLA | NB -0Bdligningh oSt &
closely with guidance;

° Discretionary trips (Other and Retired) are higher at ~@iSplaying an intuitive
response, buts more elastic than the TAG recommendation®#; and

° Commute and education trips are both slightly lower th&n3, and the level of
elasticity intuitively falls between the sensitivity of business and discretionary trips.

10.2.4 Table 82describeshe elasticity bytotal sectorbased movements, and highlights that the
elasticity generally increases by distance as would be expected, witksittar movements
on the leading diagondthorter trips)being much closer to zero.

Table 82Fuel Price Realism TeBtasticityResponse Results by Sector Pair Alrpose$

-0.023 -0.393 -0.981 -1.017

Shire -0.393 -0.316 -0.799 -0.847
Moray -0.994 -0.864 -0.199 -1.280
Angus -0.976 -0.864 -1.264 -0.142
TOTAL -0.392

10.2.5 The ASAM modelled response to the fuel realism test is considered reasonable, and relatively
intuitive across the travel purposes. Ussr®uldthough note the overall response which is
higher than suggested by guidangearticularly the sensitive response associated with
discretionarybther trips.

Public Transport Fares

10.2.6 Table 83shows the elasticities with respect to public transport fagegeasuring changes in
PT trips) TAG suggests that PT fares elasticities generally lie in the @u2gt -0.9 for
changes over a period of over a year. Elasticities closer to 0.2 are not typically expected, apart
from where there are high levels of concessionary travel

10.2.7 Note that ASAM19 includes concessionary fares for the retired travel purpose, half priced
fares for the pupil education purpose, and a proportion of commuters receive discounted
season tickets. The Business and Other travel purg®sdspsare represented with full fare
levels.
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Table 83PT Fares Realism TdslasticityResponse Results

TRAVEL PURPOSE AM PEAK INTER PEAKR PM PEAK DAILY

Business -0.412 -0.317 -0.408 -0.368
Commute -0.254 -0.214 -0.256 -0.243
Other -0.416 -0.433 -0.418 -0.420
Education -0.107 -0.107 0.000(N/A) -0.107
Retired -0.012 -0.007 -0.014 -0.009

TOTAL -0.244

10.2.8 The analysis demonstrates that the overall ASAM fare response falls around the lower end of
the range of values expecteq with an overall elasticity 0f0.24. The response of
discretionary travel (other trips) has the highest sensitivityOad 2.

10.2.9 Retired trips are shown to have a very insensitive response, which is as expected. The
majority of ASAM retired trips will see zero (or close to zero) bus fares by being associated
with the concessionary travel scheme (which reflects free bus travelatiiesnodelled area
(with the exception of a booking fee for some bus services). Although a rail fare is associated
with retired travellers, the proportion of rail travel is quite low (compared to bus travel).

10210¢ KS NBadzZ & 2F (KSasS NIy3IS 2F NBGANBR k 02yO0S
smaller proportion of the overall retired travel cost and hence the insensitivity to changes in
PT fares.

10.2.11 Education trip fares also have a discount applied within the modelling to reflect the child (half)
fare. Therefore, the fare cost change within the realism test will be lower and subsequent
elasticity also expected to be relatively low. The educationamse is therefore considered
intuitive, particularly compared to the response of commuter and discretionary trip purposes.

10.2.12 It should also be noted here that the ASAM modelling does not distinguish between those
LJdzLIA £ & NBOSAGAYy3a FTNBS (NI @St (2 aokz2z2ft FyR i
pupil education travellers.

10.2.13 The response from business travellers to the fare change at first appears less intuitive, as it is
stronger than the commuter response. However, the business purpose has full fares applied
within the modelled, and therefore the cost change applied wowgdore 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.

10.2.14 Table 84presents the sectebased elasticities and highlights a general trend of increasing
elasticities for more distant sector movements, with in@ctor movements in particular
showing elasticities closer to zerdNote that a large proportion of PT journeys take place
within Aberdeen, and therefore these intiseector trip responses will dominate a major part
of the overall elasticity response.
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-0.170
Shire -0.632
Moray -1.210
Angus -0.875

TOTAL

CarJourney Time

-0.637

-0.125

-0.699

-0.604

-1.175

-0.649

-0.084

-0.957

-0.847

-0.600

-0.976

-0.141

-0.244

10.2.15 Table 85shows the elasticities which reflect changes in road journey ti(nesasuring
changes in road trips)The TAG guidance gives no specific range for these, but sutigests
they should beno greater than2.0. The analysis shows that the ASAM sensitivities fall within
the suggested guidance with all values being less thaand an overall response f.1.

10.2.16 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 allodededparking 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 parkifidnis secondary parking impact

may offset some of the overall model response.

Table 85Journey Time Realism TetasticityResponse Results

TRAVEL PURPOSE AM PEAK INTER PEAKR PM PEAK DAILY

Business -0.024

Commute -0.091

Other -0.115

Education -0.285

Retired -0.090
TOTAL
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-0.087

GBO1T19F21
28/06/2024

-0.022

-0.087

-0.113

0.000

-0.090

-0.026

-0.087

-0.111

-0.285

-0.088

-0.100

Page 190 29¢



SVYSTIA

10.2.17 Table 86presents the sectebased elasticities foall travel purposesand demonstrates a
wider range of responsexcross the modelled arean particular:

o More distant sector movementsuch aetween rural areas and Aberdeexhibit a
larger elasticity reflecting the increased cost of travastd
° Intra-sector movements on the leading diagonal show a positive response, likely due

to reduced congestion as well as the aforementioned parkivg}/capacityresponse
The intrasector response is associated with a high proportion of trips, so are likely to
dominate the lower sensitivity recorded overall

Table 86Car Journey Time Realism Té&3asticityResponse by Sector Pair (Rlurpose$

0.007 -0.686 -2.010 -2.544

Shire -0.674 0.204 -0.789 -1.377
Moray -1.963 -0.919 0.150 -3.406
Angus -2.497 -1.436 -3.370 0.072
TOTAL -0.100

10.2.18 The relatively insensitive response to car journey times should be noteebtgl users, along
with other model components and cost representation that may affect elasticity. The
positive, and relatively countdntuitive response relating to intraector movements should
also be considered during future model updates.

10.2.19 Note thatexternal trips to/from/through the internal modelled area anet included within
the ASAM1%demand modelling These movementare therefore alsoexcluded from the
realism test elasticity valueas irtlusion of these longer distance tsigithin the realism test
calculations woulde expected to reduce the model sensitivity relative to TAG ragrges
not provide a likefor-like comparison (as there is no demand model response for external
trips).

Network Response: Car Fuebst¢ Car Kms

10.2.20 Further realism test analysis was undertaken to identify the change in car demand across the
road network. This measured the change in car Kms from implementing a@igin Fuel
Costs The change in car Kms incladke response of all car travel purposes across the
assigned network by measuring the change intiaked network demand (note that this test
will include external trips within each scenario, which may dampen the level of sensitivity to
someextent). This test excludes goods vehicle Kms.

10.2.21 The analysis is provided Table 87which demonstrates an overall daily elasticity-0f3
across all travel purposesThe results for each travel purpose appear intuitive, with a more
sensitive response for discretionary trig®ther and Retiredand a lower sensitivity for
business users.
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Table 87Car Fuel Price Realism Test Elasticity Response by Sector P&u(pdises)

TRAVEL PURPOSE AM PEAK INTER PEAKR PM PEAK DAILY

Business -0.074 -0.084 -0.069 -0.079
Commute -0.134 -0.107 -0.122 -0.120
Other -0.443 -0.460 -0.426 -0.453
Education -0.321 -0.294 -0.010 -0.296
Retired -0.350 -0.337 -0.289 -0.334
TOTAL -0.229 -0.338 -0.252 -0.304

10.3 Demand Model Realism Tests Summary

10.3.1 The results presentefiiom the three realism testgdicate thatASAM19srespondingargely
within, or close tahe recommended guidance presented in TAG. The folloalisgrvations
should be noted by model useand considered during relevant model applications

0 The demandresponse to car fuel costparticularly for discretionary (other) trips
demonstrated a tendency to be more elastic thauggestedoy TAG guidare The
modelling displayed an intuitive response in terms of changes car Kms across the
network;

0 The demand response to public transport fares is at the lower end of the range
suggested by TAG guidance;

0 The PT fare test highlighted that the specific modellingasfcessionary fares for the
retired and education travel purposaseant these trips were largely not subject to a
significantfare responseand hencewere less elasticand which reduced the overall
model sensitivity tachanges in the price déres; and

0 The demand modelling showed a relatively low response to car journey timadlfor
travel purposs. The modeéxhibited intuitive trends for increasing sensitivity with
distance but less intuitive trends relating to intigector movements, which impacts
overall elasticities.
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11. PARK AND RIDE MODELLING

11.1 Approach

11.1.1 The Park and Ride model is a distinct module which sits within the lA$&M19demand
model structure. The module estimates the journeys which utilise each individual park and
ride site(including rail station car parking) based on a range of parameters. These trips are
GKSYy &aS3vYSyidSR (G2 ARSyGATe GKS AYRAGARAZ f W
road trip FromHome to a site and the PT trip from a site to the ultimatstdetion.

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

11.1.3 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.

11.1.4 Park and Ride withiASAM9is 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. This is illustrated in the figure below.

) ) mzem)

Figure 23. Breakdown of Park and Ride

Where:
i is the true origin
j is the true destination; and
k is the intermediate park and ride zone.

11.1.5 Further, the interchange is only considered at specific zones which offer formal Park and Ride
2N adFGA2Y LINJAYy3 aSNBAOSa RSAONAROSR Ay GKS

11.1.6 The following sections outline the process undertaken to build and calibrate the Park and Ride
model within the overall demand model.

11.2 Inputs & Data

11.2.1 The modelled inputs to Park and Ride comes from the mode and destination model for the
majority of user classes and the FWPP mode for commuters. It consists of individual files by
user class with 16 tours for each purpose considered in each file. ldshewoted that one
way trips are excluded from using Park and Ride as a choice and therefore do not appear in
this component of the model.

1122 LYAGALFE & | WAAGS T A fatSiutessfor @achOPHd and Ride site. KRisOK R S
site file is in a CSV format (delimited by single quotes), which makes it easy for the user to
adjust. Table 8&rovides details on the variables that can be found in a site file.
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Table 88Park and Ride Site File Description

COLUMN] VARIABLE DESCRIPTION

1 ID Sequential numeric identifier
2 Name Site name, used in reporting (character)
3 Zone Corresponding model zor{eumeric)
4 Parking Charge = Parking charge in £s (numeric)
59 Bttr Base penalty by time period (numeric)
10-14 Attr Attraction factor by time period (numeric)
15 Near capacity Formal capacity at sitevehiclegnumeric)
16 Far capacity Limit toinformal and formal capacity at sitezehiclegnumeric)
17 Origin List of origin zongwithin reasonable distance of this particul;
Catchment site (character)
18 Destination List of destination zones within reasonable distance of
Catchment particular site (character)
11.2.3 SixteenPark and Ride sitesere chosenfrom within the ASAM19 coveragarea. These

11.2.4

11.25

11.2.6

11.2.7

Aberdeen
Aberdeen

consisted of all rail stations and bus Park and Ri@sin the internal modelled area. The full
list of sites, zones and defined parking capacitydescribedn AppendixkR

A newspecificzone was assigned for each Park and Ride site, locating it close to the actual
rail station zoneor zone adjacent to a bus park and rierepresent car park access

Only the Aberdeen rail station sit@ar parkinghas parking charges allocated to it (obtained
from the ScotRail website), all the other sites are fieese

Site Capacity

The neaand far parkingapacity of eachsitt & Ay Lddzi | & OAYOGSNY I f 0 da@S
obtained through several sourcesWhere possible the capacity was obtained frahe
ScotRailvebsite Google Maps or online bus park and ride resources.

As the Park and Ride choice modelling does not cover external trips, an estimate of external

park and ride demand is removed from the capacity of each site to allow a consistent
comparison with the occupancy level recorded at each site. The remainingtydpaeferred

G2 Fa AAYGSNYylFté OFLIOAGE G2 LINRPGARS || O2Yyahi:

tours which are represented within the main park and ride choice modelling.
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11.2.8 Internalparkingcapacity is calculated by comparing the level of park and ride trips extracted
from TMf.8 (which are travelling external to theSAM1%overage area), with the level of
externalASAM1Qar trips and calculating an internal capacity proport{proportions were
then rounded and adjusted to resolve any anomalies)

11.2.9 The outcome of this approach is to reduce capacitshatmajority of rail stations with park
and ride sites closer to the model boundary generally seeing the most significant reduction in
available internal parking capacifyas the majority ofthesespaces are used by external users.
The exception here is Aberdeen rail statiarhich has a higher proportion of external P&R
trips (i.e. passengers travelling between the major Scottish cities). All bus based sites are
assumed to be used mainly locakp 100% internal usage proportions are applied.

11.2.10 Note that althoughexternal movements areot included within the fulASAM19choice
modelling, external Park and Ride trips are represented wigt8®\Mthrough the interface
with TMfSL8. These trips are extracted from the TMfS national modelling and are
incorporated toASAMas a fixed set of trips within the trip end model. Therefore external
park and ride choices are forecast within TMfS and then subsequently used to inform the
ASAM1%ub national modelling.

11.2.11 The number of (near and far) parking spaces are converted to a person capacity for each site,
(by factoring by 1.2persons per space) to create consistency with the units of modelled tour
person demand output from the choice modelling, and compare occupancy levels.

Site Catchment Areas

11.2.12 Park and Riderigin catchmens were derived to include modelled zones where the Park &
Ride site would provide a realistic choice for users (i.e. considering if the site was on route to
a particularly destination, if PT services were available and if car parking dnesgasions
were presenfat the destination. Origin catchments were generally widely distribugdoing
the corridorto reflect the flexible access providday the car leg. Destination catchments
were more closely defined closer to easlie (destination), mirroring the more limiting
aspects of onward travel on foot and through PT interchanfee. ASAM Rail destination
catchments are coded with more limited coverage surrounding station settlements, rather
than extending across wider rural area, where onward travel can be more challenging).

11.2.13 The modeling enables catchments to covarrelatively wide area (i.e. rail stations are coded
to provide (destination) access il of Aberdeen) Although this potentially allows for a
significantlevel of park and ride accessibility, tltembination ofmore restricted origin
catchment helps focus movements towards the main travel corridors and PT services
associated with each site. This balance allows park and ride modelling to respond to changes
in accessibility/cost outwith the traditional city ceptdestinations.

11.2.14 Although larger catchments may potentially create numerous small trip values, the calibration
of trip length/cost will focus trips along similarly observed cost movements. As the PT matrix
generation removes very small trip values (to improve run tinteg)modelling also mitigates
this risk during PT assignment.

11.2.15 As catchment areas are relatively unique to each site, users should review the extents if
undertaking Park and Ride appraisal, and also ensure future year development (spare) zones,
or any additional areas served by new services are included within tlezage area.
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Occupancy Data

11.2.16 TheASAM1%ark and ride model is calibrated to match observed levetepparkoccupancy
at each park and ride sitend railstation. Observed occupancy data wasdlected on the
followingdates

° RailStation Park and Rideccupaiey Surveys 26 November 2019and
° Bus Park and Ride Occupancy Surgey® October 2019

11.2.17 The occupancy surveys were undertaken from 0%:@0:00 with data processed to describe
the occupancy at each site throughout the day.

Park & Ride Occupancy

11.2.18 Observed ar park occupancy for the AM period was calculated at 10:00, the Inter peak car
park occupancy at3t00, the PM occupancy after 16:00 and the OP occupancy after 19:00.
The Car Occupancgtio used to convert observed and modellPark and Ridgehiclesto
person demand i4.23 persons per vehicle As the Park and Ride modelling operates and
dzy RSNIF 1{Sa aAidS OK2AOS OFrtOdA FdAazya a Iy al
across all relevant travel purposes is applfds occupancyigure is therefore differento
the car occupancy factors PCU factorg usedto convert person tripswithin the road
assignment preparation stage)

11.3 Outputs

11.3.1 The outputs of the Park and Ride model are matrix files detailing trip movements by user class
(5; Employment, Commute, Other, Education, Retjreime period 4; AM, IP, PM, OR
direction (2 From Home and To Home), and moder¢ad and PT).

11.3.2 The impactto Park and Rideccupancys reported via text filesvhere it is possible for model
users to quickly establish thersonusage at each site by tour (and hence time periddjese
files describe occupancy in person trips for each site and each tour. The convergence statistics
and the adjusted site attraction parameters are also reported.

11.3.3 The AMPeakoccupancy is calculated by adding all AM tours (toudd tb represent cars
parked atthe end of the AM Period000p b2GS GKS a! (d)iskgubed Iina 2 dzi ¢
the occupancy calculation as given the length of a typical park and ride journey, in practice
users would stillikely be using a site past 1000rhe Inter Peak occupancy (at 1600) is
calculated by adding tours 3, 4, 7 anq&presenting cars parked #ie end of the Inter Peak
Period at1600.

11.4 Mathematical Framework

11.4.1 The Park and Ride process is illustrateBigure 24
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Park and Ride Model Processes

Figure 24.
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Site Choice

11.4.2 Park and Ride is modelled using a standard logit approach based on the sites available to make
a trueorigin destination trip. The logit choice will be calculated as:
- Q
O -
B. Q
Where:
0 is the probability of choosing site
Ttis the spread parameter for Park & Ride site choice;
“Yrepresents the choice set of available sites (as defined by catchments); and
Y s the utility of travelling from zon@o zone(via sitei .

11.4.3 The utility here can be further expanded into its relevant components:
TY VO ®wi O0"Y O0Y 00 Wi -

c O 0000
Where:
"06 1 is the generalised cost of travelling by car from z&wezone Qduring time
period 1,
"O0 "Y is the generalised cost of travelling by PT from zéle zone Quring time
period 1,
"00 "Y is the generalised cost of travelling by PT from z@wezone Qduring time
period 2;
"06 @i is the generalised cost of travelling by car from z&4e zone @uring time
period 2;

0 is the parking charge per person for a site (in generalised minutes);

dbodia GKS FTGAONYOlA2y FFEOG2NI G | &aAdGS 6KA

introduced by the Park & Ride constraint function; and
C is the capacity constraint penalty.

11.4.4 The first four values is available directly from the generalised cost matriceswaild® 0 O i
will be defined in the defined input site file. Note that on subsequent loops the valtiedod i
will be adjusted by the capacity constraint mechanism.

11.4.5 As the model strictly works in generalised minutes as a unit when considering generalised
cost, some of the values above must be converted first to be consistent, specifically parking
charges which are converted from euros per vehicle into minutes peropeusing the

approach
5 o 0 UEAIA
4 wE
Where:
0 is the perceived parking charge each vehicle occupant pays in generalised
minutes;
0 is the daily parking charge jounds

0 Giethe occupancy of each car, considered here td.B8as a general parameter

and not consistent with the CDCU factors used elsewhere in the model (defined by
catalog key);

w ¢ i%the value of time, taken as commute as a standard assumption (vali2eddf

in the 2019base year) and defined via catalog key.
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Parameters

11.4.6 During calibration, a number of site specific parameters are used in tandem with global
parameters to enable selection of trips between sites. These parameters are described in the
tables below.

Table 89Global Park and Ride Parameters

PARAMETER DESCRIPTION DEFAULT VALUH

PnR Occupancy @ Average occupancy of car using Park and Ride 123
PnR Lambda Weighting parameter of the logit model -0.04
PnR Gamma PT generalised cost weighting 0.95
PnR Alpha Road generalised cost weighting 185
LParam Parameter for adding on an imposition to sites w 40

low capacity (effectively a proxy for search time)
PnR VOT Value of time, taken as commute as a stand: 12.91

assumption to convert parking charge from poun
to generalised minutefor parking site choice

Table 90Site Specific Park and Ride Parameters

PARAMETER DESCRIPTION EXAMPLE VALU

Site No. Sequential number (beginning at 1) for each ¢ 1

Site Name Site name (enclosed by single quotes) YhverurieQ
Zone Actual Park and Ride zone (betwe861-981) 968
Parking Charge Parking Charge at site (in pounds) 4.14
AM Bttr, P Bittr, Base attraction factor to rationalise over/undt 8

PM Bitr capacity sites within base yeand for each time

period (minutes)

AM Attr, IP Attr, PM Adjusted attraction factor based on site choi 8

Attr for each time periodminutes)

Near Cap Formal capacity at the site (can take in 154
account nearby nostation parking in some
instances)

Far Cap C2NXI WFLF NR OF LI OA( 196
parking)
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Origin Catchment List of zones (enclosed by single quote '465,470,475,477
Typically the local corridor anaften reflecting 483 X,703'
origin survey data.

Destination List of zones (enclosed by single quoteBpr = W-392 X8%3-946Q

Catchment rail, typically all Aberdeen zonesand zones

covering settlement of rural stations.Local
urban centre for bubased sites.

Site Overcapacity Feedback Mechanism

11.4.7 The Park and Ride process identifies site car parks whiclareapacity and therefore
where motorists would need to park further away outside the main car park, or spend more
time searching / waiting for a space. The model response increases the attraction factor by
an increment for each additional car over cappac This represents the increasing search
FYRk2NJ gl 1 GAYSa [3a20AF0SR gA0GK dzaAy3d GKS

11.4.8 The Park and Ride module has the ability to adjust the individual Attr factors at each site in
the case that the site usage is greater than the formal Near capacity. It adjusts the factor
based on the equation below.

f s s m s sk . L Q0QG U QEIC
5001 00016001}
T ¢0Qt ¢ 4

11.4.9 Where:

o Attr is the Attraction factor;

Bttr is the Base Attraction factor which regulates sites which are overcapacity in the
base year;

gis the adjustment gradient;

Demis the site usage;

Denomis the maximum of 1 and Dem; and

Nearis the near capacity of the site.

o

o o o o

11.4.10 In addition, if the site exceeds the Far capacity then a significant adjustment is made to Attr
defined by the parameter PnR_Penalty.

