South Gloucestershire Core
Strategy
Local Model Validation Report

Client: South Gloucestershire Council

NTKINS

May 2012

Plan Design Enable



Notice

This document was produced by Atkins Limited for South Gloucestershire Council for the specific purpose of
the South Gloucestershire Core Strategy Highway Model Development.

This document may not be used by any person other than South Gloucestershire Council without South
Gl oucestershire Council s express permission. I n any

liabilities or losses arising as a result of the use of or reliance upon the contents of this report by any person
other than South Gloucestershire Council.

Document History

Job number: 5105925 Document ref: Local Model Validation Report

Revision | Purpose Description Originated Checked Reviewed Authorised | Date

Rev 1.0 |Initial Draft ST JFC 06/01/2012

Rev 2.0 |Revised Draft for Issue to ST JFC AHM AHM 09/02/2012
SGC

Rev 3.0 |Final Draft ST JFC AHM AHM 15/02/2012

Rev 4.0 Final for Issue ST JFC AHM AHM 14/05/2012

Client signoff

Client Client: South Gloucestershire Council
Project South Gloucestershire Core Strategy
Document title Local Model Validation Report

Job No. 5105925

Copy No.

Document Local Model Validation Report
reference




South Gloucestershire Core Strategy
Local Model Validation Report

Table of contents

Chapter

1. Introduction
Background

This Report

2. Modelling Tools and Key Design Considerations
Introduction

Existing Transport Models of the North Fringe
Key Design Considerations for the CSM

3. Model Guidelines
Validation Criteria and Acceptability Guidelines

GEH Statistic
Journey Time Validation
Convergence Criteria

4, Key Features of the Model
Fully Modelled Area and External Area

Zoning System

Network Structure
Modelled Time Periods
Assignment Methodology

5. Data Sources
Introduction

Network Data

Roadside Interview Data
Traffic Count Data
Journey Time Data

6. Network Development
Introduction

Network Audit
Improvements to Zone and Network Representation

7. Trip Matrix Development
Introduction

Light Vehicles
Heavy Vehicles

8. Model Calibration and Validation
Introduction

Network Calibration
Matrix Calibration
Validation

Matrix Validation

9. Summary of Model Development
Summary of Standards Achieved

Assessment of Fitness for Purpose

Appendix A. Screenline Flow Calibration
A.1.  Screenline Flow Calibration

Appendix B. Screenline Individual Flow Calibration
B.1.  Screenline Individual Flow Calibration

Atkins South Gloucestershire Core Strategy - Local Model Validation Report | May 2012

Pages

0 000 ~N NN

©

10
10
10
11

12
12

13
14
15
15
17
17
17
17
18
19

22
22

22
22

23
23

23
26

27
27

27
27
34
41

49
49

49

50
50

52
52



South Gloucestershire Core Strategy
Local Model Validation Report

Appendix C. Individual Flow Calibration

Appendix D. Individual Flow Validation

Appendix E. Journey Time Validation

Appendix F. Sector Analysis

F.1. AM Peak Prior Matrix Estimation

F.2.  AM Peak Post Matrix Estimation

F.3.  AM Peak Difference i Prior vs Post Matrix Estimation

F.4. AM Peak GEH Difference i Prior vs Post Matrix Estimation
F.5. Inter-Peak Prior Matrix Estimation

F.6. Inter-Peak Post Matrix Estimation

F.7. Inter-Peak Difference 1 Prior vs Post Matrix Estimation
F.8. Inter-Peak GEH Difference i Prior vs Post Matrix Estimation
F.9. PM Peak Prior Matrix Estimation

F.10. PM Peak Post Matrix Estimation

F.11. PM Peak Difference i Prior vs Post Matrix Estimation
F.12. PM Peak GEH Difference i Prior vs Post Matrix Estimation
Tables

Table 3.1 7 DMRB Acceptability Guidelines

Table 4.1 7 Vehicle to PCU Factors

Table 4.2 7 Generalised Cost Parameter Values
Table 4.3 17 PASSQ Parameters

Table 5.1 7 Roadside Interview Sites

Table 5.2 7 Summary of Model Screenlines

Table 8.1 7 Matrix Estimation Totals: AM Peak
Table 8.2 7 Matrix Estimation Totals: Inter Peak
Table 8.3 17 Matrix Estimation Totals: PM Peak
Table 8.4 1 Screenline Calibration Results

