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RRIE YR A3 T )7 R A QR A (1)Nechad
PRI (2) 22k B -/3 kU 18 (Quasi- Analytical
Algorithm, QAA); )Mk TT L (4) 2 564 5
i 2% (semi-empiricalradiative transfer , SERT).

Nechad %13 F g b i i X A4 S0 40 dls, vy
T TR TR v B ST Y B Bk A AR, I
B A T2 1 EALIRA . Constantin 45 P44
Nechad %353 Fl T MODIS Il SEVIRI T2 %4, 4
BT 3 AR AT F PRI 25 0 A Rk . QAA LT
2002 4F i Lee 2119} % . Alcantara 221711 Sun 213
N OGS W T A TR R E SO SR . I Ab,
Eleveld % PN i (L5575 10 F T MERIS 804l S it
BT RFEYREE, JF o0t 1 ARG R
FA IR OR vk BE A 520 . Lee A5 S AL A= 9
AL, TR R EIF PR EP Y, Shen 45

x1 INBEEBR

' H@ART/CLE

FIA SERT #5784, >R FH 2k B e 2 SR e 1Al 33073k,
SVH T AT S Ve I R R B TR VR B . 2 i
(AR 52 B B v Y SOTORS B, R IR AR, JF
His TR R 72 e B i K iR v

R, AR SO B3] O 0 B3 S U B0, K 56
T AR VA 2 A3 M R R TR v T KR A
FM A T Landsat-8 OLI 38 BEIE, 2 2
1L 7 W e B B 28 43 A R AR

1

1.1 ARRX

B A FARE T RA X EEN, e,
P AESENIE o B A SV R R S T, AR
fia] ] 11 X ek AR R IR YD . R A B A BIE Y
A 2 T B TR o 4 R 2 5

ASCRAT 2005 48 AF 9 A, 2011 4F 7 A,
2011 4F 12 A1 2015 4F 6 H, fE#W I IX IR LK 35
TR . RN X SCR AR Y 145 a7 BOGISE EdE (O
T 16 />3 A T DG e 4 58 T vk B B AT 129 st o7
(B TR e BB, 1R IR 1 A A dn el 1 TR .

Tab. 1 In-situ data information

KA i ] LR &1 I

129 201548 A, 2011 4F7 AM 12 A SPM. R MR R 56

16 20154 6 H R KE R

/ ’ N RS AR . B K N B R P K i 22
g A WP WK, R R T, Pk 1350,
21 WL £ Ry 400, IR TR AT AR 1R
“ T
| \\/\”K - Ry =Ly, (A)-rLy (2)] pp (A) /7L, (2), (1)
2 h: U FEH1, Low(2), L), Ly()5r i g M gk ik, 2 i
S| e j FREIRASEIE: - e R, X T PR
§' o i WUE 0.022; pp (A) AbRUEN B ST

= 20114E12J] w/ BRSO A 2 FiR. i TREY

* 20154F6]] i I . W B AR Ak, KA B ST 23 0 G TS TR R AR/ s AR
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P BT DX I S I e ol o 141

Fig. 1 Location of in-situ data in the Yellow River estuary
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T4 /NI, FRRPRER o W YK EE a1 22 B DIOK BRI R
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1 323.9 mg/L.
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Fig. 2 Measured remote sensing reflectance of the Yellow
River estuary
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B O X 4, Landsat-8 OLI 22 3T KK IE .

2 HiE
21 ¥oHEE

A SCHR S 129 BRI T B I Yk &
AT AAVE Nechad 1550, QAA HBE#Y | S AL L i
SERT ## . R 5K 15N T Landsat-8 OLI 4,
93] B ] LRI YT A
2.1.1 Nechad 57y

Nechad Jz ji AU U T
AP [15]
SPM=—2PW__ po )
1-py /CP
pW = T[Rrs s (3)

AP(gim’), B°(g/m’), CP(g/m’)h ZEL pulsr ) REIK
FRAELRE Rg(st ) B I BT %

¥ %F Landsat-8 OLI 4 i i B i B, A Sk 3
T Nechad561, Nechad655 Fll Nechad865 — Fia 1k (WL
#2).

