5535 B 4 1) ANY/ ST N = 3 Vol. 35, No.4
2016 48 H J. Infrared Millim. Waves August,2016

NEHS 1001 -9014(2016)04 - 0462 - 08 DOI:10. 11972/j. issn. 1001 —9014.2016. 04. 014
ET VIIRS HiFFNRZNRERERZAR

BRI, RMET, BELS, T4
(1. TP ERA G R i3 S BNE BRI h EREE BE h H2  f SC 0 5 VI R At 210008
2. PEBEERERS:,JEaT 100049
3. TR HBRRLESARE, TR TN 510006)

BE. AT 2012 ~2015 £ EH 4 REHE S RB RS, BT T RSHE R ARSI WK E LW (67] nm) A
(R*=0.74, RMSE =8.58 mg/L), 3 # 47 T B 3E (R =0.72, RMSE = 11.98 me/L) ; & & , 4 7% & 3 doh i A 5] 7
2012 ~2015 4 464 & VIIRS EZ %1 b. Z R XV, AR WA FHAEEAE LR KABHE N HEME, FH
B, T AL E A A R A AR AR R R E b, B A R B LB R D A % KR, VIIRS A B
AR T E LRI T BN A, WK R RIRE AR KB A.

X R R AR AR ST (VIIRS) 5 & 3% 4 (SPM) 5 4% ] 5 20 50 P A 06 5 38 &

HESES. TP EFRIAMG: A

Remote estimation of suspended matters concentrations
using VIIRS in Lake Hongze, China

CAO Zhi-Gang'*, DUAN Hong-Tao'*, CUI Hai-Shan’, MA Rong-Hua'
(1. Key Laboratory of Watershed Geographic Sciences, Nanjing Institute of Geography and Limnology,
Chinese Academy of Sciences , Nanjing 210008, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. School of Geographical Sciences, Guangzhou University, Guangzhou, 510006, China)

Abstract. Based on 86 satellite-ground synchronous samples taken from four measurement campaigns in
Lake Hongze in 2014 ~2015, a single band (671 nm) model was developed to estimate the suspended
particulate matter (SPM). The model performed well (R* =0.74, RMSE =8.58 mg/L) , with valida-
tion (R =0.72, RMSE =11.98 mg/L). Then, 464 VIIRS images (2012 ~2015) were used to esti-
mate SPM concentrations. The results show that the concentrations of SPM increase in the autumn and
winter and decrease in the spring and summer. While it is higher in the east and central area of the lake
than in the north and west sections of the lake. Inter-annual comparisons show a decrease of suspended
particulate matter( SPM) over the short four year period. The visible/infrared imager radiometer suite
(VIIRS) performs well in estimating SPM in Lake Hongze, allowing for an extension of MODIS anal-
ysis approaches and improving the remote sensing of inland lakes in the future.

Key words: visible/infrared imager radiometer suite ( VIIRS) , suspended particulate matter( SPM) ,Lake
Hongze , validation ,remote sensing
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SRR 15F [1) 7 51) b 2 00 0 55080, A B A 56 S50
P SR BRI TR & S EE ARz A
T R R, A4 T2 22 18] 5 28 8 e 2k i
JLNEZL. {1978 4 CZCS ABIRAR TR, I 48 SeaW-
iFS MODIS \MERIS 4§ A& 1845, W1 DL ) T 4
BRIGFEEFNIIIA AL Y BRS B0 I M 26 . H i MO-
DIS J& 4= Bk v 1P il K AK€ 328 Ja ) 3 B A% Jk
#%fH N Terra(1999 4F) Fil Aqua(2002 4F) AH4E F+25
LIk, MODIS E IR 6 4%, il BT 75 am, Ik
5 TG 45 BE B 28 0E 19 AT RE. 2011 4F NASA & 441
NPP T2, H A 48 09 7T UL Y6 20 A0 A% 5 S A (VI-
IRS) #1475 Fil MODIS AL 7 47K £ 30k B (412 ~ 862
nm) , {EPA B A PR RE , EE A0 XU 25 3 A ),
e (B 2) A B T A s ORI (S 5, Rl
fE SR X e H g 2Bk, 45 5] 2 1 %
MODIS Z%i ik B Af A2 35 (1) P Bifi 7K 4 2 g3 1t 1
T TR BRI B, 2410 VIIRS fyRfsR 24
TERPE T R A A T 2 AR D I i e Ay

