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(LANZRBHE R M5 23 [ 7 B 27 B8, 1R 75 & 266590)

BE:-E VM- ANFANREEZENASYER, RENEOL X EZFRDKZ (Suspended Sedi-
ment Concentration, SSC) 2 K EH A EZXM N RHE BT LT T EETAEAALEELAHREE
Xo RXETEEMAL SSC Z MK RELTETHT O XAFREIRN SSC REE A (R*=0.80, MRE =
11.0%, RMSE = 1.35mg/L) . 1 By GEE *F &, # 7 % £| 2000-2021 4F 3 7 1 K 48 7 ¥ 4, SSC # bt & 2>
AT EMAAE, FNERMAXETDH T BHTRHEE 2N . HRXKFH SSC E Wz T HH
#¥% (-1.83mg/ (L-a) ); B oA &I N dt 7 3L 7 & A B ARBy % 8 X 18 (452 SSC>20mg/L)
RAEEHTH 48~ 146km Z B, EANBRPAATET O L RDPT BRI AR, KR 5 EFR
WREFEARNGFETRAE, FRAXADHE, AR EEE SSCERFAFEERAEHXRXR (r=
0.66, p<0.01) ; ¥ A 7 H16], TATE T 0 [T K3 M B 4 SSC % R A K & % e A IR, B AR
VhEESHA, AAEADPHENEADZ S EGRERTBREMETEEAXNX R, AKEADPERE
(16dW),®mEKHERX (SSC>200mg/L) R HERFH 13kmy KX E A 25km,

X $#17: GEE ( Google Earth Engine ) “F & ; & J& 5 # 7 O J AP 2T 35 & 3% I8 20 0k &5 K
MEAREE: A

FESHES: X87;,P734.2'31 MXEHS: 0253-4193(2023)08-0178-13
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KA B 77 e U0 ¥k JE ( Suspended Sediment Concen-
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S HLE AT T 0, R IK R A B AL S
A e 55 (] A fof i — 2D I R AU 5L T 200 I
Landsat & 85215 57 + 8K /3 PFA5 15 7 (Soil and Water
Assessment Tool, SWAT), 43§ T 25 7 /K V0 il & 7 4~
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AR H FE AT S, AE K B R v T ELAT B e A
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14 H. 19 H., 20 H. JERHS MODIS {4845 i 5 i
() A VT E (] — 2R ) Y 27 2 5200 %8
2.3 ERHIE

A3 7 SSC i A5 B A ) MODO09GA.061
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GEE( https://earthengine.google.com/) . MODIS i 3 J%
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www.yrce.gov.cn/); S XU XL ] £ 40 ok A b E E R
K4 M (http://data.cma.cn/); 78 Z0K i BCHE I H B A
A RUBE T 4% H50> (Europe an Centre for Medium-Range
Weather Forecasts, ECMWF) i 55 L X & BR AR AR R
43 Bt B8 4E (https://cds.climate.copernicus.eu/), 43 #
FH0.5%
2.5 GEEF8&

GEE i T H 2 %0 3 2 [R50 476 L AL 3 o
B ATAT WAL T e bk ) vz R AE B[R] 51 43 AT K E
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Fig. 1 Schematic diagram of sampling stations in Huanghe River Estuary and adjacent sea areas
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Red box is the research scope in Section 5.3.2
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A SCHAT R P VD SRS FE VRN i F8 Aok 3
7R % 2% (RMSE ), - 41 X} % 22 (MRE) Al 58 525
(R?), iAKW

RMSE = (1)
I Y- X
MRE_NZTXIOO%, (2)
. —\2
> (0-%)
R=—, (3)

> (0%

Ao, Y AR RS B 1 SSC; X, S SSC; N AT
TR R R AR K X RS SSC FHIME .

