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Abstract 

Many highway authorities routinely measure skid resistance on their key routes 
and carry out targeted improvements to reduce the risk of collisions.  Typically, 
decisions about when and where to invest are guided by the research and 
approaches taken for national road networks.  For local authorities, whose roads 
have different geometries, junction types, traffic speeds and traffic flow, the lack 
of evidence to support a risk-based approach poses a challenge for the effective 
management of their networks. 

Our research attempts to understand the link between skid resistance and 
collision risk on local roads.  We have analysed data from 11 authorities and 
propose new thresholds and decision-making frameworks to support 
prioritisation of maintenance funding.  If proven through trials, it will ultimately 
facilitate improved outcomes for road users and tax payers by targeting the 
locations that deliver the greatest safety benefits from skid resistance treatments. 

 

 

Executive summary 

This report concerns a study part-funded by the Road Safety Trust to develop a 
simple model of the relationship between skid resistance and collision risk for a 
typical local authority road network.  The intention was to improve the knowledge 
available to highway engineers managing the skid resistance of their networks, 
knowledge that is essential to adopt a risk-based approach to asset 
management.  Currently, many authorities base their approach and skid 
resistance thresholds on those adopted for the Strategic Road Network (SRN).  In 
the absence of other information, it is assumed that these values are applicable to 
local roads, despite the differences in road geometries, junction types, traffic 
speeds and traffic flow.  The models reported here are based on local authority 
data.  They can provide the basis to estimate the benefit of maintenance 
treatment to improve skid resistance, giving evidence for highway engineers to 
justify treatment and to aid in the prioritisation of maintenance funding. 

The project was led by Derby City Council, with participation from 10 other local 
authorities: City of Bradford Metropolitan District Council, Derbyshire County 
Council, Doncaster Council, Kirklees Council, Leeds City Council, Leicestershire 
County Council, Nottingham City Council, Nottinghamshire County Council, 
North Lincolnshire Council and City of York Council.  While the focus was on 
developing a ‘city’ model, rural authorities were included to strengthen the 
dataset and set it in a wider national context. 

The Expert Assets (XA) Pavement Management System provided by XAIS was 
used to assemble a dataset including road attributes, skid resistance, collision 
history (injury collisions from STATS19) and traffic flow.  The mean collision rate 
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was calculated for different bands of skid resistance, showing significant 
increases for lengths with low skid resistance (below CSC 0.3) and high skid 
resistance (above CSC 0.6).  The percentage of collisions recorded as occurring on 
wet roads also increases as the skid resistance decreases.  Although there are 
challenges with recording ‘wet’ collisions, the primary influence of improving skid 
resistance is expected to be on those collisions.  (On dry road surfaces, free from 
contamination, the friction available to drivers is high and not very dependent on 
the nature of the surface whereas, in wet conditions, the friction can be 
significantly reduced, particularly on surfaces that have become polished.) 

A novel approach has been developed whereby the road lengths with the highest 
skid resistance in each authority (those with CSC values between 0.5 and 0.6) 
provide a baseline percentage of ‘wet’ collisions.  This baseline, 24% overall, with 
some variation between authorities, represents what might be expected on roads 
with good skid resistance.  For roads with lower skid resistance, the number of 
wet collisions expected was calculated from the total number of collisions using 
this baseline.  Comparing the expected and actual values showed there to be a 
threshold level of skid resistance below which the observed wet collision rate 
increases above the expected level, leading to the concept of “excess wet collision 
rate”.  It is proposed that reducing this excess wet collision rate could be 
achievable through treatment to improve the skid resistance. 

Previous work has shown different relationships between collision risk and skid 
resistance for different types of road.  Here, four site categories were identified, 
which are largely consistent with the established approach.  None of the other 
factors studied provided a better division, or a conclusive subdivision within these 
site categories, although a larger data set would permit a more granular analysis: 

• Non-event lengths 
• Bends and gradients 
• Junctions (including junction approaches and pedestrian crossings) 
• Roundabouts 

For each site category, the threshold at which the excess collision rate increases, 
and the rate at which it increases provide a way to predict the reduction in wet 
collisions from improving the skid resistance.  This provides the average benefit 
that might be expected if a site behaves in accordance with the trends observed 
in this work and has been used to predict the benefit-to-cost ratio (BCR) of 
treatment to improve skid resistance. 

It is also desirable to assess the collision history at each site, since a high 
proportion of wet collisions could indicate a possible skid resistance problem.  
This is unreliable due to the small number of collisions typically observed for 
individual sites.  Nevertheless, a way to include the collision history in the decision 
process has been developed, based on the observation that lengths with the 
lowest skid resistance are associated with a higher percentage of wet collisions.  It 
uses basic probability concepts to estimate the relative likelihood (RL) of there 
being an elevated risk of wet collisions at any particular site. 
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A predicted BCR and an RL value were calculated for each analysis length created 
from the Derby City 2020 skid resistance survey, and were combined to produce a 
ranked list of sites.  These were grouped into priority bands, with the top three 
bands being included in the detailed site investigations carried out following the 
established policy: 

• Priority 1. Lengths with BCR ≥ 2.0 and RL > 50.  These sites have a positive 
economic justification (the average benefit of treatment exceeds the cost 
by a factor of two or more) combined with an elevated likelihood of wet 
collisions. 

• Priority 2. Lengths with 0 < BCR < 2.0 and RL > 50.  These sites have low 
skid resistance combined with an elevated likelihood of wet collisions but 
the BCR values suggest the benefit for treating these lengths is lower, on 
average, in relation to treatment costs. 

• Priority 3. Lengths with BCR ≥ 2.0 and RL ≤ 50.  The collision data suggest 
these sites have not, to date, exhibited an elevated likelihood of wet 
collisions.  The BCR values suggest there to be an economic case for 
treating them on a preventive basis. 

• Priority 4. Lengths with BCR = 0 and RL > 50.  These sites have skid 
resistance above the thresholds, and so the BCR value is zero because the 
data predict no benefit to be obtained from improvement. Since the 
likelihood values are high, it is recommended these lengths be reviewed 
since they could indicate areas where the skid resistance thresholds should 
be increased. 

• Priority 5. All other lengths, with BCR = 0 and RL ≤ 50. These have no 
economic case for improvement and the collision data suggest there has 
not, to date, been an elevated likelihood of wet collisions. 
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The method provides a consistent means to rank all surveyed lengths and 
identified a relatively small number of sites for further investigation.  There are 
considerable differences between these sites compared with those identified by 
the existing approach.  Following detailed site investigations, little agreement 
was again observed between the ranking using the proposed approach and by 
the existing approach: of the top 25 ranked sites by each method, only three were 
in common.  Key differences are: 

• The skid resistance threshold for most roundabouts is increased in the new 
approach.  These sites will be prioritised and be more likely to receive 
treatment. 

• The skid resistance thresholds for all other site categories are either the 
same (for some non-event lengths) or reduced (for other non-event 
lengths, bends and gradients and, to a greater extent, for junctions and 
pedestrian crossings).  These lengths would be de-prioritised in future 
rankings and, when treatment occurs, it would target lower levels of skid 
resistance than is currently the case.  Over time, this will lead to lower skid 
resistance for these types of site, the effect being most pronounced for 
junctions and pedestrian crossings. 

