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1. INTRODUCTION 

1.1 Aberdeen Sub Area Model 

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

1.1.2 The previous ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ !{!a ƳƻŘŜƭΣ Ψ!{!aмпΩΣ ƛǎ ŎŀƭƛōǊŀǘŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘǊŀǾŜƭ 
conditions during 2014, and connects with the Transport Model for Scotland 2014 (TMfS14) 
and the Transport Economic Land use Model of Scotland 2014 (TELMoS14) 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. 

1.1.3 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.   

1.1.4 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 
ƳƻŘŜƭ ǳǇŘŀǘŜ ǘƻ ǊŜŦƭŜŎǘ Ψtƻǎǘ-!²twΩ ǘǊŀǾŜƭ ŎƻƴŘƛǘƛƻƴǎ was required to ensure that the 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. 

1.1.5 ¢Ƙƛǎ ǊŜǇƻǊǘ ŘŜǎŎǊƛōŜǎ ǘƘŜ !{!a ΨмфΩ ƳƻŘŜƭ ŘŜǾŜƭƻǇƳŜƴǘΣ ŎƻǾŜǊƛƴƎΥ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴΣ ƳƻŘŜƭ 
structures, trip generation and demand modelling and road and public transport network 
assignment calibration. 

1.2 Model Development Objectives 

1.2.1 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 will be 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 

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

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

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



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 14/ 298 

 

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

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

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

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

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

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

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

1.2.3 The delivery of objectives is supported through the use of extensive new data sources, with 
ASAM19 calibrated to provide a robust base year representation of 2019 Post-AWPR traffic 
and travel conditions ς and a firm platform to develop forecast year scenarios.  Sophisticated 
technical components tailored to potential model applications improving the model 
responses ς extending the model capability across a wider range of applications.  

1.2.4 The modelling approach provides:  

º A fully documented model development, following relevant industry standards and 
undertaking calibration and validation comparisons in-line with TAG guidance; 
 

º Use and comparison of a wide range of observed data sets;    
 

º Development through a concurrent model development audit process; 
 

º Road, public transport and park and ride modelling with coverage of morning, inter 
and evening peak time periods, with travel responses segmented by business, 
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commuting, education, retired and other purposes, and light and heavy goods 
vehicles also incorporated within the assignment (including PASSQ Preloading); 
 

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

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

º Rail capacity / crowding within the morning and evening peak hours; 
 

º Separate Aberdeen Airport and Heliport surface access passenger modelling; 
 

º Low Emission Zone (LEZ) modelling segmentation within the demand model and 
road assignment model; 
 

º Model user manual, and deliverable model and scenarios; 
 

º The capability to produce statistical and map-based data outputs including: 
Á Traffic vehicles and public transport passenger volumes; 
Á Travel times: Road traffic speeds and public transport journey times; 
Á Accessibility analysis; 
Á Economic appraisal through travel demand and cost matrices; 
Á Travel cordon matrices; 
Á Public transport revenue and car park demand; 
Á Select Link routing analysis for road vehicles; 

 
º Documented set of regional model forecasts, with population, employment and 

longer distance transport movements linked to the higher tier TMfS18A / 
TELMoS18A transport and land use modelling suite - with future year scenarios for 
2025, 2030, 2035, 2040 and 2045 generated (forecasting scenarios are described 
within a separate document). 

 
Specific Exclusions 

1.2.5 ASAM19 will not include: 

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

º Ability to represent Mobility as a Service / disruptive technologies;  
º A detailed public transport ticketing module; 
º Weekend modelling; 
º Road traffic accident module ς although traffic volumes could be used to feed into 

road traffic accident appraisal;  
º ENEVAL Emissions modelling; and 
º WǳƴŎǘƛƻƴ ǎƛƳǳƭŀǘƛƻƴ ƳƻŘŜƭƭƛƴƎ ƻǳǘǿƛǘƘ ǘƘŜ Ƴŀƛƴ !ōŜǊŘŜŜƴ ΨŎƻƳƳǳǘŜǊ ǘƻǿƴǎ ōŜƭǘΩΦ 
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1.3 Commissioning 

1.3.1 {¸{¢w! ǿŀǎ ŎƻƳƳƛǎǎƛƻƴŜŘ ǘƘǊƻǳƎƘ {ŎƻǘƭŀƴŘ 9ȄŎŜƭΩǎ ŦǊŀƳŜǿƻǊƪ ŀƎǊŜŜƳŜƴǘ ŦƻǊ ŜƴƎƛƴŜŜǊƛƴƎ 
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 Scotland.  Regular 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, Stantec, was 
commissioned to undertake a concurrent auditing role over the life of the project.  The 
SYSTRA team liaised with and responded to auditor queries to assist the audit process 
throughout the model development. The MDR was updated with further information 
following the release of the Draft Audit Report.  The audit Report should be read in 
conjunction with this 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 AWPR (and prior to the Covid19 pandemic).  Data sets specifically 
collected for ASAM19 during Autumn 2019 included: 

º WǳƴŎǘƛƻƴ ǘǳǊƴƛƴƎ ŎƻǳƴǘǎΣ !¢/ΩǎΣ vǳŜǳŜ ƭŜƴƎǘƘǎΣ !btw ƳƻǾŜƳŜƴǘǎ ŀŎǊƻǎǎ !ōŜǊŘŜŜƴ 
City and Aberdeenshire; 

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

1.4.2 Model development also utilised several existing key data sets, including: 
 

Pre-AWPR 

º Census Travel to Work origin destination data (2011); 
º Scottish Household Survey 2012-2018; 
º MOIRA Rail ticket data ς 2017 (as later 2018-2019 data was impacted by considerable 

rail service disruption on the Inverness line; 
º School Travel Hands Up survey ς 2018 (recording pupil mode of school travel) 
º Pupil Census ς 2018 (recording pupil school travel movements) 
º Aberdeen Airport surface passenger movements (2018) 
º Aberdeen University student movements (2016) 
º Robert Gordon student movements (2018) 
 

Post AWPR 

º Mobile Phone Data (MPD) ς Spring 2019 
º Bus ticket data ς Stagecoach and First Aberdeen (September 2019); 
º Parking ticket data (Off Street Car Parks Aberdeen City Centre ς March 2020); 
º Numerous Traffic count data, drawing on the NTDS database, collated Local Authority 

data and data collected for other projects; and 
º INRIX traffic speed data (Autumn 2019). 
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1.5 Model Application 

1.5.1 The upgrade of the new ASAM reƎƛƻƴŀƭ ƳƻŘŜƭ όΨ!{!aмфΩύ ǇǊƻǾƛŘŜŘ ǘƘŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǳǇŘŀǘŜ 
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.   

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

1.5.3 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 consider some 
comparison of traffic and/or public transport volumes and journey times, and also some 
evaluation of travel demand movements.   

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

1.5.5 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.     

1.5.6 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 specific rail travel movements 
between stations ς 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. 

1.5.7 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 in traffic 
volumes.  For example, comparing screenlines of data, or flows at several locations along a 
corridor. 

1.5.8 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 
ǘǊŀŦŦƛŎ ƳƻǾŜƳŜƴǘǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŦƻǊ ID±Ωǎ where less observed data is available.  Combining 
ASAM19 forecasting with detailed microsimulation modelling provides a two-stage approach 
for assessing more detailed impacts, particularly operational performance and traffic routing 
ǿƛǘƘƛƴ !va!Ωǎ. 

1.5.9 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 applications.  
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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 modelling are described below: 

º Observed Traffic data: Hundreds of additional traffic counts have been collated and 
collected to calibrate and validate ASAM19 traffic 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; 
 

º Observed Public Transport Data: Four cordons (rather than two cordons) of bus 
and rail passenger count data have been collected to calibrate the ASAM19 public 
transport modelling.  On board bus passenger counts have been used as an 
alternative to (less reliable) roadside counts, and occupancy surveys were 
undertaken at all major park and ride sites and rail station car parks; 
 

º Matrix Development:  ASAM19 now utilises observed Census travel to work data 
directly within the car and public transport commuter matrices (rather than using 
synthetic commuter matrices).  Matrices are underpinned and calibrated to the 
overall level of observed traffic and public transport demand ς within the 
development of ΨpriorΩ matrices, calibration of demand model mode share and 
distribution and at the more detailed network level during matrix estimation; 
 

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

º Data Comparisons & Reporting:  More detailed reporting and commentary of 
model data and calibration comparisons is provided, accompanied with extensive 
appendices detailing aspects of model development (made possible by the more 
extensive data collection noted above); 
 

º Improved standard of calibration/validation:  The quality of ASAM19 comparisons 
is improved, particularly in relation to the actual number of traffic and passenger 
counts that meet desired criteria; 
 

º Demonstration Testing:  a series of demonstration test were implemented to 
illustrate the model response across a wider range of potential applications and 
inform model development; and 
 

º Coding Manual:  A coding and user manual is available for ASAM19 which provides 
wide ranging and consistent advice during model application. 
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2. MODELLING APPROACH & COVERAGE 

2.1 Approach & Scope 

2.1.1 The ASAM19 development extended and enhanced the demand model structure by 
incorporating features from the Tay Cities Regional Transport Model (TCRTM), such as  

º active travel as a separate mode; 
º separate user class for concessionary travellers όΨǊŜǘƛǊŜŘΩύ; 
º LEZs impacts and driver responses ς segmenting compliant/ non-complaint vehicles 

within the demand and assignment models; 
º city centre parking capacity and price responses ς covering workplace parking and 

on and off street parking;  
º ΨǘƻǳǊǎΩ ōŀǎŜŘ ƳƻŘŜƭƭƛƴƎ - improving representation of travel matrices by accounting 

for variations in journeys segments. 

2.1.2 Applying the 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 to de-risk technical 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). 

2.1.3 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.  

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

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

2.2 Geographical Coverage 

2.2.1 The ASAM19 network coverage is illustrated in Figure 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. 

2.2.2 The ASAM19 update enhances this coverage, with more detailed network / zoning / 
simulation junctions ς including in and around the A96 corridor (South of Huntly), Toll of 
Birness, Central Aberdeen and A956 corridor.  The new AWPR and A90 Balmedie to Tipperty 
corridors are also represented within the 2019 network.  

2.2.3 The East Coast mainline rail stations are represented from Arbroath to Aberdeen, and stations 
along the Inverness line between Aberdeen and Elgin.  The 2019 base year model does not 
include Kintore Station. 
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2.2.4 Road, public transport and park and ride travel demand to/from areas located outwith the 
ASAM19 model coverage area are informed by the TMfS18 National modelling.  These 
external movements are input from the relevant TMfS18 matrices for each forecast year 
ǎŎŜƴŀǊƛƻ ŀƴŘ ŀǊŜ ǘƘŜǊŜŦƻǊŜ ŜŦŦŜŎǘƛǾŜƭȅ ΨŦƛȄŜŘΩ ǘǊŀǾŜƭ ƳƻǾŜƳŜƴǘǎ ǿƛǘƘƛƴ ǘƘŜ !{!aмф ƳƻŘŜƭ 
(i.e. covering longer distance A90, A92, and A96 road and bus travel and East Coast and 
Inverness rail lines).  New scenario updates and model runs through the application of the 
TMfS18A/ TELMoS18A National modelling would be required to change these external inputs 
within ASAM19 as standard.  

 

Figure 1. ASAM19 Network Geographical Coverage Area 

2.3 Model Structure 

2.3.1 The ASAM19 structure and main components are illustrated in Figure 2.  
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Figure 2. ASAM19 Model Structure 

2.3.2 This structure provides all of the traditional 4-stage multi-modal modelling functionality 
across the model coverage area, including trip generation (with links to the TELMoS land use 
model and TMfS18), behavioural models covering mode, destination, park and ride and 
parking, road and public transport assignment models, and active modes. 

2.3.3 Separate mechanisms are applied to represent Aberdeen Airport and Heliport passenger 
movements and choices.   

2.3.4 ASAM19 applies ŀ ΨǘƻǳǊǎ-ōŀǎŜŘΩ ŀǇǇǊƻŀŎƘ ŦŜŜŘƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ ŘŜƳŀƴŘ ƳƻŘŜƭƭƛƴƎΣ ǿƛǘƘ 
demand segmentation by mode, car availability, time-period, travel purpose and Low 
Emission Zone vehicle compliance.  Cost Damping is included, and an incremental adjustment 
is applied to demand model outputs to reflect observed travel conditions. 

2.3.5 ASAM19 trip generation is based on TELMoS18 population and employment composition 
data, disaggregated to the more detailed ASAM19 zone system. 

2.3.6 External road, public transport and park and ride movements to/from areas located outwith 
the model coverage area are informed by TMfS18 (i.e. A90, A96 and associated rail lines). 

2.3.7 The Road and PT network assignment models are calibrated to represent travel conditions 
observed in 2019.  The assignment modelling includes road link and junction capacity 
restraint, the SATURN PASSQ procedure and rail passenger crowding. 
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2.3.8 A variety of road and public transport outputs are 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. These are not included in the 
model functionality and are viewed as post modelling processes. 

 
Low Emission Zone Segmentation ς Compliant Vehicles 

2.3.10 ASAM19 considers vehicle fleet emissions characteristics (fuel type, engine size, age, Euro 
class etc), allowing the modelling to consider measures that seek to improve air quality by 
restricting access based on compliance criteria (e.g. LEZs).  The demand model and traffic 
assignment models disaggregate LEZ road user costs to enable separation of measures that 
ǾŀǊȅ ǘƘŜ Ŏƻǎǘǎ ŀƴŘκƻǊ ŎƘƻƛŎŜ ǇŀǊŀƳŜǘŜǊǎ ōŜǘǿŜŜƴ ΨŎƻƳǇƭƛŀƴǘΩ ŀƴŘ Ψƴƻƴ-ŎƻƳǇƭƛŀƴǘΩ ŎŀǘŜƎƻǊƛŜǎ 
of vehicle.   

Tours and Trip Types 

2.3.11 ASAM19 derives trip ends, travel movements and travel costs ǳǎƛƴƎ ΨǘƻǳǊǎΩ - with a tour 
considered as any set of trips which begin at home and end at home.  Two specific types of 
tour are considered: 

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

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

2.3.12 Figure 3 illustrates these tour segments / trips.  Note that only a single representative non-
home-based trip is shown, while in practice there can be multiple non-home based trips. 

 

Figure 3. Tour Segments 
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2.4 Time Periods: Demand & Assignment Model 

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

º AM (07:00 ς 10:00); 
º Inter Peak (Average hour, 10:00 ς 16:00); 
º PM (16:00 ς 19:00); and 
º Off-peak (OP, 19:00ς 07:00). 

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

2.4.3 The road, PT and active travel assignment models reflect average weekday conditions within 
the AM peak hour, average Inter-peak hour and PM peak hour.  The ASAM19 peak hour time 
segments are defined as follows: 

º AM peak hour (for assignment modelling)    0800 - 0900; 
Á (Calculated as 0.37 of AM Peak Period Road travel demand 
Á (Calculated as 0.40 of AM Peak Period PT travel demand 

º AM pre-peak PASSQ road assignment     0700-0800; 
 

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

 
º PM peak hour (for assignment modelling)    1700 ς 1800; 

Á (Calculated as 0.37 of PM Peak Period Road travel demand 
Á (Calculated as 0.36 of PM Peak Period PT travel demand 

º PM pre-peak PASSQ road assignment     1600-1700; 

2.4.4 ASAM19 time periods factors were calculated based on the analysis of traffic and public 
transport passenger counts used for the calibration and validation of the base year road and 
public transport assignment models.  Survey data applied to create the period to hour and 
PASSQ period factors was filtered as follows: 

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

º ¦ǎƛƴƎ ǎǳǊǾŜȅǎ ǿƛǘƘ ƘƻǳǊƭȅ Řŀǘŀ ǊŜŎƻǊŘǎ όŜȄŎƭǳŘƛƴƎ ƎŜƴŜǊŀƭ ά!aέ κ άtaέ ŘŀǘŀύΤ ŀƴŘ 
º Excluding surveys where no car traffic was recorded. 

2.4.5 The majority of these observed traffic counts were undertaken in Spring and Autumn 2019, 
outwith the school holiday periods.  A number of other traffic counts from 2019 were also 
ǳǎŜŘ ŘǳǊƛƴƎ ŎŀƭƛōǊŀǘƛƻƴΣ ǿƘƛŎƘ ŀƭǎƻ ǊŜǇǊŜǎŜƴǘŜŘ ŘŜƳŀƴŘ ŘǳǊƛƴƎ ΨƴŜǳǘǊŀƭΩ ƳƻƴǘƘǎ ƻǳǘǿƛǘƘ ǘƘŜ 
holiday and winter periods.  Therefore, the ASAM19 base year model generally represents 
traffic conditions for a typical weekday within either Spring or Autumn 2019, outwith the 
school holiday periods.   

2.4.6 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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2.5 Travel Modes, Demand Segments & User Classes 
 
Travel Modes 

2.5.1 The ASAM19 demand model contains a mode choice which considers five distinct modes: 

º Car (drivers and passengers); 
º Public Transport (rail and bus); 
º Park and Ride (at bus-based sites and rail station car parks); 
º Walk; and 
º Cycle. 

2.5.2 The travel demand for each mode are assigned within the respective assignment models.  

Demand Segments / Travel Purposes 

2.5.3 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. 

2.5.4 Five home-based and two non-home based travel purposes are considered for each mode 
and distribution choice as follows: 

º Home-ōŀǎŜŘ ŜƳǇƭƻȅŜǊΩǎ business (EMP); 
º Home-based commuters (COM); 
º Home-based education (EDU); 
º Home-based other (OTH); and 
º Home-based retired (RET);  
º Non-home based employers business (NHEB); and 
º Non-home-based other (NHBO) - combines non-home based commuter, other and 

retired purposes within the demand model. 

2.5.5 ΨhǘƘŜǊΩ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀ ŎŀǘŎƘ-all for any purposes which do not specifically fall into the other 
three categories (i.e. shopping, leisure etc)Σ ŀƴŘ ƴƻǘŀōƭȅ Ŏƻƴǘŀƛƴǎ ΨŜǎŎƻǊǘ ǘƻ ŜŘǳŎŀǘƛƻƴΩ 
movements.  Therefore, ΨeducationΩ trips solely consider those made by the person travelling 
to primary and secondary education establishments to be educated. Tertiary education 
ƳƻǾŜƳŜƴǘǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ΨƻǘƘŜǊΩ ǘǊŀǾŜƭ ǇǳǊǇƻǎŜ ŎŀǘŜƎƻǊȅ. 

2.5.6 ¢ƘŜ ΨǊetiredΩ purpose captures the lower travel costs associated with public transport 
concessionary travel, with the age definition of concessionary / retired following through the 
demand model and consequently through the assignment models. 

2.5.7 The Park & Ride and parking mechanisms do NOT consider non-home based trips.  Assignment 
models combine non-home based trips with the equivalent home based trips for assignment. 

 
Car Availability 

2.5.8 Household car availability proportions are used to distinguish traveller types, and informs the 
mode choice and distribution processes.  The Demand model operates with a dimension of 
four household types as described below.  These household types serve as a proxy for car 
availability. 
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º C0: zero car household (these travellers are considered to be captive to PT); 
º C1/1: 1 car, 1 adult household; 
º C1/2+: 1 car, 2+ adult household; and 
º C2+: 2+ car household 

 
Road Assignment User Classes 

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

1.    Car: in work (business) time (CIW) ς LEZ compliant vehicles; 
2.    Car: in work (business) time (CIW) ς LEZ non-compliant vehicles; 
3.    Car: in commute time (CNWC) - LEZ compliant vehicles 
4.    Car: in commute time (CNWC) - LEZ non-compliant vehicles 
5.    Car: in other time  (CNWO) ς LEZ compliant vehicles; 
6.    Car: in other time  (CNWO) ς LEZ non-compliant vehicles; 
7.    Car: in education time (CNWE) ς LEZ compliant vehicles; 
8.    Car: in education time (CNWE) ς LEZ non-compliant vehicles; 
9.    Car: in retired time (CNWR) ς LEZ compliant vehicles; 
10.  Car: in retired time (CNWR) ς LEZ non-compliant vehicles; 
11.  LGV: Light Goods Vehicles (LGVC) ς LEZ compliant vehicles; 
12.  LGV: Light Goods Vehicles (LGVN) ς LEZ non-compliant vehicles; 
13.  HGV: Heavy Goods Vehicles (HGVC) ς LEZ compliant vehicles; 
14.  HGV: Heavy Goods Vehicles (HGVN) ς LEZ non-compliant vehicles; 

2.5.10 The Road Model hourly travel demand matrices are stored in Passenger Car Unit (PCU) 
ŜǉǳƛǾŀƭŜƴǘ ǾŀƭǳŜǎ ŦƻǊ /ŀǊ Lƴ ²ƻǊƪΣ /ŀǊ /ƻƳƳǳǘŜΣ /ŀǊ hǘƘŜǊΣ [ƛƎƘǘ DƻƻŘǎ ±ŜƘƛŎƭŜǎ ό[D±Ωǎύ ŀƴŘ 
IŜŀǾȅ DƻƻŘǎ ±ŜƘƛŎƭŜǎ όID±ΩǎύΦ 

 
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 class and assigned separately by 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 person trips per hour for each user 
class as described in Table 1.  
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Table 1. Public Transport User Classes ς by Ticket Type 

TRAVEL PURPOSE CODE PT MODEL USER CLASS BY TICKET TYPE 

9ƳǇƭƻȅŜǊǎΩ .ǳǎƛƴŜǎǎ EBN 9ƳǇƭƻȅŜǊǎΩ .ǳǎƛƴŜǎǎ ς Day Travel ς ΨCǳƭƭΩ tǊƛŎŜ 

Commute 
CMN Commute ς Day Travel ς ΨCǳƭƭΩ tǊƛŎŜ 

CMS Commute ς Multi-Day Travel ς season ticket discounts 

Other  
(Discretionary trips) 

OTN Others ς Day Travel ς ΨCǳƭƭΩ tǊƛŎŜ 

OTS Others ς Multi-Day Travel ς season ticket discounts 

Education EDS Education ς Multi-Day Travel, with child discounts 

Retired RET Retired ς including concessionary travel 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 and parking 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 assignment model while 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 base-year (2019) conditions.  The Trip 
Generation Model forecasts changes in goods vehicle movements, along with the main 
commuter, business, education, retired and other journey purpose trip ends. 
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2.6.2 The Demand model forecasts changes to the Road, Public Transport and 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 associated with the price 
of parking, car park capacity and park and ride site / rail station accessibility. 

2.6.3 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. 

2.6.4 The TELMoS18 economic model provides planning development data (changes in households, 
population, and jobs) and goods commodity matrices at ASAM19 zonal level to inform the 
base and future year Trip Generation Modelling. 

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

2.7 Software 

2.7.1 ASAM19 uses SATURN Software (version 11.4.06D_MC_N4) which is the UK standard for 
ƳƻŘŜƭƭƛƴƎ ŎƻƴƎŜǎǘŜŘ ǳǊōŀƴ ƴŜǘǿƻǊƪǎ ŀƴŘ ŦƻǊ ŎŀǇǘǳǊƛƴƎ ŜŦŦŜŎǘǎ ǎǳŎƘ ŀǎ ΨōƭƻŎƪƛƴƎ ōŀŎƪΩ ŦǊƻƳ 
over-capacity junctions, ŘƻǿƴǎǘǊŜŀƳ ΨŦƭƻǿ ƳŜǘŜǊƛƴƎΩ ŀƴŘ Ψt!{{vΩ ς preloading traffic queues 
from earlier time periods.  ¢ƘŜ {!¢¦wb Ψaǳƭǘƛ-ŎƻǊŜΩ ŦǳƴŎǘƛƻƴ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ƛƳǇǊƻǾŜ ƳƻŘŜƭ Ǌǳƴ 
times. 

2.7.2 ASAM19 uses CUBE Software for demand and PT modelling (version 6.4.5).  CUBE Cluster is 
used to run specific processes in parallel and speed-up model run times. 

2.7.3 The model has been developed for use within the Windows 10 operating system. 

2.7.4 The computers currently used to operate the ASAM19 have the following specification: 

º Windows 10 64-bit operating system; 
º 8 GB RAM; and 
º I7 processor (3.2 GHz), 4 cores. 

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

2.7.6 A full forecast year demand and assignment model run requires around 25-30 hours to 
complete to run to convergence. 

2.7.7 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 re-validation would be required before changing to any 
Software updates.  Users should note that when previously changing Software versions for 
earlier model versions, changes in outputs have 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 road, public transport and active 
travel trips access the modelled transport network.  The system constitutes a large number 
of zonal areas and zone centroid connectors, or loading points.  This section describes the 
approach for building the ASAM19 zone system and describes the various zoning 
representation. 

3.1.2 ASAM19 zoning is based on the earlier ASAM14 system, which included a total of 630 zones.  
The updated zoning ŀƭǎƻ ǘƻƻƪ ŀŎŎƻǳƴǘ ƻŦ ǘƘŜ ΨǇŀǊŜƴǘΩ ȊƻƴƛƴƎ ŦǊƻƳ ǘƘŜ ¢aŦ{му ŀƴŘ ¢9[aƻ{му 
models, which are more aggregate.  The approach also took account of the more detailed 
geographical zoning often used to present land use or transport and planning data, where 
Ψ5ŀǘŀ ½ƻƴŜǎΩΣ ƻǊ ΨƻǳǘǇǳǘ ŀǊŜŀǎΩ ǿŜǊŜ applied to disaggregate areas down to a more detailed 
geographical level.   

3.1.3 The main objective for ASAM19 zoning was to 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 
ŎŜƴǘǊŜΣ ǎŜǇŀǊŀǘƛƴƎ ΨǊǳǊŀƭΩ ŀǊŜŀǎ ŦǊƻƳ ǾƛƭƭŀƎŜǎ κ ǘƻǿƴǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ ƻf accessibility, and 
more detailed representation of key trip generators, such as business, retail and health 
activities). 

3.2 Zone Types 

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

º 960 ΨƛƴǘŜǊƴŀƭΩ demand modelling zones (with relevant population / jobs data); 
Á Aberdeen City = Zones 1-408 (408 zones: 392 used zones, +16 spare zones); 
Á Aberdeenshire = Zones 409-822 (414 zones: 395 used zones, 19 spare zones); 
Á Angus = Zones 823-892 (70 zones: 65 used zones, 5 spare zones); 
Á Moray = Zones 893-960 (68 zones: 54 used zones, 14 spare zones); 

º 21 ΨtŀǊƪ ϧ wƛŘŜΩ bus and rail station zones 961-981 (17 used and 4 spare zones); 
º 33 ΨtŀǊƪƛƴƎ /ŀǇŀŎƛǘȅΩ zones (12 off-street car parks, 13 on-street ȊƻƴŜǎΣ с ΨŦǊŜŜΩ 

peripheral parking areas and 2 spare parking zones (spare zones 982, & 983); 
º 16 External Route Zones: representing A90, A92, A96, A93 etc, East Coast Mainline 

and Inverness rail line, and reflecting the boundary with TMfS18. 

3.2.2 bƻǘŜ ǘƘŀǘ ǘƘŜ ΨCǊŜŜ ²ƻǊƪǇƭŀŎŜ tŀǊƪƛƴƎ aƻŘŜƭΩ όC²ttύ ǳǎŜǎ ǘƘŜ Ƴŀƛƴ ƛƴǘŜǊƴŀƭ ŘŜƳŀƴŘ ƳƻŘŜƭ 
zones to assign commuter trips. 

3.2.3 The ASAM19 zone system is contained and 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 The ASAM zone system geography was originally created using the 2011 Census boundaries 
at output area level.  For consistency, ASAM19 zoning forms disaggregations of TMfS18/ 
TELMoS18 zones and does not overlap Census Data zones or Local Authority boundaries.  For 
the ASAM19 Update, the ASAM14 system was disaggregated into smaller zonal areas using 
Data Zones and Output Area boundaries.  In areas where output areas where too large to 
isolate specific activities or network access points, these areas were further disaggregated 
using mapping and local knowledge to achieve a more detailed representation. 

3.3.2 Zoning was also updated to limit large volumes of traffic loading into a single point in the road 
network by splitting zones which have large trip generation / attraction.  This was informed 
by comparing levels of zonal population and employment.   

3.3.3 The process for creating standard ASAM19 internal demand model zones was as follows: 

º LŘŜƴǘƛŦȅ ΨƭŀǊƎŜǊΩ ASAM14 geographical zones where more detailed zoning could more 
accurately reflect travel accessibility; 

º Identify ASAM14 zones with larger number of households and/or employment to 
limit traffic loading); 

º Starting from the ASAM14 system, cross reference a combination of Census ΨŘŀǘŀ 
ȊƻƴŜΩ, ΨhǳǘǇǳǘ !ǊŜŀΩ ŀƴŘ Ψ²ƻǊƪǇƭŀŎŜΩ shape files (describing 2011 Census Household 
and employment records) to identify household data to create zonal aggregations of 
approximately 500 households per zone.  Similarly, cross reference employment 
(jobs) data to identify aggregations of around 1,000 jobs per zone. 

 
Á 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 employment-related activity may also be present).  
bƻǘŜ ǘƘŀǘ ǘƘŜǎŜ ǘƘǊŜǎƘƻƭŘǎ ǿŜǊŜ ƴƻǘ ǳǎŜŘ ŀǎ ΨŘŜŦƛƴƛǘƛǾŜ ƭƛƳƛǘǎΩΣ ŀǎ ŦƻǊ ǎƻƳŜ ŀǊŜŀǎΣ 
larger housing or employment figures were deemed acceptable, and depending 
on specific access arrangements, much smaller splits were required. 

Á 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. 

 
º Split out large output area zones which contain a high number of jobs, or do not 

accurately distinguish between separate activities or network access points (ie 
business / retail areas, or around the periphery of Aberdeenshire towns); 

 
Á At the end of this stage, generate an ASAM19 zone system with a total number 

of households and jobs per zone ς based on ASAM14 2014 planning data; 
 

º Cross reference the new zoning with TELMoS18 2018 planning data (available 
within a larger zones) and disaggregate the 2018 TELMoS data set into the ASAM19 
zones based on 2014 data ς providing an initial 2018 ASAM19 zonal data set.   
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TELMoS18 Planning Data at ASAM19 Level 

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

3.3.5 Initially, a 2018 TELMoS planning data set (households, population and employment figures), 
was provided from the TELMoS18 2018 Base year model.  The zonal data set was reviewed to 
understand the 2018 representation and identify the main generators / attractors in terms of 
employment categories.  Several discrepancies were identified between the TELMoS18 data 
and the initial ASAM19 data sets.  These discrepancies mostly appeared to relate to boundary 
issues, where jobs may be located in or accessed through a neighbouring zone, or where 
employment category differed to that known on-the-ground (mostly between retail and 
education activity).  The review focussed on areas with larger 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 data was later superseded by a TELMoS18A 2019 data set to coincide with the 
ASAM19 2019 base year model year.  ¢9[aƻ{му ά!έ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƴŜǿ ¢9[aƻ{ ǾŜǊǎƛƻƴ ǿƘƛŎƘ 
disaggregates outputs into additional categories such as remote workers. 

3.3.7 bƻǘŜ ǘƘŀǘ ǘƘŜ нлмф Řŀǘŀ ǎŜǘ ƛǎ ǘŜŎƘƴƛŎŀƭƭȅ ŀ ΨŦƻǊŜŎŀǎǘΩ Řŀǘŀ ǎŜǘ όŦǊƻƳ нлму-2019) using the 
TELMoS18A modelling process.  The 2019 TELMoS18A scenario data forms the key ASAM19 
planning data inputs.  

3.3.8 The end of this stage provided an ASAM19 zone 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 TELMoS18A ΨǇŀǊŜƴǘΩ ȊƻƴŜ ǘƻǘŀƭǎ ǿƘŜƴ 
aggregated, and reflect more local locational and job category data when used at the ASAM19 
zonal level.  ¢ƘŜ нлмф ¢9[aƻ{му! Řŀǘŀ ǎŜǘ ǇǊƻǾƛŘŜǎ ǘƘŜ ŦƻƭƭƻǿƛƴƎ нлмф ΨǊŜƎƛƻƴ-ǿƛŘŜΩ ǇƭŀƴƴƛƴƎ 
data into the ASAM19 coverage area and zone system (TELMoS18A Run Data L5 мф ΨYDΩύΥ 

º Households:  289,520 
º Population: 645,766 
º Working Population: 341,551 

Á Commuters = 263,748, Remote Workers = 26,175, Quasi Workers = 51,628 
º Employment (Workplace jobs): 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.  TELMoS18A will also 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 site locations 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.   

3.3.12 /ŜƴǘǊƻƛŘǎ ƘŀǾŜ ōŜŜƴ ŀŘŘŜŘ ǘƻ ŀ ƴǳƳōŜǊ ƻŦ ΨǎǇƛƎƻǘǎΩ όƭŜǎǎ ŘŜǘŀƛƭŜŘ ΨŀǇǇǊƻȄƛƳŀǘŜΩ ƴƻƴ-capacity 
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 traffic loading 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 coded for rural zones where 
there is less network detail. 

 
Excessive Trip Loading At Zones 

3.3.15 The ASAM19 Audit process highlighted a number of zones where the number of road trips 
loading onto the network within the Base Year were higher than the desired 300 vehicles per 
hour loading threshold.  Many of these higher loadings related to zones reflecting the 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 specific residential / business activity.  These zones are listed below with commentary 
discussing potential impact to network representation and model use. 

º Aberdeen Royal Infirmary (Zone 131): The ARI zone contains the highest traffic 
loadings within ASAM19.  Due to this activity, the zone has three centroids to load 
traffic to different network points, and is therefore generally representative of the 
ARI access arrangements.  The nature of access arrangements combined with 
periods of high activity would likely influence congestion, with some larger delays  
modelled within the PM peak, which appears reasonable for this area. 
 
Users should be aware of the higher traffic loadings (and subsequent potential 
congested impacts) at 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. 
 

º Altens (Zones 135, 142, 176, 207, 221):  The Altens area is split into several zones 
to represent the locations of the various business and industrial sites.  The majority 
of these Altens zones have 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 trips.  Zones 207 and 221 also have two zone 
centroids to load trips to the network.  
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º Altens zone 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 and reflect the access arrangements available 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. 
 

º Cornhill zone 157:  Mainly Represents Aberdeenshire Council headquarters, with 
traffic loadings at the main access point sitting 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. 
 

º Summerhill zone 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. 
 

º Garthdee (South) zone 175:  Mainly represents the retail park to the south of 
Garthdee Road, connected to the main roundabout access.  Trip loadings sit just 
above 300 vehicles per hour and are reflective of the main retail premises and car 
parking.   Users could consider disaggregating trips associated with the priority 
junction access located further North (to access Boots and Currys premises), if 
further detail is required for specific applications. 
 

º Mastrick zone 215:  Represents various business and retail premises to the north 
of the Lang Stracht, with trip loadings just over the 300 vehicles per hour at the 
main access point.  Although current network representation is appropriate for this 
area, users may wish to consider adding an additional centroid (i.e. connecting to 
Mastrick Drive) or splitting this zone if further detail is deemed required in this area. 
 

º Denmore zone 307:  Appropriately represents the northern parts of the Denmore 
Drive industrial and retail areas, where access to the 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. 
 

º Kingswells zone 349:  Suitably represents the Prime Four business park with 
relevant north and south access points.  
 

º Dyce zone 371:  Suitably represents the Pitmedden Road industrial area and the 
two accesses connecting to Pitmedden Road. 
 

º Aberdeen Airport Zone 341:  Represents the main Airport passenger Terminal and 
neighbouring short stay car park access points.  Users should note that there is no 
representation of separate long stay car parking facilities.  Aberdeen Heliport is also 
represented by a separate zone.  
 

º Portlethen Zone 419:   Suitably represents the Baydentoy Industrial Park with the 
only access to the North of the A92. 
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º Westhill zones 433, 435, 441, 447:  Represent 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 business uses within zone 435.  
 

º 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. 
 

º 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 significantly during forecasting. 
 

º Peterhead zone 717:  More generally represents parts of Peterhead town centre 
ŀƴŘ ƘŀǊōƻǳǊ ŀǊŜŀǎΦ  !ǎ tŜǘŜǊƘŜŀŘ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ Ψ.ǳŦŦŜǊΩ ǊƻŀŘ ŎƻŘƛƴƎ ŀǊŜŀΣ ƭŜǎǎ ŘŜǘŀƛƭ 
is required here in terms of network representation.  Users could consider 
incorporating further zoning and separate access points if more detailed 
representation of the local area is required for specific applications.  
 

º Turriff (z737), Banff (z794), Arbroath North (z863), Buckie (z904), Rothes (z910), 
Elgin (zones 927, 930, 933, 936):   Represent zonal areas more generally within the 
Buffer network where less detail is required.  Level of vehicle loadings are just over 
the 300 threshold so there is less value in further disaggregation within these areas. 
 

º Lossiemouth (zone 940): more generally represents the town of Lossiemouth 
within the Buffer area where less detail is required.   
 

º Burghead (z941):  Mainly represents RAF Lossiemouth which is reflected as one site 
and the relevant network access point.  

3.4 Parking Capacity & Park & Ride Zones 

City Centre Car Parks 

3.4.1 There are 33 zones representing car parks in ASAM19 (including two spare zones), with 13 
on-street zonal parking areas and 12 off-street car parks, and six peripheral zones 
representing free parking at the edge of the controlled area. 

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 and walk to the city centre to 
complete their journey.  Car park modelling is discussed further in Chapter 13. 

 
Park & Ride Zones 

3.4.3 {ŜǇŀǊŀǘŜ ΨǎǇƻǘΩ ȊƻƴŜǎ ŀǊŜ ǳǎŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ƛƴǘŜǊŎƘŀƴƎŜ ŀǘ tŀǊƪ ŀƴŘ wƛŘŜ ǎƛǘŜǎ ŀƴŘ Ǌŀƛƭ ǎǘŀǘƛƻƴǎ 
(representing access at site car parks).  These include: 
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Rail Station Car Parks 

º Aberdeen Rail Station, Dyce; 
º Inverurie, Insch, Huntly, Keith, Elgin; 
º Portlethen, Stonehaven, Laurencekirk; and 
º Montrose, Arbroath; 

Bus Based Park & Ride Car Parks 

º Bridge of Don; 
º Kingswells; 
º Ellon; and 
º Craibstone. 

3.4.4 Park and Ride modelling is discussed further in Chapter 11.  
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4. ROAD NETWORK AND ASSIGNMENT 

4.1 ASAM19 Road Network Construction Approach & Data 

4.1.1 The following section describes how the ASAM19 road model network supply was 
constructed, and the procedures used for Assignment.  The ASAM19 road network was 
developed using SATURN software and was based on the original ASAM14 coded network.   

4.1.2 ¢ƘŜ !{!aмп нлмт Ψ.ŀǎŜƭƛƴŜΩ ¸ŜŀǊ ǿŀǎ ǳǎŜŘ ŀǎ ŀ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ, which included schemes now 
on-the-ground.   

4.1.3 The coding for the AWPR and A90 Balmedie to Tipperty projects were extracted from the 
ASAM14 2022 scenario and incorporated into the 2019 network.  A number of additional road 
links and junctions were incorporated to provide more detail across the network, particularly 
to accommodate a number of rural bus routes.  Updates also included various access points 
at new developments which were now on-the-ground in 2019 (e.g. The Event Complex (TECA 
/ P&J Live) and Countesswells and  Chapelton residential developments). 

4.1.4 The main road schemes incorporated into the 2019 network are described in Table 2. 

Table 2. ASAM19 2019 Road Network Additions  

SCHEME DESCRIPTION 

1. Diamond Bridge 

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

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

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

4. Broad St Bus Gate 
Traffic restriction now in place at Broad Street ς bus only access between 
Queen St and Upperkirkgate 

5. Segregated Left turn at 
King George VI Bridge 

bŜǿ ƭƛŦǘ ǘǳǊƴ ΨǎƭƛǇΩ ŦǊƻƳ YD ±L ǘƻ ²Ŝǎǘ ¢ǳƭƭƻǎ wƻŀŘ 

6. A96-Airport Dyce Drive 
Link Road 

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

7. Dyce Drive Development 
Access 

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

8. A96 / Dyce Drive Signals Signalised Intersection (replacing the existing A96 Roundabout) 
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SCHEME DESCRIPTION 

9. A944 Corridor Speed 
Limits 

Reduction in Ψfree flowΩ speed between Kingswells Roundabout & Westhill, 
reflecting change to speed limit from 50mph to 40mph.  From summer 2017 
40mph from Westhill to the Lang Stracht and Skene Road 30mph sections. 
40mph sections north of Kingswells Roundabout. 

10. Kingswells Roundabout 
at A944 

Additional circulating lane on Kingswells roundabout and approach capacity 
following build-out of Prime Four development 

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

12. B9119 Signals Traffic signals incorporated to represent access to Crematorium 

13. A956 Traffic Signals Traffic signal access to Cove and Balmoral sites on A956 

14. North Esplanade West  New traffic signals to access Raiks Road in City Centre 

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

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

17. Countesswells 
Development Access 

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

18. A96 Park & Ride 
Park & Ride Zone added to represent new PT interchange point at new Dyce 
Drive Link Road.  

19. Inveramsey Bridge  Removal of signals on the A96 at Inveramsey Bridge. 

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

21. Inverurie Link Road New single carriageway between B9001 & B9170 with Roundabouts. 

22. Dubford Access Dubford Development priority junction access from Sheihill Drive to North 

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

24. New TECA Event 
Complex Access  
όάtϧW [ƛǾŜέύ 

TECA access via new traffic signals at Dyce Drive.  Traffic can access site from 
A96 (left in only) ς and bus gate in/out from east.  Closure of Greenburn 
Road.  Traffic signal access also from Wellheads Road (extracted from 
ASAM14 2022 model network).  Note that in the original base year coding 
general traffic access is available for right turning traffic from A96 South.  
The network has been updated to restrict this movement for general traffic 
within the forecasting scenarios (i.e. now a bus only turn). 

25. AWPR 

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

26. A90 B-T A90 Balmedie to Tipperty Dual Carriageway and connecting intersections 

2019 Traffic Signal Settings 

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

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

º Signals located within Aberdeen city centre were initially coded from data sets 
extracted from the underlying SCOOT traffic system.   These were originally coded 
into new Aberdeen City Centre Paramics model, then transferred across and 
reformatted to the appropriate Saturn coding within ASAM19.  Due to the level of 
detailed data, some signals required averaging to be compatible with the average 
hourly nature of the Saturn model;  

º For areas outwith the Paramics coverage, and where available, signal settings were 
coded directly into the ASAM19 network to reflect the data provided; and 

º For traffic signals located within the areas around Ellon and Inverurie, the local 
Paramics models were used to provide data.  These models already contained 
recent representation of signal settings. 

4.1.7 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: 

º Banchory High St/ B974, A944/ B9119, Craigton Road/ Springfield Road, North 
Deeside Road/ Kirk Brae, North Deeside Road / Ballieswells Road, Queens Road/ 
Angusfield Lane, Queens Road/  Springfield Road. 
 

Junction Simulation Area & Buffer Network 

4.1.8 The ASAM19 road network remains a mixture of detailed junction simulation coding within 
Aberdeen and also covering the main Aberdeenshire commuter towns, and less detailed 
ΨōǳŦŦŜǊΩ ŎƻŘƛƴƎ ƛƴ ƳƻǊŜ ǊǳǊŀƭ ŀǊŜŀǎΦ  aŀƴȅ ƻŦ ǘƘŜ ƴŜǿ ǊǳǊŀƭ ǊƻǳǘŜǎ ǿŜǊŜ ŎƻŘŜŘ ŀǎ .ǳŦŦŜǊ 
network, reflecting their rural nature.   

4.1.9 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. 

4.1.10 The default capacities applied for the majority of junction coding are described in Table 3.  

4.1.11 The list of ASAM19 Speed Flow Curves are described in Appendix B.  This includes a speed 
flow curve for the new AWPR and A90 B-T Grade separated dual carriageways. 

4.1.12 The ASAM19 Road Network coverage is illustrated in Figure 4, with green links identifying 
ǊƻŀŘǎ ǿƘƛŎƘ ƛƴŎƭǳŘŜ ƧǳƴŎǘƛƻƴ ΨǎƛƳǳƭŀǘƛƻƴΩ ƳƻŘŜƭƭƛƴƎΦ 
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Zone Connectors 

4.1.13 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.  

4.1.14 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.  

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

4.1.16 Zoning used the follows default parameters: 

º Urban (Aberdeen) Connection distance = 200m 
º Rural (Aberdeenshire, Moray, Angus) Connector Distance = 350m 
º External Route zones: 500 metres; 

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

 
Assignment Parameters 

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

º PCNEAR = 1  (part of the convergence threshold criteria and in-line with Guidance); 
º NOMADS = 14  To enable running of 14 user class matrices with LEZ compliant / 

non-compliant vehicle matrix tables; 
º Value of Time Parameters to reflect the 2019 Base Year; and 
º BUSPCU = 3.2 (PCU factor for bus vehicles) ς HGV PCU factor remains at 1.9 

4.1.19 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 additional impact 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 build outs (where there is 
insufficient space for general traffic to overtake) may impact traffic queuing.  And similarly, 
where the size of HGVs restrict two-way traffic operations.  In these type of constrained 
circumstances, the modelling may merit larger PCU factors to represent the fuller impacts. 

4.1.20 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 journey times and 
congestion were inline with expectations, and ideally, observed data sets for local areas. 

Network Coverage Summary 

4.1.21 Within the ASAM19 road network there are approximately 9,000 simulation nodes, 8,500 
buffer nodes and 190 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, 984-1014 represent parking sites, and 1015-1030 represent 
external route zones.   

 

Figure 4. ASAM19 Road Network Coverage (Green is Simulation Area) 

4.2 Original ASAM14 Road Coding 

4.2.1 For ease of reference, the following sections describe the original construction of the ASAM14 
road network, which forms the underlying basis of the ASAM19 network.  The original 
network was constructed using a combination of the following data sets: 

º OS Mastermap Integrated Transport Network (ITN); 
º TomTom speed/time data; 
º Traffic signal settings data from Local Authorities and Paramics models (updated 

for ASAM19 using more recent traffic signal data sets); 
º Transport scheme information received from Transport Scotland and Local 

Authorities; 
º ASAM14 zone system (Zone system updated for ASAM19); 
º Existing ASAM4 version road network coding (including AWPR forecast network); 
º Other existing SATURN model data sets; and 
º Satellite mapping and Google Streetview;  
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4.3 ASAM14: Integrated Transport Network (ITN) 

4.3.1 The ASAM14 road network was generated based on a detailed 2016 ITN GIS shapefile - which 
excluded the new Diamond Bridge 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. 

4.3.2 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 loading points. 

4.3.3 ! ƪŜȅ ǎǘŜǇ ǿŀǎ ǘƻ ŎƻƴŎŀǘŜƴŀǘŜ ǘƘŜ L¢b ƴƻŘŜ ƴǳƳōŜǊǎ ǿƛǘƘ ǘƘŜ ƎǊŀŘƛŜƴǘ ŦƭŀƎ όάψлέ ƻǊ άψмέύ ƛƴ 
order to remove a potential problem where one road passes over another, otherwise SATURN 
would interpret this as a junction rather than a flyover. 

4.3.4 The ITN data did not specify explicitly which links represented one-way and two-way links, 
ŀƴŘ ǎƻ ǘƘƛǎ ǿŀǎ ƛƴŦŜǊǊŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ ǊƻŀŘ ΨbŀǘǳǊŜΩ ǇŀǊŀƳŜǘŜǊΣ ŜΦƎΦ ƛŦ bŀǘǳǊŜ Ґ 5ǳŀƭ 
Carriageway then it was assumed this was a one-way link. 

4.3.5 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 Indices (speed-flow 
curves) was developed and imported to MS Access, which were joined to the ITN ΨŘōŦΩ ŦƛƭŜΦ 

4.3.6 The ITN links flagged for removal were deleted from the ITN layer and this was exported as a 
ǎƘŀǇŜŦƛƭŜΦ  ¢ƘŜ ΨŘōŦΩ ŦƛƭŜ ǿŀǎ ǳǎŜŘ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ōǳŦŦŜǊ ƴŜǘǿƻǊƪ ōȅ ƛƳǇƻǊǘƛƴƎ ƛƴǘƻ ŀƴ 9ȄŎŜƭ ŦƛƭŜΦ  
A series of lookups converted this data into the correct format for SATURN buffer network 
coding. 

4.4 ASAM14: SATURN Network Building & Coverage 

4.4.1 The ASAM14 road assignment model was developed using SATURN software. This required 
coding road links and junction layouts across the modelled area. 

4.4.2 Model assignment parameters for the ASAM14 SATURN model were extracted from the 
SEStran Regional Model (SRM12) SATURN assignment model where appropriate. 

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

Buffer Network 

4.4.4 [Ŝǎǎ ŘŜǘŀƛƭŜŘ ΨōǳŦŦŜǊΩ ƭƛƴƪǎ were used to represent more rural parts of Aberdeenshire, Moray, 
Angus and connections with external areas further south and towards Inverness.  This 
represented a similar coverage to the existing ASAM model, with further detail around the 
key Aberdeenshire towns and to coincide with new zoning. 

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

4.4.6 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  

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

º the whole of Aberdeen City; 
º the area of Aberdeenshire between the main commuter towns (i.e. Ellon, Inverurie, 

Westhill, Banchory & Stonehaven) and Aberdeen; and 
º the A90 South corridor to Laurencekirk & A92 to Montrose.    

4.4.8 ¢ƻ ŎǊŜŀǘŜ ǘƘŜ {!¢¦wb ǎƛƳǳƭŀǘƛƻƴ ƴŜǘǿƻǊƪΣ ŀ ΨbŜǘǿƻǊƪ .ǳƛƭŘŜǊΩ ŜȄŜŎǳǘŀōƭŜ ǇǊƻƎǊŀƳ ǿŀǎ ǳǎŜŘΦ  
¢Ƙƛǎ ǊŜǉǳƛǊŜŘ ŦǳǊǘƘŜǊ ŦƻǊƳŀǘǘƛƴƎ ƻŦ ǘƘŜ L¢b ΨŘōŦΩ ŦƛƭŜ ǳǎƛƴƎ 9ȄŎŜƭΣ ōŜŦƻǊŜ ǇŀǎǎƛƴƎ ǘƘǊƻǳƎƘ ŀ 
macro-enabled spreadsheet to validate the data, exporting links and nodes data in a specific 
format for use in the Network Builder program. 

4.5 ASAM14: Road Link Coding Approach 

4.5.1 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 layout at signalised junctions. 

Road Attributes 

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

4.5.3 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 road network (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 speed limits (i.e. A944 corridor).  
Satellite imagery and photography along with local knowledge was also used to review road 
attributes. 

4.5.4 wƻǳƴŘŀōƻǳǘǎ ŀǊŜ ǇǊƛƳŀǊƛƭȅ ŎƻŘŜŘ ŀǎ ŀ ǎŜǘ ƻŦ ΨŜȄǇŀƴŘŜŘ ƭƛƴƪǎΩΣ ǿƛǘƘ ŎƛǊŎǳƭŀǘƛƴƎ ǎŜŎǘƛƻƴǎ 
represented by short one-way links, and each roundabout approach coded as a priority 
junction. This approach directly matches the ITN link structure.  Mini-roundabouts have 
(usually) been coded using a SATURN Roundabout junction type.  

4.5.5 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. 

4.5.6 Traffic flow-delay relationships were coded for all modelled road links. Speed-flow curves are 
described in Appendix B.  Speed-flow 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 

4.5.7 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 
{ǘǊŜŜǘ ό5ȅŎŜύΣ /ŀƛǊƴ hΩaƻǳƴǘ ŀƴŘ ǘƘŜ Ŏƻŀǎǘŀƭ ǊƻǳǘŜ ŀǘ 5ǳƴƴƻǘǘŀǊ /ŀǎǘƭŜ ŀƭǎƻ Ŏƻntain HGV 
restrictions.  A number of banned turns are also incorporated into the junction modelling. 

4.5.8 Note that there is not 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 
ǎƘƻǿ ǎƻƳŜ ID±Ωǎ ǳǎƛƴƎ ǘƘƛǎ ǊƻǳǘŜΦ 

Representing Public Transport Connectivity 

4.5.9 Additional public transport network and service information (bus lanes, bus gates) were 
added to the road network (i.e. Kingswells).  Bus lanes are assumed to be operational within 
the AM and PM Peaks and excluded during the Inter Peak, in-line with the operating times 
displayed  on traffic signage.  The vast majority of roads used by public bus services are 
incorporated, especially within the simulation area.  There are a number of more rural routes 
that are used by infrequent services that are not included in 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 links within the base year model were coded with different distances for different 
directions.  The majority of these (48 links) have a difference of less than 10 metres, and are 
considered insignificant.  14 link distances have a distance of between 10 and 100 metres, 
and 7 links have a distance difference of 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 a handful of links around Dyce drive where distances are inconsistent by around 100-200 
metres. These links should be updated at the 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 straight ahead capacities and 
varied roundabout coding to match different road approach capacities. 
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4.6.2 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 
ƧǳƴŎǘƛƻƴǎ ǳǎƛƴƎ {!¢¦wbΩǎ ǊƻǳƴŘŀōƻǳǘ ǘȅǇŜύΥ 

Table 3. Default Junction Saturation Flows 

MOVEMENT TRAFFIC SIGNALS PRIORITY JUNCTION 

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 

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

4.6.4 {Ƴŀƭƭ ǊƻǳƴŘŀōƻǳǘǎ ǿŜǊŜ ǊŜǘǊƻǎǇŜŎǘƛǾŜƭȅ ŎƻƴǾŜǊǘŜŘ ǘƻ ǳǎŜ {!¢¦wbΩǎ ǊƻǳƴŘŀōƻǳǘ ƧǳƴŎǘƛƻƴ 
type, and were coded with saturation flows between 700-1,800 PCU per lane depending on 
the junction layout and constraints. 

4.6.5 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.  

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

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

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

º Ψ5ǳƳƳȅΩ ƴƻŘŜǎ ŎƘŀƴƎŜŘ ǘƻ tǊƛƻǊƛǘȅ ǘȅǇŜ ǘƻ ŜƴŀōƭŜ ōƭƻŎƪƛƴƎ ōŀŎƪ ƛƳǇŀŎǘǎΣ ǿƛǘƘ ƴƻŘŜ 
turning saturation flows modified to match the saturation flow of link; 

º Two-lane, non-priority movements changed from the default saturation flow of 
3600 to the link's capacity (excluding nodes on roundabouts and zone connector 
nodes); 

º Incorrect priority markers removed at locations where single-carriageway links are 
adjacent to dual-carriageway links, as well as turning saturation flows amended to 
match link saturation flows at these locations; 
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º Roundabout stop-line 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; 

º !ƴ ƻŦŦǎƛŘŜ ŦƭŀǊŜ ƻŦ ŦƛǾŜ t/¦Ωǎ ŀŘŘŜŘ ǘƻ ƭƛƴƪǎ ǿƛǘƘ ŀƴ ƻǇǇƻǎŜŘ ǘǳǊƴƛƴƎ ƳƻǾŜƳŜƴǘ ŀƴŘ 
a Capacity Index of 3 (for very good quality A-roads); and 

º 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 ASAM14, existing Paramics models available 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: 

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

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

º 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 Kingswells Roundabout 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 signal information 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 were 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 dual-carriageways and 
motorways. 
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4.6.15 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 PCUs). 

