Chapter 05

Risk Analysis in Actuarial Science and Insurance

Objective:

Understand the concept of risk analysis in actuarial science and how it applies to the
insurance industry. Learn the process, tools, and methods actuaries use to evaluate, quantify,
and manage risks in various types of insurance.

What is Risk Analysis?

Risk analysis is the process of identifying, assessing, and quantifying potential risks that can
lead to financial loss. In insurance, actuaries use statistical, mathematical, and analytical tools
to evaluate the likelihood of adverse events and their potential impact on policyholders and
the insurer.

Key Objectives of Risk Analysis in Insurance:

1. Predict the probability of insured events occurring (e.g., death, accidents, natural
disasters).

2. Estimate the potential cost of claims associated with these events.
3. Help insurers set premiums that are fair to clients and sustainable for the company.

4. Support risk management strategies to minimize financial exposure.

Types of Risks in Insurance

1. Underwriting Risk: The risk that an insurer underestimates the probability or
severity of claims.

o Example: Mispricing health insurance for individuals with pre-existing
conditions.

2. Catastrophic Risk: The risk of large-scale losses due to natural disasters or
pandemics.

o Example: Earthquake insurance in a high-risk region.
3. Operational Risk: Risks arising from errors in processes, systems, or human factors.
o Example: Data errors leading to incorrect risk assessments.
4. Investment Risk: The risk of insufficient returns on investments backing insurance
liabilities.

o Example: Bond defaults affecting reserves for future claims.



Steps in Risk Analysis
1. Risk Identification:
o Actuaries identify potential events or scenarios that could result in claims.

o Example: For auto insurance, events like accidents, theft, or vandalism are
potential risks.

2. Risk Quantification:

o Use statistical methods to calculate the probability of events and their financial
impact.

o Example: Calculate the likelihood of a 40-year-old non-smoker dying within
the next year using mortality tables.

3. Risk Segmentation:

o Group clients into categories based on their risk level to differentiate premium
pricing.

o Example: Young drivers are placed in a higher-risk category than experienced
drivers.

4. Modeling and Forecasting:

o Use predictive models (e.g., regression analysis, Monte Carlo simulations) to
estimate future claims and their costs.

o Example: Forecast the annual number of claims for a flood insurance policy
using historical flood data.

5. Risk Mitigation:

o Develop strategies to reduce exposure, such as reinsurance or policy
exclusions.

o Example: Exclude coverage for pre-existing conditions in health insurance
policies.

Key Tools and Techniques in Risk Analysis

1. Mortality Tables:
Used in life and health insurance to estimate the probability of death or illness at

different ages.

2. Loss Frequency and Severity Analysis:
Estimates how often claims occur (frequency) and the average cost per claim
(severity).

3. Generalized Linear Models (GLMs):
Commonly used to model relationships between risk factors and claim outcomes.



4. Monte Carlo Simulations:
Simulate thousands of possible scenarios to estimate the range of potential risks.

5. Catastrophe Models:
Specialized tools to estimate the financial impact of rare but severe events like

hurricanes or earthquakes.

Example of Risk Analysis: Auto Insurance

Scenario:
An insurance company wants to analyze the risks associated with insuring drivers in an urban

area.
1. Risk Identification:
o Events: Accidents, theft, vandalism.
o Contributing Factors: Driver’s age, driving experience, vehicle type, location.
2. Data Collection:
o Historical claims data, traffic accident statistics, demographic data of drivers.
3. Risk Quantification:
o For ayoung driver aged 22 in an urban area:
= Accident Probability: 0.15 (15% chance of an accident per year).
= Average Claim Cost: $3,000.

o Expected annual cost for this driver: Expected Cost = Accident Probability
xClaim Cost =0.15x3000=450.

4. Risk Segmentation:

o Young drivers have higher risk, so they are charged higher premiums than
older, experienced drivers.

5. Modeling and Forecasting:

o Use historical data to build a regression model predicting claim frequency and
severity based on factors like age, location, and accident history.

Practical Exercise: Applying Risk Analysis

Exercise:
Analyze the risk for a 35-year-old driver with the following data:

e Accident Probability: 10%
e Average Claim Cost: $5,000

e Location Adjustment: Urban (add 20% to claim cost).



