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EX I

1. MRS B AR P SRR BE, AT 210044;
2. MR B TR F KR BE, Biat 210044

T OE B ERECE TR AR B R KR ARG, KT AR D A E S A S R Th i E S
o AR KIREA e 45 QOPs) ANME IR B 5| AR fk, /KRR I 4T . 1843 Monte CarloJy A HIE B
FHAKTREB TR, S REETFERNFERE LSRG, R P TR ARk E, SRE. 7
450 nm, 550 nmH1650 nmIE KA K EEEA /N T SEMK (B, R0 S ] R AR 3% 0 S A R B0 Y
AXHR RN, TS T HR KR I K (B R AR . 25T AR T . b/afE XK (EAE RS, 45
REM: FEb/aBERIIIEIT , B BB K AR FEE . Mo/l R TINF, AR M 10°48
1E3180°mt, K fEMAELR/NT10%, 1T 20 A R I AR K (E A2 o F)FH SO A R BSOSADUAS [F) I
KACPIK A, ZIEIE IR M 5 BLA TRy AR, 450—550 nmNBLEHER FI5MIME, 550—650 nm
PINIAR S, hd BH B TR A BT, 7K A m R4 1) RO 2 B T I S DR 5 i B B s i A kA . FEIR
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TR [RIB AR AL ) K (s 55 25 I RO A PR A e T AR TR T 1 R 152 22 o
X#iE: Monte Carlo, FUEHAL, BRI, AR, HEFAHRE

hESES: X122 XEiRES: A

51 =3, BITE. 2017, K#HERE TTER B R LA Monte CarloE IR 5317, BREF, 21(5): 715-727
Jiang B and Zhao Q H. 2017. Monte Carlo simulation and analysis of diffuse attenuation of downwelling irradiance
in Meiliang Bay of Taihu Lake. Journal of Remote Sensing, 21(5): 715-727 [DOI:10.11834/jrs.20176349]

1 5 7

MR YGRS L PG, 7Rt B — B K iR
O SR B R R 5 3 RIS AR
W, AT R E(K ) RAE TR T
gL, E—EHE MR (AOP), gt
oK WEME . BENERE, R KIERER
(Jerlov, 1976); JEWF5EHI AN YOG A AEH
F—FRINMEY . b2Ed FE(Platt 45, 1988; Marra
&, 1995), K HAR & AT S B ER . 1 EEE
TR KM S i E B DL B, X
I B BAE T AR 5 K A2 R R &
HAEZ AR b ks B 22 . 0 T e IRE I
B RRYE, 2T RESC T IE R
(K95 A 2 (10Ps) Z 8] 6 R A E = ifF 7T, IF

RS EHEE: 2016-12-12; FEDZA: 2017-04-14

T — R0 Al AR A (Kirk, 1981, 1984,
1991; Gordon, 1989; Liu %, 2002; Lee %%,
2005). T REITA A A G Rt A 7 X k2
5, B MEAUNAETE S B L PRI E T, A
P2 (Wang 55, 2009; PanfllZimmerman, 2010),
] Ay = AR P T 5 R K AR 18 T ek R BT AN ]
5 AN [ETI DX LA B AN [T B 1) 1 e ik R 2
S(OKIER 4, 20035 EER SF, 2009), FEIHE
K (E R E AR TR B L E B s, Bk
Z 1SR BB T TH Y

Monte Carlo /5 ¥ % H—Fhdss b R {6 09 77 4G
R R SR R BUE SR, BRI R ALBR
HOGT MBS, PR L Ak Sk X 107 %) 58 55 RE
i ES e aA RENFEH HMonte Carlo )7 4%
W5 K T 353 7 (Gordon FIMcCluney, 1975;

HE&WH: EEARBFAREGERTS . 41371222); EEE AR LS 20122X07101-010)

E—EEEN:

Z(1990— ), B, BB, BT 0 K AR B g )M A . E-mail: nuist309@163.com

BEEEET: BIRW0972— ), 5, #8%, WRFIAKOY . K6 ISR . E-mail: ghzhao@nuist.cdu.cn


http://dx.doi.org/10.11834/jrs.20176349

716 Journal of Remote Sensing

#2017, 21(5)

