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1 Introduction
1.1 STUDY BRIEF
1.1.1 As part of the 15 year long sustainable transport highway services contract for
Northamptonshire County Council (NCC) the MGWSP joint venture has been
commissioned by NCC to combine and update the two existing strategic transportation
models:
North Northamptonshire Highway Model (SATURN)
West Northamptonshire Multi-Modal Model (SATURN and EMME/2)
1.1.2 Under this commission the existing models have been combined and updated to
produce a single County Wide Strategic Transport Model. The SATURN (Simulation
and Assignment of Traffic in Urban Road Networks) suite of programs was used to
build the observed highway model while EMME3 has been used to build the Demand
Model and the Public Transport Model. The strategic model developed by WSP offers
an integrated system for a range of transport modes, representing private and public
transport as well as modal interchange behaviour such as walking. The model will
have the ability to quantify the benefits of a policy change or new transport
infrastructure in Northamptonshire, enabling the testing of future transport proposals
and developments (including developer led) in an efficient, consistent and evidentially
based manner.
1.1.3 The model specification was developed in accordance with current Department
for Transport guidelines detailed in the Web based Transport Analysis Guidance
(WebTAG), which is aimed at ensuring a consistent and reputable basis for forecasting.
The highway model was developed in line with Design Manual for Roads and Bridges
(DMRB) guidance.
1.1.4 This involved a multi-modal data collection exercise with the end result being a
fully calibrated and validated Multi-Modal Transport Model of Northamptonshire County
and the surrounding areas, hereinafter referred to as the Northamptonshire Strategic
Transport Model (NSTM).
1.1.5 The purpose of the NSTM is to inform the assessment of the Local Development
Framework (LDF) Core Strategy, and will subsequently be used to assess individual
development proposals, highway infrastructure schemes and assist Northamptonshire
County Council in furthering submissions to the East Midlands Regional Funding
Allocation (RFA).
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1.2 BACKGROUND
1.2.1 Northamptonshire’s location near the geographic centre of England has long
made it an important focus for the nation’s transport system. In the west of the county,
between the villages of Norton and Whilton, four historic transport corridors run in close
proximity:
The A5, originally a Roman road linking London and Chester, known to the
Saxons as Watling Street and later a major turnpike between London and
Holyhead
The Grand Union Canal opened on 21 June 1796 as part of the Grand Junction
linking Braunston in Northamptonshire with the River Thames at Brentford
The West Coast Main line railway, opened in 1838 by the London &
Birmingham Railway as part of the first line linking London with the Midlands
and the north
The M1, the first substantial piece of motorway opened in England on 2
November 1959
1.2.2 The national focus on town planning and urban redevelopment following World
War 2, led to a number of towns in the county being designated as new or expanding
towns:
Corby, designated as a new town in 1950, largely to accommodate the growing
steel industry
Daventry, designated as an expanding town in 1962 to cope with overspill from
Birmingham
Wellingborough, designated as an expanding town in 1964, to cope with
overspill from London
Northampton, designated as a new town on 14 February 1968, to cope with
overspill from London
1.2.3 In addition, the designation of the new city of Milton Keynes, which borders the
county, in 1969, has had a major impact on areas of Northamptonshire. Most of the
county remains rural in nature; although only a relatively small percentage of workers,
even in the rural areas, now work in agriculture. Many of the people who live in the
county’s villages, commute to work either in the larger towns within or just outside the
county, or to London. Figure 1.1 is a key diagram showing the strategic transport
network within the county and the major towns.

2
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Figure 1.1:

Strategic Transport Network within Northamptonshire

Source: Northamptonshire County Council Local Transport Plan 2006 - 2011

1.3 MODEL REQUIREMENTS
1.3.1 The NSTM is required for wider strategic testing, localised testing, plan policy
evaluation and scheme appraisal within Northamptonshire. This must be done in a fair
and transparent manner to ensure that the impacts of all proposals can be compared
honestly. Impacts to the transport network from individual developments must also be
equally assessed in order to fairly calculate contributions required from developers.
For this reason it was necessary to obtain a particularly well validated model of
Northamptonshire.
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1.3.2 A Steering Group (SG) comprising technically able members from WSP,
MGWSP, NCC, AECOM (as advisors to the HA) and the HA, was set up to agree
modelling principles, methodologies, assumptions and scope. This has provided a high
degree of control and minimised grounds for disagreement at a later stage in the study
process.
1.3.3 This report details the development, calibration and validation of the public
transport model to 2008 conditions in order for it to serve as a suitable platform for the
forecasting of future travel conditions and the robust appraisal of network improvement
options and development proposals.
1.4 STRUCTURE OF THE REPORT
1.4.1 The structure of this Local Model Validation Report (LMVR) – Public Transport
Model is based on guidance contained in the Design Manual for Roads and Bridges
(DMRB) Volume 12, Section 2, Part 1, Appendix B (reference 6). It is as follows:
Chapter 2 of this report gives a overview of the overall structure of the NSTM
and the way in which this model was developed is described
Chapter 3 summarises the public transport data collection
Chapter 4 describes the public transport network development
Chapter 5 deals with the public transport assignment model
Chapter 6 describes the production of the base year matrices and the
calibration and validation results
Chapter 7 concludes the report

