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INTRODUCTION

Background

Following a public consultation exercise conducted between June and September
2001 it was decided to undertake the development of a set of new traffic models,
based on up-to-date survey data but making use of the existing model's zone system
and network data, to facilitate the further study and examination of the alternative

(Western and Northern) routes for the Heysham to M6 Link.

Roadside interview surveys in the Lancaster, Morecambe and Heysham areas were
consequently undertaken in Autumn 2001, and model development work commenced
early 2002 with the analysis and collation of roadside interview data, together with an
up-dating and modification of the network. During 2002 further data collection ensued
with an extensive programme of journey time surveys and the establishment of a

continuous automatic counts regime across the study area.

Base matrix production, to a revised zone system, also commenced during 2002 and
necessitated the collation of data from traffic count sites located throughout Lancaster
District and beyond. Additional counts were undertaken, as required, throughout this

process.

A morning peak period model was the first to be developed, calibrated and validated.
During the spring and summer of 2004 output from this model was used to further the
design of both route options and to produce preliminary traffic, economic and road
safety assessments. These analyses formed supporting information to a report,
submitted to the County Council’s Cabinet in September 2004, which detailed an
assessment of the impacts of the two options and asked for a determination of route.
The County Council’s decision was to support the Northern Route and subsequent

model development work has taken this into account.

Purpose and Structure of the Report

This report serves two broad purposes in that it:

(a) provides a summary of accuracy of the base from which forecasts are to be
prepared;

(b) demonstrates the accurate reproduction of the existing situation as independently

observed.
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1.6 It is structured as follows:
e description of models;
e description of input data;
¢ model development and calibration;
e matrix validation;
o network validity;
e assignment validation;

e summary.
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MODEL DESCRIPTION

Three separate modelling periods were chosen as follows:

e morning peak period (0700 — 1000);

e inter peak period (1000 — 1600);

e evening peak period (1600 — 1900).
This choice was largely dictated by the requirements of the TUBA software (to be
utilised in the determination of scheme economics). There was also known to be
significant congestion, lasting for more than just a single hour, for both the morning
and evening peaks. Therefore, modelling periods to cover the full three hours in each

peak period were considered the most appropriate.

A congestion assignment procedure was considered necessary - to provide adequate
representation - for all three modelling periods. In each case particular sections of the

highway network are subject to heavy traffic flows and delays.

There was, however, no explicit modelling of junctions. All delays at junctions were,
therefore, catered for within the link-by-link speed/flow relationships. In addition, there
was no separation of vehicle types. In both cases it was considered that a sufficient

level of detail was provided, given the strategic nature of the models.

On the basis of previous experience the traffic assignments were undertaken on an

all-or-nothing basis, within a volume-averaging capacity restraint procedure.

The model network extends across most of North Lancashire (see Figure 1), to cover
an area bounded, roughly, by the M55 motorway in the south, the M6 motorway in the
east and the border with Cumbria in the north. Figure 2 shows the extent of the study
area which centres on the Lancaster/Morecambe/Heysham urban area and includes
the town of Carnforth together with the villages of Galgate, Halton, Hest Bank and
Bolton-le-Sands. Previous modelling has shown that the Northern Route significantly
affects strategic traffic movements between the Heysham/Morecambe peninsula and
each of M6 Junctions 33, 34 and 35. The network extends well beyond these

junctions and is considered more than adequate for the scheme.
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The model zone system (see Figure 3) comprised 138 zones of which 92 relatively
fine zones covered the Lancaster/Morecambe/Heysham urban area. A further 23
larger zones covered the remainder of the area within Lancaster District with the

residual 23 coarse zones covering the rest of Lancashire and mainland Britain.

All model development, calibration and validation have been undertaken using the
TRIPS 32 package of programs.
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DESCRIPTION OF DATA

Roadside Interview Surveys (RSI’s)

RSI's were carried out in September/October 2001 at 13 sites as shown on Figure 4
and detailed in Table 1. At each site the figure for the number of interview records
relates to data that has been fully coded and cleaned. The recorded sample rates are,

therefore, the final figures for each site.
Manual Classified Counts (MCC'’s)

For each of the RSI sites a 12-hour MCC was carried out at the same time as the RSI
in order to provide ftrip record expansion factors for each site/time/vehicle

combination.

