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Introduction 
 
This Technical Note has been prepared to draw together and summarise the agreed 
inputs, parameters and scenarios that will be used by MVA when undertaking the Stage 
3: Future Year scenario testing of the Greater Nottingham Transport Model (GNTM).  
This will be undertaken in accordance with the HMA modelling protocol for the above 
development proposal. 
 
A project meeting was held at Nottinghamshire County Council’s (NCC) offices on 11 
November 2011 to review the project proposals and agree the Stage 1 Area of Influence 
report.  The meeting was held between BWB and NCC, who are the local highway 
authority, Derbyshire County Council and the Highways Agency (HA).  This is because 
the location of the development means it could impact on the operation of roads within 
the jurisdiction of all three highway authorities.  Nottingham City Council confirmed that 
they would liaise with NCC with regard to their input.  A copy of the meeting minutes is 
included at Appendix A.  
 
This Technical Note therefore sets out: 

• Proposed development 
• Committed development and infrastructure schemes 
• Trip rates 
• Assessment year and scenarios 
• Site access and NET 
• AECOM Technical Note 1  
• George Spencer School traffic  
• Junction modelling 

 
Proposed Development 
 
The development proposals are as follows: 

• 825 residential dwellings 
• 380sqm GFA convenience store 
• 2 x 95sqm GFA retail units 
• 2,800sqm GFA B1 
• 2,925sqm GFA pub/restaurant with 80 bed hotel attached  
• Primary school (175 pupils) 

 
A sensitivity test will also be undertaken in which the proposed site access and off-site 
highway works proposed at Bardills Island will be designed to accommodate a 
development of up to 1000 dwellings.  This will ensure that there is headroom at these 
junctions to allow for potential future development at the Toton Sidings site. 
 
Committed development and infrastructure schemes 
 
MVA provided a list of committed residential development and transport infrastructure 
schemes that are included within the GNTM (copy at Appendix B).  This was discussed 
and agreed with all highway authorities at the project meeting on 11 November 2011.  
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Following a request from the highway authorities, MVA also provided details of 
employment sites that have previously been identified by the City and County Councils 
for inclusion within the GNTM.  These are: 
• City Centre Regeneration areas - 10,000 new jobs spread across Bridge ward and 

Dales ward. 
• Broadmarsh Redevelopment - increase in floor space from 44,227 sqm of floor 

space to 120,300 sqm. 
• Top Wighay site Employment - 500 jobs   
 
For clarity all committed schemes for inclusion within the Stage 3 GNTM modelling are 
summarised at Table 1. 
 
Given the recent Government announcement regarding the A453 the Highway 
Authorities should confirm the assumption not to include the A453 widening remains their 
position. 
 
Trip rates 
 
Person trip rates 
 
MVA have provided a Technical Note that they prepared for a previous development.  
The note includes the person trips rates they propose to use for the Toton site.  Their 
note is enclosed at Appendix C.  It was agreed at the project meeting on 11 November 
2011 that with the exception of the pub/restaurant/hotel use that these person trip rates 
are adopted for the proposed development uses.   
 
It was agreed at the project meeting that the person trip rates previously agreed as part 
of the Scoping Study and TA for the pub/restaurant/hotel be reused.  
 
The MVA trip rates do not include rates for the convenience store element of the 
development.  AECOM therefore also suggested that the previously agreed person trip 
rates for this use are reused. 
 
It is agreed that the 85th percentile residential trip rates will be used. 
 
The agreed person trip rates for use in the Stage 3 GNTM modelling are therefore 
summarised at Table 2. 
 
Modal Split 
 
MVA have advised that the levels of bus, rail and NET based public transport and 
car/HGV usage will be derived by the demand model element of the overall transport 
model.  However the model does not automatically include for cycle and pedestrian trips 
which will have to be taken into account manually through reduction in the external 
person trips associated with the development that is assumed in the model.   
 
It was agreed that the modal split information for pedestrian and cycle trips already 
agreed as part of the Scoping Study and TA for each of the development uses will be 
reused.  These are summarised at Table 3. 
 
The only use not accounted for in the previous work is the primary school (because this 
was not proposed at the time).  However given that this use would be expected to have a 
high intra-site trip component this will not be particularly sensitive and hence it is 
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proposed to use the average modal split figures across the site for the primary school.  
This was agreed at the project meeting. 
 
Table 3 summarises the agreed modal split for cycle and pedestrian journeys associated 
with the site.  The above modal split will therefore be applied to the person trip rates to 
give the vehicle occupancy trip rates (either as a driver, passenger or public transport 
user).   
 
Table 4 provides the resultant vehicle occupancy person trip rates to which intra-site trips 
and pass-by trip deductions will be applied. 
 
Intra-site trips 
 
MVA have provided a list of the proposed intra-site trips.  These are given at Appendix C.  
With the exception of the convenience store and pub/restaurant/hotel use, for which no 
information was provided by MVA, all other intra-site trips were agreed at the project 
meeting. 
 
With respect to the convenience store and pub/restaurant/hotel us it is proposed to use 
the intra-site trips agreed as part of the previous Scoping Study and TA.   
 
With respect to the convenience store it was previously agreed that 50% of the trips 
would intra-site (or linked) trips.  No intra-site trips were agreed for the 
pub/restaurant/hotel use. 
 
The intra-site trips are therefore summarised at Table 5. 
 
Pass-by trips 
 
It is proposed that no pass-by allowance is made for the development uses, with the 
exception of the previous agreements within the Scoping Study and TA for the 
convenience store and pub/restaurant/hotel use.   
 
For the pub/restaurant/hotel use it was previously agreed that a 30% allowance is made 
for pass-by trips.  For the convenience store it was previously agreed that the remaining 
50% of trips that would not be intra-site trips (linked) would be pass-by trips. 
 
The pass-by trips are therefore summarised at Table 6. 
 
Car occupancy 
 
Following a request from AECOM MVA have provided details of the car occupancy 
assumptions used in the GNTM and derived in accordance with TAG Unit 3.5.6.  A copy 
of their note on this is provided at Appendix D.  The car occupancy values are 
summarised as follows for the morning and evening peak period for the 2026 
assessment year. 
 
 

Purpose  AM  PM 
Commute 1.134 1.122 
Business 1.229 1.170 
Other 1.605 1.662 

  Car occupancy (2026 values) 
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These occupancy rates will be applied to the residual private vehicle occupancy person 
trip to determine the vehicle driver (and hence private vehicle) trip generation. Following 
the running of the mode and destination choice stages of the demand model, the car 
occupancy rates above are used to convert hourly highway person trip matrices to car 
trip matrices for assignment in the SATURN highway model (route choice model).  
 
Assessment Year and scenarios 
 
It is understood that the model is validated for a 2008 base year with modelling output 
available for 2026.   
 
2026 will therefore be adopted as the assessment year for the Transport Assessment.  
This will be robust as it is likely that the development would be phased over a number of 
years but fully built out by 2021.  It is also more than five and ten years after the 
registration of the planning application (which is expected to be in early 2012) as is 
recommended within the DfT document ‘Guidance on Transport Assessment’. 
 
The Stage 3: Future Year modelling will consider the following scenarios: 

• Reference case: 2026  
• Development case: 2026 + development  
• Sensitivity test: 2026 + development (assuming 1000 residential units) output 

required for site accesses and Bardills Island only 
 
Site access and NET 
 
NCC have confirmed with the NET Team their site access details.  These are included at 
the drawings shown at Appendix E.  The NET site access will need to be included with 
the Stage 3 GNTM reference case.  
 
The junction would then be modified to include the site access as an additional arm, as 
shown on the BWB drawings also included within Appendix E.   
 
When coding these junctions NCC have requested that MVA ensure that the right turn 
movements into both the NET park and ride terminus and the development site are 
separately signalled. 
 
AECOM Technical Note 1  
 
Following the project meeting on 11 November 2011 the HA provided further comments 
within Technical Note 1 prepared by AECOM on 14 November 2011.  A copy of the 
AECOM Technical Note is included at Appendix F.  AECOM request the following within 
their Technical Note: 

i. Details of proposed vehicle mode share contained in the GNTM justified against 
local Census data to ensure that it is representative of the proposed site. 

ii. Additional information regarding the intra-site and pass-by trip reductions 
applied in the model. 

iii. Futher information regarding the routing of traffic from the development as a 
review of the trip distribution previously agreed by the Agency suggests that the 
number of trips impacting at Bardills roundabout and routing along the A52 may 
be 15% higher. 

iv. Turning count details at Bardills are provided by BWB once the GNTM modelling 
is undertaken and an assessment against observed traffic counts undertaken to 
ensure that they represent a realistic baseline condition. 
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The above has been discussed with MVA, who have advised that the HA have agreed 
the HMA modelling protocol which sets out methodology and parameters with regard to 
use of the GNTM. 
 
This Technical Note has provided further details of the agreed person trip rates along 
with the process within the model for dealing with pedestrian and cycle trips.  The vehicle 
occupancy rates are also provided.  The demand model will determine the actual split 
between private and public transport vehicle options in accordance with the agreed HMA 
assessment protocol.  Therefore at this stage MVA cannot provide the information 
requested at point i).  However a check can be performed post assessment if required. 
 
With regard to point ii) this Technical Note has provided a summary of the agreed 
position with regard to intra-site and pass-by trip reductions. 
 
With regard to point iii) it is understood that the HA have signed off the GNTM as fit for 
purpose.  MVA therefore refer the authorities to their report given at Appendix G for 
further technical information.  The report explains how the various elements of the model 
interact. The document made up part of the submission to the HA and Local Authorities 
when the model was accepted as fit for purpose.  
 
Nevertheless, it should be noted that the previous TA work assumed a fixed traffic 
assignment that did not take into account existing traffic congestion (or cost of using a 
particular route), i.e. all traffic that wanted to route north did so.  The GNTM allows for an 
elastic assignment of traffic which takes into account the cost of using a route.  Therefore 
should a particular route have a high cost, then traffic reassigns to use alternative routes.  
The impacts described in AECOM Technical Note therefore are a reflection of this 
position. 
 
It was agreed at the project meeting on 11 November that a comparison of the forecast 
turning counts at Bardills Island against observed traffic counts would be undertaken to 
examine point iv).  However it should be recognised that the forecast flows will include for 
the NET Terminus on Toton Lane and associated infrastructure and therefore a 
comparison to observed data may not be straight forward.  The 2008 base year model 
will however be validated using observed data and a local validation report prepared by 
MVA for agreement with the highway authorities prior to the Stage 3 Further Year 
assessment modelling being undertaken. 
 
If required, MVA could also provide the SATURN node graphics of Bardills and any other 
highway changes as a result of NET for agreement before the Stage 3 modelling 
commences. 
 
George Spencer School Traffic 
 
As part the development proposal the access to the George Spencer School, which is 
currently located on Toton Lane, would be closed and a new access provided to the 
school from within the development.  School traffic would therefore use the new signal 
controlled site access junction on Toton Lane.   
 
Therefore as part of their modelling brief MVA need to ensure that the School traffic is 
rerouted through the new site access.  This can be achieved by reassigning traffic from 
the existing zone based on the below site specific count data. 
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As part of the previous TA work a traffic count was undertaken at the George Spencer 
School site access on Toton Lane.  A morning and evening peak hour traffic survey was 
commissioned at the Toton Lane/School Access junction to determine the number of 
vehicles using the existing school access. This was carried out on Tuesday 29 
September 2009. In addition to the above a number of parents use the Japanese Water 
Gardens car park, opposite the site, to drop off and pick up pupils. The traffic survey also 
recorded these movements. The result are summarised at Figure 1 below. For the 
purposes of Figure 1 the school drop off and pick up movements associated with the 
Japanese Water Gardens have been added to the turning movements into and out of the 
site, assuming a 50/50 split to the north and the south.  
 

Toton Lane

Toton Lane

SITE

57

(2)

912

(998)

45

(2)

692

(854)

23 (13)

28 (6)

Key

23 – morning peak hour flows in pcus

(23) – evening peak hour flows in pcus

 
Figure 1: 2009 Surveyed traffic flows at Toton Lane/School Access junction 

 
Junction modelling 
 
It is confirmed that following receipt of outputs from the GNTM the traffic count data will 
be used to model the effected junction using appropriate traffic modelling software. 
 
Summary and conclusions 
 
This Technical Note has drawn together the agreed position with regard to the Stage 3: 
Future Year scenario testing for the land west of Toton Lane development site.  Subject 
to confirmation of agreement to the parameters set out within this note with the highway 
authorities, MVA should proceed with the Stage 3 testing in accordance with the 
information contained here within.   
 
BWB Consulting Ltd 
20/12/2011 SD 
 
 



Transport Infrastructure
Scheme Status
A46 improvements Newark to Widmerpool Under Construction 
M1 Widening J25 to J28 Completed
NET Phase II Under Construction 
East Midlands Parkway Railway Station Completed
A52 Junction Enhancements - Priority Roundabout and QMC Junction Under Construction 
Highway Improvements associated with Land at Edwalton development Planning Permission
Turning Point East Phase 1 Planned
Turning Point South Planned
Ring Road Major Best and Final Business Case Submitted
Hucknall Town Centre Improvements Best and Final Business Case Submitted
A453 widening Not currently programmed

Committed Housing Developments
Site Number of dwellings
Waterside 2200
Eastside Extended Island 1750
Land at Edwalton 1200
South of Papplewick Lane 837
Cotgrave Colliery 470
Chalfont Drive 413
North Victoria Park/Teal Close 400
Stockings Farm (St Marys) 390
Hicking Pentecost 350
Mill Hill Bingham 345
Clifton Lane 327
Thomas Forman Site 323
Forest Mills 300
Gedling Colliery 300
Clifton West 285

Committed Employment Developments
Site Size/jobs
City Centre Regeneration 10000 jobs
Broadmash redevelopment increase 44,227 to 120,300sqm
Top Wighay Employment 500 jobs

Table 1: Committed infrastructure, housing and employment schemes



Land use Magnitude Source

Arrive Depart Arrive Depart Arrive Depart Arrive Depart
Residential (85th%ile) 825 units MVA 0.24 1.47 0.86 0.54 194 1214 713 448
Convenience Store 380 sqm Previously agreed 27.43 27.71 14.29 14.00 104 105 54 53
Non food retail units 190 sqm MVA 0.72 0.30 2.35 3.60 1 1 4 7
B1 Employment 2800 sqm MVA 2.12 0.23 0.21 1.60 59 6 6 45
Pub/restaurant/hotel 2925 sqm Previously agreed 0.41 1.27 2.29 0.62 12 37 67 18
Primary school 175 pupils MVA 1.28 0.26 0.03 0.05 224 46 5 9
Total 595 1409 850 580

Land use Magnitude Source
Cycle Walk Total

Arrive Depart Arrive Depart
Residential (85th%ile) 825 units MVA 6.00% 15.00% 21.00% 41 255 150 94
Convenience Store 380 sqm Previously agreed 5.00% 29.40% 34.40% 36 36 19 18
Non food retail units 190 sqm MVA 0.40% 32.90% 33.30% 0 0 1 2
B1 Employment 2800 sqm MVA 8.10% 12.10% 20.20% 12 1 1 9
Pub/restaurant/hotel 2925 sqm Previously agreed 0.00% 1.80% 1.80% 0 1 1 0
Primary school 175 pupils MVA 5.40% 17.00% 22.40% 50 10 1 2
Total 139 303 173 126

Land use Magnitude Source

Arrive Depart Arrive Depart Arrive Depart Arrive Depart
Residential (85th%ile) 825 units MVA 0.19 1.16 0.68 0.43 153 959 563 354
Convenience Store 380 sqm Previously agreed 17.99 18.18 9.37 9.18 68 69 36 35
Non food retail units 190 sqm MVA 0.48 0.20 1.57 2.40 1 0 3 5
B1 Employment 2800 sqm MVA 1.69 0.18 0.17 1.28 47 5 5 36
Pub/restaurant/hotel 2925 sqm Previously agreed 0.40 1.25 2.25 0.61 12 36 66 18
Primary school 175 pupils MVA 0.99 0.20 0.02 0.04 174 35 4 7
Total 455 1105 676 454

Land use Magnitude Source

Arrive Depart Arrive Depart Arrive Depart Arrive Depart
Residential (85th%ile) 825 units MVA 153 959 563 354
Convenience Store 380 sqm Previously agreed 50% 50% 50% 50% 34 35 18 17
Non food retail units 190 sqm MVA 10% 10% 20% 20% 1 0 2 4
B1 Employment 2800 sqm MVA 10% 0% 0% 10% 43 5 5 32
Pub/restaurant/hotel 2925 sqm Previously agreed 12 36 66 18
Primary school 175 pupils MVA 90% 90% 20% 20% 17 4 3 5
Total 260 1039 657 430

Land use Magnitude Source

Arrive Depart Arrive Depart Arrive Depart Arrive Depart
Residential (85th%ile) 825 units MVA 153 959 563 354
Convenience Store 380 sqm Previously agreed 50% 50% 50% 50% 17 17 9 9
Non food retail units 190 sqm MVA 1 0 2 4
B1 Employment 2800 sqm MVA 43 5 5 32
Pub/restaurant/hotel 2925 sqm Previously agreed 30% 30% 30% 30% 8 26 46 12
Primary school 175 pupils MVA 17 4 3 5

239 1011 628 416

Resultant External Car and PTU trips
AM peak PM peak

Table 5: Intra-site trips

Pass-by trips
AM peak PM peak

Table 4: Resultant vehicle occupancy trip rates (car and public transport user (PTU))

AM peak PM peak

AM peak PM peakAM peak

Resultant person trips
AM peak PM peak

Resultant Car and PTU trips

Table 2: Agreed Person Trip Rates

Resultant pedestrian & cycle trips
AM peak PM peak

Person trip rates
AM peak PM peak

Table 6: Pass-by trips

PM peak
Intra-site trips

Modal split

Car and PTU combined trips rates
AM peak PM peak

Resultant External Car and PTU trips

Table 3: Agreed modal splits
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Land west of Toton Lane, Nottingham 
 
Project meeting with Nottinghamshire County Council, 
Derbyshire County Council and the Highways Agency 
– Notes of meeting and Key Actions 
 
Location: 

 
Nottinghamshire County Council (NCC), Trent Bridge House, Nottingham 
 

 
Date/Time: 

 
11 November 2011, at 1030 hours 
 

 

 
Aim: 

 
To agree the inputs into the Greater Nottingham Transport Model 
 

    
Present:          Paul Ghattaora (PG) NCC   
 David Pick (DP) NCC  
 Owen Walters (OW) HA  
 Sarah Guest (SG) AECOM  
 Geoff Blissett  (GB) 

Stuart Dunhill (SD) 
Alex West (AW) 

DCC 
BWB 
BWB 

 

    
    

James Smith 
Adrian Goose 

Peveril Securities 
UK Property Partnership Ltd 

 Issued to the 
above plus: 

Paul Stone Signet Planning  
 David Jones Nottingham City Council  
    
    
    
    
    

 



 
Item Notes Action 

1.0 BACKGROUND  
1.1 SD gave an overview of the technical work and liaisons with the relevant 

highway authorities undertaken on the development to date.  
 

1.2 SD explained that until recently the site was identified by Broxtowe Borough 
Council (BBC) as part of their consultation on the inclusion of sites for 
allocation in the Core Strategy, as one of their preferred sites for housing.  
Whilst BBC have withdrawn their preferred site status following political 
opposition, the site will still be considered as part of the Core Strategy 
consultation.  

 

1.3 DP, OW and GB confirmed the change in status of the site does not affect the 
highway authorities’ position on the scheme. They are still required to assess 
each application on its own merit.  

 

1.4 SD confirmed the revised development proposals are as per BWB’s briefing 
note dated 25 October 2011 (reduction to 825 houses from that previously 
examined but inclusion of primary school).  The masterplan was under 
development but it would safeguard a route through the site to Toton Sidings, 
including a safeguarded route for the NET. 

 

1.5 SD confirmed that a sensitivity test of up to 1,000 houses, and the impact 
such a number would have on the Site Access and Bardills Island, will be 
examined as part of the work undertaken by BWB.  This is to demonstrate 
sufficient headroom at these junctions to allow for potential future 
development at the Toton Sidings site. 

 

1.6 SD advised that MVA Consultancy had been commissioned to undertake the 
modelling for the proposed development in accordance with the agreed 
protocol. All agreed that they were happy with the modelling process and 
methodology. 

 

1.7 DP, GB and OW confirmed that it was expected that the impact of the 
proposed scheme on the transport network would be examined in isolation.  It 
is not a requirement for the developer to examine the accumulative impacts of 
potential developments – this is the purpose of NCC’s strategic work on the 
Core Strategy. 

 

1.8 The anticipated submission date for the planning application is February/March 
2012 although there remains the possibility that the Client may want to 
accelerate this. 

 

1.9 DP confirmed that the anticipated planning application submission date would 
coincide with the aligned Core Strategy consultation findings, including 
publication of NCC’s findings on the impact of accumulative development. 

 

1.10 DP confirmed a tariff based contribution to infrastructure is being implemented. 
At present it is work in progress, due to be finalised in February 2012, 
although its principal is agreed. SD asked if off site infrastructure provided by 
the development would be discounted from the contribution or if the 
contribution is a flat rate. DP confirmed it is a flat rate but it is looked at in 
conjunction with wider impacts. 

 

1.11 The site access and how it ties in with the NET access was discussed and 
preliminary access drawings were tabled.  SD outlined that significant previous 

 



work had been undertaken in liaison with NET to agree the improvement works 
to Bardills Island and Toton Lane/site access to ensure that neither scheme 
would prejudice the other.  SD explained that he understood NET has taken 
forward a scaled back version of the access arrangement developed by BWB as 
part of NETs traffic works application. 

1.12 OW confirmed that a separate team within the HA, headed by Graham 
Littlechild, was dealing with the NET project.  OW to follow up and report back 
on the status of the NET application with the HA 

OW 

1.13 DP confirmed that a team within NCC, headed by Mitchel Stevens, was also 
dealing with the NET project although funding and political backing for NET had 
been withdrawn. DP to follow up and report back on the status of the NET 
application with NCC. 

DP 

1.14 SG asked what the timescales were for the NET scheme. It was generally 
agreed that 2015 was a likely timescale for the NET to be operational. 

 

1.15 DP asked about the timescales for the access works for NET and for the 
proposed development. SD confirmed that Peveril Securities have heads of 
terms agreed with NET regarding delivery of the improvement works.  If the 
development comes forward first Peveril can request that NET put in place the 
highway works within six months, or alternatively the scheme would put in all 
works, with appropriate costs recovered from NET.   If NET came forward first 
it would put in a scaled down version of the access works which the proposed 
development could add to at a later date when it came forward.  

 

1.16 DP stated that the modelling process would need to ensure that the up to date 
NET site access works were included within the MVA model. DP to speak to 
Steve Tough to confirm and report findings to BWB and MVA. 

DP 

2.0 HMA MODELLING  
2.1 MVA have been commissioned by BWB. However it is up to BWB to agree the 

input and output of the model with the relevant highway authorities. 
 

2.2 SD asked the status of the Model. DP confirmed that the following elements 
have been agreed: 

• Trip rates 
• Assessment year 
• Reference case scenario including committed development and 

infrastructure for inclusion 
DP confirmed that the agreed elements are generally kept the same for each 
project unless exceptional local circumstances dictate otherwise.  

 

2.3 MVA’s Area Of Influence report was reviewed.   
2.4 All agreed the trip rates in the MVA report (including at Appendix A of BWB 

briefing note) for the pub/restaurant/hotel were high. The trip rates for the 
other elements were accepted. SG suggested using the previously agreed trip 
rates for the pub/restaurant/hotel. All were in agreement. SD to feed back to 
MVA. 

