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Executive summary 

Transport for London (TfL) is committed to achieving Vision Zero by 2041, eliminating all 
deaths and serious injuries on London’s transport network. A central pillar of this ambition is 
the Bus Safety Standard (BSS) – a programme of progressive safety requirements for new 
buses introduced in 2019 and enhanced in 2021 and 2024. The BSS covers four types of 
measures: 

• Driver assist - covers features intended to help the driver to avoid or mitigate the 
severity of a collision, 

• Partner assist: helps other road users to avoid a collision,  

• Occupant protection: aims to minimise injury to bus drivers and passengers if a collision 
occurs,  

• Partner protection: aims to minimise injury to other road users if they become involved 
in a collision with a bus. 

This interim evaluation provides the first network-wide assessment of the real-world safety 

benefits emerging from Phase 1 of the BSS, focusing on three technologies installed as part 
of the BSS for new buses and retrofitted to some older buses: Camera Monitor Systems 

(CMS), Intelligent Speed Assistance (ISA), and the Acoustic Vehicle Alerting System (AVAS), 
as well as the combined effect of the BSS package. 

The study linked TfL bus fleet data with STATS19 police-reported injury data from 2016/17 
to 2023/24 to compare casualty trends on routes with these technologies to routes without 
them. Results were investigated both in terms of absolute casualty numbers and 
exposure-adjusted rates, and specifically for the target populations most likely to benefit 
from each technology. 

BSS as a combined package 

The effect of all measures together was considered, including those buses that were new to 
the fleet with a BSS specification and buses retrofitted. 

• All casualties reduced significantly more on BSS routes than on control routes. 

• Casualty rates per vehicle-kilometre and per passenger dropped more steeply on BSS 
routes. 

• Although many subgroup differences do not reach statistical significance due to limited 
sample sizes, all directional trends show greater reductions for routes with BSS buses. 

The combined effect of BSS features is already visible and positive across the network. 

Table 1 gives a summary of the results in terms of the reductions in number of casualties 
and casualty rates from the before period to the after period. The final column shows the 
difference in the percentage points between the before and after; a negative value indicates 
that the casualties have reduced more (or increased less) on the BSS routes compared with 
the control routes. 
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Table 1: Summary of changes in casualties on BSS on control routes 

Comparison Casualty type BSS 
routes 

Control 
routes 

Difference (BSS routes 
– control routes) 

Casualty numbers; single year comparison between 
2016/17 and 2023/24 

All casualties -40.8% -21.5% -19.3% ▼ 

KSI casualties 47.4% 78.6% -31.2% ▼ 

Casualty numbers; three-year comparison between 
2016/17-2018/19 and 2021/22 -2023/24 

All casualties -29.3% -24.6% -4.7% ▼ 

KSI casualties 20.5% 22.5% -2.0% ▼ 

Casualty rates per vehicle-km; three-year comparison 
between 2016/17-2018/19 and 2021/22 -2023/24 

All casualties -27.9% -20.5% -7.4% ▼ 

KSI casualties 23.0% 29.0% -6.0% ▼ 

Casualty rates per passenger; three-year comparison 
between 2016/17-2018/19 and 2021/22 -2023/24 

All casualties -13.6% -3.2% -10.4% ▼ 

KSI casualties 47.3% 57.1% -9.8% ▼ 

Key:  ▼ statistically significant reduction, ▼reduction, non-significant,  

▲increase, non-significant, ▲ statistically significant increase 

Camera-Monitor Systems (CMS) 

CMS replace external mirrors with cameras and internal displays, reducing blind spots, 
improving driver awareness, and eliminating mirror-strike risks. Although CMS was fitted to 
limited proportion of the fleet during the study period, the safety signal is strong: 

• Total casualties reduced by 47.7% on CMS routes compared with 20.9% on control 

routes. 

• Overall, the number of KSIs increased. However, the increases were smaller on CMS 
routes than controls, although not statistically significant given small sample sizes. 

• The target population of VRUS in areas likely to be observed by the CMS shows 
promising directional improvement but lack statistical power due to low numbers. 

Overall, the results suggest that CMS has provided a safety benefit, but further analysis is needed 

to understand the longer-term effect using a larger sample size. 

Intelligent Speed Assistance (ISA) 

ISA helps ensure buses comply with posted speed limits. In this study the benefit was only 
considered in terms of casualties associated with TfL buses. However, buses compliance 
with speed limits might encourage other vehicles to comply with the speed limit and hence 
there might be wider casualty benefits.  

• Despite network-wide reductions in casualties in collisions with TfL buses, ISA routes did 

not consistently outperform control routes. 

• Significant casualty benefits were observed for the ISA target population—those in 
collisions where the bus was doing a manoeuvre which might involve high speeds. 

• KSI rates increased on both ISA and control routes, but the increase was significantly 

larger on ISA routes, warranting further investigation. 
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In summary, ISA shows targeted effectiveness but limited broader effect under current 
conditions, consistent with earlier expectations that London buses rarely exceed posted 
limits by large margins. 

Acoustic Vehicle Alerting Systems (AVAS) 

AVAS provides audible sounds on quiet-running (electric and hybrid) buses to help 
pedestrians and cyclists detect approaching vehicles when moving slowly. 

• By 2024, 37% of quiet-running buses had AVAS fitted. 
• Analysis was restricted to slow-speed manoeuvres, where AVAS is designed to operate. 
• 46% of casualties during 2022–24 occurred during these manoeuvres. 

• Differences between diesel buses, quiet buses with AVAS, and those without AVAS 
were small and not statistically significant. 

• Pedestrian and cyclist results suggest a possible benefit, but numbers remain too small 
to draw firm conclusions. 

Overall, early AVAS evidence is inconclusive but does not indicate any safety disbenefit. 

Future evaluation needs 

The analysis identified several limitations due to the data used and how it was analysed. A 
substantial constraint was identifying which route a bus was running on at the time of a 
collision. Several recommendations were made for potential future evaluation phases that 
could improve the analysis so that is more robust and stronger conclusions can be drawn. 
Key recommendations include: 

• Use iBUS to link buses to routes accurately at the time of collisions. 

• Shift to bus-level analysis rather than route-level for clearer technology attribution. 

• Obtain exposure data on a calendar-year basis to align with STATS19 reporting. 

• Explore IRIS/IE2 and telematics to capture non-injury collisions, near misses, and 
safety-critical events. 

• Develop enhanced classifications for target populations in both STATS19 and IRIS/IE2. 

Overall Conclusion 

Early evidence strongly indicates that the Bus Safety Standard is delivering meaningful 

safety improvements, particularly through CMS and the combined BSS package. ISA shows 
focused benefits, particularly for speed-related collision types, though broader impacts 
remain limited under current network conditions. AVAS effects are not yet detectable in 
casualty data but may become clearer as more quiet-running buses adopt the system. 

As BSS compliance expands and data systems improve, the scale of benefits is expected to 
grow, supporting TfL’s long-term ambition of a safe, low-risk bus network aligned with 

Vision Zero. 
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Glossary 

AEB Autonomous Emergency Braking 

AVAS Acoustic Vehicle Alerting System 

BSS Bus Safety Standard 

CMS Camera Monitor System 

iBUS System used to track location or TfL buses in real-time 

IRIS /IE2 Incident Reporting Information System / Information Exchange 2 

TfL system for reporting incidents 

ISA Intelligent Speed Assistance 

KSI Killed or Seriously Injured 

PTW Powered Two Wheelers 

STATS19 Database of reported injury collisions on the public highway. This includes data 
related to the collision, the vehicles involved and the resultant casualties. 

Target 
population 

A subset of casualties that are estimated to be affected by a measure 

TfL Transport for London 

VRN Vehicle Registration Number 

VRU Vulnerable road users 
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1 Introduction 

1.1 Background context 

Transport for London’s (TfL’s) commitment to Vision Zero and the elimination of all deaths 
and serious injuries from London’s transport network by 2041 was first set out in the 2018 
Mayor’s Transport Strategy (Policy 3) (Greater London Authority, 2018) and accompanying 
TfL Vision Zero action plan (Transport for London, 2018). As part of this, TfL also committed 
to ambitious interim targets for buses, which aimed to achieve a 70% reduction in people 
killed or seriously injured in, or by, London buses by 2022 (compared to a 2005-09 baseline) 
and for no-one to be killed in, or by, London buses by 2030. 

The TfL Bus action plan (Transport for London, 2022) further sets out TfL’s plan to deliver on 
the Mayor’s Transport Strategy vision for buses, which aims to build an attractive, efficient, 
safe and sustainable bus service for Londoners. Delivering on Vision Zero for buses forms a 
core tenet of the Bus action plan (Action 4), with TfL aiming to create a bus network where 
everyone feels able to travel by bus safely and with confidence. 

The TfL Bus safety strategy (Transport for London, 2023) brings together the Vision Zero and 
Bus action plans to build upon TfL’s vision for a safe and secure bus network through the TfL 
Bus Safety Programme. The TfL Bus Safety Programme was established in 2016 to deliver on 
the Vision Zero targets for buses and has continued to evolve as the risks and priorities for 
London’s bus network have developed over time. The programme follows international best 
practices by adopting a Safe Systems approach to achieving Vision Zero and is centred on 
the five key themes of safe speeds, safe streets, safe behaviours, safe vehicles and post-
collision support and investigation to ensure all parts of the system are strengthened. 

A central element of the Bus Safety Programme is TfL’s Bus Safety Standard (BSS) (Transport 
for London, 2018), which specifies progressive safety standards for all new bus vehicles that 
enter into service across the London fleet. These world-leading safety requirements for new 
buses were launched in 2018 and first implemented in bus operator route contracts in 2019. 
Progressive iterations of these requirements were later specified for 2021 and 2024.  

The BSS aims to go beyond current regulations with additional safety measure requirements 
that continue to be developed even today. The safety measures currently implemented by 
the BSS are wide ranging and include driver assist, partner assist, occupant protection and 
partner protection requirements to improve safety for specific casualty groups (Figure 1). 

• Driver assist: features to support bus drivers with avoiding, or mitigating the severity 
of, a collision 

• Partner assist: features to support other road users with avoiding a bus collision 

• Occupant protection: features to reduce the severity of injuries to bus drivers and 
passengers should a collision occur 

• Partner protection: features to reduce the severity of injuries to other road users 
should they become involved in a bus collision 
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Figure 1: The Bus Safety Standard (BSS) safety measures 

 

TfL developed a roadmap for the future implementation of the BSS (Transport for London, 
2020). Its purpose was to provide a tool for bus manufacturers and operators to understand 
TfL’s timelines for implementing the current BSS safety measures within the TfL Bus Vehicle 
Specification, which specifies technical requirements for all new buses procured by bus 
operators. 

To achieve TfL’s ambitious Vision Zero target for 2041, and with TfL’s desired three-yearly 
BSS development cycle in mind, the next iteration of the Bus Safety Standard will require 
the implementation of further safety measures by the Bus Vehicle Specification from 2027 
(Transport for London, 2023). The scope of these safety measures must focus both on 
emerging risks and on addressing the future casualty landscape to ensure the BSS continues 
to progressively drive forward the safety of London’s bus fleet. To achieve this, TfL’s Bus 
safety strategy includes an action (Action 1b) to research and develop new measures and 
requirements for inclusion in the BSS beyond 2024 through the Bus Safety Programme. 

Previous studies have used historic casualty data to extract ‘target populations’ for each of 
the measures in the BSS and, together with estimates of the effectiveness of each measure 
in reducing casualties, estimated the potential casualty savings that might be expected with 
each measure. Similar target populations were used in this study to estimate the effects of 
each measure. 
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Since 2019, new buses have entered the fleet with some of the BSS features, and there is 
also a programme of retrofitting some of the BSS features to existing buses. This task 
explores the casualty reductions observed so far and recommends options for future 
evaluation. 

1.2 BSS benefit realisation for buses 

The Bus Safety Standard is focussed on improving the design and safety systems on buses 
which aim to reduce the number of casualties in bus collisions and contribute to the Bus 
Safety Strategy to deliver Vision Zero. The Bus Safety Standard includes many elements, 
such as improving the direct vision for the driver, improving the frontal crashworthiness for 
VRU collisions and occupant-friendly interiors. 

As part of the development of the BSS, each of the components of BSS was researched and 
included an estimated change in the number of incidents and casualties. This was based on 
the target population of incidents that were likely to be affected by the measure, the roll-
out of new vehicles or retro-fitting and the estimated effectiveness of the measure in 
reducing casualties. 

1.3 Project objectives 

This project is an interim assessment of the casualty benefits observed following the 
implementation of the first phase of the BSS. This project uses STATS19 data to assess the 
casualty benefit in terms of casualties injured in collisions reported to and by the police. This 
data is collated by the police according to a specification and is used to measure road safety 
casualty targets. TfL also collect incident data (IRIS) which includes non-reported and non-
injury incidents which was not included in the scope of this project. STATS19 data was used 
to monitor casualties rather than IRIS because STATS19 is the national data set recorded by 
the police according to a specification, it is validated by TfL and DfT, was the basis of 
potential benefits of the BSS, and is used to monitor casualty reduction targets both for TfL 
and DfT. Further benefits from the introduction of the BSS, such as reductions in damage to 
buses and/or infrastructure where no casualties were involved, have not been assessed in 
this project. 

Newer vehicles built to the newest BSS specification will continue to be introduced to the 
fleet and older buses will be retrofitted with some of the technologies. Therefore, this 
project also engaged with stakeholders relevant to data provision and processes to 
understand what evaluation could be undertaken in the future and whether any changes to 
data collection, processes or analysis could make the evaluation more efficient or accurate. 

1.4 Report structure 

This report has the following sections: 

• Section 1.5 gives a summary of the technologies considered as part of this study. 

• Section 2 gives a summary of the data sources used and the methodology used to 
link the data sets and analyses to give the results 
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• Section 3 provides the results of the analysis for each of the technologies: 

o Section 3.2: BSS as a whole programme 

o Section 3.3: CMS 

o Section 3.4: ISA 

o Section 3.5: AVAS 

• Section 4 considers the requirements and options for future evaluations 

The appendices contain more detailed information. 

1.5 Technologies considered here 

1.5.1 BSS roadmap features and dates 

TfL’s BSS1 future road map (Transport for London, 2020) shows, for each year, which BSS 
measures are preferred or required. Table 2 shows the measures that are required for each 
BSS1 standard year.  BSS2 is due to launch in summer 2026.  Throughout this report, BSS is 
used to mean BSS1. 

 

Table 2: Summary of measures required in BSS1 

 2019 2021 2024 

Driver 
assist 

Pedal indicator lights 

Blind spot mirrors 

Blind spot CMS 

Reversing CMS 

Front and nearside warning 
systems 

Driver assault screens 

Intelligent Speed Assistance 

Runaway bus - Interlock protection 

Brake toggling 

Direct vision 

Enhanced direct vision 

Class II CMS 

AEB for front end 
collisions 

AEB logic 

Enhanced indirect vision 

Front and nearside 
warning system 

Partner 
assist 

Acoustic Vehicle Alerting 
System (AVAS) 

  

Partner 
Protection 

 Minimum geometry 

Wiper protection 

Class II CMS 

Optimised geometry 

Energy absorption 

Occupant 
projection 

Non-slip flooring Occupant friendly Interiors level 1 Occupant friendly 
Interiors level 2 

 

This project explores BSS as a whole programme, and also CMS, AVAS and ISA individually, 
which were also retrofitted on older buses. The measures are described in the following 
sections. 
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1.5.2 BSS as a package 

This study firstly assesses BSS as a package. This will include any vehicle that was new to the 
fleet with a BSS standard, plus any buses with ISA, CMS and AVAS retrofitted. 

1.5.3 CMS 

Camera-Monitor Systems (CMS) is a requirement for new buses from 2021. There has also 
been a programme of retrofitting CMS to older buses in the fleet. 

The CMS substitutes external mirrors with cameras outside the bus and corresponding 
monitors placed inside the bus. This approach removes the risk of a mirror hitting a 
pedestrian or infrastructure, as well as potentially reducing blind spots and assisting drivers 
by improving hazard perception. 

This was a new concept for bus drivers, and a previous study (Huysamen et al., 2019) set out 
recommendations for positioning CMS monitors in a bus which were used to specify the 
vehicle specifications for use in contracting of bus routes within London by TfL. 

1.5.4 ISA 

Reducing speeds of vehicles reduces both the likelihood of collisions and the injury severity 
of both bus occupants and other road users involved in collisions with a bus. 

Intelligent Speed Assistance (ISA) uses GPS and speed limit data to aid buses in staying 
within the signed speed limit. All new buses since 2018 have ISA fitted as standard and there 
has been a retrofit programme to add this technology to older buses in the fleet. TfL have 
also fitted ISA to other vehicles in their fleet (e.g. vehicle support fleet). 

A previous trial explored various research questions based on the installation of ISA on two 
routes (Greenshields et al., 2016). This included the potential benefits and disbenefits.  

The study showed that the journey times showed a marginal increase, together with a 
lightly lower average speed. This was estimated to give a marginal safety improvement in 
terms of bus collisions based on existing relationships between mean speeds and frequency 
of collisions. The study also explored whether the installation of ISA on buses had an effect 
on speeds of other vehicles around the bus. It found that when the speed limit was 20mph 
the proportion of vehicles around the bus that were speeding reduced, but when the speed 
limit was 30mph there was negligible effect. 

1.5.5 AVAS 

Acoustic Vehicle Alerting System (AVAS) is a system to make quieter running buses (e.g. 
electric, hybrid-electric and hydrogen) identifiable to pedestrians and cyclists, and other 
road users outside the vehicle. It is intended to help these Vulnerable Road Users (VRUs) 
detect the presence of a bus and reduce the collision risk it represents if they were to cross 
in front of it.  

There was concern that the introduction of quieter running buses to the TfL fleet could 
increase the number of collisions involving buses at low speed because of the lack of low-
speed noise cues. A previous report (Morgan et al., 2022) set out the steps to define a 
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solution for this issue and a further report (Muirhead & Waters, 2024) developed an ‘Urban 
Bus Sound’ to be used in AVAS systems on buses. AVAS was implemented as a pro-active 
measure on quiet-run buses to reduce the risk of casualties due to not hearing these buses 
and was required as part of the BSS for new buses in 2019, and retrofitted on some older 
vehicles. Some vehicles were also retrofitted with ‘responsive AVAS’ which uses a GPS 
system similar to that used in ISA to change the volume of the sound based on the location 
and time of day. 

2 Sources of data and methodology 

2.1 Sources of data 

The sources of data used for this study were: 

• STATS19 database of reported injury collisions on the public highway (2016-2024) 

• VRNs of TfL buses involved in collisions (2016-2024) 

• TfL fleet data, technology present and retrofitting dates as of 2025 

• Vehicle and passenger numbers by bus route (2016/17 to 2024/25) 

More details on these data sources are given in Appendix A. 

To align the timeline of data available, the data used for the results shown in Section 3 are 
for financial years 2016/17 to 2023/24. 

2.2 Linking data sets 

The data were linked as shown in Figure 2 using the following step: 

1. Vehicle fleet data was used to understand which technology was applicable to each 
bus. 

2.   IRIS data was linked to vehicle fleet data (linked on VRN) to give which technology 
was present on a bus at the time of an incident. 

3. Summarised by bus route and VRN to give date range of incidents on each bus on 
each route with different technologies present; these ranges sometimes overlapped. 

4. Linked to STATS19 data on VRN and date range to give whether each STATS19 
casualty occurred on a route with technologies or a control route; due to some 
overlapping ranges, some STATS19 data were linked to multiple routes.  