Across the study area key junctions were identified for 12-hour MCC’s to be
undertaken. Fully classified turning counts were carried out, between April 2002 and

November 2003, at 17 sites as shown on Figure 5 and detailed in Table 2.
Automatic Traffic Counts (ATC’s)

In Summer 2002 continuous traffic counting was established at 11 new sites within
Lancaster District. These sites, together with 21 existing sites, formed a regime of
screenlines across the study area, together with a City Centre cordon. Classification
at 6 of the sites facilitates monitoring of HGV movements. Such long-term data
collection enables monitoring of traffic growth and also provides a robust database for
future model maintenance and factoring of output flows. The regime is shown on

Figure 6 and is detailed in Table 3.
Lancaster Car Park Survey

A survey of car parks in and around the Lancaster central area took place on Tuesday
31 October 2002 and Saturday 2" November 2002, between the hours of 0700 and
1900. All ticket car parks, permit car parks and on street Pay and Display sites were

surveyed. The schedule of parking beats is summarised in Table 4.
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In addition, on 31 October 2002, a further 89 private car parks within Lancaster were

surveyed.

Journey Time Surveys

In-car journey time surveys between 0700 and 1300 were conducted during the spring
of 2002 (Monday 22" April to Thursday 26" April, Tuesday 14" May and Wednesday
15" May) and surveys between 1300 and 1900 were conducted in the autumn of the
same year (Monday 7" October to Thursday 17" October). All observations were
carried out during the term time of the local schools and while students were attending

Lancaster University and St Martin’s College.

Six survey routes were identified, as shown on Figure 7, and are detailed below:

Route 1 (Orange) — M6 Junction 33 to/from Thurnham Street signals.

Route 2 (Green) — M6 Junction 33 to/from A683 Kingsway.

Route 3 (Blue) — M6 Junction 35 to/from Heysham Harbour via M6 Junction 34 and
AB83.

Route 4 (Yellow) - M6 Junction 35 to/from Heysham Harbour via A6 and A5105
Coastal Route.

Route 5 (Pink) — A588 Conder Green to/from A6/A5105 Bolton-le-Sands.

Route 6 (Brown) — A5105 to/from A589/B5321 (Five Ways) roundabout plus

Morecambe Road — Torrisholme Road loop.

In addition to the in-car observations video-based surveys were undertaken using
cameras placed at 8 locations in and around Lancaster City Centre. This survey work
took place in October 2002.
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MODEL DEVELOPMENT

Study Zone System

The model zone system (see Figure 3) was based on that of the existing
Heysham/M6 Link traffic model. The existing (daily 12-hour) base year matrix was
analysed and zones with trip end totals above or below given limits were closely
examined for, respectively, disaggregation or aggregation. Lancaster District’'s draft
Local Plan was also consulted, in order to take on the implication of development

proposals.

Splitting of zones, and any resultant re-aggregation, was carried out using ARCVIEW

software. In this way the original 132-zone system was modified to one of 138 zones.

Production of Survey Matrices

The raw RSI data was firstly coded and cleaned, with many records being amended
or rejected. Once cleaned, the data was input to ARCVIEW and the origins and
destinations picked up at each site checked for consistency with site location. The
final sample rates for each site were then calculated (see Table 1) and

origin/destination zone numbers were attached to the interview records.

In order to produce an overall matrix of movements in the interviewed (OD) direction,
double counting between the sites was eliminated using ARCVIEW. The sites were
amalgamated into 5 screenline groups within which there could be no double
counting. These groups were then compared to produce a list of zone to zone
movements which would be double counted if observed. Trips between these zone
pairs were then removed from the screenline more distant from the origin. The

screenlines were then added together to produce a complete set of movements.
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Expansion factors for each site/time/vehicle combination were produced using the
MCC’s carried out at the same time as the RSI’s. These expansion factors were then

attached to the trip records.

