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This work package report presents the collated series of five products 
developed within Task 694 “Implementation of risk-based portfolio planning” 
between April 2016 and February 2017. The five products are:

• Criticality Development Report

• Asset Serviceability: Criticality Assessment

• Calibration of Asset Serviceability

• Comparison of NDD Forward Plan and Serviceability

• Proposed Implementation Plan

Click to jump to specific content
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Additional activities undertaken within the task that are not included in the above list as there is no product:

• Review of PIT and agreed it could provide the Asset Health element for implementation of serviceability

• Compiled outputs of May data refresh provided for collaboration with CH2M: Alec.Yeowell@ch2m.com

• ‘Watching brief’ on condition indicator development with regards to asset health.

• Collaboration with other Highways England Tasks; Value Management, AMF, Condition Indicators.

Additional Activities
Work Package Overview Report
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Recap of Asset Serviceability

Asset Health represents the Likelihood that the asset with fail in some way. Includes factors relating to condition & 

intrinsic asset properties for example: an earthwork that is closer to a running lane is more likely to cause an 

obstruction if it fails.

Criticality is a measure of the consequence of an asset failure occurring. It includes factors that consider the 

impact of the asset failure such as safety impact, number of users affected etc. Importantly, within this framework 

criticality is dependent on the location on the network, but independent of the asset type.

Criticality in the context of asset serviceability 

Operational characteristics of an 
asset such as its location and use 
define its contribution to the 
performance of the network –
Criticality.

Technical and operational 
characteristics of individual 
assets define their ability to 

meet performance 
requirements

– Asset Health.

Asset Health and Criticality combine into a Serviceability Indicator which can support both tactical and strategic 
decision making and provide an output for organisational performance review / reporting with stakeholders

Serviceability Indictor
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Asset
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Asset
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Asset Group

Asset 
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Criticality
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Criticality is defined in terms of the consequence of the assets adversely affecting Highways England’s strategic 

outcomes. Criticality is therefore the importance of the network proximate to the asset and potentially impacted 

by the asset’s ‘health’, considering internal and external factors. Given asset unavailability, failure or other non-

performance, criticality is the extent of impact to the following five components.*

Previous Development

C
ri

ti
ca

li
ty

Strategic

User

Safety

Third Party

Environment

The strategic importance of the link affected by an asset

The importance to the users of the affected link, in terms of traffic 
volume and type, seasonal traffic peaks and congestion

The potential safety impact of an asset ‘failure’

The impact of an asset on third party assets and services**

The environmental impact of the asset ‘failure’

*Task 419: Risk-Based Portfolio Planning – Serviceability Indicator Framework, October 2015
** Third Party has not been developed further in this task, due to the lack of a viable methodology that is distinct from the other 
four components

Summary of position reached at the end of Task 419 (Oct 2015)
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Strategic Impact

User Impact

Safety Impact

Environmental 

Impact

Road Traffic Accident Frequency

Proximity to

Sensitive Areas

Element Developed in task 694

Element Developed in task 419

Previous Development

Stages of development of various criticality components

Strategic Importance

Freight Traffic

Seasonality

Congestion

Traffic

Network Resilience
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Strategic Objective Task 694*

Making the network safer Safety

Helping cyclists, walkers, and other vulnerable users Third Party

Delivering better environmental outcomes Environment

Encouraging economic growth Strategic Impact

Supporting the smooth flow of traffic
User

Improving user satisfaction

Keeping the network in good condition Asset Health

Achieving real efficiency n/a

Criticality Categories

*categories were developed before RIS1 Strategic Objectives. A mapping exercise was done following the publishing of RIS1 and
the existing categories were considered suitable enough to maintain in their original format.  

How criticality components map to strategic objectives
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• Task 434: Activity 2 - Drainage cross asset risk (Mott MacDonald)

• AMS_HAP03_Criticality & Risk Assessment_Draft (CH2M)

• Datasets identified during Task 668

- STATS19 accident data

- Diversion routes

- 70 publically available open source datasets

• Strategic Economic Growth Plans (SEGP)

• Further literature review

Development During Task 694

New sources of information have been reviewed:
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Task Safety Environmental Strategic User
Business/ 

Reputation

CH2M*
(Mean Time 

Between 
Incidents…)

Unacceptable 
incident where an 

asset or asset
system has failed 

and caused harm to 
a

Customer/User of 
the SRN.

Unacceptable 
incident where an 

asset or asset
system has failed 

and caused 
damage to the 

surrounding 
environment of the 

SRN.

third party 
has been

negatively
impacted by
an asset or 

asset system 
failure.

Customer 
journey has

been negatively 
impacted by an
asset or asset
system failure

Unacceptable 
occurrence that
has negatively
impacted the
reputation of 

Highways
England

Task 
434**

(per incident)

Fatality Weighted 
Injuries

Environmental
Impact Score

Cost
Cost per 
Incident

Reputational 
Damage Score

Review of New Sources of Information

*all quoted from AMS_HAP03 Criticality & Risk Assessment_Draft
** all from task 434 Activity 2 Close Out report

Detail of criticality methodology per category in related tasks
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Discussion of Criticality Methods

Mean Time Between (x) Incidents (MTBx) from existing incident 
data (i.e. a bottom up approach). Each category has a specific 
failure mode defined, and data of these incidents occurring is 
used to calculate MTBx.

PROS:

• Specifying a failure mode for each category simplifies the 
approach to calculating criticality

• MTBx can be considered together, or aggregated for 
comparison (similar to converting to £-value) compared 
across assets – providing a consistent definition of incidents 
is used

CONS:
• Low frequency high consequence incidents e.g. bridge 

collapse, are not represented in the data
• There is an assumption of equal importance to all events in 

order to correctly aggregate the MTBx figures.

AMS HAP03 - Asset Management

Each category has an implicitly defined failure mode as only 
incidents that cause a specified outcome are considered. 
Criticality measures are all given a financial value, allowing them 
to be compared and aggregated.

PROS:
• A true criticality is given for each category i.e. the 

consequence of an incident occurring
• Direct comparison through financial value
• Environmental impact score is a strong measure for criticality 

or flooding incidents

CONS:
• Some of the financial values give are relatively arbitrary e.g. 

£10,000 for an incident reported in local media
• Whilst FWI may work for flooding severity, it is difficult to 

extrapolate this to other asset classes as asset failures that 
cause injuries are so rare that there is little data available to 
calculate an average FWI score.

• Requires more work to be able to apply to non-drainage 
related failures, where there is no equivalent of the FSI. 

Task 434 - Drainage

Note:
Reputational risk – if the potential for an asset to adversely impact the other four categories is correctly modelled, reputational risk 
should be implicitly managed. Furthermore, a spatial representation of reputational criticality is unlikely to differ significantly from 
the user criticality, as the more people are affected by an incident, the greater the potential for negative reporting. 
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Enhanced Criticality Methodology

Considerations for review of method and results

• This approach seeks to answer the so what…? If there is a delay at x location on the network, for 
whatever reason, so what?

• The following slides describe the candidate methodologies for each of the criticality components 
and present the proof of concept results.

• Wider review is recommended before adopting these methods in practice.

• Currently no calibration of the individual component bandings has been carried out. For further 
detail on calibration please see Appendix D of Asset Serviceability: Criticality Assessment.
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• The strategic score is a combination of four sub-scores that reflect the strategic importance of a location on 
the SRN and its ability to encourage economic growth.  This differs from the amount of traffic at that location, 
reflecting that a part of the network may be strategically important despite low traffic levels.  

• The TEN-T Score reflects whether the route in question is on the Trans-European Network (Transport) – a 
simple binary (yes/no) indicator of the strategic importance of the route in a European context.

• The Proximity Score is a simple indicator of the proximity of the route to key gateways (ports and airports).  
Reflecting the important of the route to the transit of passengers and freight throughout England. 

• The Agreed Diversion Route (ADR) Score is a proposed measure of the resilience of a location on the SRN. It 
involves identifying the existence and suitability of ADRs for each section of road.  A candidate scoring 
approach is presented, but has not been implemented in the proof of concept, due to data quality issues. 
(Discussed in Appendix E of Asset Serviceability: Criticality Assessment).

• The Critical National Infrastructure (CNI) Score indicates whether or not a location on the SRN is considered to 
be CNI as defined by the Cabinet Office. Whilst it is important to consider this in any measure of strategic 
criticality, a definitive list of CNI on the SRN is unavailable to external parties for security reasons. Therefore 
the CNI Score has not been included in the proof of concept.

*Not considered at this time

Strategic Criticality - Methodology

Ranks the consequence of an event at a particular location to 

the SRN’s delivering economic growth

Strategic Score = TEN-T  Score + Proximity Score + [ADR Score + CNI Score]*
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Strategic Criticality – Proof of Concept Results

Map to HAPMS sections and distribution of strategic criticality
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• The proposed top down approach uses traffic flow data to give a criticality classification to each 
section of the network. Traffic flow data is available for the whole of the network, whereas delay 
data is discrete and focused in high delay locations.

• The Annual Average Daily Flow (AADF) Score represents the number of vehicles potentially 
inconvenienced due to closures, delays, and restrictions based on rate of traffic flows.

• The Heavy Good Vehicles (HGV) Score adjusts the User Score to allow for the proportion of 
freight carried on the SRN.

• Seasonality Score is a factor that considers the changes the difference between the maximum 
Monthly Average Daily Flow (MADF) and the AADF to account for roads that have peak seasons.

• Congestion Score evaluates the extent to which congestion is already occurring at the location.

• No change proposed since Task 419.  It should be noted that alternative metrics have been 
developed in the Strategic Economic Growth Plans, and other candidate metrics could be 
proposed.

User Criticality - Methodology

𝑈𝑠𝑒𝑟 𝑆𝑐𝑜𝑟𝑒 = 𝐴𝐴𝐷𝐹 𝑆𝑐𝑜𝑟𝑒 + 𝐻𝐺𝑉 𝑆𝑐𝑜𝑟𝑒 + 𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 + 𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑆𝑐𝑜𝑟𝑒

Ranks the consequence to road users of an event at a particular 

location
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User Criticality – Proof of Concept Results

Map to HAPMS sections and distribution of user criticality
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• The Safety Score is a measure of the number of Fatality Weighted Injury (FWIs) that happen at any 
give location on the SRN per km per year. Consideration of safety criticality will assist Highways 
England in the strategic objective of making the network safer.

• Criticality is asset agnostic and location specific. Asset specific safety criticality components should 
be considered in the Asset Health.  The approach proposed here, simply assumes that if a location 
already has a higher frequency of accidents, asset behaviour should not make this worse.

• The STATS19 Road Traffic Accidents database was used for the purpose of analysing the safety 
criticality of locations on the SRN.

Safety Criticality - Methodology

Ranks locations in terms of their safety criticality

𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 =
 𝐹𝑊𝐼

𝑆𝑒𝑐𝑡𝑖𝑜𝑛

𝐿𝑒𝑛𝑔𝑡ℎ𝑆𝑒𝑐𝑡𝑖𝑜𝑛 𝑥 𝑌𝑒𝑎𝑟𝑠

• Analysis of a top down approach (i.e. not relying on historical 
data) to identify consistent characteristic of accident 
hotspots proved inconclusive. This is consistent with data 
that shows most road traffic accidents are caused by human 
error rather than the poor condition of assets (chart 1).

• Following the review, a simple bottom up approach was 
selected as the most appropriate methodology for utilising 
the STATS19 data i.e. locations with the highest frequency of 
historical accidents are assigned the highest rank.
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Safety Criticality – Proof of Concept Results

Map to HAPMS sections and distribution of safety criticality

*safety is neutrally 

banded pending further 

calibration

*
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• The Environment Score is a measure of the proximity of a location on the SRN to a selection of 
Environmentally Sensitive Areas (ESAs). Consideration of environmental criticality will help 
Highways England to deliver better environmental outcomes.

• The ESAs included in the methodology are included in the table below. The proposed approach 
simply assumes that stressing these ESAs further with increased road traffic, congestion, or air 
quality issues should be avoided.

• The ESAs listed represent a range of environmental considerations (ecology, flooding etc.) and 
are available as open source datasets.

• Noise and vibration ESAs have been excluded from this analysis as the entire SRN is contained 
within the dataset, therefore no relative criticality between locations can be measured.

Environmental Criticality - Methodology

Ranks the environmental significance of a particular location

𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑆𝑐𝑜𝑟𝑒 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑆𝐴𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 5𝑘𝑚 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑠𝑒𝑐𝑡𝑖𝑜𝑛

Areas Considered Environment Category

World Heritage Sites Heritage

Flood Warning Areas Water (Flooding)

Sites of Specific Scientific Interest Ecology

National Parks Ecology / Heritage

Pollution – PM10 Pollution & Air Quality

Environmentally Sensitive Areas Currently Considered
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Environmental Criticality – Proof of Concept Results

Map to HAPMS sections and distribution of environmental 

criticality
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Report Summary

This report describes the activities that have been carried out as part of Task 694, with a focus on 
the development of an enhanced criticality measure. 

A number of new sources of information were reviewed since the previous iteration of criticality 
was presented as part of Task 419. Learning from these sources, as well as collaboration with other 
Highways England tasks, lead to a development framework that was presented to the Asset 
Information Group in November 2016. 

The development framework has been worked up into a complete methodology for criticality 
considering the strategic, user, safety, and environmental impact of events on the SRN. This 
methodology is made up of measures that utilise data available to Highways England. Details of 
each of the four measures for the criticality components have been outlined. 

A proof of concept pilot has been carried out to test the criticality methodology. The results for each 
criticality component have been displayed alongside a map of the SRN displaying the distribution of 
criticality bands. At this stage no calibration has been carried out of these results.

Next steps for embedding criticality and serviceability are outlined in the Implementation Plan. 
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Appendix

Further information relating to the Criticality Development Report

Criticality Development Report
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Appendix A: Extracts from Task 434 Report
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Appendix A: Extracts from Task 434 Report
Criticality Development Report
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Appendix A: Extracts from Task 434 Report
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Appendix A: Extracts from Task 434 Report
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Appendix B: Extracts from AMS HAP03
Criticality Development Report
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Appendix B: Extracts from AMS HAP03
Criticality Development Report
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1 Introduction 

1.1 Document Scope 

This document describes the approach developed during Task 694 to assess the criticality 
component of the overall assessment of the serviceability of Highways England’s assets. 

Approaches have previously been developed for assessing the asset health of Highways 
England’s key assets: structures, geotechnics, pavements, drainage and technology. Details of 
these methodologies can be found in “Risk-Based Portfolio Planning Task 419 (4/45/12), Final 
Report v2.0” issued October 2015 (hence forth Risk-based Portfolio Planning).  

1.2 Criticality Assessment: Basis and Background 

Highways England's business drivers and strategic objectives have been considered in order to 
identify those factors and parameters which define the impact an asset’s health can have on the 
objectives. A framework for assessing criticality is presented in this report, taking all these factors 
into account.   

For the current application of the criticality assessment (Section 3), some factors have been 
developed further than others, recognising the data which is currently available to Highways 
England. This has enabled an initial assessment of criticality to be proposed.  

The proof of concept data run results are displayed in Section 4. 

Some recommendations for further development are included in Section 5. 
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2 Criticality Assessment 

2.1 Overview - Serviceability 

The Serviceability for an asset group is determined by combining factors for Asset Health and 
Criticality as defined in Figure 2.1. 

 

 

Figure 2.1: Serviceability of Asset Groups 

 

Asset Health is governed by the technical and operational characteristics of an individual asset 
that define their ability to meet the required network performance outcomes.   

Criticality is defined in terms of the consequence of the asset adversely affecting Highways 
England’s performance outcomes and hence the ability of the organisation to meet its 
performance requirements and/or other objectives.  Criticality is therefore: 

The importance of the network proximate to the asset and potentially impacted by the asset’s 
‘health’, considering factors internal and external to Highways England. Given asset unavailability, 
failure or other non-performance, criticality is the extent of impact to Highways England’s strategic 
goals. 

