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BACKGROUND AND PURPOSE

The use of artificial intelligence (Al) in mortality and longevity modeling presents both significant opportunities and
inherent risks. This essay seeks to explore the application of Al to these fields from various perspectives. By
examining the impact of Al on mortality and longevity modeling, forecasting, and prediction, this essay aims to
increase awareness, stimulate discussion, and lay the groundwork for future research in the actuarial profession.

ENHANCING ACTUARIAL ANALYSIS OF MORTALITY DATA WITH Al

Al can significantly enhance actuarial analysis of mortality data through several advanced techniques and
methodologies. Here are a few key ways Al can be utilized:

« Data Integration and Preprocessing: Al algorithms excel at handling and integrating large,
heterogeneous datasets. By leveraging machine learning (ML) techniques, actuaries can preprocess and
clean data more efficiently, ensuring higher quality inputs for mortality models. This process includes
identifying and correcting errors, imputing missing values, and normalizing data, all of which are crucial for
accurate mortality analysis.

« Pattern Recognition and Anomaly Detection: One of Al's strengths is its ability to recognize complex
patterns within vast datasets. In mortality data, Al can detect trends and anomalies that may not be
immediately apparent through traditional methods. This capability allows actuaries to identify underlying
factors influencing mortality rates, such as emerging health trends, environmental impacts, or
socioeconomic changes.

« Predictive Modeling: Al-driven predictive models can forecast mortality rates with greater precision by
analyzing historical data and identifying correlations. These models can incorporate a wide range of
variables, including demographic factors, lifestyle choices, medical histories, and even external factors like
climate change. Machine learning algorithms, such as neural networks and decision trees, can continuously
learn from new data, improving their accuracy over time.

INNOVATIVE APPROACHES INTRODUCED BY Al TO MORTALITY FORECASTING MODELS

Al introduces several innovative approaches that can transform mortality forecasting models:

o Deep Learning Techniques: Deep learning, a subset of machine learning, involves neural networks with
multiple layers that can model complex relationships within data. Deep learning techniques can be used to
create highly accurate mortality forecasting models by capturing intricate patterns and interactions among
various factors influencing mortality. For instance, convolutional neural networks (CNNs) and recurrent
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neural networks (RNNs) can be applied to time-series mortality data, capturing temporal dependencies and
trends.

« Ensemble Methods: Ensemble methods combine multiple machine learning models to improve
forecasting accuracy. Techniques like boosting, bagging, and stacking allow actuaries to leverage the
strengths of different models, reducing the risk of overfitting and enhancing the robustness of mortality
forecasts. Ensemble methods can aggregate predictions from various algorithms, resulting in more reliable
and comprehensive mortality estimates.

« Natural Language Processing (NLP): NLP can be utilized to extract valuable insights from unstructured
data sources, such as medical literature, health reports, and social media. By analyzing textual data, NLP
algorithms can identify emerging health risks, public health trends, and sentiments related to mortality.
This information can be integrated into mortality models to provide a more holistic view of factors affecting
mortality rates.

« Agent-Based Modeling (ABM): ABM is a simulation technique where individual entities, or agents, with
distinct behaviors and interactions are modeled to observe their collective impact on a system. In mortality
forecasting, ABM can simulate the interactions between individuals, healthcare systems, and
environmental factors to predict how changes in one area might influence overall mortality rates. This
approach provides a dynamic and adaptable framework for understanding complex systems.

o Transfer Learning: Transfer learning involves leveraging pre-trained models on similar tasks and fine-
tuning them for specific mortality forecasting applications. By using models that have already learned
relevant features from large datasets, actuaries can achieve better performance with limited data. Transfer
learning can be particularly useful when dealing with rare events or sparse data, common challenges in
mortality modeling.