The significant differences in the thresholds for most site categories may be 
consistent with the changes that have occurred in road design, vehicle design 
and driver behaviour, compared with the original research on which many skid 
resistance policies are based.  However, in view of the differences, particularly 
extent of the reduction in skid resistance threshold for junctions and pedestrian 
crossings, it will be essential for implementation to be carried out in stages, with 
careful monitoring of the results.  This would also have the advantage of verifying 
the benefits of treatment, noting that all studies of this type rely on the 
assumption that a causal link exists between skid resistance and collision rate. It 
is also recommended that the practice of detailed site investigation continues, to 
investigate the nature of the collisions occurring and understand if skid 
resistance is a potential contributor. 

This analysis suggests that sites that are currently being prioritised for skid 
resistance treatment may deliver limited safety benefits.  It is not that the collision 
rates are low; rather, where the excess wet collision rate is close to zero, there is 
limited opportunity to reduce the number of wet collisions by improving the skid 
resistance.  (Throughout this analysis it has been assumed that collisions on dry 
roads are unaffected by changes in skid resistance, since the friction on dry roads 
is high, in the absence of contamination, and unaffected by the state of polishing 
that causes a reduction in wet road friction.) 

The proposed approach should target skid resistance treatments more effectively 
at the sites that can deliver safety benefits, i.e. a reduction in wet collision rate.  
The approach fits within the established process of managing skid resistance and, 
being based on local authority data, supports decision making for local roads. 
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1 Introduction 

The friction that can be created between a vehicle’s tyres and the road surface 
allows drivers to control their vehicles.  On dry road surfaces that are free from 
contamination, the friction is not very dependent on the nature of the surface 
but, in wet conditions, the friction available can be significantly reduced, 
particularly on surfaces that have become polished.  This leads to longer stopping 
distances with potential for skidding, particularly for vehicles not equipped with 
driver assistance systems such as anti-lock brakes and electronic stability control.  
For this reason, many highway authorities routinely measure skid resistance on 
their key routes and carry out targeted skid resistance improvements as part of 
their maintenance programme. 

For the Strategic Road Network (SRN), thresholds for skid resistance 
(“Investigatory Levels”) are set for each of a number of different road types (“site 
categories”, such as junctions, bends, or ‘non-event’ lengths).  This approach was 
introduced in the 1980s following research into skid resistance and collision risk 
(Hosking, 1986).  The research has been updated periodically in England 
(Wallbank, Viner, Smith, & Smith, 2016) and Scotland (Atkins, 2020), (WSP, 2020).  
Similar approaches have been adopted overseas and by many local authorities.  
For example, the Road Surface Treatments Association and XAIS include the site 
categories and Investigatory Levels shown in Figure 1 in their template for local 
authority skid resistance policy. 

 

Figure 1 Site categories and Investigatory Levels from current RSTA / XAIS 
guidance for local authorities (RSTA/XAIS, 2020) 
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A challenge for local authorities is that the investigations that form the basis for 
these thresholds typically focus on national road networks and there is a lack of 
equivalent information for local roads.  Generally, it is assumed that the values 
specified for the SRN are applicable to local roads, despite the differences in road 
geometries, junction types, traffic speeds and traffic flow.  These assumptions 
influence both the allocation of maintenance budgets and the mandatory 
reporting of network condition to the DfT.  A further challenge is that local 
authority budgets for road maintenance are often constrained and so a means of 
i) prioritising and ii) justifying expenditure is needed, which takes into account 
the benefit which might be expected from improving skid resistance on local 
roads. 

This study was part-funded by the Road Safety Trust to address this knowledge 
gap. 

2 Research objectives 

This work addresses the following research objectives: 

1. To develop a simple model of the relationship between skid resistance and 
collision risk for a typical local authority road network. 

2. To develop an approach to enable highway engineers to estimate the 
benefits of skid resistance treatments and to aid in prioritising 
maintenance budgets. 

Whilst the focus has been on a typical ‘city’ authority, reflecting the nature of the 
roads managed by Derby City, data have been included from authorities with 
rural road networks as it increases the strength of the data set and sets the 
findings in a wider national context.  This avoids unnecessary differences in 
approach.  The scope of the analysis means that the models developed are 
applicable more generally to local authority roads. 

3 Overview of the methodology 

Data were gathered representing the road networks of 11 local authorities in the 
West Yorkshire and East Midlands regions of the UK: Derby City Council (the lead 
authority and grant holder), City of Bradford Metropolitan District Council, 
Derbyshire County Council, Doncaster Council, Kirklees Council, Leeds City 
Council, Leicestershire County Council, Nottingham City Council, 
Nottinghamshire County Council, North Lincolnshire Council and City of York 
Council (Figure 2). 

The Expert Assets (XA) Pavement Management System provided by XAIS was 
used to divide each road length into segments of approximately uniform length 
and attach, to each length, attributes reflecting the nature of the road, its skid 
resistance, traffic flow and collision history (injury collisions).  This is described in 
section 4. 



 
7 

 

 

Figure 2 Road networks of the 11 participating local authorities 

An iterative analysis was carried out where, for subsets of the data, the mean 
collision risk was calculated for different bands of skid resistance (section 5).  This 
led to a novel method to characterise (model) the effect of skid resistance on 
collision risk for each site category identified as distinct (sections 6 and 7).  The 
models were incorporated into a method for estimating the theoretical benefit-
cost ratio for skid resistance treatments and, to complement this, a method of 
assessing the actual collisions at a specific site has been proposed (sections 8 and 
9).  Finally, the methods were trialled on Derby City Council’s current (2020) 
SCRIM data in parallel with their current approach to managing skid resistance 
(section 10).  A project summary is given in section 11. 

4 Assembling a dataset 

Data for the three-year study period 2016-18 were obtained from the participating 
local authorities and from sources made available by the Department for 
Transport (DfT).  For Leicestershire a study period was 2017-19 was used to 
increase data availability.  The following data were collated: 

Network definition – the road lengths for which skid resistance data was 
available, defined by section name, direction and length.  This forms the 
‘backbone’ to which other data are attached.  On carriageways with two-way 
traffic, the two directions were treated separately as independent analysis 
lengths. 

Road attributes, comprising the road type (which identifies dual/single 
carriageway sections and roundabout circulatory areas), road class (A, B, C, U) and 
road environment (rural – speed limit 50 mph or above/ urban – speed limit 40 
mph or below). 
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Skid resistance site category – it was assumed that the same features would be 
relevant on local roads as for the SRN, specifically bends, gradients, junctions 
(including crossings) and roundabouts, since these are all areas where friction is 
needed to allow drivers to change speed and direction.  Road curvature and 
gradient data from most recent SCANNER survey were used to identify bends 
and gradients.  Junctions, junction approaches and crossings were combined as a 
single type of event and identified from the assignments already made by each 
local authority.  Roundabouts were identified from the road type.  Lengths where 
none of these features were present were assigned ‘non-event’; for a small 
number of sections more than one event was noted. 

