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Fig. 1 Site of the studied river
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Table 1 Location and number of sampling points

EARBEEE Y A 4
A=) SRFE AT AR
20194F7H 201948 H  20194E9H 2019411 A
1 121°24'32"E, 31°9'53"N S v 3 \/
2 121°2420"E, 31°9'40"N J — — —
3 121°24'53"E, 31°10'0"N \ \ y v
4 121°25'37"E, 31°9'55"N J J y y
5 121°26'16"E, 31°9'58"N J y y V
6 121°26'56"E, 31°10'24"N \ y v v
7 121°27'15"E, 31°10'56"N i J y y
8 121°26'36"E, 31°8'35"N J y y \/
9 121°26/34"E, 31°7'42"N \ \ v v
10 121°26'22"E, 31°7'52"N " J y y
11 121°26'53"E, 31°7'56"N J \/ y \/
12 121°25'19"E, 31°7'51"N \ \ v v
13 121°23'34"E, 31°7'39"N J J y y
14 121°22'15"E, 31°5'33"N \ v y \/
15 121922'56"E, 31°4'14"N \ \ v v
16 121°23'13"E; 31°3'41"N J J y y
17 121°23'42""E, 31°3'52"N \ v v \/
18 121°27"25"E, 31°3'56"N \ \ v v
19 121°28'19"E, 31°2'49"N v — y \/

T FORBUR G — SR BRI

2R 25 a o v B 0 R 20 O EE L, RS 1 B 50 mL A S BEAT IR A OE, F R ST
F#% 25 mm, 4% 0.7 pm () Whatman GF/F 3¢ RS £F 4E U8 L, SR 5 U 50 40 i 355 35 0L O 46 96
FLAF G, A —40 C vKAR ThARAFAE I o FF A I B Lambda 1050 XU B4 40 /AT UL 2T 48 53 6 G FE
THEAT , R URIFE LA S mL L, 4 °C G E —%, ZEEUE 40606 EE 43 700 £ 652 nm
1665 nm Ab (W A, I Ages™

Mg a B R IE 25 8 20w i3 M 45 58] (WX (1),

[Chla] = 16'29A665 _8.54A652 (1)
A H: [Chla] A 4R a EWKE, mgm,
2) i GG BE . TR ST X T VL v R BR ], 8 4 as [A] 43 R 8K 5 Y Landsat8/OLI [ level-1

= AR b s JR, BCPE M 36 [E b R JE A )R (USGS)(https:/earthexplorer.usgs.gov/) F #% 15 2 ,
Landsat8/OLI t1 9 NIEBLH A, Ads 4 DAl WOGP B, 1 MIELobgBe, 2 MRILLAM B, 114
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3) Delft3D £ 7l 4y A 4l . Delft3D £ B (1) 7K 2y g A5 B FH 21 (% ot = 22 1 B 8ds © KR F Hb
e . SEMKAL . WA AR . i SR B R SR AR ) I — fk K AR $8 #L (normalized difference water
index, NDWI) #5458, #BRIEIN 0, ORG-S KIRKIRXTF, LRV, ENSH N,
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Table 2 Monitoring station locations
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22 HIERIETFCE
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B, DR, b RSSO OG G A S — P ROIFRRRACER A BT . R DX AS R, DL AR )
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O XA T 6 B SR 5 g ()R TE i PG I N PR A, RN A, M IEE Y R RR s X, R
A 5 7 P e TR S R o ) B R S % Res, st
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A Bl K AR I S 3R a Jo £ R R ) s T R AR A VR U A ) SCRURE ) 1 W R R DG TS RR A, T
FETRRAE G 1 e Bl e Be Al & S B I I R A T AT T ) U8 F U K 440 nm AT 675 nm FfFIE . T
XFF Rl ZK AR, 7E 440 nm B 338 5 23 52 AR R B Y ANE ) BT S I, i 675 nm B I O AR
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60 NEHE , M K AT 38 R i S 1 2 DU B A G S AR R a B R R A OGR4 R a
v R S AT o ISR I SRR B R S DTS B0 TR, 0 A 5 VR B 2 R
E, BRI 44 T RIS R GRR T, R E 1A TR R R, DU IR I 2545 56
IEEIR AR AT, RARRIREEILA 3). Hi, x B AKX @).