Table 8.517 Summary of Individual Flow Calibration
Table 8.6 T Summary of Individual Flow Validation
Table 8.7 7 Summary of Pre and Post ME2 Changes in Trip End Totals
Table 8.81 Journey Time Summary: AM Peak
Table 8.9 71 Journey Time Summary: Inter Peak
Table 8.10 1 Journey Time Summary: PM Peak
Table 8.11 17 Summary of Model Convergence

Figures

Figure 4.1 7 SATURN Model Network

Figure 4.27 Inner Core and Outer Core Areas

Figure 4.3 7 Level of Model Detail

Figure 5.1 7 Location of 2011 Roadside Interview Sites
Figure 5.2 7 Location of Count Screenlines

Figure 5.3 1 Location of Journey Time Routes

Figure 7.1 17 Matrix Development Process

Figure 8.1 1 Location of Calibration Counts

Figure 8.2 1 R-squared Analysis: AM Peak (calibration)
Figure 8.3 1 R-squared Analysis: Inter Peak (calibration)
Figure 8.4 1 R-squared Analysis: PM Peak (calibration)

Atkins South Gloucestershire Core Strategy - Local Model Validation Report | May 2012

60
79
86

105
107

108
109
110
111
112
113
114
115
116
117
118

10
15
16
16
17
19
28
29
29
30
31
34
43
46
46
46
48

12
13
14
18
20
21
23
31
33
33
34



South Gloucestershire Core Strategy
Local Model Validation Report

Figure 8.51 Location of Validation Counts

Figure 8.6 1 Validation on Key Links i Comparison of Counts and Modelled flows - AM Peak
Figure 8.7 1 Validation on Key Links i Comparison of Counts and Modelled flows - Inter Peak
Figure 8.8 1 Validation on Key Links i Comparison of Counts and Modelled flows - PM Peak

Figure 8.9 17 R-squared Analysis: AM Peak (validation)

Figure 8.10 i R-squared Analysis: Inter Peak (validation)

Figure 8.11 7 R-squared Analysis: PM Peak (validation)

Figure 8.12 7 Prior and Post-ME2 Trip Length Distribution: AM Peak

Figure 8.13 7 Prior and Post-ME2 Trip Length Distribution: Inter Peak

Figure 8.14 17 Prior and Post-ME2 Trip Length Distribution: PM Peak

Figure 8.157 R-squared Analysis of Pre and Post MES Matrix Cells: AM Peak
Figure 8.16 T R-squared Analysis of Pre and Post MES Matrix Cells: Inter Peak
Figure 8.17 i R-squared Analysis of Pre and Post MES Matrix Cells: PM Peak

Atkins South Gloucestershire Core Strategy - Local Model Validation Report | May 2012

35
36
37
38
39
40
40
41
42
42
44
44
45



South Gloucestershire Core Strategy
Local Model Validation Report

This page is intentionally blank.



South Gloucestershire Core Strategy
Local Model Validation Report

1. Introduction

Background

1.1. This technical report describes the development of a highway assignment model of the North
Fringe1 of the Bristol Urban Area. It has been prepared by Atkins on behalf of South
Gloucestershire Council (SGC).

1.2. This model has been employed to provide evidence to support the transport case for the North
Fringe element of the detailed spatial strategy for future development in South Gloucestershire to
2026 set out i n $ G Benmodedsorefeered$otas thetCerg Strategy Model
(CSM).
1.3. The CSM has been developed following the Depart me
guidance3 and is constructed using SATURN highway assignment modelling software. The CSM
is linked to two other models developed on behalf of the West of England local authorities”: the
G-BATS3 Public Transport Assignment Model (PTAM) and the G-BATS3 Demand Model. These
model s have also been developed following the Dep

these models enable forecasts to be made of transport demand and the corresponding highway
and public transport flows in the North Fringe.

This Report

1.4. This report describes how the CSM has been constructed from available data and existing
transport models and presents evidence to show that it is a suitable representation of current
(2011) base year travel patterns and traffic conditions in the North Fringe area and is thereby fit
for purpose to forecast travel demand and flows.

1.5. This report consists of eight sections following this introductory section:
I Section two describes Modelling Tools and Key Design Considerations;
I Section three presents Model Standards;
9 Section four summarises Key Features of the Model;
I Section five summarises the Data Sources;
I Section six describes the Network Development;
I Section seven sets out the Trip Matrix Development;

I Section eight describes the Model Calibration and Validation; and

1 A summary of the model development is presented in Section nine.

! The North Fringe of the Bristol Urban Area is within South Gloucestershire and comprises the communities
of Filton, Patchway, Bradley Stoke, Stoke Gifford, Harry Stoke, Frenchay and the surrounding areas.

