1007-4619(2022)02-0348-10

Sentinel-2 % ££ i [8] 7 51 £l 5 #0 Google Earth Engine
[ 8 (8] T iR IR B Bh 7 2

B, 4R, Fre', BANR’, TFEAM, BE4E°

LR HhBRBL2BE, 1K 130061;
2. MR A MO BB B (R4 LORIARIFSE %), 1 1 571100;
3. P EBLEBE AR LB S0l AR SR T WA S SIS =, KF 1301025
4. FRMER R G R =R TG, R 100101

& OE A DR D A ) T L R A, B R | (RIS AR AR R U
T b 418 00 ] 0 e, R AR 2 S B0 ) Vb, P R4 0 A A Bt o ST i A 80 ) 0 2R A 5 AR T U e
AL NTUEE BESE A S, A5 ET GEE (Google Earth Engine) ~E&HIFA—F Hal . RE ., =4 5 A4
(B RS2 e o %O R SO T S AR I T Sentinel -2 SEARHMERE ; RIS, A3 A [ ) A VR ) 2 SR
e, BT RIOGEREG MAE (MSIC) FMARHRBE (Owsu) @722 A SR 288, [ HZ 7 %)
2020 4F A VL 1T ZLARAR F AR ORAP DA () i SR b AT 402, 15 B0 SRS B2 96.5% , Kappa R¥0CH 095, 1
VLT ZDAR AR DR DX A B 18] A S M A S LD AR AR BRI DR 3 AP T, 1T A0 531 08 82.46 hm®, 218.26 hm” 1l
496.84 hm’, ASBIFSR 1Y J7 1k e % SE I R SR HL 00 E 3l . DRl L SRS E 432, Ko )l A Ay el 0 b P R M
KR EA TR EME,

K Wik, Wb, Sentinel-234%, I JOGIETRES WAL (MSIC), KEHFE L (Otsu), Google Earth Engine
(GEE)

SRR BT, P4 5E, 0k, HAAME, TR0, E1E L .2022.Sentinel-2 5 £ i 8] 7 5 £ #8 #0 Google Earth Engine 4] [8]

National Remote Sensing Bulletin i & 5 4k

TR BRI B 314 3K B IR, 26(2) : 348-357

Cheng L N, Zhong C R,Li X Y, Jia M M, Wang Z M and Mao D H. 2022. Rapid and automatic classification of
intertidal wetlands based on intensive time series Sentinel-2 images and Google Earth Engine. National Remote
Sensing Bulletin, 26(2) :348-357[DOI:10.11834/jrs.20211311]

1 5 5

) B0 s P 2 e v Y A7 R e AR 0 57 [ £1%) ¥ [
PEVE A, SR T b A A R A AR A A B
DXRSZ I 2 X (BRR0RT 46, 2007; AR 5%,
2009; SA, 2012) . RN R b AR Dby Y T D M
W E B RSy, EgERRE R LR e (TR 4,
2010) . FEALAEDNG B (554 %, 2009) . Jin
YA (s 2, 2009) FEBERRIC (fPE
R4, 2015) AT TR AR A EEME- . Ik,
36 2 [ B ) [ 7 o b A Ji AR Ml RN K 77 57 B AT )

Wi BEE: 2021-05-21; FERZAR: 2021-07-31

W R AT s (SKSCHF, 2001), B, A2
FEAR I W TE BT S NS SR, ]
D i, A 5 TN 0 ) W o R B T A 2 A
V) A, P SRR, A A R A, TSI 300 ] el 1
AR B A AR A B2

32 R AR T HE R L T A [ 2 1 b £ Y
FEARAE T AL o e b REE A I A
b ] T3 SR T e 5 (] 53 B 508 SRS O BT T
U QuickBird, TKONOS., WorldView LA & J& A ML AL
P4 (Neukermans %5, 2008; Wang%‘ft, 2004; 14
i AE, 2021), BRI, HRT R IR A M A% AT AR

BEEWE . P EBERE S E SR I (45 . XDA19090123) ; 1 A B & 1R (45 : 20200301014RQ) 5 H I RR# 58 5 4F 1 37

fEE2s (45 :2021227)

E—1EEE A FEOIWE, 1996 4FA4: , L A A-AF 58 A, WF9E )5 1) e i i 1 8% . E-mail : chengln20@mails.jlu.edu.cn
WISIEE T 2RI, 1975 454, Lo, 8052, DF9 0 T o W IR AR 8 Ik S RS 8 R 48 . E-mail: Ixyan@jlu.edu.cn



RS 45 : Sentinel-2 %4 i ] F 51 U4 1 Google Earth Engine i3 ] 47 1 i ek [ 311532 349

PR A5 S AL, A R L ) i ) 5 v i SR FH
S A BAY Landsat 2 %1 5%, Sentinel 241 TR & BGE (4
B A%, 20165 EMG, 20215 Bk 4E, 2016).