) H@ART/CLE

%2 Nechad561, Nechad655 #1 Nechad865 = & 3% f4%
BEH
Tab. 2 Modelparameters of Nechad561, Nechad655 and
Nechad865 algorithms

J/nm AP/(g/m®) B/(g/m®) C*/(g/m?)
561 104.2 3.47 14.49
655 289.29 2.1 16.86
865 2971.9 2.3 21.15
2.1.2 QAA R
QAA FLAIINT:
R (A
rrs( )= S( ) B (4)
0.52+1.7R (1)
u(/i) _ —&ot (80)2 +4gh (/1) :
2g
g, =0.089, g =0.125, (5)
a(865)=ay, (865)=4.6052, (6)
Byy (865) =0.000 283, (7)
u(865)a(865)
865)=——————_p (865), 8
b (865) = Ges) o (869) ®
200 1-1.20xp| 0.9/ (44) 9)
=2. -12exp| -0.9 ——=| |,
g P (559)
865Y
by (550) = by, (865)(%j , (10)

SPM = 72.082h,,, (550)+7.279 2", (11)
R (A) (st )R BB S, (1) (st )AK
TSR a(2) m )R BRI REG a,(4)
(m)SK I REL by, (4) () alK R R R B
by (A) ()R 5 1) B R By RO )5 1)
T REOEIERIE . SPM(mg/L) ik iF M vk J
213 B

ARSCHE T AT AR A fR AR A ) R
Min F,s.tay, (440)>0,a4, (440)>0,b,, (400)>0

e
0.5

F :|: zgg(krs _Rrs )2:| /zzggk\rs , (12)

Ry (5170 Ry s 90 AL 0 52042 51 10 25

BERITE B
AT O 24 T ALk de /M IR ) 4

-1.62
ap, (440)" =0.072| R, (440)" / R, (550)" | . (13)

ag, (440)° = a, (440)° (14)
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by, (440)” =30a,, (640) R, (640)”, (15)
RIS AL AR A0 15~23 45 .

Ry (4) (16)

® T 052+1.7R, ()

Ry = gou(2)+gu(A) 3y =0.089,g, =0.125, (17)

u(A)=b,(4)/[a(A)+b, ()], (18)
a(/l):aw (/1)+aph (/1)+adg (/1), (19)
by (£) = by, (£)+ b1y (£). (20)

ayn (1) =] ao (1) + @ (2)In(ay, (440)) |ay, (440), 21)
agq (1) = age (440)exp[ —S(1-440)],  (22)

byy () = by, (400)(400/2)", (23)
0
y= 2.0[1—1.2 exp[—0.9%ﬂ e
1 (555

Forbby () ()2 B O R ay, (A)(m DA
U WACREG ag, (2) () TEE 59 A L
VIR B S R B R4 LY (CDOM) G 35 4 3%,
LB Y 4(0.013~0.017 nm YO i B A 102 1
FHEN bop(550)FIA L 10, AT IR SPM ¥
2.1.4 SERT #&%!

SERT @AY 4N T
_ afCsg 1201
- 1+8Csg+1+2 8Cgg
Ho R (sr ) B, Cos (g/L) N EIFYIRE,
o, B RNAKSRL, Hrh 655 WBHNSHOK B Tang 2P0
FIRFSE . BRI S HOL K 3.

; (25)

TS

%3 SERT #ES#
Tab.3 Parameters of the SERT Model

Alnm o s
561 0.049 3 35.3352
620 0.065 2 20.471 1
655 0.076 3 11.530 6
709 0.076 10.61
779 0.094 3.502 7

AR SR T 22005 B B S (4 Ak 3y i PORIER
655 B TE T ARGE Y EE, BARD BRI

47 R(620)<0.010, 3£ 561 nm I A SERT A5

47 R(708)<0.018, 1/ 620 nm 7 Bt 1Y) SERT iU

7 Ri(778)<0.023, ¥ 708 nm I BLf) SERT Y

0, R 778 nm JE BLAY SERT FAL,

'm@mARnaf

B 1 AE 2 PR Y A LRI R VD o, Bt
SERT #5748 7o) 1T e B S T
2.2 FikBiEfeid B R

FFHART 5 2 56 U A2 53 B A5 Y g J TR 2
PEZRBRY . EHE 4 iR 2 (Mean Absolute Per-
centage Error, MAPE)., 5 #R1%% (root mean square
error, RMSE)FI°F- 3 L1 {H (RATIO).

MPAE:lz;[1 5 (100%) (26)
n—" i
-
RMSE = ;Zizl(x,-—y,-)z, (27)
1 n X:
RATIO=—Y" | = |, 28
nzz—l[yi] ( )

o n REARAEL x, 2 SPM W EE; y, A I TE Y
SPM ¥ J .

