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1 Introduction 

1.1 Model Overview 

As specialist consultant to Ringway Jacobs, the framework provider to Essex County Council 
(ECC), Jacobs UK Limited have been commissioned to develop the required strategic modelling 
necessary to understand how people currently travel strategically within the South Essex region 
and how this might change with future growth and as specific major schemes are implemented. 
The model should also be appropriate for the following tasks:  

�ƒ Help to develop South Essex regionwide transport strategies;  

�ƒ Help to assess the impact of highway schemes; 

�ƒ Help to assess the combined impact of Local Plans on the strategic / primary road network; 

�ƒ Provide evidence for early appraisal and sifting of strategic major scheme options; 

�ƒ Provide a basis for potentially producing corridor microsimulation models in the PTV VISSIM 
software platform; and 

�ƒ to be used specifically for the appraisal of potential highway schemes along the A127 corridor.  

The model is to be known as the Enhanced Essex Countywide Strategic Model (EECSM). 

The modelling approach makes use of previous work on the development of the Essex Countywide 
Strategic Model; that model used mobile network data to formulate the highway demand and will 
form the basis of the demand for the EECSM. The 2017 Essex Countywide Model network and 
prior matrices were used as the starting point for the EECSM development. Using the matrices 
provides analytical consistency and removes duplication of work. Most of the network has been 
retained from the existing Countywide model which was further checked and refined with extended 
network coverage and detail to reflect the scope of the model. ��

1.2 Purpose of this Report 

This Base Model Local Model Validation Report (LMVR) summarises the work carried out in the 
development of the EECSM, including the key design considerations and features of the model, 
the data sources used in its development, the checks that have been undertaken on the demand 
and supply components of the model, and the resulting calibration and validation of the model. The 
EECSM has been validated to a base year of 2019 and is available in AM peak, Inter-peak and PM 
peak versions. ���� 

This report demonstrates that the model produces an accurate representation of existing traffic 
conditions in the study area, making it suitable for the evaluation of improvements and land use 
changes in future year scenarios. In order to demonstrate the suitability of the model, its level of 
accuracy has been quantified and described with reference to TAG guidance. 

The purpose of this report is therefore to: 

�x Describe the development of the base year EECSM; 

�x Detail the extent to which the model reproduces an existing, independently observed, 
situation; 

�x Summarise the accuracy of the base from which the forecasts are to be prepared; and 

�x Describe the modelôs fitness for purpose 
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1.3 Report Structure 

The remainder of this report is set out as follows: 

�ƒ Section 2 - Details the uses of the model and key design considerations; 

�ƒ Section 3 - Identifies the standards to which the model was built; 

�ƒ Section 4 - Describes the key features of the model; 

�ƒ Section 5 - Details the data used for model calibration and validation; 

�ƒ Section 6 - Describes the processes used in developing the modelled network; 

�ƒ Section 7 - Describes the checks carried out on the network; 

�ƒ Section 8 - Describes the route choice calibration; 

�ƒ Section 9 - Describes the processes used in developing the modelled demand (i.e. trip 
matrices); 

�ƒ Section 10 - Provides information on the calibration and validation of the trip matrices; 

�ƒ Section 11 - Details the calibration and validation of the assignment, as well as the model 
outputs; and 

�ƒ Section 12 - Provides a summary of the model and its development. 
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2 Proposed Uses of the Model and Key Model Design    
Considerations 

2.1 Proposed Use of the Model  

Over the next thirty years, the South Essex region is facing significant growth and the challenge of 
meeting increasing travel demands whilst actively encouraging economic growth, protecting the 
environment, enhancing well-being, increasing housing supply and creating new communities. In 
order to facilitate this, Essex County Council (ECC) need a tool to understand how people currently 
travel strategically within the region and how this might change with future growth and as major 
transport schemes are implemented. The tool will be used for testing of a number of major highway 
schemes along the A127 corridor / development scenarios individually and in parallel, allowing the 
cumulative impact of these to be assessed. The EECSM is likely to be required to serve a number 
of purposes including: 

�x Evidence for Local Plan development and hearings (and cumulative impacts once Local Plans 
are in place);  

�x Ability to understand the influences on the performance of transport systems, such as housing 
and employment growth and major transport schemes, and to identify and assess options for 
mitigation;  

�x Evidence to support Business Case submissions to secure Government funding for new 
infrastructure and maintenance, specifically for the appraisal of potential highway schemes 
along the A127 corridor;  

�x Provide evidence to support responses to Government department or company consultations;  

�x Support the development consent order and town and country planning process on key 
schemes;  

�x Understand suitable phasing of maintenance and utilities work to manage congestion impacts;  

�x Optimisation of the performance of the existing transport network using technology; and  

�x Accessibility planning for key land uses.  

The base year model will be developed such that it can be used, with suitable forecasting 
methodologies, to fulfil all of the above functions. 

2.2 Key Model Design Considerations 

In order to test the strategic impacts of any potential transport development or scheme within the 
area of interest, the model extends to an area that is sufficient to assess strategic movements and 
key route choices as well as local movements within the study area. An area of influence test (AoI) 
was undertaken to confirm that the model extent would be appropriate. This is further discussed in 
Section 4.2. Based on the AoI test, the area of detailed modelling of the EECSM is focussed on the 
extents within the South Essex region including (wholly or partially) the districts of Basildon, 
Brentwood, Rochford, Castle Point and local authority boundaries of Southend-on-Sea and 
Thurrock. Beyond this, the level of detail in the model is gradually reduced. The study area is 
shown in Figure 2-1 below. 
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Figure 2-1: Study Area 

The EECSM zoning system makes use of administrative and census reporting areas with the 
intention of preserving National Trip End Model (NTEM) zone boundaries. The lowest level of 
spatial detailed used within the study area is Output Areas (OAs) or aggregation of OAs, (those 
aggregations stay at a finer level than MSOA boundaries). For areas where less spatial detail is 
required, the zones have been grouped into Middle Layer Super Output Areas (MSOAs) and 
aggregations of MSOAs, and then Local Authority districts, London Boroughs (where applicable), 
Counties, and Regions. 

In the Area of Detailed Modelling, the highway network includes motorways, A, B roads and ��all 
local distributor roads which are considered necessary to ensure that trips generated from within 
residential or employment areas load onto the wider network appropriately. The network in this 
area includes link and junction capacity constraints. The immediate surrounding area comprising 
the Rest of the Fully Modelled Area is modelled to a decreasing level of detail, although highway 
capacity constraint is still modelled, but on links only. The remainder of the study area consists of 
an external area based on a skeleton network of key roads without capacity restraint (i.e. links 
have fixed speeds). 

In order to test the strategic impacts of any potential transport development or scheme within the 
area of interest, the model extends to an area that is sufficient to assess strategic movements and 
key route choices as well as local movements within the South Essex region. The model has been 
built with regard to the relevant guidance provided in TAG. Specifically, it was necessary to ensure 
that strategic movements on the A127, the A13, the A130, the A12, and the interaction of these 
with the rest of the road network, are well represented as these are key routes in South Essex and 
the exact stretches of road that are expected to be impacted by the presence of any proposed 
strategic schemes on, or in the vicinity of the A127 corridor. These key roads are labelled in Figure 
2.2. 
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Figure 2-2: Key Strategic Routes in South Essex 
 

It is anticipated that the model will be used to inform an evidence base for the Business Case for a 
number of schemes (yet to be defined). To reflect and quantify the impact that the schemes have 
during the busiest parts of the day, morning peak hour and evening peak hour models have been 
developed. An average inter-peak hour has also been developed in order to quantify and provide 
scheme benefits and impacts during less busy times of the day. 
 
Although some schemes may impact both public transport (PT) trips and highway trips, it is beyond 
the scope of the current commission to develop a full PT model. Should the need to develop a PT 
model arise in the future, the required functionality can be added to the highway model. Also, 
beyond the scope of work is the development of a variable demand model (VDM). Should this be 
developed as part of a separate piece of work, the demand model process and results will be 
presented in additional reporting.  
 
The model is built using the latest PTV VISUM software version 2020 (this is an upgraded version 
of the same software used in the existing Essex Countywide Model) platform and utilises the 
Intersection Capacity Analysis (ICA) module to enable detailed evaluation of junction performance 
and representation of blocking back and queuing (also known as flow metering). This software is 
acknowledged as being appropriate for the development of models of this nature, as well as being 
consistent with TAG. 
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2.2.1 Forecast Scenarios 

As part of the current scope of work, a reference case scenario for 2036 will be developed. The 
demand forecast will represent a core growth scenario based on National Trip End Model (NTEM) 
v7.2. 

The reference forecast will include those developments and transport schemes which have 
sufficient certainty of coming forward. To aid and document this decision-making, an Uncertainty 
Log will be developed. Total modelled growth will be constrained to NTEM at the district level 
(districts within South Essex), and growth outside of that authority will be derived entirely from the 
NTEM growth (i.e. with no specific developments modelled). ��

�� ��
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3 Model Standards 

3.1 Validation Criteria and Acceptability Guidelines 

An assessment of the suitability of the EECSM to assess schemes in the study area has been 
informed using the criteria set out in TAG Unit M3.1. The TAG guidance sets out measures to 
compare the base year model against observed independent data to quantify the level of fit. The 
validation of the highway assignment model included comparisons of the following criteria which 
have been taken from TAG unit M3.1 chapter 3.3: 

�ƒ Assigned flows and counts totalled for each screenline or cordon, as a check on the quality of 
the trip matrices; 

�ƒ Assigned flows and counts on individual links. as a check on the quality of the assignment. 
Due to the size and strategic nature of the EECSM, it is not expected to validate to the level of 
detail of specific junction movements; and 

�ƒ Modelled and observed journey times along routes, as a check on the quality of the network 
and the assignment. 

These criteria are further detailed below. 

3.1.1 Link Flow Validation 

Highways assignment validation is defined as the percentage difference between modelled flows 
and counts at screenline level within the model. Comparisons at screenline level provide 
information on the quality of the trip matrices. The criterion and acceptability guidelines are set out 
in Table 3-1 below. 

Criteria Acceptability Guideline  

Differences between modelled flows and counts 
should be less than 5% of the counts 

All or nearly all (i.e. 95%) screenlines 

Table 3-1: Screenline Flow Validation Criterion and Acceptability Guideline 

TAG specifies the following criteria for screenlines, within unit M3.1 paragraph 3.3.8: 

�ƒ Screenlines should normally consist of five or more links; 

�ƒ The comparison of modelled and observed flows for screenlines containing high flow routes 
(such as motorways) should be presented both with and without such routes; 

�ƒ The comparison should be presented separately for: 

�Ÿ Data used to inform matrix development; 

�Ÿ Other screenlines used as constraints in matrix estimation; and 

�Ÿ Screenlines used as independent validation; 

�ƒ The comparison should be presented by vehicle type, i.e. for car, Light Goods Vehicles (LGV) 
and Heavy Goods Vehicles (HGV) traffic; and 

�ƒ The comparison should be presented separately for each modelled period. 
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In addition to validation of total screenline flows, TAG Unit M3.1 (paragraphs 3.3.10 and 3.3.11) 
also contains guidelines on the validation criteria for individual links or turning movements. Link 
flow validation will be based on the following measures: 

�ƒ The absolute and percentage differences between modelled flows and counts; and 

�ƒ The GEH statistic, which is a form of the Chi-squared statistic that incorporates both relative 
and absolute errors. The GEH statistic is detailed below: 

 

�)�'�* 
L �¾
�:�/ 
F �%�;�6

�:�/ 
E �%�;���t
 

where: 
GEH is the GEH statistic 
M is the modelled flow; and 
C is the observed count 

The validation criteria and acceptability guidelines for link flows are defined below in Table 3-2. For 
a link to become valid it must satisfy at least one of the two criteria in the table below.  

 
Criteria Description of Criteria Acceptability Guideline  

1 Individual flows within 100 veh/hr of counts 
for flows less than 700 veh/hr 

> 85% of cases Individual flows within 15% of counts for flows from 
700 veh/hr to 2,700 veh/hr 

Individual flows within 400 veh/hr of counts 
for flows more than 2,700 veh/hr 

2 GEH < 5 for individual flows > 85% of cases 

Table 3-2: Link Flow and Turning Movement Validation Criteria and Acceptability Guidelines 

TAG guidance unit M3.1 paragraph 3.3.12 states that the above comparison of modelled and 
observed flows should be applied to link flows and turning movements, although acceptability may 
be difficult to achieve for turning movements. The comparisons should be presented for total 
vehicle flows and for car flows, but not for LGV and HGV flows unless sufficiently accurate link 
counts have been obtained. In addition, the above information should be presented by modelled 
time period. In line with this guidance, results in Section 11 are published for cars and total 
vehicles for each peak, but not for LGV and HGV specifically. 

Data collection sites used in the calibration and validation of the base year model are presented in 
Section 5, and the results of the model validation provided in Section 11. As previously noted in 
Section 3.1 above, due to the size and strategic nature of the EECSM, it is not expected to validate 
to the level of detail of specific junction movements.  

3.1.2 Journey Time Validation 

TAG also contains acceptability guidelines for the validation of journey times, in TAG unit M3.1 
paragraph 3.3.15. The journey time validation will be presented separately for each modelled 
period for light vehicles only. The measure which will be used is the percentage difference 
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between modelled and observed journey times, subject to an absolute maximum difference. The 
acceptability criterion for journey time validation is given below in Table 3-3. 

Criteria Acceptability Guideline 

Modelled times along routes should be within 15% 
of surveyed times (or 1 minute if higher than 15%) 

> 85% of routes 

Table 3-3: Journey Time Validation Criterion and Guidelines 

3.1.3 Checks on Matrix Estimation 

Independent validation as specified above quantifies the ability of the model to replicate base year 
travel conditions within the model area. To ensure these conditions have a sound basis, TAG 
provides guidance (in unit M3.1 paragraphs 8.3.14 and 8.3.15) as to the acceptable level of 
change to the highway 'prior' matrices that should result from the application of matrix estimation. 
The purpose of matrix estimation is to refine trips, but it is important that the effects of matrix 
estimation on the underlying trip patterns are minimised. The changes brought about by matrix 
estimation should therefore be carefully monitored by the following means: 

�ƒ Scatter plots of matrix zonal cell values, prior to and post matrix estimation, with regression 
statistics (slopes, intercepts and RĮ values); 

�ƒ Scatter plots of zonal trip ends, prior to and post matrix estimation, with regression statistics 
(slopes, intercepts and RĮ values); 

�ƒ Trip length distributions, prior to and post matrix estimation, with means and standard 
deviations; and 

�ƒ Sector to Sector level matrices, prior to and post matrix estimation, with absolute and 
percentage changes. 

The changes brought about by matrix estimation should not be significant. The criteria by which 
significance of the changes brought about by matrix estimation may be judged are shown in Table 
3-4. 

Measure Acceptability Guidelines 

Matrix zonal cell values Slope within 0.98 and 1.02 
Intercept near zero 
RĮ in excess of 0.95 

Matrix zonal trip ends Slope within 0.99 and 1.01 
Intercept near zero 
RĮ in excess of 0.98 

Trip length distributions Means within 5% 
Standard deviations within 5% 

Sector to sector level matrices Differences within 5% 

Table 3-4: Significance of Matrix Estimation Changes 

TAG unit M3.1 paragraph 8.3.17 states that matrix estimation should not be allowed to make 
significant changes to the prior matrices in order that the validation standards are met. In these 
cases, the limits set out in Table 3-4 should be respected, the impacts of matrix estimation should 
be reduced so that they do not become significant, and a lower standard of validation reported. 
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3.2 Convergence Criteria and Standards 

In order for the outcomes of the modelling to be reliable, the stability of the modelled flows needs 
to be confirmed at the appropriate level. The importance of achieving convergence is related to 
providing stable, consistent and robust model results. This ensures that when modelling a scheme, 
any flow changes which occur do so directly as a result of the scheme rather than as a result of 
random flow changes due to poor model convergence. 

Sufficient iterations should be carried out to achieve an acceptably low value for %GAP (the 
difference between the costs along the chosen routes and those along the minimum cost routes, 
summed across the whole network and expressed as a percentage of the minimum costs). GAP is 
the single most valuable indicator of overall model convergence and the method for calculating 
GAP (denoted ŭ) is outlined below with the guideline for GAP being 0.1% or less. 