Jei SO A T A S A A 1) D e ) P 1) e R
AR, DU v R AR A e A e A B A
T RGO TR 1 B [ 2 1 b 5 5 A DG O
ARk, [N b 3 R T R 1 ) R D T R T
— ZHNFFE . @, Murray % (2012) 4K 3 X Jak 35
VR 4355 3R R T LG 5244 DA a2 I s 7K
N, W F B, HEAT AR U kb D ]
WAER 2 . T oA (2017) @A Landsat 8 Fll
Sentinel—1 %4, 4 8 5 T MNP PR 432
J7 i, WHIR ST DX )T R VE 1 e R AT o i
Wang 55 (2020) ] H B} [6] J¥ 51 Landsat 5218, 71
GEE VP&l 7 —Fh B TR R M 5, Jf
il T 30 m 25 (8] 23 B 3209 v [V I I 3 1A
Murray 5% (2019) F| HIHF [6] ¥ 91 Y Landsat £¢4f ,
fEGEE =P & LI & T askiu B sl . K
K AAFNFA 3 Fh 4 #5556 AR A I R0 4,
FHBEDL AR AR TE ST EAA TR I 8] 77 51 9 42 3K
S, EAE (2020) 456020 R SR
MR, R Sentinel-1/2 TR B, S8 T 2044
M B ALK R A SR

GEE (Google Earth Engine) z°F £ Landsat/
Sentinel &5 1] LA 23 T 4R BRI 38 % R R B AA A 7R 4
ARG SRS, (#45 GEE P nl LLS (8 A9 $2
] FH R 3 B U 1 2 RS BRI, O KRR R
i [i) 7y 1) e S A B A T E R MW ) (Dong 4%,
2016). N, RWFHE (2018) £ T GEE= V&
$2 B MODO9A 1 55 Landsat #5 4k U5 14 B[] 15 571 450
P, X Ik ) ol 0 R VR AT R ) 22 AT 18 JE )
FRAE KA CHEAT T 40 #r s LidE (2019) i iy
Sentinel—2 I ] J7 51] 14 5 — AL AT B i ZOCRAE 2T AR
PR R FR A, AKHE GEE = °F- 15 T Uk R AL R
MR XL FI 32 AT AP 5 Tian % (2020)
TEGEE =V Bk T —M I TR R YIRS
W (Ppf-CM), X FL R EE 2% ) J7 V5 N SCRE )
PLEGPEBE, X 1995 4F—2017 4F rf [ AL 146 K
B A ] A A AR AL AT T RS . XuSE (2021) 38
14 GEEV-6&, #H T HT Sentinel-2 i [8] 515214
MR R A& R s B0k (PVD, IE454 Otsu
B, SCEEE A OK RS A 1 A 55 A X )
Jia % (2021) T GEEF £, i Sentinel-2 %

i, A5G RO TR A WA (MSIC) M1 Otsu
Bk (0A), 22l T 10 m 23 [8] 43 HE R 1 o ) e O
S AL, SR, AT M 2 5T Sentinel-2 Fl GEE
15 I R TR ) 30 3 2R AR .

i b, AWy H PRSI T Sentinel-2 Al
GEE = V-5 il [ala i i (3 3 . =kG B AR,
S —HER, ASCEMLAT 3 G-I (1) g
15 o % AR B Y Sentinel -2 52 R MERR ; (2) HTF
GEE = V-G Ik —Fh A8l Pl . ks BE i Al
WIS BT % (3) LAfR VL i [y
RBFFEIX, BUEIZ T AT

2 BT IX A

2.1 WHREER

ABIFEBIBTFE XSy T LIRS 1 SR
X, P REEENTaEE (B1), 23°54'17'N—
23°57'29'N, 117°23'53'E—117°27'33'E, W34k -6—
8 mo BFGEIX AW MG KU, O, #A L K
WREE . ZAEMEH W, FEWEN
233 m, FRWI2% N 4.66 m. [£971X T 1992 4F ¢k
S, 1997 4 B A ARG X TR A G F SRR
FIX, 2003 4 T E R H SRRAPIX, 2008 4F
I (HEPrEE R H ), B 2360 hm?,
Hr O XA 700 hm?, 28X 460 hm?, S2H X
1200 hm® X PN 0 [0 7 {0 b S R0 eV . 200 AAORn
H AR, S ANX N IR A K AR 3% 5 b 3 - b
BRI (RIS ) o 20 AR b 24 3t 45
TIPSR, e O X R,
A AR FEEESE . Tk, X E AR
K NAR TG ™08, 47 5K B A0 AR Y R
g2 B

2.2 HIBEHEES A

2.2.1 Sentinel-2 &%

Sentinel—2 fl & PR HIAE TR (2015-06 &5
1Y) Sentinel-2A F12017-03 % 1 ¥ Sentinel-2B) , H.45i
TEMEDIEW R 10 d, 4 0 BUR DT E A
3—5 d. Sentinel-2 T 2 # # 19 £ 96 3% 1% 1Y
(MSD), &AM WG . ILLAh BRI LT AMY 13456
B, WEBSHBEEWE L, PEEDIMEE N
JEREAE B IS P L R Rl b W N b K 3R 1
PR AR AR L TR A L. GEE- & nl B 4%



350 National Remote Sensing Bulletin i & 53R 2022, 26(2)

i [A] Sentinel-2 level-1C  (L1C) F1 level-2A
(L2A) AN A PR A 54 7= o o ARF9E PR

23°58'N

23°56'N E

23°54' N (EA
1724E  1I726E  1IT°28'E
MR HResdX  SERKX ALK g
(a) BFFE DX L BR A

(a) Geographical location of study area

) Sentinel -2 ZXIB B2 L2A 7700, &7 oh EEAL S
Zo gyt KA IE 13 2 R 5 5

23°56' N

23°55!

