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THEORETICAL ANALYSIS AND EXPERIMENTAL
OBSERVATION FOR THE EFFECT OF SUSPENDED SEDIMENT
PARTICLE SIZE ON REMOTE-SENSING REFLECTANCE

SHEN Fang, ZHOU Yun-Xuan, LI Jiu-Fa, LIU Xiao-Li
(State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200062 ,China)

Abstract: An experiment for spectral radiation measurement was designed and conducted under the stable-controllable con-
ditions in order to minimize the uncertain influences from in situ measurements in the estuarine water. Sediment particles
from the Yangtze river estuary and the Yellow river estuary, as two typically turbid estuaries in China, were sampled in the
field, and screened and resampled in the laboratory. Furthermore, the quantitative relationships between the suspended
sediment particle size and the backscattering coefficient and remote-sensing reflectance were theoretically analysed. The

effects of the particle size of sediment on remote-sensing reflectance were experimentally observed. The results provide the

basis for the modelling of case-2 waters and the parameterized expression of particle size in remote-sensing models.
Key words: remote-sensing reflectance; estuary and coast; suspended sediment; particle size

Ell

Inf

BT OB R R YR I Rk 6 T BN A
WEBRAZ— RMRA LE™ SRR B %
(SeaWiFs/0C4 . MODIS/OC3M .MERIS/ Case-2 Proces-
sor %) JLF- A% FRIBORLAR 53 JRiAR B A3 AR R UN SR ik
I 5T SR AR . 2 ST IR 22 B L A2 X 1 AR R B R B
B4 BE MR KT 05X 2 & 2 A0 3h 1]
O, B Yk B Bk 2 2 AT 25 JE 59 43 7 194
1 RiA2 AP 598 BB EL 3K, 40 0. 37 ~282um, hifR <
8m FIFURL B R M A YLIE, hife > 100um B Z /R

e 78 B 58 :2008 - 12 - 21, #&[E] F H#B:2009 - 02 - 12

BERYUERL. (U B U E S BB R (SUE M
BT R0 B RO RS, BRI AR AR Ao 1 R A R
RIS R BRI REIRE. ORI S 1]
MR L S 5 R RTE.

2004 LR, MO REFEARERLBEER
YL O BRI RAK R AR RS, R2#TT
KBRS E , 05 2, M S M E NIRRT
EARBEE, ZWMEMHRFBEHORERBENH
BT R RER A BF S B 0 R 5 YT BR
kR, BRI T — A ERE R IR SR, Bk
FZESN BRIETR, BT R BV SLI0 7K AR R & S , el

Received date; 2008 - 12 - 21, revised date: 2009 - 02 - 12

ELTE  BEHA S ARBIFE ST A (105076) ; K 973 1 H (2002CB412403 ) ; H &K B AFFHEINE (40871165)
EEE/N I F1964-) , &, IHTBA, RIS, L, HATAEMN 0T K B EE.



3 W I OB YRR B R S R M B AT 5 L X 169

S4BT (1) A TR) 49y 0 4L A ) S A8 4 A o 1 JRR
SR ST FR R ; (2) AR [ BURDRL AR 43 A {54 B 4 A
R X 8 R S S AR B R M. SR R T DT O T3
K B R BAR S B E.

1 XRS5MEBTTE

1.1 EF5hlim s

STHGSR A 2 A SR B o B O — KV O FR T
OB ER e AT 4. i Tk R AME
Fek, KL BB R ERR ARSI 05, hE
R (DSO) VT TG 217. 8um FE WU /D 2 O 4M 0
12. 1pm, Jt R % 22.4 ~48. 4pm, B 1 K 12. 1 ~
22 4pm, BEREMHRAZ 2R SR ME 2D R
W REERA FRUARME @R #m R, Rl E
30kg. 2P RLBE 5347, FORLAZ 4 A Y R 0. 375 ~
282. 1pum, YEBAZTE 11.7 ~42. 5pm, 5K ERR
VRIS, A R R SR e LL B SRR,

FXF R B Y B Ty HARESE B
YEBMER, 7T 6B R E R 5T RN, %
THEF OBRRUERN LR KX RS, R T
B4 B (1 94 B (118. 80°E / 38. 14°N) , B F
2006 4 5 A U4E S0kg. MO PRV EK L, &
AWM ZRERE, I LR ERBENIIRY
¥ R B B B s, SO R R R B A, R AR
Fok ik B2 ERY.

1.2 ENERIH

FAMUERBARES  AER L, KILO#RE
HEG , ZNOEMEREA. TREAINERSITE
FRRKRIOMGZAVESEN0.904% , E W O &
AVEEERN0.633%.