Network Coverage Summary 

4.6.16 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 zones 575-630 are internal to the demand 
model.  Zones 508-574 represent park and ride and parking sites, and external zones.  The 
initial model contained 574 zones, excluding zones from 575-630. 

Speed-Flow Curves 

4.6.17 The initial speed-flow curves used in ASAM14 were extracted from the existing SRM12 model 
and A96 Corridor Study model, which included some coverage within the ASAM14 area.  Some 
additional curves were added to isolate and better represent flow-delay characteristics for 
some modelled roads. 

4.6.18 Speed flow curves were allocated based on a series of rules (as described in section 4.5), for 
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/ non-built up) with more/less 
interactions within the road space available, such as pedestrian crossings, 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.   

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

4.6.20 It was found on review of the journey time data (TomTom) that the maximum speed coded 
on some speed-flow 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 number of speed-flow 
curves following a review of observed speeds on key corridors in the modelled area. 

4.6.21 When reviewing the HGV routing during the calibration process, it was found that many HGVs 
ǳǎŜŘ ƛƴŀǇǇǊƻǇǊƛŀǘŜ ΨǊŀǘ ǊǳƴǎΩ ǘƘŀǘ ŘƛŘ ƴƻǘ ƻŎŎǳǊ ƛƴ ǘƘŜ ƻōǎŜǊǾŜŘ ŘŀǘŀΣ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ǎǇŜŜŘ 
on the links on the signposted route was increased for HGVs to encourage these 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 rat-running at the Bridge of Dee through Kincorth.  

 
Coding Manual 

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

4.6.23 wƻŀŘ ƴŜǘǿƻǊƪ ŎƻŘƛƴƎ ǘȅǇƛŎŀƭƭȅ ǳǘƛƭƛǎŜǎ {ŀǘǳǊƴ ΨƛƴŎƭǳŘŜΩ ŦƛƭŜǎ ǘƻ ŎƘŀƴƎŜ ŎƻŘƛƴƎ ŀǘǘǊƛōǳǘŜǎΦ  Due 
to the level of base model network updates there are numerous 'include' (update)  files within 
the ASAM19 road network building procedure, which can add some complexity to the 
network coding process.  The coding process could be simplified by merging coding files, or 
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potentially re-creating the main road network Ψ.datΩ file by dumping the .UFN file.  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 ASAM19 Road Assignment Procedures 

4.7.1 The road assignment model procedure adopted for the ASAM19 road model is an Equilibrium 
Assignment. The Frank-Wolfe Algorithm is used to identify the equilibrium solution.  This 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: 

º {!¢¦wb ǊƻŀŘ ƴŜǘǿƻǊƪ ΨŘŀǘΩ ŦƛƭŜ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ǘƻǇ-up files; 
º .ǳǎ ΨǇǊŜƭƻŀŘǎΩΤ 
º Road trip matrices, representing 14 Road User classes; 
º Generalised cost parameters; and 
º Range of assignment procedures, including defining convergence. 

4.7.4 The ASAM19 road assignment was updated to run with 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, speed-flow curve 
definitions and model parameters (generalised costs parameters). 

4.7.6 ThŜǎŜ ŦƛƭŜǎ ŀƭǎƻ Ŏƻƴǘŀƛƴ ŀ ǎŜǊƛŜǎ ƻŦ ōŀƴƴŜŘ ƭƛƴƪǎ ŦƻǊ ID±Ωǎ ŀƴŘ ŀƭǎƻ ōǳǎ ƻƴƭȅ ǊƻǳǘŜǎΦ   ¢ƘŜ 
banned link references are also used to input roads or cordons where non-complaint 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 frequencies were extracted from the ASAM19 (Cube Voyager) Public Transport 
model and converted to SATURN format.  These were then added as a set of link-based 
preloaded flows into the SATURN road model. 

4.7.8 Bus flows are converted into PCUs using a factor of 3.2 per vehicle (consistent 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 Trip Matrices 

4.7.9 The road model assigns seven main traffic user types representing different travel purposes.  
Each user class has a LEZ compliant and non-compliant vehicle proportion and are User classes 
ŀǊŜ ƴǳƳōŜǊŜŘ ŀǎ Ŧƻƭƭƻǿǎ όǿƛǘƘ ǘƘŜ ΨƻŘŘΩ ¦ǎŜǊ /ƭŀǎǎ ǊŜǇǊŜǎŜƴǘƛƴƎ ŎƻƳǇƭƛŀƴǘ ǾŜƘƛŎƭŜǎ ŀƴŘ ΨŜǾŜƴΩ 
user class representing non-complaint vehicles: 
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º Car Business (UC 1 & 2); 
º Car Non-work Commute (UC 3 & 4); 
º Car Non-work Other (UC 5 & 6); 
º Car Non-work Education (UC 7 & 8) 
º Car Non-work Retired (UC 9 & 10) 
º Light Goods Vehicles (UC 11 & 12); and 
º Heavy Goods Vehicles (UC 13 & 14) 

4.7.10 The compliance factor (proportion of compliant vehicles) for the 2019 base year model is set 
in the Demand model procedures by user class, with ability to vary the proportion during 
forecasting if required. 

4.7.11 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 TMfS and ASAM 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 local data supports this approach.   

4.7.12 Note that the ASAM19 road model does not contain high occupancy vehicle modelling. 

Generalised Cost Parameters ς 2019 and consistent compliant / non-compliant 

4.7.13 The calculation of generalised cost parameters was based on  the TAG guidance Databook 
May 2019 v1.12 (available at the time of road model development).  Users should note that 
the databook has since been updated, and parameters are also adjusted during forecasting 
to reflect future policy commitments.  Users should consider if more recent updates and 
forecasting adjustments and assumptions could impact their intended model application. 

4.7.14 ¢ƘŜ ǳƴƛǘǎ ƻŦ ǘƛƳŜ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŀǎŜŘ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ΨtŜƴŎŜ tŜǊ aƛƴǳǘŜΩ 
όttaύ ŀƴŘ ΨtŜƴŎŜ tŜǊ YƛƭƻƳŜǘǊŜΩ όttYύ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŀǎ ǊŜǉǳƛǊŜŘ ōȅ {!¢¦wbΦ  

4.7.15 Table 4 describes 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 

4.7.16 During the road calibration process the routing of HGVs was seen to be overly bias towards 
some short distance routes, which did not reflect the level of HGV traffic counts observed for 
specific roads.  For example, the Bridge of Dee width restriction requires HGVs to divert 
around a relatively longer distance route 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. 

4.7.17 To help minimise these routing issues, the HGV Pence per km parameter was 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 described in Table 4.  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 2019 Base Year 

MODE PPM PPK TOLL TIME DISTANCE 

Car Business 32.68 12.77 1.73 1.00 0.39 

Car Non-work Commute 21.44 6.14 3.18 1.00 0.29 

Car Non-work Other 13.97 6.14 2.07 1.00 0.44 

Car Non-work Education 22.13 6.14 3.29 1.00 0.28 

Car Non-work Retired 13.97 6.14 2.07 1.00 0.44 

LGV 22.29 14.94 0.53 1.00 0.67 

HGV 44.51 30.07 1.05 1.00 0.68 

HGV: Adjusted 44.51 22.55 1.05 1.00 0.68 

All figures are in 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) + c x toll (pence) 

where a, b and c are the parameters and GC is in Generalised time 

Convergence 

4.7.19 Within SATURN the convergence of the assignment / simulation loops is controlled by the 
ǇŀǊŀƳŜǘŜǊǎ Ψt/b9!wΩΣ Ψw{¢htΩ ŀƴŘ bL{¢htΦ  ¢ƘŜ ƭƻƻǇǎ ǘŜǊƳƛƴŀǘŜ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƛŦ w{¢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 ASAM19 these parameters were 
set as follows: 

º RSTOP = 98 
º PCNEAR = 1.00 
º NISTOP = 4 

4.7.20 The final convergence % GAP (% DELTA ς actual costs minus minimum costs) for the 2019 
Base year road models are set out below.   

º 0.1858%   for the AM Peak model after 21 iterations (BC85 ME4A PostME Run); 
Á (BC88 I29a Loop3 Run = 22 iterations & 0.2225%) 

º 0.1724%   for the Inter Peak model after 9 iterations (BC85 ME4A PostME Run); 
Á (BC88 I29a Loop3 Run = 9 iterations & 0.1715%) and 

º 0.1820%   for the PM Peak model after 40 iterations (BC85 ME4A PostME Run) 
Á (BC88 I29a Loop3 Run = 39 iterations & 0.1836%). 
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4.7.21 The figures detail the convergence statistics for the final (post matrix estimation) fixed matrix 
assignment model run όά./урέύΣ ŀƴŘ ŀƭǎƻ ǘƘŜ Ŧƛƴŀƭ Ǌǳƴ ƻŦ ǘƘŜ ōŀǎŜ ȅŜŀǊ ŘŜƳŀƴŘ ƳƻŘŜƭ 
όά./ууέύΦ  ¢ƘŜǎŜ Ǌǳƴǎ ŀǊŜ ǾŜǊȅ ǎƛƳƛƭŀǊΣ ōǳǘ Řƻ ǇǊƻŘǳŎŜ ǎƭƛƎƘǘƭȅ ŘƛŦŦŜǊŜƴǘ ƳƻŘŜƭƭŜŘ ŀǎǎƛƎƴƳŜƴǘǎ 
due to small differences in the trip matrices.  The statistics provided demonstrate that both 
sets of runs produce very similar convergence statistics. 

4.7.22 The ASAM19 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 

4.7.23 The road model assignment produces several output files, including: 

º 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 the input Trip Matrix (*.UFM), creates the Assigned Network File; 

º 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 the SATURN Software interface; 

º Link/Route Costs File (*.UFC): These binary files contain information about the 
ŎƻƳǇƭŜǘŜ ǎŜǘ ƻŦ ƭƛƴƪ ǘǊŀǾŜƭ άŎƻǎǘǎέ ǳǎŜŘ ǘƻ Ŏƻnstruct minimum cost routes; 

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

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

4.8 PASSQ Assignment 

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

4.8.2 The proportion of calibrated traffic used within the earlier hour was based on observed traffic 
count survey data spanning the ASAM19 model coverage area.  The PASSQ proportions 
covering all modelled vehicle movements ǿƛǘƘƛƴ ǘƘŜ ΨtǊŜ-tŜŀƪǎΩ were: 

º AM Peak 0700-0800 = 0.95  (95% of 0800-0900) 
º PM Peak 1600-1700 = 0.99  (99% of 1700-1800) 

4.9 LEZ Non-Complaint Vehicle Assignment 

4.9.1 ASAM19 provides model segmentation to appraise Low Emission Zones (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). 

4.9.2 [9½ ΨŎƻƳǇƭƛŀƴǘΩ ŀƴŘ Ψnon-compliantΩ user classes generate a total 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 
ǘƘŜ ΨŎƻƳǇƭƛŀƴŎŜ ŦŀŎǘƻǊΩΦ  /ompliance factors are set in the Demand model run inputs by user 
class.  The base year road model has and area wide value that 70% (69.7%) 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 vehicle proportion used within the ASAM19 modelling is derived 
from ANPR surveys undertaken within central Aberdeen during 2019. The 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 supporting the development of the LEZ. 

4.9.5 The parameters used to assign ΨŎƻƳǇƭƛŀƴǘΩ ŀƴŘ Ψƴƻƴ-ŎƻƳǇƭƛŀƴǘΩ ǳǎŜǊ ŎƭŀǎǎŜǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ 
and for the base year model and are described in Table 4.  As an LEZ scheme was not 
operational in Aberdeen during 2019, 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, link (A-node-B-node) identifiers are applied ǿƛǘƘƛƴ ǘƘŜ ά[9½ψ.ŀƴψƭƛƴƪǎΦŘŀǘέ ŦƛƭŜ to 
identify the coverage of the LEZ cordon area. 

4.9.7 An effective ΨōŀƴΩ ǘƻ ƴƻƴ-compliant vehicles is applied by inputting a large generalised cost to 
each relevant non-compliant user class, with a-node-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 for non-compliant 
vehicle motorists travelling to/from the LEZ area ς where non-complaint vehicles 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.  Users should review outputs 
to check an appropriate response from the specific LEZ being applied. 

 
Assignment of Add-in Trip Movements 

4.9.10 bƻǘŜ ǘƘŀǘ ŀƴ ŀŎǘǳŀƭ ΨōŀƴΩ ƛǎ ƴƻǘ ŀǇǇƭƛŜŘ ǘƻ [9½ ŎƻǊŘƻƴ ƭƛƴƪǎΣ ŀǎ ǘƘƛǎ ǿƻǳƭŘ ǇǊƻǾƛŘŜ ŀƴ ŀōǎƻƭǳǘŜ 
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).  Within this LEZ set up non-
complaint external trips can therefore access the LEZ area, while experiencing 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 add-ins 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 modelled reallocation of 
internal trips).  

4.9.12 Further technical details associated with the LEZ modelling are described within the ASAM19 
Coding Manual. 
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5. PUBLIC TRANSPORT NETWORK, SERVICES & ASSIGNMENT 

5.1 Public Transport Structure 

5.1.1 This Chapter describes the development of the ASAM19 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 objectives for the PT modelling was to bring ASAM up to date to reflect 2019 
network and service representation, calibrate to represent 2019 travel conditions and to 
provide public transport travel costs to inform the demand model.  

5.1.3 The ASAM19 public transport model uses CUBE Voyager Software, and is predominantly 
based on the previous ASAM14 public transport modelling approach, with re-working to 
include updated: 

º road network to provide consistency with the ASAM19 road model; 
º rail services to reflect 2019 timetabling and recent transport scheme delivery; 
º bus fares model to reflect local 2019 bus fares for each travel purpose; 
º rail fares model to reflect station-station fares matrices for each travel purpose; 
º bus service routes to reflect 2019 digital bus timetables; 
º travel demand matrices to reflect PT activity observed in 2019, recent delivery of 

PT schemes/services and changes in population and employment; 
º Segmentation of concessionary and education purposes, and fare types; and 
º Updated PT assignment parameters, such as values of time. 

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: 0800-0900; 
º Inter Peak: Average hour between 1000-1600; and 
º PM Peak hour: 1700-1800 

Travel Purposes, Fare Types & User Classes 

5.1.5 Demand matrices are prepared for five public transport ǳǎŜǊ ŎƭŀǎǎŜǎ όάtravel purposesέύΣ 
which are extended ǘƻ ǎŜǾŜƴ άticket ǘȅǇŜέ ǳǎŜǊ ŎƭŀǎǎŜǎ for assignment.  These include: 

º In Work (IW) - Business trips; 
º Non Work Commute (NWC) - Commuting trips to/from place of work; 

Á Season ticket and non-season commute  
º Non Work Other (NWO) - Other journey purposes (ie retail, leisure); 

Á Season ticket and non-season other travel  
º Non Work Education (NWE) ς Primary & Secondary school pupils; and 
º Non Work Retired ς retirement age population entitled to concessionary travel.  
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5.1.6 ¢ƘŜ ΨŎƻƳƳǳǘŜǊΩ ŀƴŘ ΨƻǘƘŜǊΩ ǘǊŀǾŜƭ ǇǳǊǇƻǎŜǎ ŀǊŜ ǎǇƭƛǘ ƛƴǘƻ ΨǎŜŀǎƻƴΩ ŀƴŘ Ψƴƻƴ-ǎŜŀǎƻƴΩ ǘƛŎƪŜǘ 
types to enable assignment of user class travel demand along with specific fare levels 
attributed to a proportion of relevant travel demand.  These seven ticket-type 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 files.   The use of scheduled bus services and 
school bus transport is allowable for any modelled travel purpose.  This approach helps ensure 
a reasonable (or minimal) level of PT accessibility is available for each modelled zone / area. 

5.1.8 This approach also creates a limitation in that non-school passengers can travel via school 
services in the model, (whereas this is unlikely to be possible operationally), and therefore 
some public transport journeys would be represented by a lower travel cost than anticipated.  
This issue is more relevant for rural areas where school services connecting settlements, and 
where no other service is actually available (whereas pupils in Aberdeen mainly travel using 
the local timetabled bus services, and specific school services are not readily available).    

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 non-school passengers in rural areas.  This will 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 non-school patronage, and consider if PT travel costs are 
sufficiently representative.  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 restricting non-school travellers 
from using school services.  One approach could be through introducing more detailed fares 
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 approach would be to reduce 
modelled PT accessibility in rural zones, and potentially increase public transport costs to an 
unreasonably high value, which may require further mitigation. 
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5.2 Public Transport Network 
 
Road Network Inputs 

5.2.1 The ASAM19 PT network is based on the ASAM19 SATURN road network with the addition of 
the North East rail network (East Coast Mainline and Inverness rail line).  This structure allows 
for simple and consistent transfer of changes in forecast road traffic speeds and delays.  The 
modelled PT network includes the following elements: 

º Road network; 
º Rail network between Carnoustie and Forres, including all intermediate stations; 

Á Carnoustie and Forres represent external route zones for all rail travel to/from 
the South / North.   

º Bus priority measures (bus lanes, bus only routes); 
º Walk connections between zones and the road network and rail stations;  
º Walk connections between rail stations and park & ride sites and the road network; 

and 
º 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 speeds.  Bus vehicle speeds are adjusted by a range of network speed factors 
(applied to the congested road speeds) to represent the slower average speeds of buses 
through the network.  These include:  

º 95%:    Rural Dual Carriageways 2 or 3 Lane A-Road 
º 85%:    Rural Roads 
º 97.5%:  Suburban /  Urban >30mph 
º 97.5%:  Suburban /  Urban <30mph 
º 98.5%:  Bus Lanes (of the Free Flow Speed, so uncongested) 
º 85%:     Any other route 

5.2.3 Buses operating along urban routes are assumed to travel through the network at almost the 
same speed as cars (i.e. 97.5% of congested car speed), with bus speeds further 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 values were based on judgement through 
reviewing the bus journey time validation, with factors implemented through grouping of 
network Capacity Indices (road types). 

 
Bus Dwell Times 

5.2.5 Bus speeds are also impacted and calculated by the time required for passengers boarding 
and alighting bus services.  This is represented by an average Ψ5ǿŜƭƭ ǘƛƳŜΩ per bus stopping 
node, which is input to the bus service file for each time period.  Dwell times ŘƛŦŦŜǊ ŦƻǊ άLƴǘǊŀ 
¦Ǌōŀƴέ όƛΦŜΦ CƛǊǎǘ !ōŜǊŘŜŜƴύ ŀƴŘ άLƴǘŜǊ ¦Ǌōŀƴέ όƛΦŜΦ {ǘŀƎŜŎƻŀŎƘύ ǎŜǊǾƛŎŜǎ as detailed below: 



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 55/ 298 

 

 
Intra Urban Service Dwell Time 

º AM Peak 0.42 Bus Dwell time factor (i.e. 25.2 seconds stopping time per stop); 
º Inter Peak 0.41  Bus Dwell time factor (i.e. 24.6 seconds stopping time per stop); 
º PM Peak 0.44 Bus Dwell time factor (i.e. 26.4 seconds stopping time per stop); 

 
Inter Urban Service Dwell Time 

º AM Peak 0.33 Bus Dwell time factor (i.e. 19.8 seconds stopping time per stop); 
º Inter Peak 0.30  Bus Dwell time factor (i.e. 18.0 seconds stopping time per stop); 
º PM Peak 0.32 Bus Dwell time factor (i.e. 19.2 seconds stopping time per stop); 

5.2.6 Dwell time factors were calibrated for each time period based on bus journey time 
comparisons with timetables, and in tandem with the bus speed network factor.  

5.2.7 A minimum congested speed of 1kph 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 / alight ς reducing the traffic 
volume along the next 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 delays at the 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 delay and a percentage reduction for boarding / alighting, and 
therefore the capping of low speeds limits this potential over estimate of congestion impacts. 

5.2.8 Bus journey times are therefore dependent on congested road network speeds, interaction 
with bus priority measures and number of service stops (and associated dwell time). 

5.2.9 Rail journey times are represented and dictated by timetabled service coding. 
 
Rail Lines & Stations 

5.2.10 The ASAM19 rail network represents the East Coast Mainline and Aberdeen to Inverness rail 
line, within the model boundary.  The following rail stations and associated rail lines and 
connectors have been incorporated into ASAM19: 

º Aberdeen:   Aberdeen Station and Dyce, 
º Aberdeenshire:  Laurencekirk, Stonehaven, Portlethen, Inverurie, Insch, Huntly; 
º Angus:  Arbroath & Montrose; 
º Moray:  Keith & Elgin 
º External connectors: at Carnoustie and Forres representing points of onwards 

travel to/from the South and North; 

5.2.11 Where applicable, each of these stations also has a car parking capacity allocation within the 
Park & Ride model to allow car-Ǌŀƛƭ ƛƴǘŜǊŎƘŀƴƎŜΦ  άInternalέ Park & Ride modelling excludes 
car-dependent interchanges at Carnoustie & Forres stations, which is extracted from TMfS. 
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Bus Priority 

5.2.12 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 as bus-only links.  These lanes 
are coded within the road model and carried through to the PT network.  The PT model applies 
90% of the relevant free-flow speed (rather than congested speed) for modelled links that are 
located along bus lanes and bus only links.  

5.2.13 Bus priority information was derived from previous ASAM bus network coding, review of 
satellite imagery, local knowledge and client feedback.  Bus gates / bus only routes are 
represented at Old Lang Stracht, Bedford Road, Dubford and Broad Street within the 2019 
base year modelling. 

5.2.14 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 Issues Log for all time periods, 
and some specific updates for the inter peak period when some bus lanes are not operational. 

 
Walk Links  

5.2.15 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 shopping streets as required.   

5.2.16 The walk speed within the PT model is set at 4.8kph (consistent with earlier model versions).  
Maximum (unweighted) walk time is capped at 30 minutes for rail access legs, 30 minutes for 
accessing inter-urban bus, and 25 minutes for Urban Bus. 

 
Motorised Non-transit Link Walk Cost  

5.2.17 For travel to/from model zones that cannot access an inter urban bus service within 30 
minutes walk time (and a maximum cost of 500 minutes), a ΨmotorisedΩ time is input for these 
areas, reflecting the potential to travel by taxi, or potentially be dropped off at a bus 
stop/station. 

5.2.18 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 non-motorised travel time penalty is set at 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 
obtaining lift  by car to bus stops). 

5.2.19 A summary of the composition of the public transport network is described in Table 5. 
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Table 5. Public Transport Network Statistics 

DESCRIPTION LTYPE NUMBER TOTAL LENGTH (KM) 

Railway Links 11 42 463.8 

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

18 50 19.5 

Active travel link (passenger can also use 
these links to access the PT network) 

24 114 87.6 

Subway Links 12 NA NA 

Ferry Links *  30 NA NA 

* Note that ASAM19 zone 1030 is used as an external link to represent Ferry traffic and 
passenger movements at Aberdeen Harbour.  This connects with TMfS18A to extract relevant 
ferry movements to/from the ASAM19 Harbour area.  No actual ferry links/routes are though 
coded in ASAM19. 

5.3 Public Transport Services 

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

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

5.3.2 ¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ ǎŜǊǾƛŎŜǎ όΨƭƛƴŜǎΩύ ŦƛƭŜ ƛǎ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘƘŜ ƛƴǇǳǘ ƻŦ 
public transport system and service data.  This includes the definition of System Information 
and the coding of PT service άƭƛƴŜǎέ. 

5.3.3 System Information contains data for: 

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

5.3.4 The PT lines contain data for each modelled public transport service, including the route the 
service takes across the modelled transport network.  Within ASAM19Σ ΨLƴǘer-ǳǊōŀƴΩ ōǳǎ 
services are used to represent and more rurally orientated services between Aberdeen City 
and Aberdeenshire, and beyond (i.e. Stagecoach) and also used to reflect long distances 
coaches travelling on the A90 to/from the South.   

5.3.5 ΨLƴǘǊŀ-ǳǊōŀƴΩ ǎŜǊǾƛŎŜǎ ŀǊŜ ǳǎŜŘ ǘƻ ǊŜǇǊŜǎŜƴǘ ǇǊŜŘƻƳƛƴŀƴǘƭȅ Ψ¦ǊōŀƴΩ ōǳǎ ǎŜǊǾƛŎŜǎ ŎƻǾŜǊing 
buses operating within Aberdeen (i.e. First Group). 
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5.3.6 Public transport services contain the following data: 

º mode; 
º operating company; 
º route type (circular/linear); 
º headway for each modelled time period; 
º short and long text descriptions; 
º Dwell Time; and 
º sequence of nodes along the route. 

5.3.7 Service time periods were identified through identifying the mid-point of the service time 
(within the modelled AM, Inter and or PM Peaks), with 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 speeds, bus stop dwell 
times and interaction with bus priority measures. 

 
Bus Services 

5.3.8 ASAM19 bus services are modelled by time period and were formed based on the relevant 
2019 TransXchange digital bus timetable files for services operating within the modelled area 
(extracted September 2019).  This includes services crossing the model boundary and 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). 

5.3.9 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 available within ASAM19 
(i.e. for some minor rural or urban routes, particularly in rural towns), additional road links  
were either incorporated, or ōǳǎ ǎǘƻǇǎ ǿƘŜǊŜ ΨǎƴŀǇǇŜŘΩ ǘƻ ōŜ ƭƻŎŀǘŜŘ ŀǘ ǘƘŜ ƴŜŀǊŜǎǘ ŀǾŀƛƭŀōƭŜ 
network node.   

5.3.10 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 calculation of the shortest time-
path between each stop.   

5.3.11 Urban and inter-urban 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 nearest equivalent road.  
However, the vast majority of bus stops are reflected in ASAM19, as further minor rural routes 
were incorporated to represent rural school bus services.  

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

5.3.13 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 
ǊŜǎǳƭǘŀƴǘ ǘǊŀǾŜƭ Ŏƻǎǘ ǿŀǎ ƻǳǘǿƛǘƘ ǘƘŜ ΨƳƻǘƻǊƛǎŜŘ ƳƻŘŜΩ ŎƻǾŜǊŀƎŜ όŀǎ ƭŜŦǘ ǳƴŎƘecked would 
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:  

º Zone 748 Lumsden, services 208_219 & 209_219, Alford ς Strathdon, inter peak 
frequency changed from zero to a service every 360 minutes; 

 
PM Peak 

º Zone 706, 740 Turriff, services 276_253 & 277_253, Turriff_Mintlaw or 
Fraserburgh, PM frequency changed from zero to 180 minutes; and 

º Zone 656 Rothienorman, services 377_308 & 380_308, Aberchirder or Turriff ς 
Inverurie, PM frequency changed from zero to 180 minutes. 

5.3.14 The result of these changes effectively provides a low level of PT accessibility to these zones, 
even though 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 other travel arrangements to access a service located further away. 

 
Rail Services 

5.3.15 Rail service coding was developed using 2019 ATCO-CIF rail timetable data.  Rail services were 
aggregated based on stopping patterns with average headways derived for each time period.  
The following approach was applied to prepare the PT lines: 

º modelled headways are based on the number of services that operate in each time 
period (i.e. 0700ς1000, 1000ς1600 and 1600ς1900) with the time period definition 
based on the timetable mid-point within the model network; 

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

º some long distance services with infrequent service patterns were included in more 
than one time period to ensure connectivity throughout the model network. 

5.3.16 The relevant PT Modes and associated number of coded service lines are detailed in Table 6: 

º Intra-urban bus:  operating mainly within Aberdeen (i.e. First Aberdeen); 
º Inter-urban bus:  City-Shire services and longer distance coach services; and 
º Rail services: operating along the East coast and Inverness lines. 

Table 6. ASAM19 Public Transport Bus & Rail Services 

MODE AM PEAK INTER PEAK PM PEAK 

Intra Urban Bus 87 56 60 

Inter Urban Bus 373 325 294 

Rail 23 17 24 

Total 483 398 378 

5.3.17 Public Transport service coverage is illustrated in Appendix 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 modes.  Table 7 
documents the five transit modes and accompanying four non-transit modes available within 
the ASAM19 Public Transport Assignment model. 

Table 7. ASAM19 Public Transport Modes 

NUM NAME LONG NAME 

1 Urban Bus Urban Bus 

2 Inter Urban Bus Inter Urban Bus 

3 Rail Rail 

4 Tram Tram 

5 New Mode Available for new mode input 

96 NTL_AE_M NTL Access / Egress Motorised 

97 NTL_AE NTL Access / Egress  

98 NTL_Z2Z NTL Zone to Zone 

99 NTL_Trans NTL Transfer Legs 

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

5.4.3 The non-transit leg creation process establishes general connectivity, but not exclusively from 
each zone node to a public transport stopping node through a series of rules.  These ASAM19 
rules are as listed below: 

º Mode 96 ς (NTL_AE_M)  - Based on MOT_NTL_COST For all model zones the maximum 
connection time of 500 minutes for Inter Urban Bus Stops. A maximum of 2 non transit 
legs are permitted from zones 320-491,493-897,899-1017,1019-1030. 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;  

º Mode 97 ς (NTL_AE) - Based on WALK TIME the maximum connection time of 25 
minutes for Urban Bus and 30 minutes for Inter Urban Bus and Rail. The maximum 
number of non-transit links permitted is discussed below and set out in Table 8; 

º Mode 98 ς (NTL_Z2Z) - Based on WALK TIME the maximum connection time of 5 
minutes from/to any zone to zone transfer; and 

º Mode 99 ς (NTL_Trans) - Based on WALK TIME the maximum connection time of 20 
minutes from bus stop to bus stop and bus stop to/from rail station. 
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5.4.4 The maximum number of non-transit links is defined by each non transit mode , PT sub-mode 
and in some cases by area. This is a trade-off between incorporating too many non-transit 
links (and impacting PT model run times) and not modelling sufficient access/egress to the 
Public transport services (impacting the representation of PT routing).  This stage is generally 
an iterative process balancing maximum cost and maximum number of links.  The final cap of 
non-transit links is shown in Table 8.  

Table 8. ASAM19 Maximum number of non-transit links permitted 

NTL MODE URBAN BUS INTER URBAN BUS RAIL  

96 0 2-5 (zone dependent) 0 

97 
7 (Aberdeen City), 1 

(Aberdeenshire & Bus 
Station), 5 (Externals) 

8 (Aberdeen City), 15 
(Aberdeenshire & Bus 
Station), 5 (Externals) 

1 (internals) and 3 
(externals)  

98 1 1 1 

99 3 3 3 

5.5 Fares Model Development 

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

5.5.2 The ASAM19 Fares Model is based on a set of distance-based 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 otherwise stated. 

5.5.3 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 ticket type and time period, 
allows the assignment of the proportion of travellers that may have access to cheaper tickets. 

5.5.4 Table 9 provides the relevant equivalence between user class and fare (or ticket) class. 

Table 9. PT Ticket Class by User Class Fare Structure  

USER 
CLASS 

DESCRIPTION 
TICKET CLASS 

(BUS) 
TICKET CLASS (RAIL) 

EBN 9ƳǇƭƻȅŜǊǎΩ .ǳǎƛƴŜǎǎ ς Day Travel Day Return Day Return 

CMN Commute ς Day Travel Day Return Day Return 

OTN Others ς Day Travel Day Return Day Return 

CMS Commute ς Multi-Day Travel Weekly Ticket Season 
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USER 
CLASS 

DESCRIPTION 
TICKET CLASS 

(BUS) 
TICKET CLASS (RAIL) 

OTS Others ς Multi-Day Travel Weekly Ticket Season 

EDS Education ς Day & Multi-Day Travel 
Weekly Ticket 
(Child) 

Average Day / Season 
(Child) 

RET Retired Concessionary 
Discounted Day 

Return 

5.5.5 PT fares therefore fall into five classes, including: 

º ADT STD ς Adult Day Return based fares; 
º ADT WKY ς Adult Weekly / Season based fares; 
º CHD STD ς Child Day Return based fares; 
º CHD WKY ς Child Weekly / Season based fares; and 
º CONCES ς 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 tickets user classes.  

Bus fares 

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

º First Aberdeen (covering all First services); 
º Stagecoach Aberdeen (covering the majority of Stagecoach services); 
º Other urban services operating within Aberdeen City; 
º Other inter-urban services operating across Aberdeenshire ς other rural services; 
º 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 calculations included analysis of 
the following services: 

 
First Aberdeen 

º Route 19 ς Peterculter to Cairn Road 
º Route 2 ς Ashwood Park to Newburgh Drive 
º Route 18 - Dyce to Victoria Street 

 
Stagecoach 

º Service 59 ς Northfield (Howes Road) to Torry 
º Service X7 ς Union Square to Dundee 
º Service 67 ς Kirkton Brae to Aberdeen Bus Station 
º Service 37 ς Inverurie to North Anderson Drive 
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Mega Bus & Citylink 

º Aberdeen to Dundee (this is the only service operating under Citylink or Megabus 
in the ASAM19 model) 

5.5.9 This fare was then adjusted for each user class based on the following assumptions: 

º Bus Adult Employers Business and Commute (Day Travel) Fares:  

 ̧ Return fare divided by twoΥ  /ǊŜŀǘƛƴƎ ά!Řǳƭǘ {ǘŀƴŘŀǊŘέ CŀǊŜ 

º Bus Adult Non-work Other and Commute (Day Travel) Fares: 

 ̧ Return fare divided by twoΥ  /ǊŜŀǘƛƴƎ ŀ ŎƻƴǎƛǎǘŜƴǘ ά!Řǳƭǘ {ǘŀƴŘŀǊŘέ CŀǊŜ 
(with concessionary travellers included in the retired travel purpose)  

º Bus Adult Non-work Commute (Multi-day Travel) Fares: 

 ̧ Weekly season ticket 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 applied for 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. 

º Bus Child Education (Multi-day Travel) Fares: 

 ̧ Adult Multi Day Travel divided by two to represent child fare discount.  

º Concessionary travel 

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

5.5.10 The resultant First bus fares by distance band are shown in Table 10: 

Table 10. First Bus Fares 

DISTANCE 
(KM) 

ADULT DAY (£) 
ADULT MULTI-DAY 

(£) 
CHILD MULTI-DAY 

(£) 

0-1.47 1.53 1.80 0.90 

1.47+ 2.43 1.80 0.90 
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5.5.11 The Citylink bus fares by distance band are shown in Table 10 below: 

Table 11. Citylink Bus Fares 

DISTANCE 
(KM) 

ADULT DAY (£) 
ADULT MULTI-DAY 

(£) 
CHILD MULTI-DAY 

(£) 

0-84.5 12.10 10.70 5.35 

84.5+ 13.60 10.70 5.35 

5.5.12 The Stagecoach bus fares by distance band are shown in Table 12 below: 

Table 12. Stagecoach Bus Fares 

DISTANCE 
(KM) 

ADULT DAY (£) 
ADULT MULTI-DAY 

(£) 
CHILD MULTI-DAY 

(£) 

0-5 1.25 1.29 0.64 

5-7.5 2.20 1.29 0.64 

7.5-14 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 

55-65 8.95 4.85 2.43 

65-100 9.90 4.85 2.43 

100+ 10.80 4.85 2.43 

5.5.13 Users should note 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 Stagecoach fare.  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 also been rectified within the forecasting 
scenarios. 
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Rail fares 

5.5.14 ²ƛǘƘƛƴ ǘƘŜ t¢ ƳƻŘŜƭƭƛƴƎΣ Ǌŀƛƭ ŦŀǊŜǎ ŀǊŜ ŀǎǎƛƎƴŜŘ ōŜǘǿŜŜƴ ǊŜƭŜǾŀƴǘ ǎǘŀǘƛƻƴ ǇŀƛǊƛƴƎǎ όΨCŀǊŜǎ 
½ƻƴŜǎΩ ŀǎ ǎƘƻǿƴ ƛƴ Table 13) within the ASAM19 coverage area for all rail operators using 
ΨCŀǊŜǎ ƳŀǘǊƛŎŜǎΩ ōȅ ǘƛƳŜ ǇŜǊƛƻŘΣ ŀƴŘ ōȅ ǘǊŀǾŜƭ ǇǳǊǇƻǎŜ κ ǘƛŎƪŜǘ ŎƭŀǎǎΦ  CƻǊǊŜǎ ŀƴŘ /ŀǊƴƻǳǎǘƛŜ 
fares are applied to represent the price to travel by rail to areas external to the model 
coverage. 

Table 13. ASAM19 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 The underlying 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/fares-data) on December 6th 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: 

º [Flow]; 
º [Station clusters]; 
º [Fare]; 
º [Ticket types]; and 
º [Non derivable fares]. 

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 fares.  These were not included in 
the output given they are used predominately by longer distance rail travellers, rather than 
ƭƻŎŀƭ ΨbƻǊǘƘ 9ŀǎǘΩ ǘǊƛǇǎΦ 

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: 

º [Station ref]; and 
º [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 [Non-derivable 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 the pre-defined 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: 

º Anytime Return; 
º Anytime Day Return; 
º Off Peak Return; 
º Off peak Day Return; and 
º Season. 

5.5.26 CƻǊ ǎƻƳŜ ƳƻǾŜƳŜƴǘǎΣ ǘƘŜǊŜ ƛǎ ƻƴƭȅ ŜƛǘƘŜǊ ŀ άwŜǘǳǊƴέ ƻǊ ŀ ά5ŀȅ wŜǘǳǊƴέ ŀǾŀƛƭŀōƭŜΦ  ¢ƘǳǎΣ ǘƻ 
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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5.5.28 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. 

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

 
Travel Purpose & Ticket Conversion 

5.5.30 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 (2017-2018) database within the North East 
of Scotland, and analysis of relevant population data.  

5.5.31 Note that the MOIRA 2019 database was considered poor quality due to the level of service 
disruption, hence the use of 2017-2018 data. 

5.5.32 To develop ASAM rail fares, ATOC Fare Feed outputs (May 2019) were 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 each PT user class and time period as follows: 

5.5.33 Varying fares and factors were applied to determine the station to station fare available to 
represent each user class and time period, with the process applied as follows: 

º Adult Standard AM and PM ς Anytime Day Return/2; 
º Adult Standard IP ς Off Peak Return/2; 
º Adult Season ς AM, IP and PM ς Seven Day Standard/Seasons Factor (10); 
º Child Season ς Adult Season/2; 
º Adult Concession ς  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 Concessionary factor is 97%, resulting in a discount of 3% on the Standard fare (by 
relevant time period); 

º Child Standard AM/IP/PM ς Adult Standard/2; and 
º Adult Advance AM/IP/PM - The Other Advance is calculated based on the proportion 

of advance fares per movement from the ATOC data with commute and business trips 
removed (using PDFH ticket type by purpose for Non-London trips) and the average 
saving for Advance compared to Anytime Single (calculated looking 2 weeks ahead for 
a selection of routes).  This method reflected that many of the routes in the model did 
not have Advance Tickets available.  Note that this fare is included within the fare table 
but is not used within ASAM19. 

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

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

TIME PERIOD TYPE COMMUTE OTHER 

AM Peak 

Non-Season 66% 99% 

Season 34% 1% 

Inter Peak 

Non-Season 89% 99% 

Season 11% 1% 

PM Peak 

Non-Season 59% 98% 

Season 41% 2% 

Off Peak 

Non-Season 89% 99% 

Season 11% 1% 

 
Model Input Fare Definition Files 

5.5.36 Rail fares, and fares for bus operator groups are stored in four files. Railway fare matrices 
contain additional tables for time period specific user / ticket class fares. These files are 
located in {CATALOG_DIR}\Runs\ {Model Year}\ {Run ID}\ Input\Additional_PT\  and are 
named: 

º Rail_Fares.MAT 
º Bus Fares: 

 ̧ Fares_AM.FAR; 
 ̧ Fares_IP.FAR; and 
 ̧ Fares_PM.FAR. 

 
CŀǊŜ !ƭƭƻŎŀǘƛƻƴ ΨŦŀŎǘƻǊΩ CƛƭŜǎ 

5.5.37 Seven fare allocation factor files are located in {CATALOG_DIR}\Runs\ {Model Year}\ {Run 
ID}\ Input\Factor_Files\  and are named as per the ticket type user classes defined in Table 9. 
These files link the operator groups to the fare systems defined in the .FAR files: 

º {ticket type userclass}_NO_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: 

º PT_Ticket_Conversion.MAT 
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5.6 Passenger Wait Curves 

5.6.1 The calculation of average passenger wait times to access PT services is undertaken using wait 
curves.  Figure 5 illustrates the initial wait curve adopted in ASAM19. 

 

Figure 5. PT Passenger Initial Waiting Time Curve (Minutes) 

5.6.2 ¢ƘŜ ŎƘŀǊǘ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ άŀŎǘǳŀƭ ǿŀƛǘ ǘƛƳŜέΣ ǘƘƛǎ ƛǎ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ /ǳōŜ ǎƪƛƳ ƻǳǘǇǳǘ ŀƴŘ 
represents the unweighted waiting time within the PT model at a specific headway.  The 
ŀǎǎƛƎƴƳŜƴǘ ƳƻŘŜƭ ǳǎŜǎ ǘƘŜ άǇŜǊŎŜƛǾŜŘ ǿŀƛǘ ǘƛƳŜέ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŀŎǘǳŀƭ ǿŀƛǘ ǘƛƳe below 
multiplied by the wait time factor (where the current ASAM19 wait time factor is 2).  

5.6.3 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 services.  The rise in wait time is decreased for waits of over 120 minutes ς which 
also affects all waits longer than the maximum of 180 defined. 

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

5.6.5 Two passenger waiting times are applied within ASAM19Σ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ΨLƴƛǘƛŀƭ ²ŀƛǘΩ ŀƴŘ 
ŀƭǎƻ ŦƻǊ ΨǎǳōǎŜǉǳŜƴǘ ǿŀƛǘǎΩ ŘǳǊƛƴƎ ǎŜǊǾƛŎŜ ƛƴǘŜǊŎƘŀƴƎŜΦ    Within ASAM19, the wait curve for 
non-initial waits (waiting while interchanging) is set to be the same as the initial wait curve. 

5.6.6 The ASAM19 wait curve is consistent with the earlier ASAM14 version wait curve, which was 
originally based on the SRM12 model, and which was derived from the Passenger Demand 
Forecasting Handbook (PDFH) - ŘŜǎŎǊƛōŜŘ ŀǎ Ψbƻƴ [ƻƴŘƻƴ LƴǘŜǊ-urban.    Further information 
on the derivation of ASAM wait curves is contained in Appendix D. 
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5.7 Passenger Crowding 

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

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

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

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

º Rail service train set capacities; 
º PT crowding curves; and 
º passenger and vehicle arrival profiles. 
 
Rail Service Capacity 

5.7.5 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 from the 2019 ATCO-CIF 
timetable data, with further capacities incorporated for the new Montrose services.  This 
provided an indication of the seated and crush capacity on all train services in 2019, which is 
broadly representative of rolling stock allocations.   

5.7.6 Capacities on non-ScotRail services have been extracted from the TMfS14 rail service coding.  
bƻǘŜ ǘƘŀǘ ǘƘŜǊŜ Ŏŀƴ ōŜ ǎƻƳŜ ŀŘŘƛǘƛƻƴŀƭ ǳƴŎŜǊǘŀƛƴǘȅ ƛƴ ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ ΨŀǾŜǊŀƎŜΩ ƘƻǳǊƭȅ 
capacity within a time period where a long distance service operates across two time periods. 

5.7.7 Users should consider reviewing rail service capacities if relevant to their study.  It is assumed 
that rail services are fully operational and not impacted by day-to-day operational issues.  

 
Crowding Curves & Utilisation 

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

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

5.7.10 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 stock in Scotland, the 
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ScotRail rolling stock crush capacity figures have been used to allocate the PDFH Regional 
crowding curve.  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. 

5.7.11 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 passengers per m2.  The data 
points for the resulting crowding curve are described in Table 15 (based on the Ψbƻƴ-London 
/ƻƳƳǳǘƛƴƎ wŀƛƭΩ /ǊƻǿŘƛƴƎ ŘŜŦƛƴƛǘƛƻƴύΦ 

Table 15. ASAM19 Rail Passenger Crowding Curve 

% SEATED CAPACITY 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 & Vehicle Arrival profiles 

5.7.12 The passenger and PT vehicle (train) 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.  Given the non-linear nature of crowding costs, this assumption of constant hourly 
demand may result in an under-estimation of crowding on busy routes where demand varies 
significantly across the peak hour. 

Crowding Calculations 

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

5.7.14 The number of crowding iterations is specified by the user, with two iterations applied for the 
ASAM19 PT crowding loops as 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 earlier modelling).   

5.7.15 Users should consider reviewing the number of iterations depending on the level of future 
year travel demand and interventions being tested.  Note that the ASAM19 forecasting 
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includes two main forecast scenarios ς ǊŜǇǊŜǎŜƴǘƛƴƎ άǿƛǘƘ ǇƻƭƛŎȅέ ŀƴŘ άǿƛǘƘƻǳǘ άǇƻƭƛŎȅέΦ  
Although the without policy scenario is likely to continue 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 capacities, and potentially adjust the calculations to 
apply crowding costs when seated capacity is above 80% (rather than 100% as at present). 

5.7.17 bƻǘŜ ǘƘŀǘ ǘƘŜ ǊŜŎŜƴǘ ά¦¢C[9·έ ŘŀƳǇƛƴƎ ŦŀŎƛƭƛǘȅ όŀǾŀƛƭŀōƭŜ ǿƛǘƘƛƴ /¦.9 сΦпΦр ǘƻ ŀǎǎƛǎǘ ŀƴŘ 
stabilise crowding) is not applied in ASAM19.  The use of this facility should be considered in 
future model updates and 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 crowding levels in their study area as part of any 
PT model application. 

 
Crowding Loops Sensitivity Test 

5.7.19 Although the standard number of crowding loops (two loops) 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 development of the base year modelling alternative 
ά²ƛǘƘ tƻƭƛŎȅέ ŦƻǊŜŎŀǎǘing scenarios were developed which represented policies which 
resulted in higher levels of rail patronage. 

5.7.20 To understand the impact that the number of crowding loops applied has on these more 
significant rail demand assumptions (and resultant patronage forecasting), a sensitivity test 
was undertaken using four crowding loops, rather than the standard two crowding loops.  This 
ǘŜǎǘ ŎƻƳǇŀǊŜŘ ǘƘŜ ǇŀǘǊƻƴŀƎŜ Ŧƭƻǿǎ ǿƛǘƘƛƴ ǘƘŜ ǎǘŀƴŘŀǊŘ !{!aмф нлпр άǿƛǘƘ ǇƻƭƛŎȅέ ǎŎŜƴŀǊƛƻ 
run with a different number of loops as the only change in assumptions (Test IDs: ά!{!aмф 
±мо [ƻǿέΣ άнлпрέΣ άC9.н[ψп/[έΣ ά½Cмпрψ[ƻǿнέ.   

5.7.21 A summary of the results of the differences in passenger flows when four crowding loops are 
applied are summarised below and illustrated in Figure 6: 

 
PT Network Passenger Flow Differences: 

º East Coast Mainline South of Aberdeen: 
Á -136 passengers per hour northbound (1502 down to 1366, -9%) ς where 

crowding is an issue within the AM Peak due to the high numbers of rail 
passengers included within the With Policy scenario; and 

Á -3 passengers per hour Southbound, where rail crowding is less of an issue 
during the AM peak forecasts. 

 
º Inverness Line North of Dyce: 

Á +4 passengers per hour southbound; and 
Á -1 passenger Northbound. 
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º Inverness Line South of Dyce: 
Á +13 passengers per hour southbound; and 
Á +167 passengers per hour Northbound 

 
º Bus passenger volumes: 

Á Passenger volumes increasing by around 25-40 passengers along the A92/A90 
following a shift in passengers from the ECML, and considerable reduction in 
bus passengers between Aberdeen City centre and Dyce Drive; and 

Á Very small changes in passenger levels across the remaining bus network. 
 
 

º Public Transport Assignment Matrices:  -41 passengers (-0.3%) within the AM Peak 
Hour; 
  

º Convergence: acceptable level of convergence after six demand model loops with 
four crowding loops applied (0.082, compared to 0.078 with two crowding loops); 
 

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

5.7.22 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 marginal at the region-wide level. 

5.7.23 Although the PT passenger flow results show very small changes in areas were crowding 
impacts are relatively low, the four loop test does demonstrate variations in predicted 
passenger volumes in corridors were considerable levels of crowding are present (i.e. East 
Coast mainline and Aberdeen to Dyce). 

5.7.24 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 ASAM19 forecast scenarios with a 
lower level of predicted passengers are less likely to have such a significant variation in 
passenger volumes.   

5.7.25 These results suggest that users should apply a greater number of rail crowding loops when 
running model forecast scenarios, particularly for the with policy scenarios, and when testing 
rail proposals.  For consistency additional crowding loops should also be considered on other 
comparison scenarios with lower levels of crowding.  This approach should result in greater 
levels of model stability during application. 

5.7.26 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 Test: Change in PT Passengers (2045 AM Peak) 
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5.8 Public Transport Assignment Parameters 

Path Building and Loading 

5.8.1 The ASAM19 PT 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; 
º Service Frequency and Cost Model; and 
º 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 Cost Value 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 the ASAM19 2019 base year (£/hr): 

º £ 12.20 per hour:  .ǳǎƛƴŜǎǎ κ ΨLƴ ²ƻǊƪΩΤ 
º £   6.16  per hour: Non work (Commute, Other and education); and 
º £   6.22  per hour: Non Work Concessionary travel (retired). 

5.8.4 These values are applied consistently across all PT modes.  The potential to consider updates 
to these values is discussed further in section 5.10. 

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

º 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 Spread 
Constant parameters that define the range of routes that will be retained for each 
zone pair based on their generalised time relative to the minimum generalised time.  
Fares are not included explicitly at this stage but a mode specific run-time factor 
(REFAREFACTOR), exclusively 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: 

º ¢Ƙƛǎ ǎǘŀƎŜ ŎŀƭŎǳƭŀǘŜǎ ǘƘŜ άǇǊƻōŀōƛƭƛǘȅ ƻŦ ǳǎŜέ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ŜƴǳƳŜǊŀǘŜŘ ǊƻǳǘŜǎ 
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: 

º route enumeration fare run-time factors; 
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º spread factor and spread constant; 
º mode specific in-vehicle time weighting factors; 
º wait time weighting factors; 
º walk time weighting factors; 
º mode specific boarding penalties; 
º mode to mode transfer penalties; and 
º mode specific minimum and maximum wait times. 

5.8.7 The ASAM19 PT assignment model parameters, common to peak and Inter peak assignments, 
are described in Table 16.  

Table 16. ASAM19 Public Transport Assignment Model Parameters  

MODEL PARAMETER VALUE/FACTOR 

Route Enumeration Fare In-vehicle 
Time Factors:  (REFAREFACTOR) 

urban bus / inter-urban bus 1.0 

rail  1.5 

Spread Factor  1.3 

Spread Constant  15 mins 

LAMBDAA  0.4 

LAMBDAW  0.2 

In-vehicle Time Factors: 
 AM, Inter & PM Peaks 
(RUNFACTOR) 

Urban bus 1.4 

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 & PM 
όΨ.w5t9bΩύ 

Urban Bus 5 mins 

Inter-urban Bus 6 mins 

Rail 10 mins 

Transfer Penalty: όΨ·C9wt9bΩύ to/from rail and/or bus 5 mins 
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In Vehicle Time 

5.8.8 The in-vehicle time factor is a weighting applied to the travel time spent within the transit 
vehicle.  This varies by mode, to represent the differing perceptions of each mode.  Rail travel 
ǘƛƳŜ Ƙŀǎ ŀ ŦŀŎǘƻǊ ƻŦ ΨмΦлΩ ŀǇǇƭƛŜŘ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ƘƛƎƘŜǊ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ǉǳŀƭƛǘȅ ǿƘŜƴ ǳǎƛƴƎ ǘƘƛǎ 
mode.  Within the base year modelling an in-ǾŜƘƛŎƭŜ ǘƛƳŜ ŦŀŎǘƻǊ ƻŦ ΨмΦпΩ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ŀƭƭ ōǳǎŜǎΦ  

 
Boarding Penalties 

5.8.9 Boarding penalties are mode specific penalties that add the specified time penalty to each 
service boarded, with a values ranging from five to ten minutes.   

 
Interchange Penalties 

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

5.8.11 Note that transfer penalties are not included within the CUBE route enumeration (path 
building) stage. 

 
Wait Time Factor  

5.8.12 The wait time factor is valued at 2 times the value of in-vehicle time, in line with the mid-point 
of WebTAG guidance (TAG Unit M3.2 ς 3.1.5). 

 
Walk Time Parameters 

5.8.13 The walk time is valued at 1.8 times the value of in-vehicle time, in line with the values 
suggested within WebTAG guidance of using a value between 1.5 and 2.0 (TAG Unit M3.2 ς 
3.1.5).   

 
Route Enumeration Fare Factors 

5.8.14 ¢ƘŜ !{!aмф ΨRefareŦŀŎǘƻǊΩ ƛǎ ǎŜǘ ǘƻ ΨмΦлΩ for both urban and intra urban bus sub modes and 
rail factor set to Ψ1ΦрΩΦ  ¢Ƙƛǎ ŘƛŦŦŜǊŜƴŎŜ ƛǎ ǳǎŜŘ ǘƻ reflect the generally lower cost of bus fares 
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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5.9 Public Transport Assignment Process 

5.9.1 The key steps within the public transport assignment model process are illustrated within 
Appendix E and include: 

º Ticket Conversion module ς stage to convert from demand model user classes into 
public transport model user classes; 

º Build public transport network and services; 
º Public Transport Assignment;  
º Post Assignment Analysis; and 
º Cost Conversion. 

Ticket Conversion 

5.9.2 The conversion process loads in the demand model PT passenger trip matrices (segmented 
by travel purpose) and applies factors to proportion the trips to the appropriate public 
transport model user class by ticket type.   

Build Public Transport Network 

5.9.3 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 generated with the 
appropriate value of time for the model run year. 

5.9.4 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 

5.9.5 The public transport model takes the built 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 
assignment (route evaluation). 

Post Assignment Analysis 

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

Cost Conversion 

5.9.7 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 the trip matrices 
in the ticket conversion stage. 
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Public Transport Inputs 

5.9.8 The inputs to the public transport assignment model are: 

º Model parameters, generally remaining constant; 
º Outputs from other model components; and 
º Direct inputs from the user. 

