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Studies on the Identification and Forecasting
for Short Hydrological Time Series
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ABSTRACT

Recently, the Hurvich and Tsai (1997) focused on the short time series and made use
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of the minimizing the mean squared errors to establish the linear relationship between Z,,,,
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coefficients from Hurvich and Tsai.

Tsai and the time series model.

and {Z,,,,..., Z;} in order to increase the forecasting abilities. However, the Hurvich
and Tsai’s research only limited on analyzing the synthetic data of some special models.
Therefore, the following study is not only probing into the suitable range for the method

that Hurvich and Tsai provided but also will focus on the monthly riverflow discharge

data of Taiwan to make a comprehensive research. This study uses Burg (1978) and the
traditional methods that estimate the autocovariance to yield the estimates of the predictor
In the mean time, this research adopts the
maximum entropy and moment methods to estimate the parameters of the time series
model when the difference display on the forecasting abilities between the Hurvich and
Three criteria, AIC,, AIC and FPE, are used as the
model selection criteria for identifying short time series model.

The results of synthetic data show that maximum entropy and Burg methods have
better parameters estimating accuracy than moment method, whatever the data is close to
non-staionarity or stationarity with small sample size. After using the maximum entropy

estimator and the autocovariance estimator (Burg) to estimate the parameters, the AIC,

stationarity. For the small sample, the forecasting ability is better when the time series

models are very similar.

model is used for examining the maximum entropy estimator.

When the sample size

increases, the forecasting ability of both methods of Hurvich and Tsai and time series

In general, the Hurvich and Tsai used the traditional method

that estimate the autocovariance to showd the best forecasting ability for the real data.

However, the SAR model and the Hurvich and Tsai have the same qualities of prediction.

The SAR model is better for the monthly riverflow data of Taiwan if the principle of

parsimony of the parameter is considerable.

Keywords: Maximum entropy method, Moment Method, Close to non-stationarity.
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AR LA » BORFFFE#HRET Hurvich A Tsai
Frigs Ak ERESEARHER AR RHE

;
2
%
?
¢
:
3
{
:
%
3
{
3
¢
%
criterion has better quality of identifying model, especially when data closes to non- g
%
:
%
§
¢
:
%
3
¢
é
¢

HERCBEAN ARAFERNTIIREE

o

()RS Burg F7 2 B2 (H 4 5 HH M 8 28
(Autocovariance)¥t Hurvich #1 Tsai B8 /5
B2 B -

Q)R FT B AN B B 2 R S PR P R U 2 B
WAL Z KGR -

(3) It # AIC(Corrected Akaike Information
Criterion)~ AIC(Akaike Information Criterion)
% FPE(Final Prediction Error) = f& $I/f7 ¥ Hi|
IR FUCRANEE

(4)3F 2+ Hurvich F1 Tsai Ff7 #2525 FF 51
TEEI S ik TERIBE ST ©
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(5)¥3f Hurvich A Tsai [t F7 ik B #ERF
Rl P 51 TR 5 e R R B R
FIE -

— - BRER

(—) ARMA(p,q) &zt Z 7 % 4 & {4 (Stationary
condition)

B {X, b2 ARMA(p,q) BERATT :

HZ,=X,-uH{Z}#E ARMA (pq) = -

I

@‘D(B)(Xx "#):G(B)ar
N ¢(3)21 :9(B)ar

B 2237 ARMA(p R RS pra+2 2
(pfED  qfd6 kU - o))
1R @(B)Z, =6(B)a, 715

He A BIEEEH -

E|Gi|21 »i=12,..0 BF - B @(B) 2% 7
BT s ER - X IR
51 o

(=) SAR #&st

o 0 8 8 B B & (Subset Autoregressive
ModeD) 5 BB IR AR(p):Z Rl » Bl AR(p)R
A pEREF - F “HBH” BF  WEEHH
B o F1A0 - SAR(L3,I2)E R :

2 =0Z + 032, 3+ 0157, 15 +4,

HIfS AR(I2BER ¢

Z, =0 Z, + 07, 0+ 97y 3+ 047 4+ 052, s+ OZ o+ Z, 4
+08Z, g + %7 o +PoZi-10+iZi11 P22t G

