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Mixed autoregressive moving average model

for modeling nonlinear time series
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Abstract: A mixed autoregressive moving average (MARMA) model is proposed for modeling nonlinear time series. The
model consists of K stationary or nonstationary ARMA components . The stationary conditions and autocorrelation function of the
MARMA process are investigated. The estimation of parameters is easily performed via expectation maximization (EM) algo-
rithm. The Bayes information criterion (BIC) is used as a tool for the MARMA model selection. The varried feature of condi-
tional distributions of the MARMA model makes it capable of modeling time series with multimodal conditional distributions and
with hetero scedasticity . The model is applied to two real data sets and compared with other competing models. The MARMA
model appears to capture features of the data befter than other competing models do.
Key words: mixed autoregressive moving average (MARMA) model; autocorrelation; stationarity; EM ( expectation

maximization) algorithm; heteroscedasticity
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Table 1 Results of the simulation study with model (15) O30 40 60 80 100 120
k ay P O O !
B3 JREHE T
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fHEFREZ  0.0317 0.0105 0.0165 0.4061 j
HY 0.3000 1.6000 0.6000 1.0000 3
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~
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25 0.18
0.16 1
0.14 1
o 0.12} 1
A o0} ]
= 2 008f ]
<006} ]
0.04} ]
002} ]
20 25 30 3 0320 40 0 10 20 30 40 30
Vag
M2 JRIENE Ay Bl 6 ¢ = 48 HHE0 R PR B

Fig. 2 Histogram of the original series

Fig. 6 One step prediction distribution of the series at ¢ = 48
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Fig. 7 Variance computed from the MARMA model
for the series
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Fig. 8 Histogram of the IBM stock price series
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Fig. 9 Original series of the IBM stock price

SHEAEHAT RIS (B3E TR [ 1] 45 1 B9 GMTD
RIFISCER[2] 9 45 1 9 MAR #5221 DL K 6t ARIMA
AL GBS TR AL, R BT % MARMA 18R
FRER A M H R KT 5. 3K 2 4 A& R R X B Y
BIC 1H.

A 2 BAEA st BIC A
Table. 2 BIC values of some MARMA models

ARIMA GMTD MAR
R
(0,1,1) (3;1,0,1) (3;1,1,0)
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(3;1,1,0;1,1,00  (2;0,1;1,00  (3;1,1,1;1,1,1)
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Fig. 11 One step prediction distribution of the series at t = 259
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Fig. 13 Variance computed from the MARMA model

for the series
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0.03859(

(1 = @)100% confidence interval of one step prediction for IBM stock price series

ESid] 95% 90% 80% 70% 60% 50%
MARMA 94.37% 90.27% 80.33% 71.19% 59.28% 50.97%

MAR 94.55% 89.37% 80.93% 70.30% 61.58% 51.50%
GMTD 95.10% 89.65% 79.56% 71.69% 62.13% 49.86%
ARIMA 93.48% 90.22% 83.97% 77.72% 69.84% 57.34%
SETAR 94.55% 90.47% 83.38% 76.84% 69.75% 58.86%
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