�Ü 
L
�Ã�€�ã�Ü�Ý�:�o�ã�Ü�Ý
F �o �Û�Ü�Ý�;

�Ã�€�Ü�Ý�o �Û�Ü�Ý
 

where: 
Tpij  is the flow on route p from the origin i to destination j  
Tij  is the total travel from i to j 
Cpij  is the (congested) cost of travel from i to j on path p 
Cij*  is the minimum cost of travel from i to j  

 
Source: TAG Unit M3.1 paragraph C.2.4 

In addition, the model should converge to a point whereby routes obey Wardrop's First Principle of 
Traffic Equilibrium which unit M3.1 paragraph 2.7.3 defines as: ���7�U�D�I�I�L�F���D�U�U�D�Q�J�H�V���L�W�V�H�O�I���R�Q���Q�H�W�Z�R�U�N�V��
�V�X�F�K���W�K�D�W���W�K�H���F�R�V�W���R�I���W�U�D�Y�H�O���R�Q���D�O�O���U�R�X�W�H�V���X�V�H�G���E�H�W�Z�H�H�Q���H�D�F�K���2�'���S�D�L�U���L�V���H�T�X�D�O���W�R���W�K�H���P�L�Q�L�P�X�P���F�R�V�W��
�R�I���W�U�D�Y�H�O���D�Q�G���D�O�O���X�Q�X�V�H�G���U�R�X�W�H�V���K�D�Y�H���H�T�X�D�O���R�U���J�U�H�D�W�H�U���F�R�V�W������

This relates to how close the model is to a particular converged solution, which varies depending 
on the preferences of the user or software package being used. The gap value therefore 
represents the excess cost incurred by failing to travel on the route with the lowest generalised 
cost and is expressed relative to that minimum route cost. The excess cost is summed over each 
route between each origin-destination (OD) pair and multiplied by the number of trips between 
each OD pair. This is divided by the minimum cost summed over each route between each OD 
pair, also multiplied by the number of trips between each OD pair. 

For the model to be considered sufficiently well converged, the GAP value must be less than 0.1%. 
A full summary of the most appropriate convergence measures (of proximity and stability) and the 
values generally considered acceptable for use in establishing a base model is expressed in Table 
3-5. 

Measure of Convergence Base Model Acceptability Guidelines 

Delta and %GAP Less than 0.1% or at least stable with convergence 
fully documented and all other criteria met 

Percentage of links with flow change (P) <1% Four consecutive iterations greater than 98% 

Percentage of links with cost change (P2) <1% Four consecutive iterations greater than 98% 

Table 3-5: Summary of Convergence Measures and Base Model Acceptability Guidelines  

��



Local Model Validation Report 
 
Enhanced Essex Countywide Model 
 

11 

Within EECSM, the ñAssignment with ICAò methodology will be used whereby, within each outer 
iteration, an equilibrium LUCE assignment which does not include flow metering, is run to 
convergence, before flow metering and blocking back is then applied. Subsequent iterations then 
consider the delay caused by flow metering and blocking back when choosing routes. This process 
therefore includes the ñinner iterationsò of the equilibrium assignment and the ñouter iterationsò of 
the assignment with flow metering and blocking back. The methodology utilised is therefore 
consistent with the relevant guidance in TAG (Unit M3.1, section 2.7) for a model of this form and 
purpose. The assignment methodology is described in more detail in Section 4.8. 
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4 Key Features of the Model 

4.1 Summary 

The key characteristics of the EECSM are described in Table 4-1 below. 

Characteristic Model Coverage  

Model Structure Highway assignment model 

Software Platform VISUM version 2020 

Assignment Methodology VISUM Assignment with ICA using the equilibrium 
LUCE algorithm as sub-assignment 

Time Periods AM peak hour (07:30 ï 08:30), Average inter-peak 
hour (between 10:00 and 16:00), PM peak hour 
(17:00 to 18:00) 

Assignment Trip Matrices (private transport modes) Car Commute, Car Business, Car Other, LGV and 
HGV 

Base Year 2019 

Forecast Year 2036 reference case scenario for currently 
commissioned work. Other forecast years may be 
required in subsequent commissions. 

Calibration / Validation To follow TAG 

Table 4-1: Key Model Features 

4.2 Fully Modelled Area and External Area 

In establishing the geographical coverage of the model, TAG unit M3.1 section 2.2.1 has been 
followed. This advises of the need to: 

�x Allow for the strategic re-routing impacts of interventions; 

�x Ensure that areas outside the main area of interest, which are potential alternative 
destinations, are properly represented; and 

�x Ensure that the full lengths of trips are represented for the purpose of deriving costs. 

The breakdown of the network structure is therefore outlined broadly as: 

�x Fully modelled area: 

- Area of Detailed Modelling; and  

- Rest of the Fully Modelled Area 

�x External Area 

To ensure that the modelôs coverage is appropriate, the scale of the impact of the A127 corridor 
schemes were assessed by coding a preliminary A127 corridor widening design into the existing 
Essex Countywide 2036 reference forecast model and running an assignment. It should be noted 
that this is not intended to imply that any scheme of that sort is due to come forwards. At the time 
of specifying the model, the exact nature of an A127 scheme was unknown. To ensure that the 
model extents would be sufficient for any eventuality, the most drastic form of improvement 
(widening across the length of the corridor) was used as a proxy for all potential schemes. 
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The fully modelled area has been selected on the basis of the area where the flow differences due 
to the scheme are considered significant. Outside of this area it is assumed that the scheme does 
not have an influence and thus is not included in the fully modelled area. The modelled area was 
selected as that covering the area where the flow differences are considered to be significant, as 
shown in the image below. 

 

Figure 4-1: A127 Area of Influence 

From the image above, it is evident that significant reassignment is seen along the A127, the A13, 
the A130, the A12, and to an extent on several roads parallel to the A127. 

Figure 4-2 below shows the breakdown of the network structure for the EECSM, based on the 
extent and proposed use of the model.  
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Figure 4-2: Fully Modelled Area for the EECSM 

The EECSM is focussed on the area contained within the South Essex region (which coincides 
with the Area of Detailed Modelling). The selection of this area is determined by the extent of the 
Area of Influence of a preliminary A127 corridor widening scheme, capturing within it any 
significant traffic impacts as shown in Figure 4-1.. The immediate surrounding area comprising the 
Rest of the Fully Modelled Area is modelled to a decreasing level of detail based on proximity from 
South Essex, although highway capacity constraint is still considered for links only. The remainder 
of the study area consists of an external area, based on a skeleton network of key roads without 
capacity constraint (i.e. network travel times are based on fixed speeds). The model structure is 
reflected in the accompanying model zoning system, detailed in Section 4.3 and in the network 
structure, detailed in Section 4.5. 

4.3  Zoning System 

The existing Essex Countywide Model was used as the basis for the zone system, which was itself 
based on census boundary areas (and aggregations thereof), however it has been revised to add 
further detail within the EECSM study area. A total of 32 additional zones were created by splitting 
large existing zones around Basildon, East of Rochford, and South of Chelmsford.  

The EECSM zone system around South Essex is shown in Figure 4-3. 
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Figure 4-3: EECSM Zone System��

Figure 4-4 below shows the zone system across the full model. There are 332 zones in the network. 
The zone system within the model is hierarchical with higher levels of detail within the South Essex 
region, decreasing in detail as the distance from the study area increases. 

 

�� 
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Figure 4-4: EECSM Zone System, Full Model 

4.3.1 Zone Sectoring 

For ease of reporting and subsequent analysis, the zones in the model have been aggregated into 
ósectorsô. The sectors are shown below in Figure 4-5.  
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Figure 4-5����EECSM Sector System 

 



Local Model Validation Report 
 
Enhanced Essex Countywide Model 
 

18 

The ten sectors identified in the figure correspond to the areas identified in the following table: 

Sector Sector Area 

1 Southend 

2 Rochford 

3 Basildon 

4 Chelmsford 

5 Brentwood 

6 Castle Point 

7 Thurrock 

8 Maldon 

9 London 

10 External 

Table 4-2: Sector to Area Correspondence 

4.4 Centroid Connectors 

Trips to and from zones are loaded onto the network from the zone centroid (centre of gravity of 
the zone) using specialised links known as centroid connectors. The points at which these 
connectors load on to the network was chosen to reflect actual access points and to avoid major 
junctions. This is illustrated in Figure 4-6 which focusses on the Basildon area but is indicative of 
the way connectors have been coded across the study area.��

The loading point for each connector was selected, based on professional judgement, as the most 
representative location for demand generated within the zone to enter and exit the network. For the 
detail model area, every effort has been made to ensure, where possible, that connectors did not 
join the network at major junctions or directly onto main roads. Following the guidance in TAG 
2.3.10, the number of centroid connectors for each zone has been minimised, with most zones 
having only one connector. 
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��

Figure 4-6: Connectors Modelled in the South Essex Area 

4.5 Network Structure 

In accordance with TAG Unit M3.1 section 2.4, and as alluded to in Section 4.2, the network for the 
EECSM has been developed with three different levels of detail. The level of detail of network 
coding reduces further away from the South Essex region boundary, which is also consistent with 
the boundary for the area of detailed modelling. Within this area the detail of the network and 
zones is at its greatest, and capacity constraint is modelled on links and junctions. The rest of the 
fully modelled area is where the level of detail is not as great, but capacity constraint is still 
modelled with speed-flow curves on links but not on junctions. The external area is where the level 
of detail is at its lowest, with the network in this area based on a skeleton network of key roads 
without capacity restraint (i.e. vehicles travel at fixed speeds). 

The geographical extents of the three-tiered network structure are shown in Figure 4-7 below. The 
highway network inside the area of detailed modelling includes motorways, A roads, B, roads and 
all local distributor roads which are considered necessary to ensure that trips generated from 
within residential or employment areas load onto the wider network appropriately. Within this area 
capacity restraint is modelled through the use of speed flow curves and junction delays.  

The network structure in the rest of the modelled area includes A roads, B roads and major 
distributor roads entering the detailed modelled area. The level of detail is not as great, and 
capacity constraint is modelled, but through the use of speed-flow curves only.  

The level of detail required in the External Modelled Area is defined in order to replicate long-
distance trips; the level of detail is at its lowest with no capacity constraint and link speeds 
determined using fixed speeds. The external network coded includes just Motorways, A roads, and 
some B roads (B-roads are excluded as the distance from the study area increases). 
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��

Figure 4-7: Network Structure 

The EECSM network structure was derived from the existing Essex Countywide Model. To better 
reflect network capacity, updates to the network for this new model were undertaken which 
included further network coverage and detail in and around the South Essex area, and additional 
junction coding which had not previously been included in the model. The majority of local 
distributor roads are included; these are necessary to ensure that trips generated from within 
residential areas load on to the wider network appropriately. Figure 4.8 shows the network 
elements where the level of detail of network coding is highest. 
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Figure 4.8: Model Network Coverage for South Essex
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The process of network development, including the definition of link characteristics, junction 
coding, and the development of the zone system are further detailed in Section 6. 

4.6 Time Periods 

The model has been built to represent three time periods, for which Automated Traffic Count 
(ATC)data from the South Essex region were used to derive the peak hours. The modelled time 
periods are: 

�ƒ AM peak hour (07:30-08:30); 

�ƒ PM peak hour (17:00-18:00); and 

�ƒ Average hour in the interpeak (10:00-16:00). 

The peak hours represent the times at which observed traffic volumes were the highest in each 
peak period, and an average hour for the interpeak model.��

4.7 User Classes 

Detailed demand segmentation was required. For the assignment model, car trips were segmented 
into separate Commute (UC1), Business (UC2) and Other (UC3) trip purposes. In addition to this, 
separate user classes were used for LGV and HGVs. 

Additional trip purposes were used in the demand model, with non-home based car trips 
incorporated into the Business and Other trip purposes during the assignment. The segmentation 
is summarised in Table 4-3 below.  

Assignment 
Mode 

Vehicle 
Class 

Assignment User 
Class Demand Model Trip Purposes 

Private 
Transport 

Car (VC1) 

Car Commute 
(UC1) Home Based Work (HBW) 

Car Employer 
Business (UC2) 

Home Based Employerôs Business (HBEB) 

Non-Home-Based Employerôs Business (NHBEB) 

Car Other (UC3) 

Home Based Education (HBED) 
Home Based Shopping (HBShop) 
Home Based Other (HBO) 

Non-Home Based Other (NHBO) 
LGV (VC2) LGV (UC4) - 
HGV (VC3) HGV (UC5) - 

Table 4-3: Purpose/ User Class/ Vehicle Class Correspondence 

Link flow validation was performed at the level of vehicle class flows. The trip purpose and user 
class definitions are consistent with the guidance contained in TAG unit M3.1, section 2.6.  

Vehicle classes 1 and 2 (cars and LGVs) were assigned a PCU factor of 1.0. Vehicles class 3 
(HGVs) was given a PCU factor of 2.5. This is consistent with guidance in Appendix D of TAG unit 
M3.1, which advises use of this factor on motorways and dual carriageways. Although there are 
other roads in the study area, the South Essex area includes key strateigc routes in the form of 
A127, the A13, the A130, the A12, so a value of 2.5 was considered most appropriate. 
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4.8 Assignment Methodology  

The VISUM software assignment methodology used in the EECSM is known as ñAssignment with 
ICAò. This ensures that generalised costs used for the purposes of route choice include junction 
delays calculated using Intersection Capacity Analysis (ICA) (where these junctions are coded as 
such) within the area of detailed modelling). 

The ñAssignment with ICAò method also ensures that flow metering and blocking back is 
calculated. For the assignment with ICA, the Linear User Cost Equilibrium (LUCE) assignment was 
used as a subordinate assignment procedure with the advantage that it provides stable route 
distribution and the calculation of the blocking back model is considerably faster than using the 
paths of other assignment methods. Due to the stable route distribution, the blocking back result is 
also more stable and convergence is reached much faster than with other methods. The 
fundamentals of the LUCE assignment are that, for any node, a user equilibrium shall be reached 
on all forward edges for the local route choice of drivers heading to a destination zone1. 

The above is consistent with the latest TAG guidance on highway assignment modelling. 

Within the blocking back model, it is assumed that one PCU takes up 7.0 metres of road space 
when in a queue. 

4.9 Generalised Cost Formulations and Parameter Values 

The values of time (VOT) used in the model were taken from the TAG data book, released in May 
2020, which was the latest version of the data book available at the time the model development 
was started. Similarly, vehicle operating costs (VOC) were based on formulations and parameters 
within the TAG data book. When calculating the VOC, an average network speed of 40 kph was 
assumed. The generalised cost is defined below, it has been taken from TAG unit M3-1: 
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where: 
GC = Generalised costs 
VOC = Vehicle Operating Cost 
VoT = Value of Time 
T = time 
D = distance 
M = monetary charge 

In this case, the variable óMô is set to zero as there are no toll roads or user charging in the base 
situation within the modelled area. It is acknowledged that the Dartford Crossing is on the edge of 
the study area, but demand there is captive in the context of this model extent as we are not 
modelling any alternative competing crossings over the Thames further west. 

Generalised cost is therefore a time value. It should be noted that the VoT and VOC values differ 
by trip purpose and appropriate parameter values are defined based on the values of time (VoT) 
and vehicle operating costs (VOC) set out in the TAG data book (May 2020, which was the latest 
version at the time the base model development was undertaken). Parameters have been 
calculated for each user class (business, commute, other, LGV and HGV). The VoT for the HGV 
user class has been doubled, as per guidance contained in TAG unit 2.8.8. 
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Generalised costs for LGVs, HGVs have a higher emphasis on the distance component than is the 
case for cars. Recently revised values of time, in which values are considered to vary based on 
overall trip distance for business users, have been noted. For assignment purposes an average 
was used in order to simplify the assignment. These are outlined in Table 4-4 below. 

Time Period User Class 2019 Base Year (From May 2020 TAG Databook) 

VoT p/min VOC p/km 

AM 

UC1 (Commute) 20.81 6.45 

UC2 (Business) 31.02 13.55 

UC3 (Other) 14.35 6.45 

LGV 22.48 14.90 

HGV 44.78 45.46 

IP 

UC1 (Commute) 21.14 6.17 

UC2 (Business) 31.79 12.94 

UC3 (Other) 15.29 6.17 

LGV 22.48 14.45 

HGV 44.78 43.08 

PM 

UC1 (Commute) 20.88 6.45 

UC2 (Business) 31.47 13.55 

UC3 (Other) 15.03 6.45 

LGV 22.48 14.90 

HGV 44.78 45.46 

Table 4-4: Generalised Cost Parameters 

4.10 Capacity Resistant Mechanisms 

4.10.1 Links 

Delays and capacity restraint along links were calculated according to volume-delay functions 
(VDFs) which regulate how average travel speeds on a link change with respect to traffic volume. 
Parameters for volume-delay functions for specific link types are shown in Appendix B and a 
detailed description of these calculations is given in Section 6.2.2. 

