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Abstract:In this paper, a time series analysis model-building and forecast methods are put
forward, it is proved that the methods is high precision for building model and application. Us-
ing the method, we build the model of Xiang river water level and test model using forecast
method.Through application,we know the model is good and useful.
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1 Time Series Model

Time SeriesTheory and Methods is a systematic account of linear time series models and their application to
the modelling and prediction of data collected sequentially in time. The aim is to provide specific techniques
for handling data and at the same time to provide a thorough understanding of the mathematical basis for
techniques.

Major Time Series themes will be :Statistical methodology,Applications to economics and in economet-
rics,Government,Business and Industrial Examples;the Hydroscoences,such as limnology,hydrology,water
quality regulation and control,and the modelling of marine environments;the geosciences,especially such ar-
eas as oil exploration and seismology;civil engineering and allied disciplines;spatial and space-time processes-
their theory and application-especially in geography and related areas,such as city planning or energy de-
mand forecasting;biology and ecology;environmental studies-air and river pollution;medical applications
and biomedical engineering;irregularly spaced data;season modelling and adjustment,calendar effects, causal-
ity; bayesian approaches;transfer-function,intervention and multivariate modelling;state space;nonlinear mod-
elling;estimation;diagnostic checking;signal extraction;comparative studies;spectral analysis,especially for
the physical sciences;business cycle and expectation data;data revisions;computer software and numerical
analysis;forecasting;and,no doubt,many other areas of the subject.

Time Series analysis theory and methods are very important for application[1]−[11]. In this paper, we
put forward a sort of new non-stationary time series model and research its application in water level.Water
lever study is impartment more and more in aspect of economic and science study and etc. We give model-
building method and forecasting method.

Let yt is a random series defined on probability space (Ω, g, P ), we have

yt = f(t) + g(t) + Xt

where, f(t) =
M∑
i=0

Cit
i

g(t) =
P∑

j=1

Aj cos(wjt + φj), − π ≤ φj ≤ π

Xt ∼ AR(P0)

We must obtain these express formular about f(t), g(t) and Xt, so as to obtain time series models.
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2 High order Yule-walker estimation

Let X(t) satisfy time series AR(P0) model, have

P0∑

j=0

ajX(t− j) = ε(t)

where, a0 = 1, ap0 6= 0, ε(t) is a white noise, Eε(t)ε(s) = σ2δt,s, E [ε(t)]2 < +∞.

Suppose A(Z) =
P0∑
j=0

ajz
j , A(Z) 6= 0, (|Z| ≤ 1)

For sample X(1), X(2), . . . X(T). Let

RP =




r(p) r(p− 1) · · · r(1)
r(p + 1) r(p) · · · r(1)
· · · · · · · · · · · ·
r(2p− 1) r(2p− 2) · · · r(p)




Let r(k) = r̂(k) =





1
T

T−K∑
t=1

x(t)x(t + k), 0 ≤ k ≤ T − 1

0, K ≥ T

Because r̂(−k) = r̂(k), k = 0, 1, 2, · · ·
Hence, we obtain the estimation R̂p of Rp:

R̂p =




r̂(p) r̂(p− 1) · · · r̂(1)
r̂(p + 1) r̂(p) · · · r̂(2)
· · · · · · · · · · · ·
r̂(2p− 1) r̂(2p− 2) · · · r̂(p)




We give a enough large P ∈ N , compute characteristic roots of Γ̂p = R̂τ
pR̂p, we obtain

λ̂1 ≥ λ̂2 ≥ · · · ≥ λ̂p ≥ 0

and compute function

D̂(k) = T −
(

λ̂1 + · · ·+ λ̂k

λ̂1 + · · ·+ λ̂p

) 1
2

, 1 ≤ k ≤ P

We obtain estimation of P0:

P̂0 = inf
k≥1

{
k : D̂(k) <

(
lnT

T

) 1
2

}

and when T →∞, P̂0 → P0, a.s, we use high order yule-walker equation




r(p0) r(p0 − 1) · · · r(1)
r(p0 + 1) r(p0) · · · r(2)
· · · · · · · · · · · ·
r(2p0 − 1) r(2p0 − 2) · · · r(p0)







a1

a2

· · ·
ap0


 = −




r(p0 + 1)
r(p0 + 2)
...
r(2p0)




to obtain estimation (â1, â2 · · · , âp0) of (a1, a2, · · · , ap0)
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3 Applied Analysis

We can obtain f(t) and g(t) using the estimating methods in [4].
In fact,we express

g(t) =
2P∑

j=1

aje
itλj

where

λj =
{

wj , j = 1, ..., P
−wj , j = P + 1, ...2P

aj =
{

1
2Aje

jϕj , j = 1, ..., P
−1

2Aj−pe
−iφi−p , j = P + 1, ..., 2P

We compute Pλj , aj

Let

Jy,96(λ) = 96−
31
16

∥∥∥∥∥∥

96∑

j=1

yje
−iλj

∥∥∥∥∥∥
We turn [−π, π]into 2N(=192)