4
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2 Northamptonshire Strategic Transport Model
- Overview
2.1 BACKGROUND
2.1.1 The purpose of the Northamptonshire Strategic Transport Model (NSTM) is to
inform the assessment of the Local Development Framework (LDF) Core Strategy, and
will subsequently be used to assess individual development proposals, highway
infrastructure schemes and assist Northamptonshire County Council in furthering
submissions for the East Midlands Regional Funding Allocation (RFA).
2.1.2 With this in mind, the NSTM has been constructed as a strategic model covering
Northamptonshire and as a multi-modal transport model capable of assessing the
impacts of future changes in journey patterns within Northamptonshire.
2.1.3 This section describes the model approach, the software applied and the data
collated for use in developing the NSTM.
2.2 MODELLING APPROACH
2.2.1 The NSTM is designed to enable future land use planning and transport policy
initiatives to be assessed in an integrated fashion. This integration aims to take
account of:
The impacts of economic and demographic trends and of land use change on
the spatial and modal pattern of the demand for passenger transport
The impacts of changes in transport costs and characteristics on the costs and
spatial patterns of location of employment and households
2.2.2 The modelling specified is wide ranging, in that it includes all modes of travel
and has the ability to assess a wider set of short term and longer term behavioural
responses to policy initiatives than is normal in more traditional models.
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2.2.3 This model represents, at the strategic level, the main long-distance transport
routes in the entire study area. There is a detailed representation of traffic and public
transport service levels within the NSTM area. As a result the key abilities of the model
are:
Assessing the transport impacts of significant developments
Reviewing the impact of development plans on the transport network
Forecasting changes in demand as a result of changes in the socio-economic
characteristics
Allowing forecasting of demand by all modes for a period in line with current
Local Development Framework timescales
Identification of schemes and measures for LTP3 and considering the impact of
improvements on the strategic network
Identifying current and future congestion hotspots and assist in the modelling of
the network management scenarios assisting the local transport authority to
fulfil its requirements as required by the Traffic Management Act 2004
2.2.4 The model has been developed with due cognisance of WebTAG on model form
and development to accommodate major infrastructure improvements and the
sensitivity analysis required to achieve central government funding.
2.2.5 The NSTM is built on a behavioural basis that determines the travel demand
from the underlying characteristics of the transport supply and characteristics of the
travellers in the area. Key features of the model are:
The input of detailed planning / land use assumptions
The generation of trips by all modes of travel for the different segments of the
population
The choice of mode of travel
The distribution of the different trip types to the various destinations available
The choice of routes of travel
An accurate representation of the observed base year travel patterns
Realistic representation of the observed base year, congestion and queuing in
the AM Peak and PM Peak periods
2.2.6 This list of requirements is a mixture of the features typically found in strategic
transport models, focusing primarily on travel demand choices, and the features of a
local highway model, representing the local road network in detail incorporating
junction delays and queuing.

6
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2.2.7 Local models typically use demand matrices derived from survey data which can
be calibrated to accurately match counts in the base year. However, the lack of any
behavioural basis in the derivation of these matrices means that a relatively crude
approach is required to modify these matrices through time in order to produce future
year matrices. This approach cannot take into account any fundamental changes in
trip patterns arising through changing population and attraction opportunities.
2.2.8 Strategic travel demand models derive synthetic trip matrices through a series of
behaviourally-based relationships using population, employment and trip rate
information. Unless these synthetic matrices are subsequently manipulated to match
some observed targets, it is unlikely that a validation of resulting traffic flows would be
as accurate in the base year as those obtained in a local model using matrices built
from survey data.
2.2.9 To produce a satisfactory model for this study it is important to bring the best
aspects of the two types of model together into a single modelling framework; synthetic
travel demand matrices are developed based on the choices facing travellers and
observed matrices calibrated with observed origin and destination information from
survey data. By making the two sets of matrices (synthetic and observed) comparable,
the synthetic model is able to forecast changes in model matrices which can be applied
to the observed highway matrices.
2.3 MODEL FORM AND STRUCTURE
2.3.1 The NSTM consists of two main models:
Observed assignment model
Synthetic or Demand model, incorporating the traditional four stages of trip
generation, mode choice, trip distribution and assignment which uses the
observed assignment model outputs
2.3.2 Of the two models, the observed model is the more accurate representation of
the current (base year) conditions simply because it is based on the best significant
volumes of directly observed data. However, the future will bring complex changes to
land use and transport infrastructure that will have a significant impact on travel
demand. In this case the observed model becomes less reliable if taken forward in its
own right. The Demand Model uses the synthetic approach to develop the best
estimate of changes in demand over time and as such is the ideal tool for forecasting
as it considers so many of the complexities that the observed model cannot, such as
destination choice and mode shift between all motorised and slow modes.
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2.3.3 Current guidance on model development indicates that one of the main
decisions required at an early stage is the form of the forecast model. Namely whether
they are implemented as incremental models or whether they are absolute models.
WebTAG Unit 3.10.3 Section 1.5 sets out the three main types of the model form:
Absolute models that use a direct estimate of the numbers of trips in each
category
Absolute models applied incrementally that use absolute model estimates to
apply changes to a base matrix
Pivot point models that use cost changes to estimate the changes in the
numbers of trips from a base matrix
2.3.4 The Department for Transport (DfT) preference is for an incremental form of
model whether pivot-point or based on incremental application of absolute estimates.
The NSTM is an absolute model applied incrementally. The overall structure of the
model is shown in Figure 2.1.