¥ SPM BN T 2017 4F 4 SRS IEZ)G
() Landsat-8OLI 5218, Ki4s B W5 X B - Yk BE
i 25 o3 A 1 o

3 &R
3.1 B
31 AR

FIH 129 1520 SPM Fl R Bk 1 ik Y
P e B, (&1 3 AR R Y SPM 5 S IAE B
M. Nechad561 BIHYFEAL R B X 48(<30 mg/L) 1 L
SEER A TAEL 2462 0 1RV, TSR
U, SRIMTAE T s W BE X BR(>30 mg/L)ETEM S, R A
0.23. RMSE 4 338.7 mg/L., Nechad665 £ 75 i ¢
JEE DX S5l R Hp R R R DX Y S A AR S, E S B
12 262 1 RN, RH 039, RMSE
326.3 mg/L. Nechad865 £5 AU 7 5y ik B DX 3 i) %
YT 2262 0 LZRRAIN, IR X A A A
R*>4 0.82. RMSE 4 232.6 mg/L., QAAS561 HERI/E ik
W P8 DXl S UK B A, A v v AR R DX B
3%, R* 4 0.63, RMSE “N 266.04 mg/L., QAAS61 #
RS RS FEAEAR, R RAT 0.49, BUSIRES 112 48
FERK, TEAE K T S . QAARGS 51 J Je #E JiF
W, BUSEA T 11 KRB, BT Rk
JIE X Sk R v B X SR8 fE 7 152 2%, R* 4 0.87, RMSE
K 229.7 mg/L o SefAMARIRLLE i v i DA RTER VR B 1X
BAFAEBROUS BRES, R4 0.79, RMSE 4 207.5 mg/L,
JC¥ER T OLI F14% . SERT665 H5 A 7 kS E #011K,
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R*>} 0.44, RMSE iA3| T 42 467.14, SERT W alifs AV e BE DX B0, A R VR R DX 51 S
HORE R R* 2 0.76, RMSE %5/, A 1317.13 mg/L. {8 . BICT R iz A N A AR SCIE ISR

10000~ 10 000 10000
—_ o SPM — o SPM - o SPM
2 1ooo— 11 & = 1000 —14 & < 1000}— 11 B
—1:2 ) on % el — 12 ]
) 2T g S EL £ b o
S 100} = 100} & > 100}
> ) 5 . = : :
= & R=023 = g R=039 = S R =0.82
X 10} e MAPE=53.5% X 10F P8 MAPE=51.1% {:f( 10F &3 MAPE=40.7%
§ RMSE=338.7 < X RMSE=326.3 7 L% e RMSE=232.6
RATIO=6.30 RATIO=2.56 RATIO=12
1 : : : 1 : ; ; 1 ; ;
1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000
Nechad561)% {# [f)SPM/(mg/L) Nechad655 5 {# ) SPM/(mg/L) Nechad865 /& {# 1) SPM/(mg/L)
10000 10 000 10 000
[ f
ERTITIA | C S Ll AN
%o - : 6 o
5 1000F— 133 o 5, 1000 135 v 5 1000— 13} %
) 2:1 & 2:1 £ 2:1 g
00,
= 100 > 100} & Z 100}
«“ ) 5 «© 8o «“ S
= 2 R*=0.63 = iy R=049| E R=0.87
= 10p MAPE=403%| £k 10} o MAPE=535.8%| X 10} ” MAPE=51.7%
RMSE=266.04 A RMSE 252 98 % RMSE=229.7
| RATIO=1.15 RATIO=0.3 RATIO=0.98
1 1 1 1 1 L L L
1 10 100 1000 10000 1 10 1001000 10000 o 10 100 1000 10000
QAAS61J i [)JSPM/(mg/L) QAA655 1 BISPM/(mg/L) QAAS65 T {ISPM/(mg/L)
10 000 10 000 - 10000~
- o SPM —_ o SPM — o SPM
= K . = 1:1 1:1
5 1000—1:] 5 1000 — 13} §s S 1000F— 155
E 21 % E 21 %o g 21 &
2 100} e Z 100 &5 Z 100} ,
= 0% = WP k=076 = G R=0.79
= f =(), = g i = =0
3% 10 pEzjgegzqs%;}, Z o 10F e28 s MAPE=70.8% = 10+ og&f‘” MAPE=57.5%
RMSE=42467.14| ~ RMSE=1 317.13 RMSE=207.5
RATIO=0.34 RATIO=1.06 RATIO=1.0
o 10 100 1000 10000 T 10 100 1000 10000 o 10 100 1000 10000
SERT655 S I #)SPM/(mg/L) SERTJZ i () SPM/(mg/L) T SPM/(mg/L)

K3 HERIRCE Y SPMOFISZ SPM HI K
Fig. 3  Scatter plot of model-retrieved SPM and in-situ SPM, (a) Nechad561, (b) Nechad655, (c) Nechad865, (d) QAA 561model,
(e) QAA655 model, (f) QAA 865model, (g) SERT655 model, (h) SERT model, and (i) optimization model

7: a: Nechad561, b: Nechad655, c: Nechad865, d: QAAS561 FiAl e: QAAG655 Fifl | f: QAASGS BiHl, o: SERT655 #if h: SERT i shAki
i b