SD 

2.5 The report suggested 3 additional locations for validation traffic counts.  All 
agreed that these were appropriate. SD agreed that these would be 
undertaken.  

SD 

2.6 GB requested that public insurance indemnity be provided by the contractor 
undertaking the traffic survey work.  

SD/GB 

2.7 DP confirmed that there was a permanent ATC on Hickings Lane and a 9 hour  



manual classified count on Stapleford Lane to the north of Bardills Island that 
could be included with the Model.  DP to provide to SD and MVA 

DP 

2.8 GB asked what the output from the Model will be. DP confirmed that there are 
a range of options. The output of the model was discussed and it was agreed 
that a sensibility check needs to be undertaken on the turning data received 
from the Model before being input into detailed assessment models - 
particularly at Bardills Island.  SD to ensure that MVA provide tabulated data as 
well as plot data and assignment data. 

SD 

2.9 MVA to ensure that model validation at Bardills in particular is as good as 
possible 

SD 

2.10 The MVA report (at Appendix B of BWB’s briefing note) details a list of 
committed developments and Infrastructure included within the Model. DP 
tabled a list of employment developments which aren’t included in MVAs 
report. SD to check these are included within the Model. 

SD 

2.11 The intra site trips as proposed by MVA were discussed. It was agreed all are 
acceptable except the pub/restaurant/hotel. SD to discuss revised intra site 
trips for this use and confirm acceptability with all.  

SD 

2.12 Residential trip rates were discussed and DP and OW advised that the MVA 
85th percentile rates should be used.  

 

2.13 The modal split derived from the Model was discussed. A split is not given for 
cyclists and pedestrians. It was agreed that the modal split defined in the 
previous work on the project for these uses (as detailed in BWB’s briefing note) 
be reused.  

 

2.14 SG noted that it would be important to avoid double counting a deduction in 
vehicle trips due to modal share and intra site trips. SD to check when MVA 
apply the intra site deduction 

SD 

3.0 LINES OF COMMUNICATION  
3.1 GB to be copied in on all communication.   
3.2 NCC correspondence to be directed to PG with DP copied in.  
3.3 SD reported that he has spoken with David Jones of Nottingham City Council, 

who has confirmed that at this stage he was happy for NCC to take the lead 
on their behalf and that he would liaise with DP. 

 

3.4 HA correspondence to be directed to OW.   
BWB Consulting Ltd 
11 November 2011 
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Transport Assumptions 1 

Technical Note 

Project Title: Toton Stapleford 

MVA Project Number: TBC 

Subject: Transport Assumptions  

Note Number: TN001 Version: 6 

Date: May 2010 

 

1 Trip Generations 

1.1 The predicted trip generation from the proposed development have been derived from the 

TRICS database version 2009(b). The transport model requires overall person external trip 

generation levels for the development for the AM peak times (0800 to 0900) and PM (1700 to 

1800) hours.   

1.2 A summary of the total person trip rates and trip generation for each of the identified land uses 

is provided in Table 2. This does not take account of intra-site and pass-by which will be 

detailed later in this note. The base assessments will utilise the average trip rates for the 

residential element of the site , however, a sensitivity test using the 85th percentile rates may 

be requested. The detailed TRICS outputs are provided in Appendix A. 

Table 2: Summary of Trip Rates and Trip Generation by Land Use – Total People 

Trip Rates Person Generation 

AM Peak PM Peak AM Peak PM Peak 

Land Use Magnitude 

In Out In Out In Out In Out 

Residential 85% 3,000 Units 0.235 1.471 0.864 0.543     

Residential Average 3,000 Units 0.24 0.85 0.66 0.44 720 2,550 1,980 1,320 

B1 Employment 42,000 Sqm 2.12 0.23 0.21 1.60 890 97 88 672 

B2 Employment 27,000 Sqm 0.40 0.08 0.05 0.35 108 22 14 95 

B8 Employment 27,000 Sqm 0.09 0.04 0.05 0.13 24 11 14 35 

Primary Education 600 Pupils 1.28 0.26 0.03 0.05 768 156 18 30 

Food Retail 2,787 Sqm 5.44 3.56 10.71 11.07 152 99 298 308 

Non-Food Retail 2,323 Sqm 0.72 0.30 2.35 3.60 17 7 55 84 
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Transport Assumptions 2 

Café/Restaurant/Bar 1,672 Sqm 0.00 0.00 12.43 6.06 0 0 208 101 

Health Centre – GP 

Surgery 

1,000 Sqm 5.99 2.56 4.14 5.80 59 26 41 58 

Community Uses 2,500 Sqm More information needed on the community uses envisages 

Total Generations 2,738 2,968 2,716 2,703 

 

1.3 Should the levels of residential development be significantly reduced then it is assumed that the 

number of school places on the site will reduce accordingly as the relationship between numbers 

of house and school pupils is believed to be at the upper limit for this type of development. 

2 Intra-site and Pass-by Trip Assumptions 

2.1 The levels of interaction between the various land uses within the site will vary significantly 

depending on the development type. These interactions will be predominantly associated with 

trips between the residential element and other uses, although there may be some minor 

interaction between the other elements of the site.  

2.2 Pass-by trips are generally associated with retail trips and are trips that would already be on the 

local network in the vicinity of the site that will divert from their journey to access the site. As 

the routes around the site are generally low volume rural routes this element will be very 

limited and therefore we do not propose to include reductions in the overall generation for pass-

by movements. 

2.3 Details of the assumed intra-site percentages for each of the land uses are provided in Table 3. 

This assumes that all the interactions are between the residential element of the scheme and 

the other uses. This also takes account of the potential for some of these trips to be linked trips 

which then proceed out of the site (ie home-child’s school-work).  
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Transport Assumptions 3 

Table 3: Summary of Intra-Site Trips 

Intra-site Percentages Intra-site Trips 

AM Peak PM Peak AM Peak PM Peak 

Land Use Magnitude 

In Out In Out In Out In Out 

Residential 3000 Units Based on other land uses 239 958 481 470 

 

B1 Employment 42,000 Sqm 10% 0% 0% 10% 89 0 0 67 

B2 Employment 27,000 Sqm 10% 0% 0% 10% 11 0 0 10 

B8 Employment 27,000 Sqm 10% 0% 0% 10% 2 1 1 4 

Primary Education 600 Pupils 90% 90% 20% 20% 691 140 4 6 

Food Retail 2,787 Sqm 80% 80% 80% 80% 122 79 238 246 

Non-Food Retail 2,323 Sqm 10% 10% 20% 20% 2 1 11 17 

Café/Restaurant/Bar 1,672 Sqm 90% 90% 90% 90% 0 0 187 90 

Health Centre – GP 

Surgery 

1,000 Sqm 70% 70% 70% 70% 41 18 29 41 

Local Centre 2,500 Sqm More information needed on the community uses envisages 

Total Intra-site (Non-residential) 958 239 470 481 

Total Intra-site (including residential) 1,197 1,197 951 951 

Overall External trips generated 1,541 1,771 1,765 1,752 
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2.4 This assumes the onsite infrastructure and the development implementation will be phased in 

such a way to ensure a high level of interaction is possible within the development. 

3 External Trip Distributions 

3.1 The model will derive the trip distributions of the site based on a gravity type approach that 

takes account of the attractiveness of various areas based on existing surveys and the 

accessibility of these areas in terms of mode and levels of congestion, journey times.  

3.2 During the modelling exercise we will produce network plots which will identify the distribution 

of movements to and from the site and ensure that this is generally representative of the 

expected percentage distribution for this type of site. 

4 Modal Splits 

4.1 The levels of bus, rail and NET based public transport and car/HGV usage will be derived by the 

demand model element of the overall transport model. This is based of the relative costs of 

undertaking the journey by each of these individual modes. A combination of modes using park 

and ride will also be assessed. 

4.2 However, the model does not automatically include for external cycle and pedestrian trips which 

will have to be taken into account manually through a reduction in the external person trips 

associated with the development that is assumed within the model. To ensure that these trips 

are included in the assessment, we proposed to identify the areas within walking/cycling 

distance of the site and reduce these trips as a proxy for the pedestrian/cycle mode share. The 

level of this reduction will depend on the linkages between these areas and the likelihood of the 

use of walk and cycle modes for that particular journey. A range of 1% to 5% mode share for 

the identified journeys is likely to be assumed. 

5 Vehicle Occupancy Levels 

5.1 The vehicle occupancy levels used in the model have been derived from national government 

standards (WebTAG). These vary by year and take account of national trends in overall vehicle 

occupancy levels. 
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Copy the contents of this document in sections, DO NOT copy the level 1 headings.  Set-up a 

new section in the master report then copy everything from para *.1 across.  There are no 

headers or footers set in this document, do not add them. 

1.1 Model Structure 

1.1.1 The NMMTM-HMA is almost entirely programmed using Citilabs’ Cube Voyager software, 

version 5.0.3, with the single exception being the use of SATURN 10.8.22 for highway 

assignment. 

1.1.2 The NMMTM-HMA consists of the following stages: 

n Trip generation; 

n Mode choice; 

n Destination choice; and 

n Route choice, 

with the first three of these being referred to as “the demand model” and the last stage 

being “the assignment models”. 

1.1.3 Once model convergence has been achieved, there is also an additional stage in which an 

add-on park and ride module is run. This modifies the converged assignment model matrices 

to split certain trips into legs that are performed with car and those that are performed via 

the available park and ride public transport modes. These modified trip matrices are then 

passed back to the assignment models for a final route choice calculation. 

1.1.4 The demand model is calibrated for the base year trip matrix data and it is used to predict 

trip matrices in forecast situations – future years with and without schemes or specific 

developments, and any base year “Do Something” scenarios, for example. This forecasting 

depends upon changes in travel costs between the base and forecast cases, which are 

dependent upon changes to the numbers of trips being made in total and alterations to the 

networks used in the assignment models. 

1.1.5 The demand model makes use of the following kinds of input: 

n Total numbers of trip productions and attractions; 

n Generalised costs of travel by highway and public transport modes; 

n Mode and destination choice parameters; and 

n Factors used in conversion of whole trip matrix into time-period-dependent matrices. 

 

2 Car Occupancies 

2.1.1 Base year car occupancies by time period and purpose have been modified by applying the 

changes in passenger numbers presented in Table 6 of TAG Unit 3.5.6. Car occupancies are 



used in the demand model for conversion of the person-level data into vehicle data for input 

into the highway assignment model. The values used in NMMTM-HMA are shown in Error! 

Reference source not found.. 

Table 2.1 Car occupancies used in demand model 

 2008 2026 

Purpose AM IP PM AM IP PM 

Commute 1.152 1.133 1.134 1.134 1.118 1.122 

Business 1.250 1.184 1.190 1.229 1.171 1.170 

Other 1.682 1.664 1.728 1.605 1.591 1.662 
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Project: Highways Agency Spatial Planning Arrangement Job No: 60217363 

Subject: A52 – Land at Toton Lane Date: 14th  November 2011 

HA ref: EM 83 11/12 Task: 2018 
 
1. Introduction 
 
This Technical Note reviews information submitted by BWB Consulting ahead of a meeting with the local 
planning and highway authorities to discuss the transport modelling work required to support a 
forthcoming planning application for the proposed development of land at Toton Lane, Nottinghamshire.  
 
The information submitted includes: 

 BWB Briefing Note dated 25/10/11 
 MVA Area of Influence Technical Note dated 31/10/11. 
 Site Location Plan 

 
Consideration has also been given to information previously submitted in respect of the proposed 
development, some of which has been agreed by the Highways Agency (HA) and reflects discussions 
held with BWB and NCC on 11th November 2011. 
 
2. Background 
 
A Scoping Study was originally submitted to the HA on 11th November 2009 proposing the following 
development uses. These uses were forecast to collectively generate 2,405 and 1,806 person trips 
including 1,201 and 904 vehicle trips during the AM and PM peak hours respectively.  
 

 1,000 dwellings 
 380m2 GFA convenience store 
 2 x 95m2 GFA retail units 
 2,800m2 B1 
 2,925m2 GFA pub / restaurant 
 80 bed hotel. 

 
AECOM responded in TN2 that the proposed trip generation, mode split, distribution and assignment 
assumptions were all acceptable but stated that traffic growth rates and committed development 
assumptions should be submitted to the HA for approval along with a Travel Plan for the site.  
 
In April 2010, a pre-application Transport Assessment (TA) and Framework Travel Plan (FTP), both 
dated January 2010, were submitted to the Agency for review. AECOM reviewed the TA in TN3 and 
agreed to the recalculated growth factors but advised that the use of base flows from MVAs HMA model 
would not be acceptable without local validation using recently collected traffic counts. Issues were also 
raised with regard to the modelling undertaken. Evidence was also requested to support the 
assumptions made in the modelling work.  
 
3. BWB Briefing Note 
 
It is understood that Broxtowe Borough Council (BBC) have recently published a „Housing Provision 

Position Paper‟ and consulted on the broad locations of future housing growth for allocation in the Core 
Strategy. A cabinet report entitled „2011 Strategic site allocations required in the Core Strategy‟ and 

dated 12th July 2011 considers that whilst the site is 100% Greenfield and has poor pedestrian / cycle 
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access, its position adjacent to an existing residential area and the proposed NET tram terminus and 
park and ride facility make this site suitable for the development of up to 800 dwellings. The report noted 
that the site is located adjacent to the busy A52, B6003 Toton Lane and Bardills Roundabout but states 
that “the Inspector was satisfied that access to the site can be attained” from Toton Lane and potentially 
the adjacent housing estate. 
 
As the site has been identified as one of BBCs preferred sites, the Client (understood to be Peveril 
Securities Ltd) wish to submit a planning application in early 2012 for a residential-led mixed use 
development at the site. Consequently the land use mix has been amended and now proposes a 
reduction in residential dwellings to 825 homes and a new primary school with a 175 pupil intake. 
However, it is understood that sensitivity testing will be undertaken based on delivery of 1,000 dwellings 
to allow for potential future development at the Toton Sidings site.  
 
The proposed development mix now comprises: 

 825 dwellings 
 380m2 GFA convenience store 
 2 x 95m2 GFA retail units 
 2,800m2 B1 
 2,925m2 GFA pub / restaurant 
 80 bed hotel 
 Primary school (175 pupils). 

 
Greater Nottingham Transport Model 
BWB propose to assess the site using outputs from the Greater Nottingham Transport Model (GNTM) in 
accordance with the HMA modelling protocol. It is understood that discussions have been held with MVA 
who advised that the following three stage modelling process should be adopted: 

 Stage 1: Define the Area of Influence 
 Stage 2: Local area validation exercise 
 Stage 3: Future year scenario testing 

 
In response BWB have commissioned MVA to undertake Stage 1 of the HMA modelling work, as 
discussed in Section 4 of this note, and now seek to agree the following with the HA: 

 The person trip rates for the proposed uses. 
 The modal split for pedestrian and cycle trips. 
 The committed development and infrastructure schemes to be modelled within the reference 

case and development case scenarios. 
 
Trip Rates 
BWB propose to use the person trip rates presented in MVA TN001 version 6 (contained in Appendix A) 
for all use classes except for the pub / restaurant / hotel uses for which the previously agreed BWB rates 
will be used. It is unclear which trip rate BWB propose to apply for the proposed convenience store, 
though it is accepted that this will largely generate local trips. Given that MVA TN001 version 6 does not 
contain any relevant use classes, it is recommended that the previously agreed BWB rates are used for 
the convenience store. 
 
It is recommended that the 85%ile residential MVA rates are used in the assessment of the Toton Lane 
site, to ensure a robust assessment of the traffic generated by the development. 
 
It is not entirely clear from the information presented over several notes and Appendices what the trips 
rates and trip generation will be for the site. It is recommended that BWB produce a final table the rates 
to be used for the development for final sign off by the HA and NCC prior to the modelling taking place. 
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Mode Split 
MVA propose to derive the vehicle mode share based on the public transport and car / HGV usage 
contained in the demand model element of the GNTM. However, there is no indication in BWBs note of 
the likely share of these modes. Before agreeing to this approach, the Agency would wish to see the 
proposed mode share justified against local Census data to ensure that it is representative of the 
proposed site. 
 
The model takes no account of sustainable modes and therefore BWB propose to apply the cycle and 
pedestrian mode share rates per land use previously agreed by the Agency with an average of these 
applied to the primary school trip generation. This approach is considered acceptable as these rates 
have previously been agreed by the Agency and the primary school is likely to attract a large number of 
walking trips from the local residential area. 
 
Committed Development and Infrastructure Schemes 
The committed development and infrastructure schemes proposed for inclusion in the modelling 
assessment are summarised in Tables 1 and 2 of the letter from Joe Charlesworth of MVA to Stuart 
Dunhill of BWB dated 3rd October 2011 contained in Appendix B.  
 
The committed developments included are acceptable. MVA and BWB must make sure that the latest 
traffic figures and scheme proposals for the NET Park and Ride site on Toton Lane are included in the 
GNTM model. This is particularly pertinent to the Bardills roundabout which is very sensitive to changes 
in traffic. 
 
4. MVA Area of Influence Technical Note 
 
MVA Technical Note 1 Version 1 dated 31st October 2011 reviews the likely vehicle trip generation of the 
proposed site, where the Area of Influence (AoI) of the development without mitigation and where 
additional count data may be required to validate the model within the AoI. AECOM agree with the 
scope of the AOI and the traffic counts identified as required to locally validate the GNTM model. 
 
MVAs note forecasts that the Toton Lane site will generate 582 vehicle trip arrivals and 368 departures 
during the PM peak which is c80% of the total person trip generation forecast. This proportion appears 
reasonable based on previously agreed modal splits though it is recommended that MVA / BWB provide 
additional information regarding the vehicle mode share and the intra-site and pass-by trip reductions 
applied. 
 
It is anticipated that 65% of vehicular traffic generated by the Toton Lane development will route through 
Bardills roundabout either on to the A52 or along Toton Lane towards Stapleford. The wider distribution 
of trips is not quantified but shown as bandwidths on a plan in Figure 3.1 of MVAs note. AECOM have 
reviewed the trip distribution previously agreed by the Agency and consider that the number of trips 
impacting at Bardills roundabout and routing along the A52 may be upto c15% higher. It is likely that this 
difference is due to congestion in the GNTM model causing re-routing effects. 
 
Again this reinforces the need to ensure the latest proposed NET scheme for Bardills is correctly coded 
into the model to ensure a realistic assessment to the impact of re-routing at Bardills. 
 
5. Junction modelling 
BWB do not mention the modelling they will carry out once the GNTM modelling is complete. It is 
assumed that the outputs from the GNTM model will be used to model the effected junctions in the 
appropriate traffic modelling software. 
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It is important that the GNTM outputs are clearly presented to show the overall impacts of the 
development on traffic flows at junctions to be modelled, this is best presented in tabular form rather 
than using bandwidth plots. 
 
It is also important the a check of the GNTM base case flows are made against observed junction 
turning counts to ensure that the GNTM flows are realistic and reflect existing conditions and that these 
are approved by the HA prior to any further modelling work being carried out. 
 
 
6. Conclusions 
 
AECOM have reviewed the information submitted by BWB / MVA regarding their proposed transport 
modelling methodology to assess the proposed Toton Lane development and consider that whilst the 
approach proposed appears reasonable in principle, additional information is required to verify the 
modelling assumptions. Specifically, BWB / MVA should provide the following information to the HA for 
review: 

 Details of proposed vehicle mode share contained in the GNTM justified against local Census 
data to ensure that it is representative of the proposed site. 

 Additional information regarding the intra-site and pass-by trip reductions applied in the model. 
 Further information regarding the routing of traffic from the development as a review of the trip 

distribution previously agreed by the Agency suggests that the number of trips impacting at 
Bardills roundabout and routing along the A52 may be c15% higher.  

 Turning counts details at Bardills are provided by BWB once the GNTM modelling is undertaken 
and an assessment against observed traffic counts undertaken to ensure that they represent a 
realistic baseline condition. 

 
7. Recommendations 
 
It is recommended that this technical note is forwarded to BWB and NCC for their consideration. 
 
 
 
Prepared by: …………………..  Checked and Approved by: …………………….   

Jenny Oakes       Sarah Guest 
Consultant       Associate Director 
 
 

This document has been prepared by AECOM Limited ("AL") for the sole use of our Client (the "Client") and in accordance with 
generally accepted consultancy principles, the budget for fees and the terms of reference agreed between AL and the Client. Any 
information provided by third parties and referred to herein has not been checked or verified by AL, unless otherwise expressly 
stated in the document. No third party may rely upon this document without the prior and express written agreement of AL. 
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MVA Consultancy Ltd’s duties and liabilities under its contract with the Client.  Any advice, opinions, or recommendations within this report should be read and 
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Consultancy Ltd at the date of this report and on current UK standards, codes, technology and construction practices as at the date of this report.   
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as Consultants.  The contents of the report do not, in any way, purport to include any manner of legal advice or opinion.  This report is prepared in accordance 
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1 Introduction 

1.1 Introduction 

1.1.1 In January 2008, Nottingham City Council (NCC), Nottinghamshire County Council (NottsCC) 

appointed MVA Consultancy (MVA) to update the Nottingham Multi-Modal Transport Model 

(NMMTM) which included extending the geographical coverage of the model and also 

rebasing the model to 2008.  The model update (NMMTM08) was completed in April 2009.  A 

derivation of this model was created by paying specific attention to the Ring Road validation 

for its subsequent use in the ring Road Integrated Transport Scheme (RRM) Major Scheme 

Business Case Appraisal for programme Entry Submission to the Department of Transport 

(DfT). 

1.1.2 In May 2009 MVA were further commissioned by NCC, NottsCC and Derbyshire County 

Council (DCC) to extend the hinterland to cover areas for potential housing growth as per the 

Housing Market Allocations (HMA).  This model (NMMTM-HMA) update was complete in 

October 2009. 

1.1.3 This report describes the development of the variable demand model (VDM) and the 

forecasting elements of the model.  This report is one of three reports outlining the 

development of the NMMTM-HMA.  Details of the other modules of the over-arching NMMTM-

HMA can be found in the following reports: 

� Nottingham Multi-Modal Transport Model – Housing Market Allocation Expansion: 

Highway Local Model Validation Report (January 2010); and 

� Nottingham Multi-Modal Transport Model – Housing Market Allocation Expansion: 

Public Transport Model Validation Report (April 2009). 

1.2 Background 

1.2.1 The Nottingham multi-modal transport model previously existed in the form of a number of 

Microsoft Windows “batch files” which were run from the command line. These batch files 

manipulated data files and created command and control files which were run in Citilabs’ 

TRIPS software. The base year of that model was 2001. 

1.2.2 This earlier model was recently updated to a base year of 2008, with a simultaneous 

conversion of relevant sub-models – such as the models of mode and destination choice, and 

public transport assignment – to make use of programs provided by Cube Voyager rather 

than those provided by TRIPS. 

1.2.3 A previous version of the updated model, denoted NMMTM08, was produced for assessment 

of the Nottingham RRM which has been reported elsewhere. For use with this new 

assessment of developments made in the HMA areas, the demand model and its associated 

assignment models have been recalibrated and revalidated with new data. 

