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1   Introduction 

1.1   STUDY BRIEF 

1.1.1   As part of the eight year long sustainable transport highway services contract for 
Northamptonshire County Council (NCC) the MGWSP joint venture was 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   The commission included the development of a full four-stage transport model 
covering the whole county and the immediate vicinity.  The four stages modelled are: 

� Trip Generation 

� Mode Choice 

� Trip Distribution 

� Assignment 

1.1.3   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.   

1.1.4   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.   

1.1.5   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). 

1.1.6   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 NCC in furthering 
submissions for the East Midlands Regional Funding Allocation (RFA). 
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1.1.7   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 
impact of future changes in journey patterns within Northamptonshire. 

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. 
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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   The NSTM provides a single platform capable of assessing changes in travel 
demand in response to changes in highway infrastructure, public transport provision, 
population, employment or retail facilities. 

1.3.4   This report sets out the development and calibration of the demand model 
component of the NSTM.  Further information on the observed highway and public 
transport components of the NSTM are given in the Local Model Validation Report – 
Highways, December 2009.  The report contains the following sections: 

� Section 1 - Introduction 

� Section 2 – Generalised Cost of Travel 

� Section 3 – Demographic Data 

� Section 4 – Demand Model Structure 

� Section 5 – Model Calibration 

� Section 6 – Realism Testing 

� Section 7 - Conclusion 
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2   Generalised Cost of Travel 

2.1   INTRODUCTION 

2.1.1   The generalised cost of travel, or disutility of travel, is a key input to the demand 
model.  It is calculated based on cost skims from assignments of both the highway 
model and public transport model.  It converts all cost elements into minutes so that 
disparate elements can be combined and compared.  This sections sets out the 
calculation of generalised cost and the parameter values used in the NSTM. 

2.2   HIGHWAY GENERALISED COST 

2.2.1   Highway generalised cost is a function of the following cost inputs: 

� D = Journey distance (kms) 

� T = Journey time (minutes) 

� VOC = Vehicle Operating Cost (pence per km) 

� FC = Other fixed costs, such as tolls and parking charges (pence) 

� VOT = Value of Time (pence per minute) 

2.2.2   Generalised cost is therefore defined as follows: 

�
�

�
�
�

�+�
�

�
�
�

�+=
VOT
FC

VOT
VOC

DTU CAR *  

2.2.3   Vehicle Operating Cost comprises fuel and non-fuel elements.  Guidance for the 
calculation of VOC is published by the DfT, including suitable parameter values 
provided by vehicle type.  Since goods vehicles are not directly modelled in the NSTM 
synthetic model, costs were calculated for an average car. 

2.2.4   Fuel VOC is calculated by first calculating fuel consumption, in litres, based on 
average speed (v).  Total fuel consumption is then multiplied by the predicted resource 
cost, prevailing fuel duty and VAT to produce a fuel cost per km.  Fuel VOC is defined 
as follows: 

( ) ( ) VATDUTYRESOURCEEffdvcvbvaVOCFuel ***32 ++++=  

2.2.5   Eff is an estimate of the likely improvement in engine efficiency over time, and 
varies dependent on the assessment year.  Parameter values vary according to 
assessment year.  Values for 2008 are given in Table 2.1. 
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Table 2.1: Fuel VOC Parameters (2008) 

Parameter Value 

a 0.17813952 

b -0.00405874 

c 0.00004606 

d -0.0000001481 

Efficiency Factor 0.946453109 

Resource Cost (pence) 28.9276 

Duty (pence) 43.3 

VAT 1.175 
WebTAG Unit 3.5.6 (2009) 

2.2.6   Although UK VAT was cut to 15% on 1 December 2008, this is intended as a 
temporary cut lasting until 31 December 2009.  The NSTM therefore follows WebTAG 
guidance and adopts a VAT rate of 17.5% throughout the base and forecast models. 

2.2.7   Non-fuel vehicle operating costs represent other vehicle operating costs 
unrelated to fuel consumption, such as oil, tyres, maintenance and depreciation.  As 
with fuel VOC, it is calculated as a function of speed, with the following functional form: 

v
b

aVOC FuelNon

1
1 +=−  

2.2.8   Parameter values are provided in WebTAG, and are constant over time.  Values 
for an average car are: 

� a1 = 3.308 

� b1 = 19.048 

2.3   PUBLIC TRANSPORT GENERALISED COST 

2.3.1   The synthetic public transport model replicates the same structure as the 
observed public transport model, described in detail in the Local Model Validation 
Report – Public Transport, December 2009.  Separate modes are included for bus, 
rail and slow modes, as well as additional auxiliary modes to represent car access to 
the public transport network. 
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2.3.2   Public transport generalised cost is a function of the following inputs: 

� F = Fares (pence) 

� T = In-vehicle travel time (minutes) 

� A = Walking time to and from the service (minutes) 

� W = Waiting time (minutes) 

� I = Interchange penalty (minutes) 

� VOT = Value of time (pence per minute) 

� Vwk = Walking time weight 

� Vwt = Waiting time weight 

2.3.3   The generalised cost takes the following functional form: 

( ) ( ) I
VOT

F
TWVAVU wtwkPT ++++= **  

2.3.4   The two weight values V are obtained from the observed public transport model 
where they are used to calibrate modelled travel patterns to known behaviour.  The 
weight values from the observed model are: 

� Vwk = 1.5 

� Vwt = 2.5 

2.3.5   Bus fare data was obtained from Northamptonshire County Council.  Fares are 
calculated within the model specifically for each bus service, and are based on the 
number of boardings. 