4.10.2 Junctions 

As previously mentioned in section 4.8, the assignment methodology uses ñAssignment with ICAò 
which ensures that capacity restraint at junctions are modelled using VISUMôs Intersection 
Capacity Analysis (ICA) model. This uses the US Highway Capacity Manual as the underlying 
basis for the capacity restraint and is appropriate for use at priority and signalised junctions. For 
roundabouts, the Kimber method developed by the Transportation Research Laboratory (TRL) is 
used. 
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4.11 Relationship with Other Models 

A multi-modal strategic transport model covering the whole of Essex, known as the Essex 
Countywide Model, has been recently developed and has coverage of the South Essex area. It has 
a base year of 2017 and has been used as the base for development of other strategic town/region 
modelling projects. The highway and demand model methodologies within the Essex Countywide 
Model were developed in line with current best practice set out in TAG and use TEMPro, National 
Travel Survey (NTS), and mobile network data. The 2017 Essex Countywide Model highway prior 
matrices are used as the starting point for the EECSM matrices. Using the matrices provides 
analytical consistency and removes duplication of work����

Subject to subsequent commissioning, there is the potential that a PT model and a VDM will be 
developed to sit alongside the EECSM highway model. The highway model development was 
cognisant of this possibility. Should these models be developed, further reporting will be 
forthcoming. 

4.12 Use of Existing Model Information 

Following a review of the network and zoning system of the 2017 Essex Countywide Model, it was 
established that additional detail was required in the fully modelled area for the 2019 EECSM.  

Highlighted in Table 4-5 below are the risks associated with using previous models and the 
mitigation methods that have been put in place for this project. 

 
Risk Mitigation 

Parts of the network might be outdated Model has been updated following review of latest 
on-ground conditions, updated information from 
Essex County Council and local knowledge from 
other sources. 

Errors in the model carried forward The network coding has been re-checked 

Zoning system might not be suitable Identified areas in proximity to the scheme that lack 
sufficient detail and have split the old zoning system 
in these areas to provide more granularity.  

Table 4-5: Risks Associated with Use of the Essex Countywide Model (2017) and Mitigation Methods in 
Place 

4.13 Use of Traffic Survey Data 

Traffic data is required to improve the understanding of the existing transport conditions in South 
Essex and inform the development of the EECSM. Traffic data has a direct input into the model; it 
is therefore important that sufficient quantity and quality of relevant data is available.  

For the purpose of this model development, a number of different types of data have been 
collected to further develop the model. The different types of data, quantity and their uses are set 
out below in Table 4-6. 
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Type of Data Timescale Overview of Key Uses 

Automatic Traffic 
Counts (ATC) 

2 weeks 
Provides traffic volume data by vehicle type, direction and 
time of day for an agreed point 

Collected in order to calibrate and validate the updated 
model 

Manual Classified 
Counts (MCC) 

1 day 

Teletrac Data March 2019 ï 
November 2019 
(July and August 
excluded) 

Collected in order to validate journey times in the model 

Traffic signal data 2019 signal 
controller 
information 

For updating the model network with the latest signal 
timing data 

Table 4-6: Summary of Traffic Survey Data 

Further detail on the traffic data used to construct, calibrate, and validate the 2019 Enhanced 
Essex Countywide Strategic Model can be found in the Data Collection Report2. 

4.14 Use of Other Data 

Other available data was collected to inform model development. The different types of data, and a 
brief description of their source and uses are set out below in Table 4-7. 
 
Type of Data Source of Data Overview of Key Uses 

Residential and 
workplace 
population at 
Output Area (OA) 
level 

2011 UK Census, accessed via 
the nomis data portal website  

Converting demand matrices from the Essex 
Countywide model zoning system to that of 
the EECSM. 

National Trip End 
Model (NTEM) 7.2 
Car growth factors 

Trip End Model Presentation 
Program (TEMPro) v7.2, the 
software providing the user 
interface for accessing NTEM 
data 

Uplifting car matrices from Essex Countywide 
model base year of 2017 to required 2019 
base year for the EECSM update 

 

Road Traffic 
Forecast (RTF) 
2018 goods vehicle 
miles travelled 

RTF Scenario 1 produced by DfT Uplifting goods vehicle matrices from Essex 
Countywide model base year of 2017 to 
required 2019 base year for the EECSM 
update 

 
Table 4-7: Outline of Other Data, Sources, and Key Uses 
 
These datasets were used in the matrix development process, which is further discussed in 
Section 9. 
  

 
2 Jacobs, 2020, Enhanced Essex Countywide Data Collection Report 
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5 Calibration and Validation Data 

5.1 Model Data Sources 

An array of survey data was collected in order to gain an understanding of traffic conditions in the 
base year. The data sources used are described in turn below. 

5.2 Traffic Counts 

Traffic count data described above has been used in the EECSM to adjust the base year matrices 
and network parameters (calibration), as well as to provide the independent comparisons of the 
model against observed traffic data (validation). Sections 5.2.1 and 5.2.2 describe the locations of 
counts used for each of these processes.  

It is important that data used to calibrate the model is independent from data used to validate the 
model. A total of 222 (76% of the total) counts were used for the purposes of calibration and 70 
(24%) counts were retained for the purposes of validation.  

Screenlines were created, across which the modelled and observed flows are compared to provide 
insight into the quality of the trip matrices. These screenlines are intended to capture the key 
movements through the study area. The screenlines and location of counts used in the model for 
calibration and validation are shown in Figure 5-1. As can be seen from the figure, a small number 
of counts do not sit along screenlines and are classed as independent counts. They serve as a 
means of model calibration or validation at key links in the modelled network, which are not 
covered by the screenlines. 
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Figure 5-1: Calibration and Validation Counts and Screenlines 

5.2.1 Traffic Counts for Calibration 

A number of counts, along with the defined calibration screenlines, were utilised to calibrate the 
model. The calibration screenlines and counts are shown in Figure 5-2. 
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Figure 5-2: Calibration Counts��

5.2.2 Traffic Counts for Validation 

A series of counts dedicated to validation (i.e. not used in any stages of model calibration) were 
used in the model, along the defined validation screenlines. The validation screenlines and counts 
are shown in Figure 5-3. 
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Figure 5-3: Validation Screenlines 

5.3 Journey Times 

Journey time data is used to check and compare the delays and travel times calculated by the 
model against observed data. Journey time data was collected from Teletrac. Teletrac is a dataset 
made available to local authorities and is based on data gathered using satellite navigation devices 
installed in cars and other vehicles. Travel times are specified for links in the Integrated Transport 
Network (ITN). Times along a set route are collated by aggregating the set of ITN links along the 
route. The routes used for comparing the travel times in the EECSM are depicted in Figure 5.4. 
There are 11 bi-directional routes in total. 
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Figure 5.4: Journey Time Routes for Model Validation 

TAG unit M3.1 specifies that journey time validation routes should neither be excessively long 
(greater than 15km) or too short (less than 3km) and that they should not take longer to travel than 
about 40 minutes (so as to fit comfortably within the modelled peak hour). All but two routes 
chosen for the EECSM fall within the distance criteria, though the observed travel times are well 
within the guidance of 40 minutes. The margin by which these three routes are above and below 
the suggested journey time route lengths is not deemed to have a detrimental effect on the journey 
time validation and were included in order to reflect realistic routes undertaken in the study area. 

For this model development, the journey time data for the year of 2019 was extracted from 
Teletrac, making sure to avoid non-neutral months and holidays/periods affected by holidays. The 
length and observed time for all routes is presented in Table 5-1. 
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Route 
No. Description Length 

(km) 

AM 
Observed 
time 

IP 
Observed 
time 

PM 
Observed 
time 

[min:sec] [min:sec] [min:sec] 

1 
A13/Baker Street --> A13/Pitsea Flyover 13.68 10:41 11:06 18:31 

A13/Pitsea Flyover --> A12/Baker Street 13.26 14:20 10:01 10:38 

2 
A12/Brook Street Interchange --> A12/Junction 18 23.97 16:06 14:52 20:22 

A12/Junction 18--> A12/Brook Street Interchange 24.12 17:45 14:38 14:54 

3 

A130 Canvey Way/Somnes Avenue --> 
A12/Junction 17 20.71 21:08 15:02 16:53 

A12/Junction 17 --> A130 Canvey Way/Somnes 
Avenue 20.77 16:10 15:01 27:51 

4 
M25/Brook Street Interchange --> M25/ Mar Dyke 12.09 07:46 07:08 08:45 

M25/ Mar Dyke --> M25/Brook Street Interchange 12.22 08:21 07:19 07:33 

5 
A128/A13 Interchange --> A128/A127 Interchange 8.38 07:26 07:00 07:11 

A128/A127 Interchange --> A128/A13 Interchange 8.34 07:59 07:25 09:08 

6 
A127/Rayleigh Weir --> A127/High Road North 13.10 15:04 09:58 10:44 

A127/High Road North --> A127/Rayleigh Weir 13.03 10:23 09:46 19:40 

7 
A127, Southend-on-Sea --> A127, Rayleigh 7.22 15:55 10:08 13:02 

A127, Rayleigh --> A127, Southend-on-Sea 7.34 17:32 11:05 16:19 

8 
A132/Ferrers Road --> A129/Barleylands Road 13.62 18:37 16:33 18:42 

A129/Barleylands Road --> A132/Ferrers Road 13.69 18:08 17:04 20:15 

9 
A127/Dunton Interchange --> A127/M25 9.37 10:18 06:32 08:10 

A127/M25 --> A127/Dunton Interchange 9.06 10:13 06:43 13:31 

10 
B148/Mandeville Way --> A1235/A132 7.14 11:18 10:08 14:04 

A1235/A132 --> B148/Mandeville Way 7.16 10:18 09:12 10:59 

11 

A13 London Road/Queensway London Road --> 
A13 Saddlers Farm Roundabout/A130 12.09 36:13 27:57 30:10 

A13 Saddlers Farm Roundabout/A130 --> A13 
London Road/Queensway London Road 12.13 36:30 28:22 31:51 

Table 5-1: Observed Journey Times 
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6 Network Development 

6.1 Network Basis 

The basis of the modelled network for EECSM was the network from the 2017 Essex Countywide 
Model. That modelled network was originally created using two Ordnance Survey datasets; the 
Integrated Transport Network (ITN) and Meridian 2. The ITN network was used as a basis for the 
modelled network within South Essex; beyond this, Meridian 2 layers were used. 

ITN segregates links into motorways, A-roads, B-roads, minor roads, local streets, private roads, 
and alleys, in descending order of importance.  

The modelled highway network was built initially using digital mapping databases, which were 
combined into a model network using ArcGIS software. 

The detailed model network was then imported into VISUM making sure that data on highway 
network types was retained. The model accommodates all paved inter-urban traffic roads. 

A total of 71 different highways classes or types were coded in the model, following guidance from 
COBA Volume 13 Section 1 part 5, classifying roads based on characteristics such as: road class, 
number of lanes, speeds, and modes allowed. A full list of all the defined link types can be found in 
Appendix B, however, the main classes considered in the analysis can be seen below: 

�ƒ Motorways;  

�ƒ Rural single carriageway;  

�ƒ Rural double carriageway;  

�ƒ Urban non-central;  

�ƒ Urban central;  

�ƒ Small town;  

�ƒ Suburban single carriageway;  

�ƒ Suburban dual carriageway;  

�ƒ Residential road; and  

�ƒ Roundabout. 

The first three classes were assigned for all-purpose roads and motorways that are generally not 
subject to a local speed limit. Urban central and non-central were used for roads in large towns or 
conurbations typically subject to 30 mph speed limits. Small town was used as the link type in 
small towns or villages, while suburban was used for major routes though towns and cities which 
are generally subject to 40 mph speed limits. Figure 6-1 below presents an example of the kind of 
link allocated to a suburban link type. 
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Figure 6-1: Suburban Slight Development Link Type Example (London Road) 

6.2 Links 

6.2.1 Link Characteristics 

In all areas, physical properties such as number of lanes, speed and capacity were taken from the 
existing model and checked using recent satellite imagery (Google Earth and Google Street View).   

Highway attributes data, such as link class, user class restrictions, and turning movement 
restrictions were also coded using Google Earth, Google Street View, local knowledge, and field 
observations.   

As Section 6.1 details, there are 71 unique network link types which have been defined according 
to their classification under the following attributes: 

�ƒ Roadway functional class (e.g. motorway, trunk road, residential street);  

�ƒ Roadway location (urban, suburban, rural);  

�ƒ Roadway geometry (lane width, number of lanes); and  

�ƒ User type prohibitions (bus links, HGV, LGV, general traffic, etc.). 

6.2.2 Link Speeds and Speed-Flow Relationships 

The attributes of modelled links such as number of lanes, capacity, and free flow speed are 
derived from associating each link with a link type defined in the COBA manual and selected 
based upon the linkôs characteristics as described above. The COBA manual dictates the 
relationship between speed and traffic flow (or in other terms volume and delay) which are 
translated into appropriate Volume-Delay Function (VDF) parameters in VISUM, for those link 
types.  

As part of the original Essex Countywide model, the choice of COBA link type to assign to each 
link was established using the attributes associated within the ITN layer (which formed the basis of 
network development), and also from inspection of the network in Google Earth, Google Street 
View, and local knowledge. These were reviewed as part of the current model update. The VDF 
reflects delays on links that result from traffic travelling along a link and are independent of delays 
that result from junctions.  

To create VDFs for the EECSM, Highways Englandôs (HEôs) Traffic Appraisal, Modelling and 
Economics group (TAME) approved Speed Flow Curves (SFCs were used. These were originally 
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derived from COBA for use in HEôs Regional Transport Models (RTMs). For EECSM, these SFCs 
were used as a starting point by calibrating VISUM VDFs to the RTM SFCs. This was undertaken 
for various link types which broadly fall under the following categories: 

�ƒ Motorway; 

�ƒ Rural All Purpose; 

�ƒ Rural Roads; 

�ƒ Suburban; 

�ƒ Urban; and 

�ƒ Small town. 

The travel time on a link in VISUM is determined by different pre-defined VDFs in the software. 
Based on previous VISUM best practices used in a number of model development studies, a VDF 
formulation called ñBPR2ò, which was developed by the US Bureau of Public Roads, was used to 
calculate link delays, and is repeated below: 
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where:  

�W�F�X�U is the calculated link travel time; 

�W�R is the link travel time at free flow conditions; 

�T is the flow on the link; 

qmax is the link capacity; and  

�D�����E�����E�¶, and �F are parameters specific to each link type.  

For EECSM, the �D�����E�����E�¶, and �F parameters were calibrated to replicate the RTM SFCs. 

In order to reflect some of the delays observed between interchanges on the A127 near Fairglen, 
two additional volume delay functions were created. These were necessary because those parts of 
the network which have grade separated junctions in close proximity to each other (as is the case 
for the A127 near Fairglen), create a weaving movement. This reduces traffic speeds (for the same 
flow volumes) to a much greater extent than when junctions are spaced further apart; the 
additional VDFs created replicate this effect. 

Appendix A provides further background on the SFC-VDF correlation and the following graphs 
show curves for the BPR2 VDF for motorways, rural all-purpose carriageways, rural, suburban, 
urban and small town link types. 



Local Model Validation Report 
 
Enhanced Essex Countywide Model 
 

36 

  

Figure 6.2: VDF Motorway Link Type 

 

Figure 6.3: VDF Rural All-Purpose Carriageway Link Type 
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Figure 6.4: VDF Rural Link Type 

 

Figure 6.5: VDF Suburban Link Type 
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Figure 6.6: VDF Urban Link Type 

 

Figure 6.7: VDF Small Town Link Type 
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Local knowledge was also used to inform link restrictions, such as one-way links or bus only links, 
as well as height, width, and weight restrictions (e.g. due to bridges) for goods vehicles. 

6.3 Junctions 

The junctions (known as nodes) in the model are a point of connection between links. Junctions 
coded into the model study area are defined by a number of attributes, as required by VISUMôs 
Intersection Capacity Analysis (ICA) functionality. The junctions were coded with the following 
attributes defined: 

�ƒ Junction type; 

�ƒ Major flow (i.e. which turning movements had priority); 

�ƒ Banned turns (if any); 

�ƒ Number of lanes at stop lines; 

�ƒ Turn type (i.e. straight on, left, right); 

�ƒ Lane allocations (which turns are made from which lanes); and 

�ƒ Signal timings (for signalised junctions). 

