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In the complex landscape of non-life insurance, specifically motor vehicle insurance, the ability to accurately assess
and price risk is the fundamental driver of profitability and equity. One of the most sophisticated tools developed for
this purpose is the Bonus-Malus System (BMS). As a form of merit-rating, BMS allows insurers to refine their
pricing models by incorporating the individual claim history of policyholders—a concept known in actuarial circles

as a posteriori ratemaking. Unlike a priorivariables such as a driver's age, vehicle type, or geographic location,
which are determined at the start of a policy, the BMS adjusts premiums based on actual observed behavior over
time.

1.Theoretical Foundations of Bonus-Malus Systems

The term "Bonus-Malus" is derived from Latin, where "Bonus" signifies a good or discount, and "Malus" represents
a bad or penalty. At its core, the system is designed to reward drivers who remain claim-free with lower premiums
while penalizing those who file claims with higher premiums. This mechanism serves two primary objectives: risk
classification (ensuring high-risk drivers pay more) and incentivization (encouraging safer driving habits).

A Priori vs. A Posteriori Rating

To understand BMS, one must distinguish between the two stages of insurance pricing. A priori rating is based on
observable characteristics that are correlated with risk but do not necessarily reflect the individual's performance.
For instance, a 25-year-old male driving a sports car is statistically more likely to have an accident, so his initial
premium is high. However, if that specific individual drives safely for ten years without a single incident, the a
posteriorirating (the BMS) will gradually reduce his premium to reflect his personal risk profile, which is lower than
the average of his demographic group.

The Role of Jean Lemaire and Actuarial Standards

Much of the contemporary understanding of BMS is rooted in the work of Jean Lemaire, particularly his seminal
1998 publications in the North American Actuarial Journal. Lemaire provided a rigorous mathematical framework
for comparing different systems across Europe, Asia, and North America. His research highlighted that while the
basic principle of merit-rating is universal, the implementation varies significantly due to regulatory environments,
market competition, and social policy.

2. The Mathematical Framework: Markov Chain Modeling

The operation of a Bonus-Malus system is technically described as a discrete-time Markov Chain. This
mathematical model is used to predict the movement of policyholders between different premium classes based on
their claim history.

The State Space and Transition Rules

A BMS consists of a finite number of levels or classes (e.g., Level 1 to Level 20). Each policyholder starts at a
specific level. The transition from one level to another at the end of the policy year depends on two factors:



The policyholder's current level.
The number of claims reported during the year.

The Transition Matrix

If we denote p_k as the probability that a policyholder files k claims in a year, the transition from class i to class j
can be represented in a Transition Matrix (P). In a stationary state, the system eventually reaches a stationary
distribution, where the proportion of policyholders in each class remains constant over time. Actuaries use this
distribution to calculate the Average Stationary Premium, a critical metric for ensuring the long-term financial
solvency of the insurance pool.

Claim Frequency Distributions

The mathematical modeling of claims usually assumes a Poisson distribution for the number of accidents.
However, because policyholders have different underlying risk levels (heterogeneity), actuaries often use a
Negative Binomial distribution, which allows for a variance greater than the mean, better capturing the "over-
dispersion” often seen in real-world insurance data.

3. Structural Comparison of Global Bonus-Malus Systems

The implementation of BMS is not uniform. The following table illustrates the technical differences between various
regional approaches to merit-rating, as analyzed in technical actuarial studies.



Feature

Number of Classes

Transition Rules

European Approach (e.g.,

France, Germany)

High (often 20+ levels)

Strict, often regulated by
law (e.g., France's CRM)

Asian Approach (e.g.,
Japan, Korea)

Moderate (15-22 levels)

High penalties for multiple
claims

North American Approach

Low/Flexible (Specific
merit-rating scales)

Underwriting-based; less
"class" movement, more

direct pricing

Maximum Discount Up to 50% or 60% Ranges from 40% to 70% Varies by insurer and state

regulation

Transparency Highly transparent to the

consumer

Integrated into
standardized tariff systems

Often proprietary to the
insurance company

4. Strategic Evaluation Metrics: Efficiency and Fairness

To evaluate whether a Bonus-Malus system is "good," actuaries use several technical indices. The most prominent
is the Loimaranta Efficiency.

Loimaranta Efficiency

The Loimaranta efficiency measures the responsiveness of the system to changes in the underlying risk.
Specifically, it is defined as the elasticity of the average premium with respect to the claim frequency. A system with
an efficiency of 1.0 would mean that a 10% increase in a driver's accident frequency leads to a 10% increase in
their premium in the long run. Most real-world systems have an efficiency well below 1.0, meaning they are
relatively slow to react to changes in driver behavior.

