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Introduction

The Lee-Carter model is a useful dynamic stochastic model representing the
evolution of central mortality rates over time. This model only considers
the uncertainty about the coefficient related to the mortality trend over time
but not the age-dependent coefficients. It is evident that the death statistics
are reported at risk of all kinds of mistakes and recording errors. Incorrect
statistics may be reported for the year or region, or inaccurate and misleading
characteristics, such as gender or age. In addition, population data may be
recorded at mid-year, which may be subject to error, as half of the observed
deaths have not yet occurred. Such errors are evidence of overestimation or
underestimation. Therefore, the exact mortality rate is rarely known; hence,
recording and incorporating fuzzy data into the model seems justified.

Material and Methods

This paper proposes a fuzzy extension of the Lee-Carter model that allows
quantifying the uncertainty of both kinds of parameters. The variability
of the time-dependent index is modeled as a stochastic fuzzy time series.
Likewise, the age-dependent coefficients’ uncertainty is also quantified using
triangular fuzzy numbers. Considering this last hypothesis requires develop-
ing and solving a fuzzy regression model.

Results and Discussion
Once the generalization of the desired fuzzy model is introduced, we will
show how to fit the logarithm of the central mortality rate in Khuzestan
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province by using fuzzy numbers arithmetic during the years 1401-1383 and
random fuzzy forecast in the years 1402-1406. Therefore, the results of the
modeling of mortality data in Khuzestan province from 1383 to 1401 and the
values of the mortality rate in the five years after that were analyzed. It was
predicted by a stochastic time series model.

Conclusion

Finally, this paper introduces a new fuzzy Lee-Carter model to represent the
evolution of the central mortality rate over time. In this model, the possible
uncertainty about the coefficient related to the mortality trend over time is
considered. The possibility of uncertainty and/or possibility related to the
age-dependent coefficients is also considered. The proposed model can have
many applications in mammography, actuarial sciences, economics, finance,
epidemiology, biology, medicine, or sociology. Government managers can
also use mortality forecasts when planning and developing social or health
policies or predicting the rate of population aging in the future.

Keywords: Fuzzy Lee-Carter model, Fuzzy stochastic forecasting, Fuzzy
mortality data, Uncertainty.
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