5.9.9 The inputs sourced from the other model components include: 

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

5.9.10 The inputs from the user are generally related to: 

º Public transport fares; 
º PT service levels and stopping patterns ς ΨƭƛƴŜǎΩ ŦƛƭŜǎΤ 
º PT specific infrastructure ς such as bus gates, priority measures / bus only links, 

coded through the road model; and 
º PT walk access to bus stops and rail stations. 
 
Public Transport Outputs 

5.9.11 The public transport modelling provides a range of output files, including: 

º Cost skims for the demand model and Park & Ride Modelling; 
º Cost skims of various public transport trip components (walk time, wait time, etc); 
º Cost skims of various public transport trip components by mode;  
º Network file with passenger volume loadings for each time period; 
º Summaries of public transport loadings by service line; and 
º Rail boarding and alighting data. 

5.9.12 The key outputs for operation of the model are the composite PT travel cost matrices for the 
next loop of the demand model. 

5.10 Public Transport Values of Time Updates 

5.10.1 As part of the model audit, the auditor recommended considering the approach for applying 
values of time (VoT) to the public transport modelling, with guidance recommending distinct 
values are applied for commuter and non-commuting travel purposes.  ASAM19 currently 
applies consistent VoT values for commuting, other and education travel purposes as 
described in section 5.8.3 (i.e. with ASAM19 continuing to use a similar approach to that 
applied within earlier ASAM and LATIS national and regional public transport modelling). 

5.10.2 The implication of implementing the recommended more complex approach is that the 
ASAM19 Commuter purpose would have a higher VoT applied, whereas other discretionary 
trips and education trips would have a lower VoT applied (than current modelling).  Therefore, 
within the choice responses, commuters will currently react more strongly to the price of PT 
fares, and other and education users will be less sensitive to fares than anticipated.  
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Public Transport Value of Time Sensitivity Tests 

5.10.3 To understand how changes to the PT VoT assignment values would impact ASAM19 public 
transport modelling, sensitivity tests were undertaken which split-out values of time for the 
commuter, other and education travel purposes.  For this sensitivity exercise the education 
travel purpose was given the same VoT value as the other travel purpose.    

5.10.4 The testing included updates to the model scripts and input the VoT parameters described in 
Table 17 to represent specific VoT values by travel purpose. 

5.10.5 Two tests were undertaken, the first updating the relevant VoT figures within the 2019 
Baseline scenario, and the second updating the values in the 2045 With Policy forecast.  Each 
test included the full range of ASAM19 demand model choice responses. 

Table 17. PT Value of Time Sensitivity Test Parameters  

TRAVEL 
PURPOSE 

ASAM19 2019 
BASELINE 

S-TEST 2019 
BASELINE 

ASAM19 2045 
WITH POLICY 

S-TEST 2045 
WITH POLICY 

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 18 and Table 19 describe the overall change to the ASAM19 public transport assignment 
matrices from introducing the updated values of time.  These data demonstrate a relatively 
consistent increase in commuting trips and reduction in other trips for both the Baseline and 
forecast year scenarios.  This trend reflects that commuter choices (with a higher value of 
time), are now less impacted by the price of public transport fares, viewing PT as a lower cost 
mode and leading to an increase in PT trip making.  Whereas, discretionary trips now have a 
lower value of time and will see PT fares as a greater travel cost.  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 balance-out to some degree when demand is 
compared at a daily or annual level. 

5.10.8 The changes in PT demand are most evident in the Baseline scenario, with the scale of change 
reducing within the 2045 scenario. 
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Table 18. PT VoT Sensitivity Test:  2019 Baseline PT Matrices  

PURPOSE SCENARIO PT TRIPS AM PEAK INTER PEAK 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 19. PT VoT Sensitivity Test:  2045 With Policy Forecast PT Matrices  

PURPOSE SCENARIO PT TRIPS AM PEAK INTER PEAK 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 place. These show changes in commuter and other trip 
purpose passenger volumes within the 2019  Baseline and 2045 forecast year scenario. 

5.10.10 The maps show that PT commuter flows generally increase across the network and passenger 
flows related to other trips reduce slightly within 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 Aberdeen in the AM Peak.   Rail 
trips associated with discretionary travel reduce by around 10-20 trips 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) in total park and ride and rail station car park usage in the 
Baseline, and a 10% increase in usage within the 2045 with policy scenario. 

 
Model Updates 

5.10.13 The sensitivity testing demonstrates that the audit recommendation of updating 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 transport fares, or policies which 
may impact passenger flows differently by travel purpose.  Further sensitivity tests could be 
undertaken to understand impacts for specific appraisal purposes. 

5.10.14 Note that if adopting the updated VoT approach, the scale of change in PT demand shown 
here is likely to impact the quality of some comparisons with observed public transport data 
sets.  Changes in PT demand could also potentially impact crowding costs across the rail 
network.  Therefore, complementary adjustments to model parameters (and potentially 
further calibration) may also be required to bring overall 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.  

 

 
  



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 83/ 298 

 

6. PRIOR MATRIX DEVELOPMENT 

6.1 Travel Demand Matrix Composition 

6.1.1 This chapter describes the composition, data and processes involved to generate the ASAM19 
ǘǊŀǾŜƭ ŘŜƳŀƴŘ ΨtǊƛƻǊΩ ƳŀǘǊƛŎŜǎΦ  ¢ƘŜǎŜ ŦƻǊƳ ǘƘŜ ǊƻŀŘΣ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ ŀƴŘ ŀŎǘƛǾŜ ǘǊŀǾŜƭ 
matrices that represent hourly travel movements between zones during the AM, Inter & PM 
Peak time periods.  Demand movements represented include: 

º Travel between activities in each zone (i.e. defined by residential & employment data); 
º to/from Park & Ride sites and rail station car parks;  
º to/from Aberdeen city centre car parks;  
º to/from external route zones;  
º Aberdeen Airport passengers; and  
º off shore workers travelling to/from Aberdeen Heliport. 

6.1.2 The chapter ŀƭǎƻ ŘŜǎŎǊƛōŜǎ ǘƘŜ ŎƘŀƴƎŜǎ ōŜǘǿŜŜƴ ǘƘŜ tǊƛƻǊ ƳŀǘǊƛŎŜǎ ŀƴŘ Ψtƻǎǘ aŀǘǊƛȄ 
9ǎǘƛƳŀǘƛƻƴΩ όtƻǎǘ-ME) matrices. The Post ME matrices are the final hourly demand matrices 
for input to the assignment models, which then inform the final calibration comparisons. 

Travel Demand Composition ς User Classes & Time Periods 

6.1.3 ASAM19 represents specific travel demand movements using a set of 2019 base year travel 
assignment matrices for relevant travel purposes and user classes.  These purposes cover 
road, public transport and active travel and include the following user classes for all AM, Inter 
and PM Peak hourly network assignments: 

º Business trips (In-work ς Ψ.¦{ΩύΤ 
º Commuter trips (Non-work commute ς (Ψ/haΩύΤ 
º Other trips (retail, health, leisure trips etc ς & tertiary education) ς όΨh¢IΩύΤ 
º Education trips (primary & secondary education) ς όΨ95¦Ωύ  
º wŜǘƛǊŜŘ όƛƴŎƭǳŘƛƴƎ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘǊŀǾŜƭƭŜǊǎ ǿƛǘƘƛƴ ǊŜǘƛǊŜƳŜƴǘ ŀƎŜǎ όΨw9¢Ωύ 

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

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

6.1.5 These form seven general road model user classes in total.  Each of these are then spit out 
ƛƴǘƻ [9½ ΨŎƻƳǇƭƛŀƴǘΩ ŀƴŘ άƴƻƴ-ŎƻƳǇƭƛŀƴǘέ ǳǎŜǊ ŎƭŀǎǎŜǎ ǘƻ ƎŜƴŜǊŀǘŜ 14 road user classes for 
final assignment based on LEZ compliant proportions (as described in section 4.9.4).   

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

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

6.1.8 A summary of the user classes within the assignment matrices are provided in Table 20. 
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Table 20. Assignment Model User Classes 

UC 
ROAD MODEL USER 

CLASS BY COMPLIANCE 
PT USER CLASS BY TICKET 

TYPE 
ACTIVE TRAVEL 

USER CLASS  

1 
Car: in work (business) 
(CIW) ς LEZ compliant; 

Employers Business: Day 
Travel ς ΨCǳƭƭΩ tǊƛŎŜ 

Walk: Business 

2 
Car: in work (business) 
(CIW) ς LEZ non-compliant; 

Commute: Day Travel ς ΨCǳƭƭΩ 
Price 

Walk: Commute 

3 
Car: commute (CNWC) - LEZ 
compliant  

Commute: Multi-Day Travel 
ς season ticket discounts 

Walk: Other 

4 
Car: commute (CNWC) - LEZ 
non-compliant  

Others: Day Travel ς ΨCǳƭƭΩ 
Price 

Walk: Education 

5 
Car: other (CNWO) ς LEZ 
compliant; 

Others: Multi-Day Travel ς 
season ticket discounts 

Walk: Retired 

6 
Car: other (CNWO) ς LEZ 
non-compliant; 

Education: Multi-Day Travel, 
with child discounts 

Cycle: Business 

7 
Car: education (CNWE) ς 
LEZ compliant; 

Retired: with concessionary 
travel discounts 

Cycle: Commute 

8 
Car: education (CNWE) ς 
LEZ non-compliant; 

 Cycle: Other 

9 
Car: retired (CNWR) ς LEZ 
compliant; 

 Cycle: Education 

10 
Car: retired (CNWR) ς LEZ 
non-compliant; 

 Cycle: Retired 

11 
LGV: Light Goods Vehicles 
(LGVC) ς LEZ compliant; 

  

12 
LGV: Light Goods Vehicles 
(LGVN)ς LEZ non-compliant; 

  

13 
HGV: Heavy Goods Vehicles 
(HGVC) ς LEZ compliant; 

  

14 
HGV: Heavy Goods Vehicles 
(HGVN) ς LEZ non-compliant  
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6.2 Matrix Processes 

6.2.1 The development of the ASAM19 Prior assignment matrices utilised a number of processes 
and data sets which are summarised through the steps below: 

º Establishing commuter travel patterns by mode through interrogating, reformatting 
and factoring Census 2011 Travel to Work movements into hourly Ψfrom homeΩ and Ψto 
homeΩ commuting patterns for each model hourly time period; 

º wǳƴƴƛƴƎ ŀ ΨtǊŜΩ-Prior process using ASAM14 travel demand matrices (2017 Baseline 
Model) to established initial travel costs for input to the ASAM19 demand model; 

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

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

º Applying the ASAM19 demand model to synthesise walking and cycling movements; 
º Comparing synthesised ASAM19 travel demand movements with observed data to 

calibrate modelled trip rates and travel patterns (i.e. comparing mode share, trip 
distribution, local area sector-to-sector trips and road traffic and public transport 
passenger volumes); 

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

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

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

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

º Provide a representation of Aberdeen Airport business and leisure passenger ground 
access movements; 

º Represent offshore workers travelling to/from Aberdeen Heliport; and 
º Apply the ASAM19 Trip Generation model to incorporate long distance external car, 

HGV, LGV, public transport and park and ride movements from TMfS18A, disaggregated 
to the ASAM19 zone system. 

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

6.2.3 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 hourly level.  Trip rates and car availability proportions (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 also included adjustment of commuting and 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 TELMoS18A 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/PT volumes). 

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 undertaken to 
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 commuter movements for input to the ASAM19 assignment matrices were 
generated directly 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 mode and car availability segmentation, and at output area and 
data zone geographical level. 

6.3.2 /Ŝƴǎǳǎ ŎƻƳƳǳǘƛƴƎ ƳƻǾŜƳŜƴǘǎ ǊŜŦƭŜŎǘ ΨǘƻǘŀƭΩ ŎƻƳƳǳǘƛƴƎ ŦǊƻƳ ƘƻƳŜ ǘƻ ǿƻǊƪ ƛƴ нлммΣ ŀƴŘ Řƻ 
not distinguish commuter trip frequency or day or time of travel.  The process for 
manipulating Census commuting movements to represent 2019 weekday travel by-direction 
and modelled time period is described below: 

 
Zoning 

º Cross reference, disaggregate and/or combine Census TTW movement origins and 
destinations (Data Zones) with the relevant ASAM19 demand model zone.  This was 
achieved by applying a geographical lookup, and where relevant combining the Census 
data to ASAM19 zoning.  Where the ASAM zones were more disaggregate than Census 
geographies, Census movements were split based on the proportion of ASAM planning 
Řŀǘŀ ǇǊŜǎŜƴǘ ǿƛǘƘƛƴ ŜŀŎƘ ȊƻƴŜ όƛΦŜΦ ǎǇƭƛǘǘƛƴƎ ΨƻǊƛƎƛƴ CǊƻƳ IƻƳŜΩ ƳƻǾŜƳŜƴǘǎ ōȅ ƭŜǾŜƭ ƻŦ 
ǇƻǇǳƭŀǘƛƻƴ ƛƴ ŜŀŎƘ ȊƻƴŜύ ŀƴŘ ΨŘŜǎǘƛƴŀǘƛƴƎ ¢ƻ IƻƳŜΩ ƳƻǾŜƳŜƴǘǎ ōȅ ƭŜǾŜƭ ƻŦ 
employment in each zone). 

 ̧ This initial step provided a pattern of TTW movements at ASAM zonal level for areas 
within the ASAM coverage (fully covering Aberdeen City, Aberdeenshire and partial 
coverage of Angus and Moray, but excluding external movements). 

 
Weekday Trip Making 

º TTW movements within all time periods were then factored by 74.1% (region-wide) to 
reduce the level of commuters down to typical weekday levels ς discounting 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. 
 

 ̧ ¢ƘŜ ŦƛƎǳǊŜ ǿŀǎ ǊŜǾƛǎŜŘ ǘƻ тпΦм҈ ŦƻǊ Ψƴƻ ŎŀǊΩ ŀƴŘ Ψм ŎŀǊΩ ƘƻǳǎŜƘƻƭŘǎΣ ǿƛǘƘ ŀ ŦǳǊǘƘŜǊ 
нΦр҈ ǳǇƭƛŦǘ ŦƻǊ ΨнҌ ŎŀǊΩ ƘƻǳǎŜƘƻƭŘǎ όǊŜŦƭŜŎǘƛƴƎ ǘƘŜ ƘƛƎƘŜǊ ƭŜǾŜƭǎ ŎŀǊ ŀŎŎŜǎǎƛōƛƭƛǘȅ 
within 2+ car households).  This followed the assignment of the Census matrices 
to the network 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 

º 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 proportions ς with SHS travel diary responses used to ascertain the magnitude 
of commuting from home and to home movements within the AM, Inter and PM Peak 
periods.  These region-wide proportions are described in Table 21.  SHS data record 
processing is described in section 15.3. 

Table 21. Census TTW Conversion: Directional Time Period Proportions (All Modes) 

TIME PERIOD FROM HOME % TO HOME % 

AM Peak: 0700-1000 0.62 0.01 

Inter Peak: 1000-1600 0.1 0.22 

PM Peak: 1600-1900 0.03 0.52 

 
Car Drivers & Passengers 

º Calculations were initially applied to commuter patterns for both car drivers and car 
passengers, then subsequently scaled down to represent total cars (i.e. matching the 
level of total car drivers, and representing the driver and car passenger trip pattern). 
 

2011 to 2019 Commuter Growth 

º The following step accounted for uplifting the (original) 2011-based data set to reflect 
2019 commuting levels. This process applied an additional 2011 working population 
and employment data file (received from the TELMoS land use modelling).  This 
estimated the change in households and jobs between 2011 and 2019 for each ASAM19 
model zone.  This comparison data 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 counting origin/destination 
growth factors. 
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 ̧ This step also included a seeding process (which used a proportion of the trip 
distribution of a neighbouring parent zone with similar activity), to apply growth 
for zones where no housing or employment activity was present in 2011.  
Seeded zones include:  324, 336, 348, 349, 351, 361, 427, 435, 447 & 464. 

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

 
Hourly Time Periods 

º aŀǘǊƛŎŜǎ ǿŜǊŜ ǘƘŜƴ ŦŀŎǘƻǊŜŘ ŦǊƻƳ ǘƛƳŜ ǇŜǊƛƻŘ ƭŜǾŜƭ ǘƻ ƘƻǳǊƭȅ ƭŜǾŜƭ ǳǎƛƴƎ ΨǇŜǊƛƻŘ ǘƻ 
ƘƻǳǊΩ ŦŀŎǘƻǊǎ (where factors were calculated using traffic and passenger count data).  
These factors vary by mode and time period as follows: 

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

 
Park & Ride & Parking 

º Park and ride and city centre Parking distribution trips are formed through the demand 
model (i.e. separating out the park and ride car and PT legs, and transferring 
origins/destinations to specific car park site zones, and for parking, relocating car user 
origins/destinations to city centre car parks).  Therefore, Census commuting car 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 
Demand model.  Note that these adjustments were only required to adjust the Prior 
commuter travel purpose matrices.   

º This step used a 39 sector matrix system to collate, establish and compare where park 
and ride site/station and city centre car park demand model commuter movements 
were located, and factored down the Census travel to work demand for relevant 
sectors. These sector adjustments and maps of the sectors are described within 
Appendix F. 

 
Network Comparison & Sector Adjustment 

º These initial commuter matrices were assigned to the network along with the Prior 
matrices for the other modelled travel purposes.  Following detailed network flow 
comparisons a factoring process was applied (prior to undertaking ME) to adjust 
specific sector-to-sector movements to better match the magnitude of travel recorded 
by observed data.  These calibration sector adjustments are described within Appendix 
F, and cover adjustments for all travel purposes, including: 

 ̧ Road Census & Synthetic: +/- 2.5% adjustment to all car trips across all time 
periods.  Increasing traffic travelling within Aberdeen, and reducing car trips 
travelling between the Aberdeen City and Aberdeenshire; 

 ̧ Public Transport Census: up 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 Transport Synthetic: -5% reduction to PT passenger trips across all time 
periods for travel between the City of Aberdeen and Aberdeenshire; 
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Offshore Workers 

6.3.3 A consistent process is applied for offshore workers (which are distinguished separately 
within Census data) to obtain a census (commuter) trip pattern (as described above).  
Offshore trip distributions (i.e. relevant origins/destinations) are then transferred to the 
Aberdeen Heliport model zone (ASAM19 zone 366).  The calibration of the offshore worker 
travel patterns is 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 changes/growth in travel activity between 2011-2019.  A further 
process was applied to distinguish changes in mode share over this time period based on 
observed bus and rail passenger statistics.  This included the following adjustments ς noting 
that this process works in addition to the general activity changes to ǊŜōŀƭŀƴŎŜ ΨƎǊƻǿǘƘΩ 
between modes:  

º Bus Factor:  0.89:  Reflecting a 11% reduction in bus patronage; 
º Rail Factor: 1.02:   Reflecting a 2% increase in rail passengers; 
º Car  Factor: 1.005:  Reflecting a small 0.5% increase in car use (as some bus users change 

mode to car); and 
º 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 Observed Commuting Patterns 

6.3.5 Observed commuter movements were also used to compare the synthetic commuter travel 
demand produced through the demand choice modelling ς where ideally the synthetic 
demand would closely match the recorded Census movements (and help minimise the level 
of incremental adjustments required).  Differences in travel patterns were generally expected 
for a number of reasons, and these are discussed further in the limitations section below. 

6.3.6 To improve consistency within the modelling and minimise the differences between the 
ŘŜƳŀƴŘ ƳƻŘŜƭ ŀƴŘ ŀǎǎƛƎƴƳŜƴǘ ƳŀǘǊƛŎŜǎΣ ŀ ΨōƭŜƴŘƛƴƎΩ ǇǊƻŎŜǎǎ ǿŀǎ ƛƳǇƭŜƳŜƴǘŜŘΦ  ¢Ƙƛǎ 
incorporated 75% of the observed Census movements with 25% of the synthetic commuter 
demand (for car and PT modes) to produce the final Prior assignment matrices.  This 
proportioning results in the majority of commuter movements remaining directly observed, 
whilst also benefiting from use of choice modelling in the assignment demand, and 
subsequently providing a more consistent basis during forecasting - balancing the benefits of 
observed data, whilst mitigating underlying data limitations.   

 
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 2011-2019.  Changes in residential/ employment activity and 
subsequent commuting patterns are represented in ASAM19 through the use of 2019 zonal 
planning data.  However, these may not fully capture specific new movements where original 
land use activity / travel patterns and mode choices have altered significantly over time. 
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6.3.8 Applying daily and time period travel adjustments, 2011-2019 growth factors and modal 
adjustments at a region wide level will 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 mode or corridor 
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 patterns were also recorded before the delivery of new transport 
investments, such as the AWPR and Diamond Bridge.  This type of significant scheme delivery 
will alter accessibility, are likely to impact where people choose to live and work and choice 
of travel mode. 

6.3.10 Although Census TTW movements do continue to provide a very detailed and powerful data 
set, (particularly when considering the number of associated travel records) these data 
limitations should be borne in mind when applying the ASAM19 modelling. 

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

6.3.12 Note that although the 2011 Census ΨTravel to EducationΩ data set would in theory provide 
comprehensive data for representing education movements, it 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. data zone to data zone).  There may also be data-quality  
issues relating to the representation of movement data when used in detail.   

6.4 Ψ{ȅƴǘƘŜǎƛǎŜŘΩ ¢ǊŀǾŜƭ tǳǊǇƻǎŜ ¢ǊƛǇǎ 

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

º Business; 
º Other; 
º Education (i.e. primary and secondary school pupils); and 
º Retired. 

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

6.4.3 The ASAM19 demand 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 activity 
associated with each modelled zone. 

6.4.4 The approach for creating business, other, education and retired trips (synthesised trips) 
ǘƻκŦǊƻƳ ǎǘŀƴŘŀǊŘ ΨŘŜƳŀƴŘ ƳƻŘŜƭΩ ȊƻƴŜǎ ŀǇǇƭƛŜŘ ǘƘŜ ASAM19 trip generation model to create 
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.   



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 91/ 298 

 

6.4.5 The trip generation and demand model also produces synthesised commuter movements, 
and these are used to inform the model forecasting processes.  25% of synthetic commuter 
trips are also input to the Base Year Prior assignment matrices (along with Census Travel to 
Work movements, as described above).  Census Travel To Work data is used to calibrate the 
synthesised commuter travel patterns and mode share. 

6.4.6 Once all other elements of travel demand (i.e. commuters, externals, HGV / LGV) were also 
ƛƴŎƻǊǇƻǊŀǘŜŘΣ ǘƘƛǎ ǇǊƻŘǳŎŜǎ ŀ ǎŜǘ ƻŦ !aΣ LƴǘŜǊ ŀƴŘ ta tŜŀƪ ΨǇǊƛƻǊΩ ŀǎǎƛƎƴƳŜƴǘ ƳŀǘǊƛŎŜǎΣ ǘƻ ōŜ 
input to the matrix estimation (ME) phase for calibration against further observed data.  

6.4.7 This Prior Matrix process therefore applies trip end data to generate the overall level of zonal 
travel demand, and subsequently applies these trip ends along with zonal travel costs to 
create synthesised travel demand.  Synthetic travel demand is calibrated (using 
mode/distribution parameters) to match observed Census and SHS travel patterns (SHS data 
record processing is described in section 15.3). The overall magnitude of travel demand is also 
calibrated to match the overall level of travel observed within traffic and PT passenger counts. 

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

Initial ASAM14 Travel Demand & Travel Costs 

6.4.1 The Demand model processes require road, public transport and active travel costs to 
ǎȅƴǘƘŜǎƛǎŜ ǘǊŀǾŜƭ ƳƻǾŜƳŜƴǘǎΦ  !ƴ ƛƴƛǘƛŀƭ ΨtǊŜ-tǊƛƻǊΩ ƳŀǘǊƛȄ ǿŀǎ ŘŜǾŜƭƻǇŜŘ using ASAM14 
travel demand assignment matrices όнлмт .ŀǎŜƭƛƴŜ aƻŘŜƭ όwǳƴ L5Υ Ψ..лс Y½лмΩύύΦ  ¢Ƙƛǎ 
demand was converted to the ASAM19 zone system (based on planning data proportions), 
and assigned using initial ASAM19 networks and PT services to established initial travel costs 
for input to the ASAM19 demand model. 

6.4.2 These initial runs provided travel cost matrices that were used to check the road network for 
any major issues, such as large traffic delays.  Once updates and refinements were undertaken 
to resolve these issues, the networks were reassigned with the ASAM14 derived matrices to 
generate updated costs for the initial demand model runs and synthesising processes. 

6.4.3 Once the Demand model generated intuitive trip matrices, these specific ASAM19 outputs 
were used to produce travel costs, and subsequently numerous iterations of travel demand 
calibration.  The ASAM14 demand data was discarded. 

Travel Purpose Demand Calibration Data Demand Segments / Travel Purposes 

6.4.4 Table 22 describes the key observed data applied to calibrate travel demand movements 
generated by the demand model.   These include comparing modelled 24 hour weekday travel 
ƳƻǾŜƳŜƴǘǎ ōȅ ΨƳƻŘŜƭƭŜŘ ŘŜƳŀƴŘ ǎŜƎƳŜƴǘΩΣ όƛΦŜΦ ōǳǎƛƴŜǎǎκ ƻǘƘŜǊκ ŜŘǳŎŀǘƛƻƴκ ǊŜǘƛǊŜŘ ōȅ ŎŀǊ 
available / non-car available, and for home based and non-home based trips). 

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

6.4.6 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 data ς comparing with screenlines of hourly road 
traffic volumes and bus and rail passenger volumes to determine if the overall level of demand 
generated was in-line with observed network data. 

Table 22. Synthesised Travel Purpose Demand Calibration Data 

PURPOSE OBSERVED DATA SET 

Commute 

Census Travel to Work Mode Share and Trip Distribution comparisons at 
region/model-wide level, and also mode share at Local Authority level.  
Separate calibration for car available and non-car available households.  
Sector-to-sector movement comparisons for each mode. 
Note significant number of Census movement records, but data from 2011, 
so underying observed mode shares / distribution reflect 2011 conditions. 

Business: 
Home & Non 
Home based 

Scottish Household Survey Travel Diary Responses (2012-2018) for mode 
share and trip distribution at region-wide level.  Separate calibration for car 
available and non-car available households. 
Note there is a limited number of business trips recorded in SHS, and non car 
available records are also more limited. 

Other: Leisure, 
retail etc. 
Home & Non 
Home based 

SHS Responses (2012-2018) for mode share and trip distribution at region-
wide level.  Separate calibration for car available and non-car available 
households. 
Note more limited records from SHS, particularly for non-car available.  Other 
records include Tertiary education movements. 

Education: 
Primary & 
Secondary 

{ǳǎǘǊŀƴǎ ΨIŀƴŘǎ-ǳǇΩ ƳƻŘŜ ǎƘŀǊŜ ǎǳǊǾŜȅ ǊŜǎǇƻƴǎŜǎ ŦƻǊ ǇǳǇƛƭǎ ƛƴ Aberdeen, 
Aberdeenshire, Angus and Moray (2018).  Mode Share calibration compares 
combined Primary and Secondary school responses at region wide level. 
 
ΨtǳǇƛƭ /ŜƴǎǳǎΩ Řŀǘŀ όнлм8) responses use to calibrate education trip 
distributions. 
Note more general trip distribution calibration, as Pupil Census does not 
identify travel mode.  Some records suppressed due to GDPR. 

Retired 

SHS Responses (2012-2018) for mode share and trip distribution at region-
wide level.  Separate calibration for car available and non-car available 
households. 
  Note limited SHS records, particularly for non-car available. 

6.4.8 Note that the Census records do not isolate responses of travellers using Park and Ride 
facilities and services.  It is therefore assumed Census respondents would answer that they 
use PT travel (as opposed to car if using park & ride), as the PT leg usually forms the most 
significant part of a mixed mode journey.  Therefore modelled PT and Park and Ride 
movements are combined within the calibration analysis to compare with Census PT 
movements.  Modelled park and ride statistics are also described separately in Chapter 11. 
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6.5 Synthesised Trip Generation & Attraction 

6.5.1 The following section details the use of the ASAM19 Trip Generation model to produce travel 
activity (Ψ¢rip EndsΩ) for 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 
ƻŦ ΨǊŜƳƻǘŜΩ ŀƴŘ ΨǉǳŀǎƛΩ ǿƻǊƪŜǊǎ ŦǊƻƳ ǘƘƻǎŜ ǘƘŀǘ ǘȅǇƛŎŀƭƭȅ ǘǊŀǾŜƭ ǘƻ ǿƻǊƪ όƛƴǘŜǊŦŀŎƛƴƎ ǿƛǘƘ 
outputs produced from the TMfS18A and TELMoS18A model versions).  Therefore the level 
of workers working from home / commuting is inherent within these underlying trip ends.   

6.5.3 The process for producing ASAM19 Trip Ends to inform synthetic Prior matrices included: 

º The TELMoS18A planning database detailing the level of population and jobs in 2019 
was input to the trip generation model in tandem with area-based person trip rates (i.e. 
urban, rural classifications etc from NTEM version 7.2).  These generated the level of 
24 hour trip productions for each ASAM19 modelled zone ς creating a set of production 
and attraction Trip Ends for each modelled travel purpose and by car availability. 

º Initial adjustments were made to NTEM trip rates to account for: 

 ̧ 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; 

º 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). 

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

º Following comparison with modelled/observed road/PT network flows and mode share 
and distribution data, further adjustments were made to the inputs described above to 
improve the representation to the level of travel generated across the North East 
network.  This process included numerous iterations of Prior matrix development, and 
demand model and road and public transport volume comparison and calibration. 
 

º 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 flows, (particularly for more rural areas and non-
car available persons), and car availability likelihoods were subsequently increased.  
Note that NTEM trip rates represent national data, rather than reflecting the specific 
nature and level of PT accessibility available across the ASAM coverage area. 
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º In addition, adjustments were made to the number of jobs allocated to specific 

employment areas ς to vary the level of trip attractions in these areas to better match 
the level of travel activity observed locally.  Adjustments also amended some planning 
data boundary issues identified between neighbouring zones ŀƴŘ ǘƘŜ ΨǘȅǇŜΩ ƻŦ 
employment allocated.  Employment adjustments were made to the following areas: 

 ̧ General adjustment and rebalancing of employment type for some zones within 
!ōŜǊŘŜŜƴ /ƛǘȅ /ŜƴǘǊŜ ǘƻ ōŜ ƳƻǊŜ ΨǊŜǘŀƛƭΩ ƻǊ ΨƘƻǎǇƛǘŀƭƛǘȅΩ ƻǊƛŜƴǘŀǘŜŘΣ ŀǎ ǎƻƳŜ ƴƻƴ-
ƛƴŘǳǎǘǊƛŀƭ ŀǊŜŀǎ ǿŜǊŜ ŘƻƳƛƴŀǘŜŘ ōȅ ǘƘŜ ΨƛƴŘǳǎǘǊƛŀƭΩ Ƨƻō ǘȅǇŜ ǿƘƛŎƘ ŀǇǇŜŀǊŜŘ ƭŜǎǎ 
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 in retail jobs at Garthdee (Zones 162 & 175), and Portlethen (zone 421) 
retail parks to reflect the higher level of activity and travel flows associated with 
these popular destinations; 

 ̧ Zone 131: Aberdeen Royal Infirmary:  reducing the number of health jobs to reflect 
a larger proportion of shift and weekend working ς which is proportionally less 
relevant to ASAM19 average weekday modelling.  Reducing the number of (ARI) 
University jobs to coincide with the 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); 

6.5.4 These employment adjustments are present within the Base Year Trip End model processes, 
(and base year matrices) and also applied for consistency within the ASAM19 forecasting 
procedures. 

6.5.5 This process generated a set of 24 hour zonal Ψ¢ǊƛǇ 9ƴŘǎΩ - productions and attractions for 
business, commuter, other, education and retired trips from home trips, and business and 
other non-home based trips.   

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

 

6.6 Synthesised Mode & Destination Choice 

6.6.1 The following section details the use of the ASAM19 Demand 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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º Total 24 hour productions and attractions by car availability and travel purpose were 
provided from the ASAM19 Trip Generation model and input to the ASAM19 demand 
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 costs were created by assigning ASAM14 2017 
hourly demand matrices to the initial ASAM19 networks.  Cost matrices were 
updated as demand matrices were prepared and supply network / services were 
refined.  This stage involved several iterations of reviewing outputs for anomalies, 
comparing with observed data and subsequently updating the assignments, 
matrices and costs through the matrix development and calibration process; 

 ̧ This stage included the application of the cost damping procedure which is part of 
the underlying demand modelling used to synthesise travel movements.  This varies 
underlying travel costs by zonal distance travelled for road, PT and active travel 
modes.   

º The demand model then created sets of zonal person demand matrices by mode, travel 
purpose and car availability ς based on the underlying Generalised travel costs and 
demand model mode and distribution choice parameters ς Creating 24 hour purpose 
ƳŀǘǊƛŎŜǎΩ (aggregated tours).   
 

º 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 / station car 
parks (this data is discussed further within the Park and Ride Chapter). 
 

º ΨCǊŜŜ ǿƻǊƪǇƭŀŎŜ ǇŀǊƪƛƴƎΩ ƳƻǾŜƳŜƴǘǎ ŀǊŜ ŀƭǎƻ ǇǊƻŘǳŎŜŘ ŀǘ ǘƘƛǎ ǎǘŀƎŜΣ ŦƻǊ ƳƻǘƻǊƛǎǘǎ 
commuting between standard demand model zones and central Aberdeen (for the 
proportion of commuters that have access to free parking). 
 

º Parking distribution trips are also produced at this stage with specific road movements 
assigned to/from Aberdeen city centre car park and on street parking locations.  Note 
ǘƘŀǘ ǘƘŜ Ψǿŀƭƪ ƭŜƎΩ ŦǊƻƳ ǘƘŜ Ŏƛǘȅ ŎŜƴǘǊŜ ŎŀǊ ǇŀǊƪ ǘƻ ǘƘŜ Ŧƛƴŀƭ ŘŜǎǘƛƴŀǘƛƻƴ όŀƴŘ ǾƛŎŜ ǾŜǊǎŀύ 
is not added to the model assignment matrices. 
 

º 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 each travel purpose, and car availability segment.  These comparisons are 
discussed in section 6.7. 
 

º 24 hour matrices (which include all modelled tours ς i.e. leaving home in the morning 
and returning in the evening etc) are then aggregated with relevant tour groups and 
ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ ǘƘŜ !aΣ LƴǘŜǊ ŀƴŘ ta tŜŀƪ ΨtŜǊƛƻŘ aŀǘǊƛŎŜǎΩΦ 
 

º Period matrices were then factored down to hourly level using period to hour factors 
for each mode of travel ς for assignment along with other matrix elements. 
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Prior Matrix Sector Adjustment & Calibration Process 

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

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

6.6.4 To improve comparisons, a factoring process was then applied (prior to undertaking Matrix 
Estimation (ME)) to adjust specific sector-to-sector movements to better match the 
magnitude of travel recorded by observed data. These detailed calibration sector adjustments 
are described within Appendix F, and cover adjustments for all travel purposes, including: 

 ̧ Road Census & Synthetic: +/- 2.5% adjustment to all car trips across all time 
periods.  Increasing traffic travelling within Aberdeen, and reducing car trips 
travelling between the Aberdeen City and Aberdeenshire; 

 ̧ Public Transport Census: up 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 Transport Synthetic: -5% reduction to PT passenger trips across all time 
periods for travel between the City of Aberdeen and Aberdeenshire; 

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

6.6.6 The PT factors reduce the initial 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 passengers). 

6.6.7 The majority of commuter sector adjustments were around -10%, with the largest reduction 
associated with PT trip to/from the 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 1-2% applied as PT demand compared more favourable here.  No PT adjustments 
were made for intra Aberdeenshire to Aberdeenshire sectors (with the exception of Westhill). 
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6.6.8 Adjustments for other purposes followed similar trends but were applied more generally, 
with a -5% reduction between Aberdeen City and Aberdeenshire.  No adjustments were made 
to intra Aberdeen City or Intra Aberdeenshire sectors for non-commuter PT trips. 

6.6.9 All synthetic car trips within the City were generally found 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 these radial routes, so were reduced by 2.5% (with 
the exception of the PM Peak). 

6.6.10 Car and PT adjustments were made for each time period.  No sector adjustments were made 
for Active travel or HGV and LGV trips. 

6.6.11 Ideally, the synthetic and Census commuter matrices would provide a more exacting match 
with overall levels of observed network demand, particularly for public transport.  Given the 
variations identified, it is best practice to firstly alter matrices through a transparent process 
prior to the ME  procedure ς as ME is aimed more at adjusting for route or corridor variations 
(rather than global levels of demand).  For ASAM19, all relevant levers of travel demand were 
adjusted (where possible based on observed data comparisons), to ensure the best possible 
representation of travel demand prior to commencing ME.  

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 non-home based trips.  With the exception of 
Census commuter movements, there is currently no other reliable large scale data set that 
could represent these types of movements for non-commuter travel for a model of this 
granularity.  SHS does not contain sufficient records and therefore would proviŘŜ ǾŜǊȅ ΨƭǳƳǇȅΩ 
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 method - and allows users 
to understand areas where modelled data may not represent travel observations.  

6.6.15 Users should note, that synthesising relies on creating relatively uniform trip distributions 
ǿƘƛŎƘ ŀǊŜ ǳƴŘŜǊǇƛƴƴŜŘ ōȅ ǘǊŀǾŜƭ ŎƻǎǘǎκŘƛǎǘŀƴŎŜǎΣ ŀƴŘ Ȋƻƴŀƭ ŘŀǘŀΦ  ¢Ƙƛǎ ƳŜǘƘƻŘ ǿƻƴΩǘ ƛŘŜƴǘƛŦȅ 
unique characteristics of travel for specific areas/people.  However, the subsequent 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 
ASAM modelling. 

6.6.16 The overall ASAM19 approach 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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6.6.17 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 limit the scale 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). 

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

6.6.19 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 are described in section 15.3. 

6.7 Mode Share and Trip Distribution Comparison 

6.7.1 The following section describes how the synthesised matrices produced by the demand model 
at 24 hour level compare with observed data.  It is these synthesised travel matrices that 
subsequently form the Prior assignment matrices for the non-commuter travel purposes 
(Business, Other, Education & Retired) ŀƴŘ ƛƴŦƻǊƳ ǘƘŜ ΨōƭŜƴŘŜŘΩ ŎƻƳƳǳǘŜǊ ƳŀǘǊƛŎŜǎ. 

6.7.2 These comparisons also illustrate the calibration of the demand model to observed 2019 
conditions, where synthesised movements (for all purposes ς including commute) are also 
applied to forecast future travel patterns over time. 

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

º Mode Share:  Road, PT, Park & Ride, Walking & Cycling travel demand proportions 

 ̧ The % Park & Ride is estimated, as the majority of observed data does not 
ŘƛǎǘƛƴƎǳƛǎƘ ōŜǘǿŜŜƴ Ψt¢-ƻƴƭȅΩ ŀƴŘ tŀǊƪ ϧ wƛŘŜ ǘǊŀǾŜƭΤ 

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

 ̧ Specific modelled P&R cost distribution is shown, (covering the full end-to-end 
journey ς road and PT legs).   The equivalent observed data is an estimate. 

º Travel Patterns:  Illustrating how trips disperse between areas/sectors. 

 ̧ These show a comparison of commuter patterns - modelled and observed Census 
2011 sector-to-sector movements for each travel mode (displayed using a 39 
internal ASAM sector system). 

 ̧ 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 
trips for each time period and mode. 

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

Mode Share Comparison 

6.7.5 Table 23 summarises the synthesised mode share calibration produced by the ASAM19 
demand model and Table 24 demonstrates the % difference to observed mode share data.  
Table 25 shows the average difference for all car available and non-car available demand 
segments.  The following should be noted: 

º Ψ/!Ω Ґ /ŀǊ !ǾŀƛƭŀōƭŜΣ Ψb/!Ω Ґ bƻƴ /ŀǊ !ǾŀƛƭŀōƭŜΤ 
º 5ŀǘŀ ǊŜǇǊŜǎŜƴǘ ΨƘƻƳŜ-ōŀǎŜŘΩ ǘǊŀǾŜƭΣ ǳƴƭŜǎǎ ǎǇŜŎƛŦƛŜŘ ǿƛǘƘ ΨbI.Ω ŦƻǊ bƻƴ IƻƳŜ .ŀǎŜŘΤ 
º Walking and cycling are modelled and calibrated as separate modes within ASAM19; 
º Business travellers are all assumed to be car available, either through car ownership, 

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

site choice model.  Road/PT trip legs are subsequently included within both the road 
and PT assignment models; 

º Education travellers (i.e. primary and secondary school pupils are not included within 
the Park & Ride modelling); and 

º Non Home Based travel are not included within the Park & Ride modelling. 

Table 23. Demand Model Synthesised Mode Share by Demand Segment  

D SEGMENT CODE CAR PT P&R WALK CYCLE 

Business CA DS1 95.7% 1.1% 0.5% 2.3% 0.5% 

Commute CA DS3 88.5% 4.7% 0.6% 5.1% 1.0% 

Commute NCA DS5  50.6%  43.6% 5.8% 

Other CA DS7 78.2% 2.4% 0.7% 17.9% 0.8% 

Other NCA DS9  17.5%  79.7% 2.9% 

Education CA DS11 36.4% 15.4%  44.0% 3.8% 

Education NCA DS13  27.8%  65.8% 6.4% 

Retired CA DS15 81.5% 4.3% 0.8% 12.5% 0.9% 

Retired NCA DS17  34.4%  62.3% 3.3% 

NHB Business CA DS19 87.8% 1.9%  9.9% 0.4% 

NHB Other CA DS21 82.9% 2.3%  13.9% 0.9% 
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D SEGMENT CODE CAR PT P&R WALK CYCLE 

NHB Other NCA DS23  18.1%  79.0% 2.9% 

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

D SEGMENT CODE CAR PT P&R WALK CYCLE 

Business CA DS1 0.7% -12% -46% -13% 125% 

Commute CA DS3 2.0% -12% -44% -10% 3% 

Commute NCA DS5 - 1% - -1% -2% 

Other CA DS7 2.0% -7% -43% -5% 40% 

Other NCA DS9 - -3% - 0% 10% 

Education CA DS11 3.5% -8% - 0% -12% 

Education NCA DS13 - 0% - 0% -2% 

Retired CA DS15 1.9% -7% -33% -7% 27% 

Retired NCA DS17 - 1% - -1% 2% 

NHB Business CA DS19 -4.7% -3% - 70% 270% 

NHB Other CA DS21 -1.5% -1% - 7% 62% 

NHB Other NCA DS23 - 12% - -2% -8% 

 
Table 25. Summary of Synthesised Mode Share compared to Observed Data 

D SEGMENT  CAR PT P&R WALK CYCLE 

Average CA Obs 78.6% 5.0% 1.1% 14.8% 1.1% 

Average NCA Obs   29.2%   66.5% 4.3% 

Average CA Mod 78.7% 4.6% 0.6% 15.1% 1.2% 

Average NCA Mod   29.7%   66.1% 4.3% 

Average CA Diff. 0.2% -0.4% -0.4% 0.3% 0.1% 

Average NCA Diff.   0.5%   -0.5% 0.0% 
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D SEGMENT  CAR PT P&R WALK CYCLE 

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

Average NCA % Diff - 2% - -1% -1% 
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Car Mode Share 

6.7.6 The data sets demonstrate a very close match to observed car mode share proportions, with 
mode shares for all modelled car demand segments falling within +/- 5% of observed levels.  
There is a slight overestimate of car mode shares for home-based travellers, and slight 
underestimate for non-home based travellers. 

 
Public Transport Mode Share 

6.7.7 The data also demonstrates a good comparison of public transport mode shares, with the 
modelling falling within +/- 12% for all segments, and within 8% overall.   The comparisons for 
non-car available travellers is particularly close.   For car available travellers, the data appears 
to indicate that the modelling under-estimates public transport usage by an average of 
around 8% (5.0% observed vs 4.6% modelled).   

6.7.8 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 mismatch between the general mode share 
data sets (which suggests a higher PT mode share) and passengers observed using actual PT 
services.  Although there is an underestimate of PT mode share within the demand modelling, 
this imbalance assists with the more detailed calibration of PT assignment flows, and helps 
reduce the amount of variation required during matrix estimation. 

 
Park & Ride Mode Share 

6.7.9 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.  Therefore, the figures 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.e. -41% overall), the park and ride 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 small mode share proportions this imbalance will have little impact 
on the other mode share values. 

 
Walking Mode Share 

6.7.10 ASAM19 walking mode share is shown to closely match observed data, falling within 2% of 
observed values on average.  Although there are larger percentage fluctuations for both 
home-based and non-home based business trips, these are relatively small absolute 
differences due to the lower levels of walking mode share associated with the business travel 
purpose (i.e. 2.7% vs 2.3%). 

 
Cycling Mode Share 

6.7.11 Cycling mode share demonstrate a reasonable match on average, falling within 11% of 
observations.  Although greater percentage variations are shown for individual travel 
purposes, these differences are relatively minor when compared to the smaller cycling mode 
share values (i.e. 0.2% vs 0.5%). 
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6.7.12 Overall, the ASAM19 synthesised demand modelling demonstrates an acceptable match to 
observed levels of mode shares.  The modelling compares reasonably strongly across all 
modes for both car-available and non-car available travel.  The uncertainty regarding park and 
ride data should though be borne in mind.  Users should note that mode share calibration 
also takes into account feedback from the road and PT assignment flow calibration, and 
specific park and ride site calibration processes discussed in later chapters. 

6.7.13 Potential users should also note that the level of records available to compare synthesised 
mode shares are considerably lower for non-commuting, and non-educational travel 
purposes.  As  result, there is more uncertainty associated with business, other and retired 
mode share comparisons.  

6.7.14 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 mode choice process). 

 

Trip Distribution Comparison 

6.7.15 Table 26 summarises the ASAM19 synthesised trip distribution calibration by describing the 
average generalised cost modelled for each demand segment (described in generalised 
minutes).  Table 27  demonstrates the % difference compared to the average generalised cost 
of observed Trip Distribution data.  Table 28 shows the average difference in the generalised 
cost of travel for all car available and non-car available demand segments. 

6.7.16 The trip distribution comparison charts for each travel purpose are described in Appendix G.  
These show the observed and modelled cumulative frequency (total travel cost distribution 
as costs change) of trips compared to generalised cost.   

6.7.17 Note that Park & Ride trip lengths are not compared with specific observed data.  Estimated 
P&R costs are used as an alternative, and enable calibration and demonstrate comparisons 
with modelled patterns.  Park and ride costs include both the car and PT legs. 

6.7.18 Car generalised costs include parking charges / search times and cost damping.  Public 
ǘǊŀƴǎǇƻǊǘ Ŏƻǎǘǎ ǊŜŦƭŜŎǘ ΨǇŜǊŎŜƛǾŜŘΩ ǘǊŀǾŜƭ Ŏƻǎǘǎ όƛƴŎƭǳŘƛƴƎ ǘƛƳŜ ǿŜƛƎƘǘƛƴƎǎύ ŀƴŘ ŀƭǎƻ ƛƴŎƭǳŘŜ t¢ 
fares.  Walking and cycling costs also include weighted values. 

6.7.19 It is noted that the SHS data (used to inform observed non-commuter trip lengths) provided 
a lower number of responses for non-car available travellers. 
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Car Trip Distribution 

6.7.20 The analysis shows that the ASAM19 region wide synthetic trip distributions closely match 
observed values, falling within 1% for home based travel purposes.  There is a slight 
underestimate of modelled car costs for non-home based travel of around -6%.   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 non-car available travellers, there is a slight overestimate of PT travel 
cost for home-based travel purposes, and underestimate of non-home based travel costs 
(with variations falling within +/- 10%). 

6.7.22 PT trip costs are much higher than car travel costs, and although these higher values mostly 
stem from combining the various elements of PT generalised cost (i.e. including fares), it also 
tends to reflect the general 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 locations and general nature of 
journeys associated with these sites ς that tend to provide either travel to and from the 
periphery of Aberdeen to/from the city centre, and longer journey between Aberdeenshire 
rail stations and Aberdeen (whilst benefitting from faster 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 home-based trip distribution comparisons fluctuate close to observations.  
However, the non-home based modelled distributions are shown to underestimate walking 
trip cost by around 15%. 

 
Cycling Trip Distribution 

6.7.25 The comparisons demonstrate that the ASAM19 cycling trip distribution provides an 
underestimate of observed cost values of around 10%, with the most significant differences 
associated with business and Other home-based travel purposes, and also non-home 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 
comparisons shown with observed data at the average level, and also for the vast majority of 
demand segments and travel modes.   

6.7.27 More detailed trip distribution charts are displayed in Appendix G each demand segment and 
mode of travel.  These charts include both for 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 cost and trip length distributions, there are no major anomalies demonstrated 
between data sets. 

 

Table 26. Demand Model Synthesised Trip Distribution (Generalised Minutes) 

D SEGMENT CODE CAR PT P&R WALK CYCLE 

Business CA DS1 34 103 120 33 26 

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 CA 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 

D SEGMENT CODE CAR PT P&R WALK CYCLE 

Business CA DS1 -0.5% 3% 1% 6% -21% 

Commute CA DS3 0.5% 1% 1% -1% -8% 

Commute NCA DS5 - 1% - -1% -6% 

Other CA DS7 0.9% 9% 3% 3% -20% 

Other NCA DS9 - 9% - 1% -11% 

Education CA DS11 -0.6% 6% - -1% -1% 

Education NCA DS13 - 4% - -2% -1% 

Retired CA DS15 0.7% 4% 0% -1% -7% 

Retired NCA DS17 - 3% - 0% -7% 

NHB Business CA DS19 -7.1% -8% - -18% -14% 

NHB Other CA DS21 -5.6% -11% - -20% -15% 

NHB Other NCA DS23 - -6% - -13% -19% 

Table 28. Synthesised Trip Distribution Generalised Cost vs Observed Data 

D SEGMENT  CAR PT P&R WALK CYCLE 

Average CA Obs 23 111 124 39 36 

Average NCA Obs   99   41 39 

Average CA Mod 23 111 126 37 32 

Average NCA Mod   101   40 36 

Average CA Diff. -0.4 -0.2 1.7 -1.5 -4.2 

Average NCA Diff.   1.8   -1.0 -3.4 

Average CA % Diff -2% 0% 1% -4% -12% 

Average NCA % Diff - 2% - -2% -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 to 39 internal sectors covering the internal ASAM19 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 movements within the relevant sector locations.  

6.7.29 There is some considerable variation for specific sector-to-sector movements (which is 
somewhat expected when comparing movements at this level of detail), but the general 
patterns of commuter travel, within Aberdeen and Aberdeenshire, and between towns 
represented by specific sectors is shown to be represented within the synthetic commuter 
matrices. 

6.7.30 Appendix H provides very detailed data for users to compare travel movements within 
ǇŀǊǘƛŎǳƭŀǊ ǎǘǳŘȅ ŀǊŜŀǎ ƻŦ ƛƴǘŜǊŜǎǘΦ  ¦ǎŜǊǎ ǎƘƻǳƭŘ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ΨƻōǎŜǊǾŜŘΩ нлмм /Ŝƴǎǳǎ 
commuter data, although containing very detailed data, is becoming relatively dated, and 
ǿƻƴΩǘ ǘŜƴŘ ǘƻ ǇƛŎƪ ǳǇ ŘŜǘŀƛƭŜŘ ǘǊŜƴŘǎ ƻǊ ŎƘŀƴƎŜǎ ƛƴ ǘǊŀǾŜƭ ǇŀǘǘŜǊƴǎ ōŜǘǿŜŜƴ нлмм ŀƴŘ нлм9.  
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 The ASAM19 ǇŀǊƪ ŀƴŘ ǊƛŘŜ ƳƻŘŜƭƭƛƴƎ ŜǎǘŀōƭƛǎƘŜǎ ΨƛƴǘŜǊŎƘŀƴƎŜΩ ƻǊ ΨƳƛȄŜŘ ƳƻŘŜΩ ǘǊƛǇ ƳŀƪƛƴƎΦ   
The Park & Ride processes are used to separate simple tours into individual road and PT trip 
legs to/from specific P&R and rail station car parks (cross-referenced to the relevant origin 
zone to site/station and then to final destination zone).  These trip legs are then added to the 
road and PT Prior matrices, (for business, commute, other and retired trip purposes) with the 
full end-to-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 ASAM19 Free Workplace parking model (FWPP) is applied to assign car trips to zones 
where free commuter parking at workplaces is available in Aberdeen City Centre (up to a 
specific private non-residential car park capacity).  These trip movements are represented 
between the relevant demand model zones (between demand model zones and zones 
located within the controlled parking area within Aberdeen City Centre). 

6.8.4 These FWPP commuter movements are synthesised by the demand model, with 25% of the 
synthetic commuter trips incorporated into the prior matrices through the blending process. 
The remaining 75% of FWPP reflect the Census travel patterns. 

Parking Distribution ς Paid for City Centre Car Parking  

6.8.5 The ASAM19 parking distribution model distributes motorists to available car parking within 
Aberdeen city centre.  These include off-street and on-street car parks, and free on-street 
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 within the city centre) with the relevant adjustment to remove the full 
end-to-end car trip.  Note that the (walking) trip leg between the car park and the final 
destination (and vice versa) is not incorporated into the trip matrices (i.e. not classed as active 
travel or added to the PT matrices). 

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 development and 
calibration is discussed in more detail within Chapter 12 and Chapter 13. 

6.8.8 ASAM19 park and ride or parking modelling does not cover the education trip purpose or non-
home based trips. 
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6.9 External Movements   

6.9.1 Within the Prior matrices, external trips for representing movements outwith the ASAM19 
demand model coverage area were sourced from TMfS18A.  The trip end model applies 
subarea cordoning of the TMfS18A road and public transport models covering the ASAM 
boundary.  This generates matrices at TMfS18A zonal level, which are then subjected to 
disaggregation to process external movements into the relevant ASAM19 zoning. 

6.9.2 As TMfS18A does not isolate education and retired trips, TMfS18 ΨƻǘƘŜǊΩ ǘǊƛǇǎ ŀǊŜ ǎŜǇŀǊŀǘŜŘ 
out to proportion these trips into the ASAm19 expanded purposes.  

6.9.3 The cordoning process also extracts TMfS18A HGV and LGV external movements for input to 
ASAM. 

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

6.9.5 External park and ride trips are extracted from the TMfS18A park and ride modelling, and 
incorporated into the relevant road/PT leg within the internal ASAM19 demand model area 
(the external park and ride leg movement is already captured through the TMfS18A road/PT 
cordoning processes). 

