5535 B4 16 1) *+ = £ fi Vol.35,No.16
2015 4F 8 A ACTA ECOLOGICA SINICA Aug.,2015

DOI: 10.5846/stxb201411152264

AT, AR, R, 0, R TR, B E AT GOCT AR IR IF MR 73 J R AR A5 24, 2015, 35(16) :5528-5536.
Zhao L N, Wang Y N, Jin Q, Feng C, Pan H Z, Zhang J, Lii H, Li Y M.Method for estimating the concentration of total suspended matter in lakes based
on goci images using a classification system.Acta Ecologica Sinica,2015,35(16) :5528-5536.

ETF GOCIZEHNMBEEZFYRENSERE

_ 1 3 N 1 1 =1,2,* 1,2
AT, I L n R ERN K &8 B EaA
1 A D R 2 D SR IR 3 TR R S S, M 210023
2 VLA WS BEETT & SR PR BIH .G s 210023

R . BIPY E R A K R P B4, BRI IR 7K AR AR S BRI e T WA R A 77 1, AR50 RO 38 SR T A B
BRI R 22 2 S 0o B X AT 40— 8L, 200 T AN [ DX Sk RO 2 M T 1 2 2 28 Pk O ELAR G 1) 12 IR s [R] 43 3 R s ) 43
ez B — e BRI . A ST b BRI 4 -3 DR R 2B RS P I AL B GOCT AR bk Bratt AT 42 4
IR 532 =28 55— JOK RN BRI S 0K 38 KA B At 28 38 a JL R R I0/KIK 58 = 20K IR 4K a
F R, ERTARFIZERK PR B SC2ERAE , 43 DI EE T BRI W ok B R B A 25 L e W 58 — 2K 4R T LRI H B7/B4 ﬁﬁ*%ﬂ
55 = ZROKRTT LUFIF B7/( B8+B4) AR R i By & R X = VR VR BE A TS AU A, RS P IO T4 SRR, A A5 5 —

55 = ZROK MR B R ) B A ARG B AR B T A WA, B — 28K 4K RMSE BE{IK T 9.19mg/L, MAPE B8 T 3%, 55 = %7](12[:
RMSE F&fIX T 5.63 mg/L,MAPE &K T 13.97% , 55 — KNG EERS A A%, o5 b SOy il T 2013 48 5 7 13 H Y GOCI
R, T R AR T 5 R T G e 0 bt X TR v B, AR S b X PR A M R AR, IR LA 900 1 15,00, K I R TR TR A e B
BRI X BRAE BB 46 /)N

KB EE IR BRI GOCT 1% ; 18 BRI 5 2k oy 28

Method for estimating the concentration of total suspended matter in lakes based

on goci images using a classification system
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Abstract: Total suspended matter (TSM) is an important water quality indicator that can directly affect the propagation of
light in water and influence the aquatic ecological environment, and ultimately determines the primary productivity of a lake.
Empirical TSM concentration estimation models are often built for specific study areas, ignoring variation in the optical
properties of water among diverse areas. In addition, common satellite sensors cannot be successfully used to monitor inland
lakes owing to their temporal and spatial resolution. Taihu Lake, Chaohu Lake, Dianchi Lake, and Dongting Lake were
selected as our study lakes, and an automatic two-step cluster method was applied for water classification based on simulated
geostationary ocean color imager ( GOCI) reflectance spectra. The results showed that the water samples could be classified
into three types. The optical features of Water Type 1 were influenced by the TSM, the optical characteristics of Water Type

2 were influenced by both TSM and chlorophyll-a ( Chl-a), and the optical properties of Water Type 3 were mainly
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determined by Chl-a. Estimation models were then developed for each water type using a band ratio of B7/B4 for Water
Type 1 and B7/(B8 + B4) for Water Types 2 and 3 to retrieve the concentration of suspended solids. The root mean-
squared errors ( RMSEs) and minimum absolute percentage errors ( MAPEs) of Water Type 1 were 9.19 mg/L and 3%,
and those of Water Type 3 were 5.63 mg/L and 13.97%, respectively, which were significantly lower than those estimated
using methods that do not consider this classification. The RMSE and MAPE of Water Type 2 were slightly higher than those
estimated with the general algorithm. The diurnal variation of the TSM concentration in Taihu Lake was studied based on the
GOCI data acquired on May 13, 2013 using this classification method, and the results showed that the concentration of TSM

was higher in the southwest than in the northeast. In addition, the area of higher TSM concentration in the southern region of

the lake was reduced from 900 to 15.:00( Beijing Local Time).

