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1 Introduction 

1.1 Summary 

1.1.1 This technical note describes the development of a method (‘interface’) which can 

harness the ability of CAST (the Christchurch Assignment and Simulation Traffic model) 

to predict network demands, and allows users to identify the safety implications of 

alternative network supply/transport demand scenarios. 

1.1.2 CAST is an up-to-date traffic assignment and simulation model which covers 95% of 

crash locations within the Urban Development Strategy (UDS) area. The comprehensive 

nature of the CAST network coverage has allowed local crash-rate models to be 

estimated which take account not only of where crashes do occur – but also where they 

do not. 

1.1.3 Essentially, local crash-rate models have been developed using records from the NZTA’s 

CAS (Crash Analysis System1), combined with traffic flow estimates derived from CAST. 

These models, when coupled with the ability of CAST to predict network-wide traffic 

volumes with reasonable accuracy, can enable estimates of the (safety) performance 

across the network to be made. The method thus represents an interface between CAS-

CAST. 

1.1.4 The method allows the safety performance to be estimated in a number of ways: 

 For both individual intersections and link (‘mid-block’) elements: 

 The number of expected crashes (both reported and corrected for under-

reporting) can be predicted; 

 Anticipated annual crash costs (corrected for under-reporting), based on EEM2 

values can be estimated; and 

 By summation of the above and application of correction factors for elements not 

covered by the CAST model, network-wide totals and rates (‘system safety 

performance metrics’) can be determined, including the total social cost of crashes. 

Such information can be incorporated into economic evaluation, including 

assessment and prioritisation of alternative transport investment and landuse 

development strategies. 

1.1.5 Such ‘network-wide’ approaches to safety assessment are not new to Christchurch. 

However, the CAS-CAST interface described here does provide the ability to address 

some of the potential deficiencies of these. For example: 

 The historic ‘actual’ crash performance of intersections across the city has been 

compared to ‘expected’ (mean) performance, using traffic demands based on counts 

                                                
1
 http://www.nzta.govt.nz/resources/crash-analysis-system/cas.html 

2
 Economic Evaluation Manual, NZ Transport Agency, January 2010 (http://www.nzta.govt.nz/). 

http://www.nzta.govt.nz/resources/crash-analysis-system/cas.html
http://www.nzta.govt.nz/
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and RAMM estimates [Paul Durdin of Abley Transportation Consultants]. Whilst this 

is very informative, the approach does have several disadvantages, including: 

 ‘Count’ information, particularly where these are based on estimates used 

within the RAMM3 database (which is often the only such information 

available), can be unreliable when applied for a purpose other than which they 

are meant to be used for (maintenance management) - and such counts or 

estimates are often inconsistent over the network (e..g counts conducted on 

different days between adjacent intersections); 

 The ‘expected’ averages to which the historic performance is compared, whilst 

derived from standard EEM models, does appear to reflect research that 

concentrates on those locations where crashes have been recorded – without 

full knowledge of the equivalent performance at the many intersections where 

no crashes are recorded. 

 Furthermore, the standard EEM models have been developed principally for a 

purpose of comparison of projects nationally on a consistent basis and thus 

may not necessarily reflect factors that may (more-accurately) affect reflect 

local safety performance. 

 Such analysis, by its nature, focuses on past network performance and does 

not therefore take account of potential future long-term (or even short-term) 

changes that might occur (such as changing land-use or networks and 

therefore changing traffic patterns for example). The inevitable lag between 

assessment and investment thus means that investment to address safety 

issues does runs the risk of ‘chasing its tail’, and not being applied in the most 

cost-effective manner to address future problems. 

 General crash-rates have also previously been applied through the immediate 

precursor to the current greater Christchurch strategic transport model (known as 

the CTM). This was done through the Christchurch Transport Model (CTS), a 

strategic model based on the TRACKS software and used by local planning 

agencies between 1995-2008. This adopted general crash rates developed by Grant 

Smith of Gabites Porter. Whilst a similar approach could be adapted for application 

through the more up-to-date CTM strategic model, the crash rates are now 

somewhat historic. Furthermore, given its more disaggregated nature and other 

attributes, CAST provides the ability to reflect traffic demand more-accurately at an 

approach and turning-movement level than either historic (CTS) or current (CTM) 

strategic Christchurch transport models. 

1.1.6 The CAS-CAST interface provides a range of potential applications, including: 

 ‘Existing’ performance of the network can be compared (on a consistent basis), 

against underlying expected rates (the local Christchurch models or the EEM 

‘standard’ models); and 

                                                
3
 ‘Road Assessment and Maintenance Management’. This is the inventory and condition 

database system used by all roading authorities in NZ to monitor roading assets and manage 

maintenance programmes. 
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 The future network safety performance can also be estimated, given future network 

configuration, land-use distribution and resulting travel demand patterns. 

 The network-wide nature of the CAST traffic model allows the potential for crash-

migration (positive and negative effects) to be taken into account when assessing 

potential network and land-use changes. 

1.1.7 The CAS-CAST interface can be adapted and applied to put safety impact assessment 

on a similar footing to the more-common model outputs, which tend to be largely 

focussed on (vehicle-based) level-of-service and efficiency. Such assessment can thus 

allow a more-holistic view to be taken in when considering both transport and land-use 

changes (e.g. RMA assessments). 

1.1.8 Perhaps most pertinently, the interface is a tool which potentially can help roading 

authorities in the greater Christchurch area contribute in an (more) effective manner to 

achieve the objectives of the Government’s Safer Journeys4 initiative. 

1.2 Basic Principles of Method 

1.2.1 The interface is based on models of safety performance for road network elements that 

are represented within the CAST traffic model, these being: 

 Nodes (intersections); and 

 Links (mid-block sections). 

1.2.2 The models are ‘exposure’ models of the following general forms, which have been 

established by combining the 2006-2010 CAS crash record with traffic information from 

the CAST base model (2010):  

For nodes  Crashes=P0i*Vmaj^
P1

t x Vmin^
P2

t
 (See Note 5) 

For links   Crashes=P0i*VKM2-way  

Where:  

Vmaj   = Daily traffic volumes on Major approach(es) 

Vmin   = Daily traffic volumes on Minor approach(es) 

VKM2-way  = Daily vehicle-kilometres on link 

                                                
4
 http://www.transport.govt.nz/saferjourneys/ 

5
 Crashes for some simple or special node types are calculated using different measures of 

exposure, as explained in Section 6. For more complicated node types, initial calibration was 

actually done with general intersection models of the form Crashes=P0i*Vmaj*Vmin^
P1

t - which 

actually proved more accurate overall. However, we have reverted to the ‘EEM’ dual-power 

functions to enable more consistent comparisons to be made. 

http://www.transport.govt.nz/saferjourneys/
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and P0i is an individual parameter for each element, with additional 

parameters P1t and P2t specific to each intersection type t for some models. 

1.2.3 To establish the intersection crash models used in the interface, nodes were allocated to 

one of 20 discrete types t, and separate models (estimation of the appropriate ‘average’ 

model parameters P0t, P1t and P2t relevant to the type) were developed for each of 

these.  

1.2.4 The models do make the a priori assumption that crash risk will be related most directly 

to potential conflict. In fact, our analysis indicates that conflict (which can be measured in 

a number of ways) is only likely to explain (in general terms), around about half the risk6 

of crashes at intersections – and there are thus likely to be (unknown) site-specific 

factors that explain the level of (relative) risk, compared to other sites.  

1.2.5 This is catered for in the crash-prediction interface because essentially a unique 

(individual) parameter P0i has been established for each intersection and mid-block link 

– yielding ‘perfect’ calibration of the base year crash model. Thus, for example, a link i 

with no (reported) crashes would have P0i=0, or a node i of type 3 that has twice the 

average crash rate (compared to others of type 3) would have P0i=2xP03. 

1.2.6 The calibrated parameters established for the base model can thus be applied to future 

networks and/or traffic demand scenarios, effectively yielding a combination of an EEM 

Accident-by-Accident approach (‘Method A’) & Accident Rate (‘Method B’)7: For network 

elements that are the same as the calibrated base model, the calibrated individual values 

of P0i, (and P1t / P2t for nodes) are adopted – and thus the future prediction of crashes 

on this element is based simply on the exposure relative to the calibrated base year8.  

1.2.7 For future elements that are ‘new’, then appropriate ‘average’ models would normally be 

applied – For nodes this would normally be based on the ‘average’ parameters 

appropriate to the node type, for intersections an appropriate local link exposure crash 

rate would be established, or one substituted from other sources (e.g. the EEM).  

1.2.8 Put simply: 

 Where the network unchanged, calibrated intersection and link-specific models 

should be applied; and 

 Where the network is changed, the most appropriate ‘generic’ average ‘rate’ models 

should be determined for the particular application, and applied. 

                                                
6
 Rate varies by intersection type. 

7
 Refer to EEM Sections A6.2 for a detailed explanation if required 

8
 It is acknowledged that the future crash predictions are therefore wholly based on relative 

exposure, compared to the calibrated base model(s) – but that exposure actually appears to be 

a (relatively) poor (sole) indicator of relative risk. However, the interface follows general 

convention in this respect - and the use of individual element calibration is actually considered a 

significant advance. 
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1.2.9 The social cost of crashes, including allowance for under-reporting is calculated using 

current factors from the EEM. 

1.2.10 The predicted crashes (and crash costs) for each element in the network can then be 

summed to provide network-wide totals9.  

1.2.11 It is possible to compare the predicted crashes on one network with another, either by 

reading these into the CAST software SATURN and using the SATDB option within the 

P1X module, or by using a GIS platform such as Mapinfo. Thus relative safety 

performance can be displayed visually and clearly indicate, for example, potential crash 

changes, such as the effects of land-use changes, crash migration due to reassignment, 

etc. 

1.2.12 It is also a fairly trivial exercise to compare the predicted crash data (numbers, costs etc) 

using the unique-calibrated models to the equivalent data predicted using the appropriate 

‘average’ models. This provides the ability to compare the predicted safety performance 

each network element to all others in the model area10.  

1.2.13 It would also be fairly simple to adapt the crash model data to implement a Weighted 

Accident Procedure (EEM ‘Method C’) - although this has not yet been attempted, given 

the very limited resources available for development of this interface. 