Z RO HA 0y,04.05.06.07.05.09.010.01 EF

KRR BEFERA LB
%+ 5 Yu & Lin (199D)fr#8 i » H A & 5 1HRE
, IACFH) K
% X AR 2 (Cross Correlation Function , CCF)
I HERE AR REE -

P #(Inverse Autocorrelation Function

(Z) 2H#ER
BEFIRAZZ2BHECHES TER
WM B -~ &/ADZTRERBERBOLE
AXAHE > APEFERZRARMTE - B
Burg > 1968 fitfe i » HBHHEM R BRAA
mr s
1R {2, Him 2

Zi=0Z, 1 +$,Z, +"'+¢pzr—p +a,
HI| B #H B % 2 %! (Autocovariance) - E[Z, -Z,_k]

Clk)y=¢,Ck 1)+ ¢,C(k =2) +-----
+¢,Ck - p)+Ela, - 2, ]

% k=0 Elg, ~z,]=E[a,2J=02

a
k>0 Ela,-Z, ;]=0

g k=0,1,2,.. . M » BIRX ()] EE M+1
&l 4% 1E T8 8 & R ¥ 7 72 3 (Prediction-error
filter equations) » B[l £ :

CO)  Cl) e - con T 1 ol [Py
cy  CcO o CM-DY -¢ 0 0
cMy CM-1 - - C(0) ~Pur 0 0
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Hrphp, B M BETEHIZE 2 5% & (Prediction error

power) o

HRIZ Burg(1968)FT 1R Bk » IR QUE S :

I 0
_¢M—l,l “¢M—1,M-1
Co(M) —bum :
~PyroLm-i YRR
0 0
Py * Py
0 0 0
= —Pu.m : =|
0 0 0
Py 0
He s
C(0) c) CM)
Co(M) = Cfl) C(.()) : C(M.*l)
C(}Vl) C(M ) C(.O)

5

2 2
1 N-m n mn
P, =—— i X |+ i X e
2<N—m>§.[[k§.¢ ! "] [sz o *”

1 N

f’ [(bm‘l - ¢m,mb;n‘l)z + (b:rn.r - ¢mvmbm.l )z]

TAN-m =

1 P, % @y BURDLST » I -

N-m
23¥by, b,
=1

m,t
Brugn = o e 3)
Z b2 ! b s
t=1
Py =Py (1= Gpym) coeceveensrsssee 4)

ROVBEAZ S BHEMNE -
m m
bm,t = Z ¢m—1,k 'Zr+k = Z ¢m—l,m—k 'ZH-m—k
,ﬁ}‘fF' k=0 k=0
b;n,r =2 ¢m—1,k Ziymk = > ¢m—1,m—k “Zik
k=0 k=0
B bk =bmik —Fmam Pmami * k=1.20m-1.G5)

TEHE R E B R B e C(k) k=0,1,2,....M» BIT]

A T3S

AHE M o BB HR S RBHESE - TR
PR

N M . ~
CM+k)=SCM-m+k)d, k=120 ..(8)

m=l

() BRESE

B AR AR B RERT )
W2 IDN(,o,”) » B HAIER - Bl{e,} BE
B o Bt - %5 X ARMA(.g) FEfE - HI
Portemantean Test(F§#E Q Tes) Z#HiztE Q24
LR 22 (k- p—q) °

k
Q=N3Xy, (1)
r=}

Hef
Yo = HEREEZ BAHEREEE
k= BB R B RFEFE ZE(Time Lag)
N= ZR{EH

(B) BERAH*

AHFFeR 6 A 2 FH I /7 15 55 Hurvich #11 Tsai
71997 Frige ik » ATyt BRI F5
ETHT - B3 {2 B EEEEF - BTYE
B0 HEMBEER b, - HER
(Z, ot Zy VB Z, o ZAGPEBRR » LR b {H
e M AR E SR/  BIFEH h @ERHZ
et Z,(n) - B0 :

N h+k-1
Z,(W=— X aj(hk)-Zypj s )
Jj=h

sop a1 BTN -

ERO) h=1 [ » Bl LRA[HRL -



~ k
Z, )= _zaj(lsk)'zt+l—j
=l
=a,(LK)Z, +ay (LK)Z,_ +-+ ay (LK) Z 1 )