11.4.11 Since adjusting the Attr factors employs a looping mechanism, there are three conditions
which must be met to exit the loop (i.e. to reach convergence).s& benditions include:

° The maximum absolute difference in demand at any site falls below the threshold a
specified number of times in succession;

° The maximum absolute difference in Attr at any site falls below the threshold a
specified number of times in succession; or

° The maximum number of loops are reached.
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11.4.12 To allow user control over this mechanism, an additional set of catalog keys are employed in
the model which are defined alongside default valudable 91describes the Park & Ride
convergence parameters.

Table 91Park and Ride Convergence Parameters

PARAMETER] DESCRIPTION VALUE

PnR Penalty Penalty for sites which exceed a stated (remmo) far capacity

PnR Grad Gradient of the curve to adjust sites exceeding nesgracity 0.15
PnR Attr Threshold for absolute change in Attractions to be conside 1
Threshold converged

PnR Occ Threshold for maximum absolute change in Occupancy tc 2
Threshold considered converged

Max PnR Loop Maximum number of Park & Rideops allowed on a singl 10

demand model loop

PnR Loop Demand model loops which Park and Ride Model to 1-100
undertaken

11.4.13 Relevant tour arrivals areompiled tocalculat parking demanandinform the overcapacity
feedback mechanism (and subsequent search tin@gjerive asearch timefor each time
period. These include:

° AM Peak 1000100% Tours 1, 2, 3, 4: All arriving in the AM and leaving post AM Peak;
A TKS dal!a Ay>S la 2dzié¢ G2dzNJ om0 A& AyOf dzZRSR
ride journey, in practice users would still likely be using a site past; 1000
° Inter Peak 1300100% Tour2, 3, 4, 5, 6, 7, 8: All either in place at 1000 or arriving
during the Inter Peak;
° PM Peakl600: 100% Tour8, 4, 7, 8,9, 10, 11, 12: All either in place at 1600 or arriving
during the PM Pealgnd
o Off Peak 1900100% Tourd, 8, 12, 13, 14, 15, 16: All either in place at 1900 or arriving
during the Off Peak.

11.4.14 As the model structure contains one (large) Inter Peak time period (covering18I@)
representation ofparking duration at park and ride car paiksmore limited and creates
uncertainty for modelling specific occupantgvels (as the profile of vehicles (or tours)
entering and exiting car paskhroughoutthe IP is unknown)The calibration of occupancy
and calculation of subsequent search times within the inter peak is therefore more uncertain,
as the time of occupancy falls within (i.e. 1300) ratthen the end of a tour time period (i.e.
1000 and 1600). Therefore, inter peaodellingshould be used as a general guide only.

11.4.15 During future model updateghe application oimore detailedparking duration factors to
NBLINBASY (i WOKdAZNYyQ ¢A0GKAY LI NJGeluyl@staidingthe OF NJ LJ
profile ofusers entering and exiting within a tour). This would aid understarafingcupancy
and improve representation afvercapacitysitesand subsequent search time penalties
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11.5 Park & Ride Site Choice Calibration

Approach

11.5.1 The true origirdestination endto-end Park and Ride matrices are initially input to the Park
and Ride site choice module with no Attr adjustment (i.e. all sites with Attr = 0). This allows
the global parameters to be evaluated in isolation with no biakeiited from the
introduction of site specific attraction factors.

11.5.2 The focus of the global calibration related to the following parameters:

° tyw [FYORI 6<0T
o LParam; and
0 tyw ! fLKF o6h0 O0FlYyR O2y@SNAStfe@ tyw 3IlFYYl ¢

11.5.3 To establish the correlation of modelled and observed data, the number of sites which
displayed large absolute differences in site occupancy (comparing AM observed and modelled
values) was considered as the primary gauge. Note that the AM Peak is useareas
representative gauge as the level of confidence in the observed daenisrallyhigher (as
there will tend to be less turnover of spaces or churn during this periasiusers come and

go).

1154 / 2y AARSNAY3I (GKS < LINIFYSGSNIFYR W[ tlINYQ:E (K
GKSNB FANRGEE TFT2NJ <X | NIy3aS 2F oI f daDa ¢ SNB
was chosen which showed a good spread of trips amongst the short and long distance trips.

{ SO2yRf& W[tFINFYYQ LI NFYSGSNI 61a GKSYy O2y&aARS
little difference was noticed at the global level but a peak was seen at LParam = 40 and this

value was considered constant: KS 2 NRA 3A Yy | tSNJ way R< WHH NINFSTQ | NE
applied for both the TCRTM and ASAM19 Park & Ride modelling.

11.5.5 The Generalised Cost weighting parameter was also set with the previous modelling values
used as a starting point. Earlier analysis of National Rail Travel Survey (NRTS) data showed
that, for the road leg, motorists tended to use the closest park andgiderather than sites
farther away, which provided a relationship for increasing the road generalised cost
component. The results also showed that there was weak correlation between the PT leg and
combined generalised cost.

11.5.6 A weighting was therefore applied to both the road and PT costs to make the road cost more
significant in the choice mechanism whilst reducing the public transport generalised cost, and
continuing to retain an overall Park and Ride generalised cost thatofvaimilar magnitude
G2 GKS 2NRIAYIE O2YO0AYylLldAzyod ¢KS SIFNIASNI {w
0.55 led to a stronger correspondence in the unweighted caseRTMppliedvalues of 1.7
and 0.75.Upon further calibration ofhe ASAM19egional modded areal ' @+9%,dzS 2 F
Iy R h  @lprbvdrBa bsttéryfipwhen evaluating the true origitestination trips(i.e.
providing the best representation of overall park and ride costs in comparison wittioend
end road and public transport trip costs)

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 202/ 29¢



SVYSTIA

Calibration of the Park and Ride Site Choice

11.5.7 The overall level of Park and Ride usage is presentédhfe 92ASAM19 modeiun BC88
i29a Loop 8of the base demand modgel This summarglemonstrates atrongregionwide
calibrationwithin the morning peak, with modelled occupancy within @Rébserved values.
Occupancy is within 12%f observations atthe end of the interpeak periodwhich is
reasonable Note that the calibration obccupancy withirthe inter peak time period is more
uncertain, as the time of occupancy falls within (i.e. 1300) rather than the end of a tour time
period (i.e. 1000 and 1600).

Table 92Park and Ride Calibratioftars parked)

TIME PERIODY OBSERVEQ MODELLEI[} DIFF % DIFF
862 855 -7

AM 1000 -1%
IP1600 793 698 -95.2 -12%
PM 1900 293 262 -30.4 -10%
Total 1,947 1,814 -133 -1%

Calibration of the Park and Ride Site Choice

11.5.8 Once global parameters for the Park and Ride modudee establishedthe general balance
between all park and ride sites was calibrated. Finaltlividual site usagerascalibrated to
reflect observed occupancy levels. This process includes altering the site attraction factors
OW!I GONRUV YR NBFAYAY3I OFGOKYSYy(d I NBlFao

11.5.9 AppendixRdescribeghe car park occupancy comparisons and associated capacity for each
Park and Ride site and car park.

11.5.10 The Park & Ride site specific data demonstrates that the modelled occupancy closely reflects
observed data with most sites falling withien vehicles of observed occupanatthe end of
the AM Peak The largest absolute differences in occupancy are located at Aberdeen and
Stonehaven stations, and Bridge of Don and Ellorbased sites.

11.5.11 The comparisons also show that the Inverurie, Stonehaven and Montrose and Arbroath rail
stations are representedvithin the ASAM19 2019 Basas siteswhere car parkng is at
capacity at the end of the morning peak period.

11.5.12 Although the park and ride modelling is representative of the general magnitude of mixed
mode demand, the modelling of park and ride usage within time periods is generally more
uncertain, as the park and ride modelling relies on tour proportions for thzeemodelled
area, rather than data associated with specific park and ride trips (i.e. due to the longer nature
of park and ride journeys it may be less feasible to undertake some journeys within a tour
time period. This limitation should be borne in mimuring model application, and
considered during future data collection and model updates.
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11.5.13 Itis noted that there is some uncertainty regarding the level of additional parking outwith the
formal rail station car parks, which is not represented within the model. G be
I RRNBaaSR ¢6KSYy O2yaARSNAYy3a (GKS 2@SNghéud f S@St
be considerediuring modeforecastingandapplication of the modedluring appraisal

Impact of Site ChoiceCalibration within Demandand AssignmenModels & Forecasting

11.5.14 The park and ride site choice is calibrated to match observed levels of site occupancy. This
aids both the road and PT assignment modeHirepresenting the road trip leg accessing the
park and ride site to park (and subsequent road traffic volume redidn) and the PT trip leg
interchanging to travel onwards to the final destination (and subsequent PT passenger
volume calibration).

11.5.15 The calibration of the overall level of park and ride users forms part of the calibration of the
demand model, with the park and ride model calibrated within the mode and destination
choice mechanism (along with road, PT and active travel modes). Thobgite mechanism
informs site accessibility and parking search times within the demand model, which impacts
interchange choices, particularly where capacity is constrained. The public transport model
calibration ultimately determines the level of parkdaride users through comparisons with
bus and rail passenger volumes.

11.5.16 During forecasting and appraisal, adjustments to park and ride costs (i.e. through varying
parking capacity (and subsequent search times), parking charges, or park and ride service
provision will be considered withithe site choice mechanism, with cost changes fed back to
the demand model to determine mode and destination choice impacts
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FREE WORKPLACE PARKING

Introduction

There are two types of parking capacity and parking cost modelling processes contained
within ASAM.9. These include:

° Free Workplace Parking (FWPP): represents the proportion of commuters that can
access free parking spaces at workplaces (private-rasiential parking) within
Aberdeencity centre; and

° t I NJAYy3 5AaGNROdziAZ2zY Ot RAAGOY NBLINBaSyida
their workplace and must use other city centre car parks), business, other and retired
motorists that access (paid for) car parks withAiperdeencity centre.

This section discusses the FWPP model, describing the inputs, processes, observed data sets
and level of calibration within thASAM

Free Workplacd?arkingApproach

Overview

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 fagepalrticular, 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 alternativéestination.

Free Workplace Parking (FWPP) enables demand frotgdahavailabl@commuting demand
segment to access free parking witi#iberdeenparking 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 therefore identifies and separately models the parking cost (or lack of
parking cost) for commuter travellers, enabling a more detailed representation of traveller
choices, and the capability to alter/test changes to the level of freekplace parking
available within the controlled areas.

Figure 26llustratesthe coverage of théberdeenFWPP model.
FWPP Inputs
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).
External trips are not included within the parking processes.
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12.2.7 ASAMalso requires the coding of a FWPP capacity input CSV file, which lists the number of
free workplace parking spaces available by demand model zone wil@rdeencity centre.
A number of parameters are also specified through the Cube catalog.

12.2.8 All travel costs and parameters which are used in the standard mode and destination choice
model for the commuter demand segment are required, as following evaluation of access to
Free Workplace Parking, a secondary mode and destination choice modekisaled for
thesecommuter demand segments.

FWPP Approach & Framework

12.2.9 The principles behind FWPP are that people will make their travel choices differently
dependent on whether there is a free parking space available or not. To account for this,
commuters are firstly modelled as evaluating their choices with no parkingyetiarmode
and destination choice (i.e. assuming they had access to Free Parking at their destination).

12.2.10 The demand for parking is then considered by tour and compared with the parking supply
I grAtloftS G2 SadAYlrdS K2 KIR | 00Saa G2 GKS
ensure they do not consider any of the other choices (such as Parking Distr)bas they
are considered to have obtained their first choice. For all other trips, the model will re
evaluate their mode and destination choice with a full parking charge implemented
(calculated from the Parking Distribution model) i.e. no accesgee parking based on
I R2dzaGSR GNAL) SyRa 6KAOK SEOfdzRS GKS WTFNRI Sy

12.2.11 In order to modefree parking availabilityoccupancysadjusted throughout the dafthrough
the use of tour}yto take account of spaces which have been filled easietalsomotorists
departing. Theime period occupancygalculationis establishedby considering all trips that
would be present during the time perioddi.for the AM periodthe demand /occupancy
calculation includetours 1, 2, 3 and 4 Note that overnight trips are not included, except in
the case of OPeriod {.e. the row totals are only summed to the righFigure 25hows the
tours which are considered to impact on occupancy in each time period (reading across the
rows). The FWPP structure sown in Appendix.S

12.2.12 Note that the occupancy summary output from the FWPP model (i.e. FWS file) include trips
that are present at the end of the time period (i.e. the AM results (at 1000) will not include
tour 1 as they are assumed to have left before 1000).

12.2.13 The assumptions which are inherent in the FWPP model are as follows:

° Free spaces are only available to travellers who originally chose that location as a
destination i.epeople who work in that zone, and the secondary destination choice in
particular will not offer that space to anyone reconsidering their travel options;

0 Each tour within a time period is equally likely to obtain a space and there will be no
priority given to longer tours for instance;
0 assuning equal priorityto accesspaces with no preference for triatterne.g. longer

distance trips have the same opportunity for a free space as shorter distansg trip

° Trips which will have left by the end of theevioustime period will have no impact on
anyone wishing to park durirtge followingtime period and

° Business travellers (within the demand model coverage) are unable to use FWPP spaces
when destinating imberdeencity centre. Business motorists must use (paid for) on
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and off street car parks to travel to their final city centre destinatidiepending on
workplaceparkingarrangements, there are likely to be a mix of commuter and business
motorists accessing FWPP. TA®AMFWPP aims to capture the travel cost/ choice

I NB \A8AMextenz) agelpiirposed areCable t
to destinate/park at city centre destination zon@%. at standard demand model zones).
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TP Output Time Period O\l (| AM IP PM (| OP
AM - Morning Peak AM 1 2 3 4
IP¢ Inter Peak IP 5 6 7 8
PMc¢ Evening Peak PM 9 10 11 12
OP¢ Off Peak OP 13 14 15 16

O\l AM P PM || OP O\l AM IP PM || OP
AM 1 2 3 4 AM 1 2 3 4
IP 5 6 7 8 IP 5 6 7 8
PM 9 10 11 12 PM 9 10 11 12
OoP 13 14 15 16 OP 13 14 15 16
Ol AM IP PM || OP
AM 1 2 3 4

IP 5 6 7 8

PM 9 10 11 12

OoP 13 14 15 16

Figure 25. FWPP Time Period Tour Grid
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Figure 26. FWPP Model Coverag@berdeenCity Centre

FWPP Outputs

Theoutputs of the FWPP component are identical in order to mode and destination choice so
that they will be compatible with the next phase of the model. Thus they are From Home
trips by tour (16) and mode (5).

In addition, the commute trip movements which are modelled as having obtained a free space
will be passed through to Tour Aggregation. These trips are not subject to parking distribution
as they are deemed to be satisfied through free workplace parkitngvél be available by

time period and direction.

The model reports the number of free workplace parking spaces which are used in each zone
by tour which can then be aggregated externally to establish time period occupancy.

Commuters that obtain a FWPP space are allocated to the main demand model assignment
zone (where their workplace is located). Commuters that do not gain access to a free space,
(and do not choose an alternative mode/destination) are passed through viadist model

and assigned to a specific car parking (car park) zone (outwith the main demand model zones).

FWPRObservedData

Despite the widespread use pfivate nonresidentialparking by commuters, there is very
little recent data available that records either workplace parking capacity ot#tatdpy
occupancy withimAberdeencity centre. Undertakingrivate nonresidentialsurveys isalso
challenging and relatively onerous, as car parks are often hidden from view and require
specific permission from occupants to survey.
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To overcome thisor ASAM19an estimate of the level of private nenesidential 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 residential parking
spaces in zones of th&berdeen City Controlled Parking Zone (CPZ), industrial estates and
other significant locationsduring 2011 The controlled parking zones are labelled
alphabetically by the city andivided into the Inner Central Zones, Ou@entral Zones, and
Peripheral Zone#A map of these zones is detailedAppendixT.

Using GIS, the ASAM zones of the city region were assigned to the relevant alphabetical CPZ,
often with multiple ASAM zones falling withine@PZ.The estimated number of spaces per
CPZ was then distributed to each of the central ASAM zones.

TheseFWPP assumptiongere used alongsidéhe TELM0S18 EmploymerbrecastgZonal

Jobs) for 20180 estimate the overall parking capacity available withé&eh 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. Thisasispusedo reviewthe
modelling hasan appropriate balance afupply and demand at the zonal lewald ensure
relevantovercapacity issuegrerepresented. The totahodelledcapacity of free workplace
parkingincludedwithin Aberdeen City Centre was 7,882 spaces.

FWPP Calibration

TheASAMI9FWPP outputs areummarisedn Table 93andalsoincluded in AppendiX. This
shows the estimated FWPP capacity for eaCRZ area (i.e. groups of model zonds} rate
of parking spaces per job (dependent on area), and the modphlekingoccupancy.

Table 93FWPP Occupancy withidberdeenCity Centrg(Spaces/Vehicles)

Inner CPZ . 3169 3103 2679 502 98% 85% 16%
Outer CPZ 0.18 2957 2021 1879 329 68% 64% @ 11%
Peripheral CPz  0.19 1038 534 512 97 51% 49% @ 9%
. fFALAS 060 359 138 135 23 38% 38% 6%
Albert Quay 1.09 359 138 135 23 38% 38% 6%

Total 7,882 5934 5341 973 75% 68% 12%

12.5.2 The modelled occupancy demonstrates that FWPP in the Inner zones are 98% occupied at the

end of the AM Peak time period (10:08ith occupancy reduaog to 68% for Outer zones,

and 51%for the Peripheralocatedzones. Parking occupancy reduces throughout the Inter
peak, and  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.

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update  GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 209 29¢



SVYSTIA

12.5.3 For zones where the number of commuter vehicles are in excess of capacity, excess motorists
gAftft 0S F2NOSR (G2 SAGKSNI OKIy3aS Y2RS «k RSa
represented within the parking distribution modelling.

12.5.4 The modelled occupancy withikberdeercity centre generally align with expectations across
the three time periods with parking spaces within the core inner city centre area being
(almost) fully utilised at the end of the AM peak, and with occupancy / capacity issues
reducing throughout the dayi.e. reflecting a key assumption that where businesses choose
to purchasecity centre office space whighrovide free workplace parking spacése spaces
are generally fully utilised by employees

12.5.5 Users should note thiémited availabilityof observedprivate nonresidentialparking data and
therefore the uncertainty associated with FWPP parking capacity immudsvalidation of
occupancy levelsThe data sets available are also now quite dated, and may not represent
new parking or changes to parking supply associated with new developméhtese data
limitations should be considered during model application and as part of future updates
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13. PARKIN®ISTRIBUTION

13.1 Introduction

13.1.1 This Chapter discusses the parking distribution model, describing the inputs, processes,
observed data sets and level of calibratechievedwithin ASAMO.

Overview

13.1.2 Demand moded are primarily based on either absolute or relative changes in travel cost
between locations and do not typically consider a direct constraint which often occurs in
urban centres where there is not actually sufficient parking in place (in specific avediow
travellers to park at their ultimate destination or first choice of car park.

13.1.3 In practice, many motorists choose to drive to alternative nearby locations and walk the rest
of the way to their final destination. Parking Distribution is an approach to represent this
response, primarily where people must park nearby and cover theofaheir trip by foot. It
also provides more detailed parking costs into the demand model and informs further
alternative responses of mode and destination choice.

13.1.4 TheASAMJOI 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 withinAberdeen City Centre The process also provides parking capacity
restraint, (with higher costs attributed as car parks reach capacity) and therefore addresses
the impact that parking availability has on travel choice.

13.1.5 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 wiberdeencity
centre controlled parking areas. These trips are then assigned to specific car parking zones.

13.1.6 Parkingdistribution modelling is applied using simple tours across all time peri{ads
representing city centre parking distribution and capacity for simple from home and to home
tours, and therefore excluding more complex Aloome based trips). This approach is a
simplification of complex tour behaviour and considered appropriaté 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 carlpasage, as motorists are less likely
to choose to park/pay at more than one city centre car park

13.1.7 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 parkinghich are represented within thaSAMFWPP modelling

13.1.8 The parking modellinépllows the same processes as applied in TCRTMeASAMparking
model represents:

° Car parking capacity, charges and occupancy at specific car parks or groups of car parks,
coveringAberdeencity cente;
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° Distribution choice between car parks, with a search time cost mechanism applied if
car parks are nearing capacity;

0 t NPGARSa& T2NJ I &EsBagt parking avea2avolind thé pRripfeiyiBeS 2 v
city centre; and

° Segmentation of compliant and nasomplaint vehicle fleets.

13.2 Parking Coverage & Observed Data

Parking Distribution Coverage

13.2.1 The geographical coverage of tAberdeenparking distribution model is shown Figure 27
The zone numbers and locations used to represent specific car parks (or groups of car parks)
are highlighted The 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.

13.2.2 There is also a band of free on street parking includethécity centre model, which
represents areas of free parking just outwith the controlled areas (where motorists could park
for free and walk to their final city centre destination). These areas are not included in the
fAad 27 WFAYI  REiimbsf bfilrdeafking @reaSateQrbludediwithih
the coverage maps.

13.2.3 Large car parks areepresentedas separate model zones. Some smaller car parks are
combined with other car parks within similar areas of the city ceatré are represented by
a model zone The list of car parks and parking attributes, (including parking type, capacity
and calculated parking charge per hour) for thigerdeencity area are described ifable 94

Parking Occupancy Data

13.2.4 Observed parking occupancy dataAdrerdeeroff street car parks wgsrovided by Aberdeen
City Council for March June 2020 Only the fiveday average occupancy for March 2020 was
used to create ASAM19 observed data comparisdtes avoid data being impacted by
subsequent Covid19 lockdowngjhe survey providedourlydata for the following car parks:

Denburn

Bon Accord; Loch St
Bon Accord; Harriet St;
College St;

West North St;

Trinity Mall; and
Gallowgate.

O O O o o o o

13.2.5 Foroff streetcar parls where norecentobserved data was availablegccupancy data from
the previousASAM14 was utilisedThis covered the following car parks:

Chapel St & Summer St;
Union Square;

IQ car park;

Ship Row; and

Frederick St & Virginia St.

© ©o o o o
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13.2.6 A factor to convert the ASAM14 occupancy values to be in line with the 2020 observed data
was determined by finding the difference between the two datasets at common car parks
(e.g. Denburn, Bon Accord, etc). The factors applied wEfe8% for the AM timgperiod,
and-23.5% forthe IPtime periodand-30.8% for PMime period The & Peakoccupancy
was calculated at5% ofavailablecapacity (basedon % occupancy for this time period cdir
parks where data was availahle2020).