3 R IRIR VD S AR A

3.1 BERAMNITE

AR SCAU I T A (o) # E SSC 8 Jaf S T84S 78

R T ARBGX — S8, A SO A CIE-RGB % CIE-XYZ

Tz Y A5 A0 - 54 [ B IR B 2% 51 £ ( Commission Interna-

tionale de L’ Eclairage, CIE) i 2 & 4t H (1) 3% — ) 34

fHX. Y. Zo WA 3 A0 0GB (A 5500k

469 nm, 555 nm H1 645 nm) ()61 5255 (Res(h)) 2429,
BRI T

X=27689R+1.7517G +1.130 2B,

Y = 1.000 OR +4.590 7G +0.060 1B,

(4)
(5)

Z =0.000 OR +0.056 5G +5.593 4B, (6)
K, R, G B RIRFE AT IR, g Wik B ik
B
X YR ZH IR UH— 4k 0 Al L, A5 B0

FAAERE (x, ) 24290,
X

=X 7z’ (7)
X
Y= XeveZ (8)

FIFH Wang 25029 382 1 931872, 1R A .
o =arctan2 (y,x') = arctan2 [x—(1/3), y—(1/3)] . (9)
R IE B GRS S %R Res(L) FI1AE % MODIS i Bz 51
ERRGMZE, T @ EMITRGIRE A KIE. A3
i 1 Wang %29, Van der Woerd Fl Wernand® # 1} %)
36 T MODIS Fifi % B i 1R 22 B E J7 ik, Ak
A=33.086 0b° —221.600 0b* + 512.650 0b°—
468.400 00> + 137.270 0b + 4.637 4, (10)

K, b=a/100, HRHE(10) 515 B F 5 0 5
1k
a=a +4. (11)

32 BiFRVERME

T27zﬂﬁﬂ/\@nﬁﬁi&% SSC 3 B s v, &
B 17 20 F A5 5 3k B S 50 40 ek 7 A7 o ) 25
() MODO9GA 5% 8 84l 1545 2 6 52 £, JF 15 SE 4k
i A6y 7 B AR R 5 AN B 10 LA g R AR A T T AR
SRR FE I MERR R . BARBHRE BNk 1 s,
33 BERRVRERES

ASCHT GEEF & R H(3) 2 (6), i [l
SISy S VRN b Rl oSy AN e i)
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Table 1 Measured data information

KA [R5 15 it 1) AR 0 TERICHE 3 o5
201249 H 10H S3. 84, S5, S6. S7. S8, S10, S14
$9. 810, S11, S12, S13
20124E9H 14H S24., 825, 826, 827
20124E9H 19H S15. S18., 823 S1. 82,816, S17
20124F9H20H S19. S20, S21, S22
45+ a
y=1156274.11exp(~0.14x)
N 40 1 R =097, n=17
o 35T
£
= 30
£
8251
2\
= 20
Bogs
i)
Lg 10 [
#® sl
O L 1 1 1 1 1 1 1 1
70 75 80 85 90 95 100 105 110

6% ol (%)

LIS R, WK 2a Fis, 455 EM, £JZ SSC HiH
B ) 38 K 5L G RO N, P A A Ok, B A
R* 7097, BARAK T

SSC =1 156 274.11exp(-0.14a). (12)

[, 4n el 2b s, SE SSC 5 s 114845 21 Y
SSC 3 A A3 A 7E 1 1 By, R? = 0.80, MRE =
11.0%, RMSE = 1.35 mg/L, & B AR SCHE 37 4 42 1 455 7Y
R BE R, R DA B ] BV R VD A A A I

121 b
————— 1:1%%
10 F R#=0.80,n=10,MRE=1 1%

JPE/(mg- L)

4 L] g
s ®
2r T om
ok ! ! ! ! ! !
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A/ (mg L)

2 SSC Jz ALY £ (a) 5 45 9IE (b)
Fig. 2 Calibration (a) and verification (b) of the SSC inversion model
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A SCHT GEEF ARl (1) e 2 1
20002021 4 fT A 1% (3 1005 5%) BB 17 R U0 4 A
SEAL, IR ARGy O3, A5 80 T 22 A DOk 3 11 )
A5 3T 6 Rk TR R VD B AR S ) 40 A (L 3) . AR X
I R VR U VD AR PR AR AL B R, A LR TR R VDU
R T 200 mg/L 1 DX 38l Ay e vk B 1X, T 2002 4F 5 ik
B X AR K, N 6 634.15 km?; 2018 4F 25 ¥k Ji X T AR
i/, 4 1095.34 km?. ARG SSC FAEGETH45 R (& 4),
A DL W22 4F Ok BF 5T X R TF U Vb vk R B B AE
53~128 mg/L Z [A] 22 4k, 1l > (88.08 + 0.04) mg/L.
7E 2002 4E K B 5, A 127.12 mg/L, 2018 4 2 JH T [
KB, F 53.04 mg/L. BF5E X SSC 4E ¥ {H A5 L FL
AR 2 B A U B T R AR A R B G A e R R
H-1.83<0), FHAFEFEAK 1.83 mg/L.