In order to produce a set of trip records for the non-interviewed (DO) direction it was
assumed that: all trips interviewed in the morning peak will make the return journey in
the evening peak; inter peak trips will return in the inter peak. It was not, however,
assumed that trips would, necessarily, return through the site at which they were

interviewed.

The sites were grouped into 4 screenlines, intended to capture the tidal movements.
For each screenline factors were produced to multiply the morning peak OD
movements across the screenline to evening peak DO totals and vice-versa, with OD
inter peak movements similarly converted to DO inter peak totals. Specific DO factors

were then calculated.

For each modelled time period, separate OD and DO all vehicle, all purpose matrices
were built from the trip record files. The DO matrix was then transposed and added to
the appropriate OD matrix. Lastly, average hour matrices were produced for the

morning peak, inter peak and evening peak time periods.

Base Year Network Production

The existing Heysham/M6 Link traffic model network was taken and updated,

improved and developed into the base network for this model.

A comprehensive exercise was carried out to check the accuracy of each link length;
network coding was improved to accurately reflect speed limit changes; modifications
were made to reflect recent changes in the highway network in both Lancaster and

Morecambe; where necessary, to accommodate such as the revised zone system and
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alternative scheme lines, links and nodes were added to provide increased detail.

Figure 8 shows the resultant network structure.

In order to facilitate the capacity restraint procedure, link-by-link capacity indices were

introduced. These indices relate to a series of COBA-based speed/flow curves.

Base Year Matrix Estimation

The observed matrices, as derived from the RSI trip records, contained a number of
areas where movements were only partially observed or completely unobserved. An
overview matrix is shown in Figure 9, wherein the study area is split into sectors and
each sector-sector movement categorised as observed, partially observed or

unobserved.

Infilling of the observed matrices, to produce a set of base matrices, was carried out
using the MVESTM suite from the TRIPS 32 package. Data from a number of sources
is accepted by MVESTM. In order of importance and in the context of this study:-

I. The trip end file is the main determinant of a successful run of MVESTM. It was
created from the observed matrix, traffic counts, land use data from the TRICS
database, population data from the Census and the original study matrix.

Il. All existing count data for the study area was extracted and collated in order to
provide a series of screenlines specifically for the MVESTM process.

Ill. The partial prior matrix is the observed matrix from the RSI sites both OD and

DO directions.
IV. Gravity models in the Morecambe area and an area south of Lancaster were
calibrated to provide an initial supplement to the observed matrix. Initial

matrices for the gravity models came from Census data.

Figure 10 shows the overview matrix redrawn to show the source of data used in
MVESTM. It should be noted that, in addition, a trip end file was produced to cover all
zones and that count data was used extensively throughout the area. Within the
estimation process all types of trip data are given a ‘confidence level’. This dictates

how much weight is given to a data item, allowing conflicts between data sources to
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be resolved. All confidences are set with respect to each other and can vary within a
data type; for example, several different confidence levels were ascribed to the trip

ends, depending on the source of the trip end data.

The use of count data in the form of screenlines meant that a network path file was
needed. MVESTM uses the path file to determine which routes cross any given
screenline and the probability of these routes being used by any given O-D pair. This
means that the major paths through the network must be realistic for MVESTM to
function correctly. A multi-routeing assignment is therefore required, whilst the
absence of a full matrix makes it unrealistic to use any sort of capacity restraint. Dial
assignments (on recommendation of Citilabs, who develop and maintain the TRIPS

package) were therefore specifically run as part of the matrix estimation process.

Once the first full matrix has been estimated it is assigned on a capacity restraint
basis in order to commence model calibration (see 5.0). The processes of estimation,
model calibration and validation are then inter-linked into an iterative procedure
whereby the matrix is modified and improved following feedback from the assignment

results.

Generalised Cost Parameters

For each of the morning peak, inter peak and evening peak (all vehicle, all purpose)
traffic assignments a generalised cost starting point was derived. The methodology
adopted was that detailed in the (now superseded) Highways Economic Note No. 2
(HENZ2), November 1997, which used to form part of the Department for Transport’s
(DfT’s) Design Manual for Roads and Bridges (DMRB) Volume 13, Economic
Assessment of Road Schemes. The latest value of time and vehicle operating costs,
as recommended by the DfT, were obtained from the Transport Economics Note
(TEN) which has replaced HEN2.