Key Words: inland eutrophic lakes; total suspended matter ( TSM ); GOCI image; remote sensing retrieval;

optical classification
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Table 1 Introduction to the study areas

W X 2 FA) o A km? SR /m RSB
Name of the lake Type Location Area Average depth Sample number
KM R 30°55'—31°33'N  119°51'—120°36'E 2238 1.9 243
Hii HRIKW 30°25'—31°43'N  117°16'—117°51'E 760 3.0 27

it Bk 24°40'—25°02'N  102°36'—102°47'E 306 5.0 14

o] EZ 3 RIKH 28°30'—30°20'N  110°40'—113°10'E 2820 6.4 47
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Fig.1 Remote sensing reflectance spectrum of different water types
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Table 2 Statistics of suspended solids concentration, chlorophyll-a concentration and OSM/TSM of different water type

pISuS S| PINTE S i/ MH NIt FEE OSM/TSM ¥
Water type The water quality parameters Min Max Average Average of OSM/TSM
1 482K a Chla/ (pe/L) 2.05 85.93 20.74 0.20
BETEY TSM / (mg/1.) 22.00 244.90 65.58
2 M4¢ %K a Chla/ (pe/L) 0.55 140.17 19.69 0.30
SRR TSM / (mg/L) 6.33 67.80 29.64
3 M4¢ 2K a Chla/ (pe/L) 13.50 270.30 92.91 0.51
BEIFY TSM / (mg/L) 12.60 114.40 43.55

OSM; Organic Suspended Matter HHLEIFY); TSM: Total Suspended Matter THLE Y

3.2 2ROKMR R AR L S A

AT E IR GOCT SEAGNT M E T v B A T B S 3, PR X GOCT i e I Br ik L, 5
2 A 27 5 BT S ) BT O B A AR A3 BRI B B LU AE U B 4 B TASSAN i Bt
1A LA Bt 5 0 TASSAN 2 570 25 2 oy vk by 2 T e 3 3o SRl SRR AR 2520

B — IR 96 AN EEIEA TR, 37 BRI T IR ; 55 —2ROKIRH 103 B HE T AL, 51 B F
FFHAIE 3 55 = 2K AR 32 NBR AT B 12 DNBIR AT I0AE . 3 Fh IR /K A4 1 4 S B0 140 B v M vk 38 2 1
BRI DL RPNk 3 iR

NFE 3 AT L 5 — 2K IR A Ak BEAL A TR R B7/B4, 55 2R AIER = 28K R B i A D BE A A X
Fh B7/(B8+B4) ,iXx E W T GOCI 5#if¥) B4 B7 B8 =B 5B IR IR A BB YR, B4 B
U2 B3 ) J2 S 0 30 B T AR R R X — U B ) S S U R T BT RN B8 I BE A 2T A1k Bt R A il K A4
B IP YU RE E A R I BEIX TA] 3 Rl 2 R K A RN A 43 2K A TR F G B 4 A TR o TR SR BT, X
JEHT BT H5ETEYIMREE AR S B, AR T 23 BE 2 R 5550m B 40 555nm, 555nm I B 14 k£ )

http ; //www.ecologica.cn



16 #1 BAANEE 25 F T GOCI 18 B WINA B 7 Wik B 7 28 e 1 5533

A LIHBR AR AR TR R 52 . DN R AT LR 53 285 55— K AR PR vk B 1) B TR 132 A AR R FE 1 42
15, 505 = HOKAIR RPFSA B, 55 Z2OKIR R LU AR 73 28K ARAR , 3302 FH T A 20 2k A rh B T 4 ik 3 8 v AR A
WY S G0 R R AR S | 1 IR A s B PR v B A S A R AR B K i 25, B AN 432K 5 28— R/ AR Y R 22
SR RRAIR , BT AN BEAUSE RPSEVEHIS R A 43R, it RMSE F1 MAPE B4 HHE (% 4) nTAE H, 0255 —
/KR RMSE (51K T 9.19 mg/L, MAPE F&{I& T 3%, 5 =25 /K & RMSE [#{% T 5.63 mg/L, MAPE [%{% T
13.97% , A58 25K MARS BERS A FRAIK , 43285 RMSE F+5 T 0.17 mg/L, MAPE JH& T 0.99% , ME 2 ]
DI, BOR A —JKARAE 43285 ST %) B0 vk B 7 v (B X AT AE AR AR A B4, (EIZ ARG T2 43 2 850l s vt
PR VR VR B B AT R 15, 55 — 2R R 2 2 i T 4 o7 A BB B PR ik B8 R A S i I, AR AR
B ARG , A3 28 E A BE R R i . BRI 5, V7 MR B AN 2 2R BE AR/ NI B DL T, 0 28k A B 77
WA 3 I 08 55 R 53 2K AR B V7 Wk S RS P8 A 25 AN IE NS 28k A I 3R B (R 8 R TR vk
FEM KA, 43250 B8 B T R BORS BE 2