8
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Figure 2.1:

Overall NSTM Structure

2.3.5 The synthetic demand model, developed in EMME3, follows the traditional 4stage hierarchy. This model considers the travel behavioural reactions induced by
changes such as land use, socio-economics, and transport supply in developing the
transport demand.
2.3.6 The base year and forecast trip patterns are produced by the synthetic demand
model calibrated to fit as closely as possible to the known observed travel patterns.
The absolute model estimates of the base and forecast trip patterns are then used to
apply changes to a base observed matrix.
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2.3.7 The base year synthetic model is validated to the known observed travel
choices and is used to produce future forecasts. The changes, which take into account
changes in generalised cost and zone attractiveness, between the base year and the
future forecast in the synthetic model are then inputted into the base observed model to
measure the actual change between the base year and the future forecast.
2.3.8 The Highway and Public Transport observed models are developed in SATURN
and EMME3 respectively in line with the Design Manual for Roads and Bridges
(DMRB) Volume 12 standards.
2.3.9 Further information on the Highway Transport Model is provided in the NSTM
Local Model Validation Report – Highways, December 2009.
2.4 OBSERVED ASSIGNMENT MODEL
2.5 2008 BASE YEAR
2.5.1 AM peak (08:00-09:00) and PM peak (17:00-18:00) observed assignment
models were developed for the base year. The observed base year matrices were
developed for each existing mode type (i.e. bus, rail, and vehicles including private
vehicle and goods vehicle). These matrices were partially developed from observed
trip behaviour determined through a combination of Roadside Interviews (RSIs),
Automatic Traffic Counts (ATC), Manual Classified Counts (MCC), Bus and Rail
surveys. The unobserved highway trips were created using census data to infill. All
peak models have been calibrated and validated to the current acceptability criteria as
detailed in the Design Manual for Roads and Bridges (DMRB) Volume 12.
2.6 SYNTHETIC DEMAND MODEL
2.6.1 A 12-hour synthetic demand model has been developed for each peak period.
Each demand model has been calibrated to fit the known observed movements to
ensure that robust estimates of future trip numbers are being generated. The synthetic
demand model uses the same network and zoning system as the observed assignment
model.
2.6.2 The guidance available from WebTAG contains advice on the most appropriate
choice hierarchies to adopt for the mode and distribution stages within travel demand
models. This guidance has been given significant weight in the design of this model.

10
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2.6.3 The WebTAG guidance states that the hierarchy of choice components, ranging
from the choices at the top that are least sensitive to supply characteristics in the order
of increasing sensitivity to the bottom, is as follows:
Trip frequency (or generation) which may be represented as inelastic if all
modes of transport (i.e. walk and cycle) are included
Main mode choice (i.e. between car, public transport and walk/cycle) is an
insensitive choice component
Destination Choice (or trip distribution) is a sensitive choice component as it is
based upon the relative attractiveness and the travel cost to a destination zones
Route assignment is at the bottom of the choice hierarchy, being the most
sensitive of all of the choices, to the measured cost and time characteristics of
the route options available
2.6.4 Trip frequency and mode choice are significantly less sensitive than destination
choice. The NSTM follows the hierarchy stated above for all trip purposes and is
compliant with current guidance and advice. Further information on the synthetic
model is provided in the NSTM Demand Model – Model Development and Validation
Report, December 2009.
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3 Summary of Public Transport Data
Collection
3.1 BUS INTERVIEW SURVEYS
3.1.1 MGWSP commissioned survey company Monisyst to carry out surveys on the
main bus routes in and between Northampton, Kettering, Wellingborough, Corby and
Daventry.
3.1.2 62 main bus routes throughout the county were surveyed during November and
December 2008 over a twelve hour period (07:00-19:00) providing the following data:
Boarding and alighting data on bus services
Face to face interviews on bus services and at bus depots
Self completion free post questionnaires given out on bus services, bus stops
and bus depots
3.1.3 In addition bus count data was collected at depots in Northampton,
Wellingborough and Kettering.
3.2 RAIL INTERVIEW SURVEYS
3.2.1 MGWSP commissioned Monisyst to carry out surveys at the three main
Northamptonshire rail stations namely Kettering, Wellingborough and Northampton.
The three train stations were surveyed between 17 November 2008 and 4 December
2008. The surveys were carried out over a 15 hour period between 06:00-21:00.
3.2.2 All services which stopped at these stations during the peak hours were
included within the surveys.
3.2.3 The rail services which stop at these stations are:
Northampton: Milton Keynes, Watford Junction, London Euston, Rugby,
Coventry and Birmingham New Street
Kettering & Wellingborough: Bedford, Luton, London St Pancras, Leicester,
Nottingham, Derby, Sheffield and Manchester
3.2.4 Full detail of the data collection process can be found in the Northamptonshire
Multi-Modal Transport Model Survey Report, March 2009.
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Version 1.0

4 Public Transport Network Development
4.1 INTRODUCTION
4.1.1 The public transport model has been created using transport modelling software
EMME3. The bus and rail networks are fully integrated in that bus or rail users have
the option to use either network.
4.2 BUS NETWORK
4.2.1 The extent of the bus network is shown in Figure 4.1. The bus network was
developed from the SATURN highway network with the bus services first coded in
SATURN and then converted into EMME3 format.
Figure 4.1:

Bus Network Coverage

4.2.2 The bus network consists of links of two types as summarised in Table 4.1.
Table 4.1:

Bus Network Link Types

EMME3 mode

Link type

Cost

b

Bus Link

Highway based cost (us1)

w

Walk Link/ Bus Centroid Connector

Distance/Average speed
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4.2.3 The bus links in EMME3 replicate the highway links in SATURN with bus
services and walk allowed on any of these links. The highway network centroid
connectors have provided the basis for zone connectors to the bus network with some
extra connectors added to give realistic access point to the public transport network.
All connectors are two-way allowing access and egress.
4.2.4 The costs associated with the walk links and zone connectors are based on an
average walk speed of 5 km/h. The bus network uses congested link travel times
skimmed from the SATURN highway assignment to adequately represent delays
associated with the highway network congestion.
4.2.5 The AM peak hour and PM peak hour bus services in Northamptonshire
included in the NSTM are listed in Table 4.2 below. The bus routes and service
frequencies were gathered from November/ December 2008 published timetables.
Table 4.2:

Peak hour bus services included in the NSTM

Service Provider

Route
Number

Route

AM
frequency

PM
frequency

First Northampton

2

Northampton TC to
Blackthorn

8

8

First Northampton

4

Northampton TC to
Obelisk Rise

10

10

First Northampton

5/5B

Northampton TC to
Southfields

2

4

First Northampton

8

Northampton TC to
Weston Favell

4

4

First Northampton

12

Northampton TC to
Camp Hill

5

7

First Northampton

28

Northampton TC to
Shelfleys

6

6

First Northampton

29/30

Northampton TC to
Kings Heath

6

6

First Northampton

23

Greyfriars Bus
Station to
Brackmills

3

3

MK Metro

11

Northampton TC to
Parklands

2

2

MK Metro

21

Northampton TC to
Rye Hill

4

4

Stagecoach Northants

1

Northampton TC to
Rectory Farm

14

14

Stagecoach Northants

7

Northampton TC to
University Campus

4

4

Stagecoach Northants

9/9A

Northampton TC to
Duston

3

3

Northampton

14

Version 1.0

Service Provider

Route
Number

Route

AM
frequency

PM
frequency

Stagecoach Northants

14

Northampton TC to
East Hunsbury

4

4

Stagecoach Northants

15

Northampton TC to
Grange Park

4

4

Stagecoach Northants

16

Northampton TC to
Ecton Brook

12

12

Stagecoach Northants

58

Northampton to
Moulton/Brixworth

4

4

Stagecoach Northants

52

Greyfriars Bus
Station to
Brackmills

0

3

Stagecoach Northants

53

Brackmills to
Greyfriars Bus
Station

1

1

Stagecoach Northants

45

Wellingborough to
Irthlingborough

2

3

Stagecoach Northants

W1

Wellingborough TC
to Queensway
Estate

3

3

Stagecoach Northants

W2

Wellingborough TC
to Nest Farm
Crescent

3

3

Stagecoach Northants

W3

Wellingborough TC
to Berrymoor Road

2

2

First Northampton

W4

Wellingborough TC
to Barnwell Road

1

1

First Northampton

W8

Wellingborough TC
to Bozeat

1

1

Judge'
s Mini Coaches

8

Kettering to Corby

2

3

Judge'
s Mini Coaches

16

Kettering to Raunds

0

2

Stagecoach in
Northampton

24

Kettering to
Wellingborough

2

1

Stagecoach Northants

A

Kettering Town
Centre to Burton
Latimer

4

4

Stagecoach Northants

B

Kettering Town
Centre to Stamford
Road

3

3

Stagecoach Northants

C

Kettering Town
Centre to Ise lodge

2

3

Stagecoach Northants

D

Kettering Town

3

3

Wellingborough

Kettering
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Service Provider

Route
Number

Route

AM
frequency

PM
frequency

Centre to Highfield
Road
Stagecoach Northants

E

Kettering Town
Centre to Bramble
Side

2

3

Stagecoach Northants

F

Kettering Town
Centre to Leisure
Village

0

0

Corby
Stagecoach Northants

1/3

Corby Danesholme
to Corby Shire

6

6

Stagecoach Northants

3B

Corby Town Centre
to Corby ASDA

5

5

Stagecoach Northants

5/A

Corby Town Centre
to Stephenson Way

4

4

Stagecoach Northants

6/6A

Corby Town Centre
to Oakley Vale

2

2

Stagecoach Northants

7

Corby Town Centre
to The Lawns

2

2

Stagecoach Northants

D1

Daventry to Grange
Estate

1

3

Stagecoach Northants

D2

Daventry to Lang
Farm

2

1

Stagecoach Northants

D3

Daventry to Lang
Farm

2

3

Stagecoach Northants

D5

Daventry to
Middlemore

1

1

Stagecoach Northants

D6

Daventry to Long
Buckby

0

1

Stagecoach Northants

88

Northampton to
Brackley

2

2

SMS Executive Travel

499

Brackley to Banbury

1

1

Stagecoach
Oxfordshire

500

Brackley to Banbury

4

4

Langston & Tasker

BB

Brackley to
Brackley

1

0

Rushden to Higham
Ferrers

0

1

Rushden to

0

2

Daventry

Brackley

Rushden
Expresslines Ltd

H1/H2

Expresslines Ltd

R1/R2/R
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Service Provider

Route
Number
3

Route

AM
frequency

PM
frequency

Rushden

Longer distance within Northamptonshire
MK Metro

86/87

Northampton to
Greens Norton

0

1

Stagecoach in
Northampton

38

Northampton to
Wellingborough

2

2

Stagecoach in
Northampton

39

Northampton to
Kettering

4

2

Stagecoach Northants

X46

Northampton to
Raunds

4

4

Stagecoach Northants

19

Kettering Town
Centre to
Desborough

6

6

Stagecoach in
Northampton

X1

Kettering Rail
Station - Corby

4

4

Longer distance out of Northamptonshire
Stagecoach in
Northampton

M50

Northampton to
Bedford

1

1

Stagecoach Northants

P1

Northampton to
Bedford

2

2

Stagecoach Northants

X7

Market Harborough
to Northampton

2

2

Stagecoach in
Northampton

89

Northampton to
Milton Keynes

2

2

Stagecoach Northants

18

Kettering Town
Centre to Market
Harborough

2

2

4.2.6 The above bus routes were firstly coded into Saturn, by inputting the relevant
nodes each bus route passes through. In general only those bus routes with a
frequency within the peak hours were input into the model. Generally the outgoing and
incoming journey for each service was coded separately to prevent u-turn errors and to
allow for variations in routes/ frequencies. Bus routes with continuous passenger
counts with no distinction between outbound and inbound journeys were coded as
circular routes. The highway network and bus routes were then converted into
EMME3.
4.2.7 The positioning of loading points for each route in EMME3 is assumed to be
located at every node the service passes through. The bus services in EMME3 have
no restriction on capacity and therefore the model will not show instances of bus
overcrowding.