EREEKAEATE, N RG24, 7k
YA BRI IR A 2%, 25 22 53 K. 174 (Suspend
Particular Matter, SPM)/E /KBS H=ELKZ—,
S 5 KR B2 e A B e 4 ) 3o IE K R
ALY R 2AE A B EEAE . SCBR L, BT
FEKR G SRR, SR WA G R K B2 R, Y
T, BV K H (958 F1) ) Landsat . SPOT . MERIS #il
MODIS 45 T3 55 b B ik i o )
KW AR A AR 2 BT R % R EA T A
SR T R T P i K A TR A I 52 2%, KR AR S T i
H A 38 T K AAORS i KRR ISR A AT,
R ) R st ] e 8] T 5 A o 7 o Ay A
SME. R T H A IE AT LORE B H38, A Se iR 25 Bk
B AR I R BCHE, 45 A 31 2012 ~ 2015
AR 4 YRR H ) A5 S DN N | 8 A R AR IE
25, KL HEUEPE K AR TR P v S e SR A SRR, I 1
FHEI A1) ¥ 51 VIIRS %04 I, A VIIRS 7 N Ffi 7k
(USEIRAIEE L 2

1 BBEFE

1.1 HREX
BEEEW] (33°06° N~ 33°40’ N,118°10° E ~
118°52'E) v TV W2, B b3 UERH LU BH

PUHEFIRTRE FL 8 AR 1 576. 9 km® , SEHKIE 1.77
m, TR FE 45 DU R K (DL IET 1) U a0 v g o
A L K AE AR 2 AVLAKGE T3 AL HE TR
AL B, 7K 28 400 2 (oK JE #1235
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Fig.1 Location and distribution map of Lake Hongze, China
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LR a WA TR W R A B R
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Table 1 Water quality properties collected from 4 cruise surveys in Lake Hongze

BRI THLETFY HHLETFY 23 o W
e BE (mg/L) e (mg/L) e (mg/L) (ng/L)

i 13.33 ~78.67 4.67 ~64.67 6.00 ~ 14.67 2.70 ~42.84

2014 4 4 T
o 39.46 +13.90 28.77 +13.47 10.09 £2.22 9.10 +8.03
oo 29.33 -58.67 5.00 ~52.00 1.00 ~37.00 2.97 ~85.64

2014 4£ 10 A Ll
Bt 44.98 +8.94 32.83 +9.63 12.15 +8.27 15.17 +15. 14
i 14.00 — 100. 00 7.00 ~74.00 6.00 ~50.00 5.30 ~23.73

2014 4% 12 f o
Bl 52.35 £23.55 32.35+17.97 20.00 = 10. 85 10.58 +4.75
i 19.00 - 110.00 5.00 ~80. 00 5.00 ~30.00 3.49 ~28.60

2015 4£ 5 A L
Bt 49.25 £25.55 32.22 +20.38 13.04 £6.02 12.39 £5.91

1.3 VIIRS D E#HIELIE

Fi4iE NOAA STAR Kl pABF5E 458, VIIRS Zdis7F
2012 422 H 6 H ZHij & br A7 7 5 K 0] B, A g fift
FHPY. B, A NASA GSFC 4bF #5455 2012 4E 2 H
%5 2015 4E 7 J #9[a]#8 F 1200 5 VIIRS L1A %
P, R 2 N Tk, B A = LI TR vkORT R FH
WEBERTZAR , 15 5] 464 S ROGYAR. I HE T Sea-
DAS 7.2 W8T & 9 FE 7, X7 VIIRS LIA 77 f
AT AR B (5 SCHF 2 NASA OBPG 4 {1
R2014. 0 WA e bR 745 158 VIIRS L1B %4l , £ 5
FIHUH R E 153 R, .
1.4 ZitFH*