6.9.6 Further information regarding the external trip processing is described within the Trip 
Generation (Chapter 14).  
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6.10 Aberdeen Airport Modelling 

6.10.1 ASAM19 represents Aberdeen Airport and Heliport surface access travel patterns by separate 
modelling of offshore (commuter) working patterns to/from Aberdeen Heliport, and business 
and leisure passengers to/from Aberdeen Airport.  The main demand model continues to 
represent the actual commuters working at both these locations (i.e. Airport workers).  This 
section details the development of the Airport demand modelling and incorporation of 
surface access car and PT trips into the Prior Matrices.   

6.10.2 Aberdeen Airport car and PT passenger trips are represent by ASAM19 zone 358.  Passenger 
trips accessing the airport by active travel are not included within the airport modelling.  

Aberdeen Airport Passengers  

6.10.3 A CAA airport passenger survey was undertaken for Aberdeen Airport during 2018.  The 
survey data was supplied and responses interrogated to convert passenger movements to the 
ASAM19 zone system.  This step produced trip movement patterns by travel purpose and 
mode to this key travel generator ς enabling separation of business and leisure travel by 
surface access mode to inform model development and calibration.  

6.10.4 The passenger data was used to develop a similar type of simplified Airport Surface Access 
model which was previously developed to model Glasgow and Prestwick airports, as part of 
the Strathclyde Regional Transport Model (SRTM) development. 

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 
ŎƘƻƛŎŜ ǇŀǊŀƳŜǘŜǊǎ ōȅ ǘǊƛǇ ǇǳǊǇƻǎŜΣ ǘƻ ǊŜǇǊƻŘǳŎŜ ǘƘŜ ΨƻōǎŜǊǾŜŘΩ ƴǳƳōŜǊ ƻŦ Ŏars & public 
transport trips to & from Aberdeen Airport (as recorded within the CAA data). 

6.10.6 Glasgow Airport modelling assumptions were also applied for ASAM19, including: 

º 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; 

 
º Passenger distributions were initially based on assumptions and parameters obtained 

from the SRTM Glasgow Airport Model calibration, which showed that (for each zone) 
the number of airport trips produced was mostly determined by the land use / 
demography of each zone.  The Glasgow model interrogation showed that distance 
(within a regional context) was a negligible factor, and therefore was omitted.   

 
Á This assumption was revisited for ASAM19, to refine 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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6.10.7 This data was applied to produce the relationship between planning data (jobs and 
population), to produce a plausible all-mode Aberdeen airport row and column pattern for 
(to/from home) business and leisure trips. 

6.10.8 The Airport model therefore picks up changes in the relevant zonal land-use composition and 
changes in the relative travel cost of car vs PT (for example additional bus services, shorter 
walk between the station and the airport, the impact of the road improvements etc) through 
a mode choice mechanism which reproduces observed surface access (CAA) data. 

 
Airport Passenger Calibration 

6.10.9 The total level of trips travelling to Aberdeen Airport is calculated using Scottish Transport 
Statistics, where 2019 data indicates annual fixed wing passengers of 2.913 million for all 
travel purposes.   This annual figure was then disaggregated to identify employment and 
leisure trips travelling both to and from the airport in each AM, IP and PM time period (using 
similar time period proportions as applied for the Glasgow Airport model).  The specific (2018) 
CAA data for the ASAM19 coverage area was used to establish passenger trip purpose and 
mode share proportions to calibrate business/leisure trips and car/PT airport trip patterns.  
The split of business/leisure passengers at Aberdeen Airport was found to be 40%/60% 
respectively. 

 
Airport Passenger Mode Share 

6.10.10 The calibrated mode share for business and leisure trips is shown in Table 29 and Table 30.  
Note that observed mode share data is only available at the daily level and is therefore 
consistent for all time periods (where AM and PM time periods = 3 hours, 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 the PM Peak (noting 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 Passenger Trip Distribution 

6.10.13 Comparisons of modelled car and PT business trip distributions is provided in Figure 7 and 
Figure 8 respectively.  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 make-up of PT generalised costs.  
The modelled distribution for both car and PT business trips are shown to closely reflect the 
CAA passenger data distribution.  
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Table 29. Aberdeen Airport Mode Share: Business Passengers (Period) 

DATA MODE AM PEAK INTER PEAK PM PEAK 

ASAM19 Model 
Airport Business 
Passenger Trips 

2019 

Car 136 187 46 

PT 27 37 8 

Total 163 224 54 

% Car 83.7% 83.3% 84.6% 

% PT 16.3% 16.7% 15.4% 

Observed Airport 
Business Passenger 

Trips 2019 

% Car 83.5% 83.5% 83.5% 

% PT 16.5% 16.5% 16.5% 

Mode Share 
Difference 

Car -0.2% 0.2% -1.2% 

PT 0.2% -0.2% 1.2% 

 

Table 30. Aberdeen Airport Mode Share: Leisure Passengers (Period) 

DATA MODE AM PEAK INTER PEAK PM PEAK 

ASAM19 Model 
Airport Leisure 
Passenger Trips 

2019 

Car 245 242 82 

PT 43 42 14 

Total 289 284 95 

% Car 85.0% 85.2% 85.5% 

% PT 15.0% 14.8% 14.5% 

Observed Airport 
Leisure Passenger 

Trips 2019 

% Car 85.5% 85.5% 85.5% 

% PT 14.5% 14.5% 14.5% 

Mode Share 
Difference 

Car 0.6% 0.4% 0.1% 

PT -0.6% -0.4% -0.1% 
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Figure 7. Aberdeen Airport Business Passenger Car Trip Distribution 

 

 

Figure 8. Aberdeen Airport Business Passenger PT Trip Distribution 
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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 ASAM19 zone 358.  These trips 
are included to the business and other assignment matrix user class for each time period.  
Airport employee travel is also represented in zone 358, but accounted for within the 
standard commuter travel development processes.  Base 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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6.11 Aberdeen Heliport Passenger Modelling 

Aberdeen Heliport Surface Access for Offshore Workers 

6.11.1 The 2011 Census records the origins of commuters working at offshore installations.  These 
road and PT travel patterns were interrogated and input to the ASAM19 zone system to 
identify offshore worker origins located within the ASAM geographical coverage area.  These 
trips were assumed to form the main pattern of flight passengers to Aberdeen Heliport (the 
main access point for offshore working in the North East).  The Census commuter mode share 
proportions were assumed to represent the relative proportions of road and PT passenger 
surface access travel to the Heliport.  

 
Heliport Passenger Calibration 

6.11.2 Web-based research was undertaken to understand the frequency of offshore helicopter 
flight departures and arrivals per day, how the schedule varied during the AM, Inter and PM 
peak time periods, and the average passenger capacity of helicopters (undertaken using the 
flight schedule available in 2019).  An arrival time assumption (of 1.5 hours) was used to 
represent the lag between heliport passenger arriving at the Heliport and flight departure, 
and 30 minutes for the time required to depart.  This data was combined and used with the 
Census distribution to calculate trip productions and attractions for the AM, Inter and PM 
peak hourly time periods for road and PT modes.  

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

6.11.4 The road and PT Census offshore trip patterns were factored by the resultant trip production 
and attraction data to produce row and column patterns to represent heliport trips. 

 
Heliport Passenger Mode Share 

6.11.5 Table 31 describes the total period trip production and attractions to/from Aberdeen Heliport 
(where AM and PM time periods = 3 hours, IP = 6 hours).  The analysis demonstrates the 
ASAM19 modelling contains a Heliport car/PT mode share  split of approximately 87% / 13% 
within the AM and PM peak time periods, and illustrating slightly higher car share within for 
the PM Peak (89%/11% for car/PT).  This is a lower PT mode share than demonstrated by the 
Census Offshore data, which indicates a 26% public transport passenger mode share (for 
internal) airport trips.   

6.11.6 Note that the observed Census Offshore travel pattern is only available at annual/daily level, 
so the observed pattern will remain generally consistent for each time period, but level of 
time period passenger demand will vary in-line with available flights.  The low number of 
heliport trips during the PM is due to the flight departure times. 
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Table 31. !ōŜǊŘŜŜƴ IŜƭƛǇƻǊǘ hŦŦǎƘƻǊŜ aƻŘŜ {ƘŀǊŜΥ όΨ/ƻƳƳǳǘŜǊΩύ tŀǎǎŜƴƎŜǊǎ όtŜǊƛƻŘύ 

DATA MODE AM PEAK INTER PEAK PM PEAK 

ASAM19 Model 
Heliport  Commuter 

Passenger Trips 
2019 

Car 304 675 83 

PT 46 103 10 

Total 349 778 92 

% Car 87.0% 86.8% 89.4% 

% PT 13.0% 13.2% 10.6% 

Observed Heliport 
Census Passenger 

Trips 2019 

% Car 74% 74% 74% 

% PT 26% 26% 26% 

Mode Share 
Difference 

Car +13% +13% +13% 

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.  These Heliport trips are 
specifically included within ASAM19 zone 366.  Heliport employee commuter travel is also 
represented in zone 366, but is accounted for within the standard commuter travel 
development processes and demand modelling.  Base year hourly trip patterns may change 
as a result of matrix estimation within the final assignment matrices.   

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 Heliport.  During future 
ƳƻŘŜƭ ǳǇŘŀǘŜǎΣ ǎƻƳŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ ƎƛǾŜƴ ǘƻ ΨŦǊŜŜȊƛƴƎΩ ƻǊ ΨƭƛƳƛǘƛƴƎΩ ŎƘŀƴƎŜǎ ƛƴ 
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 (2011), matching more recent 2019 count 
data provides the most appropriate and up-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 each zone/area). 
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6.12 Light & Heavy Goods Vehicles Movements 

6.12.1 Traditionally, goods vehicles have been represented in strategic modelling by interrogating 
vehicle patterns collected from Roadside Interviews (RSIs).  However, uƴŘŜǊǘŀƪƛƴƎ w{LΩǎ ƛǎ 
expensive and provides less value when considering the lower levels of HGV and LGV 
movements that actually tend to be recorded. As no Roadside Interviews (RSIs) were 
undertaken for the development of ASAM19, an alternative approach and data sources were 
sought to develop goods vehicle matrices.  A proportionate, and tried and tested matrix 
synthesising approach was therefore applied for ASAM19 - making best use of available 
(modelled) goods pattern data, and cross referencing with the more detailed ASAM19 zone 
system and local production and attraction activities. 

6.12.2 This process applies zonal planning data to generate goods vehicles trip ends, segmented by 
ID±Σ [D± ΨŘŜƭƛǾŜǊȅΩ ŀƴŘ [D± ΨƻǘƘŜǊΩ ǾŜƘƛŎƭŜǎΣ ŀƴŘ ŀǇǇƭƛŜǎ ŀ ƎǊŀǾƛǘȅ ƳƻŘŜƭ (GM) based on travel 
costs to synthesise goods vehicle travel patterns for the internal ASAM19 modelled area. 

6.12.3 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. 
hǿƛƴƎ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘƛǎ ƛǎ ŀ άƴŜǿέ Řŀǘŀ ǎƻǳǊŎŜΣ ŎŀǊŜ ǿŀǎ ǘŀƪŜƴ ǘƻ ƛƴǘerpret and assess the 
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. 

6.12.4 RSI records (obtained for the recent Tay Cities (TCRTM) modelling) were used to check the 
calibration of overall goods vehicle trip distributions (as shown on the charts below), but not 
used as actual origin-destination inputs to the Prior matrices. Similarly, goods vehicle trip 
length distributions from the Transport Model for Scotland (TMfS18) were also used to check 
the calculated matrices. 

 
 INRIX observed data 

6.12.5 Goods vehicles trip data from INRIX was obtained via Transport Scotland.  The data covered 
the period from 10/3/2020 to 2/4/2020 (12hours every day) for the whole of Scotland.  Only 
data for Tues-Thurs was downloaded. This data was then spatially filtered to provide a 
relevant data set covering only the ASAM19 geographical area. 

6.12.6 91% of the LbwL· Řŀǘŀ ƻǊƛƎƛƴŀǘŜŘ ŦǊƻƳ άCƭŜŜǘέ ǾŜƘƛŎƭŜǎ ǿƛǘƘ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ф҈ ƻǊƛƎƛƴŀǘƛƴƎ ŦǊƻƳ 
ά/ƻƴǎǳƳŜǊέ ǾŜƘƛŎƭŜǎΦ  bŜŀǊƭȅ ŀƭƭ όҔфф҈ύ ƻŦ ǘƘŜ CƭŜŜǘ ǾŜƘƛŎƭŜ Řŀǘŀ ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άaŜŘƛǳƳ 
duty trucks / vans: 14,001-нсΣлллƭōǎύέ ǿƘƛƭŜ ŀƭƭ ƻŦ ǘƘŜ /ƻƴǎǳƳŜǊ ǾŜƘƛŎƭŜ Řŀǘŀ ǿŜǊŜ ŎƭŀǎǎƛŦƛŜŘ 
ŀǎ ά[ƛƎƘǘ Řǳǘȅ ǘǊǳŎƪ κ ǇŀǎǎŜƴƎŜǊ ǾŜƘƛŎƭŜΥ ғмпΣлллƭōǎέΦ ¢ƘŜǊŜŦƻǊŜ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ǘǊƛǇs 
recorded by INRIX are from medium duty trucks / vans operated in fleets. 

6.12.7 Origins and Destinations of the INRIX trips were compared with the matrices generated using 
the gravity model (GM) synthesising process 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 GM.  Trips between Local Authority areas were, however, 
in relatively close agreement (<2% difference).  Because of the possible tendency of INRIX 
data to overemphasize rural trips, INRIX data was not therefore used 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 ASAM19 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 underlying 
goods vehicle trip rates applied are described in Table 32 (these rates are consistent with 
those applied within the earlier ASAM14 and later Tay Cities model development). 

Table 32. LGV & HGV Trip Rates (Daily Weekday) 

ACTIVITY TYPE LGV IN LGV OUT HGV IN HGV OUT 

Residential 
(Per Dwelling) 

0.21 0.18 0.02 0.02 

Business Park / 
Office (per job) 

0.26 0.26 0.02 0.02 

Industrial Estate 0.75 0.77 0.18 0.18 

Parcel 
Distribution 

2.37 3.00 0.22 0.24 

Retail (average of 
food & non-food) 

0.49 0.48 0.05 0.05 

6.12.9 Goods vehicle household-related trips are simply calculated 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 
ŀǎ άƻǘƘŜǊέ ǿƘƛŎƘ ŎŀƴΩǘ ōŜ ǎƛƳǇƭȅ ŎǊƻǎǎ ǊŜŦŜǊenced with equivalent trip rates.  Therefore, 
ōŜŦƻǊŜ ǘǊƛǇ ǊŀǘŜǎ ǿŜǊŜ ŀǇǇƭƛŜŘΣ άƻǘƘŜǊέ ǘǊƛǇǎ ǿŜǊŜ ǊŜŀƭƭƻŎŀǘŜŘ ǘƻ ƛƴŘǳǎǘǊƛŀƭΣ ǊŜǘŀƛƭΣ ŘƛǎǘǊƛōǳǘƛƻƴ 
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 ASAM19 2019 TELMoS18A planning inputs (i.e. detailed in the avzn employment file at 
ASAM19 zonal level). 

6.12.11 The goods modelling approach was constructed to represent two types of light goods vehicle 
movements: 

º LGV delivery trips (i.e. Delivery = ά[D±2έύ; and 
º All other LGV trips (i.e. traditional trades = ά[D±1έύ.   

6.12.12 Delivery trips (LGV2) would be related to shorter trip lengths, reflecting multiple leg deliveries 
/ drops, whereas, other LGV movements (LGV1) would tend to represent longer distance trips 
for specific purposes, such as trades vehicles. 
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6.12.13 Brathwaite (2017)1  provides an estimate of 10% of LGV trips being related to grocery / 
package delivery.  A DfT Statistical Release (2017)2  states that, in 2008, delivery vehicles 
accounted for 26% of all van traffic.  A TfL paper from 20113  states 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 are fƻǊ ŘŜƭƛǾŜǊƛŜǎΦ  ¢ƘŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ [D± άǎƘƻǊǘ ŘƛǎǘǊƛōǳǘƛƻƴέ 
ǘǊƛǇǎ όά[D±нέύ ǿŀǎ ǘƘŜǊŜŦƻǊŜ ŦƛȄŜŘ ŀǘ ǘƘƛǎ ƭŜǾŜƭΦ 

6.12.14 A second assumption was made that 50% of trips to / from households are for deliveries.  The 
ƴǳƳōŜǊ ƻŦ άŜƳǇƭƻȅƳŜƴǘέ [D±н delivery trips were then adjusted to allow the overall 
proportion of LGV2 delivery ǘǊƛǇǎ ǘƻ ǊŜŀŎƘ ор҈Φ  ¢ƘŜ ƴǳƳōŜǊ ƻŦ άǘǊŀŘƛǘƛƻƴŀƭέ [D± ǘǊƛǇǎ 
όά[D±мέύ ƛǎ ǘƘŜƴ ǊŜŘǳŎŜŘ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŜ ŎƻǊǊŜŎǘ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ [D± ǘǊƛǇǎ ŦƻǊ ŜŀŎƘ ȊƻƴŜΦ 

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 analysis of ASAM19 
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 matrices to better reflect 
the overall level of goods vehicle traffic volumes observed across the North East network.  
This amounted to the following adjustments made to scale down LGVs, and adjust HGV 
movements in the AM, Inter and PM Peak time periods. 

º AM   Peak:     LGV = 0.33,   HGV = 1.04 
º Inter Peak:     LGV = 0.35,   HGV = 0.96 
º 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 ASAM19 modelled area (as described within Table 33).  The comparisons show that 
all HGV/LGV prior matrix assignments fall within 10% of the observed hourly goods flow - 
therefore demonstrating a relatively good representation of goods demand , and robust basis 
for the later matrix estimation processes (particularly when the relatively smaller level of 
goods vehicle demand is taken into account). 

 
1 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/
annual-road-traffic-estimates-2016.pdf 
3 ά¢ŜŎƘƴƛŎŀƭ bƻǘŜ лр - ²Ƙŀǘ ŀǊŜ ǘƘŜ Ƴŀƛƴ ǘǊŜƴŘǎ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘǎ ŀŦŦŜŎǘƛƴƎ Ǿŀƴ ǘǊŀŦŦƛŎ ƛƴ [ƻƴŘƻƴΚέ 

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
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
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Table 33. HGV / LGV Prior Matrix Network Comparison (PCUs) 

TIME PERIOD / 
VEH TYPE 

OBSERVED 
AVERAGE 

MODEL 
AVERAGE 

DIFF. % DIFF. 

AM: HGV 184 167 -17 -9% 

IP: HGV 176 169 -7 -4% 

PM: HGV 99 92 -7 -7% 

AM: LGV 177 165 -12 -7% 

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 distribution.  The 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.   

6.12.19 CƻǊ ǎƘƻǊǘŜǊ ŘƛǎǘŀƴŎŜ [D± ŘŜƭƛǾŜǊȅ ǘǊƛǇǎΣ ǘƘŜ ŀƛƳ ǿŀǎ ǘƻ ōŜǘǘŜǊ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ΨƳǳƭǘƛǇƭŜ-ƭŜƎΩ 
ƴŀǘǳǊŜ ƻŦ Ƴŀƴȅ ƎƻƻŘǎ ǾŜƘƛŎƭŜ ƳƻǾŜƳŜƴǘǎΣ ǿƘƛŎƘ Ƴŀȅ ƘŀǾŜ ŀ ƴǳƳōŜǊ ƻŦ ŘŜƭƛǾŜǊȅ ΨŘǊƻǇǎΩ 
between leaving the depot and returning.  Therefore, for these LGV2 delivery trips an average 
trip length of 3km was assumed with model parameters calibrated appropriately. 

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 second check 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 were available for the ASAM area).  

6.12.21 The HGV trip distribution was calibrated against data from TMfS / ASAM14 / TELMoS 
commodities matrix and the RSIs previously conducted in the TCRTM model area. The trip 
distribution comparison data therefore included:  

º TMfS18 HGV matrices trip distributions (ASAM area / internal trips only); 
º Roadside Interview trip distributions (undertaken in the TCRTM coverage area); 
º ASAM14 HGV matrices trips distributions 
º TELMoS18 Commodities matrix 

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 34. LGV / HGV Calibration Gravity Model Parameters & Modelled Trip Lengths 

VEHICLE TYPE ALPHA BETA AVERAGE TRIP LENGTH (KM) 

LGV1 (standard trips) 0.35 -0.05 25.9 

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 shown in Figure 9 and Figure 10 for LGV and HGV 
patterns respectively.   

6.12.24 The charts demonstrate that the calibrated ASAM HGV trip distribution is weighted in favour 
of longer trips when compared to the ASAM14 and TMfS distributions. When compared to 
the TCRTM RSI distribution there are more short trips (<30km) and fewer long trips (>30km). 
There are fewer shorter trips compared to the TELMoS distribution. Therefore the HGV 
distribution occupies a reasonable mid-point 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 shown to resemble the 
TCRTM RSI LGV pattern - which 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 described above, 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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Figure 9. LGV Trip Length Distribution Comparison 

 

 

Figure 10. HGV Trip Length Distribution Comparison 
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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: 

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

º 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; 
º Parking trips to/from city centre car parks; 
º Synthesised LGV and HGV trips, calibrated to match observed goods vehicle flows, and 

reflect available trip distribution data; 
º Addition of TMfS18 travel demands to produce external road and PT flows, and 

corresponding internal park and ride trip legs; 
º Aberdeen Airport business and leisure passenger car and PT passenger demand; and 
º Aberdeen Heliport Offshore worker car and PT passenger demand.  

6.13.2 ²ƛǘƘƛƴ ǘƘŜ ǘƻǳǊǎ ǎǘǊǳŎǘǳǊŜΣ ΨǎƛƳǇƭŜΩ ŎƻƳƳǳǘƛƴƎ ǘƻǳǊǎ ŀǊŜ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘŜ ŎƻƳƳǳǘŜǊ 
matrices.  Non-ǎƛƳǇƭŜ ǘƻǳǊ ƭŜƎǎ όƛΦŜΦ ǘǊŀǾŜƭƭƛƴƎ ǘƻ ǊŜǘŀƛƭ ŀŦǘŜǊ ǿƻǊƪύ ŀǊŜ ŀŘŘŜŘ ǘƻ ǘƘŜ ΨƻǘƘŜǊ ǘǊƛǇ 
matrices.  All tertiary education trips are also included within the other trip matrices.  

6.13.3 The number of trips contained in each prior matrix is described within the following tables.  
These Final Prior assignment matrices 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 data.  These 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: 

º Matrix Trip Ends Slope, Intersect and R-Squared statistics; 
º Trip End Plots; 
º Trip Length Distributions; and 
º Sector Movement Comparisons. 

6.13.6 TAG guidance (Unit M3.1) suggests that changes between two matrices should fall within the 
criteria as described in Table 35.  These estimation comparisons are discussed over the next 
sections for the road and public transport modelling respectively. 
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Table 35. TAG Matrix Estimation Comparison Criteria 

MEASURE  CRITERIA 

Matrix cell zonal values 
Slope within 0.98 and 1.02 
Intercept near zero 
R2 in excess of 0.95 

Matrix zonal trip ends 
Slope within 0.99 and 1.01 
Intercept near zero 
R2 in excess of 0.98 

Trip length distributions 
Means within 5% 
Standard deviations within 5% 

Sector to sector level matrices Differences within 5% 

6.14 Road Matrix Estimation 

6.14.1 ASAM19 road 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: 

º SATURN road network data files; 
º Prior matrices;  
º Zonal origin and destination constraints; and  
º Traffic count screenline links 

6.14.2 The datasets were separated by user class (cars (combined travel purposes), LGVs and HGVs).  
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 park and ride trips are later 
replaced by the Park & Ride model output demand).  

6.14.3 Zonal constraints inform the procedure of the minimum and maximum number of trips 
permitted to be in the final matrix produced at the end of the ME process (i.e. limiting the % 
change for each zone in the Prior matrix).  A constraint of +/- 17.5% was applied to the 
majority of ASAM19 zone trip end origins and destinations in all time periods and for car, LGV 
and HGV matrices.  However, more flexible trip end constraints were used for specific zones 
where more significant change was deemed required when comparing road network flows.  
These included: 

º z162 & z175:  Garthdee Retail Park ς encouraging additional car trips; 
º z421:  Portlethen Retail Park ς encouraging additional car trips; 
º z1020:  A94 South West of Forfar - to adjust external HGV flow from TMfS18; and 
º z1027: A96 Northern External - to adjust external HGV flows - as flow provided 

through TMfS18 was deemed to vary considerably compared to traffic counts.  

6.14.4 A constraint value of five is applied to limit excessive individual cell value changes between 
the Prior and Post ME matrices.   



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 125/ 298 

 

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

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

6.14.7 Traffic count data at 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 were generally prioritised, along with some central 
Aberdeen Screenlines, and 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 36 to Table 38 summarise the Prior, Post Estimation and difference matrix totals for 

the road modelling (these figures include internal and external trips).  The Prior matrix 

ƳƻŘŜƭ Ǌǳƴ L5 ƛǎ ά./урέ άCt.моέΣ ŀƴŘ ǘƘŜ tƻǎǘ ŜǎǘƛƳŀǘƛƻƴ Ǌǳƴ L5 ƛǎ ά./урέ άa9п!έΦ  

6.14.9 Appendices I, J & K describe ME changes at total model, LA and 41 sector level respectively. 

Table 36. wƻŀŘ !ǎǎƛƎƴƳŜƴǘ ΨtǊƛƻǊΩ aŀǘǊƛȄ ǘƻǘŀƭǎ όt/¦ǎ ǇŜǊ ƘƻǳǊύ 

USER CLASS AM PEAK INTER PEAK PM PEAK 

Employers Business 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 37. Road !ǎǎƛƎƴƳŜƴǘ ΨtƻǎǘΩ aŀǘǊƛȄ ǘƻǘŀƭǎ όt/¦ǎ ǇŜǊ ƘƻǳǊύ 

USER CLASS AM PEAK INTER PEAK PM PEAK 

Employers Business 5,286 3,141 4,581 

Commute 29,846 6,218 27,589 

Others 22,336 29,972 39,605 

Education 3,157 1,408 29 

Retired 3,388 6,498 4,160 

Light Goods 7,688 7,441 5,750 

Heavy Goods 4,284 3,961 2,481 

Total 75,985 58,637 84,195 

Table 38. Prior & Post Estimation Road Assignment Matrix Comparison: Change, % Change 

USER CLASS AM PEAK INTER PEAK PM PEAK 

Business -24 0% -179 -5% -19 0% 

Commute 2 0% -217 -3% 787 3% 

Others -57 0% -1,048 -3% 466 1% 

Education -141 -4% -98 -6% -1 -2% 

Retired -17 0% -481 -7% 8 0% 

LGV 583 8% 389 6% 551 11% 

HGV 684 19% 640 19% 554 29% 

Total 1,030 1% -994 -2% 2,346 3% 

6.14.10 The comparisons show that the ME process has only had a marginal effect on the overall road 
matrix size for all periods (changing by 1%, -2% and 3% for the AM, IP, and PM respectively).  

6.14.11 The ME adjustments made to individual user classes are also relatively marginal for car trips, 
with the AM and PM peaks ranging from 0% to +/-4%.  A greater percentage change is shown 
in the IP of up to -7% for the education and retired user class.  For goods vehicles, the post 
ME matrices have increased trips in all time periods, from 19% in the AM and IP and 29% in 
the PM peak for HGV.  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 should also note 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 within the goods 
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 LGV and HGV matrices 
compared to the car matrices. 

 
Matrix Cell Zonal Values 

6.14.14 Table 39 to Table 41 describe the statistical comparison of the Ψzonal cell valuesΩ for the car, 
LGV and HGV matrices respectively (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 the R-Squared in excess of 0.95. 

Table 39. Car Matrix Estimation Comparison: Zonal Cell Values 

STATISTIC AM PEAK INTER PEAK PM PEAK 

SLOPE 0.99 0.89 0.97 

INTERCEPT 0.001 0.003 0.004 

R-SQUARED 0.98 0.97 0.97 

Table 40. LGV Matrix Estimation Comparison: Zonal Cell Values 

STATISTIC AM PEAK INTER PEAK PM PEAK 

SLOPE 0.98 0.98 0.95 

INTERCEPT 0.001 0.001 0.001 

R-SQUARED 0.92 0.91 0.89 

Table 41. HGV Matrix Estimation Comparison: Zonal Cell Values 

STATISTIC AM PEAK INTER PEAK PM PEAK 

SLOPE 1.04 1.00 1.06 

INTERCEPT 0.0005 0.0006 0.0004 

R-SQUARED 0.83 0.72 0.75 
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6.14.15 The car-based 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 Inter Peak. The Car 
Intercept values are all close to zero, and the R-Squared 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 LGV R-Squared values falling further outwith the guidance 
range.  Although the HGV statistics shows a good correspondence for the Intercept values, 
the Slope, and particularly the R-Squared values fall further outside the criteria range. 

6.14.17 Overall, these statistics demonstrate a satisfactory correspondence to TAG criteria, and 
indicate an acceptable level of change between the Pre and Post assignment road matrices 
(particularly as LGV 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 Unit M3.1 suggests evaluating the significance of matrix estimation changes by applying 
the following criteria: for zonal trip ends the slope should be within 0.99 and 1.01, the 
intercept near zero, and the R-Squared in excess of 0.98. 

6.14.19 Table 42 describes 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 periods (for matrix origins and 
destinations), with the exception of the AM origin and PM destination.  Although the AM 
intercept is reasonably close to zero, the statistic falls further from zero for the IP and PM.  
The modelling is shown to meet the R-Squared criteria across all peaks.  

Table 42. Road Matrix Estimation Comparison (Total Road Trips): Trip End Statistics 

 STATISTIC AM PEAK INTER PEAK PM PEAK 

Origin 

SLOPE 1.00 0.96 1.04 

INTERCEPT 0.82 1.10 -1.15 

R-SQUARED 0.99 0.99 0.99 

Destination 

SLOPE 1.02 0.93 1.00 

INTERCEPT -0.41 3.17 2.14 

R-SQUARED 0.99 0.99 0.99 
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Trip End Scatter Plots 

6.14.20 Figure 11 contains scatter plots illustrating the modelled road 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 estimation matrices.   

 

Figure 11. Road Matrix Estimation Comparison: Scatter Plots 

 
Trip Length Distribution 

6.14.21 Trip length distribution is used to understand the level of trips travelling at a range of 
distances across the modelled area.  This analysis is used to ascertain whether the ME 
process has had an effect on the overall distribution of trips within the matrices and the 
distances travelled while attempting to match observed flows. 

6.14.22 Figure 12 and Figure 13 illustrate trip length distribution analysis for the road model prior 
and post estimation AM and PM Peak matrices respectively.  Table 43 summarises the 
change in the mean and standard deviation of distances for each time period during 
estimation. 
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6.14.23 The statistical analysis demonstrates a consistent but relatively small reduction in trip 
length during the road ME process (of around -2% 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 screenlines.  The Trip Length charts demonstrate these 
trends, and also indicate a slight uplift in trips of between 10km-30km. 

Table 43. Road Matrix Estimation Comparison: Trip Length Distribution (km) 

TIME 
PERIOD 

STATISTIC 
PRE  

ESTIMATE 
POST 

ESTIMATE 
% 

CHANGE 

AM 
Peak 

Mean 19 18 -3% 

Standard Deviation 23 22 -4% 

Inter 
Peak 

Mean 19 18 -6% 

Standard Deviation 24 22 -7% 

PM 
Peak 

Mean 18 18 -2% 

Standard Deviation 22 21 -4% 

 

 

Figure 12. AM Road Trip Length Distribution for Prior & Post Road Matrix Estimation 
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Figure 13. IP Road Trip Length Distribution for Prior & Post Road Matrix Estimation 

 

 

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 describes the 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 system, contained in Appendix J. 

6.14.25 The LA analysis highlights some of the main differences through applying the matrix 
estimation procedures.  ME is shown to increase road trips travelling within Aberdeen across 
all time periods (by around 4%).  Total road travel from Aberdeenshire is shown to decrease 
in the AM peak and travel to Aberdeenshire increases in the PM peak.   These trends directly 
relate to the Prior matrix road volume comparisons, which showed that modelled traffic levels 
were slightly low within Aberdeen and slightly high for some Aberdeenshire movements.  The 
ME process has therefore aimed to improve the comparisons for these specific movements.  

6.14.26 TAG guidance indicates that changes to sector to the level of sector movements through the 
ME process should fall within 5% of the Prior matrix values.  Although many LA comparisons 
do fall outwith this threshold, the larger intra-Aberdeen and intra-Aberdeenshire movements 
fall within 5%.  The key AM peak hour inbound Shire to City movement change is -4%, and PM 
peak outbound City to Shire movement change is 8%.  These scale of changes are considered 
acceptable. 

6.14.27 The road ME process increased the total size of the matrices during the AM and PM peaks by 
1% and 3% respectively and decreased the IP matrix by -2%.  These relatively small changes 
to the overall road matrices are considered acceptable. 

6.14.28 The 41 sector analysis provides detailed information for users to inspect and compare 
detailed movements for different areas across the modelled coverage.   
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6.15 Public Transport Matrix Estimation 

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

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.  ASAM19 External flows originate from 
TMfS18, so this approach maintains more consistency with the parent modelling. Park and 
Ride passenger volumes are mainly controlled by the demand modelling processes and 
calibrated to specific Park & Ride site and rail station car 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 procedure ran using total passenger 
demand (rather than separate travel purpose assignments) and without passenger crowding 
applied.  This produced a set of estimated matrices for total passenger demand by time 
period, which were then segmented back into the relevant PT travel purpose proportions for 
reassignment by travel purpose and further network comparison.  

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 purposes.  Prior matrices were also revisited to improve and 
establish a better fit to mode shares, travel patterns and subsequent comparison of passenger 
flows.  The process was judged to be successful when comparisons of model outputs were 
favourable when compared to observed data sets and calibration criteria. 

6.15.5 Passenger counts at 50 locations (two way) across four Cordon Screenlines (inbound and 
outbound), as described in Chapter 9, were used as ME passenger volume control inputs. 

6.15.6 Table 44 to Table 46 summarise the Prior and Post Estimation PT matrix totals for each travel 
purpose and provide a comparison of overall changes in trips.  The analysis demonstrates that 
the ME procedure has only made relatively marginal changes to the size of the overall public 
transport matrices, with increases of 0%, 1% and 3% for the AM, IP and PM peaks respectively 
between the Prior matrices to the Post ME matrices. 

6.15.7 There is slightly more fluctuation within the individual travel purpose matrices, one being a 
ǎƳŀƭƭ ǊŜŘǳŎǘƛƻƴ ƛƴ t¢ ǘǊƛǇǎ ŦƻǊ ΨŎƻƳƳǳǘŜΩ ŀƴŘ ΨǊŜǘƛǊŜŘΩ ƛƴ ǘƘŜ !a ǇŜŀƪ ŀƴŘ ŀ ǎƳŀƭƭ ƛƴŎǊŜŀǎŜ ƛƴ 
ǘƘŜ ta ǇŜŀƪΦ  DŜƴŜǊŀƭƭȅ ǘƘŜ ΨƻǘƘŜǊΩ ŀƴŘ ΨŜŘǳŎŀǘƛƻƴΩ purposes increased across all time 
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). 

 
  



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 134/ 298 

 

Table 44. t¢ !ǎǎƛƎƴƳŜƴǘ ΨtǊƛƻǊΩ aŀǘǊƛȄ ǘƻǘŀƭǎ όtŀǎǎŜƴƎŜǊǎ ǇŜǊ ƘƻǳǊύ 

USER CLASS AM PEAK INTER PEAK PM PEAK 

Employers Business 297 177 214 

Commute 4,461 1,094 3,527 

Others 2,386 3,307 3,558 

Education 4,585 1,915 6 

Retired 1,332 1,796 896 

Total 13,062 8,290 8,201 

Table 45. t¢ !ǎǎƛƎƴƳŜƴǘ ΨtƻǎǘΩ aŀǘǊƛȄ ǘƻǘŀƭǎ όtŀǎǎŜƴƎŜǊǎ ǇŜǊ ƘƻǳǊύ 

USER CLASS AM PEAK INTER PEAK PM PEAK 

Employers Business 297 163 214 

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 46. Change & % Change Between Prior & Post Estimation PT Assignment Matrices 

USER CLASS AM PEAK INTER PEAK PM PEAK 

Business 0 0% -14 -8% 0 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).  Therefore evaluating the significance of ASAM19 PT matrix estimation changes 
were established using the following criteria: for zonal trip ends the slope should be within 
0.99 and 1.01, the intercept near zero, and the R-Squared in excess of 0.98. 

6.15.10 Table 47 describes the changes between the ASAM19 PT prior and estimated matrix trip ends 
using these statistics. 

Table 47. PT Matrix Estimation Comparison: Trip End Statistics 

 STATISTIC AM PEAK INTER PEAK PM PEAK 

Origin 

SLOPE 1.01 0.99 1.03 

INTERCEPT -0.16 0.16 -0.03 

R-SQUARED 0.99 0.99 0.99 

Destination 

SLOPE 1.01 0.98 1.01 

INTERCEPT -0.09 0.25 0.15 

R-SQUARED 0.99 0.99 0.98 

6.15.11 This analysis shows that the majority of PT matrix changes during estimation fall within the 
recommended ranges, with a few statistical comparisons which lie marginally outside the 
desired range. 

6.15.12 Figure 15 illustrates the trip end scatter plots which show that the PT matrix estimation 
procedure yields a good set of correlations between the prior and post matrix distribution. 
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Figure 15. PT Matrix Estimation Comparison: Scatter Plots 

 
 
Trip Length Distribution 

6.15.13 Figure 16 to Figure 18 illustrate trip length distribution changes between prior and post 
estimated PT matrices, whilst Table 48 provides a summary of the mean and standard 
deviation changes in trip length. 

6.15.14 This analysis charts shows an 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.  This trend can also be seŜƴ ŦǊƻƳ ǘƘŜ ǎŜŎǘƻǊ ŀƴŀƭȅǎƛǎΣ ŘƛǎŎǳǎǎŜŘ ōŜƭƻǿ ƛƴ Ψ{ŜŎǘƻǊ 
Movements Comparisons. 
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6.15.15 The statistical analysis shows a slight reduction in the mean trip length and standard deviation 
for the AM and PM peaks, and a greater reduction during the Inter Peak.  The shorter overall 
trip length within the AM peak reflects the large proportion of education (school) trips within 
the morning, which tend to have a shorter distance.  

Table 48. PT Matrix Estimation Comparison: Trip Length Distribution (km) 

TIME 
PERIOD 

STATISTIC 
PRE  

ESTIMATE 
POST 

ESTIMATE 
% 

CHANGE 

AM 
Peak 

Mean 15 14 -7% 

Standard Deviation 25 24 -4% 

Inter 
Peak 

Mean 16 14 -13% 

Standard Deviation 27 24 -10% 

PM 
Peak 

Mean 20 19 -7% 

Standard Deviation 31 29 -4% 

 

 

 

Figure 16. AM PT Matrix Estimation Comparison: Trip Length Distribution 
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Figure 17. IP PT Matrix Estimation Comparison: Trip Length Distribution 

 

 

Figure 18. PM PT Matrix Estimation Comparison: Trip Length Distribution 

 
Sector Movements Comparisons 

6.15.16 Appendix K describes the changes in PT movements 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 The LA analysis shows a small increase in overall PT trips across the IP  and PM time periods, 
(1% and 3% respectively) with marginal change in the AM Peak.  PT trips increase for 
passengers travelling within Aberdeen and within Aberdeenshire in all time periods (by 
between 3%-9%).  PT trips decrease to/from Aberdeenshire to Aberdeen by 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 49 and Table 50 detail the size of each of the active travel walking and cycling matrices, 
describing the number of person trips for each travel purpose and 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 walking or cycling network flows were available for undertaking more detailed 
comparison.  These data limitations should be borne in mind when considering the active 
travel modelling. 

Table 49. Walking Assignment Final Matrix Totals (Pedestrians per hour) 

USER CLASS AM PEAK INTER PEAK PM PEAK 

Employers Business 237 187 166 

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 50. Cycling Assignment Final Matrix Totals (Cyclist per hour) 

USER CLASS AM PEAK INTER PEAK PM PEAK 

Employers Business 26 13 24 

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 during the validation process.  

7.1.2 The calibration process for the ASAM19 road model makes use of several data sources, and 
includes the following steps: 

º Collation and collection of traffic count data; 
º Formation of traffic count screenlines; 
º aŀǘǊƛȄ 9ǎǘƛƳŀǘƛƻƴ όōŀǎŜŘ ƻƴ ǘƘŜ ΨtǊƛƻǊ ƳŀǘǊƛŎŜǎΩύΤ 
º Iterations of model refinement; and 
º Calibration analysis. 

7.1.3 The model calibration approach uses groups of observed traffic counts to form screenlines, 
which are used to compare modelled traffic volumes.  Initial comparisons are based on the 
ƛƴƛǘƛŀƭ όΨtǊƛƻǊΩύ ƳŀǘǊƛŎŜǎ όŘŜǎŎǊƛōŜŘ ǿƛǘƘƛƴ /ƘŀǇǘŜǊ сύΣ ǿƘƛŎƘ ŀǊŜ ǳǎŜŘ ŀǎ ŀ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ ŦƻǊ 
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 flow and individual count comparisons.  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 described in the following 
Validation Chapter.  

7.2 Collation and Collection of 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 studies in central Aberdeen and the A96 corridor.   

7.2.2 It was important that data used for model development reflected traffic volumes following 
the opening of the AWPR (in early 2019), as this scheme has had a considerable impact on 
travel patterns.  Therefore, only Post AWPR data was used to compare traffic volumes within 
and nearby to Aberdeen that 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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7.2.3 Traffic data collated and collected included: 

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

º Angus Council ATC data (2018) ς Montrose A90 link at Laurencekirk; 
º ATC data collected in Angus for the development of TCRTM (2018); 
º A96 Corridor AECOM ATC and JTC data (2019); 
º Aberdeen ATC and JTC data used for the development of the Aberdeen City Paramics 

models (May 2019); 
º Wellington Rd, Aberdeen AECOM data (2019); 
º ASAM14 count data ς for minor roads in rural area (2014); 
º ASAM14 model version ς 2017 Baseline Scenario (BB06) ς modelled flow data; 
º TMfS18 model version - 2018 BN18 ADL scenario - modelled flow data; and 
º Aberdeen City and Aberdeenshire count data collected for ASAM19 (Oct 2019). 

7.2.4 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. 

7.2.5 Where no appropriate survey data was available, use was made (where possible) of modelled 
flows from the TMfS18 / ASAM14 models to provide a best estimate of traffic flows. 

7.2.6 Average AM peak hour, Inter peak and PM peak hour traffic count data was derived from each 
of these data sources and provided data to compare ǘƘŜ Ƴŀƛƴ ƳƻŘŜƭƭŜŘ ΨǇŜŀƪ ƘƻǳǊǎΩΣ ŀƴŘ also 
ΨǇǊŜ-ǇŜŀƪΩ ƘƻǳǊǎΦ  ¢Ƙƛǎ ŦŀŎƛƭƛǘŀǘŜŘ ǘƘŜ {!¢¦wb t!{{v ǇǊŜƭƻŀŘƛƴƎ ǇǊƻŎŜǎǎ ǘƻ ǊŜǇǊŜǎŜƴǘ ǉǳŜǳƛƴƎ 
traffic from the earlier ΨǇǊŜ-ǇŜŀƪΩ time periods, and more fully capture congestion.  Users 
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. 

7.2.7 Due to the size and nature of a regional model, there can be a significant variation in 
availability and quality of data for use in the calibration and validation processes. In order to 
achieve a degree of consistency in the data available, a factoring process was undertaken to 
uplift data to represent the common base year of 2019. 

7.2.8 The factoring process was based on the year-on-year change in Scottish Vehicle Kilometres as 
recorded within the Scottish Transport Statistics 2019 edition (Total Vehicle Kilometres across 
all roads) within the four key ASAM Local Authority areas (Aberdeen City, Aberdeenshire, 
Angus and Moray). Note that the STS 2020 edition was unavailable at this stage which would 
include 2019 data.  2019-based trends may also represent changes in Veh Kms associated 
with the delivery of the AWPR (i.e. motorists travelling on longer 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 after 2018. 

7.2.9 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. 

7.2.10 Factors for Aberdeenshire, Angus and Moray were based on the average annual Vehicle 
Kilometre data for these Local Authorities with the relevant factors described in Table 51. 



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 142/ 298 

 

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 observed count in Appendix L. 

Table 51. Traffic Count Uplift 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 
Aberdeen City 

1.068 1.044 1.039 1.018 1.004 1.000 

Change to 2018 
ASAM total 

1.092 1.054 1.043 1.022 0.979 1.000 

Data Uncertainty 

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 by direction, 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 were classified.  

7.2.13 To mitigate for these discrepancies, and to still allow a fuller screenline of traffic data to be 
developed and used for calibration, a number of adjustments were applied.  This included 
patching or reversal of traffic flows from neighbouring locational data or from the TMfS18 
model.  Table 52 lists the individual adjustments made to survey data.  

 
ATC Goods Vehicle Miscounting 

7.2.14 In addition, a specific data issue was identified relating to the classification of goods vehicles 
from ATCs.  This highlighted miscounting of traffic as HGVs, where observed HGV flows 
appeared too high as a % of overall traffic volumes recorded at ATC sites. 

7.2.15 Therefore, all relevant ATC site data was adjusted to account for LGV miscounting.  For these 
sites, the adjustment reclassified 23% of counted HGVs as LGVs.  The value of 23% was taken 
from a Government report4 which contains analysis of the misclassification of LGVs by ATC 
surveys. Further, the percentage of HGV traffic was assessed at all sites. Where this 
ǇŜǊŎŜƴǘŀƎŜ ǿŀǎ ƎǊŜŀǘŜǊ ǘƘŀƴ мр҈ ǘƘŜ Ŏƻǳƴǘ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ǿŀǎ ŦƭŀƎƎŜŘ ŀǎ άǎǳǎǇŜŎǘέ ŀƴŘ 
classification percentages were generally reverted to average values calculated from model-
wide, fully classified JTCs.  At some specific locations where higher HGV flows were justified 
the original ATC classification was retained (i.e. 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-estimates-report.pdf 
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Table 52. Adjustments made to Calibration and Validation Traffic Survey Data 

LOCATIONA DESCRIPTION SURVEY ID 
SL / 
VAL 

A_B: ADJUSTMENTS REASON 

A96 - West of Kintore     C44-WB Val 
26656_26706: Use EB 
count instead AM> PM, 
PM> AM - done 

Val count very low compared to 
other direction at same location 

Sir Ian Wood House / Hareness 
Rd / Crawpeel 

JTC-515-Hareness 
Rd (E) 

Val 

12170_12135: Flagged 
as "trunk road" and 
global LGV, HGV 
proportion used instead. 

JTC_515 classification suspect  

Sir Ian Wood House / Hareness 
Rd / Crawpeel 

JTC-515-Hareness 
Rd (E) 

Val 
12135_12174: See row 
above 

 

Souter Head Rd / Crawpeel Rd 
JTC-518-Souter 
Head Rd (W) 

Val 

81315_12067: so 
flagged as "trunk road" 
and global LGV, HGV 
proportion used instead. 

JTC_518 classification suspect  

Souter Head Rd / Crawpeel Rd 
JTC-518-Souter 
Head Rd (W) 

Val 
12067_81315: See row 
above 

 

A956 / Craigshaw Rd / 
Greenwell Rd 

JTC-507-
Greenwell Rd 

Val 

11190_11188:  so 
flagged as "trunk road" 
and global LGV, HGV 
proportion used instead. 

JTC_507  classification suspect 

A956 / Craigshaw Rd / 
Greenwell Rd 

JTC-507-
Greenwell Rd 

Val 
11188_11190: See row 
above 

 

A982 / A90 / South Base Road 
JTC-219-
PeterheadBypass(
W) 

Val 

41100_41096: JTC-219 
classification suspect so 
flagged as "trunk road" 
and global LGV, HGV 
proportion used instead. 

JTC-219 classification suspect 

A982 / A90 / South Base Road 
JTC-219-
PeterheadBypass(
W) 

Val 
41096_41100: See row 
above 

 

A957, Stonehaven, A957 North 
of A92 Stonehaven 

ASAM_ATC_36_N
B 

Val 

30710_30693: 
ASAM_ATC_36 
classification suspect so 
flagged as "trunk road" 
and global LGV, HGV 
proportion used instead. 

ASAM_ATC_36 classification suspect  

A957, Stonehaven, A957 North 
of A92 Stonehaven 

ASAM_ATC_36_S
B 

Val 
30693_30710: See row 
above 

 

A90 / A948 JTC-220-A90(S) Val 

28036_28198: so 
flagged as "trunk road" 
and global LGV, HGV 
proportion used instead. 

JTC-220-A90(S)  classification 
suspect  

A90 / A948 JTC-220-A90(S) Val 
28198_28036: See row 
above 

 

A90 / A952 JTC-202-A90(N) Val 

27810_27889:  so 
flagged as "trunk road" 
and global LGV, HGV 
proportion used instead. 

JTC-202-A90(N)  classification 
suspect 
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LOCATIONA DESCRIPTION SURVEY ID 
SL / 
VAL 

A_B: ADJUSTMENTS REASON 

A90 / A952 JTC-202-A90(N) Val 
27889_27810: See row 
above 

 

A96 - Huntly V15-EB Val 
42864_43063: Add 100 
cars to AM EB and PM 
WB 

To better reflect expected tidality 

A96 - Huntly V15-WB Val 
43063_42864: See row 
above 

 

Mid Stocket Road, East of A92 
Anderson Drive 

ASAM_ATC_30_E
B 

Val 
16042_80785: Use PM 
WB value as AM EB (i.e. 
add 75 cars) 

AM EB is very low compared to PM 
WB 

Beechgrove Terr / Mid Stocket 
Rd 

City-84a-B983(N) Val 
13462_13449: Use PM 
NB values as AM SB 

AM SB is low compared to PM NB  

A96 - SE of Inverurie     C40-NB SL 
27486_27601: Count 
directions swapped 

To better reflect expected tidality 

A96 - SE of Inverurie     C40-SB SL 
27515_27589: See row 
above 

 

King George VI Bridge 4175_A03_1 SL 
11114_80005: Count 
directions swapped 

To better reflect expected tidality - 
likely ATC channels miscoded 

King George VI Bridge 4175_A03_2 SL 
11115_14334: See row 
above 

 

B9001 - North of Inverurie     C14-NB SL 
79678_31677: Count 
directions swapped 

AM SB should be higher than NB so 
that tidal flow is towards Inverurie. 
PM vice versa. 

B9001 - North of Inverurie     C14-SB SL 
31677_79678: See row 
above 

 

A920 west of Oldmeldrum     V19-EB SL 
79806_30946: Count 
directions swapped 

 AM SB should be higher than NB so 
that tidal flow is towards 
Oldmeldrum. PM vice versa. 

A920 west of Oldmeldrum     V19-WB SL 
30946_79806: See row 
above 

 

A948 North of Ellon,  ASAM_ATC_1_NB SL 
32686_32734: Count 
directions swapped 

AM SB should be higher than NB so 
that tidal flow is towards Ellon. PM 
vice versa. 

A948 North of Ellon,  ASAM_ATC_1_SB SL 
32734_32686: See row 
above 

 

B999, Udny Station, South of 
Udny Station 

ASAM_ATC_4_NB SL 

25586_25510: Count 
directions swapped. 
Peak time compensation 
(+10% AM and +5% PM) 

AM SB should be higher than NB so 
that tidal flow is correct. PM vice 
versa.  NTDS data suggests that peak 
at these locations is 0700-0800 while 
we have taken data from 0800-0900 

B999, Udny Station, South of 
Udny Station 

ASAM_ATC_4_SB SL 
25510_25586: See row 
above 
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LOCATIONA DESCRIPTION SURVEY ID 
SL / 
VAL 

A_B: ADJUSTMENTS REASON 

A947 at Straloch, north of 
Newmachar - (RSI 12)     

V22-WB SL 

25490_25487: Ellon 
commuter belt strategic 
links: peak time 
compensation: +10% 
AM Period, +5% PM  

NTDS data suggests that peak at 
these locations is 0700-0800 while 
we have taken data from 0800-0900 

B999, Udny Station, South of 
Udny Station 

ASAM_ATC_4_SB SL 
25510_25586: See row 
above 

 

MON A90 6496N  At Newburgh 
Road Junction 

NTC01541 SL 
88946_88944: See row 
above 

 

A947 at Straloch, north of 
Newmachar - (RSI 12)     

V22-EB SL 
25487_25490: See row 
above 

 

B999, Udny Station, South of 
Udny Station 

ASAM_ATC_4_NB SL 
25586_25510: See row 
above 

 

MON A90 6496S  At Newburgh 
Road Junction 

NTC01542 SL 
88943_88945: See row 
above 

 

A90 South of Portlethen JTC00427_N SL 

21978_21982: A92 
commuter belt strategic 
links - peak time 
compensation: +10% 
AM Period, +5% PM  

NTDS data suggests that peak at 
these locations is 0700-0800 while 
we have taken data from 0800-0900 

B979, Maryculter, South of 
Maryculter 

ASAM_ATC_6_NB SL 
77896_77841: See row 
above 

 

B979, Maryculter, South of 
Maryculter 

ASAM_ATC_6_SB SL 
77841_77896: See row 
above 

 

B977 - West of Fintray     C21-EB SL 

22846_22952: Kintore 
strategic links - peak 
time compensation: 
+5% AM Period 

NTDS data suggests that peak at 
these locations is 0700-0800 while 
we have taken data from 0800-0900 

B979 / A96 / UnnamedRd - A96 
West of Blackburn 

JTC-12-A96(W) SL 
23933_24003: See row 
above 

 

B9126 Letter Road 
JTC-31-B9126 
Letter Road 

SL 
26503_26529: See row 
above 

 

A944 east of Dunecht - (RSI 11)     V20-EB SL 
26558_26486: See row 
above 

 

C67C at Kinmuck (Inverurie)     V25-EB SL 
91772_91771: See row 
above 

 

B977 - West of Fintray     C21-WB SL 
22952_22846: See row 
above 

 

B979 / A96 / UnnamedRd - A96 
West of Blackburn 

JTC-12-A96(W) SL 
23932_24072: See row 
above 

 

A944 east of Dunecht - (RSI 11)     V20-WB SL 
26486_26558: See row 
above 

 

B9126 Letter Road 
JTC-31-B9126 
Letter Road 

SL 
26529_26503: See row 
above 

 

C67C at Kinmuck (Inverurie)     V25-WB SL 
91771_91772: See row 
above 
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LOCATIONA DESCRIPTION SURVEY ID 
SL / 
VAL 

A_B: ADJUSTMENTS REASON 

Bridge of Don A956 4179_A07_2 SL 
14994_14847: 40 HGV 
trips removed from AM 

RiverDon SL SB count on Ellon Rd is 
2x higher than counts to north 

North Anderson Drive ATC00109_N Val 

15165_16296: 50 HGV 
trips removed from 
AM/IP. PM was 
reasonable already. 