1.3 Structure of Report 

1.3.1 This report is structured in a similar manner to the process by which the method and 

interface were developed: 

1. Section 2 describes the ‘mapping’ of reported crashes (2006-2010 inclusive) within the 

CAS database to the ‘Existing’ CAST traffic model network; 

2. Section 3 describes the additional manipulation of this database to identify and apply 

factors to determine fatal/serious ratios (where necessary), speed-correction factors etc, 

and thus the resulting ‘true’ crash-costs (with allowance for under-reporting11), 

appropriate for the individual crash type and location environment. 

                                                
9
 If applied to future scenarios (networks and/or demands), then factoring of the resulting totals 

will be required to more accurately reflect potential general accident trends (described in EEM 

section A6.5). However, we have deliberately not incorporated this additional potential 

adjustment in our general method so that safety performance of alternative networks can 

(initially) be compared on a more ‘like-for-like’ basis. All costs are also expressed in $2006 and 

should be adjusted to the appropriate evaluation base year using Update factors from the EEM. 

10
 If applied to the calibrated base model, this process can yield information similar to the 

comparison of ‘actual’ (historic) performance to expected averages described in section 1.1.5 – 

although it uses more accurate representations of local ‘average’ performance than the 

nationally-based EEM models. 

11
 The allowances for under-reporting are really only likely to be accurate when summed across 

the network, rather than being truly representative of the ‘actual’ number of crashes occurring at 

specific locations 
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3. Section 4 describes the use of CAST to estimate ‘existing’ Daily Traffic Volumes, by 

Approach (and individual turns for roundabouts, which allows more accurate conflicting 

demand by approach – and crash models - to be used for these intersections); 

4. Section 5 describes the calibration of the general link crash models and Section 6 does 

likewise for the intersection crash models; 

5. Section 7 describes the potential applications of these models. 

6. A number of Appendices are provided to illustrate detailed aspects of the Interface 

development. Appendix F in particular describes the use of the Interface (method), 

including procedures which users may adopt to apply similar processes for other 

projects. 
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1.4 Limitations 

1.4.1 The reader of this technical note should be aware that development of this method 

(‘interface’) has been undertaken under CCC’s CAST Roll-out and Management project 

– and that this particular project element had a relatively very minor budget. 

1.4.2 (Suitable additional words to explain why too much should not be expected, both of 

interface - and this report!!) 

1.4.3 As acknowledged within this report, the adopted crash-prediction models are not without 

their limitations, particularly the apparent low level of correlation using some of the 

‘average’ models to predict crashes using only approach volumes.  

1.4.4 That said, the Interface is still considered to afford the potential for a significant step 

forward to be made, both improving the safety performance of the Christchurch road 

network  and taking due account of safety impacts along with other transport 

improvement evaluation measures. Furthermore, the project has provided a significant 

database that offers the platform for future incremental improvement as resources allow. 

1.4.5 The safety ‘Interface’ itself is provided in the form of a spreadsheet workbook that 

includes all the base (2010) network mapping to relate imported traffic volumes to base 

(calibrated) crash rates.  

1.4.6 The analyst must adapt this spreadsheet and manually override these with supplied 

generic rates or other suitable rates, where changed networks are to be evaluated.  

1.4.7 Batch files have been prepared which generate relevant (traffic flow) text outputs for 

input into the Interface spreadsheet. 

1.4.8 A default example showing performance of the network under alternative demand (in this 

case 2006 demand flows) is supplied within the Interface spreadsheet. 

1.4.9 The processes required for application to future potential networks intentionally require 

an element of manual intervention, in order that it is not possible to generate outputs 

from the model which can be directly reported without additional interrogation and 

intervention as necessary by the analyst. This will ensure that the outputs are 

rationalised and inputs are appropriate to the specific application. 



 CAST Safety Interface  

Background Report 

 

Safety Interface Background Report V00a - Draft 

For Review.Docx 

Page 8 Ref: 2010-002 
 

QTP Ref: 2010-002 

 

2 Mapping of Reported Crashes 

2.1 Overview 

2.1.1 The Crash Analysis System (CAS) was interrogated to provide a database of all 

(reported) crashes occurring within Christchurch, Waimakariri and Selwyn districts, 

between 2006-2010 inclusive12. 

2.1.2 An example of the output thus provided is presented in Appendix A – where one row 

includes information for each reported crash. 

2.1.3 The final two columns on the right-hand side of this table indicate that each recorded 

crash is coded with Northing and Easting geographic location coordinates. These 

coordinates allowed each crash record to be translated into GIS (Mapinfo) format.  

2.1.4 The original database (all recorded crashes within the entire 3 districts) was reduced, 

using Mapinfo, to consider only those crashes occurring within the UDS area. This is 

the planning area covering ‘greater Christchurch’ and covers a more limited proportion 

of the constituent three Districts. The extent of the CAST traffic model network is the 

same as the UDS planning area. The resulting database holds information on some 

14,976 reported crashes. 

2.1.5 As well as in GIS format, the resulting CAS crash database information is also held 

within an excel workbook [Crash 06_10 with CAST.xlsx – 20.2mB] 

2.1.6 Columns AE & AF of the principal sheet within this workbook (also named Crash 06_10 

with CAST) indicate the results of the ‘mapping’ conducted for each crash. This 

process involved determining where (if anywhere) on the ‘existing’ CAST network the 

crash could be represented13. Essentially, each crash was assigned to one of the 

following 3 categories: Either: 

1) a ‘node’ crash; 

2) a ‘link’ crash; or 

3) a crash that would NOT be represented within the CAST model network (‘No’). 

                                                
12

 This represents a 5-year evaluation window. It was recognised from the outset that ideally a 

10-year period would be considered to develop sound predictions of crash rates at some sites 

e.g. low-volume sites (<1,500 AADT) and short (<1km) mid-block sections. However, a 5 year 

window was considered adequate, at least for initial illustration of this method, given that both 

the focus of CAST was on preparing accurate (traffic) forecasts for urban Christchurch – and as 

such predictions for the main areas with low volumes - outlying rural areas/districts – will 

inevitably will have a lower degree of accuracy - coupled with the fact that detailed and accurate 

coding of the much-larger resulting database (over 30,000 crashes) would be well beyond the 

very limited resources available for this exercise. 

13
 The initial mapping for this exercise was conducted in June 2011 – the latest available CAST 

network at this time was QTP internal version #57. Later modification has been made to update 

this mapping to reflect the released CAST version (‘v5’) 
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2.1.7 Both Node and Link crashes were further allocated the appropriate and specific CAST 

node or link reference – ‘node’ crashes by the node number and ‘link’ crashes by a 

link reference (A-B format14) 

2.1.8 A ‘node’ within the CAST network model is an element that represents the intersection 

between roads. Crashes allocated as ‘node’ crashes thus effectively represent 

intersection crashes. The initial allocation of such crashes was done using GIS buffers, 

as indicated in Figure 2-1. 

2.1.9 These buffers were 30 metres in radius, in accordance with common practice for 

allocation of urban ‘intersection’ crashes. It was recognised that for rural environments 

it is more common to assume that crashes occurring within 200m of an intersection are 

associated with that intersection, but given the task resource limitations (and focus of 

CAST on urban Christchurch), such disaggregation was not considered viable, or 

necessary. 

2.1.10 A ‘link’ crash is a crash that could be allocated to a particular link represented within 

CAST. These represent both ‘true’ mid-block crashes and those crashes occurring on 

the links that are represented in CAST that occur at ‘intersections’ that are not 

specifically represented within the CAST network (e.g. all driveways on represented 

links outside the immediate approaches to intersections, and where some minor local 

roads, such as cul-de-sacs, which are not represented, may intersect with roads that 

are represented). Such crashes were initially allocated using a 20m-wide buffer (i.e. 

either side of the CAST link centreline) - shown by the light green ‘corridors’ on the 

example Figure 2-1. 

2.1.11 Some reported crashes within CAS would not be represented within the CAST network 

as either a Node or a Link crash, nor would they be reliably estimated using the 

modelling approach envisaged. Such crashes are shown as small red dots on the wider 

example shown in Figure 2-2. These crashes include (for example) those that occurred 

on local roads not within the modelled CAST network, or within car parks (at a distance 

beyond 20m from the entry, if the entry-road is represented in CAST - Those car park 

crashes within this distance were assumed, for consistency with other driveway 

crashes, as being a ‘mid-block’ crash). 

2.1.12 Several further features might also be noted from Figure 2-1, if this is examined in 

detail: 

1) There are both smaller circles and (fewer) larger light red circles. The smaller circles 

(15m radius) represent all (Christchurch) street intersections (as determined from 

CCC’s street centreline GIS layer) – and thus provide a ‘truer’ representation of 

whether a crash occurred at an intersection or not. 

                                                
14

 No attempt was made to determine the precise direction of crashes, thus (on two-way links) a 

crash might be allocated A-B or B-A reference, but, as will be described later, the link crash 

rates use relevant total flows (both directions) appropriate for the link type. 
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2) However, the CAST existing network model does not represent all local streets. The 

light red circles (30m radius) actually indicate the buffers centred on modelled CAST 

nodes. 

3) Some of these light red circles appear to be located where no ‘real’ intersection 

exists. This occurs in two general cases: a) where the CAST ‘node’ represents a 

demand-loading point (known as a centroid) and b) where ‘pre-nodes’ are used in 

the CAST network, to ensure correct representation in the traffic model of network 

capacity. These ‘pre-nodes’ are used in CAST (principally) to represent, for 

example, the points where approaches to important intersections (often single lanes 

approaching traffic signals) might flare to a greater number of lanes. Neither of these 

cases of course represents the ‘real’ intersection. 

4) It can be seen that some of the blue dots (which represent individual crashes finally 

classified as ‘Node’ crashes) have been coded as occuring both within and outside 

the red buffers representing CAST nodes.  

2.1.13 This is because, following an automated process to provide the ‘initial’ GIS allocation of 

the recorded crashes to the CAST network (with ‘node crashes’ being allocated to a 

specific CAST node and ‘link crashes’ being allocated to a specific CAST link), a 

manual process was then conducted for the entire database, to ‘correct’ any initial 

misallocation.  