1.2.4 The latest version of the Nottingham Multi-Modal Transport Model with a 2008 base year 

developed for use with the HMA assessments is denoted in this report as NMMTM-HMA. 
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1.3 Structure of this report 

1.3.1 The remainder of this report is structured as follows: 

� Chapter 2 provides an overview of the model, giving summaries of its input data and 

the ways in which those data are segmented for use by the demand model; 

� Chapter 3 describes the development of the demand matrices that are the 

fundamental input for the base year model; 

� Chapter 4 describes the mode and destination choice models, the equations 

underlying them, and the methods used in the calibration of the parameters which 

they use; 

� Chapter 5 provides detailed descriptions of the ways in which the different parts of 

the Nottingham transport model fit together and exchange data between themselves; 

� Chapter 6 sets out the tests that have been carried out in order to check that the 

model generates realistic responses; and 

� Chapter 7 explains how the model’s behaviour differs in forecasting runs from its 

operation in the base year. 

1.3.2 A separate report provides details of the different forecasting scenarios and the methodology 

employed to perform the future year modelling for these. 
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2 Overview of Model 

2.1 Introduction 

2.1.1 This chapter provides an overview of the NMMTM-HMA, describing the zoning system, the 

input data required for operation, the segmentation of trip matrices and the basic operation 

of the mode and destination choice models. 

2.2 Model Structure 

2.2.1 The NMMTM-HMA is almost entirely programmed using Citilabs’ Cube Voyager software, 

version 5.0.3, with the single exception being the use of SATURN 10.8.22 for highway 

assignment. 

2.2.2 The NMMTM-HMA consists of the following stages: 

� Trip generation; 

� Mode choice; 

� Destination choice; and 

� Route choice – for car travel and public transport travel, independently, 

with the first three of these being referred to in this report as “the demand model” and the 

last stage being “the assignment models”. 

2.2.3 Once model convergence has been achieved, there is also an additional stage in which an 

add-on park and ride module is run. This modifies the converged assignment model matrices 

to split certain trips into legs that are performed with car and those that are performed via 

the available park and ride public transport modes. These modified trip matrices are then 

passed back to the assignment models for a final route choice calculation. 

2.2.4 The demand model is calibrated for the base year trip matrix data and it is used to predict 

trip matrices in forecast situations – future years with and without schemes or specific 

developments, and any base year “Do Something” scenarios, for example. This forecasting 

depends upon changes in travel costs between the base and forecast cases, which are 

dependent upon changes to the numbers of trips being made in total and alterations to the 

networks used in the assignment models. 

2.2.5 The demand model makes use of the following kinds of input: 

� Total numbers of trip productions and attractions; 

� Generalised costs of travel by highway and public transport modes; 

� Mode and destination choice parameters; and 

� Factors used in conversion of whole trip matrix into time-period-dependent matrices. 

2.2.6 This report mainly discusses only those aspects of model input and output data that are 

directly relevant to the first three stages in paragraph 2.2.2. The development of trip 

matrices and parameters used in the setting up of the base and future year highway and 

public transport assignment models is described in accompanying technical reports. 
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Important information relating to those assignment models is included in this document 

where relevant to the discussion. 

2.3 Zoning System 

2.3.1 The NMMTM-HMA comprises 404 zones, of which 304 are classified as internal and the 

remaining 100 are classified as external. Of the internal zones, 7 are designated as park and 

ride locations1. An additional 50 zones (numbered 405 to 453) have been allocated for future 

year developments. These additional zones are empty and unused in the base year. 

2.3.2 Internal and external zones are treated differently by the demand model, with the mode and 

destination choice models (described in Chapter 4) being applied only to the shaded 

movements shown in the table below: 

Table 2.1: Trip matrix movements processed by NMMTM-HMA mode and destination 

choice models 

  Attraction Zone 

  Internal External 
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Trips between external zones are not processed by the mode and destination choice models 

but are instead added on as fixed matrices, as is described in Chapter 5. 

2.3.3 The zoning system used for the current project for the modelling of HMA developments is 

shown in Figures 2.1 and 2.2, below, in which internal and external zones are distinguished 

from each other. 

2.3.4 The zoning system used in the demand model is also used in both the highway and public 

transport assignment models. Therefore, data such as numbers of trips between zones can 

be exported directly from the demand model to the assignment models, and costs between 

zones can be taken from the assignment models and used in the demand model without 

having to manipulate the geographies in which they were derived. 

 

                                              
1 The NMMTM-HMA contains a basic park and ride model, which is run at the end of the model once demand/supply convergence has 

been achieved. This park and ride model is described in Chapter 6. 
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2.4 Demand Matrix Segmentation 

2.4.1 The trip data that are processed by the demand model, either as inputs or outputs, are 

segmented into a number of different categories: journey purposes, main modes, car 

availabilities, and time periods. There are similar categories used in the assignment models, 

and the mappings between these different components of the full model are described in the 

next paragraphs. 

Journey Purposes 

2.4.2 The demand model works with the five journey purposes that are recommended in TAG2 unit 

3.1, paragraph 1.2.383: 

� Home-based Work (HBW) – trips made from home to work, i.e. a typical commuting 

journey. These trips do not take place in work time; 

� Home-based Employer’s Business (HB EB) – trips made from home for the purpose of 

work but which are not a person’s usual commuting journey; 

� Home-based Other (HBO) – covers all other trips made from home to a non work-

related location. Such activities include, for example, shopping, education and leisure 

trips; 

� Non-home-based Employer’s Business (NHB EB) – travelling during work time not from 

one’s home, such as travelling from a workplace to a business meeting; and 

� Non-home-based Other (NHBO) – covers all other travel between non-home locations, 

for example from a workplace to shops. 

2.4.3 The home-based purposes’ data are stored as productions and attractions (P/A), while the 

non-home-based purposes’ data are stored in origin-destination format (O/D). Each 

purpose’s trips in the demand model are calculated across all modelled time periods, which 

covers 12 hours of the day. A trip’s production zone is the home end of both the ‘from-home’ 

and ‘return-home’ legs of round trips. Consequently, a trip’s attraction zone is the non-home 

end of both the ‘from-home’ and ‘return-home’ legs of round trips. 

2.4.4 The assignment models use demand in O/D format, with the conversion from the demand 

model’s P/A trips to the assignments’ O/D trips carried out with a variety of fixed factors 

whose derivation is described in Chapter 3. Travel costs are extracted from the assignment 

models’ results in each time period and combined to give a representative cost for use in the 

demand model. 

2.4.5 Highway assignment is carried out with SATURN and the input trip matrices contain data 

for six user classes: 

� Commuting – no workplace parking available; 

� Commuting – with workplace parking available; 

� Employer’s Business – both home-based and non-home-based combined; 

� Other – both home-based and non-home-based combined; 

                                              
2 Transport Appraisal Guidance provided by the Department for Transport – www.dft.gov.uk/webtag 

3 Paragraph 1.2.39 of that unit states that Home-based Other is often split into sub-purposes, with education being one of these. 

However, it was reckoned that there were insufficient data collected for this to be done effectively. 
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� Light goods vehicles; and 

� Other goods vehicles. 

2.4.6 The single home-based work purpose processed by the demand model is split at time period 

level into two highway assignment user classes representing, respectively, those trips that 

do not have the use of workplace parking and those that do. This has been done to permit 

the future modelling of a workplace parking levy, which would be applied as a link-based cost 

in the highway assignment model. 

2.4.7 For the same zone pairs, persons with the use of workplace parking can have different travel 

times and travel distances from those who do not have the parking available – these 

differences arise from the need to park one’s car further from one’s workplace when 

workplace parking is not available. Within SATURN this extra distance and the time taken to 

cover it is modelled with a number of walk links between zones in Nottingham City Centre. 

Because the costs for the two types of commuting trips can be different, their route choices 

can also be different, and so these segments are modelled as separate user classes in the 

highway assignment. 

2.4.8 The separate home-based and non-home-based versions of the employer’s business purpose 

are combined to form the third user class. The same procedure is carried out for the 

separate home-based and non-home-based Other purpose trips, which form the fourth 

highway assignment user class. 

2.4.9 The fifth and sixth highway assignment user classes consist of matrices of goods vehicle 

trips. These are not generated by the demand model but are added just prior to assignment 

from fixed, time period-dependent matrices. 

2.4.10 Public Transport assignment is carried out with Cube Voyager’s Public Transport program, 

and its trip matrices contain data for three user classes: 

� Commuting; 

� Employer’s Business; and 

� Other, 

with the same approach to the merging of home-based and non-home-based purposes as in 

the highway case. 

Main Modes 

2.4.11 Two main modes are used in the demand model: car and public transport (PT). 

2.4.12 Route choices for these modes are modelled by separate highway and PT assignment 

models. Highway assignment is carried out with SATURN 10.8.22, while PT assignment is 

performed by the Cube Voyager program Public Transport. 

2.4.13 The PT assignment model also deals with the choices between the bus and rail public 

transport sub-modes. 

Car Availabilities 

2.4.14 The demand model uses three household car availability categories: 
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� C0 – no cars available; this category is therefore assumed to be captive to PT modes; 

� C1 – one car available; and 

� C2 – two or more cars available (“two-plus”). 

2.4.15 Trips made by people in the C1 and C2 categories can be shifted between the car and PT 

main modes in response to changes in generalised costs. 

2.4.16 There are thus five different demand segments treated by the demand model, denoted by: 

� C1C – Car trips by one-car-available persons; 

� C2C – Car trips by two-plus car-available persons; 

� C1P – PT trips by one-car-available persons; 

� C2P – PT trips by two-plus car-available persons; and 

� C0P – PT trips by zero-car-available persons (Captive to PT). 

 

Time Periods and Trip Directions 

2.4.17 The mode and destination choice models operate at a 12-hour period which covers the whole 

of the separate time periods that are modelled by the assignment models. The demand 

model makes use of data in terms of productions and attractions, whereas the assignment 

models use hourly data in O/D format. 

2.4.18 There are three time periods used in the assignment models, and these are defined as 

follows: 

� AM assignment – Peak hour’s demand, 0800-0900; 

� Inter-peak assignment – Average hourly demand between 1100 and 1400; and 

� PM assignment – Peak hour’s demand, 1700-1800. 

2.4.19 The full set of 12-hourly P/A trips used in the demand model is assumed to cover the three 

whole periods: 

� AM period  0700-1000; 

� Inter-peak period 1000-1600; and 

� PM period  1600-1900. 

2.4.20 The assignment models’ hourly trips are obtained from the 12-hour P/A totals with the use of 

fixed factors applied to the demand model’s outputs. These factors carry out the following 

transformations: 

� first, a conversion is performed from 12-hour P/A person trip data into whole-period-

level P/A person trip data; 

� these movements in each period are then split into ‘from-home’ and ‘return-home’ 

legs, with the return-home matrix transposed and added to the from-home matrix to 

produce whole-period O/D matrices, still in units of person trips; 

� then a conversion is made from person trips to vehicle trips (for highway assignment) 

by applying vehicle occupancy factors; and, 
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� finally, these whole-period O/D vehicle trips are converted to hourly O/D vehicle trips. 

2.4.21 The use of the average hour between 1100 and 1400 for the inter-peak period is a result of 

the methodology applied in the collection of roadside interview survey (RIS) data for the 

development of the base year assignment matrices. More information on this procedure can 

be found in the relevant highway and PT Local Model Validation Reports. 

2.4.22 The factors in each case are applied multiplicatively on a cell-by-cell basis. Most of the 

factors that are applied to the demand model outputs in order to obtain the assignment 

model inputs were derived from RIS data, with a separate factor being defined for each 

journey purpose and P/A or O/D movement. The factors are also time-dependent, where this 

dimension exists. The exceptions are the factors used to convert from person trips to vehicle 

trips, where the multipliers are the reciprocals of vehicle occupancies by purpose and time 

period, and these have been calculated in accordance with factors obtained from TAG unit 

3.5.64. 

2.4.23 More detail on the way in which these factors were derived and the way in which they are 

used can be found later in this report in chapter 5. 

2.5 Generalised Costs 

2.5.1 Generalised costs are used within the highway and PT assignment models in order to model 

the routes that are taken by trips of different user classes and, in the case of PT modelling, 

the particular modes that are used to travel between zones. 

2.5.2 In SATURN, the generalised costs are derived for each user class separately through the 

equation: 

mtPPMdPPKGC +×+×= , 

where: 

� GC is the total generalised cost in pence; 

� d is the travel distance in kilometres; 

� t is the travel time in minutes; 

� m is the total money cost paid for the trip (e.g. from tolls) in pence; and 

� PPK and PPM are SATURN’s “pence per kilometre” and “pence per minute” factors, 

which represent, respectively, vehicle operating costs and values of time. 

2.5.3 These factors are calculated by applying the detailed guidance in the TAG unit 3.5.64 to 

obtain values for each vehicle. PPM is derived for each user class by combining the relevant 

value of time with vehicle occupancies and relevant rates of change in the passenger 

component of the vehicle occupancy: 

� Year 2000 vehicle occupancies are given in TAG (unit 3.5.6, table 4) for the three 

journey purposes which are used as separate SATURN car user classes: commuting, 

work and other. 

                                              
4 TAG Unit 3.5.6, “Values of time and operating costs”, April 2009. 
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� These occupancies are adjusted for years after 2000 with the annual percentage 

changes in car passenger occupancy for work and non-work purposes as given in TAG 

unit 3.5.6, table 6. 

� Values of time for car drivers and car passengers as given in tables 1 and 2 of TAG 

unit 3.5.6 are used, taking account of time-dependence as specified in the same unit’s 

table 3. The values of time vary between drivers and passengers only for the 

employer’s business purpose. 

� The final PPM values are then obtained for each vehicle by summing contributions from 

the car driver and the car passenger and converting from £ per hour into pence per 

minute. 

2.5.4 PPK is derived by applying fuel consumption equations to an assumed average network 

speed, taking into account changes in fuel costs, vehicle efficiencies and vehicle occupancies 

from their base values as given in the TAG unit: 

� The value of pence per kilometre has two contributions: fuel consumption costs and 

non-fuel vehicle operating costs. These non-fuel costs are applied only to the 

employer’s business purpose, in accordance with guidance. 

� Fuel consumption costs are derived from: 

− A reference cost of petrol and diesel, from table 11 of TAG unit 3.5.6; 

− A reference speed that is assumed across the whole network – a value of 40 

km/h was used; 

− The reference speed leads to a reference value of litres of fuel consumed per 

kilometre travelled by using parameters in table 10 of unit 3.5.6. This reference 

consumption is adjusted to take into account changes in vehicle fuel efficiency, 

making use of factors in table 13; 

− Each consumption value is multiplied by the cost of the relevant fuel, taking into 

account changes in the value of duty given in table 11 and changes to resource 

costs as set out in table 14; 

− The final fuel-based vehicle operating costs in pence per kilometre are calculated 

for petrol and diesel vehicles separately, and then these are converted into a 

single value for cars with the fleet proportions given in table 12 of the TAG unit; 

− These values are in units of the cost for a single vehicle; 

� Non-fuel vehicle operating costs are derived for business trips only and they do not 

vary with time: 

− The non-fuel cost depends on a parameter, a1, given in units of pence per km, 

and another, b1, in units of pence per hour. 

− With an assumed average speed of 40 km/h, the value of the non-fuel cost per 

km is a1 + b1 / 40, and this value is fixed for each model year. 

2.5.5 In the Voyager Public Transport assignment program, generalised costs are derived from fare 

tables; weighted access, egress and interchange times; in-vehicle times; transfer penalties, 

and values of time. 

2.5.6 According to TAG unit 3.5.6, values of time for travel outside of working time are 

independent of mode, whereas those for travel in working time are mode-dependent. For the 
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highway and PT assignment models, therefore, the values of time used are those appropriate 

to the relevant modes. The employer’s business value of time used in the PT assignment 

model is a weighted average of the bus and rail values of time reported in TAG unit 3.5.6, 

where the relative amounts of the two modes used in the average have been derived from 

PTOLEMY data, which were used in the development of the PT demand matrices. 

2.5.7 The mode and destination choice models process all modes together and so it is not 

appropriate to use the mode-specific values of time with these as are used in the assignment 

models. Hence for the processing of employer’s business trips in the demand model, the 

value of time used is the one for “Average of all working persons”5. Values of time for non-

business journey purposes do not have to change when using them in the demand model 

because, as stated in the previous paragraph, the values given in the guidance are not 

mode-dependent. 

2.5.8 The actual values of the PPM and PPK parameters used by SATURN and the demand model, 

and the values of time used by the Public Transport assignment and the demand model are 

given in Chapter 8, in Table 8.1 to Table 8.3. 

2.5.9 The values of interchange times, fares, transfer penalties and other PT-specific values used 

in the Public Transport assignment model are detailed in the relevant technical report. 

2.6 Trip Ends 

2.6.1 The basic input data required by the demand model for the base year and any future years 

are total numbers of trip productions and trip attractions from and to each model zone. 

2.6.2 These productions and attractions are totals for the 12 hour period covering the AM, Inter-

peak and PM periods between 0700 and 1900, and as raw inputs they are not segmented by 

mode, since it is the job of the mode choice model to predict this. 

2.6.3 The inputted trip production totals are segmented by journey purpose and, within each of 

these, by car availability category. By contrast, the inputted trip attractions for each journey 

purpose are not segmented in this way but expressed simply as totals to each zone. 

2.6.4 In section 2.3 it was described how the demand model processes only internal-internal, 

internal-external, and external-internal movements, with trips between external zones being 

added in at a time period, O/D level just before the full matrices are passed to the 

assignment models. Because of this, the total numbers of trip productions from external 

zones must exclude those which have attraction ends in external zones. Similarly the total 

numbers of trip attractions to external zones must exclude those which have production ends 

in external zones. 

2.6.5 Base year trip ends have been calculated by “reverse-engineering” the hourly demand 

matrices for each user class in the two base year assignment models into 12-hour P/A 

formatted demand matrices. The procedure used for this demand conversion is described in 

Chapter 3. 

                                              
5 Table 1 in TAG unit 3.5.6. The value for 2002 in 2002 prices is £22.11 per hour. 
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2.6.6 For future years the demand model trip end totals are modified by being multiplied by 

growth factors derived from TEMPRO; for trip productions these factors are extracted for 

each car availability category, while for trip attractions they are not segmented. 

2.6.7 Data obtained from TEMPRO were associated with model zones through a correspondence 

table which was derived by constructing a match between the geographic coverage of the 

model zones and those used in TEMPRO. In performing these matches the guiding principle 

was to achieve situations in which a single TEMPRO zone was equivalent to the region 

covered by one or more model zones, or in which a single model zone was equivalent to the 

region covered by one or more TEMPRO zones. This was done so as to keep the 

correspondence table as simple as possible. 

2.6.8 In deciding which aggregations were to be used, the smallest number of TEMPRO zones 

and/or model zones in each case was chosen. The model zoning system used with HMA is 

such that this chosen type of correspondence was able to be achieved. 

2.6.9 In the cases in which a single TEMPRO zone covered the same geographical region as one or 

more model zones, any data derived from that TEMPRO zone was applied equally across all 

of the contained model zones. For example, in the centre of Nottingham the single TEMPRO 

zone named Nottingham(main) covers 82 model zones. Each of these model zones will 

therefore use TEMPRO-based data that are the same and so any growth factors or, as 

described in section 3.4, car availability splits will be the same for all of those zones. 

2.6.10 In the case in which a single model zone contains a whole number of TEMPRO zones, the 

data for those TEMPRO zones are aggregated before being used to generate growth factors 

or other ratio- or proportion-based outputs for use with the model zone’s base data. 

2.6.11 Situations in which a more than one TEMPRO zone was combined to match the combination 

of more than one model zone were avoided so as to keep the correspondence table simple. 

The model zoning system used with HMA was such as that there was a good match between 

the boundaries of either multiple TEMPRO zones and single model zones, or vice versa. 

2.6.12 TEMPRO data were separately analysed for the different demand model purposes, with the 

association between TEMPRO and model journey purposes being as given in Table 8.8 of 

section 8.5. 

2.7 Mode and Destination Choice Models 

2.7.1 Mode and destination choice in the NMMTM-HMA are performed with absolute logit models6. 

These models are arranged hierarchically, with destination dependent upon mode choice, and 

they are used by being applied incrementally – the absolute models’ estimates in base and 

forecast cases are used to calculate factors that are applied to observed base data. 

2.7.2 TAG unit 3.10.3 states that it is common to model commuting trips as doubly constrained, 

with both production and attraction totals forced to match certain targets, and that the 

                                              
6 Paragraph 1.5.24 of TAG unit 3.10.3 states that the Department’s preference for road scheme appraisal is to use an incremental form 

of model, unless there are strong reasons for not doing so. Because the primary purpose of NMMTM-HMA is to model the effect of the 

introduction of new housing developments we believe this makes an absolute model form more appropriate, since these developments 

can then be modelled as being in entirely new zones that are not present in the base year. 
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remaining purposes are singly constrained, with only the production end totals meeting given 

values. The guidance uses discretionary trips such as shopping and leisure as the archetypal 

examples of singly constrained purposes. These are considered to be particularly likely to 

change destination as generalised costs change, and so the total number of trips travelling to 

a given zone is not considered to be enforceable. 

2.7.3 In NMMTM-HMA we have modelled the home-based other purpose as singly constrained and 

all remaining purposes are doubly constrained. For commuting and home-based employer’s 

business this indicates that the number of trips attracted to a zone is fixed for a given 

scenario, signifying a certain level of employment or desire for business services. Individual 

trips from a specific production zone may change their attraction zone, but the overall 

number of trips attracted to each zone will remain the same. 

2.7.4 Non-home-based purposes are not modelled as production and attractions but are instead 

considered to be represented simply as movements that have start and end points. In these 

cases, either end could be construed as being caused by the original reason for making the 

trip – e.g. either leaving work to go shopping, or going to visit a friend after shopping – and 

so to singly constrain these trips was considered to be ascribing a special status to the origin. 

Hence, non-home-based trips are also doubly constrained in the model. 

2.7.5 The logit models are calibrated to the base year P/A demand matrices with the use of 

sensitivity parameters in the destination choice model, and scaling factors and mode-specific 

constants in the mode choice model. For the singly constrained destination choice model, 

alternative-specific constants (ASCs) for each attraction zone are also calculated. These are 

not required by the doubly constrained models, because the required values are derived 

during the trip-balancing process. 

2.7.6 For NMMTM-HMA the mode choice scaling factors and mode constants were derived from the 

base year P/A data, as have the ASCs for the home-based other purpose. Destination choice 

sensitivity parameters, however, were not estimated using an automated procedure such as 

with ALOGIT, with associated calculation of t-statistics, but were instead obtained through a 

manual process. 

2.7.7 Values of the destination choice parameters were taken from the illustrative ranges given in 

TAG unit 3.10.3, to be used as a starting point. These starting values were used with the 

previously derived “base” P/A data and base generalised costs to directly calculate the 

synthetic demand for each purpose which resulted from application of the relevant 

destination choice models. The parameter values were then manually modified so as to try to 

match as closely as possible the average travel costs for car and PT modes in the “observed” 

base P/A data, while also maximising the log likelihood of the data. 

2.7.8 Having been obtained through analysis of the results of applying the logit models to the base 

year P/A demand, the same destination and mode choice parameters are used in forecast 

years. 

2.7.9 A full description of the procedures used to obtain the parameters used in the logit models is 

given in Chapter 4. 
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2.8 Park and Ride Model 

2.8.1 The use of Park and Ride is modelled with an add-on module which is run once the rest of 

the variable demand model’s processes have reached demand/supply convergence (see 

Section 5.5 for details of how model convergence is monitored). 

2.8.2 The idea behind the park and ride model is that the final trip matrices produced by the 

assignment models are first split into those trips that can use park and ride and those which 

cannot. Those trips, for each mode, for which park and ride is a conceivable option are split 

into those which choose to use park and ride and those which do not. This splitting is carried 

out with a logit model based upon the choice between the current mode and the cheapest 

park and ride site out of the set of those that are available. 