North Anderson Drive: ATC00109 
counts too high compared to 
surrounding counts 

North Anderson Drive ATC00109_S Val 
14574_15184: See row 
above 

 

A978 Westburn Dr / A9011 
Ashgrove Rd West  

City-86-A978(S) Val 
13255_13258: AM / IP / 
PM HGV counts doubled 

To better match count to the south 

A978 Westburn Dr / A9011 
Ashgrove Rd West  

City-86-A978(S) Val 
13258_13255: See row 
above 

 

Dyce Dr / A96 / Craibstone Dr JTC-19-A96(W) Val 
80007_10842: 100 
added to HGV count in 
all periods 

To better match SL count to the east 

Dyce Dr / A96 / Craibstone Dr JTC-19-A96(W) Val 
10854_80007: See row 
above 

 

A96 - South of Blackburn     V4-EB Val 

23891_24102: 
Reduction in EB in AM, 
IP & PM periods (-85,-
75,-50 vehs) 

A96 val counts reduced to better 
match count to West on KintoreEast 
SL 

A96 - South of Blackburn     V4-WB Val 
23892_23998: WB: -100 
vehs in PM period only 

See row above 

A96 - West of Inverurie (RSI 10)     V2-EB Val 
27475_27662: A96 at 
Inverurie AM: EB -70 
vehs WB +70 vehs 

To better match tidal flows on 
counts from Inverurie SL 

A96 - West of Inverurie (RSI 10)     V2-WB Val 
27662_27475: See row 
above 

 

Chapel of Stoneywood - Fairley 
Rd / A944 

JTC-225-A944(E) Val 
17521_17626: A944 EB: 
+50 vehs added in all 
peaks 

To better match SL count to west on 
AWPR-Milltimber SL 

A90 S of Bridge of Muchalls by 
Cortins 

JTC00424_S SL 

26305_26277: 
StonehavenNorth SL on 
A92: SB flows reduced 
by 150,150,60 vehs in 
AM, IP and PM periods 

To better match counts to N on A92 

A95 Banff Road 
JTC-6-A95 Banff 
Road 

SL 
56084_56061: 100 trips 
taken off AM total, 50 
trips taken off IP total 

Location of Keith ȊƻƴŜ ŘƻŜǎƴΩǘ 
capture school trips, so removing 
school trips from the OBS NB flow on 
Banff Road 

Bridge of Don A956 4179_A07_1 SL 
14813_15827: HGV 
flows adjusted 

To reflect main HGV route and to 
balance HGV flows 

Bridge of Don A956 4179_A07_2 SL 
14994_14847: See row 
above 

 

MON A90 6496N  At Newburgh 
Road Junction 

NTC01541 SL 
88946_88944: HGV / 
LGV flows adjusted 

No classified data - to rebalance HGV 
/ LGV proportions 
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LOCATIONA DESCRIPTION SURVEY ID 
SL / 
VAL 

A_B: ADJUSTMENTS REASON 

MON A90 6496S  At Newburgh 
Road Junction 

NTC01542 SL 
88943_88945: HGV / 
LGV flows adjusted 

No classified data - to rebalance HGV 
/ LGV proportions 

A975 Cruden Bay, South of 
Cruden Bay 

ASAM_ATC_3_NB SL 

27804_27857: Adjusted 
to maintain consistency 
with other nearby 
counts 

Counts inconsistent and 0700-0800 
flows much higher 

A975 Cruden Bay, South of 
Cruden Bay 

ASAM_ATC_3_SB SL 
27857_27804: See row 
above 

 

B9170, Methlick, North of 
Methlick 

ASAM_ATC_2_NB SL 
79173_79298: HGV 
flows adjusted 

NB / SB flows inconsistent so 
balanced 

B9170, Methlick, North of 
Methlick 

ASAM_ATC_2_SB SL 
79298_79173: See row 
above 

 

A90 North Road, Peterhead, 
A90 North Road, North of A982 

ASAM_ATC_37_N
B 

SL 
41712_41494: A90 
North Road Peterhead 

HGV's appear high to other counts 
on main road - but data is reasonably 
consistent - as classed as HGV high - 
20% threshold was set lower. 

A90 North Road, Peterhead, 
A90 North Road, North of A982 

ASAM_ATC_37_S
B 

SL 
41494_41712: See row 
above 

 

MON A90 1792N  At 
Stonehaven Junction 

NTC01501 SL 
88893_88891: HGV and 
LGV flows require 
balancing 

No classified data 

MON A90 1792S  At 
Stonehaven Junction 

NTC01502 SL 
88890_88892: See row 
above 

 

B9001 - North of Inverurie     C14-NB SL 
79678_31677: HGV 
flows adjusted 

NB / SB flows inconsistent so 
balanced 

B9001 - North of Inverurie     C14-SB SL 
31677_79678: See row 
above 

 

A96 - SE of Inverurie     C40-SB SL 
27515_27589: HGV 
flows adjusted 

NB / SB flows inconsistent so 
balanced 

A96 - SE of Inverurie     C40-NB SL 
27486_27601: See row 
above 

 

A90 S of Laurencekirk 
ASAM2014_A90 S 
of Laurencekirk 

SL 
39084_39123: HGV / 
LGV flows adjusted 

No classified data - to rebalance HGV 
/ LGV proportions 

A90 S of Laurencekirk 
ASAM2014_A90 S 
of Laurencekirk 

SL 
39117_39081: See row 
above 

 

A92 South Stonehaven,  
ASAM_ATC_25_N
B 

SL 
30770_30681: HGV and 
0700 car adjustments 

NB / SB flows inconsistent so 
balanced 

A92 South Stonehaven,  
ASAM_ATC_25_S
B 

SL 
30681_30770: See row 
above 

 

A92 N of B9120 
ASAM2014_A92 N 
of B9120 

SL 
38907_38909: HGV 
flows adjusted 

NB / SB flows inconsistent so 
balanced 

A92 N of B9120 
ASAM2014_A92 N 
of B9120 

SL 
38909_38907: See row 
above 
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LOCATIONA DESCRIPTION SURVEY ID 
SL / 
VAL 

A_B: ADJUSTMENTS REASON 

Mastrick Road, West of A92 
Anderson Drive 

ASAM_ATC_29_E
B 

SL 
16521_16470: HGV 
flows adjusted 

EB / WB flows inconsistent so 
balanced 

Mastrick Road, West of A92 
Anderson Drive 

ASAM_ATC_29_
WB 

SL 
16470_16521: See row 
above 

 

Provost Rust Drive ATC00110_E SL 
17203_17251: HGV 
flows adjusted 

EB / WB flows inconsistent so 
balanced 

Provost Rust Drive ATC00110_W SL 
17251_17203: See row 
above 

 

A96 - SE of Inverurie     C40-SB SL 
27515_27589: HGV 
flows adjusted 

HGV consistency and AM peak early 
peak - Bad count likely due to 
queuing traffic 

A96 - SE of Inverurie     C40-NB SL 
27486_27601: See row 
above 

 

A96 / B979 JTC-30-A96(E) SL 

10399_10377: A96 IP 
flow and vehicle 
proportions made 
consistent with other 
A96 Counts 

IP flows inconsistent with other 
nearby counts 

A96 / B979 JTC-30-A96(E) SL 
10409_10336: See row 
above 

 

A92 / UpperPersley / Laurel Dr JTC-241-A92(S) SL 
18552_18608: SB count 
adjusted to increase 
flow 

Due to early 0700 flow 

A92 / UpperPersley / Laurel Dr JTC-241-A92(S) SL 
18608_18552: See row 
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 model-wide 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 month.  The 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 in-filled were data was unavailable or less reliable: 

º 1.4% from ASAM 2007; 
º 4.7% from ASAM 2014; 
º 18.9% were estimated; and 
º 1.4% from TMfS modelled flows 

7.2.19 I.e. a total of 26.3% of traffic count records were in-filled.  However, in the AM peak (8-9am) 
these in-filled records made up only 12% of the total Car vehicle flows - which demonstrates 
that infilled records were generally attributed to road links with much lower vehicle flows. 
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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 of available traffic 
data.  A total of 96 screenlines (48 bi-directional locations) were developed to inform the 
calibration comparisons and undertake matrix estimation.  The majority of Screenlines 
consisted of multiple road links, with two individual calibration points / routes (i.e. Elgin West, 
Burn of Turriff).  A total of 429 one-way individual traffic count data points are used to form 
all screenlines and single points. 

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 crossings and the 
AWPR at Dyce.  The layout and number of points included in screenlines was deemed most 
appropriate to make use of available data and compare and calibrate the major corridor traffic 
patterns. 

7.3.3 Screenlines and the individual traffic count locations used to generate the calibration 
screenlines are described 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 ASAM19 time period (Post ME) were measured 
against 96 observed traffic count screenlines and cross-referenced with 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. 

7.4.3 Note that aƭƳƻǎǘ ŀƭƭ ǎŎǊŜŜƴƭƛƴŜǎ ǳǎŜŘ ŘǳǊƛƴƎ !{!a ŘŜǾŜƭƻǇƳŜƴǘ ǊŜƭŀǘŜ ǘƻ ΨƳƛƴƛ-ǎŎǊŜŜƴƭƛƴŜǎΩΣ 
rather than individual points ς making it more challenging to match counts to the guidance 
criteria ς particularly for a model of this size.  The application of mini-screenlines 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 observed flow 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: 
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where, GEH is the Statistic, M is the Modelled Flow and C is the Observed Count. 

Total Traffic Screenline Calibration Criteria 

7.4.7 TAG guidance relating to total screenlines comparisons is as follows: 

º Total screenline flows (normally > 5 links) to be within 5% for all (or nearly all) 
screenlines (i.e. 95%). 

7.4.8 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 

7.4.9 This section presents the results of the total screenline traffic flows based on the estimated 
matrix assignment, compared against total observed traffic counts (Model Run ID: 
BC85_ME4A).  Results are provided ŦƻǊ ΨAll ASAMΩ όфсύ ǎŎǊŜŜƴƭƛƴŜǎ ƭƻŎŀǘƛƻƴǎ ŀŎǊƻǎǎ ǘƘŜ ǿƘƻƭŜ 
ASAM coverage area, and also for the 24 screenlines located in the centre of Aberdeen City 
(ΨAbd CentΩ), 20 screenlines located on the periphery of Aberdeen City centre (ΨAbd PeriphΩ) 
and 52 screenlines located in Aberdeenshire (and Moray and Angus) (ΨShireΩ).  This analysis 
ƛƴŎƭǳŘŜǎ ǘƘŜ ǘƻǘŀƭ ǘǊŀŦŦƛŎ ǾƻƭǳƳŜ ƻŦ ŀƭƭ ǳǎŜǊ ŎƭŀǎǎŜǎ όŎŀǊǎΣ [D±Ωǎ ŀƴŘ ID±Ωǎ ŎƻƳōƛƴŜŘύΦ 

7.4.10 Analysis is also provided to demonstrate how total modelled traffic volumes across all 
calibration count locations compare with the total observed  data flow available. 

7.4.11 Table 53 describes the proportion of screenlines that fall within various percentage difference 
bands compared to observed traffic count data for each time period.  

Table 53. Summary of Total Screenline Traffic Flows Percentage Differences (Total Traffic) 

AREA :  

% RANGE  

AM 
PEAK 
TOTAL 
SCREEN

LINE 

AM 
PEAK 
% OF 

TOTAL 

INTER 
PEAK 
TOTAL 
SCREEN

LINE 

INTER PEAK 
% OF TOTAL 

PM 
PEAK 
TOTAL 
SCREE
NLINE 

PM 
PEAK % 

OF 
TOTAL 

All ASAM: +/- 5% 64 67% 63 66% 68 71% 

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% 
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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 model-wide 
proportion of screenline comparisons that fall within 5% of the total observed flow is over 
65% in the AM and Inter peak, and over 70% in the PM.  This is less than suggested by the 
ǊŜƭŜǾŀƴǘ ƎǳƛŘŀƴŎŜ ŎǊƛǘŜǊƛŀ όά!ƭƭ ƻǊ ƴŜŀǊƭȅ ŀƭƭ ǿƛǘƘƛƴ р҈ ƻŦ ƻōǎŜǊǾŜŘέύΣ ƘƻǿŜǾŜǊ ŀ ƳǳŎƘ ƎǊŜŀǘŜǊ 
proportion of Screenlines (84%-93%) fall within the (less onerous) 10% 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 model-wide traffic volume statistics 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 model ς and therefore a high absolute number of locations (across the AM, 
Inter and PM peaks) do tend to meet the +/- 5% guidance threshold.   

Screenlines:  Total Traffic Flow GEH Comparison 

7.4.15 Table 54 describes the proportion of screenline comparisons that fall within the various GEH 
statistic bands.  The statistical analysis shows the proportion of screenlines across the whole 
modelled area that fall within a GEH of 5 is 90% for the AM peak, 100% for the Inter peak and 
95% for the PM peak.  Comparisons are slightly poorer across the 24 screenlines within the 
Aberdeen Central area in the AM peak, although within the AM and IP periods, 100% of these 
screenlines fall within a GEH of 10 (this reduces slightly to 96% in the PM). Comparisons for 
the Aberdeen Peripheral and Aberdeenshire areas are similar or better than that of the 
model-wide results. 

Table 54. Summary of Total Screenline Traffic Flows GEH Statistic 

AREA: GEH 
RANGE 

AM 
PEAK 
TOTAL 
SCREEN

LINE 

AM 
PEAK 
% OF 

TOTAL 

INTER PEAK 
TOTAL 

SCREENLINE 

INTER 
PEAK 
% OF 

TOTAL 

PM PEAK 
TOTAL 

SCREENLINE 

PM 
PEAK 
% OF 

TOTAL 

All ASAM:  <5 86 90% 96 100% 91 95% 

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 

AM 
PEAK 
TOTAL 
SCREEN

LINE 

AM 
PEAK 
% OF 

TOTAL 

INTER PEAK 
TOTAL 

SCREENLINE 

INTER 
PEAK 
% OF 

TOTAL 

PM PEAK 
TOTAL 

SCREENLINE 

PM 
PEAK 
% OF 

TOTAL 

Abd Periph:  <5 17 85% 20 100% 20 100% 

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% 

Aberdeen Central Screenlines 

7.4.16 In the AM period, within Aberdeen, screenlines that have a GEH > 5 (for total vehicles) 
generally have flows that are high compared to observed values. These include screenlines 
at: Guild St (both directions), Haudagain Sl (WB), River Dee East (NB) and Willowbank Rd (SB). 
Only Anderson Drive South (EB) screenline has a low flow and GEH >5. 

7.4.17 In the IP period, within Aberdeen, all screenlines have a GEH <5.  In 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 

7.4.18 In the AM period, in the peripheral area, three screenlines have GEH >5 for total vehicles. 
These are AWPR-Westhill (EB), Cove Bay (NB) and River Dee West (SB) where modelled flows 
are high compared to observations.  In the IP and PM periods, all screenlines have GEH <5 for 
total traffic. 

 
Aberdeenshire Screenlines 

7.4.19 In the AM period, in the Aberdeenshire area, there is one screenline which has a GEH > 5 for 
total vehicles: Fastlink ς A92 (NB) where modelled flows are high compared to observations.  

7.4.20 In the IP period, all screenlines have GEH < 5 for total vehicles.  In the PM period, three 
screenlines have GEH > 5 for total vehicles: Elgin West (WB) and Keith West (WB)  where 
modelled flows are low, and Fastlink ς A92 (SB) where modelled flows are high. 

7.4.21 In general, modelled flows tend to be higher within Aberdeen Central and Peripheral and 
lower in Aberdeenshire compared to observations.    

7.4.22 Traffic volume comparisons are illustrated further using network maps in Appendix M. 

7.4.23 Overall, the total screenline traffic flow analysis demonstrates that the ASAM19 road model 
provides a good comparison with observed traffic data sets for a model of this scale and 
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nature.  The modelling meets the specific TAG criteria thresholds, albeit with slightly poorer 
quality comparisons in the Aberdeen Central in the AM period. 

Total Traffic (Average) Flow Comparison 

7.4.24 As an additional measure to demonstrate how model-wide traffic volumes compares with 
observations, Table 55 describes 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 55. Average Observed Total Traffic Volume vrs. Average Modelled Total Traffic Volume 

AREA 
Obs 
AM  

AM 
Diff 

AM % 
Diff 

Obs 
IP  

IP 
Diff 

IP  
% Diff 

Obs 
PM 

PM 
Diff 

IP % 
DIFF 

All 
ASAM 

1,698 19 1% 1,310 -18 -1% 1,698 19 1% 

Abd 
Cent 

2,336 83 4% 1,950 -5 0% 2,577 35 1% 

Abd 
Periph 

2,192 22 1% 1,544 -25 -2% 2,344 -3 0% 

Shire 1,213 -12 -1% 925 -21 -2% 1,289 5 0% 

 

 

7.4.25 The analysis indicates average total screenline flows of around 1,500 vehicles across the 
whole model coverage, with higher flows in the Periphery and Central Aberdeen, and lower 
average flows within the Shire.  The data shows that overall modelled traffic volumes are 
within +/- 4% of (total average) observations.  This indicates that model-wide, and in all three 
smaller assessed areas, the ASAM19 Base model displays very close overall traffic volumes to 
observations, with no significant over or underestimate 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; 

º Individual flows within 15% for flows 700 ς 2,700 vph (>85% of cases); 
º Individual flows within 100 vph for flows < 700 vph (>85% of all cases); 
º Individual flows within 400 vph for flows > 2,700 vph (>85% of all cases); and 
º 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 criteria.  0 and Table 57 
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describe the results for all 429 road link comparisons across the modelled area, whilst Table 
58 describes comparison for the 119 locations in Aberdeen Central, 88 locations in Aberdeen 
Periphery and 222 locations in Aberdeenshire.  The number of comparison locations reflect 
one-way directional data. 

7.4.28 0 shows that 77%-88% of ΨƭƻǿŜǊΩ ǊƻŀŘ Ŧƭƻǿǎ Ŧŀƭƭ ǿƛǘƘƛƴ млл ǾŜƘƛŎƭŜǎ ƻŦ ǘƘŜ ƻōǎŜǊǾŜŘ ǘǊŀŦŦƛŎ 
count (achieving a reasonable level of calibration but not quite matching the 85% threshold 
for AM and PM periods).  Around 63%-74% of mid-ǊŀƴƎŜ Ŧƭƻǿǎ ƳŀǘŎƘ ǘƘŜ ΨǿƛǘƘƛƴ мр҈ ƻŦ ǘƘŜ 
ƻōǎŜǊǾŜŘ ǘǊŀŦŦƛŎ ŦƭƻǿΩ ŎǊƛǘŜǊƛŀΦ  ¢ƘŜǊŜ ŀǊŜ ƴƻ ǾŜǊȅ ƘƛƎƘ ǘǊŀŦŦƛŎƪŜŘ ǊƻŀŘǎ όҔнΣтлл ǾŜƘƛŎƭŜǎύ ǿƛǘƘƛƴ 
the modelled area. 

7.4.29 Table 57 indicates that around 60-70% of individual locations fall within a GEH <5, compared 
to the 85% criteria suggested by guidance.  However, at least 90% of model comparisons do 
fall within a GEH <10, across the three modelled time periods.  Only around 1% of traffic flow 
comparisons display a GEH of >15. 
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Table 56. Individual Road Link Flow Comparisons ōȅ Cƭƻǿ .ŀƴŘ όt/¦Ωǎύ  

FLOW 
RANGE 

AM PEAK 
TOTAL 
LINKS 

AM PEAK 
% 

WITHIN 
CRITERIA 

INTER 
PEAK 
TOTAL 
LINKS 

INTER 
PEAK % 
WITHIN 
CRITERIA 

PM PEAK 
TOTAL 
LINKS 

PM PEAK 
% 

WITHIN 
CRITERIA 

<700 361 84% 379 88% 354 77% 

700-2,700 68 63% 50 74% 75 71% 

>2,700 0 - 0 - 0 - 

Total 429   429   429   

Table 57. Summary of Individual Road Link Flow GEH statistic 

GEH 
RANGE 

AM PEAK 
TOTAL 
LINKS 

AM 
PEAK % 

OF 
TOTAL 

INTER PEAK 
TOTAL 
LINKS 

INTER 
PEAK % 

OF 
TOTAL 

PM PEAK 
TOTAL 
LINKS 

PM 
PEAK % 

OF 
TOTAL 

<5 281 66% 301 70% 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 Central in Table 58 show that only around 49-63% 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 around 57-69% of locations 
falling within a GEH of <5. The Aberdeenshire area performs better again with around 68-74% 
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 over 250 locations across the whole model areas do meet the ¢!D ΨD9IғрΩ 
threshold.  Over 70 locations fall within this threshold within Aberdeen Central area, around 
50-60 locations in Aberdeen Periphery and over 150 locations in Aberdeenshire. 
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Table 58. Individual Link Count GEH Statistic in Aberdeen Central, Periphery & Aberdeenshire 

AREA: GEH 
RANGE 

AM 
PEAK 
TOTAL 
LINKS 

AM 
PEAK % 

OF 
TOTAL 

INTER 
PEAK 
TOTAL 
LINKS 

INTER 
PEAK % 

OF 
TOTAL 

PM 
PEAK 
TOTAL 
LINKS 

PM 
PEAK % 

OF 
TOTAL 

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 the 60-70% range (compared to 
guidance of 85%) the ASAM individual link traffic volume analysis demonstrates that the road 
model provides a reasonable match to observed traffic levels, for a model of this scale and 
nature. 

7.4.33 Some notable areas of poorer traffic volume calibration for individual roads include: 

º King George VI Bridge ς where model flows tend to be too high; 
º Guild St ς where model flows tend to be too high; 
º A956 / Wellington Rd ς where model flows tend to be too high; 
º A93 North Deeside Road Milltimberς where model flows tend to be too low; 
º A90 South of Portlethenς where model flows tend to be too high; and 
º A92 / A96 at Haudagain ς where model flows tend to be too high; 

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 within Appendix 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 59 and Table 60 describe the total screenline calibration statistics for HGV and LGV user 
classes.  Table 59 describes the number and percentage of Screenlines where the total HGV / 
LGV traffic volume falls within 5% or 10% of the observed flows. Table 60 describes the 
number and percentage of screenlines that fall within the relevant GEH statistical bands. 

Table 59. Summary of Total HGV & LGV Traffic Flows Percentage Differences 

USER CLASS:  
% RANGE 

AM 
PEAK 
TOTAL 
SCREEN

LINE 

AM 
PEAK % 

OF 
TOTAL 

INTER 
PEAK 
TOTAL 
SCREEN

LINE 

INTER PEAK 
% OF TOTAL 

PM PEAK 
TOTAL 

SCREENLINE 

PM 
PEAK 
% OF 

TOTAL 

HGV: +/- 5% 36 38% 39 41% 29 30% 

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

Table 60. Summary of Total Screenline Traffic Flows GEH Statistic 

USER 
CLASS: 
GEH 

RANGE 

AM 
PEAK 
TOTAL 
SCREEN

LINE 

AM 
PEAK % 

OF 
TOTAL 

INTER PEAK 
TOTAL 
SCREEN 

LINE 

INTER 
PEAK % 

OF 
TOTAL 

PM PEAK 
TOTAL 
SCREEN 

LINE 

PM PEAK 
% OF 

TOTAL 

HGV:  <5 94 98% 93 97% 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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7.5.4 The GEH statistical analysis indicates the proportion of HGV screenlines that fall within a GEH 
of 5 is 98% for the AM peak, 97% for the Inter peak and 97% for the PM peak.  LGVs display a 
similar level of GEH calibration with almost all screenlines falling within a GEH of 5. 

Individual Road Link HGV & LGV Traffic Flow Comparison 

7.5.5 Table 61 describes the HGV and LGV GEH statistics for individual traffic count locations. 

Table 61. Summary of Individual Link Count GEH statistic for HGV & LGV Traffic 

USER 
CLASS: 
GEH 

RANGE 

AM PEAK 
TOTAL 
LINKS 

AM PEAK 
% OF 

TOTAL 

INTER 
PEAK 
TOTAL 
LINKS 

INTER 
PEAK % 

OF TOTAL 

PM PEAK 
TOTAL 
LINKS 

PM PEAK 
% OF 

TOTAL 

HGV:  <5 388 90% 386 90% 401 93% 

HGV:  <10 427 100% 427 100% 425 99% 

HGV:  <15 427 100% 427 100% 426 99% 

LGV:  <5 408 95% 404 94% 415 97% 

LGV:  <10 427 100% 427 100% 427 100% 

LGV:  <15 427 100% 427 100% 427 100% 

7.5.6 The analysis indicates that 90-100% of individual HGV and LGV calibration locations fall within 
a GEH of 5, meeting the suggested 85% guidance threshold, and demonstrating that the 
modelled HGV and LGV flows display a good comparison with observed data. 

7.5.7 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 

7.5.8 Table 62 describes 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). 

7.5.9 The data shows that ASAM displays a good match to observed volumes in AM and Inter peak 
periods, but a 6% overestimate in the PM period. 

7.5.10 For LGV traffic, the comparisons indicate that modelled LGV volumes are very close to average 
observations in the Inter peak while AM and PM periods show a 3% overestimate.  
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Table 62. Average Observed HGV / LGV Flow vs. Average Modelled HGV / LGV Flow όt/¦Ωǎύ  

USER 
CLASS 

Obs 
AM  

AM 
Diff 

AM % 
Diff 

Obs 
IP  

IP 
Diff 

IP  
% Diff 

Obs 
PM 

PM 
Diff 

IP % 
DIFF 

HGV 184 -1 0% 176 -2 -1% 99 6 6% 

LGV 177 5 3% 166 -2 -2% 136 4 3% 

7.5.11 The full list of traffic count calibration comparisons for each screenline and individual sites is 
described within Appendix L.  Note that traffic volumes used within the calibration 
spreadsheets are taken directly from the SATURN road modelling outputs (not CUBE) and 
there may be slight differences in flows due to rounding if flows are displayed using different 
Software. 

7.6 Conclusions and Recommendations 

7.6.1 The ASAM19 road calibration uses sets of classified traffic count data to calibrate traffic 
movements to observed hourly traffic flows by applying a matrix estimation process. 

7.6.2 A variety of count data are used to represent 2019 traffic conditions, with some counts 
undertaken in earlier years, and scaled up to reflect 2019 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, by direction, road user class and time period).  

7.6.3 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 application.  This particularly relates to the composition and comparison 
of goods vehicles.  

7.6.4 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 calibration and matrix 
estimation process will mainly adjust traffic levels where screenlines are present, so 
calibration will be more uncertain outwith the screenline locations. 

7.6.5 ASAM19 modelled traffic flows compare well with average 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 HGVs.  

7.6.6 The model traffic volume and observed traffic count data compare both the total screenline 
traffic flow and flows at each individual road location.  These 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. 

7.6.7 Calibration tends to be better within the inter peak period, and car flows tend to compare 
well across all time periods. The 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, and that 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 traffic count 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 ASAM19 road model. This involves 
determining how well the model compares to observed data that were not used during the 
calibration process, providing an independent validation data set.  

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 within model calibration, 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 detail within Appendix L.  This includes data for 
each time period and by road user class (Cars, LGV, HGV) for each location.  The location and 
age of validation count data is illustrated in Appendix Y, along with a flag showing 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 represents 2019 Post 
AWPR traffic conditions and covers Tuesdays to Thursdays for the month of November. 

8.1.6 LbwL· Řŀǘŀ ƛǎ ǇǊƻǾƛŘŜŘ ŦƻǊ ŜŀŎƘ ƳƻŘŜƭƭŜŘ ǘƛƳŜ ǇŜǊƛƻŘ ŦƻǊ ƴǳƳŜǊƻǳǎ ǊƻŀŘ ƭƛƴƪ ΨǎŜƎƳŜƴǘǎΩΦ  
Segments tend to cover a few road link sections over a number of junctions, rather than 
specific and more detailed link-by-link data. 

8.1.7 Relevant segments were combined to create 33 journey time routes for each direction of 
travel, providing journey times for 66 routes to compare with modelled journey times. 

8.1.8 Appendix N describes the detailed journey time results for each route along with maps 
illustrating each route.  Appendix O contains graphs for 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 
ǾŜƘƛŎƭŜ ǘƛƳŜκǎǇŜŜŘ ǾŀƭǳŜǎ ƻǾŜǊ ŀ ƴǳƳōŜǊ ƻŦ Řŀȅǎ ŀƴŘ ƳƻƴǘƘǎΦ  ¢ƘŜǊŜŦƻǊŜΣ Řŀǘŀ ŎŀƴΩǘ ōŜ 
ΨǳƴǇŀŎƪŜŘΩ ǘƻ ƛŘŜƴǘƛŦȅ Řŀǘŀ ŀƴƻƳŀƭƛŜǎΦ  !ǎ ŀƴ ŀƭǘŜǊƴŀǘƛǾŜΣ LbwL· Řŀǘŀ ǿŀǎ ǘƘŜǊŜŦƻǊe compared 
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 times (across all 
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 data sets.   
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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: 

º Individual flows within 15% for flows 700 ς 2,700 vph (>85% of cases); 
º Individual flows within 100 vph for flows < 700 vph (>85% of all cases); 
º Individual flows within 400 vph for flows > 2,700 vph (>85% of all cases); and 
º Individual flows: GEH < 5 (>85% of all cases). 

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 63 describes the results for all 302 road link comparisons across the modelled area, 
noting that the number of comparison locations reflect one-way directional data. 

Table 63. Individual Road Link Flow Validation /ƻƳǇŀǊƛǎƻƴǎ ōȅ Cƭƻǿ .ŀƴŘ όt/¦Ωǎύ  

FLOW 
RANGE 

AM PEAK 
TOTAL 
LINKS 

AM PEAK 
% 

WITHIN 
CRITERIA 

INTER 
PEAK 
TOTAL 
LINKS 

INTER 
PEAK % 
WITHIN 
CRITERIA 

PM PEAK 
TOTAL 
LINKS 

PM PEAK 
% 

WITHIN 
CRITERIA 

<700 251 73% 268 75% 234 74% 

700-2,700 51 53% 34 62% 68 49% 

>2,700 0 - 0 - 0 - 

Total 302   302   302   

8.2.4 Table 63 shows that around 75% ƻŦ ΨƭƻǿŜǊΩ ǘǊŀŦŦƛŎƪŜŘ ǊƻŀŘǎ Ŧŀƭƭ ǿƛǘƘƛƴ млл ǾŜƘƛŎƭŜǎ ƻŦ ǘƘŜ 
traffic count, and this set does not therefore meet the 85% threshold.  Around 50%-60% of 
ΨƳƛŘΩ ǘǊŀŦŦƛŎƪŜŘ ƭƛƴƪ Ŧƭƻǿǎ Ŧŀƭƭ ΨǿƛǘƘƛƴ мр҈Ω ƻŦ ǘƘŜ ƻōǎŜǊǾŜŘ ǘǊŀŦŦƛŎ Ŧƭƻǿ ŎǊƛǘŜǊƛŀΦ ¢ƘŜǊŜ ŀǊŜ ƴƻ 
validation locations within ASAM with flows over 2,700 vehicles per hour.  

8.2.5 Table 64 describes the TAG GEH comparisons, indicating that around 60-65% of individual 
validation locations fall within a GEH <5, compared to the 85% criteria suggested by guidance.  
However, over 90% of model comparisons do fall within a GEH <10, across each of the three 
modelled time periods.  Only around 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 64. Individual Road Link Flow GEH Validation Statistic 

GEH 
RANGE 

AM PEAK 
TOTAL 
LINKS 

AM 
PEAK % 

OF 
TOTAL 

INTER PEAK 
TOTAL 
LINKS 

INTER 
PEAK % 

OF 
TOTAL 

PM PEAK 
TOTAL 
LINKS 

PM 
PEAK % 

OF 
TOTAL 

<5 189 63% 192 64% 182 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 65 describes the HGV and LGV GEH statistics for individual traffic count locations. 

Table 65. Individual Link Flow GEH Validation Statistic for HGV & LGV Traffic 

GEH 
RANGE 

AM PEAK 
TOTAL 
LINKS 

AM PEAK 
% OF 

TOTAL 

INTER 
PEAK 
TOTAL 
LINKS 

INTER 
PEAK % 

OF TOTAL 

PM PEAK 
TOTAL 
LINKS 

PM PEAK 
% OF 

TOTAL 

HGV:  <5 242 80% 246 81% 254 84% 

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 The GEH analysis indicates that over 80% of HGV traffic volumes fall within a GEH of 5 for all 
modelled time periods, just falling short of meeting the relevant guidance criteria.  LGV 
volumes within all Peaks meet the 85% threshold, with over 90% of total links falling within 
GEH of 5. 
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8.3 Journey Time Validation 

8.3.1 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 cover 66 routes (33 in each direction) for each time period.  Detailed results, 
route details and route maps are contained within Appendix N and Appendix O.  An overview 
of the journey time routes are displayed within Figure 19.  Note that a journey time validation 
comparison is included for the AWPR route between Charleston and Blackdog. 

8.3.2 Distance comparisons were undertaken with modelled and observed route link/segment data 
to understand if route distances were consistent.  The data shows some disparities, as 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.   

 

 

Figure 19. ASAM Road Journey Time Routes (inset: Aberdeen routes) 

TAG Road Journey Time Criteria 

8.3.3 For journey time validation, the TAG criteria advises that modelled journey times should be 
within 15% (or 1 minute if higher) for greater than 85% of routes. 

8.3.4 Table 66 summarises the overall operational performance of the road model against the 
observed journey times calculated. 
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Table 66. Road Journey Time Route Performance compared to Guidance Criteria 

WITHIN 
TAG? 

AM PEAK 
TOTAL 

ROUTES 

AM PEAK 
% WITHIN 

15% 

INTER 
PEAK 
TOTAL 

ROUTES 

INTER 
PEAK % 
WITHIN 

15% 

PM PEAK 
TOTAL 

ROUTES 

PM PEAK 
% 

WITHIN 
15% 

Yes 57 86% 63 95% 55 83% 

No 9 14% 3 5% 11 17% 

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

8.3.6 With the AM and PM modelled time periods meeting TAG criteria and the PM Peak only 2% 
below the criteria, the model shows a reasonable level of validation for this type and size of 
model ς especially considering the large number of routes compared with observed data.  

8.3.7 Table 67 describes the average journey time across all 66 routes, indicating an average of 
around 16 minutes per route.  This also describes the average difference in journey time for 
routes within Rural and Urban areas of the network. 

Table 67. Average Road Journey Time Comparison: ASAM vs INRIX 

ROUTE TYPE 
AM 

PEAK 
INTER 
PEAK 

PM 
PEAK 

INRIX Average Time (minutes) 16.7 15.7 17.3 

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% 

8.3.8 The analysis firstly demonstrates that, on average, the ASAM times and INRIX observed times 
display very close agreement across all modelled periods. 

8.3.9 The comparisons show that the ASAM road modelling is generally faster than observed times 
suggest for rural-orientated routes.  This may suggest that some speed flow curves applied 
are slightly too fast and may not fully represent the nature and all traffic interaction along 
these rural routes.  The vast majority of rural route comparisons fall within the 15% threshold, 
so this potential underestimate of rural journey times should not cause significant concern. 

8.3.10 The analysis also indicates that modelled journey times in Urban areas are slightly lower than 
observations (by 3-5%).  Notable routes with poorer quality validation in Urban areas include: 
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º Braeside to Aberdeen Airport (via Kingswells / Bucksburn) ς where the modelled road 
speed is too slow; 

º Aberdeen Uni to Middleton (via  Diamond Br) ς where the road modelling is too slow; 
º Lorisbank Rd via Robert Gordon Uni to A92 ς where the road modelling is too slow; 
º A92 via Robert Gordon Uni to Lorisbank Rd ς where the road modelling is too slow; and 
º Commerce St to AWPR (B997) ς where the road modelling is too slow. 

8.4 Convergence 

8.4.1 Table 68 describes the level of convergence achieved by the SATURN road assignment model 
alongside the recommended level of convergence within relevant TAG guidance.   

Table 68. Summary of Road Assignment Model Convergence 

RUN MEASURE GUIDANCE  AM IP PM 

BC85 
No of Iterations NA 

21  9 40 

BC88 22 9 39 

BC85 
Delta & %GAP <0.1% or at least stable 

0.186 0.172 0.182 

BC88 0.222 0.172 0.184 

BC85/ 
BC88 

% of links with flow 
change (P)<1% 

Four consecutive iterations 
>98% 

Yes Yes Yes 

BC85/ 
BC88 

% of links with cost 
change (P2)<1% 

Four consecutive iterations 
>98% 

Yes Yes Yes 

BC85/ 
BC88 

% change in total user 
costs (V) 

Four consecutive iterations 
<0.1% (SUE only) 

N/A N/A N/A 

8.4.2 The figures detail the convergence statistics for the final (post matrix estimation) fixed matrix 
ŀǎǎƛƎƴƳŜƴǘ ƳƻŘŜƭ Ǌǳƴ όά./урέύΣ ŀƴŘ ŀƭǎƻ ǘƘŜ Ŧƛƴŀƭ Ǌǳƴ ƻŦ ǘƘŜ ōŀǎŜ ȅŜŀǊ ŘŜƳŀƴŘ ƳƻŘŜƭ 
όά./ууέύΦ  ¢ƘŜǎŜ Ǌǳƴǎ ŀǊŜ ǾŜǊȅ ǎƛƳƛƭŀǊΣ ōǳǘ Řƻ ǇǊƻŘǳŎŜ ǎƭƛƎƘǘƭȅ ŘƛŦŦŜǊŜƴǘ ƳƻŘŜƭƭŜŘ ŀǎǎƛƎƴƳŜƴǘǎ 
due to small differences in the trip matrices.  The statistics provided demonstrate that both 
sets of runs produce very similar convergence statistics. 

8.5 Traffic Routing Analysis 

8.5.1 Although no up-to-date travel pattern data was available to formally validate traffic routing 
patterns, analysis was undertaken to illustrate how ASAM19 models traffic patterns at specific 
locations and demonstrate intuitiveness.  The routing analysis is contained in Appendix Z,  
which provides several maps to illustrate total traffic volume bandwidths at seven strategic 
locations using select link analysis.  Points of note regarding each location include: 
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Anderson Drive: Inter Peak  

º 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 

º Similar routing displayed for Northbound & Southbound directions; 
º Majority of traffic volumes intuitively routing along Market Street from North 

Esplanade West and onwards along Virginia Street; 
º Variation in routing along King Street and Beachfront areas mirroring the 

alternative route options available on the ground; and 
º Balanced routing along Riverside Drive / Great Southern Road and Wellington Road, 

in-line with the two main viable alternative routes to/from the South. 
 
King George VI Bridge: AM Peak Northbound, PM Peak Southbound 

º Similar traffic routing displayed for Northbound & Southbound directions; 
º Main route to and from south is A90, with lower volumes dispersed across South 

Deeside Road, West Tullos Road and Provost Watt Drive; 
º Major routes of Riverside Drive and Holburn Street well used to the North; and 
º {ƻƳŜ ǊƻǳǘƛƴƎ ƻōǎŜǊǾŜŘ ǘƘǊƻǳƎƘ YƛƴŎƻǊǘƘ ǊŜŦƭŜŎǘƛƴƎ ƭƻŎŀƭ ΨǊŀǘ-ǊǳƴΩ ǘƻ ōȅǇŀǎǎ .ǊƛŘƎŜ 

of Dee. 
 
Persley Bridge: AM Peak Southbound, PM Peak Northbound 

º Generally consistent routing displayed for Northbound & Southbound directions; 
º 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 

º Generally consistent routing displayed for Northbound & Southbound directions; 
º Balance of traffic routing along the AWPR, Bridge of Don corridor, Parkway, and on 

to the Diamond and Persley Bridges; 
º AWPR volumes dissipate at each intersection, with traffic shown to route to/from 

the Dyce area, Westhill and further South as expected; 
º Traffic to/from Tullos and Altens area mainly routes through the shorter distance 

Aberdeen route, but via the faster AWPR route to access areas further South; 
º Further North traffic routing to/from a mixture of Ellon, Peterhead, Fraserburgh 

and other rural settlements as expected. 
 
A96 North West of AWPR: AM Peak Southbound, PM Peak Northbound 

º Generally consistent routing displayed for Northbound & Southbound directions; 
º Traffic volumes extend full length of A96, South along A90, and intuitively 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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º 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 

º Generally consistent routing displayed for Northbound & Southbound directions; 
º Reasonable balance of traffic routing to/from further South, mostly along the A90, 

then A92, and also traffic dispersing along routes to/from Montrose, Arbroath and 
Forfar; 

º 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;  

º 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 The ASAM road validation uses a considerable amount 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. 

8.6.2 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 model application 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 traffic count data. 

8.6.3 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. between 80-84% versus guidance of 
>85%).  Users should again note the uncertainty regarding the composition of observed goods 
traffic volumes. 

8.6.4 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 short of TAG guidance at 
83%.  Journey times tend to be around 5% faster than observations for rural routes, whilst 
around 5% slower than observations for urban routes. 

8.6.5 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 validation in respective 
study areas. 

8.6.6 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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9. PUBLIC TRANSPORT MODEL CALIBRATION & VALIDATION 

9.1 Approach 

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

º Calibration of total modelled PT bus/rail link passenger demand crossing a number of 
screenline cordons; 

º Calibration of individual PT passenger flows travelling via roads/rail lines crossing the 
cordons; 

º Validation of modelled bus journey times; and 
º Validation of rail passenger boardings and alightings at stations. 

9.1.2 Chapter 5 describes the development of the PT network, services and fares, whilst Chapter 6 
describes the formulation of the PT Assignment 'Prior' matrices, and comparison of changes 
in demand following PT matrix estimation. 

Calibration 

9.1.3 The initial stage of the ASAM19 PT calibration process assigned the Prior matrices against the 
modelled networks and services and compared output bus and rail passenger flows with 
observed passenger counts.  Network, service and matrix adjustments were undertaken 
through an iterative process until a satisfactory aggregate level of Prior matrix calibration was 
achieved.  This included matrix factoring to balance the overall level of PT demand to reflect 
observed passenger count data (as described in the prior matrix development Chapter and in 
particular section 6.6.4).  Further PT calibration was then undertaken following the Road 
model calibration, with final congested road speeds used to inform the PT bus modelling, and 
the application of PT matrix estimation. 

9.1.4 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 

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

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

9.1.7 Calibration and validation was undertaken on an iterative basis, with the modelled network 
and services reviewed and updated as required as a result of applying updated matrices, road 
speeds and passenger flow data comparisons.  For example, refinements to bus speed 
network factors and bus stop dwell times were introduced to match timetables and to balance 
the level of bus and rail movements (by comparing passenger flows on the competing 
Inverness and East Coast Mainline routes).  PT route-building parameters were also refined 
to ensure the assignment modelling captured all relevant paths within a corridor. 
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9.2 Public Transport Data 

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

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

9.2.3 PT passenger data used for calibration and validation included: 

º Onboard bus passenger occupancy counts of First Aberdeen Services (2019); 
º Stagecoach bus ticket data to establish rural and urban passenger levels on 

stagecoach services (2019); and 
º Rail passenger boarding & alighting surveys at rail stations (2019): to establish: 

Á passenger flows along each rail line section for estimation and calibration; and 
Á passenger boarding and alighting at each rail station. 

9.2.4 These surveys and the subsequent collation and interrogation of PT passenger data is 
discussed further below:  

First Aberdeen Bus Occupancy Surveys 2019 

9.2.5 άhƴōƻŀǊŘέ Ǌoadside bus occupancy surveys of First Aberdeen services were undertaken in 
November 2019 by Tracsis on the following dates: 

º Wednesday 6th and Thursday 7th November 2019 
º Tuesday 12th, Wednesday 13th and  Thursday 14th November 2019 
º Tuesday 19th and Wednesday 20th November 2019 

9.2.6 At each site surveyors boarded 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 surveyors estimated the percentage occupancy of each service.  Passenger 
estimates were then obtained using the assumptions for bus capacity described in Table 69: 

Table 69. Bus Vehicle Type Passenger Capacity Assumptions 

BUS VEHICLE TYPE CAPACITY (PASSENGERS) 

Mini Bus 30 

Single Decker 40 

Double Decker 70 

Coach  56 
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9.2.7 The sites were chosen to capture the main bus routes and record the majority of bus 
passengers using urban services which passed through two Aberdeen cordons.  The data were 
then used to form the following calibration screenlines within Aberdeen: 

º Inner Aberdeen cordon - roughly Beach Boulevard to Berryden to vǳŜŜƴΩǎ /Ǌƻǎǎ ǘƻ 
Holburn St to Victoria Bridge; and 

º Mid Aberdeen cordon ς 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 First Aberdeen services crossing 
each screenline crossing point. 

9.2.9 Note, to form complete screenlines of bus passengers within Aberdeen, passengers flows 
associated with Stagecoach services were required to be incorporated into each of the data 
sets.  This process is described further 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 surveys ς 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 possible, the accuracy of the alternative roadside bus 
occupancy surveys is often compromised due to the reduced ability to view passengers 
through often dirty/darkened bus windows.  Where this is the case the survey technician will 
note this, and assumptions/adjustments were carried out where relevant based on local 
ƪƴƻǿƭŜŘƎŜ ŀƴŘ ΩŎƻƳƳƻƴ ǎŜƴǎŜΩ ŎƘŜŎƪǎΦ The general uncertainty associated with observed 
bus passenger counts should though be borne in mind during model application. 

Stagecoach Bus Ticket Data 2019 

9.2.12 Stagecoach provided bus passenger journey ticket information for the week between Monday 
30 September 2019 and Friday 4 October 2019 (inclusive). This dataset included information 
on time of ticket purchase, boarding point, journey fare destination stop point, and ticket type 
(adult, concession, etc).  

9.2.13 The area covered by the ticket data overlapped with the First Aberdeen sites surveyed within 
Aberdeen and also extended into Aberdeenshire covering rural bus corridors.  The stagecoach 
ticket data was used to form and supplement the following calibration cordon screenlines: 

º Inner Aberdeen cordon: as above but covering only strategic bus stops (see Figure 20); 
º Mid Aberdeen cordon: as above but covering only strategic bus stops (see Figure 20); 
º Outer Cordon: roughly A92 south of AWPR to A93 west of Peterculter to A944 east of 

Westhill to A92 north of Aberdeen (see Figure 21); and 
º Shire Cordon: roughly A92 north of Stonehaven to A93 west of Banchory to A96 east 

of Insch to A90 south of Toll of Birness (see Figure 22 below). 
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9.2.14 Using the location information of the boarding and alighting points, this ticket data was 
aggregated to sector-to-sector movements, separately for each individual Stagecoach bus 
service route.  Based on if and where each bus route crossed each of the four cordons, these 
sector-to-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 cordon point (separately for 
inbound and outbound to/from Aberdeen travel).  

9.2.15 Ticket information for the X7 services were missing from the original data provided, therefore 
passenger volumes for these services were estimated from X7 timetable information and the 
X6 service data provided (which operated along the same A92 South corridor).  While X7 ticket 
information was subsequently received, passenger data was missing for 2 hours from the inter 
peak period and 1 hour from the PM peak periods and was not taken forward (the remaining 
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 discussed further in the calibration 
section ς where modelled school pupil (education) movements are not included within the 
comparison of passenger flows across the two rurally-orientated Screenlines. 

Megabus services to/from Aberdeen 

9.2.17 Due to lack of observed data, passenger flows using Megabus services operating along the 
A92 South of Aberdeen were estimated based on timetabled services and assumed load 
factors, as outlined in Table 70 below.  Megabus coach capacity was assumed to be 72 
passengers. 

Table 70. Megabus service assumptions 

 ASSUMED LOAD FACTORS 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, respectively ς see Figure 20, Figure 21 and Figure 22 below).  Megabus 
PT passengers were not added to the Inner cordon as the coach route was expected to cross 
this cordon between cordon points). 

 
Observed Bus Passenger Volume Cordon Point Aggregation 

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 included establishing with 
and without education flows (school pupil flows) ς with education flows included within the 
Aberdeen Inner, Mid and Outer cordons, and excluded from the Shire cordon.  
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Rail Passenger Boarding and Alighting Surveys 2019 

9.2.20 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 four calibration cordons. 

9.2.21 Boarding and alighting surveys were undertaken by Tracsis between Tuesday 26th  - Thursday 
28th November 2019.  The rail stations surveyed are listed below: 

º Forres 
º Elgin 
º Keith 
º Huntly 
º Insch 
º Inverurie 
º Dyce 
º Aberdeen 
º Portlethen 
º Stonehaven 
º Laurencekirk 
º Montrose 
º Arbroath 

9.2.22 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 was available to inform the 
calibration process.  This included patching passenger data from trains captured in other time 
periods, and scaling up counts to account for missing trains.  

9.2.23 The outcome of this phase was total bi-directional observed passenger flows (combined) for 
all services at the cordon crossing points (for each hourly time period).  This also calculated 
hourly boarding and alighting counts at each station. 
 
Bus Journey Time Data 

9.2.24 To create an observed bus journey time dataset for validation, the 2019 Transxchange bus 
timetable data was processed to extract the bi-direction 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.   

9.2.25 One limitation of this process for longer distance services is that the observed (timetabled) 
journey time relates 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 model.  For 
longer distance services this issue becomes more apparent due to the nature of the services 
having a low number of stops.  An example of this would be the Aberdeen-Perth services 
where the nearest stopping node to the boundary of the model is Dundee, adding perhaps 20 
minutes to the journey time.  A reasonable journey time reduction was therefore applied to 
the observed data in cases such as these, but this should be borne in mind when considering 
the calibration of the PT model for these type of services.  
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9.3 Screenline Passenger Volume Calibration 

9.3.1 This section demonstrates the 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 screenline cordon point can be found in Appendix P. 

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 shown in Figure 20 to Figure 22. 

9.3.3 All Cordon site locations were included in the PT matrix estimation (ME) procedure, with the 
ME process altering travel patterns and passenger levels to better match the observed data. 
Observed data was ΨǇŀǘŎƘŜŘΩ ƻǊ ŀŘƧǳǎǘŜŘ ǘƻ ŘŜŀƭ ǿƛǘƘ ȊŜǊƻ ǾŀƭǳŜǎ ƻǊ ǿƘŜǊŜ ƻōǎŜǊǾations 
appeared counter intuitive (i.e. where tidal flows were inconsistent, and would impact the 
quality of matrix estimation).   

 

 

Figure 20. ASAM19 PT Screenlines ς Inner Aberdeen (orange) and Mid Aberdeen (green) 
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Figure 21. ASAM19 PT Screenlines ς Outer Cordon (blue) 
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Figure 22. ASAM19 PT Screenlines ς Shire Cordon (red) 

 

Calibration Criteria 

9.3.4 The ASAM19 PT modelled flows were compared to the observed data across screenlines 
based on the following calibration threshold comparisons: 

º Modelled public transport flow should ideally fall within 15% of observed flow across 
appropriate screenlines; and 

º 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. 
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Screenline Calibration Statistics 

9.3.5 Total screenline observed vs modelled flows is shown in Table 71, including both bus and rail 
flows combined.  ASAM19 represents school pupils using public transport, but these 
educational movements are not captured by the observed PT data sets in Aberdeenshire 
(Shire Cordon).  The comparisons of Aberdeenshire modelled flows describe cordon flows that 
both include and exclude pupil passengers.  Including a version with education flows for 
completeness (Shire Total), and a version excluding pupil flows to provide a consistent 
comparison with observed data (Non Edu). 

Table 71. Summary of PT Flow Calibration ς Total Screenline Links 

CORDON 
AM PEAK 

OBS     MOD DIFF   %DIFF 
INTER-PEAK 

OBS    MOD DIFF    %DIFF 
PM PEAK 

OBS   MOD DIFF    %DIFF 

Inner 
Inbound 

3692 +98 +3% 2192 -1 -0% 2201 +32 +1% 

Inner 
Outbound 

1938 +69 +4% 2217 +12 +1% 3308 +58 +2% 

Mid 
Inbound 

3074 +8 +0% 1570 +30 +2% 1802 -3 -0% 

Mid 
Outbound 

1643 +35 +2% 1704 +29 +2% 2820 -11 -0% 

Outer 
Inbound 

1290 +52 +4% 600 +22 +4% 615 +20 +3% 

Outer 
Outbound 

469 +27 +6% 652 +13 +2% 1275 +38 +3% 

Shire Total 
Inbound 

747 +219 +29% 390 +50 +13% 413 -3 -1% 

Shire Total 
Outbound 

331 +112 +34% 400 +72 +18% 839 +10 +1% 

Shire  
Non Edu 
Inbound 

747 +12 +2% 390 -2 -0% 413 -5 -1% 

Shire  
Non Edu 
Outbound 

331 -11 -3% 400 -1 -0% 839 +9 +1% 
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9.3.6 In the AM peak  all of the Inner, Mid, Outer, and Shire Non Edu screenlines fall within 15% of 
the observed flow at total screenline level. The Shire screenline including modelled education 
trips falls outwith this criteria, which is as expected, as the observed data excludes education 
trips.  

9.3.7 In the inter peak all of the Inner, Mid, Outer and Shire Non Edu screenlines fall within 15% of 
the observed flow at total screenline level.  As with the AM peak, the Shire flows in the inter 
peak with education trips included are high compared to the observed (which represents 
pupils returning home from school).  

9.3.8 In the PM peak all screenlines fall within 15% of the observed flow at total screenline level. 
The two Shire modelled flows (with and without education trips) are very similar to each other 
and close to the observed, confirming that education trips are generally not included in the 
PM peak. 

 
Individual Cordon Crossing Point Locations 

9.3.9 At the more detailed level, the individual cordon point calibration within Appendix P 
highlights Union Grove in the Inner Cordon has lower modelled flows than the observed - with 
a high percentage difference of 29% - 59% lower, but the absolute flow volumes are also low 
at generally less than 50 passengers per hour.  On the Mid cordon Great Southern Road and 
Great Northern Road both show 8% - 19% higher than observed flows.  Also Garthdee Road, 
leading to and from Robert Gordon University, is moderately low outbound to the university 
in the AM (-7%) and inbound from the university in the PM (-12%). 

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 72  to Table 74 provide a summary of the PT flow calibration statistics.  