2.1.14 Thus through this process, for example, the crashes that may have been allocated in 

the initial process to pre-nodes (where this buffer overlapped with the true intersection 

buffer) were corrected to be referenced to the correct intersection CAST node; Crashes 

that may initially have been allocated as a link crash (because they occurred outside 

the nominal node buffer) but, from their location and detailed description, clearly could 

be attributed to interactions at an adjacent modelled intersection (node)  – e.g. some 

rear-end queuing crashes - were also ‘corrected’, to be referenced to the relevant 

intersection CAST node rather than the initial allocation as a ‘mid-block’ link crash. 

2.1.15 Limited correction was also necessary on occasion due to slight misalignment of some 

CAST nodes or links, as the original basis for the GIS reference of these was the CTM 

model, with adaptation where necessary in CAST using Google Earth – rather than the 

street centre-line layer used for CAS coding – and each of these is actually different in 

precision from CCC’s street centreline GIS layer. 
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Figure 2-1: Example 1 of Crash Mapping to CAST network (detail) 

 

 

Figure 2-2: Example 2 of Crash Mapping to CAST network 

 

 
  



 CAST Safety Interface  

Background Report 

 

Safety Interface Background Report V00a - Draft 

For Review.Docx 

Page 12 Ref: 2010-002 
 

QTP Ref: 2010-002 

 

2.1.16 Final sub-totals for the database following these allocation processes are shown in 

Table 2-1. 

Table 2-1: Final Allocation of 2006-2010 Crashes 

Type Number % Total 

Allocated to a CAST Node 9,300 62% 

Allocated to a CAST Link 5,034 34% 

Not represented in CAST 642 4% 

Total within UDS(CAST) area 14,976 100% 
(These are correct final totals for CAST v5 – numbers shown in key in Figure 2-1 were generated off superceded match to v57) 
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3 Crash Database Calculations 

3.1 Overview 

3.1.1 The CAS database is used in the workbook [Crash 06_10 with CAST.xlsx] with 

calculations that determine the appropriate EEM-based factors to enable estimation of 

the ‘true’ number of crashes and social costs, given allowance for under-reporting. 

3.1.2 First the equivalent accidents/year are established and adjusted for severity, if a Fatal 

or Serious crash:  For each of these crash types, a proportion is taken which reflects 

the fatal/serious ratios in EEM Table A6.19(a)-(c), for each crash Movement Code, 

(and also depending on the specific crash speed environment and cyclist involvement).  

3.1.3 However the EEM ratios (in Tables A6.19a-c) required local adjustment, as adoption of 

these default national EEM ratios would yield an overestimate of fatal crashes in the 

UDS area (110 fatal crashes for the 2006-10 period – when there were actually 83). 

3.1.4 Following this adjustment, further factoring was performed  to allow for or general 

accident trends in EEM Table A6.1(a) (Accident Trend adjustment factors) This simply 

assumed the adjustment factor appropriate to the speed environment (1% p.a. for up 

≤60kph, 2%p.a. for ≥70kph). 

3.1.5 Under-reporting factors are then applied, and depend on the Movement Code, speed 

environment and pedestrian/cycle involvement. The factors adopted are given in EEM 

Table A6.20(a) (Reported Injury Accidents to Total Injury Accidents) and EEM Table 

A6.20(b) (Reported Non-Injury Accidents to Total Non-Injury Accidents) - shown on the 

‘EEM’ sheet within the workbook. 

3.1.6 Costs are established using EEM Tables A6.21(a)-(h),  interpolating for the appropriate 

crash speed environment, vehicle involvement and crash Movement Code. 

3.1.7 Summary statistics from the database following these calculations are given below. 

Table 3-1: Summary of Crash Database statistics following calculation 

 Fatal Serious Minor Non-

injury 

Total 

Reported Number of Crashes 2006-10  83.0   1,049.0   4,159.0   9,685.0  14,976.0 

Annual av. no per year  16.6   209.8   831.8   1,937.0   2,995.2  

After adjustment  to 2010 for severity & accident trends  16.6   188.1   739.3   1,721.9   2,666.0  

Total crashes/year at 2010 (inc. under-reporting)  16.6   367.2   2,764.6  15,018.12  18,186.41 

Implied Average under-reporting factor 1.00 1.95 3.74 8.72 6.81 

Estimated Cost allowing for under-reporting ($m/year)  57.7   131.6   58.4   31.2   278.9  

Implied av. Cost/crash ($'000) 3,476.30   358.367   21.130   2.078   15.352  
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4 Estimation of Daily Traffic Volumes 

4.1 Overview 

4.1.1 The CAST traffic model was interrogated to estimate ‘existing’ Daily Traffic Volumes. 

4.1.2 Initial calibration of the crash interface was done using volume estimates generated 

through internal version 57 of the 2010 CAST network assignment. The interface base 

has now been updated to reflect the assignment in the released 2010 ‘V5’ of CAST. 

4.1.3 Daily (weekeday) traffic volume (and other outputs) in the format required for input to 

the interface (by approach and turn) are generated by applying a SATURN key file 

[GetCrashFlows4v5.Key]. (Note that this file should be manually edited (line 88) to 

provide a unique file name for the output .csv file, appropriate to the scenario). 

4.1.4 A SATURN batch file can be created or run via command line along the following lines 

to implement this Key file. Not that this has to reference the appropriate period CAST 

files – thus AM and PM are UFT files and the IP file will be a UFS file. 

(CALL) P1X CM_10_AM_05.UFT CM_10_IP_05.UFS CM_10_PM_05.UFT key GetCrashFlows4v5 

4.1.5 The key file generates daily 24 hour weekday (AWT) volume estimates by adopting 

generic factors, determined from inspection of the traffic count data used for CAST 

development. These may require review is significant peak-spreading is anticipated in 

future assessments. 

AWT=(X1*2+x2*7*0.931+x3*2)*1.303+(x4*2+x5*7*0.964+x6*2)*1.185+((x7+x8*11+x9)/2.5)            

Where: 

 X1, X2 and X3 are light vehicles AM, IP, PM 

 X4, X5 and X6 are heavy vehicles AM, IP, PM 

 X7, X8 and X9 are buses in pcus AM, IP, PM  

 0.931 and 0.964 are the ratio of CAST IP flows to 7hr av. hour flows (lights and heavies) 

based on CCC’s database of link counts as used in the CTM validation 

 1.303 and 1.185 are the ratios of 12hr flows to 24 hr flows (lights and heavies) based on 

the same dataset. 

 11 is a proxy calculated to expand IP buses to daily volumes (excluding the peak 

periods).  

 AM and PM are average hour values within the 2 hour period modelled (which is 

profiled). The resulting total volumes are AWT, being average weekday totals. 
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Figure 4-1: ‘Existing’ CAST-estimated network daily traffic volumes (detail) 

 

 

Figure 4-2: Intersection approach/turning movement network daily traffic 

volumes (example) 

 

4.1.6 Note that each output csv file will contain around 39,000 lines for the relevant CAST 

scenario [approx 2.5mB]. 
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5 Calibration of Base Crash Models - Links 

5.1 Overview 

5.1.1 This section describes the calibration of the general link (mid-block) safety performance 

models, using CAS database outputs combined with CAST-generated traffic volumes.  

5.1.2 The models make an a priori assumption that crash risk will be related most directly to 

potential conflict – in the case of mid-block crashes this is best represented (using 

CAST) by the vehicle-km travelled. The Link crash models therefore take the following 

form: 

 Crashes=P0i*VKM2-way  

Where:  

VKM2-way  = Daily vehicle-kilometres on link 

and P0i   = an individual parameter for each element (link) 

5.2 Method 

5.2.1 Essentially, the daily vkm per link are simply determined based on link length and (24hr 

weekday) traffic volumes (in both directions if two-way). These are then annualised, 

using a factor of 320. Crash rates (by severity) for reported crashes are then 

determined, as is the effective ‘cost-rate’ (after allowance for under-reporting). 

5.2.2 The individual P0i parameter will effectively act as a proxy to set the risk relative to 

other links when the models are used under different demand/assignment scenarios – 

for example, perhaps reflecting potential factors that may affect crash risk that are not 

captured by the CAST model (e.g. adjacent land-use activity, level of on-street parking 

activity etc). 

5.2.3 The fact that the P0i parameters are set for individual links effectively ensures that 

there is ‘perfect’ calibration of the base model – i.e. modelled crashes (and severity 

splits) on each link are the same as in the adjusted CAS database - because of course 

the very same crash data is combined with the flow data from that scenario to generate 

the base P0i 

5.2.4 It should be noted that average P0av parameters determined for each link type 

(determined by the CAST capacity index) are not used in the base model. However, 

these have been calculated as these may potentially be used for crash models in future 

network scenarios to represent the crash potential of new links – or EEM standard 

rates may be substituted15.  

                                                
15

 Earlier work also disaggregated these by one-way and two-way links inside and outside the 

CBD in order to inform an estimate of the potential relative safety [performance of teh draft 

Central City Plan. 
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5.2.5 Summary statistics regarding links are tabulated below. These show, by capacity index: 

1) the annual average number of crashes, by severity 

2) the total crash costs per year, with allowance for under-reporting factors 

3) the daily (AWT) vehicle-km – from the calibrated 2010 CAST (v5) models. 