2.2 Criticality Development 

The current methodology described in this report builds on the work carried out in Risk-Based 
Portfolio Planning. Elements that were proposed as part of the previous task have been further 
developed and detailed in this report. The criticality component “third party assets and services” 
has been removed due to difficulty distinguishing this component from others in the context of 
currently available data. Relevant elements of the third party have been considered in other 
components.  
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The components of Highways England’s strategic objectives that have been considered are the 
following: 

 The strategic importance of the location affected by an asset (strategic criticality);  

 The importance to the users of the affected location, in terms of traffic volume and type, 
seasonal traffic peaks and congestion (user criticality);  

 The potential safety impact of an asset ‘failure’1 (safety criticality); and 

 The environmental impact of the asset ‘failure’ (environmental criticality).   

Figure 2-2: Criticality Framework 

2.3 Consideration and Selection of Criticality Parameters 

Asset systems and their associated performance are key in enabling Highways England to 
achieve its objectives. Therefore, when considering potential parameters to include in determining 
Criticality measures, reference was made to the following high level strategic documents:  

 Department for Transport. Road Investment Strategy for the 2015/16 – 2019/20 Road 
Period 

 Highways England. Delivery Plan 2015 - 2020 

                                                
1 Failure means the asset is either not available for use or its health is such that is unable to perform its 
intended function 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/408514/ris-for-2015-16-road-period-web-version.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/408514/ris-for-2015-16-road-period-web-version.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/424467/DSP2036-184_Highways_England_Delivery_Plan_FINAL_low_res_280415.pdf
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The Delivery Plan defines the following five strategic outcomes, developed in response to the 
RIS.   

1. Supporting economic growth 

2. A safe and serviceable network 

3. A more free-flowing network 

4. Improved environment 

5. Accessible and integrated network 

Table 2.4 (below) maps these five strategic outcomes to the potential impacts of asset health.  

2.4 Taxonomy 

Table 2.3 Taxonomy 

Term Definition 

HAPMS 
Highways Asset Pavement Management 
System. 

HAPMS Network A network of sections defined in HAPMS 

HATRIS 
Highways Asset TRaffic Information System. 
Made up of Links. 

Link (HATRIS) 
A length of road between two junctions. All 
junctions are excluded. Can be any length. 

Lowest Common Denominator 

As criticality is asset agnostic and location 
specific, a consistent method of geospatially 
locating assets must be selected. The lowest 
common denominator is the smallest unit that 
is comparable across all assets. This 
methodology uses HAPMS Sections as 
the lowest common denominator. 

Normalisation 
The process of adjusting values measured on 
different scales onto a common scale without 
effecting the overall distribution.  

Section (HAPMS) 

A length of road with consistent properties. 
Defined and stored in HAPMS. Can be any 
length. Includes main carriageway, 
roundabouts (junctions), slip roads, and 
oxbow laybys.  

 

 



 

Asset Serviceability: Criticality Assessment  Page 7 of 48 

 

Table 2.4: Alignment between proposed components of criticality scoring, and Highways England’s Strategic Objectives 

Criticality 
Component 

Parameter Strategic Outcomes 

1 2 3 4 5 

Supporting economic growth A safe and serviceable network 
Supporting the smooth flow of 

traffic 
Delivering better 

environmental outcomes 
Accessible and 

integrated network 

Strategic Route 
Strategic 
Priority 
(TEN-T) 

TEN-T routes have higher 
strategic importance 

 Smooth flow important on 
strategically important routes 

  

Proximity to 
Other 
Infrastructure 

Routes that provide access to 
key infrastructure such as 
gateways are likely to be 
more critical to economic 
activity 

    

Critical 
National 
Infrastructure 
(CNI) 

By definition, CNI is indicative 
of strategic importance.  

    

Available 
Diversions 

The resilience of the SRN to 
shocks will be greater where 
high quality diversion routes 
are available. 

 The impact of works or incidents 
will be less if alternative routes are 
available 

  

User Traffic flow Delays related to asset health 
are more likely on busier 
sections of road and will 
adversely impact economic 
growth 

 Disruption due to planned works 
or incidents likely to be more 
significant on busier roads.   

Higher traffic volumes will 
result in greater emissions 
and noise. Congestion related 
to asset health will cause 
increased emissions. 

 

Freight traffic Delays in the movement of 
freight related to asset health 
will have a negative economic 
impact 

 As above Congested freight traffic will 
result in greater emissions 
and noise 

 

Seasonality Economies dependent on 
tourism for example will be 
impacted by delays related to 
asset health 

  A section with seasonal peaks will 
experience greater disruption as a 
result of planned works or 
incidents than the average traffic 
would suggest 

Congestion should not impact 
AONB, SSSI etc.  

 

Congestion   Asset health will have a greater 
impact on an already congested 
section of network as a result of 
planned works or incidents.   
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Criticality 
Component 

Parameter Strategic Outcomes 

1 2 3 4 5 

Supporting economic growth A safe and serviceable network 
Supporting the smooth flow of 

traffic 
Delivering better 

environmental outcomes 
Accessible and 

integrated network 

Safety Frequency  Asset health will have a greater 
impact on a section of the 
network that is already an 
accident hotspot due to human 
factors.  

   

Environmental 
Impact 

Emissions    The carbon cost and 
greenhouse gas emissions 
related to delays or 
congestion caused by asset 
health are likely to be of 
interest to the DfT and 
Highways England  in the 
future 

 

Proximity to 
sensitive 
areas 

   Roads located close to 
sensitive environmental areas 
will contribute more to overall 
environmental impacts 

 

Other -     Not considered as 
criticality has no direct 
relationship with asset 
condition 

 

 
 

 

*   

 

Key:  Aligned Objective   
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2.5 Data Sources 

A discussion was held with the Highways England’s National Intelligence Unit (NIU) in December 
2014 to identify what data was available for each parameter which could be used in the 
assessment of strategic and user criticality. Data was supplied in January 2015 on a link by link 
basis for the whole of the HATRIS network. This data request was then resubmitted for the May 
2016 data refresh. Other data was gathered from open source (details in Appendix A). 

Table 2.5 – Data sources used and refresh frequency 

Data 
Time Period /  

Snapshot Date 
Recommended Refresh 

frequency 

HATRIS Data 

Annual Average Daily Flow 
(AADF) 

01/04/2014 – 31/03/2015 Annual 

% HGV 01/04/2014 – 31/03/2015 Annual 

Monthly Average Daily Flow 
(MADF) 

01/04/2014 – 31/03/2015 Annual 

Congestion (Vehicle Hours 
Delay) 

01/04/2014 – 31/03/2015 Annual 

Peak Hourly Flow (the 
average flow on the hour/day 
type with the highest average 
flow) 

01/04/2014 – 31/03/2015 Annual 

Other Highways England Data 

TEN-T Core Network January 2015 n/a 

HAPMS Network May 2016 Unknown 

Open Source Data 

STATS19 01/01/2005 – 31/12/2014 Annually 

Airports November 2016 n/a 

UK Airport Data 2015 5 Years 

Ports November 2016 5 Years 

Port Traffic 2015 5 Years 

Flood Warning Areas November 2016 Annually 

SSSIs November 2016 5 Years 

National Parks November 2016 5 Years 

World Heritage Sites November 2016 5 Years 

Pollution – pm10 ann. ave. 2014 Unknown 
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This data was then taken forward in the development/refinement of the criticality scoring 
methodology. All data was assigned to the HAPMS network using a spatial analysis in GIS 
software. 

2.6 Approach 

The table below summarises the parameters developed for this first version of a candidate 
criticality score.  All components should be subject to review and improvement cycles. 

Table 2.6: Criticality Assessment Factors 

Component Parameter Measure Used Representing 

Strategic Impact Route strategic 
priority 

Is the section located on 
TEN-T network? 

Link strategic importance.  
Note that this is a binary 
score, and is not universally 
endorsed.  This component 
is considered a placeholder 
for this version.   

Network 
resilience 

Available diversions 
(ADRs), ADR Score 

Ability of the network to 
react to road closures. 

Proximity to 
Strategic 
Infrastructure 

Proximity to gateways  

Critical National 
Infrastructure 

Not considered in the 
current assessment due 
to lack of access to data 

This should be considered 
at a local level, as CNI will 
have higher strategic 
importance 

User Impact Traffic flow Annual Average Daily 
Flow (AADF): vehicles 

No. of road users potentially 
impacted.  

Freight traffic Annual average daily 
number of HGVs: 
calculated as  

AADF x % HGV  

No. of freight users 
potentially impacted. 

Seasonality Seasonality ratio: 
calculated as 

Highest Monthly Average 
Daily Flow / AADF 

Magnitude of seasonal 
traffic peaks, which reflects 
the fact that in some 
regions, the average traffic 
alone is not representative.  

Congestion Average monthly 
congestion 

Congested links are more 
vulnerable to further delays.  

Safety Impact Safety criticality 
of location 

Fatality Weighted Injuries 
per km per year 

The frequency of all 
accidents at a location, to 
represent the safety 
criticality.   

Environment 
Impact 

Proximity to 
sensitive area 
(such as AQMA, 
SSSI) 

World Heritage Sites, 
Flood Warning Areas, 
SSSIs, National Parks, 
Pollution – PM10. 

Number of environmentally 
sensitive areas that could 
be impacted by failure. 

 

The above criteria are based on data readily available to Highways England and easily 
implemented. Recommendations on future enhancements and inclusion of additional criteria are 
presented in Section 5. 

The data requirements for this methodology are set out in Appendix A. 
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3 Criticality Methodology 

There are two options for calculating and presenting the overall criticality of a particular asset 
type: 

1. The four criticality components proposed above can be combined using judgement based 
weighting factors, ideally developed using a form of expert elicitation.  

2. The four criticality components can be presented separately and decision makers can then 
make their own assessment of what is important.  

At present the second approach will be used to avoid building in additional subjective weighting 
at this stage. Weighting factors and combination of the different components should only be 
implemented at the very end of the development work, if appropriate.   

The criticality scores will be identical across all asset types and therefore it will be possible to 
compare Asset Health against these parameters in a common framework. It is important to note 
that criticality is location specific and asset agnostic. This means that the criticality is the same for 
any asset at a single point (i.e. a section) in the network regardless of the asset type. 

The following sections set out the calculation of each of the component scores. 

3.1 Strategic Criticality 

The Strategic Criticality is a measure of the importance, in terms of the contribution that the SRN 
makes to economic growth in England, for any given location. It considers both the strategic 
importance and network resilience of the road. The measure is calculated considering strategic 
importance factors, described further below. 

3.1.1 TEN-T Score 

The TEN-T is the Trans-European Transport Network, which was established by the European 
Commission and identifies important transport infrastructure. Roads that are considered vital for 
trans-European haulage are included. A candidate score of 25 was assigned to each section that 
is located on the TEN-T. Links not located on the TEN-T were assigned a score of 5. (The 
assigned numbers are selected to achieve a total score of 100, and to ensure that the lowest 
scoring sections will fall into the lowest band).   

Table 3.1.1 – TEN-T Network Score 

TEN-T Network TEN-T Score 

No 5 

Yes 25 

3.1.2 Proximity Score 

A significant way in which the SRN contributes to economic growth is by providing access to other 
pieces of strategic infrastructure. The proximity score reflects the criticality of a location to 
accessing these strategically important facilities within the UK. For this methodology gateways 
i.e. airports and ports have been considered. Airports with more than 100,000 passengers per 
year have been included along with ports that manage more than 1,000,000 of cargo tons per 
year. There are many other infrastructure and facilities that increase criticality in the same way. 
Gateways have been included in the scope of this strategy as a proof on concept. Further strategic 
infrastructure should be included in future development (see Section 5). 

It is important that distances are calculated along the road network, rather than radial from the 
source. As such, a networked (node and link) shapefile was required to do the analysis. Ordinance 
Survey’s Open Roads Network was used for this methodology. Proximity to both airports and 
ports was calculated based on the distances shown in Table 3.1.2. The resulting areas where 
then mapped to HAPMS sections, providing an airport proximity and a port proximity score for 
each section. 
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Table 3.1.2 – Proximity Criticality Matrices 

Airport Proximity Score 
Distance between SRN section and airport 

<5 km <10 km <25 km <50 km >50 km 

Airport size 
(millions of passengers per year) 

Big >10 5 5 4 3 1 

Medium 1-10 5 4 3 2 1 

Small 0.1-1 3 2 1 1 1 

        

Port Proximity Score 
Distance between SRN section and port 

<5 km <10 km <25 km <50 km >50 km 

Port size 
(thousands of cargo tons per year) 

Big >25000 5 5 4 3 1 

Medium 5000-25000 5 4 3 2 1 

Small 1000-5000 3 2 1 1 1 

 

For this methodology the final proximity score has been calculated using the equation below. The 
proximity score has been designed so that it can be used as a standalone measure, or 
recalibrated to be used in other areas of criticality analysis. 

𝑃𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 = 𝑚𝑎𝑥(𝑃𝑟𝑜𝑥 𝑃𝑜𝑟𝑡𝑠, 𝑃𝑟𝑜𝑥 𝐴𝑖𝑟𝑝𝑜𝑟𝑡𝑠)  𝑥 5 

(max 25) 

Where: 

𝑃𝑟𝑜𝑥 𝑃𝑜𝑟𝑡𝑠 - is the port proximity score from Table 3.1.2 

 𝑃𝑟𝑜𝑥 𝐴𝑖𝑟𝑝𝑜𝑟𝑡𝑠 - is the airport proximity score from Table 3.1.2 

 

3.1.3 Agreed Diversion Route Score – Not Included 

This component is presented for completeness but is not currently implemented due to data gaps 
discussed in Section 4.3.  

Agreed Diversion Routes are established routes for diverting traffic across the Strategic Road 
Network. They are largely local authority roads. A separate digitisation project2 has resulted in a 
set of shapefiles for ADRs. These files show the geometry of each ADR including its length and 
a text description.  

A mapping exercise was carried out (Appendix E) to assign specific diversion routes and the 
corresponding length scores to each HAPMS network section, the lowest common denominator 
for criticality geospatial analysis. This information was used to calculate the length and ADR 
score; a simple measure of the relative suitability of the ADR compared to the original route.  

𝐿𝑒𝑛𝑔𝑡ℎ 𝑆𝑐𝑜𝑟𝑒 =  
𝐿𝑒𝑛𝑔𝑡ℎ𝐷𝑖𝑣𝑒𝑟𝑠𝑖𝑜𝑛 − 𝐿𝑒𝑛𝑔𝑡ℎ𝐿𝑖𝑛𝑘

𝐿𝑒𝑛𝑔𝑡ℎ𝐿𝑖𝑛𝑘
 

 

𝐴𝐷𝑅 𝑆𝑐𝑜𝑟𝑒 =  
𝐿𝑒𝑛𝑔𝑡ℎ 𝑆𝑐𝑜𝑟𝑒 −  𝐿𝑒𝑛𝑔𝑡ℎ 𝑆𝑐𝑜𝑟𝑒𝑙𝑜𝑤𝑒𝑟

𝐿𝑒𝑛𝑔𝑡ℎ 𝑆𝑐𝑜𝑟𝑒ℎ𝑖𝑔ℎ𝑒𝑟 − 𝐿𝑒𝑛𝑔𝑡ℎ 𝑆𝑐𝑜𝑟𝑒𝑙𝑜𝑤𝑒𝑟
 𝑥 25 

(max 25) 

                                                
2 Existing Agreed Diversion Route (ADR) Review, June 2015. Prepared for Highways England by IBI Group. 
For further information contact Caitriona.Eustace@HighwaysEngland.co.uk   

mailto:Caitriona.Eustace@HighwaysEngland.co.uk
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Where: 

𝐿𝑒𝑛𝑔𝑡ℎ𝐷𝑖𝑣𝑒𝑟𝑠𝑖𝑜𝑛 - is the length of the diversion in kilometres 

𝐿𝑒𝑛𝑔𝑡ℎ𝐿𝑖𝑛𝑘 - is the length of the link that is diverted in kilometres 

𝐿𝑒𝑛𝑔𝑡ℎ 𝑆𝑐𝑜𝑟𝑒lower - is the lowest Length Score in the sample 

𝐿𝑒𝑛𝑔𝑡ℎ 𝑆𝑐𝑜𝑟𝑒higher - is the highest Length Score in the sample 

 

The longest ADR relative to its original route i.e. the maximum length score in the sample, which 
receive an ADR score of 25. The shortest ADR relative to its original route i.e. the minimum length 
score in the sample, which receive and ADR score of 0. 