5. Exposure data grouped into measure and control for each technology and summed 
across routes. If a STATS19 case was linked to multiple routes that were all either 
measure or control then the case was included, if the multiple routes were different 
types then it was excluded from the analysis. 
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Figure 2: Data sets and linkages 

 

More details on the methodology is given in Appendix C. 

 

2.3 Analysis 

The analyses used data from STATS19 to explore the trends in the number of casualties over 
time between 2016/17 and 2023/24. The number of casualties on the roads is highly 
affected by the amount of exposure (traffic or travel) on the network, as shown in the 
trends over time in Appendix A.2.3. Therefore, analyses used: 

• Number of casualties (see Section 2.3.2). 

• Casualty rates in terms of casualties per bus vehicle km and casualties per bus 
passenger (see Section 2.3.5) which uses the exposure data as well as the casualty 
numbers to analyse the casualty risk. This is a more robust approach than analysing 
the absolute changes in casualties because changes in casualties in bus collisions are 
affected by changes in traffic and travel on buses. 

2.3.1 Measure and control routes 

The results in Section 3 show the trend in the number of casualties in TfL bus for routes 
where there was some technology present compared with those without (control). 

The routes where there were some buses with technology present also included buses 
without technology present, especially in the earlier years of the period. The first year or 
first three years of the analysis period were used as a ‘before’ which the later years were 
compared with; however, the later years still had casualties involved with buses without the 
technology fitted because not all buses on each route had the technology fitted or had it 
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fitted at different times. This means that the effect of the measures is diluted with buses 
without measures resulting in less statistical power in the analysis. 

Table 3 shows the number of incidents in IRIS on three example routes, by whether the bus 
had CMS present at the time of the incident. The table shows that: 

• Route 5 

o None of the incidents on this route between 2016 and 2024 involved a bus 
with CMS. 

o Therefore, this route was categorised as a control route for CMS. 

• Route 16: 

o None of the incidents on this route between 2016 and 2023 involved a bus 
with CMS. 

o In 2024 8 incidents involved buses without CMS and 3 incidents involved 
buses with CMS.  

o Therefore, this route was categorised as a CMS route. 

• Route 33: 

o None of the incidents on this route between 2016 and 2021 involved a bus 
with CMS. 

o Between 2022 and 2024 there were incidents involving buses both with and 
without CMS. 

o Therefore, this route was categorised as a CMS route. 

 

Table 3: Number of incidents on three example routes and CMS status 

Bus 
route 

CMS present Year of incident Route 
category 

2016 2017 2018 2019 2020 2021 2022 2023 2024 

5 No 43 21 19 28 17 17 24 20 42 Control 

16 CMS present - - - - - - - - 3 CMS 
route 

No 25 34 25 32 3 6 11 27 8 

33 CMS present - - - - - - 4 2 1 CMS 
route 

No 20 17 18 9 5 6 16 

 

1 

 

2.3.2 Number of casualties and target populations 

STATS19 data for reported casualties were available from April 2016 to December 2024. 
Charts and tables show data by financial year (so that it matches with the exposure data) 
from 2016/17 to 2023/24 relative to 2016/17. 
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The analysis shows two comparisons of casualty numbers: 

• Single-year comparison before (2016/17) with after (2023/24). The 2016/17 data has 
relatively few buses with technology so this single year before is not affected by 
technology. The single year after is good for assessing the current impact of 
technologies that were fitted later, for example ISA. However, the number of 
casualties in individual years can be small for some of the subgroups of casualties 
and therefore has relatively large errors leading to less robust analysis and results 
that might not be significant. 

• Three-year comparison before (2016/17 – 2018/19) with after (2021/22 – 2023/24). 
This longer period offers a larger sample size and is a more robust analysis. However, 
the before period does include some buses that were fitted with the technology, and 
the after period includes buses without technology. Therefore the results provide a 
conservative approach. 

The number of casualties is also split into various sub-groups to assess the impact of the BSS 
measures on different casualty groups or types of collision: 

• Killed and seriously injured and slight injuries 

• Road user groups 

• Inner and outer London Boroughs 

• Nighttime and daytime 

• Weekday and weekend 

• Target populations for CMS: 

o VRUs in collisions with TfL buses, and specifically those VRUs that are in 
collisions where they are likely to be in the area covered by mirrors or CMS 
(see Figure 18 in Appendix B.2) 

• Target population for ISA: 

o Casualties in collisions with a TfL bus which was doing a manoeuvre that 
might exceed the speed limit (going ahead, overtaking, changing lane) 

• Target population for AVAS: 

o Casualties in collisions with a TfL electric or hybrid bus doing a slow 
manoeuvre (reversing, parked, waiting to go ahead but held up, slowing or 
stopping, moving off, U-turn, waiting to turn left/right 

Table 4 gives a summary of the definitions of each target population. 
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Table 4: Definitions of target populations for each measure 

Target population Definition 

CMS target population  VRUs in collisions likely to be in the area coved by CMS 

ISA target population Casualties in collisions with a TfL bus which was doing a 
manoeuvre that might exceed the speed limit (going 
ahead, overtaking, changing lane) 

AVAS Casualties in collisions with a TfL electric or hybrid bus 
doing a slow manoeuvre (reversing, parked, waiting to 
go ahead but held up, slowing or stopping, moving off, 
U-turn, waiting to turn left/right 

 

The analysis has only considered reported injury collisions in STATS19. Therefore ‘damage 
only’ collisions such as those where an external mirror has hit another vehicle, roadside 
objects or bridges are not considered. 

In this study the effect on all casualties on the route has not been considered. This is 
particularly relevant for ISA, where buses travelling within the speed limit might encourage 
surrounding vehicles to travel within the speed limit. 

2.3.3 Statistical testing 

The number of casualties in a single year can be relatively small, especially for some of the 
subsets of data, leading to relatively large error bars, and differences not showing significant 
results. Therefore, we have also compared a group of three years from April 2016 to March 
2019 with a group of three years from April 2021 to March 2024 to give larger sample sizes 
for analysis (note that the 2016-2019 period is likely to have most buses without technology 
applied, although some of the vehicles were new to the fleet during this period or vehicles 
were retrofitted within this period. 

Collisions on a route are relatively rare, and occur independently, influenced by a complex 
mix of human, vehicle and environmental factors. Their occurrence at any given moment is 
unpredictable, which means that the number of collisions counted in a given time interval 
has a level of uncertainty due to this unpredictability. This is shown in the charts and tables 
as error bars or ranges, which show the 95% confidence interval based on the count and 
represent the 95% confidence interval around each value. Overlapping error bars or ranges 
suggests that the differences between values is not statistically significant. By highlighting 
values that are statistically significantly different means that the analysis is more robust as 
we are 95% certain that the difference has not occurred by chance. The error bars are 
calculated using the Poisson distribution, which is usually used for collision counts, which 
replicate a random arrival/Poisson Process. See Appendix C.5 for details of the formula 
used. Smaller counts have proportionately larger uncertainty. For example, a count of 25 
collisions has an error of approximately ±10 which is 40% of the value, whereas a count of 
100 collisions has an error of approximately ±20 which is 20% of the value. For counts above 
approximately 100 the error is approximately equal to twice the square root of the casualty 
count. 
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2.3.4 Worked example of interpreting results tables 

Table 5 shows an example table of results (this is for CMS single year comparison of casualty 
numbers). The table shows the number of casualties in the initial year (2016/17) and the 
number of casualties in 2023/24 relative to 2016/17. 100% represents no change in the 
number of casualties, a number less than 100% indicates a reduction and a number greater 
than 100% represents an increase. 

The text below the table shows how the numbers are interpreted. 

 

Table 5: Example results table (CMS single year before (2016/17) compared with single 
year after (2023/24) 

Casualty 
type 

CMS routes Control Significance 

2016/17 
total 

casualties 

2023/24 
relative to 

2016/17 

95% 
confidence 

interval 

2016/17 
total 

casualties 

2023/24 
relative to 

2016/17 

95% 
confidence 

interval 

All 
casualties 

329 52.3% 44.8%-60.7% 934 79.1% 73.5%-85.0% p<0.05 

KSI 
casualties 

28 132.1% 93.0%-182.1% 66 180.3% 149.4%-215.8% p>0.1 

 

The table shows: 

• For all casualties: 

o On the CMS routes: 

▪ There were 329 casualties in 2016/17. 

▪ In 2023/24 the number of casualties was reduced to 52.3% of this value 
(i.e. 172, a decreased of 47.7%) (confidence interval 44.8% - 60.7%). 

o On the control routes: 

▪ There were 934 casualties in 2016/17. 

▪ In 2023/24 the number of casualties was reduced to 79.1% of this value 
(i.e. 739, a decrease of 20.9%). (confidence interval 73.5% - 85.0%). 

o These two confidence intervals are distinct as they do not overlap. This 
suggests that the values are statistically significantly different. This is 
confirmed with p<0.5. 

• For KSI casualties: 

o On the CMS routes: 

▪ There were 28 KSI casualties in 2016/17 

▪ In 2023/24 the number of casualties was increased to 132.1% of this 
value (i.e. 37, an increase of 32.1%) (confidence interval 93.0% - 182.1%) 

o On the control routes: 
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▪ There were 66 KSI casualties in 2016/17 

▪ In 2023/24 the number of casualties was increased to 180.3% of this 
value (i.e. 119, an increase of 80.3%). (confidence interval 149.4% - 
215.8%). 

o These two confidence intervals are not distinct as they overlap. This suggests 
that the values are not statistically significantly different. This is confirmed 
with p>0.1. 

 

2.3.5 Casualty rates 

The number of casualties on a bus route will be affected by the exposure to the road safety 
risk. This is considered in this report in terms of the number of passengers on each route or 
the vehicle-km of buses on each route.  

The rate of casualties and KSIs is also shown based on the passenger numbers and/or 
vehicle km of the buses on each route. These are also shown relative to 2016/17 or 
2016/17-2018/19 so allow for easier comparison. 

Exposure data was not available in terms of passenger-km or for other road users on each 
route, or separated into areas (inner or outer London) or temporally (day, night, weekday 
and weekend) 

2.3.6 AVAS 

AVAS was introduced on many buses as part of renewing the fleet, and may have replaced 
diesel buses on the same routes. This mixture of diesel buses, quiet buses with AVAS and 
quiet buses without AVAS meant that the trend or before and after analysis used for the 
other measures was not suitable. 

Instead, the buses in STATS19 were linked to the current TfL fleet via the VRN and the date 
of retrofitting was compared with the collision date so that each casualty was categorised as 
involving a diesel bus, a quiet BSS bus (with AVAS from new), a quiet bus with AVAS 
retrofitted or a quiet bus without AVAS retrofitted 

The target population of casualties is those when the bus was doing manoeuvres that tend 
to be lower speed: parking, starting, stopping, waiting to turn left/right, reversing. 
Casualties in higher speed manoeuvres, including going ahead, changing lane and overtaking 
(although these might be low speeds in congested conditions) were not included in the 
target population. 

The analysis compared the proportion of casualties that were in low-speed bus manoeuvre 
collisions with those in higher speed manoeuvres. 

In this analysis the bus route was not used because there was a mixture of quiet-running 
buses with and without AVAS and diesel buses on many routes and therefore the casualty 
rate was not calculated. 
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2.3.7 Limitations 

2.3.7.1 Bus fleet assumptions and limitations 

BSS measures were first required in 2019, with subsequent requirements in 2021 and 2024. 
Some of these measures, which include blind spot mirrors, AVAS, CMS and ISA, have also been 
retrofitted to existing buses in the fleet.   

The bus fleet database provides a record of the BSS features on new buses, covering CMS, 
AVAS and ISA. It is updated monthly as new buses enter the fleet and includes details of the bus 
registration, tranche number and when the feature was introduced. SymTerra is a tool used to 
record and track features retrofitted on existing buses in the fleet. It replaced paper certificates 
in 2024.  

These two datasets form the basis of the fleet data used in this analysis. The limitations and 
assumptions of this fleet data include:  

• Not all BSS measures are recorded in the bus fleet database. For this analysis therefore, 
where measures are not recorded in the bus fleet database it is assumed that they were 
fitted to new buses by the December of the required year in the Bus Safety Standard 
roadmap.   

• Derogations can be given to bus manufacturers by TfL for a particular requirement in the 
Bus Vehicle Specification where an allowance is needed to provide manufacturers more 
time for development and alignment. They are applied to a specific batch of vehicles 
and are time limited with the expectation of retrofitting the requirement where possible, 
or the introduction of another feature. Derogations are recorded in the bus fleet 
database, but there are earlier derogations which may not have been comprehensively 
captured.    

• It is assumed that where a measure is required or recorded as present that it has been 
delivered according to the Bus Vehicle Specification and the tranche it falls into and is 
working as intended. TfL’s Engineering Quality Management provides an audit of buses 
through physically checking a percentage of buses each year, and alongside this an 
audit of all relevant BSS compliant buses is currently being undertaken by TfL. However, 
there may still be gaps with measures fitted but not working as intended or not delivered 
according to the requirements in the Bus Vehicle Specification.   

• The ISA retrofits completed before the introduction of SymTerra in 2024 are assumed to 
have been completed in January 2023 but there will be a proportion of retrofits 
completed before this date. For retrofitted features recorded in SymTerra, covering 
CMS, ISA and AVAS, the following day from the completion date is assumed to be the 
‘go live’ date for the technology. This assumes the technology is working as specified.  
Overlapping technologies 

• Blind spot mirrors were retrofitted to existing buses, however this pre-dates SymTerra 
and is captured in paper-based records. As of April 2020, 97% of the bus fleet was 
retrofitted with blind spot mirrors, and by the end 2020 the retrofit of blind spot mirrors 
was complete.  It is therefore assumed in this analysis that all buses had blind spot 
mirrors fitted by the end 2020.   

Other considerations for benefits analysis   
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• Mode share – changes in demand during the pandemic, population growth and the long 
mode share trends, for example an increase in the number of pedestrians, cyclists and 
bus occupants means the potential number of casualties also increases. Therefore, the 
benefits of a Bus Safety Standard measures may be underestimated due to the 
background increase in collisions and risk.   

• Fleet renewal - London buses are expected to conform to a 5+2 year contract, which a 
mid-life refurbishment before a second 5+2 year contract. This would make a total 
contract term of 14 years. However, there is variability across the fleet on the contract 
lengths, with some buses replaced earlier and others remaining in the fleet for longer 
which means there is some uncertainty as to how long each vehicle will be in the fleet 
for when calculating overall benefits, however 14 years should be taken as normal. 

Buses with CMS, ISA or AVAS are likely to have other technologies installed. This will be true 
of new BSS buses in the fleet. For example, any changes in casualty numbers or rates 
observed for CMS routes compared with control might also be influenced by the other 
technologies. Focussing on the target population of casualties for each measure was used to 
address this. 

Other road safety activities also have been going on throughout the period which may have 
contributed to changes in the number, type or severity of collisions and casualties. For 
example: 

• Changes to speed limits, e.g. many London boroughs have introduced 20 mph limits 

• Changes to infrastructure, e.g. junction improvements or active travel infrastructure 

• Changes to enforcement, e.g. changes to speed cameras or other enforcement 

• Changes to other vehicles, e.g. AEB/ISA installed on newer cars 

Some of these are accounted for somewhat by the use of control data, but any changes 
which are localised to specific geographic areas such as speed limits or cycle lanes cannot be 
accounted for in the analysis. 

2.3.7.2 Scope of STATS19 

This analysis has only considered STATS19 casualty data. This was used because it is the 
national database of reported injury collisions on the public highway, is collected according 
to a specification, was used to estimate the BSS benefits and is used for monitoring progress 
towards casualty targets. Collisions not reported to or by the police (for example some 
minor injuries), those not on the public highway (for example, in a bus station) or those not 
involving injury (for example a mirror hitting a bridge) are not included. 

2.3.7.3 Identification of measure and control routes 

The exposure data available for this project was in terms of bus routes; therefore, the 
analysis needed to be based on bus routes. The bus route was not part of the STATS19 
collision data. IRIS data has both bus route and VRN and was therefore used to give the date 
ranges of incidents involving each bus on each route with each technology. These 
sometimes overlapped due to buses being used on more than one route. There might be 
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buses which did not have an incident recorded in IRIS; and if none of the buses with 
technology on a route had an incident in IRIS then this route is classed as a control route. 

Table 6 gives a summary of the number of bus routes in the analysis for each technology 
and the whole BSS programme. 

 

Table 6: Summary of bus routes in analysis 

BSS Route Type CMS Route 
Type 

ISA Route 
Type 

AVAS Route 
Type 

Mileage data 
available 

No mileage 
data available 

Total 

BSS route CMS route Control AVAS route 14 - 14 

CMS route ISA route AVAS route 93 - 93 

Control ISA route AVAS route 40 - 40 

Control Control Control Control 568 8 576 

Total 

   

715 8 723 

 

Overall, from 723 bus routes, 147 routes had incidents involving at least one BSS bus and 
576 routes had no incidents involving buses with BSS technology and were used as controls 
throughout. There were also some additional controls for CMS and ISA where buses had not 
been retrofitted with both of these technologies.  

The uncertainly with linking buses to bus routes and the technology presents means that 
the results given in this study are conservative estimates of the effectiveness of the BSS 
measures because: 

• The control routes might include buses with technology installed but had no 
incidents 

• Not all buses on the routes categorised as measure had the technology installed 

• Some buses on the routes in the ‘before’ period had the technology (especially for 
the three-year before period which included some buses with BSS19 specification) 
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3 Results 

This section gives a summary of all casualties in collisions involving a TfL bus in London (3.1) 
to give some context to the types of casualties in bus collisions. The following sections give 
for results for: 

• CMS (section 3.2) 

• ISA (section  3.4) 

• AVAS (section 3.5) 

• BSS as a whole programme (section 3.2) 

3.1 STATS19 casualties in TfL bus collisions by collision / casualty type 

The STATS19 data was used to disaggregate all casualties in collisions in London between 
2016 and 2024 involving a TfL bus into different types. This considered pedestrians in 
collisions with buses, bus drivers, bus passengers and other vehicle users in collision with a 
TfL bus as shown in Table 7. 

 

Table 7: STATS19 casualties in collisions involving a TfL bus (STATS19 2016-2024) 

Road user type Killed Seriously 
injured 

Slightly 
injured 

Total 
casualties 

KSI 
casualties 

% of total 
casualties 

% of total KSI 
casualties 

% of casualties 
that were KSI 

Bus drivers  1   18   567   586   19  5.0% 1.4% 3.2% 

Bus passengers  11   739   8,009   8,759   750  74.7% 53.4% 8.6% 

Pedestrians in collision 
with buses 

 47   539   1,279   1,865   586  15.9% 41.7% 31.4% 

Other pedestrians 0  1   7   8   1  0.1% 0.1% 12.5% 

Cyclists 0     3   14   17   3  0.1% 0.2% 17.6% 

PTW users  1   6   18   25   7  0.2% 0.5% 28.0% 

Car occupants  1   35   373   409   36  3.5% 2.6% 8.8% 

Other occupants 0     2   47   49   2  0.4% 0.1% 4.1% 

Total  61   1,343   10,314   11,718   1,404  100.0% 100.0% 12.0% 
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Figure 3: All casualties in collisions involving a TfL bus (STATS19 2016-2024) 

 

In the eight-year period between 2016 and 2024 there were 11,718 total reported casualties 
of all severities (killed, seriously injured or slightly injured) in collisions involving a TfL bus. 
This represents approximately 5% of all reported road casualties in London. 

