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ANN-BP model for Chl-a concentration estimation with in-situ collected hyperspectral
refelctance in Lake Chagan, Jilin Province

SONG Kaishan, ZHANG Bai, WANG Zongming™ , DUAN Hongtao, XU Jingping & CHEN Ming
( Northeast Institute of Geography and Agricultural Ecology, CAS, Changchun 130012, P. R. China)

Abstract: This study presented an approach for the determination of chlorophyll-a concentration from field reflec-
tance spectral data in Lake Chagan, Jilin Province. Reflectance spectral data was collected from May 2004 to June
2005 with ASD FieldSpec spectrometer. Correlations between water chlorophyll a concentration and water reflec-
tance, derivative reflectance were analyzed; linear regression models were constructed with every single band re-
flectance and derivative reflectance against water chlorophyll a data; band ratio model with reflectance at 700 nm
and 580 nm was also established. Finally, ANN-BP model was established with diagnostic band derivative reflec-
tance as input vectors. The results showed that chlorophyll a concentration had a close relationship with water re-
flectance and derivative reflectance from 400 to 900 nm. The regression model established with single band got the
similar performance as that with band ratio as regression dependent variable. By comparison, the ANN-BP model
performed best with determination coefficient (B ) of 0.95 and with the least RMSE of 1.50( ug/L).

Keywords: Lake Chagan; chlorophyll-a; hyperspectral; ANN-BP

IS 2 S B A T A A LAY, FLVR I 2 SE R RAEERE A 3 W I T 4 . Ih e a ST
IR R MO A RS B AR UIAR O , R B8 28 T T A D e AL A0 1) A e A2 7™ ) R R R A
EIARIE R — NI SH I, 8 e K a 7 RERERS fE— 7 BE IR BOK Bk

M 45 32 08 R — MR 30 3o S B S K U B R 15 -5 B VR JE 2 T 1 56 R S S 3R ARk %
TR R, HCRIMETE T, K P e 5, I TE AL 7 W R A LI A R 0 it (8 () ) DA 3800 i
P, LURCBEZE B LTS R BURAPE A M B 8 P E Y 28 5. S AME BB T, 3 A8 Al A AR i 2>
0 SR AR I L e I 2R ], S BRI, FESRIBOGTERF RIS , BEAS AT RETZ 1 1 i 25 X SE 3K, TG
T LT A (R 2 ORI A3 TSR PRI e e i 52 K A3 8 P AR T i e ) ik e gk b A9 0

« [EZR A SRR EES (40401003 ) F b [ )27 BEEF AP 5 i 4 B¢ Bl 2006 - 05 — 13 iHi 52006 - 10 — 09 BBk, R
TR, 55,1974 428 WA BIBFST A

o JMIAAEZ : E-mail ;. zongmingwang@ neigae. ac. cn.



276 J. Lake Sci. (#1:6#5),2007,19(3)

B OSTARR R GG RS B R TR X T L 5 2 i AL R B AR OB A R i Tk 4k
(nm) G EEIE S FEAR T LLARAS B AR A0 IS WO R v, S SRR S8 B 750 5 Ml 4 1 2 A 1 2 L 7R
UF Y T LI R B T

TR M4 2 2 HA WIS BBl R AR (IR T A7 K03 2 Wl P 3, [ N AN £ 2
XTI AT I WFFY. 25 2 45 S50 3 W 20 S K OGS S SRR F S50 4 2 3 R0 G 2R, 1l T2 5 %6 L AE A
— WA SRR S NS | D A S ek S A KA S K R S R, S T ORI
R AT O Bt e A T KRR I SRR a ML DY B R — B i R B4 Thiemann
il Kaufmann 852 S0ERERN IRS-1C TR, s S8 T 78 A S R WA REM- 4 2 i 2™ ; Gitelson £ 1]
700 nm BT -4 R SECUEARE , B0 T H S5 M4 R i 6 2" 5 Zhang FJ TM Fl NOAA/AVHRR %
fib S 2 IR AR T 2 v vk B BB R G IR L U TR A B £ )R
R P e P, B e o 420 0 4% e, AR [ A8 I MO B LU A BRI A5 . S SO F B 4 15
ETEASI 5 5 T WK PR 0 D 1 S 365, 3t S WP IF T K P S S5 16388 B I RS A S 43 25 a R B2 2 ) 110
K F B ZA I PR I AR a YR TS T BRI IR, OF A5 R R A i
SRR TSR 2 a YR BEHEA TR T AR AL T B BTy 1 5 L.

