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< 1 BT s Sl i Ry e W T e
FE SR (PR 55, 2011). 19894FH.{k
KE G| AW, 2008 4 2 J5 76 ) 5] 45 2 BlAR &
AP 5K (RenZE, 2019; Wang%5, 2021), FFhA
TYF (BREE . P WD) AL, TR
R A R R g fd R (ERFH 48, 2019; &5
A, 2021) . 20204F 1L AR A A AR BEUR)T AF AR
ITRAE A (LR BACKERHRIE T %) (1
KA HREIEIT, 2020), BRTEIENTERE N
HAAEAKE, X B AR A X R KR Y B
KA H TR, kN E RS BR A kBB, S
U AE K SRR o B B R T A K R R
SIS BR AL, X T A K A B TR S AL
TP LA B e i A B Sy BB

T SR R B R Y Vi M W ) B T
] PN A 2 3 U T R B W Ty T R T —
ZANESE CGIRPETAT 28, 20115 3K 2% %, 2015;
XuZE, 2018; Fernandez— —Guisuraga 2 2020). N
Lymburner 4 (2020) )W JH Landsat 348, ol 1
1984 AF-—2016 4T 8 K ) V. 152 1 Y Hhy 214 ok 8 2548
fb; Wang%§ (2021) FIH Landsats# 1%, REIF5
Br T 1984 4-—2018 4F- H [5] 352 13 Y8 b 1) 47 B AE £k o
SRIAT, XM IR AR N SIS NI, U H R AR
PG bR B S B s o = . BT, Y
15 B 0 8 B W A Y S B T FAE IR (B0
4, 2004; Gao%, 2017; [fifR %, 2018; Shang
40 2020) . HCRWCE] (SchwiederZs, 2022), FRAK
8 (Lopez—Amoedo 55, 2021; Han%, 2021; Zhao
A, 2022), 38 AT AT B S R R AR A A U
HERFEAE, RBCEBRA AL SR, n, BER
% (2018) Rl MODIS A HJ-1B %45, # 4/
WK R JE NDVIB P, Gl 4 NDVI 22 5 {75k
MAcE H B, Schwieder® (2022) #:T Sentinel-2
F1 Landsat #21% , 38 & 5 HF P NDVI 28 FRAE A
TR B, X 2017 4E—2020 4F 8] 44
A = B i S S A 55 S 707 N i I
TN M HLAE B A K SO F, T AR R I b T 3
BARRRRAS o JUIAE TR, A0 A %
2N N BT B R B R AR R R KT, 4
B S A W R Bk . W, R E <2
W, 5 1R AR TC Al 1 A P B
S LA K B J B2 0 B R S By Hh R P ARk .

I, BEEMA L6 TDEME, WG EE
BF PR AL, SEBVE bR A 0 HERR LU

BEXT LA B IR, A SCE 7R B — i T 1
AKX BT B 2h A R BRI Ty vk . DL ]
PR M AFFE X, JET Sentinel-2 Fil [ 7= GF-1 5
&, RhGM AR RN TR, 0% A ROEE
& 00 I e 72 A R ) 2 T X WV B A, SR A
A K I 5 3 PRl Ay PR s B ORI R B B ) A R 7

iR%UO
2 W X A

21 MHRERER

B] W b 57 T Ll AR A8 AR B T B AT
37°38'45"N—37°55'15"N, 119°01'30"E—119°19'45"E
(F 1) SRR IX, DA Kl 2 XU
M B AGK B F S A T B [
12 H—4 A REAK S, s H#EARET, 6 Hf)
TR I A4E, FEZEEI9 A5 10 H—11 A Fh+ mlih,
11 AFEAARKEY, 11 AK—I12 A %) & # e
(A5 %, 2009; Ren%:, 2019). H20084F, T
K F A 39.91 ha ¥ 5K £ 2019 411 4672.38 ha
(Wang 55, 2021) . M fiff ok B 46 K B AR 28 AR 1]
BB, AT UM T 2021 4F 9—12 H 78 # ) 1 JT
T RHUBE Y AR K G B TR, A KRB
HARKFERA AT XS] BIPESELEE (BI1 (b)),
AR SCHE L 2021 AFE ] 11 b 546 K B A XA
oK, W HEBR S . 2021 4 H ALK B4 AR
Y B BT Wang 55 (2021) H ALK H 0 B0 3
fili |25 6 @GR B e (1 (a))s

2.2 HIESHEEmMAE

2.2.1 Sentinel-2 1 GF-1%iiE

Sentinel—2 f2& R K Js il & 1) e i
R ZOb i AR A X I R G, %R S
Sentinel-2A Fl1 Sentinel-2B P i T2 H %, 05T
20154E6 A 23 HM20174E3 A 7 H &8, 84
A AT LASEZER 5 R — UK X H UL 79 S T3 R A 2
T 2608 R AL (MSD), 46 1343 B, s ]
W, 2o, e RUE B A oeis, Ho s
g LLRGE LA 4B R 10 m A HER, HAh i
2439120 20 m A 60 m 43 HEE
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(a) WEFEIX ALK