Kirk, 1981, 1984, 1994, 2003), {HHF5Ex % T8 &
VS IR KR, A SC BT B S SRR K AR Oy
TS

X1 T SR N Bl e S SR oK e, BT
KIRVEH S BUKERIZ R & B . &R
S5 TCHL A T TIURL ) % 1 19 3 il 5 B4R 0 5
JIT AR A A AR B 180 G 2 I T HO e — 2
TKIEAH A R 22 5 (R 55, 2009), 2 ZS7EAT
FH 8 S A i 155 US40 — S B33 1 K AR 1 12 5 D R
B T B PR B K AR A 2 A o i W SORT A S R
TOUAA X KM RS2, DG T H0 AH pREONT K R ABE4LL
M2 ST 0 . AR SCR -iMonte Carlo J7 2%t
KA L AR T AT 18 R0 R ALK AT,
b5 AN [R] K AR AU B A R B T LB, i
MRV EA FASHOCT %M b/alE 55T, Bl
AH BRBCHT ) L 1) SR A AR AR K (B AR AR Y 52
M, SR ) A FH T R K AR K o S 3 1) 2 0 BT A
RUPRAIE— S B LA

2 Bds5INE

2.1 iEETEUE

KAERE]: 2015-04-17, 2015-04-22, 2015-
05-16, 2015-05-19, 2015-05-21, 2015-06-20,
2015-07-27, 2015-07-29, 2015-08-06, 2015-09-
2612015-10-15, o . RIS rh [E R} 22
Bt AT A 25 P 2% sl AR AR Sk o S0 40 ) A0k B R
I, BALZEHA LN K/, ]
VTR K- FIH Trios/K T GIg A & /K i LT
(R BE , ZAXAS AT [Rl i BT AR A (L)
AR R (E )R AT IR (Ey), D B 31
H}1320—950 nm, HiE/rHEE K33 nm, A ERAE
M1 nm, SR, U REOCE S BERXT R, W
HIRBEW A5 H0—1.5 m, IREEMEIFEH10 cm,
NSRS AL 4G K BH AR i R R 2 B R A . AT
ZWEOLT, Ras @RS T LU B 45 ) R4 4R
B o KA E TR AL, BRSPS A K B B
7 1) K23 18 TR (Eqgiey) » B TR SO AL
RS, AHIAS B K P BB (Egoun) . FHRAHBE T
HRIHE S S RS B EHDER Fl(Mobley, 1994).

2.2 BEBEXZF=EJAOP)HINE

RS R R 2K, 7 1] 5256 2 o AT 4%
L op e e R E A4tk , A BEEY . AW

Ry, AR BB Y R ] A HLY (CDOM)
FEIE I 25 AR PELambert Beer @/, /KRR
SN ISR BORT 7R SR 45 Fh ) T W WA 2R B 2 A
hn(Kirk, 1994)

a(A) = aw(A) +ap(d) + acpom(4) (1)

K, aw(D), ap(h), acpom)ITHNFARAIK, EiF
ORI AT AL RS R

I TR M IR FR O RE

ST IURLY) () W SR FH A2 s BB AR R (QFT)
(Mitchell, 1990). Zfd FHuE B 98— AR K
K, TEEIMHOLETT T MEIERA LR OD(),
B Ja FABOCER TR R R B HA ol TR
PR SR B e, XTI O BE A TR IE (Clevel #1
Weidemann, 1993), AT

221

OD* () = 0.3780D () +0.5230D* (2) )
Krh, OD (W) IIESFOGEE . R G
W e 22 B0 s XA (Cleveland fllWeidemann,
1993)

%U)=2%BX%OD@) 3)

Aob, Vohwad Bk R IATR
4 RIUAL ) A7 R

2.2.2 CDOMWRYL R EHINE

FGF/FfL1%70.22 umAgMillipore /i i i 7K
FE, TESOREETH R e HIOCEE 0D, SR
PN T (Bricaud 45, 1981)
acpom (4) =2.303 % %@) 4)
K, ODQ)RIOCETHEITNCRE, &l
LAY 58 FE OEFE) . FECDOMMR 55 = 1 P Bt 77 v
R A L FE BEAE1—5 ecmN, ARIKESZEKSR 4 cm
eI L AL, Xacpom(D)IEFTHUEALE, BIE2
U0 T (Bricaud %, 1981; GreenflBlough,
1994)

SHUIREDEIE L

acpom (1) = acpom (') —acpom () -2/2° (5)
A, acpom(A) MR IEWR I RS, 2" HEFE
£, — e 700 nmEf #4750 nm.
Ali7K T W 28 3 22 IR BF S B B 2 — A~
BERENME, AR, BIRSRZENS S
T2 e BB (Pope FFry , 1997),
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223 B RFMITE

