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ABSTRACT This paper takes thproblem of identification
of nonlinearity of multiple time series through a transfer

A transfer function model for the function approach. Each series is tested for nonlinearity
interrelationship of multiple nonlinear timgeries is itself, and if nonlinearity is present, then the
developed fothe case of an explanatononlinear time relationship between the two series is tested for
series. Directed graphend cross-directed-graphs ardinearity. Both graphicaind quantitative methods for
used to exp|ore the common trajectory of the identification of nonlinearity will be explored.
interrelated time series.

A Case Study ofthe monthly U.S.Stroke THE MODEL
mortality, U. S. Respiratory Mortalitand themonthly
mean U.S. temperature time series from 1938 to 1989. A linear time series is usually expressed in

Influenza epidemicsnay affect stroke mortality, sinceterms of an autoregressivend amoving average
the stroke patients form @ool of susceptiblethatwill component (Boxand Jenkins). Theautoregressive
have stroke as the primagause ofdeath. Elevated component, e.g., a first order autoregressive series,
summer temperatures have been hypothesized A&a), can be written as
accelerating stroke mortality.
Xt =0 Xpq + €1
INTRODUCTION
The simplest nonlinear timeseries is a

The detection of nonlinearity in a univariatgegmented time series which switchiestween two
time series can be performed different AR@) processes on eegular or“seasonal”
 graphically with directed scattergraranddirected basis. The next step complexity isthe SETARQ, 0>
multigrams. A directedyraphplots each poinversus : 1) which switches from one ARj to another

the previous point in timeand collectsthe points in wheneverthe observed value ofhe seriespasses a
order of occurrence. A cross-directed-gréglows the thresholdr.

trajectory ofthe two different time seriesvertime. The The transfer functiomodel assumethat there

subsequence directeglaph partitions theeries up into s an underlying nonlinear time series
different segments to test whether the character of the

series evolves over _tlme_. _ X =0y Xeg + &g If X > T
* on a global basis with tests based on comparing the
autocorrelation properties of the residuals squared with Xi =00 Xeg + &g if X <T.

the autocorrelation properties of the squared residuals

(Box-Pierce and Ljung-Box Portmanteau tests). The :
. h

residuals from the seasoreffectsare used to test for and that theutcome series, ;Ydepends on X throug

. . : a linear or nonlinear function F(.)., asell as on
nonlinearity of the transfer functiohetweenthe two : L
time serie)g (Brockwell). The residuals from theprewous values of ¥ The non-X portion of ¥ caalso

ARIMA fitting of Y, on itself, can baised directly to be nonlinear; however, for this model it will be assumed

X ; . that the nonlinearity isnduced through theovariate
estimate the tran_sfe_r function (Endergpvided the series X. Consequently the model fof 1
non-X component is linear.
» with tests based othe homogeneity ofthe series
over time (runs tests or chi-square tests of
heterogeneity).

Yi =BYw1 +F(X) + &
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Directed Graph for Respiratory Mortality
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Figure 4 shows a directegtaph of the lag 1
stroke mortality; theyearly (lag 12) curve looks
essentiallythe sameébecause othe time trend Stroke
mortality needs to be detrendéeéforethe directed
graph is plotted.
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An alterpative method for remg¥ing e
seasonality is t¢ use a sin and cosie toAepres
the seasonality} and to fit this tp/resp#atory ahd
stroke mortalityf separately. Inhis g&Se the€ross
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