BT Yo, KILOEERFEH 95% 1952
TYINAE + KAMBKKRE (3% ), IR 5% BT Y
ME/( <1% ) HA NAFHRATY( <3%) .
Fe-Mn BEEET W (1% ) AR B OHERFEE
B 92% WRET PIAE KA, UK EY YN
B(<0.5%) %A (<3%).INfA(2% ) .Fe-Mn B
BERTYW(1%) RIRE(1% ) Y HEHR.

X-FSPR 0 iR, KL OB AR +
T A 4. 17% fFFIG 66.62% . FILH
16.55% %A 12.67% . R LB L5
H 5 4.62% AFFIAH65% FHIRA 16.45% |
BIRA 13.94%.

KRV BN ERARERL, BIA 0. Tum
Whatman GF/F 3 5545 4E g 4831 18, B Milli-Q 3

Bk T HE X EPRERETE, R

VB Vb ORI 42 R P SO B SO 58 , 7k
5 ~10g BESLELA 50ml BBEAR A 10ml 3REE N
10% BYSUVEIK , 8 E 24 /BT RAEBRAB VLR, Z /M
A 10ml % 4% M IRBERNBIE L B S KR
15min 50N 438, ARG BABOCR B {OI 5E .

1.3 XBHRERHE

BRRESMTEREHRARSBEIESRK
TYHNMEE—EE R, BIFST L5 BB Y 2
BLAT B B S B R R S R . X TR AR E
FXTBER G R B, SC R A BURLIR 43 1 O
Xt R IR AR S BB R R B E BT A LL, B SC A 5
FKBHE TR, R G FRLR 0. 04mm K W i Ik
vk, BET I B2 K TF 0. 04mm B A 50K ) A1
/NTF 0. 04mm Y BURLY) B ELA PSR DR 43
BIRESL , SRIE R IF X LRI SE 56 28 B 6 R BE S AT,
R SRR S FHMERR 1 FiR.

X E R AT A OB, S RIS R T
FEFRE 25 3 (B E) B B/MEFA T R4S
B, SR B PR S A LR K R Bk
B .

1.4 XBR5NRFE

KRR S BB H R R A O K TR A
K BB KT I Bk 7E Bk K i B aE S
BHEE, 5 R AEmMY . SR AKX BB E N
B, MR A8 EE ASD /&) ASD FieldSpec FR 3%
ST 23T T 350 ~2500nm £ 5%i% 7
KRR BREMBREEHRERE, IS0 ~
1000nm i FE B BG4 1. 4nm, J6i% 4> BE 34 3nm;
1000 ~2500nm F4E[E]BS N 2nm , Y6i%4r 8% % 10nm.

SCIGHE AT R R B A TG R, R
L.5m JEFER 1.4m BERELE 1. 5m, IR AR
ERERRESNEE, LUR B/ RRE KR AR B/
. LREPEHRE TSV MEsmN, FEER
ZF PR KHEEEARSNTA G, BI200647 A13 |

F1 ERHSHESRERST
Table 1 Particle characteristics of subsamples after resam-

plinng

HENE BN THRS PENE ERHS LRRER)

KIT 40K 0.375 ~76.43um 12.90pm 20.30um  >89.8% ( <0.04mm)
KILOHEBA 0.375~282, Ipm 55.55um 68.81pm >84.1% ( >0.04mm)
F 4B, 0.375 ~69.62um  6.9um 8.186pm >95.4% ( <0.04mm)
EFOEBHR 0.375~282. 1um 40.01pm 52.0lpm  >70.2% ( >0.04mm)




170 AN E5EREER : 28 %

17.19.28.29.30 H XKW XNE N TF 5m/s KRS
AT, W B R bR 9:30 ~ 15:00.

SRR (1) FHME . K meRT, bk
FHHT ASD K i Bk E; (2) IABEK iR
it ASD W& ; (3) BSINVBAE 25¢; (4) BEHEXy 4T,
At AR BT OBS AW B 36 4F, OBS B LT F,
B F OBS RyMIERRH , £ 3, 2 OBS <
(5)phsk ASD fl &, FBtC 5% RAAR B BBt Al ; (6)
FREKE2H(ATERYKRENE) EXLRS
B (3) ~(6) , HEZMELRITR.