13.2.7 On street parking occupancy data is more limited, with the only survey available reflecting an
on street parking beat survey undertaken along Queens Terrace and Rubislaw terrace during
2011 at 09:30(inner central locations, Aberdeen City Council Parking Strategy Report
(08/08/2011). The survey indicated that 122 spaces were occupied out of a total of 176
spaces, recording a 69% occupancy.

13.2.8 This 69% occupancy figure was used as the basis for the on street parking occupancy
assumptiondor the central CP2as follows:

o Inner Central: 85% AM Peak, 95% Inter Peak;
o Outer central: 70% AM Peak, 80% Inter Peak; and
o Peripheral: 50% AM Peak, 60% Inter Peak.

13.2.9 The PM Peak and OP occupancy figures were calculated based on the observed 2020 data.
The observed PM was 66% of the observed IP and the observed OP was 28% of the observed
IP. This results in the followingccupancyassumptions for the PM Peak and OP:

o Inner Central: 63% PM Peak, 27% OP;
o Outer central: 53% PM Peak, 23% OP; and
° Peripheral: 40% PM Peak, 17% OP.

13.2.10 These assumptionsere applied to the on street capacity figures for the @Pderive the
targetoccupancy figurefor each zone

13.2.11 Six free peripheral zones were created for ASAM19, coverinGdugh, Souttvest, West,
Northwest, North, and EasOccupancy figures were derived the same way as the CPZ, by
applying factors to the capacities as follows:

° Peripheral free67% AM Peak, 83% Inter Peak¥6BM Peak, 426 OP

13.2.12 A full, consistent andecent coverage of parking occupancy data was unavailable during the
development of ASAM19, and therefore best use has been made of available datsui@
an appropriate representation of parkingtine base year modellingThese data limitations
should be considered during model application and as part of future model updates

Parking Capacity & Pricing Data

13.2.13 ASAM19 retained the capacities used in ASAMA8ff streetand on streetar parlsas (paid
for) availableparking supply in the city centre was believed to remained consistent between
20142019

13.2.14 Parking pricefor on and off street car parkingere collated from web based pricing searches
and calculated into a set of hourly charges for each car park, mostly dividing through by a 4
hour average stay to calculate hourly prices (as car parks do not have consistent hourly/timing
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charging structures). Where car parks wegpresentedas groups, an average price across
the relevantcar parks was applied for the model car park zone.

13.2.15 Free parkingzonesaround the periphery of the city centrevere allocated aconsistent
capacity of 180 spaces each and a nominal parking charge difeftacting that motorists
may need to pay from timéo-time if unable to find a free space)

Table 94AberdeenCity Centre Car Park Attributes
Car Park

Type Zone Charge per | Capacity
R hour (veh)

Chapel St & Summer St Off Street 986 £1.25 542
Denburn Off Street 987 £1.10 326
Bon Accord Loch St Off Street 988 £1.10 770
Bon Accord Harriet St Off Street 989 £1.38 400
College St Off Street 990 £1.38 500
West North St Off Street 991 £1.10 160
Trinity Centre Off Street 992 £1.45 400

Union Sq Off Street 993 £1.38 1200
@) Off Street 994 £1.38 260
Ship Row Off Street 995 £3.38 365
Frederick St &/irginia St Off Street 996 £1.25 196
Gallowgate Off Street 1010 £1.25 138
A + C= Inner CPZ On Street 997 £3.30 99
B + E= Inner CPZ On Street 998 £3.30 233
F + G= Inner CPZ On Street 999 £3.30 58
H = Outer CPZ On Street 1000 £3.00 282
J = Outer CPZ On Street 1001 £3.00 403
K = Outer CPZ On Street 1002 £3.00 43
P + N= Outer CPZ On Street 1003 £3.00 373
L = Peripheral CPZ On Street 1004 £1.00 270
M = Peripheral CPZ On Street 1005 £1.00 185
T = Peripheral CPZ On Street 1006 £1.00 112
V = Peripheral CPZ On Street 1007 £1.00 168
W = Peripheral CPZ On Street 1008 £1.00 119
X = Peripheral CPZ On Street 1009 £1.00 472
South(Free) Peripheral 1011 £025 180
Southwest (Free) Peripheral 1012 £025 180
West(Free) Peripheral 1013 £0.25 180
Northwest (Free) Peripheral 1014 £0.25 180
North (Free) Peripheral 984 £0.25 180
East(Free) Peripheral 985 £0.25 180

Total (Off street and On street only) 8,074

Total 9,154
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Figure 27. AberdeenCity Centre Parking Distribution Coverage

13.3 ParkingDistribution Inputs

13.3.1 The inputs to Pdisprocessare the cardemandtrip matricesfrom Mode and Destination
/| K2A0S 0. dzaAySaas 20KSNJ YR NBGANBR (NI} @St
Free Workplace Parking model. These are represented for each simple tour.

13.3.2 In addition a csv file is used to input the coveragetlud city centre parking modetetailing
the car park zonesjumber of spaces available at each specific car park, zbe@associated
parking chargeand catchment area The structure of this file is definedTable 95

Table 95Parking Distribution Site File Structure

FIELD UNITS DESCRIPTION

Ref N/A Sequential ID (1+ for number of sites)

Zone N/A Model zone identifier (Car Park Zone)

PCharge £ per hour Average hourly parking charge for car park zone
Capacity Vehicles Number of parking spaces in a parking zone

AM/IP / PM Generalised Time period attraction factor for each car park zone,

OP_Atr Cost applied to calibrate base year level of parking trips
Origins Zone Catchment#ull list of demand model zones960)
Destinations Zone City Centre Parking Distributi@matchment(List of

AberdeenCity Centre Demand Model Zonasly)
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Parking Duration

13.3.3 The tour modelling also requires information setting out the duration of parking stay for each
tour, which is used alongside the hourly charge to calculate the relevant overall parking
charge foreach tour between time periods.

13.3.4 The parking durations have been taken as the average amount of parking time spent for each
tour, and have been derived as:

° The difference between the middle of each peak where duration spans across time
periods;

° Half ofthe overall time period time for intra time period parking. So 1.5 hours where
motorists arrive and depart within the same AM/PM peak time period, and 3 hours for
parking within the inter peak;

° For OP, only an additional 1.5 hours is assumed to reflect that generally parking is not
charged overnightA one hour duration is assumed for short trips within the evening

13.3.5 Tour durations are described frable 96or each of the 16 tours.

Table 96.Parking Distribution Tour Durations: Hours (Calculation of Parking Charges)

TIMEPERIOD AM IP PM OP
AM 15 4.5 9 10.5
IP 0 3 4.5 7.5
PM 0 0 15 4.5
OP 15 6 10.5 1

Parking Distribution Parameters

13.3.6 There are also a number of parameters stored within a text file located in {Catalog
DirfParam$PDist_Params.txt, which includes definitions providedahle 97

Table 97Parking Distribution Parameter Values

PARAMETER DESCRIPTION DEFAULT VAL

Occupancy Average car occupancy for PDist users 144
Gradient Gradient for the search time function 0.15
: Value of Time used across all uskrsses for 1287

Value of Time . ; : . ,
calculating parking charge (for site choice only (Commute)
Alpha Weight applied to car costs 1
Gamma Weight applied to walk costs 1
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Grad_Start
PDist_MnST

PDist MaxST
PDist_ChurnUplift_AN
PDist_ChurnUplift_IP
PDist_ChurnUplift_PM

PDist_ChurnUplift_ OF

SVSTrA

Spread parameter for the logit model
Starting point for the search timinction
Minimum car park space search time

Maximum car park space search time

W/ KdzZNy QY ! LIXEATFG 2F aA
users entering and exiting car parks and

effectively providing additional available space:

within a time period
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13.4 Parking DistributionFramework

13.4.1 Parking distribution sits within the choice model. The position of the choice model within the
overallASAMstructure is illustrated ifrigure 28 Parking distribution is situated within the
choice modelling framework illustrated withkigure 29

Model Setup

Road
Assignment

Trip End

. PT Assignment
Integration

Active
Assignment

Initialisation of
Costs and Trip
Ends

Assignment Convergence
Choice Model g . [V, g ,[
Matrices Monitoring

Forecast

Cost Derivation
Costs

Figure 28. ASAM19 Overall Model Structure

Choice Model: Overview

From: Average
Costs (Loop 2+)

Tour-Based
Demand Model

Free Workplace
Parking

Park & Ride

One-Way
Demand Model

User Class Parking Parking
Aggregation Distribution Constraint

Tour
Aggregation

Special Zones

To: Road
Assighment

Assignment
Preparation

To: PT Assighments

To: Active
Assignments

Figure 29. Demand Model: Choice Model Structure
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13.4.2 The choice model uses trip ends and travel costs to develop assignment demand matrices.
Matrices are then assigned to calculate skimmed travel costs. These skimmed road, PT and
active travel costs are converted into generalised costs which inform theadeémmodel.

Road costs are uplifted with parking charges and any additional parking search time costs
considered through parking distribution.

13.4.3 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.

13.4.4 The choice model undertakes a mode and destination choice based on an average modal
travel cost and this produces a series of origin destination trips by tour and main mode.

13.4.5 The free workplace parking mechanism then identifies the number of commuter motorists
that have access to a free parking spot and therefore should not consider a parking cost in
their mode choice. These motorists are set aside and assumed to be fixethanibint of
aggregation, while all other car users are passed through a secondary mode choice which
includes parking costs. PT and active travellers are similarly fixed until aggregation, while the
car travellers enter the parking distribution modeldetermine car park choice.

13.4.6 Therefore the trips that enter the parking distribution model are representative of:

° Car end to end trips, with the trip terminating at their ultimate choice of destination
(place of work for instance); and

° Each tour, so reflect a time of day choice, duration of stay, and order of arrival
inherently.

13.4.7 The parking distribution model produces a combination of road and walk trips by
intermediate (car park zone) destination/origin. Itis also used to adjust the average road cost
to represent any extra charges, changes to search time and any additionaletijnieed to
complete their journey (on foot and driving to a car park).

13.4.8 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 desiiim is not added
to any of the assignment matrices.

13.5 Parking DistributionProcesses

13.5.1 The Parking Distribution model can be considered as a number of simplified stages, with
interactions between each component as showirigure 3Q0and discussed further below.

Preparation

13.5.2 The preparatory stage simplifies the number of calculations required by combining travel
purposes. While it is recognised that each travel purpose perceive values of time differently,
and therefore might respond differently to the various parking choitles,sheer scale of
individual travel purpose calculations would lead to extensive model runtimes (particularly as
the ASAM .9 modelis also segmented for compliant and rnoompliant vehicle fleets).
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13.5.3 Therefore, a single cost set was calculated and applicable to all parking demand, thus reducing
the calculation steps by a factor of four. Note that the parking model is set up to recognise
compliant and norcompliant emission categories, and thereforestrect access to relevant
car parks for norcompliant vehicles.

13.5.4 Car demand is therefore aggregated into two sets of parking demand by tour (compliant and
non-compliant vehicles), and also derives a proportion of trips by travel purpose for each
initial OD pair so aggregated parking demand can be segmented into tnanpelges at the
end of the parking processes.

Required Costs

Aggregated
Road Demand

Parameters

Road Costs

Input Road Yes
Demand

Legend @
Costs to
Non-car

10

Matrices of
allocated
trips by site

Demeand

Car
DEMELD]

Excess road
costs

Revised road
demand

Walk Legs

i

Figure 30. Parking Distribution Model Stages
Loop Initiation

13.5.5 As noted inFigure 30 parking distribution uses a looping mechanism to consider all the
outbound time periods, and therefore on the first pass certain files and assumptions need to
be in place. These include:

0 Initial site demand by tour (set to zero for all sites to imply nobody is parking there);
0 Initial unallocated OD demand by tour; and
0 An initial site file which includes no search time at any site and zero demand.

Derive Demand by Outbound (From Home) Time Period

13.5.6 The majority of calculations take place to derive parking demand. A flowchart of the
processes involved is shownhkigure 31
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Figure 31. Parking Distribution Demand Derivation

13.5.7 Figure 31shows the key inputs and outputs that transfer between processes. The grey data
indicates required items for initiation, which are subsequently overwritten as the model
progresses through loops. The model loops through all outbound time periods in alaley,
with parallel processes calculating return home tours.

13.5.8 The model runs through a number of iterations until a stopping criteria is met within each
outbound time period. This establishes the total number of spaces available and demand at
car parks at the end of the outbound time period, before moving on toutatie demand for
the next time period

13.5.9 The initial logit calculation sums the total demand for each car park and availability of spaces
for the next time period. The secondary logit calculation calculates demand as OD pairs.

13.5.10 The logit calculation seeks to proportionally allocate trips that wish to park at an ultimate
destination to intermediate parking spots dependant on availability and cost. The
mathematical framework behind these decisions is laid out further below.

13.5.11 Once the initial logit calculation has been undertaken and the demand is known for each site,
this is compared against the available spaces. The available spaces are a running total of the
number of spaces left when demand has been taken up. Availablbily changes
throughout the day and is one of the benefits of modelling tours (where the model has a
better understanding of how many spaces are still available).

13.5.12 The specific tour demand that access parking spaces during a time period along with which
specific tour demand still occupies a space at the end of a time period is shdvablz 98
Note that it is assumed there is no demand occupying spaces at the start of the AM period
i.e. no overnight trips or early morning tours (@P and OfAM,IP,PM tours). Saccupancy
starts at zero at 0700, for car park occupancy and search time cost calculations, but OP to AM,
IP, PM tours are segmented to create parking leg movements for assignment.
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Table 98Tour Demand Impacts on Time Periods in Parking Distribution

Demand Seeking Access at beginning of Demand at End Of Time Period
Time Period

TP\ TP AM IP PM oP TP\ TP AM IP PM oP
AM 1 2 3 4 AM 1 2 3

P 5 6 7 8 P 5 6 7 8
PM 9 10 11 12 PM 9 10 11 12
(0] 13 14 15 16 oP 13 14 15 16

AM ¢ grey fill, IP¢ blue fill, PM¢ orange fill, OR; green fill

13.5.13 Demand is compared against the number of spaces, and where vehicles exceeds available
capacity only @roportion of motorists can actually find a space. It is assumed that every trip
has equal opportunity to access available spaces, regardless of origin/destination.
Consequently, the proportion that access a space is derived as:

. R n e e e s DD O QANRHEHEN |
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13.5.14 The secondary logit calculation undertakes similar calculations for both car and walk trips
(representing the legs travelled between the parking spot and the ultimate destination). This
also considers the proportion of travellers that get access so tiebtverall demand cannot
exceed the number of available spaces. Demand at this point is split into:

° Frozen trips, who found a parking space and no longer have any decisions; and
° Unallocated trips, who did not get access and thus continue through to the next round
of parking distribution.

13.5.15 Frozen trips are summed across multiple loops in a running total, so in practice the frozen
trips increase on every iteration as more and more travellers are allocated a parking space
and removed from the system. The number of unallocated trips reducey evend until a
specific convergence criteria is met.

Stopping Criteria
13.5.16 The stopping criteria for the parking distribution model arda®ws:

0 There is no remaining unallocated demand;
0 There is no available capacity; or
0 A maximum iteration number is met (defined by a catalog key).

13.5.17 The first criteria can be seen as the system converging, as all demand has been allocated to a
suitable parking space, and is the most desirable outcome.

13.5.18 If there is no availablparkingcapacity remaining, then the maximum levepafkingdemand
is allocated and therefore running further loops would not be worthwhile. As the parking
model includes representation of free @treet parking just outside the controlled parking
areas,the model isthought to have sufficient capacity for this criteria not to occdrhis
assumption may need to be revisited if a very large increase in future city centre car parking
were to occur.
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13.5.19 As additional motorists choose to use these more peripheral spaces, drivers would be
allocated a longer walk time, with this additional cost passed back during the next loop of the
mode choice model, which would in turn redugarkingdemand.

13.5.20 The maximum loop number is included to stop the model from becoming stuck and should
be set to a reasonably high numbaiithin the base year the parking distribution model has
met one of the other two criteria within five loops and therefore the default of 5 is considered
appropriate.

13.6 Mathematical Framework of Logit Calculation

13.6.1 Alogit 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 loqmn thefirst loop all zones are considered,
but on subsequent loops and time periods, zones which are at capacity will be removed from
the choice set.

13.6.2 Utility in this element of the model is defined as:
Y s Y 7 YYQa @i "QQ
13.6.3 Where:
% s Is the utility for trips between i and j via site s;
'Y is the road cost by tour (road skims only) origin i and site s;
@ is the walk cost by tour to travel between site s and destination j;

“Y"Y'Qis e search time in generalised minutes based on occupancy defined; and
0@ i "@he personal charge.

13.6.4 The personal travel charge is defined as:
O Q@ 00 Q61 O TCHEOEHD O Y

13.6.5 Where:
06 is the parking charge for site s in pounds per hour;
Q61 was'the kngth of stay as defined by the tour duration grid;
0 wi®the occupancy factor; and
@ U 'i¥ the value of time.

13.6.6 To derive a proportion of trips which use an intermediate parking site to travel between two
zones, the following formula is used:

V) s T

13.6.7 Where:
0 s Is the proportion of trips between i and j via site s;
_is the spread parameter for Parking Distribution; and
“Yis the available choice set of sites.

13.6.8 The proportions summed across all sites is equal to 1, so no trips are lost in this mechanism.
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13.7 SearchTimeCost Function

13.7.1 Within the looping procedure of Parking Distribution, the car parking search time is
recalculated on each iteration to reflect the latest occupancy. This is defined by:

YOS T G T D & D 00 i .20 R0l D
® P onp O D

13.7.2 The values foMAX "Oi &aRd "Oi ‘@ are provided in the Pdist Params file and the
capacity ¢ w)nis defined within the input car park site file. The range of search time
generalised costs produced by this function are showFiguire 32

13.7.3 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 (OPOP and OAM,IP,PM). So occupancy is set to zero at 070Q;dstr calculations.
/LI OAde A& AYyONBIFASR o0& I aOKdzNyé¢ FILOG2N G2
users exiting and exciting car parks within an actual time period.

Car Park Search Time Cost & Capacity
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Figure 32. ASAM19Search Time Function (Default Parameters)

13.8 Aggregation of Parking Trips & Parking Costs

13.8.1 Theggregation of trip§rocess expands the OD parking trips (which are now set out by car
and walk mode leggravelling 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 assignmen
by travel purpose.

13.8.2 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. altéris 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 antdor forecasting.

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 224/ 29¢



SVYSTIA

13.9 Parking DistributionCalibration
13.9.1 This section describes the calibration of thieerdeenparking distribution models.

13.9.2 Car park usage data is output frdh$AM.9 as a set of person trips for each car park and tour.
Modelled person trips are factored by a value @f4l{(occupants per vehicle) to create vehicle
usage / occupancy statistics for each car park. The tour proportion assumptions to compare
demand for each observed data sets are as follows:

° AM Peak 100083%Toursl, 2, 3,4

o Inter Peak 130063% Tours,3,4,5,6,7, 8

° PM Peak 160063%Tours 3, 4, 7, 8,11 12

° Off Peak 1900: 34% Tours 4, 8, 12, 13, 14, 15, 16

13.9.3 TheASAM1Salibration comparisons (and over capacity / search time mechdmisgrset up
to incorporate all (tour) users that mayotentially use a car park within a time periodA
GOKdzNYy ¢ FFOG2N) Aa |LILXASR (2 dzLJ AFO LI N] Ay 3
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 exeessarch times when
free parking capacity is likely to be available.

13.9.4 The Churn uplift factors (described Table 97 were derived through undertaking several
iterations of parking modelling, and evaluating the overall level of parking occupancy and
associated search time costs. A balance was achieved that reflected observed occupancy,
during each time period, whilst praling an appropriate (and neexcessive) search time at
busy city centre car parks.

Modelled Car Park Occupancy

13.9.5 Table 9escribesthe overallcar parkvehicle occupancy comparisons. The table conmpare
the total occupancy across all (paid for) off street and on street car parks within the controlled
areasandW ¥ NB S Q LIS NAredk Betailetl compalisbns f@ath set of car park types
andindividual car parks is describadAppendixJ.

Table 99Aberdeen City Centre Car Parking Occupancy Comparison (Pésticles)

TOTAL CAR PARKING PARKING AM PEAK | INTER PEAR PM PEAK
OCCUPANCY CAPACITY 1000 1300 1600

Observed 9,154 4,681 5,699 3,772
ASAM19 9,154 5,029 5,952 4,345
Difference 348 253 573

%Difference 7% 4% 15%
Occupancy Observed 51% 62% 41%
Occupancy ASAM19 55% 65% 47%
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13.9.6 The comparisons show thafSAM9 generates anAM occupancy level of aroun8,000
vehicles across all car parks, whisAround7%higherthan observed levels (&@5% modelled
occupancy against an observed occupanc$¥f). The modelled Inter Peak occupancy is
around4% higher than observations, and the PM peak arolibhigherthan 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.

13.9.7 These comparisonsuggestthat the Aberdeenparking distribution modelling containa
slightly higheltevelof parking tripscompared tosurveydata, but is genetdy in-line with the
overall magnitude of city centre parking activitVherefore the parking calibration achieved
is considered reasonablend reflective of model form and associated simplifications and
generally supports the application of parking functionality. Due to data limitations and
associated calibration, there will be less confiderne parking outputs at the disaggregate
individual car parkkevel and users should consider carefully detailed outputs during model
application

13.9.8 The parking model performs two main functions:

° Allocate an appropriate level of road trips to specific car parks; and
° Feedback parking costs and search times into the demand model.

13.9.9 Anoverestimate of car parking levels will impact the calibration of specific car park un#ge,
may not necessarily impact road model flow calibration, as these motorists may be accounted
for through norhome based trips (nesimple tours) or external travel, which are not
included within the parking distribution modelling

13.9.10 Parking costs informing the demand model will be higher during the Inter Peak when car parks
are shown to be at their fullest. The Inter Peak modelling shows a relatively good level of
comparison to observationéwithin 4%) indicating an appropriate balance of demand to
undertake parking search time cost calculations.

