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Abstract: A class of hidden multi-resolution autoregressive moving average (ARMA) model is studied for forecasting
nonlinear time series. The model has ARMA model as the original fine level model, that is, the building blocks. The
precision of the model for approximating the true one is determined by the variance among the levels. The autocorrelation
functions (ACF) structure of the new model is then studied. The estimation of parameters is easily performed via Bayes
method and Metropolis-Hasting algorithm. Furthermore, a new method for nonlinear time series forecast is proposed. The
method can be directly applied to hidden multi-resolution model with different building blocks, and reduce the forecasting
error compared with other linear method and hidden multi-resolution model forecast method. Finally, the model and ap-
proaches are illustrated through the use of both simulated and real series. The new model and forecasting method appear to
capture features of the data better and provide more precise forecasting than other competing models do.
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Fig. 1 ACF of hidden multi-resolution models with AR(1) as coarse level and AR(1) (dot line)
and MA(1)(real line) as fine level respectively
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Fig. 2 ACF of hidden multi-resolution models with AR(1) as coarse level and ARMA(1,1) as fine level
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Fig. 4 Quarterly U.S. civilian unemployment rate data
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Bl 4(b) A ()7 Tl 47 H 9 A 5 Y A SR HY
PR 75 2% i 64~ B s i IR 32 AN95 % Tl 3R X

[, TR A 38 75 1R 22 (MSE) R4 25 (¥ IR 77 2 (R
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R3S, ;H\:EF'MSE:% > (Trys _xT+i)27 xTﬂ'ﬂl

=1
By AY AR X LSO R TR 1
A3 FEAEA GRS

Table 3  Forecast power of different models

i 1 2 3 4 5 6 MSE

AR(1) 0.15190.2457 0.3101 0.3655 0.4255 0.4970 0.5241
ARMAC(1,1) 0.0660 0.1191 0.0952 0.0763 0.1115 0.2216 0.2323

K& 2 4> PEARMA(L, I BY 3 4k b TR 8CR AR
TRZ 5 HARWBER. 5H A& MR TI]
BR [ [\ )3 FiMarkovi% # A5 RO &, (& £ 4
HEARMA(1, )AE B F 552 /b 1 2 B0t v LR 4 19
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5.2.2 Huroni] /K “F T = E # #& 28 B A i
#R (Modeling and forecast for the level height
data of Huron Lake)

H K& 2 43 HE AR B X Huronii 7K ~F [ 1= B
HHE (A 18754F 2119724, 398 MM Pk AT 22
BN AT, SR 7 51 I 5 (a). B 4H K b AR
A) RUBE, RIS A —MRAL B 58 hm = 4R T
TR

N TH A A 1875F1958%F 1844 £ 8 Kl & 4%
B(RD), 7 EE W T IERMAR SO 7L
MI1959F 19724 (1) 144 TR F 357 1B FN95% 1) Thi i [X.
[ (BES5(c)F(d)), MEISHT LR IR, ()i T4k &5 R
R T . F St IE) 7 51 0 HE g
R B HARQE R 2, = 2.0993 4 1.01592_1 —
0.2462x;_5 + 4,02 = 0.4559H1 %] 4f (AR
Bz, = 2.9388 + 0.6776x,_1 + e, % J& 144 HdE 3t
TR, TS A L L3R 5:

582 " - 582 582 . . :
7 YV anm
D{ 580 Di 580 D{ 580
& & &
4 578 [ w578 > 578t
hE IE x HE
E 576 | E 576 E 576 |
74 . - 574 . - . 574 s - s
1850 1900 1950 2000 1955 1960 1965 1970 1975 1955 1960 1965 1970 1975
t/ 4 t/ t/ 4
(2) JRLEH 71 (S2Lk) M (b) [21HJ7 A3 2 R (c) A H LB
m=d T (R 28) BIEFN95% IR X [7) I AN95% TR X 7]
—— 1 95% AR X 1] 5 D HAH PRI

Bl'5  Hurond 7K IHi & B2
Fig. 5 Level height data of Huron Lake

&4 1R ZHAR(DRE 6 S B A8+
Table 4 Estimated parameters of hidden
multi-resolution AR(1) model

WE  WrRE

by 0.4620 -
oy 0.9010 -

s 06776  0.0115
o2 03437  0.0038
T 00559  0.0023
A 0.1042  0.0011

%5 AXERKHIHYFTIEE
Table 5 MSE of the forecast based different models

RZ AR BRZ2HAR(L) AR(2) AR(1)
(KTTE) (AILTTH)
MSE 1.2866 1.6449

1.6555 1.6991

6 45i&(Conclusion)

AW FT — 2K F T S 1tk I T) 7 31 TR 1
B 2 4> WEAE Y, o L s AR RN TR RS BE EAT T €
BN, R T BT @ AL Y (WACF S SR A
HIACFZ [8) B % 22 B 7K~ 18] 1) 75 Z 3Rk 8. &%)
K2 2 PEARMAR R, 4347 T HACFE ), 45 T
SEAGVE T, R T — M KR O7 v, A
THIGE KPR E, T2 R BT 8L 1) B 2 40 7%
BLRLSRARAT B0 & BB E TR A B, A&

T IHRORE BE, FEUEBH TR B R 5 v B R R O
ERD T AR R ZE. 5L 3R B AR ST ) 77 v AT B
AR T () S0 THRORS FE .
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