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Fig.1  The location and topographic distribution of the Yangtze River Basin
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Fig.3 The technique flow chart of surface water bodies extraction in the Yangtze River Basin
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4 HERIT
4.1 BEIEMN

(1) SRS EE . 8 T 30040 o e BP0 K
PRI PR IBORE B, AR HEAS [ K AR 2 280 53 530 SR BEUTRT 3
WAL KPR ol KU FRPEKIE . SO0 A
IKARBSUEREA 25, SEATHE BE IR BRI . KR |
FRREKIT . SO AR/ INVKAR (Jiang 55, 2014) 15
h—2 . BT A IHLER R 2 ]  HERE RN T HM
fR R K RIS IERE AR 5 232240, SR A
B A BUK AR ERIREAS 85, FLEFEARAN Y
220814, IEHGHEEL214014, FLSHRBURIE 96.92%,
o g/ N KA A5 95.85% (K1)

1 KEFIRENG REETH

Table 1 The accuracy evaluation of water extraction

results
T T
(N AL N BRECE%

SR/ 724 677 655 96.75
W 428 419 414 98.81
IR 540 533 516 96.81
IR JRARUK 630 579 555 95.85

[aRe=URTIE IV
At 2322 2208 2140 96.92

P REAS T IR B e RN, %
BB 80T TP s UK M 23 K fig 1k 2 A UK A4 bR ifE
SEIRE 3R A K AT B AR A B S B0 I
Tio TEWNAFUKPEREAS T, 32 SRTM BRI, 7K
bt S AR YRR R SR 10 m /K iR
255530 m 28 (A BRI B B R KRS
e PR ARG, 1R A S R (e A B R
B M s Y R R 250k R . FEIUHE . KR EREA
o, R B B IR D R R AR/ N AR B B s AR
et FEFEAT K MCREERY, R RT3 —EE
FOHERS A S AR VEAT SRR, T 2 BNV K R BUK
WORAE AR, RIA B SFEABOUK KR, XK
WEFEAR R “FUA” DR22 R AR ERMEEH FZRA
[, K IR SR/ NI TE B3N, AR 24
BOTTEIE | IR AR LRI G %0T, =
iz IS R K PR Y 4R B2 R A A R R i
Pk (E18),

(2) WARTCRERGE o S VL3 T e
FRIE KRR A0 XIRAE R 2B IX, LT 2 m o3 HERsy
% B R KRE LT, AT WAR TR BEPPAL , T
A 75 b 3 B WAL J0 2 100 B 15 U S o) 1R 22
(Feyisa 55, 2014), fEIR GG oit, HTHE9
WA b7 FE KT 509% BM5 2 SURRIER, 2 X
FAEAKIR . WRIEGT, BOIXAGRITSECH 63521,
RAGI2141, BT 0301 3.37%. dlikKikB



X R AN AR Sentinel B P52 R (14 VLI S i /K A4 B 365

L6138, 5 EBUN96.63%., IBEHIcH, Kik 75.23%., $E50iR50.46%, TIriR2E021%, #£W
d R T 50% B4k 1614, (HIRSGoC 880 AR NRNR A% o0 T HAT B RRUR

3 >

WAL W 252 LY RUCLES

0 250 500 1000
km

P
rl‘\, . A -
o - e s o
: e
KR R K PERE 22 VoM, UESRESL DU, VIRSEEE A2

o RS o REGRIRRES Y REFseIoRRs D ke [k
B8 YT A HR B 2 A B o6 E S i KA

Fig.8 Validation of partial enlargement map of water extraction results in the Yangtze River Basin
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Table 2 The error statistics of different water extraction algorithms
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Fig.10  The comparison of results of different water extraction algorithms
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Fig.11 The comparison of results of different water products
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Table 3 The area comparison of different water products
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EVNI 1660.34 1351.62 1494.34 22.84 11.11
BT 2429.46 2264.22 1594.92 7.30 52.32
byl 3743.83 3516.18 3306.91 6.47 13.21

RADKE CAnRAN . B RUKESE) FiZn
AN CangdE . KR . FRFEKIESE) (Jiang 45,
2014) P REFITERAE AT E R (R 4),
TR Z B RN . & AR 4 RHIX,
A% F JRC A FROM-GLC10 7= iy, ASHIF 5% 46 K 1Y
IR AR A /N KA B 3 BRI 1 34 I AR 34
JRCEHE A/ INK AR SRR T ARG S T 25 )
SYHER N30 m, St iE 2 AN/, T A
T B RS A . FROM-GLC10 7= f i T H:
IKIRZE IR ERA Y, JOIRRIH F 5 MK R o3 A
R GUig] kA == R C ) € N

44 KILRBAERINER

2017 4E—2020 4%, K ITHSCT- 34 ROK iR 4
[ B 61054.55 km?, P35 7 A MK AR B TR
3594249 km?, “FHAZETT KR ERAY 25112.05 kne?,
SF- 257 7 AR KR TR O 35 A aROK R R Y
58.87%, H:H 2018 4F A HUK IR AR/, 2020 4F
BROKRE AR (R5) . KITHH KA %
B W S A A ) o A AN B8 AT, KRS R AR R 1)
PEdLa s (B 12), FHovit sy s g K R £ 201
FEH R UM DX o R PHOB R L R B R L K



368 National Remote Sensing Bulletin i & 53R 2022, 26(2)
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Table 4 Evaluation of extraction effect of large water and small water in different product