2.3.6   Rail fare data was obtained from the National Rail website.  Rail fares are 
calculated within the model as a function of distance travelled. 

2.4   SLOW MODE GENERALISED COST 

2.4.1   The public transport model includes an auxiliary slow mode to allow people to 
walk to bus stops or train stations.  Such journeys are included as part of the public 
transport generalised cost, as described above.  The auxiliary mode also allows people 
to carry out their entire journey on foot if that is the least costly option.   

2.4.2   The slow mode uses an assumed average speed of 5 kph.  Thus the 
generalised cost is simply the distance divided by speed. 

2.5   VALUE OF TIME 

2.5.1   For the purposes of demand modelling, it is important to ascribe a monetary 
value to time in order to convert financial cost elements into generalised minutes.   
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2.5.2   Values of time vary according to journey purpose, with people carrying out 
employer’s business having the highest value, and journeys with no work purpose 
having the lowest value.  Values of time are given in WebTAG for 2002, with forecast 
growth rates to achieve values for subsequent assessment years.  The 2008 values of 
time used in the NSTM synthetic base model are presented in Table 2.2. 
 
Table 2.2: Values of Time (2008) 

Purpose Value of Time (£/hr) 

Commuting £6.35 

Employer’s Business £34.31 

Other £8.34 

Average Car £16.06 
WebTAG Unit 3.5.6 (2009) 
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3   Demographic Data 

3.1   INTRODUCTION 

3.1.1   The NSTM synthetic model requires a range of inputs of demographic and 
socio-economic data in order to provide a realistic representation of personal travel 
demand within the Northamptonshire area.  The principal use of this data is in the trip 
generation and trip distribution stages of the model. 

3.2   SEGMENTATION OF POPULATION 

3.2.1   The convention in demand modelling is to calculate personal travel demand 
according to person type, household type and car availability, rather than applying 
simple trip rates to total population to generate forecast travel demand.  This more 
complex approach allows travel patterns to change in response to changes in the 
demographic structure over time.  In order to apply this mechanism, it is necessary to 
segment the population based on person type (age, employment, status) and 
household type (by car availability and size).  A total of 25 segments have been 
identified, as shown in Table 3.1. 
 

Table 3.1: Segmentation of Population 

Household Type Person Type 

1 adult  
0 car 

1 adult 
1+ car 

2+ adults 
0 car 

2+ adults 
1 car 

2+ adults 
2+ cars 

Child (0-15) 1 2 3 4 5 

Adult  (16-64) in full time 
employment 6 7 8 9 10 

Adult  (16-64) in part time 
employment 11 12 13 14 15 

Adult (16-64) not employed 16 17 18 19 20 

Pensioner (65+) 21 22 23 24 25 
 

3.2.2   The input data is obtained from interrogating the TEMPRO 5.4 dataset for up-to-
date population estimates.  Since road user charging is not proposed within the study 
area there is no need to further segment the adult population into income bands. 

3.3   TRIP ATTRACTION WEIGHTS 

3.3.1   Additional planning data is required at the trip distribution stage to inform the 
relative attraction of each zone.  For instance, if two shopping centres were the same 
distance and time apart from a given zone, but one was five times larger than the other 
it would not attract the same volume of trips.  Trips would be attracted according to the 
relative sizes of the shopping centre. 
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3.3.2   The source of the trip attraction varies according to the journey purpose.  The 
trip attractors used in the NSTM are shown in Table 3.2. 
 
Table 3.2: Trip Attractors 

Journey Purpose Attractor 

Home-Based Work (HBW) Number of employees 

Home-Based Employer’s Business (HBEB) Number of employees 

Home-Based Education (HBED) Number of school places 

Home-Based Shopping (HBS) Rateable value 

Home-Based Other (HBO) Number of households 
 

3.3.3   Information on households and employment was obtained in the same way as 
population data, from the TEMPRO 5.4 dataset.   

3.3.4   Schools places were obtained from the EduBase database.  EduBase is a 
register of all educational establishments in England and Wales which is accessible by 
government officials and the general public. 

3.3.5   Rateable value (the estimated value of business premises used for setting 
business rates) is calculated by the Valuation Office Agency (VOA) and obtained from 
the Office for National Statistics (ONS). 
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4   Demand Model Structure 

4.1   INTRODUCTION 

4.1.1   This chapter outlines the modelling approach adopted in the development of the 
NSTM and discusses in depth the mechanisms by which policy or socio-economic 
changes affect travel demand. 

4.2   MODEL HIERARCHY 

4.2.1   The hierarchy adopted for the NTSM synthetic model is shown in Figure 4.1. 
 

Figure 4.1: NTSM Model Hierarchy 

 

Trip Generation

Mode Choice

Trip Distribution

PT Assignment

Car PT

NHB Trips

Final Matrices

Highway Assignment

Composite Cost
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4.2.2   The NSTM model hierarchy is consistent with the advice presented in WebTAG.  
The structure is such that the demand response that is most sensitive to cost changes 
is at the bottom of the hierarchy, with the least sensitive at the top.  Route Choice is 
most sensitive to cost changes, so the highway and public transport assignments 
feature at the bottom of the hierarchy, whereas mode choice is considered least 
sensitive, so features at the top.   

4.2.3   The mathematical form of the model is a nested logit function.  Each stage of 
the demand model uses a form of the logit function, which calculates the probability of 
a given choice, based on a function that represents the disutility of travel, or 
generalised cost.  However, at each stage, it is important that the cost also reflects the 
range of options available at each lower stage.  Since the cost reflects more than one 
choice, it is called a composite cost. 