RTFBBRRHIER, (o) (RBEARHFR) A
BB ISR EEN RS, FRAEENE
B B RARMEES
L,(6,4,1)
R (6,9,A) TR ()
Hr, 0 WM K EA , ¢ WIF- i 5 KFHASF
ER LA, A K. WERMEEFE: (1)L, (6,
$,A)(Wm™ st nm™ ) HEHH(0,¢) LK
RSP, 5E % R A Lee!” 1 Whitlock ™ 25 A 2 i3
PEE B L, (6,0,0) =L(A) —pL (1) ,HKP L,
(M) R Bk M e S RETER L (L) AREE
BAHERES. K LB SETKESZ KM
VEIER IS5 Y, XUR RIS A 07 T FI R4k 77 5 B B
KRB B 5 A SCR A Mobley!® #iSLi “ ]
wE-BIER” 7k, BP K T W3 B R FF 0 =40°F1 ¢ =

135°, REJEWMET , fREF & A2, WX TAREF

40°, 4N AT {3 K PHAE TS e B/ s p K-S Rt
K2R ST, BT KX TR A R LA
SR R ] B o ARG RE L. AR Mobley 3B SHE T
BRI R B L XS NE <5m/s,p B
{H0.0367; = HAE B =W RALKMHET . .p BAE
0.028. AW /CBENLIRZE, BARIGISZLERES ~ 10
W ()M TFHRBE E; (A) = wl,(A)/R, (1)
Wit BH R (A0 20% BRAR) B ST B2, R,
W AZERERSEF, EMERNXELRE
BMRE;L (L) (Wm™ sr™' nm™" ) ASEIREB R
SHERE. MR R EGTANER, RRER
SRR N SRS AR KR B iR R RS SRR E.

2 gk

Gordon % 233 3838 4 b7 K 58 GG B L 5
TRBRRHHE R, 5EH ¥R (10Ps) X Rt
BAR . BT —BE, ¥ K TR KR
KRB AR E K% BISARE

Aot O T 1 18 HH SR R R IR R R R
_ L b
Rrs - Q a +bb ] (2)

H fRERAE, S5K-REEH 5K
AR QAN EREESREEZ ;o K ERH
WA R B, SRR E S IR BER Kb, KRB/
Ja U R B, SRR YRR DTSR BB vk
AR FEURD N EEBIHEBK A , B B0
L EipeE e e A LT eV E 0 S R A E S
KEBL, BB RER BB EITETHE
ESH.

Xt FHRY S5 G A B R RO S R, Mie 2Ri8
ST BRI I AR AR R A AR 5 5
B RBU AR, AMEE B3R W D FL I BROR B
KL, BA2R D, SR T SHER m = n —in', ST 158
SHRBOATRRN

by = [Qu(m,0)a’N(a)da (3)

o R SRR T Q, = (;2)1 Y (20 +

n=1

1)(=1)"(a, -b,) 1>, RESH "o = ™2 N(a)

_ A
SR I R 737 ek 3

Forget 4% & i BUBLEY 5 [ HUH AT BML R
st —AFRasR

by(1) = =2 [ 0 (DmAD D, (4)
2ppuln D::)
$h R IRL I, PC Wy BRI R, B
# D fBEMRM Junge-type 537

Mie B3¢ % 7 27 38 BN FH M A - e 2 Y
H AR 18 k. Gordon-Morel #UAN 45 B3 T FURLY)
Y& 5 1) BB BT MR ) 5 2R 323K 5 Kopelevich 3K
X4 T/ 5 ROR AR i BUR Y X f5 18] B i 32
BUAAH/NERERAEARENEN TR (G R
AR B A BB B R, KFRRH FEM
F/NARE 43 A (AU 1 B &) B3 K AR AR XT 55
Haltrin-Kattawar # 3, 25 Kopelevich XX 819" &, &
X/ K BURLIE A1 BT B TRER G B T i — 2P S5
ekt

by(1) =1/2b,(A) +B,b, (M)P, + B, ()P, , (5)
Heb b, (1) =5.826 x10'3(§%)4m,

1.7
bo(A) = L 1513(&%@) (mig),



3 o FE A ORR AN R R RIS LR 171

0.08
LD<40pm:u590nm a700nm o 810nm
0.07 tD>40 ym: w 590nm 4700nm o 810nmg 2
0.06 | abdd, &
4 S8%o |
L 005 g & go a
o
% 004 s B ° g
= 0m SO
g s Boade o .
0.02 ag °}° e e
001} ey .’
R >
Ul EeEy
0.01 0.1 1 10
SSClgl*

B BEESUIREREER T BN Y R X B R
ST REF T

Fig. 1 Effects of particle size of suspended sediment matter on
remote sensing reflectance with the suspended sediment concen-
tration( SSC) variations
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Fig. 2 Backscattering coefficients in the case of different
concentration levels for small and large particle estimated from

- the Eq.5
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Fig.3 Ratios of remote-sensing reflectance of small particles to
that of large particles from the experimental measurements and
the estimations based on the model respectively in the case of
two particle concentrations
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