SV R BT R P A R B, BEK
CIES OB e LT E - N1 ¢ N=
BOGRA5r ARk . R . AR
YIFICDOM), i H Z W CDOMHUST vimk, BHL
SRET RN A

b(A) = by (4) + bpn(4) + ba(4) (6)

A, b)), bW FIbA)sF I REIK | R Bk
Yy RN TCHL A PR ORL ) ) FRCT R A Sk AR &R
BT 2 B8 2 [ SCHR T 46 H A9 80(E (Smith Al Baker,
1981), 3R WURLY) AN TSR P 0 U £ 8800] %
7R FRLSE AR I F S UKLk 1 e AR

b(A) = bpn"(M)Coss +ba" (M) Ciss (7

A, by ()AL (2) 53531 A B67 €0 3% JORE P BT 3R
ORI B TCHLORL ) B R 8, W LU A L)
FNTCAIL o 5 v B %k FURL W) B 3R BGHE AT 0 18
(Snyder %%, 2008). AFRPIFFERLACoss(8X Crss) »
FIHAERZE b, (2) Coss (87, (2)/ Crss) FIAT I
Ciss/Coss(BCoss/ Crss) HEAT LA I (R*=0.7,
P<0.001), EIREY, (b5(0), RIGHHIEREE
2R OB AN TCHLAURL Y 1 R 2R 58

23 EBRBRUKHITE

TR G P B — KR, ARG
RS RE I P TR B AR RO e, R T
T8I AREUK y(2)5E SUH

1 dE4(2)
Eaz) dz

TESL PR R K g (2) I, 388 PR AN KA -
B 8 R AUK 4 2R K y(2)(DareckiflStramski,
2004; Lee %, 2005). TR Bz 4b i 4 IR
Ey(2)) T DL 5 — B TR 2 48 B E o (2 -2
Bl RECR . FESLPRI R, BT XURAEE
3, 0—10 cmMELHS AR 2%, TERT1.2 miE
FEAL, KERSCRREEBOEmdE, FrliX02—1.2m
A TR EE R In(E o(2)) F 8] B Az Pk [ I A 15 21 8
M KN BB R, HHEAXN
(DareckiffIStramski, 2004)

Ka(2) = - ®)

— 1 (E
Ka(zo = 2) = A—Zln(%(zz”))) )

R ELE I AT 31 B9 2% DR L A9 1 A7 e IR B2 5 S
(M AR BREER MG, R MR =097, WEH=

30, KA B GAE BT AT I A VRS —(Mobley,
1994), HAH A [E]450 nm, 550 nm 2650 nm
PG HIAHIC R BT WAk 1,
1 TAWTTERESEENEREINTTERER
HItE R R
Table 1 The linear correlation coefficient between the downward

irradiance by measured under water and the data fited by expo-
nential decay

XL s ] 450 nm(n=10) 550 nm(n=10) 650 nm(n=10)
4H22H 125 0.9787 0.9859 0.9775
SH16H 1044 0.9764 0.9943 0.9940
SHI16H 114 0.9819 0.9938 0.9939
SHI16H 1288 0.9852 0.9951 0.9950
SH21H 104 0.9890 0.9913 0.9911
SH21H 114 0.9898 0.9930 0.9928
SH21H 1244 0.9912 0.9927 0.9895
6H20H 104 0.9919 0.9747 0.9650
6H20H 115 0.9949 0.9946 0.9940
620 H 1245 0.9914 0.9951 0.9940
9H26H 114 0.9129 0.9948 0.9947
9A26H 1244 0.9260 0.9895 0.9860

e AR

YT REIFY A ML TCHLIEURL P ik )
KRR Hbee | FRER TIRNNE, 7Rl
AR,

2.4 Monte CarloFi%x

Monte CarloJy i J& —Ff TS ML Rl HLAh
FEGETT K A U S A e 1) A BB 1, B
A BT P M BE R AT A U — DO EA
S| BUNY SRV K SRS N o BU Y RO U S i
T, B K AR I WSO 5 R0 ) il 2 & A T 45— &R
GIFAE, 2 RIRA BN, A A
A8 KR B B RR R e . A SO g 5 1Y
Monte CarloF2 ¥ 195532 JR B K H SCHk (Leathers Fll
Mobley, 2004). eI H i .5 43 UM HH R B AL
Tizghid .

