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Analysis on the natural flow into Baiyangdian Lake based on the GA-grey wave forecasting model
REN Wang' 2, XU Guo bin!
(1. State Key Laboratory of Hydraulic Engineering Simulation and Saf ety, Tianjin University,
Tianjin 300072, China; 2. The Second Design and Research Institute of Water Conservancy and
H ydropower of Hebei Province, Shijiaz huang 050021, China)

Abstract: In terms of long time series, the natural flow into Baiyangdian Lake has a pattern of alternating betw een dry season
and wet season.T he grey wave forecasting model is suitable for studying the development trend of this pattern. We used the ge
netic algorithm ( GA) to optimize the first order grey model (GM(1, l))/ s iterative basic value @ and background value coefft
cient B. T aking advantage of GA’ s characteristics of efficient conv ergence and broad selection range, w e established the GA- grey
wave forecasting model based on the GAGM(1,1) grey models, and used it to study the trend of the natural flow into Baiyang
dian Lake. It was concluded that the G A grey wave forecasting model is obviously superior to the traditional grey wave forecas
ting model not only in matching information sequences but also in finding the changing characteristics of the information se
quences; thus it can better forecast the evolution of the natural flow into Baiyangdian Lake. This study has proved the feasibility
of GA- grey wave forecasting model, and can provide a new thought to the research of the variation of water resources quantity
of lakes.
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Fig. 1 The optimization procedure of the model of GA-GM (1, 1)
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Fig. 2 Location of Baiyangdian Lake and main inflow rivers
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Fig.3 The cuantity of natural flow into Baiyangdian
Lake during 1970-2003
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Tab.1 Contour lines and the corresponding information sequences
Rk S R RS R I 2B ¢ (A4

0.05 14.952 17.021 24. 000 - - - - — — _
0.1 14. 904 17.042 23.914 24. 027 - - - - - -
0.5 14. 519 17. 211 23.224 24.242 - - - - — -

1 14. 039 17. 422 22.912 24.511 - - - - - -

2 5.994 6.012 11. 832 17. 844 20. 864 21.057 22.674 25.007 - -

3 2.731 3.056 5. 868 6. 257 11.633 18. 066 20. 064 21.390 22.436 25.090
3.5 2.567 3.090 5. 805 6. 380 11.533 18. 118 19.953 21.557 22.317 25.132

2.3 Ay E 5 etk il

FIFH MATLAB #1E ¥ &, DLt & 5 ikt
GM (1, 1) A #37 GA-GM (1, 1) AR, DL
AN R ZE A /NN B AR BREL, 6 GM( 1, 1) BRI IEAR

FHA o 51 5E /5B T RAT 0. R Ak i
(I GM( 1, 1) TRIFEE BT GA- IR e AR %o
TER RN VEK B BAEAT 73BT 6
B LR R SH BN e ik g 2, B
KL KEIERE < 11
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PRELAL 100, fx KIEAR R 2L 200, IEBEMEZR Q 08, T g GM( 1, 1) BAFEXTEE . AL G GM (1, 1)
XM Q 4, R 008, NN GA-GM(1,1) BAGERIE o 5 FERE B WK 2 GA-GM(1, 1)
AR EA5 B 7 F IR, B ARt & &5 R A AL S5 8 W3R 3.

2 a B

Tab.2 The optimized iterative basic value a and background value coefficient B

Stk e 0. 05 0.1 0.5 1 2 3 3.5
ERIEE o 14. 944 14. 894 14. 471 14. 059 5. 986 2.726 2. 607
HRMERHS 0. 461 0. 680 0.612 0.555 0. 600 0. 868 0. 836

3 GAGM(1,1) GM(L,1)
Tab.3 The matched information sequence results of GA-GM (1, 1) and GM (1, 1) models

EEk e GM(1,1) 5 GAGM(1, 1) A Em N 2075145 B/ ¢ (A5 UG B IAIR R ZE (%)