1 LM ETHE

1.1 HREXEER

AT AR T RIS N K RS A Ze i e e B A T S B AR ST B K B X
PN i 2 SO BIE , J  RAE e FE L A il S, R AR I JREE — . 2 T i A KBl 2 R 2 T 2
AR AES IR 4. 5°C, = 14°C B97K IR F % 145 d; B BT % 2880 h, 4E X4 54 4429 MJ/m*,5 H -9 A4y
TSR 2319 MJ/m? AR IR TR Ay 450. 8 mm , 78 %% Bk 1063. 5 mm; L KK, Hh K =17 m/s 1 H
B 29 d VKB 130 d 2247, 250K H A 150 d 2247, PR 0.8 — 1.1 m. %1 IE % 32 157K A7 130 m I, 7K
RIEIRL 3. 72 x 10* hm® SEF47K TR 2. 52 m  KARZEFL 5. 98 x 10° m* s BE7K X 4 25 0 Eh A Ak A FH A4S, 5 i1 JES ~F
I, R VD - B A LS B 5 WA K TR SR T R AR K, 2 R TR TR, i A B AE 20 - 50 em Z [,
M4t a WREE 7 H MR 78 40 pg/L 2 dy  REEMIRI R H I —MAE 5 -30 ny/L 24 (R 1) BB E R
WA, 2T BN RIR R 51 b TR, R A 8 MRT Pk LRI BROVT L R AR R K I T 7K 45 S A T i &b
YIS/ S

1 SR AR FEAB S P 20 3R G
Tab. 1 Statistic information of Chl-a contents in Lake Chagan in 2004 and 2005

2004 45 H 2004 4= 6 H 2004 47 A 2004 4 8 H 2004 4F 9 H2004 47 10 H2005 4F 6 H

FEAR (n) 11 6 8 9 20 20 22
FHILR R (pe/L)  14.26 10. 22 37.57 28.81 24.38 17.43 12.28
BRME(py/L) 19.13 14.68 44.21 37.15 47.24 24.79 25.36
/M (pe/L) 6.34 6.40 28. 14 15.15 11.23 9.71 5.56
PrifE2E (pg/L) 4.57 3.15 10. 97 7.364 10. 57 4.02 4.35
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Fig. 1 The trend of samples spectral reflectance changing with wavelength



278 J. Lake Sci. (#1:6#5),2007,19(3)

——— Reflectance

"""""""""""" — —-=-=-Reflectance
Derivalive e o 0.5

Derivalive

T 400 500 600 700 800 900
'{’L’(’K(mn) W K‘(mn)

P2 A TR RIS 3R 5 R A RO RS RS R B ERE B ASC A (R [T A 5 2R

Fig. 2 The correlation and linear regression between water chlorophyll-a and reflectance, derivative
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Fig. 3 The model established with spectral ratio ( R,y /Rsg,) against Chl-a content and model evaluation

1,y K In(Chl-a) 33 5 In(Rogy/Regy ) BUE, A E VEREL R K 0. 7067 LIFIARFEASI BRI IS T T 50
TIE, I 2 AR A A SIS PN EA T e [y, T 7
y = 0.5727x + 0.5628 (3)

B2 R BT v 2R 8L RP M 0. 6733, 435k 22 RMSE /4. 8144 g/ L. 38 3 XF L 2 W X 404k B8 £ef [ 19
REREAT T W $ i , T S R SO BRAE A8 6] (i £ 1E 155 0 B8R ) il A2 3 U — AR A T el Kl s n i 8.
2.4 HEE a SENMEMERE

NP2 46 S 20 {H20 80 AR r e 39 TH 55 Bl Pt o e o 1) — 1 T U, PR R R e ) o0 11
RS FPERE ) 2 BT 45 AU, T HAE IR ISR A 8 428 558 AT A3 20 77 Z ™ > T
BP M2 W25 HATIFATAR B ARZ: ARAEYE L FLE A 27 2] AR L FE RS S5 B oA 25 T LU R D
P A SRR BP M2 [ 46 JE 24Dl Bty S R g A O B8R U0 A 1K AR 4 3R a B
TR AR AL A, A LATE Bl Bl PRI st s R 2 S B RN BE AR A i