4.2.4   The response mechanism at each stage is discussed in more detail below. 

4.3   TRIP GENERATION 

4.3.1   The initial stage for forecasting personal travel demand in the study area is to 
apply trip rates for different trip purposes to the segmented population in the base year, 
2008.  Trips are initially calculated in for a full 24-hour period. 

4.3.2   It should be noted that trip generation is different to trip frequency: 

� Trip Generation – trips modelled as a function of demographic and socio-
economic characteristics 

� Trip Frequency – trips modelled as a function of changes in travel cost 

4.3.3   Since slow modes of travel are implicitly included as part of the public transport 
model, total trip rates will be relatively stable to changes in cost.  It is therefore not 
necessary to model the trip frequency response explicitly. 

4.3.4   As discussed in Section 3   personal travel demand is calculated according to 
population split into 25 segments.  These population segments were multiplied by trip 
rates obtained from the National Travel Survey (NTS) to produce travel demand for the 
following home-base journey purposes: 

� Home-Based Work (HBW) 

� Home-Based Employer’s Business (HBEB) 

� Home-Based Education (HBED) 

� Home-Based Shopping (HBS) 

� Home-Based Other (HBO) 

4.3.5   NTS trip rates represent the number of trips made per 24-hour period.  The trip 
rates used are given in Table 4.1. 
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Table 4.1: NTS Trip Rates 

Household Purpose Child 
Adult Full 

Time 
Emp 

Adult 
Part Time 

Emp 

Adult 
Unemp OAP 

1 ad/0 car HBW 0.0011 0.7113 0.6463 0.0300 0.0116 

1 ad/1+ car HBW 0.0291 0.7048 0.4998 0.0718 0.0589 

2+ ad/0 car HBW 0.0164 0.7792 0.6308 0.0253 0.0163 

2+ ad/1 car HBW 0.0611 0.7836 0.6143 0.0395 0.0521 

2+ ad/2+ car HBW 0.0370 0.7146 0.5384 0.0545 0.0903 

1 ad/0 car HBEB 0.0052 0.0226 0.0310 0.0055 0.0006 

1 ad/1+ car HBEB 0.0076 0.0884 0.0718 0.0101 0.0141 

2+ ad/0 car HBEB 0.0024 0.0248 0.0253 0.0016 0.0011 

2+ ad/1 car HBEB 0.0052 0.0560 0.0395 0.0074 0.0058 

2+ ad/2+ car HBEB 0.0066 0.1014 0.0545 0.0142 0.0371 

1 ad/0 car HBED 0.5382 0.0206 0.1005 0.2281 0.0018 

1 ad/1+ car HBED 0.5892 0.0265 0.2010 0.2418 0.0130 

2+ ad/0 car HBED 0.5206 0.0189 0.1218 0.1898 0.0070 

2+ ad/1 car HBED 0.5929 0.0473 0.2083 0.2524 0.0148 

2+ ad/2+ car HBED 0.5862 0.0405 0.2387 0.3402 0.0126 

1 ad/0 car HBS 0.3309 0.3136 0.4643 0.5885 0.4500 

1 ad/1+ car HBS 0.3152 0.3524 0.5344 0.6757 0.6603 

2+ ad/0 car HBS 0.2820 0.2441 0.3944 0.5098 0.4599 

2+ ad/1 car HBS 0.3278 0.3363 0.4683 0.5496 0.5739 

2+ ad/2+ car HBS 0.3375 0.3268 0.5259 0.5515 0.5120 

1 ad/0 car HBO 0.3119 0.3593 0.3478 0.4378 0.2598 

1 ad/1+ car HBO 0.3840 0.5173 0.5266 0.5932 0.5144 

2+ ad/0 car HBO 0.2728 0.2561 0.2654 0.3163 0.2061 

2+ ad/1 car HBO 0.3400 0.3744 0.3759 0.4255 0.3507 

2+ ad/2+ car HBO 0.3875 0.4107 0.4482 0.5144 0.3989 
National Travel Survey 
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4.3.6   Multiplying the above trip rates by the relevant zonal population total produces 
125 travel demand vectors.  These are then aggregated across person types, and 
partially aggregated into the following vehicle ownership classes: 

� Car Available (CA) 

� No Car Available (NCA) 

4.3.7   This results in 10 demand vectors for input into the mode choice stage. 

4.4   MODE CHOICE 

4.4.1   The mode choice model uses a logit function to split the 24-hour trip totals into 
highway and public transport modes.  The model takes the following form: 

( )
( )� −

−
=

k

k
i

e
ie

i u

u
prob

λ
λ

exp
exp mod

mod  

4.4.2   The mode choice model is calibrated to match observed data through use of the 
sensitivity parameter (�).  This is a configurable parameter comprising a specific mode 
choice parameter (�) and the trip distribution parameter (�).  This is because the mode 
choice model needs to take account of choices made at subsequent steps in the 
hierarchy. 

4.4.3   The composite cost (u) per mode (from k total modes) per origin (i) is 
aggregated across all destinations, for the same reasons outlined above.  The 
composite cost is aggregated using the following logsum function: 

( )� −−=
j

e
ij

e
i uu modmod expln(

1 θ
θ

 

4.4.4   The five Car Available trip vectors are split into car and public transport vectors.  
No Car Available trip vectors are then added to the PT vectors. 