4) proportions of total (CAST/UDS network-wide) v-km and crash costs and relativity 

5) rates of reported crashes per 100million vehicle-km (for comparison with EEM), 

and cost 

6) average P0 values for potential application in future models 

Table 5-1: Summary of Link Crash Totals & Rates – by CAST Capacity Index 

 

# Fatals 

(adj/year)

# Serious 

(adj/year)

# Minor 

(adj/year)

# Non-Inj 

(adj/year)

Total 

Cost_Year

$000

Veh-km 

(AWT)

Proportio

n of VKM

Proportion 

of Cost (with 

Under-

reporting)

Least & 

Most 

safe link 

types Fatal Serious Minor

Non-

Injury Total

111 0.31 1.29 1.64 4.91 2916.24 216,328       1.22% 2.65% 217.51% 0.45         4.11         15.95      131.12    151.62       4,212.70      3.765E-05

112 0.03 0.18 2.86 9.99 1205.09 404,569       2.28% 1.09% 48.06% 0.02         0.32         16.58      141.15    158.07       930.84         3.226E-05

181 0.03 0.18 0.00 1.23 319.68 13,305          0.07% 0.29% 387.68% 0.61         9.63         -           532.98    543.23       7,508.57      1.076E-04

182 0.00 0.00 0.00 0.20 6.43 3,212            0.02% 0.01% 32.30% -           -           -           367.98    367.98       625.56         6.365E-05

211 0.87 4.03 12.23 27.47 10546.12 1,253,307    7.05% 9.58% 135.77% 0.22         2.31         22.20      123.56    148.29       2,629.57      3.559E-05

212 0.00 0.00 0.20 0.00 33.73 11,923          0.07% 0.03% 45.65% -           -           40.19      -           40.19         884.08         1.715E-05

251 0.04 0.51 2.62 8.96 815.14 422,949       2.38% 0.74% 31.10% 0.03         0.67         5.42         48.08      54.20         602.27         2.868E-05

252 0.05 0.50 0.52 2.93 621.80 71,999          0.41% 0.56% 139.34% 0.23         4.68         6.29         89.13      100.34       2,698.82      5.557E-05

261 0.02 0.33 1.59 3.97 530.92 186,379       1.05% 0.48% 45.96% 0.03         1.33         10.61      46.59      58.56         890.19         3.165E-05

262 0.19 2.60 8.80 20.11 3284.77 1,071,310    6.03% 2.98% 49.47% 0.06         1.40         7.73         42.44      51.63         958.16         2.960E-05

271 0.18 1.25 5.16 10.61 2192.45 495,713       2.79% 1.99% 71.36% 0.12         1.58         11.83      63.13      76.65         1,382.13      3.469E-05

272 0.06 0.53 0.82 2.01 732.05 133,852       0.75% 0.66% 88.24% 0.13         2.54         9.83         49.35      61.86         1,709.11      2.549E-05

281 0.17 1.06 4.43 12.23 2525.85 747,273       4.21% 2.29% 54.54% 0.07         1.02         8.53         92.83      102.45       1,056.28      2.395E-05

282 0.03 0.18 0.00 0.58 227.23 44,762          0.25% 0.21% 81.91% 0.18         2.36         -           61.24      63.79         1,586.41      1.756E-05

291 0.02 0.18 2.01 2.56 653.49 145,015       0.82% 0.59% 72.71% 0.05         0.91         30.78      89.31      121.04       1,408.23      3.295E-05

311 0.08 0.33 1.02 3.07 943.19 130,259       0.73% 0.86% 116.83% 0.18         1.83         18.39      136.10    156.50       2,262.78      3.453E-05

342 0.00 0.00 0.17 0.86 18.36 12,694          0.07% 0.02% 23.34% -           -           11.90      148.70    160.59       452.04         8.157E-05

351 0.25 2.57 11.34 28.49 3410.85 607,018       3.42% 3.10% 90.66% 0.13         2.02         19.05      108.73    129.92       1,755.94      7.028E-05

352 0.12 1.78 5.18 13.12 1995.53 633,312       3.56% 1.81% 50.84% 0.06         1.61         7.84         45.30      54.81         984.67         3.188E-05

353 0.00 0.00 2.93 7.94 302.71 378,794       2.13% 0.27% 12.89% -           -           8.31         45.84      54.16         249.73         2.870E-05

361 0.00 0.00 0.69 0.86 62.72 35,770          0.20% 0.06% 28.29% -           -           16.89      52.77      69.65         547.94         4.342E-05

362 0.11 1.96 5.18 10.53 2219.70 654,061       3.68% 2.02% 54.76% 0.05         1.83         7.37         35.21      44.46         1,060.54      2.718E-05

371 0.07 0.54 0.58 2.56 703.97 122,496       0.69% 0.64% 92.72% 0.18         2.46         5.34         51.75      59.73         1,795.90      3.067E-05

391 0.02 0.19 0.20 1.02 259.90 41,678          0.23% 0.24% 100.62% 0.13         3.23         11.50      141.78    156.64       1,948.74      3.433E-05

411 0.00 0.00 0.20 0.61 52.64 67,288          0.38% 0.05% 12.62% -           -           7.12         52.69      59.81         244.47         1.215E-05

451 0.27 2.02 4.32 8.39 2617.35 176,759       0.99% 2.38% 238.91% 0.48         5.87         27.87      128.76    162.98       4,627.33      8.488E-05

452 0.00 0.00 0.35 0.86 39.55 33,070          0.19% 0.04% 19.29% -           -           13.53      57.08      70.61         373.70         3.653E-05

461 0.03 0.32 0.86 1.21 336.21 75,160          0.42% 0.31% 72.18% 0.11         1.98         11.98      35.16      49.24         1,397.90      3.214E-05

472 0.00 0.00 0.00 0.38 7.18 19,294          0.11% 0.01% 6.01% -           -           -           80.82      80.82         116.31         1.954E-05

511 0.12 0.50 1.40 4.47 1205.35 207,488       1.17% 1.09% 93.73% 0.17         1.72         13.14      117.89    132.93       1,815.39      3.122E-05

541 0.04 0.65 2.07 2.93 755.38 60,620          0.34% 0.69% 201.05% 0.22         6.57         39.50      105.86    152.16       3,894.03      9.394E-05

551 0.70 10.64 49.67 104.85 13953.42 3,041,381    17.12% 12.67% 74.02% 0.07         1.99         17.50      76.14      95.70         1,433.70      5.454E-05

552 0.02 0.50 3.97 7.94 783.87 286,237       1.61% 0.71% 44.19% 0.02         1.14         13.66      60.67      75.49         855.80         4.341E-05

553 0.00 0.00 0.00 0.17 2.42 8,822            0.05% 0.00% 4.42% -           -           -           42.79      42.79         85.58            1.956E-05

561 0.00 0.17 0.17 0.86 127.19 41,007          0.23% 0.12% 50.05% 0.03         1.93         3.68         46.03      51.67         969.28         2.946E-05

571 0.29 1.89 6.79 11.68 2920.69 276,094       1.55% 2.65% 170.68% 0.33         3.46         25.97      129.79    159.54       3,305.82      7.481E-05

581 0.76 3.94 6.51 13.26 7405.16 578,739       3.26% 6.72% 206.45% 0.41         5.04         17.46      122.46    145.37       3,998.54      4.228E-05

591 0.34 2.12 2.45 8.35 4097.01 347,229       1.95% 3.72% 190.38% 0.30         4.94         15.45      137.23    157.93       3,687.23      3.818E-05

611 0.24 1.39 2.25 5.32 2794.65 121,988       0.69% 2.54% 369.63% 0.63         7.85         47.60      251.89    307.98       7,159.13      7.541E-05

631 0.01 0.16 1.41 3.45 257.01 20,014          0.11% 0.23% 207.19% 0.22         3.71         67.18      377.24    448.34       4,012.97      2.516E-04

641 0.06 0.81 1.38 8.11 778.46 61,575          0.35% 0.71% 203.99% 0.28         6.14         24.35      288.15    318.92       3,950.81      1.682E-04

651 0.59 8.28 27.82 69.39 9840.74 1,824,650    10.27% 8.94% 87.02% 0.10         2.48         15.15      85.61      103.34       1,685.38      5.813E-05

652 0.00 0.00 0.17 0.35 17.76 11,006          0.06% 0.02% 26.03% -           -           13.72      68.60      82.32         504.22         4.704E-05

661 0.00 0.00 0.20 1.02 117.51 6,013            0.03% 0.11% 315.32% -           -           168.93    982.79    1,151.72   6,107.19      2.040E-04

671 0.10 0.51 0.41 2.86 1123.34 88,375          0.50% 1.02% 205.09% 0.35         5.65         8.67         170.60    185.28       3,972.20      4.395E-05

681 0.25 1.49 2.97 5.97 2690.78 225,834       1.27% 2.44% 192.24% 0.35         5.38         19.83      139.19    164.75       3,723.39      4.733E-05

691 0.05 0.15 1.84 2.97 708.39 135,477       0.76% 0.64% 84.37% 0.12         0.82         33.57      113.04    147.55       1,634.02      3.702E-05

711 0.08 0.53 0.61 2.83 911.23 121,145       0.68% 0.83% 121.36% 0.20         3.17         10.28      129.94    143.60       2,350.56      3.349E-05

721 0.00 0.00 0.52 1.21 50.55 10,725          0.06% 0.05% 76.04% -           -           55.81      246.38    302.20       1,472.78      1.609E-04

731 0.08 1.12 4.14 13.98 1309.42 94,389          0.53% 1.19% 223.83% 0.28         5.59         43.02      323.95    372.84       4,335.22      2.048E-04

741 0.38 5.86 17.93 69.19 7135.13 906,995       5.11% 6.48% 126.93% 0.13         3.60         21.04      170.11    194.88       2,458.37      1.029E-04

751 0.53 4.86 16.12 40.62 7779.92 505,195       2.84% 7.07% 248.47% 0.33         6.53         44.08      219.51    270.45       4,812.45      1.230E-04

761 0.04 0.17 0.41 0.38 390.72 32,827          0.18% 0.35% 192.05% 0.37         3.63         29.19      47.50      80.69         3,719.57      3.017E-05

771 0.05 0.36 1.74 5.02 880.00 180,755       1.02% 0.80% 78.55% 0.09         1.29         19.72      109.47    130.57       1,521.39      3.966E-05

781 0.11 0.88 3.96 8.87 1889.10 319,094       1.80% 1.72% 95.52% 0.11         1.86         22.37      150.58    174.92       1,850.06      4.331E-05

791 0.05 0.36 0.61 1.19 608.32 43,464          0.24% 0.55% 225.82% 0.38         5.90         28.66      144.64    179.58       4,373.67      5.100E-05

Grand Total 7.84 69.87 233.47 584.90 110114.34 17,766,683 100.00% 100.00% 100.00% 0.14         2.42         16.74      99.10      118.41       1,936.81      5.044E-05

Reported Rates/100mill vehkm

Annual Av 

Cost 

($/100mill 

veh-km)

Capacity 

Index Average P0
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6 Calibration of Base Crash Models - Nodes 

6.1 Overview 

6.1.1 This section describes the calibration of the general node (intersection) safety 

performance models using CAS database outputs combined with CAST-generated 

traffic volumes.  

6.1.2 The models make an a priori assumption that crash risk will be related most directly to 

potential conflict. The node crash models therefore (generally) take the following form: 

Crashes AT=P0i*C1^P1t*C2^P2t 

Where: 

P0i = Individual Parameter for node i,  

P1t and P2t are average parameters for node type t  

C1 is the sum of major approach volumes liable to potential conflict 

C2 is the sum of minor approach volumes liable to potential conflict16 

6.1.3 This form is similar to that adopted within the EEM (see section A6.6) – but the 

differences should be noted: 

1) The CAST interface models predict total reported crashes (injury+non-injury), with 

a severity profile set individually according to the record for each node (after 

adjustment for fatal/serious ratios). Injury crash numbers are a derived calculation 

from this total, using the projected profiles. Injury/EEM models predict reported 

injury-only crashes only and then apply adjustment to allow for non-injury crashes 

subsequently. 