3.1.4 Critical National Infrastructure Score - Not Included 

Critical National Infrastructure (CNI) is defined by the UK government as the following: 

‘Those critical elements of national infrastructure (facilities, systems, sites, property, information, 
people, networks and processes), the loss or compromise of which would result in major 

detrimental impact on the availability, delivery or integrity of essential services, leading to severe 
economic or social consequences or to loss of life.’ 

The UK Government’s official definition of CNI, CPNI Website3 

CNI is restricted information. This project currently has no access to the list of CNI or the criteria 
that defines which of Highways England’s assets qualify as CNI. The definition of CNI above 
aligns with the definition of Strategic Criticality for this project. Therefore it should be considered 
at a local level. Without further information a binary yes / no criteria is suggested. 

Table 3.1.4 – CNI Network Score 

CNI CNI Score 

No 5 

Yes 25 

 

3.1.5 Strategic Criticality Category 

Strategic Criticality Category is assigned five ‘bands’ for consistency with the overall 5x5 
serviceability matrix. The strategic score is a weighted accumulation of the elements described 
above (the weightings are built into the separate scores). This weighting is subject to further 
calibration (see Appendix D). 

Currently, each component has a theoretical maximum score of 25 such that the four component 
contribute equality to a maximum Strategic Score of 100. 

𝑆𝑡𝑟𝑎𝑡𝑒𝑔𝑖𝑐 𝑆𝑐𝑜𝑟𝑒 =  𝑇𝐸𝑁𝑇  𝑆𝑐𝑜𝑟𝑒 + 𝑃𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 + [𝐴𝐷𝑅 𝑆𝑐𝑜𝑟𝑒 +  𝐶𝑁𝐼 𝑆𝑐𝑜𝑟𝑒]  

(max 100) 

 

The ADR Score is not included at this time due to data quality issues. The CNI Score is not 
included as the information is restricted. Therefore a temporary criticality banding is shown in 
Table 3.1.5. This would be scaled by a factor of two when the full Strategic Score is used. 

 

 

                                                
3 https://www.cpni.gov.uk/critical-national-infrastructure-0  

https://www.cpni.gov.uk/critical-national-infrastructure-0
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Table 3.1.5 – Strategic Criticality 
Category (ADR & CNI Scores excluded)  

Temporary Banding 

Strategic Score Category 

 0 – 10 1 

11 – 20 2 

21 – 30 3 

31 – 40 4 

41 – 50 5 

3.2 User Criticality 

The User Score is a measure of the traffic using the link that would be affected by the asset health. 
It currently considers four parameters based on traffic data supplied by Highways England. Traffic 
data is provided for links therefore all calculations were carried out for links before being mapped 
to HAPMS sections. The User Score is calculated using the following relationship: 

User Score = AADF Score + HGV Score + Seasonality Score + Congestion Score 

(max 100) 

 

Each element of the User Score has been given a weighting so that the theoretical maximum total 
score is 100. The weightings reflect the importance of the parameter to user impact. The proposed 
weightings used are subject to future refinements. The calculation of each element of the User 
Score is described in the following sections. 

3.2.1 AADF Score 

The AADF Score evaluates the magnitude of the potential inconvenience to users due to closures, 
delays and restrictions. The AADF Score has been assigned to each network link as a numerical 
value between 0 (proximity to lower traffic flow) to 50 (proximity to higher traffic flow) as follows: 

 

𝐴𝐴𝐷𝐹 𝑆𝑐𝑜𝑟𝑒 =  
𝐴𝐴𝐷𝐹 −  𝐴𝐴𝐷𝐹𝐿𝑜𝑤𝑒𝑟

𝐴𝐴𝐷𝐹ℎ𝑖𝑔ℎ𝑒𝑟 − 𝐴𝐴𝐷𝐹𝑙𝑜𝑤𝑒𝑟
 𝑥 50 

(max 50) 

 

Where:  AADF is the annual average daily flow on the link 

 AADFlower is the minimum AADF value across all links on the network 

 AADFhigher is the maximum AADF value across all links on the network 

 

3.2.2 HGV Score 

The HGV Score evaluates the magnitude of the potential inconvenience to freight users and also 
highlights the importance of a link in terms of its carrying HGV / freight traffic, and reflects the 
increased criticality of a link that carries high number of HGVs. 

The HGV Score has been assigned to each network link as a numerical value between 0 
(proximity to lower HGV flow) to 30 (proximity to higher HGV flow) as follows: 
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𝐻𝐺𝑉 𝑆𝑐𝑜𝑟𝑒 =  
𝐴𝐴𝐷𝐹 𝐻𝐺𝑉 −  𝐴𝐴𝐷𝐹 𝐻𝐺𝑉𝐿𝑜𝑤𝑒𝑟

𝐴𝐴𝐷𝐹 𝐻𝐺𝑉ℎ𝑖𝑔ℎ𝑒𝑟 − 𝐴𝐴𝐷𝐹 𝐻𝐺𝑉𝑙𝑜𝑤𝑒𝑟
 𝑥 30 

(max 30) 

 

Where:  AADF HGV is the annual average daily HGV flow on the link 

 AADF HGVlower is the minimum AADF HGV value across all links on the network 

 AADF HGVhigher is the maximum AADF HGV value across all links on the network 

During discussions on data availability, it was highlighted that in some cases the HGV 
percentages shown in the data are very high, which is thought to be due to some calibration 
issues with the traffic counters. For this stage of the piloting, HGV data has not been used for any 
link where the HGV percentage is shown as being greater than 40%. 

3.2.3 Seasonality Score 

The Seasonality Score evaluates whether a link has a traffic flow which is relatively constant 
throughout the year or whether traffic peaks during certain months, where, for the latter, the 
annual average alone may not be representative.  

To assign a Seasonality Score, a seasonality ratio has been calculated for each link using the 
formula: 

𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 =  
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 𝐹𝑙𝑜𝑤

𝐴𝑛𝑛𝑢𝑎𝑙 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 𝐹𝑙𝑜𝑤
 

 

The Seasonality Score has been assigned to each network link as a score of up to 10 by 
categorising the seasonality ratio on the following basis: 

Table 3.2.3 – Seasonality Ratio Score 

Seasonality Ratio Seasonality Score 

1 – 1.05 2 

1.05 – 1.10 4 

1.10 – 1.15 6 

1.15 – 1.20 8 

1.20 or higher 10 

 

A categorised score has been used rather than a numerical value based on the range of data for 
seasonality to avoid allocating very low scores to those with the lowest seasonality ratios, which 
in the case of the busiest roads may reflect very high traffic throughout the year. 
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3.2.4 Congestion Score 

The Congestion Score evaluates the extent to which congestion is already occurring on a link and 
therefore whether a link would be more adversely affected by delays and restrictions related to 
poor asset health. It also implicitly reflects links which are likely to have higher emission levels, 
as lower speeds due to congestion will result in greater fuel consumption and therefore higher 
emissions. Assets where there is higher congestion should be prioritised above those where there 
are high traffic volumes but less congestion. It is possible in certain circumstances there may be 
a causative relationship between poor asset health and congestion. However, it is considered 
likely that this would be a short term feature only, and the Congestion Score is weighted relatively 
low to avoid significant double counting.   

The congestion data provided by Highways England gives a number of vehicle hours of delay per 
month compared to DfT reference journey times. The reference journey times are based on the 
type of road and speed limit, and it was noted in discussions with the Highways England that 
these do not reflect local conditions and in some cases, such as where a link is uphill or ends in 
a roundabout, the reference journey times may not be achievable and therefore congestion may 
be overstated. 

The Congestion Score has been assigned to each network link as a numerical value between 0 
(proximity to lower congestion) to 10 (proximity to higher congestion) as follows: 

𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑆𝑐𝑜𝑟𝑒 =  
𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 −  𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛𝐿𝑜𝑤𝑒𝑟

𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛ℎ𝑖𝑔ℎ𝑒𝑟 − 𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛𝑙𝑜𝑤𝑒𝑟
 𝑥 10 

(max 10) 

 

Where: Congestion is the average monthly vehicle hours delay on the link 

Congestionlower is the minimum average monthly vehicle hours delay across all links 
on the network 

Congestionhigher is the maximum average monthly vehicle hours delay value across all 
links on the network 

 
3.2.5 User Criticality Category 

Final User Scores are normalised to a percentage of the maximum score obtained for the network 
(78.7), and the percentages are assigned to five User Criticality Categories as shown below:  

Table 3.2.5 – User Criticality Categories 

User Criticality Score Category 

0-20 1 

21-40 2 

41-60 3 

61-80 4 

81-100 5 
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3.3 Safety Criticality 

The safety impact of an asset failure on Highways England’s network has two components. Asset 
specific considerations, for what a motorway underbridge crosses, are intrinsic characteristics of 
the asset and should therefore be considered within the Asset Health Category. The safety 
criticality proposed here is asset agnostic.   

The possibility of setting rules according to the safety criticality of a particular road layout 
(considering for example roundabouts, speed, line of sight) was explored, but there was 
insufficient information to develop such rules.  Therefore the proposed solution for this 
methodology is to use STATS19 database of road traffic accidents to derive a bottom up measure 
of safety criticality.  This measure simply says that a location which has had more accidents is 
more safety critical.   

Safety criticality will be measured using a standardised measure of casualty severity, in this case 
Fatality Weighted Injuries (FWI). 

The Safety Score is calculated as a measure of accidents that occur on a section of the Strategic 
Road Network annually, normalised for the length of the sections. The Safety Score has the unit 
FWI per Kilometre per Year. 

 𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 =  
∑ 𝐹𝑊𝐼𝑆𝑒𝑐𝑡𝑖𝑜𝑛

𝐿𝑒𝑛𝑔𝑡ℎ𝑆𝑒𝑐𝑡𝑖𝑜𝑛 𝑥 𝑌𝑒𝑎𝑟𝑠
 

Where: 

∑ 𝐹𝑊𝐼
𝑆𝑒𝑐𝑡𝑖𝑜𝑛

 - is the sum of all Fatality Weighted Injuries recorded at 
the section during the time period (Years) 

𝐿𝑒𝑛𝑔𝑡ℎ𝑆𝑒𝑐𝑡𝑖𝑜𝑛 - is the length of the HAPMS section in kilometres 

𝑌𝑒𝑎𝑟𝑠 - is the number of years of FWI data used 

 

3.3.1 STATS19 Data 

STATS19 is the database of recorded road traffic accidents in the UK. The data is open source 
and published on Data.Gov.UK. At the time of writing, records from 2005-2014 are available to 
download. Accidents are recorded in STATS19 if the police attended the scene and a minor, 
major or fatal injury occurred. Definitions for these accidents can be found in the STATS19 
guidance4. 

Each accident is assigned a unique accident index. Every vehicle and casualty involved in the 
accident is then joined to the accident index. A geospatial location in the form of a six digit grid 
reference is given for each accident index. No other details are given about the location of the 
accident i.e. road name, section reference etc. In order to isolate those accidents that occur on 
the SRN, GIS was use to select a subset of accidents that occur within a 25 metre buffer of any 
of the HAPMS Network sections. These accidents were then spatially joined to their nearest 
HAPMS section. A technical note on assigning accidents to roundabouts can be found in 
Appendix C.  

3.3.2 Fatality Weighted Injuries 

STATS19 categorises casualties of accidents as fatal, serious, or slight. Definitions for these 
categories can be found in the STATS19 guidance note. In order to accumulate casualties for 
comparison a consistent index must be used. The Highways England Standard for safety risk 
assessment on the Strategic Road Network gives a number of acceptable indices including 
Fatality Weighted Injuries (FWI), Killed or Seriously Injured (KSI), and Personal Injury Accidents 
(PIA). For this methodology, Fatality Weighted Injuries has been chosen. It has also been chosen 

                                                
4 https://www.gov.uk/government/collections/road-accidents-and-safety-statistics 

https://www.gov.uk/government/collections/road-accidents-and-safety-statistics
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as a measure in another asset management project Task 434 – Sustainable Drainage Phase 35. 
This index shows the number of each type of injury that is the statistically equivalent to a fatality 
(Table 3.3.2). A single FWI figure was calculated for each accident. 

Table 3.3.2 – STATS19 to Fatality Weighted Injuries mapping 

STATS19 Code Label FWI 

1 Fatal 1 

2 Serious 0.1 

3 Slight 0.005 

 

3.3.3 Safety Criticality Category 

Safety Scores are currently banded into categories by splitting the distribution into five equal bins 
based on the percentile of safety score. This neutral banding should be considered as the first 
iteration, for further  (see Appendix D). 

Table 3.3.3 – Safety Criticality Category 

Cumulative Accident 
Distribution Percentiles 

Safety Criticality 
Category 

1-20 1 

21-40 2 

41-60 3 

61-80 4 

81-100 5 

  

                                                
5 Completed by Mott Macdonald on behalf of Highways England 
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3.4 Environmental Criticality 

Environmental Criticality reflects the environmental sensitivity of the area surrounding the asset. 
This methodology is based on avoiding stressing areas that are already environmentally sensitive 
for a number of reasons. The Environmentally Sensitive Areas (ESAs) considered are listed in 
Table 3.4. These represent relevant datasets that are easily accessible to Highways England. For 
pollution (pm10) a pre-selection exercise was carried out so that only 1km grid squares with PM10 
annual mean concentration of greater than 20 µg/m3 were considered. 

Table 3.4 – Environmentally Sensitive Areas Considered, for sources see Appendix A 

Areas Considered Environment Category 

World Heritage Sites Heritage 

Flood Warning Areas Water (Flooding) 

Sites of Specific Scientific Interest Ecology 

National Parks Ecology / Heritage 

Pollution – PM10 Pollution & Air Quality 

 

3.4.1 Environmentally Sensitive Areas 

A spatial intersection was carried out between the Environmentally Sensitive Areas (ESAs) and 
a 5km buffer around each HAPMS section using ArcGIS. An Environment Score was assigned to 
each HAPMS section for the number of ESAs that intersect with this 5km buffer.  

 

𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑆𝑐𝑜𝑟𝑒 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑆𝐴𝑠 𝑤𝑖𝑡ℎ𝑖𝑛 5𝑘𝑚 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 

 

 

3.4.2 Environmental Criticality Category 

The environmental criticality category has been assigned based on the environment score as 
shown in Table 3.4.2. 

Table 3.4.2 – Environmental Criticality Category 

Environment Score 
Environment 

Criticality Category 

0 1 

1 2 

2 3 

3 4 

4+ 5 
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4 Proof of Concept Results 

In order to show a proof of concept of the proposed methodology using available data, the process 
outlined in Section 3 has been run using the datasets detailed in Table 2.5. The results for each 
criticality component have been summarised in the tables below. 