Bus drivers represented 5.0% of total casualties in bus collisions and 3.2% of KSI casualties. 

Almost three-quarters (74.7%) of all casualties in collisions involving a TfL bus were bus 
passengers. The majority (91.4%) of these passengers were slightly injured. Bus passengers 
made up 53.4% of all KSI casualties in TfL bus collisions. 

16.0 % of casualties in collisions involving a TfL bus were pedestrians (15.9% were hit by the 
TfL bus, other 0.1% hit by another vehicle in the collision). These casualties generally had a 
high severity (31.4% were KSI). 41.8% of all KSIs in bus collisions were pedestrians. 

For collisions involving three or more vehicles it is difficult to determine which vehicles hit 
each other, and therefore these are all grouped together as multi-vehicle collisions. 

More detailed STATS19 data including detailed collision partners for two-vehicle collisions is 
shown in Appendix B. 



TfL BSS Benefits Realisation Analysis   

 

 

Issue 1 18 XPR149 

3.2 BSS 

3.2.1 Fleet 

Buses were classed as ‘BSS buses’ if they were new to the fleet built to a BSS standard, or 
had been retrofitted with CMS, ISA or AVAS up to and including 2024. Out of the 8,883 
buses in the current fleet: 

• 2,262 were new BSS buses (25.4%) 

• 2,085 were retrofitted with CMS, ISA or AVAS by the end of 2024 (23.5%) 

• 4,536 were not BSS standard and had no retrofits up to 2024 (51.0%) 

3.2.2 Routes 

Table 8 shows the number of bus routes included in the analysis. Routes with incidents 
involving buses that were new with BSS specification or had any of CMS, ISA or AVAS 
retrofitted were classed as BSS routes. Routes with no incidents involving a BSS bus, or 
routes with no incidents were control routes. 

 

Table 8: Number of bus routes by BSS status (bus fleet, IRIS data and mileage data) 

BSS Route Type Mileage data available  Mileage data not 
available 

Total 

BSS route 147 - 147 

Control 568 8 576 

Total 715 8 723 

 

There were 147 BSS routes and 576 control routes. As with the ISA and CMS analysis, there 
were 8 routes for which no exposure data were available. These were special or school 
services. Analysis based on numbers of casualties includes casualties, but they are excluded 
for analysis of rates.  

3.2.3 Casualties 

Figure 4 shows the total number of casualties in collisions involving a TfL bus over time 
relative to the 2016/17 value for routes where BSS was present compared with those 
without (control). 

 



TfL BSS Benefits Realisation Analysis   

 

 

Issue 1 19 XPR149 

 

Figure 4: All casualties on BSS routes and control routes 

 

In 2017/18, relative to 2016/17, there is a slight decrease in casualties on the BSS routes. 
From 2018/19 onwards, both groups experience a decline in casualties in comparison to 
2016/17. There is a noticeable drop in 2020/21, largely attributed to the global pandemic. 
After 2021/2022, and with the increase of post covid activity, casualties increase for both 
groups. However, the control routes consistently record higher casualty levels than BSS 
routes in every subsequent year. By 2023/24, both groups remain well below the 2016/17 
baseline, with BSS routes showing a larger overall reduction. 

Error bars indicate variability around the estimates, but despite this uncertainty, BSS routes 
appear to be associated with consistently lower casualty levels compared with the Control 
group after the baseline year. 

Figure 5 shows similar analysis for KSI casualties. 
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Figure 5: KSI casualties on BSS and control routes relative to 2016/17 

 

The number of KSIs relative to 2016/17on BSS routes was consistently lower those on the 
control routes; although the last two data points for BSS routes still represent an increase in 
KSIs from 2016/17, this increase is less than on the control routes. 

 

Table 9 shows the comparison of 2023/24 with 2016/17 for all casualties and various 
subgroups of casualties. 
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Table 9: BSS comparison of casualty numbers single year before (2016/17) and single year 
after (2023/24) (orange highlights show significant (p<0.05) results) 

Casualty type BSS routes Control Signifi 
cance 

2016/17 total 
casualties 

2023/24 
relative to 

2016/17 

95% confidence 
interval 

2016/17 
total 

casualties 

2023/24 
relative to 

2016/17 

95% confidence 
interval 

All casualties 417 59.2% 52.1%-67.1% 846 78.5% 72.6%-84.7% p<0.05 

KSI casualties 38 147.4% 111.3%-191.4% 56 178.6% 145.3%-217.2% p>0.1 

VRUs 68 76.5% 57.1%-100.3% 110 83.6% 67.4%-102.6% p>0.1 

Bus occupants 334 57.8% 49.9%-66.5% 709 76.3% 70.0%-83.0% p<0.05 

Inner London 269 46.8% 39.0%-55.8% 411 79.6% 71.2%-88.7% p<0.05 

Outer London 148 81.1% 67.2%-97.0% 434 77.2% 69.1%-85.9% p>0.1 

Weekday 329 61.1% 52.9%-70.1% 673 75.0% 68.6%-81.9% p>0.1 

Weekend 88 52.3% 38.3%-69.7% 173 91.9% 78.2%-107.4% p<0.05 

Daytime 352 58.5% 50.8%-67.1% 714 78.7% 72.3%-85.5% p<0.05 

Nighttime 65 63.1% 45.3%-85.6% 132 77.3% 63.0%-93.8% p>0.1 

 

The BSS group showed consistently lower casualty percentage rates in comparison to the 
control routes for the year 2023/24 relative to the baseline year of 2016/17. Notably, both 
BSS and control routes showed a decrease in casualties in 2023/24 relative to 2016/17 in 
most subgroups. The KSI casualties for BSS and control groups was the only exception where 
an increase of 47.4% and 78.6% was recorded respectively. 

The subgroup that recorded the biggest relative decrease in casualties from 2016/17 to 
2023/24, was Inner London with a 53.2% decrease on BSS routes, significantly larger than 
the 20.4% reduction on the control routes. 

Most of the casualties were bus occupants, and as with all casualties, these showed a 
significantly larger reduction on the BSS routes compared with the control routes. 

There were also significantly larger reductions on the BSS routes compared with the control 
routes for casualties at the weekend and during the daytime. 

Some of the subgroups of casualties are relatively small and have large 95% confidence 
intervals when analysing single years of data. Therefore, in Table 10 three years 2021/22- 
2023/24 are compared with the three earliest years (2016/17 to 2018/19). 
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Table 10: BSS comparison of casualty numbers three years before (2016/17 – 2018/19) 
and three years after (2021/22 – 2023/24) (orange highlights show significant (p<0.05) 

results)  

Casualty type BSS routes Control Significance 

2016/17 to 
2018/19 total 

casualties 

2021-2024 
relative to 

2016/17 to 
2018/19 

95% confidence 
interval 

2016/17 
to 

2018/19 
total 

casualties 

2021-2024 
relative to 

2016/17 to 
2018/19 

95% confidence 
interval 

 

All casualties 1048 70.7% 65.7%-76.0% 2449 75.4% 72.0%-78.9% p>0.1 

KSI casualties 112 120.5% 101.1%-142.7% 231 122.5% 108.7%-137.6% p>0.1 

VRUs 170 80.6% 67.7%-95.3% 341 78.0% 68.9%-88.0% p>0.1 

Bus occupants 833 70.9% 65.3%-76.9% 2039 74.1% 70.4%-77.9% p>0.1 

Inner London 647 57.3% 51.7%-63.5% 1234 72.7% 68.0%-77.6% p<0.05 

Outer London 401 92.0% 82.9%-101.9% 1210 78.3% 73.4%-83.4% p<0.1 

Weekday 804 75.4% 69.5%-81.6% 1874 78.4% 74.4%-82.5% p>0.1 

Weekend 244 55.3% 46.4%-65.5% 575 65.7% 59.3%-72.7% p>0.1 

Daytime 839 73.4% 67.7%-79.5% 2007 76.1% 72.4%-80.0% p>0.1 

Nighttime 209 59.8% 49.8%-71.3% 442 72.2% 64.5%-80.5% p>0.1 

 

As with the single year comparisons, KSI casualties showed an increase, though the increase 
was greater (not significantly so) on the control routes (22.5%) than on the BSS routes 
(20.5%). 

There were decreases on the BSS routes compared with the controls for the following 
groups: 

• All casualties (29.3% reduction on BSS routes compared with 24.6% on control 
routes) 

• Bus occupants (29.1% reduction on BSS routes compared with 25.9% on control 
routes) 

• Casualties in inner London (42.7% reduction on BSS routes compared with 27.3% on 
control routes) – a significant difference 

• Casualties on weekdays (24.6% reduction on BSS routes compared with 21.6% on 
control routes) 

• Casualties on weekends (44.7% reduction on BSS routes compared with 34.3% on 
control routes) 

• Casualties during daytime (26.6% reduction on BSS routes compared with 23.9% on 
control routes) 

• Casualties during nighttime (40.2% reduction on BSS routes compared with 27.8% on 
control routes) 
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3.2.4 Casualty rates 

The number of casualties in bus collisions is highly affected by the bus vehicle mileage and 
number of people using the bus. 

Figure 6 shows the overall casualty rate per 100 million vehicle-km. 

 

 

Figure 6: Overall casualty rate per 100 million vehicle-km on BSS and control groups 
relative to 2016/17 

 

The casualty rates on the BSS routes have reduced more than on the control routes for most 
of the years. 

Table 11 shows the comparison of the rates in the first and last three-year periods for all 
casualties and some of the sub-groups. Rates were not calculated for subgroups that were 
geography or time based as exposure data was not available to match. 
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Table 11: BSS casualty rates (per 100 million veh-km) three years before (2016/17 - 
2018/19) compared with three years after (2021/22 – 2023/24) 

Casualty 
type 

BSS routes Control Signif 
icance 

2016/17 
to 

2018/19 
casualty 

rate  

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 
casualty 

rate relative 
to 2016/17 
to 2018/19 

95% 
confidence 

interval 

2016/17 
to 

2018/19 
casualty 

rate 

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 

casualty rate 
relative to 

2016/17 to 
2018/19 

95% 
confidence 

interval 

All 
casualties 

206.4 148.9 72.1% 67.0%-77.5% 258.6 205.7 79.5% 75.9%-

83.2% 

p<0.1 

KSI 
casualties 

22.1 27.1 123.0% 103.1%-

145.5% 

24.4 31.4 129.0% 114.4%-

145.0% 

p>0.1 

Bus 
occupants 

164.1 118.8 72.4% 66.7%-78.5% 215.3 168.2 78.1% 74.2%-

82.2% 

p>0.1 

VRUs 33.5 27.5 82.2% 69.0%-97.2% 36.1 29.7 82.1% 72.5%-

92.6% 

p>0.1 

 

Comparing the rates in 2016/17-2018/19 for BSS and control routes gives that the BSS 
routes had a lower casualty rate in terms of casualties per millions vehicle km (206.4 
compared with 258.6). For KSIs, bus occupants and VRUs this was also the case.  

As with the casualty numbers, the rates for all casualties and bus occupants have reduced 
more on BSS routes compared with control routes. As with KSI casualty numbers, the KSIs 
showed an increasing trend, although the KSIs on BSS routes increased less than on control 
routes (but not significantly so). The other groups showed larger casualty reductions on the 
CMS routes compared with the control routes, but not significantly so. 

 

Figure 7 shows the casualty rate per 100 million passengers. 
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Figure 7: Overall casualty rate per 100 million passengers on BSS and control groups 
relative to 2016/17 

 

As with the rates in terms of vehicle-km, the rates in terms of passenger numbers also show 
greater reduction on BSS compared with control routes. 

Table 12 shows the rates for the first and last three years. 

 

Table 12: BSS casualty rates (per 100 million passengers) three years before (2016/17 – 
2018/19) compared with three years after (2021/22 – 2023/24) 

Casualty 
type 

BSS routes Control Signifi 
cance 

2016/17 
to 

2018/19 
casualty 

rate  

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 
casualty 

rate relative 
to 2016/17 
to 2018/19 

95% 
confidence 

interval 

2016/17 
to 

2018/19 
casualty 

rate 

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 

casualty rate 
relative to 

2016/17 to 
2018/19 

95% 
confidence 

interval 

All 
casualties 

43.9 38.0 86.4% 80.3%-

92.9% 

59.6 57.7 96.8% 92.5%-

101.4% 

p<0.05 

KSI 
casualties 

4.7 6.9 147.3% 123.5%-

174.4% 

5.6 8.8 157.1% 139.3%-

176.6% 

p>0.1 

Bus 
occupants 

34.9 30.3 86.7% 79.9%-

94.0% 

49.6 47.2 95.1% 90.4%-

100.1% 

p<0.05 

VRUs 7.1 7.0 98.5% 82.7%-

116.4% 

8.3 8.3 100.0% 88.3%-

112.7% 

p>0.1 
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As with the casualty numbers and rates, there was a significantly larger reduction on the BSS 
routes for all casualties and bus occupants. The KSI rates increased less on the BSS routes 
than on the control routes (but not significantly so). For the other groups there was a larger 
reduction on the BSS routes compared with the control routes, but not significantly so. 

 

3.2.5 BSS summary 

BSS features, whether fitted from new according to the BSS specification or retrofitted 
(CMS, ISA, AVAS), are present across a growing share of the fleet,  

Table 13 gives a summary of the results in terms of the reductions in number of casualties 
and casualty rates from the before period (single year of 2016/17 or the larger sample size 
of the three-year period 2016/17-2018/19) to the after period (single year of 2023/24 or the 
larger sample size of the three-year period 2021/22-20123/24). The final column shows the 
difference in the percentage points between the before and after; a negative value indicates 
that the casualties have reduced more (or increased less) on the BSS routes compared with 
the control routes. 

 

Table 13: Summary of changes in casualties on BSS on control routes 

Comparison Casualty type BSS 
routes 

Control 
routes 

Difference (BSS routes 
– control routes) 

Casualty numbers; single year comparison between 
2016/17 and 2023/24 

All casualties -40.8% -21.5% -19.3% ▼ 

KSI casualties 47.4% 78.6% -31.2% ▼ 

Casualty numbers; three-year comparison between 
2016/17-2018/19 and 2021/22 -2023/24 

All casualties -29.3% -24.6% -4.7% ▼ 

KSI casualties 20.5% 22.5% -2.0% ▼ 

Casualty rates per vehicle-km; three-year comparison 
between 2016/17-2018/19 and 2021/22 -2023/24 

All casualties -27.9% -20.5% -7.4% ▼ 

KSI casualties 23.0% 29.0% -6.0% ▼ 

Casualty rates per passenger; three-year comparison 
between 2016/17-2018/19 and 2021/22 -2023/24 

All casualties -13.6% -3.2% -10.4% ▼ 

KSI casualties 47.3% 57.1% -9.8% ▼ 

Key:  ▼ statistically significant reduction, ▼reduction, non-significant,  

▲increase, non-significant, ▲ statistically significant increase 

 

The casualty trends on BSS routes show consistently lower casualty levels than on control 
routes, with all casualties showing a significantly lower reduction than on the control routes. 
KSI casualties show stronger reductions on BSS routes, although this did not reach statistical 
significance due to wide confidence intervals. Casualty rates per vehicle‑kilometre and per 
passenger also show consistently greater reductions on BSS routes, suggesting a positive 
combined effect of the BSS as a whole. 
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3.3 CMS 

3.3.1 Fleet 

Class II CMS was required from BSS 2021 and retrofitted on some of the older buses. Out of 
the 8,883 TfL buses in the 2025 fleet: 

• 1,744 buses with CMS from new (20% of fleet) 

• 289 retrofitted in 2024 (3% of fleet) 

• 6,850 no CMS in 2024 (77% of fleet). This includes BSS-2019 buses, those with no 
CMS fitted plus those that were retrofitted in 2025 (which are not included in the 
analysis because the STATS19 casualty data for 2025 was not available). This also 
includes 142 buses status (1.5% of fleet) where it was unclear on the CMS (for 
example where it was recorded that CMS was retrofitted, but no date given). 

3.3.2 Routes 

The IRIS data was used to explore on which routes each bus was operational between 2016 
and 2024. Routes were categorized as follows (the number of routes in each category is 
shown in Table 14): 

• Routes that had at least one incident involving a bus with CMS at time of the incident 
were classed as ‘CMS routes’. 

• Routes with no incidents involving CMS buses were classed as control routes. This 
includes both routes where all the incidents were on buses without CMS and routes 
with buses with CMS which had not been involved in an incident. 

 

Table 14: Number of bus routes by CMS status (bus fleet, IRIS data and mileage data) 

CMS Route Type Mileage data available  Mileage data not 
available 

Total 

CMS route 107 - 107 

Control 608 8 616 

Total 715 8 723 

 

Out of the 723 routes recorded in the IRIS data or bus mileage data: 

• 107 routes which had at least one bus that had CMS involved in an incident. 

• 616 routes only had incidents involving buses with no CMS, or had no incidents. 
These were used as ‘control’ routes. These included 8 routes for which no mileage 
data were available (these were special or school services). These bus routes were 
included in the analysis of casualty numbers but excluded from the analysis of 
casualty rates; due to the relatively small number of these this is unlikely to make a 
difference to the overall results. 
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3.3.3 Casualty target population 

Table 15 shows the total number of casualties in collisions with a TfL bus in London in the 
eight-year analysis period between 2016/17 and 2023/24, together with the number of VRU 
casualties and the target population for CMS. 

 

Table 15: Total number of casualties in eight-year analysis period (2016/17 - 2023/24): all 
casualties, VRUs and CMS target population 

 Number of casualties in 
collisions involving a TfL bus in 

eight years 2016/17 to 2023/24 

Percentage of all 
casualties 

All casualties 7,858 100.0% 

VRU casualties 1,224 15.6% 

CMS target population: VRUs in collisions 
likely to be in the area coved by CMS 

316 4.0% 

 

16% of the casualties in a collision involving a TfL bus were VRUs (the vast majority of the 
remainder were bus occupants). The target population is a subset of VRUs in the area 
covered by mirrors or CMS and represents 4.0% of all casualties in collisions with a TfL bus. 

3.3.4 Casualty trends 

Figure 8 shows the total number of casualties in collisions involving a TfL bus each year 
relative to the 2016/17 value for routes where CMS was present compared with those 
without (control). 

 

 

Figure 8: All casualties on CMS routes and control routes 
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In 2017/18, relative to 2016/17, there is a slight decrease in casualties on the CMS routes 
relative to the control. From 2018/19 onwards, both groups experience a decline in 
casualties in comparison to 2016/17. There is a noticeable drop in 2020/21, largely 
attributed to the global pandemic. After 2021/2022, and with the increase of post covid 
activity, casualties increase for both groups. However, the control routes consistently record 
higher casualty levels than CMS routes in every subsequent year. By 2023/24, both groups 
remain well below the 2016/17 baseline, with CMS route showing a larger overall reduction. 

Error bars indicate variability around the estimates, but despite this uncertainty, CMS routes 
appear to be associated with consistently lower casualty levels compared with the Control 
group after the baseline year. 

Figure 9 shows similar analysis for KSI casualties. 

 

 

Figure 9: KSI casualties on CMS and control routes relative to 2016/17 

 

As with all severities, for both control and CMS routes, KSI casualties showed a general 
reduction to 2020/21 and have increased in the years since, with data for 2022/23 and 
2023/24 showing an increased number of casualties from 2016/17. For all years the CMS 
routes showed greater reductions (or lesser increases) than the control routes. 