BN F AR(PIFAIFT—ZTR# - {575 h>1 - HIO)
WA R R PR 2 FRANE o

a(h,k) =lag (hk).y (hK)---.ay (O] 55— AL
h+k [EHEREE AR - H

ag(hk) =1,V (hk)
a](h,k)=--~=ah_1(h,k)=0,%h>1

FHahk) ERrREREFHNREERERE
(optimal prediction error filter) » Bl &[5 h-step £

THERAER
~ htk~1 , ,
Zih=Zyp = Zaj(h’k)'Zthj =a(h k) (Zsps > Zy_gq1)
j=0
.................................. (10)
A EH0) A E # h-step ZIGHRBBER ¢

O'z(h,k)=E[Zl+h —21+lz =a(h, k) Ry ath,k) > H EFI
R, B — mxm 2z % B & 5 & (covariance
matrix) o ARIEREFM A E - WFEELEE
E[(Zl'f'h_ZH-h).ZH-h—fJ:O 4 V i=h,...,h+k'1

h+k—lA R . )
X Py k) ==7;  vish. bkl (1)
j=h

6% k) =35 a; (kg

S B AHER 0 AAPHELS bk o

ARBGAERT Y, Jre™ 2 Hefiihs - 5 LARTHE
F7UA52 Bl » — 2 Burg 5 1978 FibEit: + 5
BHA T, =Sz 2, » EFARADHER
fETIA] h-step BFEA T » [ #7(Order) 2 2 Bt
fi + FEFELL AIC - AICc . FPE BSEHMR -
AIC~ AICc &k FPE E&40T

AIC(Akaike Information Criterion) | g ¥
i :

AIC(h,k)= nllogd‘z(h,k) +1]+ 20k +1)

AIC (Corrected Akaike Information Criterion)
HErHER

AICC(h,k)=n[log6'2(h,k)+l]+2(k+l)|: Zz}
n ko

.................................. (14)
FPE(Final Prediction Error) 1/ #H] -
FPE(h,k)zd‘z(h,k)[n+k} ............................. (15)
n—-k

(7X) BFAZ LB ER
AWrgech - THWAE 12 B M MSE 1518
fEEbE « HE AT ¢

MSE= _l‘ TiK {)21‘ (l)— X/+l }2
=T+
i 2 MSE 2 K/INn] T fif 78 I 8 B2 (A Bl
R MIEEER/AD  EEERETRE -

(t) ARAFERTR
A FeF B Hurvich f1 Tsai 75 35 BUE T
R ANV BRI 2 BT
B EEEZ . DB EABREES TS
%o HR LEE - RIFSRERT I HEE &
EREREFST - ES TR EEY - ®
WHRAEWT -
(WU TRZEHEHEHESNE LT - K
B AERUE—E2EHE RS
TE Pl HE R S 21 6 I Ay 3R EOUIE T AL
B HE > REMERHEMEGHERS A
FEFIETAE ©
(2)Hurvich fl] Tsai B2 @A 5 E A H A B
BT - AR D 2 FEERE s E
H LB 5 R MSE £ Pl 4% o
Q) LB ik BTN FEEAET
SR TR R B LIS - BLUE
B—®ESNFE -
FRERRF RSV SBRURERE T
Z i 1 ATR e



Z %Aéﬁefiéﬂ;?wag\mgﬁ / *l BORBRASHENEAHKS S
LAl A ¢, 43 04
| REMABMAOMHLE TR k=1,2,..., M | 1 0.95
¥ 2 1 0.5
FRKG) (1) (RBAF L ERA L% 3 1 0.25
Hefbikz AW B B 4 | 2 1.2 027
‘ i 5 2 0.6 -0.08
KARX(IDRAE— 1 F 2 - THh-steph 6 | 2 1.75 -0.76
1~ 3RS S 44T B 2 TARA SR H1E 7 2 0.99 0.8
+ o = .
_ 8 2 10.1249 | -0.4765
FIF X.(12) RARh=1, 3, 555 555 & P #1274 3
R B E 9 3 2.1 146 | -0.336
- 10 3 1.57 -1.02 0.21
I AT R AR RN 111 4 127607 | -3.8106 | 2.6535 | -0.9238
M 32 $I0E R ANE
v