2.8.3 Trips which swap to using park and ride are converted from a single leg by their original 

mode into a car leg from the origin to the park and ride zone, and a public transport leg from 

the park and ride zone to their final destination. 

2.8.4 The module therefore results in a set of assignment matrices that are different from those 

which were produced at the end of the run of the main model, and so these are re-assigned 

by the highway and public transport assignment models to produce the final results of the 

variable demand model. 

2.8.5 Note that, at present, this module performs calculations of park and ride choice only for AM 

peak trips, and these are all assumed to make their return trip in the PM peak period. Hence, 

the park and ride model manipulates the data in the AM and PM assignment model matrices, 

only. 

2.8.6 Full details of the way in which the park and ride module carries out its calculations, and the 

method used for performing some calibration of the model to reproduce observed park and 

ride site usage are given in Chapter 5. 
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3 Base Year Matrix Development 

3.1 Introduction 

3.1.1 The main inputs to the base year demand model are the total numbers of trip productions 

and attractions between model zones for each of the five demand model journey purposes 

and the two main modes, with trip productions further segmented into different car 

availability categories. 

3.1.2 The approach taken for the development of the best estimates of these 12-hourly P/A 

matrices for the base year has been to start from the calibrated, hourly O/D demand 

matrices built for the highway and PT assignment models and to “reverse engineer” them 

into the required form with a number of different factors which were derived from roadside 

interview surveys. The procedure follows these steps: 

i. Convert from hourly O/D demand for the assignment user classes (four for car and 

three for public transport) into hourly O/D demand for demand model journey 

purposes. This is achieved by taking RIS data for home-based and non-home-based 

employer’s business and Other trips and aggregating them into sectors to provide 

splits of total EB and total Other trips into the HB and NHB components; 

ii. Split these O/D movements into those that are going away from home, those that are 

returning to home, and those that are non-home-based. These splits are derived from 

RIS data that have been aggregated into sectors before being expanded to zone level; 

iii. Use vehicle occupancy data to convert vehicle trips (for highway) into person trips. 

These are global figures that are derived from data provided by TAG unit 3.5.6; 

iv. Use expansion factors to convert from hourly demand to period demand, for the 

different directions of travel within each journey purpose. These expansion factors are 

described in section 3.3, and they are applied globally rather than being sectorally 

based; 

v. Combine period-level from-home and returning-home O/D data appropriately to create 

period-level P/A data. This process makes use of sectorally aggregated RIS data on 

movements in these two directions; and, finally, 

vi. Combine period-level P/A data into single 12-hour P/A demand matrix by simply 

summing all three whole-period matrices that have been devised so far. 

3.1.3 In a forecasting situation, the factors and other quantities used in moving from hourly O/D 

data to 12-hour P/A data are used in the opposite direction during the running of the 

demand model so as to create the predicted demand that is passed to the assignment 

models. Hence, in this opposite direction, the process is: 

i. Start from the 12-hour P/A matrix produced by the mode and destination choice 

models. 

ii. Split the 12-hour data into matrices for each whole time period, still at P/A level by 

applying factors that are derived from the period-level data in step v. of the previous 
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paragraph. These factors are separately derived for each main mode, journey purpose 

and car availability, and they are also used in the model to calculate a weighted 

average of time period costs produced by the assignment models, with this weighted 

average being used in the mode and destination choice models. Details are given in 

section 4.3. 

iii. Obtain period-level from-home and return-home data by reversing the process used in 

step ii. of the previous paragraph. The factors used for this conversion apply to P/A 

data rather than to O/D data, as was the case in step v. 

iv. The conversion from car-based person trips to vehicle trips uses reciprocal occupancy 

values. These have been derived from data provided by TAG unit 3.5.6 and they do 

not vary by origin or destination zone, only by time period and journey purpose. 

v. The conversion from whole-period to single-hour data is carried out by applying factors 

that are the reciprocals of the ones used in step iv. of the previous paragraph. 

Note that although many of the data that were used to convert from the O/D data to an 

estimate of the true P/A data were based on sectorally aggregated data, in transforming 

from P/A data to O/D trips – i.e. in the opposite direction – the sectoral structure of the 

factors is lost and the various factors vary, in general, on a cell-by-cell basis. 

3.1.4 The amount of processing required to carry out these steps differed by main mode. The 

building of the calibrated base year assignment matrices is described in detail in the relevant 

technical report for each main mode. This report therefore starts from the existence of these 

matrices, and considers how to combine them with additional data sources to obtain what 

are required by the demand model. 

3.1.5 Base year highway trip matrices were available only in hourly O/D format, and so the 

calculation of period-level P/A matrices from these required external sources of information 

about directions of travel, flow profiles within time periods, and splits of home-based and 

non-home-based travel. For the public transport modes, by contrast, the matrices derived 

during the calibration process were provided in a variety of formats, including the required 

12-hourly P/A data. For PT, then, it was necessary only to calculate the required splitting 

factors and other proportions needed by the demand model. 

3.1.6 The rest of this chapter describes the approaches taken to generate the base year P/A trip 

matrices for the two main modes. 

3.2 Development of Highway P/A Matrices 

3.2.1 The demand model starts with trip productions and attractions for each model zone, passes 

these through the mode and destination choice models to generate 12-hour P/A matrices, 

and these are then converted into hourly O/D-formatted matrices through the application of 

several matrices of fixed factors. 

3.2.2 If these different factors are available, then the process for generating P/A data from O/D 

data is, essentially, to reverse the order of application of these factors. 
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3.2.3 The base year highway assignment matrices were obtained by applying matrix estimation 

techniques to prior matrices built from RIS data. These RIS data were collected for certain 

durations during the three model time periods, but not for the whole of each period. Hence, 

although from-home and return-home splits could be calculated from the RIS data set, 

expansion factors from hourly data to period data could not. Because of this, the missing 

factors have been taken from those used for an MVA strategic model of a similarly sized 

urban area. 

3.2.4 The rest of this section describes the methodology followed in creating the 12-hour highway 

P/A data from the assignment model matrices. 

RIS Data Format and Purpose Splits 

3.2.5 The RIS data were categorised into 14 journey types for each time period. These purposes 

cover the from-home and return-home legs of home-based trips for the following five 

purposes: 

� Commuting; 

� Employer’s Business; 

� Education; 

� Shopping; and 

� Other. 

3.2.6 These cover 10 of the 14 categories. In addition to these are: 

� Non-home-based Employer’s Business; 

� Non-home-based Other; 

� Light goods vehicles; and 

� Other goods vehicles. 

3.2.7 During highway matrix development a system of 5 sectors was used. These sectors covered: 

� Central Nottingham; 

� Outer Nottingham; 

� The corridor between Nottingham and Derby; 

� Derby; and 

� Other model zones. 

3.2.8 It was decided that this sectoring system would also be used for the compression of the RIS 

data. 

3.2.9 The numbers of trips recorded in the RIS dataset for each of the different purpose categories 

were aggregated into sets of totals for Commuting, Employer’s Business (EB), and Other 

purposes, with home-based (HB) and non-home-based (NHB) types being combined in one 

set and kept separate in another. 

3.2.10 The demand model’s HB Other purpose consists of a combination of the RIS dataset’s 

Education, Shopping and HB Other purposes. 
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3.2.11 These totals were used to calculate splitting factors of all Commute, EB and Other trips into 

HB and NHB movements, with HB further classified by direction to/from home. Thus, the 

sums of the following RIS-based factors were designed to sum to one: 

� Home to Work and Work to Home; 

� Home to EB, EB to Home, NHB EB; and 

� Home to Other, Other to Home, NHB Other. 

These factors were calculated independently for each time period. 

3.2.12 Finally, these splitting factors were expanded to the 404 zones used in the NMMTM-HMA’s 

zoning system. 

3.2.13 The final factors, in the 5-sector format, are presented in Appendix A. 

Assignment Model Data Conversion 

3.2.14 The SATURN matrices contain hourly O/D trips for six user classes. The first two of these 

cover the commuting purpose – split into those without and those with available workplace 

parking; the third user class combines home-based and non-home-based employer’s 

business trips; the fourth user class combines home-based and non-home-based other 

purpose trips; the fifth and sixth user classes contain goods vehicle trips. 

3.2.15 There are separate matrices for each of the three time periods. Only the trips in the first four 

user classes are used in deriving the necessary P/A matrices, and each time period is treated 

in the same way, but with its own specific values of the different parameters. 

3.2.16 Trips for user classes 1 and 2 are combined to form the total number of commuting trips, 

and the proportion of this total that have workplace parking available (user class 2) is 

calculated and stored for later use. 

3.2.17 The totals in each composite purpose are multiplied by the different splitting factors for each 

time period so as to generate matrices of trip volumes by eight purposes (three HB 

purposes, each by two directions, and two NHB purposes). 

3.2.18 Car occupancies for each purpose and time period are calculated for the 2008 base year by 

applying rates of change of passenger numbers to year 2000 values, all of which are 

obtained from TAG Unit 3.5.6. The same vehicle occupancies are used for HB and NHB 

versions of purposes. The base year vehicle occupancies used are given below in Table 3.1. 

Table 3.1: Base year (2008) car occupancies by time period and journey purpose 

Purpose AM Peak Inter-peak PM Peak 

Commuting 1.15 1.13 1.13 

Employer’s Business 1.25 1.18 1.19 

Other 1.68 1.66 1.73 

 



 3 Base Year Matrix Development 

Housing Market Allocation Expansion: Variable Demand Model Development and Forecast Report 3.5 

3.2.19 These car occupancies are used to convert the directional O/D matrices in units of vehicles 

into flows in units of persons. 

3.2.20 These hourly data are also converted into period flows with the use of expansion factors 

which are given in Table 3.2, below. The SATURN data for the morning and evening time 

periods model the peak hour within those periods, whereas the SATURN data for the inter-

peak period model the average hour between 1100 and 1400. The demand model uses data 

for the whole 3-hour AM and PM periods and the 6-hour inter-peak period. 

Table 3.2: Hour-to-period expansion factors used with SATURN assignment data 

Purpose/Direction AM Peak Inter-peak PM Peak 

Home to Work 2.35 5.30 2.59 

Work to Home 4.46 9.57 2.28 

Home to EB 2.48 5.90 3.97 

EB to Home 8.45 7.20 2.92 

Home to Other 3.39 5.77 3.95 

Other to Home 3.23 6.48 3.44 

NHB EB 2.68 5.64 4.50 

NHB Other 3.49 5.92 2.88 

 

3.2.21 These values are applied to the hourly person-flows to create period-level person-flows, still 

in O/D format. 

3.2.22 The final steps are to combine the transpose of the return-home trip matrices with their 

from-home counterparts within a time period, to obtain P/A formatted period demand. These 

total P/A period matrices are compared with the separate from-home and transposed return-

home matrices to obtain P/A-to-Direction splitting factors. 

3.2.23 When all periods are combined, this process has created the desired 12-hour P/A demand 

matrix which is to be used with the demand model. A final set of factors used for splitting 

12-hour P/A demand into time-period P/A demand is calculated from these results. 

3.2.24 The different matrices of factors that have been used in the conversion from hourly O/D to 

12-hour P/A data are manipulated into the correct format for use by the demand model, and 

will be described in Chapter 5. 

3.3 Development of Public Transport Conversion Factors 

3.3.1 In contrast with the situation for the highway P/A demand matrices, the public transport 

assignment calibration procedure led to the creation of 12-hour P/A-formatted demand for 
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this main mode. With regard to these trips, all of the factor matrices that the demand model 

requires – for conversion from 12-hours to periods at P/A level, from P/A periods to O/D 

periods, and from O/D periods to O/D hours – can be derived entirely from them. Full details 

of how the PT matrices were derived will be found in the associated technical report for that 

mode. 

3.3.2 This section assumes the existence of the matrices that were produced by the PT assignment 

calibration process, and explains how they were used to generate the required factors. 

3.3.3 Public transport assignment model demand matrices were produced in the following formats, 

which were used in the calculation of required demand model splitting factors: 

� P/A formatted data for 12 hours, split into the five demand model purposes; 

� P/A formatted data for each whole time period, split into the five demand model 

purposes; 

� P/A formatted data for each whole time period, split into eight purposes: 3 HB 

purposes by from/return home directions, and 2 NHB purposes; 

3.3.4 The required factors for splitting 12-hour P/A data into period-level P/A data are generated 

by dividing the period-level demand by the 12-hour demand. In the event that a division by 

zero would be necessary (because there is no demand at the 12-hour level for a given 

movement) the relevant factors are replaced with values that have been calculated globally 

over all cells in the different matrices. 

3.3.5 The required factors for splitting period-level P/A data into from/return home legs are 

calculated similarly by dividing the data in each of the eight categories by their “parent” 

category, once again being careful to avoid dividing by zero by the use of globally derived 

factors. 

3.3.6 The conversion of period-level data to hourly data is carried out with a set of factors whose 

derivation is described in the Public Transport Local Model Validation Report. These are 

presented in Table 3.3 where, to be consistent with the earlier Table 3.2, they are expressed 

as reciprocal hour-to-period values: 
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Table 3.3: Hour-to-period expansion factors used with PT demand 

Purpose AM Peak Inter-peak PM Peak 

Commuting 2.33 10.00 2.00 

HB EB 5.88 14.29 2.04 

HB Other 2.22 6.25 3.13 

NHB EB 1.67 4.55 3.23 

NHB Other 2.22 5.88 2.27 

3.4 Car Availability Splitting 

3.4.1 The base year matrices used in the assignment models are not split by car availability 

category, and neither are the RIS data which were used to obtain splits of trips into 

from/return home directions, home-based/non-home-based proportions and other data. 

However, the demand model processes total trip productions and attractions separately 

within different car availability segments, and so the 12-hour P/A data obtained through the 

methods described so far in this chapter had to be further manipulated. 

3.4.2 TEMPRO data7 of the total number of trip productions in different car availability categories 

from different areas were extracted for 2008. These were aggregated into the combinations 

of TEMPRO zones that were associated with groups of model zones through the 

correspondence table which was set up as described in section 2.6, and the required totals 

used to calculate the proportions of all productions from each set that are made by persons 

in C0, C1 and C2+ households. 

3.4.3 These splitting proportions were calculated separately for the different demand model 

purposes, with combined car driver and car passenger data used for the splitting the 

highway matrix, and combined TEMPRO PT modes (bus/coach and rail/underground) used for 

the public transport split. The TEMPRO journey purposes were matched with demand model 

purposes as is described fully in section 8.5, Table 8.8. 

3.4.4 Because NMMTM-HMA assumes that C0 trips are captive to public transport, C0 trip 

productions were taken from TEMPRO for public transport modes only, and used only in the 

split of PT trip productions. 

3.4.5 The final car availability splitting factors were applied to the car and PT 12-hour P/A matrices 

to give estimates of the observed C1 and C2 car matrices, and C0, C1 and C2 PT trip 

matrices. 

                                              
7 Taken from version 5.4 datasets, released 15/02/08. 
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4 Destination and Mode Choice Calibration 

4.1 Overview 

4.1.1 This Chapter describes the methods used to derive appropriate values of the parameters 

required by the mode and destination choice models used in NMMTM-HMA. 

4.1.2 Mode and destination choice are calculated using an absolute nested logit model, with 

destination dependent upon mode choice8. Of the five demand model purposes, all but the 

home-based other purpose are modelled with both production and attraction constraints 

(doubly constrained models). Home-based other trips are production-zone constrained only 

(a singly constrained model). 

4.1.3 A number of different parameters are required by the logit models and these are obtained by 

attempting, within the restrictions of the logit equations, to best reflect the base year data. 

These data are the matrices of 12-hour P/A data, segmented by purpose, mode and car 

availability, as described in the previous chapter. 

4.2 Logit model formulation used in NMMTM-HMA 

Introduction 

4.2.1 Logit models are based on discrete choice theory, and the main quantity of interest in the 

modelling of traveller behaviour is the utility of an option. The higher the utility of an option, 

the more likely it is to be chosen by a given person. 

4.2.2 In the demand model the available options are combinations of a particular mode and 

destination. In accordance with guidance, the utility of a particular option in the demand 

model is a function of the generalised cost of that option. In NMMTM-HMA these “costs” are 

actually represented as times, using units of minutes. The utility is also likely to contain 

other quantities that represent other attributes of a particular combination of options, which 

are not captured by the simple generalised cost-dependence. The calculation of generalised 

costs used in the demand model is described in section 4.3. 

4.2.3 Because the generalised cost of travelling to a given destination by a given mode depends 

also on the journey purpose, production zone and car availability category, the utility of a 

particular choice of destination is expressed, in general, as: 

jpijpmcpmcijpmc ASCCU += β , 

where: 

� i is the production zone; 

� j is the attraction zone; 

� p is the journey purpose for which the trip is being made; 

� m is the main mode being used to make the trip – either car or PT; 

                                              
8 This is the configuration advised for use by TAG Unit 3.10.3, paragraph 1.9.16. 



 4 Destination and Mode Choice Calibration 

Housing Market Allocation Expansion: Variable Demand Model Development and Forecast Report 4.2 

� c is the car availability category – C0, C1, C2; 

� β  is a cost-sensitivity parameter, which may depend on purpose, mode and car 

availability; 

� C is the generalised cost, which is likely to depend on all trip attributes; and 

� ASC is known as an alternative-specific constant, which absorbs all other utility 

components of a particular option that are not represented by the cost of travelling, 

and this varies only by attraction zone and journey purpose. These quantities are 

supplied only in the singly constrained case, as explained below. 

4.2.4 As stated earlier, destination choice in NMMTM-HMA is modelled as either singly 

constrained or doubly constrained, depending on the journey purpose. In the doubly 

constrained case changes in utility lead to changes in destination choice, but the overall 

number of attractions to each zone, summed over all modes and car availability categories is 

forced to equal values that are given as inputs to the demand model. The constraint of trip 

productions to particular values by mode, purpose and car availability is met automatically. 

In NMMTM-HMA only the home-based other purpose is modelled as being singly constrained. 

In this case only the trip production constraint is enforced at all times. 

4.2.5 The alternative-specific constants are used only with the singly constrained destination 

choice model. The values of the ASCs for each zone and journey purpose are set up for the 

base year by ensuring that that the shares of all modelled base year attractions to each zone 

match the corresponding shares in the observed data. The ASCs will reflect realities such as 

certain zones being more attractive than the cost of travelling to them might otherwise 

suggest. These values derived ensure that in the base situation the numbers of trip 

productions and trip attractions in the synthetic P/A matrix produced by the demand model 

are equal to those in the observed data. 

4.2.6 ASCs are not required for the purposes whose destination choices are doubly constrained, 

since these choices are based on a gravity model formulation, which automatically ensures 

that the production and attraction trip end constraints are satisfied. 

4.2.7 As the generalised cost of an option increases, the likelihood that the option will be chosen is 

expected to decrease: this means that the cost-sensitivity parameters, β , should be 

negative. 

Doubly Constrained Destination Choice 

4.2.8 The choices of destination for the HB Work (Commuting), HB EB, NHB EB and NHB Other 

purposes are doubly constrained, meaning that the total numbers of trip productions and 

attractions from and to each model zone meet certain targets, which are specified by 

inputted trip end data files. 

4.2.9 The choices of destination for these purposes are dealt with in a gravity model formulation in 

which the number of trips between zones i and j (for a given journey purpose p, mode m, 

and car availability c) is given by the expression: 

)exp( ijpmcjpipmcijpmc UBAT = , 
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where, because the utility of a given option is a decreasing function of cost, this represents a 

gravity model with an exponentially decaying deterrence function. The larger the magnitude 

of the β  parameter, the more quickly the trip distribution will decay as costs increase. 

4.2.10 The quantity jpB  is a balancing factor which ensures that the total number of trips attracted 

to each zone is equal to the target. These balancing factors cannot depend upon mode and 

car availability because the targeted number of trip attractions used in the model is the sum 

over all five demand segments (C1C, C2C, etc). Hence, for a fixed journey purpose, there is 

one value of the balancing factor for each model zone. 

4.2.11 The gravity model formulation is applied in practice by first generating a matrix of the 

exponentiated utility values, )exp( ijpmcU , and then using a furnessing process on this “prior 

matrix”-like starting point, iteratively modifying row and column totals until a converged 

state is reached9. 

4.2.12 When the converged state has been reached, the number of trips between any pair of zones 

will be expressible in the form shown in paragraph 4.2.9. It is because the final matrix 

satisfies the imposed trip attraction constraints that it is not necessary to explicitly calculate 

ASCs for the doubly constrained case, as mentioned in paragraph 4.2.610. 

Singly Constrained Destination Choice 

4.2.13 The choice of destination for the HB Other purpose is singly constrained, meaning that only 

the number of trip productions from each zone in each car availability category is set to a 

particular value, while the total number of trip attractions to each zone is permitted to 

vary11. 

4.2.14 For this journey purpose, the probability that zone j will be chosen as the attraction end of a 

production from zone i, for fixed values of mode and car availability, is given by: 

∑
=

'

''

|
)exp(

)exp(

j

mcijj

ijmcj

mcij
UD

UD
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where: 

� ijmcU  is the option’s utility, as defined in paragraph 4.2.3, with the inclusion of non-

zero values of the ASCs; 

� jD  is the total number of attractions to zone j, as indicated by the inputted trip end 

data, across both main modes and all car availability categories, for the HB Other 

purpose; and, 

                                              
9 In practice the trip balancing process terminates when the maximum deviation between the targeted row and column totals is less 

than some specified amount, chosen to balance the competing concerns of accuracy and model runtimes. 

10 Note that the final values of the balancing factors Bjp can be interpreted as ASCs included in the Uijpmc utility through the relation 

Bjpexp(Uijpmc) = exp(Uijpmc + ln Bjp), so that each time the destination choice model is run it can be viewed as recalculating the ASCs for 

each zone and purpose so as to ensure that the correct number of total attractions is obtained for each zone. 

11 Except in the base case, as will be discussed. 
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� the notation baP |  is used to denote a conditional probability, giving the likelihood that 

option a is chosen given that option b has already been selected. Because the logit 

models used in NMMTM-HMA are arranged with destination choice nested inside mode 

choice, the choice of j is conditional on the choice of m. 

4.2.15 The total number of trips between zones i and j for a particular demand segment is then 

calculated from: 

mcijimcijmc POT |= , 

where imcO  is the number of trip productions for each combination of model zone, mode and 

car availability category, and this is multiplied by the probability that the given mode is 

chosen (see the next subsection for details). 

4.2.16 The number of attractions to a particular zone is an input to the model and in the base year 

this is the number that has been reverse-engineered from the assignment matrices, as 

discussed in Chapter 3. 

4.2.17 Alternative-specific constants for each attraction zone are calculated for the singly 

constrained purpose in the base year model to ensure that the total number of attractions to 

each zone is equal to the inputted value. In this way, the singly constrained model in the 

base year is, in essence, doubly constrained, with total numbers of productions and 

attractions matching the inputs. 

4.2.18 In forecast years the number of attractions used as a model input will have been updated. 

The revised numbers of attractions will enter the equation in paragraph 4.2.14 and can be 

viewed as measures of the attractiveness of the zones in the non-base situation. In base and 

forecast cases the same ASCs calculated from the base year data are used without 

modification. 

4.2.19 The difference between this singly constrained model and the gravity model approach for the 

other journey purposes is that these base year-derived ASCs are applied to the home-based 

other destination choice modelling in all forecast situations, whereas those for the doubly 

constrained purposes are effectively being recalculated each time they are required (see 

footnote 10). 

