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Abstract  

This study examines the implementation of the ruin probability model in risk management in life insurance companies. The main 

focus of this study is to evaluate how factors such as initial surplus, premium revenue level, and claim frequency affect the ruin 

probability of insurance companies. Using the collective risk model approach and relevant claim distribution, this study develops 

two methods to calculate the ruin probability: an analytical approach and a Monte Carlo simulation. The simulation results show 

that increasing the initial surplus and premium level significantly reduces the ruin risk, while increasing the claim frequency 

increases the ruin probability. In addition, the gamma claim distribution is more suitable for modeling claims in life insurance 

than the exponential distribution. Model validation is carried out by comparing the prediction results with historical data of 

insurance companies, which shows a high level of accuracy. This study provides important insights for insurance companies in 

designing more effective and optimal risk management strategies. 
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1. Introduction  

Life insurance serves as a critical mechanism for safeguarding individuals against financial uncertainties arising 

from life events, such as premature death or prolonged physical disability. These risks often have far-reaching 

consequences, not only for individuals but also for their families and dependents, making life insurance an 

indispensable component of financial security planning (Dickson, et al., 2020). However, the long-term sustainability 

of an insurance company hinges on its capacity to effectively manage claims risk and uphold financial solvency. This 

balance ensures that insurers can honor their obligations to policyholders while maintaining sufficient reserves to 

weather adverse financial scenarios (Embrechts, et al., 2013). 

Among the various analytical tools available for managing risks in the insurance sector, the ruin probability model 

stands out as a foundational framework. It enables the prediction of scenarios where the insurer's capital reserves 

might be depleted due to unexpectedly high claims or other financial pressures. By estimating the likelihood of such 

ruinous events, this model provides insurers with actionable insights to devise robust risk management strategies. 

Specifically, it supports the formulation of effective reinsurance arrangements, the setting of optimal premium rates, 

and the determination of minimum capital thresholds required for solvency (Asmussen & Albrecher, 2010; Bowers et 

al., 1997). 

In the specific context of life insurance, the ruin probability model must incorporate unique characteristics of this 

sector. Factors such as the age distribution of the insured population, mortality rates, and morbidity trends 

significantly influence the frequency and magnitude of claims. A model that accurately accounts for these variables is 

essential to capture the intricate dynamics of life insurance risks (Gerber & Shiu, 1998). Empirical evidence suggests 

that the application of this model enhances the assessment of financial stability, particularly as the insurance industry 

grapples with increasing risk complexity and market uncertainties in the modern era (Cairns et al., 2008). 
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Despite its recognized utility, the practical implementation of ruin probability models in life insurance remains 

limited in emerging markets. Several barriers hinder widespread adoption, including the unavailability of high-quality 

actuarial data, computational complexity, and the requirement for advanced technological infrastructure. These 

challenges often deter smaller or resource-constrained insurers from leveraging this analytical approach (Daykin, et 

al., 1994). 

Given these limitations, this study seeks to address the gap by developing and tailoring a ruin probability model 

suited to the specific conditions of emerging markets. Furthermore, it evaluates the model’s effectiveness in 

enhancing risk management strategies for life insurance providers. Through this approach, the study aims to 

contribute to more resilient and financially sustainable insurance practices in regions where such tools are most 

needed. 

2. Literature Review 

2.1. Basic Concept of Ruin Probability  

The ruin probability model is one of the main tools in insurance risk theory to assess the financial stability of a 

company. The ruin probability is defined as the chance that an insurance company's capital reserves become negative 

within a certain period of time (Asmussen & Albrecher, 2010). Mathematically, the ruin probability is expressed as: 

 

𝜓(𝑢) = 𝑃(𝑈𝑡 < 0 for some 𝑡 ≥ 0). (1) 

where 𝑢 is the initial surplus,  𝑈𝑡 is the reserve at time 𝑡, and 𝑡 is continuous time (Gerber & Shiu, 1998). 