% South Gloucestershire Core Strategy: December 2011. Core Strategy incorporating Post-Submission
Changes

3 Transport Analysis Guidance (TAG), Department for Transport, www.dft.gov.uk/webtag

* In addition to SGC these comprise Bristol City Council, Bath and North East Somerset Council and North
Somerset Council.

Atkins South Gloucestershire Core Strategy - Local Model Validation Report | May 2012 7
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2. Modelling Tools and Key Design
Considerations

Introduction

2.1. This chapter provides an overview of the existing models covering the North Fringe and the
requirements for their enhancement to support the assessment of the impacts of the spatial
strategy for the North Fringe described in the Core Strategy.

Existing Transport Models of the North Fringe

2.2. The CSM was developed from the North Fringe Hengrove (NFH) model. The NFH model was
developed by Atkins on behalf of the West of England authorities to support the planning and
design of the NFH Package major transport scheme. The NFH Model was, itself, derived from
the G-BATS3 (Greater Bristol Area Transport Study 3) model, originally developed in 2006.

2.3. G-BATS3i s a 6strategicd tr amis lpuidt uptarearod Blistdl (teaneditleer i ng t h e
Greater Bristol area), including the main urban area of South Gloucestershire. The model area
extends to cover the Bristol urban area in detail and the surrounding area (roughly to the
boundary of the former county of Avon) in lesser detail. Outside of this area a less detailed
model and zone system was defined which covers the area immediately around the study area
and also extends to cover the rest of the UK. The G-BATS3 model comprises three components:

- A Highway Assignment Model (G-BATS3 HAM) representing vehicle-based movements
across the Greater Bristol area for a typical 2006 morning peak hour (08:00 7 09:00), an
average inter-peak hour (10:00 i 16:00) and an evening peak hour (17:00 i 18:00);

- A Public Transport Assignment Model (G-BATS3 PTAM) representing bus and rail-based
movements across the same area and time periods in 2006; and

- Afive-stage multi-modal incremental Demand Model (G-BATS3 DM) that estimates
frequency choice, main mode choice, time period choice, destination choice, and sub mode
choice in response to changes in generalised costs across the 24-hour period (07:00 1
07:00).

2.4. The G-BATS3 model was enhanced to create the NFH model and used to support the
Programme Entry Major Scheme Business Case for the NFH Package (submitted March 2010)
and subsequently the Best and Final Bid (BAFB) submission to the Department for Transport in
September 2011. The NFH Package business case was approved by the Department for
Transport in December 2011.

2.5. The enhancements were required to provide greater certainty in the representation of travel
demand and improve the validation of the highway and public transport models in the area of
influence of the NFH Package major scheme. These can be summarised as follows:

1 The representation of highway demand was updated using new data collected by roadside
interview surveys in the North Fringe on roads serving movements that would be expected to
be influenced by the measures i such as the Stoke Gifford Transport Link (SGTL) i that
make up the NFH Package;

1 The highway model in the area of influence of the SGTL was validated to new 2009 count
data;

1 The representation of public transport demand was updated using new data collected by on-
board bus surveys in the area of influence of the NFH Package measures, supplemented by
bus ticket data, and the public transport assignment model validated to new 2009 count data;

Atkins South Gloucestershire Core Strategy - Local Model Validation Report | May 2012 8
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2.6.

2.7.

2.8.

2.9.

2.10.

1 The demand model was updated to a 2009 base year and the realism tests re-run based
upon guidance in WebTAG unit 3.10.4d; and

I Changes to trip end modelling procedures were made to bring them into line with current
WebTAG guidance (WebTAG Unit 3.15.2).

The development of the NFH traffic model is described in the NFH Package Local Model
Validation Report (LMVR) (September 2011)5.

Key Design Considerations for the CSM

The Core Strategy proposes new development i both housing and employment i across the
North Fringe but with a focus on two new neighbourhoods: the Cribbs/Patchway New
Neighbourhood (CPNN); and the East of Harry Stoke New Neighbourhood (EHSNN).

The existing NFH highway model provides an adequate representation of the EHSNN area, as
this is within the immediate area of influence of the NFH Package; and as noted above model
enhancements were made to incorporate new data into the NFH model to enable the model to be
fit for purpose for the planning and design of the major scheme. While the NFH model covers the
western part of the North Fringe, which incl
demand and traffic flows was not considered as robust as that for the EHSNN area because it
was based on less up to date information on patterns of movement and had not been validated to
the same level of local detail. An important design consideration for the CSM model was
therefore to enhance the model in this area by incorporating new demand data and improving the
quality of local area model validation.

