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Abstract: The heteroscedastic mixture double-autoregressive (HMDAR) model, which is designed to model nonlinear
time series, is investigated in this paper. Firstly, the stationary conditions are derived. Secondly, the parameters are esti-
mated via expectation conditional maximization (ECM) algorithm. Thirdly, the Bayes information criterion (BIC) is used
to select the model. The varied feature of conditional distributions makes the HMDAR model capable of modeling time
series with asymmetric or multimodal distribution. Finally, the model was applied to several simulated and real data sets
with satisfactory results. Especially to a highly time-variant series, the HMDAR model shows better performance than
other competing models in data capturing.
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Fig. 1(a) Simulated time series of model (5)
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Fig. 1(b) Simulated time series of model (6)
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Table 1 Results of the simulation study

with model (5)

k ag OK1 01,0 O 1

HAE 0.3000 1.3000 5.0000 0.2000
T 4ME 0.3034 1.2740 5.0234  0.1903
i EARAEZE  0.0753  0.2222  1.0497  0.0729
TH 0.7000  0.2000 0.6000  0.5000

A THIME 0.6966 0.1948 0.5910 0.4869
fHHEFREZ 0.0753  0.0974  0.1444  0.1009

&2 AR (O)AED T AR
Table 2 Results of the simulation study
with model (6)

k ag Pkl 01,0 0,1
HAE 0.5000 0.2000 0.6000 0.5000
AT E 0.4799 0.2124 0.5813 0.5109
i EFREZ 01563 0.1576  0.2909  0.3823
HMH 0.4000 0.3000 0.5000
A THIME 0.4153 0.2976 0.5227
fHHHEFREZE  0.1496  0.1149  0.2710
HAE 0.1000  1.1000  5.0000
ATHME 0.1048 1.1014 4.8576
i EFREZ 0.0707  0.8592  2.8394
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Fig. 2 Chemical process temperature series

FIHMDARASE R 56 4k, T3 R i 75 i $— B 22
o3 Fe ) BEAT AL O3 B, AR PEBICHE W, & I 4n R
[JHMDAR(3; 1, 1, 0; 0, 1, 1):

F(z]ai™") =
—0.0027—1.9911z;_1+0.991 1z
0.51850(" i B
V0.0149
0 1733t 0081 1382601 +0.382600 s,
V/0.0012(z4—1 — 24—2)?
0.30944( i ).
V0.7070(2—1 — 71—2)2
(7

BI345 A AL (TYIE t = 59 ~ 64 L[ — 5 Tl
(R 2 AF 3 SRR S B TR AULEIX Wl = 59 ~

64 F IR — TS AT 2 FE B A o AT AR R 2
A5, 3 HER T At = 61, 630N ZI) S B ARG FR 1) 43
Hi R, Et = 59, 60, 62, 64 %44 B B KX
AR AIE. U B AL TR B I X (] AR AR R B aX
SR8 B R R A ¢ = 505t = THIN
ZI A A0 B CR SR WA (). A B AG 2
(8] 0y () 25 AF 5 25 var (a2t 0L B4, i AT L,
T B Bl 1 K /N A B TR AR AR 1, O AR

F ¢t = 504 t = 750 ZI A IR, 3 -5 i il AL
B B0 R W2 FE 8 1348 1 TR
BOr 5 BAT 4T 707 22

2 T T

T

1.5 .

1 [ -
05 .

0 1

215 22 225 23 235
(a) =59

3 T T T T

216 218 22 22 24 206
(b) =60

21 212 214 21.6 218 22
(¢) t=61



884 # 46 2% 5 5 M % 23 %
l 3 T T T T
1 1 |
1 L |
0 1 1 1 1
20.6  20.8 21 21.2 214 216 51 212 214 216 218 P
(d) r=62
4 T (f) t=64
3t
S L Kl 3 BIALTIIE t = 59 ~ 64X ] L% %)
L X I8 ) 2 TR A A1 85 T R
0 Fig. 3 One-step predictive distributions of
25 2l 213 the series from ¢ = 59 to ¢ = 64
(e) 1=63
0.45
0.4
0.35F
03
= 0.25f
£ 02
g 015¢
i
0.05
0 1
0 50 100 150 200 250

t

4 FHHMDARKIHIE 4t TR EF751
Fig. 4 Volatility computed from the fitted HMDAR model for the chemical process temperature series
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Table 3 BIC value of some models

ppy ARIMA ARIMA o ooy HMDAR
(LLO)  (0,2,2) (3:1,1,0,0,1,1)
BIC -254  -230 -293 -541

NIRRT 2 Y R AR AL S0 4 2 1Y

BT HAFP Y — D IR AR LR, k4] %0 b
R AR AR T L T HEAS P 51— 20 TR 1 45 2R 23 1
%, AEAR Y EAR KF B &AT L
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TR LE R 6 ik
Table 4 Empirical coverages of the (1 — a))100%
prediction intervals for the series %

iRy 95 90 80 70 60 50

HMDAR 94.62 91.03 84.75 73.09 65.92 55.64
AR-ARCH  92.83 88.79 82.96 76.68 59.19 50.22
ARIMA(1, 1, 0) 96.86 93.72 82.51 77.58 69.51 57.40
ARIMA(0, 2, 2) 94.62 93.72 81.17 78.03 72.65 53.36

MR RS T 4 ORI LA R Ik B K
X[t =30~ 75 LR Ttk 45 . H457] WHMDAR
B 7 FIAR-ARCHAE B AE X ]t = 30 ~ 75 111
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IR 43 A7 T 20 A0 STHMDARKE 1Y LY %5 4] B, HM-
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Table 5 Empirical coverages of the (1 — «)100%
prediction intervals for the series

fromt =30tot =75 %
R 95 90 80 70 60 50
HMDAR  89.13 82.61 78.26 65.22 63.04 56.52

AR-ARCH  89.13 78.26 79.31 67.39 50.00 36.96
ARIMA(1, 1, 0) 84.78 76.09 69.57 54.35 47.83 38.27
ARIMA(0, 2, 2) 78.26 73.91 65.22 60.87 50.00 41.30

5 458 (Conclusion)
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