LEVERAGING NONTRADITIONAL DATA SOURCES

The integration of Al in mortality modeling and forecasting opens new avenues for utilizing nontraditional data
sources. These unconventional data streams, including social media activity, wearable technology data, and
electronic health records (EHRs), provide rich, granular information that significantly enhances the accuracy and
precision of mortality predictions.

« Social Media Activity: Social media platforms are vast repositories of real-time data reflecting public
health trends, sentiments, and behaviors. By applying Natural Language Processing (NLP) techniques to
analyze posts, comments, and discussions, Al can detect emerging health concerns, track disease
outbreaks, and gauge public sentiment towards health-related issues. This real-time information offers a
dynamic perspective on factors influencing mortality that traditional data sources may not capture
promptly.

For example, during a flu outbreak, social media analysis can provide immediate insights into the
geographic spread and intensity of the virus, helping actuaries adjust mortality forecasts more
responsively. Additionally, sentiment analysis can reveal public concerns about healthcare policies or
emerging health threats, which can be factored into mortality models.

o Wearable Technology Data: Wearable devices, such as fitness trackers and smartwatches, continuously
monitor users' health metrics, including heart rate, physical activity, sleep patterns, and more. This real-
time, longitudinal data offers a detailed and personalized view of individuals' health status.

Al algorithms can analyze data from wearable devices to identify patterns and correlations between

lifestyle factors and mortality risk. For instance, irregular heart rates or poor sleep quality detected by
wearables can serve as early indicators of potential health issues, enabling more accurate and timely
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mortality predictions. By incorporating wearable data into mortality models, actuaries can enhance their
forecasts with individualized health insights that traditional datasets may overlook.

« Electronic Health Records (EHRs): EHRs contain comprehensive patient information, including medical
histories, diagnoses, treatments, and outcomes. Leveraging Al to analyze EHRs can uncover valuable
insights into mortality risks associated with specific medical conditions, treatments, and patient
demographics.

e Machine learning algorithms can process vast amounts of EHR data to identify trends and predict health
outcomes. For example, by examining the health trajectories of patients with chronic diseases, Al can
estimate their impact on mortality rates. EHR data also allows for the stratification of populations based on
risk factors, leading to more precise and targeted mortality forecasts.

« Environmental and Behavioral Data: Al can integrate environmental data, such as air quality, climate
conditions, and pollution levels, with behavioral data, including dietary habits, exercise routines, and
substance use. These nontraditional data sources provide a broader context for understanding the factors
that influence mortality.

For instance, poor air quality has been linked to increased respiratory and cardiovascular mortality. By
incorporating environmental data into mortality models, Al can enhance predictions for regions affected by
pollution. Similarly, analyzing behavioral data can reveal how lifestyle choices impact health outcomes,
allowing actuaries to refine their mortality forecasts based on real-world behaviors.

CONCLUSION

The application of Al in mortality modeling and forecasting offers a transformative approach to actuarial analysis. By
integrating advanced Al techniques, actuaries can enhance data preprocessing, recognize complex patterns, and
build more accurate predictive models. Innovative approaches like deep learning, ensemble methods, NLP, ABM,
and transfer learning can revolutionize mortality forecasting, providing more reliable and comprehensive insights
into future mortality trends. As Al continues to evolve, its role in actuarial science will undoubtedly expand, offering
new opportunities for improving mortality predictions and risk management.

Moreover, the use of nontraditional data sources enabled by Al represents a significant advancement in mortality
modeling and forecasting. By harnessing social media activity, wearable technology data, electronic health records,
and other unconventional datasets, actuaries can achieve a more nuanced and comprehensive understanding of
mortality risks. These data sources provide additional context and granularity, leading to more accurate, timely, and
personalized mortality predictions. As Al continues to evolve, the integration of these diverse data streams will
become increasingly vital in enhancing the precision and relevance of actuarial analyses.

Tianyang Wang, PhD, ASA, CFA, FRM is a Professor of Finance at Colorado State University. He can be reached at
tianyang.wang@colostate.edu.
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