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4.3 RAIL NETWORK
4.3.1 Building the public transport demand model also includes the construction of a
rail network, using GIS. The location of the railway lines and stations was extracted
from NAVTEQ datasets. The NSTM zone plan was then overlaid onto the network to
determine what rail stations to code. The extent to the rail network is shown in Figure
4.2.
Figure 4.2:

Rail Network Coverage

4.3.2 Within Northamptonshire the towns of Northampton, Wellingborough, Kettering
and Long Buckby have been coded on the network as they were the main rail stations
operational in Northamptonshire during November 2008. To ensure consistency,
Corby rail station has been excluded from this analysis as it was only reopened in
February 2009, having been excluded from earlier models.

18
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4.3.3 Northampton and Long Buckby stations are part of the London Midland network,
and are situated on the London Euston – Stafford line. Wellingborough and Kettering
stations are part of the East Midlands network, and situated on the St Pancras –
Sheffield line. The Northamptonshire rail network is shown in Figure 4.3.
Figure 4.3:

Northamptonshire Rail Network Coverage

Kettering

Wellingborough

Northampton

4.3.4 For external zones i.e. zones outside Northamptonshire, one of the main railway
stations was coded. It is important to note that in the rail network, each station was
taken to represent a node on the network. Where links i.e. rail lines, between stations
were deemed too long, dummy nodes were introduced on the network to provide a
more seamless representation of the network.
4.3.5 The final rail network was then replicated in EMME/3 and consisted of links of
four types as summarised in Table 4.3 below.
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Table 4.3:

Rail Network Link Types.

EMME3 mode

Link type

Cost

r

Rail Links inside Northamptonshire

Timetable time (us1)

s

Rail Links outside of the NSTM

Distance/average speed

x

Rail Centroid Connector to/from
zones outside of Northamptonshire

Highway generalised time
(ul3)

y

Rail Centroid Connector to/from
zones inside of Northamptonshire

Highway generalised time
(ul3)

4.3.6 Once the network was built, transit lines (i.e. timetabled services) were coded in
the network. Service information was obtained from National Rail Time Table for time
tabled services in November 2008. Only rail services consistent with the interview data
needed to be coded, which meant that for each station in Northamptonshire, only those
services which either started or ended their journey at any of the four rail station in
Northamptonshire in the AM and PM peaks were coded. The AM peak was set as
08:00–09:00 while the PM peak was set to 17:00–18:00.
4.3.7 The train services in AM peak and PM peak which stop at the four operational
stations are detailed in Table 4.4.
Table 4.4:

AM & PM Peak Rail Services and Frequencies for Northamptonshire

Service
Provider

East Midlands
Trains/ Cross
Country

Virgin Trains/
London Midland

Virgin Trains/
London Midland

20

Version 1.0

Station

Wellingborough
Kettering

Route

AM
PM
Frequency Frequency

London – East Midlands
– Sheffield

2

2

Sheffield – East Midlands
– London

2

1

London – Watford
Junction – Milton Keynes
– Northampton – West
Midlands

2

2

West Midlands –
Northampton – Milton
Keynes – Watford
Junction – London

3

3

Northampton – Coventry
– Birmingham –
Wolverhampton –
Stafford

2

1

Northampton

Northampton
Long Buckby

Service
Provider

Station

Route

AM
PM
Frequency Frequency

Stafford –
Wolverhampton –
Birmingham – Coventry –
Northampton

3

1

4.3.8 The inter-station run times for mode ‘r’ have been coded into EMME3 segment
data item 1 (us1).
4.3.9 The rail journey times outside of the study area (mode ‘s’) were derived from the
distances and the average speed of 102 km/h. The average speed value has been
calibrated from a representative set of origin – destination pairs based on the National
Rail Journey Planner accessible via www.nationalrail.co.uk, for the AM peak and PM
peak separately, and accounts for transfer and wait times.
4.3.10 During rail assignment validation exercise it was discovered that the approach
of combining costs derived from timetable in the study area and average speed outside
of the study area did not work for longer distance journeys producing unreasonable
routings and journey times. Hence the decision was made to apply average speed
approach across the network, which showed more robust results.
4.3.11 All the zones outside of the NSTM have been connected by centroid
connectors to at least one railway station to represent car legs of a railway journey.
Zones within Northamptonshire have been connected to one or more railway stations
within the area of interest based on the trip patterns obtained from the rail survey data.
4.3.12 The access cost associated with car legs is a generalised car time. For a
highway trip generalised time is calculated from access/egress time, in-vehicle time,
vehicle operating costs, parking costs, tolls/other user charges as:
GCAR = VWALK*A + T + D*VOC/(occ*VOT) + PC/(occ*VOT)
VWALK:

walk time weight

A:

total time from/to car

T:

travel time, min

D:

distance travelled, km

VOC:

vehicle operating cost, pence/km

Occ:

average vehicle occupancy

VOT:

value of time, pence/min

PC:

toll, parking and other charges, pence
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4.3.13 For the centroid connectors inside the study area the generalised cost was
derived from time and distance skimmed from a base year highway assignment. The
generalised cost for the external centroid connectors was based on the crow-fly length
of centroid connectors and network average highway speed.
4.3.14 Vehicle operating costs and occupancy are average values obtained from
WebTAG guidance. Parking charges have been applied to the main car park zones,
including Northampton, Kettering and Wellingborough. Parking costs have been
obtained from the National Rail website.
4.3.15 Links to represent the London underground were included in the EMME3
model to allow for connectivity between each of the seven main rail stations in London.
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5 Public Transport Assignment Model
5.1 INTRODUCTION
5.1.1 This section details the calibration and validation of the base year public
transport network. The wait times, in-vehicle times and number of boardings output
from the AM peak and PM peak hour assignment models are compared against
independent data from the route planner.
5.2 ASSIGNMENT MODEL CALIBRATION AND VALIDATION
5.2.1 The purpose of the network calibration/validation exercise is to ensure that the
public transport assignment model provides accurate representation of travel routes
and journey times for input into other model components. The calibration/validation of
the model is achieved by demonstrating the following across a selection of station-tostation pairs:
the correct routes through the network are taken
the average number of boardings per trip are correct
in-vehicle time is correct
walk and wait time are correct
5.2.2 These are the ‘validation parameters’. The meaning of ‘correct’ in this context is
that there is a close correlation between the journey times and paths (routes through
the network) from the Journey Planner and the NSTM.
5.2.3 Generalised cost is used in calculation of the utility of paths to which the
passenger flows are assigned. For public transport generalised cost is calculated from
access/egress time, fares, in-vehicle time, waiting times and interchange penalty as:
GPT = VWALK*A + VWAIT *W + T*f +F/VOT + VINT *I
VWALK:

walk time weight

A:

total access and egress time, min

VWAIT:

wait time weight

W:

total wait time, min

T:

in-vehicle travel time, min

F:

in-vehicle travel time factor

F:

fare, pence

VOT:

value of time, pence/min

VINT:

interchange/boarding penalty

I:

number of interchanges
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5.2.4 The values of generalised cost parameters directly influence the route choice
and can be adjusted during the network calibration exercise. An initial set of model
parameters were selected based on WebTAG recommendations and set in Table 5.1.
Table 5.1:

Initial Set of Public Transport Assignment parameters

AM Peak PM Peak
Initial
Initial
Value
Value

Parameter

Description

Recommended
WebTAG Range

VWALK

Walk time weight

[1.5 - 2]

1.5

1.5

VWAIT

Wait time weight

[1.5 – 2.5]

1.5

1.5

VINT

Interchange/boarding penalty, min

[5 – 10]

5

5

T

In-vehicle bus run time factor

N/A

1

1

5.2.5 The first wait time is calculated from the assumption that passengers arrive
randomly at the stop when there is a frequent service provision and time their arrival
otherwise. Thus the waiting time is a function of headway and is half the headway for
headways up to 15 minutes, after which it is capped at 7.5 minutes.
5.2.6 Rail and in particular bus fare structures are very complex in the NSTM study
area. Though the fares have been included in the generalised cost calculation in the
demand model they are excluded from the path building in the assignment to avoid
extra complexity. There is a limited number of competing bus/rail corridors and these
were checked separately.
5.2.7 The calibration/validation followed an iterative procedure. An initial set of model
parameters were selected based on WebTAG recommendations. The itineraries from
the initial model run were compared against the Journey Planner and adjustments
made accordingly. For example, if the average number of boardings per trip were too
high, the boarding penalty was increased. This continued until an accurate match was
obtained for each validation parameter.
5.2.8 The parameters which may be adjusted in this way are:
boarding time (a time penalty applied each time a service is boarded)
wait time (which increases with train service interval)
wait time weight
walk time weight
bus journey time adjustment factor
5.2.9 Fifteen station to station pairs were selected which cover the most important
movements in and through the study area e.g. Wellingborough to Northampton, and a
range of pairs which are not directly connected and are more testing for the model e.g.
Sharman Road, Wellingborough to Drapery Street, Northampton. The movements are
shown in Table 5.2.
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Table 5.2:

Station Pairs for Model Calibration/ Validation

No

Origin

Destination

1

Queen Street, Wellingborough

St Pancras International Rail Station

2

St Pancras International Rail Station

Queen Street, Wellingborough

3

William Street, Northampton

Ashley Lane, Moulton

4

Ashley Lane, Moulton

William Street, Northampton

5

Sanders Close, Wellingborough

Herriot Lane/Havelock Street

6

Havelock St/ Herriot Lane Wellingborough

Sanders Close, Wellingborough

7

Oat Hill Drive, Northampton

Dallington Road / Merthyr Road

8

Kingsley Avenue/Hallwood road, Kettering

Linden Avenue / Belvedene Road

9

Cotswold Drive/Fosse Close,
Wellingborough

Stanley Road / Grant Road,
Wellingborough

10

Sharman Road, Wellingborough

Drapery/Sheet Street, Northampton

11

Foxfield Way, Northampton

Beech Avenue, Northampton

12

Broadway Kettering

St Marks Way Corby

13

Marlborough Road/St James Park
Northampton

Milton Keynes rail station

14

Edinburgh Railway Station

Kings cross

15

Northampton Rail Station

Edinburgh Rail Station

5.2.10 The Traveline is used by a partnership of transport operators and local
authorities to provide public transport information including itineraries for travellers. It
may be accessed by the general public at www.traveline.org.uk. A range of services is
recommended for the requested station-to-station movement, depending on the
desired departure or arrival time. The date of travel selected was June 2009.
5.2.11 The first journey time routes extracted from the model had a percentage
difference of between 2 and 35% for AM peak and 0 and 32% for PM peak. Modelled
journey times were overall faster than those extracted from Traveline as shown in
Table 5.4 and Table 5.5. The model parameters were adjusted to a wait weight of 2.5
(previously 1.5) and bus run time weight was multiplied by 1.15 as shown in Table 5.3.
The adjusted Journey Times for the AM peak and PM peak are shown in Table 5.6 and
Table 5.7.
Table 5.3:

Adjusted Set of Public Transport Assignment parameters

Parameter

Description

Recommended
WebTAG Range

AM Initial PM Initial
Value
Value

VWALK

Walk time weight

[1.5 - 2]

1.5

1.5

VWAIT

Wait time weight

[1.5 – 2.5]

2.5

2.5

VINT

Interchange/boarding penalty, min

[5 – 10]

5

5

T

In-vehicle bus run time

N/A

1.15

1.15
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Table 5.4:

Absolute differences between EMME3 and Traveline during the AM Peak, prior to adjustments

Table 5.5:

Absolute differences between EMME3 and Traveline during the PM Peak, prior to adjustments
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Table 5.6:

Absolute differences between EMME3 and Traveline during the AM Peak, following adjustments

Table 5.7:

Absolute differences between EMME3 and Traveline during the PM Peak, following adjustments
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5.2.12 Comparison of the AM peak and PM peak journey times prior to adjustment to
those following the adjustment shows an overall reduction in absolute difference. The
adjusted parameters resulted in EMME3 journey times that are more consistent with
those extracted from Traveline. The changes in parameters have also resulted in
EMME3 producing travel paths that match the itineraries recommended by Traveline
more closely.
5.2.13 The calibration has produced a model which is able to closely match the
journey itineraries and times provided by Travelline to travellers. The adequacy of the
PT model in producing realistic generalised costs for the synthetic model is confirmed.
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6 Public Transport Matrix Development
6.1 INTRODUCTION
6.1.1 This chapter describes the development and calibration/validation of the
demand rail and bus matrices from public survey data collected on main bus routes
and three main rail stations serving Northamptonshire.
6.1.2 Public transport survey data from the main bus routes in and between
Northampton, Daventry, Corby, Kettering and Wellingborough were used to construct
bus demand matrices for the Northampton Strategic Transport Model. Rail survey data
was also collected at Northampton, Kettering and Wellingborough railway stations.
6.1.3 Validation is then discussed in terms of matrices, link flows and boarding and
alighting data at selected railway and bus stations.
6.1.4 The PT network/model covers the whole of the UK, whereas the rail and bus
surveys were carried out in Northamptonshire. This survey information is invaluable in
building or validating the primary rail and bus demand data within the study area. No
attempt is made by the base year model to infill the UK wide trip matrix. This catered
for by the synthetic model.
6.1.5 Since no multiuser class public transport assignment available in EMME, the
model has been validated against all-purpose passenger counts.
6.2 BASE YEAR DATA COLLECTION
6.2.1 The multi-modal data collection exercise is summarised in Section 3 of this
report and fully reported in the Northamptonshire Multi-Modal Transport Model Survey
Report, March 2009.
6.2.2 The majority of the journeys within the study area are made principally by
private and commercial vehicles. Public transport accounts for an average of less than
10% of journey to work trips in the study area (2001 census).
6.2.3 Long Buckby rail station was operational during November/ December 2008 but
was not surveyed as it carries low demand, therefore the demand for this station will be
estimated by the synthetic model.
6.2.4 Each public transport survey record was assigned an origin and destination
model zone number based upon the Ordnance Survey Grid Reference associated with
the postcode details collected.
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6.3 BUS DEMAND
6.3.1 The bus survey data was cleaned of illogical trips following the initial assignment
run. OD survey data from the three hour peak period was used in creating the peak
hour demand in order to increase the sample size and reduce the expansion factors.
6.3.2 17% of bus services during the AM peak and 22% during the PM peak have no
passenger count data for the outbound or inbound routing. For those that had data for
the AM peak period or the PM peak period the O/D data was reversed to represent the
same trip in the opposite direction.
6.3.3 It was found that expanding all interviews collected to the total number of
boarders for each route can create a bias in trip patterns. This occurs when the
distribution of the interviewed passengers’ boarding points is not the same as that of
the number of boarding passengers. Passengers boarding during quiet sections of the
route and for longer journeys are more likely to be surveyed than those boarding during
busier sections of the route and travelling for shorter periods of time.
6.3.4 Ideally the survey data should be expanded at each bus stop, although in reality
this is not practical. Firstly, the specific boarding point must be known. Due to the
difficulty in collecting on board surveys, passengers are not generally interviewed at
their boarding point and may be some way into their journey at the time of the
interview. This information is not collected as part of the interviews due to uncertainty
of the exact boarding point.
6.3.5 In this instance expansion was undertaken by means of an EMME3 macro at
each segment of a bus route using boarding and alighting survey counts. The
expanded passenger flows for each bus route segment were compared against
observed passenger loading to measure the models performance at producing
expanded passenger flows and the results are shown in Table 6.1 and Table 6.2.
Table 6.1:

Table 6.2:
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AM Peak Expanded Bus Interview Data GEH Statistics

GEH Statistic

Percentage Total

more than 5

9%

less than 5

74%

less than 1

24%

PM Peak Expanded Bus Interview Data GEH Statistics
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GEH Statistic

Percentage Total

more than 5

5%

less than 5

73%

less than 1 total

32%

6.3.6 A modified Chi² statistic known as the GEH (Geoffrey Edward Havers) statistic
was used to determine the best fit. The statistic uses the formula shown below to
calculate a value for the difference between observed (O) and modelled (M) segment
flows.