2.2. Collective Risk Model  

The Leslie matrix is constructed to estimate the number and growth rate of a population. The Leslie matrix was 

introduced by P. H. Leslie in 1945, an ecology expert. The collective risk model underlies the calculation of ruin 

probability. In this model, the surplus 𝑈𝑡 can be expressed as: 

𝑈𝑡 = 𝑢 + 𝑐𝑡 − ∑ 𝑋𝑖

𝑁(𝑡)

𝑖=1

 (2) 

where: 

𝑢 is the initial reserve, 

𝑐 is the premium acceptance rate per unit of time, 

𝑁(𝑡) is the number of claims that occurred up to time 𝑡, 

𝑋𝑖 is the large of claim i, assumed to be independent and identically distributed (Bowers et al., 1997). 

The distribution.𝑁(𝑡) is usually modeled using a Poisson process with parameters 𝜆. While   𝑋𝑖  is often assumed 

to follow an exponential or gamma distribution to simplify the analysis (Daykin, et al., 1994). 

2.3. Analytical and Simulation Methods  

Analytical approaches, such as the use of Laplace transforms and differential methods, can be used to calculate 

ruin probabilities in simple models. However, for more complex models, Monte Carlo simulations are often used 

(Embrechts, et al., 2013). 

In the simulation approach, the ruin probability can be calculated by: 

 

𝜓(𝑢) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑢𝑖𝑛

𝑇𝑜𝑡𝑎𝑙 𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 (3) 

 

This method provides the flexibility to include a variety of claim distributions and correlations between variables 

(Cairns et al., 2008) 

2.4. Application to Life Insurance 

In life insurance, claims   𝑋𝑖 are highly dependent on the age, gender, and mortality rate of the insured. 

The mortality intensity function, 𝑞𝑥 , is used to model the distribution of claims, where: 

𝑞𝑥 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ 𝑎𝑡 𝑎𝑔𝑒 𝑥

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑠𝑢𝑟𝑒𝑑 𝑎𝑡 𝑎𝑔𝑒 𝑥
 (4) 
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Integration of ruin probability with mortality function produces a more accurate model in assessing ruin 

risk in life insurance (Dickson, et al., 2020). 

3. Methods  

3.1. Data 

This study uses relevant secondary data to calculate the ruin probability, including: 

a). Mortality and morbidity data: Obtained from standard mortality tables. 

b). Claims distribution: Information on the size of individual claims  𝑋𝑖 based on insurance company claims 

reports. 

c). Claim frequency: Distribution of the number of claims per year 𝑁(𝑡), assumed to follow a Poisson 

distribution. 

d). Initial reserves and premium receipts: Initial surplus (𝑢) and premium acceptance rate (𝑐) from the insurance 

company's financial statements. 

3.2. Mathematical Model 

The ruin probability model used in this study is the insurance surplus model: 

𝑈𝑡 = 𝑢 + 𝑐𝑡 − ∑ 𝑋𝑖

𝑁(𝑡)

𝑖=1

  

The ruin probability is calculated as: 

𝜓(𝑢) = 𝑃(𝑈𝑡 < 0 for some 𝑡 ≥ 0). 

3.3. Analysis Approach 

This study uses two approaches to calculate the ruin probability: 

a). Analytical Approach  

The analytical method is used for simple cases where the claim distribution is known and the parameters are 

assumed to be fixed. The ruin probability is calculated using the Laplace transform approach (Asmussen & 

Albrecher, 2010): 

𝜓(𝑢) = ∫ 𝑒−𝑠𝑡𝑔(𝑡)𝑑𝑡
∞

0

, (5) 

where 𝑔(𝑡) is the cumulative claim density function. 

b). Monte Carlo Simulation  

For more complex models, Monte Carlo simulations are used. The simulation procedure involves: 

- Simulate based 𝑁(𝑡) on Poisson distribution.  

- Simulate based 𝑋𝑖 on assumed claims distribution.  

- Counting 𝑈𝑡 until a certain goal is achieved 𝑈𝑡 < 0 or a certain time limit is reached.  
The ruin probability is calculated as: 

𝜓(𝑢) =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑢𝑖𝑛

𝑇𝑜𝑡𝑎𝑙 𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛
 (6) 

3.4. Model Validation 

The developed model is validated by comparing the results of ruin probability prediction with historical 

data of insurance companies. Validation is done by: 

a). Accuracy measures: Using mean absolute error (MAE) and root mean square error (RMSE). 

b). Sensitivity test: Testing the effect of changing parameters(𝑢), (𝑐), and (𝜆)  on the ruin probability 

results.  
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4. Results and Discussion 