4.2.20 The required base year ASCs are derived by ensuring that each attraction zone’s share of all 

modelled trip attractions is the same as that zone’s share of the observed attractions, as 

specified by the P/A data derived from the validated assignment matrices. 

4.2.21 These shares of attractions are calculated over all demand segments, since only the total 

number of trip ends attracted to each model zone is known, without segmentation into 

modes and car availability categories. 

4.2.22 So, if the total number of trip attractions in the base demand matrix is 100,000, say, and 5% 

of these are to zone 1, then the ASCs for all zones are constructed so as to ensure that 5% 

of all attractions in the synthetic matrix (from application of the logit model equation) are to 

zone 1. 

4.2.23 The mcijP |  values are calculated for each demand segment separately, using the equation 

given above, but the zonal shares that are to be matched are independent of demand 
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segment. Introducing a demand segment index, s, into the equations, we have that the 

share of attractions in either the base or synthetic destination choice is given by: 

Share of all-zone attractions that are to zone j = 

∑

∑

is

ijs

s

ijs

T

T

. 

4.2.24 For a fixed set of sensitivity parameters, a given set of ASCs leads to a particular set of zonal 

attraction shares. These are compared with the required shares (from the base P/A data) 

and the ASCs are modified accordingly. 

4.2.25 The ASC modification is worked out with the equation: 









+=

modelled

observed

oldnew ln
share

share
ASCASC , 

which ensures that if the modelled share to a zone is less than observed, the ASC for that 

zone is increased, and if the modelled share is greater than observed, the ASC for that zone 

is decreased. When the shares are equal, the logarithm of 1.0 is calculated – which is equal 

to zero – and no further modification to the relevant ASCs is performed12. 

4.2.26 Because the total over the destination choice probabilities is equal to 1.0, the sum over all 

attractions must be equal to the sum over all productions. Hence, by ensuring that the ASCs 

reproduce in the base the attraction shares for each zone in the observed data, this 

procedure leads to a home-based other matrix in the base in which the productions from and 

the attractions to each model zone are equal to the corresponding values in the observed 

data13. 

Mode Choice 

4.2.27 The destination choice models are nested within choices of mode, and so mode choice 

depends on the utilities of all destination choices that are contained within each of these 

mode nests. 

4.2.28 If the utilities of travel to all destinations by public transport are smaller than those for travel 

by car, then the overall utility of public transport is expected to be lower than that of car, 

and so the probability that public transport will be chosen should be expected to be smaller 

than for car. 

4.2.29 The probability that mode m is chosen for travel for purpose p from production zone i in car 

availability category c is calculated with the following expression: 

                                              
12 As usual, in practice the data are calculated within some specified tolerance which allows for the twin desires of accuracy and 

practicality. 

13 However, these facts do not imply that individual cells in the modelled and observed matrices will be equal, as will be described in 

Chapter 5. 
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where: 

� pθ  is the scaling parameter for the mode nest; this varies by purpose p, and is 

required to be positive with a value between 0 and 1; 

� impcU
~

 is the composite utility (defined below) over all options within a given mode 

nest; this varies by production zone, mode, journey purpose and car availability 

category – that is, over all trip attributes except attraction zone; 

� ipcα  is a mode-specific constant; this varies by production zone, journey purpose and 

car availability category, and it is used to represent that part of a mode’s utility that is 

not captured by the composite utility over destination choices. It is therefore 

analogous to the ASCs derived for the destination choice model. 

The sum in the denominator is over all available modes, of which there are only two in this 

model. 

4.2.30 The composite utility is defined in modelling guidance14 by the expression: 

∑∑ −=
j

jp

j

ijmpcjpimpc BUBU ln)exp(ln
~

, 

where jpB  denotes the balancing factors defined earlier and ln  is the natural logarithm 

function. 

4.2.31 Because there are only two modes between which a traveller can choose, mode-specific 

constants need be defined only for one mode – the addition of a constant to one mode’s 

utility is equivalent to subtracting the same constant from the other mode’s utility. In 

NMMTM-HMA the arbitrary choice has been made to calculate the mode constants for car, 

defining those for PT to be zero. 

4.2.32 A difficulty encountered with the definition of composite utility given above is that the 

furnessing procedure used to balance trip productions and trip attractions for the doubly 

constrained purpose is carried out by a Cube Voyager program that does not give access to 

the required balancing factors. However, by starting from the gravity model expression for 

the number of trips between zones and manipulating it, the required quantity can be 

obtained. 

4.2.33 Simplifying the notation a little with the suppression of some attribute indices, the number of 

trips is expressed as: 

)exp( ijjiij UBAT = . 

4.2.34 Summing over zones production zones i, it is found that: 

                                              
14 TAG Unit 3.10.3 (October 2009), paragraph 5.1.2. 
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and hence also that: 
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4.2.35 Combining these expressions together leads to the conclusion that: 

∑∑∑∑ −=−=
j ij
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j

ij

j

j

j

ijjij
U

T
TBUBU
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and so the required composite utility, as given in paragraph 4.2.30 can be calculated from 

data that are available within the model. 

4.2.36 The same expression is used for the calculation of composite utilities for the singly 

constrained purpose as well as those for the doubly constrained purposes. 

4.2.37 The mode-specific constants, α , are calculated so as to ensure that the base year modal 

splits of trips for each purpose in each car availability category from each production zone 

match those in the observed data. 

4.2.38 Simplifying the notation of paragraph 4.2.29, the probability that either car or PT is chosen 

for a particular movement is given by: 

)
~

exp()
~

exp(

)
~

exp(

PTcar

car

car
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U
P

θαθ
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++

+
= , 

where the mode constant is applied only to car, as discussed above. 

4.2.39 This equation can be rearranged to give an expression for α : 

( )carPT

PT

car ~~
ln UU

P

P
−+








= θα . 

4.2.40 The composite utilities for each mode are calculated from the results of the destination 

choice model, using the equation in paragraph 4.2.35, and the relevant car and PT choice 

probabilities are taken from the observed base year P/A data. The mode constants vary by 

production zone, journey purpose and car availability category and will reproduce the base 

year’s observed mode shares for trips with those attributes. 

4.2.41 Once calculated for the base year model, these same mode constants are applied in all 

forecasting cases, as is the case with the ASCs calculated for the singly constrained journey 

purpose. 

Final P/A-level trip matrices 
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4.2.42 For the singly constrained purpose the final trip matrix is obtained by multiplying the 

probability that a destination choice is made, for a given mode, by the probability that that 

mode is chosen, and then multiplying this result by the relevant number of trip productions. 

4.2.43 Hence, with the following data: 

� icO  – the number of trip productions from zone i and car availability category c; 

� imcP  – the probability that mode m is chosen for travel from zone i in car availability 

category c; and 

� mcijP |  – the probability that destination j is chosen for travel from zone i in car 

availability category c, given that mode m has been chosen, 

the number of trips for this purpose is given by: 

imcmcijicijmc PPOT |= . 

4.2.44 The situation for the doubly constrained purposes is similar, although the multiplication of 

the individual destination and mode choice probabilities is not carried out explicitly but is 

instead an outcome of the furnessing process applied to the matrix of option utilities. 

4.2.45 The furnessing process used for the calculation of the required balancing factors requires 

modally split trip productions as an input, and so these must be provided before the 

destination choice is carried out. These destination choices lead to composite utilities through 

the expressions in 4.2.30 and 4.2.35, which are used to calculate mode choice probabilities. 

These will not necessarily be consistent with those that were just used as the starting point 

for the trip balancing, and so for the doubly constrained model an iterative process is 

necessary in order to reach a consistent solution. More details of this process are given in 

Chapter 5. 

4.3 Obtaining demand model sensitivity and scaling parameters 

Introduction 

4.3.1 The mode and destination choice models make use of a number of parameters, as described 

in the previous section: 

� β  – Destination choice cost-sensitivity parameters; 

� θ  – Mode choice composite cost scaling parameters; 

� ASC  – Destination choice alternative-specific constants (HB Other purpose only); and 

� α  – Mode choice mode-specific constants. 

4.3.2 Of these parameters, the last two are determined entirely from the base year observed data 

and the values of β  and θ . 

4.3.3 In this section, the method used for obtaining appropriate values of the cost-sensitivity and 

cost scaling parameters is described. The first step is to obtain generalised costs for the base 

year observed data. 
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Base year generalised costs 

4.3.4 The utilities used in the calculation of destination choice, and hence also mode choice, are 

dependent upon the generalised costs of travel between zone pairs by each mode for each 

journey purpose. 

4.3.5 These costs are derived from outputs of the assignment models, with the base year values 

derived by assigning the calibrated demand matrices to the relevant networks, and 

outputting time, distance, fare and other similar matrices of trip information for the routes 

and PT services chosen. 

4.3.6 For car trips the generalised cost for a given zone-to-zone movement for a particular 

assignment model user class in a particular time period is calculated from: 

GCcar = Time + (Distance * PPK) / (occupancy * VOT) 

where: 

� Time = Travel time between zones, in units of minutes; 

� Distance = Distance between zones, in units of kilometres; 

� PPK = Value of the pence per kilometre parameter, used in the SATURN highway 

assignment to represent vehicle operating costs (see sections 2.5 and 8.2); 

� occupancy = Vehicle occupancy, varying by purpose and time period, used to convert 

travel costs per vehicle into costs per occupant; and 

� VOT = Value of time in units of pence per minute, 

and this value is expressed in units of minutes. 

4.3.7 The times and distances that are outputted from SATURN for the generalised cost 

calculations are weighted averages over all routes in what SATURN terms a forest, rather 

than being simply the time and distance for the minimum cost path. These are generated 

from the final, “SAVEIT” run of the SATURN assignment after the main 

simulation/assignment loops have converged to within the specified tolerance. SATURN’s 

stopping criteria were set so as to require 99% of links to have their flows changing by less 

than 1% in 4 consecutive loops. 

4.3.8 The final convergence statistics for the three SATURN models are as follows: 

Table 4.1: Convergence statistics for base year SATURN highway models 

Modelled Hour Assignment 

Delta (%) 

Simulation 

Epsilon (%) 

Morning Peak 0.04 0.350 

Inter-peak 0.003 0.082 

Evening Peak 0.03 0.370 
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Guidance is that DELTA is expected to be below 1%; and epsilon is expected to be below 

2%. 

4.3.9 The forest skims are outputted by using SATURN’s built-in batch file, SATTUBA2, which 

outputs time, distance and toll matrices that are designed for input into TUBA (see section 

15.41 of the SATURN manual for further details). Separate data files of the time, distance 

and toll data are outputted for each user class and time period from the assignment model’s 

outputs. 

4.3.10 The data outputted for the two commuting user classes (with/without workplace parking) are 

combined into a single commuting purpose by weighting them with the proportions of all 

commuting trips which they represent. Let there be T  trips between origin i and destination 

j in a given time period of which W  have workplace parking and W  have no workplace 

parking so that WWT += . Let the skimmed cost of travel, in a given time period, from i 

to j by the group with workplace parking be C , and the cost for the group without workplace 

parking be C . Then the final cost used for the commuting purpose between zones i and j in 

that time period is: 

C
WW

W
C

WW

W

+
+

+
. 

4.3.11 For public transport the generalised cost for a particular zone-to-zone movement for a 

particular assignment model user class, is derived from a number of outputs of the Cube 

Voyager Public Transport assignment program. The data used are: 

� Perceived initial waiting time – Average actual time incurred at the start of a trip. This 

is multiplied by a waiting time factor; 

� Perceived transfer wait time – Average actual time incurred at transfer points during a 

trip. This is multiplied by a waiting time factor; 

� Perceived travel time – Average in-vehicle run time; 

� Perceived walk time – Average “non-transit” time, including access, egress and 

transfer movements; 

� Perceived boarding penalty; 

� Transfer penalty; 

� Fare – Average monetary fare paid, in units of pounds; 

� Value of time – in units of pence per minute, used for converting the fare values from 

money into time units; and, 

� Value of choice – this is the difference between average and composite cost values, 

and represents the benefit that is gained by travellers from having alternatives to 

choose between, 

and the final output is expressed in units of minutes. 

4.3.12 The generalised cost for public transport trips is calculated as the sum of all of these 

components. 
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4.3.13 More information on the definition of the public transport generalised cost and its definition 

can be found in the relevant Public Transport Local Model Validation Report. 

4.3.14 The results of running the assignment models are thus generalised costs for highway and PT 

trips in each time period for each of the assignment model user classes. There are, 

effectively, three of these used by the demand model: 

� Commuting – based on the workplace parking and no workplace parking user classes 

from SATURN and the single commuting user class from the Public Transport model. 

� Employer’s business – these trips are single user classes in both SATURN and Public 

Transport, covering home-based (HB) and non-home-based (NHB) trips. The costs 

used for HB employer’s business and NHB employer’s business in the demand model 

are derived from the costs for this single user class. 

� Other – these trips are single user class in both SATURN and Public Transport, 

covering HB and NHB trips. The costs used for HB other and NHB other in the demand 

model are derived from the costs for this single user class. 

4.3.15 To produce costs for use in the demand model, the separate time period costs for a given 

purpose between each pair of model zones are converted into an average value for each 

mode by weighting them with the factors that are used in the demand model to convert from 

12-hour to period P/A data, which are described in section 3.1. 

4.3.16 The values of time and PPK parameters used by the demand model are given in Table 4.2, 

below, as 2008 values in 2002 prices. 

Table 4.2: Values of time (pence per minute) and pence per kilometre parameters 

used in generalised cost calculations for choice models – 2008 values in 2002 

prices 

Quantity Purpose Value 

Employer’s Business 42.75 

Commuting 9.46 
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Other 8.37 

Employer’s Business 12.20 

Commuting 6.28 
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Other 6.28 

 

4.3.17 These values were obtained by taking reference values from the April 2009 release of TAG 

unit 3.5.6 and applying various rates of change also taken from that TAG unit. For the pence 

per minute values the data that were considered in their derivation have been described 

earlier in section 2.5. Values of time for the costs used in the demand model are based on 

mode-independent (average) data taken from Table 2 of the TAG unit for non-working time, 
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and for working time the “average of all working persons” perceived cost value has been 

taken from Table 1 of the same unit. 

4.3.18 These values of time are given as 2002 values in 2002 prices, and so they are modified to 

give 2008 values in 2002 prices by means of the rates of change given in the TAG unit’s 

Table 3, taking the different growth rates of working and non-working time into account. 

Calibration of sensitivity and scaling parameters 

4.3.19 The values of β  and θ  that have been used in NMMTM-HMA have not been derived through 

a full estimation with software such as ALOGIT. Instead, illustrative values of these 

quantities were taken from section 1.11 of TAG Unit 3.10.315 and used as a starting point for 

analysis. 

4.3.20 The mode and destination choice models process only trips with at least one end in an 

internal model zone (see Table 2.1), and so the demand model input files containing the 

required numbers of trip productions and attractions include only those row and column 

totals from P/A matrices from which movements between external zones have been omitted. 

4.3.21 As with the matrices of goods vehicle trips, external-to-external trips are added just before 

the assignment models are run, as is described in Chapter 5. 

4.3.22 When the demand model runs, the modes and destinations chosen by trip productions from 

each zone depend on the costs of travel and the values of the sensitivity and scaling 

parameters. The larger the value of the β  cost-sensitivity parameter is for a particular 

mode, the less likely it is for that mode to be chosen as generalised costs increase. Likewise, 

as the value of β  is decreased, the effect of cost plays a smaller role in the choice of 

destination. 

4.3.23 The base year observed data lead to observed values of average travel costs for both car and 

public transport, and these can be compared with the values of average costs for each mode 

that result from the application of the choice models. 

4.3.24 The cost-sensitivity parameters used in the destination choice model are permitted to vary 

by mode and journey purpose. It would also be possible for these parameters to vary by 

demand segment, but this further level of variation has not been utilised in NMMTM-HMA. 

4.3.25 For both the doubly constrained and singly constrained destination choice models, 

appropriate values of the sensitivity parameters have been estimated by following these 

steps: 

� obtain generalised costs for the base year observed data by running assignment 

models with calibrated demand matrices (see the previous section); 

� select values of β  for the different modes within a given journey purpose; 

� calculate synthetic trip distributions for each demand segment within the journey 

purpose by applying the destination choice equations to the generalised costs; 

� calculate average costs of travel by car and PT over the synthetic data, and calculate 

some goodness of fit indicators; and 

                                              
15 TAG Unit 3.10.3 “Variable Demand Modelling – Key Processes”, dated June 2006. 
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� repeat steps 2 to 4 so as to obtain average synthetic travel costs that are as close as 

possible to the observed average costs, while simultaneously keeping the goodness of 

fit indicators minimised, as far as possible. 

4.3.26 The average costs are expressed in units of minutes, and they are taken directly from the 

values calculated for the demand model from the assignment of the calibrated base year 

matrices. 

4.3.27 Only the destination choice models were used in calibrating the sensitivity parameters 

because the total number of trip productions for each demand segment was obtained from 

the observed data, and the mode choice equations incorporate mode constants to ensure 

that the splits of all-mode trip productions within a car availability category match the base 

year values. 

4.3.28 Two goodness of fit indicators were used for assessment of the appropriateness of the 

selected β  values: 

� the sum of the squared cell-wise differences between the observed and synthetic 

demand matrices; and 

� the log-likelihood of the synthetic demand matrices, as compared with the observed 

data. 

4.3.29 The value of average generalised cost for a mode in the synthetic data increases as the value 

of that mode’s sensitivity parameter is decreased. Hence, by adjusting the values of β  it is 

possible to match quite closely the observed averages. There is some difficulty in this manual 

process, however, because for the doubly constrained purposes the trip productions for 

different modes are competing with each other in order to satisfy the trip attraction 

constraints. 

4.3.30 The sum of the squared cell-wise differences between the observed and synthetic demand 

matrices is a measure of how different the two matrices of trips are. The differences are 

squared so that there is no cancellation between cells that are too high and too low relative 

to the observed demand. A better fit to the data is obtained as this quantity is decreased. 

4.3.31 The log-likelihood is a measure of how probable the chosen parameters are, given the 

observed data. The larger the value of the log-likelihood (which is often a negative value), 

the more likely it is that the observed data correspond to a logit model with a given set of 

parameters. 

4.3.32 A parameter estimation software package such as ALOGIT or Biogeme attempts to maximise 

the log-likelihood of the parameter set. For NMMTM-HMA, this maximisation has been carried 

out manually, starting from illustrative, typical values of the sensitivity parameters. 

4.3.33 The starting sets of parameters used in calibrating the choice models were the median 

values for each purpose and mode presented in the tables in paragraphs 1.11.12 and 

1.11.15 of TAG unit 3.10.3. 

4.3.34 In spite of the method used for obtaining some parameters for the logit models, the ultimate 

test of a particular set of parameters is to run realism tests to check the responses of the 

mode and destination choice models to changes in highway and public transport costs. These 

realism tests have been carried out and their results are described in Chapter 7. The 
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outcomes of these tests are elasticities of vehicle-kilometres (for highway cost changes) and 

public transport trips (for PT fare changes). These elasticities were compared with targets 

specified in TAG, and where there were discrepancies the relevant choice model parameters 

were adjusted to increase or decrease the resulting sensitivity to cost changes. 

4.3.35 The final set of sensitivity and scaling parameters used in the model are shown in Table 4.3, 
below, together with the observed and modelled average generalised costs for each mode 

(denoted as eCmod  and given in units of minutes). The sensitivity parameters vary by mode 

and purpose, but not by car availability category. 

Table 4.3: Mode and destination choice parameters used in NMMTM-HMA, with 

comparison of average observed and modelled generalised costs by mode 

Parameter / 

Quantity 
HB Work HB EB HB Other NHB EB NHB Other 

carβ  –0.054 –0.065 –0.074 –0.079 –0.069 

PTβ  –0.051 –0.034 –0.053 –0.042 –0.059 

θ  0.83 0.45 0.66 0.73 0.81 

observed

carC  46.1 35.4 20.4 25.3 20.9 

modelled

carC  50.3 36.3 26.8 26.1 27.8 

observed

PTC  96.1 143.3 81.5 133.9 81.3 

modelled

PTC  80.3 145.4 68.4 137.4 58.9 

 

4.3.36 In many cases the average generalised costs produced for the modelled P/A matrices are 

close to those calculated from the observed data. However, it was found that, particularly in 

the case of the home-based and non-home-based other purposes, the parameters which 

appeared to best fit the observed data (based on the log-likelihood, root mean squared 

differences and average cost indicators) led to elasticities for car were too high while those 

for PT were too low. This situation could not be easily rectified by modifying the values of the 

mode choice parameter, θ , and so the actions taken were to reduce the value of carβ  and to 

increase the value of PTβ  for those purposes. 

4.3.37 These actions have led to elasticities that are more in keeping with targets as specified in 

guidance, but at the expense of having average modelled costs for car that are often higher 

than observed and average costs for PT that are often lower than are observed. The 

elasticities for car and PT cost changes are presented in Chapter 7, which discusses the 

methodology used for the model realism tests. 

4.3.38 Guidance contained within WebTAG unit 3.10.3 implies that sensible results of realism tests 

are of more importance than the strict estimation of the logit model parameters, and so we 
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believe that the compromise between the maximum likelihood approach, on the one hand, 

and the desire to produce reasonable car and PT elasticities, on the other, is a fair one. 
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5 Description of Demand Model Processes 

5.1 Introduction 

5.1.1 This chapter describes the way in which the different parts of the demand model fit together, 

and provides information about all of the different data that are required for the base year 

model and how they are used. 

5.1.2 NMMTM-HMA is composed of a number of separate modules, each of which deals with a 

particular aspect of the modelling process: 

� Demand model – consisting of the mode and destination choice models (see Chapter 

4), conversion of P/A to O/D data (see Chapter 3), and calculation of convergence 

information; 

� Highway assignment model – using SATURN; 

� Public Transport assignment model – using Cube Voyager’s Public Transport program; 

� Calculation of generalised costs; and 

� Park and Ride model. 

5.1.3 These separate modules are linked by the exchange of data. For example, the end product of 

the demand model is a set of matrices of hourly O/D-formatted trips by highway and PT user 

classes for each time period. These matrices are passed to the relevant assignment model, 

leading to outputs which are used to calculate generalised costs. These generalised costs are 

used by the demand model for the generation of new sets of hourly O/D trip matrices. The 

process of generating new trips and new costs continues until the model reaches a point at 

which successive outputs of the model are no longer varying by very much. At this point the 

model is said to have converged to within a specified tolerance. Once the model has 

converged, the park and ride model is run, which modifies the final assignment matrices, 

leading to the requirement of a last run of the assignment models. 

5.1.4 The behaviour of the assignment models has been covered earlier – their purpose is to 

calculate the paths (and sub-modes, for PT assignment) taken by trips between model zones 

in each time period for each journey purpose, and the model uses these paths and their 

attributes to calculate generalised cost outputs. 

5.1.5 In the rest of this section the different processes used within the demand model are 

described, while the park and ride model is described in Chapter 6. 

5.2 The mode and destination choice models in practice 

5.2.1 The demand model consists of a number of loops in which different actions are taken. The 

most important of these loops are termed outer loops. The generation of a set of hourly O/D 

data, their assignment to the highway and PT networks, and the calculation of new 

generalised costs from the results of these assignments all take place within a single outer 

loop. 

5.2.2 During each outer loop after the first the model calculates a convergence statistic in order to 

examine how much the new model results have changed since the previous outer loop. When 
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the results of consecutive outer loops have changed by less than a specified amount, the 

model terminates in a converged state. 