Table 72. PT Flow Calibration ς Individual Links >150 Passengers, excluding Education Trips 

% DIFF 
AM PEAK 

BUS           RAIL           ALL 
INTER-PEAK 

BUS           RAIL           ALL 
PM PEAK 

BUS           RAIL           ALL 

< 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 For individual links >150 observed passengers, 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, inter-peak and PM peaks respectively.  The modelled rail flows on individual 
links are all within 15% of the observed flows for all peaks, and within 5% for at least 83% of 
rail flows. 
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Table 73. Summary of PT Flow Calibration ς Screenlines, excluding Education Trips 

% DIFF 
AM PEAK 

BUS           RAIL           ALL 
INTER-PEAK 

BUS           RAIL           ALL 
PM PEAK 

BUS           RAIL           ALL 

< 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 between 60% and 71% of modelled bus 
flows are within 15% of the observed flows across the three peaks. The calibration for rail 
flows is better than the calibration for bus flows with 90% - 100% of all comparisons falling 
within 15% of the observed. 

Table 74. Summary of PT Flow Calibration ς Individual Link GEH, excluding Education Trips 

GEH 
AM PEAK 

BUS           RAIL           ALL 
INTER-PEAK 

BUS           RAIL           ALL 
PM PEAK 

BUS           RAIL           ALL 

< 5 100% 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 statistic, which accounts for the variation in flow levels, 
shows that 99%-100% of individual bus and rail flows are less than a GEH of 5. 

 

 

9.4 Bus Journey Time Validation 

9.4.1 A selection of modelled urban (Aberdeen City) and rural services (inter-urban) were compared 
to the observed bus journey times, and are summarised in Table 75 to Table 77. Further detail 
is provided in Appendix Q.  This selection of bus services cover the main radial corridors within 
Aberdeen and the key corridors between Aberdeen and Aberdeenshire and include the 
comparison of one bus service for each service group. 
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Table 75. Bus Journey Time Calibration ς AM 

AREA DIRECTION 
ROUTE 
COUNT 

COUNT DIFF 
< 5%        < 15%       < 25% 

% DIFF 
< 5%        < 15%       < 25% 

Urban Inbound 8 3 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 76. Bus Journey Time Calibration ς IP 

AREA DIRECTION 
ROUTE 
COUNT 

COUNT DIFF 
< 5%        < 15%       < 25% 

% DIFF 
< 5%        < 15%       < 25% 

Urban Inbound 8 3 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 77. Bus Journey Time Calibration ς PM 

AREA DIRECTION 
ROUTE 
COUNT 

COUNT DIFF 
< 5%        < 15%       < 25% 

% DIFF 
< 5%        < 15%       < 25% 

Urban Inbound 8 4 6 8 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 summaries demonstrates a high level of journey time calibration against observed 
data.  Across the three peaks the urban services tend to have a lower level of validation than 
the rural services. In the AM peak 80% of modelled urban service journey times are within 
15% of the observed, whereas the figure is 85% for rural services. In the inter-peak the split 
is 73% urban / 95% rural and in the PM peak the split is 73% urban / 85% rural.  

9.4.3 The detailed journey time information in Appendix Q shows the modelled urban services are 
overall 1% - 4% faster than the observed data with the exception of the X27 Dyce-Airport-
Aberdeen service which is consistently 15% - 30% slower than the observed journey time.  The 
X7 rural service (on the A92 coast road) is also consistently 13% - 16% faster than the observed 
journey time, noting that the road model journey times were also fast on this corridor 
compared to the observed data.  

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

9.5 Rail Station Boarding and Alighting Comparison 

9.5.1 Observed rail station boarding and alighting data were used to supplement PT validation by 
comparing to the modelled outputs at individual stations.  Table 78 to 0 describe the observed 
and modelled rail station passenger boardings and alightings for each time period, the 
difference in passenger volumes, the percentage difference, and the GEH.   

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

9.5.4 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 future network updates. 

9.5.5 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 across all peaks with passenger 
volumes within 5% of observed counts (except for the AM boardings which is 14% higher). 

Table 78. Station Boarding and Alighting ς AM peak 

STATION 
OBSERVED 

BOARD   ALIGHT 
MODELLED 

BOARD   ALIGHT 
BOARD 

DIFF       % DIFF 
ALIGHT 

DIFF       % DIFF 
GEH 

BOARD  ALIGHT 

Elgin 54 19 71 73 17 32% 54 282% 2 8 

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. 
Arbroath 

1035 966 1148 1136 113 11% 170 18% 3 5 
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Table 79. Station Boarding and Alighting ς Inter-Peak 

STATION 
OBSERVED 

BOARD   ALIGHT 
MODELLED 

BOARD   ALIGHT 
BOARD 

DIFF       % DIFF 
ALIGHT 

DIFF       % DIFF 
GEH 

BOARD  ALIGHT 

Elgin 29 21 44 36 14 49% 16 77% 2 3 

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. 
Arbroath 

468 464 556 533 88 19% 69 15% 4 3 

 

 

 

 

 

 

 

 

 



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 184/ 298 

 

 

Table 80. Station Boarding and Alighting ς PM Peak 

STATION 
OBSERVED 

BOARD   ALIGHT 
MODELLED 

BOARD   ALIGHT 
BOARD 

DIFF       % DIFF 
ALIGHT 

DIFF       % DIFF 
GEH 

BOARD  ALIGHT 

Elgin 25 54 46 101 21 83% 46 85% 3 5 

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. 
Arbroath 

1104 1137 1196 1160 92 8% 23 2% 3 1 
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9.6 Public Transport Conclusions & Recommendations  

Conclusions 

9.6.1 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.    
The on-board bus passenger counts, combined with the bus ticketing data supplied by the 
operators provides greater confidence in representing public transport activity than earlier 
ASAM models where PT data has been more limited.  The ASAM19 modelling therefore 
captures the key bus and rail flow comparisons within both urban and rural corridors, and 
provides considerable detailed data for users to examine during future studies. 

9.6.2 In general, the ASAM19 PT network displays a good level of calibration to observed public 
transport passenger volumes, particularly at the total screenline level.   

9.6.3 ASAM displays a strong rail passenger flow calibration, with >90% of comparisons across 
screenlines being within 15% of the observed flow.  Bus passenger flow comparisons for 
individual links achieved a reasonable level of calibration with 60% - 71% of modelled links 
being within 15% of the observed flow. 

9.6.4 Bus journey times compare reasonably with bus timetable data, indicating that modelled PT 
speeds are in-line with day-to-day service operations recorded in 2019. 

9.6.5 Modelled rail station boarding and alighting volumes are intuitive and broadly in line with 
observed occupancy data, with the exception of Arbroath.  During future updates, users 
should consider amending 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. 

9.6.6 The ASAM19 PT modelling will appropriately provide forecasting functionality to undertake 
incremental comparisons against a reliable 2019 base year model, that generally reflects 
observed travel conditions. 

9.6.7 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 conditions.  Whereas the demand 
for specific services will likely differ to some extent depending on the actual timetabling of 
services available with the time periods.  This approach provides a consistent basis for 
calibration and subsequent application and appraisal purposes, but with more uncertainty 
regarding passenger usage of individual services within 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 ASAM19 development, the variable demand choice model has been validated to 
ensure that an appropriate response is represented for a range of potential impacts.  The 
ASAM responses include mode and destination choice, and also take account of city centre 
parking charges and capacity, and park 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 movement. 

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 
º Car journey time. 

10.1.3 The tests undertaken to identify these responses within the demand model were as follows: 

º 20% increase in car fuel costs; 
º 20% increase in public transport fares; and 
º 20% increase in road journey 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 the test outputs, the elasticities are calculated on the entire simulated demand 
ƳƻŘŜƭƭŜŘ ŀǊŜŀ όǘƘŜ ΨƛƴǘŜǊƴŀƭ ȊƻƴŜǎΩύ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎŀƭŎǳƭŀǘƛƻƴΥ 

Ὡ 
ὰὲὑȭ  ὰὲὑ

ὰὲὅȭ  ὰὲὅ
 

 
Where:  

º C is the initial calibrated cost;  
º /Ω ƛǎ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘ ŎƻǎǘΤ  
º K is the total base car kilometres; and  
º YΩ ƛǎ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘ ǘƻǘŀƭ ŎŀǊ ƪƛƭƻƳŜǘǊŜǎΦ 

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 to obtain 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 ASAM19 covers 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 distance trips) areas.  

10.1.9 The cost damping aspect of the demand model should better represent and influence these 
geographical responses to an extent.  However as many model parameters / factors  are set 
ŀǘ ŀ ΨƎƭƻōŀƭΩ ƭŜǾŜƭΣ όƭŀŎƪ ƻŦ Řŀǘŀ ǘƻ ŀǇǇƭȅ ƳƻǊŜ ŘƛǎŀƎƎǊŜƎŀǘŜύ ǎŜƴǎƛǘƛǾƛǘȅ ŦƭǳŎǘǳŀǘƛƻƴǎ ōŜǘǿŜŜƴ 
area types are to be expected. 

10.1.10 The realism test analysis also evaluated the sensitivity of demand at a sector level such that 
ǘƘŜ ƳƻŘŜƭΩǎ ǎŜƴǎƛǘƛǾƛǘȅ ǊŀƴƎŜ ŎƻǳƭŘ ōŜ ƛƴǎǇŜŎǘŜŘ in more detail. 

10.2 Realism Test Results 

10.2.1 The elasticity results for the three demand model realism tests are presented in Table 81 to 
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 purposes) ς covering each 
of the car fuel cost, Public Transport Fares and car journey time tests. 

 
Car Fuel Cost 

10.2.2 Table 81 shows the elasticities with respect to car fuel cost implied within the demand model 
(relating to changes in vehicle kms).  The latest TAG guidance (M2 6.4) recommends that 
annual fuel price elasticities should be in the range -0.25 to -0.35 (overall across all purposes 
ŀƴŘ ǘƛƳŜ ǇŜǊƛƻŘǎύΣ ŀƴŘ ƻƴ ǘƘŜ ΨǊƛƎƘǘΩ ǎƛŘŜ ƻŦ -0.3, with peak period elasticities lower than inter 
peak elasticities, and with: 

º Short trip lengths closer to zero than -0.3; 
º High car driver mode share closer to zero than -0.3; and 
º Employers business trips near -0.1, and discretionary trips near -0.4; 

Table 81. Fuel Price Realism Test Elasticity Response Results by User Class 

TRAVEL PURPOSE AM PEAK INTER PEAK 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 overall elasticity response of the ASAM demand model (-0.39) is 
slightly higher than the range of values expected within TAG guidance (-0.35).  The following 
trends can be observed: 
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º 9ƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎ ǘǊƛǇǎ ŀǊŜ ǊŜƭŀǘƛǾŜƭȅ ƛƴǎŜƴǎƛǘƛǾŜ ǿƛǘƘ ŀƴ ŜƭŀǎǘƛŎƛǘȅ ƴŜŀǊ -0.1, aligning 
closely with guidance; 

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

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

10.2.4 Table 82 describes the elasticity by total sector-based movements, and highlights that the 
elasticity generally increases by distance as would be expected, with intra-sector movements 
on the leading diagonal (shorter trips) being much closer to zero. 

Table 82. Fuel Price Realism Test Elasticity Response Results by Sector Pair (All Purposes) 

TRAVEL PURPOSE City Shire Moray Angus 

City -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.  Users should though note the overall response which is 
higher than suggested by guidance, particularly the sensitive response associated with 
discretionary/other trips. 

 
 
Public Transport Fares 

10.2.6 Table 83 shows the elasticities with respect to public transport fares (measuring changes in 
PT trips).  TAG suggests that PT fares elasticities generally lie in the range -0.2 to -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 purposes PT trips are represented with full fare 
levels. 
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Table 83. PT Fares Realism Test Elasticity Response Results 

TRAVEL PURPOSE AM PEAK INTER PEAK 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 expected ς with an overall elasticity of -0.24.  The response of 
discretionary travel (other trips) has the highest sensitivity at -0.42.  

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 travel across the modelled 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). 

10.2.10 ¢ƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŜǎŜ ǊŀƴƎŜ ƻŦ ǊŜǘƛǊŜŘ κ ŎƻƴŎŜǎǎƛƻƴŀǊȅ ŦŀǊŜ ΨŘƛǎŎƻǳƴǘǎΩ ƛǎ t¢ ŦŀǊŜǎ ŦƻǊƳ ŀ ƳǳŎƘ 
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 education response 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 
ǇǳǇƛƭǎ ǊŜŎŜƛǾƛƴƎ ŦǊŜŜ ǘǊŀǾŜƭ ǘƻ ǎŎƘƻƻƭ ŀƴŘ ǘƘƻǎŜ ǘƘŀǘ ŘƻƴΩǘΦ  ! ŎƻƴǎƛǎǘŜƴǘ ŦŀǊŜ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ŀƭƭ 
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 would be more significant than 
for commuters which receive a discount to represent season tickets.  The business response 
also sits within the range of elasticities suggested by guidance. 

10.2.14 Table 84 presents the sector-based elasticities and highlights a general trend of increasing 
elasticities for more distant sector movements, with intra-sector movements in particular 
showing elasticities closer to zero.  Note that a large proportion of PT journeys take place 
within Aberdeen, and therefore these intra-sector trip responses will dominate a major part 
of the overall elasticity response. 
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Table 84. PT Fare Realism Test Elasticity Response Results by Sector Pair (All Purposes) 

TRAVEL PURPOSE City Shire Moray Angus 

City -0.170 -0.637 -1.175 -0.847 

Shire -0.632 -0.125 -0.649 -0.600 

Moray -1.210 -0.699 -0.084 -0.976 

Angus -0.875 -0.604 -0.957 -0.141 

TOTAL    -0.244 

 
Car Journey Time  

10.2.15 Table 85 shows the elasticities which reflect changes in road journey times (measuring 
changes in road trips).  The TAG guidance gives no specific range for these, but suggests that 
they should be no greater than -2.0.  The analysis shows that the ASAM sensitivities fall within 
the suggested guidance with all values being less than -2, and an overall response of -0.1. 

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 allocated free parking at 
workplaces (up to a specific capacity for each zone).  With higher journey times, some 
commuters will switch away from car travel, but this will also then make available workplace 
spaces for other commuters that previously paid for parking.  This secondary parking impact 
may off-set some of the overall model response. 

Table 85. Journey Time Realism Test Elasticity Response Results 

TRAVEL PURPOSE AM PEAK INTER PEAK PM PEAK DAILY 

Business -0.024 -0.031 -0.022 -0.026 

Commute -0.091 -0.086 -0.087 -0.087 

Other -0.115 -0.109 -0.113 -0.111 

Education -0.285 -0.285 0.000 -0.285 

Retired -0.090 -0.087 -0.090 -0.088 

TOTAL    -0.100 
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10.2.17 Table 86 presents the sector-based elasticities for all travel purposes and demonstrates a 
wider range of responses across the modelled area.  In particular: 

º More distant sector movements, such as between rural areas and Aberdeen exhibit a 
larger elasticity reflecting the increased cost of travel; and 

º Intra-sector movements on the leading diagonal show a positive response, likely due 
to reduced congestion as well as the aforementioned parking cost/capacity response.  
The intra-sector response is associated with a high proportion of trips, so are likely to 
dominate the lower sensitivity recorded overall. 

Table 86. Car Journey Time Realism Test Elasticity Response by Sector Pair (All Purposes) 

TRAVEL PURPOSE City Shire Moray Angus 

City 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 noted by model users, along 
with other model components and cost representation that may affect elasticity.  The 
positive, and relatively counter-intuitive response relating to intra-sector movements should 
also be considered during future model updates. 

10.2.19 Note that external trips to/from/through the internal modelled area are not included within 
the ASAM19 demand modelling.  These movements are therefore also excluded from the 
realism test elasticity values, as inclusion of these longer distance trips within the realism test 
calculations would be expected to reduce the model sensitivity relative to TAG ranges, and 
not provide a like-for-like comparison (as there is no demand model response for external 
trips). 

 
Network Response: Car Fuel Cost ς 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 20% uplift in Fuel 
Costs.  The change in car Kms includes the response of all car travel purposes across the 
assigned network by measuring the change in link-based network demand (note that this test 
will include external trips within each scenario, which may dampen the level of sensitivity to 
some extent).  This test excludes goods vehicle Kms. 

10.2.21 The analysis is provided in Table 87 which demonstrates an overall daily elasticity of -0.3 
across all travel purposes.  The results for each travel purpose appear intuitive, with a more 
sensitive response for discretionary trips (Other and Retired) and a lower sensitivity for 
business users.   
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Table 87. Car Fuel Price Realism Test Elasticity Response by Sector Pair (All Purposes) 

TRAVEL PURPOSE AM PEAK INTER PEAK 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 presented from the three realism tests indicate that ASAM19 is responding largely 
within, or close to the recommended guidance presented in TAG.  The following observations 
should be noted by model users and considered during relevant model applications: 

º The demand response to car fuel costs, particularly for discretionary (other) trips 
demonstrated a tendency to be more elastic than suggested by TAG guidance.  The 
modelling displayed an intuitive response in terms of changes car Kms across the 
network; 

º The demand response to public transport fares is at the lower end of the range 
suggested by TAG guidance; 

º The PT fare test highlighted that the specific modelling of concessionary fares for the 
retired and education travel purposes meant these trips were largely not subject to a 
significant fare response, and hence were less elastic, and which reduced the overall 
model sensitivity to changes in the price of fares; and 

º The demand modelling showed a relatively low response to car journey time for all 
travel purposes.  The model exhibited intuitive trends for increasing sensitivity with 
distance, but less intuitive trends relating to intra-sector 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 larger ASAM19 demand 
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 
ǘƘŜƴ ǎŜƎƳŜƴǘŜŘ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ΨƭŜƎǎΩ ƻŦ ǘƘŜ ǘǊƛǇ ǊŜƭŜǾŀƴǘ ǘƻ ƻǘƘŜǊ ƳƻŘŜǎ ƛΦŜΦ ǘƘŜ 
road trip From-Home to a site and the PT trip from a site to the ultimate destination. 

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 within ASAM19 is considered as a trip which transfers between road and PT (in 
that order for the outbound trip) on a single trip and returns using the same set of modes in 
reverse.  This is illustrated in the figure below. 

 

 

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 
ƻǊ ǎǘŀǘƛƻƴ ǇŀǊƪƛƴƎ ǎŜǊǾƛŎŜǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ Ψ{ƛǘŜ CƛƭŜΩ ŜȄǇƭŀƛƴŜŘ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǘƛƻƴǎΦ 

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.  It should be noted 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. 

11.2.2 Lƴƛǘƛŀƭƭȅ ŀ ΨǎƛǘŜ ŦƛƭŜΩ ǿŀǎ ŎǊŜŀǘŜŘ ǿƘƛŎƘ ŘŜŦƛƴŜǎ ǘƘŜ attributes for each Park and Ride site. This 
site file is in a CSV format (delimited by single quotes), which makes it easy for the user to 
adjust. Table 88 provides details on the variables that can be found in a site file. 

i k jRoad PT
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Table 88. Park 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 zone (numeric) 

4 Parking Charge Parking charge in £s (numeric) 

5-9 Bttr Base penalty by time period (numeric) 

10-14 Attr Attraction factor by time period (numeric) 

15 Near capacity Formal capacity at site : vehicles (numeric) 

16 Far capacity Limit to informal and formal capacity at site : vehicles (numeric) 

17 Origin 
Catchment 

List of origin zones within reasonable distance of this particular 
site (character) 

18 Destination 
Catchment 

List of destination zones within reasonable distance of this 
particular site (character) 

11.2.3 Sixteen Park and Ride sites were chosen from within the ASAM19 coverage area.  These 
consisted of all rail stations and bus Park and Ride sites in the internal modelled area. The full 
list of sites, zones and defined parking capacity are described in Appendix R. 

11.2.4 A new specific zone was assigned for each Park and Ride site, locating it close to the actual 
rail station zone or zone adjacent to a bus park and ride to represent car park access.  

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

 

Site Capacity 

11.2.6 The near and far parking capacity of each site ƛǎ ƛƴǇǳǘ ŀǎ όƛƴǘŜǊƴŀƭύ άǾŜƘƛŎƭŜ ǎǇŀŎŜǎέΣ ŀƴŘ ǿŜǊŜ 
obtained through several sources.  Where possible the capacity was obtained from the 
ScotRail website, Google Maps or online bus park and ride resources.   

11.2.7 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 remaining capacity is referred 
ǘƻ ŀǎ άƛƴǘŜǊƴŀƭέ ŎŀǇŀŎƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ŀ ŎƻƴǎƛǎǘŜƴǘ ƻŎŎǳǇŀƴŎȅ ǿƛǘƘ ǘƘŜ άƛƴǘŜǊƴŀƭέ ŘŜƳŀƴŘ ƳƻŘŜƭ 
tours which are represented within the main park and ride choice modelling. 
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11.2.8 Internal parking capacity is calculated by comparing the level of park and ride trips extracted 
from TMfS18 (which are travelling external to the ASAM19 coverage area), with the level of 
external ASAM19 car trips and calculating an internal capacity proportion (proportions were 
then rounded and adjusted to resolve any anomalies). 

11.2.9 The outcome of this approach is to reduce capacity at the majority of rail stations, with park 
and ride sites closer to the model boundary generally seeing the most significant reduction in 
available internal parking capacity ς as the majority of these spaces are used by external users. 
The exception here is Aberdeen rail station, which 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 locally, so 100% internal usage proportions are applied. 

11.2.10 Note that although external movements are not included within the full ASAM19 choice 
modelling, external Park and Ride trips are represented within ASAM through the interface 
with TMfS18.  These trips are extracted from the TMfS national modelling and are 
incorporated to ASAM as 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 
ASAM19 sub 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 1.23 persons 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 Ride origin catchments 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 charges/restrictions 
were present at the destination).  Origin catchments were generally widely distributed along 
the corridor to reflect the flexible access provided by the car leg.  Destination catchments 
were more closely defined closer to each site (destination), mirroring the more limiting 
aspects of onward travel on foot and through PT interchange.  (i.e. 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 modelling enables catchments to cover a relatively wide area (i.e. rail stations are coded 
to provide (destination) access to all of Aberdeen).  Although this potentially allows for a 
significant level of park and ride accessibility, the combination of more 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 centre destinations.   

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 times), the 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 the coverage area. 
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Occupancy Data 

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

º Rail Station Park and Ride Occupancy Surveys ς 26 November 2019; and 
º Bus Park and Ride Occupancy Surveys ς 10 October 2019. 

11.2.17 The occupancy surveys were undertaken from 07:00 ς 19:00, with data processed to describe 
the occupancy at each site throughout the day. 

 Park & Ride Occupancy 

11.2.18 Observed car park occupancy for the AM period was calculated at 10:00, the Inter peak car 
park occupancy at 13:00, the PM occupancy after 16:00 and the OP occupancy after 19:00.  
The Car Occupancy ratio used to convert observed and modelled Park and Ride vehicles to 
person demand is 1.23 persons per vehicle.  As the Park and Ride modelling operates and 
ǳƴŘŜǊǘŀƪŜǎ ǎƛǘŜ ŎƘƻƛŎŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǘ ŀƴ άŀƭƭ ǘǊŀǾŜƭ ǇǳǊǇƻǎŜέ ƭŜǾŜƭΣ ŀƴ ŀǾŜǊŀƎŜ ŎŀǊ ƻŎŎǳǇŀƴŎȅ 
across all relevant travel purposes is applied (this occupancy figure is therefore different to 
the car occupancy factors (CDCU factors) used to convert person trips within 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, Retired), time period (4; AM, IP, PM, OP), 
direction (2; From Home and To Home), and mode (2; road and PT). 

11.3.2 The impact to Park and Ride occupancy is reported via text files, where it is possible for model 
users to quickly establish the person usage at each site by tour (and hence time period).  These 
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 AM Peak occupancy is calculated by adding all AM tours (tours 1-4) to represent cars 
parked at the end of the AM Period 1000Φ  bƻǘŜ ǘƘŜ ά!a ƛƴΣ !a ƻǳǘέ ǘƻǳǊ (1) is included in 
the occupancy calculation as given the length of a typical park and ride journey, in practice 
users would still likely be using a site past 1000.  The Inter Peak occupancy (at 1600) is 
calculated by adding tours 3, 4, 7 and 8 ς representing cars parked at the end of the Inter Peak 
Period at 1600.  

 

11.4 Mathematical Framework 

11.4.1 The Park and Ride process is illustrated in Figure 24. 
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Figure 24. Park and Ride Model Processes 
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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 true origin destination trip.  The logit choice will be calculated as: 

ὖ
Ὡ

В Ὡᶰ
 

Where: 
ὖ is the probability of choosing site ί; 
‗ π is the spread parameter for Park & Ride site choice; 
Ὓ represents the choice set of available sites (as defined by catchments); and 
Ὗ  is the utility of travelling from zone Ὥ to zone Ὦ via site ί. 

11.4.3 The utility here can be further expanded into its relevant components: 

Ὗ
Ὃὅὥὶ ὋὖὝ ὋὖὝ Ὃὅὥὶ

ς
ὖ ὃὸὸὶὅ 

Where: 
Ὃὅὥὶ is the generalised cost of travelling by car from zone Ὥ to zone Ὧ during time 
period 1; 
ὋὖὝ  is the generalised cost of travelling by PT from zone Ὧ to zone Ὦ during time 

period 1; 
ὋὖὝ  is the generalised cost of travelling by PT from zone Ὦ to zone Ὧ during time 

period 2; 
Ὃὅὥὶ is the generalised cost of travelling by car from zone Ὧ to zone Ὥ during time 
period 2; 
ὖ is the parking charge per person for a site (in generalised minutes);  
ὃὸὸὶ ƛǎ ǘƘŜ ŀǘǘǊŀŎǘƛƻƴ ŦŀŎǘƻǊ ŀǘ ŀ ǎƛǘŜ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ǘƘŜ άǎŜŀǊŎƘέ Ŏƻǎǘ ŀǘ ǘƘŜ ǎƛǘŜ 
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 matrices while ὖ and ὃὸὸὶ 
will be defined in the defined input site file.  Note that on subsequent loops the value of ὃὸὸὶ 
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 per person using the 
approach 

ὖ φπz
ὖ

ς
ᶻ
ὕὧὧ

ὠέὝ
 

Where: 

ὖ  is the perceived parking charge each vehicle occupant pays in generalised 
minutes; 

ὖ  is the daily parking charge in pounds; 

ὕὧὧ is the occupancy of each car, considered here to be 1.23 as a general parameter 
and not consistent with the CDCU factors used elsewhere in the model (defined by 
catalog key); 

ὠέὝ is the value of time, taken as commute as a standard assumption (value of 12.91 
in the 2019 base 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 89. Global Park and Ride Parameters 

PARAMETER DESCRIPTION DEFAULT VALUE 

PnR Occupancy Average occupancy of car using Park and Ride 1.23 

PnR Lambda Weighting parameter of the logit model -0.04 

PnR Gamma PT generalised cost weighting 0.95 

PnR Alpha Road generalised cost weighting 1.85 

LParam Parameter for adding on an imposition to sites with 
low capacity (effectively a proxy for search time) 

40 

PnR VOT Value of time, taken as commute as a standard 
assumption to convert parking charge from pounds 
to generalised minutes for parking site choice 

12.91 

Table 90. Site Specific Park and Ride Parameters 

PARAMETER DESCRIPTION EXAMPLE VALUE 

Site No. Sequential number (beginning at 1) for each site 1 

Site Name Site name (enclosed by single quotes) ΨInverurieΩ 

Zone Actual Park and Ride zone (between (961-981) 968 

Parking Charge Parking Charge at site (in pounds) 4.14 

AM Bttr,   IP Bttr, 
PM Bttr 

Base attraction factor to rationalise over/under 
capacity sites within base year and for each time 
period (minutes) 

8 

AM Attr, IP Attr, PM 
Attr  

Adjusted attraction factor based on site choice 
for each time period (minutes) 

8 

Near Cap Formal capacity at the site (can take into 
account nearby non-station parking in some 
instances) 

154 

Far Cap CƻǊƳŀƭ ΨŦŀǊΩ ŎŀǇŀŎƛǘȅ όл ƛǎ ǳǎŜŘ ŦƻǊ ǳƴƭƛƳƛǘŜŘ 
parking) 

196 
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PARAMETER DESCRIPTION EXAMPLE VALUE 

Origin Catchment  List of zones (enclosed by single quotes).  
Typically the local corridor and often reflecting 
origin survey data. 

'465,470,475,477-
483,Χ,703' 

Destination 
Catchment  

List of zones (enclosed by single quotes).  For 
rail, typically all Aberdeen zones and zones 
covering settlement of rural stations. Local 
urban centre for bus-based sites.   

Ψ1-392ΣΧΣ 893-946Ω 

Site Overcapacity Feedback Mechanism 

11.4.7 The Park and Ride process identifies site car parks which are overcapacity 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 capacity.  This represents the increasing search 
ŀƴŘκƻǊ ǿŀƭƪ ǘƛƳŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǳǎƛƴƎ ǘƘŜ ΨǳƴƻŦŦƛŎƛŀƭΩ ŎŀǊ ǇŀǊƪƛƴƎ ǎǇŀŎŜǎΦ 

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. 

ὃὸὸὶ ὃὸὸὶὄὸὸὶ
ὫὈὩάὔὩὥὶͮς

ςὈὩὲέά
 

11.4.9 Where: 

º Attr is the Attraction factor; 
º Bttr is the Base Attraction factor which regulates sites which are overcapacity in the 

base year; 
º g is the adjustment gradient; 
º Dem is the site usage; 
º Denom is the maximum of 1 and Dem; and 
º Near is the near capacity of the site. 

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).  These conditions include: 

º The maximum absolute difference in demand at any site falls below the threshold a 
specified number of times in succession; 

º The maximum absolute difference in Attr at any site falls below the threshold a 
specified number of times in succession; or 

º 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 values.  Table 91 describes the Park & Ride 
convergence parameters. 

Table 91. Park and Ride Convergence Parameters 

11.4.13 Relevant tour arrivals are compiled to calculate parking demand and inform the overcapacity 
feedback mechanism (and subsequent search times) to derive a search time for each time 
period.  These include: 

º AM Peak 1000: 100% Tours 1, 2, 3, 4: All arriving in the AM and leaving post AM Peak; 
Á TƘŜ ά!a ƛƴΣ !a ƻǳǘέ ǘƻǳǊ όмύ ƛǎ ƛƴŎƭǳŘŜŘ ŀǎ ƎƛǾŜƴ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ŀ ǘȅǇƛŎŀƭ ǇŀǊƪ ŀƴŘ 

ride journey, in practice users would still likely be using a site past 1000; 
º Inter Peak 1300: 100% Tours 2, 3, 4, 5, 6, 7, 8: All either in place at 1000 or arriving 

during the Inter Peak; 
º PM Peak 1600:  100% Tours 3, 4, 7, 8, 9, 10, 11, 12: All either in place at 1600 or arriving 

during the PM Peak; and 
º Off Peak 1900:  100% Tours 4, 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 (covering 1000-1600), 
representation of parking duration at park and ride car parks is more limited, and creates 
uncertainty for modelling specific occupancy levels (as the profile of vehicles (or tours) 
entering and exiting car parks throughout the 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) rather than the end of a tour time period (i.e. 
1000 and 1600).  Therefore, inter peak modelling should be used as a general guide only. 

11.4.15 During future model updates, the application of more detailed parking duration factors to 
ǊŜǇǊŜǎŜƴǘ ΨŎƘǳǊƴΩ ǿƛǘƘƛƴ ǇŀǊƪ ŀƴŘ ǊƛŘŜ ŎŀǊ ǇŀǊƪǎ ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ (i.e. understanding the 
profile of users entering and exiting within a tour). This would aid understanding of occupancy 
and improve representation of overcapacity sites and subsequent search time penalties.   

PARAMETER DESCRIPTION VALUE 

PnR Penalty Penalty for sites which exceed a stated (non-zero) far capacity 15 

PnR Grad Gradient of the curve to adjust sites exceeding near capacity 0.15 

PnR Attr 
Threshold 

Threshold for absolute change in Attractions to be considered 
converged 

1 

PnR Occ 
Threshold 

Threshold for maximum absolute change in Occupancy to be 
considered converged 

2 

Max PnR Loop Maximum number of Park & Ride loops allowed on a single 
demand model loop 

10 

PnR Loop Demand model loops which Park and Ride Model to be 
undertaken 

1-100 
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11.5 Park & Ride Site Choice Calibration 
 

Approach 

11.5.1 The true origin-destination end-to-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 bias inherited from the 
introduction of site specific attraction factors. 

11.5.2 The focus of the global calibration related to the following parameters: 

º tƴw [ŀƳōŘŀ ό˂ύΤ 
º LParam; and 
º tƴw !ƭǇƘŀ όʰύ  όŀƴŘ ŎƻƴǾŜǊǎŜƭȅ tƴw ƎŀƳƳŀ όʴύ ŀǎ ŘƛǎŎǳǎǎŜŘ ǇǊŜǾƛƻǳǎƭȅύΦ 

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 used as more 
representative gauge as the level of confidence in the observed data is generally higher (as 
there will tend to be less turnover of spaces or churn during this period ς as users come and 
go).  

11.5.4 /ƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ˂ ǇŀǊŀƳŜǘŜǊ ŀƴŘ Ψ[tŀǊŀƳΩΣ ǘƘŜǎŜ ǿŜǊŜ ŀƴŀƭȅǎŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ {waмн ƳƻŘŜƭ 
ǿƘŜǊŜ ŦƛǊǎǘƭȅ ŦƻǊ ˂Σ ŀ ǊŀƴƎŜ ƻŦ ǾŀƭǳŜǎ ǿŜǊŜ ǘŜǎǘŜŘ ōŜǘǿŜŜƴ лΦлм ŀƴŘ лΦр ŀƴŘ ŀ ǾŀƭǳŜ ƻŦ -0.04 
was chosen which showed a good spread of trips amongst the short and long distance trips.  
{ŜŎƻƴŘƭȅ Ψ[tŀǊŀƳΩ ǇŀǊŀƳŜǘŜǊ ǿŀǎ ǘƘŜƴ ŎƻƴǎƛŘŜǊŜŘ ǳǎƛƴƎ ǾŀƭǳŜǎ ōŜǘǿŜŜƴ л ŀƴŘ слΦ  !ƎŀƛƴΣ 
little difference was noticed at the global level but a peak was seen at LParam = 40 and this 
value was considered constant.  ¢ƘŜ ƻǊƛƎƛƴŀƭ {wa ˂ ǇŀǊŀƳŜǘŜǊ ŀƴŘ Ψ[tŀǊŀƳΩ ŀǊŜ ǘƘŜǊŜŦƻǊŜ 
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 and ride site rather 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 that was of similar magnitude 
ǘƻ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎƻƳōƛƴŀǘƛƻƴΦ  ¢ƘŜ ŜŀǊƭƛŜǊ {waмн ƳƻŘŜƭƭƛƴƎ ǎƘƻǿŜŘ ǘƘŀǘ ǿƛǘƘ ʰ Ґ мΦт ŀƴŘ ʴ Ґ 
0.55 led to a stronger correspondence in the unweighted case.  TCRTM applied values of 1.7 
and 0.75.  Upon further calibration of the ASAM19 regional modelled area, ŀ ʴ ǾŀƭǳŜ ƻŦ лΦ95, 
ŀƴŘ ʰ ǾŀƭǳŜ мΦур proved a better fit when evaluating the true origin-destination trips (i.e. 
providing the best representation of overall park and ride costs in comparison with end-to-
end road and public transport trip costs).  
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Calibration of the Park and Ride Site Choice 

11.5.7 The overall level of Park and Ride usage is presented in Table 92 (ASAM19 model run άBC88 
i29a Loop 3έ of the base demand model).  This summary demonstrates a strong region-wide 
calibration within the morning peak, with modelled occupancy within 1% of observed values.  
Occupancy is within 12% of observations at the end of the inter peak period which is 
reasonable.  Note that the calibration of occupancy within the 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 92. Park and Ride Calibration (cars parked) 

TIME PERIOD OBSERVED MODELLED DIFF % DIFF 

AM 1000 862 855 -7 -1% 

IP 1600 793 698 -95.2 -12% 

PM 1900 293 262 -30.4 -10% 

Total 1,947 1,814 -133 -7% 

 
Calibration of the Park and Ride Site Choice 

11.5.8 Once global parameters for the Park and Ride module were established, the general balance 
between all park and ride sites was calibrated.  Finally, individual site usage was calibrated to 
reflect observed occupancy levels.  This process includes altering the site attraction factors 
όΨ!ǘǘǊΩύ ŀƴŘ ǊŜŦƛƴƛƴƎ ŎŀǘŎƘƳŜƴǘ ŀǊŜŀǎΦ   

11.5.9 Appendix R describes the 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 within ten vehicles of observed occupancy at the end of 
the AM Peak.  The largest absolute differences in occupancy are located at Aberdeen and 
Stonehaven stations, and Bridge of Don and Ellon bus-based sites. 

11.5.11 The comparisons also show that the Inverurie, Stonehaven and Montrose and Arbroath rail 
stations are represented within the ASAM19 2019 Base, as sites where car parking 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 the entire modelled 
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 mind during model application, and 
considered during future data collection and model updates.    
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11.5.13 It is 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.  This can be 
ŀŘŘǊŜǎǎŜŘ ǿƘŜƴ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ƻǾŜǊŀƭƭ ƭŜǾŜƭ ƻŦ άƴŜŀǊέ ŀƴŘ άŦŀǊέ ǇŀǊƪƛƴƎ ǎǇŀŎŜǎΣ ŀƴŘ should 
be considered during model forecasting and application of the model during appraisal. 

Impact of Site Choice Calibration within Demand and Assignment Models & 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 modelling - representing the road trip leg accessing the 
park and ride site to park (and subsequent road traffic volume calibration) 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). The site choice 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 park and ride 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 within the site choice mechanism, with cost changes fed back to 
the demand model to determine mode and destination choice impacts 
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12. FREE WORKPLACE PARKING 

12.1 Introduction 

12.1.1 There are two types of parking capacity and parking cost modelling processes contained 
within ASAM19.  These include: 

º Free Workplace Parking (FWPP): represents the proportion of commuters that can 
access free parking spaces at workplaces (private non-residential parking) within 
Aberdeen city centre; and 

º tŀǊƪƛƴƎ 5ƛǎǘǊƛōǳǘƛƻƴ όtŘƛǎǘύΥ ǊŜǇǊŜǎŜƴǘǎ ŎƻƳƳǳǘŜǊǎ όǘƘŀǘ ŎŀƴΩǘ ŀŎŎŜǎǎ ŦǊŜŜ ǇŀǊƪƛƴƎ ŀǘ 
their workplace and must use other city centre car parks), business, other and retired 
motorists that access (paid for) car parks within Aberdeen city centre.    

12.1.2 This section discusses the FWPP model, describing the inputs, processes, observed data sets 
and level of calibration within the ASAM. 

12.2 Free Workplace Parking Approach 
 

Overview 

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

12.2.2 Free Workplace Parking (FWPP) enables demand from the Ψcar availableΩ commuting demand 
segment to access free parking within Aberdeen parking areas, followed by a secondary mode 
choice for those trips that have not been satisfied. 

12.2.3 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.  

12.2.4 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 free workplace parking 
available within the controlled areas.  

12.2.5 Figure 26 illustrates the coverage of the Aberdeen FWPP model. 
 
FWPP Inputs 

12.2.6 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 ASAM also requires the coding of a FWPP capacity input CSV file, which lists the number of 
free workplace parking spaces available by demand model zone within Aberdeen city 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 model is undertaken for 
these commuter 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 parking charge in mode 
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 
ŀǾŀƛƭŀōƭŜ ǘƻ ŜǎǘƛƳŀǘŜ ǿƘƻ ƘŀŘ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ŦǊŜŜ ǎǇŀŎŜǎΦ  ¢ƘŜǎŜ ǘǊƛǇǎ ŀǊŜ ǘƘŜƴ ΨŦǊƻȊŜƴΩ ǘƻ 
ensure they do not consider any of the other choices (such as Parking Distribution) as 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 access to free parking based on 
ŀŘƧǳǎǘŜŘ ǘǊƛǇ ŜƴŘǎ ǿƘƛŎƘ ŜȄŎƭǳŘŜ ǘƘŜ ΨŦǊƻȊŜƴΩ ǘǊƛǇǎΦ 

12.2.11 In order to model free parking availability, occupancy is adjusted throughout the day (through 
the use of tours) to take account of spaces which have been filled earlier and also motorists 
departing.  The time period occupancy calculation is established by considering all trips that 
would be present during the time period (i.e. for the AM period the demand / occupancy 
calculation includes tours 1, 2, 3 and 4).  Note that overnight trips are not included, except in 
the case of OP period (i.e. the row totals are only summed to the right).  Figure 25 shows the 
tours which are considered to impact on occupancy in each time period (reading across the 
rows).  The FWPP structure is shown 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: 

º Free spaces are only available to travellers who originally chose that location as a 
destination i.e. people who work in that zone, and the secondary destination choice in 
particular will not offer that space to anyone reconsidering their travel options; 

º 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; 

º assuming equal priority to access spaces with no preference for trip pattern e.g. longer 
distance trips have the same opportunity for a free space as shorter distance trips; 

º Trips which will have left by the end of the previous time period will have no impact on 
anyone wishing to park during the following time period; and 

º Business travellers (within the demand model coverage) are unable to use FWPP spaces 
when destinating in Aberdeen city centre.  Business motorists must use (paid for) on 
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and off street car parks to travel to their final city centre destination.  Depending on 
workplace parking arrangements, there are likely to be a mix of commuter and business 
motorists accessing FWPP.  The ASAM FWPP aims to capture the travel cost/ choice 
response of the larger commuter travel purpose 

12.2.14 ά9ȄǘŜǊƴŀƭέ ǘǊƛǇǎ ŀǊŜ ƴƻǘ ǎǳōƧŜŎǘ ǘƻ C²tt ŎƘƻƛŎŜΦ  !ƭƭ ASAM external travel purposes are able 
to destinate/park at city centre destination zones (i.e. at standard demand model zones). 
 

TP Output Time Period 

 AM - Morning Peak 

 IP ς Inter Peak 

 PM ς Evening Peak 

 OP ς Off Peak 

 

O\I AM IP PM OP 

AM 1 2 3 4 

IP 5 6 7 8 

PM 9 10 11 12 

OP 13 14 15 16 

 

O\I AM IP PM OP 

AM 1 2 3 4 

IP 5 6 7 8 

PM 9 10 11 12 

OP 13 14 15 16 

 

O\I AM IP PM OP 

AM 1 2 3 4 

IP 5 6 7 8 

PM 9 10 11 12 

OP 13 14 15 16 

 

O\I AM IP PM OP 

AM 1 2 3 4 

IP 5 6 7 8 

PM 9 10 11 12 

OP 13 14 15 16 

 

 

Figure 25. FWPP Time Period Tour Grid   



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 208/ 298 

 

 
Figure 26. FWPP Model Coverage: Aberdeen City Centre 

12.3 FWPP Outputs 

12.3.1 The outputs 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). 

12.3.2 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 parking and will be available by 
time period and direction. 

12.3.3 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. 

12.3.4 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 via the Pdist model 
and assigned to a specific car parking (car park) zone (outwith the main demand model zones). 

12.4 FWPP Observed Data 

12.4.1 Despite the widespread use of private non-residential parking by commuters, there is very 
little recent data available that records either workplace parking capacity or day-to-day 
occupancy within Aberdeen city centre.  Undertaking private non-residential surveys is also 
challenging and relatively onerous, as car parks are often hidden from view and require 
specific permission from occupants to survey. 
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12.4.2 To overcome this for ASAM19, an estimate of the level of private non-residential parking in 
the city region was obtained from an Aberdeen City Council Parking Strategy Report 
(08/08/2011). This report estimated the total number of private non-residential parking 
spaces in zones of the Aberdeen City Controlled Parking Zone (CPZ), industrial estates and 
other significant locations during 2011. The controlled parking zones are labelled 
alphabetically by the city and divided into the Inner Central Zones, Outer Central Zones, and 
Peripheral Zones. A map of these zones is detailed in Appendix T. 

12.4.3 Using GIS, the ASAM zones of the city region were assigned to the relevant alphabetical CPZ, 
often with multiple ASAM zones falling within one CPZ.  The estimated number of spaces per 
CPZ was then distributed to each of the central ASAM zones. 

12.4.4 These FWPP assumptions were used alongside the TELMoS18 Employment Forecasts (Zonal 
Jobs) for 2018, to estimate the overall parking capacity available within each city centre zone.  
The TELMoS employment data was used as a check using the known number of jobs (and to 
adjust where relevant) the parking capacity of each zone.   This step was used to review the 
modelling has an appropriate balance of supply and demand at the zonal level and ensure 
relevant overcapacity issues are represented.  The total modelled capacity of free workplace 
parking included within Aberdeen City Centre was 7,882 spaces. 

12.5 FWPP Calibration 

12.5.1 The ASAM19 FWPP outputs are summarised in Table 93, and also included in Appendix T.  This 
shows the estimated FWPP capacity for each CPZ area (i.e. groups of model zones), the rate 
of parking spaces per job (dependent on area), and the modelled parking occupancy.  

Table 93. FWPP Occupancy within Aberdeen City Centre (Spaces/Vehicles) 

PARKING 
AREA 

SPACES 
PER JOB 

FWPP 
CAPACITY 

OCCUPANCY (VEH) 
AM          IP          PM 

FWPP OCCUPANCY  
AM          IP          PM 

Inner CPZ 0.09 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% 

.ƭŀƛƪƛŜΩǎ vǳŀȅ 0.60 359 138 135 23 38% 38% 6% 

Albert Quay 1.09 359 138 135 23 38% 38% 6% 

Total  7,882 5,934 5,341 973 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 (10:00), with occupancy reducing to 68% for Outer zones, 
and 51% for the Peripheral located zones.  Parking occupancy reduces throughout the Inter 
peak, and by the end of the PM Peak time period (19:00) occupancy in the Inner zones has 
reduced to 16% and 9% in the Peripheral zones. 
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12.5.3 For zones where the number of commuter vehicles are in excess of capacity, excess motorists 
ǿƛƭƭ ōŜ ŦƻǊŎŜŘ ǘƻ ŜƛǘƘŜǊ ŎƘŀƴƎŜ ƳƻŘŜ κ ŘŜǎǘƛƴŀǘƛƻƴΣ ƻǊ ǳǎŜ ŀ ΨǇŀƛŘ ŦƻǊΩ ǇŀǊƪƛƴƎ ǎǇŀŎŜ 
represented within the parking distribution modelling. 

12.5.4 The modelled occupancy within Aberdeen city 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 day.  i.e. reflecting a key assumption that where businesses choose 
to purchase city centre office space which provide free workplace parking spaces, the spaces 
are generally fully utilised by employees.   

12.5.5 Users should note the limited availability of observed private non-residential parking data and 
therefore the uncertainty associated with FWPP parking capacity inputs and validation of 
occupancy levels.  The data sets available are also now quite dated, and may not represent 
new parking or changes to parking supply associated with new developments.  These data 
limitations should be considered during model application and as part of future updates. 
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13. PARKING DISTRIBUTION 

13.1 Introduction 

13.1.1 This Chapter discusses the parking distribution model, describing the inputs, processes, 
observed data sets and level of calibration achieved within ASAM19. 

 
Overview 

13.1.2 Demand models 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 areas) to allow 
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 the rest of their 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 The ASAM19 parking distribution model (Pdist) was developed to provide a mechanism within 
the demand model to represent the average cost and search time of parking in different 
areas/zones within Aberdeen City Centre.  The process also provides parking capacity 
restraint, (with higher costs attributed as car parks reach capacity) and 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 within Aberdeen city 
centre controlled parking areas.  These trips are then assigned to specific car parking zones. 

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

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 parking, which are represented within the ASAM FWPP modelling.   

13.1.8 The parking modelling follows the same processes as applied in TCRTM.  The ASAM parking 
model represents: 

º Car parking capacity, charges and occupancy at specific car parks or groups of car parks, 
covering Aberdeen city centre; 
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º Distribution choice between car parks, with a search time cost mechanism applied if 
car parks are nearing capacity; 

º tǊƻǾƛŘŜǎ ŦƻǊ ŀ ǎŜǘ ƻŦ ΨƴƻƳƛƴŀƭΩ ŦǊŜŜ ƻƴ-street parking areas around the periphery of the 
city centre; and  

º Segmentation of compliant and non-complaint vehicle fleets. 

13.2 Parking Coverage & Observed Data 
 
Parking Distribution Coverage 

13.2.1 The geographical coverage of the Aberdeen parking distribution model is shown in 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 included in the city 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 
ƭƛǎǘ ƻŦ ΨŦƛƴŀƭ ŘŜǎǘƛƴŀǘƛƻƴ ȊƻƴŜǎΩΦ  ¢ƘŜ zone number of free parking areas are included within 
the coverage maps. 

13.2.3 Large car parks are represented as separate model zones.  Some smaller car parks are 
combined with other car parks within similar areas of the city centre and are represented by 
a model zone.  The list of car parks and parking attributes, (including parking type, capacity 
and calculated parking charge per hour) for the Aberdeen city area are described in Table 94. 

 
Parking Occupancy Data 

13.2.4 Observed parking occupancy data for Aberdeen off street car parks was provided by Aberdeen 
City Council for March ς June 2020.  Only the five day average occupancy for March 2020 was 
used to create ASAM19 observed data comparisons (to avoid data being impacted by 
subsequent Covid19 lockdowns).  The survey provided hourly data for the following car parks: 

º Denburn; 
º Bon Accord ς Loch St; 
º Bon Accord ς Harriet St; 
º College St; 
º West North St; 
º Trinity Mall; and 
º Gallowgate. 

13.2.5 For off street car parks where no recent observed data was available, occupancy data from 
the previous ASAM14 was utilised.  This covered the following car parks: 

º Chapel St & Summer St; 
º Union Square; 
º IQ car park; 
º Ship Row; and 
º Frederick St & Virginia St. 
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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 were -17.3% for the AM time period,  
and -23.5% for the IP time period and -30.8% for PM time period.  The off Peak occupancy 
was calculated at 15% of available capacity, (based on % occupancy for this time period of car 
parks where data was available in 2020). 

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 
assumptions for the central CPZ as 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 following occupancy assumptions for the PM Peak and OP: 

º Inner Central: 63% PM Peak, 27% OP; 
º Outer central: 53% PM Peak, 23% OP; and 
º Peripheral: 40% PM Peak, 17% OP. 

13.2.10 These assumptions were applied to the on street capacity figures for the CPZ to derive the 
target occupancy figures for each zone. 

13.2.11 Six free peripheral zones were created for ASAM19, covering the South, Southwest, West, 
Northwest, North, and East. Occupancy figures were derived the same way as the CPZ, by 
applying factors to the capacities as follows: 

º Peripheral free: 67% AM Peak, 83% Inter Peak, 55% PM Peak, 24% OP. 

13.2.12 A full, consistent and recent coverage of parking occupancy data was unavailable during the 
development of ASAM19, and therefore best use has been made of available data to ensure 
an appropriate representation of parking in the base year modelling.  These 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 ASAM14 for off street and on street car parks as (paid 
for) available parking supply in the city centre was believed to remained consistent between 
2014-2019.     

13.2.14 Parking prices for on and off street car parking were collated from web based pricing searches 
and calculated into a set of hourly charges for each car park, 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 were represented as groups, an average price across 
the relevant car parks was applied for the model car park zone. 

13.2.15 Free parking zones around the periphery of the city centre were allocated a consistent 
capacity of 180 spaces each and a nominal parking charge of 25p (reflecting that motorists 
may need to pay from time-to-time if unable to find a free space). 

Table 94. Aberdeen City Centre Car Park Attributes 

Car Park Type Zone Charge per 
hour 

Capacity 
(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 

IQ Off Street 994 £1.38 260 

Ship Row Off Street 995 £3.38 365 

Frederick St & Virginia 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 £0.25 180 

Southwest (Free) Peripheral  1012 £0.25 180 

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. Aberdeen City Centre Parking Distribution Coverage 

13.3 Parking Distribution Inputs 

13.3.1 The inputs to Pdist process are the car demand trip matrices from Mode and Destination 
/ƘƻƛŎŜ ό.ǳǎƛƴŜǎǎΣ ƻǘƘŜǊ ŀƴŘ ǊŜǘƛǊŜŘ ǘǊŀǾŜƭ ǇǳǊǇƻǎŜǎύ ŀƴŘ ǘƘŜ ΨŜȄŎŜǎǎΩ ŎƻƳƳǳǘŜǊ ǘǊƛǇǎ ŦǊƻƳ ǘƘŜ 
Free Workplace Parking model.  These are represented for each simple tour. 

13.3.2 In addition, a csv file is used to input the coverage of the city centre parking model, detailing 
the car park zones, number of spaces available at each specific car park zone, the associated 
parking charges and catchment area.  The structure of this file is defined in Table 95. 

Table 95. Parking 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 / 
OP_Attr  

Generalised 
Cost 

Time period attraction factor for each car park zone, 
applied to calibrate base year level of parking trips  

Origins Zone Catchment: Full list of demand model zones (1-960) 

Destinations Zone City Centre Parking Distribution catchment (List of 
Aberdeen City Centre Demand Model Zones only) 
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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 for each 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: 

º The difference between the middle of each peak where duration spans across time 
periods; 

º Half of the 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; 

º For OP, only an additional 1.5 hours is assumed to reflect that generally parking is not 
charged overnight. A one hour duration is assumed for short trips within the evening;  

13.3.5 Tour durations are described in Table 96 for each of the 16 tours. 

Table 96.  Parking Distribution Tour Durations: Hours  (Calculation of Parking Charges) 

TIME PERIOD AM IP PM OP 

AM 1.5 4.5 9 10.5 

IP 0 3 4.5 7.5 

PM 0 0 1.5 4.5 

OP 1.5 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 
Dir}\Params\PDist_Params.txt, which includes definitions provided in Table 97. 

Table 97. Parking Distribution Parameter Values 

PARAMETER DESCRIPTION DEFAULT VALUE 

Occupancy Average car occupancy for PDist users 1.44 

Gradient Gradient for the search time function 0.15 

Value of Time 
Value of Time used across all user classes for 
calculating parking charge (for site choice only) 

12.87  
(Commute) 

Alpha Weight applied to car costs 1 

Gamma Weight applied to walk costs 1 
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PARAMETER DESCRIPTION DEFAULT VALUE 

Lambda Spread parameter for the logit model -0.12 

Grad_Start Starting point for the search time function 0.5 

PDist_MinST Minimum car park space search time 0.5 minutes 

PDist_MaxST Maximum car park space search time 16 minutes 

PDist_ChurnUplift_AM 

Ψ/ƘǳǊƴΩΥ ¦ǇƭƛŦǘ ƻŦ ǎƛǘŜ ǇŀǊƪƛƴƎ ŎŀǇŀŎƛǘȅ ǘƻ ǊŜŦƭŜŎǘ 
users entering and exiting car parks and 
effectively providing additional available spaces 
within a time period 

1.2 

PDist_ChurnUplift_IP 1.6 

PDist_ChurnUplift_PM 1.6 

PDist_ChurnUplift_OP 2.9 
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13.4 Parking Distribution Framework 

13.4.1 Parking distribution sits within the choice model.  The position of the choice model within the 
overall ASAM structure is illustrated in Figure 28.  Parking distribution is situated within the 
choice modelling framework illustrated within Figure 29. 

