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- 2 A ARMA (Auto—Regressive Moving Average)% SRENEE¥ir AR(Auto—Regressive)ﬂl W5 Bl I A R
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HLAN LB BEHLLL 4, AT 2 B 6F oA Sl J 309 i 7K 3 3 A8 45 B 8 TR0 79 F 15 Dwivedi %852 il ARMA
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55 o A LR P TR 3 A
MK, 5w, MESL, W x, R E (x)=u « u, (R E (u,)=u , ST 5 0
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r=u . 520 x =n,+u {RAER, A7,
>+ (w, —u)n,
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[B-5 S -a)
=1 =1
.
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x n u
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(l PP Py, P, ) [ SL]—GIE [(xt—u)é‘,,l]—'”—qu[(%—u)S,,q]

4534 (0) BT R TR B o, I HOECSE: 10 75
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1+012+022+---+02
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Xt (19) P47 97 25 56 E
2 p=08F, BRI shFIER MA(q), R(19) nTfLfRi R .
1
(1+912+922+---+0q2)
M g=0mf, BIK A EIEEARp), 2 (19) 0] {bfE K
R N (21)

R0 SHALSHAE™, M A= (19) 4 1] 4% .

ARMA BERS R () S F 3 R %0, 6, -, 0, MABHR ¢, ¢,, -+, ¢ KISHIHS5FHAR
K RBAE B B, TAEAS B AHE R ECRE WS R K SO 1 AR A28 S Fe 7, okl 56 28 r fES
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3 U5k ERAE
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(] Fy> SIS TR 1) 7K SC e 57 1000 5 3 Joe A 3 DU B o =, SRR B (p+g) 9 ARMA (T, 1) R ARMA
(1, BRG], 4 Beit gt ik, DA UE 23 20 5B o =X (19) 4k 5 el 72 9 5 LA
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—1<01<1 (25)
0, >0,

SR PR BRATT

(1) I -0 28 53 A1 A2 S n=1000 B w=100 . 2R C, =02 . WEREC, =041
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(3) B RBAE AR 1000 0, n, N5 i 41250 j R G 6 4 21 B9 MR 23 17 81 (=1, 2, e

20; j=1, 2, -+, 1000);
(4) 14 2 (3) TH 45 2 A 415U e 81 5 FEMU R 7 P A IR OG R 8y, =1, 2, -0, 205 =1,
2, ++, 1000), ﬁkmaﬁmﬁﬂm%%ﬁrﬂ——Zgul 2, 3, -+-, 20);

1000

BEE AR IR 2 8-’ - ‘xlOO@@, Fe g0 (24) (X C19) 4 5 B 45 ) 71380 A A OC R 8 r, (I8

r
a

E) SEIHAR G B PR R L, GURME), SR WER2. 451 B 20448 ¢, 5 0, 5 T KA
xR 2 8 WE S LI, e KAE WAL N 4.84%( ¢,=0.7, 6,=-0.6). HH2 o {EH 4 0CEI Ky MAC1)
B, AR IR ZEAE RN, X T A N IR 22 BE S B B I g K . BEWIAE ARMA (L, 1) B A
e, FEATE @, Y5 6, T, WRKME r, SEISME r, AT, RIRIEIEXT ARMACL, DFRUESH
3.1.2 ARMA(1, 2)#: & Mmm,wﬁﬂTu%mﬁ%=@H u)-0,e,_,-0,e,_,+u, . ¥
p=1, ¢=24% A (19)15:

l-po,

L U (26)
1+67+6,
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F2 ARMACL, DEBPARRESETW o or, RAHXERZE(S )

@, 0, r, r; 5/% @, 0, r, r; 81%
0.9 -0.4 0.9144 0.8999 1.59 0.3 0.1 0.3147 0.3130 0.52
-0.1 -0.4 0.3828 0.3815 0.34 0.9 0.7 0.9341 0.9067 2.93
0.5 -0.2 0.5281 0.5190 1.72 0.7 -0.6 0.7906 0.7523 4.84
0.9 0.8 0.9403 0.9095 3.28 0.5 -0.3 0.5585 0.5431 2.76
0.5 0.1 0.5074 0.5046 0.54 0.3 -0.5 0.5215 0.5076 2.66
0.9 0.2 0.9041 0.8975 0.73 0.8 0.4 0.8305 0.8100 2.46
0.6 0.4 0.6695 0.6464 3.45 0.7 0.6 0.7906 0.7539 4.64
0.5 -0.8 0.7367 0.7029 4.59 0.2 -0.8 0.6439 0.6359 1.24
-0.3 -0.9 0.7052 0.6896 2.21 -0.1 -0.9 0.6731 0.6703 0.42
-0.4 -0.5 0.5727 0.5529 3.46 0 -0.9 0.6690 0.6687 0.04

PR Hi Yule - Walker J7R2153 5] p, =@, , FRAF(26)4F:
(27)

il PR AT, & RECT AT G AT A
-l<g <1
0,+0,<1
6,-6,<1
-1<0,<1

ARMA(1, )R G REG L BB MARMACL, DR, JRREESHAZ . 7ERF G (28) R IE
BT, BEHLAE R 20 R @, 6, 6,0 REMA G, RIEBAFERSIARMACL, 2)JFH], 5%
PRI B 09 P KA BB, SHARR MG R, , BRI EI TUFH, 2045 A%
mRAEWASE RN SHEBEH 5%, (AR 6%, HSEABOB A, MXTRZE S B/, mEiE 70
(19) A BRPE , BLHA AR SCHT 2 20 R FR X ARMA (1, 2) 57t HAT 36 1 .