241 EEHASE

BIUM FH R BOE SR A B e B B(6) 55 B 2R %K
bRYILAEL, HERIE TAEAFRBUN ML . BAL A K
JE bR AT RE R SR 5 0 AT, A — AL B AU eR
B o ARG BIOR AR R ECT LTS O T R 8O O
[6) o 5 SpS R i A 5 v 8 P A ISR AH e R K
T (DFEE T MieHUN BUS sl AR~ BIE B B E R
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#l(FournierflForand, 1994; Haltrin, 1999a);
(2) 355 = AR SRR . Ao A T Petzold
(1972) S I (R HEPE AR AR RIS PRECE I FiMichael 5
N (2003 ) S (14 35 V3 2 ek K A P A IS o BSO8R -
Petzold(1972) Bl i 2 4iE 1 M turbid harborZS Y4
B ERE, MR 514 nm, BT RECH1.8m ',
FE A YUK S0 T SR SR KRR B R BUN T — AN B0
%, HPetzold(1972)Frill i AH L, Michael 5 A
(2003 )WL Fr 7K A V8 e B T vy, SR RCHE Hh A 4R T
SEEREC, O RBUR AR m ', T TA
YORSEKBEM RO E, W2 3K 550 nm, X H
3 B JIURE A R TC A LAk 7 IR 40 R o7 150 F 1 BB
SFERE PRI, IS A R B X R A B Y T
UL A (Mobley 25, 2002),  H Rl %A 5 # X 77
TEAE Y 0 I 1) O HE SR A X 4, Morel(1980) .
Sathyendranath%% A (1989)ifF 75 15 Hi -4 2 1Y Jim [a] 1
SR AE0.5% 547, Haltrin(1999b) B IFSTIA N,
TR S 01 U E R0 0.64% . TCHLAE I TR
Y0 )5 1) B R AE R A X 22 A K, 7K
WAHBIX , PV BT 25 A (2008) ] FH S0 £ A 5 A A )
R I 1) O R, AR RS 1) O R
EIERIN0.2%—3%, DhoRdessE A (2008)HF5¢
400—700 nm Uk ) 5 1) 3SR R 380 L A - 340
0.0320.015, 7= SCHEHR A HI AH pRESOG R A I 5
BORUR 18] BRI 262, Hirp SPRAAR i 25 ik
YT ECE AH pRA
F2 JLAMESHESRM KK b5 b,

Table 2 b and b, of several scattering phase functions

4 bim’) by/b
SPF_th 1.824 0.019
SPF1 9.262 0.033
SPF2 5.366 0.027
SPF3 2.364 0.011
SPF4 3.396 0.005

242 XFIEFTIE
BASHOCEER KB FHS, MiEitE
BORKG AT BRI NEADLF R, §%6F
AR ZE 1 K ST A KRB, B K T S 5 14
1[sin*(6' —¢")  tan*(6' - 6"

= + - 10
"7 sin2(0i + )  tan?(6' +6") (10)

Ko, OO ASHFAPTS f, PHEIR

THRAAE N (1-r)o SGTHRAEIK B 59 FUR AL R
A, OB PR, U SO T
A AL I LA — A B oo (B R B IR AR
w=blc), LT ZURHEIG, JoTHIBE R
— MR, A PRI 107°, A
INT A BGE Bl 0 3 R R e R , 4
WY, BB T —IRAIAER o 75 9 R 1 <R 1
ZI), Sty AGs sy LT
I=-In)/c (11)

A, ETTHENARIBENLEL, CATRERARE. Ot
TRAEREAR )5 18 807 1) 22 K AR BUE , X RAROK
S5 1) A% R, R AR T BT ) bR A R
AL, SBriaE shT e A

sina’ = sinacos 6+ cos asinfcos ¢ (12)
AP, aflla 23 5 0080 . B 5 1) -5 2 E 7 ) 69
S o OF o3 Ry 23 6] RS £ B9 2 B 5 7K 73
L, ORI S B RO G, SR IR AR pR
FEHIUH A B 45 B3 R A1 s A (CDF)P(0),
HHE AN

P6) = 2m jog[z(a) sin(9)dé (13)

