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The model of chlorophyll-a concentration forecast in the West Lake based on
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Abstract; Wavelet neural network is a new kind of hierarchical and multiresolution artificial neural network which based on
wavelet analysis theory. In this paper, we choose an appropriate wavelet base and decompose scale to analysis chlorophyll-
a of the West Lake. We divide the original sequence into a low frequency and several high frequency parts, then establish
model | and model Il for short-term prediction of chlorophyll-a concentration in the West Lake through BP neural
networks. The model [ uses low frequency part only as input for network to forecast the content of chlorophyll-a, while the
model II uses the low frequency and the high frequency part as inputs, then summarizes the outputs to get the final
product. Comparing with the two models, we can see the average error of model [l is smaller than of model I ,and the
scope of error is also narrow. That means the precision and stability of model II are higher than of the model I . Finally,
we forecast the water quality with the model [I. That shows the average relative error between predictive value and actual

value is 6.4% . By selecting the third pot ( Zhongshan dock) to generalize the model Il , which enable the average error is
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6.9% . The result indicates that wavelet neural network can successfully forecast the content of Chlorophyll-a in the West

Lake, so can provide scientific guidance for the West Lake management.

Key Words: wavelet analysis; BP neural network ; chlorophyll-a; short-term prediction; the West Lake
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Table 1 Variation of annual mean values of main water quality factors at each sampling spot

I H Item FE R Spot
1 2 3 4 5 6 7 8
T,(C) SE1 Average 18.13 18.16 18.26 18.31 18.31 18.49 18.55 18.53
TG range 6.1~32.8 6.4 ~33.2 6.4~33.3 6.2 ~33.5 6.1~32.8 5.8~33.2 6.2~33.1 7~33.4

SD(cm) SE 49.5 46.8 50.8 54.7 55.2 50.3 51.3 71.5

Az 30 ~85 26 ~80 30 ~93 32 ~98 32 ~98 30 ~92 31~92 56 ~90
DO SE 7.33 6.47 7.68 7.07 9.18 8.87 8.85 7.04
(mg-L°1) T E 3.05~10.26 4.23~9.71 4.5~10.57 3.73~9.66 4.67~11.96 6.18~12.68 5.41~11.17 3.87~9.72
Ec SE 206.1 220.4 209.8 251.9 234.0 215.2 209.3 260.1
(ms1) i 168-261  161~315  172-253  200~315  195~203  168~262  175~253 145 ~455
pH SE 8.81 8.74 8.57 8.08 8.47 8.58 8.46 7.92

Az 7.6 ~11 7.5~10.6 7.4~10.3 7.3~10.3 7.2~10.1 7.5~10.2 7.5~10.3 7.1~9.5
TP SE 0.154 0.177 0.162 0.177 0.145 0.147 0.135 0.105
(mg-L°1) T E 0.07~0.21 0.07~0.27 0.09~0.22 0.13~0.24 0.06~0.21 0.09~0.20 0.11~0.20 0.06~0.18
TN SE 2.10 2.06 2.19 2.96 2.59 2.42 2.37 2.64
(mg-L°1) EH 1.66~2.96 1.36~2.95 1.35~3.54 1.82~3.80 1.86~3.52 1.32~3.26 1.63~3.42 1.43-~3.96
Chl-a SE 83.3 101.7 78.6 83.7 71.0 75.4 82.0 20.6

(peg'l™M) EH 24.0~153 31.8 ~181 28.6 ~ 169 34.3~181 35.3~123 34.2 ~149 24.5~176 5.4 ~46.8

2.2 /NEZFHRIMT

/NG E] LISHE S AT 2 RE 4T , ARG E
SHRBUTFNGE R, SEA AR & PR E
fiio ZAPRESTHRETIR—HME . REIRESA,
WEE ol R /N R 4L K15 S AW T 204,
B —RINAE S HFENRFERES EAA T
S, UL RE L HEEHNE BE S, KXk
BEWEFANERGES ELENIBTURRHES
It

NEFRM BRI EER/DMESTNEEL R, ¥H
/N3 E A : haar, dbV, biorNr. Nd, coifN 48, Haj
FERE/NEER S EAHEF S NS R SHIHENR B2 =2 BP F&iEa
ZHE/MEEER, RIS /DR, B E Fig.2 Three layers of BP network model
B, dbN /N ZE AR B M A pr it L 3 AT . B A
FFTHE L dbN /NEEEAE R O e TRl B[R] N R ™= A B TG B, 9 € — b db /DR HEST
¥