 

Table 16 shows the CMS comparison of casualties in the single year before (2023/24) with 
after (2016/17) for all casualties and various subgroups of casualties. 
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Table 16: CMS comparison of casualty numbers for single year before (2016/17) and after   
(2023/24) (orange highlights show significant (p<0.05) results) 

Casualty type CMS routes Control Signifi 
cance 

2016/17 
total 

casualties 

2023/24 
relative to 

2016/17 

95% 
confidence 

interval 

2016/17 
total 

casualties 

2023/24 
relative to 

2016/17 

95% 
confidence 

interval 

All casualties 329 52.3% 44.8%-60.7% 934 79.1% 73.5%-85.0% p<0.05 

KSI casualties 28 132.1% 93.0%-182.1% 66 180.3% 149.4%-215.8% p>0.1 

VRUs 50 62.0% 42.1%-88.0% 128 88.3% 72.8%-106.1% p>0.1 

CMS target 
population * 

13 69.2% 31.7%-131.4% 31 106.5% 73.3%-149.5% p>0.1 

Bus occupants 267 52.4% 44.1%-61.9% 776 76.5% 70.5%-83.0% p<0.05 

Inner London 205 43.4% 34.9%-53.4% 475 76.6% 69.0%-84.9% p<0.05 

Outer London 124 66.9% 53.3%-83.0% 458 81.2% 73.2%-89.9% p>0.1 

Weekday 267 52.4% 44.1%-61.9% 735 77.0% 70.8%-83.6% p>0.1 

Weekend 62 51.6% 35.3%-72.9% 199 86.9% 74.5%-100.9% p>0.1 

Daytime 281 52.3% 44.2%-61.5% 785 79.1% 73.0%-85.6% p<0.05 

Nighttime 48 52.1% 33.7%-76.9% 149 79.2% 65.6%-94.8% p>0.1 

* Target population based on vehicle and VRU manoeuvres and impacts as described in Section 1.5.2 

 

The CMS routes showed consistently lower numbers of casualties for the year 2023/24 
relative to the baseline year of 2016/17 (taken to be at 100%) than for the control routes. 
Notably, both groups showed a decrease in casualties in 2023/24 relative to 2016/17 in all 
subgroups except for the KSI casualties for CMS routes, KSI casualties and CMS target 
population for the control groups. These exhibited a 32.1%, 80.3% and 6.5% increase in 
2023/24 relative to 2016/17, respectively. 

Most of the casualties were bus occupants and these showed a significantly larger decrease 
on the CMS routes compared with the control routes. Although the target population is 
VRUs in locations that are covered by the CMS, there may be a benefit to bus occupants if 
the driver’s early observation of a VRU via the CMS eliminates harsh braking which may 
cause bus occupant casualties or other use of the CMS has improved driving standards. 

There were relatively few VRUs injured, accounting for 15% of all casualties in 2016/17. The 
CMS population is a smaller subset of these, and accounted for 4% of all casualties in 
2016/17. The CMS population showed a large reduction (30.8%) compared with a small 
increase (6.5%) on the control routes; however, with the small number of these casualties 
the confidence intervals are wide and the difference is not statistically significant. 

The subgroup that recorded the biggest relative decrease in casualties from 2016/17 to 
2023/24, was Inner London with 57% reduction on CMS routes; this was significantly larger 
than the 23% reduction on the control routes. 
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Some of the subgroups of casualties are relatively small and have large 95% confidence 
intervals when analysing single years of data. Therefore in Table 17 the sample size is 
expanded for all casualties and subgroups to  three years after (2021/22  to 2023/24) are 
compared with the three earliest years (2016/17 to 2018/19). 

 

Table 17: CMS comparison of casualty numbers for three years before (2016/17 to 
2018/19) and three years after (2021/22 to 2023/24) (orange highlights show significant 

(p<0.05) results) 

Casualty type CMS routes Control Signifi 
cance 

2016/17 
to 

2018/19 
total 

casualties 

2021/22-
2023/24 

relative to 
2016/17 to 

2018/19 

95% confidence 
interval 

2016/17 to 
2018/19 total 

casualties 

2021/22-2023/24 
relative to 

2016/17 to 
2018/19 

95% confidence 
interval 

All casualties 813 64.6% 59.2%-70.3% 2,684 76.9% 73.6%-80.3% p<0.05 

KSI casualties 82 113.4% 91.5%-138.9% 261 124.5% 111.3%-138.8% p>0.1 

VRUs 123 74.8% 60.3%-91.7% 388 80.2% 71.5%-89.6% p>0.1 

CMS target 
population * 

34 76.5% 50.0%-112.0% 92 96.7% 77.7%-119.0% p>0.1 

Bus occupants 656 64.9% 58.9%-71.4% 2,216 75.6% 72.1%-79.3% p<0.05 

Inner London 488 55.9% 49.5%-63.0% 1,393 71.4% 67.1%-76.0% p<0.05 

Outer London 325 77.5% 68.3%-87.7% 1,286 82.7% 77.8%-87.9% p>0.1 

Weekday 630 67.6% 61.3%-74.4% 2048 80.5% 76.7%-84.5% p<0.05 

Weekend 183 54.1% 44.0%-65.9% 636 65.1% 59.0%-71.7% p>0.1 

Daytime 658 66.6% 60.5%-73.1% 2,188 78.0% 74.3%-81.8%* p>0.1 

Nighttime 155 56.1% 45.0%-69.2% 496 72.0% 64.7%-79.8% p>0.1 

* Target population based on vehicle and VRU manoeuvres and impacts as described in Section 1.5.2 

 

As with the single year comparisons, KSI casualties showed an increase, though the increase 
was less (not significantly so) on the CMS routes (13%) than on the control routes (24%). 

There were significant decreases on the CMS routes compared with the controls for the 
following groups: 

• All casualties (35% reduction on CMS routes compared with 23% on control routes) 

• Bus occupants (35% reduction on CMS routes compared with 24% on control routes) 

• Casualties in inner London (44% reduction on CMS routes compared with 29% on 
control routes 

• Casualties on weekdays (32% reduction on CMS routes compared with 20% on 
control routes) 
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3.3.5 Casualty rates 

The number of casualties in bus collisions is highly affected by the exposure of the 
population to the casualty risk. In this section the exposure in terms of bus vehicle mileage 
and the number of people using the bus was used to calculate casualty rates. 

Figure 10 shows the overall casualty rate per 100 million vehicle-km. 

 

 

Figure 10: Overall casualty rate per 100 million vehicle-km on CMS and control groups 
relative to 2016/17 

 

The casualty rates on the CMS routes have reduced more than on the control routes for 
most of the years. 

Table 18 shows the comparison of the rates in the first and last three-year periods for all 
casualties and some of the sub-groups. Rates were not calculated for subgroups that were 
geography or time based as exposure data was not available to match. 
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Table 18: CMS casualty rates (per 100 million veh-km) three-year before (2016/17 to 
2018/19 compared with three years after (2021/22 to 2023/24) (orange highlights show 

significant (p<0.05) results) 

Casualty 
type 

 CMS routes Control Signifi 
cance 

2016/17 
to 

2018/19 
casualty 

rate  

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 

casualty rate 
relative to 

2016/17 to 
2018/19 

95% 
confidence 

interval 

2016/17 
to 

2018/19 
casualty 

rate 

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 

casualty rate 
relative to 

2016/17 to 
2018/19 

95% 
confidence 

interval 

All 
casualties 

190.3 125.7 66.0% 60.5%-

71.9% 

261.3 211.0 80.7% 77.3%-84.3% p<0.05 

KSI 
casualties 

19.2 22.3 116.0% 93.6%-

142.1% 

25.4 33.2 130.7% 116.8%-

145.7% 

p>0.1 

Bus 
occupants 

153.5 102.0 66.4% 60.3%-

73.0% 

215.7 171.3 79.4% 75.7%-83.3% p<0.05 

VRUs 28.8 22.0 76.5% 61.7%-

93.8% 

37.9 31.8 84.1% 75.0%-93.9% p>0.1 

CMS target 
population* 

8.0 6.2 78.2% 51.1%-

114.6% 

9.0 9.1 101.4% 81.5%-

124.8% 

p>0.1 

* Target population based on vehicle and VRU manoeuvres and impacts as described in Section 1.5.2 

 

Comparing the rates in 2016/17 - 2018/19 for CMS and control routes gives that the CMS 
routes had a lower casualty rate in terms of casualties per millions vehicle km (190.3 
compared with 261.3). For KSIs, bus occupants and VRUs this was also the case. 

As with the casualty numbers, the rates for all casualties and bus occupants have reduced 
significantly more on CMS routes compared with control routes. As with casualty numbers, 
the KSIs showed an increasing trend, although the KSIs on CMS routes increased less than 
on control routes (but not significantly so). The other groups showed larger reduction on the 
CMS routes compared with the control routes, but not significantly so. 

Figure 11 shows the casualty rate per 100 million passengers. 
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Figure 11: Overall casualty rate per 100 million passengers on CMS and control groups 
relative to 2016/17 

 

As with the rates in terms of vehicle-km, the rates in terms of passenger numbers also show 
greater reduction on CMS compared with control routes. 

Table 19 shows the rates for the first and last three years. 

As with the casualty numbers and rates, there was a significantly larger reduction on the 
CMS routes for all casualties and bus occupants. The KSI rates increased less on the CMS 
routes than on the control routes (but not significantly so). For the other groups there was a 
larger reduction on the CMS routes compared with the control routes, but not significantly 
so. 
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Table 19: CMS casualty rates (per 100 million passengers) three-year comparison (orange 
highlights show significant (p<0.05) results) 

Casualty 
type 

 CMS routes Control Signifi 
cance 

2016/17 
to 

2018/19 
casualty 

rate  

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 
casualty 

rate 
relative to 

2016/17 to 
2018/19 

95% 
confidence 

interval 

2016/17 
to 

2018/19 
casualty 

rate 

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 
casualty 

rate 
relative to 

2016/17 to 
2018/19 

95% 
confidence 

interval 

All 
casualties 

40.7 32.6 80.1% 73.4%-87.2% 59.6 58.2 97.6% 93.4%-101.9% p<0.05 

KSI 
casualties 

4.1 5.8 140.7% 113.5%-172.3% 5.8 9.1 158.0% 141.2%-176.1% p>0.1 

Bus 
occupants 

32.9 26.5 80.5% 73.1%-88.6% 49.2 47.3 96.0% 91.5%-100.7% p<0.05 

VRUs 6.2 5.7 92.8% 74.8%-113.8% 8.6 8.8 101.6% 90.6%-113.6% p>0.1 

CMS target 
population* 

1.7 1.6 94.8% 62.0%-139.0% 2.0 2.5 122.6% 98.5%-150.9% p>0.1 

* Target population based on vehicle and VRU manoeuvres and impacts as described in Section 1.5.2 

 

3.3.6 CMS Summary 

CMS coverage in the fleet remains limited with 23% of the bus fleet (1,744 fitted as new plus 
289 retrofitted out of 8,883 total buses in the fleet in 2025) having CMS. The target 
population for CMS, which is VRU casualties in locations likely to be in the area covered by 
CMS accounted for 4.0% of all casualties in collisions involving a TfL bus. 

Table 20 gives a summary of the results in terms of the reductions in number of casualties 
and casualty rates from the before period (single year of 2016/17 or the larger sample size 
of the three-year period 2016/17-2018/19) to the after period (single year of 2023/24 or the 
larger sample size of the three-year period 2021/22-20123/24). The final column shows the 
difference in the percentage points between the before and after; a negative value indicates 
that the casualties have reduced more (or increased less) on the CMS routes compared with 
the control routes. 
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Table 20: Summary of changes in casualties on CMS on control routes 

Comparison Casualty type CMS routes Control 
routes 

Difference 
(CMS routes – 

control routes) 

Casualty numbers; 
single year comparison 
between 2016/17 and 
2023/24 

All casualties -47.7% -20.9% -26.8% ▼ 

KSI casualties 32.1% 80.3% -48.2% ▼ 

VRUs -38.0% -11.7% -26.3% ▼ 

CMS target population -30.8% 6.5% -37.3% ▼ 

Casualty numbers; 
three-year comparison 
between 2016/17-
2018/19 and 2021/22 -
2023/24 

All casualties -35.4% -23.1% -12.3% ▼ 

KSI casualties 13.4% 24.5% -11.1% ▼ 

VRUs -25.2% -19.8% -5.4% ▼ 

CMS target population -23.5% -3.3% -20.2% ▼ 

Casualty rates per 
vehicle-km; three-year 
comparison between 
2016/17-2018/19 and 
2021/22 -2023/24 

All casualties -34.0% -19.3% -14.7% ▼ 

KSI casualties 16.0% 30.7% -14.7% ▼ 

VRUs -23.5% -15.9% -7.6% ▼ 

CMS target population -21.8% 1.4% -23.2% ▼ 

Casualty rates per 
passenger; three-year 
comparison between 
2016/17-2018/19 and 
2021/22 -2023/24 

All casualties -19.9% -2.4% -17.5% ▼ 

KSI casualties 40.7% 58.0% -17.3% ▼ 

VRUs -7.2% 1.6% -8.8% ▼ 

CMS target population -5.2% 22.6% -27.8% ▼ 

Key:  ▼ statistically significant reduction, ▼reduction, non-significant 

 

Routes with CMS buses consistently show lower casualty numbers and stronger reductions 
compared with control routes.  There was a significantly larger reduction in all casualties for 
all measures: the single year, three-year, and both casualty rates. This gives good evidence 
that the CMS routes have reduced casualties more than on the control routes. 

While KSI casualties show an increase, these rises are smaller on CMS routes than on control 
routes. None of these differences were significant, due in part to the smaller sample sizes of 
KSI casualties. 

VRUS, and the specific target population make up smaller proportions of all casualties. As 
with all casualties, there were larger reductions on the CMS routes compared with the 
control routes. However, due these reductions were not statistically significant. This 
indicates that the CMS might have a small effect on the number of casualties, but due to the 
small sample sizes, more years of data, or a higher fitment rate on buses would be needed 
to detect a significant effect. 
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3.4 ISA 

3.4.1 Fleet 

ISA was required as part of the BSS for new buses from 2018 and retrofitted on some of the 
older buses. Out of the 8,883 TfL buses in the 2025 fleet: 

• 2,247 buses with ISA from new (25% of fleet) 

• 1,893 buses with ISA retro fitted in 2024 (21% of fleet) 

• 4,743 buses assumed to have no ISA fitted (53% of fleet). These included 112 that 
were retrofitted in 2025, 1,243 where the retrofit date was unknown and the 
remaining that had not been retrofitted. 

3.4.2 Routes 

Table 21 shows the number of routes included in the analysis. Routes which had any 
incidents involving a bus with ISA at the time of the incident were categorised as ISA routes; 
routes with no incidents involving a bus with ISA or no incidents were categorised as control 
routes. 

 

Table 21: Number of bus routes by ISA status (bus fleet, IRIS data and mileage data) 

ISA Route Type Mileage data available  Mileage data 
not available 

Total 

ISA route 133 - 133 

Control 582 8 590 

Total 715 8 723 

 

Out of 723 routes recorded in the IRIS data or bus mileage data: 

• 133 routes had at least one bus that had ISA involved in an incident 

• 590 routes only had incidents with buses without ISA, or had no incidents 

3.4.3 Casualty target populations 

Table 22 shows the total number of casualties in collisions with a TfL bus in London in the 
eight- year analysis period between 2016/17 and 2023/24, together with the target 
population for ISA. Although STATS19 road safety factors includes ‘exceeding the speed 
limit’ this is not well completed and therefore in this study the target population used was 
those buses which were doing manoeuvres that might exceed the speed limit (going ahead, 
overtaking, changing lane) i.e. excluding those that are slower manoeuvres (starting, 
stopping, waiting to go ahead but held up, waiting to turn, reversing, parking). Turning left 
and turning right were not included as these could be in either group. 
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Table 22: Total number of casualties in eight-year analysis period (2016/17 - 2023/24): all 
casualties and ISA target population 

 Number of casualties in 
collisions involving a TfL bus in 

eight years 2016/17 to 2023/24 

Percentage 
of all 

casualties 

All casualties 7,858 100.0% 

ISA target population: casualties in collisions with a TfL 
bus which was doing a manoeuvre that might exceed the 
speed limit (going ahead, overtaking, changing lane) 

3,380 43.0% 

 

Over the eight-year analysis period, 43% of casualties in TfL bus collisions were part of the 
target population, i.e. casualties involved in a collision with a TfL bus which was going 
ahead, overtaking or changing lane. 

3.4.4 Casualty trends 

Figure 12 shows the total number of casualties in collisions involving a TfL bus in each year 
relative to the 2016/17 value for routes where ISA was present compared with those 
without (control). 

 

 

Figure 12: All casualties on ISA routes and control routes 

 

In 2017/18, relative to 2016/17, there is a slight decrease in casualties on the ISA routes 
relative to the control. From 2018/19 onwards, both groups experience a decline in 
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casualties in comparison to 2016/17. There is a noticeable drop in 2020/21, largely 
attributed to the global pandemic. After 2021/2022, and with the increase of post covid 
activity, casualties increase for both groups. In 2021/22 and 2022/23, ISA routes and control 
routes are very similar. By 2023/24, both groups remain well below the 2016/17 baseline, 
with ISA route showing a larger overall reduction. Error bars indicate variability around the 
estimates.  

Figure 13 shows similar analysis for KSI casualties. 

 

 

Figure 13: KSI casualties on ISA and control routes relative to 2016/17 

 

In the first few years, KSIs on the ISA routes showed a greater decrease (or a lower increase) 
than on control routes. Since 2020/21 there was an increase in casualties on ISA routes and 
control routes, with similar levels of casualties compared with the 2016/17 values. 

 

Table 23 shows the ISA comparison of single year before (2016/17) with the single year after 
(2023/24) for all casualties and various subgroups of casualties. 
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Table 23: ISA comparison of casualty numbers for single year before (2016/17) and single 
year after (2023/24) (orange highlights show significant (p<0.05) results) 

Casualty type ISA routes Control Signifi 
cance 

2016/17 total 
casualties 

2023/24 
relative to 

2016/17 

95% confidence 
interval 

2016/17 
total 

casualties 

2023/24 
relative to 

2016/17 

95% confidence 
interval 

All casualties 315 63.5% 55.0%-72.9% 948 75.0% 69.6%-80.7% p>0.1 

KSI casualties 27 185.2% 137.4%-244.1% 67 158.2% 129.5%-191.3% p>0.1 

VRUs 53 83.0% 60.3%-111.4% 125 80.0% 65.1%-97.3% p>0.1 

ISA target 
population * 

121 63.6% 50.2%-79.5% 368 94.0% 84.4%-104.5% p<0.05 

Bus occupants 248 62.1% 52.7%-72.7% 795 73.0% 67.1%-79.1% p>0.1 

Inner London 171 58.5% 47.6%-71.1% 509 69.4% 62.3%-77.0% p>0.1 

Outer London 144 68.8% 55.9%-83.7% 438 81.3% 73.1%-90.2% p>0.1 

Weekday 249 66.7% 56.9%-77.6% 753 71.7% 65.8%-78.0% p>0.1 

Weekend 66 51.5% 35.7%-72.0% 195 87.7% 75.0%-101.9% p<0.05 

Daytime 272 61.8% 52.8%-71.8% 794 75.6% 69.6%-81.9% p<0.1 

Nighttime 43 74.4% 50.9%-105.1% 154 72.1% 59.3%-86.8% p>0.1 

* Target population based on speedy manoeuvres and impacts as described in Section 1.5.4 

 

Most subgroups showed a decrease in the number of casualties for both ISA and control 
routes for the year 2023/24 relative to the baseline year of 2016/17. KSI casualties are the 
exception to this pattern as they record an 85.2% and 58.2% casualty increase in 2023/24 
relative to the baseline for ISA and control routes respectively, though this difference is not 
significant, and as shown in Figure 13, the few years before 2023/24 the trend was the 
opposite way around. 