K3 DERBRRGERGEBFVNRESRRGEEICE

Table 3 The estimation model of TSM estimation using classified and unclassified method

FKAEZEA] Water Type i Model K ¥ Factor R?
1 log(tsm)= 1.9092x + 0.9693 B7/B4 0.8284
2 log(tsm) = 3.5916x+6346 B7/(B8+B4) 0.7180
3 log( tsm) = 2.4143x+2.7497 log( B7/(B8+B4)) 0.7656
F432 Unclassified log( tsm)= 1.8488x+2.6362 log( B7/(B8+B4)) 0.7465

R4 ZHKEHERREST

Table 4 Error statistics of estimation models for three water types

FKAAZET Water type RMSE/ (mg/L) RMSE * /(mg/L) MAPE/% MAPE * /%
1 15.12 24.31 18.30 21.31
2 6.05 5.88 18.26 17.27
3 11.72 17.35 21.57 35.54
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Fig.2 The scatter plot of estimated TSM concentration and

measured TSM concentration

http ; //www.ecologica.cn



5534 LA E = 35 %

Bl 4 SRR 43 2 0 57 1 B VR W VAR R T TR AR AR A
HE9 2013 455 H 13 H 8:00—13.00 /\ 5L & 77
v oy AR T KR X g e, AL T U 07
Y B AE— R 2Z A3 AR ] BB & AR T A28 Ak 3 i B
I s B (] 3 B A S AR R B IR R B A — R 22
AR WSEE , BR TR R B A AV R O e AR bR
PRI, I ELBEE IR AR 1k | B 77 vk B v %) X3k 3 1Bl 7%
WraE/N, 8:00 F] 9,00 £ IFYvk B ALK, P oY
GOCI 8:00 MSZAGAFTER AN 22 , BT LAFRATTAS X 33X i 52
BIEAT 4 Hr, 9:00, KW PH R BT YR E R T
100mg/ L, ZRAUHRE 17 P i B KR A T 0—20 mg/L, &
TR B AR 22 B Rk, 70 L5 A () L A8 2 R
TR A IS BIF YR E KT 100 me/L XL

0 25 50km

FELFIE PR MR BE/INT 20 me/ L 1 DX S0 L 2B W 4 /0 | i ' ' '
e et o) R — s
BIFYHSE ST 2080 mg/L A X IERIZHH A, 5] E——— Bk gk
1400 11500 , A HUAT P 3300 57 DX Il B 77 4 ke 2 R W kAR fa

3 A 1A E=RVA N T A\ .
+ 100 mg/L, qﬂ%ﬁj‘%‘gﬁgﬁ‘”{f%mg“ T 20—60 E3 201345 A 13 B 12 BEEKEERSHE
mg/L, 51 WIS LA e g R VS S B IR R A T 0—20 Fig.3 Distribution of water types on May 12, 2013
mg/L,

IR, AT T v DA PG I 380 R 2 00 s 119 B 34, 3k R Ay R B AT 3 AN K i azs vl T
M AT R A ] e AT R DA PG YL AR TR A DU A5 S ARER A I P R, — T o) e 485 4 1 sk VR o
PRI 1AL P2 TR BE K, 55— AT A IS B TR, 3l K T B IRk B 3ok, NS>
RIAGHE LR AT LIS ,2013 4F 5 A 13 H 2 K XU AR KB E AR R, Hedh AR B WU 2, X 0.8—3.2m/s
Z (8] KA T AR R TR v B R ] AP A6 B 2R B S B s gt B KU R EE R I E R N R