4.1 Strategic Criticality 

Table 4.1 Strategic Criticality Results & Distribution 

 

 

 

 

 

 

 

 

 

 

4.2 User Criticality 

Table 4.2 User Criticality Results & Distribution 

Category 
Results; Count of 

Sections 

Percentage of 

Distribution, % 

5 1659 9.41 

4 2758 15.64 

3 2618 14.85 

2 7033 39.88 

1 3567 20.23 

Total 17635* 100 

*NB: DBFO has been excluded in this analysis 

 

  

Category 
Results; Count of 

Sections 

Percentage of 

Distribution, % 

5 1642 7.78 

4 2996 14.20 

3 4670 22.13 

2 6361 30.14 

1 5437 25.76 

Total 21106 100 
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4.3 Safety Criticality 

Table 4.3 Safety Criticality Results & Distribution* 

Category 
Results; Count of 

Sections 

Percentage of 

Distribution, % 

5 4222 20 

4 4221 20 

3 4221 20 

2 4221 20 

1 4221 20 

Total 21106 100 

* NB – the candidate bandings for safety are based on a uniform distribution (see Technical Note 
on criticality banding, Appendix D). 

 

4.4 Environmental Criticality 

Table 4.4 Environmental Criticality Results & Distribution 

 

 

 

 

 

 

 

 

 

 

4.5 Example Calculations 

The following example illustrates Criticality calculations for HAPMS section 1700M27/567. This 
road section belongs to the M27 (from MP 35.0 to MP 36.0) and is located within the borough of 
Fareham, east of Southampton. 

Category 
Results; Count of 

Sections 

Percentage of 

Distribution, % 

5 145 0.69 

4 6947 32.91 

3 10818 51.26 

2 3074 14.56 

1 122 0.58 

Total 21106 100 
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Figure 4.2 Section 1700M27/567 location 

4.5.1 Strategic Criticality 

 
Example for HAPMS section 1700M27/567: 
 
𝑃𝑜𝑟𝑡 𝑝𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒 = 4   (< 25 𝑘𝑚 𝑓𝑟𝑜𝑚 𝑎 𝑏𝑖𝑔 𝑝𝑜𝑟𝑡 − 𝑆𝑜𝑢𝑡ℎ𝑎𝑚𝑝𝑡𝑜𝑛) 
 
𝐴𝑖𝑟𝑝𝑜𝑟𝑡 𝑝𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒 = 3   (< 25 𝑘𝑚 𝑓𝑟𝑜𝑚 𝑎 𝑚𝑒𝑑𝑖𝑢𝑚 𝑎𝑖𝑟𝑝𝑜𝑟𝑡 − 𝑆𝑜𝑢𝑡ℎ𝑎𝑚𝑝𝑡𝑜𝑛) 
 
𝑃𝑟𝑜𝑥𝑖𝑚𝑖𝑡𝑦 𝑠𝑐𝑜𝑟𝑒 = max(𝑝𝑜𝑟𝑡, 𝑎𝑖𝑟𝑝𝑜𝑟𝑡) = max(4, 3) 𝑥 5 = 20 
 
𝑇𝐸𝑁𝑇  𝑆𝑐𝑜𝑟𝑒 = 5 (𝑁𝑜𝑡 𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑇𝐸𝑁 − 𝑇 𝐶𝑜𝑟𝑒 𝑁𝑒𝑡𝑤𝑜𝑟𝑘) 
 
𝑺𝒕𝒓𝒂𝒕𝒆𝒈𝒊𝒄 𝑺𝒄𝒐𝒓𝒆 = 𝑷𝒓𝒐𝒙𝒊𝒎𝒊𝒕𝒚 𝑺𝒄𝒐𝒓𝒆 + 𝑻𝑬𝑵𝑻 𝑺𝒄𝒐𝒓𝒆 = 𝟐𝟎 + 𝟓 = 𝟐𝟓 

𝑺𝒕𝒓𝒂𝒕𝒆𝒈𝒊𝒄 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍𝒊𝒕𝒚 (𝟐𝟓) = 𝟑  
 

4.5.2 User Criticality 

 
HAPMS section 1700M27/567 is part of link LM379 of the HATRIS data. 

 

𝐴𝐴𝐷𝐹 𝑆𝑐𝑜𝑟𝑒 =  
𝐴𝐴𝐷𝐹 − 𝐴𝐴𝐷𝐹𝑙𝑜𝑤𝑒𝑟

𝐴𝐴𝐷𝐹ℎ𝑖𝑔ℎ𝑒𝑟 − 𝐴𝐴𝐷𝐹𝑙𝑜𝑤𝑒𝑟
∗ 50 =  

48619 − 1257

110597 − 1257
∗ 50 = 23.88 

 

𝐻𝐺𝑉 𝑆𝑐𝑜𝑟𝑒 =  
𝐴𝐴𝐷𝐹 𝐻𝐺𝑉 − 𝐴𝐴𝐷𝐹 𝐻𝐺𝑉𝑙𝑜𝑤𝑒𝑟

𝐴𝐴𝐷𝐹 𝐻𝐺𝑉ℎ𝑖𝑔ℎ𝑒𝑟 − 𝐴𝐴𝐷𝐹 𝐻𝐺𝑉𝑙𝑜𝑤𝑒𝑟
∗ 30 =  

6926 − 129

30544 − 129
∗ 30 = 5.54 

 

𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 =  
𝑀𝑎𝑥 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 𝐹𝑙𝑜𝑤

𝐴𝐴𝐷𝐹
=  

51528

48619
= 1.06 

 

𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 =  4 
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𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑆𝑐𝑜𝑟𝑒 =  
𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 − 𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛𝑙𝑜𝑤𝑒𝑟

𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛ℎ𝑖𝑔ℎ𝑒𝑟 − 𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛𝑙𝑜𝑤𝑒𝑟
∗ 10 =  

3752 − 1

107042 − 1
∗ 10 = 0.47 

 

𝑈𝑠𝑒𝑟 𝑆𝑐𝑜𝑟𝑒 = 𝐴𝐴𝐷𝐹 𝑆𝑐𝑜𝑟𝑒 + 𝐻𝐺𝑉 𝑆𝑐𝑜𝑟𝑒 + 𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 + 𝐶𝑜𝑛𝑔𝑒𝑠𝑡𝑖𝑜𝑛 𝑆𝑐𝑜𝑟𝑒
= 23.88 + 5.54 + 4 + 0.47 = 33.90 

 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝑈𝑠𝑒𝑟 𝑆𝑐𝑜𝑟𝑒 (𝑁𝑈𝑆) =  
𝑈𝑠𝑒𝑟𝑆𝑐𝑜𝑟𝑒 − 𝑈𝑠𝑒𝑟𝑆𝑐𝑜𝑟𝑒𝑙𝑜𝑤𝑒𝑟

𝑈𝑠𝑒𝑟𝑆𝑐𝑜𝑟𝑒ℎ𝑖𝑔ℎ𝑒𝑟 − 𝑈𝑠𝑒𝑟𝑆𝑐𝑜𝑟𝑒𝑙𝑜𝑤𝑒𝑟
∗ 100 =  

33.90 − 2.04

78.36 − 2.04
∗ 100

= 41.74 

 

𝟒𝟎 < 𝑵𝑼𝑺 ≤ 𝟔𝟎 ⇒  𝑼𝒔𝒆𝒓 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍𝒊𝒕𝒚 = 𝟑  

 

4.5.3 Safety Criticality 

 
Example for HAPMS section 1700M27/567: 

 

𝑇𝑜𝑡𝑎𝑙 𝐹𝑊𝐼 2005 − 2014 = 0.145 

 

𝑆𝑒𝑐𝑡𝑖𝑜𝑛 𝑙𝑒𝑛𝑔𝑡ℎ = 1000 𝑚 

 

𝐹𝑊𝐼
𝑘𝑚

𝑦𝑒𝑎𝑟
=

0.145
1

10
= 0.0145 

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 = 0.5832 = 58.32% 𝑜𝑓 𝑡ℎ𝑒 𝐻𝐴𝑃𝑀𝑆 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠 ℎ𝑎𝑣𝑒 𝑎 𝑙𝑜𝑤𝑒𝑟 𝐹𝑊𝐼/𝑘𝑚/𝑦𝑒𝑎𝑟  

 

𝟒𝟎 < 𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒊𝒍𝒆 ≤ 𝟔𝟎 ⇒  𝑺𝒂𝒇𝒆𝒕𝒚 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍𝒊𝒕𝒚 = 𝟑 

4.5.4 Environmental Criticality 

 
Example for HAPMS section 1700M27/567: 
 
𝑊𝑜𝑟𝑙𝑑 𝐻𝑒𝑟𝑖𝑡𝑎𝑔𝑒 𝑆𝑖𝑡𝑒𝑠 = 0 
𝐹𝑙𝑜𝑜𝑑 𝑊𝑎𝑟𝑛𝑖𝑛𝑔 𝐴𝑟𝑒𝑎𝑠 = 1 

𝑆𝑖𝑡𝑒𝑠 𝑜𝑓 𝑆𝑝𝑒𝑐𝑖𝑎𝑙 𝑆𝑐𝑖𝑒𝑛𝑡𝑖𝑓𝑖𝑐 𝐼𝑛𝑡𝑒𝑟𝑒𝑠𝑡 = 1 

𝑁𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑃𝑎𝑟𝑘𝑠 = 1 

𝑃𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛 𝑃𝑀10 = 0 
 

𝐸𝑛𝑣𝑖𝑟𝑜𝑛𝑚𝑒𝑛𝑡 𝑆𝑐𝑜𝑟𝑒 = 𝑊𝐻𝑆 + 𝐹𝑊𝐴 + 𝑆𝑆𝑆𝐼 + 𝑁𝑃 + 𝑃𝑀10 = 0 + 1 + 1 + 1 + 0 = 3 
 

𝑬𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍 𝑪𝒓𝒊𝒕𝒊𝒄𝒂𝒍𝒊𝒕𝒚 = 𝟒 
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4.6 Data Quality & Gaps 

4.6.1 Strategic Criticality data   

The TEN-T dataset is complete with regard to which roads and corridors belong to the Core 
Network. However, due to its low level of detail, it requires some assumptions to be made before 
mapping it to the HAPMS network, which has a higher level of detail. As an example, the original 
source does not specify whether slip roads entering or exiting a Core Network road also belong 
to the Core Network. In our analysis we have assumed that slip roads, lay-bys and roundabouts 
carrying the same road number as a Core Network main carriageway section are also part of the 
TEN-T Core Network. 

For the Proximity analysis, both airport and port traffic data are of good quality as they come from 
official sources see Appendix A. 

ADR data quality issues are addressed specifically in Appendix E. 

Finally, not openly available which SRN roads are classified as Critical National Infrastructure. 

4.6.2 User Criticality data (traffic data) 

HATRIS data is measured on links which do not correspond to HAPMS sections. Highways 
England has provided a file which cross-referenced links and sections. However this list is not 
complete therefore Area averages have been used to fill the gap (Appendix B). Also, we have 
identified a small percentage of sections being assigned incorrectly, e.g. few HAPMS sections 
corresponding to slip roads were assigned to the same HATRIS link as the nearby main 
carriageway sections, even though HATRIS data only measures traffic on the main carriageways. 
A summary of missing data and errors can be seen in Table 4.3.2. 

Traffic counts and percentage of Heavy Goods Vehicles are missing for 6 and 413 HATRIS links, 
respectively. In addition, for some links, the reported percentage of Heavy Goods Vehicles is very 
high, which could be due to incorrect calibration.  The threshold of a maximum of 40% HGV was 
applied in Task 419 to remove “unrealistic data” and avoid excessively skewing the criticality 
scores. However Figure 4.3.2 shows that many of these HATRIS links with >40% HGV appear 
close to ports and airports as expected. Therefore the >40% links have not been excluded in this 
task. 

Table 4.6.2 – Data quality analysis of traffic data 

HAPMS Sect_Labels (without DBFOs) Not matched to HATRIS link: 8733 of 17635 

of which:     

Main Carriageway  3188 of 11919 

Ox Bow Lay-by  480 of 480 

Roundabout  403 of 523 

Slip Road  4662 of 4713 

     

HATRIS Road Links Without traffic data: 6 of 2497 

No % HGV  413 of 2497 

Very high % HGV (>40%)  65 of 2497 
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4.6.3 Safety Criticality data 

The STATS19 database has a good level of detail, i.e. it is the most complete source of 
information available on road traffic accidents in the UK and is provided open source by the 
Department for Transport on Data.gob.uk. This is the only data source that has been used so 
there are no concerns on data quality for this section. 

4.6.4 Environmental Criticality data 

All environmental data is open source and can be found on Data.Gov.UK. The shapefiles contain 
good quality spatial references for World Heritage Sites, Flood Warning Areas, Sites of Specific 
Scientific Interest, National Parks and pollution (PM10). There are no concerns on data quality for 
this section. 

 

  

Figure 4.6 Map of the SRN showing gateways and 
HAPMS sections with HGV % greater than 40% 
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5 Summary and Recommendations 

A methodology has been presented to derive a candidate criticality score in accordance with the 
framework for a risk-based asset serviceability grade. 

The methodology combines key factors of user, strategic, safety, and environmental impact to the 
SRN. The development of the method is focussed on using data that Highways England has 
available from its National Intelligence Unit and data that is available as an open source.  

The methodology should be developed further, as detailed below. These recommendations are 
split into general and component specific. Some of these recommendations may not be possible 
to implement at the moment but may be possible in the future. Recommended further 
development are shown below. 

5.1 Short Term Developments 

1. The proposed scores should be calibrated and sense checked. Further refinement of the 
scores applied to each element may be identified as the work progresses to weight the 
elements differently. 

2. The final combination of the criticality components should be decided, whether to keep 
them separate or to opt for judgement-based weighting factors to produce a single 
combined score. This will be dependent on the final use of the Serviceability Framework.   

5.2 Strategic Criticality 

1. Whilst the methodology has been developed for this task, the ADR Score has not been 
included in the proof of concept results due to data quality issues. Collaboration with the 
ADR digitisation team should focus on solving some of the difficulties encountered in the 
methodology (Appendix E). 

2. Critical National Infrastructure has not been included in the proof of concept as access to 
the data is restricted. It is important to consider in any measure of strategic criticality to 
ensure alignment with government considerations of infrastructure asset criticality. During 
implementation, consideration should be made for utilising the CNI data when calculating 
strategic criticality. 

3. Proximity Score currently considers only gateways i.e. ports and airports. These have 
been included as they are highly relevant to economic activity in England. Other strategic 
infrastructure could be considered in future e.g. hospitals and power stations. 

5.3 User Criticality 

1. The user criticality has been assessed using link based traffic data. This reflects the 
available traffic data from Highways England as junction based data is not routinely 
collected. As a result, the criticality score does not consider whether an asset is situated 
at or near a critical junction for the network. If junction based traffic data is available in the 
future this should be included in the criticality assessment. 

2. The congestion measure used in the criticality score, whilst it is the best measure currently 
available, has some limitations as described in Section 3.2. It is understood that Highways 
England are developing a new measure based on actual congestion calculated from the 
speed-flow relationship and this should be considered for incorporation in future.  

3. The criticality assessment to date has used only data which is available from Highways 
England. In the future, other sources of data could be considered in the assessment such 
as Trafficmaster journey time data, which may help with the assessment of congestion. 
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5.4 Safety Criticality 

1. The proposed methodology is a bottom up approach to safety criticality. This provides the 
greatest use of available data (STATS19) as road traffic accidents are rarely caused by 
asset failure. In future top down analysis of the relationship between specific road features 
and accidents could be carried out. 

5.5 Environmental Criticality 

1. The current selection of ESAs should be reviewed and enhanced by Highways England’s 
environment team in order to ensure alignment with detailed environmental objectives. 

It is necessary that post-application this methodology is continuously improved and adapted to 
meet the evolving requirements of the organisation.  This may require additional data sets to be 
used in the analysis, revision of factors and weightings and other adjustments to maintain the 
calibration of the assessment to the information it provides. 
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Appendix A – Data Requirements 

Table A.1 – Traffic data requirements, request from Highways England HATRIS team. 