Gyt 2 AR H B BRI a5 R (18] 5), kI
TR ER K A& 1-3 AR 11-12 A, K1 A
BRIV U B Y R 5, O 206.40 mg/L, = ik JE X I
FUH 10 756.02 kn?s B/ A 302 5-9 1, Hrbre A &
TR VD T M A, R 24.82 mg/L, = X 1 AR
M 659.69 km?; 117 4 H Fl 10 H 217 Je Vb & rp 45

IF 5% X 3T 2 VA ok Ak V7 V8 VD R B R T AR Ak B
(1 6), f/ME R 2009 4FH 2, O 14.24 mg/L; iz K{E
H 2010 4E 425, 4y 200.86 mg/L, 22 4F % B 11 K H
A5 30T ¥ S5 Ak VR VR VD VR B T AR OB B R R RN
-081<0), FHFEMPHERGSHIMEAF(2HRE
BAE2 ) MEFIRIRE — K& TEZE(6-8 ) A
BE(9-11 H), (AE A AT

K7 22 AE R WF5E X SSC ZHI(E AL (& 7a &=
P 7d) FIAE 3543 4 (& Te), & BRAT 349 5 vk B IX 1T B
2061.24 km? HZ(6-8 J1)SSC BIE AR, H7 46.28 mg/L,
o v BE DXTE R D T AR B (E ok R X R, LA
1 208.36 km? Bk 7= (9-11 H ) i e i X T AR B S KT
B2 0 TAESME, M 2 621.74 km?, SSC HJ{H ik )
T 7314 mg/L; &2 (12 H 282 ) @k B X R
i KA 10 655 km?, B IF e V0 Vi B 2= 34 1 0 5 >
204.90 mg/L; HF2=(3-5 H ) =i BE A R 4 165.05 kn?,
SSC J{H Ky 88.18 mg/L, — Mk T4 2, = T H %,

I 20002021 4E 1) SSC AR . (. H 1Y
1B 25 (8] 43 A5 B, & AR A [R) 9 B ) RUBE |, BF 521X
SSC =5 [H] 43 A7 S 52 B it XK T 52 XA AR AR, 55
B TE U VD VR B LG R LA A T BT = A U L
B L BT 1T BRI B SR TS P LS .
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Fig. 3 Annual mean distribution of SSC in the Huanghe River Estuary and its adjacent sea areas from 2000 to 2021
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531 HARHWE

AR SCAHE 5 ST AR H4 SSC AT AE [E 1 PA TR k4R 1y
Fek 2 MBS iT e R, &t Pearson AH 564 #r 15 2]
W5 AH 6 2R M 0.07, p > 0.05, PRI 136 B I K 2
5% DX B V7 U V0 1 52 1 A R

A SO A w8 AT ) i 4 AR B 2000-2021 45 A HE
SER BV BB S AE YY) SSC BT i e R, A5 R AnK 8
FIER, A& Vb AR SSC Z [A] (AN SE 2K r 1 0.45,
B EVESHIE] p<0.05, A& 1D RSB X N AR
¥ SSC 7716 o A5 A8 B (0 1E A Sk, (HBLA R T 45
i 5 BT T AR o A U s, T AR VD
Xt BT = A Y AT R 14 5 ) 3 A TR /N, AR
PPl 3 R, Y vb s LABRAT BT 11 S vocs i) DU JR
PBLIX ] (4E34 SSC > 20 mg/L) 7EH B 11 4.8~14.6 km
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Fig. 5 Monthly mean distribution of SSC in the Huanghe River Estuary and its adjacent sea areas from 2000 to 2021
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Fig. 6 Seasonal mean change of SSC in the Huanghe River