D(k) = Jy,96

(
Kπ

96
− π

)
, k = 0, 1, ..., 192

Take

E = 96
1
16

1
192

192∑

K=0

D(k)

We take K when D(k) > E,let its be k1,k2,. . . ,kq.
Let

Aj = kj+1 − kj −
[√

96
π

]
− 1, j = 1, 2, ..., q − 1

Aq = 192 + k1 − kq −
[√

96
π

]
− 1

Then
λ̂j =

π

96
jk max, j = 1, ..., P̂

Then we have

âj =
1
96

96∑

L=1

yLe−iLλ̂j , j = 1, ..., P̂

The last have
ŵj = λ̂j , Âj = 2 |âj | , ϕ̂j = arg âj

(j = 1, 2, ..., P̂ )

We test model using forecast methods, we have

ŷt = f(t) + g(t) + X̂t

L-Step forecast of AR(P) model Xt as follow:

X̂t(L) = a1X̂t(L− 1) + a2X̂t(L− 2) + · · ·+ apX̂t(L− p), t ≥ 0

X̂t(j) = Xt−j , j ≤ 0
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Let Φ(B) =
P∑

j=0
ajBj , a0 = 1, then Φ(B)X̂t(L) = 0, L > 0, where, X̂t(0) = Xt, X̂t(−1) =

Xt−1, · · · , X̂t(−p + 1) = Xt−p+1

We apply our methods and the method in [2] to water Level forecast of Xiang river in Xiangtan station
of Hunan, we take 120 data (one each month from 1. 1994 to 12. 2003) to model-building.

We use model to forecast water level from 1. 2004 to 12. 2004 (one data each moths) as follows:

Table 1: use the method in [2]
Xt X̂t error Xt X̂t error
30.2
29.0
30.5
30.8
32.7
31.0

27.0
25.3
34.1
38.0
32.4
34.7

3.2
3.7
3.6
7.2
0.3
3.7

32.5
32.4
30.6
30.2
29.9
29.2

31.0
26.1
25.3
22.4
24.2
22.0

1.5
6.3
5.3
7.8
5.7
7.2

Table 2: use the method in this paper
Xt X̂t error Xt X̂t error
30.2 30.9 0.7 32.5 31.2 1.3
29.0 30.1 1.1 32.4 31.0 1.4
30.5 29.0 1.5 30.6 29.3 1.3
30.8 29.4 1.4 30.2 28.8 1.4
32.7 31.2 0.5 29.9 28.9 1
31.0 31.7 0.7 29.2 27.8 1.4

where error=
∣∣∣Xt − X̂t

∣∣∣
From forecast value ŷt compare with original value yt, we know that the method is high precision for

model-building.
To have superiority with methods of this paper,the following are needed:
(1)Theory strict,method right,easy to process the sample data.
(2)Model a with high precisions,and it is easy to be applied.
(3)Sample data may be very small.

Acknowledgements

Project supported by the Natural Science Foundation of Hunan Province, China.[08JJ3002]

References

[1] Priestley, M.B.: Spectral analysis and time series, Academic, New York (1981)

[2] Box, G.E.P., Jenkines, G,M: Time series analysis, forecasting and control. Halden-Day San Fran-
cisco(1970)

[3] Priestley, M.B.: Nonlinear and non-stationary time series analysis, Academic press(1988)

[4] Weiqin, Y. , Lan, G. :Time series Analysis, Beijing University of Industry Press, Beijing(1986)

[5] H.Y.Wu,D.Sun ,Z.Y.Zhou:Model identification of a micro air vehicle in loitering flight based on attitude
performance evaluation .IEEE Transactions on Robotics .20(4):702-712(2004)

IJNS homepage:http://www.nonlinearscience.org.uk/



176 International Journal of Nonlinear Science,Vol.6(2008),No.2,pp. 172-176

[6] F.Ji,Y.Zhou:Signal measurement and control system in micro air vehicle .Instrument and Control
Transaction.24(6):643-648(2003)

[7] Y.Q.Yin:Detection of the number,locations and magnitudes of jumps.Commun.Statist.C4:445-
455(1988)

[8] K.Schan ,H.Tong:On estimating thresholds in autoregressive model .J.T.S.A.7(3)(1986)

[9] J.Gewwke ,N.Terui:Bayesian threshold autoregressive model for nonlinear time series. J. T. S.
A.14(5)(1995)

[10] R.S.Michalski :Machine learning and data miniing:method and applications,John Wiley & Sons(2004)

[11] M.Last,A.Kandel , H.Bunke:Data mining in time series databases.World Scientific,June (2004)

IJNS email for contribution: editor@nonlinearscience.org.uk


