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• Smoothing methods for economic time series

a)business cycles,

b)cyclical indicators.

• Hodrick and Prescott (1997) similar to
graduation, Whittaker (1923).

• Smoothing methods have developed separately
from graduation literature.
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• Time series viewed as the sum of seasonal,
cyclical and growth components.

• Applied to previously seasonally adjusted.

• Smoothing, assume

• where gi is a growth (or trend) component and ci
is cyclical component.

Hodrick-Prescott Method
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• λ positive number, penalizes variability in the
growth component series.

• The larger the value of λ, the smoother the
solution series is.



• Akaike (1980): Bayesian approach to seasonal
adjustment. Simultaneous estimation of trend
(trend-cycle) and seasonal component.

• Ti is a trend component, Si is the seasonal
component with fundamental period p and εi is
an irregular component.

• Estimated by OLS.

Bayesian Seasonal Adjustment
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• In seasonal adjustment constraints imposed on
Ti and Si.

• Constrained Least Squares problem.
• The following expression should be minimized:

• where d, r and z are constants.
• If no seasonal component, constrained LS is

equivalent to the HP method with λ=d2.
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• Constrained LS problem, Akaike (1980): find the
M-vector a that minimizes

• where X is an NxN matrix, a0 is a known vector,
|| || denotes the Euclidean norm and R is a
positive definite matrix.

• Equivalent to maximizing

• Equivalent to maximizing posterior distribution of
the vector a given its a priori distribution
f(a|R,σ,a0) and the data distribution f(y|σ,a).



• Assume y is multivariate Normal with mean a, and
precision matrix κ IN:

• and the prior distribution:

• To complete the specification: assign gamma priors
to κ and δ.

• In the graduation problem we set a0 equal to some
previous mortality rate equivalent to the one being
graduated.

Bayesian Graduation
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• Prior precision matrix R = δDTD.



1971 Group Annuity Mortality Table for Female Lives (London, 1985)
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The values 1000 and 426,138 of the smoothing parameter h were originally employed by
London, and using d=2.
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Gammas: E(κ|y) = 304  E(δ|y) = 4960
κ =1: E(δ|y) = 2346



• Unlike Akaike's model, in this expression r = z.
In particular τ 2 = δ 2 r 2 = δ 2 z 2.

Bayesian Seasonal Adjustment and 
Smoothing
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a) Given that seasonal variation should not
contaminate the cyclical signal, the HP filter
should be applied to seasonally adjusted series.

b) Well known that the HP filter displays unstable
behavior at the end of the series.

c) In most references the relativity constant c (or
the relative precision h) are either known or
assigned arbitrarily.

d) The posterior distribution for the vector a is now
obtained by MCMC using WinBUGS.

e) We suggest that the mean of their posterior
distributions are a natural choice for the
‘smoothing’ parameter(s).
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