5.2.3 During the development of the demand model and the carrying out of realism tests 

(described in Chapter 7) it appears that 7 outer loops are sufficient to reach a good level of 

convergence, consistent with that specified in the relevant guidance. The model has been 

designed to permit a user-specified maximum number of outer loops which will not be 

executed if convergence is achieved with fewer, but which enable the model to the told 

always to terminate at a certain point even if convergence has not been achieved/ 

5.2.4 The outer loops contain other loops, one of which visits each journey purpose in turn, and 

calculates its 12-hour P/A demand and, ultimately, hourly O/D matrices. 

5.2.5 Each of these journey purpose loops consists of the following components: 

� Mode and destination choice; 

� P/A to O/D matrix conversion; and 

� Calculation of the convergence statistic. 

5.2.6 The mode and destination choice models are described in detail in Chapter 4, and they are 

run inside the loop over journey purposes, processing each one separately. In the case of the 

doubly constrained purposes they are also themselves contained within a set of inner loops. 

The need for these inner loops is brought about by the existence of the trip attraction 

constraint, and they are used to reach a self-consistent solution of the choice models before 

the resulting data are passed to the assignment models. 

5.2.7 At the start of a given outer loop the current generalised costs for the current purpose are 

used to generate the utilities discussed in the previous chapter. These utilities are used as 

the starting data on which the choice models operate. In the very first outer loop for any 

model run the inputted generalised costs are those which were calculated from the observed 

base year demand. In subsequent outer loops the generalised costs will updated by 

assignment model outputs. 

5.2.8 In the case of the singly constrained purpose, these utilities are used to calculated 

destination choice probabilities for travel by each mode, and the composite costs over 

destinations within each mode nest are used to calculate mode choice probabilities. 

Combining these results leads to the final probability of a given option being chosen, and the 

number of trips choosing each option is therefore obtained by multiplying the probability by 

the number of trip productions. These probabilities are calculated independently for each of 

the different car availability categories. 

5.2.9 The situation is more complicated in the case of the doubly constrained journey purposes 

because all of the modes and car availability categories are processed simultaneously – 

necessarily so, because only the total number of trip attractions to a given zone for each 

purpose is constrained, and so trips by different demand segments compete with one 

another. 

5.2.10 Hence, for the doubly constrained purposes the model begins with a particular modal split of 

the trip productions in each car availability category, and these are used as the row totals to 

be achieved by the furnessing process through which the gravity model of destination choice 
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is obtained. As is discussed in Chapter 8, which describes using the model in forecast 

scenarios, at the very start of a model run this initial mode split is taken from the observed 

base data. 

5.2.11 The matrix of choice utilities and the sets of modally split trip productions and the trip 

attraction totals are used together to obtain a final trip matrix which satisfies the trip end 

constraints. Composite costs can be calculated from the resulting destination choices within 

each demand segment, and mode choice probabilities can be calculated from these. The 

mode choice probabilities will not necessarily be consistent with the modal splits that were 

just used as the starting point for the furnessing process, and in that case the trip matrix 

that was just generated would not be a valid solution of the choice models. 

5.2.12 This is the reason why inner loops are used in the model: after each completed set of furness 

iterations the final trip matrix is used to calculate mode choice probabilities, and these are 

used to split once again the trip productions from each model zone. These new matrix row 

totals are applied to the same starting set of choice model utilities as before, and the furness 

procedure is run again as a new inner loop. 

5.2.13 Each new inner loop leads to a new matrix of trips, which is used to calculate new mode 

choice probabilities. With each successive inner loop the variance between the successive 

sets of mode choice probabilities is expected to decrease, until eventually a self-consistent 

doubly constrained trip matrix is obtained. 

5.2.14 Unlike the sequence of outer loops, which can terminate early once a given level of 

convergence has been achieved, the number of inner loops carried out for each journey 

purpose in a given outer loop is fixed at a user-specified value, and this number of loops is 

always performed. 

5.2.15 While the inner loops are being performed a convergence statistic is calculated by the model 

using consecutive trip matrix results of the furnessing procedure and the input generalised 

costs which led to the utilities for each option. This statistic is calculated in the same way as 

that which is used to assess the whole model’s convergence (see section 5.5) but it is used 

only for diagnostic purposes by the user. 

5.2.16 During model development it was found that 4 inner loops appeared to be sufficient for a 

good level of convergence between the mode and destination choice models in the doubly 

constrained case. This number of loops has been used in all runs of the model that are 

reported in this document, for both the base and forecasting scenarios. 

5.2.17 The final, self-consistent trip matrix is next passed to a sub-module which converts its 12-

hour P/A-formatted data into hourly O/D-formatted data ready for use by the assignment 

models. 

5.3 P/A to O/D conversion 

5.3.1 The conversion of P/A data to O/D data is necessary for the creation of the trip matrices that 

are to be used by the assignment models, and this step takes place for each purpose after 

the mode and destination choice models have been run. 
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5.3.2 The data used by the conversion process are almost exclusively those that were derived 

during the calculation of the base year 12-hour P/A matrices for each journey purpose and 

demand segment. The exception is the set of car occupancies which vary depending on the 

forecast year, in line with TAG Unit 3.5.6 passenger occupancy rates of change. 

5.3.3 The full procedure with which the 12-hour P/A data are converted into hourly O/D data for 

use in the assignment models is: 

� Convert 12-hour P/A demand into P/A demand for each whole period with factor 

matrices for each journey purpose; 

� Split whole-period P/A demand into those trips that are going away from home and 

those that are returning to home. This is achieved with time-period-dependent 

matrices for each journey purpose, leaving matrices still in P/A format; 

� Transpose the return-home P/A trips so that they are equivalent to O/D format, and 

add them to the from-home trips to produce the final person-trip matrix in O/D 

format; 

� Convert the O/D matrices from persons into vehicles by multiplying by time-period- 

and purpose-dependent person-to-vehicle factors. These are different from 1.0 only for 

the car mode, and are equal to the reciprocals of the car occupancies appropriate to 

the current model year; and, finally, 

� Multiply the period O/D demand by period-to-hour factors, which convert from the 

whole period’s trips into the fraction which take place during the peak hours (for the 

AM and PM) or the average of the 1100-1400 period (for the Inter-peak). 

5.3.4 A description of the way in which the different matrices of factors were developed for this 

process can be found in Chapter 3. 

5.4 Incremental Adjustment Factors 

5.4.1 NMMTM-HMA uses absolute logit models that are applied incrementally, as described in TAG 

Unit 3.10.3, section 1.5, specifically paragraphs 1.5.2 and 1.5.6 to 1.5.9. The base demand 

P/A matrix which has been derived by reverse-engineering from the base O/D assignment 

matrices would be compatible with those base O/D matrices if the absolute models could 

reproduce them exactly, after the application of time of day factors, outward and return trip 

splits, etc. However, the mode and destination choice models do not exactly reproduce the 

desired P/A matrix and so the required O/D data are obtained by factoring the demand 

model outputs. 

5.4.2 The incremental approach is to take the synthetic base matrices produced by the choice 

models and to apply adjustment factors to these data so that the observed base year 

demand is reproduced for each main mode in each time period. These adjustment factors are 

then used in all other runs of the model, whether for the base or for forecast years16. 

                                              
16 A different approach is applied to new “development zones” which contain entirely new developments because these will not have 

existed in the base model and so there can be no application of incremental adjustments in this situation. Moreover, there are no base 

year ASCs or mode constants for zones that did not exist in the base year and so values of these have to be calculated with the use of 

some simplifying assumptions. The way in which forecasting is carried out is described in Chapter 8. 
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5.4.3 The method used in the original Nottingham demand model was to apply purely 

multiplicative adjustment factors in the following way: 

B

FF
S

B
SSF ×=×= δ , 

where: 

� B  is the observed base year matrix; 

� F  is the forecast year matrix; 

� BS  and FS  are, respectively, the synthetic base and forecast year matrices resulting 

from the absolute model, and 

� δ  is the matrix of incremental adjustment factors. 

5.4.4 This formulation can, however, cause problems if the observed base demand is non-zero but 

the synthetic data are being calculated, because of the combinations of splitting factors and 

logit model parameters, as zero. In this case, the multiplicative factor, δ , cannot be 

calculated because of the need to divide by zero, and so the base year matrix would not be 

able to be reproduced exactly. 

5.4.5 Because of this, in those cases where the value of BS  is equal to zero but B  is not, hence 

the model makes use of additive incremental adjustments, defined so that: 

BSSF FF +=+= δ , 

and this approach ensures that the base observed matrix can be reproduced by the base 

model. 

5.4.6 The definition of these additive incremental adjustments guarantees that they are always 

positive. 

5.4.7 The case in which the observed base year value, B, is zero is discussed in footnote 16 for the 

case of development zones. In that case a separate procedure has been used, as described 

in Chapter 8. For other model zones a value of zero in the base for a particular movement 

means that the associated incremental adjustment factor will also be zero. This will cause 

trips for that movement to be zero in forecast cases, too. 

5.5 Calculation of convergence behaviour 

5.5.1 The demand model uses generalised costs to produce different trip matrices in each outer 

loop, and these are assigned to the relevant networks to produce new estimates which are 

used to produce new trip matrices. As the number of outer loops increases it is expected that 

the difference between successive matrices of generalised costs and, therefore, successive 

trip matrices, will decrease until the model reaches a point at which its outputs can be 

considered to be unchanging within acceptable bounds. 
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5.5.2 When this has occurred, the trip matrices generated by a given set of costs will be almost 

exactly the same as the trip matrices which led to the calculation of those costs. The model 

will therefore have reached a fixed point of the interplay between demand and supply. 

5.5.3 As described in section 5.2, the model continues to iterate around the outer loop until the 

maximum number of loops has been reached, or the model’s outputs have been found to 

have converged to within a specified tolerance. The measure of convergence that is used by 

the model is the one defined in TAG Unit 3.10.4, which is called the %GAP statistic17. 

5.5.4 The %GAP is defined as: 

100
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where: 

� the index combination ijctm denotes a particular combination of origin zone i, 

destination zone j, demand segment c, time period t and mode m; 

� ijctmX  is the previous outer loop’s set of trip matrices, in O/D format, that are used by 

the assignment models; 

� )( ijctmXC  is a matrix of generalised costs derived from an assignment of the demand 

produced by the previous loop; and 

� ))(( ijctmXCD  is the current trip matrix, which results from running the demand model 

with the updated costs. 

5.5.5 The demand segment c used here denotes the assignment user class, of which there are six 

defined for the highway assignment and three for the PT assignment. The costs derived from 

the assignment model outputs are independent of car availability category, and in the 

demand model the costs used in the calculation of utilities do not therefore vary across the 

different car availability categories for a given journey purpose and mode. 

5.5.6 The %GAP statistic represents a cost-weighted average change in demand, normalised by 

the total cost of all trips in the previous iteration. 

5.5.7 The aforementioned TAG Unit specifies that a %GAP value of less than 0.1% should be 

achievable in many cases, and so the target tolerance at which NMMTM-HMA terminates has 

been set to this value. Tests of the model using forecast scenarios have indicated that a 

%GAP of less than 0.1% can be achieved with 6 or 7 outer loops. To ensure that the model 

will terminate, a maximum number of outer loops is specified during the setup of a run, so 

that the model will not continue processing beyond this point. For our forecasting runs this 

maximum value has been set to 10, although it has been found that no runs have terminated 

before the desired %GAP value has been reached. 

                                              
17 TAG Unit 3.10.4, “Variable Demand Modelling – Convergence Realism and Sensitivity”. Paragraph 1.5.2 defines the %GAP quantity. 
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5.6 Cost damping – The method of successive averages 

5.6.1 The structure of the trip matrix that is produced by the demand model is, essentially, a 

function of generalised costs. As described in the previous section, the model is expected to 

iteratively generate better and better approximations to a consistent set of trip matrices, and 

these trip matrices are a function of generalised cost. 

5.6.2 Hence, the existence is assumed of a set of generalised costs which generate, and are 

generated by, the consistent trip matrices that are the end product of the demand model. 

5.6.3 TAG Unit 3.10.4, section 1.4, discusses methods of finding the final solution by iterating 

between the assignment and demand model responses. The simplest method is to merely 

pass (suitably modified) costs from the assignment models to the demand model, and 

(suitably modified) trips from the demand model to the assignment models, but this 

approach can lead to oscillation – for example, as trips are encouraged to use a mode 

because of low costs, and then consequently discouraged from using that mode as the 

previous high demand generated large costs. 

5.6.4 This approach is not guaranteed to converge, but the use of a technique named the Method 

of Successive Averages (MSA), or Iterative Cost Damping, avoids this problem by modifying 

the costs that are produced by the assignment models before they are used to generate the 

new trip matrices. The MSA technique “damps” the oscillations of the demand model’s 

outputs so that convergence can be achieved. 

5.6.5 In the general case, the damped costs are calculated from: 

n
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where: 

� n  is the next outer loop the demand model is about to perform; 

� 

1−n

ijctmC  is the set of cost matrices that was used in the current outer loop to generate 

the demand that has just been assigned; 

� 

new

ijctmC  is the set of cost matrices whose values have been generated by the assignment 

models in this outer loop; and 

� 

n

ijctmC  is the set of damped cost matrices that are to be used in the next outer loop. 

5.6.6 The MSA approach is applied in the NMMTM-HMA by taking a weighted average of the newly 

created costs that are outputted by the current loop’s assignment models with the costs from 

the previous loop, which were used to produce the most recent trip matrices. 

5.6.7 This cost damping is carried out at the end of each outer loop, before starting the next loop 
with the processing of the mode and destination choice models. The way in which this 
equation is set up ensures that at the end of the first outer loop the zeroth-iteration costs – 
i.e. the base year costs used as a starting point for calculation – are not used for damping 

the assignment model’s outputs (because 1−n  is equal to zero in this case and so 
0

ijctmC  

makes no contribution). This approach is taken because these initial generalised costs are 
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likely to be quite inaccurate, particularly for forecast years runs, in which values of time will 
have changed from the base situation. 

5.6.8 The damped costs that have been calculated in this way are used in the calculation of the 
%GAP statistic defined in the previous section. 
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6 Park and Ride Model 

6.1 Introduction 

6.1.1 This chapter describes the methodology that is used for the modelling of the use of the 

various park and ride sites that exist in the base year model, and also discusses the way in 

which new park and ride sites can be introduced in future years. 

6.1.2 The base year Nottingham model has 7 zones that are used for the provision of park and ride 

services. These zones are listed in Table 6.1, together with their names. 

Table 6.1: List of NMMTM-HMA base year park and ride sites 

Model Zone Site Name 

296 Phoenix 

310 The Forest 

316 Queens Drive 

358 Racecourse 

394 Hucknall 

395 Moor Bridge 

404 Wilkinson Street 

 

6.1.3 The allocation of demand to the different park and ride zones is carried out within a separate 

module of the demand model, but the individual park and ride services from these zones are 

modelled in the Voyager Public Transport assignment program in the same way as all other 

available public transport services; no special attributes are applied to these services in the 

assignment model as a result of their park and ride status.  

6.1.4 In the rest of this Chapter we describe the way in which trips from existing assignment 

model matrices are used to calculate the numbers of vehicles which use each park and ride 

site, explaining how the model was calibrated to try to match base year observations of the 

numbers of vehicles arriving at the different sites. 

6.2 Description of Park and Ride Model Algorithms and Data 

Overview 

6.2.1 The Park and Ride (P&R) model used in NMMTM-HMA is applied as an add-on module which 

is run at the end of the demand model’s run once the specified convergence criteria have 

been met (or, if this occurs first, once the specified maximum number of outer loops has 

been reached). The model modifies the car and PT matrices that were used in the last runs 



 6 Park and Ride Model 

Housing Market Allocation Expansion: Variable Demand Model Development and Forecast Report 6.2 

of the assignment models by allowing car-only and PT-only journeys to be split into two 

separate legs, one of which uses car to travel from the trip origin to a P&R zone, and the 

second of which uses PT to travel from the P&R zone to the final trip destination. 

6.2.2 Park and Ride is modelled as an available option for trips that start in specified catchment 

zones for each P&R site and which also terminate in specified urban centre zones. 

6.2.3 For all P&R sites the urban centre zones consist of at least the set numbered 1 to 11. For the 

Hucknall and Moor bridge P&R sites this list of allowed destinations is augmented with the 

addition of model zone 111, which contains City Hospital. This zone is included for these P&R 

sites because of the likelihood that trips from these P&R locations would use the NET to 

access the hospital.  This is further induced by the restricted parking at the hospital and the 

fact that the NET traverses links within walking distance. 

6.2.4 At present the P&R model makes use of the following assumptions to make the modelling 

simpler: 

� P&R trips are assumed to be made up of from-home journeys only; 

� Trips are modelled as arriving at a P&R site only in the AM peak period; 

� These arrivals are modelled as having their return journeys only in the PM peak 

period; 

� Therefore, the Inter-peak assignment matrices are not modified by the action of the 

P&R module; and 

� Regardless of the number of different P&R sites which might be available to a 

particular journey from an origin to a destination, trips between any given pair of 

zones will make use of only a single P&R site. 

6.2.5 In the rest of this section the specifics of the Park and Ride model are considered, with 

references made to the base year model’s data. 

Catchment areas and Urban Centre Zones 

6.2.6 As mentioned earlier, the park and ride model is used to further process the assignment 

model matrices that were used in the final assignments of car and PT trips once the model 

has reached a converged state. Certain trips are given the option of using park and ride, and 

of this set of trips the number which actually change their mode is modelled with a simple 

binary logit approach. 

6.2.7 The set of trips which is permitted to choose whether to use park and ride is controlled by 

means of two lists of zones for each park and ride site: 

� A catchment area is defined for each park and ride site – if a trip starts from a zone in 

this list then it could consider using the park and ride site; and, 

� An urban centre zone list is also defined for each park and ride site – if a trip has one 

of these zones as its destination then it could consider using the park and ride site. 

6.2.8 Only when both a trip’s origin and its destination are in a park and ride site’s catchment area 

and urban centre list can that park and ride site be considered for use by that trip. 
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6.2.9 Catchment areas and urban centre zones are defined independently for each park and ride 

site. Urban centre zones are defined as consisting of at least the set of model zones 1 to 11, 

which cover the very centre of Nottingham, with the additional City Hospital zone (111) 

being used with the Hucknall and Moor Bridge P&R sites. 

6.2.10 Catchment areas for the park and ride sites were obtained through the use of SATURN select 

link analysis to determine a reasonable set of zones from which a large proportion of trips 

using road links near to the park and ride site have originated. 

6.2.11 Different park and ride sites may have overlapping catchment areas, but the P&R model has 

been simplified by permitting only a single park and ride site to be used by all of the demand 

between a given origin and destination. 

6.2.12 For each pair of origin and destination zones a list is constructed of the park and ride sites 

which may be used. Many zone pairs (consider, for example, all those trips which are not 

travelling to the City Hospital zone or to zones 1-11) will not have the option of using park 

and ride, and so these trips are not modified. 

6.2.13 For those trips that have the option of using park and ride, the total generalised cost of using 

P&R (as described in the next section) is compared for each available site and the site with 

the lowest value is selected as the site that will allowed as a choice for all demand between 

the given origin and destination. 

Modelling Park and Ride Choice 

6.2.14 For those trips by each main mode that have park and ride as a possibility, a set of costs is 

calculated for making the journey from origin to destination via each of the permitted P&R 

sites. This cost is used to calculate a utility value for travel by park and ride, and this utility 

compared with the corresponding utility for the original mode. A separate binary logit model 

is used for each main mode to split demand between the original mode and the park and ride 

mode. 

6.2.15 The park and ride utility is composed of several parts: 

� The generalised cost of travelling from the origin zone to the P&R zone by car; 

� The generalised cost of travelling from the P&R zone to the destination zone by P&R; 

� A site-specific “transfer penalty” which is added to the total generalised cost of using 

park and ride (i.e. summed over both legs) – this is used as a calibration parameter 

whose value is set so as to try to match the observed usage of each P&R site, given 

the base year costs in the model; 

� A lambda parameter, expressing the proportionality between generalised cost and 

utility. Because utilities are expected to decrease as costs increase, the lambda 

parameter is negative. 

− The lambda parameter is given separate values for modelling the choice of 

swapping from car to car+P&R and for swapping from PT to car+P&R. 

� In the case of PT it is expected that, all other costs being equal, travellers will be less 

likely, for a given cost difference, to swap from their “ordinary” PT journey to a 

combination of car and P&R than would those people who were already using car to 
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travel to their destination. This is modelled as an extra additive value which is included 

in the generalised cost of using park and ride for those trips which were originally 

using PT. 

6.2.16 Having calculated the utilities of travel by combined car and P&R and by the original mode, 

demand is split between those switching to P&R and those remaining with their original 

mode. As stated above, this splitting is performed with a separate binary logit form for each 

main mode. 

6.2.17 As mentioned above, to simplify the application of the P&R model, all arrivals at a P&R site 

are assumed to occur in the AM peak period, with all return trips being made in the PM peak 

period. 

6.2.18 Furthermore, it is only the car-available from-home trips in the AM peak which are being 

considered. All trips that are being originally made by car are, of course, car-available, but 

for those which were originally being made by PT, only the trips in demand segments C1 and 

C2 are used – those in category C0 are always assumed to be captive to PT and so are not 

given the option of switching to using P&R. 

6.2.19 Furthermore, at most 90% of all car-available trips are permitted to swap from their original 

mode to P&R. This is an arbitrary restriction that is applied to prevent situations in which all 

trips between a pair of zones are modelled as switching to P&R. 

6.2.20 The conversion of trips from their original mode into trips using P&R is carried out as follows: 

� The original AM peak from-home trips between zone O and zone D are converted into 

person units with the AM peak car occupancy value; 

� These trips are assumed to return in the PM peak period, and so the total number of 

trips travelling in the opposite direction in the PM peak is also converted into person 

units, this time using the PM peak’s car occupancy value; 

� The simplifying assumption that all P&R-using trips arrive in the AM and return in the 

PM can conflict with the actual matrix structure and so a comparison is made between 

the outward AM person trips that are to switch and the available person trips returning 

in the PM peak. 

− As in the case of the outward trips, an arbitrary limit of 90% of returning PM 

peak trips is applied to prevent the PM peak matrix from being zeroed for 

particular movements due to the action of the park and ride model; 

� If the total number of outward person trips is less than the total number of (available 

– see sub-point above) PM peak return person trips, then the number of outward trips 

is subtracted from both the AM matrix and the opposite direction’s movement in the 

PM matrix; 

− If, on the other hand, the number of outward AM peak trips wishing to switch is 

larger than the permitted number of available PM peak trips, then the number of 

trips that is permitted to switch is capped at 90% of the actual number of PM 

peak return trips. 

� With the original trips removed from the outward and return matrices, the separate 

car and P&R legs are now added. For the number of person trips that has been 

subtracted from the AM peak matrix, the appropriate number of car trips is added to 
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the highway matrix between origin and P&R zones, and the appropriate number of PT 

trips is added to the PT matrix between P&R and destination zones. The same 

procedure is applied to the addition of PM peak legs, with the only change being the 

order in which the origin, P&R and destination zones are being used. 

 

Calibrating the base year park and ride model 

6.2.21 Usage data were obtained from different sources for each of the 7 park and ride sites that 

are being modelled by NMMTM-HMA. 

6.2.22 For each site an average number of vehicles arriving in the AM peak hour was obtained and 

taken to be the target for the calibration of the park and ride model. 