i 255 14.952 17.021 24.000 - - - - - - - -

0.05 GM(1,1) 14.952 16.826 23.646 - - - - - - - 2. 624

GAGM(1,1) 14.944 17.091 24.129 - - - - - - - 1. 001

LR ZIFS 14.904 17.042 23.914 24.027 - - - - - - -

0.1 GM(1,1) 14.904 18.423 21.465 25.010 - - - - - - 22.431

GAGM(1,1) 14.894 17.880 20.782 24.155 - - - - - - 18.613

SRR ZFA) 140519 17.211 23.224 24.242 - - - - - - -

0.5 GM(1,1) 14.519 18.254 21.348 24.968 - - - - - - 17.129

GAGM(1,1) 14.471 17.845 20.820 24.291 - - - - - - 14.572

LS ZIFY] 14.039 17.422 22.912 24.511 - - - - - - -

1 GM(1,1) 14.038 18.252 21.394 25.076 - - - - - - 13. 697

GA-GM(1,1) 14.059 17.987 21.044 24.622 - - - - - - 11.994

LS ZIFS] 5.994 6.012 11.832 17.844 20.864 21.057 22.674 25.007 - - -

2 GM(1,1) 5.994 11.204 12.981 15.039 17.424 20.187 23.388 27.096 - - 143. 899

GAGM(1,1) 5.986 11.001 12.724 14.718 17.025 19.692 22.778 26.347 - - 138.851

SN ZFS 2,731 3.056  5.868  6.257 11.633 18.066 20.064 21.390 22.436 25.090 -
3 GM(1,1) 2.731 7.050 8.425 10.069 12.034 14.381 17.187 20.541 24.548 29.338 303. 669

GAGM(1,1) 2.728 6.436 7.613 9.006 10.653 12.601 14.905 17.631 20.856 24.670 275. 059

SR ZIFE 2.567  3.090 5.805 6.380 11.533 18.118 19.953 21.557 22.317 25.132 -

3.5 GM(1,1)  2.567 7.050 8.425 10.069 12.033 14.380 17.186 20.539 24.546 29.334 301. 342
GAGM(1,1) 2,607 6.544 7.753 9.187 10.885 12.898 15.282 18.108 21.455 25.422 269.712
3% 2 WA B ALE HE SUHE REB A TIRK (1) BVEVE EEATEMI I RARITIRE L AE T

(0784, AR o B HEAT TN, (At AR 10 A", BIRET R TR %), 25
Lefe HRRHE S b R ESS . BRI FPE W KRR 0 4 2 ¢ RPEZENTR ) R0 T A %)
6 A~ LASE S I ZI 7 5 A S BRI GM (1, 1) OE ToE 4%, W R TE 2 i 1

R gt FE UL S RE I/ 21 T 3t m, TR T (2) IR E AT RIS Z21 AR 5 B0 00 5 I s v ik
SRSHERI LA GA-GM (1, 1) BRI N SR () GA- I 22 FrLAAS [RIZ T I 21, 2245 — 2R (R T %15
N7 L G TR B 2 AR ZE 0. 8¢ LA, DL E— 2RI T
2.4 HHa FiR RANRKEAR T Z 1

MR G A- IR e AR AT B B9 & 91, 1431 (3) REHA BE H TR T, donr T F

ARSI Z I, 1 S LERAR Ge A B Rt fll Ik 2B 430( B 2012 4F) K RIRATEKE A TH
3¢ AN ZIR T RPN 20 B WK 4, Bl . MR LB RS ) JE S N %, GA- R €
S B VE 2 I BB A JC RN I 2], 0 FOE R B A% G AR i R R A TN P 2 K A DL
TR A 2 A o x5,

e 12+ KXKEIR
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4 GA-
Tab.4 The forecasted time by the GA-grey wave model

and traditional grey wave model

1 G IRt TV T

G A- IRt B Tl

4% R T AR R TN 4 B R AR N TE K B LR
6, 73 AT IR N 7K BB 47 43 A2 A 1 il 2R L1 4
50 ML AF F PR TE R AR ANVE 7K & SE B 58 B, X