Data Type Fields 

Traffic Link Reference 
Road Link Description 
Start Easting 
Start Northing 
End Easting 
End Northing 
Start Junction 
End Junction 
Number of Lanes 
AADF Vehicles per day 
Goods Vehicles 
Monthly Average Daily Flow 
Congestion – Vehicle Hours Delay 
TEN-T 

 
Table A.2 - Open source data, available at location shown 

Dataset 
File 
Type 

Source 
Organisation 

Location 

Airports SHP EU data 
http://ec.europa.eu/eurostat/web/gisco/geodat
a/reference-data/transport-networks 

UK airport data 
(passengers) 

XLS 
Civil Aviation 
Authority 

http://www.caa.co.uk/Data-and-analysis/UK-
aviation-market/Airports/Datasets/UK-airport-
data/ 

Ports SHP EU data 
http://ec.europa.eu/eurostat/web/gisco/geodat
a/reference-data/transport-networks 

Port traffic (cargo 
tonnage) 

XLS 
Department for 
Transport 

https://www.gov.uk/government/statistical-
data-sets/port01-uk-ports-and-traffic 

TEN-T Core 
Network 

JPEG 
European 
Commission 

http://ec.europa.eu/transport/infrastructure/ten
tec/tentec-
portal/map/maps.html?layer=input_1,20,21&c
ountry=UK 

Flood Warning 
Areas 

SHP 
Environment 
Agency 

http://environment.data.gov.uk/ds/catalogue/#
/catalogue 

Sites of Specific 
Interest 

SHP 
Environment 
Agency 

http://environment.data.gov.uk/ds/catalogue/#
/catalogue 

National Parks SHP 
Environment 
Agency 

http://environment.data.gov.uk/ds/catalogue/#
/catalogue 

World Heritage 
Sites 

SHP 
Historic 
England 

https://services.historicengland.org.uk/NMRD
ataDownload/default.aspx 

Pollution - pm10 
annual average 

CSV 

Department for 
Environment, 
Food and 
Rural Affairs 

https://uk-air.defra.gov.uk/data/pcm-data 

STATS19 CSV 
Department for 
Transport 

https://www.gov.uk/government/collections/ro
ad-accidents-and-safety-statistics 

http://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/transport-networks
http://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/transport-networks
http://www.caa.co.uk/Data-and-analysis/UK-aviation-market/Airports/Datasets/UK-airport-data/
http://www.caa.co.uk/Data-and-analysis/UK-aviation-market/Airports/Datasets/UK-airport-data/
http://www.caa.co.uk/Data-and-analysis/UK-aviation-market/Airports/Datasets/UK-airport-data/
http://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/transport-networks
http://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/transport-networks
https://www.gov.uk/government/statistical-data-sets/port01-uk-ports-and-traffic
https://www.gov.uk/government/statistical-data-sets/port01-uk-ports-and-traffic
http://ec.europa.eu/transport/infrastructure/tentec/tentec-portal/map/maps.html?layer=input_1,20,21&country=UK
http://ec.europa.eu/transport/infrastructure/tentec/tentec-portal/map/maps.html?layer=input_1,20,21&country=UK
http://ec.europa.eu/transport/infrastructure/tentec/tentec-portal/map/maps.html?layer=input_1,20,21&country=UK
http://ec.europa.eu/transport/infrastructure/tentec/tentec-portal/map/maps.html?layer=input_1,20,21&country=UK
http://environment.data.gov.uk/ds/catalogue/#/catalogue
http://environment.data.gov.uk/ds/catalogue/#/catalogue
http://environment.data.gov.uk/ds/catalogue/#/catalogue
http://environment.data.gov.uk/ds/catalogue/#/catalogue
http://environment.data.gov.uk/ds/catalogue/#/catalogue
http://environment.data.gov.uk/ds/catalogue/#/catalogue
https://services.historicengland.org.uk/NMRDataDownload/default.aspx
https://services.historicengland.org.uk/NMRDataDownload/default.aspx
https://uk-air.defra.gov.uk/data/pcm-data
https://www.gov.uk/government/collections/road-accidents-and-safety-statistics
https://www.gov.uk/government/collections/road-accidents-and-safety-statistics
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Appendix B – Traffic Data 

Where traffic data was missing for a link, or in the case of % HGV and seasonality where the data 
was above the threshold considered to be realistic, an average value per region and road class 
has been used.  

Average values based on the traffic data were calculated and are shown in Table B1. 

 

Table B.1 – Calculated Average AADF, % HGV, Seasonality and Congestion by Region 
and Road Class 

Region 
Road 
Class 

Average 
AADF 

Average 
% HGV 

Average 
Seasonality 

Average 
Congestion 

Normalised 
User Criticality 

Score 

User 
Criticality 
Category 

East M 47794 0.27 1.0783 9500 86.28 5 

Midlands M 43149 0.26 1.1055 13979 81.47 5 

Yorkshire & NE M 33818 0.23 1.1005 6418 63.77 4 

South West M 36867 0.25 1.1613 4819 71.50 4 

South East M 47458 0.20 1.1145 15748 89.35 5 

North West M 40227 0.28 1.0875 7124 72.56 4 

East A 18385 0.19 1.0849 3601 33.51 2 

Midlands A 17909 0.19 1.0848 3798 32.70 2 

Yorkshire & NE A 16941 0.18 1.0971 3017 30.87 2 

South West A 13395 0.15 1.1893 1865 29.67 2 

South East A 22832 0.15 1.0836 7358 41.97 3 

North West A 12231 0.16 1.0940 2308 22.45 2 

East A(M) 30113 0.14 1.0807 5450 54.47 3 

Midlands A(M) 43149 0.26 1.1055 13979 81.47 5 

Yorkshire & NE A(M) 29133 0.21 1.0728 3016 52.34 3 

South West A(M) 36867 0.25 1.1613 4819 71.50 4 

South East A(M) 32033 0.13 1.0664 2542 57.37 3 

North West A(M) 19724 0.28 1.0953 2069 35.61 2 
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Appendix C – Technical Note: STATS19 Accidents Mapping  

 

 

STATS19 Data 

When downloaded from Data.Gov.UK the Accidents0514 table of the STATS19 database 
provides geospatial information for each accident in the form of six figure grid references. For the 
purposes of Task 694, HAPMS sections have been selected as the lowest common denominator 
for geospatial comparison. ArcGIS was used to map each individual instance of an accident to 
the nearest section. This process is complicated by the clustering of accidents at roundabouts. 
This technical note describes the procedure that has been carried out to map accidents to HAPMS 
sections, with specific reference to ensuring roundabout clusters are correctly assigned. 

Selecting Strategic Road Network Accidents 

The HAPMS network shapefile (acquired during the May 2016 data refresh) provides an accurate 
geospatial representation of the Strategic Road Network (SRN) for use in GIS analysis. In order 
to select accidents that occurred on the SRN a 25m buffer was created around the HAPMS 
network. A selection was then made of all accidents within this buffer – creating the subset 
SRN_Accidents that included all accidents that occurred on the SRN only (Figure C.1). 

 

 

Work Package Title Task 694 

Document Title STATS19 Accident Mapping 

Owner David Patterson 

Document Status Issue  

Date 27/02/2017 

 Name Signature 

Prepared by Nick Hancock  

Checked by Juliet Mian  

Approved by Juliet Mian  

Figure C.1 – STATS19 to HAPMS Network; subset selection 
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Roundabout Clustering 

There is a pattern in the data of clusters of accidents occurring at roundabouts; specifically where 
a carriageway or slip road joins the junction (Figure C.2). It is clear that these accidents should 
be allocated to the roundabout, however, due to the way GIS calculates the closest SRN section, 
it is possible that these accidents could be assigned to the slip roads and main carriageways 
around the junction. 

In order to ensure accidents are correctly allocated at roundabouts these accidents were 
processed separately to non-roundabout accidents. Firstly, accidents within a 25m buffer of any 
roundabout were selected and assigned to a subset or Roundabout_Accidents. These accidents 
were removed from the SRN_Accidents to create another subset NonRoundabout_Accidents. 

Spatial Joining  

The accidents subsets were joined to the HAPMS network in two stages. Roundabout_Accidents 
were spatially joined to the closest roundabout section. All roundabout sections were then 
removed from the HAPMS selection and NonRoundabout_Accidents were joined to the nearest 
of the remaining sections. After the joins were completed, the two results tables were appended 
together to give a complete dataset that correctly accounted for roundabout accidents without 
duplication. 

Assumptions & Limitations 

25m was selected as an appropriate buffer to capture accidents that occurred within the profile of 
a HAPMS section polyline, while minimizing the selection of accidents that occur on adjacent local 
authority roads. 

Where local authority roads cross over or under the SRN it is possibly that these accidents have 
been selected erroneously. However, this is relatively insignificant over the whole sample set. 

There is the possibility of assigning accidents to incorrect HAPMS sections, for instance accidents 
that occur beneath a roundabout junction or accidents that occur on / near slipways. A small 
number of these errors are acceptable as criticality analysis is not appropriate for isolating specific 
sections. These accidents will still affect the criticality score in that immediate area. However, 
within the required accuracy of the strategic criticality category this is unlikely to be significant. 

Figure C.2 – Accidents cluster at roundabouts, shown in 
red 
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Appendix D – Technical Note: Criticality Banding 

 

Calibration of Criticality 

In the Asset Serviceability: Criticality Assessment methodology four components of criticality are 
identified: user, safety, strategic, and environment. Each of these components is banded into five 
criticality categories to align with the overall serviceability methodology Risk-based Portfolio 
Planning as shown in Figure D.1. This technical note will: 

 Explain the candidate banding outputs of the Task 694 Criticality Methodology 

 Identify best practice and possible banding solutions 

 Describe next steps for calibration of asset criticality 

Introduction 

The Task 419 final report defines serviceability of an asset as the combination of its asset health 
and criticality categories. Criticality describes the scale of the consequence of an asset failure in 
five bands (with 5 being the greatest consequence). Asset health category is also measured using 
five point scale, with 5 being the worst asset health. When combined, criticality and asset health 
give the serviceability category of the asset from A to E, with E being the worst serviceability 
(Figure D.1). 

Figure D.1 Serviceability Matrix 

There are two options for calculating and presenting the overall criticality of an asset; either the 
four component scores can be combined using judgement based weighting factors or the four 
components can be considered independently.  

No judgement based weighting factors will be recommended for combining the criticality 
components in this technical note. However, judgement based weighting for component sub-
scores will be discussed. 

Asset criticality (as defined is this work) is location specific and asset agnostic. This means that 
the criticality is the same at any location (i.e. a section) in the network regardless of the asset 
class.  
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Calibration Methods 

Correct calibration is important to ensure the results of the criticality methodologies are relevant 
and meaningful. Five ways of calibrating the asset criticality results will be discussed: 

1. Using a power series to define relative distribution of banding.   

2. Using absolute banding to aligning with strategic objectives, 

3. Normalised banding to the sample, 

4. Maintaining the current perspective of criticality distribution across the portfolio, 

5. Even distribution across portfolio (neutral). 

Method 1: Power Series 

This produces a practical distribution where increasingly fewer locations sit in the higher bands, 
by doubling the number in each band from highest to lowest criticality, allowing decision makers 
to focus on a manageable number of highest criticality locations.  

Table D.1: ‘Power series’ banding approach 

Category 
Proportion on 

Distribution 

Percentage of 

Distribution, % 

5 1 3.23 

4 2 6.45 

3 4 12.90 

2 8 25.81 

1 16 51.61 
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Method 2: Absolute Banding 

This method requires an absolute figure to set the upper of lower boundary of each category. A 
single figure can be used to set a single boundary, for instance the worst acceptable case. The 
other categories can then be banded around this figure using other methods. 

For example, if the business has a Fatality Weighted Injury (FWI) target of less than 0.1 FWI per 
km per year this could define the upper boundary of category 3 meaning that any score greater 
than 0.1 receives a criticality categorisation of 4 or 5. The boundaries of the other categories 
would then be calibrated around this figure using one of the other methods described here. 

This approach can align with tolerable risk used across the business.  However, it requires a 
quantified measure (such as FWI), combined with quantified tolerable risks against strategic 
objectives.   

Method 3: Normalising to the Sample 

Sometimes it is important to understand how an individual score relates to the rest of the sample. 
To find the relative magnitude of a score a normalisation equation can be applied. It is important 
to note that this does not rank the individual scores and will maintain the original distribution 
between the highest and lowest scores. For a sub-score of a component, the normalisation 
equation can be used along with a judgement based weighting as in the equation below: 

 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝑆𝑐𝑜𝑟𝑒 =  
𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙 𝑆𝑐𝑜𝑟𝑒 − 𝑀𝑖𝑛 𝑆𝑐𝑜𝑟𝑒

𝑀𝑎𝑥 𝑆𝑐𝑜𝑟𝑒 − 𝑀𝑖𝑛 𝑆𝑐𝑜𝑟𝑒
 𝑥 𝑊𝑒𝑖𝑔ℎ𝑡𝑖𝑛𝑔 

 

 

This equation can be adapted for the overall component score (i.e. the sum of the component 
sub-scores) to create a criticality banding framework using Table D.2. 

 

 

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 𝑆𝑐𝑜𝑟𝑒 =  
𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑆𝑐𝑜𝑟𝑒 − 𝑀𝑖𝑛 𝑆𝑐𝑜𝑟𝑒

𝑀𝑎𝑥 𝑆𝑐𝑜𝑟𝑒 − 𝑀𝑖𝑛 𝑆𝑐𝑜𝑟𝑒
 𝑥 100 

 

Table D.2 Normalised criticality score distribution 

Criticality Score Category 

0-20 1 

21-40 2 

41-60 3 

61-80 4 

81-100 5 
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Method 4: Maintaining the Current Perspective 

Rather than a specific method, this form of calibration maintains the current perspective of the 
asset portfolio. It is based on the principle that the perceived state of the asset should not be 
affected by a change in the measurement methodology. For example, calibration could be 
undertaken to ensure that calculated serviceability grades aligned with the current five year 
forward plan for renewals.   

Method 5: Even Distribution 

An evenly distributed banding across the portfolio of assets can be suitable when no other 
banding method is considered appropriate. This method has been used in this task where there 
is currently no technical justification for using one of the alternatives. It is similar in process to the 
second part of Method 3. Instead of normalising the scores to find their relative position in the 
sample, percentiles are taken and aligned with the category bands as shown in Table D.3. 

 
Table D.3 evenly distributed criticality based on percentiles 

  

Percentiles Category 

0-20 1 

21-40 2 

41-60 3 

61-80 4 

81-100 5 
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Current Results from Criticality Methodologies 

The criticality methodologies outlined in the report have been banded in a number of different 
ways. A description of the current banding method of each of the criticality components, along 
with the results and percentage distribution can be found below. 

Strategic Criticality 

Strategic criticality is made up of a number of evenly weighted sub-scores. The Agreed Diversion 
Route (ADR) score is normalised by comparing each result to the highest and lowest scores in 
the sample (method 3). The TEN-T and proximity score, are both banded based on absolute 
values (method 2). Currently each sub-score is assigned an equal weight, but these could be 
adjusted to achieve a different distribution.  

Table D.4 Strategic criticality banding results 

Category 
Results; Count of 

Sections 

Percentage of 

Distribution, % 

5 1642 7.78 

4 2996 14.20 

3 4670 22.13 

2 6361 30.14 

1 5437 25.76 

Total 21106 100 

User Criticality 

The user criticality score is a weighted index of a number of sub-scores. This weighting is a form 
of judgement based calibration and is therefore open for review during future calibration. Of the 
sub-scores, AADF, HGV, and Congestion score are all normalised by comparing individual results 
to the highest and lowest results in the set (method 3). Seasonality score is banded based on an 
absolute value of 1.20 as the upper boundary for the worst case category. This is a judgement 
based, absolute boundary (method 2) and as such is open for review during future calibration. 