Notably, the subgroups VRUs and nighttime showed higher casualties on the ISA route 
relative to control percentage for 2023/24 relative to 2016/17.  

The ISA target population accounted for approximately 38.4% of casualties in 2016/17. 
Casualties in this group reduced by 36.4% compared with 6.0% for the control groups, which 
was a significant difference.  

The subgroup that recorded the biggest relative decrease in casualties from 2016/17 to 
2023/24, was weekend casualties with a 48.5% decrease on ISA routes compared with a 
12.3% reduction on control routes, which was a significant difference. 

Some of the subgroups of casualties are relatively small and have large 95% confidence 
intervals when analysing single years of data. Therefore in Table 24 three years 2021/22- 
2023/24 are compared with the three earliest years (2016/17 to 2018/19). 
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Table 24: ISA comparison of casualty numbers for three years before (2016/17 – 2018/19) 
and three years after (2021/22 - 2023/24) (orange highlights show significant (p<0.05) 

results, of which there are none in this table) 

Casualty type ISA routes Control Signifi 
cance 

2016/17 to 
2018/19 total 

casualties 

2021-2024 
relative to 

2016/17 to 
2018/19 

95% confidence 
interval 

2016/17 to 
2018/19 

total 
casualties 

2021-2024 
relative to 

2016/17 to 
2018/19 

95% 
confidence 

interval 

All casualties 803 77.7% 71.7%-84.1% 2,694 72.9% 69.7%-76.2% p>0.1 

KSI casualties 82 147.6% 122.4%-176.3% 261 113.8% 101.2%-
127.5% 

p>0.1 

VRUs 133 92.5% 76.9%-110.3% 378 74.1% 65.7%-83.3% p>0.1 

ISA target 
population* 

319 88.1% 78.1%-99.0% 1,112 75.5% 70.5%-80.8% p>0.1 

Bus occupants 633 77.1% 70.4%-84.2% 2,239 72.1% 68.6%-75.7% p>0.1 

Inner London 436 67.7% 60.2%-75.8% 1,445 67.3% 63.2%-71.7% p>0.1 

Outer London 367 89.4% 80.0%-99.6% 1,244 79.4% 74.5%-84.5% p>0.1 

Weekday 607 84.3% 77.2%-92.0% 2,071 75.5% 71.8%-79.3% p>0.1 

Weekend 196 57.1% 47.1%-68.8% 623 64.4% 58.2%-71.0% p>0.1 

Daytime 648 80.7% 73.9%-87.9% 2,198 73.7% 70.2%-77.4% p>0.1 

Nighttime 155 65.2% 53.1%-79.2% 496 69.2% 62.0%-76.9% p>0.1 

* Target population based on speedy manoeuvres and impacts as described in Section 1.5.4 

 

As with the single year comparisons, KSI casualties showed an increase, with a greater 
increase on the ISA routes (47.6%) than on the control routes (13.8%), but not significant. 

There were slight decreases (not significant) on the ISA routes compared with the controls 
for only two subgroups: 

• Weekend (42.9% reduction on ISA routes compared with 35.6% on control routes) 

• Nighttime (34.8% reduction on ISA routes compared with 30.8% on control routes) 

In all other subgroups the reduction in the control routes was greater, but not significant. 

3.4.5 Casualty rates 

The number of casualties in bus collisions is highly affected by the bus vehicle mileage and 
number of people using the bus. 

Figure 14 shows the overall casualty rate per 100 million vehicle-km. 
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Figure 14: Overall casualty rate per 100 million vehicle-km on ISA and control groups 
relative to 2016/17 

 

The casualty rates on the ISA routes have reduced more than on the control routes for most 
of the years, except for 2021/22 where both rates decreased by 30% from the baseline. 

Table 25 shows the comparison of the rates in the first and last three-year periods for all 
casualties and some of the sub-groups. Rates were not calculated for subgroups that were 
geography or time based as exposure data was not available to match. 
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Table 25: ISA casualty rates (per 100 million veh-km) three-year before (2016/17 – 
2018/19) compared with three years after (2021/22 – 2023/24) (orange highlights show 

significant (p<0.05) results) 

Casualty 
type 

ISA routes Control Signifi 
cance 

2016/17 
to 

2018/19 
casualty 

rate  

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 
casualty 

rate relative 
to 2016/17 
to 2018/19 

95% 
confidence 

interval 

2016/17 
to 

2018/19 
casualty 

rate 

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 
casualty 

rate 
relative to 

2016/17 to 
2018/19 

95% 
confidence 

interval 

All 
casualties 

158.2 125.4 79.3% 73.2%-

85.7% 

284.6 218.7 76.9% 73.5%-

80.3% 

p>0.1 

KSI 
casualties 

16.2 24.3 150.5% 124.9%-

179.9% 

27.5 33.0 119.8% 106.6%-

134.3% 

p<0.05 

Bus 
occupants 

124.7 98.1 78.6% 71.8%-

85.9% 

236.5 179.7 76.0% 72.3%-

79.8% 

p>0.1 

VRUs 26.2 24.7 94.3% 78.4%-

112.6% 

40.0 31.2 78.0% 69.1%-

87.6% 

p>0.1 

ISA target 
population* 

62.8 56.5 89.9% 79.7%-

101.0% 

117.5 93.6 79.7% 74.4%-

85.3% 

p>0.1 

* Target population based on speedy manoeuvres and impacts as described in Section 1.5.4 

 

Comparing the rates in 2016/17-2018/19 for ISA and control routes gives that the BSS 
routes had a lower casualty rate in terms of casualties per million vehicle km (158.2 
compared with 218.7). For bus occupants and VRUs this was also the case, but for KSI 
casualties the pattern was reversed and the casualty rates on the ISA routes were greater 
than on the control routes in 2016/17 to 2018/19. 

The rate for all casualties and bus occupants (which account for approximately three-
quarters of all casualties) showed similar reductions in rates for the ISA routes and the 
control routes. 

For VRUs and the ISA target population the casualty rate reduced more on the control 
routes than on the ISA routes, but not significantly so. 

The KSI casualty rate showed a greater increase than on the control routes, which was 
significant. 

 

Figure 15 shows the casualty rate per 100 million passengers. 
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Figure 15: Overall casualty rate per 100 million passengers on ISA and control groups 
relative to 2016/17. 

 

As with the rates in terms of vehicle-km, the rates in terms of passenger numbers also show 
greater reduction on ISA compared with control routes. 

Table 26 shows the rates for the first and last three years. 
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Table 26: ISA casualty rates (per 100 million passengers) three years before (2016/17 – 
2018/19) compared with three years after (2021/22 to 2023/24) (orange highlights show 

significant (p<0.05) results) 

Casualty 
type 

 ISA routes Control Signifi 
cance 

2016/17 
to 

2018/19 
casualty 

rate  

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 
casualty 

rate relative 
to 2016/17 
to 2018/19 

95% 
confidence 

interval 

2016/17 
to 

2018/19 
casualty 

rate 

2021/22 
to 

2023/24 
casualty 

rate 

2021/22 to 
2023/24 

casualty rate 
relative to 

2016/17 to 
2018/19 

95% 
confidence 

interval 

All 
casualties 

33.7 32.0 95.0% 87.7%-

102.7% 

65.5 61.3 93.6% 89.5%-

97.8% 

p>0.1 

KSI 
casualties 

3.4 6.2 180.4% 149.7%-

215.5% 

6.3 9.3 145.9% 129.8%-

163.5% 

p<0.05 

Bus 
occupants 

26.5 25.0 94.2% 86.0%-

103.0% 

54.5 50.4 92.5% 88.1%-

97.2% 

p>0.1 

VRUs 5.6 6.3 113.0% 93.9%-

134.9% 

9.2 8.8 94.9% 84.1%-

106.7% 

p<0.1 

ISA target 
population* 

13.4 14.4 107.7% 95.4%-

121.0% 

27.0 26.3 97.1% 90.6%-

103.9% 

p<0.1 

* Target population based on speedy manoeuvres and impacts as described in Section 1.5.4 

 

It is shown that there was a reduction in casualty rates on the ISA routes for all casualties 
and bus occupants. VRU casualties and ISA target population rates increased slightly more 
on the BSS routes than on the control routes (but not significantly so). As with the milage 
based casualty rates, the KSI rate increased, and showed a significantly larger increase on 
the ISA routes compared with eh control routes. 

3.4.6 ISA summary 

ISA uptake across the fleet has grown through both new bus requirements and retrofits.  

Table 27 gives a summary of the results in terms of the reductions in number of casualties 
and casualty rates from the before period (single year of 2016/17 or the larger sample size 
of the three-year period 2016/17-2018/19) to the after period (single year of 2023/24 or the 
larger sample size of the three-year period 2021/22-20123/24). The final column shows the 
difference in the percentage points between the before and after; a negative value indicates 
that the casualties have reduced more (or increased less) on the ISA routes compared with 
the control routes. 
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Table 27: Summary of changes in casualties on ISA on control routes 

Comparison Casualty type ISA 
routes 

control 
routes 

Difference (ISA routes 
– control routes) 

Casualty numbers; single year 
comparison between 
2016/17 and 2023/24 

All casualties -36.5% -25.0% -11.5% ▼ 

KSI casualties 85.2% 58.2% 27.0% ▲ 

ISA target population -36.4% -6.0% -30.4% ▼ 

Casualty numbers; three-year 
comparison between 
2016/17-2018/19 and 
2021/22 -2023/24 

All casualties -22.3% -27.1% 4.8% ▲ 

KSI casualties 47.6% 13.8% 33.8% ▲ 

ISA target population -11.9% -24.5% 12.6% ▲ 

Casualty rates per vehicle-
km; three-year comparison 
between 2016/17-2018/19 
and 2021/22 -2023/24 

All casualties -20.7% -23.1% 2.4% ▲ 

KSI casualties 50.5% 19.8% 30.7% ▲ 

ISA target population -10.1% -20.3% 10.2% ▲ 

Casualty rates per passenger; 
three-year comparison 
between 2016/17-2018/19 
and 2021/22 -2023/24 

All casualties -5.0% -6.4% 1.4% ▲ 

KSI casualties 80.4% 45.9% 34.5% ▲ 

ISA target population 7.7% -2.9% 10.6% ▲ 

Key:  ▼ statistically significant reduction, ▼reduction, non-significant,  

▲increase, non-significant, ▲ statistically significant increase 

 

While overall casualties have declined substantially relative to 2016/17, ISA routes do not 
consistently outperform control routes in the same way observed for CMS.  Overall casualty 
numbers on ISA routes snowed a non-significant reduction relative to control routes when 
comparing 2016/17 with 2023/24, but a non-significant increase in casualty numbers and 
rates when comparing the three-year period between (2016/17 – 2018/19 with 2021/22 – 
2023/24). 

KSI casualties showed significantly larger increases in KSI casualty rates on the ISA routes 
compared with the control route. This emerging trend should be reviewed to understand 
any reasons for this and whether this trend continues. 

The ISA target population showed a significant decrease in the number of casualties on ISA 
routes relative to the control routes in the single year analysis, but not in the three-year 
analysis. This suggests that ISA has potential to reduce casualties, but not yet observed with 
the three-year trend as the technology is penetrating the fleet. 

The trial of ISA on two bus routes (Greenshields et al., 2016) showed that travel slightly 
above the speed limit was common for short time periods, resulting in the average speed of 
the bus using ISA reducing by only a small amount, which was estimated to give a marginal 
improvement in road safety. The overall results align with this, with there not being a 
consistent reduction in casualties on buses with ISA routes. However, there does appear to 
be a relative increase in KSI casualties on ISA routes, which might warrant some further 
exploration. 
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3.5 AVAS 

As described in Section 1.5.5, the analysis for AVAS uses a different methodology to the 
other technologies. AVAS was introduced as a proactive measure to mitigate the risk of 
casualties in collisions with buses that were not audible. Many of the routes had mainly 
diesel buses between 2016-2019 and since then have had a mixture of diesel, quiet buses 
with AVAS and quiet buses without AVAS, with electric buses. Therefore, the before and 
after type of analysis used for CMS, ISA and BSS was not appropriate and the analysis 
focuses instead on the types of collision that different types of bus were involved in. 

3.5.1 Fleet 

Table 28 shows the number of buses in the 2025 fleet by the BSS standard (all of these 
required AVAS), retrofit date and bus fuel type.   

 

Table 28: Number of buses in TfL fleet by BSS standard, AVAS retrofitting and bus fuel type 
(orange highlights show buses which have AVAS fitted, grey shading indicates no AVAS) 

BSS standard Year and month of 
retrofitting AVAS 

Diesel 
buses 

Electric, hybrid or 
hydrogen buses 

Total 

BSS-19 n/a 58 452 510 

BSS-21 n/a - 1,216 1,216 

BSS-24 n/a - 536 536 

Not BSS 
standard new 
bus 

Nov 2024 - 21 21 

Dec 2024 - 15 15 

Jan 2025 - 54 54 

Feb 2025 - 12 12 

Mar 2025 - 1 1 

Apr 2025 - 8 8 

Not retrofitted 2,795 3,715 6,510 

Total 

 

2,853 6,030 8,883 

 

6,030 buses in the 2025 TfL fleet were quiet running (electric, hybrid, hydrogen). Of these 
6,030 quiet running buses: 

• 2,204 (37%) were new BSS buses with AVAS fitted as standard (452 BSS-2019, 1,216 
BSS-21 and 536 BSS-24) 

• 36 had AVAS retrofitted in 2024 (21 in November and 15 in December) 

• 75 had AVAS retrofitted in 2025 (54 in January, 12 in February, 1 in March and 8 in 
April) 

• 3,715 (62%) did not have AVAS retrofitted 
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There were 28 buses which were not BSS and had AVAS recorded as being retrofitted, but 
no date of retrofit was available – these were assumed to be not retrofitted by the end of 
2024. 

3.5.2 Casualty target population 

Table 29 shows the total number of casualties in collisions with a TfL bus in the eight-year 
analysis period, the number that involved an electric or hybrid bus, and those that were 
doing slower manoeuvres where AVAS would likely be used. This table includes all electric 
and hybrid buses, including those both with and without AVAS. 

 

Table 29: Total number of casualties in eight-year analysis period (2016/17 - 2023/24): all 
casualties and AVAS target population 

 Number of casualties in 
collisions involving a TfL bus in 

eight years 2016/17 to 2023/24 

Percentage 
of all 

casualties 

All casualties 10,435 100.0% 

Casualties in collisions with TfL electric or hybrid buses 4,821 46.2% 

AVAS target population: Casualties in collisions with TfL 
electric or hybrid buses doing slower manoeuvres 
(reversing, parked, waiting to go ahead but held up, slowing 
or stopping, moving off, U-turn, waiting to turn left/right) 

2,435 23.3% 

 

Over the eight-year period, 46% casualties in TfL bus collisions involved an electric or hybrid 
bus. Approximately half of these (23%) were doing a manoeuvre where AVAS would likely 
be used. 

 

3.5.3 Casualties 

There were relatively few buses with AVAS before 2022, meaning that there were relatively 
few casualties involving buses with AVAS before 2022. In order to control somewhat for 
background trends by comparing similar time periods, the data analysis only includes data 
from 2022 to 2024.  

For buses that had been retrofitted with AVAS in 2024: 

• There were no casualties in collisions with buses after they been retrofitted with 
AVAS. This is because, as shown above, the retrofitting commonly occurred in the 
last few months of 2024 and 2025 and the collision data extends to December 2024. 

• There were collisions on these buses before they were retrofitted with AVAS; these 
were grouped with the quiet buses with no AVAS. 

Table 30 shows the percentage of all casualties in TfL bus collisions between 2022 and 2024 
by bus type for three categories of bus manoeuvres: 
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• Slower manoeuvres (reversing, parked, waiting to go ahead but held up, slowing or 
stopping, moving off, U-turn, waiting to turn left/right),  

• Higher speed manoeuvres (going ahead, changing lane and overtaking) 

• Other (turning left or right) or unknown manoeuvres. 

 

Table 30: Percentage of casualties in collisions with TfL buses by vehicle manoeuvre and 
bus type 2022-2024 

 

Quiet bus – with 
AVAS 

Quiet bus 
 – no AVAS 

Diesel Total 

Slower manoeuvres 45.6% 48.9% 43.2% 46.4% 

Higher speed manoeuvres 43.7% 43.3% 45.4% 44.1% 

Other/unknown 10.7% 7.8% 11.4% 9.5% 

Total casualties (100%) 467 1,806 1,318 3,591 

 

This shows that for all casualties in collisions involving a TfL bus between 2022 and 2024, 
46% were in collisions where the bus was doing a slower manoeuvre. This figure was lowest 
for diesel buses (43%), followed by quiet buses with AVAS (46%) and quiet buses with no 
AVAS (49%). These differences were not statistically significant. 

 

Table 31 shows the percentage of casualties in collisions where a bus was doing a slower 
manoeuvre for various groups of casualties. Detailed tables showing the casualty numbers 
are shown in Appendix E.4. 

 

Table 31: Percentage of casualties in collisions with TfL bus doing slower manoeuvres 

Group Quiet bus – with 
AVAS 

Quiet bus – no 
AVAS 

Diesel Total 

All 45.6% 48.9% 43.2% 46.4% 

KSIs 45.7% 45.9% 44.7% 45.5% 

Inner London 52.7% 50.7% 47.3% 50.2% 

Outer London 40.4% 45.5% 41.9% 42.9% 

Daytime 47.3% 51.1% 45.0% 48.3% 

Nighttime 38.5% 40.5% 34.0% 38.2% 

Pedestrians and cyclists 27.4% 35.6% 37.4% 35.1% 

Bus occupants 50.7% 52.6% 46.2% 50.0% 

Other road users 25.0% 16.7% 19.1% 19.0% 
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KSIs, which accounted for 16% of all casualties, showed a similar pattern to all casualties, 
with a slightly lower percentage of casualties in the slower bus manoeuvres for buses with 
AVAS (45.7%) compared with quiet buses without AVAS (45.9%), both higher than for diesel 
buses (44.7%), although the differences were not significant. 

Inner and outer London showed opposite trends, with inner London having a slightly higher 
percentage of casualties in slow bus manoeuvre collisions for quiet buses with AVAS 
compared with those without, though again, these differences were not significant. 

The AVAS system is designed to assist pedestrians and cyclists in hearing approaching buses, 
which would otherwise be quiet. Pedestrians and cyclists accounted for 17% of all casualties 
and had a considerably lower percentage of casualties in collisions involving slow 
manoeuvring buses with AVAS (27.4%) compared with quiet buses without AVAS (35.6%) 
and diesel buses (37.4%). However, these differences were not statistically significant. 

There were small differences observed for bus occupants, daytime and nighttime, but as 
with the other groups, these differences were not significant. 

As more quiet-running buses have AVAS as standard or retrofitted, quiet-running buses 
without AVAS will become a smaller percentage of the fleet and road users may not expect 
quiet buses if they have become used to the TfL bus noise used on the AVAS buses. 
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4 Future BSS evaluation requirements 

This project considered an interim analysis of the effect of the introduction of the BSS on 
casualties in collisions involving a BSS. There were some challenges in the data including: 

• Needing to analyse data in terms of routes to align with exposure data, but the 
STATS19 data not including the bus route. In this study IRIS incident data was used to 
match the bus route, which was complex to match due to an individual bus being 
used on more than one route. 