AHIFFER FI I BP il 22 0 458570 12y Matlab ) Neural Network Toolbox $41E , W25 3LA7 3 22 AU A A
JZ BORUE R R, R AR AR W B e BN AR R R B 2T B0 2 - 10 Z (R R] AR
TR AT 1. o BRSO SRR tansig fi R purelin pRE, FEASH I S5RAN R BRAE O -
1 2Z 185 YRR ECR HI 4 trainim , 1% PRETH Levenberg-Marquardt JF % , LR 212 308 200, OBk, 75 96
KA 2 R a Kot P RERLAMIR SO MR AVIZREEA R 2] AR T, 6 431 nm (681 nm 705 nm 820 nm 4]
B A T AR A P ORI 4 DN IEB Y SR 38 R RUR -G 75 TR/KATE AT WOt 5 201 AL 6 1 S S A5 AiE
FESRER AL TS 3 W S AR X AT AN T 228 9 2405 SR 00 3 S5 DM K30l e 28 3-SR A [ 182 B 9 EL A
), R BRORR A 2 LT TE 2 - 10 Z ()48 3 th R o008 1, B8 R 22 o] (93RRI B 300.

L M2 ZRo8 B JERIATREAR B CTE R A S i A SRt P, AT BEADUIT A 0 {5 S 47
A RN 4a PR, M IROEUZ A5 RBCh 8 B B8 TR R B0 R S R4k 22 RMSE 43 5]k 0. 9515
1.8425 pg/L. W] LAFR 422 [ 265 ) BEAUORS B2 8 0 T B0 B 55 PO (B IR AR AR A [T AT RS . B2 1) 49 A
B0l 2 -9 B ,R* 5 RSME ZEARAE B0 LA K — 3% (et LGB AN 3 2. ISR 2 WJ LA H Bl 25 19 A8 i 18
0 2% (R ABEALIR 2 A/ AT, (LA AN S 0 T, 9 s B R B I P moHs BEms A e, — MBI 7, 25799 A 4K
9T =9 I, 2 RN B L 2k TR , 9 m R B IR R ADL R RS B AN 2 A R OR B 1T LY it 2
A REH Bl LS

H1 ] 2b BT AR SRR a Ik [T 9 R 30T LUK B, K AR 20 3R a S5 0 il 1 7B 20Dk B
KREY], N IAEAB ST Hoks 580 nm 700 nm 800 nm 860 nm I KAk o YA i A S B, AT T M
WO ZRASEAEL , A3 S ) 45 R ANTET 4b. AP 4b BSE SR AT LU, LA iV Ay i A Sk ) o 28 10 24 A1 ] e ]
PANGCE RAF A S EORE . SE B TEADI TS b, B Sl AR TR B A B2 5 - LR B e i (AR A i A o



280 J. Lake Sci. (#1:6#5),2007,19(3)

50
45 ast o @)
2
< 40f R* =0.9515 —~ 4o} R'=0.9408
\?ﬁ 35F RMSE=1.8425 \?j 3t RMSE =2.0366
— n=96 = n=96
9% 30T 2 3 30F
T ost © ¥ s
Z 20} = 20t
= st = s
1;) O e #i ft A : O 4 b A4
B v A . 10 -
ORIER* O W1 £ A
st X sk )
0 10 20 30 40 50 % 10 20 30 40 50
SE 4t (pg/L) Sz 252 (pg/l)

P 4 DU S 58 48 RO h ki A 5 (4 1 28 000 28 A0 5 ST 7K AR £ 28 110 O 7

Fig. 4 Relation between ANN-BP predicted and measured Chl-a with reflectance and derivative as inputs
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Tab.2 ANN-BP prediction accuracy by R* and RSME as criteria with different nodes in hidden layers

b s ~ Rt e )z 19
FEEIEM R bR 5 3 2 s 6 p 5
RV 0. 6906 0. 6529 0. 7942 0. 8043 0. 8945 0. 9254 0. 9653
RMSE( pg/L)" 4.6551 4.9308  3.7966  3.7026  2.7189  2.2861 1.4992
R 0.7015 0.7525 0. 8210 0. 7747 0. 8526 0.9212 0. 9485
RMSE( pg/L)” 4.5729  4.1641 3.5409  3.9730  3.2133 2.3495 1.9781

1) FrRADGIE ST R A BR :431 nm;681 nm;705 nm ;820 nm
2) PR CRE A BE A :580 nm ;700 nm ;800 nm ;860 nm
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