Final User Scores are then normalised to highest and lowest of the overall scores and banded 
using standard banding (method 3). 
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Table D.5 User criticality banding results 

Category 
Results; Count of 

Sections 

Percentage of 

Distribution, % 

5 1659 9.41 

4 2758 15.64 

3 2618 14.85 

2 7033 39.88 

1 3567 20.23 

Total 17635* 100 

* DBFO excluded from these results 

Safety Criticality 

The safety criticality score is currently banded neutrally i.e. the distribution is divided equally into 
the five categories (Method 5). The cumulative distribution up to and including the 20th percentile 
is included in the first category, the 21st to 40th percentile in the second etc. This leads to a 20% 
of the sample in each category i.e. a neutral distribution (method 5). This is because there is 
currently no guidance on how FWIs should be considered and it is inappropriate to apply an 
absolute, judgement based approach without further research and alignment with Highways 
England’s strategic objectives. 

Table D.6 Safety criticality banding results 

Category 
Results; Count of 

Sections 

Percentage of 

Distribution, % 

5 4222 20 

4 4221 20 

3 4221 20 

2 4221 20 

1 4221 20 

Total 21106 100 
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Environmental Criticality 

The environmental criticality is based simply on proximity to Environmentally Sensitive Areas. As 
such the banding is an absolute score based on judgement of appropriate proximity buffers 
(method 2). This is therefore open to review during future calibration.   

Table D.7 Environmental criticality banding results 

Category 
Results; Count of 

Sections 

Percentage of 

Distribution, % 

5 145 0.69 

4 6947 32.91 

3 10818 51.26 

2 3074 14.56 

1 122 0.58 

Total 21106 100 

Conclusion 

During the development of a criticality methodology different methods for banding have been 
applied. In order to carry out calibration the methods described in section 2 should be considered. 
Relevant stakeholders should be consulted in the process developing any judgement based 
weightings or absolute banding specification e.g. what FWI score should be considered for the 
upper criticality bands. 

The overall serviceability grade banding requires similar review and calibration. 
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Appendix E – Technical Note: Agreed Diversion Route Methodology 

 

 

Agreed Diversions Routes 

During the preceding task (Task 668) diversions were identified as a simple measure for the 
resilience of an asset. In theory a length of road that has a suitable diversion is more resilient than 
a road that has no diversion. Subject to availability of data it should be possible to score diversion 
routes or their relative suitability, combining factors such as the length of diversion compared to 
original route, category of road, and what does the diversion pass by. 

A separate project carried out on behalf of Highways England by IBI Group in June 2015 reviewed 
existing Agreed Diversion Routes (ADRs), details of which can be found in the report of the same 
name. The project also produced a digitised version of existing ADRs. This dataset has been 
used in Task 694 to develop a proof of concept methodology for measuring the relative suitability 
of ADRs. 

The results of this methodology have not been included in the current iteration of the strategic 
criticality measure for reasons outlined below. However, the proposed approach has been 
included for completeness and could be implemented as and when the data required becomes 
available. 

The Highways England contact for all ADR projects is 
caitriona.eustace@highwaysengland.co.uk  

Introduction 

The digitised ADRs come in a GIS shapefile containing individual polylines for each diversion 
route. Joined to each polyline are fields containing information about the original route, including: 
Route (road no.), Area, Direction, New_Ref, (Text) Description, Old_Ref, and SHAPE_Leng 
(of the ADR). Unfortunately, no HATRIS link or HAPMS section information is given for any of the 
digitized ADRs. This information is required as Task 694 uses HAPMS sections as a lowest 
common denominator (see main report, Section 2.4) for geospatial referencing of Highways 
England assets; a section label is required to join the ADR information to the other criticality data. 

In order to map each ADR to the relevant HAPMS section(s) a relatively sophisticated data 
processing technique was used combining GIS and Python programming language to manipulate 
and join the ADRs to the HAPMS network. The steps involved in this process are outlined below. 
This process has carried out as an investigation into the ADR dataset and as such limitations 
have not been investigated further and closed out at this stage. 
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Pre-processing of network datasets 

 Combine all the ADR Shapefiles into one feature class in a feature dataset in a 

geodatabase (black lines, Figure E.1) 

 Combine motorways and a roads from meridian2 Shapefiles into the same feature 

dataset (grey lines, Figure E.2) 

 Add the HAPMS data to the feature dataset (green lines, Figure E.3) 

The pre-processing step of the ADR analysis involves setting up a feature dataset with the 
relevant information required. This information comes from three sources: 

 

 ADR Shapefiles – output of the ADR digitisation project 

 Meridian2 network – an open source network; that can be used for network analysis 

 HAPMS network – representation of the SRN made up of sections 

The goal of this exercise is to map ADRs to the sections of the SRN that they are diverting. 
However, due to the limitation that both of these datasets are not correctly networked (i.e. node 
& link) the Meridian2 dataset has been included for network analysis (specifically shortest route).  

Figure E.1 Figure E.2 Figure E.3 
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Sub-set Meridian2 dataset for HAPMS network 

In order to match / limit the analysis to the extent of the HAPMS network, the HAPMS linear data 
is buffered by 200m and the Meridian2 network clipped to the buffer (red lines, Figure E.4). Other 
options were explored to best match the HAPMS and Meridian2 but this was considered the best 
avenue to take.  

 
 

Find the end point of ADRs 

The ArcGIS Network Analyst extension is required to get the shortest route between endpoints of 
an ADR on the Meridian2 dataset. The HAPMS network provided is not comprehensive enough 
to perform Network Analysis because there are breaks in the data which results in connectivity 
loss from feature to feature. This step matches the HAPMS network to the Meridian2 dataset 
(completed in previous section) and use the Meridian2 to calculate the distance between the ADR 
endpoints on the road network.  

 Add a ‘Name’ field to the ADRs and populate it with the data from ‘New_Ref’ field. The 

name field will be used as a unique identifier and route name. 

 Convert the end points of each ADR to points. 

  

 

Figure E.4 
Figure E.5 end points of the ADR (black 

line) have been created (black dots) 
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Snap ADR end points to the Meridian2 network 

 Calculate the distance for each point to the nearest point on HAPMS. 

 Only consider points that are within 100m of HAPMS and snap these points to the 

network. 

 

 Only consider snapped points that are within 100m of Meridian2 and snap these to the 

dataset. 

 

 Remove incomplete diversion routes. I.e. Routes that only have one endpoint remaining 

after matching. 

 
This step snaps the ADR end points (created in step 3) to their nearest point on the Meridian2 
network. The script then cleans the dataset by removing any residual ADRs with one endpoint left 
unsnapped. This step is necessary as the ADR polylines do not align with the network (as 
represented by Meridian2). 

Find the shortest route and buffer Meridian2 chunks 

This step runs the network analysis to find the shortest distance between the ADR end points 

on the Meridian2 network (sub-set including only the SRN roads, Step 2). The identified chunks 

are then buffered in order to map to HAPMS sections in the next step. 

 

 Rename ‘New_Ref’ to RouteName, this is necessary for Find Routes geoprocessing 

tool. Use Network Analyst extension and the Find Routes tool to get the shortest route 

along Meridian2 for each set of diversion points. 

 

 Buffer each individual Meridian2 route between each set of diversion end points. These 

buffers will be used to clip the HAPMS network to extent between the points 

 

 Some data cleaning to remove brackets, spaces and apostrophes from route names. 

This is because these route names will become file names and these cannot make up a 

file name. 
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Clip Meridian2 chunks to HAPMS sections 

This step completes the mapping of HAPMS sections to the Meridian2 network. 

 

 For every Meridian2 route buffer clip the HAPMS network 

 

Figure E.6 example of HAPMS to Meridian2 mapping 

Calculate ADR score for each HAPMS section 

The final step in the process takes all of the information from the previous steps and uses it to 

calculate the ADR Score for each HAPMS section using the method identified in Section 3.1.3 

of the main report. 

 

 The road direction length is calculate for each clipped HAMPS network file. 

 

 Add the HAPMS length to the Meridian2 route dataset. 

 

 Add the ADR length to the Meridian2 route dataset and calculate the score. 

 
 Add Name field to every HAPMS extract 

 
 Extract HAPMS data to CSV 

 
 Extract Meridian2 dataset to CSV 

 
The code files are heavily commented with the process. 
While the code and workflow are sufficient for the task at hand it is recommended that alternative 
methods be explored that would speed up the running of the script and to get the analysis output. 
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Evaluation of Methodology 

The process outlined above results in ADR scores (Section 3.1.3 of the main report) for each 
HAPMS section. However, in a number of cases these scores highlighted errors in the 
methodology. This section provides several examples of correct application of the methodology 
and a number of different errors that have been found. The reasons for these errors have been 
identified and where possible solutions have been suggested. 

 

Example 1: Correct calculations in Area 1: 
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In these cases the ADR has been correctly clipped to the Meridian2 network. This has allowed 
the ADR score to be calculated as intended. This score can then be joined to the HAPMS sections 
(not shown here) associated with this section of the Meridian2 network. 

 

Example 2: One Meridian2 sections is associated to more than one ADR: 

 

In the example above there are overlapping ADRs for part of the network. In this case the overlap 
is caused by the existence of separate east bound and west bound ADRs, however this is not 
always the case. This causes an issue because two ADR Scores will be calculated and applied 
to the same set of HAPMS sections (for single carriageway roads HAPMS sections are bi-
directional). At this time no analysis has been carried out to decide how to manage overlapping 
ADRs or how to account for different ADR scores on bi-directional HAPMS sections. 

Figure E.7 

Figure E.8 
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Example 3: An error in current methodology due to ADR data: 

 

This error occurs due to the shape of the SRN at this location. The SRN terminates in several 
branches on the way into a city and the ADR shown links the terminus of two branches. The 
length of this ADR is therefore significantly shorter than the shortest route between the ADR end 
points (red line). 

This examples raises a question about the validity of the ADR at this location and other areas 
where the SRN terminates. This ADR is not diverting a route that exists on the SRN so when the 
network analysis is run to find the shortest route between the ADR end points, an erroneous long 
diversion around the SRN becomes the shortest distance between the ADR endpoints. 

Further investigation is required into the methodology that has been used to identify ADRs and 
whether this has been applied consistently across all areas. Greater understanding of the ADR 
digitisation process will allow further refinement of this methodology. 

 

  

Figure E.9 
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Example 4: An error in the current methodology due to ADR data 

In this example, the ADR Score (for the A66 westbound) is calculated as less than 1.0 as the 
ADR is shorter than the route that the ADR appears to be diverting based on its given start and 
end points, whereas the actual diversion should include the section of A1M that would be driven 
(magenta line) to get to the other end of the closed road (blue line).  

This raises similar questions to example 3 regarding consistency of definition of ADRs.   

Conclusion 

This methodology works in principle, providing ADR Scores for the majority of the network. 
However, the number of errors in the current iteration is such that the results should not be used 
without further validation. This technical note has identified three examples of where the 
methodology has been applied as intended and the ADR Score has been calculated correctly 
(example 1). Three examples of different situations in which the methodology has not been 
applied correctly have been given. In order to resolve these issues, further understanding of how 
the ADR digitisation project was carried out is required. 

A key finding from this report is that the labelling of the digitised ADRs is not detailed enough to 
identify which sections of the SRN they are intended to divert. In order to resolve this, it is 
recommended that ADRs are linked to the HAPMS sections they are intended to divert. 

 

Figure E.10 
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1 Introduction 

1.1 Document Scope 

This document describes how the risk based asset management serviceability approach should 
be calibrated to allow cross asset comparison of Highways England’s asset classes, specifically: 

 Pavement assets – as represented by data in HAPMS 

 Structural assets – as represented by data in SMIS 

 Geotechnical assets – as represented by data in HAGDMS 

 Drainage assets – as represented by data in HADDMS 

In order to correctly calibrate asset serviceability, asset health and criticality must first be 
considered separately. The Task 694 – Asset Serviceability: Criticality Assessment report 
provides a methodology for calculating criticality. As stated in the document, asset criticality is 
asset agnostic and location specific. It provides a consistent y-axis to the serviceability matrix and 
is therefore the same for each of the four asset classes considered. 

Asset condition metrics are a key constituent of asset health and are currently being enhanced 
for each of the four asset classes listed above (not in the scope of this task). Whilst each of these 
condition, and subsequently asset health indicators will be internally calibrated for each asset 
class, consideration must be made for calibration between asset classes.  

1.2 Document Objectives 

 Explore different possible methods for calibration 

 To define a calibration framework for criticality 

 To define a calibration framework for asset health 

 Discuss different approaches to calibrating the asset serviceability matrix 



 

Calibration of Asset Serviceability Page 4 of 12 

 

2 Review of Serviceability 

2.1 Risk-based Portfolio Planning 

The primary objective of risk-based portfolio planning is to deliver a consistent and usable 
framework for strategic risk-based asset management across the key asset classes that focuses 
on asset needs. This is to be achieved by making the best use of available technical, engineering, 
network, and performance data. It must be defensible and transparent enough to be explained 
and should minimise changes to existing asset management strategies, whilst presenting these 
strategies using common and consistent terminology.  

Previous development has resulted in a new measure of the performance of a group of assets; 
serviceability. It is determined by combining factors for asset health and criticality as shown in 
Figure 2.1. Serviceability can be thought of as a measure of the expected interventions 
requirements for an asset over its lifetime. 

 

 

Figure 2.1: Serviceability of Asset Groups 

 

Asset Health is governed by the technical and operational characteristics of an individual asset 
that define their ability to meet the required network performance outcomes.   

Criticality is defined in terms of the consequence of the asset adversely affecting Highways 
England’s performance outcomes and hence the ability of the organisation to meet its 
performance requirements and/or other objectives. Criticality is therefore: 

The importance of the network proximate to the asset and potentially impacted by the asset’s 
‘health’, considering factors internal and external to Highways England. Given asset unavailability, 
failure or other non-performance, criticality is the extent of impact to Highways England’s strategic 
goals. 
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3 Serviceability Calibration 

3.1 Overview 

In order to be successfully implemented as part of risk-based asset management it is important 
to calibrate the serviceability scores of individual assets by considering whether they appear to 
be sitting in the correct place on the serviceability matrix (Figure 3.1.1). 

Attention must also be paid to how assets from the four main assets classes being considered 
during this task interact on a common, cross-asset serviceability matrix. During the development 
of the individual serviceability methodologies Risk-Based Portfolio Planning Task 419 (4/45/12) a 
simple 5 x 5 matrix was used (Figure 3.1.1).  

Figure 3.1.2 shows an expanded serviceability matrix and gives an example of how the asset 
health categories for each asset class could be distributed for calibration. 

This figure highlights the importance of calibration of the serviceability categories.  In the example 
shown in Figure 3.1.2, all structures with an asset health score of 3, 4 or 5 will all end up in the 
highest serviceability category, which should be sense-checked in the context of all asset classes. 

Figure 3.1.2 Expanded matrix that maintains original serviceability distribution – asset health distribution 
for example only.  

Figure 3.1.1 Original 5 x 5 serviceability matrix 
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3.2 Serviceability Distribution 

As criticality is constant across asset classes this means serviceability is proportional to asset 
health. In order to calibrate we can either adjust serviceability or asset health, or some 
combination of the two. 

 

𝑆𝑒𝑟𝑖𝑣𝑖𝑐𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 𝑓(𝐴𝑠𝑠𝑒𝑡 𝐻𝑒𝑎𝑙𝑡ℎ, 𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦) 

𝐶𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑖𝑡𝑦 𝑖𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑎𝑐𝑟𝑜𝑠𝑠 𝑎𝑠𝑠𝑒𝑡 𝑐𝑙𝑎𝑠𝑠𝑒𝑠 

∴  𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∝ 𝐴𝑠𝑠𝑒𝑡 𝐻𝑒𝑎𝑙𝑡ℎ 

 

Adjusting serviceability is done by reconfiguring the distribution of categories (currently A-E) within 
the serviceability matrix (Figure 3.1.2). Asset health is adjusted by changing the relative 
distribution of asset health along the new 25 point scale. For the calibration to be effective there 
must be some guiding principle to these adjustments to ensure the resulting scores are defensible 
and transparent enough to be explained as per the requirement for implementing risk-based 
portfolio planning. The examples in the following sections will explore and evaluate which 
principles could be used for calibrating serviceability. 