(a) Location of study area

Bl 1
Fig. 1

"% (GF-1) S v [ &5 43 3 R ) b XL
RYME—B DA, T20134E4 A 26 H k4. %
TPREBH 22 OME NGRS (PMS) 44~
TG L RS (WEV), o PMSAHALAT DAARER S5
HER R 2 m ) B 8 m I 2L, WEFV
ARALAT ISR . 2% 20 M 20 Be AL Y 16 m
ITHERIN 2SR

H ALK FA TR B [B] 7E 2021 4F 9 A 47
E12 A, WD ESEERE, AT T
2020 4FF12021 4F9 H & 12 H Z Al =15/ T 30% 1Y
1911 Sentinel-2A/B 1%, HH1 2020 4F 8 i, 2021 4F
11iE. F1R, 20214F9 H 13 HE 10 H 8 HiH
VA 5 2 551 Sentinel -2 521%, 10 A 13 A& 11 H
12 HIHEAUA 15 Sentinel -2 5445 . 42 1o WL 1] 45
F, EE202149—10 H S8/ 30% 1) GF-1
FA% (3% GF-1 PMS Fl 2 i GF-1 WFV £ 615 5%
%) VE T, %9 A 8 HfENRIAH S, HAbH
HILL I A R v FH R BOR %78 o GF-1 Level-1A Fl1
Sentinel-2 Level—C 4 7351 >k B Hf B 9% I T2 N
FH A FERII AT R Jmy 9 3

2021-12-07 2021-12-07

2021-12-07

1 2021-10-11

(b) S B HR[A]

(b) Photos of field investigations

W XAV B 0 S B PR 4

Location of study area and photos of field investigations

®1 BR2EHESH—SEGESH

Tablel Sentinel-2 and GF-1 image parameters

Hit's  RARMIH] ek SR PERMm Zi % KEL
1 2020-09-08 Sentinel-2 MSI 10 0.13 1
2 2020-09-18 Sentinel-2 MSI 10 0.00 11
3 2020-09-28 Sentinel-2 MSI 10 28.13 21
4 2020-10-18 Sentinel-2 MSI 10 723 41
5 2020-11-07 Sentinel-2 MSI 10 15.50 61
6  2020-11-22 Sentinel-2 MSI 10 12.27 76
7 2020-12-07 Sentinel-2 MSI 10 0.78 91
8  2020-12-17 Sentinel-2 MSI 10 15.55 101
9  2021-09-08 Sentinel-2 MSI 10 0.13 1
10 2021-09-13  Sentinel-2 MSI 10 15.27
11 2021-09-16 GF-1PMS 10 28.13
12 2021-09-22  GF-1 WFV 16 7.23 15
13 2021-09-30  GF-1 WFV 16 1550 23
14 2021-10-08 Sentinel-2 MSI 10 12.26 31
15 2021-10-13 Sentinel-2 MSI 10 0.78 36
16 2021-10-17 GF-1PMS 8 155 40
17 2021-10-23  Sentinel-2 MSI 10 1.77 46
18 2021-10-27 GF-1PMS 8 13.42 50
19 2021-11-12 Sentinel-2 MSI 10 0.08 66

20  2021-11-27 Sentinel-2 MSI 10 0.05 81
21 2021-12-02 Sentinel-2 MSI 10 0.06 86
22 2021-12-07 Sentinel-2 MSI 10 0.05 91
23 2021-12-12 Sentinel-2 MSI 10 0.51 96
24 2021-12-17 Sentinel-2 MSI 10 9.17 101
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222 HIEWmALE

Sentinel-2 $#5 Al GF—1 503 4 7 b BE 4 475
FRSSIE . mHEME . HORAE . HEHRER BT AL AL
1E o FIH Sen2Cor_2.90 4%} Sentinel-2A/B Level -
CEUl AT KA IE, [RIET R QA60 I B X =14
JUHFATHEIEE o M B0 TR W ] v 3R M GF -1
PMS/WEV 483 465 € bn R 50, X GF-1 Bm s A7
B E AR, FEAH FLAASH A58 k47 KA ALIE
B e E B (ZL B R TR R T 0.2) JF4h
GHMMELBRGC-1EB LN BT B E
Sentinel-2 4 25 [8] 73 HF AR AR 47 — 20, ¥ PMS I
WEV 28 FoRAEH 10 m, 358 IR 42 1 503 ek
Z I M E BB = A R N B GF-1 5218
BAEBCHER] Sentinel-2 5218, FeJi X — 5240t
BH — {1k A 9% 48 %L NDVI (Normalized Difference
Vegetation Index) .