For each modelling period, an average network speed was determined from model
calibration data — observed journey times and link lengths — that was available for all
the main radial routes into Lancaster City Centre together with the various routes
between the M6 and Heysham Harbour. These speed values were input into vehicle

operating cost formulations, available by vehicle type.

The value of time (in pence/minute) and the cost per kilometre (in pence/kilometre)
was separately calculated for the ‘Average Car’, ‘Average LGV’, ‘OGV 1’ and ‘OGV 2’

vehicle types, and a specific generalised cost formulation derived in each case.
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Assuming national daily vehicle proportions — as derived from COBA — and ignoring
PSV’s (which are not included in the assignment matrices) a weighted formulation
was computed. The results, by modelling period, are as follows:

(a) morning peak time + 0.40 x distance;
(b) inter peak time + 0.35 x distance;
(c) evening peak time + 0.44 x distance.
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MODEL CALIBRATION

Model calibration focused on three main areas:-
I. The need to ensure that speed/flow calculations on network links are
operating as expected.
II. At junctions comparison between modelled and observed turning
movements.

lll. Routes through the network for selected traffic movements.

Speed/Flow Calculations

For each of the modelling periods the motorway/A-road network throughout the study
area, plus B5321 Torrisholme Road which parallels A683 Morecambe Road, was
considered in terms of modelled speeds and flows, to ensure realistic speed/flow

calculations. Figure 11 shows all the assessed sections of the network.

Each section was examined by direction. The journey time surveys provided a means
of determining an observed speed and the mean modelled link speed was taken for
comparison. Equally, the range of modelled flows was compared with the observed
flow value(s). Tables 5, 6 and 7 show the results of these comparisons for,

respectively, the morning peak, inter peak and evening peak periods.

Tables 5-7 also show flow/capacity ratios that were checked for sample links on each

of the network sections.

For all links within each section/direction where the speed/flow comparisons were
unacceptable, the choice of speed/flow curve was examined and, as necessary,
altered in order to provide a closer reflection of the observed conditions. This
procedure was separately undertaken for each of the modelling periods. Occasionally,
the process required the introduction of a completely new curve. This was especially

the case at M6 Junction 34, where each of the slip roads was assigned its own curve.
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Table 8 details the complete set of speed/flow curves as utilised by the three traffic
models.

Junction Comparisons

These comparisons, between modelled and observed turning movements in each
time period, were confined to the key junctions at which turning counts had been

specifically undertaken (see Figure 5 and Table 2).

Where comparison was less than satisfactory a closer examination of routes, for
appropriate O-D pairs, was undertaken. Remedial action to ensure realistic
movements entailed further consideration of link speeds and capacities over the

relevant sections of network.

Routes through the network

The routes as modelled — morning peak, inter peak and evening peak — for selected
traffic movements were inspected. In particular, this included the routeing of strategic
movements to and from M6 and movements into and out of Lancaster City Centre.
The routes for other significant movements (including potentially transferable ones)
were also examined. Where unrealistic routes were detected relevant link speeds and
capacities were, again, considered.
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MATRIX VALIDATION

In the absence of any roadside interview data held over from the matrix building
procedure, matrix validation was confined to comparison of observed and assigned

flows across a series of independent count screenlines.

Various sector-sector movements were assessed, with the matrix sectors being as
shown in Figures 12a and 12b. The locations of the independent count screenlines

are detailed in Figure 13.

Comparison between observed count totals and total assigned flows was analysed by

means of the GEH statistic, which is calculated as follows:

GEH — (assignedflow — observedflow)’
(assignedflow + observedflow)/2

For screenline totals an acceptable value is GEH < 4. Tables 9, 10 and 11 present the
final sector-based comparisons for, respectively, the morning peak, inter peak and

evening peak periods.

Table 9 shows an acceptable validation of the morning peak matrix with 9 out of the
12 sector-sector movements complying on GEH grounds and an average GEH value
of 2.0. In 7 (out of 12) cases the difference between observed and assigned totals
was < 5%. For the 3 movements producing GEH values of > or = 4 the difference

between observed and assigned screenline totals ranged from 10% to 14%.