Htke W20/ K W% ¢ 2 EE G A- IR (g TS Y 5 G0 M) (R0 25
0.05 34.06  48.09 67.90 33.23 46.70 65.62 5 GA
Tab.5 The effective forecasted time by the GA-grey wave
0.1 28.03 32,57 37.93 29.14 33.95 39.56
model and traditional grey wave model
0.5 28.41 33.17 38.62 29.20 34.15 39.94
st e G A KT 3R TG IR B TE A 3L
1 29.01 33.97 39.77 29.39 34.45 40.38 s SO S 1 A
2 30.48 35.25 40.78 31.39 36.37 42.14
0.05 34,06 - - 33.23 - -
3 29.67 35.15 41.60 35.06 41.90 50.08
0.1 - 32.57 37.93 - - -
3.5 34.06 35.53 42.29 35.06 41.90 50.07
0.5 - 33.17  38.62 - - -
£ Origin B Hh 4b PR 57 6 HH K 1) Rt i ! oo - 37T - - 4038
A, K FHE A AL R T72:45 tH 296~ 43¢ I ZI5%6F B (1) 2 - - 4078 8139 3637 4214
S 1o ZRAEL, IS ZG A Ay, R 5 e 2 fE RIA 24 3 A e R _ _
ERANVEK R ZAEHLIR I GA- 56 £ ML 2 R
6 GA-
Tab.6 The forecasted natural flow quantity into Baiyangdian Lake by GA- grey wave model and traditional grey wave model
1, m3
E4 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
BGREREE  4.53 3.47 2,41 1.35 0.29 0.53 1.15 1.77 1.84 1.59 1.34 1.09 1.35 1.92 249
GA KB 0.97 2.67 1.67 0.67 0.39 0.08 0.06 0.08 0.09 0.14 0.67 1.23 227 3.29 401
R EPETE E 1998 R RN E KR L F] 2. 73
2w’ JEIBE RW. BEN 21 0¥, [ TERTER
I8 B SRR K 4y, Horb 2003 4EF3E, 2004 4
AR TUE T I B S R HE Ik K 2R B K K R
TE, BRI 2005 FF— 2006 4FFHE ™ . 2009 4 L
J& B VEUE K BT IR SR G P 2 i, 2012 R4 AL
XM PR, APEEAEREXR T 3 152 m° A
1997 SELLRA S =il HVETE 13 F DR E IRA
4 AR IKIEANTE o

Fig.4 The forecast results of traditional grey wave model

5 GA-
Fig. 5 The forecast results of GA-grey wave model
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ARk, EARFEAN S T 1998 4F & 2002 /K& T
b5 2009 DL JE K& BT, BE 2003 4F-
2009 FEESE 7 AR T _E T ™ E
o SHT IRIR R B AL I (o i AR I F PR S (e
RECAHER, IRAMEIEA [FM5 27 51 R & 1 40 T ks
A, B TR ) 22 3sk B, A RO B %) K, 1R
HEVE AL S OB RAR N KA

Bl 58 G A- IR (s FE T RAR NJE K. H
5 o] g, A YT 4 SR AR B TR Rk AR
AL . AR R K NTE KR B 1998 £ 45, F
2002 4EfE N 0 5 12 m® ks 2 JE B 2003 4E-
2009 FFHEESE 7 4 B R KA, JHITE H 2003 - 2007

KL KEIRE 13-
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FEFEATE, 2009 FLUE/K &L 112 m® FEA
B TR K B s N — FK B, NTE K EAE
2012 4EILF] 4. 01 12 m®, K TRGE B L AT & A VEVE
iKY . o] LA H GA- K () FEAE RN AE /K
w7 [, H AR 7K A B A7 al 230 1t
FES BT 3 RGBSR TR I 1998 4F (1) Tl
IKERASEH LT KW 2, 43 TR U B 1998 4 X
MBS ZE TEE AT, HTE R A s AR, ik
IR BUREAE 1998 4F B A] B ) il (B A/, R HEXT 1%
e B PR T UAE A T A 8B

3

ARSI IS A SRS, RGO s Rt
IRE GM( 1, 1) BRI AR YA o 515 SH R H Bk
TR . L T Ak B € T TIAA 2R, FE5t
EVEIERIRNTE K BB AIAT T, 4580 T .

(D)GA-GM (1, 1) BRI & K T . BRI AL
J B IEARTEAB AN 15 o8 R ECH R T /N i
JIEE 11 23U Ve w4 T s 2 e i 2 R A O
FEASE 2R AL B R . GA-GM( 1, 1) A5 7
X6 AN IZI A A i #E #RR B T A%
St GM (1, 1) BT =i RS

(2) GA- K (i FEAR I YERFIJE e LA GA- GM( 1,
1) 9 BRI ST, G A- R0 e TEASERY, e Rvter (1 Tt th
T 1998 - 2012 4 HFEVE RIRNTEK &= AE L&
o AEGUIR LI TR TR ) 15 10 5 52 s Bk 22 B
BER, TERLA T AN AR 115 B 7 SN E 3 (5
S FNVARA (AR S, 5o AR 8 RSO B X 53
J&, T GA- ZKE AR B i % 2 B Ak, REAE AH
AR B F A R BT 45 E AR 1A B o

2% EFTIR, GA- KB BRIy (8 P, 5% 4t
B AH LUAE A5 B0 A /K B TR 7 TR0 A 5 & (kG
. DAk, GA- K 3 TR BB E ] T E e vE RAA N
TEIK R 7T, OB T K R R AR AR A T —
Tl L
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