223 LHAEHE

98 A BT 2021 4F 10 H 97 F1 2021 4F 12 H %)
FEIR T P UER A, R R B TR RTK i#E A
WFFE XX BAL K B B A HE AT S sl Ay, 5%
HARKEFRIRG (1 (b) 4088 58T
2021412 H 07 H) o SEu s S0 A WL 1 (a) .o
XFTHMELLE AR XS, il FHRERAE R 4 2065 A
HLP4M (Phantom4-M) #Ef7#h# (K1 (b) T
2MEE AT 20214510 H 11 H), RIS 30 m,
WU & 90%, 55 M & 80%, RAEM KGR A
RN 2—4 em.,

3 iR ANSEEL

AR EFBEARE 3N, (1) £T Sentinel-
2 F1 GF-1 1 NDVI A IE FESF NDVIFEE; (2) %
F 2020 4 . 2021 4E I} 2 NDVI 22 S 40 10F 10 1 70
BT BECHEEL; (3) 7R T B i B vl 1% 8 1 Bt %)
TR A BR H R,
3.1 BIENDVI#iE

T GF-1PMS, GF-1 WFV AIHL5 Sentinel-2A/B
MST A% JE25 A I8 1 i) 107 R RSAR 25 1A TRD - PR B
] — )i 5%, GF—1 1 Sentinel-2 {144 ) NDVI 1y
SAFEZES . AR EERE K (23 B
i) U GF-1 WFV Fil Sentinel-2 MSI JC = #1%
XF, LK GF-1 PMS Fil Sentinel-2 MSI JC 7= 514 %

K FH 26 [n] 9 5 6 %) GF—=1 PMS Fll WEV 3K 15 11
NDVI#HF AL IE, f#iH: 5 Sentinel-2 () NDVI R ] fig—
., ZntfEgk, %EE20204E9 H 18 H 3R GF-1
WEV Fl Sentinel-2 MSI 5445 ; #£H 201948 30 H
R GF-1 PMS FIE4E 9 H 3 H ZRHUP Sentinel -2
MSIAGHE AR -

TEWFFE X N 51 B 4000/ ME0T, A0 ilAGoT
GF-1PMS, WFV 3KEU NDVI A [ 25 HE, Sentinel-2
MSINDVI R RS &, #E47 85 /N 3 4kt nl 3 40 A
(X (2)), HJEFH A R E R 1 h
GF-1PMS. WFV 5234538 NDVIEJZH#H1 TR IE .

NDVI,, = aNDVI, , + b (1)
A B, NDVI, H Sentinel-2 MSINDVI, a. b A8
Z¥, NDVI,_, N GF-1 (PMSE WFV) AJNDVI,
e 1E 5 19 GF—1 PMS #1 WEV NDVI 5 Sentinel-2 MSI
PAFHNDVIEC G, A 225 5 1 NDVIZ A5 5L
WES. HTRITHBEAESER, SR
AR ITI S 7 NDVE LGS o ARk R {E
[F] A O B NDVIE P AR AR RRAE , 224500 1R F ik 2k
HTHT G M0 = W E AT et fE . K5, R
Savitzky—Golay (S-G) UEIEZEIRICX NDVI ¥ 25
MRSV, o 38 A = O SRR B T 1 o i A s
%9620214E9 J 8 HZE 12 7 17 HiE H i NDVI I ¥
HiZk (NDVL,,).

32 BEFHREERRERN

321 ZETHEIREL

HACKE R BB bR & AR 9—12 A, MR A
AEARBLE T AT B 22 R 2 fEBr B, NDVI &
PLZHT T BERRRAE . L, 2021 4R X EN, HAE
KEENDVI AR AL RRAE [R] i 52 21 KA 75 FDN
BRI EZm . R T HEBR AT & 2 m, 51 A
2020 4F (B ¥ NDVIAE M bR E NDVIBF P T4k B
KT, e E 2020 4R 453 B AR K W E
T IX NDVI B I(E, 25 B NDVI X #E1T S-G 1§
W A = KBRS AR, AR AR fE NDVI R il 28
(NDVLy) o NDVI,, F036 F 28 3 7% 1Y I 7 7228 Ak Ay
fiE (El2) o X NDVI,y,, MINDVI,, 22z %, 4
BUNDVL, 1148, 38 2 32 i 2 v AR 4B A~ sf [ fr) 1
2s, VR F, AT