117°27’
o it o HipKi

17°26'E

® JKfk
(b) BAF g 4315

(b) Distribution of field samples

117°25'E
INEM o Mk

K1 BESEIX S e oA

Fig. 1

%1 Sentinel-2 MSLiEESH{ER

Table 1 Sentinel-2 band parameter information

ek LK mm 22 HER /m ik
Bl 443 60 W
B2 490 10 %
B3 560 10 £
B4 665 10 a
B5 705 20 EARul|
B6 740 20 L1382
B7 783 20 L1303
B8 842 10 SITRA/N
B8A 865 20 Zrifd
B9 940 60 TRIRE B
B10 1375 60 Eora
B11 1610 20 JPELTAMN (SWIRL)

B12 2190 20 JEI LA 2 (SWIR2)

222 LHAEHE

SR AT T AR TR T 2020-11-12—25. #F5T
N U RTK-GPS TR AR5 X 47 4= 7 5 25 Al
KA, CSRAHN A B HYIE S, A R
FRA | REWERAL . WL W AL XA
MECAHRIR B - X, SR TE AMLATHA AT A . K

2 PHANTOM 4 RTK K478 AY AT =5 200 m, i)
TS 90%, 570 TS T0%, F 58 WKL 2 6 4

PR S emo WFFE XL 5 14 36 31F A5 2R 45 i 45 [R]
PR WHL IR AR o B2, R A & A N
2004, HParak . HAEKE | REVR 4 60 4,
K204, ZsmEsr A ILE 1 (b)),

Study area and field samples

3 W

3.1 BEERE
B 2 AR A B PR L ERS B R M

W HAEKFRAW A R m s, EEAREL
TIAEE. (1) EFGEERTG, WS Rg%

SEIJT Sentinel-2 FARMEH (TEIL3.37); (2) R
A3 AT IR A5 14t ) B TR PP 51 AR AR, B GE
FROGIERE R, FET MSIC A M, s BTk I P 4K
A 4 o il G U ROK I | e/ NK RS AR VA Kb
BRSSPSR (34795 (3) HT Owu®
TR Z2 SR DR A Sh o B, iy S B 2 )R
RPN TR (FEIL3.575)

32 MSICHEZEMOtsuE ik

GEE APTHEMIE T “imageCollection.qualityMosaic
O 7, B KOETEE BE ik (MSIC) . MSIC
18 3 B — > B B B AR R HE T R, R
WOZAZ oA & P B IR 5 e R B B0 %t . o
B N R A G G BRH E MR R AGR R
2D T AR R TT UL hitps -
earth—engine/guides/ic_composite_mosaic[ 2021-05-21 ],

OtsuBdik, NAHIREKNTT 2 (B 4%,
2019), J&Owsu (1975) F&HA)—Ff [ Shik £ R {E
MARS RO R AR IR BE R, R R 2

/ldevelopers.google.com/

FRCH SRR SR PSR 2 A Ty 25 ek
KNI 2w/ ﬁﬁ@ﬁﬁm%mﬁ AT IE B

A 3 —fEH 2



FERRYE 55 . Sentinel-2 % 4 B} 8] ¥ 51| %4k F1l Google Earth Engine F¢3 [A] 747 1l bR [ zh432 351
PSS ST s s T o y
: 2 // // Sentinel -2} - HHE 45 :
: | Qa0 [
I VAN :
IL Sentinel-2 84 Hi bk 4 |
e —— I _________________________ 1‘ ____________I i'_::::::f:::::l
| 1 |
I mNDWIEAAE A A ND VIR KA B |1 FINDVIER KAE A A I
: I :: |Vmrans |
I BAKHEMAE |1 T2 IR |
| } | ] |
| Otsu (mNDWIHI ) Bt O ARG |
: #  |_BBENDVI | :: v ,
I FekdE N JiEE 11 Otsu (FfANDVIHI{H) I
[ ¢ 2 MR KB 1 |
! wima |~ v |\ O 41*-E#*$:
| o .
| LESESS e Otsu (NDVIH &) :I & |
| 1 [
__________________________ | | R S|

B2 ) v o2 i A 1

Fig. 2 Workflow of intertidal wetland classification

3.3 MESHREZENF Sentinel-2 LK HEI

G T 2 A I Sentinel -2 FARHERR, 50
B LRI EF I ERE S TR BER, Wk
T BSE, 15 GEE F IR 2020 4F 4R T A 7w A
FEIX HY Sentinel-2 L2A 7= ity , HZ BT X HI 46 % 5
W PSR SRR, A QA60 Ui BE 251U
FIHE REAT) s 2% AR I )3 S AR T I R 2 FG o1
2R LUARAG fay i W o BT A I 1] e ) S AR AR G AR
N B 2 AR BT Sentinel -2 528 iR . DA DR
LABIE GEE P & 58, &ibitH, 2020 4F# L
ZLRPAROR AP DX A 5 2R Y g o e UL o g (B
AR A ) Ay 53—68 (3, B 2020 444
QR IT e A B AT 53—68 KA RUE VIS )
2 =901
M Jia %5 (2021) FiDuan%§ (2020) (URFFSELE
R, SRR — 22 F KRR B mNDWI (modified
Normalized Difference Water Index) 3455 732301 &
B M IESNZ AR N TR SRR 2257, TR
T T e R0 A oty 26 /K 8 8 5 TG 1 A — R 22 oK
RFEENDWI (Normalized Difference Water Index) .
T SR A AR S AL SRR R, A
WFFE e I mNDWLFEAT K (A5 B S I. J34h, HE
K CRE B FNME DR ) AR 3 09 UH — b 22 43 il Bl 45 4K
NDVI (Normalized Difference Vegetation Index) 1{H
B KRR B NDVIE, B NDVI RO 46 £

34

GHGEAR, FTH TR /ANKTE (JiadE, 2021).
LA AR ] DAYE SR g K IR 22 52, 18
AT DL 25 B U6 K R 0T P e e MR AR R R, A
SRR W TR 5 K AR 2 S . ARHIFSY E 3R F mNDWI
FINDVI X B A~ 48 B0 £ MSIC & B A%, A it
K (E4 (a) Pk (B4 (0) #1%. A0
e, B R IK A 2 AR AR B 2 44 T i 5 XK T
i R Ve, BVl /MK ISR 3R
()2 RIS XK T A e /N 2 Y L, R e I o