Each road section was split into analysis lengths of nominally 250m, with a new 
analysis length also beginning on each change of site category.  The following 
data were assigned to each analysis length: 

Average skid resistance from most recent SCRIM survey, reported as 
Characteristic SCRIM Coefficient (CSC), i.e. the data are corrected for seasonal 
variation following each authority’s survey strategy. 

Number of collisions and number of ‘wet’ collisions from DfT Road Safety 
Tables on Accidents and Vehicles (https://data.gov.uk/dataset/cb7ae6f0-4be6-
4935-9277-47e5ce24a11f/road-safety-data).  These are STATS19 data for collisions in 
which injury was recorded.  Collisions were counted where their coordinates fell 
inside a buffer (10 m radius) drawn around each analysis section (Figure 3).  
Collisions on roads with two-way traffic were assigned with a 0.5 value to the 
analysis lengths in each direction to avoid double counting.  Collisions of all 
severities (fatal, serious and slight injury) were included in the analysis and those 
collisions where the surface condition was recorded as wet were counted 
separately as ‘wet’ collisions. 

 

Figure 3 Example of the collisions associated with an analysis length using a 
10m buffer 
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Traffic flow from the DfT (https://roadtraffic.dft.gov.uk/local-authorities) as the 
Annual Average Daily motor vehicle traffic in one direction.  Where the direction 
field was recorded as NS, EW or combined, the value provided was divided by two 
to obtain the flow in a single direction.  A manual process was undertaken to 
assign traffic count points to network sections. 

Maintenance works records were supplied in different formats, requiring various 
manual processes to identify the section and, where possible, the start and end 
chainage of surfacing treatments. 

Analysis lengths that had received treatment during the study period were 
excluded from the dataset.  It was also necessary to restrict the dataset to the 
sections with traffic data available since collision analysis generally takes account 
of the exposure by considering the traffic flow.  This resulted in the loss of 42% of 
the total length available, so this analysis could be improved in future with more 
comprehensive traffic data. 

The cumulative traffic flow (vkm) for each analysis section during the 3-year 
analysis period was calculated as: 

𝑣𝑘𝑚 =
𝑠𝑖𝑡𝑒 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑚

1,000
∗ 𝐴𝐴𝐷𝑇 ∗ 365 ∗ 3 

5 Exploratory analysis 

A summary of the dataset is given in Table 1 and Table 2.  A relatively high 
proportion of the analysis lengths are short, less than 100 m, which reflects 
frequent changes in skid resistance Investigatory Level over short lengths, e.g. the 
50 m approach to a junction.  These lengths represent 42% of the number of 
analysis lengths although only 18% of the total length of data available. 

 

Table 1 Summary of the dataset available for analysis 

Number of analysis sections 34,791 

Total length (km) 
      Of which:  Rural 
                           Urban 

5,151 
2,972 
2,179 

Collisions (N) 
      Of which:  Wet surface condition 
       % Wet surface condition 

13,178 
3,292 
25.0 

Mean collision rate 
      Normalised by length and time (N/km/year) 
      Normalised by cumulative traffic (N/108 vkm) 

 
0.84 
40.8 
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Table 2 Lengths of the analysis sections and their percentage of the overall 
dataset 

Length of analysis 
sections (m) 

Number of sections Total length (km) 

10 ≤ x < 100 14,547 (42%) 953 (18%) 

100 ≤ x <200 9,066 (26%) 1,286 (25%) 

200 ≤ x < 300 9,362 (27%) 2,307 (45%) 

300 ≤ x < 375 1,816 (5%) 607 (12%) 

Total 34,791 (100%) 5,151* (100%) 

*Total length differs from the sum of the entries due to rounding entries to the nearest 
km 

The data were grouped into skid resistance bands and basic trends in the 
number of collisions, mean collision rate and percentage of wet collisions are 
shown in Figure 4.  In the following analyses, unless otherwise stated, the collision 
rate for a subset of the data was determined as the total number of collisions 
divided by the total cumulative traffic flow for the analysis sections considered, 
expressed as the number per 100 million vehicle kilometres. 

 

 

Figure 4 Basic trends in the data for each skid resistance band.  The mean 
collision rate for bands above 0.8 CSC ranges from 130/108 to 260/108 vkm. 

Higher collision rates are observed for lengths with skid resistance below 0.3 or 
above 0.6 units CSC.  However, the number of collisions recorded on the analysis 
lengths in each band is smaller at both ends of the skid resistance scale (note the 
logarithmic scale).  The smaller number of collisions lowers the confidence in the 
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calculated collision rate, as seen by the wider error bars, which represent the 95% 
confidence interval in the mean result1.  There are only 12 analysis lengths with 
skid resistance above 0.75, and the collision rates for these lengths either zero, for 
the band centred on 0.775, or above the range plotted, ranging from 130/108 vkm 
to 260/108 vkm.  Ignoring those lengths due to their small number, the changes in 
collision rate up to CSC 0.75 are outside the range of the error bars, so the 
difference appears to be significant. 

Analysing the collision rate caters to some extent for variations in collision 
numbers due to different traffic levels.  However, other variations in the 
characteristics of the lengths within the different CSC bands may give rise to 
differences in collision rate that are not connected with skid resistance.  
Furthermore, the use of collision rate to cater for variation of collision numbers 
with traffic flow assumes that collisions increase linearly over the whole range of 
traffic conditions.  This assumption does not hold in all conditions and it has been 
noted that this can lead to perverse comparisons (Hauer, 1997). 

An alternative approach is to focus on the proportion of wet collisions.  There are 
some difficulties with this as it is difficult to record surface condition accurately: 
friction is reduced by the presence of very small amounts of moisture (Hosking, 
1986) which may not be present or apparent when a Police officer records the 
conditions of the collision.  However, while wet collisions may be under reported 
for this reason, the extent of under reporting is not expected to differ for roads 
with different skid resistance. 

By contrast, in the absence of skidding problems, the percentage of wet collisions 
(%wet) should be comparable for all types of road assuming they are wet for a 
similar proportion of the time.  The observation from Figure 4, that %wet 
decreases from 42 for lengths in the lowest skid resistance band, to 22 by CSC 
0.575, suggests that low skid resistance could be contributing to an increasing 
proportion of wet collisions in the lower bands.  The small apparent increase in 
%wet above CSC 0.6 may not be reliable: the higher value for the band centred on 
CSC 0.725 is driven by just one analysis length where an unusually large number 
of collisions was observed.  Conversely, the increase in %wet for the lowest two 
bands is not influenced significantly by a small number of lengths with high 
collision numbers. 