In(Chla) = —14.805x* +3.158 2x+2.8816  (3)
4.0 -

Hr. y=—14:805x>+3.158 2x+2.881 6
35t o o o R=06827
x=(Rrs(561) —Rrs(655)) / (Rrs(561) + Rrs (655)) (4) 50l ¢ ¢ RMSE=4.82 mgm™
. ChlafbF0F 4% a IR IE , mgm?; = sl
Rrs(561) ] % i Landsat8/OLI [ %55 3 38 3t (h 0> £l
e K 561 nm) B9 IE ST BT, s Rrs(655) Z sl
A X} [ Landsat8/OLI i 5F 4 @ i (P O3 KN = 0l
655 nm) &b 138 B R, sl 0.5}
Xt K A28 X 5 IR 2R 25 RIS IE B8 25 7 00 pust 03 3 3 o
SSROEHME A5 2 BT i 4% 2K a T ik T x
PIMIXT R 220 031 mgm™, HIrRiRE N 4.82 E2 MRz REREERREREXA
mg-m (JLKE 2), Fig.2 Remote sensing inversion model of chlorophyll

a concentration
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3.1 Delft3D 7k E) 1 1EH 518F

Delft3D J& i1 fif 22 8K < 45 7K 1 W98 fir (WL/Delft Hydraulics) 157 T & i — 25 T E 8 K A9 HL
B, RISl YRR = 2 KRG Bl o KBRS S, Delft3D 3l ad $UA 1 ) B 4k ol i 4R 1 52
W& KB AR E T, E N 4E T 4G 50 BT (Navier-Stokes) J7 B2 B9 LRl F 34T B HCR 2529, H-Efae
PEGF . HEPR H A R B AR S oK B D R ST A%, Delft3D AR T ff A B 15 AR
SRAEAE 2 A& T

TEKEN FI R, BT I VR VTR 43 1290 S <8 A%, BAASRIAR TE M J7 6] 24 4 40 m,
N 7102928 68 mo B K IR S 7E Quickin B i #EATHG(E, R BK T HIE . 7E/K T HIIE % 22 80K
ISR, PEAT HUOE S0 S Ab B, AR BF 0K 0 R BRI R 0.1,

K 2l ) BEPLAE FLOW AL v i 47, 1 U0 a0 A 45 8 9 8504 ok B AR il KB 34 2013 4F 8 1 —
2014 4 7 J 0 ) S s, T iR S 40 8 O ok B SRS 3l 2013 4F 8 H & 2014 4 7 H 1Y
BN KR . B SHORE WK 3, LA HIEBANS E SRR L, R K E
h300s, I B ol R K AL B A X K 2 I3 AL A SR AT R E

BV VLAE S0 AR R AT O, e 52 0 11 BRFT (%) AR AL 25 32 B9 1 52 i, /K sl A4l it A
4 I ) 3 D 3o e SR B, KGR A B YN R YT O B, S [l R T [ SR VL
sl o & 3 71 2013-08-08, 08:00 /K I B YLK VT i sl , Sk, 1d W b s 5208 11 B 3T
0TV TN 5 15:00 ZK G 4h % Sy e ARVE O 1) VLN B sl , G EE /DNs 23:00 K3 58 4 AR

3 BAESHPRLZRREE
Table 3 Model parameter values
ACLRTTHA H (AR RN E R ] BRI K s A RESR AEZENFME R B (ms™) FIEZRE/m  FiE A E/min
2013-08-01 2014-07-01 30 65 1 0.1 60
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L3 — 2 2 B T ST 9 |
KB HBGE R SRR, |
145 SRR K B . AL SR 5 M 45 Me1sN]

BT Eb R 2R DL ] 4 XS S5 AR 48l K A3 7E Statal 5 gy 31°12'N
o Pearson F G HE 40 B, HLMIE R BL 0973, ¢ 3TOINE
18 1% KOV R, I S dseik B 5 R |
KA A I T TR e e R W T S |
T, SR L BIRUK AL /N TSk A, Y7 30°57'N - \
MR 254 0.22 m, \1\“‘6‘%@\"%&(9\%\""’@@,\ ol
3.2 7k Jﬁ Ej] j] 1‘% ?u 5 Eﬁ "lE g (c) 2013-08-08 23:007KiH
7K 5T UL /E Delft3D A5 Y 1) WAQ H5 ke B3 RESHE

SCER, el 2 K AR S AL B Y VT K A Fig.3 Velocity field
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Fig. 4 Verification results of water levels in 2013
TGO Hi L TR SR A, 2013—2014 45 #OH VLAY 3275 §4 30 H S NH;-N F1 COD,,, i DO j&
KAEB RGN E BN KRR Z—, BGER DO, NH,-N F1 COD,,, J/K FEH (1) 48 B S50,