Table 10 demonstrates a very successful validation exercise for the inter peak matrix.
11 (out of 12) movements comply with the GEH requirement and the average GEH
value is 1.7. Again, 7 (out of 12) movements have < 5% difference between observed
and assigned totals. For the single movement with a GEH value of 4 the difference

between observed and assigned flows is just 9%.
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From Table 11 the validation of the evening peak matrix is shown to be satisfactory. 9
(out of 12) movements are compliant with the GEH requirement and the average GEH
value is 1.8. There are, once more, 7 (out of 12) movements with < 5% difference
between observed and assigned totals. For those movements with GEH values of 4
the difference between observed and assigned screenline totals ranged from 8% to
13%.

NETWORK VALIDITY

Completion of network validation was achieved through comparison between
modelled and observed journey time data, undertaken for each of the three time

periods.

Figure 14 shows the 9 routes chosen for journey time validation. All the main strategic
routes between Heysham and M6, together with the radial routes to and from

Lancaster City Centre, are covered.

Validation was tested in two ways:-
I. Modelled times to fall within the 95% confidence interval for the observed
journey times, as calculated for each route/direction of travel.
II. Compliance with the acceptability criteria as laid down in Volume 12 of the
DMRB, Traffic Appraisal in Urban Areas. That is, modelled times to fall within
15% (or 1 minute, if higher) of observed times.
Tables 12, 13 and 14 present the final route-by-route results of these comparisons for,

respectively, the morning peak, inter peak and evening peak periods.

Table 12 shows a very successful validation of the morning peak journey times with
89% of routes complying with the DMRB'’s Acceptability Guidelines and 16 (out of 18)
routes falling within the observed 95% confidence interval. Further, an average
difference of just —4.4% between modelled and observed times indicates that the

modelled link speeds are, overall, slightly too fast.

From Table 13 it may be seen that the inter peak journey times conform very well on
Acceptability grounds (94%) but much less so in respect of the 95% confidence
interval with only 9 out of the 18 routes falling within bounds. A -2.5% average
difference between modelled and observed times indicate modelled link speeds to be

very slightly too fast overall.
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A satisfactory validation of the evening peak journey times is detailed in Table14.
There is compliance with the Acceptability Guidelines by 89% of routes, and 13 (out of
18) routes fall within the 95% confidence interval. With the average difference
between modelled and observed journey times being only —1.8% modelled link

speeds are, again, indicated to be very slightly too fast overall.

ASSIGNMENT VALIDATION

Assignment validation was achieved by comparison of modelled link flows with

independent count data, across the study network.

Figures 15a and 15b show the location of the count sites and screenlines selected for
link flow validation. The main strategic routes through the study area, and radial

routes to and from Lancaster City Centre, are fully covered.

Acceptability Guidelines

Validation was undertaken in line with the acceptability guidelines as given in Volume
12 of the DMRB, that is:

Individual flows within 15% for flows 700 — 2700 vph;

Individual flows within 100 vph for flows < 700 vph;

Individual flows within 400 vph for flows > 2700 vph;

Total screenline flows to be within 5%;

Individual flows: GEH < 5;

Screenline totals: GEH < 4.

Tables 15,16, and 17 present the final link-by-link results by direction of flow for,

respectively, the morning peak, inter peak and evening peak periods.

Table 15 shows that 90% of directional morning peak link flows comply with the
DMRB’s ‘limit’ criteria and that 79% are acceptable in terms of the GEH value. In
addition, for the screenlines, a large majority (11 out of 16) meet the 5% limit and

nearly all (15 out of 16) have an acceptable GEH value.
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From Table 16 87% of inter peak link flows meet the DMRB’s ‘limit’ criteria and 77%
have an acceptable GEH value. Regarding the screenlines nearly all (13 of the 16)

meet the 5% limit and nearly all (15 out of 16) have an acceptable GEH value.

Table 17 shows 85% of evening peak link flows to meet the ‘limit’ criteria and 72% to
be acceptable in respect of GEH values. For the screenlines nearly all (13 out of 16)
meet the 5% limit and nearly all (14 out of 16) are acceptable in terms of the GEH

value.