4li7k X SPF1, SPF4[HHEZR ZF4r 70 ph KW
B, I P(O) IR —— X 0L 0 2 2 1A 4%
%1, PO EAA A BENLE, FIHAE KRR
O, BRI B B 10000000 |, FEITA
J6F12 338 BR A A TR R R LT AL
AN, AT DU AR R B R A

1.0 f
,
08 |
]
J
06 ; ,.’
a i
o 1
0.4 F i}
il
]
02 |1
0t . . .
0 50 100 150
HUR /(%)
— ik -—SPF1 - SPF4

BT 2K ARG A R ELSPEL, SPR4RYHER
Fig. 1 The CDF of the pure water and the SPF1, SPF4



Z) A RIS T 4718 2 R KU Monte Carlofitl ke 7 719

3 ZERE55T
3.1 1EEIFOIEIE

AR PEMobleyZF A (1993) 472 Hi 16 56 T 48 5
A i SR UL 19 s v 1] R 0 A7 B Y 1 0 .
WA (D) K— K, TTRIREm; (2)7K
OGS R & ] [ 5 (3) A R s 18 552
(DK FHTT B MU CIR EAS K T H60°; (S)AS

KB AR AR BRI B 1 wem T onm 5 (6) 22
s 5P RS AT LA TR s (7) KA A I K
BRI S R . T A SCEZOE AR R
B, LR T Egff . B EE R ANE3 R,
EJ FrRARSCHLE R, E 23 Rmobley?s A (1993)
() SCHR 25 H BUARIE S R . IER3XT L2 R R
A SO 5 SCHER 25 AR 2 SR AR —
., AR A R

R3 AEE R SmobleyFE A (1993)HI LBk RAR LS RATLL

Table 3 The comparison between simulated result and standard result mobley, et al. (1993)

@(=0.2 @y=0.9
TR 2 1 2 1 2 1 2 1
E4l/w'm -nm E2/w'm nm FHRT iR 22/% Egl/wm nm E2/wm -nm FHRT IR ZE/%
1 1.63E-1 1.62E-1 0.62 4.15E-1 4.13E-1 0.48
5 2.25E-1 2.27E-3 0.88 1.86E-1 1.87E-1 0.24
10 1.28E-5 1.30E-5 1.54 6.83E-2 6.85E-2 0.29

32 KEEIMESINERLEER

A 32 FH A S A i TR ELAE 5 T T K AR
— P DA A RS A R R ) 2 S G LR T 1) N A R
ST AT Eg8 R A K KI5 (Gordon, 1992),
TEJ5 R B HF5E T, Mobley%: A (2002)38 i X /K F
e BB AL, 2 IUHC A R 25 S L
Xof IO AN [+] ) J T RO ARE 4 ) 25 e J i PR BE | AR i
Filse B Bt Rk ARk . Lee®5 A (2005) 7 fdi
Hydrolight B ALK {EL I 35 FHAS [R] 64 805 AH oy
BOEATRT LG, RIAEMC . B R BN AR A1 L

T, B A PR 25 5 s 1 K READE ) AR A
A SCABR BB UKL ) 1Y) FRURAH R Bk SPF4, %
ToHLURLY) B AH K% (SPFL, SPF2, SPF3,
SPF_TH). M KFHE M . KA ES 5 K2 184
LU PO AH R KA 25 O 2 4 43 1 R SR
B 2 85 AMonte Carlof B (ELAKRE(E W54,
%5), EHT450 nm, 550 nmA1650 nm 3 ANE Y
Bk, TR TR TR L ) S ATHR B, AR
R TR R R K M, IF S S Y K
1THE

R4 KEBAPRERKHSER

Table 4 Concentration of water components and solar altitude

H 3 IR BH e BE A (A 1200)/(°) TSS/(mg/l) 0SS/(mg/l) I1SS/(mg/l) Chla/(ug/l)
2015-04-17 69.02 43.4—56.5 10.1—11.5 33.3—45.1 7.9—11.2
2015-04-22 70.75 25.8—51.6 72-237 18.5—27.8 12.5—29.9
2015-05-16 77.71 447—51.8 93—10.4 34.4—419 8.18—13.3
2015-05-19 78.38 20.4—252 8.7—10.6 103—16.4 12.8—16.7
2015-05-21 78.75 25.9—32.1 72—83 182—245 15.6—21.7
2015-06-20 82.18 19.5—62.7 9.6—20.2 9.5—44.6 22.7—77.8
2015-07-27 78.10 163—22.7 11.9—18.5 2954 45.5—97.9
2015-07-29 77.60 35.7—53.8 31.7—46.0 58-—93 55.1—181.8
2015-08-06 75.62 64.7—89.6 29.0—59.1 30.5—36.5 148.6—2743
2015-09-26 57.75 432482 10.1—13.9 31.6—343 47—93
2015-10-15 50.45 5.9—54.5 0.3—30.8 5.6—47.6 21.7—151.6
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Table 5 Input absorbing and scattering coefficients and the ratio of sun direct
- W R A (m ™) BRI O R K (m ™) TN R 5 (m ™) KBS o7 He/(m )
450 nm 550 nm 650 nm 450 nm 550 nm 650 nm 450 nm 550 nm 650nm  450nm 550 nm 650 nm