AT A5E AR A7k A R S R A 7 S0 S R L B
P T FLRY 5 bR« AH G R B r LA E R AL
R 755 22 RMSE; 53 4h, i R H T Jofi 22 2 5
H /47t (Unbiased Percentage Difference, UPD) 1 hy
BHMNIPER SR

_ 1 X —Yi
UPD = NZ ‘96,- y,
Forp N W REARE o ARFBAE U381 500 Ay ARR M
PR A, AR S b R AN S A

2 #R

2.1 HEEFMKES

M 2012 ~2015 4F 4 RSB SETHER (3R
1), BEPE K AT Yy FE I 28 3K o YR BEF- 2
ORJE 44.83 mg/L13.42 pe/L, BIFWIMR R,
MR 2R a WeREMAR. JCHL SR Wik B FIA HLE 7Y
W FE Y (E 43 )2 31. 41 mg/1..13.42 mg/L, THLE
PRV RE ROR i T A HLE e B2 s i L, JTCHLE T
Yk BE 55 58 0 W B A A OGP ik 0. 94 (p <
0.001) (WK 3(a)). o> A K dliF,10 HF 12 A
AR & Z BT W de I (3 {E 73 51 0 44. 98 me/L,

x200% , (1)

52.35 mg/L) & T4 AR5 AFEEZMHE0 R
39.46 mg/L 49.25 mg/L) , R Hl—E (BT 24 5.
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0.05

AN

RS,
N

=
(=3
[N¥]
\

0.01

0.00
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WK/ mm

K2 AN[F] SPM ik BE R /K A4 B8 J% i S 2901 3% K HAE VI-
IRS F1 MODIS % Bt I %) i fi

Fig.2 Variation reflectance spectra in the MODIS and VI-
IRS bands for different concentrations of SPM

EIERIRIE IR 7L T &Y S QN Rk LTV &S
a, FVFHEAE DI R a,, 10 (8 53 A 28385 38 B
W KA I 3b) , 1 a, 76 650 ~ 700 mn 47
I&AH ; 7F 400 ~700 nm Z[d],a, KT a, Ml aph,'i
IR SO BB — B = B R IR Ak A i i
AR EGE e T A MR IR K AR R A R TR 443
nm Kb, a, XTSI BTER A 40 B R
T a, M a, (E3(c));Mi7E 671 nm k(& 3d) ,a,
DT S a0y IRZ ,a, /N, 3% 02 TR TR
B A — DRSS ). SE5RE , bk
PR 2E AR IR 5, LB TR 7 %
2.2 ETFTNRIENZZVREGETERR

H A, TEERE B L2 R a o &,
R FH A 0 BEBSORT 43Ry =288 < BLiple B B (DB L
VRN = Be ik (3R 2) . 2% VIIRS By Bk
HLEPE 4 U R A O S R HE R, (486) R,
(551) R, (671) R (745) (R (862), 455 5L
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Relative contributions of optically active constituents at 443 nm and 671 nm, respectively

TR A, R S 000 DY i S Y Y 0 ik R AR A O
ST TIRIE (3R 3) :5 DBy R 5B TIF W
Pearson ZEUFE W ,671.745.862 nm Ay %5 KT
0.8, 73l M a ke ms ety oy XA 3 1 i
PR s[RI, 862 671 nm [ Fb B b A5 A 7R
TR NG LT 486,551 671 nm £ =)
B RSO A 2% |, 25 R Ty B ST PR AR T UL
3.
2.3 ET VIRS HEHEFHHEER

BEXF VIIRS R, 8, 388 06 5 T AL i B i [a) A
i+ 3 /NI A SEIAE B B A B FIE R 3+ 3
WKL (23 25 < 0.1) , 36455 86 ANA KU
RSP ARTE 2014 2015 B4R, %83 2014 4 HA 4
2 BRI, BSOS HIZ AR 69 AMRE AR ;2015 4F 17
AFES TR, —E R B b BE % R BU S L AE I
[6) A aE . 52, % 671 nm.745 nm 862 nm 4b