2) EEM models are based on AADT 2-way volumes, whereas CAST uses the sum of 

AWT (weekday) approach volumes (major or minor, as appropriate) 

3) the parameters (and in the case of roundabouts the form) have all been re-

specified, based on calibration of the local data with CAST-derived traffic volumes. 

6.1.4 The general process followed to determine the appropriate model parameters was: 

1) The base CAST network nodes were classified into one of 20 node types and 

‘mapped’ in a specific manner. This ‘mapping’ allows the correct approach 

volumes to be determined for both the base model used for calibration and for 

subsequent application of the interface to the same (or similar) network. This 

mapping involved all 4,200+ nodes represented in CAST. 

2) The node types are tabulated below, and examples of mapping protocols used in 

the Interface are given in Appendix B. 

3) The Interface was used to calculate the appropriate conflict volumes for each 

                                                
16

 For some node types ‘major’ and ‘minor’ definitions are deliberately reversed, to allow use of 

the same general models. 
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node, based on its type and a combination of the ‘mapping’ and the input daily 

volumes (a .csv file output from SATURN – see 4.1.3). 

4)  ‘Average’ models (for each node type) were then developed, based on statistical 

analysis – essentially determining appropriate average parameters for node type t 

(P0avt , P1t -  and P2t for  some types).  

5) Once the average power parameters P1t (and P2t if applicable) were determined, 

an individually-calibrated P0i parameter was calculated, in a similar fashion to the 

link models. 

6) Again, the individual P0i parameter will effectively act as a proxy to set the risk 

relative to other nodes when the models are used under different 

demand/assignment scenarios – for example, perhaps reflecting potential factors 

that may affect crash risk that are not captured by the CAST model (e.g. visibility, 

level of pedestrian activity etc). 

7) The fact that the P0i parameters are set for individual nodes effectively ensures 

that there is ‘perfect’ calibration of the base model – i.e. modelled crashes (and 

severity splits) at each node are the same as in the adjusted CAS database - 

because of course the crash data is combined with the flow data from that scenario 

to generate the base P0i 

8) The average parameter  P0avt can be used to compare the performance of each 

intersection against the average crash performance expected for intersections of 

that type (based on comparable conflicting volumes), or to represent ‘average’ 

performance of that node type in future network scenarios. 

9) However it should be noted that the average P0avt parameters determined for 

each node type are not used in the base model for calculation of crashes – that is 

based on an individually-calibrated P0i parameter. 

6.2 Node Types and Adopted Model Forms 

6.2.1 As noted above, each and every node in the CAST network is mapped – whether 

crashes had occurred in the Crash record or not. For the calibration of the models this 

was considered important for two reasons: Firstly, to allow model forms to be calibrated 

that could use data from intersections where no crashes were recorded, as well as 

those where crashes have occurred17  - given that the former may have similar 

conflicting volumes to those with a crash record. Secondly, such full mapping has 

allowed determination of appropriate ‘average’ crash performance models. These may 

be used both for application of the interface to potential new networks (i.e. at new 

nodes) and for comparison of the existing actual (historic) performance of the base 

network against an expected average (for that type). 

6.2.2 The node types used are listed below, along with the general model form adopted. It 

will be noted that several of these make the assumption that crash risk is simply 

                                                
17

 We have also looked at models that use only data from reported-crash sites – For the busiest 

node types of course (eg Signals) the datasets are the same. 
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linearly-related to node (intersection) throughput. These model forms are applied where 

such node (types) are represented in the CAST model for modelling purposes (e.g. 

external nodes or pre-nodes) or are distinctive from the ‘common’ intersection types 

(eg 5-arm signals) . They (generally) represent a very low proportion of the total 

crashes but are included for completeness (and thus allow better prediction of total 

network crash numbers and costs). 

Table 6-1: Summary of Node Types (and adopted model form & parameters) 

- See Appendix B for detailed model form and definition of volumes 

Node Type 
Code Description Model Form P0 P1 P2 

1 External Linear 1.86E-06 1.000   

2 Dummy (1-way) Linear 3.95E-06 1.000   

3 Dummy (2-way) Linear 3.18E-06 1.000   

4 Priority (2-arm, One-Way) 
Cross-product (Major/minor conflicting 
volumes) 4.05E-07 0.800 0.850 

5 Priority (3-arm, Two-Way) 
Cross-product (Major/minor conflicting 
volumes) 2.04E-07 1.200 0.500 

6 
Priority (3-arm, Two-Way, 
Restricted) 

Cross-product (Major/minor conflicting 
volumes) 4.4E-12 1.300 1.700 

7 
Priority  
(3-arm, One-Way/Two-Way) 

Cross-product (Major/minor conflicting 
volumes) 2.69E-08 0.750 1.300 

8 
Priority 
(4-arm) 

Cross-product (Major/minor conflicting 
volumes) 1.29E-08 0.950 1.200 

9 
Signals  
(3-arm, Two-Way/Two-Way) 

Cross-product (Major/minor conflicting 
volumes) 1.51E-09 1.500 0.660 

10 
Signals  
(3-arm, One-Way/Two-Way) 

Cross-product (Major/minor conflicting 
volumes) 0.000202 0.500 0.500 

11 
Signals  
(3-arm, Two-Way/One-Way) 

Cross-product (Major/minor conflicting 
volumes) 1.51E-08 1.090 0.860 

12 
Signals  
(4-arm, Two-Way/Two-Way) 

Cross-product (Major/minor conflicting 
volumes) 9.49E-08 0.900 0.900 

13 
Signals  
(4-arm, Two-Way/One-Way) 

Cross-product (Major/minor conflicting 
volumes) 0.00064 0.832 0.050 

14 
Roundabouts  
(3-arm, Single) 

Cross-product (Total approach volumes x 
Total conflicting volumes) 5.51E-08 1.020 0.800 

15 
Roundabouts  
(4-arm, Single) 

Cross-product (Total approach volumes x 
Total conflicting volumes) 2.31E-08 1.020 0.800 

16 
Roundabouts  
(4-arm, Multiple) 

Cross-product (Total approach volumes x 
Total conflicting volumes) 3.5E-08 1.020 0.800 

17 
Roundabouts  
(5-arm, Multiple) 

Cross-product (Total approach volumes x 
Total conflicting volumes) 1.78E-08 1.020 0.800 

18 
Signals  
(4-arm,One-Way/One-Way) 

Cross-product (Major/minor conflicting 
volumes) 9.12E-11 0.750 1.800 

19 
Specials (Signalled 
Crossings) Linear 0 1.000   

20 Specials (e.g. 5 arm signals) Linear 6.24E-05 1.000   

6.2.3 Initial calibration was informed by SYSTAT analysis, examining a variety of model 

forms and variables (both potential independent variables in the form of approach 

volumes and dependent variables in terms of reported crash thresholds). This analysis 

is not reported here for reasons of space. The parameters suggested by this initial 
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analysis were then manually adjusted within Excel to optimise performance within 

‘sensible’ bounds (e.g. to avoid high intercept values for key node types). 

6.2.4 It is perhaps worth noting that the adopted parameters above yield a somewhat 

different relationship between conflicting traffic and predicted crashes than the current 

EEM (‘general’) intersection models. 

6.2.5 The EEM general intersection crash models given e.g. in EEM Table A6.2(a) have 

power parameters that sum to less than 1.0 (b1 + b2). This means that, given increasing 

conflict, the crash rate effectively is predicted to be reduced, as shown in Figure 6-1. 

Typically, the predicted (injury) crashes rise by between 50% and 95% for a doubling of 

traffic (about the calibrated range mean) – and for T signal intersections, the increase 

is only predicted to be about 12%. This seems somewhat counter-intuitive. 

Figure 6-1: EEM General Intersection Model response to increasing conflict 

 

  

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

0 0.5 1 1.5 2 2.5P
re

d
ic

ty
e

d
 R

e
p

o
rt

e
d

 C
ra

sh
e

s 
(N

B
 I

N
JU

R
Y

 O
N

LY
)

Flow Ratio (2.0 = max of applicable Flow Range AADT)

EEM Intersection Injury Crash Models 
(Comparison over typical Flow Range per Intersection Type)

EEM Uncontrolled 
Priority

EEM Priority X

EEM Priority T

EEM Signals X

EEM Signals T

EEM Roundabouts -
4xsingle lane 

approaches

EEM Roundabouts -
4xmultiple lane 

approaches



 CAST Safety Interface  

Background Report 

 

Safety Interface Background Report V00a - Draft 

For Review.Docx 

Page 22 Ref: 2010-002 
 

QTP Ref: 2010-002 

 

6.2.6 By contrast, the parameters derived from the CAS-CAST base analysis suggest that 

the relationship is reversed, with an increasing relative risk as conflict increases.  

6.2.7 For example, Figure 6-2 compares the CAS-CAST model for a type 12 node (4-arm, 

Two-Way/Two-Way Signals) – the blue line - with the EEM Signal – X model (red 

line)18  

Figure 6-2: Example Comparison of Model Response to increasing conflict 

 

 

6.2.8 The parameters noted in Table 6-1 (for cross-product models) yield increases typically 

in the range of 3-4 for a doubling of traffic conflict volumes (Flow Ratio = 2.0) around 

the mean (major/minor) approach volumes (Flow Ratio = 1.0) – except for Node type 

10 where the function is essentially linear and proportional (ie a doubling of volumes 

yields about a doubling of crash numbers). 

6.3 Relative Importance 

6.3.1 Before presenting the performance of the adopted (average) models, it is useful to view 

their relative importance in terms of crash numbers, contribution to overall intersection 

crash costs (bearing in mind these represent about 59% of all crash costs) and risk 

(rates per vehicle). The figures for performance of the modelled CAST network as 

annual averages (2006-10) have therefore been tabulated in Appendix C and are 

                                                
18

 Note the EEM model Injury-only predictions are adjusted using Type 12 Injury/Total Reported 

crash ratios to yield results on a comparable basis with the CAS-CAST model – but no 

adjustment attempted for AADT/AWT differences. 
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presented graphically in Figure 6-3.  