• An individual bus travelling on more than one route in the time period, which meant 
that some buses were excluded from the analysis. 

• Needing to analyse the data in terms of financial years to align with the exposure 
data meant that the latest data point is 2023/24; STATS19 data from April-December 
2024 was not included. 

• The analysis was based on STATS19 data on recorded injury collisions because this is 
what is used to measure TfL’s progress towards casualty targets. There are other 
non-reported or non-injury incidents that are reported in IRIS which could also be 
used to assess any broader effects. 

• The number of casualties for some of the sub-groups of casualties or target 
populations, such as KSIs or VRUs is sometimes relatively small numbers. Whilst this 
is good in terms of road safety, it means that drawing robust conclusions from the 
data can be difficult. Using multiple years of data and aggregating data into larger 
groups can help to address this challenge. 

Further new buses will be added to the fleet in the future, according to the relevant BSS 
specification, and more older buses are also likely to be retrofitted with some of the 
measures. It is likely that TfL will want to assess the impact of the BSS at a later date when 
more of the fleet has BSS measures. 

 

The requirements for future evaluation of the introduction of the BSS are considered in the 
following sections: 

• Data requirements (see section 4.1) 

• Processing, analysis and timeline (see section 4.2) 

4.1 Data requirements 

The data required to understand the safety effects of the BSS are three types, which feed 
into the analysis as shown in: 

• Incident data (see section 4.1) 

• Exposure data (see section 4.1.3) 

• Vehicle fleet data (see section 4.1.4) 
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Figure 16: Overall casualty rate per 100 million passengers on BSS and control groups 
relative to 2016/17 

 

4.1.1 Incident data 

There are three types of incident data which could be used for analysis: 

• STATS19 data 

• IRIS data 

• Vehicle telematics 

A summary of these three data sources is shown in the table below and described in 
subsequent sections. 

 

Changes in 
incident rates 
on buses with 
and without 

BSS

Statistical 
Analysis

Incident data

• Target populations

Bus fitment data

•New buses 

• retrofitting

Exposure data

•Needed to normalise 
casualty trends
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Table 32: Summary of source of incident data 

 STATS19 IRIS Vehicle telematics 

Scope Basis for TfL casualty targets 

Reported injury incidents on public 
highways 

TfL can provide TfL bus VRN 

All incidents notified to TfL 

Includes bus VRN and bus 
route 

Could provide data on 
harsh braking, AEB 
activations, speeds 

Identification of 
target populations 

STATS19 vehicle manoeuvre, first 
point of impact and pedestrian 
movement can be used to identify 
target populations 

Text description provided, 
but not detailed enough or 
consistently provided to 
identify target populations 

Identify criteria based on 
telematics data or link 
data to IRIS/STATS19 
based on date/time of 
IRIS/STATS19 data 

Data 
owner/collator 

Collated by the police, collated by TfL 
and DfT 

Collected by bus operators 

Collated by TfL 

Bus operators 

Potential 
challenges and 
limitations 

Injury incidents reported to and by 
the police only – some incidents are 
not reported (including ‘damage 
only’ e.g. bridge strikes). 

No information on bus route. 

Free text VRN, date and 
time may have errors. 

Doesn’t include enough 
information to understand 
detailed target populations 

Challenging to access to 
data; this has been used 
by TfL on specific tasks but 
complex to navigate data 
sharing agreement 

Timeline Final calendar year data published by 
DfT annually in September. 

Provisional calendar year data 
published by TfL in May; there is not 
usually much change between 
provisional and final data sets. 

Any results based on provisional data 
would need to be updated with 
finalised data. 

Data available a few weeks 
after incidents 

Unknown 

 

4.1.1.1 STATS19 data 

VRN and bus route 

The STATS19 open data set from DfT does not include the VRN. However, this is collected by 
the police and TfL shared the VRNs for collision-involved TfL buses with TRL for this study.  

For this study the bus route was also required; this was not available from STATS19. Instead, 
IRIS data was used to match up bus VRNs to bus routes. Linking on exact VRN gave multiple 
matches because often a bus is used on more than one route; and adding in an exact match 
on date and time did not give matches for all of the STATS19 cases because of slight 
differences in the recording of VRN, date and time. Therefore, the bus route was calculated 
using the date range for each bus on a route. In some cases there were multiple 
matches/overlapping time periods and it was not certain which route a bus was on at the 
time of the incident. 
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There are various options to obtain the bus route for each STATS19 case: 

1. Asking the police to add this information as part of a locally agreed STATS19 variable. 
This would be challenging to implement because it is outside of TfL’s control and is 
therefore not recommended. 

2. Adding bus route as part of processing of STATS19 data by TfL. For example, by 
looking up in IRIS or iBUS. There are a few methods for achieving this: 

a. This could be done manually for each TfL bus in STATS19 with a team 
member looking up individual routes for each collision in iBUS. This could be 
time consuming and could have occasional errors. 

b. A more automated link from iBUS based on the VRN, date and time of the 
collision. This process could be set up and run periodically, for example 
quarterly or annually. This is a recommended action. 

c. Linking from IRIS using a matching algorithm. Attempts have been made 
previously to link IRIS and STATS19; this worked reasonably well for fatalities, 
but for lower severities this is more complicated as there are discrepancies in 
date and time recorded and IRIS does not have detailed location information 
and would require fuzzy matching, therefore this is not recommended. This 
method also only provides the route for buses involved in incidents. 

3. Adding bus route from iBUS as a one-off task as part of any analyses. This could be 
used in the interim if required before a process is set up. 

4. Collating data from bus garages or operators on which buses were assigned to each 
route daily. These are likely to be in a variety of formats and therefore not 
recommended for use. 

Identification of target populations 

The STATS19 data can be used to estimate the target population for most of the BSS 
measures. For ISA the target population can be estimated based on the manoeuvre of the 
vehicle because the actual speed of the vehicle or the road safety factor relating to speed is 
not well recorded. 

The queries used as part of this project could be adapted so that each STATS19 record could 
have a flag to identify which target population(s) each collision, vehicle or casualty belongs 
to. These could be routinely added to the STATS19 data, or added as a one-off task for any 
subsequent work. 

Timing of data 

STATS19 data is collated by the police, submitted to TfL and DfT monthly. DfT produce 
quarterly estimates of casualty numbers, which are sometimes incomplete and subject to 
change. The finalised data for a calendar year is published in September for the previous 
calendar year. Similarly, TfL produce provisional annual results in May, which are updated 
when the finalised data is available in September. 
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The data for fatal collisions usually is the same between the provisional and final data sets. 
There are a few changes in serious collisions and more in slight collisions. These are due to 
queries from DfT, often relating to boundaries of the highway or with other local 
authorities. These minor changes are unlikely to make a difference in the direction, 
magnitude or significance of a result, but if provisional data is used for analyses it should be 
updated to final once this is available to ensure there are no discrepancies. 

For this project the latest available STATS19 data was December 2024 (although to align 
with the exposure data only data up to March 2024 was used for the analyses). 

Therefore, it is recommended to use full calendar years of STATS19 data rather than using 
provisional data. If earlier results are required, it would be possible to run analyses using the 
provisional data available in May and update in September. 

4.1.1.2 IRIS / IE2 data from late 2025 

Timeline 

IRIS (IE2 from late 2025) is regularly updated and available a few weeks after data entry, 
which means that it is flexible in terms of timescales. 

Identification of target populations 

IRIS / IE2 contains a wider set of incidents than STATS19; it is likely to include some injury 
collisions that were not reported via STATS19, plus damage only collisions and other 
incidents such as fire and assault. For some of the target populations the IRIS data is useful, 
for example damage only bridge strikes would be included, but for other target populations, 
the data does not provide enough detail. 

IRIS / IE2 has various fields for the vehicle and casualty involved, but the type of collision 
cannot be determined. There is a text description of what happened, but this is variable 
detail and somewhat subjective so cannot be used to determine the type of collision. There 
are some cause codes which align with contributory/road safety factors, but these require 
some judgement of the person completing the data and are not as objective as e.g. vehicle 
manoeuvre in STATS19.  

Therefore, it is not recommended to use the IRIS / IE2 data for detailed target casualty 
populations; STATS19 provides a better measure of these and it is collected nationally 
according to a specification and validated by DfT and TfL. 

A longer-term option could be to work with IRIS / IE2 team to explore how data required for 
target populations could be added to IRIS / IE2. It is recommended a few options could be 
explored, including: 

• Adding extra fields for bus manoeuvre and other vehicle or pedestrian movement 

• Classification tree of yes/no questions to classify the incident into target populations 

• Adding in a crash type configuration codes similar to RAIDs (see link here: 
https://raids-glossary.trl.co.uk/images/d/de/Collision_codes_-_NO999-
_Mar2016.jpg)  

https://raids-glossary.trl.co.uk/images/d/de/Collision_codes_-_NO999-_Mar2016.jpg
https://raids-glossary.trl.co.uk/images/d/de/Collision_codes_-_NO999-_Mar2016.jpg
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4.1.1.3 In-vehicle (telematics data) 

How it could be useful 

• AEB activation 

The number, rate or details of AEB activations could be used to understand how this 
technology is used. The number of activations on a route could help to understand whether 
the AEB has helped to avoid or reduce the severity of collisions. The location and date/time 
of activation could be used to understand whether there are clusters. The data could be 
linked to STATS19 and/or IRIS / IE2 to understand whether there was an incident reported 
and whether there were any injuries, and whether AEB was activated for collisions in 
STATS19. 

• Harsh braking 

The number, rate or details of harsh braking events could be used to explore the number or 
type of situations where harsh braking is used by the driver. The location and date/time of 
activation could be used to understand whether there are clusters. The data could be linked 
to STATS19 and/or IRIS / IE2 to understand whether there was an incident reported and 
whether there were any injuries, and what level of braking was used for reported incidents. 

• Speeds of vehicle 

There is a large amount of evidence to show that increased speeds of vehicles increase the 
likelihood and severity of collisions. Understanding the speeds of vehicles in collisions helps 
to understand the injuries present, and consider future options for mitigation, for example 
installation of ISA or changes to speed limits. The speed data could be used in conjunction 
with AEB activations and harsh braking events to understand the speed the bus was 
travelling for these events. Additionally, the data could be linked to STATS19 and/or IRIS / 
IE2 to give a speed of travel for collision events. 

There are also other ADAS features such as lane keeping/departure warnings, for which 
activation data could provide an insight into when and where these features have been 
triggered.  

Access 

Telematics data from TfL buses is not routinely available. The data is specific to each 
operator, using different systems. TfL have previously worked with in-vehicle data on 
specific projects where they have worked through data sharing and privacy requirements. 
This is a complex process to work through. 

Recommendation to consider this as a data source for future evaluation of bus safety. This 
could start with discussions with data owners/stakeholders to understand the challenges of 
obtaining the data and the benefits it could provide. 



TfL BSS Benefits Realisation Analysis   

 

 

Issue 1 57 XPR149 

4.1.2 iBUS 

About iBUS 

iBUS is the system used by TfL to provide real-time information of location of buses. This 
system provides mileages and speeds of buses for monitoring performance and information 
to customers such as information boards and announcements based on locations. 

VRNs, routes, dates and times 

The iBUS system has the potential to provide the bus route for a given VRN and date/time of 
an incident in STATS19. This would be more accurate than relying on incident data in IRIS 
because IRIS includes free text date, time and VRN which may have errors and does not 
include information about buses which have not had any incidents. However, iBUS is likely 
to require more processing because the historic real-time data contains a large amount of 
data as it is monitoring approximately 8,000 buses in the fleet for all of their journeys. The 
detailed data is kept for a limited time before it is aggregated. It is recommended that the 
iBUS data are used for future obtaining route of TfL buses in collisions. It is recommended 
that iBUS could be used to provide a regular report of which bus VRNs were on which routes 
on each date which could easily be used for future projects. Additionally, the iBUS data 
could contain data about the journey of a bus on a day of an incident recorded in IRIS, for 
example, what was the average speed, was the bus behind or ahead of schedule, the 
location of the bus, which could provide an additional insight into the incident. 

Speeds 

TfL monitor the speeds of TfL buses and publish the mean speed each month for each bus 
route, borough level or network level, for all day and for weekday peak periods. The source 
of this data is the iBUS system rather than telematics. 

The mean speed includes time spent stationary (e.g. at traffic lights and bus stops) and is 
used to understand the impacts of changing road network conditions. 

The speed for a route over a month will have a lot of variation in terms of time of day and 
location, and the single value for the mean is not especially useful to monitor road safety. 
More useful measures would be time spent travelling above the speed limit. It is 
recommended that consideration could be given to whether iBUS data could be used to 
obtain time spent travelling above the speed limit. 

4.1.3 Exposure data 

Bus mileage and passenger numbers 

Bus mileage is reported daily from the iBUS system. The route/time of day kept for 2 years – 
older sets are aggregated to daily level.  

Passenger numbers are monitored via tap-on machines which are linked to individual buses 
and routes based on scheduled trips. There is additional reconciliation with other ticketing 
sources, for example bus passes/travel cards etc to estimate total passenger numbers. The 
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mileage of each passenger is not known because passengers only need to tap on (and not 
tap off). 

The data is used to provide weekly reports of bus mileage and passenger numbers and 
routinely aggregated to financial years. TfL stated that it would be possible to obtain 
calendar year summaries rather than financial year data which would be align better with 
the STATS19 calendar year data and mean that the analysis could include the most recent 
collision data based on calendar years. It is recommended to use this approach to obtain 
calendar year exposure data for future projects. 

Passenger km 

Passenger km is reported in the Travel in London publication based on the London Travel 
Demand Survey – this is a survey of a sample of the population in London. It does include 
information on bus routes; however, the sample size is unlikely to be large enough to give 
robust data on passenger km on individual routes. 

4.1.4 Bus fleet 

The use of SymTerra means that future data on which buses are part of the fleet, which 
technology they have as standard and retrofitted, and whether the technology was active 
should be high quality. The SymTerra database should also include details of the historic 
fleet which can be used to match up with historic collisions involving buses not part of the 
current fleet. Recommendation that SymTerra should be used as the single source of 
information on buses rather than having several spreadsheets with sometimes conflicting 
information. 

4.2 Analysis 

4.2.1 Unit of analysis – route or vehicle? 

In this study the data used was based on bus routes, because this matched with the readily 
available exposure data. The routes were then aggregated into ‘measure’ and control routes 
because the number of casualties on each route is relatively small. However, ‘measure’ 
routes included any routes which had at least one bus with the measure installed involved in 
a collision. Routes categorised as ‘CMS routes’, ‘ISA routes’ or ‘BSS routes’ were any route 
which had at least one bus in an incident that had the technology installed at the time of the 
incident; in some cases there was only one incident-involved bus with the technology, 
sometimes in the last month of available data. Routes which had no incidents involving 
buses with technology were categorised as control routes; this included routes with buses 
which had BSS technology, but had not been involved in a collision. This means that the 
results in this study are conservative and any effect of the BSS is diluted. 

Alternatively, the analysis could be built up from considering individual buses, what 
technology they had fitted and when, and the casualties in collisions involving each bus. The 
exposure data could be analysed to give exposure data for each bus. The number of 
casualties and the exposure data could then be aggregated into ‘measure’ and control 
buses. This would mean that we could be certain that ‘measure’ buses all had the 
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technologies applied, whereas a route was categorised as a measure route if there was at 
least one bus with the technologies involved in a collision.  

Table 33 shows a summary of the options. It is recommended that future analysis uses bus 
vehicles as unit of analysis, aggregated to buses with and without technology. 

 

Table 33: Options for using bus routes or buses as unit of analysis 

 Bus route Bus vehicle 

Incident data STATS19 with VRN linked to IRIS 
or iBUS to get bus route 

STATS19 with VRN 

Exposure data From iBUS aggregated by route From iBUS for each bus VRN 

Vehicle fitment data From TfL/SymTerra From TfL/SymTerra 

Pros What was done previously and in 
this study 

More certainty about what 
technologies on each bus 

Cons Buses with different technologies 
on the same route 

New way of doing the analysis 

Number of STATS19 collisions on 
each bus will be small and highly 
variable – data needs to be 
aggregated for robust results 

Aggregation Bus routes with or without 
technology 

Aggregate into buses with and 
without technology or bus routes 
(though some buses on more 
than one route) 

Could also aggregate to route, 
operator, bus type 

 

4.2.2 Controls 

As the BSS programme advances, new buses will be introduced to the fleet with the 
technologies appropriate to the BSS year and older buses will be retrofitted with some of 
the technologies. 

This means that the number of control buses or control routes is likely to decrease over 
time as more of the fleet have BSS features if all buses were upgraded to have BSS 
technology, there would be no routes with buses without BSS technology that could be used 
as control routes. There might also be some bias in selection of buses to update/retrofit 
meaning that comparing control routes and measure routes are different in other ways and 
the analysis would not be comparing like-for-like. 

A control is required to account for the background trend in collisions. Alternative options 
could include: 

• Casualties in London not in collisions with TfL buses. The question would be ‘how 
have TfL bus casualties reduced compared with other casualties in London?’ There 
are also improvements to other vehicles in the fleet which would be part of this 
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‘control’ group but it would be interesting to understand how changes in casualties 
in TfL bus collisions compares with other casualties in London. 

• Casualties in Bus collisions in other metropolitan areas, yet to introduce a bus safety 
standard (e.g. Manchester, Leeds, Birmingham). These cities may have also 
introduced new buses with safety systems which would be part of the ‘control’ 
group, or have introduced other measures such as changes to speed limits and street 
layouts. 

4.2.3 Timeline 

In this project the data were analysed in terms of financial years to match up with the 
published bus exposure data. This meant that the latest data used in the analysis was March 
2024 and the collisions between April and December 2024 were not included because they 
did not form a complete financial year (STATS19 data for 2025 January to March will not be 
published until September 2026). 

STATS19 data is more rigid in its timescale that the data sets controlled by TfL because the 
final STATS19 data is released for a calendar year in the following September (provisional 
data is available in May).  

Exposure data, IRIS / IE2 data and iBUS data is collated by TfL. In this project the published 
exposure data was used, which was for each bus route in each financial year. However, 
discussions with the team at TfL responsible for this data suggested that this data could be 
extracted for alternative time periods. 

In order to include as much recent data as possible in the analysis it is recommended to 
analyse the data in the future in terms of calendar years. 

Depending on TfL’s requirements, analysis could start in May following the publication of 
provisional STATS19 data for the previous calendar year and updated from September when 
the final data is published, or alternatively start the analysis in September when the 
finalised STATS19 data is available. 

 

4.3 Summary 

Table 34 shows a summary of the recommended actions in terms of the future analysis 
described in the previous sections, together with their benefit and suggested timescale. 
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Table 34: Summary of recommended actions for future analysis 

Theme Action Benefit Timescale 

STATS19 /iBUS data Link to iBUS to get bus route 
for each TfL bus VRN 
involved in a collision in 
STATS19. 

Ability to use bus route from 
iBUS which is more accurate than 
using the bus route from IRIS. 

Consider whether this 
could be a regular process 
or one-off for any analysis 
undertaken. 

Timeline Use full year Stats19 either 
provisional (May) or finalised 
(September). 

This would mean that the most 
recent STATS19 data for the full 
calendar year could be used in 
the analysis. 

For future analysis 

IRIS data Consider how IRIS could 
collect data on type of 
incident to identify target 
populations for each safety 
measure. 

IRIS data could be used in 
addition to STATS19 to measure 
effectiveness of technologies in 
reducing incidents for target 
population 

This could be initiated and 
discussed with 
stakeholders, but outcome 
is likely to be longer term 

iBUS data Explore speed data to 
understand whether there 
could be regular reports 
related to exceeding speed 
limit. 