6.2.23 Calibration proceeded as follows: 

� The base year model was run with all P&R transfer penalties set to zero; 

� The P&R model used the costs generated by the assignment models to carry out the 

switch from car and from PT to the available P&R sites; 

� The total number of cars arriving at each P&R site in the AM peak hour was calculated 

across all from-home journey purposes and over all trips whether they had switched to 

P&R from car or from PT; 

� The total number of cars arriving at each P&R site was compared with the target 

values derived from survey data. If the number was too high, the transfer penalty 

associated with that site was increased to make the site less attractive; if too low, the 

transfer penalty was decreased to make the site more attractive. Note that this means 

that negative transfer penalties can, and indeed did, result; 

� Each time that the transfer penalties were modified, the park and ride model was 

rerun from the same starting matrices, and the new P&R usage figures examined; 

� The process continued until the results which were obtained were felt to be close 

enough to the targets or no further progress with the calibration appeared to be 

possible. 

6.2.24 The final results obtained from the calibration of the park and ride model are shown in Table 

6.2, together with the target values and associated GEH statistics, for comparison. 
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Table 6.2: Results of park and ride base year model calibration 

Zone Site Name Target AM 

Peak Hour 

Arrivals 

Modelled AM 

Peak Hour 

Arrivals 

GEH Statistic 

296 Phoenix 165 136 2.4 

310 The Forest 360 326 1.8 

316 Queens Drive 300 308 0.5 

358 Racecourse 150 105 4.0 

394 Hucknall 166 106 5.1 

395 Moor Bridge 20 21 0.2 

404 Wilkinson Street 95 96 0.1 

Total All Sites 1256 1098 4.6 

 

6.2.25 Many of the sites have calibrated arrivals that are quite close to the target values, although 

Hucknall and Racecourse are showing some obvious discrepancies. This is likely to be due to 

the simple nature of the model and the complexities of P&R user behaviour in the real world. 

6.2.26 The use of an add-on module is thought to be appropriate because of the relatively small 

number of trips which are affected by the presence of the park and ride services. The 

morning peak hour highway matrix contains a total of approximately 155,000 car vehicle 

trips, while the total for public transport is approximately 33,300. 

6.2.27 The highway matrices and SATURN assignment model outputs which result from the park 

and ride processing have been compared with the ones resulting from the converged 

demand model loops. Analysis has been carried out on the total vehicle kilometres, average 

trip length and average journey times across the whole morning peak highway assignment 

matrix, for car user classes, and the results given in Table 6.3 show that there is little effect. 

6.2.28 Since there is little apparent effect of the park and ride model on the overall highway 

assignment outputs, it is a fair simplification to apply the choice of whether to use park and 

ride as this add-on module rather than integrating it into the main mode choice. 
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Table 6.3: Comparison of whole matrix statistics – SATURN AM peak 

Quantity Pre-P&R Post-P&R 

Travel distance (pcu kms) 1,840,773 1,840,434 

Avg. trip length (km) 10.648 10.646 

Avg Journey Times 14.952 14.968 

6.2.29 A comparison of the highway assignments post- and pre-P&R has shown that for those links 

which had traffic counts used in validation, the flows have decreased by a total of 106 

vehicles out of a total link flow of hundreds of thousands across the whole set of data. 
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7 Model Realism Tests 

7.1 Introduction 

7.1.1 The particular values of the parameters required by the mode and destination choice models 

lead to certain strengths of response of the demand model to changes in costs. The 

sensitivity parameters govern the decay of trips with increasing costs, while the scaling 

parameters control the propensity for mode shift to occur as a result of changes in the 

composite costs over all destinations. 

7.1.2 As described in the previous chapter, the parameters chosen for use with the demand model 

were selected via a process of examining some goodness of fit indicators and attempting also 

to match average generalised costs of the synthetic trips with those from the observed 

demand. 

7.1.3 These parameters are, however, only as good as realism tests show them to be. Two tests 

were carried out in the base year using different Do Something scenarios, and the results of 

these tests are described in the remainder of this Chapter. 

7.1.4 Guidance set out in TAG Unit 3.10.4 states that the primary realism tests require that car 

fuel cost and public transport fare elasticities be calculated and there are ranges within which 

their values are expected to lie. 

7.1.5 These elasticities are calculated using the base year model by changing the appropriate input 

data to impose the necessary changes. Increases of 20% are applied to the fuel costs and PT 

fares in turn, holding all other quantities at their base year Do Minimum values, and the 

demand model is run to convergence with the modified inputs. 

7.1.6 The sensitivity of the model is examined by looking at changes in total number of car vehicle 

kilometres (for the fuel price test) and changes in the total number of public transport trips 

(for the PT fares test). These changes are converted into elasticities, and these are compared 

with target values reported in TAG. These calculations have been performed on the O/D 

matrices that are used in the assignment models, and also by using the O/D matrices 

produced directly by the demand model. 

7.2 Fuel price sensitivity test 

7.2.1 Changes in fuel price are imposed on the model by changing two sets of inputs: data in the 

SATURN assignment model’s network data file, and data used in calculating generalised costs 

for use by the choice models. 

7.2.2 In changing the fuel cost, the values of time (used by the choice models) and the PPM 

parameter (pence per minute – used by the SATURN assignment model) are unchanged from 

their base year values, but the PPK (pence per kilometre) parameters for each purpose/user 

class need to be recalculated. 

7.2.3 Using the same calculations which led to the calculation of the base year values of PPK, as 

are discussed in section 2.5, the underlying fuel price values were increased by 20%, and 

the PPK values were recalculated for each of the assignment user classes. These values were 
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used in place of those in the base year Do Minimum SATURN network files and demand 

model input data. 

7.2.4 The PPK values used in the sensitivity test and their Do Minimum values are shown in Table 

7.1: 

Table 7.1: PPK values used by assignment and demand models in Do Minimum and 

fuel price sensitivity tests 

Purpose Do Minimum 20% Fuel 

Price Increase 

Employer’s Business 12.20 13.27 

Commuting 6.28 7.54 

Other 6.28 7.54 

 

7.2.5 To assess the sensitivity of car travel to this fuel price increase, the modified PPK parameters 

are used in place of the base values in the base SATURN network files and a full run of the 

whole model is performed, continuing until a %GAP value less than 0.1% is achieved (see 

section 5.5) Once the assignments in the final outer loop have completed, the matrices of 

time and distance forest skims that are used in calculating generalised costs are outputted 

by the assignment models as usual (see paragraph 4.3.7). 

7.2.6 The calculation of fuel price elasticities is based on changes to total car vehicle-kilometres 

between the base case and the outputs of the sensitivity test. These vehicle-kilometres are 

calculated from trip matrices and the forest-skimmed distance matrices to produce values for 

each user class and time period. 

7.2.7 Elasticities are calculated for each user class and time period using the arc-elasticity 

expression18: 

01

01

lnln

lnln

CC

TT
e

−

−
= , 

where T denotes a total number of vehicle kilometres, C denotes the cost element that has 

been altered, and the indices 0/1 denote, respectively, the Do Minimum and Do Something 

scenarios. With a 20% increase in fuel costs, the denominator becomes 2.1ln . 

7.2.8 Elasticities for each time period have been calculated from the total base and non-base 

vehicle-kilometres, summed over all of the cost-sensitive components– these are internal-

internal, internal-external and external-internal movements Contributions from external to 

external movements, which are not cost-responsive, are excluded from the totals, T. 

7.2.9 The elasticities are reported here for two separate calculations of the vehicle-kilometres: 

                                              
18 See TAG Unit 3.10.4, paragraph 1.6.5. 
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� using the assignment model trip matrices; and, 

� using the direct O/D-formatted outputs of the demand model. 

7.2.10 These matrices differ in that the direct outputs from the demand model have not been 

modified by the application of the incremental adjustment factors (IAFs – see section 5.4), 

unlike those that are to be used as assignment model inputs. 

7.2.11 The responses calculated for the changes in vehicle-kilometres arising from the assignment 

model trip matrices are shown in Table 7.2. 

Table 7.2: Fuel price increase test results – elasticities of car vehicle-kilometres 

calculated from assignment model trip matrices 

Purpose AM Peak Inter-peak PM Peak 

Commuting – with 

workplace parking 
–0.248 –0.267 –0.267 

Commuting – no 

workplace parking 
–0.243 –0.263 –0.272 

Employer’s Business –0.080 –0.092 –0.071 

Other –0.479 –0.534 –0.552 

All car user classes –0.262 –0.358 –0.327 

 

7.2.12 The demand model O/D outputs are segmented by car availability category whereas the 

assignment matrices are not, the latter having been aggregated over 1-car and 2+-car 

segments before being modified by the IAFs. Both of these categories are responsive to costs 

and so elasticities have been calculated for the vehicle-kilometres derived from the sum over 

the two, for each purpose. The results of these calculations are shown in Table 7.3. 
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Table 7.3: Fuel price increase test results – elasticities of car vehicle-kilometres 

calculated from direct demand model output matrices 

Purpose AM Peak Inter-peak PM Peak 

Commuting – with 

workplace parking 
–0.244 –0.226 –0.244 

Commuting – no 

workplace parking 
–0.240 –0.226 –0.242 

Employer’s Business –0.079 –0.079 –0.086 

Other –0.425 –0.463 –0.503 

All car purposes –0.256 –0.326 –0.305 

 

7.2.13 Section 1.6 of TAG Unit 3.10.4 indicates that plausible targets for car fuel price elasticities 

for those trips that are subject to the processes of the demand model are: 

� An overall average value of around −0.3; 

� For employer’s business trips, a value of around −0.1; 

� For discretionary (i.e. Other) trips, a value of around −0.4; and 

� For commuting trips, a value around the average; i.e. approximately −0.3. 

7.2.14 It is also suggested in the same guidance that elasticities will be more plausible if those for 

the peaks are lower (that is, less negative) than those in the inter-peak. 

7.2.15 Comparing these targets with the values given in Table 7.2, it is seen that: 

� The elasticities in the AM peak are lower in all cases than those in the Inter-peak, but 

there are two cases (commuting without workplace parking, and other) in which the 

elasticities in the PM peak are higher than those in the Inter-peak; and 

� The elasticities of the different user classes increase in strength from EB to commuting 

to Other trips, in accordance with the guidance. However, the Other purpose elasticity 

is somewhat higher than the recommended –0.4. 

7.2.16 A comparison of the values in Table 7.2 and Table 7.3 shows that the absolute differences in 

elasticities calculated from the two sources of trips range in size from 0.001 to 0.071. All of 

the responses derived from the direct demand model outputs are weaker than those derived 

from the assignment matrices, with the exception of commuting (with workplace parking) in 

the AM peak and employer’s business in the PM peak. 

7.2.17 In terms of their orientation with regard to guidance, the overall value is still around –0.3; 

and the values for the different purposes are also close to those obtained by analysis of the 

assignment model matrices. The elasticity of Other trips, which was rather higher than given 

in guidance as derived from the assignment model matrices, is now closer to –0.4 in Table 

7.3. 
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7.2.18 However, the commuting elasticities in the peaks are now, on this measure, more sensitive 

to costs than in the Inter-peak. 

7.3 Public transport fares sensitivity test 

7.3.1 Sensitivity to public transport fares was tested by increasing all values in the Voyager Public 

Transport assignment model’s fare tables by 20% relative to the base data, and running the 

model to convergence with all other inputs left at their base values. 

7.3.2 The sensitivity of the model was assessed by calculating changes in the total number of 

public transport trips for each of the three assignment user classes, aggregated over the 

movements that are processed by the demand model – these exclude external-external trips. 

Elasticities are calculated from the changes in O/D trips between the base situation and the 

results of the sensitivity test. 

7.3.3 Elasticities are calculated using the same approach as in the fuel price sensitivity test, but 

the T0 and T1 data are now the total number of trips rather than vehicle-kilometres. Similarly 

to the previous section, elasticities have been calculated from the PT assignment model’s trip 

matrices, which include the effect of the IAFs, and the data produced directly from the 

demand model. 

7.3.4 The PT case differs from the car case in that there are trips included in the assignment model 

matrices for the no-car-available category. These trips, as stated in sections 2.4 and 3.4, are 

captive to public transport because they cannot switch their main mode to car. These trips 

are responsive to destination choice but not to mode choice, and it is only mode choice that 

is used as the basis for the standard PT fare elasticity calculation. Hence, when using the 

direct demand model outputs only the 1-car and 2+-car PT trips have been used in the 

calculation of the elasticity (Table 7.5). However, the assignment model matrices are not 

split by car availability and so the elasticities derived from those (Table 7.4) include the 

contributions from the captive, 0-car-available trips. 

7.3.5 The results for each time period and each user class, for trips excluding external to external 

movements, are shown in the tables below. 

Table 7.4: PT fare increase test results – elasticities of PT trip volumes in 

assignment matrices 

Purpose AM Peak Inter-peak PM Peak 

Commuting –0.410 –0.360 –0.397 

Employer’s Business –0.076 –0.030 –0.059 

Other –0.302 –0.304 –0.353 

All PT user classes –0.340 –0.302 –0.362 
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Table 7.5:PT fare increase test results – elasticities of PT trip volumes in direct 

demand model output matrices, C1 and C2 categories only 

Purpose AM Peak Inter-peak PM Peak 

Commuting –0.509 –0.422 –0.484 

Employer’s Business –0.090 –0.071 –0.073 

Other –0.350 –0.402 –0.435 

All PT purposes –0.415 –0.394 –0.437 

 

7.3.6 Guidance in TAG unit 3.10.4, paragraph 1.6.23, states that the elasticity of public transport 

trips in response to changes in fares should lie in the range −0.2 to −0.9. The PT fare 

elasticities may also be regarded as plausible if they exhibit the following traits: 

� Elasticities for non-discretionary (i.e. commuting, EB) trips are lower than those for 

discretionary (i.e. Other) trips; and 

� Peak period elasticities are lower than those for the inter-peak. 

7.3.7 The elasticity results presented in Table 7.4 show that the response of the model to PT fares 

does not completely satisfy the attributes suggested in the guidance: 

� The commuting response is stronger than the Other response; 

� The peak period elasticities are not generally lower than those in the Inter-peak; and 

� The employer’s business elasticities are quite low, being of the same order of 

magnitude as those for car trips. 

7.3.8 A comparison of the values in Table 7.4 and Table 7.5 shows that the absolute differences in 

elasticities calculated from the two sources of trips range from 0.014 to 0.099. All of the 

responses derived from the demand model’s direct O/D trip matrix outputs are stronger than 

in the assignment matrix case. Overall, using only the cost-sensitive (with regard to mode 

choice) components in the calculation brings the elasticities more in line with the indicative 

range in guidance. The approach taken to produce Table 7.5 is a more appropriate measure 

of the model’s response, given that it is not possible to extract trips by car availability from 

the assignment model’s matrices. 
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8 Running the Forecast Year Model 

8.1 Introduction 

8.1.1 Previous chapters have described the ways in which the base year trip data, logit model 

parameters and P/A to O/D conversion factors have been calculated. This chapter covers the 

running of the model in forecast years, and the methods used to set up the required input 

data for this situation. 

8.1.2 The model input data that need to be set up specifically for non-base years are: 

� Economic parameters used in the assignment models and the choice models; 

� Vehicle occupancies – used to convert person trips into vehicle trips for highway 

assignment; 

� Fixed matrices of external-to-external trips by time period and mode; 

� Fixed matrices of goods vehicle trips by time period; 

� Totals of 12-hour trip productions and trip attractions from/to each model zone by 

each car availability category and journey purpose – excluding contributions from 

external-to-external trips and goods vehicles; and, 

� Data associated with particular HMA development zones that exist only in the forecast 

scenarios – these include trip ends and logit model parameters. 

8.1.3 Also required are the relevant highway and PT networks and, in the case of PT assignment, 

any updates to the available PT services, for example in terms of fares and frequencies. The 

development of these forecast year assignment model data is described in the associated 

NMMTM-HMA Highway Assignment Local Model Validation Report. 

8.1.4 The rest of this Chapter describes the methods used to create the remaining forecast year 

values of the relevant input data which are required to change from their base year values. 

8.2 Economic parameters and vehicle occupancies for forecast years 

8.2.1 For any forecast year the model requires values of time for the calculation of generalised 

costs in the demand model, similar economic parameters for the highway and PT assignment 

models, and values of car occupancy for different time periods. 

8.2.2 Values of time for each journey purpose in 2008 were set up for the base model, and these 

were converted into values for the 2026 forecast year by the application of the real terms 

growth factors listed in Tables 3 of TAG Unit 3.5.6. Values of time for non-working time trips 

are not mode-dependent, but those for employer’s business trips are, and so separate EB 

values of time are used by the SATURN highway assignment, PT assignment and demand 

models. 

8.2.3 The SATURN highway assignment model also requires information on vehicle operating costs 

(for both fuel and non-fuel sources), and these have been calculated by taking into account 

changes in: fuel price, vehicle efficiency, vehicle occupancy, petrol/diesel car fleet 

proportions and other relevant data, as specified in TAG Unit 3.5.6. 
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8.2.4 Tables 8.1 to 8.3 summarise the economic parameters for the highway and PT assignment 

models, and those used in the demand model All of these values are given in 2002 prices in 

units of pence. 

Table 8.1: Values of PPM and PPK used in SATURN assignments 

 Pence per minute Pence per kilometre 

User Class 2008 2026 2008 2026 

1 – Commuting 10.82 13.96 6.28 4.80 

2 – Commuting 10.82 13.96 6.28 4.80 

3 – EB 48.40 66.96 12.20 10.94 

4 – Other 14.12 17.70 6.28 4.80 

5 – LGV 19.53 27.29 13.62 13.37 

6– HGV19 16.28 22.74 40.17 39.38 

 

Table 8.2: Values of time used in PT assignment model 

Purpose 2008 2026 

Commuting 5.68 7.42 

Business 29.60 41.35 

Other 5.02 6.57 

 

Table 8.3: Values of time used in the calculation of generalised costs for the 

mode/destination choice models 

Purpose 2008 2026 

Commuting 9.46 12.37 

Business 42.75 59.71 

Other 8.37 10.94 

 

                                              
19 The value for heavy goods vehicles is a simple average of the WebTAG values for OGV1 and OGV2 vehicle classes. 
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8.2.5 Base year car occupancies by time period and purpose have been modified by applying the 

changes in passenger numbers presented in Table 6 of TAG Unit 3.5.6. Car occupancies are 

used in the demand model for conversion of the person-level data into vehicle data for input 

into the highway assignment model. The values used in NMMTM-HMA are shown in Table 

8.4. 

Table 8.4: Car occupancies used in demand model 

 2008 2026 

Purpose AM IP PM AM IP PM 

Commute 1.152 1.133 1.134 1.134 1.118 1.122 

Business 1.250 1.184 1.190 1.229 1.171 1.170 

Other 1.682 1.664 1.728 1.605 1.591 1.662 

 

8.3 Fixed matrices of external trips 

8.3.1 The base year matrices of external-to-external trips are derived by masking those O/D data 

with both ends in external zones from the calibrated assignment model demand matrices – 

by time period and journey purpose – and storing them separately from the other data. 

These matrices are added to the hourly O/D data produced by the demand model just before 

the assignment models are run. 

8.3.2 Forecast year external trip data need to be constructed independently of new 

mode/destination choice trip-end totals because the former are required for each time period 

in peak hour O/D format, whereas the latter are required as 12-hour values summed into 

total productions and total attractions. 

8.3.3 A correspondence table was previously constructed of the mapping between model zones 

and TEMPRO zones and this was used with the external zones  to derive TEMPRO trip totals 

in O/D format by mode for each time period and for HB Work, EB and Other purposes 

separately. These trip totals were used to derive growth factors in origins and destinations by 

the difference trip attributes. 

8.3.4 The external trips are not cost-dependent and hence the trips are not adjusted by any 

calculations intrinsic to the VDM.  The rationale for keeping the growth of external trips fixed 

to TEMPRO is because of uncertainties about the transport network which is exogenous to 

the study area.  If external to external  trips were cost dependent then it could result in 

fluctuations in trips travelling through the study area as a result of highway interventions, 

but not consider any constraints or capacity improvement schemes in the zones outside of 

this area.  These schemes may restrain the impacts of any local schemes on external trips. 

8.3.5 The application of the origin and destination growth factors to the base year external-

external matrices was carried out with Cube Voyager’s FRATAR program, which performs 

iterative trip balancing to obtain a new matrix with the desired new row and column totals. 
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Where the TEMPRO growth factors led to implied grand totals over origins and destinations 

that were not equal, the choice was made to constrain the sum over all destinations to match 

the sum over all origins. 

8.4 Fixed matrices of goods vehicle trips 

8.4.1 The base year matrices of goods vehicle trips are equivalent to the data in user classes 5 and 

6 of the validated base year SATURN assignment matrices. These fixed matrices are added 

to the hourly O/D data produced by the demand model just before the assignment models 

are run, and these additional trips do not change during any of the demand/supply loops for 

the base year model. 

8.4.2 For forecast year scenarios it is necessary to generate the goods vehicle data that are 

applicable to those non-base cases. These forecast year goods vehicle data have been 

generated by applying cell-wise growth factors to the base year trips. Applying growth 

factors to individual cells is equivalent to scaling the traffic between O/D pairs. 

8.4.3 The factors used for the growth in goods vehicle traffic between zones have been taken from 

the Department for Transport spreadsheet “English Regional Traffic Growth and Speed 

Forecasts”, revision 1.1 dated April 2008. This spreadsheet contains percentage changes in 

total traffic in different English regions for different area types and vehicle types. 

8.4.4 Growth factors were calculated for the period between 2008 and 2026. These growth factors 

were applied to movements between model zones after aggregation into a system of seven 

sectors, as shown in Figure 8.1. This 7-sector system was used in processing the RIS data 

during the conversion of O/D data to P/A matrices (see Chapter 3). 
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8.4.5 The goods vehicle growth factors used for LGVs and OGVs in each forecast year, relative to 

the base year, are as shown in Table 8.5, while the definitions of the area types used for 

travel between the different sectors are shown in Table 8.6. 

Table 8.5: Growth factors for goods vehicle by area type, 2026 relative to 2008 

Area Type LGV OGV 

Large Urban 1.5261 1.0634 

Inter Urban 1.5261 1.1166 

Other Urban 1.5261 1.0706 

Rural 1.5361 1.0983 

 

Table 8.6: Area type definitions used with goods vehicle growth factors 

 1 2 3 4 5 6 7    

1          Large Urban 

2          Inter Urban 

3          Other Urban 

4          Rural 

5           

6           

7           

 

8.5 Forecast year trip ends 

Overview 

8.5.1 The base year model inputs trip ends that are specified in different ways for different uses: 

� Total trip productions for each zone by purpose and car availability; 

� Trip productions further segmented by main mode; and, 

� Total trip attractions for each zone by purpose; 
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8.5.2 Trip attraction model inputs are stored in general as a total across both main modes because 

the trip attraction constraints applied to destination choice are in terms of the total number 

of trips, rather than trips by each mode, and the choice models derive the final modal splits 

of the attractions. 

8.5.3 The base model can make use of mode-dependent trip productions because the data that are 

required to derive them are available from the base year calibrated assignment model 

matrices, which were mode-specific. The method used for carrying out these calculations was 

described in Chapter 3. 

8.5.4 In forecast years, however, the modal split of trip productions is a prediction of the model 

and so any forecast trip production totals used as inputs to the model are not required to be 

segmented by mode. In forecast year model runs the base year trip productions by mode  

provide an initial mode split, which is used at the beginning of the first outer loop as the 

starting point for the gravity model formulation of the destination choice modelling. This base 

year mode split is used only in that first calculation, leading to distributions which but the 

final mode split resulting from the mode and destination choice modelling comes about as a 

result of the iteration over the inner loops described earlier in section 5.2. 