4.4.5   Calibration of the mode choice model is described further in Section 5.2   . 

4.5   TRIP DISTRIBUTION 

4.5.1   The trip distribution model uses a similar logit function to the mode choice 
model: 

( )
( )� −

−
=

k

e
ikk

e
ijje

ij S

uS
prob

mod

mod
mod
\ exp

exp

θ
θ

 

4.5.2   The attractor weight (S) reflects the size of the attractor for each zone.  This 
varies by purpose, and is described in more detail in Section 3.3     
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4.5.3   Trips that are weighted at the destination end in this manner are said to be 
“singly-constrained”.  The trips are distributed according to the destination weight but 
are constrained by the origin zone total.  Most discretionary trip purposes, such as 
home-based shopping, are singly-constrained.   

4.5.4   However, for purposes that are relatively fixed, such as commuting and 
education, it is appropriate for trips to be doubly-constrained.  A series of balancing 
factors are applied to the singly-constrained matrix so that it is constrained to both the 
origin and destination totals.   

4.5.5   Calibration of the trip distribution model is discussed in Section 5.3   . 

4.6   NON-HOME-BASED TRIPS 

4.6.1   Non-home-based (NHB) trips are, by definition, those trips that do not have 
home as one of the trip ends.  They are typically part of a trip chain, such as travelling 
from home to drop children at school and then on to work, or visiting the supermarket 
on the way home from work.  It is therefore reasonable to calculate NHB trip purposes 
by applying trip rates to the home-based trip totals. 

4.6.2   Since the NHB trip occurs following a home-based trip, the origin total for NHB 
trip is therefore the destination total of the home-based trip.  Trip rates to calculate 
each NHB purpose were applied to each of the home-based purposes and then 
aggregated.  Appropriate trip rates were obtained from the National Travel Survey and 
are shown in Table 4.2. 
 

Table 4.2: NHB Trip Chain Rates 

Purpose HBW HBEB HBED HBS HBO 

NHBEB 0.07890 0.59930 0.00244 0.00409 0.00604 

NHBO 0.17558 0.77502 0.15193 0.25040 0.32569 
National Travel Survey 

4.6.3   The NHB trips were distributed according to the distribution of the relevant 
home-based component of the trip total. 

4.7   FINAL MATRICES 

4.7.1   Completion of the calculation of the NHB matrices resulted in a set of matrices 
representing 24-hour personal trip totals over 7 trip purposes and 2 modes in 
production-attraction (PA) format.  In order to generate final matrices for assignment, it 
is necessary to create peak hour matrices in origin-destination (OD) format. 

4.7.2   Since local information was not available to derive peak hour trips from 24-hour 
totals, initial factors to convert 24-hour data to 12-hour data were calculated from the 
National Travel Survey.  These factors are given in Table 4.3. 
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Table 4.3: 24 to 12-Hour Trip Factors 

Trip Purpose Factor 

Home-Based Work 0.87560 

Home-Based Employer’s Business 0.90828 

Home-Based Education 0.99289 

Home-Based Shopping 0.93441 

Home-Based Other 0.67675 

Non-Home-Based Employer’s Business 0.95007 

Non-Home-Based Other 0.92787 
National Travel Survey 

4.7.3   Local Roadside Interview (RSI) data collected for the observed highway model 
was used to calculate factors to convert the 12-hour data to AM and PM peak hour 
trips.  The factors shown in Table 4.4 were derived. 
 

Table 4.4: 12-Hour to Peak Hour Factors 

Purpose AM PM 

Home-Based Work 0.180763 0.205193 

Home-Based Employer’s Business 0.110000 0.119475 

Home-Based Education 0.226527 0.085660 

Home-Based Shopping 0.018391 0.080125 

Home-Based Other 0.057356 0.100063 

Non-Home-Based Employer’s Business 0.058044 0.047664 

Non-Home-Based Other 0.059735 0.113740 
RSI Data (2005) 

4.7.4   The public transport assignment model is based on individual person trips, but 
the highway assignment model is based on vehicle trips.  It is therefore necessary to 
adjust the car-based trips to account for typical vehicle occupancy.  Car matrices were 
divided by the average car occupancy figures shown in Table 4.5 and are provided in 
WebTAG. 
 

Table 4.5: Car Occupancy Per Trip 

Purpose AM PM 

Work 1.26 1.20 

Commuting 1.16 1.14 

Other 1.72 1.76 
WebTAG Unit 3.5.6 (2009) 
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4.7.5   The final stage to creating the final assignment matrices is to convert the 
matrices from PA format to OD format.  In OD format, trips are described in terms of 
movements between origins and destinations, regardless of the nature of those zones.  
In PA format, trips are described in terms of movements between trip producers 
(generally the home) and trip attractors.   

4.7.6   The key difference between the two formats is best explained with the example 
of a commuting trip.  This comprises two elements – the leg from home to work, and 
the return leg from work to home.  In OD format, the return leg is represented by a 
transpose of the outward leg – the outward destination becomes the return origin, and 
vice versa.  In PA format, both elements of the trip are also included, but since the 
producer is “home” and the attractor is “work” in both cases, each commuter trip is 
represented as two “trips”. 

4.7.7   To convert the PA format peak hour matrices to OD format, a series of scaling 
factors were calculated from RSI data that identified the proportion of home-based trips 
that had “home” as an origin purpose, for each purpose and time period.  These 
represent the proportion of peak hour trips that are outbound.  The remaining trips were 
therefore concerned to be return trips, with “home” as a destination, so were 
transposed and added to the outbound trips.  The RSI factors are shown in Table 4.6. 
 