4 ittt

(1) M\ GOCI 3244 S 345 B 1% TSM B 22 AR 4k B m] DIAS 1, BRI — R 2 ip AR Ak &R & W3 19, ir LA an
MODIS \MERIS 85— Kz 2 — 5t GO MR BRI AR AL S AETE TR 22,1 GOCI 5212 8 B 2] 13 B iR 1]
INFAR KT — KNG X P B v B ) 25 AR AL B BB X, JUHX F o8 & i5 e e py Wil , 58 Ay
B, HZ GOCI B 23 18] 50 BERE J1 20 500m , FHXTERA K GOCI 52455 1w 28 (B 4y HER I AR 45 A i, B & 5
GOCI 7= B[] 3 BER A P 38, SOR A AN SEAG AN w55 4352 A5 e 23 (] 43 B B AR 3, AT AN 7K (0388 g S T A B g
AHIBFSE

(2) AW E SR ASD A5 8y G AR A DG IS i 7 PR ECB AU GOCT 1Y 8 AN B, SR J5 AT iX 8 4>
BB AT 9328 IR 0 2 2 I B B 0 - BB AR A 60 it 42, AT LAXTARAe] GOCT S AR #1763
DERC I #EAT S, A e G B #1770 2 BN 3] GOCT s2 R8T & 31, (HUR bR th L Ae 40 28U
ORI Ol s R AR AR AR AN 1Y, R BBAREE G B &, (AR SRR B R T e 2 1AL & 45 FhoK Rk k4 7
Oy XFERR G 2 T B ARt ARG R FH I SR TR IR B O R X e 331 AN B[R]
JEWER I EARERNE . A, R JRHAN T 1S & T GOCI S4B 40257 R AR A 21

(3) 1BIBFLAG KA IE — EIE /K (38 R S ME [ — | GOCT SEARAE A — Fl 437 A 7K (0 38 SRR B VR
H A D R A R A IE SRS BB X GOCI 28 T4 20U KA IE , B C R 3] GOCI #2506 15 T
e T A 1 S e 28 S i 45 R R e M AR E S BARR D T BRI A R AR TR B30 (A S I BEAR IE RS

http ; //www.ecologica.cn



16 4 AT 45 3T GOCT AR B W) U JBE 7324 S i 5535

A
[
°
14
~3¢
v /_/1
12:00
A
|
r»..ll!v.
U 4
! {_/
K = KX
R
TSM/(mg/L)
m 0—20
[ 20—40
1 40—60
1 60—80
= 80—100
. >100

40km

4 2013 £ 5 A 13 B GOCI G EFWREN T E
Fig.4 Distribution of TSM concentration retrieved from GOCI image on May 13, 2013

SRS B BT S A ) S 2 3
5 2% 3Lk ( References)

[ 1] i, BER, BRE, B2, MESE, MET. 52101 K WE IR B RIS, WIARNS:, 2007, 19(3) : 241-249.

[ 2] BRI, TS JH FY-1D SR AR LSRR IR & i, il KE2a . ASRBIERR, 2004, 43(S1) : 194-196.

[ 3] VLSCHE, Jifd, Apde, skoeds, 2248, E PO, SKEL, WG, WKk 77 9 e B2 43 A FOK 8 )RR AR 1 56 = G P4 402, 2002, 24(S1) .
212-217.

[4] Dhofe WHJ7. 254 Landsat ETM 5 S2MDGIEAG DU Wit 4t 32 K 2 i & . WAL=, 2005, 17(2) : 97-103.

[ 5] Binding C E, Bowers D G, Mitchelson—Jacob E G. An algorithm for the retrieval of suspended sediment concentrations in the Irish Sea from
SeaWiFS ocean colour satellite imagery. International Journal of Remote Sensing, 2003, 24(19) ; 3791-3806.

[6] Bfa, B/, KRR MODIS i & it S s L B shBRIF A4, 2008, 10(2) : 151-155.

http ; //www.ecologica.cn



5536 LA E = 35 %

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[20]
[21]

[22]
[23]

[24]
[25]

[26]

[27]

[28]
[29]

Eleveld M A, van der Wal D, van Kessel T. Estuarine suspended particulate matter concentrations from sun—synchronous satellite remote sensing:
tidal and meteorological effects and biases. Remote Sensing of Environment, 2014, 143, 204-215.

Xi HY, Zhang Y Z. Total suspended matter observation in the Pearl River estuary from in situ and MERIS data. Environmental Monitoring and
Assessment, 2011, 177(1/4) . 563-574.