R A AMIn{AIC(L k) - k=1,2,.. ., M}

Min{AICC(1,k),k=1,2,..., M}

Min{FPE(1,k) > k=1,2,..., k}

v BAREREAES A S H A E100a R
BMAZZESRHKTAE

v
3% A Hurvich#»Tsai fa 8] ¥ ik 3t B Sh-stepz TR
A

Hurvich & Tsai 8 AI75 A2 M2

B 1

= FHRAERAZER

AHIRAERZER TS RERENEE
HERE o Sl

(—) AHER

SRERER T BE FEIRFBANER
BREEEZEHBMUREL - 5HF ARD -
AR(2) AR() R ARGFMHE - FEF 11 AH
H A B A R AN 1 AR - HAP R
TrEEERYE 1AM IMSL 2 DRNNOR
B REA B ERELE - HEREAE
B4 100 HARER  BERRIREZYE  E
AR % AL 20 18 - K FRRD 20 E -

i 1 EERART S RREERRE
ma i kBRI E R HhREIIEER
ot - BB 167 R 11 - MHERAR
FaEd o MR 1 B—EHEHEEEMZ AR

(DER > HRARETRARIIIEEER 1.05 3
R 6 HIER 7 BEEEEEEZ AR -
Hep#ER 6 WREEARMEHEER 1.05 &
1.25 » MR 7 WRET AR BHERME
L2 R 1 B BORFEE R L ARME
o HEARHFEXRNESESHER
1.02 0

(Z) HERER
AHERHAZEAEHBEEN/AHE
Bl 36T 22 35 HEAMERIENR 2 AR

m -~ B REFW

(—) ARER

BoA MG i 2 2 BU A RUR AR -
B 2 2 B RINE 4 Fir © BRER
FT AR 30 BRROREIE RS 11
HRATE - RS EUEERBIEEIBREN SR E
o R FE 3 RE 4 HEREI R CERBBE
/NS AR IR 22 + 1T AR ZERR 51 A 2 T3 AR
] S I FEIRE

%5 RE 6 SR BRAMBEZE LR
I St P HE B 2 (S IRE T - R REUT - BORIE
S TR AL 30 B - BE R AIC, Pl HE AR
R 167K 11 SErde R R B
RIS S E R M AR RER 459 R



*£2 EABREBER MM
SE3E ELSA ML | EHEF | THEA | CPHMA | #ER 1o FE e 3L
F030002 X ok | 1957-1988 384 17.6 380 3.01
F030004 %A BRI | 1957-1988 384 7.1 42 2.82
F030005 =3 goAkEr | 1957-1988 384 30.2 1167 3.67
F030021 EX3 AT | 1957-1988 384 8.7 58 2.45
F030026 gl JEARF | 1952-1988 444 18.0 236 271
F100013 PlCEN RS 1950-1988 468 62.8 4117 2.32
F180001 Iy By difik | 1957-1988 372 6.0 53 428
F250004 Bbhsas | KFiE | 1957-1988 372 14.1 167 2.06
F250006 kg A Wik | 1957-1988 372 8.7 77 3.53
F270014 M Bk 1956-1986 372 54.3 4917 2.80
F290009 AR BAE | 1944-1983 480 35.9 1415 3.11
F290035 &% FHaE | 1967-1993 324 133.2 12643 1.53
F290042 A HAGE | 1955-1988 408 19.2 774 2.38
F330022 Flop JbikiE | 1958-1993 420 25.3 1009 2.09
F340011 ol 4805 | 1959-1988 360 20.2 439 2.82
F390011 B AkiE | 1961-1988 336 8.5 184 2.63
F400016 3 -F fidi% | 1957-1988 384 36.8 2016 2.37
F400020 FA Sk | 1949-1988 480 98.7 16842 2.38
F510010 E K HE% | 1959-1988 360 71.1 8079 2.28
F510031 A A HEE | 1959-1986 336 40.6 3948 2.50
F510036 B K 5% | 1961-1988 336 239.3 | 106031 2.14
F550004 Bk Hhigik | 1962-1988 324 23.4 1582 2.17

