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A NEW APPROACH TO THE ECONOMIC ANALYSIS OF
NONSTATIONARY TIME SERIES AND THE BUSINESS CYCLE

By JaMES D. HAMILTON!

This paper proposes a very tractable approach to modeling changes in regime. The
parameters of an autoregression are viewed as the outcome of a discrete-state Markov
process. For example, the mean growth rate of a nonstationary series may be subject to
occasional, discrete shifts.

The econometrician is presumed not to observe these shifts directly, but instead must
draw probabilistic inference about whether and when they may have occurred based on the
observed behavior of the series. The paper presents an algorithm for drawing such
probabilistic inference in the form of a nonlinear iterative filter. The filter also permits
estimation of population parameters by the method of maximum likelihood and provides
the foundation for forecasting future values of the series.

An empirical application of this technique to postwar U.S. real GNP suggests that the
periodic shift from a positive growth rate to a negative growth rate is a recurrent feature of
the U.S. business cycle, and indeed could be used as an objective criterion for defining and
measuring economic recessions. The estimated parameter values suggest that a typical
economic recession is associated with a 3% permanent drop in the level of GNP.
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1. INTRODUCTION AND SUMMARY

A NUMBER OF RECENT STUDIES have sought to characterize the nature of the long
term trend in GNP and its relation to the business cycle. Researchers such as
Beveridge and Nelson (1981), Nelson and Plosser (1982), and Campbell and
Mankiw (1987a,b) explored this question using ARIMA models or ARMA
processes around a deterministic trend. Others, such as Harvey (1985), Watson
(1986), and Clark (1987) based their analyses on linear unobserved components
models. A third approach employs the co-integrated specification of Engle and
Granger (1987), whose relevance for business cycle research is examined in a
fascinating paper by King, Plosser, Stock, and Watson (1987).

These approaches are based on the assumption that first differences of the log
of GNP follow a linear stationary process; that is, in all of the above studies,
optimal forecasts of variables are assumed to be a linear function of their lagged
values. In this paper I suggest a modest alternative to these currently popular
approaches to nonstationarity, exploring the consequences of specifying that first
differences of the observed series follow a nonlinear stationary process rather
than a linear stationary process. A variety of parameterizations for characterizing
nonlinear dynamics have recently been proposed, and there has now accumulated
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