Kaba E, Philpot W, Steenhuis T. Evaluating suitability of MODIS—Terra images for reproducing historic sediment concentrations in water bodies
Lake Tana, Ethiopia. International Journal of Applied Earth Observation and Geoinformation, 2014, 26 286-297.

Ryu J H, Han HJ, Cho S, Park Y J, Ahn Y H. Overview of geostationary ocean color imager (GOCI) and GOCI data processing system ( GDPS).
Ocean Science Journal, 2012, 47(3) . 223-233.

Choi J K, Park Y J, Lee B R, Eom J, Moon J E, Ryu J H. Application of the Geostationary Ocean Color Imager ( GOCI) to mapping the temporal
dynamics of coastal water turbidity. Remote Sensing of Environment, 2014, 146, 24-35.

He X Q, Bai Y, Pan D L, Huang N L., Dong X, Chen J S, Chen C T A, Cui Q F. Using geostationary satellite ocean color data to map the diurnal
dynamics of suspended particulate matter in coastal waters. Remote Sensing of Environment, 2013, 133 225-239.

Doxaran D, Lamquin N, Park Y J, Mazeran C, Ryu J] H, Wang M H, Poteau A. Retrieval of the seawater reflectance for suspended solids
monitoring in the East China Sea using MODIS, MERIS and GOCI satellite data. Remote Sensing of Environment, 2014, 146; 36-48.
Vanhellemont Q, Neukermans G, Ruddick K. Synergy between polar-orbiting and geostationary sensors: remote sensing of the ocean at high spatial
and high temporal resolution. Remote Sensing of Environment, 2014, 146(5) :49-62.

Ruddick K, Vanhellemont Q, Yan J, Neukermans G, Wei G M, Shang S L. Variability of suspended particulate matter in the Bohai Sea from the
geostationary Ocean Color Imager ( GOCI). Ocean Science Journal, 2012, 47(3) ; 331-345.

Arst H, Reinart A. Application of optical classifications to North European lakes. Aquatic Ecology, 2009, 43(4) . 789-801.

X BAR. BT o 3 Bl i) W) s P NI T 4% K o WRBEIBIRURH [ D). B A BRI, 2012; 1-77.

JET, IMES, oy, 2RA, BAR. SRR R RBORS BT YR, FRERE, 2013, 34(7) : 2618-2627.

Shi K, Li Y M, Li L, Lu H, Song K S, LiuZ H, Xu Y F, Li Z C. Remote chlorophyll-a estimates for inland waters based on a cluster—based
classification. Science of the Total Environment, 2013, 444. 1-15.

5, BRATEE, U TR, SAM A 2GR KR s S P R . b E AL S R 434, 2005, 10(1) ¢ 55-60.

Sun DY, Li Y M, Wang Q, Le C F, Huang C C, Shi K. Development of optical criteria to discriminate various types of highly turbid lake waters.
Hydrobiologia, 2011, 669(1) : 83-104.

AL, FET GOCT ALK A K VR B M e BERR IS BT FE[ D). It MIRUBHER=%, 2013; 1-75.

Zhang Y L, Shi K, Liu X H, Zhou Y Q, Qin B Q. Lake topography and wind waves determining seasonal—spatial dynamics of total suspended
matter in turbid Lake Taihu, China: assessment using long—term high—resolution MERIS data. PLoS ONE, 2014, 9(5) : €98055.

B, Fut, dwh, B, T, FF, XE. TGRS B EEYIRE MR, Ll Se T, 2013, 33(10) : 2721-2726.
Ma W, Xing Q, Chen C, Zhang Y, Yu D, Shi P. Using the normalized peak area of remote sensing reflectance in the near—infrared region to
estimate total suspended matter. International Journal of Remote Sensing, 2011, 32(22) . 7479-7486.

W, A, XA, TRF AL, BRET, ShOTIR, B BT MO R Y ARG IIA K R BR TR ok R B AR ST AT PR 2011,
32(6): 1571-1580.

Zhang B, Li J, Shen Q, Chen D. A bio—optical model based method of estimating total suspended matter of Lake Taihu from near—infrared remote
sensing reflectance. Environmental Monitoring and Assessment, 2008, 145(1/3), 339-347.

AN, FRAREE , XUIEZE. JETOUEARE ) =Wl Xk (LB . MR, 2008, 33(1) : 96-99.

RPGH, Dhode, JEAR, Ehef. BRRMBITF YRR, AR, 2008, 20(2) : 196-20.

http ; //www.ecologica.cn