This could be used to understand 
the effect of ISA and other safety 
measures. 

This could be initiated and 
discussed with 
stakeholders, but outcome 
is likely to be longer term 

Telematics data Explore how the data could 
be shared and what 
information it could provide. 

This could provide activations 
for: AEB and other ADAS 
activations, Speeds and harsh 
braking which could be linked to  

to STATS19/IRIS to understand 
more details of incidents or near 
misses. 

This could be initiated and 
discussed with 
stakeholders, but outcome 
is likely to be longer term 

Exposure data Get this in calendar years This would enable analysis in 
calendar years. 

For future analysis 

Fleet data - SymTerra Ensure that data on 
SymTerra is updated and is 
the single source of truth on 
buses in the fleet, 
retrofitting status and 
whether technology is 
active. 

Avoids use of multiple 
spreadsheets or other sources 
which do not always align. 

Short term action 

Unit of analysis Use individual buses as unit 
of analysis, aggregated to 
whole fleet or subsets rather 
than routes. 

This will make the results clearer 
because the data will be split 
more cleanly into control and 
measure buses. 

For future analysis 

Control data Consider using alternative 
control data such as other 
casualties in London or bus 
casualties in other 
metropolitan area 

These could be alternative or 
additional controls to add further 
insight in the data and could be 
especially useful if the number of 
control routes in London is 
reduced due to further new 
buses or retrofitting. 

For future analysis 
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Appendix A Data used in analysis 

A.1 TfL fleet 

TfL provided a spreadsheet which contained 8,883 rows, each row identifying a current 
unique TfL bus with its vehicle registration number (VRN). The other data available included: 

• VRN 

• Operator – one of seven operators 

• Registration date – between 2008 and 2025 

• Bus type – fuel used (diesel, electric, hybrid etc) 

• Type of engine – make for non-electric buses 

• Engine capacity (litres) – for non-electric buses 

• As new Euro emissions standard 

• Euro VI conversion – yes for those that are EEV, Euro IV and Euro V (European 
emission standards) 

• BSS – Bus Safety Standard 

TfL has started a programme to transfer all vehicle data to a new system, SymTerra. This 
system aims to hold all of the data relating to each vehicle, including the details of retrofit 
technologies. TfL provided data from SymTerra which gave details of 6,662 buses. We 
assumed that buses not in this list are older and do not have BSS. Data includes: 

• VRN 

• Fleet Number 

• Registration date (2010 – 2025) 

• Bus Type (electric, diesel etc.) 

• ISA 

A.2 STATS19 data 

STATS19 is the database of injury collisions on the public highway reported to or by the 
police. The three elements of this definition are: 

• Injury collisions 

o The collisions included are only those that involved an injury (fatal, serious or 
slight injury severities are included) – damage only collisions are not included. 
For example, incidents where a bus or protruding mirror hit a roadside object 
or bridge are not included, provided that no injuries were caused by the 
incident. 

o Casualties that are conformed suicides or due to natural causes are not 
included. 
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• On the public highway: 

o The public highway includes footways and cycle paths alongside roads 

o Collisions that occurred off the public highway, for example collisions that 
occurred on private land, car parks, or some bus stations or wider transport 
interchanges are not included. 

• Reported to or by the police 

o The collisions included are only those that are reported to or by the police. 
This can be either via a police officer at the scene or a member of the public 
can report an incident to the police following the collision on-line or in-
person at a police station. 

o Research has shown that few, if any, road fatalities are not reported to the 
police. However, research has shown that there are casualties who were 
seriously or slightly injured in road collisions, but not reported to the police, 
described in (DfT, 2021) The most recent data comparing self-reported 
involved in in collisions from the National Travel Survey with STATS19 (DfT, 
2025) estimates that there are approximately four times as many casualties 
as reported in STATS19. 

The STATS19 data includes vehicle type recorded as ‘bus/coach’ with no distinction made 
between these. However, TfL buses are recorded separately in a locally agreed variable for 
TfL. Additionally. TfL provided TRL with the VRN for each TfL bus involved in a STATS19 
collision and therefore this research was able to distinguish between TfL buses and other 
buses or coaches. 

Other fields in STATS19 that were used in this project to determine the road user type or 
collision type or used in the analysis: 

• Casualty severity (killed, seriously injured, slightly injured) 

• Casualty class (driver, passenger, pedestrian) 

• Bus passenger (standing, seated, boarding, alighting) 

• Vehicle type (e.g. pedal cycle, PTW, car, bus) 

• Vehicle manoeuvre 

• First point of impact 

• Number of vehicles involved 

• Inner or outer London (based on borough of location of collision) 

A.2.1 Online reporting 

Collisions included are those reported by the police or to the police by a member of the 
public. This report could be at the time of the collision, or subsequently at a police station or 
online. Members of the public can report casualties online. Approx. 40% of casualties in 
2023 were self-reported. There has been an increase in online reporting of collisions 
between 2016 and 2023. This may affect the quality of the data and trends. Bus/coach 
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casualties are less affected by this than other modes, with the vast majority of bus collisions 
attended by the police (see Table 35). 

• All bus/coach casualties (bus drivers, bus passengers and pedestrians hit by buses): 

o For all severities, 92% were reported by an attending police officer in 2016. 
This reduced to 90% in 2024, with 10% of casualties reported by a member of 
the public online 

o For KSI casualties 89% were reported by an attending police officer in 2016, 
with a similar level in 2024 

• For all other casualties: 

o For all severities, 83% were reported by attending police officer in 2016, 
reducing to 60% in 2023 

o For KSI casualties 84% were reported by attending police officer in 2016, 
reducing to 82% in 2023 

 

Table 35: Percentage of casualties in London reported by an attending police officer 

Casualty type Severity 2016 2024 

Bus casualties (drivers, passengers, 
pedestrians hit by buses) 

All severities 92% 90% 

KSI 89% 89% 

Other casualties All severities 83% 60% 

KSI 84% 82% 

 

A.2.2 TfL Collision data - VRN of TfL buses 

TfL has locally agreed data with the Metropolitan Police to record whether a bus/coach in a 
collision was a London TfL Bus. VRN is recorded, but not available on published data. TfL 
provided the VRNs for this project. These were linked to the STATS19 data based on the 
collision index and the STATS19 vehicle reference number. 

Note that in Q1 2019 there were a number of buses identified as TfL buses, but the VRN not 
provided; these could not be included in the analysis as they could not be matched with the 
bus fitment data. 

A.2.3 Trends over time 

The number of casualties changes over time due to various factors such as changes to the 
driver licensing, roads, vehicle fleet, speed limits and travelling speeds, road user 
behaviours, enforcement and post-crash response. However, the largest factor which 
influences the number of casualties on the roads is the exposure, in terms of traffic or travel 
levels. 

This was notably seen during 2020 and 2021 when covid lockdowns meant that fewer 
people travelled, resulting in far fewer road casualties, as shown Figure 17. 
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Figure 17: Casualty trends in London 2005-2024 

 

This highlights the importance of two methods used as part of the analysis to ensure the 
analysis is robust: 

• Using control data to account for background trends in the numbers of casualties. 
Without a control there would be an apparent overall decrease in casualties, but this 
is likely to be due to other factors such as changes to roads, vehicles, road users and 
speed limits. Comparing changes on the BSS routes with those on control routes 
means that some of these effects are accounted for in the analysis and any 
difference observed is more likely to be due to the BSS technology. 

• Using exposure data to account for trends in bus travel. Without using the exposure 
data, a change in the number of casualties could be due to changes in the amount of 
bus travel or bus usage. 

A.3 IRIS / IE2 data (from late 2025) 

IRIS data is incidents reported by bus drivers to TfL and could involve a driver, passenger, 
pedestrian or other vehicle user. The data includes various types of incidents including road 
collisions, fires and assaults. Although in this project the IRIS data was not used as a source 
of safety/risk data, the data was used to provide information on which buses were on which 
routes. TfL provided IRIS data for 2016-2024 for all bus incidents, giving 44,937 rows of data 
relating to normal operation, covering 682 bus routes. The data included: 

• Date of incident 

• Type of incident 

• Bus VRN 



TfL BSS Benefits Realisation Analysis   

 

 

Issue 1 68 XPR149 

• Bus route 

• Journey purpose (normal route operation, rail replacement, training etc) 

The number of incidents in the period ranged tow routes having over 300 incidents and 100 
routes with fewer than five incidents over the eight-year period. 

Some routes changed over the period, e.g. route 10 ceased operation in 2018. 

The limitation of using this data is that it only includes buses involved in incidents. If there 
were no incidents involving a specific bus then this data cannot provide what route a given 
bus was on. 

A.4 Exposure data (vehicle-km and passenger numbers) 

TfL publish data for bus exposure for each route and financial year. This includes:  

• Route 

• Year 

• Operated Miles 

• Number of passengers 

The vast majority of routes were included in the TfL published data. Some routes were 
excluded, notably special and school routes. These routes were excluded from the analysis 
of casualty routes. 
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Appendix B Detailed STATS19 data 

B.1 All casualty groups 

Table 36 shows the number of casualties between 2016 and 2024 in collisions with a TfL bus 
split into the types of casualties and the manoeuvres of the bus, casualty and impact points. 
Casualties in bus collisions are split into: 

• Bus drivers and passengers 

o Single vehicle collisions 

o Collisions with a pedestrian 

o Two-vehicle collisions with another vehicle (pedal cycle, PTW, car, other 
vehicle) 

o More than two vehicle collisions (limited data available because the data 
does not indicate the impacts between vehicles) 

• Pedestrians in a collision with a bus 

• Other vehicle occupants/riders (pedal cycle, PTW, car or other vehicle) 

o  in a two-vehicle collision with a bus 

o In a multi vehicle collision with a bus (limited data available because the data 
does not indicate the impacts between vehicles. 

 

The largest groups for all severities: 

1. Bus passenger standing – no other vehicles or pedestrians involved (25%) 

2. Bus passenger seated – no other vehicles or pedestrians involved (21%) 

3. Bus passenger seated – two vehicle collision with car (10%) 

4. Bus passenger boarding or alighting – no other vehicles or pedestrians involved (6%) 

 

Largest groups for KSI casualties: 

1. Bus passenger standing – no other vehicles or pedestrians involved (26%) 

2. Pedestrian crossing road – bus going ahead (14%) 

3. Bus passenger seated – no other vehicles or pedestrians involved (11%) 

4. Bus passenger alighting/boarding – no other vehicles or pedestrians involved (8%) 
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Table 36: STATS19 casualties in collisions involving a TfL bus (STATS19 2016-2024) 

Casualty 
type 

Name Other road 
user type 

Bus manoeuvre Casualty manoeuvre Bus impact 
point 

Casualty impact 
point 

2016-2024 Annual average 2016-2024 

Killed Serous Slight Total Killed Serous Slight Total 

Bus 
passenger 

Bus passenger alighting/boarding - no other vehicles or pedestrians involved None All Alighting/boarding All All 3 105 615 723 <0.5 13.1 76.9 90.4 

Bus passenger standing - no other vehicles or pedestrians involved  None All Standing All All 7 363 2529 2899 0.9 45.4 316.1 362.4 

Bus passenger seated - no other vehicles or pedestrians involved None All Seated All All 0 149 2273 2422 - 18.6 284.1 302.8 

Bus passenger unknown position - no other vehicles or pedestrians involved None All Unknown All All 1 3 47 51 <0.5 <0.5 5.9 6.4 

Bus passenger alighting/boarding - Car Car All Alighting/boarding All All 0 3 22 25 - <0.5 2.8 3.1 

Bus passenger standing - Car Car All Standing All All 0 35 443 478 - 4.4 55.4 59.8 

Bus passenger seated - Car Car All Seated All All 0 34 1098 1132 - 4.3 137.3 141.5 

Bus passenger unknown position - Car Car All Unknown All All 0 0 10 10 - - 1.3 1.3 

Bus passenger - Bus Bus All All All All 0 2 188 190 - <0.5 23.5 23.8 

Bus passenger - pedestrian Pedestrian All All All All 0 3 60 63 - <0.5 7.5 7.9 

Bus passenger - cyclist Cyclist All All All All 0 4 58 62 - 0.5 7.3 7.8 

Bus passenger - PTW PTW All All All All 0 8 53 61 - 1.0 6.6 7.6 

Bus passenger - van Can All All All All 0 19 304 323 - 2.4 38.0 40.4 

Bus passenger - HGV HGV All All All All 0 0 63 63 - - 7.9 7.9 

Bus passenger other vehicle Other All All All All 0 0 36 36 - - 4.5 4.5 

Bus passenger - Multi vehicle Multi All All All All 0 11 210 221 - 1.4 26.3 27.6 

Bus driver Bus driver - no other vehicles or pedestrians involved None All All All All 0 0 69 69 - - 8.6 8.6 

Bus driver - car Car All All All All 0 13 287 300 - 1.6 35.9 37.5 

Bus driver - bus Bus All All All All 0 0 52 52 - - 6.5 6.5 

Bus driver - pedestrian Pedestrian All All All All 0 0 9 9 - - 1.1 1.1 

Bus driver - cyclist Cyclist All All All All 0 0 5 5 - - 0.6 0.6 

Bus driver - PTW PTW All All All All 0 0 9 9 - - 1.1 1.1 

Bus driver - van Can All All All All 0 2 50 52 - <0.5 6.3 6.5 

Bus driver - HGV HGV All All All All 0 0 11 11 - - 1.4 1.4 

Bus driver - other vehicle Other All All All All 0 0 5 5 - - 0.6 0.6 

Bus driver - Multi vehicles Multi All All All All 1 3 70 74 <0.5 <0.5 8.8 9.3 

Pedestrian Pedestrian crossing road - bus going ahead None Going ahead Crossing road All All 20 179 375 574 2.5 22.4 46.9 71.8 

Pedestrian in road not crossing - bus going ahead None Going ahead In road, not crossing All All 0 9 20 29 - 1.1 2.5 3.6 

Pedestrian other movement - bus going ahead None Going ahead Other All All 6 58 124 188 0.8 7.3 15.5 23.5 

Pedestrian crossing road - bus turning None Turning Crossing road All All 11 57 105 173 1.4 7.1 13.1 21.6 

Pedestrian in road not crossing - bus turning None Turning In road, not crossing All All 

    

- - - - 

Pedestrian other movement - bus turning None Turning Other All All 0 14 19 33 - 1.8 2.4 4.1 

Pedestrian crossing road - bus moving off None Moving off Crossing road All All 2 51 115 168 <0.5 6.4 14.4 21.0 

Pedestrian in road not crossing - bus moving off None Moving off In road, not crossing All All 0 2 10 12 - <0.5 1.3 1.5 
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Casualty 
type 

Name Other road 
user type 

Bus manoeuvre Casualty manoeuvre Bus impact 
point 

Casualty impact 
point 

2016-2024 Annual average 2016-2024 

Killed Serous Slight Total Killed Serous Slight Total 

Pedestrian other movement - bus moving off None Moving off Other All All 1 47 105 153 <0.5 5.9 13.1 19.1 

Pedestrian crossing road - bus slowing/stopping None Slowing/stopping Crossing road All All 0 17 91 108 - 2.1 11.4 13.5 

Pedestrian in road not crossing - bus slowing/stopping None Slowing/stopping In road, not crossing All All 0 1 8 9 - <0.5 1.0 1.1 

Pedestrian other movement - bus slowing/stopping None Slowing/stopping Other All All 0 22 133 155 - 2.8 16.6 19.4 

Pedestrian all movements - bus other manoeuvre None Other All All All 4 68 141 213 0.5 8.5 17.6 26.6 

Pedestrians hit by buses in multi-vehicle collisions All All All All All 3 14 33 50 <0.5 1.8 4.1 6.3 

Pedestrians hit by other vehicles in bus collision (not bus) All All All All All 0 1 7 8 - <0.5 0.9 1.0 

Car 
occupant 

Car occupant - bus None All All Front Front 1 11 64 76 <0.5 1.4 8.0 9.5 

Car occupant - bus None All All Front Rear 0 5 35 40 - 0.6 4.4 5.0 

Car occupant - bus None All All Front Side 0 1 23 24 - <0.5 2.9 3.0 

Car occupant - bus None All All Front Other 0 0 1 1 - - <0.5 <0.5 

Car occupant - bus None All All Side Front 0 3 52 55 - <0.5 6.5 6.9 

Car occupant - bus None All All Side Side 0 0 32 32 - - 4.0 4.0 

Car occupant - bus None All All Side Other 0 0 2 2 - - <0.5 <0.5 

Car occupant - bus None All All Rear Front 0 1 59 60 - <0.5 7.4 7.5 

Car occupant - bus None All All Rear Side 0 0 1 1 - - <0.5 <0.5 

Car occupant - bus None All All Rear Other 0 0 1 1 - - <0.5 <0.5 

Car occupant - bus None All All Other All 0 0 6 6 - - 0.8 0.8 

Car occupant - multi vehicle 

     

0 14 97 111 - 1.8 12.1 13.9 

Cyclist Cyclist - bus going ahead front impact None Going ahead All Front All 0 2 4 6 - <0.5 0.5 0.8 

Cyclist - bus going ahead nearside impact None Going ahead All Nearside All - - - - - - - - 

Cyclist - bus going ahead offside impact None Going ahead All Offside All - - - - - - - - 

Cyclist - bus going ahead other impact None Going ahead All Other All - - - - - - - - 

Cyclist - bus turning front impact None Turning All Front All - - - - - - - - 

Cyclist - bus turning nearside impact None Turning All Nearside All - - - - - - - - 

Cyclist - bus turning offside impact None Turning All Offside All - - - - - - - - 

Cyclist - bus turning other impact None Turning All Other All - - - - - - - - 

Cyclist - bus overtaking front impact None Overtaking All Front All - - - - - - - - 

Cyclist - bus overtaking nearside impact None Overtaking All Nearside All - - - - - - - - 

Cyclist - bus overtaking offside impact None Overtaking All Offside All - - - - - - - - 

Cyclist - bus overtaking other impact None Overtaking All Other All - - - - - - - - 

Cyclist - bus other manoeuvres all impacts None Other All All All 0 0 8 8 - - 1.0 1.0 

Cyclist - multi-vehicle 

 

All 

 

All All 0 1 2 3 - <0.5 <0.5 <0.5 

PTW PTW - bus going ahead front impact 

 

Going ahead All Front All 0 1 5 6 - <0.5 0.6 0.8 

PTW - bus going ahead nearside impact 

 

Going ahead All Nearside All 0 2 0 2 - <0.5 - <0.5 
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Casualty 
type 

Name Other road 
user type 

Bus manoeuvre Casualty manoeuvre Bus impact 
point 

Casualty impact 
point 

2016-2024 Annual average 2016-2024 

Killed Serous Slight Total Killed Serous Slight Total 

PTW - bus going ahead offside impact 

 

Going ahead All Offside All 0 0 1 1 - - <0.5 <0.5 

PTW - bus going ahead other impact 

 

Going ahead All Other All 0 0 1 1 - - <0.5 <0.5 

PTW - bus turning front impact 

 

Turning All Front All - - - - - - - - 

PTW - bus turning nearside impact 

 

Turning All Nearside All - - - - - - - - 

PTW - bus turning offside impact 

 

Turning All Offside All - - - - - - - - 

PTW - bus turning other impact 

 

Turning All Other All - - - - - - - - 

PTW - bus overtaking front impact 

 

Overtaking All Front All - - - - - - - - 

PTW - bus overtaking nearside impact 

 

Overtaking All Nearside All - - - - - - - - 

PTW - bus overtaking offside impact 

 

Overtaking All Offside All - - - - - - - - 

PTW - bus overtaking other impact 

 

Overtaking All Other All 2 0 0 1 <0.5 - - <0.5 

PTW- bus other manoeuvres all impacts 

 

Other All All All 1 1 7 9 <0.5 <0.5 0.9 1.1 

PTW - multi-vehicle 

 

All 

 

All All 0 2 3 5 - <0.5 <0.5 0.6 

Other Other occupant - bus 

     

0 2 33 35 - <0.5 4.1 4.4 

Other occupant - multi vehicle 

     

0 0 14 14 - - 1.8 1.8 
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B.2 STATS19 Target population for CMS 

The BSS evaluation for direct and indirect vision (Martin et al., 2022) identified key driver 
fields of vision which the casualty may have passed through prior to the collision with the 
bus, as shown in Figure 18. Pedestrian cyclist and PTW casualties in collisions with a TfL bus 
in each of these eight zones were identified based on various STATS19 fields (bus 
manoeuvre, bus first point of impact, VRU manoeuvre and VRU impact). 

