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Abstract 13 

The introduction of connected and autonomous vehicles (CAVs) to the road transport 14 

ecosystem will change the manner of collisions. CAVs are expected to optimise the safety of 15 

road users and the wider environment, while alleviating traffic congestion and maximising 16 

occupant comfort. The net result is a reduction in the frequency of motor vehicle collisions, 17 

and a reduction in the number of injuries currently seen as ‘preventable’. A changing risk 18 

ecosystem will introduce new challenges and opportunities for primary insurers. Prior studies 19 

have highlighted the economic benefit provided by reductions in the frequency of hazardous 20 

events. This economic benefit, however, will be offset by the economic detriment incurred by 21 

emerging risks and the increased scrutiny placed on existing risks. We posit four plausible 22 

scenarios detailing how an introduction of these technologies could result in a larger relative 23 

rate of injury claims currently characterised as tail-risk events. In such a scenario, the 24 

culmination of these losses will present as a second ‘hump’ in actuarial loss models. We 25 

discuss how CAV risk factors and traffic dynamics may combine to make a second ‘hump’ a 26 

plausible reality, and discuss a number of opportunities that may arise for primary insurers 27 

from a changing road environment. 28 

 29 
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 40 
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1 Introduction 44 

The introduction of connected and autonomous vehicles (CAVs)1 is expected to have a 45 

profound impact on the landscape of road transport risk. These vehicles are expected to 46 

introduce tiered reductions in the frequency and severity of motor vehicle collisions. Each 47 

tiered reduction represents the additional safety benefits provided by increased levels of 48 

vehicle automation (Table 1). A set of projections for expected availability of CAVs, 49 

according to the vehicles’ own manufacturers, detail that highly-automated vehicles are 50 

expected to be available by 2030 (Grace and Ping 2018). Current literature2 on CAV safety 51 

detail how tiered reductions will occur through risk-mitigating advanced driver assistance 52 

systems (ADASs)3 and wireless communication software. The latter is otherwise known as 53 

V2X4 communication. In contrast to conventional vehicles, which require full navigational 54 

input from human drivers, vehicles equipped with ADAS technologies can improve driving 55 

efficiencies and avoid oncoming safety hazards (Scanlon et al. 2015).  56 

With the availability of a suite of ADAS technologies, navigation software, and V2X 57 

communication software, CAVs are expected to reduce collision rates. More importantly, 58 

CAVs are expected to the reduce the frequency of injuries stemming from motor vehicle 59 

collisions (Bareiss et al. 2019). This expectation is due to their ability to predict and react to 60 

oncoming hazards at a level that human drivers cannot attain, while remaining free of human 61 

fallibilities such as distracted or impaired driving behaviour (Fagnant and Kockelman 2015). 62 

Furthermore, in the event that collisions do transpire, safety-optimised vehicle design and 63 

ADAS technologies will largely mitigate the severity of the incident and reduce the severity of 64 

injuries that occur (Bareiss and Gabler 2020). These safety advancements will have 65 

implications for motor insurers. 66 

As a key stakeholder in the area of road transport, primary insurers must adapt to the 67 

shifting risk landscape that faces vehicle occupants. Motor insurance providers capitalise on 68 

accurate representations of risk using actuarial modelling techniques (Denuit et al. 2007). 69 

These techniques provide a relatively accurate generalisation of the number and extent of 70 

realised single-loss events. This study argues that ADAS and eventual CAV rollouts will 71 

require a more nuanced analysis beyond the expected changes in collision frequency and 72 

                                                             
1 CAVs can be defined as the set of vehicles that can facilitate the connection to, and communication with, other 
vehicles and the surrounding infrastructure, as well as maintaining the ability to perform autonomous functions. 
2 A detailed overview is provided in Litman, T., 2020. Autonomous vehicle implementation predictions: 
Implications for transport planning. 
3 ADASs are vehicle technologies that can monitor and assist driving tasks in order to ensure the safety of the 
driver and improve operational efficiency. Examples include Cruise Control, Automatic Emergency Braking (AEB) 
and Lane-Keeping Assistance (LKA). 
4 V2X (‘vehicle-to-everything’) software describes wireless communication software in which vehicles 
communicate with surrounding vehicles and other appropriately-equipped surrounding infrastructure (traffic lights, 
cellular towers, etc.), and use this information to navigate the road environment. 
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severity. Reduced loss frequencies, along with changing risk patterns, will change the 73 

distribution of loss events. We demonstrate how this, along with access to in-vehicle data 74 

and technical expertise, could pose challenges and opportunities to current business 75 

models. 76 

We detail in this study the effect that changes in road traffic and vehicle ownership may have 77 

on single-loss actuarial models as they pertain to third-party injuries. We do so through the 78 

use of targeted scenario analyses that assess the safety capabilities and market penetration 79 

of CAVs. Third-party injuries, in this context, refer to injuries sustained by vehicle occupants 80 

as a result of a negligent or reckless third party's actions. Single-loss events5, meanwhile, 81 

describe the expected distribution of losses stemming from events that occur in a localised 82 

area. We envision that high-frequency, low cost single-loss events that currently dominate 83 

actuarial considerations (Figure 1, left) may change to a loss-distribution profile driven by an 84 

increased ratio of high-severity single-loss events (Figure 1, right). Assuming an ‘extreme 85 

value’ threshold of €100,000, high-severity loss events currently account for 5% of all injury 86 

loss events6 (Central Bank of Ireland 2019). High-severity loss events that occur with a low 87 

frequency are known as ‘tail-risk events’. They are so-called as they occur in the ‘tail’ of the 88 

distribution, i.e. away from the main body of claims. However, we reason that this rate may 89 

reach higher levels in years to come. We present four scenarios in which actuarial models 90 

may divert from their current representation. These four scenarios assume a 20%, 40%, 91 

60%, and 80% reduction in collision frequencies, respectively. Our objective is not to 92 

pinpoint the likelihood of these scenarios occurring. Rather, the objective of this study is to 93 

explore how these plausible scenarios may occur, and the associated implications for 94 

primary insurers. 95 

Insert Table 1 here 96 

The scenarios presented in this study subsist on ADAS-enabled and autonomous vehicles 97 

that are adept at avoiding hazardous events. Many minor-injury or 'preventable' collision 98 

events are expected to be avoided (Cicchino 2017), and a larger proportion of collision 99 

events that remain are expected to be of a higher severity. Given the encroaching costs of 100 

the advanced technology within these vehicles, and the level of liability placed upon the 101 

vehicle to ensure occupant safety, it is plausible that these collision events will incur high 102 

losses for primary insurers. Assuming a drop in hazard events and minor collision 103 

frequencies, these scenarios suggest that a higher relative frequency of large-loss events 104 

                                                             
5 Single-loss events, such as motor vehicle collisions, are distinct from multiple loss events, such as adverse 
weather leading to multiple hailstorm damage claims. 
6 This ratio represents the proportion of claimants who settled injury claims in Ireland between 2015-2018. 
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will generate an elongated ‘tail’ or a second ‘hump’ in the general distribution of single-loss 105 

actuarial models.  106 

An increase in large cost events has significant implications for insurers. The objective of this 107 

study is to detail the temporality of this ‘hump’ – how this hump may prevail as road 108 

infrastructures and vehicle ownership patterns evolve. Moreover, the study explains how this 109 

second peak will emerge alongside increasing levels of vehicle automation. We also 110 

consider the optimised safety introduced by CAVs, the market penetration of these vehicles, 111 

traffic patterns, and a shifting liability landscape.  112 

Current attempts by the motor insurance market to capitalise on updated risk metrics do so 113 

by utilising usage-based insurance (UBI). In a UBI rate-making system, the insurance rates 114 

are tied to the use of the insured vehicle. UBI differs from traditional policies in that 115 

premiums are based on driving behaviour and vehicle usage, rather than premiums based 116 

on the expected risk profile of the driver. The premium level in UBI is determined based on 117 

either the policyholder’s frequency of driving (Pay-As-You-Drive, or PAYD), or the 118 

policyholder’s quality of driving (Pay-How-You-Drive, or PHYD) (Desyllas and Sako 2013, 119 

Baecke and Bocca 2017, Tselentis et al. 2017). PAYD designates a system that charges the 120 

policyholder based on miles driven (Husnjak et al. 2015). In contrast, PHYD systems 121 

calculate premiums based on individual driving behaviour, using parameters that indicate 122 

driving speed, harsh acceleration, abnormal braking and excessively sharp or wide cornering 123 

(Tselentis et al. 2017).  124 

Driving within normal or expected limits of acceleration, speed, braking, or cornering is 125 

typically rewarded with discounted insurance rates. In contrast, unusual acceleration, 126 

speeding, deceleration, or cornering behaviours suggest a poor pattern of driving behaviour 127 

or distracted driving. The driver is subsequently penalised with a loss of discount benefits or 128 

increased baseline rates. Smartphones or telematics devices are used to track these 129 

parameters (Handel et al. 2014), which can be used to assign risk scores to policyholders 130 

based on their driving performance (Ryan et al. 2020). Both policyholders and insurers 131 

benefit from this arrangement. In return for allowing the insurer to monitor their driving 132 

behaviour, policyholders receive discounts. Insurers, meanwhile, attain a more accurate risk 133 

profile of the policyholder, leading to lower underwriting and loss expenses. These savings 134 

are compounded on both sides by positive self-selection bias – safer drivers move to these 135 

policies to secure further discounts, while insurers incur fewer losses by covering safer 136 

drivers (Desyllas and Sako 2013). In addition, the use of risk-scoring has allowed for the 137 

most at-risk drivers to be identified, as the lowest quintile of performance scores account for 138 

30-40% of all accidents (Neininger 2019). Flat discounts are also available in certain regions 139 
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if the insured vehicle is equipped with the latest safety-optimised technology (Baumann et al. 140 

