J. Lake Sci. ( #ia 45 ), 2006, 18(1):21 -28
http: / www. jlakes. org. E-mail: jlakes@ niglas. ac. cn
(©) 2006 by Journal of Lake Sciences

P L7 BR £h 4B 7K i Winters 1 ARIMA &8I 4547

;‘Q i1,2 %ISQ%_‘TLI,Z
C1: P EHFRHABE %)ﬂﬁ?{ﬂ? 465t 100037 )
(2« Hp SRR 2 B 3R W90 VR VR 5 A P O 5 5256 %, JE AT 100037 )

Ol TR E SN, RN T, 3 P R R R X ER WK A B R L TR k. At e A
TARZ  AHERE KA TR . o b SRl B ER 0 Hh O 1990 41 b 76 PG JBCHL AR HBER i1 37 1 R 0978} 2 0l
3, AT KO BHAS O, BUR TS 13 4RI S EE. Qo fRT AR K A D3 B e S AR , A 114 R T K A e A
b, X R B RINEIT L avia Y RTE. AR SCH Winters ZEPEMNZE T PEIE 0T 135  ARIMA FRFRZE 54570 B At (6] 15551 3
Bror i , R Hha PE LA SRR 1991 4F 1 A - 2003 4F 12 H /KA1 AS A0 A B IR] P 5 B30 , BR35F 1 Rl s ] J 5 4503k 1) 39000 57
TRAEER WK AL B A AR AT v 174 .

KRR FLATHBER I s AK A2 TN s Winters A8 ; ARIMA e fH 25 #E

Winters and ARIMA model analyses of the lake level of salt Lake Zabuye, Tibetan Plateau
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Abstract: Due to the greenhouse effect, the air temperature is now rising, and the changes ( drop or rise ) of the
water level of salt lakes in arid-semi-arid salt lake areas of western China is speeding up. Though there are many
lakes in northern Tibetan Plateau, there are no lake level records, except at salt Lake Zabuye, where a long-term
field observatory station was established in 1990 by Open Laboratory of Saline Lake Resources and Environment,
CAGS, and lake level was recorded monthly. How to forecast the short-term lake-level change accurately and quan-
titatively according to the historical lake-level records is a major issue concerning the fate of salt lake resource de-
velopment. In this paper, according to the lake-level records observed during 1991-2003 in salt Lake Zabuye in Ti-
betan Plateau, we discussed the applications of two forecasting methods of time-serial analysis, the model of Win-
ters linear and seasonal exponent smoothness and the model of ARIMA seasonal multiplication, in forecasting the
dynamic lake-level change of salt lakes.
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Fig. 1 Winters forecasts and observed lake-level of the Northern Zabuye Salt lake
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Tab. 1 Winters analysis of the lake level time series of the Northern Lake Zabuye,
1991 -1992( 1993 - 2003 omitted here )
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T (x-4420)
1 1991.1 - 0.92 09200  1.010I  0.0400
219912 4420092 0.92  0.9263  0.9972  0.0366
319913 442093 0.93  0.9260  1.0088  0.0329
4 19914 442095  0.95  0.9375  1.015  0.0308
5 1991.5 - 0.93  0.9371  0.9961  0.0277
6 1991.6 4420.91 0.9 0.9328  0.9793  0.0245
7 1991.7 4420.85  0.85  0.8945  0.9577  0.0182
§ 1991.8 4420.84  0.84  0.8546  0.9904  0.0124
9 191.9 - 0.84  0.8474  0.9939  0.0104
10 191.10 - 0.82  0.8528  0.9622  0.0099
o191 - 0.81 0.8501  0.9544  0.0087
12 19112 - 0.81 0.832  0.9677  0.0067
13 1992.1 4420.85  0.85  0.8420  1.0100  0.0063  4420.854  0.0000
14 1992.2 4420.85  0.85  0.8520  0.9972  0.0067  4420.846  0.0000
15 1992.3  4420.86  0.86  0.8531  1.0087  0.006]  4420.866  0.0000
16 1992.4 - 0.98 09541  1.0170  0.0156  4420.873  0.0115
17 1992.5  4421.1 1.10 1.0909  0.9973  0.0277  4420.966  0.0180
18 1992.6 442115  1.15 11687 0.9798  0.0327  4421.095  0.0030
19 19927 442111 111 11632 0.9574  0.0289  4421.151  0.0017
20 1992.8 442112 112 11370 0.9898  0.0234 4421181  0.0037
21 1992.9  4421.09  1.09 11031 0.9933  0.0177  4421.153  0.0040
2 1992.10 4421.07  1.07 11120 0.9621  0.0160  4421.078  0.0001
23 1992.11 4421.06  1.06 11125 0.9543  0.0152  4421.078  0.0003
24 1992.12 4421.06  1.06 1.0087  0.9674  0.0123  421.091  0.0010
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Tab. 2 Winters forecasts and observed lake level of Northern Lake Zabuye, 2004