The Problem of "Bonus Hunger"

One of the most significant operational challenges in BMS is Bonus Hunger. This occurs when a policyholder
decides not to file a claim for a small accident to avoid moving to a higher Malus class and losing their discount.
While this reduces the administrative burden on the insurer for small claims, it complicates the actuarial task of
estimating the true underlying risk of the population, as the observed claim frequency is lower than the actual
accident frequency.

5. Step-by-Step Guide to Implementing a Modern BMS

For insurance organizations looking to design or refine a BMS, the following procedural workflow is recommended:

1. Data Collection & Segmentation: Gather at least 5 years of historical data including claim frequency, claim
severity, and policyholder characteristics. Segment data by a priori variables.

2. Selecting the Base Distribution: Fit a Poisson or Negative Binomial model to the claim frequencies. Test for
goodness-of-fit using Chi-square tests.

3. Defining the State Space: Determine the number of classes. A higher number of classes allows for more
granular pricing but may lead to higher administrative costs and slower transitions to the stationary state.

4. Developing Transition Rules: Establish the "-1/+3" rule (down one for no claims, up three per claim) or similar
structures. Simulate the transitions using Markov Chain algorithms.

5. Calculating Relativities: Assign a premium percentage to each class. The base class is typically 100%. Use
Bayesian Credibility Theory to ensure that the relativities are actuarially fair.



6. Sensitivity Analysis: Conduct stress tests to see how the system performs under varying accident frequency
trends and the presence of "bonus hunger."

6. Impact of IFRS 17 on Bonus-Malus Accounting

The introduction of IFRS 17 (International Financial Reporting Standard 17) has brought significant changes to
how motor insurance contracts are classified and reported. BMS introduces a layer of complexity to Contract
Boundary definitions and the calculation of the Contractual Service Margin (CSM).

Contract Classification and Measurement

Under IFRS 17, insurers must group contracts into portfolios and further into groups based on their profitability.
Since a BMS dynamically changes the premium (and thus the expected cash inflows) over the life of the
policyholder's relationship with the firm, the Measurement of the Liability for Remaining Coverage (LRC)must
account for the expected future transitions between BMS levels. Actuaries must now integrate Markovian transition
probabilities directly into their IFRS 17 cash flow projections to ensure that the CSM accurately reflects the risk-
adjusted value of the contract.

7.Troubleshooting Failure Modes in BMS Design

Even mathematically sound systems can fail in practice. Below are common operational challenges and their
technical solutions.

Issue: System Instability (The "Death Spiral")

Description: If the penalties (Malus) are too severe or the entry-level premium is too high, the system may suffer
from Adverse Selection. Low-risk drivers may leave for competitors with simpler pricing, leaving only high-risk
drivers in the pool, which necessitates further premium hikes.Solution: Implement a "Maximum Malus" cap and
ensure the Average Stationary Premiumis competitive with the market average through periodic re-calibration of
the base rate.

Issue: Lack of Differentiation

Description: After several years, a vast majority (sometimes over 80%) of policyholders may end up in the highest
discount class. This reduces the system's ability to differentiate between truly safe drivers and those who were
simply lucky.Solution:Introduce "Super-Bonus" classes or adjust the transition rules so that reaching the
maximum discount requires a longer period of claim-free driving.

Issue: Data Sparsity in New Markets

Description: When entering a new geographic market, the insurer lack the historical data to set accurate transition
rules.Solution: Use Buhlmann-Straub Credibility Modelsto weight the local data against global benchmarks or
industry-wide standards until sufficient local data is accumulated.

8. Future Trends: Telematics and the End of Traditional BMS?

The rise of Telematics (Usage-Based Insurance) is currently disrupting the traditional Bonus-Malus model. While
BMS relies on past claims (a lag indicator), telematics relies on currentdriving behavior (a lead indicator), such as
braking patterns, speed, and cornering.

However, rather than replacing BMS, telematics is likely to be integrated into it. A hybrid system might use
telematics to determine the initial a prioriplacement or to accelerate movement between BMS classes. This



"Continuous Merit-Rating" represents the next evolution in actuarial science, combining the historical reliability of
Markov Chain models with the real-time precision of 10T data.

In summary, the Bonus-Malus system remains a vital component of modern insurance. Its ability to balance
mathematical rigor with behavioral incentives makes it an essential tool for any insurer seeking to maintain a
healthy, risk-balanced portfolio. By understanding the underlying Markovian mechanics and the implications of
regulatory shifts like IFRS 17, technical practitioners can design systems that are both commercially competitive
and actuarially sound. The transition from simple discount scales to complex, data-driven merit-rating frameworks
continues to define the cutting edge of the motor insurance industry.
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