Table 4.6: OD Factors (Home-Based Origin) 

Purpose AM PM 

Home-Based Work 0.964357 0.051406 

Home-Based Employer’s Business 0.911212 0.435910 

Home-Based Education 0.954985 0.165169 

Home-Based Shopping 0.776150 0.537515 

Home-Based Other 0.932087 0.217135 

Non-Home-Based Employer’s Business 1 1 

Non-Home-Based Other 1 1 
RSI Data (2005) 

4.7.8   Since NHB are secondary they do not have a clear producer.  These purposes 
are therefore not adjusted. 

4.7.9   Following conversion to OD format, the final peak hour matrices are aggregated 
across all purposes to create matrices to be input into the model assignment. 
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5   Model Calibration 

5.1   INTRODUCTION 

5.1.1   Calibration of the demand model involves the adjustment of input parameters to 
ensure that the model is an accurate representation of observed conditions.  The key 
variables open to change are the mode choice and trip distribution scaling factors, as 
well as the functional forms of those models.  Demand model calibration may also 
require inputs to the observed models to be changed to rectify issues that were not 
apparent without the demand model. 

5.2   MODE CHOICE CALIBRATION 

The mode choice model is calibrated through the use of the mode choice sensitivity 
parameter (�).  WebTAG (Unit 3.10.3) provides indicative parameter values from a 
range of multi-modal studies.   Values are provided for commuting, employer’s 
business and other purposes, with no specific values given for education and shopping 
trips.  The January 2010 update to WebTAG Unit 3.10.4, currently issued in draft, 
states that adopted parameter values, if not within the bounds of the illustrative 
parameters, should ideally be within ±25% of the median value.   

5.2.1      The illustrative values, including an adjustment to minimum and maximum 
parameters with a deviation less than 25% of the median, are given in Table 5.1.  
Values adopted for the NSTM are also given. 
 

Table 5.1: Mode Choice Parameters 

Purpose Min Median Max Sample NSTM Within 
Range? 

HBW 0.50 0.68 0.85 6 0.85 Yes 

HBEB 0.26 0.45 0.65 2 0.45 Yes 

HBED N/A N/A N/A N/A 0.85 N/A 

HBS N/A N/A N/A N/A 1 N/A 

HBO 0.27 0.53 1.00 4 1 Yes 
WebTAG Unit 3.10.3 (2009) 

5.2.2   The mode choice parameter values used for the NSTM are all within the range 
presented in WebTAG.  

5.2.3   The principal source of data for assessing the mode choice model is the 2001 
census Journey to Work (JTW) data.  This only provides data for the Home-Based 
Work purpose, but it does allow results to be compared at a sector level.  Zones in the 
NSTM have been organised into 18 sectors (shown in Appendix No 1) for assessment 
purposes.  There are sectors that are both internal and external to the study area. 
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5.2.4   The resultant mode share figures are given in Table 5.2 below. 

 
Table 5.2: HBW Mode Share by Sector (%) 

 Sector JTW NSTM Difference 

  Car PT Car PT Car PT 

External Sectors 

1 Scotland & Northern England 84 16 88 12 4 -4 

2 Wales 92 8 84 16 -8 8 

3 London & SE England 71 29 83 17 12 -12 

4 SW England 92 8 92 8 0 0 

5 Beds, Bucks, Herts, Oxon 90 10 89 11 -1 1 

6 East Anglia 92 8 92 8 0 0 

7 East Midlands 89 11 89 11 0 0 

8 West Midlands 86 14 83 17 -3 3 

Internal Sectors 

9 Corby 88 12 85 15 -3 3 

10 Oundle 96 4 95 5 -1 1 

11 Wellingborough and Rushden 95 5 91 9 -4 4 

12 Kettering 94 6 88 12 -6 6 

13 Desborough & Rothwell 94 6 93 7 -1 1 

14 Brixworth (Rural) 96 4 94 6 0 0 

15 Daventry 96 4 88 12 -6 6 

16 Northampton 90 10 85 15 -5 5 

17 Towcester 96 4 96 4 0 0 

18 Brackley 96 4 94 6 0 0 

TOTAL 82 18 86 14 4 -4 

STUDY AREA 93 7 89 11 -4 4 
2001 Census JTW / NSTM 
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5.2.5   The results show a good correspondence between observed and modelled 
modal share.  The only sector for which the difference is greater than 10% is trips from 
London and the south east.  Given that this is outside the study area and the model 
network does not include the full public transport network, particularly the tube and bus 
network in London, these results are considered an accurate representation of 
observed mode choice.  

5.2.6   Data on other journey purposes was obtained from the National Travel Survey.  
This is compared to modelled mode split for zones within the study area.  Results are 
given in Table 5.3.  
 
Table 5.3: All Trip Purposes Mode Share (%) 

Purpose NTS NSTM Difference 

 Car PT Car PT Car PT 

HBW 93 7 89 11 -4 4 

HBEB 83 17 81 19 -2 2 

HBED 77 23 81 19 -4 4 

HBS 85 15 85 15 0 0 

HBO 87 13 88 12 1 -1 
NTS / NSTM 

Overall Mode Split - Car

89%
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83% 77%
85% 90%
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100%
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5.2.7   The results show that mode share within the study area closely match the 
results from the National Travel Survey.  Modelled mode share is therefore considered 
sufficiently representative of observed data. 

5.3   TRIP DISTRIBUTION CALIBRATION 

5.3.1   The trip distribution model is calibrated through use of the trip distribution 
sensitivity parameter (�).  As with the mode-choice model, illustrative values of � are 
provided in WebTAG Unit 3.10.3, which have been obtained from a selection of 
previous studies.  Since trip distribution occurs after mode choice, there are separate 
values for car and public transport.  The illustrative values, along with the values used 
in the NSTM model, are shown in Table 5.4.  As with the mode choice values, the 
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minimum and maximum values have been adjusted to ±25% of the median value, 
where applicable. 
 