13.9.11 The Parking distribution modelling is based on a consistent set of touogiops as used in
the main demand modelling. Using these tour proportions for city centre modelling can make
it more challenging to match observed targets, as tour proportions determine the level of
overall parking between time periods. Whereas city cennotorists, particularly when
paying an hourly charge, may be inclined to park for a shorter period of time and minimise
the parking cost (compared to modefde average tour gportions).
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TRIP END MODEL

Introduction

This Chapter documents the ASABArip generation model structure, processes and data
sets which is developed to inform the following outcomes:

° Calculation of all modes trip ends fronELMoS18planning data inputs;

° Extraction of external trips from the higher level TMfST@#onalmodel,

° Construction of base year trip matrices for light and heavy goods vehaclds;
° Forecasting goods vehicle trips from TELM®Sommodity matrices

¢CKS !'{!lamd ¢NALI 9YR &iNHzOG dzN&S ergy Qif NdkRL33AP  dzLORK AdiAS
models from and to home trips and parameters separately to provide a more detailed
representation of trip direction within each modelled time period.

TELMo0S18A Planning Data Sets

For ASAM19he planning data inputs which trip ends are derived from are supplied finem

new TELMoS18Aersion Transport and Economic Lande Model of Scotland These
containthe standardhousehold, population, employment and car availability ddmat also

now includes workers by type, detailing those than commute, work remotely and quasi
workers. The new data forms the basis of both 2019 base and forecast year modelling and is
explained further below. TELM0S18A planning éatarovidedand inputusingthe ASAM9

zoning system.

Remote workers are the proportion of working population that mainly work at home, and
therefore do not produce a commuter trip. Quasi workers are those that do not tend to have
a fixed place of work.

Time Periods

The demand model requires 24 hour trip ends whachused to define travedctivity for four
different time periods:

° AM Peak (07:0Q 10:00);

0 Inter Peak (IP, 10:0016:00);

0 PM Peak (16:09 19:00); and

0 Off-peak (OP, 19:Q007:00).

This group of time periods represent the main variations in travel throughout a typical
weekday, with the main commuter periods covered separately, including the peak shoulders.
The inter peak is represented within one time period. Thepe#k period overs travel
within the remainder of the day, and ensures the whole of a typical weekday is captured
within the trip end and demand modelling.

¢KS O2NB ¢NRALI 9YyR 2dziLJzia 6W5SYFYR az2RSft AyLX
GSKAOES IyR ¢a¥Ff{my! IIaaArAAyOSYLGIREOSAYI NBYR OB
period and are representative of an average peak hour. External andvgbirle processes

do not consider the off peak period as TMfS18A only covers a 12 hour time period.
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Travel Modes
14.1.8 TheASAMdemand model contains a mode choice which considers five distinct modes:

Car;

PT;

Park and Ride;
Walk;and
Cycle.

© ©o o o o

14.1.9 The trip ends produced by the trip end model must therefore consider trips made by all these
modes, although does not need to distinguish between them in the final output.

14.1.10 The TMfS18A assignment inputs are representative of only two motorised modes, road and
PT. Park and Ride is also considered as two separate legs, which are incorporated when
deriving external matrices. TMfS18A does not consider walk or cycle in any a$psct
modelling.

Tours and Trip Types

14.1.11 Fundamental to the derivation of trip ends in thlisuctureis an understanding of how tours
are modelled, with a tour considered as any set of trips which begin at home and end at home.
The ASAM demand model therefore requires trip ends which detail the following levels of
tours and trip making:

Simple tour From Home productions;

Simple tour From Home attractions;

Oneway (nonsimple tour) from home origins;
Oneway (nonsimple tour) from home destinations;
Oneway (nonsimple tour) to home origins;
Oneway (nonsimple tour) to home destinations
Non home-based origins; and

Non home-based destinations.

© 0O 0O o o o o o

14.1.12 The Wimple To Hom@8evels of tripmakingare derived in the demand model based on the
simple From Home trips

Demand Segments

14.1.13 The ASAM demand model disaggregates total travel into particular traveller types in order to
more robustly model the choices they make, and the trip end model is the first stage of
defining the different types of traveller. Six travel purposes are corsitle

Homeo  aSR SYLJX 28SNNR& o6dzaAySaa 69atovT
Homebased commuters (COM);

Homebased other (OTH)retail, leisure, tertiary education, escort to education;
Homebased education (EDd)Primary & Secondary Pupils;

NonHomedo I 8 SR SYLX 28 SNNa odzaAaAySaa obl.9.0T
Non-home-based other (NHBO).

O O o o o o
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14.1.14 Other here isconsidered a catchll for any purposes which do not specifically fall into the
other three categoriegi.e. representing other retail, health and leiswtiscretionary trips)
and notably contains escort to education, meaning that education trips solely consider those
made by pupils travelling to primary and secondary schools.

14.1.15 As well as travel purposes two different economic statuses are accounted for, retired and
non-retired.

Travel Demand Segments

14.1.16 Finally, the tours and trip types are used to disaggregate travellers to allow the subsequent
stages of the modelling to identify the type of traveller being discussed.

14.1.17 Table 100provides a summary for how each different purpose, s@onomic status, car
availability segment, and tour/trip type are considered to create demand segments.

Table 100. Demand Segment Correspondence

REF PURPOSE RETIRED STATUS CAR AVAILABIITY Tour/TRIP TYPE

1 EMP Non-Retired All Simple From Home
2 COM Non-Retired Car available Simple From Home
3 COM Non-Retired No car available Simple From Home
4 OTH Non-Retired Car available Simple From Home
5 OTH Non-Retired No car available Simple From Home
6 EDU Non-Retired Car available Simple From Home
7 EDU Non-Retired No car available Simple From Home
8 ALL Retired Car available Simple From Home
9 ALL Retired No car available Simple From Home
10 EMP Non-Retired All Oneway from home
11 COM Non-Retired Car available Oneway from home
12 COM Non-Retired No car available Oneway from home
13 OTH Non-Retired Car available Oneway from home
14 OTH Non-Retired No car available Oneway from home
15 EDU Non-Retired Car available Oneway fromhome
16 EDU Non-Retired No car available Oneway from home
17 ALL Retired Car available Oneway from home
18 ALL Non-Retired No car available Oneway from home
19 EMP All All Non-home-based
20 Not EMP | All Car available Non-home-based
21 Not EMP | NonRetired No car available Nonhome-based
22 EMP Non-Retired All Oneway to home
23 COM Non-Retired Car available Oneway to home
24 COM Non-Retired No car available Oneway to home
25 OTH Non-Retired Car available Oneway to home
26 OTH Non-Retired No car available Oneway to home
27 EDU Non-Retired Car available Oneway to home
28 EDU Non-Retired No car available Oneway to home
29 ALL Retired Car available Oneway to home
30 ALL Non-Retired No car available Oneway to home
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14.2 Trip End Structure & Components

14.2.1 The trip end model contains several components within an interconnecting system capable
of producing consistently formatted outputs from consistent inputs. Components include:

Initial trip ends;

Road subarea;

PT subarea;

External PnR;

Goods vehicles;

Final trip ends;

Add-in matrix creation; and

Special Zones (for any unique forecasting scenarios where further fixed demand is to
be included into the adih matrices).

© 0O 0 o o o o o

14.2.2 These &ments are arranged as shownkigure 33wvhich highlights dependencies between
modules(i.e. where a module requires an input from a separate element rather than from
another inpu).

TELMoS8A

Sk 5t < Initial Trip Enc
TMfS:18,
LI=E 4 Road Subare —

Road Dat

!

< Goods Venhicle

4 Special Zon

TMfS:18,
PnRDate

) ‘ External Pn

Figure 33. Trip End Model Structure
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Inputs
The large range of model inputs can essentially be broken down into four different categories:

° Base year data which contains data from the base y&&kMmodel;

° TELMo$8Adata which definetternalzonal population, household, and jobs land use
data, and details worker type (i.e. remotaxd Quasi workesand those thacommute)

° TMfS18A road data, which includeseadternaldata required from an existing TMfS18A
model run and allowsraroad subarea assignment process to be undertaken;

° TMIS18A Public Transport data, which includesesternal data required from a
TMfS18A run antbrmsa pseudesubarea assignment process for, Bid

° TMfS18A PnR data, which includeseaternaldata required from a TMfS18A run and
allowsrelevantPnR legs to be includedthin ASAM19

Outputs

The outputs are the final trip ends which reflect 24 hour internal trip ends by demand segment
and differentiated by simple and nesimple tours.

In addition, a series of time period specific assignmentiaddspecifying trips bgnode and
user class is produced, which accounts for trips which are not modelled within the demand
model.

Initial Trip Ends: Inputs, Trip Rate€ar Availability, Outputs

The ASAM demand model requires 24 hour trip ends representative of all mode travel and
disaggregated into appropriate demand segments. NTEM (Version 7.2) trip rates were
initially applied and adjusted through calibratida generate the overall level afbserved
travel activitywithin the North East area of Scotlandihe initial trip ends are then calculated

by applyinghese calibratedrip rates to the TELM0S18A planning data.

Planning Data

The major input to the Trip End Model is the planning data provided from TELIMOS
consisting of two files detailing population data and employment attraction data for a

¢9[ az2{my! HaAmMd F2NBOI dThese ®pulfioroahd® jpbs Bafa ndws W,

distinguish between those commuting, remote workers and quasi workers by modelled zone
(Quasi workers are those thdo not tend to have a fixed place of work).

Population data is available by 168 person categories, distinguished by 21 person types and
eight household types relating to car ownership. The person types are:

Children;

Males in full time employmentcommuting;
Males in part time employmentcommuting;
Females in full time employmentommuting;
Females in part time employmentommuting;
Males in full time employment remote workers;
Males in part time employmentremote workers;
Females in full time employmentemote workers;

© 0 0 o o o o o
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Females in part time employmentemote workers;
Males in full time employmeng quasi workers;
Males in part time employmentquasi workers;
Females in full time employmentjuasi workers;
Females in part time employmentjuasi workers;
Males nonworking;

Males retired;

Females nosworking; and

Female retired.

© 0 0 0o o o o o o

14.3.4 In addition the following person types arecladedwithin the TELMo$opulation dataset,
but are not usedwithin the calculations of the ASAMIBip End model (these data are
superseded by the more detailed remote and quasi worker categories)

° Males in full time employment work at home;

° Males in part time employmeng work at home;

° Females in full time employmentwork at home; and
° Females in part time employmentwork at home.

14.3.5 The household types are:

1 adult household with no Car;

1 adult household with one or more Cars;

2 adult households with no Car;

2 adult households with one Car;

2 adult households with two or more Cars;
3+ adult households with no Car;

3+ adult households with one Car; and

3+ adult households with two or more Cars.

©O 0O 0O o o o o o

14.3.6 The TELMdSBAactivitydata provides information on the number of households and various
types of employment, under 92 categories of land usehich for the purposes of thérip
Endmodel are grouped into the following categories:

Households;
Employment;
Agriculture and fishing;
Retail;

Hospitality;

Local financial;
Education;

Health and social services;
Services;

Industrial;

Business; and
Holiday.

© 0 0O 0O o O 0o 0o 0o o o o

14.3.7 Two employment files are used withintfép B/ R Y2 RSt @ ¢ KS W! +%b Q ORI
j dz yGdzy 2F SYLX2eYSyids FyR GKS Wil gQ ®0ag '
reduced number of jobs with working from honfremote worker)jobs taken into account.
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14.3.8 These base and future year forecasting files and activities are available from TEBADS
compatible ASAM9zone system, so there is no requirement to disaggregate further for input
to the regional modelling.

14.3.9 If deemed required, users can adjust planning data / activity levels within each XAk
to ensure new developments are located into the specific zone containing the development
site. Specific files for this purpose are located within the Trip End model inputs, and contain
several 2019 base yehase planning data adjustments. These are taken forward consistently
into the future year forecasting.

Trip Rates & Total Productions

14.3.10 A series of trip rates and attraction factors are stored as parameters. These are used to create
trip ends by multiplying the relevant planning data and trip rate.

14311¢2 Sy adaNBE O2yaraidsSyode gAldK (GKS 5F¢Qa bl A2yl
need to be expanded out to consider students separately. These are estimated as a
proportion of parttime workers and nosworking persons, with the proportions nsistent
throughout all model years. These proportions have been calculated on a zonal basis from
2011 Scottish census data for the base year and it is assumed these will be equally applicable
for forecast scenarios unless new assumptions are derived.

14312¢KS b¢9a NIriSa KIFI®S GKSy 6SSy FR2dzZAGSR G2 | O
(under ASANI9 purpose definitions) are only undertaken by children under 16; for all other
person types these trips have been transferredrie W h (i Ka&velfiurpose categoty

14.3.13 As trip rates are defined by one of eight area types based on degree of urbanization, model
zones were assigned to these area types according to NTEM geodata (as skiguner84
Figure 3sandTable 10). To allocate specific trip rates, each modelled zone is given a flag for
W NBF G(GeLSQ 4KAOK RSTFAYSAE 4gKAOK aSid 2F LINERRd:
area. It is not expected these identifiers would be changed within test scenarios, gifthou
they can be if requiredand would need to be considered for the use of spare zones during
forecastingb 2GS GKIF G ! NBF ¢eLlSa w2ySQ FyR Wig2Q I|N

14.3.14 Trip rates for the four homéased travel purposesere initiallyapplied 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. Remote workers were given a zero commuter and business trip rate
(reflecting that they mainly work from home), and the commuter and business trgpwais
subsequently increased to account for the proportion of remotekers (approximately +8%
uplift). A weekend adjustment was applied to establish trip ends for weekday trips only.

14.3.15 NTEM trip rates werghen adjusted in detail through calibratiado generate the overall level
of observedroad and PTravel activitywithin the North East area of Scotland’he trip rate
calibration phase included undertaking several iterations of trip end generation, travel matrix
synthesising and subsequent road and PT mode share and trip assignment volume
comparisons. Trip rates for each area type and travel purpose adjusted to generate trip
ends where the overall level of road and PT travelvégtgenerally matched urban and rural
levels of observed travel demand across each modelled time period.
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Trip Rate Forecasting

14.3.16 The use of trip ratesn ASAM19 forecastinig currently set upwith commuter trip rates
remairing stable over timeas future changes to the level of remote workare input using

the TELMoS18A planning datdowever, forecast yearip rates arecurrentlyreduced 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 represegmbtential changes to the level other types
of trip making (i.e. associated with retailgs / home deliveriegtc).

. City Centre
| Central Aberdeen

|:| Aberdeen Suburbs
| Rail Access and Aberdeen Periphery

|:| Rural Towns bus access

Rural

11/\ o

Figure 34. Production Trip Rate§eographicalrea TypeCategories
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Figure 35. Production Trip Rate§eographicalArea TypeCategoriegCentral)
Table 101. NTEM Area Typ€ategoryDescriptions

AREA DESCRIPTION NTEM DESCRIPTI( NTEM
AREA TYP

Aberdeen City Centre Metropolitan 3

Central Aberdeen Urban Big 4

Aberdeen Suburbs Urban Large 5

Aberdeenshire, Rural and good PT Access Urban Medium 6

SmallTownswith Bus Access Urban Small 7

Ruralc no significant settlementless access Rural 8
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CarAvailability

14.3.17 Car availability is used to distinguish traveller types as it lmmsiderablémpact on mode
choice. This is derived based on household car ownership contained in the TIBAMo0S
planning data and survey type. Future year changes in car availabiliéjsaieput through
the TELMoB3Ahousehold car availability forecasts

14.3.18 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 is applied based on the
likelihood that a car is available for a trip given a particulardetold car ownership category.

The underlying assumptions to convert car ownershigCao Available (CAV) antlon-Car
Available (NCA) include:

° If a household does not have any cars, there is no car available for any of the trips made
by members of that househol@nd the NCA proportion is therefore 100%

° If the number of cars per household is greater or equal to the number of adults in the
household, it is assumed to ha¥®0%car availabilityand the NCA proportion is zero;

0 Forthe remaining households, the proportion of trifisat aredeemedcar available is

dependent on purpose to reflect that in practice certain purposes will prioritise the use
of car over others A CA{(and NCAproportion istherefore applied if the number of
cars is less than the number of adults in the houselaaldiescribed iTable 10Zi.e.

2+ person, 1 Car householdsyhese figures are input for each zowithin an area

type.

14.3.19 The car availability likelihoods Trable 102are based on estimates and intuitive assumptions
relating to the importance of each travel purpose, and are expanded from earlier regional
modelling to vary by geography (with those in rural areas more likely to have access to a car
due to the lack of alteative modes). Business and commuter trips are seen as higher priority
than discretionary trips and the school run. In practice, car availability decision making in a
(1 car) household for competing purposes will likely involve far more complex arramgem
GKIFIG OFryQd o0S Y2RSttSR KSNBO® ¢KSaS I aadzyLd
reasonable split and all car available population is accounted for within the trip ends.

Table 102. Car AvailabilityLikelihoods: CAV Conversion Proportions
Coon ] or [ eou-
Aberdeen City Centre 77.5% 80% 67.5% 27.5%
Central Aberdeeigwithin Anderson Dr) 4 80% 82% 70% 32.5%
AberdeenSuburbs (Outwith Anderson Dr) 5 82 .5% 85% 75% 35%
Aberdeenshire, Rurdlowns &good PTaccess 6 82 .5% 85% 75% 45%
SmallTownswith Bus Access 7 85% 87.5% 77.5% 50%
Rural less accessible 8 90% 90% 82.5% 60%
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Total Attractions

14.3.20 NTEM derived attraction rates are applied to the planning data to produce relative attractions
for each zone for five specific purposes:

Homeo  aSR SYLJX 28SNNa odaAaAySaarT
Homebased commute;

Homebased other;

Homebased education;

Non-home-basedEmployers Business; and
Non-home-basedEmployers Other.

© 0O 0O o o o

14.3.21 Table 103rovides the attraction rates for each purpose and employment category applied
within the ASAM19 Trip End model. Home basttidctionrates are derived from NTEM 7.2
and adjusted based on road and public transport calibratomparisons(the education
journey purpose is defined as pupil trips to school).

14.3.22 Non-home based attraction rates are initially taken fraime earlier SRTM(and TCRTM
modeling), which originally derived these rates using mobile phone data covering the
Strathclyde area. As ndrome based rates are not differentiated by trip purpose, the split of
nonK2YS o6FaSR GGONIXOGA2ya 0SisSSy SyYlLifoAae SNDa
the homebased split for these two travel purposes.

14.3.23 Home based and nehome based rates were subsequently 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 subsequently eshetda
vary the attractiveness of certain activities. For example, Health attraction rates were
reduced (as some travel activity takes place outwith the typical weekday peak hour time
periods (i.e. visiting). Whereas the Retail attraction rate was aedlitb provide higher
attractiveness for many of the retail/leisure areas and improve the comparison with observed
traffic data.

14.3.24 The tendency for planning and trip ratiatato represent norhome based travel activities in
lessdetail generally increasauncertainty associated with the level of ndwome based trip
making when disaggregated at a detailed level. Using model outputs at a more aggregate
level would reduce this uncertainty.

14.3.25 Consideration should be given teviewing and potentiallyppdating attraction rates using
local data during future model developmenMPD would be one potential source for this,
but data would need to distinguish and fully capture trip activity levels, and MPD does not
tend to pickup shorter distance trip movements.

14.3.26 A further limitation relates to how some activity purpose types are currently combined into
0KS Wh GHenddwdebasedlbthefiravel purposes. This generally limits homavel
characteristicsassociated withcertain travel purposes (i.e. tertiary educatigrmealth and
retail) can be established in more detail.
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Table 103. Trip Attraction Rates by Travel Purpose

Households - - 3.10 - - 0.10
Employment 4.44 - - - - 0.72
Agriculture and fishing . 0.50 3.30 - 0.86 3.50
Retail - 0.46 36.00 - 0.86 11.50
Hospitality - 0.45 3.50 - 0.86 4.50
Local financial - - - - - -

Education (Tertiary) - 0.48 32.00 - 0.86 1.00
Education (NosTertiary) - 0.50 - 43.50 0.86 4.25
Health and social services } 0.43 27.50 ; 0.80 5.75
Services - 0.50 20.00 - 0.55 4.50
Industry - 0.55 - - 0.86 -

Business - 0.45 - - 0.40 -

Holiday - - 16.30 = - 22.90

Production & AttractionOutputs

14.3.27 The Trip End Model produces two tables which document 24 hour productions and attractions
for all modes (or in the case of omeay trips origin and destination). These tables are
disaggregated by the same demand segments as the demand model as destritzdalei
100.
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Non-Simple Tours: Hom8ased Legs

14.3.28 The Scottish Household Survey (SHS) was interrogated to establish the probability that a From
Home trip is a simple trip. This probability is applied to total productions to separate into

WA AYLIE S LINE R &G IVALZ ySa QINIRYRRIZOW YA 2(46 SHawndreabldilld @ S f
Table 104. Simple Tour Proportion By Travel Purpose
EMP 0.723
COM 0.866
OTH 0.855
EDU 1.0

14.3.29 For nonsimple productions, the SHS was used to establish the return rates for each outbound
purpose individually for retired and nenetired persons to allow an expanded set of trips to
be classified by both outbound and inbound purpose as well as whetieepersons were
retired or not (described ifable 105and Table 108.

Table 105. Non-Retired Return Rates By Purpose

e
Outbound Purpose Total
EMP 62.24% 10.49% 27.37% 0% 100%
COM 16.03% 7.48% 76.49% 0% 100%
OTH 0.20% 4.22% 93.76% 0% 100%
EDU 0.00% 0% 0% 0% 0%

Table 106. Retired Return Rates By Purpose

—
Outbound Purpose Total
EMP 0% 0% 100% 0% 100%
COM 0% 0% 100% 0% 100%
OTH 0% 0% 100% 0% 100%
EDU 0% 0% 0% 0% 0%
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14.3.30 A similar procedure was applied to the attractions, which waraled to overall production
levels to provide simple attraction levels and reimple homebased attraction levels.

Non-HomeBased Origins and Destinations

14.3.31 Having established the number of outbound trips which will result in ahmme-based trip,
the From Home destinations are multiplied by the average number ofhmone-based trips
ASLI NI GSte F2NJ SYLX 28 SNDa 0dzaAy S dhémebage® 2 G KSN
origins by purposeusing NHB rateas described ifable 107and Table 108.