®3 BEOREACHENBUHRSHREAG

K4 BEREACSHABNSBHEORREEE

® o BAH30) A B 30)
Byt a9 9, 9, o | o (% (mal| o 92 ¢ $s o
1 | 0.905 0.512 1 1 | 0748 1.235
2 1 0.456 0.869 2 1 [038] 0.943
3 1 0.231 0.910 3 1 {0174 0.934
4 2 1.155 {-0.268 0.594 4 2 ] 0.998 |-0.236 1355
5 2 0.577 |-0.132 0.835 5 2 | 0511 {-0.158 0.916
6 2 1676 |-0.697 0.404 6 2 | 1.159 | -0.283 7.755
7 2 0.965 [-0.783 0.930 7 2 | 0891 |-0.724 1.231
3 2 0.1363 |-0.4657 0.922 8 2 |0.1072]-0.4561 0.945
9 3 2.032 [-1.377 [-0.3115 0.924 9 3 {-1.220]-0.217 | 0.1009 10.463
0 3 1506 |-0.983 {0.2030 0.820 10 | 3 | 1.239{-0.664 ] 0.032 1.370
1|4 2.6468 |-3.5474 (2.3998 {-0.8222[0.979 11 | 4 |1.1769]-0.7657(-0.0245(-0.0772( 72.653
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KRS CREBRSERNFHENENTIEEECHE K6 SNERNIERNHHEBNEREZ 2B

(R KX \% » n=30) #(BIEZE » n=30)

o 53 B A 5P B R

RA SR AICC AIC FPE RA 43 AlCc AIC FPE
1 96 93 39 1 100 99 80
2 96 9] 42 2 98 98 78
3 97 93 38 3 98 96 77
4 23 24 30 4 10 18 40
5 6 8 13 5 3 8 24
6 94 89 42 6 21 27 38
7 95 91 45 7 99 97 82
8 67 72 37 8 67 73 68
9 25 31 18 9 1 i 4
10 10 20 19 10 1 5 16
11 98 94 36 11 0 1 4

10 P ER 2 BT EE LR A EESERD =
P R 2 SRANGE I R s B R AR
AEE 308 R 4-5-6-9~10 k 11 K=
T P YE RN 2 SRR T RBLAE - BTy RSB
EWMGHEENEREAFEIREER ERE
T HB BB RERE - BOE SRR
s A vE R 2 B UGEEREE D -

%7 $ERIET DL AIC, P ER T 3 E 1
RN — SR A BEREEBRS
B HERE - HEES AIC, ¥EAIEREEE
f et F RS B R 7 DA Burg SRS (H 2 8L -
EEL AIC, AT ERBERGR RG2S - 1
G TE RS R -

135 8 &5 EEE R - Hurvich A1 Tsai T 5%
DL R 4 1 22 RS - B A FPE HERIZ IR — &
1 e B E R (E - H DL AIC B AIC,
HEH(S 1 EERTTE  ER B ERERE B
#; FPE #HI5% « 57 i AIC. B2 AIC Z 8%
76 R S Ee s 5 T RERA - RiE
TR FE i ] FPE &R {E BRI Bz A o

%9 BEARY 40 B MEREESTHEZ
FEE MSE » HLis BT B R B EGIIEE R
1 HE » Hurvich 1 Tsai Burg e KRR 2 TR
HI4E 11 E R E T 0 R AR R IE

I o TIEE B MRS - TUAE Tk 2 FERE AR
ETK e

2EE 4 BUEABEETEBEAERT
L TARZ R - HoE 2 B Burg B
2:807% » Hurvich fl Tsai HiEZER - AET A
RREE e/ MEA T » Burg 3] Hurvich 1
Tsai 32 TS BB EH A RHE  H 3 B
P {0 0 A5 22 B % - Hurvich F0 Tsai 526
B BT REEENGEERER T EERA
K3 [ 4 BF AR RE Rk > R IR
FEER  cEDREBHEREABRGE
I ARG BRI H T o E R AR K
@B Burg EHEME2 Bk - KRR MK
A B R IR H s - THEIAR S EEIR TR
s Hrh DR R 2 AR R - AREE
Foe T o A S S T E R BUE
o HE kR Burg ik THEIR REEH A%
TN »

(=) BEER

£10B& B EMGENER Hd
Hurvich ] Tsai Burg 8 i KIF k&0 TGV TR
4 75255 5 8 - Hurvich A1 Tsai EH#i A /U5
LW BE - SAR MR E LR R - BBM