Estuary and its adjacent sea areas from 2000 to 2021
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KIA(10 A Z 284 4 ) iR B m A7 Je U ik i 4%
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it (& 10) AT, 25 45 & 00 5% X N B V7 T VD ik 5
FERT R, S48 280 8 f R AH 1 BRAE 2015 4F 12 A
(1.32m), I 445 5 Z 507 e vb vk BE 4/, A A 3%
P B /M BLAE 2014 4F 8 H (033 m), X
SSC & AF 34 U, 53 181 7K VA1 70 39 1] (TR0 PN A 85 ), 45 B Bt
AR F 5 SSCAFAR b H #5 f 3 A% 2 3 1F A G 56
Z, MK R ECH 0.66, p < 0.01; T8 7K 98 70 BA 18], Wi
Z R AH G OC R AR 55, AHOC R A -0.16, p > 0.05,
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Fig. 7 Seasonal mean (a, b, ¢, d) and annual mean () distribution of SSC in the Huanghe River Estuary and its adjacent sea areas

*2 EFRVPREERRERBELE

Table2 Comparison of remote sensing inversion models of suspended sediment concentration

X, el R RMSE MRE/%
BI SSC = exp(0.290 + 47.02.;) 2 0.87 40.57 15.50
IR SSC =0.21 — 40.88X; + 34 419.43X,> -1 85 335%,> *) 0.90 11.20 12.50
B1/B4 SSC = 3.407 x exp(3.708X;) P 0.80 5.06 11.00
B1/B4 SSC=0.493 2 x exp(4.215X,) ! 0.81 475 12.50
« SSC=1156274.11 x exp( - 0.14X;) (A30) 0.80 1.35 11.00
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Analysis of the temporal and spatial distribution of suspended
sediment concentration and its influencing factors
in the Huanghe River Estuary based on GEE

Li Huizhen', Wang Yuchen', Duan Gaoyul, Huang Tue!

(1. College of Geodesy and Geomatics, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: The Huanghe River Delta is an important ecological function area in China. It is of guiding significance
to explore the distribution of suspended sediment concentration (SSC) at the estuary and its influencing factors for
sediment erosion and re-suspension, and the ecological process in the estuary and coastal zone. Based on the rela-
tionship between chromaticity angle and SSC, an SSC inversion model (R*=0.80, MRE =11.0%, RMSE = 1.35 mg/L)
suitable for the Huanghe River Estuary and its adjacent sea areas is established in this paper. With the help of the
GEE (Google Earth Engine) platform, the spatial and temporal distribution characteristics and changing rules of
SSC in the Huanghe River Estuary and its adjacent sea area during the 22 years from 2000 to 2021 were studied,
and the influencing factors were analyzed from two aspects of nature and human activities. The annual average
value of SSC in the study area showed a downward trend (—1.83 mg/(L-a)). The spatial distribution shows that SSC
gradually decreases from near shore to far shore; the diffusion interval (SSC > 20 mg/(L-a)) is only 4.8—14.6 km
away from the estuary, and the influence of sediment from the Yellow River on the current sediment diffusion at the
estuary is limited. The wave and suspended sediment concentration have the same seasonal characteristics. During
the non-water and sediment regulation period, there is a positive correlation between the effective wave height and
the SSC interdecadal monthly average (r = 0.66, p < 0.01). During the period of water and sediment regulation, the
current SSC at the mouth of the Huanghe River and Laizhou Bay is limited by wind speed and effective wave
height, and water and sediment regulation is dominant. During the period of water and sediment regulation, there is
a positive correlation between the incoming sediment coefficient and the area change rate of high-concentration
areas. After the water and sediment regulation (within 16 days), the boundary of the high concentration area (SSC >

200 mg/L) is expanded from about 1.3 km to about 2.5 km from the coast.

Key words: GEE (Google Earth Engine) plantform; hue angle; Huanghe River Estuary and adjacent sea area; suspended

sediment concentration; water and sediment regulation
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