8.5.5 The forecast year numbers of total productions and attractions from and to model zones 

include only those which result from internal-internal, internal-external, and external-internal 

trips; external-external movements do not enter the mode and destination choice modelling 

and so their contributions to trip production and attraction totals must be excluded from the 

data that are inputted at 12-hour P/A level. 

8.5.6 The trip production and attraction data that are required for model zones in forecast 

scenarios are of two different types: 

� Total productions and attractions by journey purpose and car availability category for 

zones that existed in the base year model; and 

� Analogous data for zones containing developments – these zones were empty in the 

base year model. 

8.5.7 The different ways in which forecast year trip ends are calculated for these separate cases 

are described in the next two sections. 

Calculation of trip ends for model zones without developments 

8.5.8 The majority of pre-existing model zones have their trip ends modified by growth factors 

derived from TEMPRO data. These growth factors signify changes in overall levels of trip-

making that are due to increased car ownership, and changes to population profiles and 

land-uses. 

8.5.9 However, there are a number of pre-existing model zones whose trip end data in forecast 

scenarios were changed by explicitly stated amounts to reflect the increased numbers of trips 

that are expected in those locations as a result of additional development. For example, the 

number of houses in a given zone might be increased by a certain, known number, and it 

was decided that these additional developments did not warrant the creation of a separate 

zone for the purposes of assignment modelling. 
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8.5.10 In this section only the first case, in which existing model zones’ data are modified by growth 

factors derived from TEMPRO to represent general “background” changes to the causes of 

trip-making, is covered. All discussions of the construction of trip ends for development areas 

– whether contained within existing zones or represented by new zones – are given in the 

next section. 

8.5.11 Forecast year values of trip productions and attractions for pre-existing model zones are 

calculated by applying growth factors to the base year data. Location-specific growth factors 

have been derived from TEMPRO, making use again of the correspondence tables between 

model zones and TEMPRO areas that were used in the calculation of car availability splits for 

the base year data (see sections 2.6 and 3.4) and which were also used for setting up the 

external to external fixed matrices (see section 8.3). 

8.5.12 For each relevant TEMPRO area, trip end totals were extracted for the years 2008 and 2026. 

For trip productions, data were extracted for the “Trip Ends by Car Availability” result type 

within the TEMPRO application. These TEMPRO data are outputted as all-week trip production 

totals. For trip attraction totals the data were collected for the “Trip Ends By Time Period” 

result type, using the Average Day time period option for consistency with the trip 

production data, because the all-week production totals are equal to seven times the 

average day productions. 

8.5.13 For both productions and attractions, TEMPRO totals were collected for the car driver, car 

passenger, bus/coach and rail/underground modes for each of the five demand model 

purposes. 

8.5.14 The available TEMPRO journey purposes were aggregated into the demand model purposes 

in the following way: 

Table 8.7: Definition of demand model purposes in terms of TEMPRO purposes 

Demand Model Purpose TEMPRO Purposes 

Home-based Work HB Work 

Home-based Employer’s Business HB Employer’s Business 

Home-based Other HB Holiday / Day trip 

HB Visiting friends & relatives 

HB Recreation / Social 

HB Personal Business 

HB Shopping 

HB Education 
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Demand Model Purpose TEMPRO Purposes 

Non-home-based Employer’s Business NHB Employer’s Business 

Non-home-based Other NHB Holiday / Day trip 

NHB Visiting friends & relatives 

NHB Recreation / Social 

NHB Personal Business 

NHB Shopping 

NHB Education 

NHB Work 

 

8.5.15 The TEMPRO trip productions data are segmented by the following car availability categories: 

� Households with no cars; 

� Households with 1 adult and 1 car; 

� Households with 2+ adults and 1 car; and 

� Households with 2+ adults and 2+ cars. 

8.5.16 For use by the demand model, the trip productions in each year were aggregated into the 

required C0, C1 and C2 categories, with C1 composed of the sum of the TEMPRO “1 adult 

and 1 car” and “2+ adults and 1 car” categories. To form the C1 and C2 categories the data 

were aggregated over all extracted modes, whereas for C0 only the public transport data 

were combined20. 

8.5.17 With the raw data combined into the necessary groups, they were then further aggregated 

over TEMPRO areas in accordance with the correspondence table to give total productions 

and attractions at the level of model zones by journey purposes and car availabilities. From 

these totals, growth factors between the base year and the forecast year for each quantity 

and zone were calculated. 

8.5.18 The final growth factors for trip productions and attractions are applied to the base year 

productions and attractions, with the final step being to scale the new attraction values such 

that their total matches the sum over all of the new trip productions over the three car 

availability categories. 

8.5.19 Note that these forecast trip ends across all model zones will include zones that are to be 

modified with the addition of specific developments and so the increases in trip productions 

and attractions that are derived from TEMPRO by the process outlined above will already 

include growth from these assumed developments. Therefore it is necessary to reduce the 

increases in trip productions and attractions in these zones that are without developments in 

such a way that the total growth in the model’s trip ends is equal to that dictated by TEMPRO 

                                              
20 TEMPRO contains non-zero trips by car drivers and passengers in the “households with no cars” category, but the demand model 

assumes that the no-car category means that car is not available at all, and hence trips in this demand segment are captive to PT. 
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across the model’s internal zones, constraining journey purposes and, if appropriate, car 

availability categories separately. 

Calculation of trip ends for zones containing developments 

8.5.20 Model zones that contain developments can be divided into those that existed in the base 

year, which therefore had some non-zero trip ends which will be added to, and those zones 

that were empty and unused in the base year, whose trips are therefore due entirely to the 

insertion of the new developments. 

8.5.21 In each case the requirement is the same with regard to the creation of the new 

developments: the model needs to be given data on many additional trip productions and 

trip attractions are expected in a 12-hour period in each car availability category and for 

each journey purpose. The rest of this section describes the approach taken to obtain these 

data. 

8.5.22 Each specific type of development – residential or different kinds of employment – has a trip 

rate associated with it. The trip rates used in the HMA modelling work were obtained from 

the Trip Rate Information Computer System (TRICS) for the required development types. 

The TRICS trip rates have the following attributes: 

� They are provided for different development types – e.g. residential, B1 employment, 

B8 employment, primary school; 

� For each development type the rates are given in different units – for example, for 

residential developments the rate is per dwelling, whereas for employment areas the 

rate is per 100 m2 of floor space; 

� They are given as multi-modal person trips rates by peak hour; and 

� They are origin and destination trip rates (expressed as people going in and people 

coming out of the development). 

8.5.23 The conversion of origin and destination trip data into productions and attractions was 

carried out for the base year model by starting from the validated assignment matrices and 

reverse engineering an effective observed P/A matrix with the help of road side interview and 

other surveys. The procedure for the development zones is similar, although there are 

different assumptions required. 

8.5.24 For each development the following data have been supplied: 

� Location – from which the corresponding model zone, either pre-existing or new, is 

worked out; 

� For residential developments, the number of new houses; and 

� For employment developments, the additional numbers of jobs of different kinds. 

8.5.25 These data can be used, with a few simplifying assumptions, to calculate  

8.5.26 The steps involved in calculating the estimated number of productions and attractions from 

and to each model zone are as follows: 

1) For a residential development the total numbers of trips in and out of the model zone are 

calculated by multiplying the trip rate by the number of new dwellings. This does not 
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need to be carried out at this point, but can be applied at the end of the conversion 

process. For an employment site the total numbers of trips in and out are estimated by 

converting the specified number of additional jobs into an amount of floor space21 and 

then later using the trip rate per 100 m2 to obtain the final result. 

2) These person trips need to be split into journey purposes, and this is performed for 

residential developments by taking a representative residential area from the validated 

trip matrix for each mode in each time period and splitting the origins and destinations 

by the values for that area. For employment areas an analogous approach was taken, 

with a different zone used as the “template” for the purpose splits. This journey purpose 

split is required to be carried out at the initial O/D trip level because other factors that 

will be used in the rest of the conversion to P/A level are purpose dependent, but this 

introduces an assumption about the trip-making of people in the new developments. 

3) The person trips by journey purpose also need to be split into trips by each mode and 

this introduces another assumption about the trip-making of people in the new 

developments. This assumption involves applying an exogenous modal split to the hourly 

O/D-level person trips into and out of each development which is likely not to be 

consistent with the final modal split which is generated by the variable demand model. 

However, a modal split assumption is required because certain factors that are used in 

this conversion process are mode-dependent. The modal splits to be applied in the case 

of residential and employment data were both derived from the same residential area as 

was used in obtaining journey purposes splits. The reasoning behind the use of this split 

for employment areas is that the people making trips to and from employment areas are 

expected to have the same access to particular modes as they do to/from their places of 

residence. 

4) These peak hour O/D trips in and out of a development by journey purpose and mode 

are expanded into period O/D trips by the application of the same hour-to-period factors 

that were used in the original conversion of the validated assignment matrices. These 

expansion factors vary by mode, which is the reason for requiring the modal split to be 

applied prior to this expansion. 

5) At this point, the trips calculated are still in O/D format in terms of trips going into the 

development and trips coming out of the development. Some of these trips will be going 

away from home and some will be going towards home. In terms of productions and 

attractions for home-based trips, we have the following correspondence: 

                                              
21 Data obtained from NCC, NottsCC and DCC estimate that there are 19 jobs for each 100 m2 of floor space. For simplicity this number 

has been used for all of the different types of employment development. 
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Table 8.8: Correspondence between home-based P/A and O/D trips by direction 

O/D Direction P/A 

Origin From-home Production 

Origin Return-home Attraction 

Destination From-home Attraction 

Destination Return-home Production 

 

a. Thus, a trip coming out of a development in a from-home direction is a trip 

production, and its destination end is an attraction, whereas a trip which leaves a 

zone in the return-home direction is another attraction and it is going towards its 

destination (residential) zone, which is therefore the production end of the trip. 

b. The conversion of O/D data to P/A data can therefore be carried out by applying 

proportions to split the origins and destinations in each time period for each 

journey purpose into those that are from-home and those that are returning to 

home. Also required, but not illustrated in Table 8.8, are the proportions of all 

O/D trips that are non-home-based. Non-home-based trips are left at O/D level 

in the model because there is no distinction between the production and the 

attraction ends. 

c. Proportions of O/D that are in the from-home, return-home and non-home-based 

categories were obtained for residential developments by taking a global average 

over the survey data that were used to carry out the analogous procedure in the 

base model. 

d. For developments that comprise only additional employment there should be no 

home-based productions and so the from-home/return-home proportions 

obtained from the survey data were deemed not to be appropriate. In this 

situation some reasonable values were assumed, based on the expected 

behaviour of an employment site. 

6) The application of these proportions to the period-level O/D data leads to from-home, 

return-home and non-home-based trips by mode and journey purpose. These are 

combined in the appropriate way to obtain trip productions and attractions for each type 

of development. 

7) Finally, a split of the purpose-level P/A data into different car availability categories was 

carried out. This was applied to trip productions by taking the same residential area used 

in the journey purpose split and applying TEMPRO-based car availability trip-making 

growth factors to the original, observed base year trip productions for each purpose. This 

takes into account changes in trip-making for different purpose which come about as a 

result of changes to the levels of car ownership between the base and the forecast 

situations. 
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8) Combining the final data over modes leads to end result, which is a set of 12-hour trip 

productions and attractions by journey purpose for each unit of residential development 

(i.e. one dwelling) and each unit of employment-based development (i.e. floor space as 

derived from numbers of jobs). 

8.5.27 For each development the number of additional productions and attractions (or the total 

number, in the case of initially empty zones) is obtained by multiplying the P/A rate per unit 

of development by the number of these relevant units for each development location. 

8.5.28 It should be noted that because the conversion of peak hour data to period-level data (step 

4) makes use of mode-dependent expansion factors, the final estimated total number of 

productions and attractions depends on the initial modal split that was used in the 

calculations. As mentioned earlier, the modal split that is generated as an output of the 

model does not have to be consistent with the initial composition. 

8.5.29 Furthermore, because of these mode-dependent hour-to-period factors, there will also 

necessarily be mode-dependent period-to-hour factors that will be used by the model to 

convert from P/A data into O/D data during a run of the model to generate the assignment 

matrices. As the modal split generated by the model varies during the iteration towards 

demand/supply equilibrium, the total number of peak hour person trips that will be assigned 

will vary. This will inevitably lead to discrepancies between the initial multi-modal person trip 

rates per peak hour as obtained from TRICS and the final values as produced by the demand 

model. 

8.5.30 The creation of the productions and attractions for each development is the first major step 

in setting up the modelling of HMA areas. The next stage involves modifications to the data 

that are used in the mode and destination choice models to deal with the new trips. This is 

the topic of the next section. 

8.6 Mode and destination choice models in the presence of development zones 

Overview 

8.6.1 The various parameters used by the logit models for zones that exist in the base year model 

do not change from their base year values when the model is being run for a forecast 

scenario. They have been derived with the assumptions that traveller sensitivity to costs 

does not change over time, and that the other attributes of an option that are not directly 

cost-dependent are represented by the alternative-specific destination and mode constants. 

Therefore, the following data which have been calculated for the base year model are used 

with the same values in forecast years: 

� β  – cost-sensitivity parameter for destination choice; 

� θ  – scaling parameter applied to composite cost for each mode; 

� α  – mode-specific constant for car mode; and 

� ASC  – alternative-specific constant used with singly constrained destination choice. 

8.6.2 Also transferred unchanged to the forecast scenarios are the incremental adjustment factors 

(IAFs) – which “bridge the gap” between the synthetic outputs of the logit models and the 

final inputs to the assignment models – and any of the factors which convert from P/A 12-

hour data into O/D peak hour data. 
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8.6.3 For these existing zones, then, all that needs to occur is that the existing productions and 

attractions are augmented by the extra trips due to the additional developments, as has 

been described in the previous section. 

8.6.4 In the case of new development zones, however, the methodology must change. Model 

zones which had no productions or attractions in the base year could not have had mode 

constants or ASCs calculated for them, nor could there have been IAFs derived for any 

movements from or to these zones. 

8.6.5 The following missing data are required in order for the assignment matrices to be created 

for all zones: 

� Generalised costs are needed for the calculation of the destination choice utilities; 

� A modal split is required for the initial division of trips for use in the doubly constrained 

distribution calculations; 

� Mode constants are required for the calculation of the mode choice probabilities in both 

the doubly and singly constrained logit models; 

� Alternative-specific constants for each new development zone are required for the 

singly constrained destination choice model; 

� Proportions of various kinds are required for the conversion of P/A data into O/D 

format; and 

� Incremental adjustment factors are used for the final conversion of the synthetic O/D 

data into the values that are to be assigned. 

8.6.6 The calculation of the proportions that convert from P/A to O/D data for the new 

development zones is carried out at the same time as the calculation of the new numbers of 

trip productions and attractions. This process was described in the previous section and so it 

is not covered again here. 

8.6.7 The approaches taken for the modelling of “normal” pre-existing zones and for the “special” 

zones that are empty in the base year differ in the first outer loop of the demand model. 

Initial generalised costs 

8.6.8 The demand model requires initial generalised costs for the calculation of the destination 

choice utilities during the first outer loop of any run. As will be described in the next section, 

these generalised costs are taken from the base year and they are used as the best guess of 

the starting costs that should be used with the logit models. 

8.6.9 In the case of the new development zones, however, there was no demand to be assigned in 

the base year and the base networks did not contain the new zones with their forecast year 

connectivities. Hence, for processing the new zones in the relevant forecast year it is 

necessary to provide an estimate of generalised costs to fill in for the missing data. 

8.6.10 Each of the new developments is located at a point that will be near to a pre-existing zone 

centroid; this is likely to be the centroid of the zone inside which the new development is 

contained, but this is not a necessity. The approach taken in our modelling work has been to 

assume that the best guess of the base year cost to be used for a new development zone is 
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the base year cost of some other pre-existing zone, and that this pre-existing zone can be 

specified in an input data file individually for each new development. 

8.6.11 The first runs of the mode and destination choice models therefore use these cloned base 

year generalised costs, but all subsequent runs in outer loops beyond the first make use of 

the actual generalised costs that have been produced by new runs of the assignment models. 

More information is provided in the next section. 

Initial Modal Split 

8.6.12 In order to start off the inner loops of the doubly constrained mode and destination choice 

models it is necessary to provide an initial modal split so that the numbers of trip 

productions in each of the five demand segments can be estimated. 

8.6.13 The most appropriate choice for the new development zones is to apply the modal split that 

was used during the setting up of the new P/A data. This modal split was applied just before 

the expansion of the O/D data from peak hour to period level. 

8.6.14 Note that this modal split is only used in the very first inner loop of the very first outer loop 

of the model, so as to get the doubly constrained destination choice model started. In 

subsequent inner loops, and in all other loops both inner and outer, the modal split will 

change in response to composite utilities over destinations and updated generalised costs. 

Mode-specific and destination-specific constants 

8.6.15 The values of the mode constants and destination constants for pre-existing zones are 

derived from the base year data as follows (see also Chapter 5): 

� Destination constants ensure that the singly constrained model reproduces the desired 

total number of attractions to each zone in the base year; and, 

� Mode constants ensure that the mode choice models reproduce the inputted modal 

splits in the base year. 

8.6.16 For the new developments an analogous approach is taken, in the following way: 

� An inner loop has been added to the singly constrained destination choice model to 

iteratively construct destination-specific constants for the new development zones in 

the first outer loop only. This iterative process calculates ASCs using the same method 

described in Chapter 5, starting from values of zero for the new development zones 

and updating them in subsequent inner loops so that the total number of attractions to 

each development zone is as specified in the input data. As with the doubly 

constrained choice models, a fixed number of four of these inner loops are performed. 

� Note that the destination-specific constants for pre-existing zones are not modified by 

this process. 

� For both the singly and doubly constrained choice models, mode constants for the new 

development zones are calculated in the same way as for pre-existing zones in the 

base year so as to match the initial modal split that is specified by the input data. 

� Note that the mode constants for pre-existing zones are not modified by this process. 
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8.6.17 For the singly constrained home-based other purpose the mode constants and destination 

constants ensure only that the desired trip attraction totals and modal splits for each new 

development zone match the desired values in the first outer loop, in which the generalised 

costs used for the new developments are estimated base year values. In all other loops the 

total number of attractions to any given new development will change because there is no 

constraint on that end of a trip. 

8.6.18 The calculation of the mode constants and destination-specific constants for development 

zones is carried out in the first outer loop for consistency with the way in which these 

parameters were obtained using base year costs for the normal model zones. 

Incremental Adjustment Factors 

8.6.19 Incremental adjustment factors are used to modify individual cells in the synthetic O/D data 

produced for each journey purpose, mode and time period so that in the base they match 

the desired validated trip matrices. These factors are used with the same values in forecast 

years, too, so that, for example, a 10% increase in the synthetic O/D data in a given cell 

results in a 10% increase in the value that is to be assigned. 

8.6.20 These adjustment factors also modify the absolute numbers of the synthetic trips so that 

movements which were given fewer trips than observed in the base were increased 

accordingly, with the corresponding changes made when observed trips were lower than in 

the synthetic outputs. 

8.6.21 However, because these adjustment factors are derived by comparing observed data with 

synthetic data it is not possible to create corresponding factors for the new development 

zones. 

8.6.22 Because of this, the decision has been made to use only the synthetic distributions and 

numbers of trips for the new development zones, without attempting to estimate what any 

such incremental adjustment factors might be for any movements out of or into these new 

zones. 

Treatment of Intra-zonal trips 

8.6.23 An additional point that is relevant to the above discussion is that intra-zonal trip costs are 

much lower than inter-zonal costs and so it would be likely that if intra-zonal trips were 

included in the distribution they would be estimated as being quite large. 

8.6.24 However, intra-zonal trips are not assigned to the networks, and the TRICS trip rate 

calculations which underlie the P/A data are not intra-site rates, and so the decision was 

taken to exclude intra-zonal trips from the model entirely for new development zones. These 

new zones are almost all used with single sites for which specific numbers of trips in and out 

had been supplied. In the case where both residential and employment developments are in 

the same zone, this simplification means that trips between those sites would be neglected. 

However, separate zoning has been used for larger developments of different kinds, with 

residential and employment locations kept apart so that inter-site trips can be modelled. 

Final comments on trip origins and destinations for new developments 
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8.6.25 Finally, it is important to reiterate that the total numbers of trip origins and destinations 

when summed over modes will vary as the model iterates towards demand/supply 

convergence. This occurs because of the following effects: 

� The conversion of P/A data across all modes to O/D data by mode is carried out by 

means of fixed factors. Many of these vary by mode; 

� The specified production and attraction totals for each development zone were based 

on an assumed modal split which will not be maintained as the model iterates; 

� Variations in modal split lead to changes in the numbers of trips in a peak hour 

because of the mode dependence of the period-to-hour conversion factors; and, 

� The home-based other purpose is singly constrained and so the total number of trip 

attractions to a given development zone can increase or decrease in accordance with 

the effects of generalised cost changes on the destination and mode choice utilities. 

8.7 Running the model in forecasting mode 

8.7.1 When running for a forecast year the model uses files of updated trip ends and fixed 

matrices of external and goods vehicle trips, but uses the same logit model parameters as 

were calculated from the base year’s P/A demand and their associated generalised costs. 

8.7.2 In the first outer loop of the demand model in a non-base situation, the initial mode split that 

is used in the first inner loop is taken from the base year22. Also used in this first inner loop 

are the base year generalised costs. 

8.7.3 Thus, at the very start of the demand model, the distribution and mode split used are the 

result of applying some of the base year data to the forecast year trip ends. In subsequent 

inner loops and outer loops the generalised costs used by the choice models are updated 

from the results of the highway and PT assignment models, and the mode splits used are 

those from the previous loops of the choice models. 

8.7.4 The choice models therefore act on the forecast year trip end totals, and produce in each 

outer loop a sequence of estimates of the appropriate 12-hour P/A demand matrix. This 

matrix is then converted into an hourly O/D trip matrix by time period through the same P/A 

to O/D conversion process as was described in Chapter 3 and section 5.2, but with the 

person-to-vehicle matrices replaced with ones containing the appropriate inverse car 

occupancies for the current forecast year. All of the other matrices used in the conversion 

process are used with their base year values. This effectively presumes that there is no shift 

of trips between time periods, either on the outward or return legs of a round trip, and that 

there is no peak spreading. 

8.7.5 Next, the same matrices of incremental adjustment factors that were derived in the base 

year case are applied to these forecast O/D data, leading to the final trip matrices that are 

passed to the assignment sub-modules. The definitions of the data contained in these 

incremental adjustment matrices are set out in section 5.4. 

                                              
22 This initial mode split is required only in the case of the doubly constrained journey purposes, since for those it is necessary to apply 

the furnessing process to sets of trip productions that have already been segmented by mode as well as car availability. For the singly 

constrained journey purpose the mode split can be calculated after the destination choice probabilities have been calculated. 
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8.7.6 The O/D data are then prepared for input to the assignment models as in the base case, with 

the highway commuting purpose first split into two user classes for those trips that have and 

do not have workplace parking available. This uses the same matrices of splitting factors as 

used in the base, and which were derived from the base year calibrated highway matrices, as 

described in section 3.2. 

8.7.7 The fixed external trips are then added to the highway and PT matrices in the relevant user 

classes, and finally the goods vehicle data are included in the highway matrices. 

8.7.8 The assignment models are run as usual, with their outputs leading to the calculation of new 

generalised costs, and these costs are fed back into the start of the next outer loop of the 

model. New trip matrices are generated as a result, and the process continues until the 

convergence criterion is satisfied or the maximum number of model iterations has been 

executed. 
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