1 R, A 5 SSMBIF HAT IS G5 R BRI 1)
RORHAEF (B 4 (a)) AL 671 nm BRI HA —E )
UG K (R =0.52) , LIk HF VIIRS 21210 )2
T8 R T AR AU 2 R R R R RE A
W KR K AR S A 7 R0 R, T LA RN
VS I USRS R e JR i S 6 22 R A B i U 4T A AR
SRR TR A I R, (671) (R, (745) .
R, (862) 2% R, (1238) , W AT 2 B o0 v e A5
T B E R, (1240) J5 Y45 R 53 5] 5 S 4L
Fadl5 (18 4b-c) , R, (671)-R, (1238) FIE T2k
ERARIFMIEEER (R =0.74) B EK R
(RMSE =8.58 mg/L, UPD =15.24% ). Jy T it —4
B IE 671 nm Y B AR Y (4 w] R fif T 2015 4R
17 A~ SN AR A X AR AU A7 S g ik (B 4 (d) ), 45
S A BB R (R =0.72) Al 5 22 5
( RMSE =11.98mg/L,UPD =20.32% ). P\ 53|
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Table 2 Several published algorithms on SPM concentrations
YE& TRy AR R N Cspy (mg/L) LI I X
Feng (2012) SPM =0. 6786 0.87 38 3.00 ~200.00  MODIS T 5F 385
exp(34.366 = (R, (645) — R, (1240))
SPM =10 .
Loisel (2014) [0.695 +27.29 * (R, (560) +R, (645)) 0.70 - 0.01 ~150.00  MERIS Eastern Sea,
~0.638 % R_(490) /R,_(560) ] Vietnam
Miller (2004 ) SPM = -1.91 +1140.25 = R, (645) 0.89 52 0.00 ~60.00 MODIS Biloxi Bay
Shi (2015) SPM =9.65 # exp(58.81 * R, (645)) 0.70 150 15.80 ~218.6 MODIS KA
log;o (SPM) =0.631 1 +22.215 8 * (R, (555) ‘ }
Zhang (2010)  © " (645)) —0.523 9« (R_(488) /R _(555))  20%" - - MODIS ¥ A%
In(SPM) = (R, (840)/R,(545) i
Doxaran (2002) 0.58 42 35.00 ~500.0 SPOT Gironde
+0.961 4)/0.319 3
Zhao (2011) SPM =2.12 # exp(45.92 % R_(645)) 0.78 63 0.00 ~87.80 MODIS Mobile Bay
Kutser (2007) SPM =349.83 * R, (645) +2.966 3 0.86 11 2.00 ~8.00 MODIS Muuga Port
3 MAREFHSNEFETIN CEERGERSFYESR
Table 3 The general characters of SPM algorithms based on in-situ data collected in Lake Hongze
R WA IR I S0 A5k A AT A R? RMSE UPD
o R,.(840)/R _(545) =0.319 3 * In(SPM) In(SPM) =5.576 R, (862)/R,. (551)) 0.7 0 66 . 16
-0.961 4 +2.929
logyo (SPM) =0.631 1 +22.215 8 * (R, log,y(SPM) =0.005 9 +11.274 6 = (R,
—ykBRKER (555) + R, (645)) - 0.523 9 % (R, (551) + R,_(671)) —1.132 6 * (R, 0.56 11.82 39.04
(488)/R_(555)) (486)/R_(551))
671 nm  SPM =9.65 # exp(58.81 % R (645)) SPM =1.576 # exp(38.491 % R,_(671)) 0.74 8.21 27.40
745 nm / SPM =2 303.1 = R_(745)0-8823 0.87 6.23 20.04
862 nm / SPM =5 852.3 % R,_(862) +9.730 4 0.81 6.86 23.36

{£:671 nm B Shi er. al(2015) 48 H R AT B 75 Py il S-S0

SRR A RV ST SR () 45 SRR, W] LR I i ok
%50 ~ 80 mg/L ¥ i [ P (9 B Mk B, 180
BT F VIIRS S ik B AL 55
SPM = 11. 25 = 612‘ 86 # [ R,.(671) —R,.(1238) ] ) (2)