NDVI,,(£) = NDVI,(2) = NDVI,,(2)  (2)
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) = NDVI,, (¢t + 1) = NDVI,,(¢), ¢ > 1
0, t=1
A, ofRERFAE], NDVL,, (1) 180400 2021 4F ¢
i Z) 9 NDVI, NDVIL,, (1) 18 & 2020 4 A} %
NDVI, NDVI,(¢) b TR BIZ 4 o 1E 2021 4F ¢ B}
ZIMEF B AR A AR A NDVI T a3,
FIENDVI,, (AR Ze . F (1) SO e IEZINDVI
ALk, F(i) KRF0, RBENDVIL(0)#F (¢,
t+1) WFEIBEA B, FOo)EsR, B
R E . FQ) P iES KT 0B
NDVIL,, () BAT R LTS, Rk Lert Beff Ay
IR B R, Ronh (S, T), Hr,
SR | DR EMRG Y, THRRZIEH
B O(K2) . WA B, 22BE NDVI, B 7
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Fig. 2 Illustration of potential cutting period extraction
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Fig. 3 Schematic diagram of clearing date identification
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Gal /R LERIHHG, 155 GF-1
WEV . PMS A NDVIFE AR50

NDVI,, = 1.1173-NDVI,, + 0.0398  (6)

NDVI,, = 1.0198-NDVI,,, + 0.0269  (7)

cor

4.2 FBRBEBEWRIE

ASCE I AERFST X A #7300 mx300 m F3 ]
TEH N SR SRR (B (a)), AR4ESCHD
LI S H A PR AR, FRIZ IR X H RS A T
SUIRRIE, N TR BRI SRR AR S B AR AT R
WHE] . 5 E KRG R H RIS Lt T, 15
FNRIE MR . R 2 Fis, EAEKFHERR HIR5)0
B S A i ol 88.24% , Kappa 2440 0.87; “F-245751 &
W B A PR B2 43 9 A 86.73% 1 87.29%., 2021 4F
10 A 4 HH PR BEBAR, AN 64.18%, XJEH T
20214F9 30 HA12021 4510 H 8 HAE4 T, =
AP ATEIL R A B ALK R E X, VERR H )
PRIBUZFE R T, 20214812 A 1 HigBRmA/,
FEAR D, DRI ) PRSI . LA i) B i B H
S A o PRDRS B R0 PR B 4 T 73%

119°06'30"E

119°12'00"E

&2 FRBEBRNBE

Table 2 Accuracy of the clearance date detection

- il &l H R 9 HilE P
KiRE1%  KEFE1% KB I% K%
SIS 94.74 7826 | 2021-10-15 84.62  91.67
2021-09-11 9500  86.36 | 2021-10-20 78.72  97.37
2021-09-15 84.62  73.33 | 2021-10-25 91.11  100.00
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Spatial distribution of inundated area
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Dynamic monitoring of invasive Spartina alterniflora clearance via fusion
of Sentinel-2 and GF-1 time series images
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Abstract: Invasion of Spartina alterniflora poses a serious threat to the biodiversity and ecosystem health of coastal wetlands in China.
Many coastal provinces in China have initiated projects for clearance and treatment of S. alferniflora in recent years. The timely and
accurate understanding of S. alterniflora clearance dynamics is crucial in coastal wetland management and decision making. The objective
of this study was to propose a new method for monitoring S. alterniflora clearance dynamics on the basis of dense time series remote
sensing images.

The Yellow River Estuary wetland was taken as the study area in this work. First, Sentinel-2 MSI, GF-1 PMS, and GF-1 WFV images
were fused to construct time-series Normalized Difference Vegetation Index (NDVI) dataset. Second, temporal variations of NDVI were
analyzed, and the potential clearance periods were detected. Finally, tidal inundation was examined and S. alterniflora clearance date was
identified by eliminating the influence of tidal inundation on NDVI time series. The map of S. alterniflora clearance dates with a spatial
resolution of 10 m was obtained for the Yellow River Estuary.

The overall accuracy of clearance dates was 88.24%, and the Kappa coefficient was 0.87. Results showed that the fusion of Sentinel-2
and GF-1 data can effectively improve the identification accuracy of clearance dates compared with the single Sentinel-2 date source. The
cleared area of S. alterniflora from September to December 2021 was 4816.35 ha, which accounts for 92.81% of the total S. alterniflora
region in the study area. Uncleared areas are mainly distributed in the coastal areas of the north shore with complex hydrology and interlaced
tidal creeks. The project was completed in two stages because of the early October flood peak in the lower reaches of the Yellow River. The
first stage was finished between early September and early October, and the second stage was concluded between mid-October and mid-
December, with the majority of S. alterniflora being cleared in early December.

The rapid and accurate observation of the dynamics of S. alterniflora clearance through the proposed method is crucial in the
monitoring and evaluation of S. alterniflora treatment and wetland restoration projects in coastal wetlands across the country. This method is
expected to be applied to the dynamic monitoring and comprehensive evaluation of the effectiveness of large-scale treatment projects.
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