6 Defining ‘excess wet collision rate’ 

In our approach, the analysis lengths in each authority with CSC values between 
0.5 and 0.6 provide a baseline of the percentage of collisions that occur when 
roads are wet.  This percentage varies by local authority (Table 3).  The range 0.5 to 
0.6 was used because above this, in addition to the possible influence of outliers 

 

 

1 Calculated as 1.96 x √(number of collisions) / cumulative traffic flow, i.e. assuming a 
Poisson distribution in which the variance is equal to the mean number of collisions 
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noted above, there are insufficient data to allow a division by local authority.  
Being above CSC 0.5, the skid resistance on these roads is already high (as high as 
it is practical to target) and so it will be difficult to reduce the percentage of wet 
collisions further by increasing skid resistance.  However, if an increasing 
proportion of wet collisions were to be observed on roads with lower skid 
resistance, this could indicate a problem that could be tractable through 
treatment to improve the skid resistance. 

 

Table 3 Percentage of collisions with wet surface condition for lengths with skid 
resistance between 0.5 and 0.6 units CSC 

Authority %Wet  Authority %Wet 

North Lincolnshire 17.5  Nottinghamshire* 23.8 

Doncaster 22.2  Bradford 25.2 

Leeds 22.5  Kirklees 25.8 

Derbyshire 22.6  Leicestershire 27.0 

Derby City 23.6  York 28.1 

Nottingham City* 23.8  Overall 23.7 
*Data for Nottingham City and Nottinghamshire were combined due to the limited data 
available in this range of skid resistance 

 

The approach assumes that all roads within a local authority are wet for the same 
proportion of time.  The assumption may not hold where the rainfall patterns or 
drying conditions vary within an authority, but such variations should average out 
and are not expected to bias the results of roads with any particular level of skid 
resistance.  The relevant factor from Table 3 was used to calculate the number of 
wet collisions expected for each analysis length.  Summing, as before, over all the 
analysis lengths in each skid resistance band gives the expected wet collision 
rates. 

The expected wet and observed wet collision rates, shown in Figure 5, agree 
above CSC 0.5.  This is expected since these data were used to generate the 
factors in Table 3.  Below this value, the ‘expected wet’ and ‘observed wet’ data 
are independent and so the close agreement for lengths with CSC 0.35 to 0.5 
suggests the lower skidding resistance, in this range, is not leading to more 
collisions in wet conditions.  Below 0.35 CSC, the observed wet collision rate 
increasingly diverges from the expected wet rate.  The comparison leads to the 
concept of ‘Excess Wet collision rate’, obtained by subtraction. 
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Figure 5 Comparison of different collision rates: Total, Expected Wet, Observed 
Wet and Excess Wet. 

7 Models of excess wet collision rate for each site 
category 

Following the approach of calculating the excess wet collision rate for each skid 
resistance band, described in section 6, various ways of subdividing the dataset 
were explored.  The effect of different site categories (bends / gradient / junctions 
/ roundabouts / non-event lengths), road class (A / B / C / U), road type (single / 
dual carriageway) and environment (rural / urban) were each examined.  Also, the 
small number of sections with more than one type of site category were 
compared to the individual categories to determine which they most closely 
resembled. 

An iterative approach was taken, aiming to split the data where it resulted in 
noticeable differences in the level of or trend in collision rate, and otherwise to 
combine them to keep a larger and more robust dataset.  This led to four site 
categories being identified, similar to the established approach.  None of the 
other factors studied provided a better division, or a conclusive subdivision within 
these site categories, although a larger data set would permit a more granular 
analysis.  The site categories identified were: 

• Non-event 
• Bends and gradients 
• Junctions, junction approaches and crossings (‘junctions’) 
• Roundabouts 

The excess wet collision rate for each site category is shown in Figure 6.  In most 
cases the excess wet collision rate for lengths above CSC 0.5 is close to zero.  This 
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is not the case for roundabouts, where it is clearly below zero, and to a lesser 
extent the value for bends and gradients is above zero.  This implies the observed 
collision rate for those site categories is lower or higher than that predicted by the 
baseline percentage, suggesting that the site categories differ in their 
susceptibility to wet collisions. 

 

A. Non-event 

 

B. Bends and gradients 

 
C. Junctions 

 
 

D. Roundabouts 

 

Figure 6 Excess wet collision rate for each site category.  Note the different scale 
for roundabouts. 

 

Further exploration of the percentage of wet collisions shows there to be some 
variation between the different site categories (Table 4), including an unusually 
low percentage of wet collisions for the 133 collisions on roundabouts with CSC 
values between 0.5 and 0.6.  The value is based on 52 analysis lengths within 9 
local authorities, having a total length of 10.5 km.  The sample size is much smaller 
than for the other site categories but, at over 100 collisions, the percentage 
recorded as ‘wet’ should be robust. 
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Table 4 Collision numbers (N) and %wet, by site category and range of CSC 
values 

Site category 
Lengths with CSC 0.5-0.6 Lengths with CSC <0.5 

N %Wet N %Wet 

Non-event 692.5 22.7 3,363.5 24.8 

Bends and 
gradients 388.5 26.0 1,420.5 27.2 

Junctions 1,392 24.1 4,710 25.2 

Roundabouts 133 14.3 646 26.3 

Total 2,606 23.5 10,140 25.4 

 

For all four categories, an increase in excess wet collision risk is observed for 
lengths with low skid resistance when compared to the baseline (CSC 0.5 to 0.6).  
A threshold was determined, by eye to the nearest 0.05 units CSC, at which this 
increase occurs (Table 5). 

Table 5 Parameters describing the trends in excess wet collision rate 

Site category Threshold (units CSC) Slope (N/unit CSC/vkm) 

Non-event 0.35 3.76*10-7 

Bends and 
gradients 0.40 6.64*10-7 

Junctions 0.30 3.89*10-6 

Roundabouts 0.50 1.21*10-6 

 

The slope of the data below the threshold defines the degree of benefit that is 
theoretically expected from improving the skid resistance from its current level to 
a value above the threshold.  (Although the projected excess wet collision rate 
can be below zero, this implies only that the percentage of wet collisions may be 
reduced below the baseline percentage.) 

The slope was determined for each site category using a weighted linear 
regression, where the weights for each point were determined by the number of 
collisions, as an estimate of the variance (PennState Eberly College of Science, 
2021).  The analysis has limitations: for most site categories there are only 2 or 3 
data points available, with lowest confidence in the point with the lowest skid 
resistance.  This is a particular problem for junctions, with only two data points.  
For roundabouts, the data suggest a continuous increasing trend in excess wet 
collision risk as the skid resistance falls, but the dataset is smaller and this is 
evident in the fluctuations in collision rate. 
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Comparing the thresholds in Table 5 with those that are typically used to identify 
sites for investigation and potential treatment (Figure 1), it can be seen that: 

• The current 19 categories are simplified to just four. 
• Most of the proposed thresholds are lower than those currently used.  The 

exception is roundabouts where the current Investigatory Level is 0.45 (or 
0.5 for roundabouts with elevated risk). 

• The proposed threshold for junctions is lower than that for non-event 
lengths and considerably lower than under the current approach.  This is 
particularly true for pedestrian crossings, which form part of the junction 
category in this analysis and where the current Investigatory Level is 0.5 or 
0.55.  For junctions, the current Investigatory Level is either 0.45 or 0.5. 