2019). However, some insurers have been reluctant to offer discounts due to a lack of 141 

observable safety benefits and higher repair costs (Bellon 2019). 142 

Despite these updated methods of determining premiums, the underlying assumptions 143 

regarding the expected distribution of third-party injury losses largely goes unquestioned. 144 

Relatively few anticipatory insurance schemes or actuarial model adaptations have been 145 

proposed that deviate from conventional loss frequency7 and loss severity8 models (Denuit 146 

et al. 2007). It can be argued that actuarial models need not be updated until autonomous 147 

vehicles, and therefore hazard events involving autonomous vehicles, are commonplace. 148 

For example, Bayesian inferencing can be used to update actuarial models in line with 149 

gradual changes in collision frequencies and severities (Sheehan et al. 2017). However, 150 

reactive assessments rather than proactive assessments introduce the risk of 151 

underestimating the level of exposure, as recently evidenced by large losses in the natural 152 

catastrophe insurance-linked securities market (Schultz 2019).  153 

This article is organised as follows. First we outline plausible scenarios in which a second 154 

‘hump’ may present in loss distributions, as well as outlining the extent of the ‘hump’ in each 155 

scenario. Thereafter, we argue how these scenarios may present by assessing current 156 

expectations on the future of transportation and insurance. We begin by examining the state-157 

of-the-art proactive risk assessments and policies that are available from insurers. We then 158 

detail the future of CAVs and the additional costs associated with increased vehicle 159 

complexity. Higher vehicle purchase and repair costs will impact insurance premiums as the 160 

underwritten liability limits will increase (Ryan et al. 2019). Thereafter, based on extant 161 

industry and academic research, we explore the likely changes that will occur in accident 162 

claims due to ownership rates and vehicle usage characteristics (Gatzert and Osterrieder 163 

2020). Finally, we use this background research to highlight a number of challenges that 164 

may face primary motor insurers under these assumed scenarios. These challenges may 165 

present in terms of their role as actuaries and underwriters, and in terms of their role as a 166 

key stakeholder of the motor vehicle industry.   167 

                                                             
7 For example, Poisson or Negative Binomial models 
8 For example, lognormal or Gamma models 
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2 The Anticipated ‘hump’ 168 

We explore scenarios where the underlying distribution of single-loss events deviates from 169 

conventional right-skewed distributions with a single cluster of events close to zero (Figure 1, 170 

solid line). The loss distributions that are presented in Figure 1 (dashed line) are scenarios in 171 

which we assume a 20%, 40%, 60%, and 80% reduction in collision frequencies causing 172 

injury, respectively.  173 

Insert Figure 1 here 174 

Insert Table 2 here 175 

As noted previously, tail-risk injury loss events currently make up 5% of total bodily-injury 176 

losses (Central Bank of Ireland 2019). However, the scenarios presented here posit that the 177 

proportion of tail-risk injury losses could plausibly reach 10%-40% by the time that fully-178 

autonomous vehicles become commonplace. Advances in vehicle safety will significantly 179 

reduce collision frequencies and severities due to sophisticated technological equipment that 180 

can navigate through oncoming hazards. Vehicle ownership rates, upgraded road 181 

infrastructures, and adapted driving behaviours will change the nature of collisions. At the 182 

same time, public liability paradigms will likely generate high pay-outs for vehicle at-fault 183 

claims. Initial vehicle-at-fault claims, in particular, may be subject to the ‘Social Amplification 184 

of Risk’ phenomenon, where relatively minor risk events can elicit strong public concerns 185 

and have a substantial impact on policy (Kasperson et al. 1988). Furthermore, latent costs 186 

will be introduced by increased vehicle repair and replacement costs. We also incorporate 187 

our expectations on how loss distribution may transform due to the changing mix of vehicles 188 

on the road. We detail how this coincides with increases in the aforementioned repair and 189 

replacement costs, and liability penalties for ‘vehicle-at-fault’ claims. 190 

The scenarios in Figure 1 are based on specific reductions in collision and hazard event 191 

frequencies, ranging from 20% to 80%, with the introduction of CAVs. Further details on the 192 

formation of the loss distributions that make up the scenarios in Figure 1 are provided in 193 

Appendix 1. Table 2 also indicates the cumulative losses that are expected from the 194 

distributions in Figure 1, as a percentage of current losses.  195 

2.1 20%–40% Reduction in Collision Rates Causing Injury: 196 

We largely attribute the changing dynamic of claim distributions in our scenarios to the market 197 

share of vehicles that are equipped with a suite of ADAS technologies and capable of 198 

autonomous functions and wireless communication (V2X). Vehicles that are equipped with 199 

these technologies are referred to as connected or autonomous vehicles, or CAVs. Presently, 200 

it is expected that a vehicle equipped with ADAS functions can reduce bodily injuries by up to 201 

60-80% when given appropriate take-over control (Bareiss et al. 2019). The same study found 202 
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that bodily injuries can be reduced by up to 90% when both vehicles in a ‘would-be’ incident 203 

are equipped with ADAS technology. However, current automated navigational functionality is 204 

minimal, ADAS market penetration is emergent, and the wireless communication of vehicles 205 

with other vehicles is minimal. Using current rates (a 0% reduction in injuries) as a baseline, 206 

we anticipate that a road environment consisting entirely of connected and autonomous 207 

vehicles will lead to an 80% reduction in injuries. 208 

Based on these expectations, it can be suggested that a 20%-40% realised reduction in 209 

collisions would suggest incremental advancements in road safety rather than a sufficiently-210 

high market share of CAVs. A sizeable but minority share of CAVs equipped with ADAS 211 

technologies and automated navigational software have the potential to prevent or mitigate a 212 

high number of minor-moderate collisions that would incur injuries. However, conventional 213 

vehicles will still represent the majority of vehicles in the road ecosystem, ensuring that loss 214 

event models will remain similar to current loss distributions in some capacity.  215 

Furthermore, a large number of minor-moderate loss events that are mitigated will be 216 

replaced by claims for damage repairs on costly safety and navigational equipment (Liberty 217 

Mutual Insurance 2017, Williams 2018). Incidents in which CAVs are found to be at-fault in a 218 

collision while in ‘automated mode’ may incur excessive claim penalties owing to their 219 

increased level of liability (Deutscher Bundesrat 2017, Automated and Electric Vehicles Act 220 

2018). Therefore, costs saved by preventing injuries may be supplemented both by higher 221 

repair costs (Liberty Mutual Insurance 2017, Williams 2018) and higher liability costs 222 

(Casualty Actuarial Society 2018). This is reflected in the costs outlined in Table 2, which 223 

indicates the expected cumulative losses for insurers for each of these scenarios. Relative to 224 

current values, scenarios in which collisions reduce by 20% and 40% will maintain or 225 

increase on current levels of losses (110.4% and 111.4%, respectively). Despite a reduction 226 

in overall collisions, higher repair and liability costs will result in a higher average pay out. 227 

This aligns with the views put forth by the Casualty Actuarial Society (2018), who suggest 228 

that a 75% reduction in incident rates is required to maintain current premium levels.  229 

As such, we anticipate that incremental advancements on road safety will not significantly 230 

impact on current actuarial models, and injury-claim changes that do manifest may present as 231 

elongated ‘tails’ rather than distinct humps due to higher liability pay outs. Based on these 232 

assumptions, both the ‘20% Reduction’ and ‘40% Reduction’ loss distributions in Figure 1 233 

(right) may remain largely similar to the current loss distribution (Figure 1, left). Instead, we 234 

only expect CAVs to have a significant impact on actuarial models when they reach a majority 235 

market-share of newly-bought vehicles, such that their full safety capabilities can be realised.  236 



CAVs FOR INSURANCE 

Page 9 of 39 
 

2.2 60%–80% Reduction in Collision Rates Causing Injury: 237 

CAVs have the potential to reduce collision and injury rates by greater than 20%-40%, based 238 

on the findings of Bareiss et al. (2019). However, we expect that 60%-80% reductions in 239 

collision and injury rates will only arrive if there are systematic changes made to the road 240 

environment. We anticipate that these reductions will only be observed in an environment 241 

where CAVs represent a significant majority of vehicles on the road. At this stage, CAVs will 242 

come equipped with a suite of ADAS technologies, automated navigational software, and 243 

vehicle-to-everything wireless communication (V2X). Additionally, it is expected that a 244 

majority of CAVs operating in the road environment will do so as part of a ride-sharing 245 

service rather than through private ownership (Litman 2020). This will have the effect of 246 

contracting the number of insured vehicles (Henao and Marshall 2019) and increasing 247 

occupancy rates (Lokhandwala and Cai 2018), which in turn increases the number of 248 

passengers exposed to a single insurance loss event.  249 

Since conventional vehicles will represent a minority share of the on-road traffic mix, current 250 

loss-distribution dynamics will no longer hold. Instead, loss-distribution dynamics will largely 251 

be driven by incidents involving CAVs, whose risks differ from those faced by conventional 252 

vehicles. The vast majority of claims currently realised by insurers are of low severity and 253 

are clustered relatively close to zero (Denuit et al. 2007, Central Bank of Ireland 2019). 254 

However, the sophisticated technological capabilities of CAVs will ensure that a majority of 255 

minor-moderate injury claim events are avoided. The scenarios underlying the ‘60% 256 

Reduction’ and ‘80% Reduction’ loss distributions (Figure 1, right) assume that collisions that 257 

currently incur minor (superficial) injuries will largely be prevented, and moderate-severity 258 

collisions (causing non-superficial injuries) will be mitigated to minor injury events. Table 2 259 

indicates that the expected total loss faced by insurers will fall by up to 40% with an 80% 260 

reduction in collisions. However, there will a relative increase in the number of events that 261 

are ‘unavoidable’ and likely to commit great personal harm – i.e. those that can incur a 262 

significant risk to life. Given that occupancy rates are expected to increase over time 263 