—20—




vseesv HXT Burg
Moment

10.920

1
k|
5.003
3
1
B.Oea
L ]
¢ ]
7.e0]
%.004
5. Q0 T T T T T e T T T T
35 40 45 Bp 55 6@ 66 70 75

SAMPLE SIZE

2 BRI 4 RAEHONDLRAG T RERL

=

>eeee HXT Tradition
Moment

[y
@

o
Y

N
L)

\

35 4 45 BB 55 6@ o5 7@ 75
SAMPLE S1ZE

3R S BAMHONSSBRANRERL

=
Eeaaad ‘I:lximutm Euntropy

90.00 3 e
80 eo—é /
70.003 \\/_”J/ »
62,00 3 /

w 3

o 3

se.eeé: -
3 /’-”"/
40.00 ]
E /

3e.eaaf rd
E

20.00 T T T T T T
35 40 45 50 55 b &5 70 75
SAMPLE $T128

B4 B3 6 RAYHONDIERADTRERL

=

7 7 Hurvich f Tsai 775 RERENREAZIF /5

= (Burg 5122 ACV » h=1 » n=30)

& F 8 E R 100 412 -F 35 MSE
# X Awe Awe Ave
#3E | IMSBhK 45c,. )M IMSEbK 4;c )} {MSE(}I}KFPE)
1 0.509 0.506 0.301
2 0.863 0.854 0.560
3 0.905 0.897 0.593
4 0.623 0.620 0.387
5 0.870 0.862 0.560
6 0.405 0.402 0.251
7 0.919 0.905 0.639
8 0.955 0.937 0.614
9 0.975 0.935 0.584
10 0.869 0.843 (1.560
11 0.978 0.970 0.661

=+ Ll Hurvich I Tsai {6 1.2 THEIRE TR
8 » It 758 % Hurvich ] Tsai #5714 58 48 1 208%
i TR AR S AR - SAR BA KR E A
fERTE - ARERAE T2 EREYE - BRFETE
BIEEJIHHE - WF B2 B SRR A] - AIILL SAR
B EER  ARHPEEREEARNE AR
RZIRI R R AT AETZEE A
FRRE R - MOARWYeAT 5| 2 H&T Burg &
BB RIERERE o

7% 8 Hurvich }] Tsai 77 AR SRERN R A2 197538
Z(E#H > ACV » h=1 > n=30)

B AR 8] 100 482 F-3) MSE
P Awe Awe Awe
{MSEh & 450, )} [ IMSBh & 4 )} {IMSERLK pp )]

| 1.235 1.234 1.204
2 0.939 0.939 0.914
3 0.930 0.926 0.905
4 1.437 1417 1.355
5 0.959 0.953 0.919
6 8.053 7.989 7.904
7 1.229 1.225 1.206
8 0.980 0.964 0.920
9 11.230 11.171 10,818
10 1.427 1.420 1.389
11 78.407 77.902 74.562




7 9 Hurvich A Tsai /3 A BREH 77 R BRI )R ELLBEA H 40)

- WA h TR 5 E
X FER ok noz
h=1 h=3 h=5 h=7
H&T 53k Burg A3 2 ACV 1.04 2.83 4.33 5.42
1 idax > ACY 1.46 5.10 {33 1117
AR X A BUE R 1.04 2.84 4.34 5.46
05 B B F)TE A
(aLss i 7 7R B £ A Bk 1.46 4.59 6.86 851
H&T 5% Burg ¥4t 2 ACV 1.03 1.08 1.07 1.10
3 1442 ACV 1.04 1.10 1.10 1.13
KSR k 1.03 1.07 1.07 1.09
%05 B £
T T T 04 107 107 110
S Burg itz ACV i 1537 34.44 55.76
p i sz ACV 4.76 45.88 120.12 | 203.77
. B S BAE & 1.11 10.98 31.14 60.17
EA Ve IE B! : —
B E SRRk 476 35.04 76.41 115.95
H&T ik Burg Fr £ 2% ACV 1.41 51.32 75.53 314.15
i 4.2 ACV 26.00 12720 | 234.15 | 43250
! S 1E B A 55 B K S Bk 4 1.41 34.43 46.90 148.28
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