Table 5.4:  Trip Distribution Parameters 

Purpose Min Median Max Sample NSTM Within 
Range? 

Car 

HBW 0.049 0.065 0.113 7 0.049 Yes 

HBEB 0.038 0.067 0.106 5 0.038 Yes 

HBED N/A N/A N/A N/A 0.04 N/A 

HBS N/A N/A N/A N/A 0.068 N/A 

HBO 0.068 0.090 0.160 4 0.068 Yes 

Public Transport 

HBW 0.023 0.033 0.043 7 0.043 Yes 

HBEB 0.027 0.036 0.045 4 0.045 Yes 

HBED N/A N/A N/A N/A 0.035 N/A 

HBS N/A N/A N/A N/A 0.04 N/A 

HBO 0.027 0.036 0.062 4 0.04 Yes 
WebTAG Unit 3.10.3 (2009) 

5.3.2   All values adopted for the NSTM are within the range of the illustrative 
parameters.  The NSTM is therefore consistent with WebTAG guidance. 

5.3.3   It is typically difficult to obtain suitable data to calibrate trip distribution models.  
Calibration of the trip distribution model has been carried out by comparing the 
modelled trip length distributions to trip length distributions from the National Travel 
Survey.  It should be noted that this data source is not fully representative of the full 
range of trips modelled in the NSTM.  The NTS data covers the whole country, so will 
not be sensitive to local conditions.  Nevertheless, the data provides a reasonable 
sense check on the model results. 

5.3.4   Model results for all trip purposes are given in the following tables.  The NSTM 
data is reported only for zones within the study area. 
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Table 5.5: HBW Trip Distribution – Car (%) 

Band NTS NSTM Difference 

Under 2 miles 16 13 -3 

2 to 5 miles 31 24 -7 

5 to 15 miles 37 45 8 

15 to 35 miles 13 17 4 

35 to 50 miles 2 0 -2 

50 to 100 miles 1 0 -1 

Over 100 miles 0 0 0 
NTS / NSTM 
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Table 5.6: HBW Trip Distribution – PT (%) 

Band NTS NSTM Difference 

Under 2 miles 7 10 3 

2 to 5 miles 29 35 6 

5 to 15 miles 44 40 -4 

15 to 35 miles 15 14 -1 

35 to 50 miles 3 0 -3 

50 to 100 miles 2 0 -2 

Over 100 miles 0 0 0 
NTS / NSTM 
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Trip Distribution - HBW PT
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5.3.5   The Home-Based Work trip distribution generally corresponds closely with the 
observed data for both modes. 
 

Table 5.7: HBEB Trip Distribution – Car (%) 

Band NTS NSTM Difference 

Under 2 miles 13 8 -5 

2 to 5 miles 24 17 -7 

5 to 15 miles 31 45 14 

15 to 35 miles 17 30 13 

35 to 50 miles 5 1 -4 

50 to 100 miles 6 0 -6 

Over 100 miles 4 0 -4 
NTS / NSTM 

Trip Distribution - HBEB Car
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Table 5.8: HBEB Trip Distribution – PT (%) 

Band NTS NSTM Difference 

Under 2 miles 6 9 3 

2 to 5 miles 25 31 6 

5 to 15 miles 31 43 12 

15 to 35 miles 16 17 1 

35 to 50 miles 5 0 -5 

50 to 100 miles 7 0 -7 

Over 100 miles 10 0 -10 
NTS / NSTM 
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5.3.6   The Home-Based Employer’s Business trip distribution generally corresponds 
closely to the observed data, although long-distance trips are slightly under-estimated.  
This is partially because goods vehicles are not included within the demand model, and 
partly because the model is not highly detailed outside the study area.  It is likely that 
the observed long-distance trips are distorted by trips to and from London.  
Nevertheless, there is a good representation of trips within the study area. 
 

Table 5.9: HBED Trip Distribution – Car (%) 

Band NTS NSTM Difference 

Under 2 miles 39 11 -28 

2 to 5 miles 35 18 -17 

5 to 15 miles 21 46 25 

15 to 35 miles 4 25 21 

35 to 50 miles 1 1 0 

50 to 100 miles 0 0 0 

Over 100 miles 0 0 0 
NTS / NSTM 
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Trip Distribution - HBED Car
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Table 5.10: HBED Trip Distribution – PT (%) 

Band NTS NSTM Difference 

Under 2 miles 14 8 -6 

2 to 5 miles 44 30 -14 

5 to 15 miles 34 42 8 

15 to 35 miles 7 19 12 

35 to 50 miles 1 0 -1 

50 to 100 miles 0 0 0 

Over 100 miles 0 0 0 
NTS / NSTM 
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5.3.7   The Home-Based Education trip distribution is generally well-represented, 
although trips within the study area are generally longer than the national average.  
This is acceptable, since the largely rural nature of the county means that people will 
have to travel further to school than they would in large cities. 
 