The observation of a lower threshold for junctions than ‘non-event’ lengths, i.e. 
where junctions are not present, is counter intuitive.  However, particularly for 
urban roads, it is plausible that the predictability of junctions, with road users 
slowing down in preparation, makes it less likely that unexpected events will 
occur on these sections.  For pedestrian crossings, the incentive for pedestrians to 
give way, even when they have priority, could be a factor.  Such trends would 
reduce the usefulness of providing higher skid resistance.  Furthermore, a lower 
speed, lower energy environment provides less opportunity for better braking or 
cornering characteristics to influence the outcome of a collision.  A more 
comprehensive comparison of rural and urban analysis lengths within each site 
category, and of different collision severities, could help to understand this.  
Separating different types of junctions, and separating junctions from pedestrian 
crossings would also be desirable.  This would require a larger dataset. 

The low skid resistance at which the excess wet collision rate increases for 
junctions has parallels with other work.  On the SRN in England, the total collision 
rate and the wet collision rate both increase with increasing skid resistance, i.e. 
opposite to the expected direction (Wallbank, Viner, Smith, & Smith, 2016).  The 
data published suggest no change in the percentage of wet collisions occurs 
across the whole range of skid resistance.  Like this study, that work included 
injury accidents of all severities, although the roads in this study have a greater 
proportion of urban roads.  Similarly, a recent Scottish study found only a weak 
trend for approaches to junctions between 0.3 and 0.6 although it was 
recommended to retain the existing Investigatory Levels of 0.5 and 0.55 (Atkins, 
2020).  A parallel Scottish study recommended a default Investigatory Level for 
skid resistance of 0.45 CSC at junctions (WSP, 2020) although their data (Figure 
5.4) do not demonstrate an increase in wet crash rate until below 0.4.  Since the 
original skid resistance research, many major-minor priority junctions have been 
provided with longer merging / diverging lengths or upgraded with signal 
control, so it is possible that the role of high skid resistance at junctions has been 
reduced. 

The steep trend observed for roundabouts may reflect driver behaviour if, in 
contrast to other types of junction, drivers are more likely to accelerate into a gap.  
However, this data set is small and the low baseline percentage of wet collisions 
on roundabouts is unexplained.  (It seems unlikely that roundabouts are wet for 
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less of the time than other roads; it may be feasible that drivers that would 
normally take more risk at roundabouts are more cautious in wet conditions.)  It is 
assumed that a reduction to this low percentage of wet collisions is realistic as a 
result of improving skid resistance.  However, in common with the other site 
categories, the actual benefits of treatment need to be tested if this approach is 
implemented. 

The implication of this analysis is that sites that are currently being prioritised for 
skid resistance treatment may not deliver the greatest safety benefits in practice.  
That is not to say that the collision rates are low.  Rather, for junctions with skid 
resistance above 0.35, the proportion of collisions recorded with wet surface 
condition is consistent, and so there may be limited opportunity to reduce the 
number of wet collisions by improving the skid resistance; other interventions 
may be more effective to reduce collisions.  Throughout this analysis it has been 
assumed that collisions on dry roads are unaffected by changes in skid resistance, 
since the friction on dry roads is high, in the absence of contamination, and 
unaffected by the state of polishing that causes a reduction in wet road friction. 

8 Application to estimate the theoretical Benefit-
Cost Ratio 

The thresholds and slopes from Table 5 provide a means of predicting the 
reduction in wet collisions as a result of improving the skid resistance.  The 
reduction can be estimated for individual sites, considering their site category, 
skid resistance and traffic flow, and provides the average benefit that might be 
expected for sites of this type.  This has been used as the basis of determining the 
predicted benefit-to-cost ratio (BCR) of treatment to improve skid resistance.  The 
method is described in full in Appendix A and consists of the following steps: 

• Calculate the annual vehicle kilometres driven on the site 
• Calculate the skid resistance deficiency (how far below the threshold each 

site is) 
• Predict the annual benefit from treatment (annual reduction in wet 

collisions) 
• Determine the most likely treatment type to improve skid resistance 
• Predict the overall benefit from treatment during its lifetime (economic 

value of collisions prevented) 
• Estimate the cost of treatment 
• Calculate the predicted Benefit-to-Cost Ratio of the treatment 
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9 Assessing relative likelihood of wet collisions 

The BCR estimates the average benefit that would be expected if a site behaves 
in accordance with the trends observed in this work.  It does not take into 
account the collision history for individual sites, which can be problematic due to 
the small number of collisions observed.  For this dataset, more than 85% of 
analysis lengths were associated with 0, 0.5, or 1 collision.  In these cases, the 
percentage of wet collisions can be only 0, 50 or 100, and none of these outcomes 
is conclusive. 

Nevertheless, the numbers become more meaningful for sites with more 
collisions and a way to include the collision history in the decision process, while 
taking account of its uncertainty, would be useful.  An approach has been 
developed that makes use of the observation that the lengths with the lowest 
skid resistance are associated with a higher percentage of wet collisions (42%) 
than the lengths with highest skid resistance (22%).  With a known collision 
history (e.g. 1 wet collision in 3 total collisions), the relative probability that the site 
has been exhibiting an elevated number of wet collisions can be estimated using 
basic concepts in probability.  The method assumes each collision has a random 
probability of being ‘wet’, this probability being either 22% or 42%, and compares 
the probabilities of the observed outcome (exactly one ‘wet’ collision in three total 
collisions), in these two scenarios. 

This application of binomial probability is believed to be novel and is described in 
Appendix A.  The calculation returns a value between 0 and 100, where 50 
represents the case of zero recorded collisions.  Higher or lower values represent a 
greater or lesser likelihood of elevated wet collisions than this central case.  
Examples of particular situations are given in Table 6.  For N=2, a single wet 
collision (i.e. 50% wet) gives a relative likelihood (RL) of 59 whereas two wet 
collisions (100% wet, relative likelihood 78) is more strongly suggestive of a 
possible skid resistance problem; more so than the case of two wet collisions for 
N=4 (relative likelihood 67).  Although still uncertain, this provides a method of 
ranking any outcome in a rational way.  Together with the BCR it can help to 
identify the sites having a potential benefit from skid resistance improvement. 

Table 6 Examples of the relative likelihood of elevated wet collisions, based on 
observed collision history 

Total collisions 
(N) 

Relative likelihood for the case of 

Zero wet collisions 50% wet collisions 100% wet collisions 

1 43 - 66 

2 36 59 78 

4 29 67 87 

6 23 74 93 
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10 Trial with Derby CC 2020 data – proposed 
prioritisation procedure 

The BCR approach (section 8) and relative likelihood (RL) (section 9) methods 
have been combined and applied to the Derby City 2020 skid resistance survey.  
The data were managed within the XA software, subdividing the surveyed length 
into 892 SCRIM analysis lengths.  For each of these, the BCR and RL were 
calculated.  The results are summarised in Figure 7 which shows a range of BCR 
values, up to 9, and a range of RL values, of which those above 50 are of greatest 
interest. 