Figure 6-3: Relative Risk of Crash Model Node Types 

 

6.3.2 Each of the ‘average’ models is presented graphically in Appendix D, with a short 

commentary where appropriate . The important notes at the start of this Appendix 

should be read. 

6.3.3 The response of each (of the cross-product) ‘average’ models to increasing demand is 

presented graphically in Appendix E. 
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6.4 Summary of Intersection Crash Model Performance 

Figure 6-4: Performance of Average Models for All Traffic Signals 

 

Figure 6-5: Performance of Average Models for All Roundabouts 

  

Average Absolute Error =48% 

 

Average Absolute Error =33% 
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Figure 6-6: : Performance of Average Models for Priority Intersections 

 

 

6.4.1 The relatively poor r2 for the priority-intersection average models suggests that 

conflicting approach volumes may actually explain only around a fifth of the crash 

potential (for all priority node types), and individual site factors are likely to be 

responsible for much more.  

6.4.2 Improved accuracy of crash prediction might however be gained by development of 

models using conflicting movements. However, given that this would require mapping 

all CAST turning movements, such enhancement is considered well beyond the scope 

of the present interface – but given the scale of contribution of these crashes at these 

nodes to total crash numbers and costs, this is perhaps the most important next step, 

should further development of the interface be considered worthwhile. 

  

Average Absolute Error =88% 
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6.4.3 The models actually used in the Interface are based on the power parameters P1t and 

P2t from the average models shown above - but do not use P0av. Instead they adopt 

an individually-calibrated P0i parameter to reflect the true historic performance of the 

individual intersection, compared to others of the same type.  

6.4.4 The individual P0i parameter will effectively act as a proxy to suggest the risk (relative 

to other nodes of the same type) when the models are used under different 

demand/assignment scenarios. 

6.4.5 The adoption of this form in effect yields ‘perfect’ calibration of the base model, as 

shown by Figure 6-7. 

Figure 6-7:  Performance of Intersection Crash Models after Calibration of P0i 
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7 Potential Application of Interface 

7.1 Existing Network performance 

7.1.1 ‘Existing’ performance of the network can be compared (on a consistent basis), against 

underlying expected local rates for nodes (or links) of similar type, given the relative 

traffic volumes carried. For example, Figure 7-1 illustrates a graphic the intersection 

performance. 

Figure 7-1: Comparision of Current Performance to Expected Local Average19 

(Mid-block performance has not been shown for clarity) 

 

                                                
19

 This graphic is shown for illustrative purposes only and is based on earlier (internal v57) 

versions of the CAST and crash models 
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7.2 Future Network performance 

7.2.1 The Interface method can also be used to assess future network safety performance, 

under future network configuration, and/or different land-use scenarios, given the 

predicted resulting travel demand patterns. 

Figure 7-2: Example of application of Interface for assessment of Future Network 

–Diagram shows potential change in Reported Injury-only Crashes/Year20  

 

7.2.2 The above diagram, as an example, shows the difference in expected Reported Injury 

Crashes/Year between the 2010 network and a network developed for CCC’s draft 

Central City Plan (Option 1d). . The latter Option model includes conversion of the 

existing one-way system to two-way operation. 

7.2.3 Thus for application of the CAS-CAST interface to future potential networks, crash-

models for the changed intersections (and links) would need to be identified and 

applied. They may, as in the above example, use the generic-average models 

appropriate for the specific intersection types, applied to the changed intersections. In 

the above example, no assumptions have been made with respect to the potential for 

reduced crash rates and/or severity within these models - although with adaption of the 

Interface inputs/outputs, sensitivity testing to such assumptions is readily possible.] 

  

                                                
20

This graphic is shown for illustrative purposes only and is based on earlier (internal v57) 

versions of the CAST and crash models 
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7.2.4 The example below shows the potential application of the Interface (results) to illustrate 

the difference predicted in Social Crash Cost/Year ($’000/annum), between the 2010 

network and a network developed for CCC’s draft Central City Plan (Option 1d). . This 

particular Option model includes conversion of the existing one-way system to two-way 

operation  - as in the example shown in Figure 7-2. 

7.2.5 However, unlike Figure 7-2, in the example shown in Figure 7-3 the modelled Option 

crash prediction is based also on traffic patterns that would result from an assumption 

that vehicle demand reduction for Central City trips would be reduced by 30%, 

combined with application of a suitably-modified CAS-CAST Interface to to examine the 

potential impact of reduced rates and/or severity, compared to the generic intersection 

models applied to changed intersections.  

7.2.6 Thus, in this case the appropriate generic intersection models developed for the base 

CAST model have been applied to changed intersections ...e.g. two-way/two-way 

signals - but for this particular sensitivity test the Interface was adapted to show the 

impact if such rates might change as a result, for example, of reduced speeds. The 

potential crash-cost (changes) shown below thus reflect the results of such combined 

assumptions. 

Figure 7-3: Example of application of Interface for assessment of Future 

Network21 - diagram shows potential change in Social Cost of Crashes/Year 

 

 

  

                                                
21

This graphic is shown for illustrative purposes only and is based on earlier (internal v57) 

versions of the CAST and crash models 
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7.3 Network Safety Metrics 

7.3.1 The Interface spreadsheet can be interrogated to provide summary safety statistics for 

the network and compare these to the calibrated base. 

7.3.2 The Interface spreadsheet includes a default example (running the 2010 network with 

2006 demands). The Results-Summary outputs are illustrated in Figure 2-1. 

 

Figure 7-4: Example of application of Interface for generation of Network Safety Metrics  

Network Safety Summary Statistics

Fatals Serious Minor Non-Injury Total

Intersection 7.0                 100.5            443.5            974.7            1,525.7         140,855$     

Link 6.9                 63.2               217.5            535.8            823.5            99,107$        

Sub-Total 13.9              163.7            661.0            1,510.5        2,349.1        239,962$     

Non-CAST 1.8                 11.7               37.0               82.2               132.6            19,150$        

Total 15.7               175.4            698.0            1,592.7         2,481.8         259,112$     

% CAST 89% 93% 95% 95% 95% 93%

All costs include calculated under-reporting:

Intersections: Links Total

CBD (inc Avs) 26,785$        CBD (inc Avs) 4,368$          CBD (inc Avs) 31,152$        

Outside 114,070$     Outside 94,739$        Outside 208,809$     

Total 140,855$     Total 99,107$        Total 239,962$     

Fatals Serious Minor Non-Injury Total

Intersection 7.7                 108.9            477.4            1,046.5         1,640.5         154,702$     

Link 7.7                 68.9               231.7            579.2            887.5            108,894$     

Sub-Total 15.4              177.7            709.2            1,625.6        2,528.0        263,596$     

Non-CAST 2.0                 12.7               39.7               88.4               142.7            21,036$        

Total 17.4               190.4            748.8            1,714.1         2,670.7         284,632$     

% CAST 89% 93% 95% 95% 95% 93%

All costs include calculated under-reporting:

Intersections: Links Total

CBD (inc Avs) 26,524$        CBD (inc Avs) 4,325$          CBD (inc Avs) 30,849$        

Outside 128,177$     Outside 104,569$     Outside 232,747$     

Total 154,702$     Total 108,894$     Total 263,596$     

NOTE 1: All costs are expressed in $2006 and should be updated to an appropriate Evaluation Time Zero

using Update factors from the EEM Table A12.2 (Currently 1.14 to obtain $2010 from $2006)

NOTE 2: These are statistics relative to base, given Network-assigned volumes only - adjustment  for General Trends is not included

Totals should therefore be further adjusted (EEM Table A6.1b) for Option assignment year, if required.

Modelled Reported Crashes (5-year Annual Average)Option 

Network

Cost_Year 

('000)

Base Network 

(2010)

Modelled Reported Crashes (5-year Annual Average) Cost_Year 

('000)
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Appendix A – CAS Output 

Example 
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Appendix B – Intersection 

Mapping protocols and Model 

Forms 
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Crashes=P0i*C1^1.0 

Where: 

P0i = Individual Parameter for node i 

C1= Ʃall potential conflict flows (=C1-A1, + reverse if applicable) 
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Crashes=P0i*C1^1.0 

Where: 

P0i = Individual Parameter for node i 

C1= Ʃall approach flows (=C1-A1) 
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Crashes=P0i*C^1.0 

Where: 

P0i = Individual Parameter for node i 

C= Ʃall potential Conflict flows (=C1-A1 + C1-A2) 
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Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= C1-A1 

C2= C2-A1 
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Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= (C1-A1)+(C1-A2) 

C2= C2-A1 
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Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= C1-A1 

C2= C2-A1 
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Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= C1-A1 

C2= (C2-A1)+(C2-A2) 
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Crashes=P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= (C1-A1)+(C1-A2) 

C2= (C2-A1)+(C2-A2) 
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Crashes=P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= (C1-A1)+(C1-A2) 

C2= (C2-A1) 
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Crashes=P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= (C1-A1)+(C1-A2) 

C2= (C2-A1) 
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Crashes=P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= (C1-A1)+(C1-A2) 

C2= (C2-A1) 
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Crashes= P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= (C1-A1)+(C1-A2) 

C2= (C2-A1)+ (C2-A2) 
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Crashes= P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= (C1-A1)+(C1-A2) 

C2= (C2-A1)+ (C2-A2) 

 



 CAST Safety Interface  

Background Report 

 

Safety Interface Background Report V00a - Draft 

For Review.Docx 

 Ref: 2010-002 
 

QTP Ref: 2010-002 

 

  

Crashes=P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node 
i, P1 and P2 are Parameters for type 

C1= ƩALL approach flows 

C2=ƩALL potential conflict 

circulating flows (determined by 
Interface, given correct mapping of 
turns – see right for definition) 
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Crashes=P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for 
type 

C1= ƩALL approach flows 

C2=ƩALL potential conflict circulating flows (determined by 

Interface, given correct mapping of turns – see right for definition) 
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Crashes=P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node 
i, P1 and P2 are Parameters for type 

C1= ƩALL approach flows 

C2=ƩALL potential conflict 

circulating flows (determined by 
Interface, given correct mapping of 
turns – see right for definition) 
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Crashes=P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node 
i, P1 and P2 are Parameters for type 

