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Abstract 

Obtaining realistic, publicly accessible datasets is a significant barrier in advancing actuarial 

research and developing open-source tools for insurance analytics. This study leverages 

synthetic data and aims to evaluate various Generative Models for producing a standard 

synthetic non-life insurance premium dataset. 

A Conditional Gaussian Mixture Model has been employed as a benchmark. The methodology 

involved splitting the dataset into two subsets based on the "claim occurence" variable as a 

binary indicator. For each subgroup, a multivariate Gaussian Mixture Model is fitted, allowing 

for complex, multi-modal distributions. This benchmark was then compared with advanced 

Deep Learning architectures, including a Conditional Variational Autoencoder, a Conditional 

Variational Autoencoder with a Transformer-based Decoder, and a Conditional Diffusion Model. 

Additionally, the GPT-5.1 Large Language Model was used to generate synthetic datasets via 

prompt. 

The experiments were conducted on two insurance datasets retrieved from the CASdatasets R 

package following three trials. In the first experiment, used as a baseline quality assessment, a 

portion of each complete dataset was fed into the generative models, which were tasked with 

generating an equal number of records. In the second experiment, used to evaluate the data 

augmentation capacity, a smaller portion of each dataset was used, with the models tasked with 

producing a larger number of rows, equal to that in the first experiment. In the final trial, with 

attention to ethical considerations, the gender variable was omitted to protect privacy. 

Validation of the generated data included several steps: data visualization with comparison 

through univariate analysis, PCA, and UMAP representations, evaluation of the consistency of 

the produced data with the original, and the statistical Kolmogorov-Smirnov test. Predictive 

modeling of frequency and severity using Generalized Linear Models (GLMs) based on Tweedie 

distribution were employed to assess the quality of the generated data. Furthermore, the 

importance of features was analyzed. 

This analysis evaluates each model’s ability to accurately capture underlying distributions, 

preserve complex dependencies, and maintain intrinsic relationships. The findings offer 

valuable insights for improving synthetic data generation in the insurance field, potentially 

enhancing risk modeling, pricing strategies in the face of data scarcity, and ensuring regulatory 

compliance. 
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