23°56' N % -

23°55'NF

117°26'E 117°27'E

o O (168
EER oMb e 153

B3 2020 AR5 XA RO K B 2 1) 73 Afi

Fig. 3 Spatial distribution of the number of effective

117°25'E

observations over the study area in 2020

TE DX 73 2N PR ELAE K 7 I, AN BT X P
ol R4 ) NDVI S [a] 77 1) 28 A R AR R AT o0 Ao B



352 National Remote Sensing Bulletin i & 53R 2022, 26(2)

S, SRR F F1E % 43 1 HANTS  (Harmonic K NDVI R A E W W H 484k, 6—10 H ,
Analysis of Time Series) XJ £ Ak Fil H. £ K B () HACKE AL T A K B FEBRRAS, ZDREBRF B ARk
NDVI e A7 380 MG AR, 25 s i FNDVI 2 5580/, HAZEN, HALKENDVI

H ALK S LI AR EAT ] AR A ND VIR FFRFAE
CLRARIE SR AAE Y, 4F NDVI{EEL R ; HAE

23°56' N [

117°25' 117°26' E 117°27'
(a) mNDWI i KAEA WRAR

(a) The mNDWI maximum value composite image

23°56' N |

23°55'N

117°25'E 117°26' E - 1°7’
(¢) NDVIEe KA R

(¢) The NDVI maximum value composite image

23°56' N

23°55'N

117°25'E 117°26' E 117°27'E
Wik B ik
(e) MEMRIEK 53545

(e) Classification result of tidal flats and seawater

ERAR, SLMMAEREES .

23°56' N

23°55'N

117°25'E 117°26'E 117°27'E
(b) J# fa) s e KK T

(b) The maximal intertidal water surface

23°56' N

23°55'N

117°25'E 117°26'E 117°27'E
(d) FERIEACAR

(d) Image of tidal flats and seawater

23°56' N [

23°55'N o

117°25'E 117°26' E 117°27'E

(f) A NDVI i KA AR

(f) The negative NDVI maximum value composite image



RS 45+ Sentinel-2 B4 T[] 3 51 44 Al Google Earth Engine 938114 W ek [ 36432 353

23°56'N

23°55'N

117°25'E 117°26' E 117°27"E

(g) LLMPREFEAR TR

(g) Image of mangrove forest and Spartina alterniflora

02}

N N
N\ N
Ht

* JRIRHIZ AR o VEBUR AL AR
A SRR BAEK o JEBE B EAEAK

5 2020 405 X L% 2 A9 ND VAR5 T A 38 % 53 A
(HANTS)

Fig. 5 NDVI time profile and harmonic analysis of typical
pixels in the research area in 2020 (HANTS)

MSIC 53k G AR, BR Rt
SRR R RS E, L EBER I NDVIE T &
B, AR T LR AR B K BEAR ZR A AR
A5 75 B A — s S, AHFFE AT MSIC A B 34 2%
FRE P NDVIL, R, 75 2 i — A8 19 45
B, ZAREUY B KA T LA X A 2T AR R A K
0 3 A A P R 2 AL NDVI R 2k, B
SER T A NDVIAE £, 5 T 11 NDVI 45 i 17
MSIC & Jh, A B AG T MR R R LR AR
HAEKFENDVIHERARMG R, WEIS R, 2R
KRB ND VI AR AE AN B AE K B NDVI AR (B AH 22
R, I, iZ48%00 MSIC & U A% T DU
X 433K PRI AR B, 2% B B AR A 44 AR B 25 S 1
sy (K4 (),

23°55'N

23°56' N [l

117°25'E
| BARpn

(h) ZEAAREAEA F 7 e 4 2R
(h) Classification result of mangrove and Spartina alterniflora
P4 IR G U SR A 37 e L BRAE R

Fig. 4 Composite image of intertidal zone and results of each step of automatic wetland classification

117°26' E 117°27"E

HIEKE

3.5 ETFOotsulyi@EHiEMB oK

3.5 MERFKESE

TEABEGE T, W TR o SO a5 A =2 1A
(R U e I B Vb I oA BT . A, A Otsu 55
Pt B ROKERAZR” B9 mNDWI I BT —(H )
L AR T AR, BIK AR RN E KA,
AT TAE B Kb F K 36 . T mNDWIA 20
I Y T N O N I ES R O | o QTR
()7 DX 3K T A LA . 5 R RN 5K
YR, L, PR B e T BUK AR BE )
JrkiAs R R OKE” (4 (b)), BRIk
PRI, DABR 5 . PR sITA S8 K At
() e T P A s e R, HT )l d KoK
17 HEREE I oK Tg” (E4 (c)), 155
RRWIKEEIXT G (FEMER . K K%
FEBE), 3BAE Otsu FIEPEE ND VT B {2 bR oA bl
B X, RAOOGE “REREKERT (B4 (d),
K Otsu B %F NDVIZEFT A6 435, nlSCBMEvR
FUKIER AB2E (B4 (e)).