1%
X ABHFFE KA ABFFEH /N JRC KRR A4 JRC /KA FROM-GLC10 FROM-GLC10
IR LR/ ES PR 3T ES REDRARSRICR YR/ KA IR
hEH 96.10 95.39 89.61 78.80 62.34 53.92
i PR 97.84 96.41 45.41 4.04 90.81 71.75
T 97.53 97.64 83.33 25.00 94.44 81.60
SN T 96.06 95.93 74.80 18.10 90.55 47.96
RS 2017 F—2020 FAKTFRIB A F 2B i Rk E R
Table 5 The area of different types of surface water bodies from 2017 to 2020 in the Yangtze River Basin
T AT ZE A PR ST km? AT ANE KA ST km? BT HOKAR B T km?
2017 23137.30 36515.25 59652.55
2018 23031.75 34880.36 57912.11
2019 24257.78 34246.93 58504.71
2020 30021.38 38127.43 68148.81
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Fig.12  The spatial distribution of different types of surface water bodies from 2017 to 2020 in the Yangize River Basin

MARPRAEAL R, RITHRI 2017 4F—2020 4R JTHBHER T o R, i X oK i fag
VLA K AR R AR R BT S, Tkl B F KRS AR T 29.75%, K



X G SR A KA« Sentinel A 352 15 B4 VT30 3t 26 AR A i 369

ANEAK A ST RSN T 4.42% , A8 ROK M ST BRI
T 14.24%.,

2017 4F—2020 4F (1], AS[m) 2 AU 7K 1A 1w AR AR 4k
g R2ES (K13, K14), FERINLIFIL
AFEIE: (1) PRI R A, AR KRS fk
2 K AR T AR N 13403.86 km?, 1Ak 45
ARy AR KA A T AR X BRI, A 2343.07 km?,
(2) F RIS AR AP KR Z [ AR R
AR AR ARG AR ZE 5 PR K44 4555.05 km?, 12

TR AR K APE K4 4845.78 km?, (3) /KA
AR IS, BB E AR AR AR K AR 1
1, }16229.04 km?; M ACA KA sh 3N
AR R AR K AR B T AR R 1021.55 km?, (4) K A
IKARIEINR 3 1) 67.41% 2 h Z= A5 MK AR AL ik
AR SR KR Z G et fe ol WL, 2B
PEIKARIE TN 74.64% 2= th AR K AR Ak ok, TRl
ZEA KA D 1 56.25% Ak R T AR KA

() 7 FH8 1
(a) The Poyang Lake Basin

(b)) 7] 2 87 7 Jek
(b) The Dongting Lake Basin

() KIHIH IR
(¢) The Taihu Basin

et

(d) KITHHAKF

(d) The Yangtze River mainstream

W K AR A KA A A K A Jerk ik

W SRR AR R R R A A KR Sk

W R AR RAMKIE AR KA AR
F13 2017 4E—2020 4 K VT A [R1 28 150 1l Kk 4455 [ e Ak

Fig.13  The spatial conversion of different types of surface water from 2017 to 2020 in the Yangtze River Basin
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Surface water extraction in Yangtze River Basin based on sentinel
time series image
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Abstract: Traditional water extraction algorithms are mostly based on single-scene remote sensing image of a certain period and cannot
show the highly variable characteristics of water bodies over time and space. Although some time series water products have appeared in
China and abroad, their spatial resolution and water boundary accuracy still cannot meet the needs of some studies and applications. This
paper takes the Yangtze River Basin with complex surface environment as the research area based on the Google Earth Engine (GEE) cloud
platform. The Sentinel-2 MSI annual long time series image sets are combined with the “temporal characteristics” of pixels, and a high-
precision water extraction algorithm with more universality, operability, and better effect in large-scale environment is proposed.
Specifically, an algorithm based on time series image data is combined with multi-index and “temporal characteristic” fusion Digital
Elevation Model (DEM). This algorithm selects automated water extraction index, Modified Normalized Difference Water Index (MNDWI),
normalized difference vegetation index, and enhanced vegetation index for multi-index logical combination to extract water bodies. Near-
infrared band reflectivity value and slope data set generated by SRTM DEM are used to assist in suppressing high reflectivity noise and
shadow noise. The accuracy of water bodies in the whole basin is verified with the validation sample points, and the correct extraction rate is
more than 96% through visual interpretation. The accuracy evaluation at the subpixel level shows that the mixed edge pixels account for
3.37% of the total pixels, the misclassification error is 0.46%, and the omission error is 0.21%, indicating that the proposed algorithm has a
good inhibitory effect on the mixed pixels. Compared with the traditional NDWI and MNDWI water index based on spectral characteristics,
the multi-index combined with temporal characteristic algorithm has better effect in suppressing shadow noise. Compared with some
existing water products, the proposed algorithm can ensure the integrity of the whole water area and retain the local details of the water
body. It has certain advantages in the extraction of small water bodies. Results of the remote sensing extraction of water bodies in the
Yangtze River Basin show that the spatial distribution of water bodies in the basin is uneven, and the temporal and spatial changes in various
water body types are obvious. From 2017 to 2020, 67.41% of the increase in permanent water bodies is transformed from seasonal water
bodies, and the mutual conversion between seasonal water bodies and nonwater bodies is the most obvious. In addition, 74.64% of the
increase in seasonal water bodies is converted from nonwater bodies, and 56.25% of the decrease in seasonal water bodies is converted to
nonwater bodies. Experimental results show that the proposed algorithm has a certain universal importance in extracting water bodies in
different spatiotemporal locations and different environments and can effectively avoid the phenomenon of “the same objects with different
spectra” and “the same spectra with different objects” caused by the mixing of water and other ground objects. This algorithm has a good
inhibitory effect on complex background noise and has high accuracy and precision.

Key words: Google Earth Engine(GEE), Sentinel-2, remote sensing extraction of water bodies, temporal characteristics, multi-index
combination, shadow noise
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