Table 107. Non-Retired NonHomeBased Trip Rates

HOMEBASED PURPOS NHBEB RATE NHBO RATE

9YLX 28 SNR& o

Commute 0.37 1.35

Other 0.03 1.37

Education 0 0
Table 108. Retired NonHomeBased Trip Rates

HOMEBASED PURPOS NHBEB RATE NHBO RATE

9YLX 28 SNR& o

Commute 0 1
Other 0 1.2
Education 0 0

14.3.32 The nonhomebased destinations are then estimated by taking the NHBEB and NHBO
weights derived at the same time as the other attraction weights and scaling them to the total
number of internal origins.

14.3.33 The SHS data sets used to establish the above trip rates are described further in E8&ion
with the number of SHS records available describéithivie 125 Lower sample sizes tend to
be associated with business users, public transport, andhomme based trips

14.4 Road External Trips: Assignment Subarea Cordon

14.4.1 A considerablecomponent of road traffic demand withiASAMDO is associated with traffic
which originated or terminated outside the core demand model geographical area. To
incorporate these trips and subsequent impact to travel costs within the assignments, a
LINEOS&a A& dzaSR (2 | RR dimddelimatkeSsE TSI dntaigE RS Y | y
the ASAM19area and also has a wider geographical coverage across Scotland, which
therefore provides a suitable parent model to derive external road tripgdusion tcASAM
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Inputs

14.4.2 The inputs to this stage are the road assignment outputs from a particular run of EMfS1
specifically the assigned networks and input demand matrices (peak hour representative) for
three time periods (AM, IP, and PM).

14.4.3 A TMfS8A subarea network is created which reflects tA§SAM19coverage and external
network links. This is prepared by performing a-auda extraction on the TMf8A road
network using a consistent polygon and renumbering the zones appropriately.

14.4.4 A number of parameters are required which should be consistent withABAMmodel
including period to hour factors available by mode and time period, and Car Driver to Car User
factors (occupancy factors) which are available by user class and time period.

Methodology

14.4.5 The road model subaremrdonundertakes a Cube Voyager road assignment consistent with
the TMfQ8A approach (including all relevant parameters) with an additional input of a
subarea network. This network should be consistent with the standard BAfg&iad
network included in the assignment but restricted to tASAM.9 area.

14.4.6 A change to the sub area processing network cordon may be required if a new future year
scheme overlaps the boundary of tR&AMcoverage area within TMf8A

14.4.7 In order to translate the output matrices from the TM#B\based zone system into tHESAM
zone system, two sets of renumber mappings are used. The first solely covers the internal
zones and cross referencdsSAMpopulation and employment data to disaggregate the
appropriate level of TMfRA external movements into the releva{SAMzones. A set of
rules and proportions are applied to disaggregate origin and destination inbound and
outbound movements for each travel purpose by time period. The relevalets rare
described inTable 110

1448 ¢ KS aS0O02yR O02YLRyYySyid NBfliSa (KSASAMEddeSAY | f & dz
zones, and should be reviewed upon each preparation of a subarea network to ensure it is
either still consistent or else otherwise updated appropriately.

14.4.9 TMfSI8A only considers three distinct persanl 8 SR dza SNJ Ot FaasSa 6SYLJ
O02YYdziSZ FYyR 20KSND FyR a2 (KS ASANU&iSitoEs dza S NJ ¢
2T WYor KSRHzOF G A2y I | déffhedBaiplopoBidh dile whiticBrdials the NS
proportional splits of each expanded user class as a component of thelEAdsfinition of
W2iKSNRSE yR RSFTAYSR dzyAljdzSte o0& GAYS LISNA2FR
period based on Scottish Household Survey data and are describathlien 109 Note thata
nominal 1% educatiotravelisincluded within the external travel purpose proportioning.

5¢KS RSTAYAGAZ2YA 2F W20KSNID Ay ¢aF{my! | yR -Buseamd I NB
classes for trips which are not specifically referenced in the defined user classes.
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Table 109.

TRAVEL PURPO{

AM Peak
Inter Peak 051

PM Peak 0.68

Table 110.

TIME TRAVEL
PERIO} PURPOS

In-Work

Commute
AM Other 100%
LGV 25%
HGV
In-Work
Commute
IP Other 50%
LGV 25%
HGV
In-Work
Commute
PM Other 25%

LGV 25%

HGV

Aberdeen Sub Area Mod2019 (ASAM19)
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031

100%
100%
75%
100%
100%

50% 50%

50%

75%

100%

100%

100%

75%

75%

100%
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049

0.7

50%

25%

50%

25%

50%

25%
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External Travel Purpose Proportions: Other & Retired

D OTHER ROAD RETIRER PT OTHERQg PT RETIREL
0.66 0.33 0.29 0.70

0.50

0.21

TMfSBAto ASAMExternal Travel Purpose Disaggregation Factors

ORIGIN DESTINATION
| | | |
TOTAL WORKING oo TOTAL WORKING J0BS
POPULATIONJ POPULATIO POPULATIONl POPULATION
I I | |

100%

100%

50%

75%

100%

100%

50% 50%

50%

75%

100%

100%

50% 50%

50%

75%

100%
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Road External Tri®utputs

14.4.10 The outputs of this stage are a set of hourly time period specific assignment matrices, with
seven user classes consistent witBAMroad model definition (prior to disaggregation into
the 14 compliantand non-compliant expanded user classes, which is undertaken within the
Assignment Preparation stage).

14.4.11 In addition,a set of proportions calculated fromhe total and external modelled areas are
reported from the TMf$8Acordon to allow adjustment to the initial trip ends to reduce trip
levels to reflect internal trip ends onlyxternal proportions arelescribedn Appendix Ador
each zonal production and attraction proportiamdtravel purpose A selection of external
proportions are also illustrated usirrpnemapsin Appendix AB

14.4.12 These data illustrate a generally intuitikaad pattern with larger external proportions shown
towards the ASAM19 boundarfPublic transport commuter proportions also appear intuitive,
with higher levek of externaltrips around Aberdeen City Centre which reflects the longer
distance rail travel associated with Aberdeen statiohreas around Dyce station also see
higher levels of external trips (offshore workers travelling to Aberdeen Airport and Heliport).

14.4.13 The maps show higher external proportiarfpublic transport business tripsthough some
are situatedclose tothe model boundary, manwre in rural areasand the periphery of
Aberdeenwhichl LILJS NBE f Saa AyddzAiGA @So t NELI2NIAZ2Ya
anticipated for some zones.

14.4.14 Model users should note these potential anomalies when considegxtgrnalPT demand,
and theapplicationof these specific TMfS18#kternaldata should be interrogated further
during future model development.

14.5 Public Transport External Trips: Assignment Cordon Select Links

14.5.1 ASAMcontainspublic transport links extending outside the model coverage, particularly the
rail lines toDundee (through to Edinburgh &lasgowy and Inverness, but also bus routes
crossing the model boundary. To ensure &8AMPT modelsepresentappropriatelevels
of longer distance passenger demand, external PT flows are extracted from SAifSihg
select link procedures to derive a subarea passenger travel matrix.

Inputs

14.5.2 The inputs to this stage are all the required inputs for a TBAFAT assignment including:

Assigned road networks;

PT assignment matrices;

Factor files;

Fare files;

PT service definitions (line files); and
PT system files.

© O O o o o

14.5.3 The TMfS18A run folder can be specified within the trip end model to access TMfS18A inputs
and outputs requiredIn addition to the TMfS8Aassignment data, a set of parameters were
created to ensure consistenoyutlining crowding definitions.
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Methodology

14.5.4 A cordon wasdrawn around the ASAMcoverage area, and defined using a select link
definition file. Select links were defined in both directions for all TBASthad and rail links
crossing theASAMboundary. Note that there is a limit of 50 select link matrices which can
be considered and using more than this will result in no output for those which extend beyond
the limit, and no warning about exceeding the limit.

14.5.5 The PT subarea undertakes a TM¥&tonsistent PT assignment for three modelled time
periods during which a select link procedure generates matrices of passenger travel across
sets of links as a proxy for a subarea matrix.

14.5.6 Public transport matrices output from TMf&Aare renumbered and disaggregated down to
the ASAMzonal level using a consistent process and proportions as described earlier for the
TMISBAroad matrices (along with additional cross referencing for external rail line zones).
¢KS RAAIFIANBILGAZ2Y T O 280publidtassport tiafel purpdiseh i (G K S
into ASAMother and retiredpurposecategories ar@asdescribed irTable 109 Note that the
PT matrix processing divides the specific (TMfS18A) external to external movements by two,
to avoid double counting trips solely between external zones (this adjustment is not applied
to externalinternal movements).

Outputs

14.5.7 The process produces time period specific assignment matrices for the fiveABAM1PT
travel purposes The travel demand contained in these matrices is restricted to those trips
which enter or leave the external area of the model.

14.5.8 Areportfile is also produced which details the level of Tidf8dternal and external PT trips
for adjusting theASAMinitial trip ends to reflect internal levels of demand only.

14.6 Park & Ride External Triglovements

14.6.1 In addition to road and public transport external trips there is a need to ensure that both legs
of a park and ride trip are included for trips external to th® AMmodelled area.Figure 36
illustrates park and ride trips, considering an external trip that makes use of a park and ride
site or rail station within theASAMcoverage area.

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 244/ 29¢



14.6.2

14.6.3

14.6.4

14.6.5

14.6.6
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Park and Ride External Trips

Car Trip Leg included in
External sub area data

!

/ Public Transport Leg i
internal to ASAM

/

.

Trip Origin ASAM Boundary

Park and Ride Site — Car Trip Leg

Trip Destination » Public Transport Trip Leg
Figure 36. Park and Ride External Trip Legs

The car trip leg will have already been included within the sub area definition as this is based
on and captured by the TMifBAroad assignment model cordoning.

In this casehe public transport leg of the trip is internal to tA&SAMarea and will be required
to be included within theASAMadd-ins to ensure a robust representation of public transport
usage.

Furthermore, the park and ride site usage by trip originating external to the model is
identified, enabling this to be fixed for the base year. This data is subtracted from the park
and ride usage in the park and ride calibration targets to ensure thatA®AMmodel is
targeted at trips that are entirely within thASAMarea.

It should be noted that the process used also &keo account park and ride trips in the
opposite direction, i.e. those trips that drive to a park and ride site withinrAS&Mareaand
use public transport to reach an external destination.

Inputs

The inputs to thePnR externaprocessare the TMfS8Apark and ride sitgroportions files
(Proportions_F1.MA®& Proportions_B.MAT) for each travel purpose and the P&R site file
with site specific informationA PnR flag file is also required which specifies which TMfS18A
PnR site is situated within the ASAM arddese matrices are extracted from the fI318A
modelling withthe containedPNR movements derived by the TMf8J8ocesses.
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14.6.7 ¢ K $INW L2 Niles\ (BIB;, A, HQ for business, commuter and other purposes) are
matrices of origin destination park and ride trips, with the matrix number being equivalent to
the park and ride site / rail station identifier.

Methodology

14.6.8 The initial stage identifies park and ride sites within tASAM coverage area. This
identification makes it possible to separate the demand from the PnR demand matrices for
only the relevant sites.

14.6.9 The next step is to expand these matrices to A&&#AM1%oning system resulting in a origin
to destination matrix by site. The car and public transport movements are then calculated
using the TMfS model.

Outputs

14.6.10 The process outputs the following data sets:

0 Road trip matrices for internal to external park and ride trips where the road leg is
entirely within theASAMarea,;
0 Public Transport trip matrices for external to internal park and ride trips where the PT

leg is entirely within théASAMarea; and
0 A site usage report for park and ride trips at each site, for trips that have an external
trip end.

14.6.11 These output matrices are then factored to time period hourly matrices and incorporated
within the addin matrices at theASAMassignment preparation stage.

Aberdeen Sub Area Mod2019 (ASAM19)
Aberdeen Sub Area ModelPost AWPR Update GBO1T19F21
Model DevelopmenFinalReport 28/06/2024 Page 246 29¢



14.7

14.7.1

14.7.2

14.7.3

14.7.4

14.7.5

14.7.6

14.7.7

14.7.8
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Goods Vehicle Movements

Goods vehicle travel behaves markedly different from personal travel, and is therefore
handled within the trip end model (rather than the demand model) by generating fixed
matrices of light goods and heavy goods vehicle trips for each modelled year.

The role of the goods matrix component of tfigp End model is to factor a base year trip
demand to an appropriate forecast year demand.

The base year goods vehicle demand is supplied as an input. The derivation of the goods
vehicle matrices ar@liscussedn Chapter 6. The remainder of this chapter discusses the
calculation of the forecast year internal goods vehicle matrices, assuming the base year
matrices as an input. External goods vehicles matrices are prepared by the road cordoning
from TMfS18A adescribed earlier.

Inputs
The goods vehicle model is provided with the following inputs:

0 Base year light and heavy goods vehicle matrices by time period from the calibrated
road assignment model;

Base and future yearELMo$8Acommodity matricesn the ASAM.9 zoning system;
ASAM19evel zonal planning data

Goods Gravity Model Definitions & Base model kteak road distance skims;
Development Zone Information; and

Goods Vehicle Trip Rates for Development Zones.

© O0O o o o

These inputs are used to calculate goods vehicle growth fatesxisting zoneand develop
goods vehicle trip movements for new developmenhes

Methodology
The main goods vehicle forecasting application undertakes the following processes:

0 Output Base Year light and heavy goods vehicle demands for internal movements to
origin / destination trip ends;

° Growth base year trip ends using TELMRSLGY and HGV base and future year
commodity matrices; and

° Furness using the base year goods demand distributions;

The resulting matrices represent the goods vehicle matrices for internal movements for each
future year scenario. The level of forecast year goods trip making is therefore dependent on
the future growth in goods forecast by TELMoS for each modelled sateagainst the
calibratedASAM19yoods vehicle travel demand distributions.

These internal goods demands are then combined with the external goods matrices as
calculated through the subarea process described earlier.
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New Development Areas

14.7.9 TheASAM19 Trip End modallows for specific modelling of new development areas, with
planning data allocated to a number of forecast year zones which are not utilised within the
base year. The level of development, in terms of population and employment is determined
by the TELMS planning data files, andigidatais fed through the standardrip End and
demand modelling processes to generate person trips for each forecast year scenario.

14.7.10 To represent goods vehicle movements for these developments, the relevant forecast year
planningdataassociated with each development zone is input to the goods matrix generation
process (consistent with that used to develop the base year goods vehicle matrices).

14.7.11 This process uses trip rates to calculate the total level of goods vehicle trips for each
development and relevant goods vehicle distributipattern. A consistent goods demand
adjustment factor is also applied-lime with the base year model development (the factors
applied to match the overall level of goods demand to base year traffic counts.

14.7.12 This process uses trip ratéshown inTable 32to calculate the total level of goods vehicle
trips for eactmewdevelopment. The relevant goods vehicle distribution pattern is calculated
by applying a gravity model process which uses a base yearpeddr distance matrix to
determine the zonal distribution. A consistent goods vehicle demand adjustment factor is
also applied idine with the base year model development (the factors applied to match the
overall level of modelled goods demand to base year observed traffic colihis is a similar
process as applied to generate the ASAM19 base year goods meatrice

14.7.13 The trip patterns generated for the new development zones are incorporated to the forecast
year goods matrices.

Outputs

14.7.14 The outputs areASAMzoned trip matrices for the appropriate forecast year for light and
heavy goods vehicle matrices by hourly time period.

14.8 Add-In Matrices

14.8.1 To ensure all outputs are in a consistent format for the demand model and to reduce the
overall number of files passed across, the special zone, goods vehicle and external trips are
combined into a set oHdd-in(matrices.

14.8.2 Thisoutput of the Trip Endmodel is a simple aggregation of inputs into a consistent format.

Inputs & Outputs

14.8.3 The inputs for this stage are the external road, public transport trip matrices, park and ride
external trips, special zone airpdnputsand goods vehicle trips.

14.8.4 The outputs are the adth matrices which contain complete trip matrices for all trips handled
by the trip end model by user class, time period and mode.
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14.9 Final Internal Trip Ends

14.9.1 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 arddS outputs
are used to remove the relevant level of external movements from the 24 hour trip ends (as
external movements are represented through the TlB8externalcordonmodelling).

Inputs
14.9.2 The inputs for this stage are produced from the previous elements of the model, and include:

0 Initial trip ends;

° Road subarea external trip end proportions;

° PT subarea external trip end proportioasd

° Car availability levels to be applied to the attractions

14.9.3 In addition, a mode share by demand segment is readidtused in the processing of external
trips from TMfS18A.

Methodology

14.9.4 The proportion of external trips by mode and user class are calculated from the subarea
assignments of TMf8A networks. It is assumed that this approach correctly evaluates the
proportions of internal/ external trips, although it is recognised that the magnitudes are
dependent on the level of calibration within TM£8Y and that TMfS8Ais more aggregate
than the ASAMapproach to trip end modelling.

14.9.5 Itis therefore considered reasonable to remove these trip proportions by mode from the 24
hour level trip ends. Note TMf8A does not cover active travel, but it is assumed that the
external proportions of active trips are negligible (which in the majority of cases should prove
appropriate but at the model boundary may result in a slight overestimation of trips).

14.9.6 The process applies the following calculations to remove the relevant proportions of external
trips from the initial trip ends.

e e v P 0Ys i 2007
v 00 Y DYUY ¢? o s . “s"
VY s n 2007 §

Where:
0 "O0 ¥ are the internal productions for user cla&&and car availability segment
00w
0 "Y0 "y are the total productions for user cla®6and car availability segment
60w
0" s § isthe road mode share for user clas®and car availability segment
60w
0°Y s f isthe PT mode share for user cla$éand car availability segmett 6
O®"Ys { isthe proportion of road trips which are external for user clagsand
O®"Ys § isthe proportion of PT trips which are external for user Clegs

14.9.7 The process therefore reduces the proportion of external movements based on a road / PT
flow weighted adjustment of the proportion of internal / external TM8&drips. Proportions
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14.9.8 The attractions are established in an identical manner, however, are rationalised afterwards
to ensure that the total attractions in the internal model area match the total productibns.

SVYSTIA

will vary for eaclASAMzone, and likely to calculate higher external proportions (and lower
internal trip ends) for zones close to the external model boundary.

addition the car availability levels are defined by userclass as sholabla 11below.

Table 111. Attraction Car Availability Proportions

USERCLASS CAR AVAILIABLHE NONCAR AVAILIABLE

Employment 80%

Commute 82%

Other 70%

Education 30%

Retired 70%
Outputs

14.9.9 The final trip ends consist of two tables which document 24 hour internal productions and
attractions for all modes (or in the case of away trips origin and destination). These tables

20%

18%

30%

70%

30%

are disaggregated by the same demand segments as used within thandemodel (see

Table 10).
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14.10

Operation of The Trip End Model

SVYSTIA

14.10.1 TheASAM14rip end model has a large number of inputs and parameters required to create
a model runscenario A detailed list of all files required for a model scenario as well as their
purpose and potential source is provided in the following section.

Catalog Keys

14.10.2 ATrip Endmodel run is defined by the input dafaovidedfrom TELMoS and TMf&4, and
aseries of catalog keys, defined belowTiable 112

Table 112. Catalog Key Description

Region Regiorfor Trip End model operatn Char ASAM
Zones Number of zones in the ASAM model Integer 1030
Externals List of external zones in the ASAM model Char 10151030
Model Year Year of the tesscenario Int 19
Demand Scenario Input Demand Scenario ID Char 129
Planning_Data Senario code for TELMoS planning data Char YD1
TMfS_RunID TMfS18A supply scenario run ID for externals = Char AA19
TMFS_Growth TMfS18A Demand growth scenario run ID us Char BKE

for externals
TMfS_Year Model year of TMfS18A run used for externals = Int 19
TMFS_DLoop l;l;gl;zs of TMfSa8A demand loops run f Int 7
TMfS_Zones Number of zones in TMfS18AELMoS models = Int 803
TMfS_Scenario Y[ 26 Q BcHdarB lusedirKTMfS18A Char High
TripRate_Scenario Code to identifythe trip rate set Char TRA50
SpecialZone_Scenario Code to identifythe special zones used Char na
Addin_Scenario Code to identifythe addin scenario set Char ADAO01
un THiS Boment f,800e 199 0 teerne snebero b0
Zone_Alignment_Scernio  Codeto set zone alignment definitions Char ZAA01
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Used to define a list of development zones in t

DO 7 future year forecasting (e.§99,951) iz na
Goods_Scenario Code to set goods parameters Char GOAO03
TELMoS_Zones Number of zones within the input planning da Int 1903

(TELMoS) files

TMfS Locat The L_ocat|on of the TM_fSlSA run folder to Char na
- used in the external applications.

14.10.3 It is recommended that users create a new scenario each time they wish to run @ripew
End model test and specify the keys from scratch. Although default values are available, each
key should be considered individually to ensure it is consistent with the test.

14.10.4 The majority of scenario keys are used to provide references to inputs from either TELMoS or
TMfSBASso their values will be dictated by the file names from previous runs. Users should
not change the file names to be consistent with a catalog key, they should always change the
catalog key to match the filename, both because it is typically quickeralsatbecause it
retains an audit trail in the model run, linking back to the original external data.

Input Files:Addins

14.10.5 The following input files for Addins should be placed in the following directory:

{CATALOG_DIRjputsAddind {Addin_Scenarip

14.10.6 A list of input files/parameters for Addins is showTable 113delow:

Table 113. List ofAddins Inputs and Parameters

PARAMETER FILE DESCRIPTION

Defines the proportion of car available, and non car availe
trips by home based and ndmome based userclasses.

Atttraction_car_Availiability.DBI

4SS &SIFNJY2RS aLX AdGa oNR|
demand segment (10 in total) used to establish the weigh
the road and PT subarea on the final trip ends and rem
proportion of externals.

Mode splits.DBF

A set of multiplicative factors that can be used to adjust
Road_External_Prop_Adj.csv  Road external proportion files used to scale down the intet
trip ends.