352 AMMEERKREMS %

“BoIVKES” (K4 (¢) o, it Osu Bk
PERUNDVIEIE, SRR AR, K5
FH R B BRI X, AR R AR X (40
REMATE ALK L) . B BE I NDVIEEAT MSIC &
B, ARG CRERE 22 SRR (B4 (2).
e, N Otsu ByE T “Hiwh 22 Ry g it
A5 #], VR NDVIECH BB RRE S BE, 52



354 National Remote Sensing Bulletin i & 53R 2022, 26(2)

PLTRAR S T AR E 3502 (B4 (b)),
4 ZR5TE

4.1 EIIAOHMHERP XEERE S LFE

AR 5 I FH SR 2 0 56 UE A a5 X 30 TR0 5 2 5
KA RIATRAE, 1SRRG R 2 PR . W
VR R RS BE B/, KRBT PR BE SRR, —T7
TET 2 PR S A BE A D 3 0246 %o AT L v 0 280
[ Sentinel-2 ¥4l , Bl kLR 1w 73 L4 2 T HAlh

Wiy, o5 — 7 oL 5K AR s AL BE A D
WEVR AT K, 45 5 1 N A Z B IR A3 .
SRR MR B A K B 1 ) DG B2 R ORS BE 138 3
95% L) I, FEH T NDVI AT AR I Y 28 H A
SR KRR 225, Wb T LR 5 KA HE B
R T, Hisad i NDVIHR KA A AR
AL W e A5 B 50 T Z0 AR5 B AR K B A FR R
25, Mo XA MG W B b AR SR
J& 4 96.5%, Kappa Z2E0HK 0.95, FIAR /22,
SRS A s B ARG () — Sk

®2 REEERBESH

Table 2 Classification confusion matrix and precision analysis

eSSl WA HAEAR I EARIP N St i PR BE /% PP RS BE 1%
i3S 54 0 1 0 55 90.00 98.18
HARKE 1 60 0 0 61 100.00 98.36
PINES 5 0 19 0 24 95.00 79.17
EARYIN 0 0 0 60 60 100.00 100.00
Bt 60 60 20 60 200
JERTN Y3 96.5% Kappa Z 4 0.95

4.2 EiTO# 8 R b 25 18] 4 75 $FE

2020 4F F L FZLA AR [ AR PR3 DX 20 A
HACA R MEVR FK AR A T AR 43 00 R 82.46 hm
218.26 hm*, 496.84 hm’F1401.90 hm?, 4k 75 B —
M T ARIREG S B RRBUKRBESEE I, &
LRI AN 2 S8 B A ) K i, [HZOK AR5 2R
AT DVHRBIEA SR B . 6 ATLAE Y, BEIR
YRR XN e 8 BT, A TAORAR . B4
KE SN G, WILH LR, %
A a0 ) P e =57 N 1 =00 2, N o e e A
M AN G 5 MEVR B A, PR VT A e L A
B or A, w0 AR FEBESI AR . B AR A
U, AR HT i S SRR A AT

4.3 MSIC #1 Otsu EH BB

ARIFFHEET GEE = V-1, A4 1 o7 i % 4 i
J¥ Sentinel-2 521§ #E #% , 45 & MSIC 1 Otsu B ik
(MSIC-Otsu), SEBL TSR B A shr2k .
B 5 v 1) 2 1 ) R 3 28 A R TR
3AHE, B Sentinel -2 Hdim 19 EF . A2 fdtn MSIC-
Otsu .15 DL M GEE Wt 8 2 5 =i e T o

Sentinel-2 £ ¥ /9 O B o 78 T I £ 4 b,
Sentinel-2 J& i 25 4y B d i 19 TR B0 . HA

AT I, R R R T A N R AR AR 4R
ML RTRE, RORIE N T AR IR v A A N 5
BIPLZ, Ak T AN W7 3 25 A2 A re) ) T 7 0 i
MR AL T F R J7 5 SRS A0 % 25 (] 20 B R AL
AR Z2 1 25 [ 401, R dosi b TR AR
G HAEEBBUE R, o i A I A B A
JeRIIUEs 3 D e DDA B S

23°56'N

23°55'N

[
117°25'E

117°26' E 117°27'E
L PR SRR MV KAk

Flo LI PRg DX PN Tl e oy 2 45
Fig. 6 Classification results of intertidal wetland in the

Zhangjiang Estuary

Fafdt iy MSIC-Otsu 5.9 . ABF9E 45 & MSIC #1
Otsu B B AT AR (5 2 A 3h . Pl . &k



FEANHE 5% : Sentinel-2 %5 41T 8] /7 5 845 F1 Google Earth Engine [)3] [ H7 ¥ stk [ 2h 70 2% 355

FER 2, EEEA LR 440 E%: (1) MSIC-
Otsu 4= H B2k, 580 10 a] s Y b 53
KA, RKHB T IIGREA . A T35 B
G, B, HAZMHME S (2) MSIC
BILRETBREG G IE, MERERE4
R SEWREGRE, Wald s RRlEGg, 7
— AR 1T DAZE A T2 M X5 A5 i B %) 52 1)
(3) W T ¥ i FURL 8% 79 NDVI 34K F = 59 NDVI,
PR 35 T MSIC B33 6 B S (IS4 nT DLk o
W PR N L AR s (4) ASWFSEE F MSIC &
HEARE TG0 Bk BUR AR AR Tk, %
ARV 1 AR T D B KA AR R G il — =
%, BRI FRIE I B lm il , AU
AT e R 37 4 FH 5 12 18 30 A0 AS 1 2 2 (]
[F] Bof A T T A B 70 J A RE B A A B, Dl i R Y
o AR A T B

GEE M 5 W%l 2 5 =113 R J1 . GEE IR%5
A SCRE R P R ) L I RN G BT TR A RS
Sentinel-2 $UHE 4 7= i, IR FH LB 43 A 2R T
BRI (Gorelick %, 2017), &5 7 18] 45 8 #y
Iy