• ACP – Advanced Close-proximity 

• NFCP – Nearside Forward Close-proximity 

• OFCP – Offside Forward Close-proximity 

• NRCP – Nearside Rearward Close-proximity 

• ORCP – Offside Rearward Close-proximity 

• NWA – Nearside Wide Angle 

• REV – Reversing  

 

Figure 18: Key field of vision categories for bus driver, when considering relevant VRU to 
bus collision characteristics 
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Appendix C Details of methodology 

C.1 Technology fitted on buses 

• Data used: 

o  TfL bus fleet 

• Method: 

o Combine data from SymTerra on retrofit technologies and date of fitment 
into master list of TfL buses based on matching VRN 

C.2 Technologies fitted to buses on each route  

• Data used: 

o TfL fleet 

o IRIS data 

• Method: 

o Get technology on each bus in IRIS data by linking on VRN and comparing 
date of incident with retrofit fitment date 

o For each bus route get  

▪ If no technology of type ever then control 

▪ If technology present at some point then treatment route 

C.3 Getting casualties on each bus route 

• Data used: 

o TfL fleet 

o IRIS data 

o STATS19 data 

• Method  

o Get earliest and latest dates of each bus VRN on each route from IRIS 

o Compare with STATS19 data based on VRN and collision date to get bus route 

o Get target population casualties for each technology 

C.4 Matching with exposure data 

• Data used: 

o Vehicle miles 

o Passenger numbers 
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• Method  

o Match based on route and period 

C.5 Statistics 

C.5.1 Error bars used for casualty counts 

The number of collisions is normally modelled as a Poisson process, in that the number of 
collisions on a road is a random process, and the number of collisions in a given interval 
varies. This means that a given count of collisions is subject to an error. The 95% confidence 
interval was computed for each annual count of collisions. For collision number above 
approximately 100, this error can be approximated as twice the square root of the count. 
For smaller collision counts the error represents a larger proportion compared with the 
count value. 

C.5.2 Significance of differences 

The significance p value indicates the probability that the difference occurred by chance. 
Generally, p<0.05 indicates that a result is significant at the 5% level; i.e. there is a less than 
5% chance that the observed difference occurred by chance. Larger p values indicate a 
higher likelihood of the result occurring by chance and are often described as ‘non-
significant’. 

The significance level of changes from the initial year(s) was calculated as follows: 

• The relative risk was calculated as the ratio of the percentage changes from the 
initial year for the measure and control routes 

• The standard error of the log of this relative risk was calculated based on the number 
of casualties in each comparison group 

• The Z statistic was calculated as the log of the risk ratio divided by the standard error 

• The p value was calculated based on the normal distribution of the given Z value 

Results are described as statistically significant if the p-value in smaller than 0.05. In the 
analysis has categorised the significance of each subgroup as p<0.05 if the difference is 
statistically significant and p>0.1 if its statistically not significant. A category of p<0.1 is also 
sometimes recorded for when the difference is approaching statistically significance (i.e. 
between 5% and 10%).  
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Appendix D Bus routes used in analysis 

D.1 Bus routes used 

Table 37 shows the individual routes that were included as BSS routes (147 routes). The 
remaining 576 routes had no incidents involving a bus with BSS measures and were 
considered as control routes. 

 

Table 37: BSS routes included in analysis  

Route CMS Route Type ISA Route 
Type 

AVAS Route 
Type 

BSS Route 
Type 

Mileage data 
available 

3 CMS route Control AVAS route BSS route Y 

7 Control ISA route AVAS route BSS route Y 

8 Control ISA route AVAS route BSS route Y 

16 CMS route Control AVAS route BSS route Y 

19 CMS route Control AVAS route BSS route Y 

20 Control ISA route AVAS route BSS route Y 

23 Control ISA route AVAS route BSS route Y 

25 Control ISA route AVAS route BSS route Y 

28 CMS route ISA route AVAS route BSS route Y 

32 CMS route Control AVAS route BSS route Y 

33 CMS route ISA route AVAS route BSS route Y 

35 CMS route ISA route AVAS route BSS route Y 

37 Control ISA route AVAS route BSS route Y 

38 CMS route Control AVAS route BSS route Y 

39 CMS route ISA route AVAS route BSS route Y 

40 CMS route ISA route AVAS route BSS route Y 

42 CMS route ISA route AVAS route BSS route Y 

47 CMS route ISA route AVAS route BSS route Y 

49 CMS route ISA route AVAS route BSS route Y 

50 CMS route ISA route AVAS route BSS route Y 

55 CMS route Control AVAS route BSS route Y 

57 CMS route ISA route AVAS route BSS route Y 

58 CMS route ISA route AVAS route BSS route Y 

63 CMS route ISA route AVAS route BSS route Y 

64 CMS route ISA route AVAS route BSS route Y 

65 CMS route ISA route AVAS route BSS route Y 

68 CMS route ISA route AVAS route BSS route Y 

69 Control ISA route AVAS route BSS route Y 

71 CMS route ISA route AVAS route BSS route Y 

73 CMS route Control AVAS route BSS route Y 

80 CMS route ISA route AVAS route BSS route Y 

86 CMS route ISA route AVAS route BSS route Y 
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Route CMS Route Type ISA Route 
Type 

AVAS Route 
Type 

BSS Route 
Type 

Mileage data 
available 

93 CMS route ISA route AVAS route BSS route Y 

94 Control ISA route AVAS route BSS route Y 

100 CMS route ISA route AVAS route BSS route Y 

106 Control ISA route AVAS route BSS route Y 

109 Control ISA route AVAS route BSS route Y 

111 CMS route ISA route AVAS route BSS route Y 

113 CMS route ISA route AVAS route BSS route Y 

115 CMS route ISA route AVAS route BSS route Y 

119 CMS route ISA route AVAS route BSS route Y 

125 CMS route ISA route AVAS route BSS route Y 

130 CMS route ISA route AVAS route BSS route Y 

131 CMS route ISA route AVAS route BSS route Y 

132 CMS route ISA route AVAS route BSS route Y 

133 CMS route ISA route AVAS route BSS route Y 

137 CMS route Control AVAS route BSS route Y 

142 CMS route ISA route AVAS route BSS route Y 

148 CMS route ISA route AVAS route BSS route Y 

152 CMS route ISA route AVAS route BSS route Y 

154 CMS route ISA route AVAS route BSS route Y 

157 CMS route ISA route AVAS route BSS route Y 

160 CMS route ISA route AVAS route BSS route Y 

163 CMS route ISA route AVAS route BSS route Y 

164 CMS route ISA route AVAS route BSS route Y 

173 Control ISA route AVAS route BSS route Y 

174 Control ISA route AVAS route BSS route Y 

180 CMS route ISA route AVAS route BSS route Y 

183 CMS route ISA route AVAS route BSS route Y 

184 CMS route ISA route AVAS route BSS route Y 

185 CMS route ISA route AVAS route BSS route Y 

189 CMS route Control AVAS route BSS route Y 

197 Control ISA route AVAS route BSS route Y 

199 CMS route ISA route AVAS route BSS route Y 

200 CMS route ISA route AVAS route BSS route Y 

201 Control ISA route AVAS route BSS route Y 

202 Control ISA route AVAS route BSS route Y 

204 CMS route ISA route AVAS route BSS route Y 

205 Control ISA route AVAS route BSS route Y 

209 Control ISA route AVAS route BSS route Y 

211 CMS route Control AVAS route BSS route Y 

212 Control ISA route AVAS route BSS route Y 

213 CMS route ISA route AVAS route BSS route Y 

230 Control ISA route AVAS route BSS route Y 
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Route CMS Route Type ISA Route 
Type 

AVAS Route 
Type 

BSS Route 
Type 

Mileage data 
available 

232 Control ISA route AVAS route BSS route Y 

235 CMS route ISA route AVAS route BSS route Y 

245 Control ISA route AVAS route BSS route Y 

247 CMS route ISA route AVAS route BSS route Y 

251 CMS route ISA route AVAS route BSS route Y 

253 CMS route Control AVAS route BSS route Y 

259 CMS route Control AVAS route BSS route Y 

262 CMS route ISA route AVAS route BSS route Y 

264 CMS route ISA route AVAS route BSS route Y 

265 CMS route ISA route AVAS route BSS route Y 

267 Control ISA route AVAS route BSS route Y 

270 Control ISA route AVAS route BSS route Y 

276 CMS route ISA route AVAS route BSS route Y 

281 CMS route ISA route AVAS route BSS route Y 

285 Control ISA route AVAS route BSS route Y 

290 CMS route ISA route AVAS route BSS route Y 

295 CMS route ISA route AVAS route BSS route Y 

306 CMS route ISA route AVAS route BSS route Y 

307 CMS route ISA route AVAS route BSS route Y 

312 Control ISA route AVAS route BSS route Y 

315 CMS route ISA route AVAS route BSS route Y 

317 CMS route ISA route AVAS route BSS route Y 

319 CMS route ISA route AVAS route BSS route Y 

322 CMS route ISA route AVAS route BSS route Y 

339 CMS route ISA route AVAS route BSS route Y 

353 CMS route ISA route AVAS route BSS route Y 

355 CMS route ISA route AVAS route BSS route Y 

357 Control ISA route AVAS route BSS route Y 

358 CMS route ISA route AVAS route BSS route Y 

360 Control ISA route AVAS route BSS route Y 

363 CMS route ISA route AVAS route BSS route Y 

364 Control ISA route AVAS route BSS route Y 

366 CMS route ISA route AVAS route BSS route Y 

371 CMS route ISA route AVAS route BSS route Y 

376 CMS route ISA route AVAS route BSS route Y 

378 Control ISA route AVAS route BSS route Y 

381 CMS route ISA route AVAS route BSS route Y 

384 CMS route ISA route AVAS route BSS route Y 

396 CMS route ISA route AVAS route BSS route Y 

405 
(including 
405D) 

Control ISA route AVAS route BSS route Y 
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Route CMS Route Type ISA Route 
Type 

AVAS Route 
Type 

BSS Route 
Type 

Mileage data 
available 

414 Control ISA route AVAS route BSS route Y 

415 CMS route Control AVAS route BSS route Y 

417 CMS route ISA route AVAS route BSS route Y 

425 Control ISA route AVAS route BSS route Y 

433 CMS route ISA route AVAS route BSS route Y 

444 CMS route ISA route AVAS route BSS route Y 

450 CMS route ISA route AVAS route BSS route Y 

466 Control ISA route AVAS route BSS route Y 

482 Control ISA route AVAS route BSS route Y 

484 Control ISA route AVAS route BSS route Y 

533 Control ISA route AVAS route BSS route Y 

B13 CMS route ISA route AVAS route BSS route Y 

C1 CMS route ISA route AVAS route BSS route Y 

C10 Control ISA route AVAS route BSS route Y 

C3 CMS route ISA route AVAS route BSS route Y 

D3 CMS route ISA route AVAS route BSS route Y 

E5 CMS route ISA route AVAS route BSS route Y 

E6 CMS route ISA route AVAS route BSS route Y 

E7 CMS route ISA route AVAS route BSS route Y 

H10 CMS route ISA route AVAS route BSS route Y 

H20 CMS route ISA route AVAS route BSS route Y 

K1 Control ISA route AVAS route BSS route Y 

N25 Control ISA route AVAS route BSS route Y 

N73 CMS route Control AVAS route BSS route Y 

N86 CMS route ISA route AVAS route BSS route Y 

P5 Control ISA route AVAS route BSS route Y 

R70 CMS route ISA route AVAS route BSS route Y 

SL9 CMS route ISA route AVAS route BSS route Y 

U5 CMS route ISA route AVAS route BSS route Y 

W11 CMS route ISA route AVAS route BSS route Y 

W15 CMS route ISA route AVAS route BSS route Y 

W5 CMS route ISA route AVAS route BSS route Y 

W7 CMS route ISA route AVAS route BSS route Y 

 

D.2 Characteristics of bus routes 

A map layer of bus routes published by TfL (TfL, 2025)was used in combination with a map 
of London boroughs to estimate the percentage of the length of each bus route that was 
within inner and outer London Boroughs, as shown in Table 38. 
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Table 38: Summary of bus routes lengths in analysis in inner and outer London 

Technology Routes % Inner 
London 

% Outer 
London 

All BSS (as new plus 
retrofit programme) 

BSS routes 40.9% 59.1% 

control 39.7% 60.3% 

CMS  CMS routes 39.6% 60.4% 

control 40.1% 59.9% 

ISA ISA routes 40.8% 59.2% 

control 37.7% 62.3% 
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Appendix E Detailed results 

E.1 BSS 

 

 

Figure 19: VRU casualties on BSS and control routes relative to 2016/17 

 

 

Figure 20: Bus occupant casualties on BSS and control routes relative to 2016/17 
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Figure 21: Casualties in inner London on BSS and control routes relative to 2016/17 

 

 

Figure 22: Casualties in outer London on BSS and control routes relative to 2016/17 
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E.2 CMS 

 

Figure 23: VRU casualties on CMS and control routes relative to 2016/17 

 

 

Figure 24: Bus occupant casualties on CMS and control routes relative to 2016/17 

 

 

Figure 25: Casualties in inner London on CMS and control routes relative to 2016/17 
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Figure 26: Casualties in outer London on CMS and control routes relative to 2016/17 

 

E.3 ISA 

 

 

Figure 27: VRU casualties on ISA and control routes relative to 2016/17 
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Figure 28: Bus occupant casualties on ISA and control routes relative to 2016/17 

 

 

Figure 29: Casualties in inner London on ISA and control routes relative to 2016/17 
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Figure 30: Casualties in outer London on ISA and control routes relative to 2016/17 

 

E.4 AVAS 

Table 39: Number of casualties 2022-2024 
 

Quiet BSS bus with AVAS Quiet bus - no AVAS Diesel Total 

Slower manoeuvres 45.7% 45.9% 44.7% 45.5% 

Higher speed manoeuvres 43.6% 44.5% 41.7% 43.4% 

Other/unknown 10.6% 9.7% 13.6% 11.1% 

Total casualties (100%) 94 290 199 583 

 

Table 40: Number of casualties 2022-2024 by inner and outer London 
 

 Quiet BSS bus with 
AVAS 

Quiet bus - no 
AVAS 

Diesel Total 

Inner Slower manoeuvres 52.7% 50.7% 47.3% 50.2% 

 Higher speed manoeuvres 34.3% 40.9% 42.2% 40.4% 

 Other/unknown 12.9% 8.4% 10.4% 9.4% 

 Total casualties (100%) 201 1177 374 1752 

Outer Slower manoeuvres 40.4% 45.5% 41.9% 42.9% 

 Higher speed manoeuvres 50.6% 47.9% 46.3% 47.5% 

 Other/unknown 9.1% 6.5% 11.9% 9.6% 

 Total casualties (100%) 265 628 934 1827 
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Table 41: Number of casualties 2022-2024 by road user type 

Casualty 
road user 
group 

Bus manoeuvre Quiet BSS bus with 
AVAS 

Quiet bus - no 
AVAS 

Diesel Total 

Pedestrians 
and cyclists 

Slower manoeuvres 27.4% 35.6% 37.4% 35.1% 

 Higher speed manoeuvres 53.6% 49.0% 42.2% 47.1% 

 Other/unknown 19.0% 15.4% 20.4% 17.8% 

 Total casualties (100%) 84 298 230 612 

Bus 
occupants 

Slower manoeuvres 50.7% 52.6% 46.2% 50.0% 

 Higher speed manoeuvres 41.7% 41.8% 45.4% 43.1% 

 Other/unknown 7.6% 5.7% 8.4% 6.9% 

 Total casualties (100%) 367 1465 1020 2852 

Other road 
users 

Slower manoeuvres 25.0% 16.7% 19.1% 19.0% 

 Higher speed manoeuvres 37.5% 57.1% 55.9% 54.0% 

 Other/unknown 37.5% 26.2% 25.0% 27.0% 

 Total casualties (100%) 16 42 68 126 

 

Table 42: Number of casualties 2022-2024 by night and day 

Casualty 
road user 
group 

Bus manoeuvre Quiet BSS bus with 
AVAS 

Quiet bus - no 
AVAS 

Diesel Total 

Daytime Slower manoeuvres 47.3% 51.1% 45.0% 48.3% 

 Higher speed manoeuvres 41.5% 42.2% 44.2% 42.9% 

 Other/unknown 11.2% 6.7% 10.8% 8.8% 

 Total casualties (100%) 376 1431 1112 2919 

Nighttime Slower manoeuvres 38.5% 40.5% 34.0% 38.2% 

 Higher speed manoeuvres 52.7% 47.5% 51.5% 49.4% 

 Other/unknown 8.8% 12.0% 14.6% 12.4% 

 Total casualties (100%) 91 375 206 672 
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Bus Safety Standard (BSS) Benefits Realisation Analysis 
 

Transport for London (TfL) has committed to achieving Vision Zero by 2041 through progressive 

improvements to bus safety, central to which is the Bus Safety Standard (BSS). Introduced in 2019 

and enhanced in 2021 and 2024, the BSS encompasses driver assist, partner assist, occupant 

protection and partner protection measures. This report presents the first network-wide interim 

evaluation of casualty benefits associated with Phase 1 of the BSS, focusing on the combined effect 

of the BSS package, plus separate evaluation of Camera Monitor Systems (CMS), Intelligent Speed 

Assistance (ISA), Acoustic Vehicle Alerting Systems (AVAS). 

The evaluation links TfL fleet and technology fitment data with police-reported STATS19 casualty 

data from 2016/17 to 2023/24, using both absolute casualty numbers and exposure-adjusted rates 

(vehicle-kilometres and passenger numbers). Routes operating buses with BSS technologies were 

compared with control routes without such technologies. 

Results show that routes with BSS buses experienced substantially greater reductions in casualties 

than control routes. Overall casualties declined by 40.8% on BSS routes compared with 21.5% on 

control routes, with steeper reductions in casualty rates per vehicle-kilometre and per passenger. 

CMS demonstrates particularly strong safety benefits, with marked reductions in total casualties 

relative to controls. ISA shows targeted effectiveness for speed-related collisions but limited 

broader impacts under current operating conditions, while AVAS results remain inconclusive due to 

small sample sizes, though no safety disbenefits are evident. 

Despite data and methodological limitations, the findings provide early evidence that the BSS is 
delivering meaningful safety improvements across the TfL bus network, with benefits expected to 
increase as the proportion of the bus fleet with BSS features increases. 
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