( value in the Tab. =lake surface above sea level —4421 )

Ay 1 2 3 4 5 6 7 8 9 10 11 12
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WINME Bk Bk Bk 0.18 0.16 0.14 0.18 0.20 0.14 0.12 0.11 Bk
fxfimE — - - 0.027 0.016 0.010 0.063 0.047 0.011 0.013 0.017 -

3 ARIMA EFREFER

3.1 R

ARIMA 55U J& T BEAILI 6] e 81 3-8 757k, 6 I 8] 1 ) 6 /T 2 i 98 PR 3R A ) P vy B ML AR 0k 5,
BEALEE IS X BEAL ] 513047 2387 BERLI R T LAy S~ A BE AL R e a4 AN B IS ] 64 ~F- A% 1T 2 4L )
FARFARR I PR A BATERRE ). 0 T-PRam (] FP 81, 8 W58 R GEBAE AT o 55 H P s AT AR S
gtz ), RN 22 8] A S A AH DGR -, AT LA N7 3R I (6] P 3102 Al iy 1 DAL AR LD ) BE 3l F- 2
BRI MA )T BHFL S P RRC ARMA ). JEFARI [R])381) 0T LASE AT 22 318 55, SR 75 4257 ARMA #2
Y, BISRAN A [REES S-F- BB ARIMA ). ARIMA A58 St 5 Ay e B4 I (8] 1 9710 F90300 5 3 , 02— ool 1 J3E
2 1 ) T i

XFTARC p BER BE ZRGE ¢ B ZIRIMA R X AL X, X, X, R R T a2 — 1 B 7

ﬁIJ m‘u AR(p )*ﬁﬂﬁxzi qDlXt—li ¢2Xt—27”.7 quXt—p = a/t'
XET MAC g JBERY fsE X A S HAT ARG B o, (j=1,,¢) A —EMKKER, MM o 2—TH
WEFEFES). U MAC g BERR X, = a,— 60,a,_,— 6,0, ,——0,a,_,.

QRIS 2 ¢ ZRGUE X, AL LA 20 5 ST 5%, Thi L5 LU 220 B8 A 3R GE B IR 3 A 76— 2 HOARAF
K MWE A ARSI R S8, 1 ARMAC p, g VBRI IA «

X—oX i —@X, ,——9X, _,=a—0a_,—ba_ ,——0a,_,

XTS5 A AR AR AR 18] 91, 3l el — IR IR( d ) 22 70 A B P9 ARMA A5 B H
&, B A AR FNE 30720 ARIMAC p,d,q ) BB X5 T8 A =5 B e ng TR mf () )3 81, A —FhJr ik



F X5\ BILA IR 3 K4S Winters 2 ARIMA A7 547 25

H— XN A — D = A R B R Bk — N [ T R840, XA A7 9 F ARMA BERIAb 3. s
FHIEARZ AT BRI < B 56 X5 22755 PERA AL T 51 v A [7) Jo] 300 4[] — J 10 o =2 T) B A DG OG 3R A ARMA A7
UG, FERT R — B AR [R] 5B A DG E R AT LA, VR AT ARIMAC p,d,q) x(P,D,Q ) FKox. BFEJFF
o, AR T BB = 50h

o BYD B* )w, = & B)O( B® )a,
Horp,w, =V'Vix,, VIESET, V. FREFE s AETRYIK, d Fl D FoRE50 T 2250 5.
B RO T & N BX, =X, BX, =X, ;M VX, =(1-B)X, =X, - X,_.