44 WRAEHAE

T, RS T R A A R R
B, (R AR MERR R T AL 23 7 20 X6) S5 10 0 e =i i
PEEF AR, X 2 A 5 8 75 X6 ) 1] 45 Vi 1
AT R EE R E 2 —; Hk, hT
£ GEE F & X 7] 3k Bt 2017-03 LA J5 ) Sentinel-2
L2A 77, PR TC i S (R B S 32 19 1 st 00 T
Wi, HAZ T Sentinel-2 Z 1 Bl () 25 4] 43 B K
HMELAUIME T 10 m I9EEHL s P934, RIS REM
Rad iR, MRS AR e T W
W LLSR IO 1 8 {5 B; EAh, mNDWIFfANBE
S0 A 1 1) 3 P A T K A VAL T R A it B 3
DX, 3 2 A B 5 350 43 T 7K % B Tt A7 A 4 1 0
F A

5 4 ik

A CHE T GEE V- f 0 B R AR I T
Sentinel-2 SZARHERR , VR A 43 AT 0 (R 7 8 b 114 B 1)
FP VARG IE , EBGE A OGS TR, 454 MSIC
F1 Otsu B804 S BT ¥ V1 10 3 () 3 Y0 s 1 B i [ 3
3, EEBILIN 4L

(1) AWFFEHIEE A MSIC-Otsu 2115 3 (1 57T
12T AR AR R R4 DX PN 1 30 T 0l g B R 43 28
K BE R4 96.5% , Kappa 22400 0.95. 2020 4F-FE 1T
CTZTAAR SRR XN, ZDAAR . T AR v i
(TG A3 4 82.46 hm?, 218.26 hm?F1496.84 hm?.

(2) =B ENT Sentinel -2 FEAR iR, —
D5 TN T ARAS e . SR AR AL
ATRLA B P Y A i RS AR EAR T
— 7T, WL BAEK R SR T O
A5 B o

(3) 454G mNDWI i K AH & BSR4 U K
T FRBES 0 Ty s, AEAMRI IR A . SR K N B 7K
R RS T 84 BIROR . NDVILR KB A B4
RGP IS T METR AR, . KR 2E 55 UNDVI
B KA A ARG 5R T 20 AR5 5 A8 K 5 i R
25, W HEMIEBEE THA ., BT Osu ik
(1) 22 2 UM A 2oy 2SR, ST T RIS DX ]
I Hh PR B2

B OB AMANTXFH AT AN, TE
HFRALLELERLAESHRIAEELAEKE,
EHRRFMEATNE, LARXRFAFTAEAHRZLEH
IR A o 0 S AR

2 % 30k (References)

Bao Y X, Ge B M, Zheng X, Cheng H Y and Hu Y Z. 2007. Seasonal
variation of the macrobenthic community at east tidal flat of Ling-
kun Island, Wenzhou Bay. Acta Hydrobiologica Sinica, 31(3):
437-444 (BBCHT, ¥ W, ARE, BERRL Wl—rh . 2007, M
R B AW Rl K B WS R 9 TR T s s L KR A
%, 31(3): 437-444) [DOI: 10.3321/j.issn:1000-3207.2007.03.021]

Dong D, Zeng J S, Wei Z and Yan J H. 2020. Integrating spaceborne
optical and SAR imagery for monitoring mangroves and Spartina
alterniflora in Zhangjiang Estuary. Journal of Tropical Oceanogra-
phy, 39(2): 107-117 (F i1, % 20 Bk, ZRAE, ™4 #5 . 2020. BE & 2
HOL2FAHI SAR FAAF M TR LI LD AR 5 B AR R REIE IR W) . 44
HHFVESAAR, 39(2): 107-117) [DOI: 10.11978/2019063]

Dong J W, Xiao X M, Menarguez M A, Zhang G L, Qin Y W, Thau D,
Biradar C and Moore III B. 2016. Mapping paddy rice planting ar-
ea in northeastern Asia with Landsat 8 images, phenology-based
algorithm and Google Earth Engine. Remote Sensing of Environ-
ment, 185: 142-154 [DOI: 10.1016/j.rse.2016.02.016]

Duan Y Q, Li X, Zhang L P, Chen D, Liu S and Ji H'Y. 2020. Mapping
national-scale aquaculture ponds based on the Google Earth En-
gine in the Chinese coastal zone. Aquaculture, 520: 734666 [DOI:
10.1016/j.aquaculture.2019.734666]



356 National Remote Sensing Bulletin i & 53R 2022, 26(2)

Gong P. 2021. Intelligent mapping with remote sensing, iMap. Journal
of Remote Sensing, 25(2): 527-529 (£l . 2021. % 2 i Jgk il &l
(iMap). 324, 25(2): 527-529) [DOI: 10.11834/jrs.20211010]

Gong P, Zhang W, Yu L, Li C C, Wang J, Liang L, Li X C, JiL Y and
Bai Y Q. 2016. New research paradigm for global land cover map-
ping. Journal of Remote Sensing, 20(5): 1002-1016 (‘& %, 745,
AR, AN, A, BRI, A SRR, (L. 2016 2k
i e T 55 i U 9B T XL B R 2R R, 20(5): 1002-1016) [DOI:
10.11834/jrs.20166138]

Gorelick N, Hancher M, Dixon M, Ilyushchenko S, Thau D and Moore
R. 2017. Google earth engine: planetary-scale geospatial analysis
for everyone. Remote Sensing of Environment, 202: 18-27 [DOI:
10.1016/j.rs¢.2017.06.031]