2.4 HEHEZFYHTET
2.4.1 E2EFYRETLER

H 20 (2) BB r 464 55 VIIRS 2448 1,153
HEPEIHIK AR ) A 34 L 22755 FAR B P B B 25 43 A
EICUWLIE S) . Hor, 1T RO i TR 8, B 1 20
A1 BRI B, HRAARIRNSHME GBI
A W2 4) . U B IE W TE — A1 rh vk B R AR X
B A EAE 22,53 ~34.97 mg/L Z [ (K 5(a)),
Hoh A e EAE 11 J 0y, RARAE S s W=k
F(EIS(b)), e KRB ) 2 R A5 (9 ~
12 4.1 ~2 ), #{E 4> 31k 30. 57 mg/L.33. 24
mg/LHFEAR(3 ~8 ), H{H 5510 24. 09 mg/
L.24.57 mg/L. 7E4EPRAZ 4K 1 ,2012 F1 2013 4 5{H
W BE 43 K 29. 40 mg/L.27. 64 mg/L(E 5(c)),
2014 H12015 4EH{E K 27. 64 mg/L.24.49 mg/L,4F
PRRUBE T B PR B St B A/ () i/ N s F. (HL R

5 A, 2015 4F VIIRS B A T 7 4 H %,
A 2R EF N BT L.

R4 HEHEN 2012-2015 £ VIIRS T EHIETIR
Table 4 The list of VIIRS imageries
2012 2013 2014 2015 eyl

1A - 16 16 12 44
2 H 2 7 6 8 23
3H 4 13 12 13 42
4 A 8 19 7 12 46
5H 10 12 18 8 48
6 H 5 9 6 3 23
7H 13 8 9 4 34
8 H 13 15 5 - 33
9H 16 11 6 - 33
10 A 18 16 17 - 51
1A 16 17 9 - 42
128 13 11 21 - 45
B 118 154 132 60 464

2.4.2 BFMREZTESHER

TR A BT I A A 225 ) S S (T
5) , RIUAR ARHOK DX RE iRy | E AR (BT ) AE
RO e BEARAYRLAE. L2012 ~2015 1X 4 4FfY
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120 @ 100 & 3
SPM=11.81%exp(12.38*Rrcj,,) 80p- 2T, 1: 1’//
100 - 3%, ° Zg:RMSE:H.QS mg/L e
RMSE=8.58 mg/L L sol UPD=20.32% o o
1 80 | UPD=1524% o o
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Fig.4 (a~c) Exponential regressions between SPM and R,
combinations, (d) validations between SPM derived from VI-
IRS and in situ measured data in May 2015
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Fig.5 The mean values of SPM spatial-temporal distributions
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AEBME SRR ), 45 HR A5 B R B O, UE PR =
TRV R e a) USRI R S BT U TFRER S H, K
ZU7E 33. 4°-33. 5° N fif [X 38 Py 5 Bl K {E (K 6
(a)) X HEE] 1 I DX 20 205 B I, 2 i DX e S 1l
(AR, BV BE VG AR 35 A5 1A, 76 390 v X3k
BB KM, SR 5 FRE(E 6(b)).

