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Introduction

Recent advances in statistical distributions have generated increasing inter-
est in the field of statistics by enabling the construction of flexible models
suitable for data analysis across various domains. In this paper, we pro-
pose a new statistical distribution based on the CBell transformation, which
combines features of Bell numbers and the exponential log-logistic distribu-
tion. The resulting distribution is heavy-tailed, offering greater flexibility
than many comparable models. Its probability density function can be ex-
pressed as a linear combination of exponential log-logistic densities, allowing
straightforward derivation of essential properties from the base distribution.
Moreover, the distribution has an appealing structure for modeling censored
data, with closed-form expressions for its cumulative distribution and hazard
rate functions. It provides a wide range of shapes for its density and hazard
functions, making it a suitable candidate for modeling survival times, espe-
cially when those times are highly dispersed.

Material and Methods

In this paper, we introduce the CBell exponential log-logistic distribution
and derive the cumulative distribution function, density function, moments,
moment-generating function, and quantile function. Entropy measures such
as Rényi, Tsallis, and Shannon entropy, as well as inequality curves and in-
surance risk measures, are also calculated. Then we present six estimation
methods for parameter inference. Also, a simulation study is conducted to
evaluate the performance of the proposed estimators using synthetic data.
Finally, two real insurance datasets are analysed.
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Results and Discussion

The Maximum Product of Spacings Estimator (MPSE) consistently out-
performs other estimation methods in terms of bias and mean squared er-
ror (MSE), particularly as sample size increases, confirming its robustness
and accuracy. Descriptive statistics reveal that the second dataset exhibits
greater variability and is more affected by outliers compared to the first. To
assess the flexibility of the proposed CBell Exponential Log-Logistic distri-
bution, comparisons were made with alternative models, including EXLLD,
APEXLLD, LLD, and APLLD. The proposed model demonstrates stronger
performance in risk analysis, as evidenced by higher values of VaR, TVaR,
TV, and TVP, reflecting its ability to model heavier tails and capture ex-
treme risks more effectively. Overall, the CBell Exponential Log-Logistic
distribution provides an excellent fit and is well-suited for real-world appli-
cations involving heavy-tailed data.

Conclusion

In this study, a new family of heavy-tailed distributions called the CBell
Exponential Log-Logistic distribution was introduced. This distribution is
constructed based on the CBell transformation and demonstrates high flexi-
bility, allowing it to model a wide range of distributional shapes. The results
of a simulation study revealed that the MPSE outperformed other methods
under most scenarios. Subsequently, essential risk measures such as Value at
Risk (VaR), Tail Value at Risk (TVaR), and Tail Variance were computed for
the proposed model. Finally, the model was fitted to two real-world datasets,
and the estimated parameters, along with goodness-of-fit test results, con-
firmed the strong performance and suitability of the proposed distribution.

Keywords: Risk measures, Extended Exponential Log-Logistic Distribution,
Parameter estimation, Tail Variance Premium, Value at Risk, Tail Value at
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