These attributes were coded using local knowledge, Google Earth and Google Street View. They 
were checked for accuracy in the predecessor Essex Countywide model and were checked again 
to ensure the coding is acceptable for the EECSM. 

The flow/delay relationship for signalised and priority junctions were calculated using VISUMôs 
Intersection Capacity Analysis (ICA) functionality. ICA uses formulae set by the 2010 edition of the 
Highway Capacity Manual, published by the US Transportation Research Board, which is 
commonly used within VISUM models and has been demonstrated to reproduce observed delays 
to a high degree of accuracy. The formulae are specific to the junction type. ICA relies on the input 
attributes identified above and uses a number of default global values to calculate the capacity and 
delay for each movement at a modelled junction. The default values cover aspects such as 
saturation flows per lane and turn type and gap acceptance values for vehicles on a minor arm. It 
was found that for some junctions the default values required replacement with bespoke values in 
order to achieve a good match to observed journey time data which can be seen from the journey 
time validation given in Section 11.8. Manual overrides were applied for those junctions by 
adjusting the critical gap and follow-up times on each node individually depending on the number 
of accessing lanes. Roundabouts were an exception to this general approach, as described in 
section 6.3.3. 

Other specific details for signalised and priority junctions are described below. 

6.3.1 Signal Timings 

For signalised junctions, the latest signal controller information was obtained from ECC as part of 
network calibration. 

An example of the coding of a signalised junction in the model is illustrated below (Figure 6.8) 
where the actual junction is shown alongside the signalised junction modelled coding of Gardiners 
Lane S and Cranes Farm Road. 
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Figure 6.8: Actual Junction and the Equivalent Modelled Signalised Junction 

6.3.2 Saturation Flows at Signals and Capacity of Priority Junctions 

The saturation flows typically assumed for signalised junctions are 1,900 PCUs per hour per lane.  

For priority junctions, the major flows effectively operate without any capacity restriction. Turn 
capacities on the minor arms are a function of the gap acceptance values and the conflicting traffic 
volumes; saturation flows are not considered. As an example, using the default gap acceptance 
values, the following figure illustrates the capacities for a left turn from a minor arm, under differing 
levels of conflicting flow: 
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Figure 6.9: Left Turn Capacity at Priority Junctions 

6.3.3 Roundabouts 

All roundabouts are modelled as a series of expanded nodes with the exception of some very 
small mini-roundabouts. The Kimber method has been utilised to configure roundabouts and the 
parameters adopted for different approach geometries are detailed in Table 6-1. 

Table 6-1: Roundabout Parameters to Adopt for TRL/Kimber Method 
 

 ��

Arm 

Approach 
half width 
(V) 
���P����

Entry 
width 
(E) 
���P����

Flare 
Length 
(óI) 
���P����

Entry 
Radius 
(R) 
���P����

Inscribed 
Roundabout 
Diameter (D) 

���P����

Entry 
Conflict 
Angle 
(PHI) 
���'�H�J����

Short flare/ No 
flare length (<3 
cars or 10m) 

1 In approach, 
no flare 

3.65 4 5 15 User Defined 30 

2 In approach, 
no flare 

7.30 8 5 15 30 

3 In approach, 
no flare 

10.95 12 5 15 30 

1 In approach, 2 
In entry 

3.65 8 10 15 30 

2 In approach, 3 
In entry 

7.30 12 10 15 30 

Long Flare length 
(<=10 cars or 
60m) 

1 In approach, 2 
In entry 

3.65 8 30 15  30 

2 In approach, 3 
In entry 

7.30 12 30 15 30 

Multi-Node 
Roundabout 

Circulatory Arm 15 20 100 1000 200 0 
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6.4 EECSM Zone Reconfiguration 

The EECSM zoning system closely follows that of the 2017 Essex Countywide model. The 2017 
modelôs zoning system was reviewed, and a total of 32 additional zones were created by re-
configuring large existing zones around Basildon, East of Rochford and South of Chelmsford to 
increase the granularity of the zone system in these areas. The original zone system boundaries 
are consistent with census area boundaries, therefore any splitting undertaken followed Output 
Area (OA) outlines. This consistency with OA boundaries ensured the demographic data reported 
at OA level could be used for an accurate conversion of the demand matrices to the updated 
EECSM zone system from the Essex Countywide model, as detailed in Section 9.3.  

Where the boundaries of the 2017 and 2019 zone systems are consistent, and where splitting has 
been undertaken can be viewed in Figure 6.10. 

 

Figure 6.10: EECSM Zone System and Zone Re-Configuration from the Original Essex Countywide Model 

Zone splitting was mainly undertaken to improve the suitability of the 2019 model for planned 
forecast modelling, this included improved capturing of any traffic impacts emanating from the 
A127 in the forecasts, impacts on the A12 and A130, and any known forecast schemes in these 
locations. 
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7 Network Calibration and Validation 

7.1 Network Checking and Calibration 

Based on the coded characteristics of each link, a number of checks of the network were made. 
The first of these was the standard network check offered by the VISUM modelling package, which 
checked aspects of the model such as network connectivity and illogical coding of junctions. 

A network check list informed by advice in TAG Unit M3.1 was created, and the model was 
checked against each aspect of the list. The list is reproduced in Appendix C. Additional checking 
focused on the coded attributes of the links, including link speeds, number of lanes and capacity, 
as detailed below. 

Free flow link speeds are a function of the link type (as specified in Appendix B). These speeds 
were checked by plotting them in VISUM and colouring links according to speed in bands. This plot 
is shown in Figure 7-1 below for the detailed study area. 

 

 

Figure 7-1: Free Flow Speeds in South Essex 

The plot shows that urban areas in the study area such as Basildon, Southend on Sea, and 
Brentwood have coded free flow speeds of around 20-30kph on minor residential streets, 40-50kph 
on more major residential streets, and 50-70kph on main through roads. For instance, the A127 
has a mix of free flow speeds ranging from 60kph to in excess of 100 kph. In rural areas the free 
flow speed is between 70kph and 100kph; these roads are national speed limit roads. Finally, 
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roads such as the A12, the A13, M25 have free flow speeds in excess of 100kph, as would be 
expected on a major dual carriageway or motorway. However, it is to be noted that the section on 
the A13 between the A1089/A128 and the A1014 was coded with a free flow speed of 64kph 
because this section was undergoing construction as part of road widening, with construction 
management in place, during the time period represented by the base model. 

The coded number of lanes was checked in a similar manner, with this plot shown in Figure 7-2 
below. 

 

Figure 7-2: Number of Lanes on Each Link in EECSM 

The plot shows that the majority of the links are coded as a single lane except for the main through 
routes and some links, which have been coded with two or three lanes, as expected from network 
checks and local knowledge. Again, the M25 shows a 4-lane carriageway which is expected and a 
small section of the A13 south of Basildon is also coded with 4 lanes, which correctly replicates the 
road characteristics. 

Link capacity is again checked in a similar way, as shown below in Figure 7-3. 
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Figure 7-3: Link Capacity in EECSM 

Urban residential roads show the lowest capacities of around 500 vehicles per hour or less, whilst 
the A12, A130, A13, and the M25 have the largest capacities. Main through roads tend to have 
capacity between 1,000 and 3,000 vehicles per hour. This is all considered to be a correct 
representation of the real link characteristics and capacities. 

Finally, it should be noted that checks were made to ensure that there was a consistency of coding 
across all time periods, and these confirmed that only signal timings differed between the periods.  

.  
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8 Route Choice Calibration 

The model was further checked by examining shortest paths and minimum generalised cost routes 
through the network. These checks were done at an early stage of the model development and 
again towards the end of the model development process. Major urban areas covered by the 
network were identified and routes between them checked against Google Maps.  

According to TAG unit M3.1, the number of routes that should be checked is defined by: 

���Q�X�P�E�H�U���R�I���]�R�Q�H�V���L�Q���P�R�G�H�O�������������[���Q�X�P�E�H�U���R�I���X�V�H�U���F�O�D�V�V�H�V��

The EECSM has 332 zones and five user classes, meaning that 21.13 routes should be checked. 
This has been rounded up to 22 for the purposes of the EECSM.  

Where the route choice was contrary to expectations, the modelled network was checked and 
adjusted to correct the route. Some examples of the routes checked in the model are illustrated 
below, with the modelled route shown in red and equivalent route from Google Maps shown 
adjacent. A full set of route checks undertaken is presented in Appendix E. 
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Figure 8-1: Route Choice Checks; Modelled Compared to Observed 
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9 Trip Matrix Development 

9.1 Overview 

The demand matrices have been derived using the 2017 Essex Countywide Model as the starting 
point. As the base year for the EECSM is 2019, the Countywide matrices were uplifted based on 
background growth rates from the DfTôs Trip End Modelling Programme (TEMPro), as well as 
known planning completions between 2017 and 2019. In addition, the matrices were converted 
from the Countywide zone system to the EECSM zone system. 

9.2 Essex Countywide and Use of Mobile Phone Data 

The 2017 Essex Countywide Model, which is used as the basis for the development of demand 
matrices for this model, made use of aggregated and anonymised mobile network data (MND) 
provided specifically for that study by Telefonica. This development of Essex Countywide matrices 
was largely driven by this data, however other data sources such as 2011 Census Journey to 
Work, National Travel Survey data, National Trip End Model, and bespoke synthetic matrices were 
used to augment the MND and to check and correct for its known biases. For example, the nature 
of MND data means that it does not sufficiently represent short distance trips, and therefore these 
types of trips needed to be infilled by data from the synthetic matrices.   

Figure 9.1 summarises the methodology followed for developing the Essex Countywide Matrices.  

 

Figure 9.1: Summary of Matrix Building Process for the Essex Countywide Model 

The trip matrix development for the Essex Countywide Model, including the processing of raw 
MND and its verification, is discussed in greater detail in Appendix F. The following summarises 
the highway matrix development: 

�x Car matrices were derived from MND as a primary source, with infilling of short distance 
trips through synthesised data; 
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�x LGV matrices were derived from October - November 2014 and March 2015 Trafficmaster 
(currently referred as Teletrac) data; and  

�x HGV matrices were derived from 2006 Base Year Freight Matrices (BYFM). 

9.3 Conversion from Essex Countywide zoning system 

The conversion of the prior demand matrices from the Essex Countywide Model zone system to 
the EECSM zone system is undertaken through a review and application of 2011 Census data, 
against the boundaries of the two model zone systems. It is to be noted that the prior matrices from 
Essex Countywide Model were used - this was because, in anticipation of having to undertake 
matrix estimation for the EECSM, it was important not to ócorrectô already estimated matrices, 
which would distort the underlying trip patterns significantly.  
 
The matrices from the Essex Countywide Model zone system were aggregated and disaggregated 
to match the boundaries of the EECSM zone system. Further away from the study area, where the 
level of network detail in the EECSM is lower and zones larger, the Essex Countywide demand 
was taken directly and simply aggregated to fit the EECSM zoning system. However, in South 
Essex, where the level of network detail is highest in the EECSM, there was a need to 
disaggregate the Essex Countywide matrices. The permanent residential population and 
workplace population, at Output Area (OA) level, was used to translate the demand matrices from 
the Essex Countywide to the EECSM zone system. This was facilitated by both zone systems 
being derived from OA boundaries, so there was a consistent spatial basis for the conversion. 
 
For origin-destination matrices, the census datasets used to disaggregate Essex Countywide 
demand were dependent on the user class and peak modelled time period, as shown in the 
following table: 
 

User Class 
(UC) 

Vehicle 
Class 
(VC) 

AM Matrices IP Matrices PM Matrices 

Origin Destination Origin Destination Origin Destination 

UC1 (Car 
Commute) 

VC1 

Residential 
Population 

Workplace 
Population 

Workplace 
Population 

Residential 
Population 

Workplace 
Population 

Residential 
Population 

UC2 (Car 
Employer 
Business) 

Residential 
Population 

Workplace 
Population 

Workplace 
Population 

Residential 
Population 

Workplace 
Population 

Residential 
Population 

UC3 (Car 
Other) 

Residential 
Population 

Workplace 
Population 

Workplace 
Population 

Residential 
Population 

Workplace 
Population 

Residential 
Population 

UC4 (LGV) VC2 Workplace 
Population 

Workplace 
Population 

Workplace 
Population 

Workplace 
Population 

Workplace 
Population 

Workplace 
Population 

UC5 (HGV) VC3 Workplace 
Population 

Workplace 
Population 

Workplace 
Population 

Workplace 
Population 

Workplace 
Population 

Workplace 
Population 

Table 9-1: Conversion of Origin-Destination Matrices 

Across the car user classes, the disaggregation of matrices at trip end level was undertaken using 
different census datasets depending on the peak period modelled. The origin trip end in the AM 
peak is disaggregated using the residential population dataset, while in the interpeak and PM peak 
models the workplace population is used. The reverse is true for the destination trip end. 
 
For LGV and HGV matrices, the disaggregation was controlled by the workplace population 
dataset. For goods vehicles, both the origin and destination of a trip are more likely to be linked to 
an employment than a residential site. 



Local Model Validation Report 
 
Enhanced Essex Countywide Model 
 

50 

9.4 Developments 

Land use is key to establishing travel demand for the area. As discussed in the previous section, 
land use data has been derived from the previous Countywide Model, which detailed the land uses 
up to 2017. The land uses for the EECSM were then updated to a 2019 base year by using 
planning completions data between 2017 and 2019 from Rochford, Basildon, Castle Point and 
Southend-on-Sea District Councils and adjusted growth factors derived from the National Trip End 
Model (NTEM) v7.2 dataset; these are detailed in the following section. 

Developments with a quantum sufficiently large to generate an additional 1,000 weekday trips 
were modelled explicitly. Trip Rate Information Computer System (TRICS) trip rates were applied 
to the development quanta and then added to the base zone the development is situated in. The 
remainder of traffic growth in the model between 2017 and 2019 is covered by growth factors 
derived from the NTEM dataset. The completions data for developments modelled explicitly 
between 2017 to 2019 and their locations within the EECSM zoning system can be viewed below. 

Development Name 
Development Completions 2017-2019 

Dwellings Employment Area (Sqm) 

Oak Rd/ Hall Rd, Rochford 240 0 
Heath House & Carby House, Southend-on-

Sea 280 0 

Roscommon Way Canvey Island, Castle Point 0 4255 
 

Table 9-2: Major Developments in EECSM 
 ��
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��

 

Figure 9.2: Map of Major Developments, Against the Model Zoning System 

9.5 TEMPro Uplift 

TEMPro version 7.2 provided the NTEM growth factors to be applied to uplift car matrices from 
2017 to the required 2019 base year. These factors were calculated after discounting the 
development sites modelled explicitly, using the TEMPro alternative assumptions functionality.��
Regional Road Traffic Forecast 2018 (RTF18, Scenario 1) growth factors were used to uplift the 
goods vehicle matrices. Factors for each region and user class are detailed in the table below. The 
zones within Basildon were uplifted at Middle Super Output Area (MSOA), Castle Point, Rochford, 
Southend-on-Sea and Brentwood were uplifted at District level. Other zones in the model were 
uplifted based on their region. 
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Region 

AM IP PM 

UC1 UC2 UC3 LGV HGV UC1 UC2 UC3 LGV HGV UC1 UC2 UC3 LGV HGV 

O D O D O D O D O D O D O D O D O D O D O D O D O D O D O D 

Basildon 015 1.02 1.02 1.02 1.03 1.04 1.04 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.04 1.04 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 012 1.02 1.02 1.02 1.02 1.03 1.04 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 011 1.01 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.02 1.04 1.04 1.01 1.01 

Basildon 013 1.03 1.02 1.03 1.02 1.04 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.04 1.04 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.03 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 009 1.00 1.02 1.01 1.02 1.02 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.02 1.02 1.04 1.04 1.01 1.01 1.02 1.00 1.02 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

Basildon 006 1.01 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

Basildon 008 1.01 1.02 1.01 1.02 1.02 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

Basildon 005 1.02 1.02 1.02 1.03 1.03 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 007 1.01 1.02 1.01 1.02 1.02 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.02 1.02 1.04 1.04 1.01 1.01 1.02 1.00 1.02 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

Basildon 020 1.02 1.03 1.02 1.03 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.03 1.03 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.03 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 010 1.01 1.02 1.01 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

Basildon 004 1.01 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 002 1.01 1.02 1.01 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

Basildon 001 1.01 1.02 1.01 1.02 1.02 1.03 1.04 1.04 1.01 1.01 1.01 1.00 1.01 1.01 1.02 1.02 1.04 1.04 1.01 1.01 1.01 1.00 1.01 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

Basildon 003 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 021 1.01 1.02 1.01 1.02 1.02 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

Basildon 014 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.02 1.03 1.04 1.04 1.01 1.01 

Basildon 016 1.03 1.02 1.03 1.02 1.04 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.04 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 017 1.02 1.02 1.02 1.02 1.03 1.04 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 019 1.03 1.02 1.03 1.02 1.04 1.04 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.04 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.03 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 022 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Basildon 018 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.03 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Southend-on-Sea 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Castle Point 1.01 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.01 1.03 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.01 1.01 1.02 1.03 1.04 1.04 1.01 1.01 

Brentwood 1.01 1.02 1.01 1.02 1.02 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

Rochford 1.01 1.02 1.01 1.02 1.02 1.03 1.04 1.04 1.01 1.01 1.01 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.00 1.02 1.01 1.02 1.02 1.04 1.04 1.01 1.01 

LON 1.03 1.03 1.03 1.03 1.04 1.04 1.04 1.04 1.01 1.01 1.03 1.03 1.03 1.03 1.04 1.04 1.04 1.04 1.01 1.01 1.02 1.03 1.03 1.03 1.03 1.03 1.04 1.04 1.01 1.01 

Essex 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.01 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

East 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

SE 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

GB 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 1.02 1.02 1.02 1.02 1.03 1.03 1.04 1.04 1.01 1.01 

Table 9-3: TEMPro Growth Factors 
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9.6 Adjusted AM Peak Hour 

As noted in section 4.6, ATC counts from the detailed area of modelling were used to identify the 
peak (busiest) hours within the peak periods. These are: 

�x AM peak hour (07:30-08:30) 

�x PM peak hour (17:00-18:00) 

�x Average hour in the interpeak (10:00-16:00) 

The above peak hours represent the times at which observed traffic volumes were the highest for 
the AM (7:00-10:00) and PM (16:00-19:00) time periods, and an average modelled hour for 
interpeak.  