Hu J D, Zheng B H and Wan J. 2009. Studies and application of an as-
sessment model of the habitat function degradation in the intertid-
al wetland. Research of Environmental Sciences, 22(2): 171-175
(WA 2R, HS P, J0%¢ . 2009. 35 1]l T 4t 195 S8 1t 1) B AL
JP BRSBTS R 2 BT S, 22(2): 171-175) [DOL: 10.
13198/j.res.2009.02.49.hujd.011]

Jia M M, Wang Z M, Mao D H, Ren C Y, Wang C and Wang Y Q.
2021. Rapid, robust, and automated mapping of tidal flats in Chi-
na using time series Sentinel-2 images and Google Earth Engine.
Remote Sensing of Environment, 255: 112285 [DOI: 10.1016/].
rse.2021.112285]

Li HY, Jia M M, Zhang R, Ren Y X and Wen X. 2019. Incorporating
the plant Phenological trajectory into mangrove species mapping
with dense time series sentinel-2 imagery and the Google earth en-
gine platform. Remote Sensing, 11(21): 2479 [DOI: 10.3390/
rs11212479]

Meng W, Wan J and Lei K. 2009. Comparison of substance exchange
function of the intertidal wetland in Bohai Bay. Marine Science
Bulletin, 28(5): 7-12 (& ff5, J7I&, FE4 . 2009, ¥ 153 4] o 15
iy TS DI RE A 17 R UL . VR AR, 28(5): 7-12) [DOL: 10.
3969/j.issn.1001-6392.2009.05.002]

Murray N J, Phinn S R, Clemens R S, Roelfsema C M and Fuller R A.
2012. Continental scale mapping of tidal flats across East Asia us-
ing the Landsat archive. Remote Sensing, 4(11): 3417-3426 [DOI:
10.3390/rs4113417]

Murray N J, Phinn S R, DeWitt M, Ferrari R, Johnston R, Lyons M B,
Clinton N, Thau D and Fuller R A. 2019. The global distribution
and trajectory of tidal flats. Nature, 565(7738): 222-225 [DOI: 10.
1038/541586-018-0805-8]

Neukermans G, Dahdouh-Guebas F, Kairo J G and Koedam N. 2008.
Mangrove species and stand mapping in Gazi bay (Kenya) using
quickbird satellite imagery. Journal of Spatial Science, 53(1): 75-
86 [DOI: 10.1080/14498596.2008.9635137]

Otsu N. 1975. A threshold selection method from gray-level histo-
grams. Automatica, 11(285-296): 23-27

Shi B W. 2012. Sediment Dynamic Processes Over Transitional Zone
of Salt Marsh-Mudflat on Eastern Chongming Island, Yangtze Es-
tuary. Shanghai: East China Normal University (324415 . 2012. &
TS BURMERR T — LM Pt DO B D i el oe . bl 42

ENIREvNES)

Tian J Y, Wang L, Yin D M, Li X J, Diao C Y, Gong H L, Shi C, Me-
nenti M, Ge Y, Nie S, Ou 'Y, Song X N and Liu X M. 2020. Devel-
opment of spectral-phenological features for deep learning to un-
derstand Spartina alterniflora invasion. Remote Sensing of Envi-
ronment, 242: 111745 [DOI: 10.1016/j.rse.2020.111745]

Wan J, Meng W and Zheng B H. 2010. Study on assessment method of
function degeneration of stable shoreline in inter-tidal wetland.
Marine Environmental Science, 29(4): 594-598 (JT 1%, #fh, 8
JE . 2010. 91 (B R AR E 7 R REAR AL PP O 5T . TR ER
55 Rl 29(4): 594-598) [DOI: 10.3969/j. issn. 1007-6336.2010.
04.032]

Wang L, Sousa W P, Gong P and Biging G S. 2004. Comparison of
IKONOS and QuickBird images for mapping mangrove species
on the Caribbean coast of Panama. Remote Sensing of Environ-
ment, 91(3/-4): 432-440 [DOL: 10.1016/j.rse.2004.04.005]

Wang X X, Xiao X M, Zou Z H, Chen B Q, Ma J, Dong J W, Doughty
R B, Zhong Q Y, Qin Y W, Dai S Q, Li X P, Zhao B and Li B.
2020. Tracking annual changes of coastal tidal flats in China dur-
ing 1986-2016 through analyses of Landsat images with Google
Earth Engine. Remote Sensing of Environment, 238: 110987
[DOI: 10.1016/j.rse.2018.11.030]

Wang Z H, Xin C L, Sun Z, Luo J H and Ma R H. 2019. Automatic ex-
traction method of aquatic vegetation types in small shallow lakes
based on sentinel-2 data: a case study of Cuiping Lake. Remote
Sensing Information, 34(5): 132-141 (YEBUFE, =174, S, &
1L, BoeAE 2019, Sentinel-2 £ 4k ¥ /N 11 7K A6 AE W S HE
A 42 B —— IR BRI o ). 32 IR A ., 34(5): 132-141)
[DOI: 10.3969/j.issn.1000-3177.2019.05.022]

WuY Q, Xiao X M, Chen B Q, Wang X X and Li X P. 2018. Phenolog-
ical remote sensing monitoring of salt marsh vegetation in
Yancheng intertidal wetland in recent thirty years. Jiangsu Agri-
cultural Sciences, 46(16): 264-270 (S W36, 1 i W, B #5 42, T
R, A 2018, 3T 30 45 Hh I 18] 415 8 £ A A
JE I VT IR 4Ol Bl 2, 46(16): 264-270) [DOT: 10.15889/5.
issn.1002-1302.2018.16.063]

XuR L, Zhao S Q and Ke Y H. 2021. A simple phenology-based vege-
tation index for mapping invasive Spartina alterniflora using
Google earth engine. IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing, 14: 190-201 [DOI: 10.
1109/JSTARS.2020.3038648]