(Lokhandwala and Cai 2018), this may have the effect of concentrating a higher number of 264 

serious-injury events into fewer collisions. 265 

The implications this has for insurers is that the average size of realised claims may become 266 

larger and costlier, even though the overall cost of liabilities will decrease relative to current 267 

values (Table 2). Although conventional vehicles will remain subject to current claim loss 268 

dynamics, a higher percentage of bodily injury claims resulting from collisions involving 269 

CAVs will stem from ‘unavoidable’ collisions involving a higher number of passengers, on 270 

average. ‘Unavoidable’ collisions, such as vehicles that are traveling at high speeds, or 271 

‘blind-spot’ collisions that occur while cornering, will incur significant losses for insurers. 272 
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Given the nature of these incidents, it stands to reason that serious injuries may still be 273 

suffered in these incidents. The losses stemming from the injuries will be compounded by 274 

extensive repair and replacement costs, particularly if safety-critical equipment is damaged. 275 

Furthermore, incidents in which CAVs are found to be at-fault in a collision while in 276 

‘automated mode’ may also incur excessive liability penalties owing to their increased level 277 

of liability (Deutscher Bundesrat 2017, Automated and Electric Vehicles Act 2018).  278 

Assuming these situations become evident, there is a latent possibility that an increase in 279 

the relative percentage of these ‘unavoidable’ events, given a significant reduction in less 280 

severe events, have the ability to introduce a second ‘hump’ to loss distributions (Figure 1 281 

right). Hence the elongated tail that is expected to appear with a 20%-40% reduction in 282 

collisions may progress in to a second ‘hump’ as the overall rate of collisions continue to 283 

decrease, while the relative percentage of high-severity collisions continues to increase. 284 

Given that traditional loss models do not account for a second 'hump', the remainder of this 285 

study explores the factors that may influence its occurrence, and investigate the 286 

opportunities that may arise as a result. The uptake in CAV ownership is expected to be 287 

gradual, with industry experts proposing widely-varying assessments on public acceptance 288 

and market penetration rates (Claus et al. 2017). The path to CAV ubiquity remains 289 

uncertain due to a myriad of regulatory, liability and infrastructure roadblocks, despite the 290 

feasibility of a rapid introduction of advanced safety technology (Martínez-Díaz and 291 

Soriguera 2018).  292 

The remainder of this study focuses on the feasibility of the scenarios above, based on 293 

current developments in ADAS and V2X. We first detail how non-life insurers are reacting to 294 

a road environment that contains ADAS-equipped vehicles. We further expand on how these 295 

vehicles, and future iterations toward full autonomy, may impact motor insurance costs. We 296 

also detail the potential impact of anticipatory and reactive regulations and governance, the 297 

future landscape in terms of vehicle ownership and occupancy rates, and the dynamic 298 

effects of public perception. The latter factors play a particularly influential role in the 299 

formation of the second ‘hump’, given that we expect sizeable changes to actuarial models 300 

only if CAVs achieve a significant market share. 301 

  302 
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3 Current Insurance Adaptations to ADAS and Telematics 303 

The traditional paradigm of motor insurance has evolved over many decades. Risks can be 304 

represented through cost distribution models that combine the frequency of incidents 305 

(Negative Binomial or Poisson distribution) with the severity of those incidents (Log-normal or 306 

Gamma distribution). The price of insurance premiums reflects the average expected loss per 307 

policy, plus a profit margin. Therefore, insurers operate on the basis of the Law of Large 308 

Numbers, i.e. given an increasingly large number of loss events, the average loss amount of 309 

realised events will tend toward the average loss amount that was initially expected. Risk 310 

pricing for conventional vehicles has been optimised over time to adequately pool insurers’ 311 

risk exposure to both frequent small losses and infrequent large losses. The optimisation of 312 

risk pricing means that gains made from the frequent occurrence of small loss events more 313 

than offset the large losses garnered from ‘tail-risk’ events. Therefore, insurers remain 314 

relatively insulated from threats of capital reserve risks because of a well-diversified portfolio 315 

of policy losses. From a prudential regulatory perspective, the motor insurance business is 316 

seen as offering a degree of financial stability to insurers.  317 

The risk-pooling regime has previously updated to changing risk values. This includes 318 

accounting for new risks such as changes in driving behaviour (distracted driving caused by 319 

mobile phone use) (McEvoy et al. 2005), and changes to vehicle safety (the standardisation 320 

of seatbelts and airbags) (Campbell 1986). The introduction of autonomous vehicle 321 

capabilities is expected to disrupt traditional insurance premium pricing due to the wealth of 322 

data that CAVs generate (Weidner et al. 2017, Casualty Actuarial Society 2018). Motor 323 

telematics is viewed as promising way forward in understanding the dynamics of motor vehicle 324 

collisions (Weidner et al. 2017). Telematics records vehicle data including location, 325 

acceleration, time of day, and so on. They therefore provide a window in to the overall health 326 

of the vehicle and a policyholder’s driving behaviour (Goyal 2014). As previously outlined, 327 

motor insurance companies have used telematics data to introduce Usage-Based-Insurance 328 

(UBI) policies such as Pay-As-You-Drive (PAYD) and Pay-How-You-Drive (PHYD). 329 

Smartphones or vehicle monitoring devices are used to track individual driving behaviour 330 

(Handel et al. 2014), which can be used to assign risk scores to policyholders based on their 331 

driving performance (Ryan et al. 2020).  332 

In addition to tracking the driving behaviour of policyholders, smartphones have proven to be 333 

effective feedback loops to drivers, significantly improving their driving performance (Birrell et 334 

al. 2014, Jiang et al. 2018). UBI has therefore become increasingly popular within the last 335 

decade, partially driven by the scalability, affordability and high penetration rate of 336 

smartphones (Ptolomeus Consulting Group 2018), and has resulted in improved profitability 337 

for insurers (Vaia et al. 2012). Monitoring driving behaviour allows for fairer premiums as 338 
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traditional homogenised insurance overcharges safer drivers in order subsidise the higher 339 

insurance costs for riskier drivers (Tselentis et al. 2017). As vehicles evolve from level 0 340 

automation to level 5 automation (Table 1), they will be increasingly equipped with advanced 341 

driver assistance systems (ADASs) as standard. Some insurance providers seem willing to 342 

provide discounts on insurance premiums for vehicles with ADASs (Allianz SE 2016), and 343 

already make extensive use of the passive ‘eCall’ assistance system. The ‘eCall’ assistance 344 

system places calls to the emergency services when crash sensors within the vehicle are 345 

activated, and have played a role in saving a number of drivers’ lives (Ponte et al. 2016). The 346 

proliferation of these discounts have been slow however, as insurers have struggled to 347 

accurately assess the reduction in risk provided by ADAS technologies (Bellon 2019).   348 
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4 Expected Shift in Risk Landscape 349 

4.1 Progression of Technology & Insurer Losses 350 

The introduction of the retractable seatbelt in the 1950s and vented airbag restraints in the 351 

1960s sparked a movement toward improving occupant safety. Measures have prioritised the 352 

development of practical safety mechanisms, and encouraged a broader evolutionary 353 

movement toward vehicle automation, particularly since the 1990s (Griffin et al. 2018). 354 

Using a suite of sensors (cameras, radar, lasers) that monitor the dynamic driving environment, 355 

ADAS technology can assess a consistent feed of external information regarding the vehicle’s 356 

surroundings (Figure 1). These safety systems are designed to mitigate the leading causes of 357 

collisions, such as distracted driving (Hirayama et al. 2012, George et al. 2018, Jannusch et 358 

al. 2021) and driver fatigue (Lee and Chung 2012, Jung et al. 2014). If an imminent danger is 359 

detected, the assistance system alerts the driver through tactile, audible or visual stimuli (Level 360 

0 automation using SAE International (2016) guidelines). However, if no response from the 361 

driver is received, or if the driver’s reaction time exceeds established limits, a fall-back exists 362 

wherein the system activates autonomously (Levels 1 automation) and acts to avoid the 363 

potentially hazardous event (Hajek et al. 2013). 364 

Simulation studies have highlighted the effectiveness of Level 2 ADAS technologies (where 365 

two systems act concurrently to avoid or mitigate an oncoming hazard) in reducing collision 366 

and injury rates relative to vehicles with no intervention systems (Scanlon et al. 2017). A 367 

number of studies have also used collision data to retroactively assess the extent to which 368 

Level 1 and 2 ADAS mechanisms would have prevented collisions (Spicer et al. 2018, Bareiss 369 

et al. 2019, Östling et al. 2019). These studies find that Electronic Stability Control (ESC), 370 

Automatic Emergency Braking (AEB) and Lane Departure Prevention (LDP) systems are 371 

particularly adept at reducing collision rates (by up to 90%) and preventing potentially serious 372 

injuries.  373 

The increased proliferation of ADAS technology will impact insurer’s liabilities with many minor 374 

incidents eliminated (Scanlon et al. 2015, Bareiss et al. 2019). At the same time, there will be 375 

fewer than expected moderate bodily injury loss events. AEB, for example, has been shown 376 

to substantially lower the extent of Third Party Injury claims in the UK (Doyle et al. 2015), while 377 

blind-spot ADAS technology reduced claim costs by up to 30% in Sweden (Isaksson-Hellman 378 

and Lindman 2018). However, a decrease in bodily injuries as a result of ADAS (Doyle et al. 379 

2015, Isaksson-Hellman and Lindman 2018) will be offset by the increased cost associated 380 

with vehicle repair and part replacement (Pütz et al. 2019). According to Liberty Mutual, the 381 

cost of repairing vehicles equipped with the latest technology will almost double (Liberty 382 
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Mutual Insurance 2017) because of the cost of the damaged parts and additional labour costs. 383 

This higher repair cost has also been confirmed by AXA UK (Williams 2018).  384 

ADAS technology typically begins providing warnings when a potential hazard is within 5 385 

seconds to collision. As automation levels increase, the suite of advanced safety technologies 386 

will incorporate elements of on-board navigation and Vehicle-to-Vehicle (V2V) communication 387 

that will eventually progress to Vehicle-to-Everything (V2X) communication. Level 3 388 