3 i

3.1 BiFMRERLRMEED T
UIERAC R SREAT vy itk vl hE- 2 IS € i1

Jo i, AL T I B X R Y W AR Ak A IX P A
GAEAS B IR S I 29 AR ) SRS . &
XS [RGB T e B KA R 1% i 26 A1 VIIRS 31 B i
B (E2),671 nm XA BB 07 ) HAT 300 X
O3 IR B TR A A A LA . YR B AR
(0 2) B HF VIIRS 4t (& 4d) , & AE 80 mg/
L DU ARRS B A5 (RMSE =9. 1 mg/L) 5 i/ T
80 mg/L B, ¥ B I 46 F K, Al B /N T S 4
(RMSE =23. 4 mg/L). 3X 1] LA M\ 4> £ 5 A7 i
B (1) #E 7 B R FH A 8 77 40 e 3 B 2 20 A
TE 10 ~70 mg/L Ju [l 2 [8],80 mg/L DL b % ¥s 4340
B (A5 25 06 B TR 7 Ry R VT K ARSI P TR
(2) T EBUR A 2ol J™ 4% 1 KRR IE, i R Y 2
R B, H 22 el L ik 2140 (1 238 nm) JBR
ST  (HAE R S B TR KRB K R TR S e 21
AMIE AR BT R R R DO ILAME 5 5 a0
SEIAF 5T LA LB, AR T KR G518, 255 A
(2) AT, AR SRR A T S0 45 5. B 2% R 20 L
IR B TRV BE F2 BEAE 13.33 ~ 110 mg/L il , 1
{E(44.83 +18.44) mg/L, X FEfi B0 RS F
2 TETE SRS R AR, AT 2 A7 R HL AT LA
FHAY. Hofth AR BF 58, 0 3E 52 T 1% 5 35 A L
,@[10.16]'

BN G ERUD will b S NG % T N4 3
555 R = FlIv 00 (14 524G RN B T8 25 R UEA T 40T, 224K
VPN RERIEA [ S S S5 F T AR OE Tk % T U
KA(E7(a)) FREE 5K (E 7(b)) , BRG]
1) 25 SR 2 0] SCPARRAE I 4, e IR AR A 2 W,
B L, 2 Yk B o A A 2R, 2 7E 0 ~ 100
mg/L {5 Fil P, I 52 B X AR S i v, AR IX
AR (AX THEES 5K (K 7(c)) Mg
1%, AN A AR HLAS R4 A AN B B, 25 R 0
RIS URRARE R C TS . B s R R RAEME
B, DR IKIRMG SB RIS, KAUES I
HAR S R A5 5 0, AU E I8 R, JC: A 55U
KA B, FEOE . 18 02, TEA SCSE PR
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I BLIEA T DL 20
3.2 BERYMEERERBRESH

VIIRS T8 45 5 oR , Bt W2 7 vk
TEZF F R A m B AR AL, JF B R
DR N ) i i | o P T = /1 N 1 91
K DX P v, VS T A 5 B 9 X AR A
OYATRE R X AR ) T R 1) I e U R A 5 SR



468 i 5 2 kW% iR 35 %

Emo
430 M\\
£20
210

5]
3905 3315 3325 3335 3345 3355 3365 33.75
2N
()

§)40
i 30
20
=10

0
118.25 118.35 118.45 118.55 118.65 118.75 118.85 118.95
Z%°E
(b)

K6 W) 20122015 AT W) E A0 14 () B2
L, (b) L AL

Fig.6 Mean value of SPM distribution map during year of
2012 ~2015 (a) along latitude; (b) along longitude

2014nn J G
.
E‘ »

0 10 20

5
"t’“ f g
e oy

30 40 50 60 70 80
SPM/ (mg/L)

90 100

K7 VIIRS 52/% RGB K FIfb 4521 (a) % F KA,
(b) 2% 5, (o) 5

Fig.7 VIIRS RGB images and estimated results of SPM in
(a) no-haze sky, (b) low haze sky, (c) heavy haze sky

AR N2 R A A SR T2
23 AR PR W K AR SRR DA O, 1%
Je T DU AR A AL R 22 2 1 L, o A A B
IKE R B A R B AL RE T, DR S TR vk
AR H 2=/ s TAHR L H B 9 oK X Tk A
WK, 2 W, BB B R, 530
TRV R R B R SR,

(1R, ATEITTR 4 ) e 7K B R A T 3, 25
B AR v 0 ) 22 e IR R AR TE A
HEPRI A R 22 BB PR IR VD UKL , S R T A
1 BRI B 7 A L 35 5 (249 50 ~ 60 mg/L 22 [i] ) 5
i) DX 2 P ) 7 R R R AR A /Kl o 53] e o
R O, B P URE 23 Bl K PR IR 2l e 7 1] 2R
AIIERS , ASHR | AR A IR XK, KGR R, 2K IR
PR, FECEIF Y BETE , B LA AR /K A T H Al

XS AT, 5 VIIRS Al 58549 25 [8] 43 A — B (4
60 ~70 mg/L).