GEH =

(O - M)

2

0.5 (O + M)

6.3.7 A GEH value greater than 5 indicates that closer attention is required as the
match between observed and modelled flows is poor, while a GEH of less than 5
indicates a very good fit.
6.3.8 The AM peak and PM peak bus matrices are shown to have 74% and 73%
modelled passenger bus route segment flows with a GEH of less than 5, indicating a
very good fit. This is further supported by the 24% and 32% of the modelled passenger
flows GEH being less than 1% for the AM and PM peak respectively.
6.3.9 Expanded matrices were assigned and results compared against boarder and
alighters counts at Northampton, Wellingborough and Kettering bus stations. The initial
results showed differences between the modelled and observed boarders and alighters
with Northampton showing the biggest discrepancies. There could be a number of
reasons for this, for example:
Surveys were undertaken on different days of the week and in different months
On many occasions counts were collected for only one bus service during the
AM peak hour or PM peak hour and available counts were used to expand the
data to account for buses with higher frequencies
Some of the bus routes were only surveyed in one direction and data was
reversed from the opposite peak
Selected bus services were not surveyed
6.3.10 To allow for this difference Northampton bus depot modelled boarders and
alighters were factored to be more in keeping with the observed counts. The results
are shown in Table 6.3, Table 6.4 and Table 6.5.
Table 6.3:

EMME3 Passenger Counts Compared to Northampton Bus Depot Counts

Northampton - Greyfriars
bus station
Bus Depot Nodes

AM

PM

Total
Boarders

Total
Alighters

Total
Boarders

Total
Alighters

Modelled Total

706

902

824

732

Observed Total

861

699

1,090

559

Absolute difference

-155

203

-266

173
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Table 6.4:
Counts

EMME3 Passenger Counts Compared to Wellingborough Bus Depot

Wellingborough - Church
Street
Bus Depot Nodes

AM

PM

Total
Boarders

Total
Alighters

Total
Boarders

Total
Alighters

Modelled Total

76

174

88

110

Observed Total

67

153

69

38

Absolute difference

9

21

19

72

Table 6.5:

EMME3 Passenger Counts Compared to Kettering Bus Depot Counts

Kettering - Silver Street
Bus Depot Nodes

AM

PM

Total
Boarders

Total
Alighters

Total
Boarders

Total
Alighters

Modelled Total

190

198

178

108

Observed Total

160

150

175

54

Absolute difference

30

48

3

54

6.3.11 The observed passenger depot counts exclude the bus routes that were not
included in the bus surveys, to enable the counts to be more consistent.
6.3.12 There is a variable difference between observed passenger counts at bus
depots and those extracted from EMME3. Modelled bus boarders at depots tend to be
lower observed with the opposite being true for bus alighters.
6.4 RAIL DEMAND
6.4.1 Using a set of logical rules, the rail survey data was cleaned of trips that were
deemed to be illogical to produce sets of clean data covering the survey period.
6.4.2 Data from the three railway stations were cleaned before expansion, and
records were excluded if:
they had no postcode information or with non-existing postcode
they had illogical origin-destination information which was ascertained using
GIS/excel
they did not contain origin or destination trip purpose information
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6.4.3 To identify whether the passengers at each station were boarding or alighting
the train when interviewed, an assumption was made that passengers boarding the
train at a particular station would be closer to their origin than their destination and for
alighters the opposite would apply. This rule was applied to all rail interview survey
data.
6.4.4 The number of interviews obtained during each time period at the railway station
was factored up to represent the observed number of passengers during that hour at
the train station, the number of boarders or alighters depending on the direction the
interviewer was travelling. These were in turn factored by the number of trains in the
peak hour in that direction to represent total hourly patronage levels. OD survey data
from the three hour peak period was used in creating the peak hour demand in order to
increase the sample size and reduce the expansion factors.
6.4.5 The final rail matrices were created and assigned onto the network. It has been
checked that all modelled rail demand would go through one of the main railway
stations. The total modelled boarders and alighters at each station during the AM peak
and PM peak are shown in Table 6.6, which is consistent with the count data at these
stations.
Table 6.6:

Modelled Boarders and Alighters at each Rail Station

Rail Station

AM

PM

Boarders

Alighters

Boarders

Alighters

Northampton

429

152

108

353

Wellingborough

154

15

29

181

Kettering

175

50

76

153
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7 Conclusions
7.1.1 The EMME3 based Public Transport Model has been developed as a foundation
for forecasting the effects and impacts of the proposed developments in and around
Northamptonshire.
7.1.2 The modelled modes included in the public transport assignment model include
bus, rail and walk. The models have been developed to represent 2008 weekday AM
Peak (08:00-09:00) and PM Peak (17:00-18:00) hours.
7.1.3 Bus and rail observed matrices were created to closely match observed data
based on the bus and rail passenger surveys and counts to represent 2008 AM peak
hours and PM peak hours observed patterns.
7.1.4 It has been shown that the Public Transport Model is able to closely match the
journey itineraries and times provided by Travelline to travellers thus producing realistic
generalised costs for the synthetic model.
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