SGCbés policies for mitigating the i mpact -of
modal sustainable transport measures, including strategic transport schemes such as the NFH
Package. For the CSM model to be able to assess the impact of different transport packages it is
necessary to take into account different behavioural responses of users of the transport network,
including changes in trip distribution, time of travel, mode choice and route choice. However, the
NFH public transport model and NFH demand model do provide an adequate representation of
public transport demand and behavioural responses for use alongside the CSM without further
enhancement.

The Core Strategy also makes provision for changes to the retail offer at The Mall, Cribbs
Causeway. The CSM also needs to be able to assess the impact of increased activity at The
Mall on traffic flows on the local highway network and on the strategic motorway network.

® North Fringe to Hengrove Package: Local Model Validation Report, Atkins, September 2011. Available at
http://www.travelplus.org.uk/media/222340/woe%20nfhp%20supp%20doc%20b. pdf
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3.

3.1

3.2.

3.3.

3.4.

Model Guidelines

Validation Criteria and Acceptability Guidelines

The CSM has been built followingt he Depart ment for Transportoés

(TAG) aiming to achieve the validation acceptability guidelines in the Design Manual for Roads

and Bridges (DMRB) to which TAG refers.

The validation criteria and acceptability guidelines as specified in DMRB are shown in Table 3.1
below. Note that the observed flow and screenline flow criteria are applied to @ll vehiclesdand

@ars/LGVso

Table 3.1 7 DMRB Acceptability Guidelines

Criteria and Measure

Acceptability Guideline

DMRB Flow Difference Criteria

Total screenline flows (normally > 5 links) to

be within £ 5%

All (or nearly all)
screenlines

Observed (individual) link flow < 700vph

Modelled flow within £ | ™
100vph

Observed (individual) link flow 700 to

Modelled flow within + >~ > 85% of links

2 2700vph 15%
Observed (individual) link flow > 2700vph Modelled flow within £ |
400vph
DMRB GEH Criteria
3 GEH statistic for screenline totals <4 All (or nearly all)

4 GEH statistic for individual link flows <5

screenlines

> 85% of links

GEH Statistic

The GEH statistic included in Table3.1i s used as
to which the modelled flows match the corresponding observed flows. This is recommended in
the guidelines contained in the DMRB Volume 12 and is defined as:

(M-C)*

GEH = —
0.5x(M+C)

Where:
M = modelled flow

C = observed flow

Journey Time Validation

an indicator o

The DMRB journey time validation criterion states that modelled journey times over the whole
survey route should be within +/- 15% of observed times (or +/- 1 minute if higher) on 85% of

routes.

Atkins South Gloucestershire Core Strategy - Local Model Validation Report | May 2012
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Convergence Criteria
The Traffic Appraisal in Urban Areas (DMRB Volume 12) advice recommends two criteria for

3.5.
Wardrop User Equilibrium assignment to ensure a satisfactory model convergence:

9 Delta - should be less than 1%, or at least stable, with convergence fully documented and all
other criteria met.

Delta is the measure of convergence of the final assignment to ensure that the alternative
routes used in the assignment process do not differ significantly from the final minimum
cost route. It is the difference between costs on the various multiple assigned routes and
those along the final minimum cost routes, as a percentage of minimum cost routes. In

SATURN, the %GAP statistic measures delta.

1 Flow change (P) - percentage of links having flow changes less than 5%. 95% of the links
should satisfy this for four consecutive iterations.

P is the measure of convergence of assignment-simulation loops. It is the percentage of
links where assigned flow change by less than 5% between successive assignment-

simulation loops.
The terminating criteria for the assignment-simulation iterative procedure used in the model was

set to flow changes of less than 5% on at least 99% of all model links and setting SATURN
NISTOP=5. This ensured that the above criteria for P would be met by the model.

3.6.

Atkins South Gloucestershire Core Strategy - Local Model Validation Report | May 2012
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4. Key Features of the Model

4.1.

4.2,

4.3.

4.4,

Fully Modelled Area and External Area

Modelled Area

The CSM model area is shown in Figure 4.1. This is the area represented by the G-BATS3 and
NFH highway models from which the CSM is derived.