4 g

AR SC At ) S0 K 4 D B 18 5 TR R OR R
R 3857 T3E T VIIRS B97EPE] 671 nm PR
W BB IR A R (N =69, R* =0. 74, RMSE =8.
58 mg/L), HIIFE45 Al (N =17, R =0. 72,
RMSE = 11. 98 mg/L) ; 3£ I 8] T 2012 ~ 2015 4f
400 435 VIIRS TEZZ b N TEMBA LS RRE,
23 [T A B, B AR B, S BR G A B
AT TN RV B 7 0 R AU B A R i b 3
T NPT, T LA Sy W 0 3 ) K A B TR AR Ak
(0 X S B 0. Bk b, VIIRS Hods o - ik 3 9 i
7,750 m [Y7S [E] 53 HEARBE S (R K AR AR AL s
I, AHAE VIIRS 75 KA N Bl 10 /K AR PR B F 5 b
HABGFT s F—2 TR, #1: (1) Mg Fir
& VIRS HB K o7 SRR, ik — 20 4 Jie Ho
FIRERL; (2) ings VIIRS 7K (57 &4 55 MODIS 7 i 1)
— P, S VIIRS K458 MODIS T4 A,
g

TR 2E [ B b 2 B 3K 2% ¢ Optical Oceanogra-
phy Laboratory” $2{lt VIIRS %4k 4b 3 5745 5 Jiflf v [
2B i at H RS 1A RIS i WA - R A
LS5 B AL AR 0 5 AR 5 R ) B
A K% (University of Siena) [ Steven Arthur Loiselle
P BB R0 SO 5 I 2% 00 | P S
5 AHIRER (TR HAR | Tk B 45 1 UL ) B A B R
H RS B A

References

[1]Hu C, Le C. Ocean color continuity from VIIRS measure-
ments over Tampa Bay[ J]. Geoscience and Remote Sensing
Letters, IEEE, 2014, 11(5) :945 —949.

[2 ] IOCCG. Mission Requirements for Future Ocean-Colour
Sensors[ C]. In: McClain, C. R. and Meister, G. (eds),
Reports of the International Ocean-Colour Coordinating
Group, Dartmouth, Canada; I0CCG, 2012. 10 —11.

[3] Cao C. Visible infrared imaging radiometer suite ( viirs)
sensor data record (sdr) user’s guide. Version 1.2, 10
September 2013 [ J ]. NOAA Technical Report NESDIS,
2013,142.

[4]Hlaing S, Harmel T, Gilerson A, et al. Evaluation of the
VIIRS ocean color monitoring performance in coastal regions
[J]. Remote Sensing of Environment, 2013, 139(0) ;398 —
414.

[5]Wang M, Li X, Tian L, et al. Evaluation of VIIRS ocean
color products [ J]. Ocean Remote Sensing and Monitoring

from Space, 2014, 9261:92610E —92610E — 15.



o WG LT VIIRS SRR WP (551 51 5 469

[6]Ladner S, Arnone R, Vandermeulen R, et al. Inter-satellite
comparison and evaluation of Navy SNPP VIIRS and MO-
DIS-Aqua ocean color properties[ C]. In; Ocean Sensing
and Monitoring VI, Baltimore, USA: Proc. SPIE, 2014.

[7]ZHANG Yun-Lin, QIN Bo-Qiang, CHEN Wei-Min, et al.
Experimental study on underwater light intensity and prima-
ry productivity caused by variation of total suspended matter
[J], Advances in Water Science (ikiz Mk, ZE1A 3, BifH
R, 55, RIRYHE X KR G BN AR 7 T i R
KRB, 2004, 15: 615 —620.