2015-04-17  5.08 1.75 1.09 1.14 2.66 1.66 15.95 14.03 13.44 0.57 0.63 0.66
2015-04-22  3.44 1.20 1.13 1.54 3.06 1.78 14.55 10.96 9.81 0.66 0.75 0.81
2015-05-16  3.69 1.24 1.10 1.85 3.68 2.07 27.44 20.73 17.92 0.59 0.64 0.68
2015-05-19  2.88 0.90 0.86 2.36 425 2.53 11.66 7.97 7.3 0.51 0.56 0.61
2015-05-21 3.48 1.29 1.06 1.43 2.86 1.67 14.17 10.78 9.67 0.69 0.78 0.84
2015-06-20  3.20 1.03 1.04 2.89 5.07 3.41 8.7 5.77 5.95 0.46 0.52 0.57
2015-07-27  3.83 1.05 1.51 2.65 4.20 2.72 2.14 1.28 1.28 0.69 0.77 0.82
2015-07-29  8.12 1.81 2.56 7.34 12.42 9.27 5.13 3.28 3.77 0.66 0.73 0.77
2015-08-06  10.22 3.27 3.70 6.71 12.81 8.96 17.56 12.71 13.64 0.63 0.74 0.81
2015-09-26  6.08 2.12 1.16 2.67 5.15 3.01 24.94 18.17 16.33 0.30 0.34 0.38
2015-10-15  5.68 1.69 1.38 0.01 0.04 0.02 23.48 21.33 17.58 0.50 0.61 0.69

MER2REAEER FORF, O [RAHUR AH
PREL, f# FHMonte Carlo Jy A5 40) A K A 1) 18 52
WERE, BARMIXHRZELEI0% AN o LR K H
A E/NT MK A, 22 R FIT v Bk
IRARKE L, AT K AR SR B 7 W e i o vy, AR
Al T B SEIE LTt AT Je D 45 TC LR 1Y K
S IR A U, Fh O BT A R 25 BRI AE
P T7TH . — SR AR AR pR R A e R 22
S, HH SPF IR A XHR 22 B 11.91%—
20.7%, SPF2XJ L A AHXT 15225 4112.11%—28.53%,
SPF3X} 0] AR X% 22 4 16.45%—38.38%, SPF_TH
X I AR X 1R 2% 4 10.47%—33.68%, SPF 1%} )
U R BRSO R ok, 5 Sl Z Al
FHXSR 2 AR /N e SPF2. SPF3XJ A A5 [ HHlc 4
BERAR U BRAG, BN K (-5 S I B A X 15 22
WG, AT LA O I A 38 5 1 I A 3 )
PR AH R BRI MBS A 25 . R TR KR B
SN A I 28 22 5 0, R AR K AR A9 S 18] O

MR IFRA - — e (S RE %,
2008; FMED 4, 2008; XbAe &, 2012), Hrf
Ly oA N (2008)FEMTF 5T ARG ] HCSH et
S TN KA TR, Firf442nm., 488nm
4b40.017, 532 nmAb40.033, 676 nmib 40.054,
LA OB SE ok E, 450—650 nmilz B X 1] P Y
5 B MR E3% e A . KL, O AH PR A
SPF1SPF_THHE A A9 R K AR K ffE R
BRI ORI AL, O A bR AR B R
EWUAEAELE S, 15450 nm b, AR AH sR R0
FEXF IR 25 Z [ AR ARAR /N, H10.47%—16.45%,
ME650 nm b, X FhiR2E Y KEI20.7%—
38.38%. AR A U Ak 1% MR AT R B S5 2 8 K 1Y)
P, Hb/afEH NS, 450 nmibb/afE)E
H1.25—7.94, 650 nmibb/afEiENE]2.64—11.44,
FERLTI  b/a{E U8 T 6T & AR B = 14 i A
., baHBR, SCFREEMREEZ, BUiE
BUATIRZE R