  

26    Northants MMM Demand MDVR   Version 1.0 

 
 

Table 5.11: HBS Trip Distribution – Car (%) 

Band NTS NSTM Difference 

Under 2 miles 27 15 -12 

2 to 5 miles 37 25 -12 

5 to 15 miles 27 44 17 

15 to 35 miles 7 16 9 

35 to 50 miles 1 0 -1 

50 to 100 miles 0 0 0 

Over 100 miles 0 0 0 
NTS / NSTM 
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Table 5.12: HBS Trip Distribution – PT (%) 

Band NTS NSTM Difference 

Under 2 miles 26 10 -16 

2 to 5 miles 46 40 -6 

5 to 15 miles 24 38 14 

15 to 35 miles 4 12 8 

35 to 50 miles 0 0 0 

50 to 100 miles 0 0 0 

Over 100 miles 0 0 0 
NTS / NSTM 
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Trip Distribution - HBS PT
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5.3.8   The Home-Based Shopping trip distribution, as with Home-Based Education, 
closely matches observed data, although trip lengths are slightly longer.  Again, the 
rural nature of the county means retail locations tend to be located further apart than 
they are in cities. 
 

Table 5.13: HBO Trip Distribution – Car (%) 

Band NTS NSTM Difference 

Under 2 miles 25 16 -9 

2 to 5 miles 34 24 -10 

5 to 15 miles 28 44 16 

15 to 35 miles 8 15 7 

35 to 50 miles 2 0 -2 

50 to 100 miles 2 0 -2 

Over 100 miles 1 0 -1 
NTS / NSTM 
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Table 5.14: HBO Trip Distribution – PT (%) 

Band NTS NSTM Difference 

Under 2 miles 19 11 -8 

2 to 5 miles 39 40 1 

5 to 15 miles 28 37 9 

15 to 35 miles 7 12 5 

35 to 50 miles 2 0 -2 

50 to 100 miles 2 0 -2 

Over 100 miles 2 0 -2 
NTS / NSTM 
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5.3.9   The Home-Based Other trip distribution generally closely matches observed 
data. 

5.3.10   The figures show that the NSTM trip distribution model is sufficiently well 
calibrated such that modelled distribution is a good representation of observed travel 
behaviour. 

5.4   MODIFICATIONS TO GENERALISED COST 

5.4.1   In order to obtain the good model calibration demonstrated above, it was 
necessary to modify the generalised cost calculation set out in Section 2    

5.4.2   There are many movements where the calculated generalised cost is large.  
There are two primary sources for this: 

� Long distance trips for both car and public transport trips 

� Public transport trips with no clear public transport service, resulting in long 
journeys being undertaken on foot to access the service 

5.4.3   When these high costs are included in the exponential component of the logit 
function, the output value tends towards zero.  As a result, it becomes impossible to 
produce meaningful results from the mode choice and trip distribution models. 
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5.4.4   To overcome this problem, it was necessary to apply a cost-damping function to 
generalised cost.  The distance-based functional form recommended in WebTAG unit 
3.10.2 was adopted: 

GC
k
d

GC DAMP *
α−

�
�

�
�
�

�=  

where d=distance, k and � are parameters to be calibrated. 

5.4.5   The values adopted for the NSTM are k=1 and �=0.05.  The same values were 
utilised for all modes and all trip purposes. 

5.4.6   Although cost damping results in generalised cost values that can be used 
effectively in the mode choice and trip distribution models, there is a further 
complication when calculating mode choice for long-distance trips between zones 
external to the study area.  Because the full public transport network between external 
zones is not represented and it is possible to access the public transport network via 
car, the only difference between car and public transport generalised cost occurs on 
the section of the journey that passes through Northamptonshire.  This difference 
accounts for a relatively small portion of the overall journey cost, so that the total 
generalised cost is nearly identical for each mode, leading to an equal mode split.   

5.4.7   To rectify this problem, a mode choice constant was introduced for zones 
external to the study area.  This constant was added to the public transport generalised 
cost prior to the application of the cost-damping function, hence a relatively large value 
was required in order to achieve the desired impact.  The constants used are given 
below: 
 

Table  5.15  External Zone Mode Choice Constants 

Trip Purpose Constant 

HBW 15000 

HBEB 1000 

HBED 15000 

HBS 3000 

HBO 2500 
 

5.4.8   For Home-Based Work trips, it was necessary to introduce a small mode choice 
constant of 2500 for zones within the study area in order to achieve the desired mode 
split.  As demonstrated below, this did not have a detrimental impact on the sensitivity 
of the model.   

5.4.9   A further issue that required additional intervention related to trip distribution for 
some car trip purposes, with an insufficient number of short-distance trips being made.  
This is potentially a result of the cost-damping function reducing the relative costs of 
competing destinations.  The adopted solution was to apply a weighting factor to the 
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trip attraction weight of zones within the study area.  Thus the modified trip distribution 
model is given as: 
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5.4.10   The alpha factors applied to internal zones are shown in Table 5.16: 
 

Table  5.16  Internal Zone Attractor Weights 

Purpose Car PT 

HBW 1 1 

HBEB 1 1 

HBED 75 1 

HBS 50 1 

HBO 50 1 

 

5.5   DEMAND/SUPPLY CONVERGENCE 

5.5.1   As discussed in Section 4.2   the NSTM incorporates a feedback mechanism 
whereby the output costs from the supply model (the highway and public transport 
assignment models) are used to generate new travel demand forecasts.  In order to 
have confidence that the results from the model are robust, it is important that the 
results are stable with subsequent iterations of the model.  The recommended measure 
of convergence is the demand/supply gap, defined thus: 

( ) ( )( )
( ) 100*%

�

� −
=

ijctm
ijctmijctm

ijctm
ijctmijctmijctm

XXC

XXCDXC
Gap  

Where: 

ijctmX  is the current demand from the model 

( )ijctmXC  is the generalised cost from assigning that demand 

( )( )ijctmXCD  is the demand output from the demand model using the costs ( )ijctmXC  

ijctm  represents origin i, destination j, demand segment c, time period t and mode m 