3 ARMACL, DEERIMAFESET W v, or, LA RZE(S )

(28)

@, 0, 0, T, T 8 /% [ 0, 0, T, r; 6 /1%
-0.3 -0.4 0.5 0.5955 0.5814 2.37 -0.1 -0.7 -0.3 0.6111 0.6076 0.57
0.4 -0.7 -0.4 0.7006 0.6738 3.83 0.9 -0.4 -0.6 0.9354 0.9067 3.06
0.5 -0.5 -0.8 0.7766 0.7407 4.63 0.5 -0.4 0.2 0.6124 0.5894 3.75
0.8 -0.5 -0.9 0.9084 0.8589 5.45 0.3 -0.4 -0.3 0.5215 0.5068 2.82
0 -0.5 0.2 0.4741 0.4742 0.01 0.8 -0.5 -0.3 0.8552 0.8217 3.92
0.1 0 0.4 0.3828 0.3814 0.38 0.4 -0.5 0.4 0.6358 0.6129 3.61
-0.2 -0.3 -0.4 0.4817 0.4725 1.90 -0.6 -0.8 -0.7 0.8364 0.7930 5.18
-0.1 -0.2 -0.9 0.6818 0.6790 0.41 0.6 -0.1 -0.6 0.7300 0.6941 4.92
0.3 -0.6 0.2 0.5916 0.5770 2.47 -0.1 -0.2 -0.8 0.6409 0.6380 0.45
-0.3 -0.5 0.2 0.5427 0.5297 2.40 0.9 -0.7 -0.7 0.9508 0.9145 3.82

WA, #EAT T AT ARMA(2, 1), ARMA(1, 3). ARMA(2, 2)FIARMA(3, DR SHRE,
HARIE G R 25 R, A SO 0 RS 0o FHE B 8 p+q ST 4 By AN 9 ARMA #5800t 2 5
PR, RFROE, PR PTas AT RIFZR . B, A ST 9 4 95 31 5 J7 10 AL AR B 5 AR-
MA(p, @) BT HA 50 M
32 HEXREHESEBEXRHWXE KOG T r SAMELRBN LR, HBCHA SO 9 % )7
R FIR EL A o AR A O A R S BB ), IR SE BT A OC RS H AR OC R EAE ARMA
BRI p ) BARIE R, AR LLARMACT, 1) FIARMA(L, 2)KERI 4],

3.2.1 ARMA(1, DA FHG IR LA R A ARMACL, DMK 0)F5), BEVLTF ] u, IR
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P-M A 545, HAKE n=1000 . ¥{H u=100 . B2 REC, =02 . WMEREC, =04, JyHMBE5
PIFPARF o RESE R, IO o, 0 fH. 541 s ¥ R 800, BUEEM 0.2, H AR5 5
@, =-09, -05M-0.2; % 4 A B 7 R o B EHEH 02, ¥ 3hFH R LD K
6,=0.2, 0.5H10.9 . &1, &2 0 PIZL1E LB i34 Br A A5G R 2

LA 2 88, | p | NMUBEE |, | BOBGRTMIHG A, HBl A |6, |3 mimisgn . i H, 77505 KR
SRIAH R R B WAPAE Y | p, | — B, BIBES |o | 5 |6, M3 RS K. bl b, X &
ARMACL, 1) ARMC B3 09 5 S0 75, AH 5 28 $00nT LA 220 i AR AR A% S5 78 i

0.8 0.05 0.1
0.6 0 0.05
g 041 £ -0.05 B o
w 0.2 M4 W&
K0 K K -0.05
Z 02 z-0.15 =z
. = -0.1
E—0.4 O 0.2 I
~0.6 ~0.25 -0.15
-0.8 ~0.3 -0.2
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
%5 i % B %
(a) ¢, =09, 6,=02, r=0.9109 (b) ¢,=-0.5, 6,=0.2, r=0.5489 (¢) g, =02, 6,=02, r=0.2684

P ST 2 R B0, T E I A A% B A G R A

0.1 0.1 0.1
0.05 0 0
ﬁ 0 ﬁ -0.1 fj 01
K -0.05 Py H -0.2
33121 -0.1 § 02 ﬁ -0.3
-0.15 -0.3 -0.4
-0.2 —04 -0.5