Figure 4.1 7 SATURN Model Network
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The model area extends to cover the Bristol urban area in detail and the surrounding area to a
slightly reduced level of detail, roughly to the boundary of the former county of Avon. The main
focus is the Bristol urban area, bounded to the west by the M5, to the north by the M4 (with an
extension along the A432 to Yate), to the east by the A4174 Avon Ring Road (with an extension
to include Keynsham and Cadbury Heath), and to the south by the edge of the Bristol City
Boundary, running in an arc from the A4/A4174 junction to the A370 at Long Ashton. Within this
area the model zoning system is equivalent to at least census ward level and the highway
network represents all A and B roads.

Outside of this area a less detailed zone system was defined which covers the area immediately
around the study area and also extends to cover the rest of the UK. Network modelling in this
area is limited.

Core Strategy Model Area of Detailed Modelling

Within this overall modelled area the CSM has been developed to provide greater detail in the
North Fringe area. The CSM area focuses on four areas, shown in Figure 4.2, as follows:

Atkins South Gloucestershire Core Strategy - Local Model Validation Report | May 2012 12
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1 NFH Inner Core: this area was the detailed focus of the NFH Highway Model enhancement.
It covers Bradley Stoke, Harry Stoke, Patchway and Stoke Gifford and is bounded by the M5
Junction 15-16, M4 Junction 19-20, the A4174 Avon Ring Road/Filton Road, the railway line
between Filton Abbey Wood and Patchway, and finally the A38 back to the M5;

I CSM Inner Core Area: this area was the main focus of the enhancement of the NFH
highway model to the CSM. Its boundaries are the A38 to the east, M5 to the north, A4018
to the West and the B4056 to the south. The area includes Cribbs Causeway, Patchway,
Filton Airfield, Southmead and Hayes Way;

1 NFH Outer Core: the Outer Core is bounded by M5 Junction 15 to 17, M4 Junction 19-20,
the A432 between Downend and Eastville, the Severn Beach Line to the north of Bristol City
Centre and then the A38 Gloucester Road; and

1 Remaining Network: this is the model network outside of the Inner and Outer Cores. This
area of the model is that developed for the G-BATS3 and NFH highway models and has not
been the subject of further enhancement or detailed validation for the CSM.

Figure 4.27 Inner Core and Outer Core Areas

“ | @ Crown Copyright. All rights reserved.
| South Gl shire Council. 100023410. 2011

Inner Core Extension
NFH Inner Core
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Zoning System

4.5, The CSM zoning system comprises 600 zones to allow origins and destinations of trips
throughout Great Britain to be replicated within the model. A detailed zoning system was
developed to represent the Bristol urban area and its immediate surroundings.

4.6. The CSM zoning system is identical to the NFH zoning system, which itself was based on G-
BATSS3, with the exception that seven additional zones have been added in the East of Harry
Stoke and Cribbs Causeway areas by subdividing existing zones. The seven new zones have
been taken from 16 6emptyd zones s etts.aHencal leotht o
the CSM and NFH Model retain a 600 zone system.
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4.7.

4.8.

4.9.

4.10.

4.11.

412,

The zoning system also includes 10 Park and Ride zones (of which three are already in operation
and the other seven are available for future use) as well as separate development zones for
future use.

A compatible zoning system is adopted in all elements of the GBATS3 models.

Network Structure

The basis of the CSM network remains the NFH/G-BATS3 network. Further information on the
development of this network is provided in the G-BATS3 LMVR®. During the development of the
CSM network, the existing 2009 NFH network was reviewed and updated. Further detail on this
is presented in Section 6 of this report.

General Network Geometry

Node definitions and link capacities were based on an assessment of visual background mapping
such as Google Maps and Virtual Maps, as well as detailed local knowledge of actual junction
operation. Link distances were derived from GIS based analysis allowing accurate estimation of
road lengths.

Capacity Restraint

Capacity restraint is modelled in the simulation area. The simulated area is shown in red in
Figure 4.3. As shown in the figure it includes the Inner and Outer Core areas. All modelled
junctions in this area have been allocated a junction type, a capacity and circulatory capacity and
traffic signal timings for roundabouts and signalised junctions respectively.

Figure 4.3 71 Level of Model Detail

© Crown Copyright. All rights
reserved.

South Gloucestershire Council.
100023410.2011.

|:| External Area
[ Fully Modelled Area

The NFH highway model included speed/flow curves on some links in the simulation area. These
have been maintained in the CSM. Allocation of speed/flow curves was employed based on the
road characteristics. These were defined using the using the standard Cost Benefit Analysis

® G-BATS3 Local Model Validation Report, Atkins, February 2009.
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