C1= ƩALL approach flows 

C2=ƩALL potential conflict 

circulating flows (determined by 
Interface, given correct mapping of 
turns – see right for definition) 
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Crashes= P0i*C1^
P1

*C2^
P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= (C1-A1) 

C2= (C2-A1) 
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Crashes=P0i*C1^1.0 

Where: 

P0i = Individual Parameter for node i 

C1= Ʃall approach flows (=C1-A1 + C2-A1) 
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Crashes=P0i*C1^
1.0 

Where: 

P0i = Individual Parameter for node i 

C1= Ʃall approach flows (=C1-A1 + C2-A2 + C1-A3 + C2-A1 for this example) 
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Appendix C – 2006-10 

Intersection Performance by 

Interface Node Type 
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Node 

Type 

Code Description n % Nodes

Reported 

Crashes 

(Inj+NI)

% Total 

Reported 

Crashes

Crash Cost 

(with Under-

reporting) 

($m)

% Total 

Intersection 

Crash Costs Annual Volume

All 

Crashes 

per 

100,000 

Vehs

1 External 157      3.75% 0.6 0.04% 0.2 0.14% 9.98E+07 5.83E-04

2 Dummy (1-way) 93        2.22% 4.8 0.29% 0.3 0.22% 3.92E+08 1.23E-03

3 Dummy (2-way) 944      22.56% 39.8 2.42% 3.0 1.95% 4.00E+09 9.95E-04

4 Priority (2-arm, One-Way) 40        0.96% 10.0 0.61% 1.1 0.68% 1.96E+08 5.11E-03

5 Priority (3-arm, Two-Way) 1,932  46.18% 514.8 31.37% 50.6 32.71% 5.34E+09 9.65E-03

6 Priority (3-arm, Two-Way, Restricted) 94        2.25% 31.3 1.91% 2.8 1.82% 4.37E+08 7.17E-03

7 Priority (3-arm, One-Way/Two-Way) 13        0.31% 9.5 0.58% 1.1 0.68% 6.39E+07 1.48E-02

8 Priority (4-arm) 321      7.67% 177.6 10.82% 20.7 13.40% 1.09E+09 1.63E-02

9 Signals (3-arm, Two-Way/Two-Way) 48        1.15% 73.5 4.48% 6.8 4.36% 4.42E+08 1.66E-02

10 Signals (3-arm, One-Way/Two-Way) 40        0.96% 82.5 5.03% 6.1 3.97% 3.08E+08 2.68E-02

11 Signals (3-arm, Two-Way/One-Way) 9           0.22% 25.0 1.52% 2.4 1.52% 1.15E+08 2.17E-02

12 Signals (4-arm, Two-Way/Two-Way) 120      2.87% 383.8 23.39% 28.3 18.27% 1.25E+09 3.07E-02

13 Signals (4-arm, Two-Way/One-Way) 3           0.07% 12.6 0.77% 1.1 0.70% 3.92E+07 3.22E-02

14 Roundabouts (3-arm, Single) 19        0.45% 7.3 0.44% 0.5 0.35% 5.39E+07 1.35E-02

15 Roundabouts (4-arm, Single) 56        1.34% 45.8 2.79% 5.0 3.21% 4.33E+08 1.06E-02

16 Roundabouts (4-arm, Multiple) 11        0.26% 64.9 3.96% 5.2 3.34% 2.23E+08 2.91E-02

17 Roundabouts (5-arm, Multiple) 4           0.10% 21.4 1.30% 1.4 0.93% 1.13E+08 1.89E-02

18 Signals (4-arm,One-Way/One-Way) 16        0.38% 34.3 2.09% 3.1 2.02% 1.41E+08 2.43E-02

19 Specials (Signalled Crossings) 14        0.33% 0.0 0.00% 0.0 0.00% 8.48E+07 0.00E+00

20 Specials (e.g. 5 arm signals) 250      5.98% 101.4 6.18% 15.1 9.73% 5.20E+08 1.95E-02

Total 4,184  100.00% 1640.8 100.00% 154.7 100.00% 1.53E+10 1.07E-02

All Priorities 2,400  57.36% 743.1      45.29% 76.2                  49.28% 7.12E+09 1.04E-02

All Signals (except specials) 236      5.64% 611.7      37.28% 47.7                  30.85% 2.30E+09 2.66E-02

Roundabouts 90        2.15% 139.4      8.50% 12.1                  7.83% 8.24E+08 1.69E-02

Other (inc Specials) 1,458  34.85% 147          8.94% 19                      12.04% 5.09E+09 2.88E-03

Total 4,184  100.00% 1,641      100.00% 155                    100.00% 1.53E+10 1.07E-02
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Appendix D – Local Crash 

Model Calibration 
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Important Notes: 

The following pages represent the performance of the ‘Average’ Models – that is with P0avt , 

P1t  (and P2t for  the non-linear type models).  

The models actually used in the Interface are however based on the average power parameters 

P1t (and P2t if applicable) but with an individually-calibrated P0i parameter which yields 

‘perfect’ calibration.  

The models are presented in order of Node Code for ease of reference – but this should not be 

treated as the order of importance.  

Indeed the ‘average’ linear model node types (1-3, 19 and 20) are only presented for 

information and consistency: Comparison of historic performance (actual crash numbers) 

compared to average Predicted performance for these node types is not appropriate. 
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Note that External nodes (in most cases) do not actually represent real intersections – and thus 

could be treated as Link Crashes). They represent less than 0.05% of reported intersection 

crashes and 0.14% of total intersection crash costs and are ‘modelled’ only for completeness. 

 

The model adopted for this node type is a simple linear model, whereby future crashes are 

assumed to rise in direct proportion to throughput (relative to the 2010 base model) – ie: 

Crashes=P0i*C1^1.0 

Where: 

P0i = Individual Parameter for node i 

C1= Ʃall approach flows (AWT) 

(P0av = 1.86E-06. However it should be noted that it is not appropriate to compare these node 

types using the ‘average’ models) 
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Note that these nodes (in most cases) do not actually represent real intersections (although in 

some cases the title shown here is a misnomer, as for a small number of nodes they actually 

represent priority intersections with ostensibly no traffic giving-way – e.g. see the example in 

Appendix B). They represent less than 0.3% of reported intersection crashes and 0.2% of total 

crash intersection costs and are ‘modelled’ only for completeness. 

 

The model adopted for this node type is a simple linear model, whereby future crashes are 

assumed to rise in direct proportion to throughput (relative to the 2010 base model) – ie: 

Crashes=P0i*C1^1.0 

Where: 

P0i = Individual Parameter for node i 

C1= Ʃall approach flows (AWT) 

(P0av = 3.95E-06. However it should be noted that it is not appropriate to compare these node 

types using the ‘average’ models) 
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Note that these nodes (in some cases) may not actually represent real intersections. They 

represent around 2.5% of reported intersection crashes and 2.0% of total (intersection) crash 

cost. In some cases where they might be better described as Link crashes, but as the model 

adopted for this node type a simple linear model, whereby future crashes are assumed to rise in 

direct proportion to throughput (relative to the 2010 base model) , the predicted crashes are, in 

effect, the same. 

Crashes=P0i*C1^1.0 

Where: 

P0i = Individual Parameter for node i 

C1= Ʃall approach flows (AWT) 

(P0av = 3.18E-06. However it should be noted that it is not appropriate to compare these node 

types using the ‘average’ models) 
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These nodes represent around 0.6% of reported intersection crashes and 0.7% of total 

(intersection) crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Major approach flow (AWT) 

C2= Minor approach flow (AWT) 

  

P0av = 4.05E-07. 

P1=0.800 

P2=0.850 

 

The poor r2 suggests that conflicting approach volumes explain actually relatively little of the 

crash potential and individual site factors are likely to be responsible for much more. Accuracy 

of crash prediction might however be gained by development of models using conflicting 

movements. However, given that this would require mapping all CAST turning movements, such 

enhancement is considered beyond the scope of the present interface. 
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These nodes represent a significant proportion of crashes, representing around 31% of reported 

crashes and 33% of total (intersection) crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total Major approach flows (AWT) 

C2= Minor approach flow (AWT) 

  

P0av = 2.04E-07. 

P1=1.200 

P2=0.500 

The relatively poor r2 for the average model suggests that conflicting approach volumes may 

actually explain only around a third of the crash potential and individual site factors are likely to 

be responsible for much more. Accuracy of crash prediction might however be gained by 

development of models using conflicting movements.... Given that this would require mapping 

all CAST turning movements, such enhancement is considered beyond the scope of the present 

interface – but given the scale of contribution of these crashes at these nodes to total crash 

numbers and costs this is perhaps the most important next step, should further development of 

the interface be considered worthwhile. 
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These nodes represent around 2.0% of reported crashes and 1.8% of total (intersection) crash 

costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total Major approach flows (AWT) 

C2= Minor approach flow (AWT) 

  

P0av = 4.4E-12. 

P1=1.300 

P2=1.700 

 

The poor r2 of the average model suggests that conflicting approach volumes may explain 

actually relatively little of the crash potential and individual site factors are likely to be 

responsible for much more. Accuracy of crash prediction might however be gained by 

development of models using conflicting movements. However, given that this would require 

mapping all CAST turning movements, such enhancement is considered beyond the scope of 

the present interface. 
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These nodes represent around 0.6% of reported intersection crashes and 0.7% of total 

(intersection) crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total Major approach flow (AWT) 

C2= Total Minor approach flows (AWT) 

  

P0av = 2.69E-08. 

P1=0.750 

P2=1.300 

The poor r2 of the average model suggests that conflicting approach volumes may explain 

actually relatively little of the crash potential and individual site factors are likely to be 

responsible for much more. Accuracy of crash prediction might however be gained by 

development of models using conflicting movements. However, given that this would require 

mapping all CAST turning movements, such enhancement is considered beyond the scope of 

the present interface. 
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These nodes represent the third-most significant proportion of crashes, totalling around 11% of 

reported intersection crashes and 13.4% of total intersection crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total Major approach flows (AWT) 

C2= Total Minor approach flows (AWT) 

  

P0av = 1.29E-08. 