 

Figure 7 Benefit cost ratio and relative likelihood of elevated wet collision risk for 
Derby City 2020 SCRIM analysis lengths, indicating suggested priority bands 

 

The following ranking of sites is proposed: 

• Priority 1. Lengths with BCR ≥ 2.0 and RL > 50, ranked in order of 
descending RL followed by descending BCR in the event of a tie.  These 
sites have a positive economic justification (the benefit of treatment 
exceeds the cost by a factor of two or more) combined with an elevated 
relative likelihood of wet collisions. 

• Priority 2. Lengths with 0 < BCR < 2.0 and RL > 50, ranked in order of 
descending RL followed by descending BCR in the event of a tie.  Although 
these sites have skid resistance below the thresholds in Table 5, the BCR 
values suggest that the benefits for treating these lengths are low in 
relation to the cost of treatment.  However, the predicted benefit is based 
on the average behaviour exhibited by the relevant site category.  The 
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elevated relative likelihood of wet collisions for these particular sites 
suggests that the benefits may be underestimated. 

• Priority 3. Lengths with BCR ≥ 2.0 and RL ≤ 50, ranked in order of 
descending BCR followed by descending RL in the event of a tie.  These 
sites have low skid resistance but the collision data suggest there has not, 
to date, been an elevated likelihood of wet collisions.  (A RL value of 50 
corresponds to the case that no injury collisions have been recorded.)  The 
BCR values suggest there to be an economic case for treating these sites 
on a preventive basis.  A factor to consider for each site in this group is the 
number of additional wet collisions it would take to increase the priority to 
Priority 1. 

• Priority 4. Lengths with BCR = 0 and RL > 50, ranked in order of 
descending RL.  These sites have skid resistance above the thresholds, and 
the BCR value is zero because the data predict no benefit to be obtained 
from improvement. Since the RL values are high it is recommended these 
lengths be reviewed since they could indicate areas where the skid 
resistance thresholds should be increased. 

• Priority 5. All other lengths, with BCR = 0 and RL ≤ 50.  These have no 
economic case for improvement and the collision data suggest there has 
not, to date, been an elevated likelihood of wet collisions.  They will be 
assessed again the next time they are included in a skid resistance survey. 

The thresholds for BCR and RL used to produce this grouping are a choice based, 
for BCR, on informal feedback that schemes providing this level of benefit are 
regarded as good value and, for RL, on the relative likelihood exceeding that for 
the case where no recent collisions have been observed. 

Table 7 compares the number of sites falling into each priority band with the 
distribution of scores that result from a prioritisation using the current method, 
based on the RSTA/XAIS template (RSTA/XAIS, 2020).  The proposed approach 
identifies a relatively small number of sites for further investigation.  Furthermore, 
the two methods frequently do not identify the same lengths for analysis, 
reflecting the different thresholds.  Of the 892 analysis lengths: 

• 27 are identified by both methods 
• 621 are rejected by both methods 
• 34 are identified by the new method but rejected by the current method: 

o 16 non-event lengths, where 23 collisions had been observed (61% 
wet) 

o 18 roundabouts, where 23 collisions had been observed (35% wet) 
• 210 sites are rejected by the new method and identified by the current 

method: 
o 188 junctions, where 736 collisions had been observed (18% wet) 
o 19 non-event lengths, where 78 collisions had been observed (14% 

wet) 
o 2 roundabouts, where 8 collisions had been observed (25% wet) 
o 1 gradient, where 3 collisions had been observed (0% wet) 
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Table 7 Sites identified for detailed investigation 

Include in 
detailed 
investigation 

Proposed approach  Current approach 

Priority 
band N  Range of 

scores N 

Yes 

1 16  >100 9 

2 24  20-100 45 

3 21  15-20 183 

No 
4 161  10-15 243 

5 670  <10 412 

 

A detailed site investigation was carried out for all the sites identified by one or 
both methods, which led to an updated score being assigned to each length.  
Little agreement was observed between the ranking using the proposed 
approach and by the existing approach: of the top 25 ranked sites by each 
method, only three were in common.  The methods are based on different rule 
sets, and produce different results. 

11 Summary 

This project has: 

• Assembled and analysed a dataset covering 11 local authorities 
• Proposed site categories and thresholds based on the trends observed 
• Developed the concept of ‘excess wet collision rate’ and used this as the 

basis for assessing the Benefit-to-Cost Ratio (BCR) for treatments to 
improve skid resistance 

• Developed a new approach for assessing collision history, which provides 
the relative likelihood (RL) of specific sites exhibiting elevated wet collisions 

• Combined the BCR and RL into a prioritisation method which has been 
tested using Derby City 2020 SCRIM data and compared with the current 
approach 

The proposed approach fits within the established process of managing skid 
resistance and, being based on local authority data, provides evidence to support 
decision making for local roads.  In common with current practice, the analysis 
has confirmed the need to model different site categories separately, and the 
categories proposed are closely related to the ones used currently.  The method 
provides a consistent means to rank all surveyed lengths based on their site 
category, skid resistance, traffic level and collision history. 

It is recommended that the practice of detailed site investigation continues, to 
investigate the nature of the collisions occurring and understand if skid 
resistance is a potential contributor.  This would be useful both for the top-ranked 
sites (also enabling the conditions on the ground to be determined before 
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deciding treatment options) and, for the lower ranked sites, to identify trends that 
could suggest the need to refine the approach.  This is particularly important in 
view of the significant changes to the thresholds that are proposed: 

• The skid resistance threshold for most roundabouts is increased.  These 
sites will be prioritised and be more likely to receive treatment. 

• The skid resistance thresholds for all other site categories are either the 
same (for some non-event lengths) or reduced (for other non-event 
lengths, bends and gradients and, to a greater extent, for junctions and 
pedestrian crossings).  These lengths will be de-prioritised in future 
rankings and, when treatment occurs, it may not target such a high level of 
skid resistance.  (Further work could examine the BCR for different 
treatments that this may permit.)  Over time, this will lead to lower skid 
resistance for these types of site.  The effects will be most pronounced for 
junctions and pedestrian crossings. 

This analysis suggests that sites that are currently being prioritised for skid 
resistance treatment may deliver limited safety benefits.  It is not that the collision 
rates are low; rather, where the excess wet collision rate is close to zero, there is 
limited opportunity to reduce the number of wet collisions by improving the skid 
resistance.  (Throughout this analysis it has been assumed that collisions on dry 
roads are unaffected by changes in skid resistance, since the friction on dry roads 
is high, in the absence of contamination, and unaffected by the state of polishing 
that causes a reduction in wet road friction.) 

The significant differences in the thresholds for most site categories, particularly 
for junctions and pedestrian crossings, may be consistent with the changes that 
have occurred in road design, vehicle design and driver behaviour, compared 
with the original research on which many skid resistance policies are based.  
However, in view of these differences, particularly the scale of the differences for 
junctions and pedestrian crossings, it will be essential for implementation to be 
carried out in stages, with careful monitoring of the results.  This would also have 
the advantage of verifying the benefits of treatment, noting that all studies of this 
type rely on the assumption that a causal link exists between skid resistance and 
collision rate as well as other assumptions. 