Once calibrated a percentage distribution of serviceability for each asset class could be compared 
and even aggregated to give a portfolio serviceability (similar to structures & pavement condition 
theory). Figure 3.2.1 shows an indicative example of the possible output. 

 

Figure 3.2.1 Example serviceability distribution for different asset classes 
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3.3 Calibration Example: Network Rail’s Common Risk Matrix 

Network Rail have developed a Common Risk Matrix for Safety (CRM4S) that allows various 
different risk matrices from around the business to be collated and compared in like-for-like terms. 

The matrix uses a quantitative measure for risk; Fatality Weighted Injuries (FWI) per year. Fatality 
Weighted Injuries is an indexing method for measuring the consequence of risk events. It works 
by defining the number of a specific consequence that is equivalent to a single fatality. Table 3.3.1 
shows the breakdown of FWI categories. Risks events are assigned a consequence with the unit 
FWI/Event, and a likelihood with the unit Events/Year, both based on historical data.  

 

Table 3.3.1 Fatality Weighted Injury (FWI) definitions 

FWI event definition No. Equivalent to fatality FWI value 

Fatality 1 1 

Major injury 10 0.1 

Minor reportable injury (RIDDOR) 200 0.005 

Major shock/trauma 200 0.005 

Minor non-reportable injury 1000 0.001 

 

The the size of the matrix.is based on a defining the maximum and minimum risk as measured in 
FWI/Year that can be represented on the matrix. This requires an understanding of the various 
risk matrices which are intended to be plotted onto the Common Risk Matrix. This exercise can 
be carried out by defining the maximum and minimum risks explicitly, then working backwards to 
define reasonable ranges for consequence and likelihood; or vice versa. The matrix can also be 
easily expanded should a greater range of risks present themselves. 
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The information above gives a simplified outline of how Network Rail consolidates risks into a 
single matrix. There are several important lessons relevant to serviceability. Firstly, the principle 
of calibrating the cells so that a consistent movement results in a set increase in risk provides a 
concept that is defensible and transparent enough to be explained. This clear principle allows the 
more complex transformation of risks to the common matrix to be understood with relative ease. 

Secondly, the use of quantified measures for consequence and likelihood provides an easy 
framework for translating risks to the common matrix. However, this approach relies on good data 
of historical incidents and is relatively weak when considering intangible or infrequent risks that 
end up with arbitrary quantitative scores. 

Finally, the sizing of the CRM4S is an exercise in balancing the ranges of consequence and 
likelihood that should be considered, alongside the maximum and minimum absolute risks. As 
such it is an exercise in adjusting both sides of the functional relationship; the equivalent of 
adjusting serviceability and asset health as described in Section 3.2. 

In conclusion, the key observations are: 

1. The CRM4S uses a consistent increase in risk moving between cells on the matrix. 

2. This is easier to achieve where risks can be quantified in terms of their likelihood and 
consequence. 

3. The overall size of the CRM4S is related to the absolute values of the minimum and 
maximum risks. 

3.4 Calibration Example: NDD Forward Plan Comparison 

As part of this task a comparison was carried out between the serviceability data refresh carried 
out in May/June 2016 and renewal volumes presented in the NDD 2015 – 2020 forward plan 
spreadsheet (provided by Howard Owen). This comparison provided an insight into how 
serviceability could be calibrated. 

The 5 year forward plan provided by Highways England is a spreadsheet that aggregates 
information from each Highways England Region (East, Midlands, North West, South East, South 
West and York North East) and uses this to forecast spending requirements on asset renewals 
and maintenance activities over the next five years. It is essentially a bottom-up compilation of 
each Region’s plans. 

The methodology involved comparing the amount (lane.km, lin.m, or no.) of each asset that 
appears in each serviceability category to the amount of each asset that will be renewed in various 
years of the forward plan as a percentage of the total. The initial hypothesis compared 2015-16 
renewals to serviceability categories D/E, and 2015-20 renewals to categories C/D/E.  

The 5 year plan represents Highways England’s current perception of the relative priority of 
different asset classes based on condition. This can be inferred from the different percentage of 
the total asset that is to be renewed each year and the relative budgets for each asset class. 
Calibration of asset health requires capturing the Highways England’s perception of the relative 
importance of each asset class. Therefore further calibration of asset health against 5 year plan 
could be considered. 

3.5 Calibration Example: Value Management Comparison 

In future it should also be possible to calibrate serviceability scores against the new Value 
Management score (currently under development). 
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4 Calibration Methodology 

In order to calibrate serviceability, each element will be considered in a logical sequence to build 
a framework that is defensible and transparent enough to be explained. As criticality is constant 
across asset classes it will be considered first, followed by asset health and serviceability.  

4.1 Criticality 

Appendix D of the Task 694 – Asset Serviceability: Criticality Assessment is a technical note on 
Criticality Banding. It discusses the various ways in which the outputs of the criticality 
methodology have been banded into a 5 point scale. 

Each criticality category should have an absolute definition. Candidate definitions have been 
suggested in Table 4.1. These will require further stakeholder consultation to ensure the selected 
definitions are appropriate to the business and cover the full range of criticalities expected.  

Table 4.1 Candidate definitions of criticality categories 

Criticality Category Definition 

5 
Asset loss of function has the potential to 
have a major regional impact on one of 
Highways England’s strategic objectives. 

4 
Asset loss of function has the potential to 
have a minor regional impact on one of 
Highways England’s strategic objectives. 

3 
Asset loss of function has the potential to 

have a major local impact on one of 
Highways England’s strategic objectives. 

2 
Asset loss of function has the potential to 

have a minor local impact on one of 
Highways England’s strategic objectives. 

1 
Asset loss of function has the potential to 
have an insignificant impact on one of 
Highways England’s strategic objectives. 

4.2 Asset Health 

Calibration of asset health has two crucial elements: 

1. Calibration within an individual asset class is required to ensure the correct banding is 
established. This will be predominantly influenced by the enhanced condition indicators 
which will include their own intra-asset calibration. Asset specific characteristics, which 
make up to other part of asset health will then need to be calibrated as modifiers to 
condition. 

2. The second element to consider is cross-asset calibration i.e. ensuring the correct relative 
distribution of asset health between different asset classes. The only way to achieve this 
is by capturing engineering knowledge that exists within the business. Assets are currently 
prioritised for purposes of maintenance and budget allocation, based primarily on 
engineering judgement (Section 3.4). Before this can be done the enhanced condition 
indicators must be completely validated (March 2020, see implementation plan) and intra-
asset health calibrated.  

In order to capture this engineering knowledge an analytic hierarchy process could be used. This 
is a structured mathematical technique that can be applied to group decision making. The process 
should be carried out in a workshop environment with relevant stakeholders represented for each 
asset class (e.g. asset stewards). Attendees will be presented with the information for two assets 
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of different class and make a decision about which is in better/worst condition. This exercise will 
be repeated many times and with multiple stakeholders. The results will be used to mathematically 
rank the perceived importance of condition of each asset class. As such this will be an accurate 
representation of the intangible process currently used to prioritise assets for maintenance by 
condition. The resulting ranking will inform the relative distribution of asset health for difference 
assets classes as discussed In Section 3.1 (Figure 3.1.2). 

4.3 Serviceability 

In order to calibrate serviceability a combination of methods previously discussed could be used. 
Serviceability must be calibrated after criticality and asset health as these will be required for the 
decision process. First of all definitions for serviceability categories should be agreed. Candidate 
definitions are shown in Table 4.3. These should be validated through further stakeholder 
consultation. 

Once definitions have been agreed. A second analytic hierarchy process could be used. This time 
richer information about criticality and asset health for each asset should be given to stakeholders. 
Asset from the same asset class should also be compared at this step for completeness (as cross-
asset health will have been calibrated i.e. serviceability is asset agnostic). The results from this 
round of analysis can then be used to decide on the final distribution of categories in the 
serviceability matrix. 

Table 4.3 Candidate Serviceability category definitions 

Serviceability Category Definition 

E Very High Priority of Intervention 

D High Priority of Intervention 

C Medium Priority (Inspect) 

B Low Priority (Monitor) 

A Very Low Priority 
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5 Conclusion 

This report sets out a framework for the calibration of serviceability as part of the implementation 
of risk-based portfolio planning. Different possible methods of calibration are explored in Section 
3. These techniques are then adapted and applied to criticality, asset health, and serviceability in 
order.  

A framework for calibration of criticality has been provided which includes stakeholder 
consultation to ensure criticality is aligned to business requirements. This process can be carried 
out as soon as the criticality methodology has been approved by the business. 

Calibration of asset health includes a recommendation for a workshop to carry out an analytic 
hierarchy process (AHP). This process will follow the completion of the enhancement of condition 
indicators (not in this task). 

Following criticality and asset health, calibration of serviceability could be done via a further round 
of stakeholder engagement and analytic hierarchy process. Once complete serviceability should 
be fully aligned to the requirements of the business and allow correct risk-based portfolio planning 
to support asset management decision making (Figure 5.1). 

Figure 5.1- Calibration activities to be carried out following Task 694 
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A candidate ‘risk-based serviceability indicator’ has been developed for Highways England to provide a 

consistent and useable approach to support asset management decision making. 

These slides summarise the data refresh activities undertaken during May/June 2016, and the 

subsequent comparison of the calculated serviceability scores to the renewal volumes presented in the 

NDD 2015 – 2020 forward plan spreadsheet.   The objective of this activity is to explore any correlation 

between the two independently derived outputs, and assess the potential for using serviceability 

indicators for future ‘check and challenge’ activities. 

The report contains the following: 

1. A brief overview of the risk-based serviceability indictor, including the scope of Task 694, and a 

summary of preceding Tasks. 

2. A summary of the data used for the comparison, both from the renewals planning spreadsheet and 

the data refresh activity within Task 694

3. The comparison methodology

4. The results of the comparison, for pavement, geotechnical and structures assets

5. An summary of the time spent on the comparison presented in this report

6. Commentary

Report Overview
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A candidate ‘risk-based serviceability indicator’ has been developed for Highways England to provide a 

consistent and useable approach to support asset management decision making. The key characteristics 

are:

• Considers both ‘health’ and ‘criticality’ of assets to determine a serviceability indicator

• Uses data already held by Highways England and is extensible if new or additional  data is captured

• Follows a structured methodology approach to ensure it is defensible and transparent

• Can be applied to any portfolio of assets and should enable comparisons across different asset 

classes/types

• Adaptable to consider changes in organisational objectives and appetite to risk

4

Operational characteristics of an asset 

such as its location and use define its 

contribution to the performance of the 

network – Criticality

Technical and operational 

characteristics of individual assets 

define their ability to meet 

performance requirements

– Asset Health

Asset Health and Criticality combine into a Serviceability Indicator which can support both tactical and strategic 

decision making and provide an output for organisational performance review / reporting with stakeholders.

Full details of the methodology are presented in the Final Report for Task 419 (4/45/12) “Risk-based portfolio 

planning: a framework for assessing the serviceability of highway assets” (v2.0, 16/10/2015). Contact David 

Patterson for further info. 
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Figure 2: serviceability categories combine of criticality and asset health scores
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Building on previous activities, Task 694 is comprises the following three work streams:

1. Ongoing stakeholder liaison – identifying where the serviceability indicator fits with the business

2. Implementation and data refresh – re-running Task 419 methodologies with updated data sets and 

creating a plan for how serviceability should be implemented in Highways England

3. Technical development activities – specifically developing asset criticality

This report presents the results of the May data refresh (Workstream #2) and compares them to an 

alternative view of asset renewal requirements developed by NDD (now Operations Directorate). 
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A meeting was held on 30/06/2016 between the Task 694 project team and Howard Owen (Highways 

England) as part of the ongoing stakeholder liaison. The aim of the meeting was to identify and discuss 

any potential collaboration between the serviceability methodology and Highways England’s regional 

planning activities. 

The 5 Year Forward Plan is a spreadsheet that aggregates information from each Highways England 

Region (East, Midlands, North West, South East, South West and York North East) and uses this to 

forecast spending requirements on asset renewals and maintenance activities over the next five years 

(Figure 2).

Information was provided in a spreadsheet “48 sep 02 Nov02 Dec03 Feb10 CollationTool.xlsx” received at 

the meeting on 30/05/2016. 

The forward plan is essentially a bottom-up compilation of each Region’s plans.  

Figure 3: NDD Total worksheet sample (costs deliberately excluded)
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As defined in Slide 5, one of the proposed activities within workstream #2 was to undertake a refresh of 

the pilot studies undertaken in Task 419, using a current data set, but no change to the methodologies.

The scope of this data refresh comprised:

• Retrieve up-to-date datasets from HAGDMS, HADDMS, HAPMS, SMIS and HATRIS, as well as 

necessary peripherals (e.g. catchment.shp, waterproofing details etc.).  These data sets were all 

obtained from Highways England between 29 April and 14 June 2016.  

• Follow the methodologies produced during Task 419 with the new datasets.

• Provide basic analysis of the asset health, criticality, and serviceability outputs, including comment, 

overview tables, and selected graphs/diagrams.

• Minimal changes were anticipated, or found, between the two sets of pilots.  However, the data 

refresh served to present an up-to-date ‘snap shot’ of calculated asset serviceability, on which to base 

subsequent work undertaken within Task 694.  Thus any data improvement activities between Task 

419 (using May 2015 data) and Task 694 would be reflected moving forward. 

• The refresh activity also allowed documentation of the time and resource requirements for repeating 

serviceability assessments. 
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Figure 4: Task 694 May data refresh serviceability outputs
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The outputs of the 5 year Forward Plan and the top down, portfolio level, Task 694 serviceability 

assessment have been compared at regional and national levels (using the tab “NDD total” from the 

forward plan spreadsheet. The following methodology was used:

1. For the purposes of this high level comparison, the following elements (and their units) from the 

forward plan have been selected.  

1a-01 Pavement renewals (lane.km)

1a-14 Geotech (lin.m)

1a-17 and 1a-18 Bridge bearings and Bridge joints (no.)

1a-13 Drainage (lin.m)

2. Other physical items (e.g. boundary fences, kerbs, lighting) have not been used for this comparison, 

and outputs under the headings Network Resilience, Winter Resilience, Traffic Technology are also 

not considered. 

3. The total quantity of assets has been extracted from Highways England’s asset data systems for 

structures (SMIS), pavements (HAPMS) and geotechnics (HAGDMS), to enable volumes from both 

the 5 year Forward Plan and the serviceability assessment to be presented as percentage of total 

volumes and hence compared. 

4. For drainage assets, the approach developed for the serviceability assessment considers ‘catchment 

flood susceptibility’ as a proxy for the asset health of drainage assets, recognising the need for 

improved drainage asset data before anything more granular can be developed.  Catchment areas 

are segmented into 100m ‘drainage cells’.  However, there is no direct correlation between a 100m 

cell in a drainage catchment, and 100 linear metres of drainage asset. It was not considered that this 

would enable meaningful comparison with the volumes in the Forward Plan, therefore drainage 

assets are not included in this comparison. 
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5. The forward plan data is presented for each year from 2015-16 through to 2019-20.  The 

serviceability assessment represents a snapshot of condition and criticality at a point in time (May 

2016).  To enable a comparison, the following assumptions have been made:

• The renewals planned for Year 1 (2015-16) are not fully reflected in the May 2016 data refresh 

and are therefore valid for this high level comparison.  As shown on  page 7, the difference 

between May 2015 and May 2016 in terms of Asset Serviceability is not significant, and relates 

primarily to data changes rather than a change in the overall Asset Health distribution. 