As detailed in the sub-sections above, the demand matrices for the EECSM are derived from the 
Essex Countywide Model. These modelled hours are consistent with the EECSM for the interpeak 
and PM peak, however the AM peak hour in the Countywide Model is 08:00-09:00. Therefore, an 
uplift factor based on ATC count data within the area of detailed modelling, was applied to the AM 
matrices to ensure they accurately reflect the demand for the 07:30-08:30 peak hour for the 
EECSM. The factors used are shown in the table below. 

User Class Uplift Factor 

Car 1.027302 

LGV 1.142111 

HGV 1.003502 

Table 9-4: Uplift Factors for AM Peak (07:30-08:30) 
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10 Trip Matrix Calibration and Validation 

The following section outlines the adjustment process to improve the prior demand matrices and 
describes the resulting calibration of trip matrices through matrix estimation. 

10.1 Prior Matrices Adjustments 

The prior matrices, derived following the steps described above, were assigned to the EECSM 
network and the assigned flows were compared against observed flows across screenlines. This 
comparison identified a need for further refinement of the trip matrices, especially to account for a 
shortfall in shorter distance trips due to the lack of urban detail in the Essex Countywide Model. 
The matrix development steps were reviewed, however since the required refinement was 
relatively small, it was decided not to revise the matrix development processes. Rather, small-
scale adjustments were made to the trip matrices by aggregating into sectors and applying factors 
to the sector-to-sector movements to make adjustments to better reflect the identified observed 
movements across screenlines. Checks were carried out to confirm that the adjustments did not 
significantly change patterns. Table 10-1 below shows the scale of change brought about by the 
adjustments to the matrix totals.  

User 
Class 

AM  IP PM 

Initial 
Prior 
Matrix 

Final 
Prior 
Matrix 

%Change 
Initial 
Prior 
Matrix 

Final 
Prior 
Matrix 

%Change 
Initial 
Prior 
Matrix 

Final 
Prior 
Matrix 

%Change 

UC1 153417 157206 2.41% 35784 36832 2.85% 132643 135615 2.19% 

UC2 58048 59327 2.16% 38659 39461 2.03% 54405 55046 1.16% 

UC3 120973 123848 2.32% 155356 159812 2.79% 177378 181697 2.38% 

LGV 135288 135288 0.00% 116963 116963 0.00% 101098 101580 0.47% 

HGV 77331 77331 0.00% 79883 79883 0.00% 39375 39435 0.15% 

Total 545057 553000 1.44% 426644 432952 1.46% 504900 513373 1.65% 

Table 10-1: Prior Matrix Adjustments 

As a further test of the effect of matrix adjustments on trip length distribution, a series of plots have 
been produced comparing trip length distribution for the initial and final prior matrices, for all car 
user classes, which are shown in Appendix J. These plots illustrate that there is relatively little 
change in the trip length distribution and therefore that the effects of adjustments on trip patterns 
are minimal for cars. As an example, plots showing trip length distribution change for UC1 AM and 
UC3 PM are shown below: 
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Figure 10.1: Matrix Trip Length Changes, UC1 AM 

 
Figure 10.2: Matrix Trip Length Changes, UC3 PM 

Adjustments were made mainly for cars, with an exception of a small adjustment to LGV and HGV 
matrices in the PM peak.��These adjusted matrices were taken as ñfinal prior matricesò for matrix 
estimation. The matrix estimation process is described in the following section.  
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10.2 Matrix Estimation  

After an initial assignment and refining of the modelled network, the trip matrices underwent a 
process of ómatrix estimationô whereby trip matrices were adjusted such that the resulting assigned 
flows better represented observed counts. The ñTFlowFuzzyò module within VISUM was used for 
this process. The process of matrix estimation in general is well understood within the modelling 
community and will not be expanded upon here. The VISUM manual contains details of the 
specifics of the TFlowFuzzy process, but in principal it is much the same as any other matrix 
estimation process in any other transport modelling package. 

The available count data is given for cars, LGVs, and HGVs and matrix estimation undertaken for 
those vehicle classes separately. With specific reference to car trips, matrix estimation was run on 
the three user class matrices (commute, business, and other) jointly in a single process. This was 
done using the modelling procedure for matrix estimation which has the capability to split the car 
counts into three user class proportions based on the assigned user class volumes on links. It is 
important when running matrix estimation processes that the ópriorô (to estimation) trip matrices are 
not distorted such that the underlying trip patterns in the ópostô matrices are altered. To test 
whether this altering process has occurred, the guidelines set out within Table 5 of TAG unit M3-1 
have been applied to the prior- and post-ME matrices, as detailed below in Table 10-2 below. 

 
Measure Acceptability Guidelines 

Matrix zonal cell values Slope within 0.98 and 1.02 
Intercept near zero 
RĮ in excess of 0.95 

Matrix zone trip ends Slope within 0.99 and 1.01 
Intercept near zero 
RĮ in excess of 0.98 

Trip length distributions Means within 5% 
Standard deviation within 5% 

Sector to sector level matrices Differences within 5% 

Table 10-2: Significance of Matrix Estimation Changes 

The significance of matrix estimation for each measure detailed in the above table is described in 
section 10.2.2 to 10.2.5. 

10.2.1 Matrix Totals 

There is no current guidance set out in TAG unit M 3.1 on the acceptability of the amount of 
change brought about by matrix estimation to the matrix totals. However, a comparison of the 
matrix totals before and after the application of matrix estimation to show the impact of matrix 
estimation is shown in Table 10-3����
�� ��
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Vehicle 
Class 

AM IP PM 

Prior Post ME % Diff Prior Post ME % Diff Prior Post ME % Diff 

UC1 157206 154991 -1.43% 36832 36625 -0.57% 135615 133240 -1.78% 

UC2 59327 58374 -1.63% 39461 39083 -0.97% 55046 54135 -1.68% 

UC3 123848 122542 -1.07% 159812 158910 -0.57% 181697 178804 -1.62% 

LGV 135288 134946 -0.25% 116963 116291 -0.58% 101580 101308 -0.27% 

HGV 77331 77185 -0.19% 79883 79680 -0.25% 39435 39233 -0.51% 

Total 553000 548038 -0.91% 432952 430589 -0.55% 513373 506721 -1.31% 

Table 10-3: Comparison of Matrix Totals - Prior vs Post ME 

The table above shows that at a matrix total level across all vehicle classes, changes in the 
number of trips in the matrix are within 2% for all vehicle types, which demonstrates that matrices 
post estimation are not significantly altered in terms of total number of trips.  

10.2.2 Matrix Zonal Cell Value Changes 

The graphs in Figure 10.3 to Figure 10.8 show for each time period and vehicle type and for cars 
and all vehicles, the cell values of the prior matrix plotted (on the horizontal axis) against the 
values in the same cell of the post matrix (on the vertical axis). All trip movements except 
intrazonals are included in the analysis. A trend line, with equation and RĮ value has also been 
plotted. Graphs for each separate highway user class are presented in Appendix H. 

 

Figure 10.3: Cell Value of Prior Matrix Against Post ME Matrix, Cars AM��
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Figure 10.4: Cell Value of Prior Matrix Against Post ME Matrix, All Vehicles AM 

��

Figure 10.5: Cell Value of Prior Matrix Against Post ME Matrix, Car IP 

 ��
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��

Figure 10.6: Cell Value of Prior Matrix Against Post ME Matrix, All Vehicles IP 

��

��

Figure 10.7: Cell Value of Prior Matrix Against Post ME Matrix, Car PM 
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Figure 10.8: Cell Value of Prior Matrix Against Post ME Matrix, All Vehicles PM 

 

The guidance states that the trend line must have a gradient between 0.98 and 1.02, an intercept 
close to zero, and an R2 value exceeding 0.95. Table 10-4 below summarises the data in the 
graphs and demonstrates that these conditions are met for cars and all vehicles in the AM and PM 
peak models. The table also includes data on LGV and HGVs, and again, they meet the 
conditions. 

Zonal cell 
value 
summary 

AM IP PM 

RĮ Slope Intercept RĮ Slope Intercept RĮ Slope Intercept 

All vehicles 1.00 1.00 -0.04 1.00 1.00 -0.02 1.00 1.00 -0.06 

Car 1.00 1.00 -0.04 1.00 1.00 -0.01 1.00 1.00 -0.06 

Car C 1.00 1.00 -0.02 1.00 1.00 -0.00 1.00 1.00 -0.02 

Car EB 1.00 1.00 -0.01 1.00 1.00 -0.00 1.00 1.00 -0.01 

Car O 1.00 1.00 -0.01 1.00 1.00 -0.01 1.00 1.00 -0.03 

LGV 1.00 1.00 -0.00 1.00 1.00 -0.01 1.00 1.00 -0.00 

HGV 1.00 1.00 -0.00 1.00 1.00 -0.00 1.00 1.00 -0.00 

Table 10-4: Zonal Cell Value Summary 

10.2.3 Matrix Trip End Changes 

The check on how much matrix trip ends have been affected by matrix estimation is similar to the 
check on individual cell values in that the prior and post trip ends must be plotted on a graph and a 
trend line added. The graphs showing these for cars and all vehicles are below in Figure 10.9 to 
Figure 10.14. A full set of graphs by individual user class can be found under Appendix I. All trip 
movements except intrazonals have been included in the trip end totals.�� ��
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Figure 10.9: Matrix Trip End Changes, Car AM 

��

 

Figure 10.10: Matrix Trip End Changes, All Vehicles AM 

��

��

��
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Figure 10.11: Matrix Trip End Changes, Car IP 

��

 

Figure 10.12: Matrix Trip End Changes, All Vehicles IP 
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Figure 10.13: Matrix Trip End Changes, Car PM 

��

 

Figure 10.14: Matrix Trip End Changes, All Vehicles PM 

The guidance on these trend lines is the following: 

�ƒ Slope to be within 0.99 and 1.01; 

�ƒ Intercept near zero; and 

�ƒ R2 in excess of 0.98. 
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As with the test on cell values, the R2 and slope values for all highway user classes meet the TAG 
criteria stated above, which can be seen in Table 10-5 below. Although the intercept is further from 
the criteria than for matrix cell values, given the relative size of the trip end values in the regression 
graph, these intercepts are still relatively close to zero. 

Trip end 
summary 

AM IP PM 
RĮ Slope Intercept RĮ Slope Intercept RĮ Slope Intercept 

All 
vehicles 1.00 1.00 -13.36 1.00 1.00 -4.95 1.00 1.00 -18.32 

Car 1.00 1.00 -12.02 1.00 1.00 -2.87 1.00 1.00 -17.36 
Car C 1.00 1.00 -6.06 1.00 1.00 -0.34 1.00 1.00 -6.60 
Car EB 1.00 1.00 -2.49 1.00 1.00 -0.82 1.00 1.00 -2.42 
Car O 1.00 1.00 -3.48 1.00 1.00 -1.77 1.00 1.00 -8.40 
LGV 1.00 1.00 -0.73 1.00 1.00 -1.76 1.00 1.00 -0.51 
HGV 1.00 1.00 -0.42 1.00 1.00 -0.58 1.00 1.00 -0.56 

Table 10-5: Trip End Summary 

10.2.4 Trip Length Distributions 

For trip length distributions, it is recommended in TAG that both the mean and standard deviation 
of the post matrix trip lengths must not differ by more than 5% from those of the prior matrices. The 
mean and standard deviations for all the matrices (not including intrazonal trips) are summarised in 
Table 10-6 and Table 10-7 below. 

Time and Trip Type All Vehicles - Prior All Vehicles - Post % Change 
AM Average Trip length 38.95 38.80 -0.39% 

AM Standard Deviation 73.84 73.92 0.10% 

IP Average Trip length 43.49 43.10 -0.89% 

IP Standard Deviation 83.38 83.24 -0.16% 

PM Average Trip length 35.82 35.74 -0.22% 

PM Standard Deviation 66.80 66.87 0.10% 

Table 10-6: Table of Trip Lengths and Standard Deviation, All vehicles 

Time and Trip Type Car - Prior Car- Post % Change 
AM Average Trip length 29.39 29.31 -0.26% 
AM Standard Deviation 50.01 50.06 0.11% 
IP Average Trip length 32.51 32.12 -1.20% 
IP Standard Deviation 60.84 60.54 -0.50% 
PM Average Trip length 30.61 30.68 0.23% 
PM Standard Deviation 53.94 54.08 0.26% 

Table 10-7: Table of Trip Lengths and Standard Deviation, Car 

The tables above show that the change in average and standard deviation trip lengths is minimal 
and well within guidelines for cars and all vehicles across all time periods. 

As a further test of the effect of matrix estimation on trip length distribution, a series of plots have 
been produced comparing trip length distribution for the pre and post estimated matrices, for all car 
user classes, HGVs and LGVs which are shown in Appendix K. These plots illustrate that there is 
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relatively little change in the trip length distribution and therefore that the effects of matrix 
estimation on trip patterns are minimal for cars, LGVs and HGVs. As an example, plots showing 
trip length distribution change for UC1 AM and UC3 PM are shown below: 

 
Figure 10.15: Matrix Trip Length Changes, UC1 AM 

 
Figure 10.16: Matrix Trip Length Changes, UC3 PM 

��
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10.2.5 Sector-to-Sector Movements

Finally, the TAG guidelines require a check on the matrix cells on a sector basis. The guidelines
state that trips should not change by more than 5%. Using the sectors specified in section 4.3.1 
and in Figure 10.17 (on the following page), the percentage and absolute change for each user 
class and each sector-to-sector movement as a result of matrix estimation are shown in Appendix 
L and M respectively. The tables in Appendix J show that some of the percentage changes of the 
sector-to-sector movements for Cars and All Vehicles clearly exceed the 5% criteria. However,
according to guidelines, the criteria is to be applied regardless of the number of trips in the sector; 
for sector-to-sector movements with relatively few trips, it is more difficult to stay within the 5% 
criteria, although this could have been achieved if larger sectors were selected.

Noting that in some cases there are relatively few trips, the tables of changes expressed as GEH 
values provide greater insight into the significance of some of these percentage changes. The 
sector-to-sector matrices upon which this summary is derived can be found in Appendix N. As can 
be seen from Tables in Appendix N, some sectors have changes in GEH values that are within 5, 
though some are more than 5, but changes overall provide assurance that matrix estimation is not 
significantly changing the underlying trip patterns. As an example, Table 10-8 below provides a 
summary of the range of GEH statistics in the sectored matrices for all Car user classes for each 
time period.