A set of multiplicative factors that can be used to adjust
Road_External_Prop_Adj.csv = PT external proportion files used to scale down the inter
trip ends.
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Input Files:Goods

14.10.7 The following input files for Addins should be placed in the following directory:

{CATALOG_DIRjputs Addingd{Goods_Scenar}o

14.10.8 A list of input files/parameters for Goods is showT able 114elow:

Table 114. List ofAddins Inputs and Parameters

PARAMETER FILE DESCRIPTION

Base year good matrices. Only tables 6 (LGV) and 7 (

Addins_{Peak}.MAT
are used.

The Base year commodity matrices in .MAT forr

Base_Commodity_Matrices MAT | . o 14 from the TELMoS TREL file.

A table that assigns each of 92 TELMoS employr

Srpleyinet CHEEies Ertese activities to one of 13 categories, specifically for Gooc

Period to hour factors specifically for use in developm

R L zones, to assign goods trips into the addin matrices

To specify Alpha and Beta parameters for the go

SRS Gy Bl T8 gravity process for LGV1, LGV2 and HGV.

Contains proportions for LGV distributions and t
Goods_Params.txt proportion of the household distributions to be take
within the goods gravity model.

Trip rates applied to the base year goods developm
Goods_Trip_Rates.csv to calculate future year goods vehicles for developmi
zones.

A set of representative road distance skims (taken fr
Road_Skims_IP.MAT the Inter Peak) for the gravity model to calculs
distributions.

Input Files: Planning Data

14.10.9 Planning data is available from the TELMoS land use model, and this should be placed in a
standard directory:

{CATALOG_DIRjputs PlanningDat{Model_YealNASAM{Planning_Data}

14.10.10Thisprovidesfour initial files:
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° TMfRQYear{Planning_Data}.csv, containing detaif@ersonhousehold data for
productions;

° AVZN({Year}{Planning_Data}.dat, containotgl quantum ofemployment and generic
household data used to derive attractions;

° TAV{Year}{Planning_Datapv, containing the level of employment and generic
household data that reflects the reduced number of jobs with working from home jobs
taken into account used to derive attractioramd

° TRFL_{Year}{Planning_Data}.csv, containing commodity movements used to estimate
good matrices.

14.10.11Along with these TIBMoSL8Ainputs, five files which relate solely tASAMmust be in place,
which typically will be copied from akSAMforecast scenario:

° Student_proportions.CSV, which details the proportional split of unemployed and part
time workers which are students onASAMzonal basis;
° Area_types.CSV, which defines the area type of &&8AM19zone to establish an
appropriate set of production trip rates to apply
° Landuse_adjustment_emp.csv, which allows the user to manipulate the TELMoS
employment/household data inputs by employment type. The first 14 categories are
I RRAGAGS YR GKS aS0O2yR aSia 2F wygc!/ Q OF (S

0 Landuse_adjustment.csv, which gives the facility to factor the population data. This is
a default file with all factors set to 1 as standard; and
0 Landuse_adjustment_goods.csv, which provides the facility to add in employment/

household data considered in the goods gravity process. The default file is set to zero
as standard.

14.10.12To ensure availability for future runs, some outputs from the trip end model are created in
this directory, but they do not need to be created at the beginning of a run.

Input Files:Trip Rates
14.10.13he following input files for Trip Rates should be placed in the following directory:
{CATALOG_DIRjputs TripRate¥{Triprate_Scenarip

14.10.14A list of input files/parameters for Trip rates is showTable 115

Table 115. List of Trip Rate Inputs and Parameters

PARAMETER FILE DESCRIPTION

Attraction rates by purpose, and attraction variable (number
household or jobs in category). Based on NTEM data.

Attraction Rates.DBF

Car Availability Car availability proportions disaggregated by ASAM zone, 1
Likelihoods.DBF class, and household car ownership. Based on NTEM data.
Employment Table that assigns each of 92 TELMoS employment activities t
Categories.DBF of 13 categories.
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PARAMETER FILE

NHB rates NR.DBF
NHB rates Ret.DBF
OD rates NR.DBF

OD rates Ret.DBF

Simple Productior
Proportions.DBF

Trip rates.DBF

Weekto-day_factor.DBF

SVYSTIA

DESCRIPTION

Rates ofNHB trips by outbound purpose (noetired persons
only). Prepared from analysis of the SHS data.

Rates of NHB trips by outbound purpose (retired persons ol
Prepared from analysis of the SHS data.

Return purpose proportions by outbound and inbound purpc
(non-retired persons only). Prepared from analysis of the SHS

Return purpose proportions by outbound and inbound purpc
(retired persons only). Prepared from analysis of the SHS dati

User class and ASAM zone specific proportions of produc
GKAOK NB Of I aaAFTASR | a Waa)
data.

Production trip rates by area type, user class, and person t
Based on NTEM data.

Converts weekly trip rates into daily trips.

Input Files:Zone Alignment

14.10.15The following input files for the definitions of Zone Alignment should be placed

following directory:

{CATALOG_DIR}puts ZoneAlignmengZone_Alignment_Scenatio

14.10.16A list of input files/parameters for Zone Alignment is showiable 11@elow:

Table 116. List ofZone Alignment Inputs an&@arameters

PARAMETER FILE DESCRIPTION

Zone Alignment.CSV

UC Proportions.DBF

Road_Externals.csv

PT_Externals.csv

Mapping to convert TMfS18A zones to the ASAM zone syst
documenting the proportional split of each zonal shift 1
productions and attractions, with all values given as percente
summing to100;

A file to specify TMfS18A to ASAM External Travel Pur
Disaggregation Factors shownTiable 110 For Road, PT and PnF

A definition of external zones between the road subarea matri
and the ASAM external zone numbers

A definition of external zones between the PT select link matr
and the ASAM external zone numbers
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Input Files:TMfS Definitions Road

14.10.17The following input files for the definitions of TMfS Road files should be placed in the
following directory:

{CATALOG_DIRjputs TMfSDefinitiongmodel_year{TMfS_RunljRoad

14.10.18A list of input files/parameters for Road inputs and parameters is showalfe 117Delow:

Table 117. List of TMfS Definitions Road Inputs and Parameters

PARAMETER FILE DESCRIPTION

Defines the ASAM area to be extracted from t

{TMfS_Runld{Model_Year} Subarea.t TMES18A road assignment.

5STAYSa (GKS LINRLRZNIAZ2YL
OFiS32NE (2 GKS (GKNBS
education, retired) for the road model subarea. Deriv
from SHS.

Split Road Other factors.MAT

CarUserToCarDriver.PRM Converts vehicles to person trips.

CDCU Growth.DBE Indices of growth from a 2019 base year f0|_r CD(_:U fac
taken from occupancy growth rates as defined in TA(
PeriodToHour PRM C_onverts full period level trips to hourly time peric
trips.

File which contains the convergence variables for

Road Sub P ters.txt . .
oad stibarea Farameters.x road subarea assignment, initially taken from TMfS1¢

Road Subarea SF Curves. it File which contains the speed/flow curves for the ro
' subarea assignment, initially taken from TMfS18A.
File which contains the tolling model parameters for t

Tolling Model V1.DBF road subarea assignment, initially taken from TMfS1¢

File which contains the HGV speed definitions for t
HGV Speeds V1.DBF road subarea assignment, initially taken from TMfS1¢
File which contains the generalised cost parameters

CLS A LS e et the road subarea assignment, taken from TMfS18A.

File which contains road assignment turning penalti

Turn_Pen.pen taken from TMfS18A.
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Input Files:TMfS Definitionsg Public Transport

14.10.19rhe following input files for the definitions of TMfS PT files should be placed in the following
directory:

{CATALOG_DIRjputs TMfSDefinitiongimodel_year{TMfS_RunlgPT

14.10.2QA list of input files/parameters for PT inputs and parameters is showalte 11&elow:

Table 118. List of TMfS Definitions Road Inputs and Parameters

PARAMETER FILE DESCRIPTION

PT_SUBAREA_CORDON Defines select links at each external boundary crossing point.
PT Subarea Zone List.c References each select link to an ASAM external zone
PTCrowding.txt Crowding model code which should be consistent with TMfS1¢

File which contains the generalised cost parameters for the

M CIN SR subarea assignment, initially taken from TMfS18A.

5STAYSa GKS LINRPBLRNIA2YFf &LX
Split PT Other FactorsMA G KNXS ! {!l a dzaSNJ OfFaasSa ow2
model subarea.

14.10.21Within the subarea cordon file cordons are defined in both directions using separate lines of
code and can span multiple links. The matrix numbering system must begin at 101 and
LINE OSSR aSljdzsSyiaAalrfte omnm3 wmnHEctnks awiickGii O D0 @
be considered, equivalent to 25 zones in both directions.

14.10.22For the subarea zone list the file should contain two columns with a first line of headers called
Cordon andASAMand must contain data for cordons 1 to 50 regardless of whether they exist
or not. These columns should reference the cordon number (the MW code above minus 100),
and theASAMzone. Should not all cordons be required, simply use a dummy zone as zero
trips will be associated with the neexistent cordon.

14.10.23The following input file for the definition of TMfS PnR files should be placed in the following
directory:

{CATALOG_DIR}puts TMfSDefinitiongmodel_year{TMfS_RunldPnR

14.10.24A list of input files/parameters for PnR inputs and parameters is showalite 11%elow:

Table 119. List of TMfS Definitions Road Inputs and Parameters

PARAMETER FILE DESCRIPTION

Defines which TMfS18A PnR sites

PnRSites_{TMfS_Runld}{Model_Year} ASAM_Fla contained within the ASAM area.
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14.10.25The remainder of the Road, PT and PnR inputs are picked up automatically from the TMfS18A
Run, as defined by the {TMfS_Locat} catalog key.

Input Files:Special Zones

14.10.26This is disabled in the ASAM19 Trip End model.

14.11 Module Selection

14.11.1 Depending on requirements, in some instanoes every aspect of th&rip End modelmay
need to be rurto generateaforecast year scenario update. The key components which affect
the ASAM19demand model trip ends are mainly associated withecastplanning data
covering theASAMarea. Externals will likely pivot off an underlying TN S8TELMo38A
scenarig and depending on the specifiest and study areaan updated National model
scenario may not be deemed fully necessary

14.11.2 To gauge whether or not externals should be recalculated, the following questions should be
considered:

° Does a TMfRA forecast run already exist which could be used as an appropriate
Reference Case?

0 Is the forecast planning data included within TMB8epresentative of the forecast
data included within the main demand model areaASAM

0 Are there future transport schemes / policiédehavioursincluded within TMfS8A
that would impact the external flows intdSAM particularly close to the model
boundary?

0 Is a new set of demand available from TME&Wvhich would provide a better estimate
of trips for theASAMtest being considered?

0 Has the mapping from the TMf&TELMoS zone system to th&SAMzone system or
network cordon links changed from an existing run?

14.11.3 If a relevant and reasonably consistent set of external trips already existaifi@es may not
needto run these aspects of the trip end model agand they can be bypassed to solely
focus on preparingnternal trip ends However, if there are significant changes between
scenarios, which may impact the specific study area or scheme/policy test, then an updated
TMfSBArun should be considered
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15. DEMAND MODEL

15.1 Demand Model Structure

15.1.1 The ASAN9 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:

0 W¢ 2 dzNR Q 0 I arépreseMiggRrével pakttefrld by accounting for variations in

journeys segments;

Mode & destination travel choice responses;

Active travel as a separatealking and cyclingnodes;

{SLI NI GS dzaSNJ Of aa FT2NJ 02y O0Saarzyl NBE NI

Representation of park and ride trip segments;

Commuter parking capacity responses covering Weekplace parking;

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

within a parking capacity and car park choice model;

0 Detailed Low Emission Zone (LEZ) modeHipgoviding 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, destinationor car park in response to an LEZ);

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

0 Cost averaging to improve model convergence;

0 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);

° Separation of onavay trips into from home and to home trips to improve
directionality within the assignment models; and

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

© ©0o 0o o o o

1512 ! {1 a | LILJ A S0a AP wWiaiNeE OK deH&B gddling] WitNR2 dza K |
demand segmentation by mode, car availability, tipexiod, travel purpose and Low
Emission Zone vehicle compliance. Cost Damping is included, and an incremental adjustment
is applied to synthesised demand model travel pattern otdpa reflect observed travel data
and network conditions. The demand model structure is illustrated earli€igure 2

15.1.3 The following sections discuss the main demand modelling elements, including:

Structure and demand segmentation;

Observed data analysis;

Mode and destination choice;

Tour aggregation and assignment preparation;

Generalised travel cost formulation, cost damping and convergence; and
Aberdeen Airport and Heliport modelling

© 0 0O o o o

15.1.4 The park and ride, free workplace parking and parking distribution mechanisms are described
earlier withinchaptersll, 12 and 13espectively. The calibration of mode and destination
choice is also discussed earlier witlthapter six, whicllescribes the development of the
base year synthesised travel matrices using the demand model.

15.1.5 Calibration of choice responses using demand model realism tests is discuSsexptaro.
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Functionality & Components

1516 ¢ KS RSYFIYR Y2RStf LINRPOS&dasSa FdzyOliAaAzy | ONR&a
1-960- includingspare demand model zones).

1517 ' {1l a G9EGSNYyIfté& GNALE | NB FAESR gAGKAY (KS
from and through the demand model area (iedinburghAberdeen or Dundeénverness
etc.). External trip movements are derived and extracted fidvifSL8Anational modelling
and subsequently processed through the trip end model for input to the demand model.
External trips are described further in Chapidr

15.1.8 The ASANIO Trip End model provides 24hr trip ends for each internal zofidese arderived
from TELMoSBA planning and activity datag which now contains further detailed
segmentation data of worker types to create Trips Ends that account for:

0 Remote workers (i.e. employees mainly working at home);
0 Quasiworkers (workers with no main fixed place of work); and
0 Commuters (workers that regularly commute to work).

15.1.9 Trip ends are passed through a tour proportioning procedure to define travel for the four
demand model time periods:

° AM Peak (07:0Q 10:00);

o Inter Peak (IP, 10:0016:00);

° PM Peak (16:09 19:00); and

° Off-peak (OP, 19:Q007:00).

15.1.10 Tours are considered to be any set of trips which begin at home and end at home. Two
specific types of tour are modelled (tours and trip segments are illustrated earlier in Figure
3):

0 A simple tour which goes straight from home to a single destination and then returns
directly home; and

0 A nonsimple tour which has an initial outbound trip from home to a fiestination,
an unspecified number of nenome-based trips to alternative destinations, and a final
return home trip.

15.1.11 These trips are handled within the modelling in three ways which become more important
when introducing the concept of demand segments:

° Simple tours are carried through as from home trips, recognising that at some point
within the modelling they will be expanded to represent a from home trip in the
outbound time period to home trip in the opposite direction in the inbound time
period, andtheir costs within mode and destination choice will be based on the overall
tour;

° Homebased trips of a nosimple tour (both from home and to home individually) are
handled alongside the associated simple tour within that demand segment, but solely
consider a time period cost within mode and destination choice; and

° Non-home-based trips are handled within an exclusive set of demand segments (see
below) and use time period based costs.
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Modes
15.1.12 The ASAM demand model contains a mode choice which considers five distinct modes:

Car;

PT;

Park and Ride;
Walk; and
Cycle.

o o o o o

Demand Segments
15.1.13 The demand modelisestrip segments taepresentthe type of choices they makacluding

0 Thetype of trip / tour they will make e.g. simple or n@imple;

0 Thepurpose of their trip which has strong ties to travel cost (and user class);

0 Whether they have a car available for their journey or not; and

0 Whether they will pay a materially different cost for their journey, notably including:
Whether they get free or reduced cost PT travel;
Whether they will travel through a low emission zone and be compliant or
not (and thereforeoccur a higher cot

15.1.14 The first two items have been categorised by considering seven travel purposes:

Homeo  a SR SYLJX 28SNN& o6dzaAySaa 69atovT
Homebased commuters (COM);

Homebased education (EDU): primary & secondary school pupil travel;
Homebased other (OTH): retail, leisure, tertiary education & escort to education;
Homebased retired (RET): reflecting concessionary travel costs;

Non-home based employers business (NHEB)

Non-home-based other (NHBG)combining norfhome based commuter, other and
retired purposes within the demand model

© O 0 o o o o

Education Demand Segment

15.1.15 Note that the education travel demand segments only represents the actual pupil(s) travelling
to/from the primary and secondary schoedlucation establishment (i.e. the adult car driver
escorting the child/pupil is excluded from these matriceBximary and secondary school
demand reflects the zonal child population data input from the TELMoS data sets.

15116 ERdzOF G A2y GNALA FNBE NBLINBaSyGdSR o6& WwWaAyvYLX S :
from school (i.e. excluding ndmme based trips from school to subsequent destinagjon

1511793 02Nl SRdzOl GA2y GNALA | NBE AyOf dzRSR GAGKAY
supports the simple and nesimple Tours modelling representation (i.e. creating an initial
home based other trip escorting pupils to school, and then either returniregidy home (as
a simple tour) or continuing to a subsequent destination as a-hmume based trip (and
forming a norsimple tour).

15.1.18 Tertiary education trips (i.e. university and college trips) are included within the Other
demand model segment.
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15.1.19 Expanding from these purposes to consider the additional elements of car availabilitfzand
compliance results in a full set of 24 demand segments as preseniebla 120

Table 120. Demand Segment Correspondence

DS PURPOS RETIRED STATU CAR AVAILABILIT LEZ COMPLIANCE PURPOSE

1 EMP Non-Retired All Compliant EMP
2 EMP Non-Retired All Non-compliant EMP
3 COM Non-Retired Car available Compliant COM
4 COM Non-Retired Car available Non-compliant COM
5 COM Non-Retired No car available Compliant COM
6 COM Non-Retired No car available Non-compliant COM
7 OTH Non-Retired Car available Compliant OTH
8 OTH Non-Retired Caravailable Non-compliant OTH
9 OTH Non-Retired No car available Compliant OTH
10 OTH Non-Retired No car available Non-compliant OTH
11 EDU Non-Retired Car available Compliant EDU
12 EDU Non-Retired Car available Non-compliant EDU
13 EDU Non-Retired No car available Compliant EDU
14 EDU Non-Retired No car available Non-compliant EDU
15 RET Retired Car available Compliant RET
16 RET Retired Car available Non-compliant RET
17 RET Retired No car available Compliant RET
18 RET Retired No car available Non-compliant RET
19 NHBEB Non-Retired All Compliant EMP
20 NHBEB Non-Retired All Non-compliant EMP
21 NHBO Non-Retired Car available Compliant OTH
22 NHBO Non-Retired Car available Non-compliant OTH
23 NHBO Non-Retired No car available Compliant OTH
24 NHBO Non-Retired No car available Non-compliant OTH

Aberdeen Airport& Heliport Modelling

15.1.20 An Airportsurfaceaccess model representing trips to/from Aberdeen Airport and Helijgort
containedwithin the ASAM19 demand modelling. Frétome Airport passenger demaisl
incorporatedfor each time period and the relevant Business and Leisure travel purposes.
Commuter trips for employees working at the Airport follow the same mechanisms as for the
standard non home based work commuting trips.

15121 AW ANLIR NI 5SaGAyFGA2yQ 2yf @& Yeéhafes fodkihledS A a

travel costs. Overall changes in Airport demand over time are set by the user, with trip origins
disaggregated and able to vary based on input population planning data.

15.1.22 Offshore travel to/fromthe Aberdeen Heliporizone is also represented Travel demand
patterns to the Heliport reflects Census 2011 offshore travel to work movements, scaled to
represent hourly time period helicopter traffic movements in 2019. Mode choice is
represented through future changes in Heliport travel cogdétshore trips are incorporated
to the matrices as a commuter trip, but note that commuter trips for employees working at
the Airport follow the same mechanisms as for the standard commgutips.
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15.2 Demand Model Data Processing
15.2.1 Arange of data sources were used in the development of the demand model. Including:

Scottish Household Survey Statistics data:228Q18;
Census Journey to Work data: 2011;

{ dz& G NI yalI¥| & deMIAS &Y HA M
Pupil Census: 2@1

o ©o o o

15.2.2 Table 12Xescribes the data obtained from the above data sources and the use of data within
the ASAM demand modelling.

Table 121. Outputs from SHS Data
DATASOURCE USE OF DATA
Tour& TripProportions

Business, other, retired mode shares
Scottish Household Survey Database:
Car Occupancy Car Driver factors

Trip Length / Cost Distributions

Commuter mode shares
Census Travel to Work
Travel pattern analysis (Commute)

Hands Up school travel mode share surv Education mode shares

Pupil Census Education travel patterns

15.3 SHS Data Processing

15.3.1 The SHS Random Adult travel diary dataset was provided by the SHS Scottish Government
data team. Data included all journeys which started or ended within the ASAMratea
2012-2018 SHS dataset.

15.3.2 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 sibNJA LJa | NB T dzNI K S NJ <ed dn avkethér h&/R 0 &
FNE WCNRY | 2YSQBomd@I2a $RYBSQ 2N Wb2y

15.3.3 The first step of SHS data processing appended flags to the data to identify the ASAM
definitions of trip type, mode and journey purpose. The following description and tables
provide lookup tables for translating SHS data to ASAM definitions.
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15.3.4 Stages can be categorised as five different trip types and calculated based on the stage start
and stage end SHS variables. This identifier conveys if the stage at the start or end is a home
trip or elsewhere. This step categorises the stages into tifereint trip types, including:

Trip Type 1 (Simple From Home);

Trip Type 2 (Simple To Home);

Trip Type 3 (Non Simple From Home);
Trip Type 4 (Non Simple To Home); and
Trip Type 5 (Non Home Based).

© ©o o o o

1535 C2NJ G6KS (GNAL) eSS ARSYGAFTFAOIGAR2YyS GKS (S& ©

variable from the above stage description. The process includes:

1. If stage start is home and the immediate following stage @mith the same unique
stage ID ) is also home then it is classified as a trip type 1.

2. Similarly, if the stage end is home and the preceding stage start is home then it
classified as a trip type 2.

3.  If a stage start is home but the immediate stage that follows it does not return home
then it is classified as a trip type 3.

4, Likewise, if the stage end is home but the preceding stage is not start from home then
it is classified as a trip type 4.

5. Trip Type 5 is classified if neither that stage start nor the stage end is home.

15.3.6 Table 12Zhows the allocation of SHS to ASAM aggregate modes. The four aggregate modes
used are Car, Walk, PT and Cycle.