5.5.2   WebTAG Unit 3.10.4 recommends a target %GAP statistic of 0.2.  Repeated 
runs of the NSTM show that it is difficult to achieve convergence better than 1.0%.  
This is indicative of the sensitivity of the model, and although it lies outside the 
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WebTAG criteria, it is considered that a %GAP statistic less than 1 does not represent 
a significant change between iterations between the demand and supply models.  The 
NSTM is therefore considered robust.   
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6   Realism Testing 

6.1   INTRODUCTION 

6.1.1   Following calibration of the demand model, it is then necessary to carry out 
realism testing in accordance with guidance presented in WebTAG Unit 3.10.4.  This is 
an important step because, although the demand model may replicate observed travel 
patterns, it does not necessarily follow that the model demonstrates the appropriate 
sensitivity to perturbations in cost inputs.  

6.1.2   Demand responses are measured via the elasticity, which calculates the 
proportionate change in trips as a result of a proportionate change in input costs.  It is 
defined thus: 

( ) ( )
( ) ( )01

01

lnln
lnln

CC
TT

−
−=ε  

6.1.3   The subscripts 0 and 1 indicate values before and after the change in cost 
respectively.   

6.1.4   There are two key tests undertaken to verify that the demand model behaves 
realistically.  Tests are undertaken to assess the following demand elasticities:  

� Car fuel cost 

� Car journey time 

6.1.5   The results of these realism tests are discussed below. 

6.2   FUEL COST ELASTICITY 

6.2.1   The fuel cost elasticity is the proportional change in total vehicle-kilometres in 
response to a change in the price of fuel, calculated by increasing the fuel cost 
component of the car generalised cost function.  The target values for the fuel cost 
elasticity of cars given in WebTAG, range from -0.1 for relatively fixed purposes such 
as home-based employer’s business to -0.4 for discretionary trips such as home-based 
shopping.  Across all purposes, the average fuel cost elasticity should be 
approximately -0.3. 

6.2.2   Fuel cost elasticities have been calculated separately for each purpose and 
mode.  Following guidance in WebTAG unit 3.10.4, movements from zones that are 
external to the study area are considered fixed, and so have been excluded from the 
calculations, since the model is not intended to provide sufficient detail in these areas 
to fully capture the response.  Internal-internal and internal-external movements have 
been retained, however. 
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Table 6.1: NSTM Fuel Cost Elasticities 

Purpose Fuel Cost Elasticity 

HBW -0.4798 

HBEB -0.0943 

HBED -0.3074 

HBS -0.2796 

HBO -0.2650 

NHBEB -0.2802 

NHBO -0.3109 

Average -0.3781 

6.2.3   The results in Table 6.1 show that the modelled fuel cost elasticities are 
generally within the range recommended by WebTAG.  The significant exception is for 
home-based work trips, which is above the target value of -0.3.  However, given that all 
other purposes are within the expected range, and that the synthetic data corresponds 
well with the observed data, this value is considered acceptable. 

6.3   CAR JOURNEY TIME ELASTICITIES 

6.3.1   The car journey time elasticity measures the change in car trips in response to a 
change in journey time (rather than the change in car-kms, as is calculated for the fuel 
cost elasticity).  The response of the model in response to changes in car journey times 
was calculated by re-running the demand model with a 20% increase to the time skims 
obtained from the highway model.   

6.3.2   WebTAG states that car journey time elasticities are considered reasonable if 
they are not very high (i.e. not greater than -2.0).  The resultant elasticities from the 
NSTM are given in Table 6.2. 
 

Table 6.2: Car Journey Time Elasticities 

Purpose Journey Time Elasticity 

HBW -0.0885 

HBEB -0.1108 

HBED -0.0981 

HBS -0.1702 

HBO -0.1288 

NHBEB -0.3582 

NHBO -0.3232 
NSTM 

6.3.3   The results show that the model is relatively insensitive to changes in car 
journey time.  This is in keeping with the WebTAG requirements, and demonstrates 
that the model will not exhibit dramatic changes in trips as a result of relatively minor 
schemes.
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7   Conclusion 

7.1.1   The information presented in this report discusses the structure, development, 
calibration and testing of the Northamptonshire Strategic Transport Model.   

7.1.2   The adopted model hierarchy is consistent with advice given in WebTAG, and is 
therefore well-suited to the addition of additional stages, such as time-of-day choice, if 
there is a need at a future date. 

7.1.3   Mode choice and trip distribution closely correspond to the observed data.  
These are calibrated using sensitivity parameters that all lie within the illustrative range 
presented in WebTAG.   

7.1.4   Realism testing has been undertaken to verify that the model is capable of 
demonstrating the correct response to changes in costs.  This is an important test of 
the model’s fitness for purpose, as it is necessary to ensure that forecast results are 
reasonable.  The results of the car journey time realism tests are consistent with the 
requirements specified in WebTAG.  The fuel cost realism test results are generally 
consistent, although the elasticity for home-based work trips is slightly high. 

7.1.5   The high generalised cost arising from the large modelled area generates 
complications that require additional mechanisms such as cost damping and mode 
choice constants to rectify.  However, such mechanism are within the specification 
contained in the WebTAG guidance. 

7.1.6   In light of the above information, the Northamptonshire Strategic Transport 
Model is considered to be an accurate representation of current travel demand 
patterns.  It also demonstrates the appropriate sensitivity to changes in costs for it to be 
used in incremental form for forecasting and testing purposes. 
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APPENDIX NO 1:   Sector 
Diagrams 
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