User Class GEH AM IP PM

Commute 
< 5 91.0% 94.0% 93.0% 
5 to 10 9.0% 6.0% 6.0% 
> 10 0.0% 0.0% 1.0% 

Employer 
Business 

< 5 97.0% 99.0% 100.0% 
5 to 10 3.0% 1.0% 0.0% 
> 10 0.0% 0.0% 0.0% 

Other 
< 5 93.0% 90.0% 91.0% 
5 to 10 7.0% 10.0% 9.0% 
> 10 0.0% 0.0% 0.0% 

Table 10-8: Matrix Estimation Changes ï Sector-to-Sector Movements in GEH Range 

This analysis shows that the majority of movements at a sector level have adjustments with a GEH 
less than 5, with only a few movements having a GEH greater than 5. These adjustments are 
considered acceptable. 
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Figure 10.17: EECSM Zone Sectoring��
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11 Assignment, Calibration and Validation 

11.1 Convergence 

A summary of the assignment method used is given in section 4.8. For ease of reference, the 
convergence criteria are repeated below in Table 11-1.  

Measure of Convergence Base Model Acceptability Guidelines 

Delta and %GAP Less than 0.1% or at least stable with convergence 
fully documented and all other criteria met 

Percentage of links with flow change (P) < 1% Four consecutive iterations greater than 98% 

Percentage of links with cost change (P2) < 
1% 

Four consecutive iterations greater than 98% 

Table 11-1: Convergence Criteria 

Convergence statistics for the final base model are shown in Table 11-2 below.   

Time 
Period Iteration Loop 

Proximity 
Indicator: 
Gap (%) 

Percentage of Links with 
Flow Change < 1% 

Percentage of Links with Cost 
Change < 1% 

AM 

Final - 3 13 0.00025 98.34% 98.95% 

Final - 2 14 0.00024 99.35% 99.35% 

Final - 1 15 0.00024 99.25% 99.39% 

Final 16 0.00023 99.76% 99.61% 

IP 

Final - 3 9 0.00001 99.73% 99.78% 

Final - 2 10 0.00001 99.87% 99.85% 

Final - 1 11 0.00001 99.95% 99.90% 

Final 12 0.00001 99.97% 99.92% 

PM 

Final - 3 12 0.00018 98.64% 99.06% 

Final - 2 13 0.00022 98.69% 99.07% 

Final - 1 14 0.00018 99.23% 99.36% 

Final 15 0.00017 99.68% 99.58% 

Table 11-2: Details of ICA Assignment Convergence 

The results in Table 11-2 show that the model has a level of convergence in line with the guidance 
from TAG. 
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11.2 Screenlines 

All the counts (calibration and validation) are arranged along screenlines as illustrated in Figure 
11.1. 

 

Figure 11.1: Calibration and Validation Screenlines 

The following sections summarise the calibration and validation of the model.  

11.3 Count Calibration 

The counts used for calibration are those on the calibration screenlines in Figure 11.1. The 
performance of the model in terms of comparisons with count data are measured in two ways. The 
first is GEH statistic and the second is made by reference to in Table 3-2 in Section 3.  

TAG advises that in ordinary circumstances the practitioner should aim to reach a state where at 
least 85% of modelled links have a GEH of less than 5 or satisfy the criterion in Table 3-2. There 
were 216 calibration counts used in the base year model. The comparison of modelled flows 
against these calibration counts are summarised below in Table 11-3. 
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Measure 
AM Peak 

Cars LGV HGV Total Vehicles 

No. links with modelled flows 
meeting criteria 212/222 220/222 222/222 210/222 

% links with modelled flows 
meeting criteria 95% 99% 100% 95% 

Measure 
Interpeak 

Cars LGV HGV Total Vehicles 

No. links with modelled flows 
meeting criteria 211/222 222/222 222/222 208/222 

% links with modelled flows 
meeting criteria 95% 100% 100% 94% 

Measure 
PM Peak 

Cars LGV HGV Total Vehicles 

No. links with modelled flows 
meeting criteria 198/222 221/222 222/222 196/222 

% links with modelled flows 
meeting criteria 89% 100% 100% 88% 

Table 11-3: Calibration Link Flow Comparison with Observed Flows (Cars, LGV, HGV and Total Vehicles) 

The table above shows that the 85% criterion for calibration counts is exceeded for all time vehicle 
classes across all time periods. This is encouraging as it gives confidence that the model is 
representing base year traffic flows realistically. A full breakdown of the comparison at the 
individual count level is included in Appendix O. 

11.4 Screenline Calibration 

The TAG criterion for total screenline flows, as a check on the validity of the trip matrices, is that 
total modelled flows on all links crossing a screenline must be within 5% of the observed totals. 
The performance of the model along the calibration screenlines is summarised in Table 11-4 
below.  
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Screenline No. links 

AM IP PM 

Obs. Mod. % Diff. Obs. Mod. % Diff Obs. Mod. % Diff. 
Cal 1 - Inbound 4 458 469 2% 398 398 0% 990 982 -1% 

Cal 1 - Outbound 4 1156 1189 3% 369 367 -1% 381 391 3% 

Cal 2 - Inbound 17 7161 7169 0% 4380 4593 5% 6799 6834 1% 

Cal 2 - Outbound 16 6932 6841 -1% 4254 4313 1% 6223 6152 -1% 

Cal 3 - Inbound 4 1849 1738 -6% 1094 1154 5% 1421 1484 4% 

Cal 3 - Outbound 4 1220 1260 3% 1094 1070 -2% 1907 1735 -9% 

Cal 4 - Inbound 6 2754 2878 5% 1748 1886 8% 2779 2873 3% 

Cal 4 - Outbound 7 5585 5814 4% 3837 4022 5% 5228 5401 3% 

Cal 5 - Inbound 19 11030 10774 -2% 7419 7107 -4% 9808 9543 -3% 

Cal 5 - Outbound 19 10439 10030 -4% 7605 7255 -5% 10614 10443 -2% 

Cal 6 - Inbound 10 8415 8532 1% 5595 5562 -1% 7179 7215 1% 

Cal 6 - Outbound 10 6558 6705 2% 5422 5434 0% 8010 7774 -3% 

Cal 7 - Inbound 10 7164 6834 -5% 4432 4481 1% 6299 6160 -2% 

Cal 7 - Outbound 10 5625 5347 -5% 4705 4500 -4% 6773 7192 6% 

Cal 8 - Inbound 10 11055 10939 -1% 6622 6645 0% 8167 8125 -1% 

Cal 8 - Outbound 10 7441 7424 0% 7355 7439 1% 11550 11537 0% 

Cal 9 - Inbound 5 7973 7910 -1% 4651 4704 1% 5056 5035 0% 

Cal 9 - Outbound 5 5662 5663 0% 5122 5171 1% 7774 7788 0% 

Cal 10 - Inbound 9 5345 5358 0% 4477 4475 0% 5855 5858 0% 

Cal 10 - Outbound 9 6326 6198 -2% 4708 4793 2% 6204 6197 0% 

Cal 11 - Inbound 8 3596 3465 -4% 2965 2804 -5% 3032 2879 -5% 

Cal 11 - Outbound 8 2801 2535 -9% 3006 2821 -6% 4163 3965 -5% 

Total   126545 125074 -1% 91258 90994 0% 126212 125563 -1% 

Total Screenlines  22 

< 5% Difference  20/22 (91%) 18/22 (82%) 19/22 (86%) 

< 7.5% Difference  21/22 (95%) 21/22 (95%) 21/22 (95%) 

< 10% Difference  22/22 (100%) 22/22 (100%) 22/22 (100%) 

Table 11-4: Calibration Screenline Comparison Table 

As demonstrated in the table above, of the 22 calibration screenlines in total, 20 screenlines in the 
AM peak, 18 in the IP and 19 in the PM peak have total modelled flows within 5% of the observed 
totals. 21 out of 22 screenlines across all peaks have total modelled flows within 7.5% of the 
observed totals and all screenlines have total modelled flows within 10% of the observed totals.��
This gives confidence that the base year model reproduces the observed traffic flows. Further 
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detail on the screenline calibration is given in Appendix Q including a breakdown of individual 
vehicle classes. Also, as mentioned in Section 3.1.1, following TAG unit M3.1 paragraph 3.3.8, 
additional screenline summaries with high flow roads (e.g. motorways) excluded have also been 
provided in Appendix Q. 

11.5 Count Validation 

Count validation relies on making similar comparisons to the ones made for the count calibration, 
but against independent counts, i.e. those not used in the model building process up to this point in 
either the matrix building or the matrix estimation process. 

There are 70 counts used in validation, and the modelôs performance against these counts is 
summarised in Table 11-5 below. 

Measure 
AM Peak 

Cars LGV HGV Total Vehicles 

No. links with modelled flows meeting criteria 61/70 68/70 69/70 60/70 

% links with modelled flows meeting criteria 87% 97% 99% 86% 

Measure 
Interpeak 

Cars LGV HGV Total Vehicles 

No. links with modelled flows meeting criteria 63/70 69/70 70/70 61/70 

% links with modelled flows meeting criteria 90% 99% 100% 87% 

Measure 
PM Peak 

Cars LGV HGV Total Vehicles 

No. links with modelled flows meeting criteria 61/70 68/70 70/70 60/70 

% links with modelled flows meeting criteria 87% 97% 100% 86% 

Table 11-5: Validation Link Flow Comparison with Observed Flows (Cars, LGV, HGV and Total Vehicles) 

The table above shows that the 85% criterion for validation counts is exceed in all time periods and 
across all vehicle classes, including total vehicles. This gives more confidence that the model is 
representing base year traffic flows realistically. A full breakdown of the comparison at the 
individual count level is included in Appendix P. 

11.6 Screenline Validation 

All the validation counts are arranged across screenlines, as illustrated in Figure 11.1 above. Table 
11-6 below shows the performance of validation counts across screenlines. 
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Screenline No. links 

AM IP PM 

Obs. Mod. % Diff. Obs. Mod. % Diff. Obs. Mod. % Diff. 
Val 1 - Inbound 12 6942 6688 -4% 5029 4664 -7% 6757 6466 -4% 
Val 1 - Outbound 12 6345 6517 3% 5227 4769 -9% 7522 7319 -3% 
Val 2 - Inbound 4 1792 1736 -3% 1370 1334 -3% 1933 1974 2% 
Val 2 - Outbound 4 2006 1908 -5% 1311 1227 -6% 1630 1555 -5% 
Val 3 - Inbound 4 5731 5403 -6% 3300 3291 0% 3855 3681 -5% 
Val 3 - Outbound 4 3970 3776 -5% 3552 3519 -1% 5521 5015 -9% 
Val 4 - Inbound 8 4262 3963 -7% 3581 3413 -5% 4566 4488 -2% 
Val 4 - Outbound 8 5066 4936 -3% 3918 3632 -7% 4970 4619 -7% 
Val 5 - Inbound 4 3301 3343 1% 3106 3104 0% 4653 4334 -7% 
Val 5 - Outbound 4 4638 4440 -4% 2814 2786 -1% 3480 3485 0% 
Val 6 - Inbound 3 3218 3373 5% 2827 2719 -4% 4349 4198 -3% 
Val 6 - Outbound 3 3959 3699 -7% 2354 2307 -2% 2955 2842 -4% 
Total   51230 49782 -3% 38389 36765 -4% 52191 49976 -4% 
Total Screenlines  12 
< 5% Difference  9/12 (75%) 8/12 (67%) 9/12 (75%) 
< 7.5% Difference  12/12 (100%) 11/12 (92%) 11/12 (92%) 
< 10% Difference  12/12 (100%) 12/12 (100%) 12/12 (100%) 

Table 11-6: Validation Screenline Comparison 

As demonstrated in the table above, of the 12 validation screenlines in total, 9 screenlines in the 
AM peak, 8 in the IP and 9 in the PM peak have total modelled flows within 5% of the observed 
totals. 12 screenlines in the AM peak and 11 in the IP and the PM peak have total modelled flows 
within 7.5% of the observed totals and all screenlines have total modelled flows within 10% of the 
observed totals. This gives confidence that the base year model reproduces the observed traffic 
flows. Further detail on the screenline validation is given in Appendix Q including a breakdown of 
individual vehicle classes. Also, as mentioned in Section 3.1.1, following TAG unit M3.1 paragraph 
3.3.8 additional screenline summaries with high flow roads (e.g. motorways) excluded have also 
been provided in Appendix Q.. 

11.7 Modelled Flows Directly Affecting the Study Area  

Although the modelled flows as a whole are representative of observed flows in the study area, it 
was important to also ensure that the links in the immediate vicinity of a potential highway scheme 
along the A127 corridor were well validated. This is not to imply that the model will �R�Q�O�\ be used for 
assessing schemes on the A127, but that, since that is one known use for the model, it is important 
to ensure it is suitable for that purpose. The comparison of modelled flows against observed 
counts on the A127 is summarised below: 

Peak 
No. links with Modelled Flows Meeting GEH or Criteria 1 

Cars LGV HGV Total Vehicles 
AM Peak 14/14 11/14 14/14 14/14 
Interpeak 11/14 13/14 14/14 13/14 
PM Peak 13/14 12/14 14/14 13/14 

Table 11-7: A127 Link Flow Comparison with Observed Flows 

The results are encouraging as they give confidence that modelled flows as a whole are 
representative of observed traffic flows along the A127. 
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As other schemes or developments emerge, it is recommended that a similar exercise, examining 
the modelôs representation in the vicinity of those schemes, be undertaken. 

11.8 Journey Time Validation 

Journey times within the model were checked by comparison of the modelled journey times 
against the observed times along the routes identified in Section 3.1.2 and Figure 11.2 below. TAG 
advises that the total modelled journey time from start to finish be within 15% of the observed time, 
and that this should ideally be the case for 85% of all journey time routes. However, that simple 
comparison ignores the fact that modelled and observed journey times could deviate significantly 
from each other along specific sections of a route, and the overall time could still be within the 
specified acceptance criteria. To ensure rigour in the modelled delays and journey times, the 
model has been developed in order to ensure that the modelled times match the observed times 
not just for the total time along the routes, but also at all points of the routes. To that end, distance 
versus time graphs for the modelled and observed times are also provided in Appendix R.  