MNTFHE—NIEF] s, /NEZE TR A R RSRER 43 cal FIRARAR Y cdl, RJGIHMEIRAR S cal HE—2

y(@®

h(t])

x(t, k)

hitp : //www. ecologica. cn



4968 £ K5 % K 28 %

Grfe, i EE T IS EEERE L — MRS 53 caN FULA BSR4 cdl ~ cdN, E—EW
MG EERT, 2 REUATEH , AR SCE B R R BT = AR NEAR 5 J5 0 571 i FE LR B SR e B 2
B %,
2.3 #EHE

ST EEAE RN/ MNEREMEREXT Chl-a #H1T/MET B 75 3B — MBS 2 8 2 E
SR8, FEFE SRl B R AR [ AR T,
2.3.1 MR

B/NESHT R BRI B )G IR AR 38 BP MM AR, EEMHN S, E £ T/
WA By BP M FRIAEEL T (ERIRRE A 3)
2.3.2 MR

RN, BB — MRS 2 B E R &, PR ER BP W48 33 4% 43 & 40 B , &
JEIL 84> W44 tHA5 3] Chl-a BTSSR, b A T (BRI R LE 4) .

i b -4k HKa
Chlorophyll-a

Corrlation

Other parameters

Analysis

ANEEER R R R
AN SRR B Wavelet function and scale selection
Wavelet function and scale selection JNBEA T Wavelet analysis

JNBESR AT | | Wavelet analysis
TS5

S B4 {1 2L 4
BPRIZI% 5% BP network simulated training
BP network training and leaming
4L LA 4 ST 45
BPRI %1 & Summarize the outputs

BP network simulate

3 Chl-afi{E
. Chl—aﬁmwﬁ Prediction of chlorophyll-a
Prediction of chlorophyll-a

B4 HEIRER
Fig.4 The flow chart of model I

B3 REIRER
Fig.3 The flow chart of model I

3 HGREITE
3.1 Chl-a B/NEDT
3.1.1 /NBEERA R R E

#2000 47 1 5 = 2001 4F 7 AE(E)G 73 AR Chl-a B4 /NI HIRFS s,

3 dbN Y N BL1,3,5,7 i, JRPS -5 H R R RIS B ELBCAN AL 5 BT

ME S WA, 4 N =10, @55 2EER, BEE N FEK, fZBOREFE , HF&E R F s, B 4N =
5,7 B, fZd T8, A RER A SRR IE(E , ML E , db3 XRFFIMSA B El, HIbi#
db3 44 Chl-a /NEMTE /DR,

B AR BRI 1,2 83 B, JRFF s SIEFRAL caN B HLBUINE 6 Bin. BRI BEE N KBER,
SRR T B N =3 i, kit TP, AR R IE T TS, RS R R 5
Print, o 5 N B2 B, Bl B /MNE AT, BOEE RE 2 Xt Chl-a BEATPIR/N T o

hitp : //www. ecologica. cn



10 41 FER & ET/NEGTS BP HEM KR TN SR o RN 4969

200 200

mloo-w MOO—W
%2 4 6 8 10 12 14 16 18 20 obL>—>>™ ., . . . i

200 0 2 4 6 § 10 12 14 16 18 20

5 100 //_/—\_/—/_\___\J 200
%2 4 6 & 10 12 14 16 18 20 g 100
200 0 1 1 1 1 Il Il 1 1
2 100 - 0 2 4 6 8§ 10 12 14 16 18 20
= 0 1 1 1 1 1 1 200
0 2 4 6 8 10 12 14 16 18 20 e
200 3 100 |-
wy -
2 100 W 0 T .