Connected Autonomous Vehicles (CAVs) have already been shown to perform on par with 389 

human drivers (Pütz et al. 2019), with latest reports suggesting that CAVs encounter fewer 390 

hazard events than humans (State of California DMV 2019). This indicates that advanced 391 

technological vehicles rapidly adapt to the nuanced driving behaviour of other road users, and 392 

can quickly lower the expected frequency of incidents. The addition of autonomous 393 

navigational and communication elements will allow the vehicle to detect and proactively 394 

assess potential hazards rather than reacting to oncoming dangers, even when the hazard is 395 

out of the line-of-sight (Ali et al. 2018).  396 

These advancements all contribute to a shift in loss distributions. While conventional vehicles 397 

continue to dominate the make-up of vehicles in the road environment and ADAS-enabled 398 

vehicles remain a minority, we expect few changes to occur in traditional actuarial models. 399 

However, over time, vehicles equipped with V2X communication, collision avoidance 400 

technologies, and navigational software will become a growing percentage of vehicles in the 401 

road environment. Once CAVs become the majority, we would expect the proportion of minor-402 

moderate bodily injury collisions to significantly reduce and the proportion of serious bodily 403 

injury collisions to increase, increasing the likelihood of a second ‘hump’ in loss distributions. 404 

4.2 Liability Landscape 405 

Motor insurance consists of Motor Third-Party Liability (MTPL) and Motor Own Damage 406 

(MOD) (Insurance Europe 2018). MTPL policies generally reimburse third-party claims for 407 

bodily injury, property damage and subsequent economic losses within a predetermined 408 

compensation limit. MOD policies insure the vehicle (and therefore the owner) up to its 409 

property value. MOD policies also insure the vehicle for fire, theft or accidental damage. The 410 

liability in this sense is therefore placed on the insured driver, and the risks to which they are 411 

exposed through no fault of their own (e.g. theft).  412 

Table 3 demonstrates the stability of MTPL and MOD loss patterns, indicating how insurers 413 

operate because of the Law of Large Numbers. While variation coefficients in Germany are 414 

high for natural catastrophe events (over 50%), the long-run volatility of claim estimates for 415 

the accident risks are 15% or lower. Both vehicle damage and bodily injury claims are even 416 

more stable with overall industry costs typically varying by 6.9% and 7.5%, respectively. The 417 
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highest incidence of tail-risk events occurs for theft-coverage and accidents resulting in 418 

bodily injuries. These events have the highest average cost-per-policy (€15,603 and 419 

€14,305, respectively). However, in the scenario of a ‘second hump’ presenting in loss 420 

curves, the higher relative frequency9 of tail-risk events will increase these volatility 421 

estimates. Insurers in this scenario may have to retain higher capital reserves to meet claim 422 

losses that reach higher levels of volatility, a cost that may be passed on to policyholders.  423 

INSERT TABLE 3 HERE 424 

The current liability landscape will shift to one that incorporates a product liability element 425 

(Casualty Actuarial Society 2018). Product liability refers to the onus placed on original 426 

equipment manufacturers (OEMs) to ensure a safe product reaches the consumer. Product 427 

defects that cause injuries to consumers can result in significant liability being placed on the 428 

manufacturer. Given the increasing level of sophisticated technology in vehicles, and their 429 

associated vulnerabilities, the resulting probability of a defective piece of equipment making 430 

its way into a vehicle and leading to a safety-critical error is greater than zero (Bhavsar et al. 431 

2017). This means that vehicle and equipment manufacturers will be exposed to elevated 432 

levels of risk from insurers reclaiming losses.  433 

The German Road Traffic Act was updated in 2017 to clarify the liable party when a CAV 434 

collision occurs while the automated mode is activated (Deutscher Bundesrat 2017). In this 435 

case, the statutory compensation limits in Germany will double from €5 million to €10 million 436 

for bodily injury claims and from €1 million to €2 million for property damages (Deutscher 437 

Bundesrat 2017). In theory, doubling the statutory compensation limits would increase the 438 

maximum possible loss burden for the insurer, which should be reflected in the insurance 439 

pricing. The expected shift to a focus on product liability will bring with it greater coverage — 440 

but that greater coverage would be accompanied by higher frictional costs. In the context of 441 

actuarial modelling, further liability regulations may increase the level of compensation that is 442 

owed to injured claimants, further contributing to the eventual ‘hump’ appearing in loss 443 

distributions. 444 

This German Act is supplemented by the ‘single insurer’ model that introduced as part of the 445 

‘Automated and Electric Vehicles Act 2018’ in the United Kingdom (Automated and Electric 446 

Vehicles Act 2018). This act stated that both driver and vehicle are covered under the 447 

driver’s insurance policy while the vehicle is in ‘automated mode’, so that in the event of 448 

defective or faulty vehicle equipment causing an accident while the vehicle is in control of the 449 

                                                             
9 i.e. as a % of claim frequency, given that overall claim frequencies will decrease 
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driving tasks, the driver would still be able to secure a claim for damage incurred in the 450 

accident.  451 

Previously, it could have been argued that since there was no ‘negligent party’ involved in 452 

such an accident, the insurer could withhold compensation on the premise that the event 453 

was a product liability litigation issue to be directly addressed between the claimant and at-454 

fault original equipment manufacturer (OEM), rather than through the insurer. However, the 455 

Automated and Electric Vehicles Act (2018) clarified that in these situations, the policyholder 456 

could still claim from their insurance (and so the event would still add to their loss 457 

distribution), while the insurer could thereafter recover their losses from the defective 458 

equipment’s manufacturers. As such, while still remaining present in their expected loss 459 

distributions, the extent of their compensation pay outs may increase given the increased 460 

liability burden that will be placed on primary insurers. This further adds to the plausibility of 461 

an elongated tail and eventual second ‘hump’. 462 

As it stands, the expected outcome for this change is that extra costs will be introduced in 463 

the value chain in order to adequately cover the high penalties caused by product liability 464 

issues. Combining coverage and costs, the shift will plausibly result in one of two scenarios. 465 

The current view is that increased product liability will indirectly affect consumers through 466 

increased insurance premiums. A study by the Casualty Actuarial Society (2018) found that 467 

CAVs would need to reduce incident rates by 75% to maintain the level of insurance 468 

premiums that are currently available in the market. This view is based on the additional 469 

costs that will be placed on vehicle repairs, bodily injury estimates, and reserves to cover 470 

product liability loss. An alternative view is that product liability will directly impact consumers 471 

by increasing the costs of vehicles. The burden of product liability placed on OEMs will 472 

guarantee that the quality of the equipment in these vehicles are not comprised, the cost of 473 

which is passed on to the consumers. 474 

In sum, the introduction of CAVs to the road environment are expected to significantly 475 

reduce the number of collisions, and mitigate the extent of collisions that do occur. While this 476 

is highly beneficial for those within the vehicle, insurers may not benefit to the same extent. 477 

The complexity of the technologies within these vehicles will increase the repair costs 478 

associated with injury claims in addition to the costs associated with the injuries themselves. 479 

Furthermore, in the event of a defective part within these vehicles causing a collision, 480 

primary insurers would be exposed to higher liability costs. These expectations are outlined 481 

in Table 4.   482 

INSERT TABLE 4 HERE 483 
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5 Temporality of Risk Landscape 484 

5.1 Anticipatory Regulations and Governance  485 

The introduction of safety technology will require amendments to national and international 486 

legislation worldwide. ADAS and CAV technologies will present challenges for regulators in 487 

terms of legal and civil liberty commitments particularly regarding privacy, data use, profiling 488 

and social access to insurance. Insurance and regulation face a similar task in anticipating a 489 

supportive governance and regulatory environment that will realise the safety benefits of 490 

autonomous vehicle technologies, while maintaining recourse to compensation through 491 

mandatory insurance.  492 

The governance response must factor in the need for supportive regulation and 493 

standardisation to avail of the potential risk mitigation benefits of autonomous vehicle 494 

technologies, whilst also being cognisant of changes in accident rates and injuries 495 

(Mittelstadt et al. 2015). The speed with which the ‘second hump’ may present in actuarial 496 

curves is dependent on the increased proliferation of CAVs. Historical attempts at 497 

introducing regulation for vehicle safety optimisation have been slow. Three-point seatbelts 498 

were first required to be fitted for all seats as standard in 1969 (Japan), 10 years after their 499 

introduction. Airbags were first introduced for front-seat passengers in 1973, and were made 500 

mandatory 25 years later in the United States. Similarly, anti-lock braking system (ABS) and 501 

electronic stability control (ESC) were equipped on 80% of newly registered vehicles in 502 

Germany after 20 and 15 years, respectively (Pütz et al. 2019). That said, the pace of 503 

technological advancements may be changing with mobile phones and data-interconnectivity 504 

(IoT) being adopted at an accelerating rate (Davidson and Spinoulas 2015).   505 

Regulatory bodies have a safety and economic duty to ensure the timely introduction of 506 

ADAS-enabled vehicles and CAVs. A free market approach to CAV governance could be 507 

suboptimal and fail to realise the safety potential of these technologies, and would result in 508 

fractured transport legislations from lagging municipalities (Cohen et al. 2018). A ‘laissez-509 

faire’ governance approach would also result in significantly lower market penetrations of 510 

safety- and technologically optimised vehicles for non-affluent road users. Transport route 511 

efficiency will suffer and traffic congestion will increase (Cohen and Cavoli 2019), which may 512 

result in an increased frequency of property-damage loss events.  513 

Initial indicators point to encouraging signs of active anticipatory governance. The United 514 

States Department of Transport have committed to ensure that 20 of the leading 515 

manufacturers10 will employ at least Level 1 Automation capabilities by 2022 (Insurance 516 