• The renewals volumes are assumed to be based on current condition, rather than on any 

degradation modelling of future condition, and should therefore be comparable, at high level, to 

the snapshot of asset health. 

• 2015 – 16 renewals (short term) are compared to Asset Serviceability grades D and E (highest 

priority); and 2015 – 2020 renewals (longer term) are compared to Asset Serviceability grades 

C, D and E (moderate to high priority).  These comparisons are arbitrary, as there is no reason 

they should be comparable, but are useful in terms of trends and high level observations.

• An additional comparison is presented between renewals volumes and Asset Health scores, to 

demonstrate the impact of considering criticality. 

6. For pavement assets, Asset Serviceability grades are calculated for an ‘asset’ (being a 100m cell in 

Lane 1).  The percentage of ‘assets’ in each grade is then applied to the total lane km, to allow 

comparison to the lane km used in the Forward Plan. 

7. For geotechnical assets, Asset Serviceability is calculated for an ‘asset’ being a 100m cell.  The linear 

metres of geotechnical asset in the 5 year Forward Plan may be for any length of renewal, but it is 

assumed that totals are broadly comparable. 
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8. For structures, SMIS data allows the total count of Bridges and Large Culverts to be extracted, and 

therefore the number (and percentage) of bridges and large culverts in each Asset Serviceability 

grade can be calculated.  In the 5 year Forward Plan, the total number of bridge joints and bridge 

bearings up for renewal is presented. Large culverts are not presented. An assumption has therefore 

been made that total number of bridge joints and bridge bearings is broadly comparable  to the 

number of bridges requiring interventions.  

9. Only the User Criticality score is considered, since the current ‘network criticality’ score is binary and 

does not provide much distinction. 

10
Overview

Data 
Summary

Methodology Results
Time 

Breakdown
Commentary

Comparison Methodology, continued

NDD Forward Plan Comparison



v0.8a
v2.0

RESULTS

The following slides contain the results of a comparison between 

the 5 Year Forward Plan spreadsheet and the serviceability 

assessment using May 2016 data
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Assumptions and Considerations

• The key observation from the comparisons presented on the following six pages is that comparison 

between the two approaches is not easy due to the different units and asset definitions

• There is however potential for using the overall distribution of work between regions and asset types 

to provide a top down check on the renewals plans. 

• Further work is required for geotechnical assets, where evidently the serviceability banding 

selected correlates very poorly with actual renewals of geotechnical assets, being two orders of 

magnitude different.

• Further work is required for structural assets to enable comparison between the different asset 

definitions used. 

• Drainage assets have not been included in this comparison. The Task 694 methodology uses a 

network of drainage system catchments and flooding data to establish an asset health score. It is not 

suitable to map this unit (i.e. a catchment area) against the linear metres of drainage asset that appear 

in the 5YP. 

• Criticality is not typically considered by Highways England. Therefore Serviceability will show a 

difference in relative distribution when compared to the current condition measure. Both Asset 

Serviceability and Asset Health are presented to show the difference that considering Criticality makes 

to the distributions.  
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Asset Type Total Lane Length, km

Main Carriageway 25208

Table P-1: lane length from HAPMS analysis 

Table P-3: 5-year forward plan interventions as a % of total lane length

Unit 5YFP Task 694 Delta

Carriageway,  km 12615 11774 6.7%

Table P-2: comparison outputs carriageway length vs. lane 1 length

Notes

• The 5 year Forward Plan presents total lane length (km), whereas Task 694 presents total no. of 100m cells in Lane 1.  

To enable comparison, both are presented as a percentage of their totals

• Table P-2 shows a difference due to pavement cells <50m being excluded from Task 694 

Region Unit 2015-16 2016-17 2017-18 2018-19 2019-20 Total

East Lane km 143 105 138 161 111 658

Midlands Lane km 678 235 273 209 208 1603

North West Lane km 208 196 293 237 285 1220

South East Lane km 543 236 343 285 244 1651

South West Lane km 363 222 434 148 101 1268

Yorkshire & North East Lane km 452 279 231 198 185 1344

All Regions Lane km 2387 1274 1712 1237 1134 7744

All % of total % 9.5% 5.1% 6.8% 4.9% 4.5% 30.7%

Key results are presented in Tables P-1 to P-7 below. 

Overview
Data 

Summary
Methodology Results

Time 
Breakdown

Commentary

Pavement Asset Comparison - Results

NDD Forward Plan Comparison



v0.8a
v2.0 14

Serviceability No. of Cells % Total

E 1083 0.5%

D 9450 4.0%

C 32899 14.0%

B 144373 61.4%

A 47229 20.1%

Case 5YFP Task 694

2015-16 vs D/E 9.5% 5.2%

2015-20 vs C/D/E 30.7% 21.2%

Table P-4: serviceability outputs for pavements assets as a 

count of 100m cells and as a % of total

Table P-6: comparison results

Asset Health No. of Cells % Total

5 760 0.65%

4 7963 6.76%

3 58846 49.98%

2 49570 42.10%

1 599 0.51%

Table P-5: asset health (no criticality) outputs for pavements 

assets as a count of 100m cells and as a % of total

Time Period Correlation

2015-16 vs D/E -0.56

2015-20 vs C/D/E 0.08

Table P-7: comparison results regional correlation
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North East

Chart P-1: Pavement Comparison Results - Regional Breakdown 

5YFP 2015-20 Task 694 C/D/E

Comments

• Although the absolute numbers are different, the comparison 

shows results within the same order of magnitude.

• There are some potentially interesting differences in the 

regional distributions 
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Key results are presented in Tables G-1 to G-7 below. 
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Table G-1: linear length from

Table G-3: 5-year plan interventions as a % of total linear length

Table G-2: comparison outputs

Notes

• Table G-2 shows a difference due to a difference in the specifics of the HAGDMS query between the two 

approaches.

• Also earthwork cells <50m are excluded from Task 694 but earthwork cells between 50 and 100m are counted 

as a single ‘asset’.

Asset Type Total Ewk Length, km

Earthwork Assets 12130

Unit 5YFP Task 694 Delta

Ewk Length,k m 12130 12067 0.5%

Region Unit 2015-16 2016-17 2017-18 2018-19 2019-20 Total

East lin m 3360 6640 660 50 401 11111

Midlands lin m 500 1900 76 357 486 3319

North West lin m 461 1040 400 550 1175 3626

South East lin m 75 1057 1534 1504 212 4382

South West lin m 1900 1100 1705 4415 510 9630

Yorkshire & North East lin m 230 700 817 583 494 2824

All Regions lin m 6526 12437 5193 7459 3278 34892

All % total % 0.05% 0.10% 0.04% 0.06% 0.03% 0.27%
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Table G-4: serviceability outputs for geotechnical assets 

as a count of 100m cells and as a % of total

Table G-6: comparison results

Serviceability No. of Cells % Total

E 514 0.43%

D 1919 1.6%

C 14613 12.1%

B 33552 27.8%

A 70069 58.1%

Asset Health No. of Cells % Total

5 1381 1.1%

4 4367 3.6%

3 19593 16.2%

2 4025 3.3%

1 91301 75.7%

Table G-5: asset health outputs for geotechnical assets as 

a count of 100m cells and as a % of total

Case 5YFP Task 694

2015-16 vs D/E 0.05% 2.02%

2015-20 vs C/D/E 0.27% 14.1%

2015 – 20 vs E 0.27% 0.43%

Time Period Correlation

2015-16 vs D/E -0.15

2015-20 vs C/D/E -0.31

Table G-7: comparison results regional correlation

Comments

• The proposed serviceability bands for geotechnical assets used in 

Task 694 require review, as they are significantly different to the 

proposed renewals by 2 orders of magnitude.

• The differences in regional allocations should be treated with caution.
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Chart G-1: Geotechnical Comparison Results – Regional Breakdown

5YFP 2015-20 Task 694 C/D/E
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Asset Type Structure Count

Bridges & Large Culverts 7309

Table S-1: structure count from SMIS analysis 

Table S-3: 5-year plan interventions as a % of total no. of bridges & large culverts

5YFP Task 694 Delta

Structure count 7309 7110 2.72%

Table S-2: comparison outputs 

Region Unit 2015-16 2016-17 2017-18 2018-19 2019-20 Total

East - Bridge Joint no. 0 81 2 3 3 89

East - Bridge Bearing no. 22 46 27 53 21 169

Midlands - Bridge Joint no. 0 33 0 0 0 33

Midlands - Bridge Bearing no. 75 59 5 24 25 188

North West - Bridge Joint no. 16 45 110 20 0 191

North West - Bridge Bearing no. 44 45 6 45 9 149

South East - Bridge Joint no. 101 32 41 0 0 173

South East - Bridge Bearing no. 28 2 7 4 3 44

South West - Bridge Joint no. 4 0 12 66 41 123

South West - Bridge Bearing no. 50 32 44 4 14 144

YNE - Bridge Joint no. 32 0 257 0 3 293

YNE - Bridge Bearing no. 89 60 95 51 51 346

Bridge Joint no. 308 244 185 180 123 1040

Bridge Bearing no. 153 191 422 89 47 902

All % of total % 6.3% 5.9% 8.3% 3.7% 2.3% 26.6%

Key results are presented in Tables S-1 to S-7 below. 
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Table S-4: serviceability outputs, number and % of total 

(bridges & large culverts only)

Table S-6: comparison results

Serviceability Structures % Total

E 341 4.8%

D 674 9.5%

C 2566 36.1%

B 2889 40.6%

A 640 9.0%

Asset Health No. of Cells % Total

5 1082 15.2%

4 2134 30.0%

3 2283 32.1%

2 1493 21.0%

1 118 1.7%

Table S-5: asset health outputs, number and % of total 

(bridges & large culverts only)

Case 5YP Task 694

2015-16 vs D/E 6.3% 14.3%

2015-20 vs C/D/E 26.6% 50.4%
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North-East

Chart S-1: Structures Comparison Results – Regional Breakdown

5YFP 2015-20 Task 694 C/D/E

Time Period Correlation

2015-16 vs D/E 0.14

2015-20 vs C/D/E -0.12

Table S-7: comparison results regional correlation

Comments

• The comparison, of bridge bearings + joints, to no. of bridges 

and large culverts, is not ideal.

• The differences in regional distributions are possibly the most 

useful results.  
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The serviceability methodology takes data that already exists to establish Asset Health and Criticality. The 

time taken to implement the methodologies across four asset classes during the May 2016 data refresh is 

shown below. The work was carried out by a single person, with strong data analysis skills and knowledge 

of MS Excel, MS Access and Arc GIS. 

• The May data refresh started on 09/05/2016

• The methodology was implemented in a total of 25 days (187.5 hours)

• A validation process followed the steps shown, but has not be included as results did not change 

significantly and learning will be included in future implementation

19

Task/Dataset Data Received Work Started Delay End Date Dedicated Days

Geotechnical *29/04/2016 09/05/2016 10 23/05/2016 7

Drainage 19/05/2016 24/05/2016 5 25/05/2016 2

Pavement 19/05/2016 26/05/2016 7 01/05/2016 5

Structures 26/05/2016 02/06/2016 7 14/06/2016 4

Criticality 14/06/2016 16/06/2016 2 21/06/2016 4

Reporting - 21/06/2016 - 24/06/2016 3

Total - 9/05/2016 - 24/06/2016 25

Table 1: serviceability methodology time breakdown
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Summary and Conclusions

There is no real correlation between the 5 year 

Forward Plan volumes and the current serviceability 

outputs from Task 694. 

For pavements, the results are in the same order of 

magnitude, and the difference between immediate 

and long term for the two methods shows a 

consistent pattern. 

The geotechnical results show that the 

geotechnical serviceability measure should be 

calibrated to agree better with the small percentage 

of interventions proposed in the forward plan.

The methodology used to compare structures is not 

ideal, however the results are within the same order 

of magnitude which is promising for further 

calibration.

A valid comparison for drainage assets was not 

possible at this stage. 

The regional distributions show some potentially 

interesting differences.

The output from this exercise will be used to guide 

subsequent work within Task 694, including 

recommendations for a road map for future 

enhancements. 
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Table S-6: comparison results

Case 5YP Task 694

2015-16 vs D/E 6.3% 14.3%

2015-20 vs C/D/E 26.6% 50.4%

Table G-6: comparison results

Case 5YFP Task 694

2015-16 vs D/E 0.05% 2.02%

2015-20 vs C/D/E 0.27% 14.1%

2015 – 20 vs E 0.27% 0.43%

Case 5YFP Task 694

2015-16 vs D/E 9.5% 5.2%

2015-20 vs C/D/E 30.7% 21.2%

Table P-6: comparison results

Overview
Data 

Summary
Methodology Results

Time 
Breakdown

Commentary

NDD Forward Plan Comparison



Task 694 

“Implementation of risk-based 

portfolio planning”

Proposed Implementation Plan

February 2016

v1.0



Proposed Implementation of Risk-based Asset Management
A

d
va

n
ce

d
 In

d
ic

at
o

rs
En

h
an

ce
d

 C
o

n
d

it
io

n
 In

d
ic

at
o

rs

RIS1 RIS2 RIS3

Pavement and 
structures 
enhanced 
condition 

metrics available 
and condition 

indicators agreed

Pavement and 
structures 
enhanced 
condition 

metrics available 
and condition 

indicators 
Validated

Technology, 
drainage, and 
geotechnical 

condition 
indicators 
validated

Technology, 
drainage, and 
geotechnical 

condition 
indicators agreed

March 2017 March 2018 March 2019 March 2020

Prepare to Develop Advanced Measures

New Value Management Methodology

Use Network Pavement Condition (NPC) Indicator for RIS1

Metrics are 
used as PIs 

& KPIs

Improve & Embed

Begin 
Use

• Review aspirational, existing and evolving metrics and 
measures, e.g. serviceability, service impact, asset 
value, etc.

• Identify most ‘useful’ for informing the formulation of 
future advanced metrics, measures and indicators

• Develop and agree forward plan for the development 
and implementation of advanced metrics, measures 
and indicators, including cross asset performance

• May include testing, piloting, development of data 
requirements, link to service levels

• Develop advanced measures
• Agree and validate advanced measures
• Select or nominate non-technical, customer and 

other measures to use as indicators

• Technical and advance indicators
• Indicators are demonstrably  influenced by investment and 

other drivers

Performance Reporting

Se
rv

ic
ea

b
ili

ty
 Im

p
le

m
en

ta
ti

o
n

Continuous Improvement Activities: Review, Benchmark, Improve

End of Task 694

Framework & 
Proof of 

Concept Exists

Agree 
Criticality 
Criteria

Criticality 
Validated

Criticality 
Calibration 
Workshop

Development of Criticality

Serviceability 
Validated

Serviceability 
Calibration 
Workshop

Agree Asset 
Health Criteria

Asset Health 
Validated

Asset Health 
Calibration 
Workshop

Development of Asset Health & Serviceability

Serviceability 
Parallel Run

Legend

• Extract from AIIP: Asset Performance Indicators 
- Development Approach

• Independent Activity i.e. Value Management

• Highways England Decision Point

• Stakeholder Engagement Activity

• Validation Task

• Implementation Task



v0.8a
v1.0

Work Package Overview Report

End of Report


	Task 694 - Workpackage Report v1.0 - ISSUE
	Task 694 - Criticality Development Report v1.0 - ISSUE
	Task 694 - Asset Serviceability Criticality Assessment v1.0 - ISSUE
	Task 694 - Calibration of Asset Serviceability v1.0 - ISSUE
	Task 694 - Comparison of NDD Forward Plan and Serviceability v2.0 - ISSUE
	Task 694 - Proposed Implementation Plan v1.0 - ISSUE

	Home: 