 

Figure 11.2: Journey Time Validation Routes 

A summary of the journey time validation across each time period is given below in Table 11-8. 
Time 
Period 

Number of 
Routes Number of Routes Within 15% Total % of Routes Meeting Criteria 

AM 24 24 100% 
IP 24 24 100% 
PM 24 22 91% 
Table 11-8: Journey Time Validation Summary 

The following table details the performance of the model along each route separately for each 
peak:  
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Route No. Description 
Length AM Observed Time 

AM Modelled 
Time Difference IP Observed 

Time 

IP 
Modelled 
Time 

Difference PM Observed 
Time 

PM Modelled 
Time Difference 

 (km) [min:sec] [min:sec] % [min:sec] [min:sec] % [min:sec] [min:sec] % 

1 
101 A13/Baker Street --> A13/Pitsea Flyover 13.68 10:41 12:02 12.51% 11:06 11:06 0.12% 18:31 14:54 -19.51% 

102 A13/Pitsea Flyover --> A12/Baker Street 13.26 14:20 13:34 -5.33% 10:01 10:06 0.94% 10:38 10:30 -1.24% 

2 
201 A12/Brook Street Interchange --> A12/Junction 18 23.97 16:06 15:58 -0.84% 14:52 15:22 3.35% 20:22 17:53 -12.20% 

202 A12/Junction 18--> A12/Brook Street Interchange 24.12 17:45 17:20 -2.32% 14:38 14:09 -3.38% 14:54 14:37 -1.87% 

3 
301 A130 Canvey Way/Somnes Avenue --> A12/Junction 17 20.71 21:08 21:02 -0.50% 15:02 14:00 -6.89% 16:53 14:55 -11.71% 

302 A12/Junction 17 --> A130 Canvey Way/Somnes Avenue 20.77 16:10 16:30 2.06% 15:01 14:42 -2.05% 27:51 25:09 -9.67% 

4 
401 M25/Brook Street Interchange --> M25/ Mar Dyke 12.09 07:46 07:08 -8.07% 07:08 07:00 -1.84% 08:45 06:58 -20.38% 

402 M25/ Mar Dyke --> M25/Brook Street Interchange 12.22 08:21 07:22 -11.63% 07:19 07:14 -1.14% 07:33 07:08 -5.56% 

5 
501 A128/A13 Interchange --> A128/A127 Interchange 8.38 07:26 08:22 12.71% 07:00 06:57 -0.70% 07:11 07:27 3.71% 

502 A128/A127 Interchange --> A128/A13 Interchange 8.34 07:59 08:11 2.55% 07:25 07:01 -5.39% 09:08 08:43 -4.54% 

6 
601 A127/Rayleigh Weir --> A127/High Road North 13.1 15:04 14:49 -1.70% 09:58 09:41 -2.78% 10:44 10:18 -3.99% 

602 A127/High Road North --> A127/Rayleigh Weir 13.03 10:23 10:15 -1.38% 09:46 09:49 0.49% 19:40 18:16 -7.12% 

7 
701 A127, Southend-on-Sea --> A127, Rayleigh 7.22 15:55 15:50 -0.57% 10:08 10:54 7.59% 13:02 12:19 -5.42% 

702 A127, Rayleigh --> A127, Southend-on-Sea 7.34 17:32 16:42 -4.81% 11:05 11:47 6.41% 16:19 13:56 -14.61% 

8 
801 A132/Ferrers Road --> A129/Barleylands Road 13.62 18:37 19:12 3.15% 16:33 16:18 -1.56% 18:42 17:23 -7.04% 

802 A129/Barleylands Road --> A132/Ferrers Road 13.69 18:08 16:36 -8.49% 17:04 16:13 -4.97% 20:15 18:52 -6.81% 

9 
901 A127/Dunton Interchange --> A127/M25 9.37 10:18 11:15 9.22% 06:32 06:40 2.18% 08:10 08:14 0.88% 

902 A127/M25 --> A127/Dunton Interchange 9.06 10:13 09:39 -5.56% 06:43 07:27 10.99% 13:31 11:53 -12.15% 

10 
1001 B148/Mandeville Way --> A1235/A132 7.14 11:18 11:21 0.46% 10:08 09:21 -7.76% 14:04 12:32 -10.92% 

1002 A1235/A132 --> B148/Mandeville Way 7.16 10:18 09:37 -6.66% 09:12 08:49 -4.03% 10:59 09:38 -12.26% 

11 
1101 A13 London Road/Queensway London Road --> A13 Saddlers Farm Roundabout/A130 12.09 36:13 33:24 -7.82% 27:57 27:53 -0.24% 30:10 31:57 5.90% 

1102 A13 Saddlers Farm Roundabout/A130 --> A13 London Road/Queensway London Road 12.13 36:30 32:00 -12.33% 28:22 27:59 -1.38% 31:51 33:39 5.64% 

Table 11-9: Comparison of Modelled Journey Time against Observed 

�� ��
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In addition to the comparisons above, Appendix P shows the journey time graphs (plotting time 
against distance for the modelled and observed data) for all routes in the model. 

The above tables demonstrate that the TAG criteria are met and exceeded, as more than 85% of 
the journey times across all peaks are in accordance with the 15% criteria. It is also notable that 
the differences in times are not consistently positive or negative, suggesting there is no underlying 
bias of too quick or too slow journey times in the model.  

All routes in the AM and IP have met the criteria, whilst two routes (101 and 401) in the PM peak 
have failed marginally below the criteria. Route 101, which is along the A13 between the 
A1089/A128 and the A1014, was undergoing construction as part of road widening, with 
construction management in place in this section of the A13. Whilst the model was able to replicate 
delays during construction across all peaks on the northbound carriageway, for the PM peak only 
the model could not replicate the southbound delays. Considerable effort was expended in trying to 
improve this situation; however, this only improved the model up to a point. Given that in this case 
the model was trying to replicate an atypical situation, and that the traffic management will not be 
present in the future, further attempts to revise the base model were ruled out as they were not 
considered proportionate, and it was decided not to óoverfitô the model to an atypical travel 
condition. 

Similarly, the model could not replicate delays on route 401 in the PM peak. This route runs along 
the M25 and is subject to high volumes of weaving and merging traffic. Attempts were made to 
improve the performance of the model in the PM peak, but this came at a detriment to the count 
validation and the validation in other time periods. Although these routes fail to meet the criteria, 
the overall performance of the model in the PM peak is still in exceedance of the criteria.  

The graphs in Appendix P show that there is also a good match in journey times along the whole 
length of these routes, not just as a comparison of total times. This provides assurance that the 
impacts predicted by the forecast model have a credible basis.   
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12 Summary of Model 

12.1 Summary of Model Development 

The EECSM will be used for testing of a number of major schemes / development scenarios 
individually and in parallel, allowing the cumulative impact of these to be assessed. The model is 
likely to be required to serve a number of purposes including: 

�x Evidence for Local Plan development and hearings (and cumulative impacts once Local Plans 
are in place);  

�x Ability to understand and mitigate impact of external influences e.g. Housing allocations, 
transport schemes;  

�x Evidence to support Business Case submissions to secure Government funding for new 
infrastructure and maintenance;  

�x Provide evidence to support responses to Government department or company consultations;  

�x Support the development consent order and town and country planning process on key 
schemes;  

�x Understand suitable phasing of maintenance and utilities work to manage congestion impacts;  

�x Optimisation of the performance of the existing transport network using technology; and  

�x Accessibility planning for key land uses.  

The model approach made use of previous work on the development of the Essex Countywide 
Strategic Model; that model used mobile network data to formulate the highway demand and 
formed the base demand for the Chelmsford model update. The 2017 Essex Countywide Model 
prior matrices were used as the starting point for the updated Chelmsford Model matrices. Using 
the matrices provides analytical consistency and removes duplication of work.  
 
Most of the network has been retained from the existing Essex Countywide Strategic Model, and 
which was further checked and refined to reflect the scope of the model update. The new model 
also increased the detail of network coverage within the study area, particularly in Basildon and in 
the proximity of the A127.   
 
The modelled assignment satisfies the TAG criteria for a well converged model. Modelled flows 
and journey times compare favourably to observed data, both for independent data, and data used 
as part of the model building process. This is particularly true for observed data in the vicinity of 
areas likely to be affected by the proposed scheme. Journey times exceed the criteria set out in 
the guidance and, in the majority of time periods, flow validation exceeds the criteria set out in the 
guidance. 

12.2 Summary of Standards Achieved 

The standards to which the model aims to conform are set out in section 3. The table below 
summarises how the model has actually performed against those standards: 
 



Local Model Validation Report 
 
Enhanced Essex Countywide Model 
 

78 

Model 
Aspect 

Criterion Acceptability Guideline Actual Model Performance 

Matrix 
validation 

Differences between 
modelled flows and counts 
should be less than 5% of 
the counts 

All or nearly all 
screenlines 

Criteria is met for nearly all screenlines. 
 

Matrix 
estimation 

Matrix zonal cell values Slope within 0.98 and 
1.02 
Intercept near zero 
R2 in excess of 0.95 

Model meets the criteria for cars and all 
vehicles. 
 
 
 

Matrix zone trip ends Slope within 0.99 and 
1.01 
Intercept near zero 
R2 in excess of 0.98 

Model meets the criteria for cars and all 
vehicles. 
 
 
 

Trip length distributions Means within 5% 
Standard deviations 
within 5% 

Change in average and standard deviation 
trip lengths is minimal and well within 
guidelines for cars and all vehicles.   

Sector to sector level 
matrices 

Differences within 5% Does not meet the criterion in all time 
periods. 

Assignment 
convergence 

Delta and %GAP Less than 0.1% GAP value of less than 0.1% is met in all 
time periods, and the flow and cost changes 
on links show stability in the model. 

Link 
calibration Individual flows within 100 

veh/hr of counts for flows 
less than 700 veh/hr 

> 85% of cases 

AM peak: > 85% criteria met for car flows 
(95%) and total vehicles (95%) 

 
Interpeak: > 85% criteria met for car flows 
(95%) and total vehicles (94%) 

 
PM peak: > 85% criteria met for car flows 
(89%) and total vehicles (88%) 
 
In summary, criteria were satisfied in all time 
periods 
 

Individual flows within 15% 
of counts for flows from 700 
veh/hr to 2,700 veh/hr 

> 85% of cases 

Individual flows within 400 
veh/hr of counts for flows 
more than 2,700 veh/hr 

> 85% of cases 

GEH < 5 for individual flows > 85% of cases 
Link 
validation 

Same as for link calibration, but for independent counts AM peak: > 85% criteria met for car flows 
(87%) and total vehicles (86%) 

 
Interpeak: > 85% criteria met for car flows 
(90%) and total vehicles (87%) 

 
PM peak: > 85% criteria met for car flows 
(87%) and total vehicles (86%) 
 
In summary, criteria were satisfied in all time 
periods 
 

Journey 
times 

Modelled times along routes 
should be within 15% of 
surveyed time, or 1 minute if 
higher 

> 85% of all routes 

100%, 100% and 91% of journey time routes 
in the AM, IP and PM respectively are within 
the TAG criteria  
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12.3 Assessment of Fitness for Purpose 

As demonstrated in this LMVR, the model has been constructed in a manner consistent with 
guidance, and performs well against the standards set out in TAG. Modelled flows and journey 
times compare favourably to observed data, both for independent data, and data used as part of 
the model building process. 
 
This should serve to give confidence and provide reassurance that the model is representative of 
current conditions. However, it is acknowledged that simply meeting the validation criteria does not 
in itself qualify the model to be a suitable tool for assessing the effects of a planning application or 
a potential outline business case for highway schemes along the A127 corridor. 
 
To consider further whether the model is suitable for assessment of A127 schemes, the quality of 
the modelôs representation of the observed traffic conditions around the A127 corridor has been 
considered. It was found that the model does replicate observed conditions in the vicinity of 
potential schemes along the A127 corridor. Given that the model has a very good overall level of 
validation and that it validates very well in the vicinity of the poetntial scheme, and noting that the 
model has been developed consistenly with TAG, it is considered that the model is fit for purpose 
for the assessment of potential higway schemes along the A127 corridor. 
 
Noting that there are other intended purposes for the model aside from an assessment of schemes 
on the A127 which are general and not specific to any single infrastructure project, it is not possible 
to say automatically that the model is fit for purpose for assessing every hypothetical scheme. 
However, as evidenced by the overall calibration/validation statistics, it is considered that the 
model provides a good overall representation of current travel conditions for those areas included 
within the modelled network and that therefore the model is likely to be fit for purpose for the 
assessment of most large scale schemes in the area covered by the model. 
 
The suitablity of the model for assessing any other specific schemes in the local area should be 
reviewed once more is known about those schemes (athough it is considered likely that even if the 
model were found not suitable, only relatively minor revisions would be necessary). 
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Appendix A - Volume Delay Function Technical Note 
 
 
 
 
 
  



 

 

 

1.1 Introduction  

This technical note sets out the methodology for determining the Volume Delay Functions (VDF) which was 
applied during the development of the Enhanced Essex Countywide Model and for other modelling projects on 
the VISUM platform. It is anticipated that during model calibration, the parameters will be modified to better fit 
local conditions. 

For links in a highway transport model, the parameters governing speeds, capacities and the relationship 
between speed and traffic flow (or in other terms volume and delay) are derived from the COBA manual. The 
link characteristics described in the manual are translated into appropriate Volume-Delay Function (VDF) 
parameters in VISUM or Speed-Flow Curve (SFC) parameters in SATURN for use in the model development. 

In order to have a consistent modelling approach, a correlation exercise between SATURN SFCs and VISUM 
VDFs was undertaken where the Traffic Appraisal, Modelling and Economics group (TAME) approved Speed 
Flow Curves that were adopted in Regional Transport Models (RTM) were used as a starting point. SFCs in 
RTMs were defined for various link types which broadly fall under the following categories: 

a) Motorway 

b) Rural All Purpose 

c) Rural Roads 

d) Suburban 

e) Urban 

f) Small town 

The SATURN methodology makes use of three pieces of information from the COBA curve; these are the free 
flow speed (S0), the speed (S1) at intermediate break point where the curve gradient (F) changes, and the 
Speed (S2) at Capacity (C). The SATURN power curve made use of these parameters and the best fit value of 
power N was then determined. As per Section 5 of the SATURN manual, the travel time on a link is determined 
based on the power law curve below:  
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Where: t is the calculated link travel time, t0 is the link travel time at free flow conditions, V is the flow on the link, 
C is the link capacity, and B is a constant which is equal to 30*length of time period modelled which is 
typically one hour.  

The travel time on a link in VISUM is determined by different pre-defined VDFs in the software:  

a) Based on previous VISUM best practices that Jacobs have developed�����D���9�'�)���F�D�O�O�H�G���³BPR2�´��
(developed by the US Bureau of Public Roads) was used in several model development studies. The 
BPR2 curve takes the form shown below: 

 

�P�Ö�è�å
L

�Õ
�Ö
�Ô

�Ö
�Ó�P�4�F�s
E�=�®
l

�M
�M�à�Ô�ë�®�?


p
�Õ

�G�á������������������
�M

�M�à�Ô�ë�®�?
��
Q�s

�P�4�F�s
E�=�®
l
�M

�M�à�Ô�ë�®�?

p

�Õ�ò

�G�á����������������
�M

�M�à�Ô�ë�®�?
��
P�s

 

 
Where: tcur is the calculated link travel time, t0 is the link travel time at free flow conditions, q is the flow on the 

link, qmax is the link capacity, and a, b, b�¶, and c are parameters specific to each link type.  
 

1.2 VDF �± SFC Correlation  

This section illustrates the correlation exercise undertaken to fit VDF to the RTM SFC curves for different link 
types. The parameters used to fit the individual VDF curve have also been presented.  
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Appendix B ï Link Types and Parameters 
 
 
 
 
 
 
  



a b b1 c
1 Rural Motorway D6 B,Cc,Ce,Co,HGV,LGV 6 13980 113 0.39 2.78 9.00 0.80
2 Rural Motorway D5 B,Cc,Ce,Co,HGV,LGV 5 11650 113 0.39 2.78 9.00 0.80
3 Rural Motorway D4 B,Cc,Ce,Co,HGV,LGV 4 9320 113 0.39 2.78 9.00 0.80
4 Rural Motorway D3 B,Cc,Ce,Co,HGV,LGV 3 6990 113 0.39 2.78 9.00 0.80
5 Rural Motorway D2 B,Cc,Ce,Co,HGV,LGV 2 4659 113 0.52 2.78 9.00 0.80
8 Roundabout R4 B,Cc,Ce,Co,HGV,LGV,W 4 5000 48 1.00 1.00 9.00 1.00
9 Roundabout R3 B,Cc,Ce,Co,HGV,LGV,W 3 4680 48 1.00 1.00 9.00 1.00