Institute for Highway Safety 2016). All vehicles manufactured from this point must have at 517 

                                                             
10 representing more than 99% of the automotive market 
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least one ADAS system that can autonomously stop or correct the vehicle if required11. 518 

Furthermore, the European Commission (2019) have committed to ensure that every vehicle 519 

produced in the European Union from 2022 must have Level 2 automation capabilities. This 520 

states that each vehicle must have at least two ADAS systems that can work simultaneously 521 

to prevent a hazardous event or correct a vehicle approaching a hazardous event. However, 522 

road infrastructure will require upgrading and the economic cost of these developments are 523 

significant (Kaltenhäuser et al. 2020). Nevertheless, anticipatory regulations that recognise 524 

the safety benefits of CAVs and encourage their introduction, may further speed up the 525 

process by which primary insurers are exposed to shifting loss distributions. 526 

5.2 Public Perception & Acceptance 527 

5.2.1 Ownership Rates & Occupancy Rates 528 

An increasing rate of ADAS and higher-level AVs in the road environment will be a catalyst 529 

for change in terms of vehicle ownership and vehicle occupancy rates, particularly in urban 530 

areas. Highly-automated vehicles (Level 4) or fully-automated vehicles (Level 5) are 531 

expected to be available by a majority of vehicle manufacturers by 2030 (Grace and Ping 532 

2018). These vehicles will have higher purchase costs and will be costly to maintain, and 533 

their introduction to the traffic mix is expected to be gradual (Kaltenhäuser et al. 2020). 534 

However, the cost-per-mile-travelled is expected to decrease due to longer-lasting vehicles, 535 

their use as a shared vehicle, and cheaper fuel (through electric charging stations) over time 536 

(Walker and Johnson 2016, Airbib and Seba 2017). These high purchase and maintenance 537 

costs, combined with the possibility of lower costs per-mile-travelled, will significantly widen 538 

the disparity between the utility of owning a CAV and the utility of mobility services operated 539 

by CAVs (Chen et al. 2016, Claus et al. 2017, Lokhandwala and Cai 2018, Litman 2020). 540 

Based on this disparity, it is envisioned that ‘Autonomous Taxis’ will become the 541 

predominant transport mode of choice by the time that CAVs are widespread (Kaltenhäuser 542 

et al. 2020, Litman 2020). Ultimately, there will transition to shared-mobility services, and a 543 

decline in demand for private-use CAVs. 544 

This shift may have an appreciable impact on occupancy rates. Average occupancy rates 545 

have been found to be low for shared-mobility services (Lokhandwala and Cai 2018, Henao 546 

and Marshall 2019) as current road infrastructure do not provide efficient travel routes for 547 

CAVs (Papa and Ferreira 2018, Litman 2020). The rate of deadheading12 may therefore 548 

increase in the near- to medium-term as ‘empty’ vehicles travel to ride-share requests, 549 

increasing the relative frequency of policies that will be subject to Motor Own Damage 550 

                                                             
11 In this case, Automatic Emergency Braking (AEB) is required. 
12 ‘deadheading’ is otherwise known as ‘vehicle-miles travelled with no occupants’, as mentioned in Henao, A., 
Marshall, W.E., 2019. The impact of ride-hailing on vehicle miles traveled. Transportation 46 (6), 2173-2194. 
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(MOD) claims and ensuring that insurance loss distributions will not deviate much from their 551 

current state.  552 

As CAVs become more commonplace, however, road environments will become optimised 553 

for shared-mobility services, possibly through optimal charging-point placements (Chen et al. 554 

2016) or designated lanes for CAVs (Litman 2020). This will have the effect of decreasing 555 

deadheading over time, meaning that the average number of occupants per vehicle may rise 556 

(from 1.3 to 3, on average) in tandem with increased travel efficiency and decreased fleet 557 

size (Chen et al. 2016, Lokhandwala and Cai 2018, Henao and Marshall 2019, Litman 558 

2020). A reduction from a heterogeneous mix of CAV and conventional vehicle traffic to a 559 

road environment primarily containing higher levels of autonomous vehicles acting as 560 

mobility providers may also have ramifications for primary insurers. They face business 561 

model risks given that the number of policies they underwrite will contract and the risk 562 

dynamics of the policies they do underwrite will change. 563 

Currently, loss-distributions and premium calculation models assume the predominant 564 

coverage of private vehicles, where each covered vehicle is assumed to be owned by a 565 

single driver. However, an expected drop in privately-owned vehicles and an increase in 566 

shared ‘autonomous taxis’ will reduce the pool of insured vehicles, and contract the 567 

profitability of insurers, ceteris paribus. Furthermore, a greater concentration of occupants 568 

within a small pool of vehicles has the potential to significantly increase claim sizes in the 569 

event of injuries being suffered and critical safety equipment being damaged. Given that 570 

shared-mobility services may become the primary mode of transportation, it is a distinct 571 

possibility that these events may become a higher relative percentage of overall claim 572 

frequencies, and therefore contribute further to the ‘second hump’ (Figure 1, right). There is 573 

a likelihood of this scenario presenting as a result of advances in vehicle safety that will 574 

reduce collision frequencies and severities.  575 

5.2.2 Market Penetration 576 

The primary driver behind the introduction of CAVs is the public’s willingness to buy highly-577 

automated vehicles. This will require achieving and maintaining public trust in CAVs (Xu and 578 

Fan 2019). The path to full ubiquity of CAVs remains unclear. Initial opinions suggested that 579 

75% of new-vehicle-purchases will be self-driving by 2040 (Claus et al. 2017), and that 75%-580 

95% of all vehicles on the road would be self-driving by 2060 (Bierstedt et al. 2014). These 581 

predictions have since tapered to ‘optimistic’ scenarios describing a 50% adoption rate and 582 

35% market share by 2040 (Forsgren 2018), while research studies have suggested highly-583 

automated vehicles to have a market share between 24%-87% by 2045 (Bansal and 584 

Kockelman 2017). A higher market share of CAVs will result in higher collision reductions 585 

and fewer collisions being realised (Scanlon et al. 2017, Bareiss et al. 2019), which we 586 
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expect in turn to change to the shifted loss distributions outlined in Section 2. Regardless, a 587 

rapid introduction of these vehicles requires a significant buy-in from low- and middle-income 588 

motorists, who would need to spend significantly beyond their typical vehicle purchase in 589 

order to secure a vehicle with self-driving capabilities (Litman 2015).  590 

Current market expectations indicate an eagerness to adapt to or use new technologies, 591 

particularly when presented with personal benefits (i.e. enhanced safety, fuel consumption, 592 

liability shift, low-cost mobility-as-a-service) (Bansal and Kockelman 2017, Daziano et al. 593 

2017, Shabanpour et al. 2018, Kaltenhäuser et al. 2020). Bansal and Kockelman (2017) find 594 

that consumers in the US would be willing to pay a significant amount for full automation 595 

capabilities. Shabanpour et al. (2018) find that motorists have an increased willingness to 596 

purchase CAVs if they remain covered in the event of a vehicle-at-fault incident, similar to 597 

the acts introduced in Germany and the United Kingdom (Deutscher Bundesrat 2017, 598 

Automated and Electric Vehicles Act 2018). Regulators may take these sentiments in to 599 

account if they are reflected in vehicle sale patterns. The market penetration rate of CAVs is 600 

directly related to realised safety benefits for road users. From this, we can infer that a 601 

higher market penetration rate of CAVs will lead to greater changes to conventional loss 602 

distributions, to the extent that a second ‘hump’ may present in loss distributions in the event 603 

that CAVs reach a dominant market share. 604 

Therefore, current expectations dictate that regulatory bodies look favourably upon the 605 

eventual introduction of CAVs to improve safety, given their willingness to exploit 606 

opportunities to guide their introduction (Insurance Institute for Highway Safety 2016, 607 

European Commission 2019). Ownership rates of privately-owned vehicles are expected to 608 

decrease (Litman 2020), due to a shift in using these vehicles for ride-sharing purposes 609 

through ‘autonomous taxis’ (Henao and Marshall 2019, Kaltenhäuser et al. 2020). The net 610 

result of the expected change in ownership/usage rates is a higher occupancy rate, which is 611 

expected to rise from 1.3 to 3 (Lokhandwala and Cai 2018). Combined with the safety 612 

capabilities of CAVs (Bareiss et al. 2019), it can be suggested that a greater concentration of 613 

passengers in to fewer vehicles will lead to a higher proportion of large injury losses payable 614 

by primary insurers in the event of a collision occurring. This has the effect of reducing the 615 

number of minor events that currently exist in loss distributions, and increasing the 616 

proportion of ‘tail-risk’ events, lending further credibility to the likelihood of a second ‘hump’ 617 

presenting in loss distributions.  618 

INSERT TABLE 5 HERE 619 

 620 
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6 Implications for Insurer Pricing and Underwriting 621 

Insurance pricing models derive safety from the Law of Large Numbers. Considering this 622 

theorem, insurers can implement a risk-pooling strategy to remain insulated from claim 623 

losses that deviate significantly from the average loss. This strategy is effective as long as 624 

average claim sizes, on an ongoing basis, eventually tend toward the initially-expected 625 

average. In Section 2, we detailed four scenarios in which total claim losses are expected to 626 

be dynamic, rather than static, as a result of changing collision frequencies. When combined 627 

with changing collision severities and changing occupancy rates, these scenarios suggest 628 

that average loss dynamics may transform over time. As such, primary insurers may need to 629 

proactively assess their expectations regarding average claim losses. These scenarios, 630 

however, rely on an increased proliferation of CAVs, coinciding with knock-on effects on 631 

public perception, road safety dynamics, and the make-up of vehicles on road networks. 632 