P Q
HB)=1-3 @B OB)=1-3% 0B “HAEKRTFIHHNERHMZENLR. o B) =1

S B B) = 1= Y 0B AT IR A R

D, .0, .0, .o, HTFFSEL. TR R B — ORISR L, 2 P =D = Q =0 AHZAAfE & —
e ARIMA BORY. OB S B 15 TR A S AR B 2% 38 5 R Bl & FARMRC AN SAS, Statistica 55 ) 78 UM DG
THE, SCA AR TR 5 2 B
3.2 #ALAS 5 EH

FERFUN 5 8 By 73R 2, 1 Box-Jenkins( 2 5a 357 — 75 4307 )% Pandit-Wu( 3Rl HE — 2044 )1k 4%
7 R AEN R ECE B F ARSI E Bk . P Box-Jenkins IEARYEREAR [ AR & FMR AR R ) 4510
SRR FR 2 AU B, B : AR BORLEAG Hi R 04 A SRR, ) AH DG R B0 48 BO Dl AR 0 1) 43 R
T MA BRI R 09 A DGR, e A BRAS F A G 2R 8, A H pe e TS BB /. TR AR G
et AR, BY AR BB R A9 R AH DG R AL, 10 MA AR ELA i 22 1 i AE DGR PE.

FLATERER 1K AL S AR AL (04 SR 46 I 8] 7 51 2 H(E AL B L L PACF [EI( 8] 2a )78 1| AJ5#UR , {H ACF
(B 2b )BEAEE , WAL, M2 2218 208, UL P 90 e A S Fp e S b R A M. T 91 i P B CFRAT)
HIEA s =12 MZ AW, fEFT5 22455 PACE B 2¢ )7E | WG AR 1A 4 B R 50 K, R 2545
T B I U 51 R AE B A2 48 ), PCF B B 2d ) PREEREN, 4045 W 2545 2243 5 P 98 A ARC 1 )AL Jf
Al ARMA( 1,1 B8,

F T 7K A7 18 275 0 B R B R AR T/ B VL, SR AR P 3 AR e A 28 17 48— PP 19 ARTMA AR
DAL o 25 3 AR A A R e AN 743 030 ARIMAC 1,1, 1 )BRIER 2% )5 22 0. 00578, 48 H g AR IR /N 5.
XF 2004 AF 9 7K LB E 25 AR A AR/

3.3 ARG

X BRI A A AL Y FL AR BAC 32 3) 38 A A B8R p =2, 45580 2,0,0 )( 1,1,0 ARS8 p( 2 (AR
NHEFXEERE O, T Fie A TN -0.23 ) BRI 22 7 2288 1,0,0 )( 1,1,0 MBERIIE K, 5607 3%
IR E RE R E. S R, A 1,0,1 )0 1,1,0 )RR, 45 S5k 2% 7 22 8 AT s B e
S DRER/DN BB XA 0, T I A R EC T{EN -0.25), U BA I q (EAYLE, X FFTS
B Al )AH DG RBE 1 B W — B0, B 22715 R AR A, oK A B 8] 7 510 10 4 rh o 26 30 1 A s 1 B
B — B 1 2P A 2 e AR BIC 1,1,0 )( 1, 1,0 )RR, 45 gk 2y 2= k.