 

Figure 28. ASAM19: Overall Model Structure 

 

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 the demand model.  
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 fixed until the point 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 model to determine car park choice. 

13.4.6 Therefore the trips that enter the parking distribution model are representative of: 

º Car end to end trips, with the trip terminating at their ultimate choice of destination 
(place of work for instance); and 

º 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.  It is also used to adjust the average road cost 
to represent any extra charges, changes to search time and any additional time required to 
complete their journey (on foot and driving to a car park). 

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 destination is not added 
to any of the assignment matrices. 

13.5 Parking Distribution Processes 

13.5.1 The Parking Distribution model can be considered as a number of simplified stages, with 
interactions between each component as shown in Figure 30, and 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 choices, the sheer scale of 
individual travel purpose calculations would lead to extensive model runtimes (particularly as 
the ASAM19 model is also segmented for compliant and non-compliant vehicle fleets). 



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 220/ 298 

 

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 non-compliant emission categories, and therefore restrict access to relevant 
car parks for non-compliant 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 travel purposes at the 
end of the parking processes. 

 

 

Figure 30. Parking Distribution Model Stages 

 
Loop Initiation 

13.5.5 As noted in Figure 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: 

º Initial site demand by tour (set to zero for all sites to imply nobody is parking there);  
º Initial unallocated OD demand by tour; and 
º 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 shown in Figure 31. 
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Figure 31. Parking Distribution Demand Derivation 

13.5.7 Figure 31 shows 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 order, along 
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 to calculate 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.  Availability clearly 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 shown in Table 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 (OP-OP and OP-AM,IP,PM tours).  So occupancy 
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 98. Tour Demand Impacts on Time Periods in Parking Distribution 

Demand Seeking Access at beginning of 
Time Period 

Demand at End Of Time Period 

  

AM ς grey fill, IP ς blue fill, PM ς orange fill, OP ς green fill 

13.5.13 Demand is compared against the number of spaces, and where vehicles exceeds available 
capacity only a proportion 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: 

ὃὧὧὩίί ὖὶέὴέὶὸὭέὲ  άὭὲὭάόάρȟ
ὃὺὥὭὰὥὦὰὩ ὛὴὥὧὩί

Ὕέὸὥὰ ὈὩάὥὲὨ
 

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 that the overall demand cannot 
exceed the number of available spaces.  Demand at this point is split into: 

º Frozen trips, who found a parking space and no longer have any decisions; and  
º 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 reduce every round until a 
specific convergence criteria is met. 

 
Stopping Criteria 

13.5.16 The stopping criteria for the parking distribution model are as follows: 

º There is no remaining unallocated demand; 
º There is no available capacity; or 
º 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 available parking capacity remaining, then the maximum level of parking demand 
is allocated and therefore running further loops would not be worthwhile.  As the parking 
model includes representation of free on-street parking just outside the controlled parking 
areas, the model is thought to have sufficient capacity for this criteria not to occur.  This 
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 reduce parking demand.   

13.5.20 The maximum loop number is included to stop the model from becoming stuck and should 
be set to a reasonably high number.  Within 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 A logit approach is applied to distribute trips which compares the utility of all relevant choices 
and then allocates a proportion of parking trips to each choice.  This calculates the set of zones 
considered for Parking Distribution on that loop ς on the first loop all zones are considered, 
but on subsequent loops and time periods, zones which are at capacity will be removed from 
the choice set. 

13.6.2 Utility in this element of the model is defined as: 

Ὗ ȿ ‌Ὑ ‎ ὛὝὭάὩὅὬὥὶὫὩ 

13.6.3 Where: 
Ὗ ȿ  is the utility for trips between i and j via site s; 

Ὑ  is the road cost by tour (road skims only) origin i and site s; 
ὡ  is the walk cost by tour to travel between site s and destination j; 

ὛὝὭάὩ is the search time in generalised minutes based on occupancy defined; and 
ὅὬὥὶὫὩ is the personal charge. 

13.6.4 The personal travel charge is defined as: 

ὅὬὥὶὫὩφπz ὖὅ ὨόὶὥὸὭέὲȾςz ὕὧὧȾὠὕὝ 

13.6.5 Where: 
ὖὅ is the parking charge for site s in pounds per hour; 
ὨόὶὥὸὭέὲ is the length of stay as defined by the tour duration grid; 
ὕὧὧ is the occupancy factor; and 
ὠὕὝ is 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: 

ὖ ȿ  
Ὡ ȿ

В Ὡ‗Ὗ ȿᶰ
 

13.6.7 Where: 
ὖ ȿ  is the proportion of trips between i and j via site s; 

‗ is the spread parameter for Parking Distribution; and 
Ὓ is 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 Search Time Cost 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: 

ὛὝὭάὩὋὶὥὨρππὓὃὢπȟὓὍὔρȟ
ὕὧὧὅὥὴzὋὶὥὨ

ὅὥὴρ ὋὶὥὨ
 

13.7.2 The values for MAX, ὋὶὥὨ and ὋὶὥὨ  are provided in the Pdist Params file and the 
capacity (ὅὥὴ) is defined within the input car park site file.  The range of search time 
generalised costs produced by this function are shown in Figure 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 (OP-OP and OP-AM,IP,PM).  So occupancy is set to zero at 0700, for cost calculations.  
/ŀǇŀŎƛǘȅ ƛǎ ƛƴŎǊŜŀǎŜŘ ōȅ ŀ άŎƘǳǊƴέ ŦŀŎǘƻǊ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŜȄǘǊŀ ǎǇŀŎŜǎ ƳŀŘŜ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ 
users exiting and exciting car parks within an actual time period. 

 

Figure 32. ASAM19 Search Time Function (Default Parameters) 

13.8 Aggregation of Parking Trips & Parking Costs 

13.8.1 The Ψaggregation of tripsΩ process expands the OD parking trips (which are now set out by car 
and walk mode legs, travelling via intermediate car parks) by using the proportional split of 
travel purposes derived earlier.  This expansion calculation is undertaken on zonal OD basis. 
Parking movements are then combined from relevant tours into time periods for assignment 
by travel purpose. 

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.  This alters the 
total road cost to reflect where people park, charges paid, parking availability and relevant 
search times.  Conversion of parking charges into generalised costs are linked to specific VoT 
values, so forecast values of time are taken into account for forecasting.  
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13.9 Parking Distribution Calibration 

13.9.1 This section describes the calibration of the Aberdeen parking distribution models. 

13.9.2 Car park usage data is output from ASAM19 as a set of person trips for each car park and tour.  
Modelled person trips are factored by a value of 1.44 (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: 

º AM Peak 1000:  83% Tours 1, 2, 3, 4 
º Inter Peak 1300:  63% Tours 2, 3, 4, 5, 6, 7, 8 
º PM Peak 1600:  63% Tours 3, 4, 7, 8, 11, 12 
º Off Peak 1900:  34% Tours 4, 8, 12, 13, 14, 15, 16 

13.9.3 The ASAM19 calibration comparisons (and over capacity / search time mechanism) are set up 
to incorporate all (tour) users that may potentially use a car park within a time period.  A 
άŎƘǳǊƴέ ŦŀŎǘƻǊ ƛǎ ŀǇǇƭƛŜŘ ǘƻ ǳǇƭƛŦǘ ǇŀǊƪƛƴƎ ŎŀǇŀŎƛǘȅ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ŜŦŦŜŎǘƛǾŜ ŀŘŘƛǘƛƻƴŀƭ 
capacity made available by users that enter and exit a car park within a given time period.  
This ensures the overcapacity calculations do not incorporate excessive search times when 
free parking capacity is likely to be available.   

13.9.4 The Churn uplift factors (described in 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 providing an appropriate (and non-excessive) search  time at 
busy city centre car parks. 

 
Modelled Car Park Occupancy 

13.9.5 Table 99 describes the overall car park vehicle occupancy comparisons.  The table compares 
the total occupancy across all (paid for) off street and on street car parks within the controlled 
areas and ΨŦǊŜŜΩ ǇŜǊƛǇƘŜǊŀƭ ǇŀǊƪƛƴƎ areas.  Detailed comparisons for each set of car park types 
and individual car parks is described in Appendix U. 

Table 99. Aberdeen City Centre Car Parking Occupancy Comparison (PDist - Vehicles) 

TOTAL CAR PARKING 
OCCUPANCY 

PARKING 
CAPACITY 

AM PEAK 
1000 

INTER PEAK 
1300 

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

13.9.7 These comparisons suggest that the Aberdeen parking distribution modelling contains a 
slightly higher level of parking trips compared to survey data, but is generally in-line with the 
overall magnitude of city centre parking activity.  Therefore, the parking calibration achieved 
is considered reasonable, and 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 confidence in parking outputs at the disaggregate 
individual car park level, and users should consider carefully detailed outputs during model 
application. 

13.9.8 The parking model performs two main functions: 

º Allocate an appropriate level of road trips to specific car parks; and 
º Feedback parking costs and search times into the demand model. 

13.9.9 An overestimate of car parking levels will impact the calibration of specific car park usage, but 
may not necessarily impact road model flow calibration, as these motorists may be accounted 
for through non-home based trips (non-simple 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 observations (within 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 tour proportions 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 centre motorists, particularly when 
paying an hourly charge, may be inclined to park for a shorter period of time and minimise 
the parking cost (compared to model-wide average tour proportions). 
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14. TRIP END MODEL 

14.1 Introduction 

14.1.1 This Chapter documents the ASAM19 trip generation model structure, processes and data 
sets which is developed to inform the following outcomes: 

º Calculation of all modes trip ends from TELMoS18A planning data inputs; 
º Extraction of external trips from the higher level TMfS18A national model; 
º Construction of base year trip matrices for light and heavy goods vehicles; and 
º Forecasting goods vehicle trips from TELMoS18A commodity matrices. 

14.1.2 ¢ƘŜ !{!aмф ¢ǊƛǇ 9ƴŘ ǎǘǊǳŎǘǳǊŜ ƛƴŎƭǳŘŜǎ ǳǇŘŀǘŜŘ ƳƻŘŜƭƭƛƴƎ ƻŦ άƻƴŜ-ǿŀȅέ ǘǊƛǇǎΦ  ¢Ƙƛǎ ǎǘǊǳŎǘǳǊŜ 
models from and to home trips and parameters separately to provide a more detailed 
representation of trip direction within each modelled time period.   

 
TELMoS18A Planning Data Sets 

14.1.3 For ASAM19, the planning data inputs which trip ends are derived from are supplied from the 
new TELMoS18A version (Transport and Economic Land-use Model of Scotland).  These 
contain the standard household, population, employment and car availability data, but 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.  TELMoS18A planning data is provided and input using the ASAM19 
zoning system. 

14.1.4 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  

14.1.5 The demand model requires 24 hour trip ends which are used to define travel activity for four 
different time periods: 

º AM Peak (07:00 ς 10:00); 
º Inter Peak (IP, 10:00 ς 16:00); 
º PM Peak (16:00 ς 19:00); and 
º Off-peak (OP, 19:00ς 07:00). 

14.1.6 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.   The off-peak period covers travel 
within the remainder of the day, and ensures the whole of a typical weekday is captured 
within the trip end and demand modelling. 

14.1.7 ¢ƘŜ ŎƻǊŜ ¢ǊƛǇ 9ƴŘ ƻǳǘǇǳǘǎ όΨ5ŜƳŀƴŘ aƻŘŜƭ ƛƴǇǳǘǎύ ŀǊŜ ƎŜƴŜǊŀǘŜŘ ŀǘ ǘƘŜ нпƘǊ ƭŜǾŜƭΦ  ¢ƘŜ ƎƻƻŘǎ 
ǾŜƘƛŎƭŜ ŀƴŘ ¢aŦ{му! ŀǎǎƛƎƴƳŜƴǘ ŜȄǘŜǊƴŀƭ ƳƻǾŜƳŜƴǘ ΨŀŘŘ-ƛƴΩ ƳŀǘǊƛŎŜǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ōȅ ǘƛƳŜ 
period and are representative of an average peak hour.  External and good vehicle processes 
do not consider the off peak period as TMfS18A only covers a 12 hour time period. 
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Travel Modes 

14.1.8 The ASAM demand model contains a mode choice which considers five distinct modes: 

º Car; 
º PT; 
º Park and Ride; 
º Walk; and 
º Cycle. 

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 aspect of its 
modelling.  

 
Tours and Trip Types 

14.1.11 Fundamental to the derivation of trip ends in this structure is 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: 

º Simple tour From Home productions; 
º Simple tour From Home attractions; 
º One-way (non-simple tour) from home origins; 
º One-way (non-simple tour) from home destinations; 
º One-way (non-simple tour) to home origins; 
º One-way (non-simple tour) to home destinations; 
º Non- home-based origins; and 
º Non- home-based destinations. 

14.1.12 The Ψsimple To HomeΩ levels of trip-making are 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 considered: 

º Home-ōŀǎŜŘ ŜƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎ ό9atύΤ 
º Home-based commuters (COM); 
º Home-based other (OTH) ς retail, leisure, tertiary education, escort to education; 
º Home-based education (EDU) ς Primary & Secondary Pupils; 
º Non-Home-ōŀǎŜŘ ŜƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎ όbI.9.ύΤ ŀƴŘ 
º Non-home-based other (NHBO). 
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14.1.14 Other here is considered a catch-all for any purposes which do not specifically fall into the 
other three categories (i.e. representing other retail, health and leisure discretionary 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 100 provides a summary for how each different purpose, socio-economic 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 One-way from home 

11 COM Non-Retired Car available One-way from home 

12 COM Non-Retired No car available One-way from home 

13 OTH Non-Retired Car available One-way from home 

14 OTH Non-Retired No car available One-way from home 

15 EDU Non-Retired Car available One-way from home 

16 EDU Non-Retired No car available One-way from home 

17 ALL Retired Car available One-way from home 

18 ALL Non-Retired No car available One-way from home 

19 EMP All All Non-home-based 

20 Not EMP All Car available Non-home-based 

21 Not EMP Non-Retired No car available Non-home-based 

22 EMP Non-Retired All One-way to home 

23 COM Non-Retired Car available One-way to home 

24 COM Non-Retired No car available One-way to home 

25 OTH Non-Retired Car available One-way to home 

26 OTH Non-Retired No car available One-way to home 

27 EDU Non-Retired Car available One-way to home 

28 EDU Non-Retired No car available One-way to home 

29 ALL Retired Car available One-way to home 

30 ALL Non-Retired No car available One-way to home 

  



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 230/ 298 

 

 

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: 

º Initial trip ends; 
º Road subarea; 
º PT subarea; 
º External PnR; 
º Goods vehicles; 
º Final trip ends; 
º Add-in matrix creation; and 
º Special Zones (for any unique forecasting scenarios where further fixed demand is to 

be included into the add-in matrices). 

14.2.2 These elements are arranged as shown in Figure 33 which highlights dependencies between 
modules (i.e. where a module requires an input from a separate element rather than from 
another input). 

 

Figure 33. Trip End Model Structure 
 

Goods Vehicles Add - in Creation 

Initial Trip Ends 
TELMoS:18A 
Planning Data 

Special Zones 
Base Year  

Data 

Road Subarea 
TMfS:18A 

Road Data 

PT Subarea Final Trip Ends 
TMfS:18A  
PT Data 

External PnR 
TMfS:18A 
PnR Data 
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Inputs 

14.2.3 The large range of model inputs can essentially be broken down into four different categories: 

º Base year data which contains data from the base year ASAM model; 
º TELMoS18A data which defines internal zonal population, household, and jobs land use 

data, and details worker type (i.e. remote and Quasi workers and those that commute); 
º TMfS18A road data, which includes all external data required from an existing TMfS18A 

model run and allows an road subarea assignment process to be undertaken;  
º TMfS18A Public Transport data, which includes all external data required from a 

TMfS18A run and forms a pseudo-subarea assignment process for PT; and 
º TMfS18A PnR data, which includes all external data required from a TMfS18A run and 

allows relevant PnR legs to be included within ASAM19. 
 

Outputs 

14.2.4 The outputs are the final trip ends which reflect 24 hour internal trip ends by demand segment 
and differentiated by simple and non-simple tours. 

14.2.5 In addition, a series of time period specific assignment add-ins specifying trips by mode and 
user class is produced, which accounts for trips which are not modelled within the demand 
model. 

14.3 Initial Trip Ends: Inputs, Trip Rates, Car Availability, Outputs 

14.3.1 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 calibration to generate the overall level of observed 
travel activity within the North East area of Scotland.  The initial trip ends are then calculated 
by applying these calibrated trip rates to the TELMoS18A planning data.  

 
Planning Data 

14.3.2 The major input to the Trip End Model is the planning data provided from TELMoS18A, 
consisting of two files detailing population data and employment attraction data for a 
¢9[aƻ{му! нлмф ŦƻǊŜŎŀǎǘ ȅŜŀǊ ό¢9[aƻ{ L5 Ψ¸5мΩύΦ  These population and jobs data now 
distinguish between those commuting, remote workers and quasi workers by modelled zone 
(Quasi workers are those that do not tend to have a fixed place of work).  

14.3.3 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: 

º Children; 
º Males in full time employment - commuting; 
º Males in part time employment - commuting; 
º Females in full time employment - commuting; 
º Females in part time employment - commuting; 
º Males in full time employment ς remote workers; 
º Males in part time employment - remote workers; 
º Females in full time employment - remote workers; 
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º Females in part time employment - remote workers; 
º Males in full time employment ς quasi workers; 
º Males in part time employment - quasi workers; 
º Females in full time employment - quasi workers; 
º Females in part time employment - quasi workers; 
º Males non-working; 
º Males retired; 
º Females non-working; and  
º Female retired. 

14.3.4 In addition the following person types are included within the TELMoS population data set, 
but are not used within the calculations of the ASAM19 Trip End model (these data are 
superseded by the more detailed remote and quasi worker categories): 

º Males in full time employment ς work at home; 
º Males in part time employment ς work at home; 
º Females in full time employment ς work at home; and 
º Females in part time employment ς work at home. 

14.3.5 The household types are: 

º 1 adult household with no Car; 
º 1 adult household with one or more Cars; 
º 2 adult households with no Car; 
º 2 adult households with one Car; 
º 2 adult households with two or more Cars; 
º 3+ adult households with no Car; 
º 3+ adult households with one Car; and 
º 3+ adult households with two or more Cars. 

14.3.6 The TELMoS18A activity data provides information on the number of households and various 
types of employment, under 92 categories of land use - which for the purposes of the Trip 
End model are grouped into the following categories: 

º Households; 
º Employment; 
º Agriculture and fishing; 
º Retail; 
º Hospitality; 
º Local financial; 
º Education; 
º Health and social services; 
º Services; 
º Industrial; 
º Business; and 
º Holiday. 

14.3.7 Two employment files are used within the Trip EƴŘ ƳƻŘŜƭΦ ¢ƘŜ Ψ!±½bΩ ΦŘŀǘ ŦƛƭŜ Ŏƻƴǘŀƛƴǎ ǘƻǘŀƭ 
ǉǳŀƴǘǳƳ ƻŦ ŜƳǇƭƻȅƳŜƴǘΣ ŀƴŘ ǘƘŜ ΨǘŀǾΩ ΦŎǎǾ  ŦƛƭŜ Ŏƻƴǘŀƛƴǎ ŀƭƭ ŜƳǇƭƻȅƳŜƴǘ ǘƘŀǘ ǊŜŦƭŜŎǘǎ ǘƘŜ 
reduced number of jobs with working from home (remote worker) jobs taken into account.  
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14.3.8 These base and future year forecasting files and activities are available from TELMoS18A in a 
compatible ASAM19 zone 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 ASAM19 zone 
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 year base 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. 

14.3.11 ¢ƻ ŜƴǎǳǊŜ ŎƻƴǎƛǎǘŜƴŎȅ ǿƛǘƘ ǘƘŜ 5Ŧ¢Ωǎ bŀǘƛƻƴŀƭ ¢ǊƛǇ 9ƴŘ aƻŘŜƭ όb¢9aύ ǘǊƛǇ ǊŀǘŜǎΣ ǇŜǊǎƻƴ ǘȅǇŜǎ 
need to be expanded out to consider students separately.  These are estimated as a 
proportion of part-time workers and non-working persons, with the proportions consistent 
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.  

14.3.12 ¢ƘŜ b¢9a ǊŀǘŜǎ ƘŀǾŜ ǘƘŜƴ ōŜŜƴ ŀŘƧǳǎǘŜŘ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ Ψ9ŘǳŎŀǘƛƻƴΩ ǘǊƛǇǎ 
(under ASAM19 purpose definitions) are only undertaken by children under 16; for all other 
person types these trips have been transferred to the ΨhǘƘŜǊΩ travel purpose category.   

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 shown in Figure 34, 
Figure 35 and Table 101).  To allocate specific trip rates, each modelled zone is given a flag for 
ΨŀǊŜŀ ǘȅǇŜΩ ǿƘƛŎƘ ŘŜŦƛƴŜǎ ǿƘƛŎƘ ǎŜǘ ƻŦ ǇǊƻŘǳŎǘƛƻƴ ǘǊƛǇ ǊŀǘŜǎ ŀǊŜ ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ŀ ƎŜƻƎǊŀǇƘƛŎŀƭ 
area. It is not expected these identifiers would be changed within test scenarios, although 
they can be if required, and would need to be considered for the use of spare zones during 
forecasting.  bƻǘŜ ǘƘŀǘ !ǊŜŀ ¢ȅǇŜǎ ΨƻƴŜΩ ŀƴŘ ΨǘǿƻΩ ŀǊŜ ƴƻǘ ǳǎŜŘ ǿƛǘƘƛƴ !{!aмфΦ 

14.3.14 Trip rates for the four home-based travel purposes were initially applied based on standard 
NTEM trip rates (Version 7.2) to produce productions by zone, person type, and household 
type. Commute and business trip rates firstly required adjustment to cater for the new remote 
worker category.  Remote workers were given a zero commuter and business trip rate 
(reflecting that they mainly work from home), and the commuter and business trip rate was 
subsequently increased to account for the proportion of remote workers (approximately +8% 
uplift).  A weekend adjustment was applied to establish trip ends for weekday trips only.  

14.3.15 NTEM trip rates were then adjusted in detail through calibration to generate the overall level 
of observed road and PT travel activity within the North East area of Scotland.  The 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 were adjusted to generate trip 
ends where the overall level of road and PT travel activity generally 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 rates in ASAM19 forecasting is currently set up with commuter trip rates 
remaining stable over time, as future changes to the level of remote workers are input using 
the TELMoS18A planning data.  However, forecast year trip rates are currently reduced within 
the Trip End model to reflect a reduction in business trips due to teleconferencing etc.  Other 
trip rates would need to be altered to represent potential changes to the level of other types 
of trip making (i.e. associated with retail trips / home deliveries etc).  

 

Figure 34. Production Trip Rates Geographical Area Type Categories 
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Figure 35. Production Trip Rates Geographical Area Type Categories (Central) 

Table 101. NTEM Area Type Category Descriptions 

AREA DESCRIPTION NTEM DESCRIPTION NTEM 
AREA TYPE 

Aberdeen City Centre Metropolitan 3 

Central Aberdeen Urban Big 4 

Aberdeen Suburbs Urban Large 5 

Aberdeenshire, Rural and good PT Access Urban Medium 6 

Small Towns with Bus Access Urban Small 7 

Rural ς no significant settlement, less access Rural 8 
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Car Availability 

14.3.17 Car availability is used to distinguish traveller types as it has a considerable impact on mode 
choice.  This is derived based on household car ownership contained in the TELMoS18A 
planning data and survey type.  Future year changes in car availability are also input through 
the TELMoS18A household 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 particular household car ownership category.  
The underlying assumptions to convert car ownership to Car Available (CAV) and Non-Car 
Available (NCA) include: 

º If a household does not have any cars, there is no car available for any of the trips made 
by members of that household, and the NCA proportion is therefore 100%; 

º If the number of cars per household is greater or equal to the number of adults in the 
household, it is assumed to have 100% car availability, and the NCA proportion is zero; 

º For the remaining households, the proportion of trips that are deemed car available is 
dependent on purpose to reflect that in practice certain purposes will prioritise the use 
of car over others.  A CAV (and NCA) proportion is therefore applied if the number of 
cars is less than the number of adults in the household as described in Table 102 (i.e. 
2+ person, 1 Car households).  These figures are input for each zone within an area 
type. 

14.3.19 The car availability likelihoods in Table 102 are 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 alternative 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 arrangements 
ǘƘŀǘ ŎŀƴΩǘ ōŜ ƳƻŘŜƭƭŜŘ ƘŜǊŜΦ  ¢ƘŜǎŜ ŀǎǎǳƳǇǘƛƻƴǎ ŦǳƭŦƛƭ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘ ƻŦ ŜƴǎǳǊƛƴƎ ŀ 
reasonable split and all car available population is accounted for within the trip ends. 

Table 102. Car Availability Likelihoods: CAV Conversion Proportions 

AREA DESCRIPTION AREA ID EMP COM OTH EDU 

Aberdeen City Centre 3 77.5% 80% 67.5% 27.5% 

Central Aberdeen (within Anderson Dr) 4 80% 82% 70% 32.5% 

Aberdeen Suburbs (Outwith Anderson Dr) 5 82.5% 85% 75% 35% 

Aberdeenshire, Rural Towns & good PT access 6 82.5% 85% 75% 45% 

Small Towns with 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:  

º Home-ōŀǎŜŘ ŜƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎΤ 
º Home-based commute; 
º Home-based other; 
º Home-based education;  
º Non-home-based Employers Business; and 
º Non-home-based Employers Other.  

14.3.21 Table 103 provides the attraction rates for each purpose and employment category applied 
within the ASAM19 Trip End model.  Home based attraction rates are derived from NTEM 7.2 
and adjusted based on road and public transport calibration comparisons (the education 
journey purpose is defined as pupil trips to school). 

14.3.22 Non-home based attraction rates are initially taken from the earlier SRTM (and TCRTM 
modelling), which originally derived these rates using mobile phone data covering the 
Strathclyde area.  As non-home based rates are not differentiated by trip purpose, the split of 
non-ƘƻƳŜ ōŀǎŜŘ ŀǘǘǊŀŎǘƛƻƴǎ ōŜǘǿŜŜƴ ŜƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎ ŀƴŘ ƻǘƘŜǊ ǇǳǊǇƻǎŜǎ ƛǎ ƭƛŦǘŜŘ from 
the home-based split for these two travel purposes.   

14.3.23 Home based and non-home 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 undertaken to 
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 uplifted to 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 rate data to represent non-home based travel activities in 
less detail generally increases uncertainty associated with the level of non-home 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 to reviewing and potentially updating attraction rates using 
local data during future model development.  MPD 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 pick-up shorter distance trip movements. 

14.3.26 A further limitation relates to how some activity purpose types are currently combined into 
ǘƘŜ ΨhǘƘŜǊΩ ƻǊ Ψnon-home-based otherΩ travel purposes.  This generally limits how travel 
characteristics associated with certain travel purposes (i.e. tertiary education, health and 
retail) can be established in more detail.  
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Table 103. Trip Attraction Rates by Travel Purpose 

ACTIVITY / PURPOSE EMP COM OTH EDU NHBEB NHBO 

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 (Non-Tertiary) - 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 & Attraction Outputs 

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 one-way trips origin and destination).  These tables are 
disaggregated by the same demand segments as the demand model as described in Table 
100. 
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Non-Simple Tours: Home-Based 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 
ΨǎƛƳǇƭŜ ǇǊƻŘǳŎǘƛƻƴǎΩ ŀƴŘ Ψƴƻƴ-ǎƛƳǇƭŜ ǇǊƻŘǳŎǘƛƻƴǎΩ ōȅ ǘǊŀǾŜƭ ǇǳǊǇƻǎŜ (as shown in Table 104). 

Table 104. Simple Tour Proportion By Travel Purpose 

PURPOSE SIMPLE TOUR PROPORTION 

EMP 0.723 

COM 0.866 

OTH 0.855 

EDU 1.0 

14.3.29 For non-simple productions, the SHS was used to establish the return rates for each outbound 
purpose individually for retired and non-retired persons to allow an expanded set of trips to 
be classified by both outbound and inbound purpose as well as whether the persons were 
retired or not (described in Table 105 and Table 106).   

Table 105. Non-Retired Return Rates By Purpose 

 INBOUND TRAVEL PURPOSE 

Outbound Purpose EMP COM OTH EDU 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 

 INBOUND TRAVEL PURPOSE 

Outbound Purpose EMP COM OTH EDU 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 were scaled to overall production 
levels to provide simple attraction levels and non-simple home-based attraction levels. 

 
Non-Home-Based Origins and Destinations 

14.3.31 Having established the number of outbound trips which will result in a non-home-based trip, 
the From Home destinations are multiplied by the average number of non-home-based trips 
ǎŜǇŀǊŀǘŜƭȅ ŦƻǊ ŜƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎ ŀƴŘ ƻǘƘŜǊ ǘƻ ŦƛƴŘ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ƴƻƴ-home-based 
origins by purpose (using NHB rates as described in Table 107 and Table 108). 

Table 107. Non-Retired Non-Home-Based Trip Rates 

HOME-BASED PURPOSE NHBEB RATE NHBO RATE 

9ƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎ 0.76 0.56 

Commute 0.37 1.35 

Other 0.03 1.37 

Education 0 0 

Table 108. Retired Non-Home-Based Trip Rates 

HOME-BASED PURPOSE NHBEB RATE NHBO RATE 

9ƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎ 0 1 

Commute 0 1 

Other 0 1.2 

Education 0 0 

14.3.32 The non-home-based 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 section 15.3, 
with the number of SHS records available described in Table 125.  Lower sample sizes tend to 
be associated with business users, public transport, and non-home based trips 

14.4 Road External Trips: Assignment Subarea Cordon  

14.4.1 A considerable component of road traffic demand within ASAM19 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 
ǇǊƻŎŜǎǎ ƛǎ ǳǎŜŘ ǘƻ ŀŘŘ ǘƘƛǎ ΨŜȄǘŜǊƴŀƭΩ ŘŜƳŀƴŘ ǘƻ ǘƘŜ Ǌƻŀd model matrices.  TMfS18A contains 
the ASAM19 area and also has a wider geographical coverage across Scotland, which 
therefore provides a suitable parent model to derive external road trips for inclusion to ASAM. 
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Inputs 

14.4.2 The inputs to this stage are the road assignment outputs from a particular run of TMfS18A, 
specifically the assigned networks and input demand matrices (peak hour representative) for 
three time periods (AM, IP, and PM). 

14.4.3 A TMfS18A subarea network is created which reflects the ASAM19 coverage and external 
network links.  This is prepared by performing a sub-area extraction on the TMfS18A road 
network using a consistent polygon and renumbering the zones appropriately. 

14.4.4 A number of parameters are required which should be consistent with the ASAM model 
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 subarea cordon undertakes a Cube Voyager road assignment consistent with 
the TMfS18A approach (including all relevant parameters) with an additional input of a 
subarea network.  This network should be consistent with the standard TMfS18A road 
network included in the assignment but restricted to the ASAM19 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 the ASAM coverage area within TMfS18A. 

14.4.7 In order to translate the output matrices from the TMfS18A based zone system into the ASAM 
zone system, two sets of renumber mappings are used.  The first solely covers the internal 
zones and cross references ASAM population and employment data to disaggregate the 
appropriate level of TMfS18A external movements into the relevant ASAM zones.  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 relevant rules are 
described in Table 110. 

14.4.8 ¢ƘŜ ǎŜŎƻƴŘ ŎƻƳǇƻƴŜƴǘ ǊŜƭŀǘŜǎ ǘƘŜ ŜȄǘŜǊƴŀƭ ǎǳōŀǊŜŀ ΨǊƻǳǘŜΩ ȊƻƴŜǎ ǘƻ ǘƘŜ ǘǊǳŜ ASAM external 
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 TMfS18A only considers three distinct person-ōŀǎŜŘ ǳǎŜǊ ŎƭŀǎǎŜǎ όŜƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎΣ 
ŎƻƳƳǳǘŜΣ ŀƴŘ ƻǘƘŜǊύ ŀƴŘ ǎƻ ǘƘŜ ΨƻǘƘŜǊΩ ǳǎŜǊ Ŏƭŀǎǎ ǊŜǉǳƛǊŜǎ ŜȄǇŀƴǎƛƻƴ ǘƻ ǘƘŜ ASAM definitions 
ƻŦ ΨƻǘƘŜǊ5ΩΣ ŜŘǳŎŀǘƛƻƴΣ ŀƴŘ ǊŜǘƛǊŜŘΦ  ¢ƘŜǎŜ ŀǊŜ defined by a proportion file which contains the 
proportional splits of each expanded user class as a component of the TMfS18A definition of 
ΨƻǘƘŜǊΩΣ ŀƴŘ ŘŜŦƛƴŜŘ ǳƴƛǉǳŜƭȅ ōȅ ǘƛƳŜ ǇŜǊƛƻŘΦ  ¢ƘŜǎŜ ǇǊƻǇƻǊǘƛƻƴǎ ŀǊŜ ŘŜǊƛǾŜŘ ŦƻǊ ŜŀŎƘ ǘƛƳŜ 
period based on Scottish Household Survey data and are described in Table 109.  Note that a 
nominal 1% education travel is included within the external travel purpose proportioning.  

 
5 ¢ƘŜ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ΨƻǘƘŜǊΩ ƛƴ ¢aŦ{му! ŀƴŘ !{!aмф ŀǊŜ ƴƻǘ ŎƻƴǎƛǎǘŜƴǘ ŀƴŘ ŀǊŜ ōƻǘƘ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŎŀǘŎƘ-all user 
classes for trips which are not specifically referenced in the defined user classes. 
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Table 109. External Travel Purpose Proportions: Other & Retired 

TRAVEL PURPOSE ROAD OTHER ROAD RETIRED PT OTHER PT RETIRED 

AM Peak 0.66 0.33 0.29 0.70 

Inter Peak 0.51 0.48 0.49 0.50 

PM Peak 0.68 0.31 0.79 0.21 

 

Table 110. TMfS18A to ASAM External Travel Purpose Disaggregation Factors 

TIME 
PERIOD 

TRAVEL 
PURPOSE 

ORIGIN DESTINATION 

TOTAL 
POPULATION 

WORKING 
POPULATION 

JOBS 
TOTAL 

POPULATION 
WORKING 

POPULATION 
JOBS 

AM 

In-Work  100%    100% 

Commute  100%    100% 

Other 100%   50%  50% 

LGV 25%  75% 25%  75% 

HGV   100%   100% 

IP 

In-Work  100%    100% 

Commute  50% 50%  50% 50% 

Other 50%  50% 50%  50% 

LGV 25%  75% 25%  75% 

HGV   100%   100% 

PM 

In-Work   100%   100% 

Commute   100%  50% 50% 

Other 25%  75% 50%  50% 

LGV 25%  75% 25%  75% 

HGV   100%   100% 
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Road External Trip Outputs 

14.4.10 The outputs of this stage are a set of hourly time period specific assignment matrices, with 
seven user classes consistent with ASAM road model definition (prior to disaggregation into 
the 14 compliant and non-compliant expanded user classes, which is undertaken within the 
Assignment Preparation stage).  

14.4.11 In addition, a set of proportions calculated from the total and external modelled areas are 
reported from the TMfS18A cordon to allow adjustment to the initial trip ends to reduce trip 
levels to reflect internal trip ends only.  External proportions are described in Appendix AA for 
each zonal production and attraction proportion and travel purpose.  A selection of external 
proportions are also illustrated using zone maps in Appendix AB. 

14.4.12 These data illustrate a generally intuitive road pattern with larger external proportions shown 
towards the ASAM19 boundary.  Public transport commuter proportions also appear intuitive, 
with higher levels of external trips around Aberdeen City Centre which reflects the longer 
distance rail travel associated with Aberdeen station.  Areas 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 proportions of public transport business trips.  Although some 
are situated close to the model boundary, many are in rural areas and the periphery of 
Aberdeen which ŀǇǇŜŀǊǎ ƭŜǎǎ ƛƴǘǳƛǘƛǾŜΦ  tǊƻǇƻǊǘƛƻƴǎ ŦƻǊ ΨƻǘƘŜǊΩ ǘǊƛǇǎ ŀƭǎƻ ŀǇǇŜŀǊ ƘƛƎƘŜǊ ǘƘŀƴ 
anticipated for some zones.    

14.4.14 Model users should note these potential anomalies when considering external PT demand, 
and the application of these specific TMfS18A external data should be interrogated further 
during future model development.  

14.5 Public Transport External Trips: Assignment Cordon Select Links 

14.5.1 ASAM contains public transport links extending outside the model coverage, particularly the 
rail lines to Dundee (through to Edinburgh & Glasgow) and Inverness, but also bus routes 
crossing the model boundary.  To ensure the ASAM PT models represent appropriate levels 
of longer distance passenger demand, external PT flows are extracted from TMfS18A using 
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 TMfS18A PT assignment including: 

º Assigned road networks; 
º PT assignment matrices; 
º Factor files; 
º Fare files; 
º PT service definitions (line files); and 
º PT system files. 

14.5.3 The TMfS18A run folder can be specified within the trip end model to access TMfS18A inputs 
and outputs required.  In addition to the TMfS18A assignment data, a set of parameters were 
created to ensure consistency, outlining crowding definitions. 
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Methodology 

14.5.4 A cordon was drawn around the ASAM coverage area, and defined using a select link 
definition file.  Select links were defined in both directions for all TMfS18A road and rail links 
crossing the ASAM boundary.  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 TMfS18A consistent 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 TMfS18A are renumbered and disaggregated down to 
the ASAM zonal level using a consistent process and proportions as described earlier for the 
TMfS18A road matrices (along with additional cross referencing for external rail line zones).  
¢ƘŜ ŘƛǎŀƎƎǊŜƎŀǘƛƻƴ ŦŀŎǘƻǊǎ ǳǎŜŘ ǘƻ ǎǇƭƛǘ ǘƘŜ ΨhǘƘŜǊΩ ¢aŦ{18A public transport travel purpose 
into ASAM other and retired purpose categories are as described in Table 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 external-internal movements). 

 
Outputs 

14.5.7 The process produces time period specific assignment matrices for the five main ASAM19 PT 
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 A report file is also produced which details the level of TMfS18A internal and external PT trips 
for adjusting the ASAM initial trip ends to reflect internal levels of demand only. 

14.6 Park & Ride External Trip Movements 

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 the ASAM modelled 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 the ASAM coverage area. 
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Figure 36. Park and Ride External Trip Legs 

14.6.2 The car trip leg will have already been included within the sub area definition as this is based 
on and captured by the TMfS18A road assignment model cordoning. 

14.6.3 In this case the public transport leg of the trip is internal to the ASAM area and will be required 
to be included within the ASAM add-ins to ensure a robust representation of public transport 
usage. 

14.6.4 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 that the ASAM model is 
targeted at trips that are entirely within the ASAM area. 

14.6.5 It should be noted that the process used also takes into account park and ride trips in the 
opposite direction, i.e. those trips that drive to a park and ride site within the ASAM area and 
use public transport to reach an external destination.  

 
Inputs 

14.6.6 The inputs to the PnR external process are the TMfS18A park and ride site proportions files 
(Proportions_F1.MAT & Proportions_F2.MAT) for each travel purpose and the P&R site file 
with site specific information.  A PnR flag file is also required which specifies which TMfS18A 
PnR site is situated within the ASAM area.  These matrices are extracted from the TMfS18A 
modelling with the contained PNR movements derived by the TMfS18A processes. 

Public Transport Leg is 
internal to ASAM 

ASAM Boundary 
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14.6.7 ¢ƘŜ ΨǇǊƻǇƻǊǘƛƻƴǎΩ files (HB, HW, HO ς 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 the ASAM 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 the ASAM19 zoning 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: 

º Road trip matrices for internal to external park and ride trips where the road leg is 
entirely within the ASAM area; 

º Public Transport trip matrices for external to internal park and ride trips where the PT 
leg is entirely within the ASAM area; and 

º 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 add-in matrices at the ASAM assignment preparation stage. 

  



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 247/ 298 

 

 

14.7 Goods Vehicle Movements 

14.7.1 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. 

14.7.2 The role of the goods matrix component of the Trip End model is to factor a base year trip 
demand to an appropriate forecast year demand. 

14.7.3 The base year goods vehicle demand is supplied as an input.  The derivation of the goods 
vehicle matrices are discussed in 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 as described earlier. 

 
Inputs 

14.7.4 The goods vehicle model is provided with the following inputs: 

º Base year light and heavy goods vehicle matrices by time period from the calibrated 
road assignment model; 

º Base and future year TELMoS18A commodity matrices in the ASAM19 zoning system; 
º ASAM19 level zonal planning data; 
º Goods Gravity Model Definitions & Base model Inter-Peak road distance skims; 
º Development Zone Information; and 
º Goods Vehicle Trip Rates for Development Zones. 

14.7.5 These inputs are used to calculate goods vehicle growth rates for existing zones and develop 
goods vehicle trip movements for new development zones. 

 
Methodology 

14.7.6 The main goods vehicle forecasting application undertakes the following processes: 

º Output Base Year light and heavy goods vehicle demands for internal movements to 
origin / destination trip ends; 

º Growth base year trip ends using TELMoS18A LGV and HGV base and future year 
commodity matrices; and 

º Furness using the base year goods demand distributions; 

14.7.7 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 zone, set against the 
calibrated ASAM19 goods vehicle travel demand distributions. 

14.7.8 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 The ASAM19 Trip End model allows 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 TELMoS planning data files, and this data is fed through the standard Trip 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 
planning data associated 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 distribution pattern.  A consistent goods demand 
adjustment factor is also applied in-line 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 rates (shown in Table 32) to calculate the total level of goods vehicle 
trips for each new development.  The relevant goods vehicle distribution pattern is calculated 
by applying a gravity model process which uses a base year inter-peak distance matrix to 
determine the zonal distribution.  A consistent goods vehicle demand adjustment factor is 
also applied in-line with the base year model development (the factors applied to match the 
overall level of modelled goods demand to base year observed traffic counts.  This is a similar 
process as applied to generate the ASAM19 base year goods matrices. 

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 are ASAM zoned 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 of Ψadd-inΩ matrices. 

14.8.2 This output of  the Trip End model 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 airport inputs and goods vehicle trips. 

14.8.4 The outputs are the add-in 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 area, TMfS outputs 
are used to remove the relevant level of external movements from the 24 hour trip ends (as 
external movements are represented through the TMfS18A external cordon modelling). 

 
Inputs 

14.9.2 The inputs for this stage are produced from the previous elements of the model, and include: 

º Initial trip ends; 
º Road subarea external trip end proportions;  
º PT subarea external trip end proportions and 
º Car availability levels to be applied to the attractions 

14.9.3 In addition, a mode share by demand segment is read in and used 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 TMfS18A 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 TMfS18A, and that TMfS18A is more aggregate 
than the ASAM approach to trip end modelling. 

14.9.5 It is therefore considered reasonable to remove these trip proportions by mode from the 24 
hour level trip ends.  Note TMfS18A 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. 

ὖὍὔὝȟ ὖὝὕὝȟ  z
ρ ὓὛ  ȿ ȟ ὉzὢὝ ȿ ȟ

                  ὓὛ  ȿ ȟ ὉzὢὝ ȿ ȟ  
 

Where: 
ὖὍὔὝȟ  are the internal productions for user class Ὗὅ and car availability segment 
ὅὃὠ; 
ὖὝὕὝȟ  are the total productions for user class Ὗὅ and car availability segment 
ὅὃὠ; 
ὓὛ  ȿ ȟ  is the road mode share for user class Ὗὅ and car availability segment 

ὅὃὠ; 
ὓὛ  ȿ ȟ  is the PT mode share for user class Ὗὅ and car availability segment ὅὃὠ; 

ὉὢὝ ȿ ȟ  is the proportion of road trips which are external for user class Ὗὅ; and 

ὉὢὝ ȿ ȟ  is the proportion of PT trips which are external for user class Ὗὅ. 

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 TMfS18A trips.  Proportions 
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will vary for each ASAM zone, and likely to calculate higher external proportions (and lower 
internal trip ends) for zones close to the external model boundary. 

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 productions. In 
addition the car availability levels are defined by userclass as shown in Table 111 below. 

Table 111. Attraction Car Availability Proportions  

USERCLASS CAR AVAILIABLE NON-CAR AVAILIABLE 

Employment 80% 20% 

Commute 82% 18% 

Other 70% 30% 

Education 30% 70% 

Retired 70% 30% 

 
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 one-way trips origin and destination).  These tables 
are disaggregated by the same demand segments as used within the demand model (see 
Table 100). 
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14.10 Operation of The Trip End Model 

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

 
Catalog Keys 

14.10.2 A Trip End model run is defined by the input data provided from TELMoS and TMfS18A, and 
a series of catalog keys, defined below in Table 112.  

Table 112. Catalog Key Description 

KEY DESCRIPTION TYPE DEFAULT  

Region Region for Trip End model operation  Char ASAM 

Zones Number of zones in the ASAM model Integer 1030 

Externals List of external zones in the ASAM model Char 1015-1030 

Model Year Year of the test scenario Int 19 

Demand Scenario Input Demand Scenario ID Char I29 

Planning_Data Scenario 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 used 
for externals 

Char BKF 

TMfS_Year Model year of TMfS18A run used for externals Int 19 

TMfS_DLoop 
Number of TMfSa8A demand loops run for 
externals 

Int 7 

TMfS_Zones Number of zones in TMfS18A / TELMoS models Int 803 

TMfS_Scenario Ψ[ƻǿΩ ƻǊ ΨIƛƎƘΩ scenario used in TMfS18A Char High 

TripRate_Scenario Code to identify the trip rate set Char TRA50 

SpecialZone_Scenario Code to identify the special zones used Char na 

Addin_Scenario Code to identify the addin scenario set  Char ADA01 

Run_TMfS_Element 
A simple flag to determine whether to run the 
TMfS elements of the tripend model (1-yes,2- no) 

Int 1 

Zone_Alignment_Scenario Code to set zone alignment definitions Char ZAA01 
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KEY DESCRIPTION TYPE DEFAULT  

Development_Zn 
Used to define a list of development zones in the 
future year forecasting (e.g. 399,951) 

Char na 

Goods_Scenario Code to set goods parameters  Char GOA03 

TELMoS_Zones 
Number of zones within the input planning data 
(TELMoS) files 

Int 1903 

TMfS_Locat 
The Location of the TMfS18A run folder to be 
used in the external applications.  

Char na 

14.10.3 It is recommended that users create a new scenario each time they wish to run a new Trip 
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 
TMfS18A so 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 quicker, but also because 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_DIR}\ Inputs\Addins\ {Addin_Scenario} 

14.10.6 A list of input files/parameters for Addins is shown in Table 113 below:  

Table 113. List of Addins Inputs and Parameters 

PARAMETER FILE DESCRIPTION 

Atttraction_car_Availiability.DBF 
Defines the proportion of car available, and non car available 
trips by home based and non-home based userclasses.  

Mode splits.DBF 

.ŀǎŜ ȅŜŀǊ ƳƻŘŜ ǎǇƭƛǘǎ όǊƻŀŘΣ t¢Σ ŀƴŘ ŀŎǘƛǾŜύ ŦƻǊ ŜŀŎƘ ΨǎƛƳǇƭŜΩ 
demand segment (10 in total) used to establish the weight of 
the road and PT subarea on the final trip ends and remove 
proportion of externals.  

Road_External_Prop_Adj.csv 
A set of multiplicative factors that can be used to adjust the 
Road external proportion files used to scale down the internal 
trip ends.  

Road_External_Prop_Adj.csv 
A set of multiplicative factors that can be used to adjust the 
PT external proportion files used to scale down the internal 
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_DIR}\ Inputs\Addins\ {Goods_Scenario} 

14.10.8  A list of input files/parameters for Goods is shown in Table 114 below:  

Table 114. List of Addins Inputs and Parameters 

PARAMETER FILE DESCRIPTION 

Addins_{Peak}.MAT 
Base year good matrices. Only tables 6 (LGV) and 7 (HGV) 
are used.   

Base_Commodity_Matrices.MAT 
The Base year commodity matrices in .MAT format 
converted from the TELMoS TRFL file.   

Employment_Categories_Goods.CSV 
A table that assigns each of 92 TELMoS employment 
activities to one of 13 categories, specifically for Goods.  

Goods_DevZones_PtH.txt 
Period to hour factors specifically for use in development 
zones, to assign goods trips into the addin matrices  

Goods_Gravity_Definitions.txt 
To specify Alpha and Beta parameters for the goods 
gravity process for LGV1, LGV2 and HGV.  

Goods_Params.txt 
Contains proportions for LGV distributions and the 
proportion of the household distributions to be taken 
within the goods gravity model. 

Goods_Trip_Rates.csv 
Trip rates applied to the base year  goods development, 
to calculate future year goods vehicles for development 
zones.  

Road_Skims_IP.MAT 
A set of representative road distance skims (taken from 
the Inter Peak) for the gravity model to calculate 
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_DIR}\ Inputs\PlanningData\ {Model_Year}\ASAM\{Planning_Data} 

14.10.10  This provides four initial files: 
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º TMfSRQ{Year}{Planning_Data}.csv, containing detailed person/household data for 
productions; 

º AVZN{Year}{Planning_Data}.dat, containing total quantum of employment and generic 
household data used to derive attractions; 

º TAV_{Year}{Planning_Data}.csv, 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 attractions; and 

º TRFL_{Year}{Planning_Data}.csv, containing commodity movements used to estimate 
good matrices. 

14.10.11  Along with these TELMoS18A inputs, five files which relate solely to ASAM must be in place, 
which typically will be copied from an ASAM forecast scenario:  

º Student_proportions.CSV, which details the proportional split of unemployed and part-
time workers which are students on a ASAM zonal basis;  

º Area_types.CSV, which defines the area type of each ASAM19 zone to establish an 
appropriate set of production trip rates to apply; 

º Landuse_adjustment_emp.csv, which allows the user to manipulate the TELMoS 
employment/household data inputs by employment type.  The first 14 categories are 
ŀŘŘƛǘƛǾŜ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ǎŜǘ ƻŦ ΨψC!/Ω ŎŀǘŜƎƻǊƛŜǎ ŀǊŜ ƳǳƭǘƛǇƭƛŎŀǘƛǾŜΤ  

º 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 

º 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.  

14.10.12  To 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 

14.10.13 The following input files for Trip Rates should be placed in the following directory: 
 

{CATALOG_DIR}\ Inputs\TripRates\ {Triprate_Scenario} 

14.10.14  A list of input files/parameters for Trip rates is shown in Table 115:  

Table 115. List of Trip Rate Inputs and Parameters 

PARAMETER FILE DESCRIPTION 

Attraction Rates.DBF 
Attraction rates by purpose, and attraction variable (number of 
household or jobs in category).  Based on NTEM data. 

Car Availability 
Likelihoods.DBF 

Car availability proportions disaggregated by ASAM zone, user 
class, and household car ownership.  Based on NTEM data. 

Employment 
Categories.DBF 

Table that assigns each of 92 TELMoS employment activities to one 
of 13 categories. 
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PARAMETER FILE DESCRIPTION 

NHB rates NR.DBF 
Rates of NHB trips by outbound purpose (non-retired persons 
only).  Prepared from analysis of the SHS data. 

NHB rates Ret.DBF 
Rates of NHB trips by outbound purpose (retired persons only).  
Prepared from analysis of the SHS data. 

OD rates NR.DBF 
Return purpose proportions by outbound and inbound purpose 
(non-retired persons only).  Prepared from analysis of the SHS data. 

OD rates  Ret.DBF 
Return purpose proportions by outbound and inbound purpose 
(retired persons only).  Prepared from analysis of the SHS data. 

Simple Production 
Proportions.DBF 

User class and ASAM zone specific proportions of productions 
ǿƘƛŎƘ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ ΨǎƛƳǇƭŜΩΦ  tǊŜǇŀǊŜŘ ŦǊƻƳ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ {I{ 
data. 

Trip rates.DBF 
Production trip rates by area type, user class, and person type.  
Based on NTEM data. 

Week-to-day_factor.DBF Converts weekly trip rates into daily trips. 

 
Input Files: Zone Alignment 

14.10.15  The following input files for the definitions of Zone Alignment should be placed in the 
following directory: 

 
{CATALOG_DIR}\ Inputs\ZoneAlignment\ {Zone_Alignment_Scenario} 

14.10.16  A list of input files/parameters for Zone Alignment is shown in Table 116 below:  

Table 116. List of Zone Alignment Inputs and Parameters 

PARAMETER FILE DESCRIPTION 

Zone Alignment.CSV 

Mapping to convert TMfS18A zones to the ASAM zone system - 
documenting the proportional split of each zonal shift for 
productions and attractions, with all values given as percentages 
summing to 100; 

UC Proportions.DBF 
A file to specify TMfS18A to ASAM External Travel Purpose 
Disaggregation Factors shown in Table 110.  For Road, PT and PnR.  

Road_Externals.csv 
A definition of external zones between the road subarea matrices 
and the ASAM external zone numbers 

PT_Externals.csv 
A definition of external zones between the PT select link matrices 
and the ASAM external zone numbers 
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Input Files: TMfS Definitions - Road 

14.10.17  The following input files for the definitions of TMfS Road files should be placed in the 
following directory: 

 
{CATALOG_DIR}\ Inputs\TMfSDefinitions\ {model_year}\ {TMfS_RunId}\Road 

14.10.18  A list of input files/parameters for Road inputs and parameters is shown in Table 117 below: 

Table 117. List of TMfS Definitions Road Inputs and Parameters 

PARAMETER FILE DESCRIPTION 

{TMfS_RunId}{Model_Year}_Subarea.net 
Defines the ASAM area to be extracted from the 
TMFS18A road assignment.  

Split Road Other factors.MAT 

5ŜŦƛƴŜǎ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴŀƭ ǎǇƭƛǘ ŦǊƻƳ ¢aŦ{му! ΨƻǘƘŜǊΩ 
ŎŀǘŜƎƻǊȅ ǘƻ ǘƘŜ ǘƘǊŜŜ !{!a ǳǎŜǊ ŎƭŀǎǎŜǎ όΨƻǘƘŜǊΩΣ 
education, retired) for the road model subarea.  Derived 
from SHS. 

CarUserToCarDriver.PRM Converts vehicles to person trips. 

CDCU Growth.DBF 
Indices of growth from a 2019 base year for CDCU factors 
taken from occupancy growth rates as defined in TAG. 

PeriodToHour.PRM 
Converts full period level trips to hourly time period 
trips. 