203 2 4 6 8 10 12 14 16 18 20 200
~ 2100
S 100 M_/ 8
1 1 1 1 1 I T 1 0 1 1 1 1 il il 1 1 1
00 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Isf ] Time (months) I} ] Time (months)
B 5 KRR NER/DMESER 6 RERETHEFEL caN

Fig.5 The result of wavelet analysis with different value of N Fig.6 The result of profile under low-frequency with different scale
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Table 2 Correlation analysis of various water quality factors at spot 7

E 308 T, SD DO Ec TP TN Chl-a
Parameter () (m)  (mgL7)  (mes) L (mgl™)  (mgl™) (el
Tw(C) 1.00

SD(em) -0.73 1.00

DO(mg-L1) -0.38 0.28 1.00

Ec(m-s) ~0.84 0.64 0.31 1.00

pH 0.64 -0.64 0.08 -0.51 1.00

TP(mg-L_l) 0.15 -0.22 -0.08 -0.21 -0.07 1.00

TN(mg-L_l) 0.03 0.30 0.02 0.30 -0.05 -0.54 1.00

Chl-a(p,g-L'l) 0.75 -0.76 -0.60 -0.72 0.46 0.11 -0.22 1.00

A o, &0 MR AR 5330 ca2 (cd2 F cdl, AR HE 440 M 48 B ar t B B B AR &
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Table 3 Error analysis of the predicted values at spot 7
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Fig.7 The fluctuations of the result of wavelet analysis at spot 7

No.66 (%) No.67 (%) No.68 (%) No.66 ~68( % ) iR
25| Taxa PERE
FHRE REWE  PHEE RENE  PWEE BENE  PHiRE RELHE SS (%)
B T model T 7.5 0.2~15.7 9.4 0.6~19.6 7.8 2.8~17.5 8.3 1.7~16.2 4.4
B T model T 4.1 1.07 ~6.7 3.9 0.6~5.6 4.7 0.2~7.9 4.2 1.6 ~6.1 1.9

SEIIRZ Average error; iR 276 B Erroneous scope; SEXR ZARME 5% Standard deviation of average error

ZiEATR R TR R TR D, B TR RMEANTER ] , RUERITEERT SR
Chl-a & EFRI, AR [ MM “IUE" AR B3R 3 TR, 78 30 W ELa 7 2, R T Sk il
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T RS RARBAE SRR B B T AT, 38 AR T X346 69 ~73 JA] Chl-a SEHATH . LR W% 4,

F4 TSRE~T3 AHRNERRRESW
Table 4 Error analysis of the predicted values from No. 69 to No.73 at spot 7

o TN NG RTRE FHRARE HIRRE
" Actual value Predictive value Relative error Average error Root-mean-square error
Weeks . 1 1
(pgL™h) (pgl™) (%) (%) (pgl™)

No. 69 95.2 91.3 -4.1 6.4 11.6

No. 70 99.8 101.0 1.2

No. 71 110.5 115.7 4.7

No. 72 132.8 121.1 -8.8

No. 73 168.3 190.5 13.2
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Fig.8 Correlation analysis of simulated values of training set at spot 7
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Table 5  Error analysis of the predicted values from No. 61 to No.73 at spot 3
n T W HRtRE n TWE W fRtRE
b3k - . A -~ .
actual value predictive value relative error actual value predictive value relative error
Weeks 1 1 Weeks 1 1
(pgL™h) (pg'l™) (%) (pgL™h) (pe'l™) (%)
No. 61 9.3 8.8 -5.4 No. 69 77.6 83.3 7.3
No. 62 17.3 16.1 -6.9 No.70 80.1 78.2 -2.4
No. 63 49.0 53.3 8.8 No.71 88.8 81.0 -8.8
No. 64 78.7 73.4 -6.7 No.72 113.0 114.4 1.2
No. 65 85.6 88.5 3.4 No.73 167.3 189.5 13.3
No. 66 82.6 76.2 -7.7 SEIFEXTIR 2 Average error( % ) 6.9
No. 67 79.2 85.3 7.6 HWHRIRE (pg L) 7.8
No. 68 71.6 85.2 9.8 Root-mean-square error

(3) ARZ W5 BP MBHFAENTRERS, TABIFE 2T/ T M B/ B 2 W 48, RE LA Mg
S B3 BP 4% B9 A AR E T A W) S8 R IR 4 TR R

BRFE R, AR SCATEE ST /MBI 2 U Z0RE /N 2 B A i 2 M 45 R SRt B i S B 4 i, R
B B R BLFRO AT SRRE ) RS E BRI X =, BB RO PRI PG 3 R R VR B0 AR S
FRABIFHZ A IERE, &6 70 WK RS ACR BTN , O P4 W R BLAR AL T PSR AR
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