XEEZE SR, A LI Nechad B Al I e B K AR . N 4(a) B H p,(865)F1 SPM 4E
K, TEARVRE X HUR A NechadS61 B, FEhmik X fhladh—3, p(865)KE SPM Y& JE M8 i b7+, #¢
1R Nechad865 #7437 #7f Nechad 7B AIZ.  SPM=30mg/L 4k i B35 45, Xt 0 po(865) fE
TR FE R e K IR AT %, 42 QAAS61 0.009 55, Ik, Bl p,(865)=0.009 55 xiff: 73 FHH,

I QAAR6S HEHIAHLS 5, HET QAA JrBIFAL, P IE 5 XK 38 Ay AR e B 0 v o e B A K AR, TR AR
3.1.2 B e FE IX IR (1] 4(a) TP 20 26 A2 X 32K F QA AS61 A1

M 3.1.1 RIS SR AT, BT K EGEFEY) 5k NchadSel BERL, 78 i s vk B X (& d(a) P4 gy
W B AR AL VE B K (3.8~2 301mg/L), HL—FEARE X)) R QAA865 FiAnk Nchad865 fifl, M
BT X SPM S . Ritk, ARE S SPM Al 4(bl1, b2)F AT LI, /B8R 2R SPM 5 Sy
SRS TR T QAA FILM Nechad BLM 7 (AR —E0E, BUSEARDA T 1 242
BoiiAy . ULIE 4(a) B BRI ST, (b1)h QAA 4By LA, SPM KT 1000 mg/L 4 PUANHEL S Ab T
FERUR G, (b2) K Nechad 43 B BUAG 36 BIFYMARE, T B R . QAA T

I po(865)H AT LUK B 5% IX 7K 5K 43 S ARk R2 “}7 0.86, MAPE /7 38.5%, RMSE #1 RATIO 43 %1 4
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Pw>=0.009 55 and (b) model validation

a2 p,<0.009 55 Bf, I QAAS61 B, Nechad561; 4 p,>=0.009 55 i}, I QAA865 1 Nechad865

32 BAEEREA
321 REKIELRRIE

FIFH 2015 4F 6 F 5 H I R G, K36 T 2
B i OLI B KA IELS R . B’ 5 A3 Land-
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BRI 4 A )15 20 09 3] 18077 vk BE DU 2= 43 A
B, A O XL T 4 ANuhAL SPM sk B (E
(>1 000 mg/L), JHRHui v e B #RAK T 300 mg/L,
N8 A EUR R R IR (8 A i B 175 [ — 2k

22

K, MEAFRERETER]—/KF EXS H4r#T), SPMIR{E N
0~300 mg/L,

0.20f o
o B443 o
B483 ° c
0.16F o BS6l
3 B655
&= .., o Bs6S
= 0.12 - 1
= 0.08 oy ° R=0.88
" P A MAPE=66.8%
0.04F oo oo RMSE=0.02
5o RATIO=1.02
000 1 1 1 1 1
0.00 004 008 012 016 020
OLLZR A
Bls  ScPEdE S Landsat-8 OLT i 8 S 3 %) L

Fig. 5 Comparison of remote sensing reflectances of mea-
sured and OLI data
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Abstract: The concentration of suspended particulate matter (SPM) in estuarine areas is seriously affected by land
source input, hydrodynamics and other factors, which is of significant concern. In this study, we used 145 groups of
remotely sensed reflectance and SPM concentration data collected from the Yellow River estuary and its adjacent
waters to evaluate the applicability of various models, including the Nechad model, quasi-analytical algorithm
(QAA) model, optimization model, and semi-empirical radiative transfer (SERT) model, to the Yellow River estuary.
The QAA561 and Nechad561 models exhibited higher retrieval accuracy in low-concentration waters. The QAA655
model retrieved a poor result. In low-concentration waters, the Nechad655 model also retrieved a bad result,
whereas the results retrieved by both the QAA865 and Nechad865 models were suitable for middle-high-concen-
tration waters. The SERT and optimization models also demonstrated high inversion accuracy. The use of an indi-
vidual algorithm was not suitable for SPM inversion in the Yellow river estuary due to the wide range of SPM con-
centrations in this area (3.8~2 301 mg/L).Therefore, in this study, we established a segmented model, which ac-
cording to the validation results obtained, performed better than an individual model. According to the error sensi-
tivity analysis, the Nechad and QAA segmentation models are not sensitive to error within 50% of the remote sens-
ing reflectivity and are robust and reliable, and the QAA segmentation model is less error sensitive. We applied the
proposed segmented model to atmospheric-corrected Landsat-8 OLI data to obtain a spatio-temporal SPM map of
the Yellow river estuary, and the inversion results showed similar distribution characteristics to those reported in
previous studies. There are some differences in the magnitudes of the SPMs obtained by the two models, which

implies that the Nechad and QAA models have high applicability and transferability.
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