450 nm 550 nm 650 nm
18 10 -~ 10
L]
16 |
8 -
_ 14 b S8 -
£ £ £
G2t Sl S
SPF1 § 0 L = =
4 L
6 L Y2 1.09X— 136 Y=138X-085 Y=155X-098
R2=0.9439, N=11,P<0.001 ® R*=0.9149, N=11,P<0.001 2F R2=0.9015,N=11, P<0.001
4 LY RE=991%, , 2/ RE-1387% , _ RE=20.7% .
4 6 8 10 14 18 2 4 6 8 10 2 4 6 8 10
HLAL) Ky/m™! T Ky/m™! L Ky/m™!
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18 10 10 -
16
8 -
14 -8 -
£ E £
SPF2 & 12 % 6
& g o 2
= 10 = =
B2 ] K A o4
6L o=120X-151 Y=148X—05 Y= 1.63X—0.68
R=09338, N=11,P<0001 R2=0.9024, N= 11, P<0.001 2+ R=0.9822, N= 11, P<0.001
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Monte Carlo simulation and analysis of diffuse attenuation of downwelling
irradiance in Meiliang Bay of Taihu Lake

JIANG Bo', ZHAO Qiaohua’

1. Acadamy of Geography and Remote Sensing, Nanjing University of Information Science and Technology, Nanjing 210044, China;
2. Acadamy of Hydrometeorology, Nanjing University of Information Science and Technology, Nanjing 210044, China

Abstract: The diffuse attenuation coefficient (Ky) is an important property related to the penetration and availability of light underwater,
which is of fundamental interest in studies of primary production, physical and biological process. The remote sensing estimation of diffuse
attenuation coefficient can reveal the change of underwater light field, which is one of the main ways to obtain the diffuse attenuation coeffi-
cient.

Models developed in the recent decades were mainly based on theoretical and numerical(radiative transfer)simulations. In this paper, a
Monte Carlo calculation procedure has been developed for modeling of the penetration of light into turbid inland waters found at Meiliang
Bay of Taihu Lake. We assume the water optical homogeneously, inherent optical properties (IOPs) do not change with depth, the water sur-
face as a mirror, We can use the Monte Carlo method to simulate the movement process of photons in the water, energy distribution statist-
ics of a large number of photons at different depths, calculate the downward diffuse attenuation coefficient value.

We use several phase function with different backscatter fraction and overall shape as comparison. The results indicate that in the same
condition of sun zenith angle and absorb coefficient (a)scatter coefficient (b), simulated K values appear quite different when choose differ-
ent scattering phase function. Simulated K values based on phase function applied to ocean or slightly turbid waters are less than the meas-
ured values. Within 450 nm, 550 nm, 650 nm band, the relative error between simulated Ky value with phase function that have a backscat-
ter fraction of 0.03 and measured K value is the minimum. The phase function that have a backscatter fraction of 0.03 is more appropriate to
develop a semi-analytical model based on inland turbid lake water than particular normalized phase function used in ocean water. We use the
MC model to discuss the relationship between variation of sun zenith angle and phase function and K value. It turns out under the condition
of high values of b/a, phase function become the main factor to effect the change of K value. When b/a values are greater than 9, the incid-
ent zenith angle changes from 10° to 80°, the rate of change in K values is less than 10%, so the impact of the variation of the sun zenith
angle on the change of K value is negligible. Using a single wavelength scattering phase function to simulate K, values at different
wavelength. It’s found that in more turbid water, when the wavelength are less than 550 nm, simulated values are greater than measured val-
ues, in contrast, when the wavelength are greater than 550 nm, simulated values are less than measured values, which indicate that with the
increase of wavelength, the scattering properties of particulate matter in water appear a variation trend that it’s weaken in the forward scatter-
ing and heighten in the backward scattering.

When we develop the remote sensing model of K; value for inland lake water type. We should consider the difference of scattering
properties of water. Under different concentration of suspended matter and different wavelength, we should consider the spectral variation of
the phase functions and use the phase function with the correct backscatter fraction.

Key words: Monte Carlo, numerical simulation, diffuse attenuation coefficient, zenith angle, scattering phase function
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