Xu W. 2017. Classification of the Intertidal Saltmarsh Using Sentinel-
1 and Landsat-8 Data. Shanghai: East China Normal University
(5 M. 2017. 3£ T Sentinel-1 1 Landsat 8 $WC 4 (14 3 [7] 47 15 7A 12
B e A o (T <P/ N DI NE )

Xu'Y, Zhen J N, Jiang X P and Wang J J. 2021. Mangrove species clas-
sification with UAV-based remote sensing data and XGBoost.
Journal of Remote Sensing, 25(3): 737-752 (44, Wifd: 7°, Wk
W, ERA. 2021 T APLIEIE L XGBoost HYLLA AR 732 .
1B IB2ER, 25(3): 737-752) [DOL: 10.11834/4rs.20210281]

Yao Y C, Ren C Y, Wang Z M, Wang C and Deng P Y. 2016. Monitor-
ing of Salt Ponds and Aquaculture Ponds in the Coastal Zone of



RS 45 : Sentinel-2 %4 i ] F 51 U4 1 Google Earth Engine i3 ] 47 1 i ek [ 311532 357

China in 1985 and 2010. (Wetland Science, 14(6): 874-882 (k= 2 23(3): 29-32) [DOI: 10.3321/j.issn:1007-7588.2001.03.007]
K, B, Fo2, Tl XBRAR . 2016. 1985 4E 12010 4 H1 [H Zhong Q C, Wang K Y, Zhou K and Lai Q F. 2015. Research advances
VU FH RIS Bt 3 B W . Y Bl 2%, 14(6): 874-882) [DOL: on carbon cycling and its environmental controlling mechanisms
10.13248/j.cnki.wetlandsci.2016.06.016] in intertidal wetlands. Ecology and Environmental Sciences, 24

Zhang W K. 2001. A study on exploitation and utilization of tideland (1): 174-182 (fi s 4k, £IFiz, JHEL, R Fi D7 . 2015, W [8]4 15 Hh
resources in Fujian province. Resources Science, 23(3): 29-32 (5K TG I B LR BT s LRI R 8 . AR S FRBE 244, 24(1): 174-
SCTF . 2001, 6 45 80 1A 4 0 TR B9 T & R BEST . W R 182) [DOI: 10.16258/j.cnki.1674-5906.2015.01.025]

Rapid and automatic classification of intertidal wetlands based on
intensive time series Sentinel-2 images and Google Earth Engine
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Abstract: Intertidal wetlands are an important part of coastal wetlands and have crucial ecological functions, such as maintaining
biodiversity and promoting carbon sink. However, intertidal wetlands are severely threatened by coastal erosion, sea level rise, and human
activities. Timely and accurately monitoring the status of intertidal wetlands is the basis for achieving the goal of sustainable management of
intertidal wetlands. Periodic tidal inundation is one of the largest challenges in mapping intertidal wetlands. The key is to obtain the remote
sensing images at the time with the lowest and highest tides rapidly and accurately to accurately extract information of intertidal wetlands.
At present, the dense temporal resolution of Sentinel-2 images with revisit interval of 3—5 days offers a great opportunity to capture the
lowest and highest tides, which is vital to conduct accurate and robust delineation of intertidal wetlands. Previous efforts on intertidal
wetland classification relied on either training samples, manual intervened thresholds or pre and postprocessing. This work aimed to set up
an automatic, rapid, and high precision procedure that uses time series Sentinel-2 images to derive intertidal wetland information based on
the Google Earth Engine platform.

The methodology includes four steps: (1) building a high-quality dense time series image stack; (2) deeply analyzing the time series
remote sensing characteristics of different wetland types and selecting appropriate spectral indexes; (3) creating the maximal water surface
image, the minimal water surface image, and vegetation difference enhanced image on the basis of the maximum spectral index composite
algorithm; and (4) establishing a multilayer automatic decision tree classification model to extract different intertidal wetlands from simple
types to complex types by using the Otsu algorithm.

The procedure was utilized to classify the intertidal wetlands in the Fujian Zhangjiangkou National Mangrove Nature Reserve in 2020
with an overall accuracy of 96.5% and a kappa coefficient of 0.95. The intertidal wetlands in the Zhangjiangkou Reserve consist of
mangrove forest, Spartina alterniflora, and tidal flat, with an area of 82.46, 218.26, and 496.84 hm’, respectively. Abundant tidal flat
resources were mainly located on the outer edge of mangrove forest and S. alterniflora. Mangroves were mainly concentrated on the
southwest coast of the Zhangjiang River. S. alterniflora was mainly distributed on the south of Zhangjiang River with good integrity,
whereas part of them grew on the north side of Zhangjiang River with a banding distribution.

The high-quality Sentinel-2 dense time series image stack increases the opportunity to obtain the lowest and highest tide images and
provides sufficient phenological information for the classification of mangrove and S. alterniflora. The maximal intertidal water surface can
be easily obtained by combining with the modified normalized difference water index maximum value composite image and the method of
extracting the largest patch area. The Normalized Difference Vegetation Index (NDVI) maximum value composite image well highlights the
difference between tidal flats, water bodies, and vegetated areas. The negative NDVI maximum value composite image plays a positive role
in enhancing the characteristic difference between mangrove forest and S. alterniflora. The proposed method can realize the automatic,
rapid, and accurate classification of intertidal wetlands, which has important reference value for the accurate classification research of
intertidal and other inland wetlands.

Key words: tidal flat, wetland, Sentinel-2 imagery, Maximum Spectral Index Composite (MSIC), otsu algorithm (Otsu), Google Earth
Engine (GEE)
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