The scenarios we present in Section 2 do not envision that single-loss event models will 633 

drastically change with a gradual introduction of ADAS-enabled (Level 2) and partially-634 

automated (Level 3) vehicles. Although it is difficult to determine the exact mixture of 635 

automated levels on the road, a greater level of safety afforded by ADAS-enabled vehicles 636 

will ensure that many incidents will be avoided or mitigated (Scanlon et al. 2015, Scanlon et 637 

al. 2017, Bareiss et al. 2019). In addition, initial forays in to CAV-sharing mobility services 638 

will increase the number of deadheading vehicles, decreasing occupancy rates on average. 639 

Minor collisions will largely be eliminated, while a large share of moderate-serious injuries 640 

will be reduced to minor injuries, or property-damage-only claims. The largest risk to insurers 641 

that are posed by limited fleets of CAVs, in a single-loss capacity, is the introduction of a 642 

liability shift. Increased capital allocations will be required to offset the change from a 643 

negligence-based liability system, to a strict product liability setting (Casualty Actuarial 644 

Society 2018). As such, the inevitable (few) incidents that occur amongst the initial fleet of 645 

automated vehicles will be increasingly scrutinised. Manifestations of the social amplification 646 

of risk phenomenon (Kasperson et al. 1988) has the potential to inflate the levels of 647 

compensation resulting from these incidents.  648 

Furthermore, the reduction in compensation due to a decreased frequency of minor and 649 

moderate injuries will be offset by the large increase in the cost to replace or repair the 650 

sophisticated technology present in CAVs. This is due to the high manufacturing and 651 

specialised labour costs associated with these vehicles (Liberty Mutual Insurance 2017). 652 

Therefore, current actuarial loss models may remain static in the short-medium term. As 653 

outlined in §3 and above, insurers remain adequately hedged from these risks due to risk-654 

pooling measures that ensure they are diversified and insulated from tail-risk events. A more 655 

pressing issue for primary insurers are the spread of Level 4 and Level 5 AVs.  656 
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Provided that they reach a sufficient market share, it is plausible that a higher relative 657 

percentage of compensation claims from Level 4 and Level 5 AVs (Table 1) will be loss 658 

events that are currently considered as tail-risk events. A disproportionate amount of single-659 

loss events could therefore exceed ‘extreme value’ estimations that are used to allocate 660 

appropriate capital reserves for high losses. Motor insurance risk assessors and rate-makers 661 

may need to take proactive measures to ensure they are safeguarded from a shifting loss 662 

model and have priced their exposure to risk correctly. 663 

With an increased dissemination of SAE Level 4 and Level 5 CAVs in the road environment, 664 

there is the potential to shift from the single-loss actuarial models as they currently present, 665 

to the loss distributions described in §2. If these vehicles make up the majority of vehicles in 666 

the road environment, as eventually anticipated, the number of collisions involving bodily 667 

injuries may fall by more than 80% (Bareiss et al. 2019). A high proportion of collisions that 668 

remain will be collisions that are ‘unavoidable’, such as high-speed or blind-spot collisions. 669 

These collisions would result in serious or worse injuries being incurred. As such, a road 670 

environment that is made up of Level 4 or Level 5 CAVs may result in more losses that are 671 

currently characterised as ‘tail-risk’ events. This has implications for primary motor insurers, 672 

which presents both challenges and opportunities for their business models.    673 

7 Emerging Risks and Opportunities for Primary Insurers 674 

Forecasts on future premium levels have been inconsistent. A report by KPMG (2015) has 675 

pointed to a sharp fall; other institutions have taken more cautious line. The Bank of England 676 

(Claus et al. 2017) predict a fall in premiums of 23% in the UK by 2040. However, the 677 

Casualty Actuarial Society (2018) predict a large increase in premiums, and the loss 678 

distributions we envision indicate a rise in the average premium level until a 60% fall in 679 

collision rates are realised (Table 2). The lack of a clear narrative puts the long term 680 

business prospects of primary insurers into question. We detail in this section alternative 681 

risks that may emerge for primary insurers with the introduction of CAVs, and possible 682 

opportunities this provides for primary insurers. 683 

We envision that the transition across automation levels 1-5 (Table 1) will signal a profound 684 

change for the insurance sector. Changing liability terms, changing occupancy rates, 685 

changing vehicle sophistication, OEMs-as-insurers, cyber-security risk, and changing 686 

transport dynamics all have the potential to transform insurers’ risk exposure. Paradoxically, 687 

insurance companies will be able to more-accurately price individual risk through the use of 688 

telematics and other data information sources gathered by vehicles. At the same time, the 689 

human driver will become progressively less important as a risk. This new dispensation will 690 

make it possible to assess more accurate risk metrics, however it will also prompt regulatory 691 
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and legal responses around the concepts of insurability, consumer rights, privacy, and duties 692 

to ensure a safety-optimised transport environment.  693 

7.1 Original Equipment Manufacturers (OEMs) as Insurers 694 

Considering the roll-out of ADAS from an insurance value chain perspective raises a number 695 

of important issues pertaining to the future operation of the market. Current expectations are 696 

that an increasing emphasis will be placed on product liability. As a result, in terms of motor 697 

insurance sales, it is likely that much of the market will be mediated through OEMs, making 698 

joint ventures a more attractive business strategy going forward. This is recently evidenced 699 

by partnerships established between AXA and Tesla (2019), and Ford and Liberty Mutual 700 

Insurance (2020). This may eventually result in in-house insurance lines being directly 701 

offered by AV manufacturers, who double as OEMs. The utility of this strategy is that 702 

manufacturers are optimally-positioned to assess the risk of their vehicles, as they have 703 

direct knowledge on the vulnerabilities within the vehicle, direct access to highly-skilled 704 

engineers, and are equipped with immediate availability of replacement parts. The supply 705 

chain advantage of OEMs-as-insurers can therefore significantly reduce the cost of 706 

premiums, and the cost of vehicles, for consumers. 707 

However, there are risks associated with this strategy that may result in higher premiums 708 

and longer waiting times in litigation cases for policyholders. As mentioned previously, the 709 

‘single insurer’ model that has been drafted in the United Kingdom clarifies the relationship 710 

between insurer, policyholder, and vehicle equipment manufacturer. The Automated and 711 

Electric Vehicles Act (2018) states that in the event of defective equipment causing an 712 

accident, or the vehicle being at-fault in an accident while in ‘automated mode’, insurers are 713 

to first compensate policyholders, then seek recourse from OEMs. This ensures that 714 

policyholders are not left to engage in lengthy litigious cases wherein the exact manner of 715 

the fault or faulty equipment is determined. Rather, policyholders are expected to 716 

expeditiously receive payment from their primary insurer, who then seek compensation from 717 

the OEM of the faulty equipment. However, this process requires additional technical 718 

expertise and may lead to unexpected delays and financial management issues until the 719 

insurer’s claim for recourse is completed (Pütz et al. 2019). 720 

A scenario in which OEMs become a sizeable market share of insurers may bring with it 721 

extra risks and costs for policyholders, as OEMs would be responsible for product liability 722 

losses as well as vehicle damage and third-party injury losses. This may result in higher 723 

premiums being passed on to policyholders. Furthermore, in contrast to the ‘pay now, seek 724 

recourse later’ regulations defining primary insurers in the United Kingdom, OEMs may 725 

dispute claims in which their equipment is named as ‘at-fault’, and withhold payment until the 726 

full circumstances in which the collision occurred are made clear. This can lead to protracted 727 
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litigation cases, which are known to incur higher legal fees for policyholders and decrease 728 

their quality of life (Casey et al. 2015). As a result, we suggest that primary insurers may be 729 

well-advised to support and promote the terms outlined in the Automated and Electric 730 

Vehicles Act (2018), and lobbying other regulatory bodies to adopt similar directives. This 731 

support may be used as a strategic means of maintaining their role as a key stakeholder in 732 

the motor vehicle industry, despite the extra financial responsibility placed on them as a 733 

result of the terms laid out in the act. 734 

7.2 Reinsurers 735 

A matter that does not receive enough attention in the extant literature on insurance and 736 

ADAS technologies is the position of the reinsurance sector in this market. The ‘Law of 737 

Large Numbers’ argument may hold true given that the number of incidents is expected to 738 

decrease over time. However, there is a distinct possibility that current volatility levels within 739 

insurance markets (Table 3) will not remain. In a scenario containing an increasing number 740 

of large loss events, the volatility of claim loss sizes would spike and a number of smaller 741 

players may not have the capital requirements that will be needed to cover losses during 742 

concurrent adversarial events. Therefore, we expect that the introduction of CAVs will have a 743 

direct impact on the growth of reinsurers, as product liability and related responsibilities 744 

(cyber-security, product recall, etc.) make up larger portions of motor insurance risk. When 745 

we consider the pattern of claims costs posited in this study and an increase in the rate of 746 

high-severity losses, we anticipate that the market will react accordingly. Tail-risk insurance 747 

products such as policy tranches or syndicate-underwritten policies may become 748 

increasingly popular in business lines. As such, the reinsurance sector will play a key role in 749 

‘smoothing out’ the ‘second hump’ that faces primary insurers. Primary insurers may be well-750 

positioned to strengthen their relationships with reinsurers to solidify their market share as 751 

stakeholders of the motor vehicle industry, beyond that of the reinsurance cover mandated 752 

as part of Solvency II (European Commission 2014).  753 

7.3 Cybersecurity 754 

Cybersecurity risk is another concern for primary insurers and has been identified as the 755 

most prominent emerging issue for motor insurers with the introduction of CAVs (Claus et al. 756 