Overall, across the three modelling periods, the DMRB guidelines are met in 7 out of
12 cases. For all three models individual link flow GEH values fail to match the DMRB
requirement and range between 72 — 79% of cases with GEH < 5. By contrast, the
matching of the limit criteria ranges between 85 — 90% and provides a much more
successful outcome. Total screenline flows meet the requirements for both the inter
peak and evening peak periods. Only in the morning peak are there too many

screenlines not within the 5% limit.

In the DMRB it is noted that if a model does not meet the guidelines it may still be
acceptable if the larger discrepancies are concentrated away from the area of greatest
importance to the scheme. This was duly examined for all three models in respect of

individual link GEH values, and for the morning peak model in respect of the 5% limit.

For each model all links with GEH values > or = 7 were categorised on the basis of
location. Links within, and to the south of, the City Centre were considered low in
importance for the Northern Route option. The number of these links as a proportion
of the total was calculated with results as follows:

morning peak — 4 (out of 8);

inter peak — 5 (out of 6);

evening peak — 11 (out of 15).

For both the inter peak and evening peak models it may be concluded that there is a
concentration in the least important areas, whereas for the morning peak there is an
even split. (This may well be a reflection of the fact that both the inter peak and
evening peak models were developed following the County Council’s decision to
support the Northern Route, whilst the morning peak model was developed well in

advance).

For the morning peak model the 4 (out of 5) screenlines with a difference of > or = 7%
between observed and assigned flow totals were considered. Each one of these was

found to be located away from the area of greatest importance.
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Confidence Limits

Tables 15 — 17 also present, by link and screenline, 95% confidence limits for the
count data. Figures 16, 17, and 18 show, in chart format, how the modelled flows
compare across screenlines for, respectively, the morning peak, inter peak and

evening peak periods.

For the morning peak period Figure 16 shows 13 (out of 16) modelled screenline flows
to fall within the given confidence interval. For those screenlines where the modelled
flow falls outside the interval it can be seen that, in each case, the flow lies just below
the lower limit. It should also be noted that each of the non-compliant screenlines is

located outside the area of greatest importance to the Northern Route.

In Figure 17, for the inter peak period, all the modelled screenline flows are shown to

lie within the confidence limits.

The evening peak comparison, as detailed in Figure 18, shows 15 (out of 16)
modelled screenline flows to fall inside the confidence limits. Again, the screenline
fails by only a small margin and is located in an area of lesser importance to the
Northern Route.

Link Flow Diagrams

Figures 19, 20 and 21 present observed flows, modelled flows and the percentage
differences at each of the validation count sites in the existing A683 corridor for,

respectively, the morning peak, inter peak and evening peak periods.

The equivalent information for the A6/A5105 Coastal Route corridor is shown in
Figures 22, 23 and 24. These represent, respectively, the morning peak, inter peak

and evening peak periods.
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SUMMARY

A morning peak period congestion assignment model has been developed for the
Heysham to M6 Link. This has been followed by the development of equivalent inter

peak and evening peak period models.

Matrix validation has been achieved through comparison of observed and assigned
flows across independent count screenlines. It is considered to be very successful for

the inter peak period and satisfactory for both the morning and evening peak periods.

Comparison between modelled and observed journey time data — for all the main
strategic routes and radial routes to and from Lancaster City Centre - shows all the
models to comply with the DMRB’s Acceptability Guidelines, with the inter peak model

again providing the best results.

Assignment validation has been undertaken in line with the DMRB’s Acceptability
Guidelines. For link flows the results are mixed with a range of 85 — 90% of cases
matching the limit criteria but a range of 72 — 79% of cases for the matching of GEH
values. In each category the morning peak model is the most successful and the
evening peak model is the least successful. Each model complies in respect of GEH
values for screenlines and the 5% limit is met for both the inter peak and evening

peak periods.
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9.5 Overall, it may be concluded that, in respect of the Northern Route option, each of the
three traffic models forms a suitable basis for the forecasting of future traffic flows and

subsequent assessments.
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