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

B 5 [83 (83
(a) ,=02, 6,=0.2, r=02912 (b) ¢,=0.2, 6,=0.5, r=0.4438 (¢)@,=02, 6,=09, r=0.6851

B2 F R @, 852 I 0 45 ) AR G A
322 ARMA(1, 2)AER [ I3 2 BT LUROR K SCF 9 B AR AR, 7EARMA(1, 2)KiRIh | 5
QBRI 528 e, 6,. 0,45, Ml shF5 2500 [ 1RS80S [ AR BT
PR R, FﬁUr HHAMEXRBEAREBOCER . *E%EEE(ZS)U&EMH%%’E& EREVEES & i EeriR e
WRBIN R, WA A I p, . p, B, 3 d AV F2 B ARMA(1, 2)BER B 2 5
o\ 6, . 6, fH: AEBENLEA B0 RIF 3.2.1 %5 . ARMACT, z>rﬂwjazew@mw 51 44K 43
G, SRR p, B p, (A F IR REL, SERMF 4R, BBEEL . —BARIBERE ¢ MK/ p,
MR TE 56 L2 B [ M BB p, B SIS, AR SE 2B - BERE — B 1K 5 R p, B8 i 82
My R, M op, WA, HIOCRE B p, GBI BT | p, | RIEMEER . 5 |p,|
ALK R, BT FHAARMACL, 2) MRS 741, AR AR M 5 55 10 B8 FH AR OC R BT THE A .
3.3 WHIFISMIE K o F O vk N T 2 A AR BT S AT IR UE . B e NE B
%4 KRE p, . p, FFEFIMHER

G| Py Py @ 0, 0, r
1 -0.1 0.5 0.8000 0.0205 -0.0086 0.7529
p, [EE 2 0.3 0.5 0.8000 0.0105 -0.0038 0.7663
3 0.7 0.5 0.8000 0.0008 0.0009 0.7748
1 0.5 -0.2 -0.5000 0.0230 0.0011 0.5230
p, [ 7E 2 0.5 0.4 0.2500 -0.0089 -0.0133 0.2781
3 0.5 0.8 0.1250 -0.0314 -0.0756 0.1406

— 799 —



B KO PR U — B KO « =0.05, 55 R EMEKY B =0.01; AR5 AR R AH AR AR SRR Ay
Fe (DR 1) 8 A28 S5 S5 GO0 I A OG R B r I BB L, IR 25 6 i S /K SOREAR A8 53 40 9y T 1 B i

. , . o LTPO TPpy P e,
Sl C(19), RIS HH AR AL 55 75 B2 Jo 6f L Fr) (A A8 i H = —

1+6,°+0, +e 0’

e IR AL AR i H AR IO DX R P ) R B AL A, AR AT AR AR 5 A BT 81 . T TE TS DL AR-
MACL, 1) FARMA (1, 2) 8 R0 6 47 58 UF o 26 BE ML 20 78 B 807 40 b i K B n=100 . ¥{H
=100 , ZBERC =02, WERLC, =04, HIRMN P BI04,
3.3.1 ARMA(1, 1)#EA  fEARMA(1, 1)fERI, Tzﬁ’aﬁlﬁluaili/\%n?ﬁij@ﬂiil&é}%m%&ﬁ%ﬂﬂa

p=1. g=1, M (22) —(24) 0] S 1 If e 4725 B H Al F2R Ky H_

BBE XA s )5
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ARMA model-based classification method

of hydrological series dependence variability and its verification

XIE Ping', HUO Jingqun', SANG Yanfang’, WU Lingian', LI Yaqing', NIU Jingyi'
(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;
2. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural Resources Research,

Chinese Academy of Sciences, Beijing 100101, China)

Abstract: Hydrological processes in many basins and regions worldwide are changing significantly because
of the natural and human factors such as continuous global climate change and frequent human activities in
recent years. The hydrological time series formed by different hydrological elements often shows certain de-
pendence. This paper takes ARMA model as an example, and selects the correlation coefficient between
the original hydrological series and its dependence component as an index. A new classification method for
significance evaluation of hydrological dependence variability was proposed to quantitatively study this depen-
dence phenomenon in hydrological series. By deriving the expression of correlation coefficient between the
original series and its dependence component, the relationship between correlation coefficient and autocorre-
lation coefficient is constructed. And then choosing reasonable thresholds of correlation coefficient, this meth-
od divides significance degree of dependence into five levels: no, weak, mid, strong, and drastic. The low-
er order ARMA models were taken as examples, the reasonability of the index used in this method was ver-
ified through Monte—Carlo experiments. The proposed method is applied to the simulated time series and
the observed hydrological series, and the results of the dependence variability classification for the observed
runoff series are analyzed and verified from the aspects of climate change and human activities combined
with the physical causes. The results show that the method is reasonable and reliable. Therefore, it is help-
ful to understand the complex evolution law of hydrological process and quantitatively study the impact of
environmental change on hydrological variability.
Keywords: auto-regressive moving average model; correlation coefficient; statistical test; classification;
time series; dependence variability
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