2017). Cyber risk, wherein the vehicle is exposed to technological vulnerabilities that can be 757 

exploited using adversarial ‘hacking’ events, must be considered in two forms. Random, 758 

small-scale attacks on individual vehicles will require single-loss compensation 759 

considerations, since the attacks could lead to collisions incurring vehicle damage and bodily 760 

injuries. However, large-scale attacks could potentially hinder entire companies, localities or 761 

municipalities, creating significant business interruption risks. 762 
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This concern appears to be validated with an exponential growth in cybersecurity incidents 763 

since 2016 (Help Net Security 2020). These emerging cyber-vulnerabilities are within the 764 

current scope of insurers, indicating that increasingly-sophisticated CAVs and malign actors 765 

have the potential for large, single loss events. Faulty sensors or vulnerable software may 766 

result in the vehicle causing an injury to non-fault parties, or being recalled, which would also 767 

pose a greater risk for fleet insurers. While further adding to the liabilities they face, this 768 

provides an opportunity for primary insurers to incorporate these risks into further coverage 769 

plans for CAV owners (both privately-owned and commercially-owned), and offering further 770 

opportunities for profitability. 771 

7.4 Potential Departure from ‘Bonus-Hunger’ 772 

The bonus-malus system13 is well-established as an effective system for reducing the 773 

number of claims made against an insurance company. This is substantial evidence that a 774 

number of accidents go unreported in order for policyholders to maintain a high level of 775 

discount on their policy – a phenomenon known as bonus-hunger (Boucher et al. 2009, 776 

Charpentier et al. 2017). However, bonus-hunger in a non-viable approach for policyholders 777 

with CAVs. The level of technological complexity in CAVs indicates that owners must report 778 

all minor damages, lest the damage impede on safety-critical equipment. 779 

This issue has been specifically addressed in both Germany’s (Deutscher Bundesrat 2017) 780 

and the United Kingdom’s (Automated and Electric Vehicles Act 2018) approach to the 781 

insurability of CAVs. These regulations state that given the level of sophisticated technology 782 

in these vehicles, all minor damages are required to be reported in the event that safety-783 

critical functionalities no longer work. Failure to do so will nullify the policyholder’s contract 784 

with the primary insurer, and therefore relinquish any right to claim compensation in the 785 

event of an accident (Deutscher Bundesrat 2017, Automated and Electric Vehicles Act 786 

2018). This may benefit primary insurers; a higher ratio of lower-cost bodily-damage claims 787 

means a lower ratio of policy ‘bonuses’ will remain active. If bonus-hunger remains and 788 

minor damages are not reported, primary insurers would be absolved from compensating 789 

subsequent high-cost bodily-injury incidents. 790 

Insurers may leverage the perception on the safety of technologically-advanced vehicles, as 791 

well as their increased protection from ‘bonus-hunger’ policyholders, to offer an amplified 792 

bonus-malus system. This system would imply greater discounts for prolonged periods of 793 

safety, and greater penalisations for reported accidents. While safer drivers would benefit 794 

from greater discounts, those involved in collisions would be subject to higher penalties, 795 

                                                             
13 The bonus-malus system decision is a popular rate-making system where policyholders are rewarded with 
discounts for continued periods where no claim is made on their policy, and penalised with higher premiums 
when a claim is made. 
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offsetting the pay outs associated with the subsequent low-cost claims. Furthermore, given 796 

that unreported damages to the equipment contained within CAVs would absolve insurers 797 

from financial responsibility in the event of a collision, the amplified bonus-malus system 798 

may represent a further profitability opportunity for primary insurers.  799 
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8 Conclusion 800 

Despite being a key stakeholder of the motor industry, primary insurers are seldom 801 

considered when discussing the changing dynamics of risks facing road users. This 802 

exploratory study considers the risk landscape facing primary insurers with the introduction 803 

of connected and autonomous vehicles (CAVs) from the perspective of third-party injury loss 804 

distributions. We examine approaches currently used by primary insurers to capture risk 805 

relating to safety-advanced vehicles, and investigate the changing dynamics of existing and 806 

emerging risks as CAVs become increasingly proliferated. These factors include 807 

advancements in safety technology, shifting terms of liability, the role of anticipatory 808 

governance and regulations, and the changing landscape of vehicle ownership, use, and 809 

occupancy rates. Ultimately, these factors will culminate in a shift away from private vehicle 810 

ownership and toward the use of CAVs as ride-sharing or ‘autonomous taxis’ that contain 811 

more passengers on average. 812 

An increased presence of CAVs on the road may bring about a change in risk typology that 813 

will affect primary insurers and road users alike. We present four plausible scenarios 814 

whereby the introduction of CAVs can lead to decreased collision rates, and therefore injury 815 

rates. These scenarios outline that decreased collision frequencies, increased product 816 

liability, increased occupancy rates and increased vehicle repair costs could combine to 817 

increase the relative frequency of tail-risk events. This has the potential to create a second 818 

peak in loss curves. In this scenario, the volatility of insured single-loss events may spike, 819 

and primary insurers would no longer benefit from stable year-on-year insured losses.  820 

We further outline how primary insurers may insulate themselves from a changing risk 821 

landscape, and profit from the introduction of CAVs. Original equipment manufacturers and 822 

reinsurers have the potential to disrupt the business models of primary insurers, but primary 823 

can seek to consolidate their position by proactively engaging with these parties and 824 

lobbying for ‘insurer-friendly’ regulations. Furthermore, the emerging risks posed by CAVs 825 

can be leveraged into profit-making opportunities, such as the proactive assessment of 826 

cybersecurity risk and the adoption of an amplified bonus-malus system. 827 

There is a paucity of data on the implications that CAVs may have on secondary 828 

stakeholders, such as primary insurers. As such, there will be an increased reliance on 829 

expert judgement to discern the impact these technologies will have on the motor vehicle 830 

industry. In particular, the influence posed by new risks to which motor insurance providers 831 

are exposed. This study is therefore well-positioned to provide key insights to road safety 832 

practitioners and vehicle engineers, as well as to insurers in terms of the role that insurance 833 

providers will have as stakeholders of the motor vehicle industry over time. 834 
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Figure 1 Loss distribution models (dashed line), as envisioned in four different scenarios where autonomous 
vehicles become increasingly prevalent. The scenarios represent a 20%, 40%, 60%, and 80% reduction in injury 
claims, respectively, and are overlaying a loss distribution model of current injury claim losses (solid line). The 
current loss distribution is of a similar shape to the Gamma Distribution commonly seen in actuarial literature 
(Denuit et al. 2007). The distributions in each of the four scenarios are formed using a mixture of two gamma 
distributions (detailed in Appendix 1). Currently, taking Ireland as an example, 5% of injury claims results in losses 
greater than €100,000, i.e. tail-risk events. However, a reduction in minor collisions, combined with shifting liability 
frameworks, may result in a claim distribution that features a higher relative rate of large-loss events. Source: data 
derived from National Highway Traffic Safety Administration (NHTSA) applied to the methodology of Shannon et al. 
(2020), using figures provided by the Central Bank of Ireland (2019). 
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11 Tables 1061 
Table 1 Levels of Driving Automation according to SAE International (2016), along with the likely impact they 1062 
may have on primary motor insurers 1063 

 1064 

Table 2 Expected cumulative cost of claims in each of the four scenarios outlined in Figure 1 (dashed line), 1065 
relative to current values (Figure 1, solid line). 1066 

Scenario Cumulative Losses (as % of current values) 

0% Reduction in Collisions 
Causing Injury (current losses) 

100% 

20% Reduction in Collisions 
Causing Injury 

110.4% 

40% Reduction in Collisions 
Causing Injury 

111.4% 

60% Reduction in Collisions 
Causing Injury 

92.8% 

80% Reduction in Collisions 
Causing Injury 

59.9% 

 1067 

SAE International (2016) Levels of Driving Automation 

Level Name 

Execution of Driving Functions  

(Steering, Braking, Acceleration 

/ Deceleration, etc.) 

Monitoring 

of Driving 

Environment 

Human 

Interaction 

with Driving 

Tasks 

Likely 

Impact on 

Primary 

Insurers 

Key Primary 

Insurer Risks 

Human driver maintains full control of the driving tasks 

0 
No 

Automation 
Manual navigation Human 

Full control 

at all times 
None  Driver as major 

hazard 

 

 Reduced 

frequency and 

severity of 

collisions 

 

 Emerging risks 

include increasing 

vehicle costs 

1 

Basic 

Driver 

Assistance 

One advanced driver assistance 

system (adaptive cruise control, 

automatic emergency braking, 

etc.) working independently 

Human 
Full control 

at all times 
Low 

2 

Advanced 

Driver 

Assistance 

Two or more advanced driver 

assistance systems (adaptive 

cruise control, automatic 

emergency braking, etc.) 

working concurrently 

Human 

Full control 

at all times, 

except 

momentarily 

Medium 

Varying degrees of automated driving becomes available at this point 

3 
Conditional 

Automation 

Some automated driving in 

appropriate environments 
Vehicle 

Full control 

most 

periods, high 

alert during 

automated 

mode 

High 

 Vehicle as major 

hazard 

 

 Mitigates or 

avoids minor-

moderate 

collisions; tail-risk 

remains. 

 

 Emerging risks 

include product 

liability and 

cybersecurity, 

changing 

occupancy rates 

 

 Rate of change 

reliant on market 

penetration rate. 