[8] Doxaran D, Froidefond J-M, Lavender S, et al. Spectral
signature of highly turbid waters: Application with SPOT
data to quantify suspended particulate matter concentrations
[J]. Remote Sensing of Environment, 2002, 81(1) ; 149 —
161.

[9 ]Miller R, McKee B A. Using MODIS Terra 250 m imagery
to map concentrations of total suspended matter in coastal
waters[ J |. Remote Sensing of Environment, 2004, 93 (1-

2): 259 —266.

[10]Feng L, Hu C, Chen X, et al. Human induced turbidity
changes in Poyang Lake between 2000 and 2010 : Observa-
tions from MODIS [ J]. Journal of Geophysical Research,
2012, 117(C7).

[11]Shi K, Zhang Y, Liu G, et al. Long-term remote monito-
ring of total suspended matter concentration in Lake Taihu
using 250m MODIS-Aqua data[ J]. Remote Sensing of En-
vironment, 2015, 164(0) ; 43 —56.

[12] HUANG Chang-Chun, LI Yun-Mei, WANG Qiao, et al.
Bio-optical retrieval model of suspended particles in Tai
Lake using MERIS image [J]. Journal of Infrared Millim
Waves (¥ E AR, oMy, EHF, 55, RMIKMAETEBORL
PIEYDOL AR K MERIS Bffi [ . LI9SR IRF
), 2012, 31(4) :367 —374.

[13]Hu C, Chen Z, Clayton T, et al. Assessment of estuarine
water-quality indicators using MODIS medium-resolution
bands; Initial results from Tampa Bay, FL [ J]. Remote
Sensing of Environment, 2004, 93(3) . 423 —441.

[14] WANG Su-Min, DOU Hong-Shen. Chinese Lakes [ M].
Beijing: Science press ( T 71 &, 218 &. 1 E B E.
LT Bl k) ,1998.

[15]MA Rong-Hua, DUAN Hong-Tao, TANG Jun-Wu. Remote
sensing of lakes environment [ M]. Beijing: Science press
(Thoete Bt v, FE 2. Bk IR, b B
“E AL ) ,2010.

[16]Duan H, Feng L, Ma R, et al. Variability of particulate
organic carbon in inland waters observed from MODIS
Aqua imagery [ J]. Environmental Research Letters, 2014,
9(8).:084011.

[17]Zhang M, Tang J, Dong Q, et al. Retrieval of total sus-
pended matter concentration in the Yellow and East China
Seas from MODIS imagery[ J|. Remote Sensing of Environ-
ment, 2010, 114(2) ;392 —403.

[18 ] Loisel H, Mangin A, Vantrepotte V, et al. Variability of
suspended particulate matter concentration in coastal waters
under the Mekong s influence from ocean color ( MERIS)
remote sensing over the last decade [ J]. Remote Sensing of
Environment, 2014, 150(0) ;218 —230.

[19 ]Kutser T, Metsamaa L., Vahtmae E, et al. Operative mo-
nitoring of the extent of dredging plumes in coastal ecosys-
tems using MODIS satellite imagery[ J]. Journal of Coastal
Research, 2007, 50(50) :180 — 184.

[20] Gordon H. Atmospheric correction of ocean color imagery
in the Earth Observing System era [ J]. Journal of Geo-
physical Research: Atmospheres, 1997, 102 (D14) . 17081
—17106.

[21]Wang M. Remote sensing of the ocean contributions from
ultraviolet to near-infrared using the shortwave infrared
bands: simulations [ J]. Applied Optics, 2007, 46 (9) :
1535 —1547.

[22]LI Bo, PU Pei-Min, HAN Ai-Min. Spatio-temporal corre-
lation analysis of water quality in Hongze Lake[J]. Jour-
nal of Lake Science( 2y, WEHEES, #h2 1. B
MY 25 AH G 40 A, SRR ) ,2002, 14(3) 1259 -
266.



	16HWX04中-2 6
	16HWX04中-2 7
	16HWX04中-2 8
	16HWX04中-2 9
	16HWX04中-2 10
	16HWX04中-2 11
	16HWX04中-2 12
	16HWX04中-2 13