Table 122. Allocation of SH®1odes to ASAM Aggregate Modes
Car/van as passenger Car
Car/van as driver Car
Ordinary (service) bus & Train PT
School bus & Works Bus PT
Walking Walk
Bicycle Cycle

Aeroplane & Underground, Ferry & Other,

Motorcycle/moped & Taxi/minicab, No Answel Ignore

15.3.7 Table 123utlinesthe lookup used to derive ASAM journey purposes. It shows the grouping
of the SHS defined purpose to an equivalent that is used in the demand model. The purposes
FNB 9YLX 28SNRa .dzaAySaa 69at 0 /2YYdziS o6/ hav
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'Y FTRRAGAZ2YFE LJzN1I2a&S 2F Wl 2YSQ 461 a RSTFAYSRO
to identify the trip type and subsequently to identify the Non Home Base purposes (Non

I 2YS . FdSR hiKSNJ g b2y 12YS . FaSR 9YLX 28 SNRa
Table 123. SHS General Purpose Lookup

SHSTrip Description ASAMPurpose |
School/college/university EDU
Returning home from School/college/university EDU
The shops OTH
Home Home
Your meeting EMP
Returning home from Your meeting EMP
Take the dog out OTH
Returning home from Take thedog out OTH
Returning home from The shops OTH
Your friends OTH
Returning home from Your friends OTH
The Council offices OTH
Returning home from The Council offices OTH
Work COM
Returning home fromg Work COM
Place of worship e.gchurch, mosque OTH
Returning home from Place of worship e.g. church, mosque OTH
Volunteering/caring OTH
Returning home from Volunteering/caring OTH
The Hospital OTH
Returning home from The Hospital OTH
The Doctors OTH
Returning home from The Doctors OTH
School/nursery EDU
Your day trip OTH
Returning home from Your day trip OTH
Your walk OTH
Your relatives OTH
The restaurant OTH
Returning home from The restaurant OTH
Another entertainment/public activity OTH
Other OTH
Returning home fron, Other OTH
Another personal appointment OTH
Returning home from Another personal appointment OTH
The park OTH
Returning home from Your walk OTH
Escortc other OTH
Returning home from Escort- other OTH
Returning homefrom - Your relatives OTH
Other medical related e.g. dentist, physio OTH
Participating in sport/exercise OTH
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Returning home from Participating in sport/exercise OTH
Returning home from Another entertainment/public activity OTH
The pub OTH
Returning home from The pub OTH
Returning home from School/nursery OTH
University OTH
Returning home from University OTH
The bank OTH
Returning home from The bank OTH
Returning home from The park OTH
The gym OTH
Returning home from The gym OTH
The cinema OTH
Returning home from The cinema OTH
Your run OTH
Returning to workplace from The shops OTH
Returning home from Other medical related e.g. dentist, physio OTH
Returning to workplace from Your meeting EMP
Returning to work after a series of calls EMP
College OTH
Returning home from College OTH
Your cycle OTH
Returning home from Your cycle OTH
Returning to workplace from Other OTH
School EDU
Your drive OTH
Returning home from Your run OTH
Returning home from Your drive OTH
Returning home frong, School EDU
On holiday OTH
Returning home from On holiday OTH

15.3.9 The Retired (RET) journey purpose uses the economic status of the individual (namely those
RSOf FNAYy3I (GKSYasStgSa (G2 0SS dat SN¥YFySyate NBGA
WwSGANBRQ LJzN1J2aSo ¢ KAa | ftmpde prefardic@s, YaReR St f A y .
of time and availability of concessionary travel for this segment of ASAM travel demand.

15.3.10 The SHS dataset is based on the random adult stages defined where individuals are aged 16
or older. Therefore, the education trips recorded have a strong bias towards tertiary and
underrepresenting primary and secondary school trips. This dataset doegrovide
sufficient information for creating robust proportions for the education demand segment.

15.3.11 In light of this, the education purpose is defined such that only children less than equal to 16
@€SINJ 2f R N’ O2YyaARSNBR (2 KIF@S Iy W9RdzOF (A
category. Thus, in this dataset all the education trips werassyned to other.
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15.3.12 The 208 Sustrans Handgp survey was used to derive the education mode share using the
data forthe four Local Authorities covered by the ASAM. The8pil census data was
used to obtain education origin destination movements for trip length / cost analysis.

15.3.13 It is assumed that all education trips can be considered as simple home based trips, with
outbound trips within the AM Peak, and the inbound trips within the Inter Peak.

Car Availability

15.3.14 SHS trips were also segmented to record if travellers were Car Available (CAV) or No Car
Available (NCA). The SHS dataset provides information on the number of cars owned per
household which is used to derive the car availability for a given stage

15.3.15 There is no retired purpose direct from the SHS. The proportion of retired user class is
determined through the random adult Economic Status record.

15.3.16 The combination of the car availability, mode and travel purposes allows the expansion of the
general purposes to 10 ASAM demand segments. These demand segments are used for the
Simple and Non Simple Tours.

15.3.17 In order to representthe nok 2 YS o+ aSR GNA LA Z S
0SG6SSYy SAGKSNI 9YLX 28SNRa . dzaaySaa 2NJ
resulted in four more demand segments.

15.3.18 The calibration of mode and destination choice will adapt the mode constants to represent
observed mode shares.

SHS Time Periods

15.3.19 The SHS dataset was further disaggregated by time period in order to capture the variations
in movements during the dayTable 124describes the time period allocation lookups used.
The midpoint time for each individual stage was calculated with each stage allocated a time
period based on the time period groups belgworning peak (AM), Inter Peak (IP) Evening
Peak (PM) and Off ped®P).

Table 124. SHS Time Period Lookup
00:00 07:00 5 OoP
07:00 10:00 1 AM
10:00 16:00 2 IP
16:00 19:00 3 PM
19:00 00:00 4 OoP
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DataCleaning

15.3.20 A review of SHS data was performed to identify records to be cleaned from the antysis.
firstly include removing records from outside the ASAM modelled area.

15.3.21 In its original formathere werel3,867 stageswithin the ASAMcoverageareaand after the
cleaning process the final count of the useful stages 10 (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).

15.3.22 The cleaning process also ensured that the number of from home trips and the number of to
home trips (both simple and nesimple) were balanced. For example, recording of a stage
Fa | Wi2 K2YSQ GNRLI 6KSNB y2 WFNRBY K2YSQ S|dz

15.3.23 Trips which were an extension of a simple tour were removed, for example, recording of a
stage of a walk trip to a station. Very long distance walk or cycling trips were also removed.

15.3.24 As part of the cleaning process the purposes lookup described above was adjusted further as
it was noted that escort to education trips were combined with education in the dataset
0Sa02NIl (2 SRdOFIGA2Y A& KIYyRf SRThyasdaki€d ! { ! a
out by evaluating the economic status of the trip previously classified as education trips.

15.3.25 To rectify the over allocation of trips to education, it was initially assumed that only trips
where the stated purpose was education and the economic status of the individual were
student was considered to have education the trip purpose. Furthermorgjpawas
NEIff20FGSR (2 (GKS WhiKSNR LJz2N1}2asS OF 6§S32Ne
minutes by a subsequent trip as this suggested the first trip was an adult escorting a child to
SRdAzO GA 2y (NX L CKS OGUNR2IBIRBSKWIUGAFYSRG & HBE t NB
0KS WhiKSNR LJzN1}2aS OFGS3I2NE®

15.3.26 The outcome of this stage was a relevant and organised data set such that simple home based
pairs, nonsimple home based pairs and nbiome based trips were identified. The number
of car available and nenar availableSHS trip records obtained are described able 125
This also presents the percentage of simple,-sonple and nofhome based trip dataThe
summarydemonstrates that there was less benefit in further spatial disaggregation of data
due to therelativelylow sample rate, particularly for necar available travellers.

15.3.27 Appendix AC describes the number of SHS records available in relation to each mode of travel,
and by car availability. This shows that the majority of SHS records relate to car trips, and
mainly reflect commuter journeys and other discretionary travether€ are also a sizeable
number of retired trip records. The number of business and education records are relatively
small. Although walk trips are relatively numerous for both car andaaoravailable persons,
the lower levels of noftar available pulit transport tripssuggests some uncertainty ftris
specific data.

15.3.28 Note that within he ASAM19 demand modelling, all business users are assumed to be car
available. Furthermore, separate Census travel to work and Sustrans modalateasets
were used to inform the calibration of commuter and education travel purposes.
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Table 125. SHS Trip Record Summary
SIMPLE FH 4,689 3,547 1,142 38% 39% 34%
SIMPLE TH 4,689 3,182 1,507 38% 35% 45%
NONSIMPLE FH 885 692 193 7% 8% 6%
NONSIMPLE TH 881 652 229 7% 7% 7%
NHB 1,166 919 247 9% 10% 7%
TOTAL 12,310 8,992 3,318 100% 100% 100%

Tour Proportions

15.3.29 The initial time period classification was further expanded to reflect the ASAMstawature.
Tours are two way trips that go outbound (Frétiome) in a given time period and return (To
Home) in a given time period. Tour proportions only apply for simple from/to home trips and
are presented imable 126

Table 126. Tour Grid References
- INBOUND TIME PERIOD

- AM P PM oP
=
|_
A AM 1 2 3 4
z O
2
o % IP 5 6 7 8
m Qo
5 PM 9 10 11 12
@)

OP 13 14 15 16

15.3.30 Table 12'butlines the tour proportions derived from the SHS dataset for simple tours. These
are based on data from and applied to the ASAM reguime geographical coverag&ome
adjustment was made to tour proportions following assignment and comparison with
network flows. This particularly related to naar available proportions where the number
of records were lower and data were more uncertaiMote an overnight tour is where the
Wiz K2YSQ £S3 Aa Ay Fy SENIASNI GAYS LISNAZ2R
thus set to zero.

15.3.31 Tour proportions include SHS education responses within the Other purpose category, with
all pupil education movements associated with Tour 2 (i.e. travelling to school in the AM Peak
and returning home during the Inter Peak). All business trips are &®m WOl NJ @ Af | o
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15.3.32 Time period proportions were derived from the SHS in order to establish the starting time
period of the homebased legs dllon-simple tours (by direction) and NeiHome Based trips.
Calculated proportions are outlined frable 128o Table 130

15.3.33 For Non Simple Home Based trips, these proportions were derived for the nine demand
segments similarly to the above tour proportions.
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Tour Proportionsg Simple Tours

TOUR EMP COM COM OTH OTH EDU EDU RET RET
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by car availability. This produced three demand segments foihoome based trips:
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.dzaAySaa obl.9. I'[[OT
° Non Home Based Other Car Available (NHBO CAV); and
° Non Home Based Other No Car Available (NHBO NCA)

Table 128. Time Period Proportions: From Home Trips

TIME EMP COM COM OTH OTH EDU EDU RET RET
PERIODg CAV CAV NCA CAV NCA (O72\V) NCA (O72\V) NCA

AM 61.3% 71.1% 71.1% 37.0%
1P 24.1% 9.0% 9.0% 45.1%

PM 20% 21% 2.1% 10.1%

oP 125% 17.8% 17.8%

37.0%  0.0%
45.1% = 0.0%

10.1% = 0.0%

7.8% 7.8% 0.0%

0.0% 32.7% 32.7%
0.0% 58.3% 58.3%
0.0% 6.3% 6.3%

0.0% 27% 2.7%

Table 129. Time Period Proportions: To Hom&ips

TIME EMP COM COM OTH OTH EDU EDU RET RET
PERIODY CAV (072\) NCA CAV NCA CAV NCA CAV NCA

AM 1.0% @ 5.0% 5.0%

1P 30.1%  31.0% 31.0% @ 32.8%
PM 60.2% 55.5% 55.5% 35.8%

opP 8.7% 8.5% 8.5% « 27.5%

3.8%

3.8% 0.0%
32.8%  0.0%
33.8%  0.0%

29.5% = 0.0%

0.0% 3.6%  3.6%
0.0%  59.7% 59.7%
0.0%  25.4% 25.4%

0.0% 11.3% 11.3%

Table 130. Time Period Proportions: Non Home Based Trips
20.8% 12.5% 7.4%
IP 64.7% 47.2% 51.0%
PM 11.0% 29.1% 27.9%
OoP 3.5% 11.2% 13.7%
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Car Driver / Car UsdlCDCU) factors

15335CIF OG2N&E FNB OF f Odzf SR (2 LINRPLRZ2NIA2Y WOl NJ dza
car driver These factorare describedor each travel purposén Table 131 These are
derived by evaluating the SKd8rmode data.

15.3.36 As children under the age or 16 are not represented in this dataset these factors may
underestimate the education CDCU factors.

Table 131. Car User/ Car Driver proportions blime Period

I T I T
EMP 1.21 1.19 1.21 1.21

COM 1.07 1.10 1.11 1.12
OTH 1.12 1.23 1.22 1.33
EDU 1.64 1.64 1.64 1.64
RET 1.31 1.35 1.39 1.52

15.3.37 CDCU factors for education were sourced from DfT National Travel Survey information (Table
NTS0906). The factor was derived using the following methodology:

Obtain an average car occupancy of 2.06 from table NTS0906;

Obtain a single occupancy rate of 36% from table NTS0906;

Thus 64% of Education trips are nalticupancy;

Of the average, the single occupant trips represent 0.36 of the 2.06;

Thus the 64% muHbccupant trips represent 1.7 of the 2.06; and

Divide 1.7 by 0.64 to yield an average occupancy of 2.64 for the multi occupancy trips.

© 0O 0o o o o

15.3.38 The resulting average occupancy was 2.64, this was reduced by one (the car driver) to reflect
the definition of Education trips being only the pupils matrices. The driver does not form part
of the education trips within the demand model as the trip end mloslipplies the student /
child trip to education. The average occupancy is used to convert these person trips to the
equivalent car trip for the road assignment model.

15.3.39 Note that the NTS survey includes both school pupils and university / college students within
0KS alFyYS WORAZOI A2y Q GNI} @St LizN1J2asS al YLX So
wider representation of education car occupancy than represented by A%Abdh is school
travel only). The NTS education occupancy figure is more likely to include a higher proportion
of single occupants, and potentially understate the ASAM education car occupancy figure.

15.3.40 Although this limitation in not considered significant, the uncertainty relating to education
car occupancy should be borne in mind when analysing the education travel demand
segment. If available, the use of more specific car occupancy data sets shaudddidered
during future model updates.
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Mode Shares

15.3.41 Mode share by demand segment was established from observed data to calibrate the demand
modelling and is describeith Chapter6. Mode shares were split into the from/to home
(business, commute, other, education, and retired) and the-homed based trip (business
and other) categories. Census data is applied to calibrate the commuter travel purpose mode
share, the Sustrans handg suvey was applied to calibrate education mode share and SHS
data was applied to calibrate the mode share for all busingbgrand retired purposes.

Trip Length / Cost Distributions

15.3.42 Trip matrices were extracted from the SHS for the 24 demand segr{witiisconsistent data
used to compare the identical LEZ compliant and-compliant segmentsand the 4 modes
(Car, PT, Walk, Cycle) by datazone. These datazone to datazone zone movements were then
converted to the equivalent zones within the ASFMoning system.

15.3.43 This data, in combination with ASABItravel 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 m(aetiescribed in Chapter six)

15.4 Census Travel to Work Data

15.4.1 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 following geographic
structures covering the extent of the ASABmodelled area

0 Datazone zones within the ASAM modelled study area;
0 Intermediate zones for the local authorities lying adjacent to the ASAM modelled study
area; and

° Local Authority based geography beyond this.

15.4.2 Special destination codes are used to represent the following journeys:

° ODO0000001 = Mainly work at or from home, action wasepping of destination zone
to origin zone;

° ODO0000002 = Offshore installation, action wagrémsferdatato Heliport mode]

° ODO0000003 = No fixed place, action was to disregard data; and

° ODO0000004 = Outside UK, action was to disregard data.

1543 ¢ KNBES &SLINIGS FAESA 6SNBE NBOSAGSRI 2yS FAf
IO AflI o6t Sés a2yS OFNE Y2NB | RdzZ G4¢ FyR aOF NE
travel mode, from whichPublic TranspoQ'Briving a car or vdiand Passenger in a car or
vanivere selectedo include as PT or Car mode in subsequent analysis. Walk and cycle travel
to work movements were also provideshd analysed

15.4.4 The data was translated into the ASA8Foning 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.

15.4.5 Outputs of this stage were a full daily matrix of prior commuter matrices. The method for
adjusting these matrices to reflect the 2019 model base yedessribed in Chapter 6.
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15.5 Mode & Destination Choice Modelling

15.5.1 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 théhestravelling at a
particular time of day (considering both outbound and inbound time periods).

15.5.2 ASAMconsidesboth simple tourdi.e. tours which returrdirectlyhome from thesame initial
destination), and also théendividual legs of a nesimple tour(which represent time period
trips and also involve a nemme based trip)

15.5.3 Each demand segment is modelled separately within mode and destination choice, for both
simple tours and time period based trips collectively. The only difference between these is
the associated costs in the calculation are either based on tours or tarieds.

15.5.4 Commuters undertaking a simple tour will 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).

Inputs

15.5.5 The inputs to the mode and destination choice module consist of the trip ends by tour and
time period, and generalised cost matrices. Both sets of inputs include 24 different tour/time
period definitions:

° 16 simple tours, with trip ends representative of the Frbtome leg only and an
average of the generalised cost by direction by purpose;

° Four From Home time periods, with origin/destination trip ends and a standard time
period specific generalised cost by purpose; and

0 Four To Home time periods, with origin/destination trip ends and a standard time
period specific generalised cost by purpose.

15.5.6 Nonhomebased trip ends and generalised costs are represented within this system as From
Home trips without ambiguity as they appear uniquely within their own demand segments.

15.5.7 There are ten sets of generalised costs matrices by tour / time period as there are a reduced
number of user classes in the assignment models i.e. the costs for corresponding car available
and noncar available demand segments are identical. There iffexatitial to distinguish
LEZ complianctr car modes only which results in two cost sets for each stantiaxc!
purposeuser classwith cost matrices categorised as follaws

9YLX 28SNNa o0daAaAySaas [9% O2YLIXALYOT
Commuters, LEZ compliant;

Education, LEZ compliant;

Other, LEZ compliant;

Retired, LEZ compliant;

9YLX 28 SNDa néndoinplign§ a 4> [ 9 ¥

Commuters, LEZ nesompliant;

Education, LEZ nezompliant;

Other, LEZ neoompliant; and

Retired, LEZ neoompliant;

0O 0 0 0 0o 0o o o o o
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1558 Ly (GKS FANRG t22L) GKSAS Ayldzia O02YS FTNRY (KS
loops the generalised cost inputs change, with new costs becoming derived initially in the
FaaA3dyyYSyid Y2RStaz yR adznaSldSyYid RSt REB2z2KCR
for parking and combined modes such as Park and Ride. The trip ends which enter this stage
of the model are kept constant throughout a model run.

15.5.9 Road costs also include a representation of parking charges and search times which are read
in (from the parking distribution model) via a table corresponding to each tour. The demand
model automatically converts these (£) charges into generalised minstag a specific value
of time for each user class. This value of time is linked to change annually to account for
forecast growth in the Value of Time.

15.5.10 In deriving tour specific parking charges, tour durations are applied to calculate car parking
charges for simple and nesimple tours. These durations are described in the Parking
Distribution Chapter.

Outputs

15.5.11 The outputs of the mode and destination choice model are the end to end trips by tour/time
period for each mode and aggregated demand segment (user class). Although there will be a
total of 120 tables for each demand segment, since the demand model does not require a
further split by car availability the user classes are aggregated at thi$ fponeduce the
number of tables and files to be dealt with later in the model.

15.5.12 As Free Work Place Parking has a significant impact on both mode and destination choice for
commuters, ther@sno benefit in aggregating these demand segments at this stdgeyare
instead output as two separate files by demand segment, disaggregated by car availability
and contain 120 tables noting demand for eaclhaf5 modes 16 toursand8 time periods.

15.5.13 For commuter demand segments, the synthesised demand will reflect no parking charges
being paid at this initial stage during the first commuter mode and destination choice
calculation (i.e. reflecting full free workplace parking allocation).

Mathematical Framework

15.5.14 Mode and destination choice is represented using a two level nested logit hierarchy with
destination taken to be conditioned on mode choice as shown beloWwiganre 37 This
assumes that mode choice is before destination choice as is consistent with the previous
ASAMA4regional modelbut with the ASAM9 also now including active modes.

Car [ Watk

J1 Ji Jk J1 Jk Jk
Figure 37. Mode and Destination Choice Hierarchy
Aberdeen Sub Area Mod2019 (ASAM19)
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15.5.15 On the lowest level (destination choice after mode), only three representative choices are
shown, but in practice every destination is compared and as such the number of choices is
equal to the number of zones.

15.5.16 In order to model the choices, the concept of utility is used where utility is defined on the
lowest levels of the hierarchy as:
@ % T a’y "OwL 0 YO
Where:
® is the mode specific utility to be used in the destination choice logit comparison;
Y is the mode specific generalised cost between i and j (based on assignment
skims);
000  mif'Q "Os an estimated intrazonal parameter;
0 "Yois the mode specific alternative specific constant; and
| i are estimated parameters.

15.5.17 These utilities are compared in a logit choice model to estimate the probability of making
each choice, in this case destination, by comparing all available destinations to find
- DO0Q
v 5 s e~
By.0vo0oQ
Where:
_ Ttis the relevant spread parameter;
w is the utility from zone i to destination choice j;
0 is the attraction weighting for destination zone J;
U is the K factor attributed to destination zone J; and
0is the subset of choices considered, in this case each destination by mode.

15.5.18 For mode choice, the utility is defined as the composite cost which is calculated as the logsum
of the destination choice levels. For instance, the walk mode utility is calculated as

v P i1 80

Where
Y is the composite cost of walking for a zdfe
6 is the proportion of attractions for zon@
1tis the destination mode choice spread parameter;
Qs a zone within the full set of zones and

is the utility of walking betweeftandQ

< gl

15.5.19 In practice, this involves deriving the total number of modal trips leaving each zone i.e. the
productions, while the attractions are assumed to be equally likely by any mdde
application of this (following the calculation of proportions) depends whether the demand
segment is a doubly constrained or singly constrained journey pui(pesi@ed inTable 132

15.5.20 For singly constrainegourney purposes, the probability of choosing a destination is
calculated separately for each zone and mode at the production end. This proportion is then
factored by the total productions for each zone. The attractions are effectively used as
proportions to distribute the trips whereby the attractions are balanced to the productions
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at a trip end levelCalculations are undertaken attour/trip period level for each demand
segment.