3 ARIMA SRS TR 2% 7 9%

Tab. 3 Parameters and residual variance for each ARIMA model

% (1,0,0x1,1,0) (2,0,0X1,1,0) (1,0,1)X1,1,0) (1,1,0X1,1,0) (1,1,1)X1,1,0)
p(1)  0.8815+0.0393  0.8988 +0.0848  0.8823 £0.0453 —0.0365 +0.0845 0.7576 +0. 1600
n2) —-0.0194 +0.0843

1) —0.0220 +0.0889 0.8826 +0. 1175
Ps(1) -0.2097 £0.0837 -0.2107 £0.0841 -0.2191 £0.0868 —0.2275 +0.0823 —0.2291 +0. 0863

BRZETT % 0.00747 0.00752 0.00747 0.00787 0.00764
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Fig. 2 Partial autocorrelation function ( a ) and autocorrelation function( b );
as well as partial autocorrelation function after seasonal difference ( ¢ )

and autocorrelation function after seasonal difference( d )
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Fig. 3 Forecasts and observed lake-level of the Northern Lake Zabuye, 2004
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Tab. 4 Forecasts of multiplicative seasonal ARIMA model compared to observed values for

the Northern Zabuye Lake,2004

HBERY 1A 2H 3°H 44 sH e6H 7H 8H 9H 10AH 117 124
(1,0,0)1,1,0) 0.188 0.181 0.225 0.102 0.131 0.132 0.142 0.154 0.18 0.153 0.162 0.168
(1,0,1)1,1,0) 0.187 0.181 0.225 0.104 0.133 0.134 0.143 0.154 0.181 0.153 0.163 0.169
(1,1,0)(1,1,0) 0.169 0.147 0.177 0.045 0.063 0.053 0.053 0.056 0.076 0.043 0.048 0.049
(1,1,1X1,1,0) 0.173 0.155 0.187 0.057 0.076 0.068 0.068 0.072 0.092 0.06 0.064 0.066

URIINIER B B Bt 0.18 0.16 0.14 0.18 0.20 0.14 0.12 0.11  Ht

(2 )Winters FEAUFEHUE 5 L FRWIE —BAHZE 1 -2 em, N2 PN HIRZE N4 -6 em, iZR AL E A
TS B . BRI R LR 0 A A BABENLMEC SE 6 HalE 7 H L A BAE R 2= 8 A ), I ZEFEK 19
AEAR K, RSB KN AIUE A 2 B R 2. (B TR 257K 8 A7 2544 10 Bl AT P 52 v ek () AR 4, TR 2=
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JE I R R 1) DX S8l 7K e S — R A 2R A TR A I KA ) B S R 2R S T 2 JE AL RE AR DL T
WSS PR ILIAE W) A i LA

(3)ARIMA A F i) AR RARE AR 00 5 52 B, S TR) A Y 40 A5 1 3000 &5 SR 2 il K. ARIMA( 1,0,0)
(1,1,0)F0 ARIMAC 1,1,0)( 1,1,0 )5 A FI0 25 F A0 e AR 40 19 7 B0 B — 4F 19 =5 Mk D sh A ( /81 3 ), (|
ARIMA( 1,1,0)( 1,1,0 )BEARITM ) a2 ALTE K. R T Fa g 10 Z= 1 P sh LA A A 1, ARTMA
PR TOMISAR & ey, | FFLATHRER 89 2004 470 2515 MK A7 8 sh AR 2003 454 R 2291, 3 ARL-
MA BEAITRI AR A Winters BEEILE (H( 1,0,0 ) 1,1,0 VRS RITRIN 25 5 5L A A4 T 52 bR oK 457 % 3 X 6] =2
A, ATE SR ST FH AR L.
St AL IR A F R E R R TR EFEIF AT F TR, AN T RFEH T HELH KR
AEEE ZH. B 1990 Fulk, k5 T HER A YN SEE I TS, e AE Z N EA( F et IR A ) KA
St REE IR KRABAL G FT) KA ERF(AS G ) KHR(AG ) L e Wt
BRFT)BEMAZAFT ) RKAKE( AL AT ) RALE( AL G FT) REEZ(AHLHFT ). F4E LR
(I R50)F. RAEAARRAEEGRAENTRE G D N X EFF TR AR 69 KAL) 435 2 VA
EARER G LS, A ITA R LA X TAEA R B s B
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