The proposed approach should target skid resistance treatments more effectively 
at the sites that can deliver safety benefits, i.e. a reduction in wet collision rate.  
The approach fits within the established process of managing skid resistance and, 
being based on local authority data, supports decision making for local roads. 
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Appendix A Procedure for prioritising skid resistance 
improvement to individual road lengths 

A1 Overview 

The method described below is a method for prioritising skid resistance 
improvements to individual road lengths in the context of a Road Authority’s 
policy for managing the skid resistance of its network.  It makes use of models for 
skid resistance and collision risk developed as in a project which was grant-
funded by the Road Safety Trust.  There are two components to the prioritisation: 

1. Estimate the BCR for improvement 

This component assesses the likely benefit of treatment, which is combined with 
an estimate of treatment cost to determine the Benefit to Cost Ratio (BCR).  The 
estimate of BCR enables the economic justification for treatment to be assessed, 
using models for the average collision risk for different types of site and 
assumptions about the type of treatment that will be appropriate. The method 
uses the concept of ‘Excess Wet Collisions’ to model collision risk. 

2. Assess the recent collision history 

This component uses the history of collisions for each specific road length to 
assess the likelihood that that road length has an elevated risk of wet collisions 
suggestive of a skid resistance problem. 

A2. Data required 

The method requires the road network to have been segmented into 
homogeneous lengths, for each of which the following information is needed: 

• Road type (dual or single carriageway or roundabout) – this is used in 
assigning treatment type and cost 

• Lanes (number of lanes) – used to estimate treatment cost; it is assumed that 
all permanent lanes will be treated 

• Road class (A, B, C or U) – used to estimate traffic flow, where no suitable data 
from traffic counts are available, and in estimating treatment life 

• Length (m) 
• CSC (units SC) – Characteristic Skid Resistance: a measurement of road 

surface skid resistance made in accordance with CS228, i.e. using SCRIM, 
corrected for seasonal variation and index of SFC.  In this context refers to the 
average value calculated over the road length described. 

• Event type (one of the following 4 types: non-event (none of the other events 
present), bend or gradient, junction or crossing, roundabout) 

• Traffic flow (AADT) – average daily traffic flow for all motor vehicles, in the 
direction of travel, i.e. dividing by 2 if necessary for two-way roads. 
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• Total collisions – the number of personal injury collisions recorded in STATS 19 
during a specified period (3 year period suggested) 

• Wet collisions – of the total collisions recorded, the number where road 
surface condition was recorded as Wet/damp 

 

A3 Method for calculating BCR via Excess Wet 
Collisions 

The Benefit / Cost ratio for treating each road length is estimated using the 
following method: 

1. Calculate the annual vehicle kilometres driven on the site, VKM: 

𝑉𝐾𝑀 =
𝐿𝑒𝑛𝑔𝑡ℎ

1000
∗ 𝐴𝐴𝐷𝑇 ∗ 365 

Where no suitable data are available from traffic count points, the default values 
in Table A1 have been assumed for Derby City.  The values approximate the 
median traffic flow for each road class. 

Table A1 Default AADF by road class for Derby City lengths where no count point 
data are available 

Road class A B C U 
Default 
AADT 

11,400 5,700 4,200 3,700 

 

2. Calculate the skid resistance deficiency, SRD: 

 If CSC < threshold:  𝑆𝑅𝐷 = 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 −  𝐶𝑆𝐶 

 Otherwise:  𝑆𝑅𝐷 = 0 

Where the Threshold value is determined from the event type, using Table A2. 

Table A2 Skid resistance threshold for Benefit / Cost analysis 

Event type Non-event Bend or 
Gradient 

Junction or 
Crossing Roundabout 

Threshold         
(units SC) 0.35 0.40 0.30 0.50 

 

3. Calculate the annual benefit from treatment, ABen: 

ABen is the average reduction in Excess Wet Collisions expected to result from 
increasing the skid resistance up to the Threshold.  It uses the traffic flow at the 
site in this calculation, and so greater benefits are predicted for road lengths with 
higher traffic flow.  Where SRD is equal to zero because the skid resistance is 
greater than the Threshold listed in Table A2, zero benefit is predicted. 
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 𝐴𝐵𝑒𝑛 = 𝑆𝑅𝐷 ∗ 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 𝑅𝑎𝑡𝑒 ∗ 𝑉𝐾𝑀 

Benefit Rate is the slope of the plot of collision rate (number of Excess Wet 
collisions per 108 VKM) against skid resistance (in units CSC).  It represents the 
change in excess wet collisions, per unit traffic flow, per unit change of CSC.  The 
values of Benefit Rate determined during the RST project for each type of event 
are given in Table A3. 

Table A3 Benefit Rate for Benefit / Cost analysis 

Event type Non-event Bend or 
Gradient 

Junction or 
Crossing Roundabout 

Benefit Rate* 
(N/unit 
CSC/VKM) 

3.76 * 10-7 6.64 * 10-7 3.89 * 10-6 1.21 * 10-6 

* Change in Excess Wet collisions per unit SRD, per VKM 

 

4. Determine the most likely treatment type: 

Treatment type is assumed from the road type and event type, from Table A4. 

Table A4 Treatment type* 

Road type 
Event type 

Non-event Bend or 
Gradient 

Junction or 
Crossing Roundabout 

Dual 
carriageway RS HFS HFS HFS 

Single 
carriageway SD HFS HFS HFS 

Roundabout - HFS HFS RS 
*HFS = High Friction Surfacing using calcined bauxite; SD = Surface Dressing; RS = 

Resurfacing 

 

5. Calculate the overall benefit from treatment, OBen: 

OBen is the total reduction in Excess Wet Collisions expected to result over the 
treatment lifetime 

 𝑂𝐵𝑒𝑛 = 𝐴𝐵𝑒𝑛 ∗ 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 𝑙𝑖𝑓𝑒 

Where Treatment life is determined from the type of treatment, which was 
estimated by an experienced asset manager as shown in Table A5. 

Table A5 Treatment life (years) 

Treatment type 
Road class 
A B C U 

High Friction 
Surfacing (HFS) 6 7 7 10 

Resurface (RS) 10 12 12 16 
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Surface Dress 
(SD) 9 11 11 11 

 

6. Calculate the treatment cost, TCost: 

Treatment cost is the total cost of works including traffic management and is 
estimated assuming a standard lane width of 3.6m 

𝑇𝐶𝑜𝑠𝑡 = 𝐿𝑒𝑛𝑔𝑡ℎ ∗  𝐿𝑎𝑛𝑒𝑠 ∗ 3.6 ∗ 𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑚2 

Where Cost per m2 was estimated by an experienced asset manager as shown in 
Table A6. 

Table A6 Treatment cost 

Treatment type HFS RS SD 
Treatment cost 
(£/m2) 23 33 6 

 

7. Calculate the Benefit / Cost ratio, BCR 

BCR is the overall cost saving during the lifetime of the treatment as a result of 
improving the skid resistance, divided by the cost of the treatment.  Values above 
1.0 indicate that the benefit exceeds the cost. 