Road Subarea Parameters.txt 
File which contains the convergence variables for the 
road subarea assignment, initially taken from TMfS18A. 

Road Subarea SF Curves.txt 
File which contains the speed/flow curves for the road 
subarea assignment, initially taken from TMfS18A. 

Tolling Model V1.DBF 
File which contains the tolling model parameters for the 
road subarea assignment, initially taken from TMfS18A. 

HGV Speeds V1.DBF 
File which contains the HGV speed definitions for the 
road subarea assignment, initially taken from TMfS18A. 

GenCostTable V6_{TMfS_Scenario}.DBF 
File which contains the generalised cost parameters for 
the road subarea assignment, taken from TMfS18A. 

Turn_Pen.pen 
File which contains road assignment turning penalties, 
taken from TMfS18A.  
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Input Files: TMfS Definitions ς Public Transport  

14.10.19 The following input files for the definitions of TMfS PT files should be placed in the following 
directory: 

 
{CATALOG_DIR}\ Inputs\TMfSDefinitions\ {model_year}\ {TMfS_RunId}\PT 

14.10.20 A list of input files/parameters for PT inputs and parameters is shown in Table 118 below: 

Table 118. List of TMfS Definitions Road Inputs and Parameters 

PARAMETER FILE DESCRIPTION 

PT_SUBAREA_CORDON.txt Defines select links at each external boundary crossing point. 

PT_Subarea_Zone_List.csv References each select link to an ASAM external zone 

PT Crowding.txt Crowding model code which should be consistent with TMfS18A. 

PT VOT Table 2.DBF 
File which contains the generalised cost parameters for the PT 
subarea assignment, initially taken from TMfS18A. 

Split PT Other Factors.MAT 
5ŜŦƛƴŜǎ ǘƘŜ ǇǊƻǇƻǊǘƛƻƴŀƭ ǎǇƭƛǘ ŦǊƻƳ ¢aŦ{му! ΨƻǘƘŜǊΩ ŎŀǘŜƎƻǊȅ ǘƻ ǘƘŜ 
ǘƘǊŜŜ !{!a ǳǎŜǊ ŎƭŀǎǎŜǎ όΨƻǘƘŜǊΩΣ ŜŘǳŎŀǘƛƻƴΣ ǊŜǘƛǊŜŘύ ŦƻǊ ǘƘŜ t¢ 
model subarea.  

14.10.21  Within 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 
ǇǊƻŎŜŜŘ ǎŜǉǳŜƴǘƛŀƭƭȅ όмлмΣ млнΣ млоΣΧŜǘŎΦύΦ  ¢ƘŜǊŜ ƛǎ ŀ ŦƻǊƳŀƭ ƭƛƳƛǘ ƻŦ рл ǎŜlect links which can 
be considered, equivalent to 25 zones in both directions. 

14.10.22  For the subarea zone list the file should contain two columns with a first line of headers called 
Cordon and ASAM and 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 the ASAM zone.  Should not all cordons be required, simply use a dummy zone as zero 
trips will be associated with the non-existent cordon.   

14.10.23  The following input file for the definition of TMfS PnR files should be placed in the following 
directory: 

 
{CATALOG_DIR}\ Inputs\TMfSDefinitions\ {model_year}\ {TMfS_RunId}\PnR 

14.10.24 A list of input files/parameters for PnR inputs and parameters is shown in Table 119 below: 

Table 119. List of TMfS Definitions Road Inputs and Parameters 

PARAMETER FILE DESCRIPTION 

PnRSites_{TMfS_RunId}{Model_Year}_ASAM_Flag.csv 
Defines which TMfS18A PnR sites are 
contained within the ASAM area. 
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14.10.25  The 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 

14.10.26  This is disabled in the ASAM19 Trip End model.  

14.11 Module Selection 

14.11.1 Depending on requirements, in some instances not every aspect of the Trip End model may 
need to be run to generate a forecast year scenario update.  The key components which affect 
the ASAM19 demand model trip ends are mainly associated with forecast planning data 
covering the ASAM area.  Externals will likely pivot off an underlying TMfS18A/TELMoS18A 
scenario, and depending on the specific test and study area, an 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: 

º Does a TMfS18A forecast run already exist which could be used as an appropriate  
Reference Case? 

º Is the forecast planning data included within TMfS18A representative of the forecast 
data included within the main demand model area of ASAM? 

º Are there future transport schemes / policies / behaviours included within TMfS18A 
that would impact the external flows into ASAM, particularly close to the model 
boundary?  

º Is a new set of demand available from TMfS18A which would provide a better estimate 
of trips for the ASAM test being considered?  

º Has the mapping from the TMfS18/TELMoS zone system to the ASAM zone system or 
network cordon links changed from an existing run? 

14.11.3 If a relevant and reasonably consistent set of external trips already exists then users may not 
need to run these aspects of the trip end model again, and they can be bypassed to solely 
focus on preparing internal trip ends.  However, if there are significant changes between 
scenarios, which may impact the specific study area or scheme/policy test, then an updated 
TMfS18A run should be considered. 
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15. DEMAND MODEL 

15.1 Demand Model Structure 

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

º Ψ¢ƻǳǊǎΩ ōŀǎŜŘ ƳƻŘŜƭƭƛƴƎ - representing travel patterns by accounting for variations in 
journeys segments; 

º Mode & destination travel choice responses; 
º Active travel as a separate walking and cycling modes;  
º {ŜǇŀǊŀǘŜ ǳǎŜǊ Ŏƭŀǎǎ ŦƻǊ ŎƻƴŎŜǎǎƛƻƴŀǊȅ ǘǊŀǾŜƭƭŜǊǎ όΨǊŜǘƛǊŜŘΩύΤ 
º Representation of park and ride trip segments; 
º Commuter parking capacity responses covering free workplace parking; 
º Parking modelling to specifically represent individual city centre car parks in Aberdeen, 

within a parking capacity and car park choice model; 
º Detailed Low Emission Zone (LEZ) modelling - providing demand and assignment 

model segmentation to appraise LEZs (separately assigning compliant and non-
compliant vehicles to measure the impact of motorists that may change their vehicle, 
route, destination or car park in response to an LEZ); 

º Cost damping procedure to formulate travel costs for mode and destination choice; 
º Cost averaging to improve model convergence; 
º 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); 
º Separation of one-way trips into from home and to home trips to improve 

directionality within the assignment models; and 
º Airport model representing trips to/from the main Aberdeen City airport and Heliport. 

15.1.2 !{!a ŀǇǇƭƛŜǎ ǘƘŜ ΨǘƻǳǊǎ-ōŀǎŜŘΩ ŀǇǇǊƻŀŎƘ ŦŜŜŘƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ demand modelling, with 
demand segmentation by mode, car availability, time-period, travel purpose and Low 
Emission Zone vehicle compliance.  Cost Damping is included, and an incremental adjustment 
is applied to synthesised demand model travel pattern outputs to reflect observed travel data 
and network conditions.  The demand model structure is illustrated earlier in Figure 2. 

15.1.3 The following sections discuss the main demand modelling elements, including: 

º Structure and demand segmentation; 
º Observed data analysis; 
º Mode and destination choice; 
º Tour aggregation and assignment preparation; 
º Generalised travel cost formulation, cost damping and convergence; and 
º Aberdeen Airport and Heliport modelling 

15.1.4 The park and ride, free workplace parking and parking distribution mechanisms are described 
earlier within chapters 11, 12 and 13 respectively.  The calibration of mode and destination 
choice is also discussed earlier within Chapter six, which describes 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 discussed in Chapter 6. 
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Functionality & Components 

15.1.6 ¢ƘŜ ŘŜƳŀƴŘ ƳƻŘŜƭ ǇǊƻŎŜǎǎŜǎ ŦǳƴŎǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ άƛƴǘŜǊƴŀƭέ !{!a ȊƻƴŜ ǎȅǎǘŜƳ ƻƴƭȅ όȊƻƴŜǎ 
1-960 - including spare demand model zones). 

15.1.7 !{!a ά9ȄǘŜǊƴŀƭέ ǘǊƛǇǎ ŀǊŜ ŦƛȄŜŘ ǿƛǘƘƛƴ ǘƘŜ ŘŜƳŀƴŘ ƳƻŘŜƭ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘǊŀǾŜƭ ƳƻǾŜƳŜƴǘǎ ǘƻΣ 
from and through the demand model area (i.e. Edinburgh-Aberdeen or Dundee-Inverness 
etc.).  External trip movements are derived and extracted from TMfS18A national modelling 
and subsequently processed through the trip end model for input to the demand model.  
External trips are described further in Chapter 14.   

15.1.8 The ASAM19 Trip End model provides 24hr trip ends for each internal zone.  These are derived 
from TELMoS18A planning and activity data ς which now contains further detailed 
segmentation data of worker types to create Trips Ends that account for: 

º Remote workers (i.e. employees mainly working at home); 
º Quasi-workers (workers with no main fixed place of work); and 
º 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: 

º AM Peak (07:00 ς 10:00); 
º Inter Peak (IP, 10:00 ς 16:00); 
º PM Peak (16:00 ς 19:00); and 
º Off-peak (OP, 19:00ς 07:00). 

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): 

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

º A non-simple tour which has an initial outbound trip from home to a first destination, 
an unspecified number of non-home-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: 

º 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, and their costs within mode and destination choice will be based on the overall 
tour; 

º Home-based trips of a non-simple 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 

º 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: 

º Car; 
º PT; 
º Park and Ride; 
º Walk; and 
º Cycle. 

Demand Segments 

15.1.13 The demand model uses trip segments to represent the type of choices they make, including: 

º The type of trip / tour they will make e.g. simple or non-simple; 
º The purpose of their trip which has strong ties to travel cost (and user class); 
º Whether they have a car available for their journey or not; and 
º 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 therefore occur a higher cost). 

15.1.14 The first two items have been categorised by considering seven travel purposes: 

º Home-ōŀǎŜŘ ŜƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎ ό9atύΤ 
º Home-based commuters (COM); 
º Home-based education (EDU): primary & secondary school pupil travel; 
º Home-based other (OTH): retail, leisure, tertiary education & escort to education;  
º Home-based retired (RET): reflecting concessionary travel costs;  
º Non-home based employers business (NHEB) 
º Non-home-based other (NHBO) - combining non-home based commuter, other and 

retired purposes within the demand model 

Education Demand Segments 

15.1.15 Note that the education travel demand segments only represents the actual pupil(s) travelling 
to/from the primary and secondary school education establishment (i.e. the adult car driver 
escorting the child/pupil is excluded from these matrices).  Primary and secondary school 
demand reflects the zonal child population data input from the TELMoS data sets. 

15.1.16 EŘǳŎŀǘƛƻƴ ǘǊƛǇǎ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ōȅ ΨǎƛƳǇƭŜ ǘƻǳǊǎΩ ƻƴƭȅΣ ǿƛǘƘ ǇǳǇƛƭǎ ǘǊŀǾŜƭƭƛƴƎ ŘƛǊŜŎǘƭȅ ǘƻ ŀƴŘ 
from school (i.e. excluding non-home based trips from school to subsequent destinations). 

15.1.17 9ǎŎƻǊǘ ŜŘǳŎŀǘƛƻƴ ǘǊƛǇǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ΨhǘƘŜǊΩ ŘŜƳŀƴŘ ǎŜƎƳŜƴǘǎΦ  ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ 
supports the simple and non-simple Tours modelling representation (i.e. creating an initial 
home based other trip escorting pupils to school, and then either returning directly home (as 
a simple tour) or continuing to a subsequent destination as a non-home based trip (and 
forming a non-simple 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 availability and LEZ 
compliance results in a full set of 24 demand segments as presented in Table 120. 

Table 120. Demand Segment Correspondence 

DS PURPOSE RETIRED STATUS CAR AVAILABILITY 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 Car available 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 Airport surface access model representing trips to/from Aberdeen Airport and Heliport is 
contained within the ASAM19 demand modelling.  From-Home Airport passenger demand is 
incorporated for 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. 

15.1.21 An Ψ!ƛǊǇƻǊǘ 5ŜǎǘƛƴŀǘƛƻƴΩ ƻƴƭȅ ƳƻŘŜ ŎƘƻƛŎŜ ƛǎ ŀǇǇƭƛŜŘΣ ǿƘƛŎƘ ǊŜǎǇƻƴŘǎ ǘƻ changes in modelled 
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/from the Aberdeen Heliport zone 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 costs.  Offshore 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 commuting trips. 
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15.2 Demand Model Data Processing 

15.2.1 A range of data sources were used in the development of the demand model.  Including:  

º Scottish Household Survey Statistics data: 2012-2018; 
º Census Journey to Work data: 2011; 
º {ǳǎǘǊŀƴǎ ΨIŀƴŘǎ-¦ǇΩ ǎǳǊǾŜȅΥ нлм8; 
º Pupil Census: 2018; 

15.2.2 Table 121 describes the data obtained from the above data sources and the use of data within 
the ASAM demand modelling. 

Table 121. Outputs from SHS Data 

DATA SOURCE USE OF DATA 

Scottish Household Survey Database: 

Tour & Trip Proportions 

Business, other, retired mode shares 

Car Occupancy Car Driver factors 

Trip Length / Cost Distributions 

Census Travel to Work  
Commuter mode shares 

Travel pattern analysis (Commute) 

Hands Up school travel mode share survey 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 ASAM area in the 
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 sub-ǘǊƛǇǎ ŀǊŜ ŦǳǊǘƘŜǊ ŎƭŀǎǎƛŦƛŜŘ ōȅ Ψ¢ǊƛǇ ¢ȅǇŜΩΣ ōŀsed on whether they 
ŀǊŜ ΨCǊƻƳ IƻƳŜΩΣ Ψ¢ƻ IƻƳŜΩ ƻǊ Ψbƻƴ-home-ōŀǎŜŘΩΦ  

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 the different trip types, including: 

º Trip Type 1 (Simple From Home);  
º Trip Type 2 (Simple To Home); 
º Trip Type 3 (Non Simple From Home); 
º Trip Type 4 (Non Simple To Home); and 
º Trip Type 5 (Non Home Based). 

15.3.5 CƻǊ ǘƘŜ ǘǊƛǇ ǘȅǇŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΣ ǘƘŜ ƪŜȅ ǾŀǊƛŀōƭŜǎ ŀǊŜ ǘƘŜ ǎǘŀƎŜ ǳƴƛǉǳŜ ƛŘ ŀƴŘ ǘƘŜ ΨIƻƳŜΩ 
variable from the above stage description.  The process includes:  
1. If stage start is home and the immediate following stage end (with 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 122 shows the allocation of SHS to ASAM aggregate modes.  The four aggregate modes 
used are Car, Walk, PT and Cycle.   

Table 122. Allocation of SHS Modes to ASAM Aggregate Modes 

SHS MODE SIMPLE MODE 

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 Answer 

Ignore 

15.3.7 Table 123 outlines the 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 
ŀǊŜ 9ƳǇƭƻȅŜǊΩǎ .ǳǎƛƴŜǎǎ ό9atύΣ /ƻƳƳǳǘŜ ό/haύΣ 9ŘǳŎŀǘƛƻƴ ό95¦ύ ŀƴŘ hǘƘŜǊ όh¢IύΦ 
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15.3.8 !ƴ ŀŘŘƛǘƛƻƴŀƭ ǇǳǊǇƻǎŜ ƻŦ ΨIƻƳŜΩ ǿŀǎ ŘŜŦƛƴŜŘΦ  ¢Ƙƛǎ ƛǎ ƴƻǘ ŀ ǇǳǊǇƻǎŜ ƛƴ ƛǘǎ ƻǿƴ ǊƛƎƘǘΣ ōǳǘ ǳǎŜŘ 
to identify the trip type and subsequently to identify the Non Home Base purposes (Non 
IƻƳŜ .ŀǎŜŘ hǘƘŜǊ ϧ bƻƴ IƻƳŜ .ŀǎŜŘ 9ƳǇƭƻȅŜǊΩǎ .ǳǎƛƴŜǎǎύΦ  

Table 123. SHS General Purpose Lookup 

SHS Trip Description ASAM Purpose 

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 the dog 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 from ς Work COM 

Place of worship e.g. church, 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 from ς Other OTH 

Another personal appointment OTH 

Returning home from - Another personal appointment OTH 

The park OTH 

Returning home from - Your walk OTH 

Escort ς other OTH 

Returning home from - Escort - other OTH 

Returning home from - 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 from ς 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 
ŘŜŎƭŀǊƛƴƎ ǘƘŜƳǎŜƭǾŜǎ ǘƻ ōŜ άtŜǊƳŀƴŜƴǘƭȅ ǊŜǘƛǊŜŘ ŦǊƻƳ ǿƻǊƪέύ ǘƻ ŀƭƭƻŎŀǘŜ ŀƭƭ ƻŦ ǘƘŜƛǊ ǘǊƛǇǎ ǘƻ ŀ 
ΨwŜǘƛǊŜŘΩ ǇǳǊǇƻǎŜΦ  ¢Ƙƛǎ ŀƭƭƻǿǎ ǘƘŜ ƳƻŘŜƭƭƛƴƎ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ŘƛŦŦŜǊŜƴt mode preferences, values 
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 
under-representing primary and secondary school trips.  This dataset does not provide 
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 
ȅŜŀǊ ƻƭŘ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƘŀǾŜ ŀƴ Ψ9ŘǳŎŀǘƛƻƴΩ ǇǳǊǇƻǎŜΦ  ¢ƘŜ ƻǘƘŜǊǎ Ŧŀƭƭ ƛƴǘƻ ǘƘŜ ΨhǘƘŜǊΩ 
category.  Thus, in this dataset all the education trips were re-assigned to other.  
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15.3.12 The 2018 Sustrans Hands-Up survey was used to derive the education mode share using the 
data for the four Local Authorities covered by the ASAM.  The 2018 pupil 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 represent the non-ƘƻƳŜ ōŀǎŜŘ ǘǊƛǇǎΣ ǘƘŜ ŜƴǘǊƛŜǎ ǿƛǘƘ ŀ Ψ¢ǊƛǇ ¢ȅǇŜ рΩ ŀǊŜ ǎǇƭƛǘ 
ōŜǘǿŜŜƴ ŜƛǘƘŜǊ 9ƳǇƭƻȅŜǊΩǎ .ǳǎƛƴŜǎǎ ƻǊ hǘƘŜǊΦ  .ȅ ŎǊƻǎǎ ǊŜŦŜǊŜƴŎƛƴƎ ǿƛǘƘ ŎŀǊ ŀǾŀƛƭŀōƛƭƛǘȅΣ ǘƘƛǎ 
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 day.  Table 124 describes the time period allocation lookups used. 
The mid-point time for each individual stage was calculated with each stage allocated a time 
period based on the time period groups below ς Morning peak (AM), Inter Peak (IP) Evening 
Peak (PM) and Off peak (OP). 

Table 124. SHS Time Period Lookup 

START TIME FINISH TIME TIME PERIOD NAME 

00:00 07:00 5 OP 

07:00 10:00 1 AM 

10:00 16:00 2 IP 

16:00 19:00 3 PM 

19:00 00:00 4 OP 
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Data Cleaning 

15.3.20 A review of SHS data was performed to identify records to be cleaned from the analysis. This 
firstly include removing records from outside the ASAM modelled area. 

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

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 non-simple) were balanced.  For example, recording of a stage 
ŀǎ ŀ Ψǘƻ ƘƻƳŜΩ ǘǊƛǇ ǿƘŜǊŜ ƴƻ ΨŦǊƻƳ ƘƻƳŜΩ ŜǉǳƛǾŀƭŜƴǘ Ƙŀǎ ōŜŜƴ ǊŜŎƻǊŘŜŘΦ 

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 
όŜǎŎƻǊǘ ǘƻ ŜŘǳŎŀǘƛƻƴ ƛǎ ƘŀƴŘƭŜŘ ƛƴ ǘƘŜ !{!a ƛƴ ǘƘŜ ΨhǘƘŜǊΩ ǘǊŀǾŜƭ ǇǳǊǇƻǎŜύΦ  This was carried 
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.  Furthermore, a trip was 
ǊŜŀƭƭƻŎŀǘŜŘ ǘƻ ǘƘŜ ΨhǘƘŜǊΩ ǇǳǊǇƻǎŜ ŎŀǘŜƎƻǊȅ ƛŦ ŀƴ ŜŘǳŎŀǘƛƻƴ ǘǊƛǇ ǿŀǎ ŦƻƭƭƻǿŜŘ ǿƛǘƘƛƴ ор 
minutes by a subsequent trip as this suggested the first trip was an adult escorting a child to 
ŜŘǳŎŀǘƛƻƴ ǘǊƛǇΦ  ¢ƘŜ ǘǊƛǇǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ƭƛƪŜƭȅ ǘƻ ōŜ Ψ9ǎŎƻǊǘ ǘƻ 9ŘǳŎŀǘƛƻƴΩ ǿŜǊŜ ǊŜŀƭƭƻŎŀǘŜŘ ǘƻ 
ǘƘŜ ΨhǘƘŜǊΩ ǇǳǊǇƻǎŜ ŎŀǘŜƎƻǊȅΦ  

15.3.26 The outcome of this stage was a relevant and organised data set such that simple home based 
pairs, non-simple home based pairs and non-home based trips were identified.  The number 
of car available and non-car available SHS trip records obtained are described in Table 125.  
This also presents the percentage of simple, non-simple and non-home based trip data. The 
summary demonstrates that there was less benefit in further spatial disaggregation of data 
due to the relatively low sample rate, particularly for non-car 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 travel.  There 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 and non-car available persons, 
the lower levels of non-car available public transport trips suggests some uncertainty for this 
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 mode share data sets 
were used to inform the calibration of commuter and education travel purposes. 
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Table 125. SHS Trip Record Summary 

TRIP TYPE COUNT CAV  NCA  % COUNT CAV % NCA % 

SIMPLE FH 4,689 3,547 1,142 38% 39% 34% 

SIMPLE TH 4,689 3,182 1,507 38% 35% 45% 

NON-SIMPLE FH 885 692 193 7% 8% 6% 

NON-SIMPLE 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 ASAM tour structure.  
Tours are two way trips that go outbound (From-Home) 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 in Table 126. 

Table 126. Tour Grid References 

 INBOUND TIME PERIOD 

O
U

T
B

O
U

N
D

 T
IM

E
 

P
E

R
IO

D 

 AM IP PM OP 

AM 1 2 3 4 

IP 5 6 7 8 

PM 9 10 11 12 

OP 13 14 15 16 

15.3.30 Table 127 outlines the tour proportions derived from the SHS dataset for simple tours.  These 
are based on data from and applied to the ASAM region-wide geographical coverage.  Some 
adjustment was made to tour proportions following assignment and comparison with 
network flows.  This particularly related to non-car available proportions where the number 
of records were lower and data were more uncertain.  Note an overnight tour is where the 
Ψǘƻ ƘƻƳŜΩ ƭŜƎ ƛǎ ƛƴ ŀƴ ŜŀǊƭƛŜǊ ǘƛƳŜ ǇŜǊƛƻŘ ǘƘŀƴ ǘƘŜ ΨŦǊƻƳ ƘƻƳŜΩ ƭŜƎ ŀƴŘ ƛǎ ƴƻǘ ƳƻŘŜƭƭŜŘ ŀƴŘ 
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 assumŜŘ ΨŎŀǊ ŀǾŀƛƭŀōƭŜΩΦ 
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Table 127. Tour Proportions ς Simple Tours 

TOUR 
EMP 
CAV 

COM 
CAV 

COM 
NCA 

OTH 
CAV 

OTH 
NCA 

EDU 
CAV 

EDU 
NCA 

RET 
CAV 

RET 
NCA 

1 0.0% 0.5% 0.3% 6.3% 4.6% 0.0% 0.0% 6.3% 8.9% 

2 28.5% 10.9% 13.8% 9.7% 12.6% 100% 100% 11.7% 13.8% 

3 36.8% 45.7% 39.0% 2.2% 8.3% 0.0% 0.0% 1.4% 2.4% 

4 1.1% 4.8% 4.0% 0.3% 1.9% 0.0% 0.0% 0.6% 0.8% 

5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

6 13.1% 1.2% 1.5% 31.7% 31.5% 0.0% 0.0% 47.4% 48.3% 

7 7.5% 3.6% 8.9% 15.2% 13.9% 0.0% 0.0% 14.3% 10.2% 

8 0.5% 5.2% 8.4% 2.2% 1.9% 0.0% 0.0% 1.7% 1.3% 

9 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

11 0.0% 0.1% 0.0% 9.5% 6.5% 0.0% 0.0% 5.0% 6.7% 

12 5.2% 2.4% 2.6% 11.7% 6.7% 0.0% 0.0% 6.2% 2.4% 

13 0.0% 0.7% 1.3% 0.3% 0.6% 0.0% 0.0% 0.3% 0.6% 

14 1.9% 9.8% 11.3% 0.5% 0.0% 0.0% 0.0% 0.3% 0.4% 

15 5.4% 12.5% 6.9% 0.1% 0.4% 0.0% 0.0% 0.3% 0.6% 

16 0.0% 2.6% 1.9% 10.3% 11.2% 0.0% 0.0% 4.6% 3.7% 

Time Period Proportions 

15.3.32 Time period proportions were derived from the SHS in order to establish the starting time 
period of the home-based legs of Non-simple tours (by direction) and Non-Home Based trips. 
Calculated proportions are outlined in Table 128 to 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. 

15.3.34 ¢ƘŜ bƻƴ IƻƳŜ .ŀǎŜŘ ǘǊƛǇ ǇǊƻǇƻǊǘƛƻƴǎ ǿŜǊŜ ŘŜǊƛǾŜŘ ŦƻǊ 9ƳǇƭƻȅŜǊΩǎ .ǳǎƛƴŜǎǎ ŀƴŘ hǘƘŜǊ ǎǇƭƛǘ 
by car availability.  This produced three demand segments for non-home based trips:  
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º Non Home Based 9ƳǇƭƻȅŜǊΩǎ .ǳǎƛƴŜǎǎ όbI.9. ![[ύΤ 
º Non Home Based Other Car Available (NHBO CAV); and 
º Non Home Based Other No Car Available (NHBO NCA) 

Table 128. Time Period Proportions: From Home Trips 

TIME 
PERIOD 

EMP 
CAV 

COM 
CAV 

COM 
NCA 

OTH 
CAV 

OTH 
NCA 

EDU 
CAV 

EDU 
NCA 

RET 
CAV 

RET 
NCA 

AM 61.3% 71.1% 71.1% 37.0% 37.0% 0.0% 0.0% 32.7% 32.7% 

IP 24.1% 9.0% 9.0% 45.1% 45.1% 0.0% 0.0% 58.3% 58.3% 

PM 2.0% 2.1% 2.1% 10.1% 10.1% 0.0% 0.0% 6.3% 6.3% 

OP 12.5% 17.8% 17.8% 7.8% 7.8% 0.0% 0.0% 2.7% 2.7% 

 
Table 129. Time Period Proportions: To Home Trips 

TIME 
PERIOD 

EMP 
CAV 

COM 
CAV 

COM 
NCA 

OTH 
CAV 

OTH 
NCA 

EDU 
CAV 

EDU 
NCA 

RET 
CAV 

RET 
NCA 

AM 1.0% 5.0% 5.0% 3.8% 3.8% 0.0% 0.0% 3.6% 3.6% 

IP 30.1% 31.0% 31.0% 32.8% 32.8% 0.0% 0.0% 59.7% 59.7% 

PM 60.2% 55.5% 55.5% 35.8% 33.8% 0.0% 0.0% 25.4% 25.4% 

OP 8.7% 8.5% 8.5% 27.5% 29.5% 0.0% 0.0% 11.3% 11.3% 

 
Table 130. Time Period Proportions: Non Home Based Trips 

TIME PERIOD NHBEB ALL NHBO CAV NHBO NCA 

AM 20.8% 12.5% 7.4% 

IP 64.7% 47.2% 51.0% 

PM 11.0% 29.1% 27.9% 

OP 3.5% 11.2% 13.7% 
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Car Driver / Car User (CDCU) factors 

15.3.35 CŀŎǘƻǊǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ǘƻ ǇǊƻǇƻǊǘƛƻƴ ΨŎŀǊ ǳǎŜǊǎΩ όǘƘŜ ŎŀǊ ŘǊƛǾŜǊ Ǉƭǳǎ ŎŀǊ ǇŀǎǎŜƴƎŜǊǎύ ŦǊƻƳ ǘƘŜ 
car driver.  These factors are described for each travel purpose in Table 131.   These are 
derived by evaluating the SHS car mode 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 by Time Period  

PURPOSE AM IP PM OP 

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: 

º Obtain an average car occupancy of 2.06 from table NTS0906; 
º Obtain a single occupancy rate of 36% from table NTS0906; 
º Thus 64% of Education trips are multi-occupancy; 
º Of the average, the single occupant trips represent 0.36 of the 2.06; 
º Thus the 64% multi-occupant trips represent 1.7 of the 2.06; and 
º Divide 1.7 by 0.64 to yield an average occupancy of 2.64 for the multi occupancy trips. 

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 model supplies 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 
ǘƘŜ ǎŀƳŜ Ψ9ŘǳŎŀǘƛƻƴΩ ǘǊŀǾŜƭ ǇǳǊǇƻǎŜ ǎŀƳǇƭŜΦ  ¢ƘŜǊŜŦƻǊŜ ǘƘŜ b¢{ ŜŘǳŎŀǘƛƻƴ Řŀǘŀ ǇǊƻǾƛŘŜǎ ŀ 
wider representation of education car occupancy than represented by ASAM (which 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 should be considered 
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 described in Chapter 6.  Mode shares were split into the from/to home 
(business, commute, other, education, and retired) and the non-homed based trip (business 
and other) categories.  Census data is applied to calibrate the commuter travel purpose mode 
share, the Sustrans hands-up survey was applied to calibrate education mode share and SHS 
data was applied to calibrate the mode share for all business, other and retired purposes. 

Trip Length / Cost Distributions 

15.3.42 Trip matrices were extracted from the SHS for the 24 demand segments (with consistent data 
used to compare the identical LEZ compliant and non-compliant segments) and the 4 modes 
(Car, PT, Walk, Cycle) by datazone.  These datazone to datazone zone movements were then 
converted to the equivalent zones within the ASAM19 zoning system. 

15.3.43  This data, in combination with ASAM19 travel cost and distance skims from the prevailing 
assignment models, is used to derive trip length and trip cost distributions to calibrate the 
synthetic travel patterns generated by the ASAM demand model (as described 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 ASAM19 modelled areas:  

º Datazone zones within the ASAM modelled study area; 
º Intermediate zones for the local authorities lying adjacent to the ASAM modelled study 

area; and 
º Local Authority based geography beyond this. 

15.4.2 Special destination codes are used to represent the following journeys: 

º OD0000001 = Mainly work at or from home, action was re-mapping of destination zone 
to origin zone; 

º OD0000002 = Offshore installation, action was to transfer data to Heliport model;  
º OD0000003 = No fixed place, action was to disregard data; and  
º OD0000004 = Outside UK, action was to disregard data. 

15.4.3 ¢ƘǊŜŜ ǎŜǇŀǊŀǘŜ ŦƛƭŜǎ ǿŜǊŜ ǊŜŎŜƛǾŜŘΣ ƻƴŜ ŦƛƭŜ ŦƻǊ ŜŀŎƘ ŎŀǊ ŀǾŀƛƭŀōƛƭƛǘȅ ǎŜƎƳŜƴǘ ƻŦ άƴƻ ŎŀǊ 
ŀǾŀƛƭŀōƭŜέΣ άƻƴŜ ŎŀǊΣ ƳƻǊŜ ŀŘǳƭǘǎέ ŀƴŘ άŎŀǊǎ ŀǾŀƛƭŀōƭŜέΦ  9ŀŎƘ ŦƛƭŜ ƘŀŘ ŦƛǾŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎ ƻŦ 
travel mode, from which ΨPublic TransportΩ, ΨDriving a car or vanΩ and ΨPassenger in a car or 
vanΩ were selected to include as PT or Car mode in subsequent analysis.  Walk and cycle travel 
to work movements were also provided and analysed. 

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

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 year is described 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 they will be travelling at a 
particular time of day (considering both outbound and inbound time periods). 

15.5.2 ASAM considers both simple tours (i.e. tours which return directly home from the same initial 
destination), and also the individual legs of a non-simple tour (which represent time period 
trips and also involve a non-home 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 time periods. 

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: 

º 16 simple tours, with trip ends representative of the From-Home leg only and an 
average of the generalised cost by direction by purpose; 

º Four From Home time periods, with origin/destination trip ends and a standard time 
period specific generalised cost by purpose; and 

º Four To Home time periods, with origin/destination trip ends and a standard time 
period specific generalised cost by purpose. 

15.5.6 Non-home-based 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 non-car available demand segments are identical.  There is a differential to distinguish 
LEZ compliance for car modes only which results in two cost sets for each standard travel 
purpose user class, with cost matrices categorised as follows. 

º 9ƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎΣ [9½ ŎƻƳǇƭƛŀƴǘΤ 
º Commuters, LEZ compliant; 
º Education, LEZ compliant; 
º Other, LEZ compliant; 
º Retired, LEZ compliant; 
º 9ƳǇƭƻȅŜǊΩǎ ōǳǎƛƴŜǎǎΣ [9½ non-compliant; 
º Commuters, LEZ non-compliant; 
º Education, LEZ non-compliant; 
º Other, LEZ non-compliant; and 
º Retired, LEZ non-compliant; 
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15.5.8 Lƴ ǘƘŜ ŦƛǊǎǘ ƭƻƻǇ ǘƘŜǎŜ ƛƴǇǳǘǎ ŎƻƳŜ ŦǊƻƳ ǘƘŜ ΨLƴƛǘƛŀƭƛǎŜΩ ŜƭŜƳŜƴǘ ƻŦ ǘƘŜ ƳƻŘŜƭΦ  Lƴ ǎǳōǎŜǉǳŜƴǘ 
loops the generalised cost inputs change, with new costs becoming derived initially in the 
ŀǎǎƛƎƴƳŜƴǘ ƳƻŘŜƭǎΣ ŀƴŘ ǎǳōǎŜǉǳŜƴǘƭȅ ŀŘƧǳǎǘŜŘ ƛƴ ǘƘŜ ΨDŜƴŜǊŀƭƛǎŜŘ /ƻǎǘǎΩ ƳƻŘŜƭ ǘƻ ŀŎŎƻǳƴǘ 
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 minutes using 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 non-simple 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 this point to reduce 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, there is no benefit in aggregating these demand segments at this stage.  They are 
instead output as two separate files by demand segment, disaggregated by car availability 
and contain 120 tables noting demand for each of the 5 modes, 16 tours and 8 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 below in Figure 37.  This 
assumes that mode choice is before destination choice as is consistent with the previous 
ASAM14 regional model, but with the ASAM19 also now including active modes. 

 

Figure 37. Mode and Destination Choice Hierarchy 
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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:  

ὠ ‌Ὗ ‍ὰὲὟ ὍὤὓὃὛὅ 

Where: 
ὠ  is the mode specific utility to be used in the destination choice logit comparison; 

Ὗ  is the mode specific generalised cost between i and j (based on assignment 

skims); 
Ὅὤὓ π if Ὥ Ὦ is an estimated intrazonal parameter;  
ὃὛὅ is the mode specific alternative specific constant; and 
‌ȟ‍ 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  

ὖ
ὑὃὩ

В ὑὃὩᶰ

 

Where: 
‗ π is the relevant spread parameter; 
ὠ  is the utility from zone i to destination choice j; 

ὃ is the attraction weighting for destination zone J; 

ὑ is the K factor attributed to destination zone J; and 

ὐ is 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:  

Ὗ  

ρ

‗
ÌÎ ὄὩ  

ᶰ

 

Where 
Ὗ   is the composite cost of walking for a zone Ὥ; 
ὄ is the proportion of attractions for zone Ὦ; 

‗ π is the destination mode choice spread parameter; 
Ὧ is a zone within the full set of zones ὑ; and 
Ὗ   is the utility of walking between Ὥ and Ὦ. 

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 mode.  The 
application of this (following the calculation of proportions) depends whether the demand 
segment is a doubly constrained or singly constrained journey purpose (defined in Table 132). 

15.5.20 For singly constrained journey 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 



   
 

 

   
Aberdeen Sub Area Model 2019 (ASAM19)   
Aberdeen Sub Area Model ς Post AWPR Update GB01/T19/F21  

Model Development Final Report 28/06/2024 Page 277/ 298 

 

at a trip end level. Calculations are undertaken at a tour/t rip period level for each demand 
segment. 

15.5.21 For doubly constrained journey purposes (commute) 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 ς Para 4.9.3).  However, the ASAM demand model is aligned to the earlier SRTM 
(and TCRTM) structure.  The SRTM development 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.  Therefore, the education 
purpose is also singularly constrained within ASAM.  This approach could be considered 
further during future model development if new education data sources become available. 

Table 132. Demand Segment Constraint 

DS PURPOSE RETIRED STATUS CAR AVAILABILITY LEZ COMPLIANCE CONSTRAINT 

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 Car available Compliant Single 

22 NHBO Non-Retired Car available Non-compliant Single 

23 NHBO Non-Retired 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 presents computational 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 against the 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 component mode / 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 
ǘƻ ƻƴƭȅ ŎƻƴǎƛŘŜǊ άǘǊǳŜέ ǘƻǳǊǎ ƛƴ ǘƘƛǎ ŀǇǇǊƻŀŎƘ, this itself would only result in a marginal 
reduction in matrices. 

15.5.26 Consequently, a different approach is adopted which retains consistency with the mode 
ŘŜǎǘƛƴŀǘƛƻƴ ŎƘƻƛŎŜ ƳƻŘŜƭ ǘƻ ŀǇǇƭȅ ǿŜƛƎƘǘǎ ǘƻ ǘƘŜ ŀǘǘǊŀŎǘƛƻƴǎ ǘƻ ŎƻƴǾŜǊǘ ŦǊƻƳ άŀƭƭέ ƳƻŘŜǎ 
attractions to mode specific attractions.  This applies the same equation (as described in 
15.5.16 above), 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 
ŦǊƻƳ ŀƴ άŀƭƭέ ŀǘǘǊŀŎǘƛƻƴ ƛƴǘƻ ŀ ƳƻŘŜ ǎǇŜŎƛŦƛŎ ǘǊƛǇ ŀǘǘǊŀŎǘƛƻƴΦ 

15.5.28 !ǘ ǘƘƛǎ Ǉƻƛƴǘ ƛƴ ǘƘŜ !{!a ƳƻŘŜƭƭƛƴƎΣ ŀǘǘǊŀŎǘƛƻƴǎ ŀǊŜ ŦǳǊǘƘŜǊ ǿŜƛƎƘǘŜŘ ǳǎƛƴƎ ŀ ǎŜǊƛŜǎ ƻŦ ΨY-
ŦŀŎǘƻǊǎΩΦ  ¢ƘŜǎŜ ŀǊŜ mode specific weights and applied using a 39 sector-based geographical 
system to further adjust trip movements to match the magnitude of travel patterns observed 
in different areas.  K-factors are described in Appendix W. 

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 Through development and operation of the previous SRTM (and TCRTM) modelling, it became 
apparent that significant mode constants would be required to ensure that the observed cycle 
ƳƻŘŜ ǎƘŀǊŜ ǿŀǎ ǊŜǇǊƻŘǳŎŜŘΦ  Lƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ƳƻŘŜƭΩǎ ŀōƛƭƛǘȅ ǘƻ ŦƻǊŜŎŀǎǘ ŎƘŀƴƎŜǎ ƛƴ 
the cycling mode, a factor representing the level of cycle ownership was included within the 
model.  The bicycle ownership utilised within the ASAM is 22.2% owning a bicycle and the 
remainder not owning a bicycle. This value is consistent with the SRTM and TCRTM models. 

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 approach is illustrated in Figure 38, and allows 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 figure is adjusted 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 both bicycle 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 undertaking realism tests 
to understand the response of the choice models.  This secondary element is described within 
Chapter 10. 

15.6.2 The comparison with observed mode share and trip distribution data by journey purpose is 
described within Chapter 6 and Appendices G and H.  Where 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 using the generalised 
cost obtained from the assignment models to generate the distribution.   
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Approach 

15.6.4 The demand model calibration approach requires a set of costs to initialise the process. 
Initially these costs were sourced from the assignment of earlier ASAM14 trip matrices to the 
ASAM19 network models.  These costs were soon 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). 

15.6.5 The mode and destination choice calibration involved the adjustment of the demand model 
parameters (lambda, alpha, beta, ASCs (Alternative Specific Constant), IZM (Intrazonal Mode 
constant) and k-factors ǘƻ ƻōǘŀƛƴ ŀ ΨōŜǎǘ ŦƛǘΩ ǿƛǘƘ ǘƘŜ ƻōǎŜǊǾŜŘ ŘŀǘŀΦ  ¢ƘŜ ΨōŜǎǘ ŦƛǘΩ ǿƛǘƘ 
observed data was defined using the following five metrics: 

º Comparison with SHS / Census / education survey mode shares; 
º Comparison with SHS / Census observed generalised cost curves; 
º Comparison with SHS / Census observed trip length curves;  
º Comparison with Census observed commuter sector movements; 
º Comparing with overall observed levels of road traffic volumes and public transport 

patronage; and 
º Elasticity with respect to both fuel, fares and journey times to be broadly consistent 

with guidance. 

15.6.6 The procedure of adjusting the calibration parameters (Lambda, Alpha, Beta, ASC, IZM, & k-
factors) 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. 

15.6.7 The Lambda value was initially set equal to the TAG guidance median value, with Alpha and 
Beta set to 1 and 0 respectively.  The ASC parameters were initially adjusted until the mode 
share reflected region-wide observations, and then subsequently refined at a more detailed 
sector level to reflect sector-by-sector mode share observations.  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 the same function as mode specific 
lambda parameters (and 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. 

15.6.8 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 each parameter within a 
calibration loop was set according to how much each diverted away from the observed data. 
Manual adjustments were implemented where deemed necessary. 

15.6.9 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 described in Table 133 and Table 134.  These include: 

º Lambda parameters; and 
º IZM intrazonal parameters 

15.6.11 In addition to these parameters, ASC mode constants and k factors which vary by sector are 
presented in Appendix V and W.  Alpha parameters are all set as 1. 

15.6.12 The parameters cover 24 demand segments, with a set of LEZ compliant and non-compliant 
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 approach of 
travellers with compliant or non-compliant vehicles, the difference should purely be driven 
by the different costs they will experience, i.e. their response should be identical given a 
consistent cost increase. 

15.6.13 A proportion of non-compliant vehicles are segmented within the base model with consistent 
parameters used to control the mode and distribution of these vehicles.  Compliant/non-
compliant vehicle costs are also consistent within the base year modelling, but will likely 
change in some future year scenarios.  Users 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 are described in Appendix V.  The parameters used within ASAM19 are 
generally within or close to the TAG illustrative values, noting that the values presented below 
are split between Car Available and Non Car Available, and the guidance presents combined 
values. Some exceptions relate to: 

º the commute NCA mode value sits lower than the TAG range; 
º the non-home based other CA and NCA mode values sit lower than the TAG range; 
º the other and retired NCA mode values fall just lower the TAG range; 
º the commuter and retired PT values fall lower than the TAG range; and 
º the non-home based CA PT values fall lower, and NCA are higher than the TAG 

range. 

15.6.15 The car lambda parameter for the education travel purpose appears particularly high when 
compared to the maximum figures suggested by TAG guidance.  Note though, that TAG 
ǇŀǊŀƳŜǘŜǊ ǊŀƴƎŜǎ ǊŜǇǊŜǎŜƴǘ ŎƻƳōƛƴŜŘ ǾŀƭǳŜǎ ŦƻǊ ŀƭƭ ΨƘƻƳŜ ōŀǎŜŘ ƻǘƘŜǊ ǘǊƛǇǎΩΣ ǊŀǘƘŜǊ ǘƘŀƴ ŀ 
specific value for school education travel (and this segmentation may impact the values 
applied).  The specific nature of education trip making and characteristics of the ASAM 
modelled area may also influence the calibration of choice parameters. 
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Table 133. Calibrated Lambda Parameters 

DS DEMAND SEGMENT 
PARAMETER: LAMBDA PARAMETERS 

MODE CAR PUT PNR WLK CYC 

1 

Employer's Business  

0.4500 -0.0427 -0.0393 -0.1178 -0.0453 -0.0865 

2 0.4500 -0.0427 -0.0393 -0.1178 -0.0453 -0.0865 

3 

Commute Car Available  

0.6800 -0.0806 -0.0220 -0.0700 -0.0323 -0.0822 

4 0.6800 -0.0806 -0.0220 -0.0700 -0.0323 -0.0822 

5 

Commute No Car Available  

0.3000 -0.1000 -0.0199 -0.0300 -0.0383 -0.1033 

6 0.3000 -0.1000 -0.0199 -0.0300 -0.0383 -0.1033 

7 

Other Car Available  

0.5300 -0.0844 -0.0367 -0.1308 -0.0337 -0.0998 

8 0.5300 -0.0844 -0.0367 -0.1308 -0.0337 -0.0998 

9 

Other No Car Available  

0.2600 -0.1000 -0.0403 -0.0300 -0.0489 -0.0825 

10 0.2600 -0.1000 -0.0403 -0.0300 -0.0489 -0.0825 

11 

Education Car Available  

0.3400 -0.2904 -0.0439 -0.0010 -0.0431 -0.0566 

12 0.3400 -0.2904 -0.0439 -0.0010 -0.0431 -0.0566 

13 

Education No Car Available  

0.3400 -0.1000 -0.0393 -0.0300 -0.0478 -0.0781 

14 0.3400 -0.1000 -0.0393 -0.0300 -0.0478 -0.0781 

15 

Retired Car Available  

0.5300 -0.0827 -0.0262 -0.1297 -0.0181 -0.0338 

16 0.5300 -0.0827 -0.0262 -0.1297 -0.0181 -0.0338 

17 

Retired No Car Available  

0.2600 -0.1000 -0.0234 -0.0300 -0.0247 -0.0221 

18 0.2600 -0.1000 -0.0234 -0.0300 -0.0247 -0.0221 

19 
Non Home Based 
Employer's Business  

0.7300 -0.0403 -0.0127 -0.0300 -0.1517 -0.0579 

20 0.7300 -0.0403 -0.0127 -0.0300 -0.1517 -0.0579 

21 
Non Home Based Other Car 
Available  

0.4000 -0.0719 -0.0310 -0.0300 -0.0271 -0.0193 

22 0.4000 -0.0719 -0.0310 -0.0300 -0.0271 -0.0193 

23 
Non Home Based Other No 
Car Available  

0.4000 -0.1000 -0.0540 -0.0300 -0.0571 -0.0206 

24 0.4000 -0.1000 -0.0540 -0.0300 -0.0571 -0.0206 
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Table 134. Calibrated Demand Model - IZM Parameters  

DS DEMAND SEGMENT 
PARAMETER: IZMς INTRAZONAL MATRIX COST CHANGE 

CAR PUT PNR WLK CYC 

1 

Employer's Business  

-36.3 87.5 2.1 -17.9 46.8 

2 -36.3 87.5 2.1 -17.9 46.8 

3 

Commute Car Available  

-3.7 49.6 1.8 -12.3 -9.6 

4 -3.7 49.6 1.8 -12.3 -9.6 

5 

Commute No Car Available  

0.0 29.3 0.0 17.2 -2.2 

6 0.0 29.3 0.0 17.2 -2.2 

7 

Other Car Available  

-8.9 15.6 1.6 -16.5 -2.3 

8 -8.9 15.6 1.6 -16.5 -2.3 

9 

Other No Car Available  

0.0 13.8 0.0 -10.1 7.6 

10 0.0 13.8 0.0 -10.1 7.6 

11 

Education Car Available  

-1.4 -8.8 259.0 10.8 -10.7 

12 -1.4 -8.8 259.0 10.8 -10.7 

13 

Education No Car Available  

0.0 -30.1 0.0 -10.8 -17.3 

14 0.0 -30.1 0.0 -10.8 -17.3 

15 

Retired Car Available  

-15.6 -27.1 1.6 -53.6 -44.8 

16 -15.6 -27.1 1.6 -53.6 -44.8 

17 

Retired No Car Available  

0.0 -60.7 0.0 -44.6 -121.8 

18 0.0 -60.7 0.0 -44.6 -121.8 

19 
Non Home Based 
Employer's Business  

-63.9 74.7 0.0 3.9 42.9 

20 -63.9 74.7 0.0 3.9 42.9 

21 
Non Home Based Other Car 
Available  

-23.2 40.9 0.0 -57.6 -99.5 

22 -23.2 40.9 0.0 -57.6 -99.5 

23 
Non Home Based Other No 
Car Available  

0.0 49.1 0.0 -3.6 -131.0 

24 0.0 49.1 0.0 -3.6 -131.0 

Units: Generalised Minutes 
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15.7 Tour Aggregation 

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 simple one-way trips in specific 
time periods and do not require any differentiation by direction.  A conversion or 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 From-Home and To-Home in .FHS and .THS files respectively.  There are five 
files for each direction each denoting a different user class and containing 16 tables (4 modes 
by 4 time periods). 

15.7.4 At this stage LEZ compliant and non-compliant vehicle classes remain separate. 

15.7.5 A prerequisite step undertaken is the conversion of the demand matrices from demand 
segments to assignment user-classes.  This definition is presented in Table 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 rows and columns of the 
Ψ¢ƻǳǊ DǊƛŘΩ ǎƘƻǿƴ ƛƴ Table 126.  The model also transposes the trips for the To-Home 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 illustrated in Figure 39. 
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Figure 39. Tours Aggregation Processes 
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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 assignment matrices are also undertaken, including accounting for 
external trips, goods vehicles, special zone airport trips (add-ins), and delta / incremental 
adjustment. 

 
Inputs 

15.8.3 The inputs to this component are the From-Home and To-Home matrices from the Tour 
Aggregation model.  These matrices are provided by time period and by user class. 

15.8.4 /ƻƴǾŜǊǎƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ƳƻŘŜƭ ΨtŀǊŀƳǎΩ ŦƻƭŘŜǊ ŀƴŘ ƛƴŎƭǳŘŜΥ 

º Period to Hour factors;  
º Car User to Car Driver (CDCU) factors; 
º Delta / incremental adjustments; and 
º add-ƛƴ ƳŀǘǊƛŎŜǎ ŀǊŜ ƛƴŎƻǊǇƻǊŀǘŜŘ ŦǊƻƳ ǘƘŜ ΨƛƴǇǳǘ ŘŜƳŀƴŘΩ ŦƻƭŘŜǊ ǿƘƛŎƘ ǊŜŦƭŜŎǘ ŜȄǘŜǊƴŀƭ 

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 through ŘŜǊƛǾƛƴƎ ΨŎŀǊ ǳǎŜǊ ǘƻ ŎŀǊ ŘǊƛǾŜǊΩ ǾŜƘƛŎƭŜ ŎƻƴǾŜǊǎƛƻƴ ǇǊƻǇƻǊǘƛƻƴǎ 
ŦǊƻƳ ǘƘŜ Ψcar driver to car userΩ factors described in  Table 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 demand model run.  
Incremental adjustments are only undertaken for zonal demand present in the base year 
modelling (i.e. there are no adjustments to apply to any greenfield site zones which are 
incorporated within future year scenarios). 

 
Calculation Steps 

15.8.8 The processes within this module undertake the following steps: 

º Directional aggregation; 
º Period to hour factoring and vehicle conversion; 
º Include add-ins and prepare total matrices; and 
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 matrices are also converted 
from person trips to vehicle trips using the car user to car driver factors noted above. 

15.8.10 Add-ins which cover external matrices and goods vehicles matrices are included in the 
assignment matrices by a straight replacement or inclusion where appropriate.  Add-in 
matrices are fixed in terms of the demand model calculations and are accounted for in each 
forecast year scenario using 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 difference.  In particular, 
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 
ƳŀǘǊƛŎŜǎΣ ǿƘŜǊŜ ŀ ΨƳŀǎƪΩ ƛǎ ǇǊƻŘǳŎŜŘ ǘƻ ŀƭƛƎƴ ǘƘŜ ǎȅƴǘƘŜǎƛǎŜŘ ŘŜƳŀƴŘ ƳƻŘŜƭ ƻǳǘǇǳǘǎ ǿƛǘƘ 
the estimated car and PT assignment matrices.  This approach involves either one of two types 
of increment being created, specifically: 

º Where the factor πȢυ ὓ ς, the multiplicative factor ὓ  will be applied 

such that ὕ ὓὖ; 

º Where the factor πȢυ ὓ ς, an additive adjustment ὃ ὅ ὖ will be applied 

such that ὕ ÍÁØ πȟὖ ὃ. 
Where 
ὅ is the calibrated assignment matrix, 
ὖ is the output assignment matrix from the demand model prior to the adjustment, 
ὕ is the output assignment matrix from the demand model, 
ὓ is the multiplicative delta adjustment, and 
ὃ is the additive delta adjustment. 

 
Analysis of Scale of Incremental Adjustments 

15.8.13 Appendix AD describes the scale of incremental matrix adjustments for each time period, car 
and PT mode, and for the additive and multiplicative values.   These demonstrate that the 
vast majority (99%) of road and PT additive adjustments are less than 1 trip, and the majority 
of multiplicative values fall within +/-30%. 

15.8.14 The majority of additive values are shown as negative for road and PT modes.  Multiplicative 
values are more balanced, with between 60%-40% of adjustments being negative or positive 
adjustments depending on time period and mode.  Public 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 tour-based 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 non-compliant 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 both Park and Ride and 
Parking Distribution.  

15.9.4 The outputs of this step are five user class specific sets of average generalised cost matrices 
όΦ!D/Ωǎύ ǿƘƛŎƘ Ŏƻƴǘŀƛƴ мнл ǘŀōƭŜǎ ǎŜƎƳŜƴǘŜŘ ōȅ ǘƻǳǊǎκǘƛƳŜ ǇŜǊƛƻŘǎ όмсκуύ ŀƴŘ ƳƻŘŜ όŦƛǾŜύΦ 

 
Calculation Steps 

15.9.5 The calculation steps undertaken by the generalised cost process are illustrated in Figure 40.  
The first step takes each of the four assigned modes cost skims and creates tour-based 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 
ŦƻǳǊ ǘƛƳŜ ǇŜǊƛƻŘǎΣ ŀǎǎǳƳǇǘƛƻƴǎ ŦƻǊ ΨhŦŦ tŜŀƪΩ ƎŜƴŜǊŀƭƛǎŜŘ Ŏƻǎǘǎ ŀǊŜ ƳŀŘŜΣ ǎǇŜŎƛŦƛŎŀƭƭȅΥ  

º Off-peak road mode cost matrices are sourced from the IP assignment; 
º 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 
º 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 parameters and a parking constant.  
Where a zone-to-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 

 

 
  
