4 
High 

Automation 

Fully-automated driving except 

in adversarial environments 
Vehicle 

Full control 

some 

periods, high 

alert during 

automated 

mode 

High 

5 
Full 

Automation 

Fully-automated driving in all 

environments 
Vehicle 

No control or 

alert 

required 

High 
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Table 3 Summary statistics of insured losses for passenger cars in Germany (own calculations based on insured 1068 
single-loss amounts between 2005 and 2018); Source: data derived from German Insurance Association (GDV) 1069 

 Type of Risk Covered 
Average 

Claim 
Frequency 

Average 
Claim 

Severity  
€ (,000s) 

Standard 
Deviation 
€ (,000s) 

Variation 
Coefficient 
(Volatility) 

Average 
Claim 

per 
Policy 

A
c
c
id

e
n
t 

R
is

k
 

Motor Third Party Liability (Bodily Injury) 261,496 €3,740,636 €282,997 7.57% €14,305 

Motor Third Party Liability (Property Loss/Damage) 2,455,520 €5,500,077 €377,924 6.87% €2,240 

Animal-Vehicle Crash 243,478 €516,837 €75,698 14.65% €2,123 

Self-inflicted Vehicle Damage 760,515 €1,731,977 €204,771 11.82% €2,277 

N
a
t 

C
a
t Storm, Hail 287,751 €531,283 €278,474 52.42% €1,846 

Flooding 3,370 €11,932 €6,594 55.26% €3,541 

O
th

e
r 

R
is

k
s
 Fire 14,588 €54,210 €5,031 9.28% €3,716 

Breakage of Glass 2,334,675 €1,018,846 €71,451 7.01% €436 

Theft 172,640 €420,002 €63,691 15.16% €15,603 

Other 11,064 €8,747 €1,792 20.49% €791 

 1070 

Table 4 Summation of the shift in risk for primary insurers as automated vehicles become an increasingly-likely 1071 
feasibility, as it relates to the damages associated with these vehicles. 1072 

  1073 

Anticipated Shift in Risk Landscape (Insurer’s Perspective) 

Factors to Consider 

Frequency Effects Severity Effects 

Automation 

Levels 0-2 

Automation 

Levels 3-5 

Automation 

Levels 0-2 

Automation 

Levels 3-5 

Progression of Technology (Safety) ↓ ↓↓ ↓ ↓↓ 

Progression of Technology (Repair Costs) No Effect No Effect ↑ ↑↑ 

Liability Shift No Effect No Effect ↑ ↑↑ 
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Table 5 Summation of the shift in risk for primary insurers as automated vehicles become an increasingly-likely 1074 
feasibility, as it relates to the temporal changes in the market-share and use of these vehicles. 1075 

  1076 

                                                             
14 Indirectly, through ownership 
15 Indirectly, through increased safety 
16 Indirectly, through increased repair costs and liability 

 Anticipated Shift in Risk Landscape (Insurer’s Perspective) 

 

Factors to Consider 
Frequency Effects Severity Effects 

 Automation 

Levels 0-2 

Automation 

Levels 3-5 

Automation 

Levels 0-2 

Automation 

Levels 3-5 

From 

Table 

4 

Progression of Technology (Safety) ↓ ↓↓ ↓ ↓↓ 

Progression of Technology (Repair Costs) No Effect No Effect ↑ ↑↑ 

Liability Shift No Effect No Effect ↑ ↑↑ 

 Regulations ↓ ↓↓ No Effect No Effect 

 Occupancy Rates No Effect ↓ 14 No Effect ↑↑ 

 Ownership Rates No Effect ↓ No Effect No Effect 

 
Market Penetration ↓ ↓↓ 15 ↑ ↑↑ 16 
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12  Appendix 1: Forming Loss-Distribution Scenarios 1077 

Loss-modelling using Gamma Distribution: 1078 

The expected injury loss distribution models in Figure 1 (§2) are formed using a mixture of 1079 

Gamma probability density functions. We detail here how these scenarios are generated. 1080 

The Gamma distribution is often used in non-life insurance pricing to anticipate the severity 1081 

of expected claim losses (Denuit et al. 2007, Bahnemann 2015). The probability density 1082 

function of the Gamma distribution is: 1083 

𝑓Θ(𝜃) =
1

Γ(𝑘)𝜃𝑘
𝑥𝑘−1𝑒

−
𝑥
𝜃 , 𝜃 > 0, 𝑘 > 0  1084 

where 𝜃 describes the shape of the distribution, while 𝑘 describes the scale of the 1085 

distribution. Γ(𝑘) is the Gamma function, where Γ(𝑘) = (𝑘 − 1)!. Further details are provided 1086 

in Denuit et al. (2007). However, this distribution fails to capture the observed 5% of injury 1087 

claim losses that occur above €100,000 (Central Bank of Ireland 2019). Hence, a mixture of 1088 

Gamma distributions, where one distribution captures low-severity events, and the other 1089 

captures high-severity events, is required. 1090 

Loss-modelling using a Mixed Gamma Distribution: 1091 

Given the proposition that a second ‘hump’ may become a reality, we extend the Gamma 1092 

distribution to form a flexible, heavy-tailed distribution. To incorporate extra flexibility in to our 1093 

loss distribution, we combine two Gamma distributions and scale the resulting equally-1094 

weighted mixture to one (‘1’). The first Gamma distribution is intended to capture the extent 1095 

of low-severity claims (‘Low-Severity Gamma’), while the second Gamma distribution is 1096 

intended to capture the extra risk posed by high-severity claims (‘High-Severity Gamma’). 1097 

These distributions are summated to form the ‘Gamma Mixture’. This Gamma-distribution 1098 

mixture is represented as: 1099 

𝑓Θ(𝜃) =
1

2Γ(𝑘1)𝜃1
𝑘1

𝑥𝑘1−1𝑒
−

𝑥
𝜃1 +

1

2Γ(𝑘2)𝜃2
𝑘2

𝑥𝑘2−1𝑒
−

𝑥
𝜃2 , 𝜃1, 𝜃2 > 0, 𝑘1, 𝑘2 > 0,   1100 

where 𝜃1 and 𝜃2 describes the shape of the low-severity and high-severity distribution, 1101 

respectively, while 𝑘1 and 𝑘2 describes the scale of each distribution. These are represented 1102 

in Figure A1 as dotted and dashed lines, respectively. The summation of these distributions, 1103 

the ‘Gamma Mixture’ distribution, is represented in Figure A1 as a solid line (‘Anticipated 1104 

Rates’). Setting the shape parameters 𝜃1 and 𝜃2 to be 0.70 and 4.25 respectively, and the 1105 

scale parameters 𝑘1 and 𝑘2 to be 3 and 0.9 results in the baselines scenario; the ‘Current 1106 

Rates: 0% Reduction’ distribution in Figure A1. Although the ‘Gamma Mixture’ distribution 1107 

largely tracks the conventional ‘Gamma’ distribution, the mixture allows for the consistently 1108 
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high minor loss-events (<€30,000) to be captured as well as the 5% of claims that exceed 1109 

€100,000. 1110 

How loss-events may change: 1111 

The ‘20% Reduction’ scenario is formed by setting the shape parameters to be 𝜃1 = 1.25, 1112 

𝜃2 = 2.5 and the scale parameter to be 𝑘1 = 1.25, 𝑘2 = 2.5. The fall in collisions in this 1113 

scenario is primarily due to the assumed effectiveness of CAVs. These vehicles are 1114 

expected to be equipped with ADAS technologies, have the ability function autonomously, 1115 

and have the ability to wirelessly communicate with their surrounding environment (V2X). 1116 

These vehicles are therefore effective at reducing or mitigating the frequency of ‘would-be’ 1117 

collisions (Bareiss et al. 2019). However, the ‘20% Reduction’ scenario assumes that these 1118 

vehicles have not achieved a high market penetration rate. In this scenario, conventional 1119 

vehicles represent the majority of vehicles in the road environment, and as such, the current 1120 

loss distribution remains a largely in place ‘Low-Severity Gamma’. The ‘High-Severity 1121 

Gamma’ captures the high number of moderate loss-events and few severe loss-events due 1122 

to the increased vehicle repair costs and liability costs associated with these vehicles. 1123 

The ‘40% Reduction’ scenario is formed by setting the shape parameters to be 𝜃1 = 1.25, 1124 

𝜃2 = 3 and the scale parameter to be 𝑘1 = 1.25, 𝑘2 = 3. Much like the ‘20% Reduction’ 1125 

scenario, the ‘40% Reduction’ scenario subsists on the expectation that CAVs are effective 1126 

and commonplace, but do not represent the majority of on-road vehicles. Despite not 1127 

reaching a majority, higher-liability injury claims will increase as a proportion of total claims. 1128 

This will lead to an increased rate of claims currently classed as ‘tail-risk’ events, in tandem 1129 

with the increased repair costs associated these technologically-sophisticated vehicles. 1130 

A 60% reduction in collisions suggests a scenario in which CAVs have achieved a high 1131 

market penetration rate and make up the majority of vehicles on the road. The loss 1132 

distribution is formed by setting the shape parameters to be 𝜃1 = 1.25, 𝜃2 = 3.5 and the 1133 

scale parameter to be 𝑘1 = 1.5, 𝑘2 = 3.5. Low-cost bodily injury claims are expected to 1134 

decrease as a proportion of total bodily injury claim frequencies. However, they still 1135 

represent a sizeable majority of claims given the likelihood that a number of collisions will be 1136 

‘mitigated’ rather than avoided. An increased proportion of bodily injury claims will be events 1137 

currently classified as ‘tail-risk’ events, leading to initial indications of a second ‘hump’. This 1138 

is as a result of a higher relative proportion of collisions that result in serious injuries, given 1139 

that the majority of low-severity injuries can be avoided. 1140 

An 80% reduction in collisions suggests a scenario in which ADAS-enabled vehicles, that 1141 

are capable of autonomous control and wireless communication, have achieved a dominant 1142 

market share. The loss distribution is formed by setting the shape parameters to be 𝜃1 = 1.5, 1143 
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𝜃2 = 4.25 and the scale parameter to be 𝑘1 = 1.5, 𝑘2 = 4.25. In this latter scenario, a high 1144 

proportion of minor-moderate severity loss events have been eliminated, and many loss 1145 

events that remain are events that are ‘unavoidable’ and are likely to commit great personal 1146 

harm. Hence, tail-risk events manifest as a second ‘hump’, as the overall rate of collisions 1147 

decrease, while the relative percentage of high-severity collisions increase. 1148 

 1149 

Figure A1 The formation of a current claim loss distribution, based on figures provided by Central Bank of Ireland 

(2019), overlaid with the formation of anticipated loss distributions as connected and autonomous vehicles 

(CAVs) attain an increasingly high market share of on-road vehicles. 
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