15.5.21 For doubly constrained journey purpogesmmute)there is a requirement to generate a trip
attraction value to constrain to. The utility is calculated for both productions and attractions
for these.

15.5.22 TAG guidance indicates that commuting and education purposes should be doubly
constrained, as there is good evidence from data for both the productions and attractions
(Unit M2 ¢ Para 4.9.3).However, the ASAM demand model is aligned to ¢aeier SRTM
(and TCRTMstructure. TheSRTMlevelopment considered the local data sources available
to inform the education trip purpose set of attractions, and these were not considered
sufficiently robust on which to base a doubly constrained model. Thereforesdbeation
purpose isalso singularly constrained within ASAMThis approach could be considered
further during future model development if new education data sources become available.

Table 132. Demand Segment Constraint
DS PURPOS RETIRED STATU CAR AVAILABILIT LEZ COMPLIANC CONSTRAIN
1 EMP Non-Retired All Compliant Single
2 EMP Non-Retired All Non-compliant Single
3 COM Non-Retired Car available Compliant Double
4 COM Non-Retired Car available Non-compliant Double
5 COM Non-Retired No car available Compliant Double
6 COM Non-Retired No car available Non-compliant Double
7 OTH Non-Retired Car available Compliant Single
8 OTH Non-Retired Car available Non-compliant Single
9 OTH Non-Retired No car available Compliant Single
10 OTH Non-Retired No car available Non-compliant Single
11 EDU Non-Retired Car available Compliant Single
12 EDU Non-Retired Car available Non-compliant Single
13 EDU Non-Retired No car available Compliant Single
14 EDU Non-Retired No car available Non-compliant Single
15 RET Retired Car available Compliant Single
16 RET Retired Car available Non-compliant Single
17 RET Retired No car available Compliant Single
18 RET Retired No car available Non-compliant Single
19 NHBEB Non-Retired All Compliant Single
20 | NHBEB Non-Retired All Non-compliant Single
21 NHBO Non-Retired Caravailable Compliant Single
22 NHBO Non-Retired Car available Non-compliant Single
23 NHBO NonRetired No car available Compliant Single
24 NHBO Non-Retired No car available Non-compliant Single

15.5.23 The use of tours within ASAM also preseramputational issues when considering a doubly
constrained model. Conventionally this would be achieved by balancing the productions
against the individual mode / car availability segmented productions, and then combining
these matrices to balance agairthe total attractions, as the trip end model attractions are
not segmented.
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15.5.24 Within ASAM, 16 tours plus 8 time periods, 5 modes and 2 car availabilities results in 240
matrices to aggregate to balance against total attractions. Therefore, the resulting attraction
constrained matrix would have to be disaggregated into the compomantle / car
availability for the next loop of production balancing. The process would then continue
looping through these steps until convergence.

15.5.25 This would result in significant run time penalties when operating with 240 matrices,
particularly as ASAM is also segmented by LEZ vehicle compliance. While it may be possible
G2 2yfteée O2yaiRSNJI &l NhisSitself wabldzdidly redulf in & Mdrginal I LILINE
reduction in matrices.

15.5.26 Consequently, a different approach is adopted which retains consistency with the mode
RSAGAYlIGA2Y OK2A0S Y2RSt (2 |LILXeée ¢gSAIKGa (:
attractions to mode specific attractions. This applies the same equatiode@gibed in
15.5.16above), only multiplying by production weights and summing over the column rather
than row (i.e. over attraction j rather than production i).

15.5.27 The resulting mode splits by attraction j are then applied to the trip end outputs to convert
FNRY |y alffé FGAONYOQlA2y AyiG2z I Y2RS aLISOATA

15528! 0 GKA& LRAYyG Ay GKS ! {la Y2RStfAy3aZ -I G0N Oi
Tl OG 2 NA Q tode spéciicw@ights W8l applied using a 39 sebsmed geographical
system to further adjust trip movements to match the magnitude of travel patterns observed
in different areas. #actors are described in Appendix

15.5.29 Attractions are then weighted to ensure that they match the production level and are then
passed to the Cube FRATAR process to doubly constrain.

Active Travel Cycling Demand & Bicycle Ownership

15.5.30 Throughdevelopment anaperation of the previouSRTM (an@CRTNmodeling, it became
apparent that significant mode constants would be required to ensure that the observed cycle
Y2RS &KINB ¢l a NBLINRRdIdz-OSR® Ly 2NRSNJ G2 AYLN
the cycling mode, a factor representing the level of cyelm@rship was included within the
model. The bicycle ownership utilised within tASAM is 22.2% owniraybicycle and the
remainder not owning a bicyclé his valudés consistent \ith the SRTMind TCRTNMhodek.

15.5.31 For people who have access to a bicycle (assumed to be proportional to bicycle ownership),
the full range of mode choices are available. While for those without access to a bicycle, the
reduced option set is used. This approaslillustrated inFigure 38 andallows improved
mode share calibration, and potentially testing of further policies to promote cycling within
the model. The process is set up to allow users to change the cycling ownership proportion
during forecasting / testing.

15.5.32 Within current ASAM19 forecasting scenarios the bicycle ownership figuadjusted to
reflect improved access to cycling in the future. During future model development, and if
data permits, it would be beneficial if the underlying figure was updated to reflect current day
access to bicycles (updates may need to consider batycld ownership and availability of
bike hire schemes).
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Figure 38. Adjusted Mode Choice Model Structure with Bicycle Ownership

15.6 Demand Model Calibration Approach & Parameters

Mode & Destination Calibration & Data Requirements

15.6.1 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 undertalafigmetests
to understand the response of the choice models. This secondary element is described within
Chapterl0.

15.6.2 The comparison with observed mode share and trip distribution data by journey purpose is
described withinChapter 6 andA\ppendices G and.HWhere synthesised travel mode and
distribution area compared with SHS data (for business, other and retired purposes, Census
travel to work for commuters, and school travel surveys for education / school pupils).

15.6.3 Mode share and distribution comparisons are undertaken at the 24 hour level for the full
internal model coverage area. Generalised cost and trip length distributions are obtained by
aligning all relevant observed records with the model zone system and tis generalised
cost obtained from the assignment models to generate the distribution.
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Approach

The demand model calibration approach requires a set of costs to initialise the process.
Initially these costs were sourced from the assignmerasfier ASAM14rip matrices to the
ASAM1network models. These costs wegeon 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, betASCs (Alternative Specific Constali@M (Intrazonal Mode
constant)and kfactorsii 2 206G+ Ay | WoSaid FAGQ S6AGK GKS
observeddata was defined using the following five metrics:

Comparison with SHS / Census / education survey mode shares;

Comparison with SHS / Census observed generalised cost curves;

Comparison with SHS / Census observed trip length curves;

Comparison with Census observed commuter sector movements;

Comparing with overall observed levels of road traffic volumes and public transport
patronage; and

0 Elasticity with respect to both fuel, fares and journey times to be broadly consistent
with guidance.

© Oo o o o

The procedure of adjusting the calibration parameters (Lambda, Alpha, BetdZA6& k-
factorg are made after evaluating the modelled mode share, intrazonal proportions and cost
distribution by demand segment. An automated process was used to apply small incremental
changes to parameters and tested against the observed data where there was a gap.

The Lambda value was initially set equal to the TAG guidance median value, with Alpha and
Beta set to 1 and O respectively. The ASC parametersiniéedly adjusted until the mode
sharereflectedregionwide observations, and then subsequently refined at a more detailed
sector level to reflect secteny-sector mode sharebservations. The intrazonal parameters
were also adjusted to reflect their proportion in the observed data by demand segment.
Alpha was ultimately not calibrated as it had largely Hamne function as mode specific
lambda parametergand is kept at 1) The Beta parameter was kept at 0, as this is a cost
damping parameter which is dealt with in a separate cost damping mechanism described
later.

The iterative process between the parameters were such that the distributions are matched
to a generally acceptable level first, following a mode share adjustment. This was repeated
until a plausible match was achieved. The number of iterations for pacmeter within a
calibration loop was set according to how much each diverted away from the observed data.
Manual adjustments were implemented where deemed necessary.

K-factors, which are laid out using a 39 sector system, were adjusted in comparison with
observed sector road and PT travel movements derived from Census data. These were mainly
associated with commuter trip comparisons at the detailed sector level.
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Calibration Parameters

15.6.10 The final calibrated parameters for mode and destination choice for each travel purpose and
car availability segment are describedliable 133andTable 134 These include:

o Lambda parameters; and
° IZM intrazonal parameters

15.6.11 In addition to these parameters, ASC mode constants and k factors which vary by sector are
presentedin Appendix/and W Alpha parameters are all set as 1.

15.6.12 The parameters cover 24 demand segments, with a set of LEZ compliant ancdmphant
vehicle parameters for each user class. Parameters are consistent for both compliant
categories as there is not considered to be a difference between the choice appobac
travellers with compliant or nowompliant vehicles, the difference should purely be driven
by the different costs thewvill experience i.e. their response should be identical given a
consistent cost increase.

15.6.13 A proportion of norcompliant vehicles are segmented within the base mad#i consistent
parameters used to control the mode and distribution of these vehicl€@ampliant/non
compliant vehicle costs are also consistent within the base year modelling, but will likely
change in some future year scenariddsers should take care to monitor the impact of LEZ
proposals during model testing as the choice response to an actual LEZ scheme is not part of
the base year mode and destination choice calibration.

15.6.14 The standard range of recommended demand model calibration parameters as provided by
TAG guidance ardescribed in Appendi¥. Theparameters used within ASANM are
generally within oclose tothe TAG illustrative valuesoting that the values presented below
are split between Car Available and Non Car Available, and the guidance presents combined
values.Some exceptions relate to:

the commute NCAnodevalue sislower than the TAG range;

the nonrhome based othe€A and NCA modelues sit lower than the TAG range;
the other and retired NCA mode values fall just lower the TAG range;

the commuter and retired PT values fall lower than the TAG range; and

the nonhome based CA PRialues fall lower, and NCA are higher than the TAG
range.

© 0 o o o

15.6.15 The cadambdaparameter for the education travel purpose appears particularly high when
compared to the maximum figures suggested by TAG guidance. Note though, that TAG
LI N} YSGSNI NI yaSa NBLINBaSyid O2YoAySR @I f dzSa
specificvalue for school education travel (and this segmentation may impact the values
applied). The specific naturef education trip making and characteristics of the ASAM
modelled area may also influence the calibration of choice parameters.
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Table 133.

DEMAND SEGME

Employer's Business

Commute Car Available

Commute No Car Available

Other Car Available

Other No Car Available

Education Car Available

Education No Car Available

Retired Car Available

Retired No Car Available

Non Home Based
Employer's Business

Non Home Based Other C¢
Available

Non Home Based Other Nc
Car Available

0.4500

0.4500

0.6800

0.6800

0.3000

0.3000

0.5300

0.5300

0.2600

0.2600

0.3400

0.3400

0.3400

0.3400

0.5300

0.5300

0.2600

0.2600

0.7300

0.7300

0.4000

0.4000

0.4000

0.4000
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Calibrated Lambda Parameters

-0.0427

-0.0427

-0.0806

-0.0806

-0.1000

-0.1000

-0.0844

-0.0844

-0.1000

-0.1000

-0.2904

-0.2904

-0.1000

-0.1000

-0.0827

-0.0827

-0.1000

-0.1000

-0.0403

-0.0403

-0.0719

-0.0719

-0.1000

-0.1000

GBO1T19F21
28/06/2024

-0.0393

-0.0393

-0.0220

-0.0220

-0.0199

-0.0199

-0.0367

-0.0367

-0.0403

-0.0403

-0.0439

-0.0439

-0.0393

-0.0393

-0.0262

-0.0262

-0.0234

-0.0234

-0.0127

-0.0127

-0.0310

-0.0310

-0.0540

-0.0540

-0.1178

-0.1178

-0.0700

-0.0700

-0.0300

-0.0300

-0.1308

-0.1308

-0.0300

-0.0300

-0.0010

-0.0010

-0.0300

-0.0300

-0.1297

-0.1297

-0.0300

-0.0300

-0.0300

-0.0300

-0.0300

-0.0300

-0.0300

-0.0300

-0.0453

-0.0453

-0.0323

-0.0323

-0.0383

-0.0383

-0.0337

-0.0337

-0.0489

-0.0489

-0.0431

-0.0431

-0.0478

-0.0478

-0.0181

-0.0181

-0.0247

-0.0247

-0.1517

-0.1517

-0.0271

-0.0271

-0.0571

-0.0571

-0.0865
-0.0865
-0.0822
-0.0822
-0.1033
-0.1033
-0.0998
-0.0998
-0.0825
-0.0825
-0.0566
-0.0566
-0.0781
-0.0781
-0.0338
-0.0338
-0.0221
-0.0221
-0.0579
-0.0579
-0.0193
-0.0193
-0.0206

-0.0206
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Table 134. Calibrated Demand ModellZM Parameters
PARAMETER: IZMNTRAZONAL MATRIX COST CHA
DEMAND SEGMEN
CAR PUT PNR WLK CYC
1 -36.3 87.5 2.1 -17.9 46.8
Employer's Business
2 -36.3 87.5 2.1 -17.9 46.8
3 3.7 49.6 1.8 -12.3 -9.6
Commute Car Available
4 -3.7 49.6 1.8 -12.3 -9.6
5 0.0 29.3 0.0 17.2 -2.2
Commute No Car Available
6 0.0 29.3 0.0 17.2 -2.2
7 -8.9 15.6 1.6 -16.5 2.3
Other Car Available
8 -8.9 15.6 1.6 -16.5 2.3
9 0.0 13.8 0.0 -10.1 7.6
Other No Car Available
10 0.0 13.8 0.0 -10.1 7.6
11 -1.4 -8.8 259.0 10.8 -10.7
Education Car Available
12 -1.4 -8.8 259.0 10.8 -10.7
13 0.0 -30.1 0.0 -10.8 -17.3
Education No Car Available
14 0.0 -30.1 0.0 -10.8 -17.3
15 -15.6 -27.1 1.6 -53.6 -44.8
Retired Car Available
16 -15.6 271 1.6 -53.6 -44.8
17 0.0 -60.7 0.0 -44.6 -121.8
Retired No Car Available
18 0.0 -60.7 0.0 -44.6 -121.8
-63. 4.7 . . .
19 Non Home Based 63.9 0.0 3.9 42.9
20  Employers Business 63.9 74.7 0.0 3.9 42.9
21 Non Home Based Other Ca -23.2 40.9 0.0 -57.6 -99.5
9p  Avallable 23.2 40.9 0.0 57.6 995
23 Non Home Based Other No 0.0 49.1 0.0 3.6 -131.0
g4  CarAvailable 0.0 491 0.0 36 -131.0

Units: Generalised Minutes
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15.7 TourAggregation

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

15.7.2 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).

15.7.3 The outputs of the Tour Aggregation component are matrix files which contain trips by
direction, with FromHome and Tdédome in .FHS and .THS files respectively. There are five
files for each direction each denoting a different user class and containitadple® (4 modes
by 4 time periods).

15.7.4 At this stage LEZ compliant and raompliant vehicle classes remain separate.

15.7.5 A prerequisite step undertaken is the conversion of the demand matrices from demand
segments to assignment uselasses. This definition is presentedable 120

Calculation Steps

15.7.6 The first calculation step combines the simple tour user class demand into their time period
specific matrices based on aggregations of tours, separated by mode. The calculation of time
period matrices is based on the principle of summing across the amdscolumns of the
W¢ 2 dzNJ D NATRHE 126 K Bedngdelialgo transposes the trips for theHiame legs in
order to ensure the appropriate directionality of trips (from original destination to original
origin).

15.7.7 The application of these steps uses CUBE clustering according to groups to reduce model run
times.

15.7.8 The tour aggregation process is illustratedrigure 39
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Tour Aggregation
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15.8 Assignment Preparation

15.8.1 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.

15.8.2 Further alterations to the assignmentatrices are also undertaken, including accounting for
external trips, goods vehicles, special zone airport trips {ady] and delta / incremental
adjustment.

Inputs

15.8.3 The inputs to this component are the Frddome and Tddome matrices from the Tour
Aggregation model. These matrices are provided by time period and by user class.

1584 /| 2y @SNEA2Y LI N YSGSNE INB f20F0iSR Ay GKS

o Period to Hour factors;

0 Car User to Car Driver (CDCU) factors;

o Delta / incremental adjustmentsand

o

trips and goods vehicle trips, disaggregated by mode and time period.

15.8.5 The derivation of period to hour factors are described within Chapter 2.

Car Driver to Car User (CDCU) Factors

15.8.6 There is a requirement to convert person trips into vehicles for the car road assignments and
this is undertaken througiR SNRA @Ay 3 WOl NJ dzZaSNJ G2 OF NJ RNR
F NP Y cail diver tdkcar us€factorsdescribed inTable 131

Incremental (Trip) Adjustments

15.8.7 The final model input is the calculation of the incremental adjustment matrices. These ensure
that the demand model matrix assignment outputs reproduce the estimated matrices, and
thus the base year assignment model costs used in the final base year denwatel run.
Incremental adjustments are only undertaken for zonal demand present in the base year
modelling (i.e.there are no adjustments t@apply to any greenfield site zones which are
incorporatedwithin future yearscenario3.

Calculation Steps
15.8.8 The processes within this module undertake the following steps:

Directional aggregation;
Period to hour factoring and vehicle conversion;
Include addins and prepare total matrices; and

o
o
o
° Incremental adjustment to produce final assignment matrices.
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15.8.9 The directional aggregation is a simple summation by the user class and time period of the
outputs from the previous step, while the period to hour conversion multiplies by factors
which differentiate by time period and mode. Road assignment matricealsoeconverted
from person trips to vehicle trips using the car user to car driver factors noted above.

15.8.10 Addiins which cover external matrices and goods vehicles matrices are included in the
assignment matrices by a straight replacement or inclusion where appropriate.-inAdd
matrices are fixed in terms of the demand model calculationsaedccounted for in each
forecast yeascenariousing the trip end model.

15.8.11 The incremental adjustment is required to ensure the base year costs (which are an input to
the demand model) can be replicated by the assignment models. The adjustment can be
either additive or multiplicative dependent on the magnitude of the differenceparticular,
where the observed target is greater than twice or less than half of the modelled result (on a
cellular basis) an additive adjustment is used.

15.8.12 The incremental (or delta) adjustments are calculated based on the estimated assignment
YIGNROSar 6gKSNB | WYFAa1Q Aa LINPRAZOSR G2 | f AZ
the estimatedcar and Passignment matrices. This approach involves either one of two types
of increment being created, specifically:

o Where the factorm® 0 - ¢, the multiplicative factot - will be applied
suchthat) 0 0;
0 Where the factom® 0 - ¢, an additive adjustmerd & 0 will be applied
suchthath | A@td 6 .
Where

0 is the calibrated assignment matrix,

0 is the output assignment matrix from the demand model prior to the adjustment,
0 is the output assignment matrix from the demand model,

0 is the multiplicative delta adjustment, and

0 is the additive delta adjustment.

Analysis of Scale of Incremental Adjustments

15.8.13 Appendix AD descréisthe scale of incremental makiadjustmentdor each time period, car
and PT mode, and for the additive and multiplicatkadues These demonstrate that the
vast majority(99%)of road and PRdditive adjustments are less than 1 trgnd the majority
of multiplicative values fall within +30%.

15.8.14 The majority of additive values ashown amegative for road and PT modes. Multiplicative
values are more balancedith between 60%10% of adjustments being negatigepositive
adjustments depending on time period and modrublic transport adjustments are generally
higher than for car, and this reflects the comparisons with observed passenger data where
the demand model tended to overestimate PT demand in some corridors.

Outputs

15.8.15 The outputs from the Assignment Preparation stage are hourly assignment matrices by
mode (4), user class (5), and time period (4) which consist of individual files by mode and
time period.
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15.9 Generalised Cost Calculation

15.9.1 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 totlvased costs and including the impact of parking.

15.9.2 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 roompliant costs will be consistent).

Inputs & Outputs

15.9.3 The inputs of this process are the generalised cost skims from each of the three assignment
models (road, PT, and active) by mode, (assignment) user class and time period. The
generalised cost procedures also read in the site file descriptions for bokhaRd Ride and
Parking Distribution.

15.9.4 The outputs of this step are five user class specific sets of average geperalisedAcost matricesA }
6®d! D/ Qa0 BKAOK O2yil Ay wmun (lofSa aS3avySyidasSRr

Calculation Steps

15.9.5 The calculation steps undertaken by the generalised cost process are illustrdtiggiia 40
The first step takes each of the four assigned modes cost skims and creatéasear costs
by summing the outbound leg and the inbound leg (transposed) for each of the 20
combinations of time periods (and dividing by two creating average costs).

15.9.6 As ASAM undertakes assignments (generating generalised cost matrices) for only three of the
F2dz2NJ GAYS LISNAR2RAaZ | aadzyLliaAzya F2NJ Wh¥¥F t Sl

° Off-peak road mode cost matrices are sourced from the IP assignment;

0 Off peak PT mode cost matrices are copied from the IP but with an additional 12
minutes time added to account of the lower service frequency; and
0 Off peak active modes cost matrices are assumed to be identical to the IP costs.

15.9.7 The assignment costs are skimmed from the network by mode for each user class and time
period, with the output matrices obtained in terms of generalised minutes.

15.9.8 Two parking costs are represented, parking charges per zone per tour (reflecting the
monetary parking costs), and the search time costs (as motorists search for a parking space).

15.9.9 Park and ride costs include the relevant road and PT legs of these mixed mode journeys, along
with any parking charges, search times, site attraction parametadsa parking constant
Where a zondo-zone movement is not relevant for Park and Ride, (for example, no car
available trips), an arbitrary cost of 9999 generalised minutes is set within the Park & Ride
cost matrices.
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Figure 40. Generalised Cost Process
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