P1=0.950 

P2=1.200 

The relatively poor r2 for the average model suggests that conflicting approach volumes may 

actually explain only around a third of the crash potential and individual site factors are likely to 

be responsible for much more. Accuracy of crash prediction might however be gained by 

development of models using conflicting movements.... Given that this would require mapping 

all CAST turning movements, such enhancement is considered beyond the scope of the present 

interface – but given the scale of contribution of these crashes at these nodes to total crash 

numbers and costs this is perhaps the most important next step, should further development of 

the interface be considered worthwhile. 
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These nodes represent around 4.5% of reported intersection crashes and 4.4% of total 

(intersection) crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total Major approach flows (AWT) 

C2= Total Minor approach flows (AWT) 

  

P0av = 1.51E-09. 

P1=1.500 

P2=0.660 

The r2 for the average model suggests that conflicting approach volumes may actually explain 

only around 40% of the crash potential and individual site factors (including the scale of 

individual turning movement and thus truely conflicting flows)  are likely to be responsible for 

much more. This is not a surprise for signals, where significant control is exerted on different 

streams and thus, while there may be high total approach volumes, a high proportion of these 

may be subject to relatively little risk, while other movements have higher risk. 
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These nodes represent around 5.0% of reported intersection crashes and 4.0% of total 

(intersection) crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Major approach flow (AWT) 

C2= Total Minor approach flows (AWT) 

  

P0av = 0.000202 

P1=0.500 

P2=0.500 

The poor r2 of the average model suggests that conflicting approach volumes may explain 

actually relatively little of the crash potential and individual site factors (such as relative level of 

pedestrian use) are likely to be responsible for much more. Accuracy of crash prediction might 

however be gained by development of models using conflicting movements. However, given 

that this would require mapping all CAST turning movements, such enhancement is considered 

beyond the scope of the present interface. 
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These nodes represent around 1.5% of reported intersection crashes and total (intersection) 

crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total Major approach flows (AWT) 

C2= Minor approach flow (AWT) 

  

P0av = 1.51E-08 

P1=1.090 

P2=0.860 

The r2 of this average model is relatively good, with conflicting approach volumes apparently 

explaining a significant proportion in the variation in crash history – albeit that this is also related 

to the relatively low number of data points. 
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These nodes represent a very significant proportion of intersection crashes, being around 24% 

of reported intersection crashes and 18.0% of total (intersection) crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total Major approach flows (AWT) 

C2= Total Minor approach flows (AWT) 

  

P0av = 9.49E-08 

P1=0.900 

P2=0.900 

The r2 for the average model suggests that conflicting approach volumes may (only)  actually 

explain only around 40% of the crash potential (a similar proportion to the average model for 

Node Type   9 – typical 3-arm signals). This is not a surprise for signals, where significant 

control is exerted on different streams and thus, while there may be high total approach 

volumes, a high proportion of these may be subject to relatively little risk, while other 

movements have higher risk. 

  



 CAST Safety Interface  

Background Report 

 

Safety Interface Background Report V00a - Draft 

For Review.Docx 

 Ref: 2010-002 
 

QTP Ref: 2010-002 

 

 

These nodes only represent around 0.8% of reported intersection crashes and 0.7% of total 

(intersection) crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total Major approach flows (AWT) 

C2= Minor approach flow (AWT) 

  

P0av = 0.00064. 

P1=0.832 

P2=0.050 

The model has too few data points to draw any firm conclusions. Indeed one node (3988 – 
Colombo/Lichfield) is not shown here as it was deliberately excluded from optimisation of 
parameters for this model - It should perhaps be re-categorised as a Type 20 Node, given its 
particularly special nature. 
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These 19 nodes represent only 0.4% intersection crashes, and 0.3% of total (intersection) crash 

costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total major approach flows (AWT) 

C2= Total conflicting flows (AWT) – calculated based on intersection-specific turning 
movements 

  

P0av = 5.51E-08. 

P1=1.020 

P2=0.800 

The adopted average model parameters for roundabouts actually adopt P1 and P2 that were 
optimised for all roundabout models, with P0av calculated accordingly. 
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These 56 nodes represent only 2.8% intersection crashes, and 3.2% of total intersection crash 

costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total major approach flows (AWT) 

C2= Total conflicting flows (AWT) – calculated based on intersection-specific turning 
movements 

  

P0av = 2.31E-08. 

P1=1.020 

P2=0.800 

 
The adopted average model parameters for roundabouts actually adopt P1 and P2 that were 
optimised for all roundabout models, with P0av calculated accordingly. 
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These 11 nodes represent 4.0% of total intersection crashes, and 3.3% of total intersection 

crash costs. 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total major approach flows (AWT) 

C2= Total conflicting flows (AWT) – calculated based on intersection-specific turning 
movements 

  

P0av = 3.5E-08. 

P1=1.020 

P2=0.800 

 
The adopted average model parameters for roundabouts actually adopt P1 and P2 that were 
optimised for all roundabout models, with P0av calculated accordingly. 
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These 4 nodes represent 1.3% of total intersection crashes, and 0.9% of total intersection crash 

costs. (One at QE2/Marshland is actually being upgraded to traffic signals at present and would 

thus need recoding for future networks) 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Total major approach flows (AWT) 

C2= Total conflicting flows (AWT) – calculated based on intersection-specific turning 
movements 

  

P0av = 1.78E-08. 

P1=1.020 

P2=0.800 

 
The adopted average model parameters for roundabouts actually adopt P1 and P2 that were 
optimised for all roundabout models, with P0av calculated accordingly. 
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These 16 nodes represent around 2.0% of total intersection crashes and crash costs. (They 

were segregated out to given the relevance to Central City planning and obviously have a 

different operation and potential crash-risk profile to other 4-arm signal intersections.) 

The model adopted for this node type is a cross-product exposure model: 

 

Crashes=P0i*C1^P1*C2^P2 

Where: 

P0i = Individual Parameter for node i, P1 and P2 are Parameters for type 

C1= Major approach flow (AWT) 

C2= Minor approach flow (AWT) 

P0av = 9.12E-11. 

P1= 0.750 

P2=1.80 

Note: 

Node type 19 (signalised mid-block crossings) did not have any recorded crashes. 

Node type 20 (specials) covers a range of circumstances and a simple linear model was 

adopted for the Interface (future crash risk is assumed to be in direct proportion to relative total 

approach volumes, compared to 2010). Neither of these node types is therefore shown here.  
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Appendix E – Local Crash 

Models Response to Increased 

Conflict Volumes 
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Appendix F Instructions for Use of Interface 

Overview 

F.1. The CAST traffic model should be run to generate assigned-networks (AM, IP and PM 

periods. This process will generate .UFT files (for AM and PM periods) and a .UFS file 

for the IP period. 

F.2. Daily (weekday) traffic volume (and other outputs) are required for input to the Interface 

spreadsheet. These are generated by applying a SATURN key file 

[GetCrashFlows4v5.Key]. Note that this file should be manually edited (line 88) to 

provide a unique file name for the output .csv file, appropriate to your scenario. 

F.3. A SATURN batch file can be created or run via command line along the following lines 

to implement this Key file. Not that this has to reference the appropriate period CAST 

files – thus AM and PM are UFT files and the IP file will be a UFS file. 

(CALL) P1X CM_10_AM_05.UFT CM_10_IP_05.UFS CM_10_PM_05.UFT key GetCrashFlows4v5 

F.4. The key file generates daily 24 hour weekday (AWT) volume estimates by adopting 

generic factors, determined from inspection of the traffic count data used for CAST 

development. These may require review is significant peak-spreading is anticipated in 

future assessments. 

AWT=(X1*2+x2*7*0.931+x3*2)*1.303+(x4*2+x5*7*0.964+x6*2)*1.185+((x7+x8*11+x9)/2.5)            

Where: 

 X1, X2 and X3 are light vehicles AM, IP, PM 

 X4, X5 and X6 are heavy vehicles AM, IP, PM 

 X7, X8 and X9 are buses in pcus AM, IP, PM  

 0.931 and 0.964 are the ratio of CAST IP flows to 7hr av. hour flows (lights and heavies) 

based on CCC’s database of link counts as used in the CTM validation 

 1.303 and 1.185 are the ratios of 12hr flows to 24 hr flows (lights and heavies) based on 

the same dataset. 

 11 is a proxy calculated to expand IP buses to daily volumes (excluding the peak 

periods).  

 AM and PM are average hour values within the 2 hour period modelled (which is 

profiled). The resulting total volumes are AWT, being average weekday totals. 

F.5. The above profiling factors may require adjustment if significant peak-spreading is 

anticipated in future 
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F.6. The output from running this key file will be a .csv file. This should be opened with 

Excel. 

F.7. The Interface spreadsheet [Crash Model-Interface.xlsx] should be copied and 

renamed to a suitable name before overwriting with other data. Open this workbook. 

F.8.  It should open at the ‘Results-Summary sheet’. The calculations for Safety metrics 

(e.g. no. of Reported Crashes by Severity and Total Social Costs of Crashes) in the 

Option (top-most) box is what running this spreadsheet with new data will change.... 

F.9. The default Option example shows performance of the Base (2010) network under 

alternative demand, in this case 2006 demand flows. 

F.10. The (2010) Base data will remain unchanged, although the spreadsheet might be 

adapted if you wish to use a new base. 

F.11. The data in your opened .csv file will need to be copied to a single sheet, [‘Opt-Input’] 

and requires some additional manipulation – Detailed instructions for doing this will be 

found on this spreadsheet. 

F.12. The calculation on this sheet is set to manual, so press F9 to calculate if you have not 

reset to Automatic. 

F.13. Calculation of outputs should take around 20 seconds.  

F.14. As well as the [‘Results-Summary’] sheet, there are also two further sheets created 

that provide data that could be imported to provide a GIS network22 representation 

and/or plotting or further manipulation within P1X (SATDB): 

F.15. Link Crashes and Crash Costs (option and base) [‘Results (for Link-GIS)’] and  

F.16. Node Crashes and Crash Costs ( [‘Results (for Node-GIS)’]. 

F.17. For future networks, additional manipulation of the Interface spreadsheet will be 

required, e.g adding lines and substituting relevant crash models for the new/changed  

network elements. 

F.18. The processes required for application to future potential networks intentionally require 

this element of manual intervention, in order that it is not possible to generate outputs 

from the model which can be directly reported without additional interrogation and 

intervention as necessary by the analyst. This will ensure that the outputs are 

rationalised and inputs are appropriate to the specific application. 

 

                                                
22

 Requires GIS-based file to be created with a column referencing nodes or links in same 

format. See the SATURN manual. 