𝐵𝐶𝑅 =
𝑂𝐵𝑒𝑛 ∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑐𝑜𝑙𝑙𝑖𝑠𝑖𝑜𝑛

𝑇𝐶𝑜𝑠𝑡
 

Where the Average cost per collision is £105,156 from Table RAS6002 ‘Average 
value of prevention of reported road accidents’ (injury accidents, all roads), DfT 
2019.  NB for Derby City there is an argument for using the somewhat lower value 
of collision cost for urban roads.  However, this would introduce a complexity in 
the analysis for other local authorities with a mixed network, which is outside the 
scope of this work.  Consequently, the average value has been used. 

A4 Method for assessing recent collision history 

The assessment of collision risk for individual road lengths is problematic due to 
the small number of collisions that are observed for most sites.  Consequently, the 
results of any assessment are uncertain.  While uncertain, the following method 
allows a comparison between different road lengths by assessing relative 
likelihood that each length has an elevated risk of wet collisions that could be 
suggestive of a skid resistance problem.  The relative likelihood is determined 
from the number of Total and Wet collisions using Table A7. 
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Table A7 Relative likelihood of there being an elevated risk of wet collisions 

Wet 
collisions 
(N) 

Total collisions (N) 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

0 50 43 36 29 23 19 14 11 9 6 5 4 3 2 2 1 
1  66 59 51 44 37 30 24 19 15 12 9 7 5 4 3 
2   78 73 67 60 53 45 38 31 25 20 16 12 9 7 
3    87 84 79 74 68 61 54 47 39 33 26 21 17 
4     93 91 88 85 80 75 69 63 55 48 41 34 
5      96 95 93 91 89 85 81 76 70 64 57 
6       98 97 96 95 94 92 89 86 82 77 
7        99 99 98 97 97 95 94 92 90 
8         99 99 99 99 98 98 97 96 
9          100 100 99 99 99 99 98 
10           100 100 100 100 99 99 
11            100 100 100 100 100 
12             100 100 100 100 
13              100 100 100 
14               100 100 
15                100 

Low values indicate low relative likelihood 

Each column in the table considers the different outcomes that are possible for a 
road length where a total of T collisions has been observed: the number of wet 
collisions, W, can range from 0 to T.  The relative likelihood of each of these 
outcomes is estimated as follows. 

1. General approach: 

Calculate the probability that W wet collisions occur within T total collisions, 
p(W,T), by assuming that wet collisions occur randomly, with a probability p(Wet).  
Values of p(Wet) are given below. 

𝑝(𝑊, 𝑇) =
𝑇!

𝑊! (𝑇 − 𝑊)!
∗ 𝑝(𝑊𝑒𝑡)𝑊(1 − 𝑝(𝑊𝑒𝑡))(𝑇−𝑊) 

This approach follows the binomial probability distribution.  The first part of the 
equation calculates the number of ways of achieving the stated outcome.  For 
example, 1 wet collision in 3 total collisions can be achieved in three ways: WDD, 
DWD or DDW.  [W=wet; D=’not wet’]. This is calculated as: 3!/(1!2!) = (3 * 2 * 1) / (1 * 2 * 
1) = 3. 

The second part of the equation calculates the probability of any one of these 
three results occurring, by combining the probability that W wet collisions will 
occur, p(Wet)^W, with the probability that (T-W) ‘not wet’ collisions will occur, (1-
p(Wet))^(T-W). 

The overall result describes the probability of achieving the outcome (W,T) from T 
‘dice rolls’ where the random probability that a dice roll will return W is p(Wet). 

2. Application to determine the relative likelihood of elevated wet collisions 
for each road length: 

For roads with high skid resistance, which are assumed to be Low Risk in terms of 
friction-related collisions, the proportion of wet collisions was 22% from the RST 
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study.  Similarly, for roads with low skid resistance, assumed to be High Risk in 
terms of friction-related collisions, the proportion of wet collisions was 42%. 

i. Calculate the probability of the outcome (W,T) if a road length is behaving 
as a Low Risk site, using p(Wet) = 0.22.  For the case of 1 wet collision in 3 
total collisions, we obtain: 

𝑝𝐿𝑜𝑤𝑅𝑖𝑠𝑘(1,3) =
3!

1! 2!
∗  0.221 ∗ (1 − 0.22)2 = 0.401 

ii. Calculate the probability of the outcome (W,T) if a road length is behaving 
as a High Risk site, using p(Wet) = 0.42.  For the case of 1 wet collision in 3 
total collisions, we obtain: 

𝑝𝐻𝑖𝑔ℎ𝑅𝑖𝑠𝑘(1,3) =
3!

1! 2!
∗  0.421 ∗  (1 − 0.42)2 = 0.424 

The relative likelihood that the road length is behaving as a High Risk site, i.e. with 
elevated risk of wet collisions, is assessed by comparing the relative sizes of 
p_LowRisk and p_HighRisk. 

iii. Calculate the relative likelihood, RL, that this road length is behaving as 
High Risk: 

𝑅𝐿 =
𝑝𝐻𝑖𝑔ℎ𝑅𝑖𝑠𝑘(𝑊,𝑇)

𝑝𝐿𝑜𝑤𝑅𝑖𝑠𝑘(𝑊,𝑇) + 𝑝𝐻𝑖𝑔ℎ𝑅𝑖𝑠𝑘(𝑊,𝑇)
∗ 100 

The addition of p_LowRisk and p_HighRisk in the denominator with no weighting 
assumes that in the overall ‘probability space’ representing T total collisions, these 
possibilities are equally likely.  (If information is available to suggest otherwise, 
this approach could be refined to incorporate it.) 

For the case of 1 wet collision in 3 total collisions we obtain: 

𝑅𝐿 =  
0.424

0.401 + 0.424
∗ 100 = 51 

The value is close to 50%, reflecting the result that the probability of the road 
length behaving as low risk is rather similar to the probability of the road length 
behaving as high risk, i.e. for 1 wet collision in 3 total, the data are not strongly 
suggestive of either High Risk or Low Risk behaviour.  For the other possible 
outcomes for 3 collisions (0, 2 or 3 wet) the relative likelihood values are more 
suggestive (29, 73 and 87, respectively, from Table A7). 

A5 Prioritisation 

The BCR and likelihood values determined in sections A3 and A4 should be used 
to determine the priority for investigation and treatment as follows: 

• Priority 1. Lengths with BCR ≥ 2.0 and likelihood > 50, ranked in order of 
descending likelihood followed by descending BCR in the event of a tie. 

• Priority 2. Lengths with 0 < BCR < 2.0 and likelihood > 50, ranked in order of 
descending likelihood followed by descending BCR in the event of a tie. 

• Priority 3. Lengths with BCR ≥ 2.0 and likelihood ≤ 50, ranked in order of 
descending BCR followed by descending likelihood in the event of a tie. 
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• Priority 4. Lengths with BCR = 0 and likelihood > 50, ranked in order of 
descending likelihood. 

• Priority 5. All other lengths, with BCR = 0 and likelihood ≤ 50. 