10 Roundabout R2 B,Cc,Ce,Co,HGV,LGV,W 2 3780 48 1.00 1.00 9.00 1.00
11 Roundabout R1 B,Cc,Ce,Co,HGV,LGV,W 1 2250 48 1.00 1.00 9.00 1.00
13 Rural carriageway  typical 3 lanes B,Cc,Ce,Co,HGV,LGV 3 6300 112 0.41 2.86 9.00 0.90
14 Rural carriageway  typical 2 lanes B,Cc,Ce,Co,HGV,LGV 2 4200 112 0.55 2.86 9.00 0.90
15 Rural All-Purpose D4 (70mph) B,Cc,Ce,Co,HGV,LGV 4 8400 112 0.41 2.86 9.00 0.70
16 Rural All-Purpose D4 (50mph) B,Cc,Ce,Co,HGV,LGV 4 8400 80 0.31 2.35 9.00 0.70
17 Rural All-Purpose D3 (70mph) B,Cc,Ce,Co,HGV,LGV 3 6300 112 0.41 2.86 9.00 0.70
18 Rural All-Purpose D3 (50mph) B,Cc,Ce,Co,HGV,LGV 3 6300 80 0.31 2.35 9.00 0.70
19 Rural All-Purpose D2 (70 mph) B,Cc,Ce,Co,HGV,LGV 2 4200 112 0.55 2.86 9.00 0.75
20 Rural All-Purpose D2 (50mph) B,Cc,Ce,Co,HGV,LGV 2 4200 80 0.30 2.10 9.00 0.70
21 Rural All-Purpose S3/4 (60mph) B,Cc,Ce,Co,HGV,LGV 2 4200 87 0.52 2.11 9.00 0.80
22 Rural All-Purpose D2 (60mph) B,Cc,Ce,Co,HGV,LGV 2 4200 96 0.28 2.98 9.00 0.80
23 Rural single carriageway 10m good B,Cc,Ce,Co,HGV,LGV,W 1 1900 105 0.70 2.20 9.00 0.90
24 Rural WS2 10.0m A Road B,Cc,Ce,Co,HGV,LGV,W 1 1700 93 0.70 2.20 9.00 0.90
25 Rural single carriageway 7m typical B,Cc,Ce,Co,HGV,LGV,W 1 1176 84 0.50 2.20 9.00 0.85
26 Rural S2 7.3m A Road (TD9/81) B,Cc,Ce,Co,HGV,LGV,W 1 1300 87 0.50 2.20 9.00 0.85
27 Rural S2 6.5m Poor B,Cc,Ce,Co,HGV,LGV,W 1 1000 67 0.50 1.90 9.00 1.00
28 Rural S2 Other Road (slow, narrow carriageway) B,Cc,Ce,Co,HGV,LGV,W 1 900 54 0.55 1.70 9.00 0.40
29 Rural S2 Other Road (slow, narrow carriageway)+HGV ban B,Cc,Ce,Co,LGV,W 1 900 54 0.55 1.70 9.00 0.40
30 Rural single carriageway 5m extremely bad+HGV ban B,Cc,Ce,Co,LGV,W 1 250 32 0.55 1.70 9.00 0.40
31 Rural S2 7.3m A Road (TD9/81)+HGV Ban B,Cc,Ce,Co,LGV,W 1 1300 87 0.50 2.20 9.00 0.85
32 Rural single carriageway 7m typical + HGV Ban B,Cc,Ce,Co,LGV,W 1 1176 84 0.50 2.20 9.00 0.85
33 Rural carriageway  typical 2 lanes (A12) B,Cc,Ce,Co,HGV,LGV 2 4200 112 1.50 2.78 9.00 0.80
34 Suburban D4 B,Cc,Ce,Co,HGV,LGV,W 4 6720 65 1.52 2.45 9.00 1.00
35 Suburban dual 4 heavy development B,Cc,Ce,Co,HGV,LGV,W 4 6720 58 1.29 1.01 9.00 1.00
36 Suburban D3 B,Cc,Ce,Co,HGV,LGV,W 3 5040 65 1.52 2.45 9.00 1.00
37 Suburban dual 3 heavy development B,Cc,Ce,Co,HGV,LGV,W 3 5040 58 1.29 1.01 9.00 1.00
38 Suburban D2 (slight development) B,Cc,Ce,Co,HGV,LGV 2 3360 65 1.52 2.45 9.00 1.00
39 Suburban D2 (typical development) B,Cc,Ce,Co,HGV,LGV,W 2 3360 61 1.45 1.60 9.00 1.00
40 Suburban D2 (heavy development) B,Cc,Ce,Co,HGV,LGV,W 2 3360 58 1.29 1.01 9.00 1.00
41 Suburban D2 (30mph) B,Cc,Ce,Co,HGV,LGV,W 2 3360 48 0.65 1.24 9.00 1.00
42 Suburban S2 (light development) B,Cc,Ce,Co,HGV,LGV 1 1680 65 1.52 2.45 9.00 1.00
43 Suburban S2 (light development)+HGV ban B,Cc,Ce,Co,LGV,W 1 1680 65 1.52 2.45 9.00 1.00
44 Suburban S2 (typical development) B,Cc,Ce,Co,HGV,LGV,W 1 1680 61 1.45 1.60 9.00 1.00
45 Suburban S2 (typical development)+HGV ban B,Cc,Ce,Co,LGV,W 1 1680 61 1.45 1.60 9.00 1.00
46 Suburban S2 (heavy development) B,Cc,Ce,Co,HGV,LGV,W 1 1680 58 1.29 1.01 9.00 1.00
47 Suburban S2 (heavy development)+HGV ban B,Cc,Ce,Co,LGV,W 1 1680 58 1.29 1.01 9.00 1.00
48 Suburban S2 (heavy development) (30mph) B,Cc,Ce,Co,HGV,LGV,W 1 1680 48 1.29 1.01 9.00 1.00
49 Suburban D2 (heavy development) (40mph) B,Cc,Ce,Co,HGV,LGV 2 3360 65 1.52 2.45 9.00 1.00
50 A13 Roadworks 3 lanes B,Cc,Ce,Co,HGV,LGV 3 5700 64 0.41 2.86 9.00 1.00
51 A13 Roadworks 2 lanes B,Cc,Ce,Co,HGV,LGV 2 3800 64 0.55 2.86 9.00 1.00
52 A127_Fairglen_EB_D2 70 B,Cc,Ce,Co,HGV,LGV 2 4200 112 3.00 2.86 9.00 0.60
53 Urban Non-central 80% development 3 lanes B,Cc,Ce,Co,HGV,LGV,W 3 2688 48 0.98 1.74 9.00 1.00
54 A127_Fairglen_EB_D2 50 B,Cc,Ce,Co,HGV,LGV 2 4200 80 0.90 2.10 9.00 0.70
55 Urban Non-central 80% development 2 lanes B,Cc,Ce,Co,HGV,LGV,W 2 1792 48 0.98 1.74 9.00 1.00
56 Urban Non-central 80% development 2 lanes+HGV ban B,Cc,Ce,Co,LGV,W 2 1792 48 0.98 1.74 9.00 1.00
57 Urban Non-central 100% development 2 lanes B,Cc,Ce,Co,HGV,LGV,T,U,W 2 1792 46 0.89 1.25 9.00 1.00
60 Urban Non-central 50% development B,Cc,Ce,Co,HGV,LGV,W 1 896 48 0.74 2.65 9.00 1.00
61 Urban Non-central 50% development+HGV ban B,Cc,Ce,Co,LGV,W 1 896 48 0.74 2.65 9.00 1.00
62 Urban Non-central 80% development B,Cc,Ce,Co,HGV,LGV,W 1 896 48 0.98 1.74 9.00 1.00
63 Urban Non-central 80% development+HGV ban B,Cc,Ce,Co,LGV,W 1 896 48 0.98 1.74 9.00 1.00
64 Urban Non central 100% development B,Cc,Ce,Co,HGV,LGV,W 1 896 46 0.89 1.25 9.00 1.00
65 Urban Non central 100% development+HGV ban B,Cc,Ce,Co,LGV,W 1 896 46 0.89 1.25 9.00 1.00
69 Urban central INT = 2 B,Cc,Ce,Co,HGV,LGV,W 1 944 37 1.44 1.48 9.00 1.00
70 Urban central INT = 4.5 B,Cc,Ce,Co,HGV,LGV,W 1 944 33 1.35 1.24 9.00 1.00
71 Urban central INT = 9 B,Cc,Ce,Co,HGV,LGV,W 1 896 28 0.95 0.85 9.00 1.00
72 Urban central INT = 9+HGV ban B,Cc,Ce,Co,LGV,W 1 896 28 0.95 0.85 9.00 1.00
77 Small Town 35% development B,Cc,Ce,Co,HGV,LGV,W 1 1344 63 0.85 2.49 9.00 1.00
78 Small Town 60% development B,Cc,Ce,Co,HGV,LGV,W 1 1344 56 0.85 2.46 9.00 1.00
79 Small Town 90% development B,Cc,Ce,Co,HGV,LGV,W 1 1344 46 0.65 1.54 9.00 1.00
80 Residential Road+HGV ban B,Cc,Ce,Co,LGV,W 1 944 33 1.35 1.24 9.00 1.00
81 Single Track Road+HGV ban B,Cc,Ce,Co,LGV,W 1 200 32 0.55 1.70 9.00 0.40
84 Woolwich Ferry (no HGV) Cc,Ce,Co,LGV 1 250 9 1.15 4.00 2.50 0.80
85 Silvertown Tunnel (no HGV) B,Cc,Ce,Co,LGV 2 4000 48 1.15 4.00 2.50 0.80
86 Dartford Crossing/Tunnel Northbound B,Cc,Ce,Co,HGV,LGV 4 7500 80 1.15 4.00 2.50 0.80
87 Dartford Crossing/Tunnel Southbound B,Cc,Ce,Co,HGV,LGV 4 8000 80 1.15 4.00 2.50 0.80
89 Bus only B,W 1 99999 48 1.15 4.00 2.50 0.80
90 Walk Links W 0 99999 4 1.15 4.00 2.50 0.80
91 Rail Link T 1 99999 55 1.15 4.00 2.50 0.80
92 LU Links U 1 99999 40 1.15 4.00 2.50 0.80
98 External Links (30mph) B,Cc,Ce,Co,HGV,LGV 1 99999 48 1.00 1.00 9.00 1.00
99 External Links (70mph) B,Cc,Ce,Co,HGV,LGV 1 99999 113 1.00 1.00 9.00 1.00

100 Spigot B,Cc,Ce,Co,HGV,LGV,W 1 99999 50 1.00 1.00 9.00 1.00

Link type
No.

Volume Delay function
ParametersDescription Available Transport System

No.
Lanes

Cap
(pcus/hr)

Free-flow
speed
(kph)
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Appendix C ï Kimber Guidance 
 
 
 
 
 
  



Standard Dimensions to Adopt for TRL/Kimber Method

�‡ For roundabouts with flare length >60m, assign as a new lane (i.e. for an approach with 1 lane with 100m flare, use dimensions for 2 lane, no 
flare)

�‡ Modellers should measure roundabouts using google maps or a similar tool to measure Inscribed Roundabout Diameter, which is the largest 
diameter across the roundabout (from outside edge to outside edge)

ARM
Approach half 

width (V) Entry width (E) Flare Length ('l) Entry Radius (R)

Inscribed 
Roundabout 
Diameter (D)

Entry Conflict 
Angle (PHI)

(m) (m) (m) (m) (m) (Deg)

Short flare /No flare length 
(<3 cars or 10m)

1 ln approach, no flare 3.65 4 5 15 User Defined 30

2 ln approach, no flare 7.30 8 5 15 30

3 ln approach, no flare 10.95 12 5 15 30

1 ln approach, 2 ln entry 3.65 8 10 15 30

2 ln approach, 3 ln entry 7.30 12 10 15 30

Long Flare length 
(<= 10 cars or 60m)

1 ln approach, 2 ln entry 3.65 8 30 15 30

2 ln approach, 3 ln entry 7.30 12 30 15 30

Multi -Node Roundabout CirculatoryArm 15 20 100 1000 200 0
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Appendix D ï Network Checklist 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Chelmsford Model VISUM
checklist

Description

C
h

ec
ke

r
R

S

R
ev

ie
w

er
T

K Comments RS Based on version file:

Network parameters

Scale, Units, direction of traffic, model periods,  other
settings all appropriate
TSys/Modes/DSegs

Appropriate. Correct parameter and factor values.
Correct PCU factors for private transport systems
Link types

Range of link types look sufficient
Parameter values are sensible
Volume-delay functions

Impedance

Assignment

Node impedances

Signal cycle and split optimisation

Blocking back model

Assignment
Check
Revenues
Check if in use
Analysis time slots
Check appropriate
Volumes
Check
Zone boundaries

Centroids and connection

Do zones load onto the
network in appropriate
places? If matrix estimation is to be used, then zones
should not "straddle"
count locations
Topography

Check layout matches map background, shaping
reasonable; parameters correctly applied according to
link type, link lengths have been correctly calculated by
VISUM. Allowed modes correct.

L1:Visual check of topography only
Turns

Check banned turns are
appropriate - eg, no
inappropriate turns on exploded roundabouts or grade
separated junctions.
Specific banned turns match layout on ground

Junction layout and control
Matches layout on the ground with an appropriate
degree of detail

Signal settings are correct

\\GBLON7VS01.europe.jacobs.co
m\Projects\UNIF\Projects\B355393
A - Enhanced Countywide Model\2.

Technical\Data\Base
Model\VISUM\VER\AM\South_Ess

ex_Base_AM_2019.ver

Check if in use

Check attributes and assignment to link types

Check calculation

Check preload calculations

Check correct settings in use and parameters plausible

Check if in use

Multiple checks have been done for banned turns (roundabouts, slip roads, grade seperated junctions).

Junction layouts and control types represent the reality with an appropriate degree of detail within our
simulation area. Google Maps or Google Earth street view tool was used for coding and checks.

Connectors load onto sensible places.

ok

ok

ok

ok

ok

Timetable-based

ok

ok

ok

ok

ok

ok

ok

ok

ok

ok

ok

ok
General procesdure settings

Setting are: 7m (average space required per car unit) and 20 (number of shares for the flow distribution).
The model do NOT use the link capacity for the blocking back model and exploits capacities evenly

(faster).

A new 332-zone system was created for South Essex Base Model. The demand calculation is based on
the Essex Countywide Model matrices, which were converted into a new South Essex 332-zone system,
following an automated procedure of disaggregation and aggregation through SATURN/VISUM softwares

and VBA. Appropriate checks were done to ensure that the conversion was done correctly. Additional
connectors and pre-set proportions were defined in some of the model's zones, in order to efficienty

represent the distribution of trips.

ok

ok

ok

ok

ok

ok

Multiple checks have been done for the roads located within our simulation area (territory), using Google
Maps or Google Earth street view tool for coding and checks.

Zones

Nodes

Links

Have zone boundaries been correctly positioned and of
appropriate size? Zones should generate similar
numbers of trips and should not cover more than one
land use if this can be avoided. Natural barriers such as
rivers, motorways and railway lines should be used
where possible. If the model is multi-modal, ensure that
zoning takes into account of bus and rail catchments.

ok

Network settings

General procedure settings -
PuT settings

General procedure settings -
PrT settings

Settings show left-hand traffic, metric units, all looks ok.

The PCU factor for HGV is 2.50. The rest are 1.00.

ok

ok

ok

The volume-delay functions' (BPR2) parameters were calculated based on previous Regional Transport
Models.

ok

ok

Impedance values are based on "\\GBLON7VS01.europe.jacobs.com\Projects\UNIF\Projects\B355393A -
Enhanced Countywide Model\2. Technical\Data\Base

Model\VISUM\VER\VoT_and_VOC_from_TAG_Databook_1.13_May2020.xls" spreadsheet, which
includes the following 2019 impedance values (length parameter):

No calendar used in VISUM settings. The analysis period for each model corresponds to the time period
for which the demand imported to the model is calculated, so either for AM Peak, Inter-Peak or PM Peak.

No preloads ("Basic Volume") have been set.

Node Impedance is based on Intersection Capacity Analysis (ICA)

ok

ok

ok

ok

Signal optimisation was not used.

The majority of the link types have previously been used in Regional Transport models, which were used
as a starting point.

ok

ok

ok

2019 Impendance ValuesAM IP PM
Commute 0.0186 0.0175 0.0185
Business 0.0262 0.0244 0.0258
Other 0.0270 0.0242 0.0258
LGV 0.0609 0.0577 0.0609
HGV 0.0398 0.0386 0.0398
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Appendix E ï Route Checking 
 
 
 
 
 
 
 
 
 
 
  



1. Zone 1068 to 119 5 (Southend on Sea to Basildon) 

 

 



2. Zone 1195 to 1068 (Basildon to Southend on Sea)  

 

 



3. Zone 1071 to 2005 (Southend on Sea to Chelmsford)  

  

 

 



4. Zone 2005 to 107 1 (Chelmsford to Southend on Sea)  

  

 

 

 

 



5. Zone 1068 to 300 3 (Southend on Sea to Redbridge) 

 

  



6. Zone 1073 to 1160 (Southend on Sea to Brentwood)

 

 



7. Zone 1160 to 1073 (Brentwood to Southend on Sea)  

 

 



8. Zone 1199 to 2005  (Basildon to Chelmsford)  

  



9. Zone 2005 to 1199 (Chelmsford to Basildon ) 

  

 



10. Zone 1192 to 300 3 (Basildon to  Redbridge) 

 

 

 

 

 

 



11. Zone 3003 to 1192 ( Redbridge to Basildon ) 

 

 

 



12. Zone 1205 to 1035 (Basildon to West Thurrock)  

  

 

 

 

 

 

 

  



13. Zone 1035 to1205 (West Thurrock to Basildon)  

  

 

 

 

 

 

 

 

 



14. Zone 1198  to 2004 (Basildon to North Weald) 

  

 

 

 

 

 

 

 



15. Zone 2004 to 1198 (Chipping Ongar to Basildon)  

 

 

 

 

 

 

 

 



16. Zone 1206 to 1161 (Basildon to Brentwood)  

 

 



17. Zone 1161 to 1206 (Brentwood to Basildon)  

 

 



18. Zone 2005 to 1039 (Chelmsford to West Thurrock)  

  

 



19. Zone 1039 to 2005 (West Thurrock to Chelmsford)  
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