4.1. Ruin Probability Simulation Results 

Monte Carlo simulations were performed with various scenarios, including variations in initial surplus (𝑢), rate of 

premium receipt (𝑐), and claim frequency(𝜆). The results show that: 

a). The probability of ruin (𝜓(𝑢)) decreases significantly with increasing initial surplus. 

b). Increasing the premium acceptance rate (𝑐) reduces the risk of ruin exponentially, with the highest effectiveness 

at 𝑐 ≥ 1.5𝜆𝔼[𝑋𝑖] 

c). Higher claim frequencies (𝜆) increase the ruin probability even if the initial surplus remains the same. 

 

Table 1. presents the simulation results for several scenarios: 

Initial Surplus(𝑢) Premium Level(𝑐) Claim Frequency(𝜆) Ruin Probability(𝜓(𝑢)) 

50 10 5 0.432 

50 20 5 0.124 

100 10 5 0.215 

100 20 5 0.045 

4.2. Claim Distribution Analysis 

The claim distributions (𝑋𝑖) tested in the simulation are exponential (𝑋𝑖~𝐸𝑥𝑝(𝜇)) and gamma distributions 

(𝑋𝑖~𝐺𝑎𝑚𝑚𝑎(𝛼, 𝛽)). The results show that the gamma distribution provides a more realistic ruin estimate than the 

exponential distribution, especially for heavy-tailed claims. 

 
Figure 1. comparison of ruin probability curves based on claims distribution. 

 

The figure above compares the ruin probabilities 𝜓(𝑢) under two different claim distributions: exponential (blue 

dashed line) and gamma (green solid line). The ruin probability for the gamma distribution decreases more slowly as 

the initial surplus(𝑢) increases, compared to the exponential distribution. This indicates that the gamma distribution 

better captures the risk of large claims, which is often more realistic in life insurance contexts. The exponential 

distribution assumes a constant risk level, leading to a faster decline in ruin probability with surplus growth. In 

contrast, the gamma distribution accommodates heavier tails, representing higher probabilities of extreme claims, 

making it more suitable for modeling life insurance claims. 

4.3. Model Validation 

The model prediction results are compared with the insurance company's historical data: 

a). The model provides high accuracy with an average error MAE of 5.6% and RMSE of 8.3%. 

b). The validation results show that the initial surplus (𝑢) plays a dominant role in determining the financial stability 

of the company. 
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4.4. Discussion 

a). Effect of Initial Surplus(𝑢)    

The results show that the probability of ruin decreases significantly with increasing initial surplus. This 

finding is consistent with the ruin probability theory (Asmussen & Albrecher, 2010), which states that 𝑢 

provides a financial buffer against unexpected claims. 

b). Premium Level Effect(𝑐)  

Higher premium levels effectively reduce the risk of ruin. However, higher premiums can also reduce the 

competitiveness of insurance companies in the market (Daykin, et al., 1994). Therefore, optimal premium 

settings must consider the balance between solvency and market sustainability. 

c). Claim Distribution  

Claim distribution plays an important role in estimating ruin probability. The gamma model is more 

appropriate for life insurance, where large claims tend to occur more frequently than the exponential 

assumption. This is in line with the findings of Cairns et al. (2008). 

d). Limitations and Practical Implications  

This study has limitations in the historical data used for validation. However, this model provides important 

guidance for insurance companies to design reinsurance strategies and manage risks more efficiently 

5. Conclussion 

This study develops and implements a ruin probability model to assist life insurance companies in managing 
financial risk. The results of the analysis show that initial surplus (𝒖) and premium acceptance rate (𝒄) have a 
significant effect on reducing the ruin probability, while claim frequency (𝝀) and claim distribution play an important 
role in determining the company's financial stability. The gamma claim distribution is proven to be more accurate 
than exponential in modeling the characteristics of life insurance claims. The Monte Carlo simulation approach used 
provides flexibility in handling complex risk models, with a high level of accuracy when validated using historical 
data. These findings emphasize the importance of implementing the ruin probability model as a strategic tool for risk 
management and determining optimal premiums. This study makes a significant contribution to life insurance risk 
management, although more extensive data collection and additional analysis are needed to improve the accuracy of 
model predictions in the future. 
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