W SRS /K 8l ) 8 oK B AURRG, AR R AR At 138 B P BT Continuity " 45 A 7K A 3 3
(RS IH o 5 “Continuity” Y BT i W 2B IRFF7E—1~1 mg-L™", WIBEWIREA 25 R G2, 4Kk
o i 200 S A S RO K B I 05 2013 4F 8 H & 2014 4F 7 H B9 H DO, NH,-N fil COD,,, ¥,
T 32 5 DU 5% T 11 2 B s T A T30 1 2 ) B

TEFE I K T 7K 5 W A Sy i a5, R AL SR S A K By 52 K BT 2 B AT X T g
iE, Z5HRILIE 6. DO. NH,-N #l COD,,, M E Jr AR 1% 25 70 5 0.53 . 0.16 F1 0.27 mg-L™", AI{E
55 SRS A I 22, (EUBE DL SR ST g5 R AR — B, WS TERE . S 5 R 7R
Statal5 Hfi Pearson AH G P43 #r, DO. NH;-N 5 COD,, i 4H ¢ & %43 0.973. 0.973 5 0.926,
BITE 1% KF L 2% .
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P 7(a) FIf s RO BE 5 4 25 a OB MR B AOBE K, DO AR 3G KA JE &, i Tk b DO £ Bk IR
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JE R AT B, T NH,-N 3500 9 15 00 72 I AR 4 nl A 2R 8m, AR ae s m . priiibag 2 a i
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02-21(~ %)), fEM 4K a i E 5/KFES 8 DO, NH,-N. CODy,, [FHE4#7 0 Keml |, FH 12 J&
SE LR a BRI, F— 2 I RSB i DO NH,-N, COD,,, it %S 4345 (ULE 8). &l 8
(a)(c)(e) } 2013-08-29 1Y ST JE &5 H: . (b)(d)(f) }y 2014-02-21 By S JE &5 . X Fenl 0, & 7 gk
b (2T Sk A8 1R 7 B KRS ECS LS AR K T S B A DT L, A5 A S5 8 i DO 5 NH,-
N BEEILEAL, COD,, BT & S AR,

1l 8 AT, R BIF5 DX A g P 7K 5 2 8500 22 B/ N DL S 38 4R T DO TE K] 8(a) IR T 8] 8(b), ZEMH
2579 2.0 mg-L™'; NH;-N 7E & 8(c) ik F 14l 8(d), ZE{HZI 0 03 mgL™'; COD,, #£ &l 8(e) = T & 8(f), 2
HAR03mg L' XAlfeh T 8 ATt T2 ANEZE, MENKEKRSFEMSE a T RmIkE
ik, MR FRMEER a R E . RHE 4.1 Ry EE P45 58, 8 A 37Kt DO 5 NH-N ik,
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Fig. 8 DO, NH;-N and COD,,, values observed by Landsat 8/OLI satellite
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Water quality analysis of tidal river based on satellite observation and
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Abstract The advantages of continuous space-time coverage by satellite observations and high time resolution
by water quality and hydrodynamic models were complemented and utilized in this study to analyze the water
quality change of the tidal river. Based on the in-situ data, the chlorophyll a concentration of the tidal river-
Huangpu River was quantitatively retrieved by Lansat8/OLI satellite data. The root mean square error between
the inversion data and the measured data was 4.82 mg'm™, and the determination coefficient R* was 0.68. Based
on the Delft3D model, the water quality parameters of the Huangpu River Dissolved, i.e. Oxygen (DO),
Ammonia Nitrogen (NH;-N) and Potassium Permanganate Index (COD,,,), were simulated. Results showed that
the root mean square error of the simulated water level by the hydrodynamic module was 0.22 m, and the
verified root mean square errors of DO, NH;-N, and COD,,, were 0.53 mg-L™", 0.16 mg-L™, 0.27 mg-L™,
respectively. The correlation between chlorophyll a concentration and water quality parameters of Huangpu
River from August 2013 to July 2014 was further analyzed. It was found that with the increase of chlorophyll a
concentration in Huangpu River, DO and NH;-N increased while COD,,, decreased. Based on the correlation
between chlorophyll-a concentration and water quality parameters, the DO, NH,-N, and COD,,, of Huangpu
River were retrieved by using Lansat8/OLI satellite data. It was found that the water quality parameter values
varied greatly with seasons for tidal river. This study demonstrated the great significance to combine satellite
observation with dynamic model for water quality analysis of tidal rivers.

Keywords remote sensing inversion; Delft3D model; tidal river; hydrodynamic; water quality monitoring
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