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Tidal flats extraction in the coastal zone based on time-series
Sentinel-2 imagery and near-infrared tidal flats indices

ZHOU Ru-Jia', XIA Qing'*, ZHENG Qiongl , ZHU Li—Hongl ,  LlJian-Hua’, LIBin', SONG Jia'
(1. The School of Traffic and Transportation Engineering, Changsha University of Science and Technology ,
Changsha 410114, China;

2. School of Water Conservancy, Yunnan Agricultural University, Kunming 650201, China)

Abstract: When extracting coastal zone tidal flats using remote sensing transient images, the influence of tides greatly
limits the accuracy of tidal flat spatial distribution extraction. With the purpose of weakening the influence of tides, a
method of extracting coastal zone tidal flats by combining time-series Sentinel-2 images and tidal flat index was pro-
posed. First, based on the Sentinel-2 time-series image data, we used the quantize synthesis method to generate high-
and low-tide images, and then analyzed the spectral reluctance characteristics of different land classes on the high- and
low-tide images. A NIR-band tidal flat extraction index that excludes the interference of the tidal transient was construct-
ed. Secondly, the image spectral information and the tidal flat extraction index were input into a machine learning algo-
rithm to realize fast and efficient extraction of the tidal flat. In addition, the study discussed the separability of the tidal
flats index and the generalizability of the methodology. The results show that the tidal flat's extraction index constructed
in this research had a good separability for tidal flats, the overall accuracy of tidal flats extraction was 93. 02%, the Kap-
pa coefficient was 0. 86, and the proposed method had good applicability to remote sensing images containing near-in-
frared bands. This method can realize automatic and rapid tidal flat extraction, and provide data support for the sustain-

able management and protection of coastal zone resources.
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Overview map of the study area: (a) study area a; (b) study area b; (c) study area c; (d) study area d
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Fig. 5 Plot of tidal flats extraction index results
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Fig. 7 Tidal flat results of three classification methods: (a) minimum distance classification; (b) maximum likelihood classifica-

tion; (c) support vector machine
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Table 1 Accuracy evaluation of the three classification methods in the study area (a)

Minimum Distance Classifica-

tion

Maximum Likelihood Classification Support Vector Machine

calegories
non-tidal non-tidal
tidal flats tidal flats tidal flats non-tidal flats
flats flats

tidal flats 197 1 237 54 217 3
non-tidal flats 40 326 0 273 20 324
Minimum Distance Classification Overall precision 92.73% Kappa factor 0.85
Maximum Likelihood Classification Overall precision 90. 43% Kappa factor 0. 81
Support Vector Machine Overall precision 95.92% Kappa factor 0.92

Zhuhai-1

Landsat

Bl 8 A BRI IS S (a) BRI — 5 ; (b) Landsat; (¢) P e =%
Fig. 8 Tidal flat extraction results from different data sources: (a) Zhuhai-1; (b) Landsat; (c) Sentinel-2

Sentinel-2
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Table 2 Accuracy evaluation of tidal flat results from different data sources

Zhuhai-1 Landsat
categories
tidal flats non—tidal flats tidal flats non—tidal flats

tidal flats 270 9 210 0
non—tidal flats 12 206 15 180
OHS Overall precision 95.77% Kappa factor 0.91
Landsat Overall precision 96.30% Kappa factor 0.93

4 gél: -L/l,: [6] Chen Hui-Xin, Chen Chao, Zhang Zi-Li, et al. An inter-

R T U 747 7S AR A X R B R
JH GEE - &5 $2 4t 1 Sentinel-2 B , 45 H B A T
PEIR B S MLAS 2 T W MR IO s, SC T 1 ¢
U A EA DU | F SR, AR A Y
WA H5O6 T e LA R AT B nT o B, =Ry s
T4 IBCA T e S A 3 G B2 1K T 90% , Kappa %
B KT 0. 81, 1A, Bo3iE T A SC 7 238 T AT
) 328 JER ORI VA B AN Ti) 286 A0 3 O X . AR SR H )
735 R U s B T+ %) SEL B, A R 1Y
R e RIS b i S G R

References
[1] Wu Zheng—Hu. Tidal flats area boundary extraction method

based on multispectral images [J]. Exploration Science and
Technology, 2024, (02): 11-15.

FAER . BET 2RSS AG 0w X i SR O 2 (T .
g Rl EHR | 2024, (02): 11-15.

[2] Zhao C, Qin C. 10-m-resolution mangrove maps of China
derived from multi-source and multi—temporal satellite ob-
servations [J]. ISPRS Journal of Photogrammetry and Re-
mote Sensing, 2020, 169: 389-405.

[3] Dai Shuo, Xia Qing, Zhang Han, et al. Construction of a
tidal flat extraction index using Sentinel-2 multispectral im-
ages [J]. Spectroscopy and Spectral Analysis, 2023, 43
(06): 1888-1894.

R, B, KT, 55 . FI Sentinel-2 2G5 52544 1
— e £ BCEE B L) ). g 22 5OIg 4 AT, 2023, 43
(06): 1888—1894.

[4] Li Yun-Xu, Wu Hai-Tao, Jiang Ming, et al. Information
extraction of marsh wetland from multi-source remote sens-
ing data and machine learning algorithm [J]. Wetland Sci-
ence and Management, 2024, 20(02) : 16-22.

N, RV, 2, & 2 UEE B S
AR R AR BRI ] R R S B, 2024,
20(02): 16-22.

[5] Long Jia=Jia, Zhong Shi—-Quan, Chu Ai-Ping, et al. Spec-
tral characterization of mangrove communities based on
Gaofen—5 satellite data [J]. Guangxi Science, 2023, 30
(05) : 993-1000.

AR, Bhfl4, WIEME, . BT RS IS DR
PR £L R PR 75 O 1 AR AE 43 A LD ). 7 PR, 2023, 30
(05) : 993-1000.

tidal remote sensing information extraction method based on
Google Earth Engine cloud platform [J]. Remote Sensing of
Natural Resources, 2022, 34(04): 60-67.

MREe Rk, PR, 5k A J1, 55 . —FP 3T Google Earth En-
gine - 5 AW )4 18 85 EAR U EE [T ], AR IR
I, 2022, 34(04): 60-67.

[7] Cai Qiao—Yun, Shen Jian—-Hua. Comparative study of land
use classification methods based on fusion of multi—source
remote sensing data sources [J]. Standardization of Survey-
ing and Mapping, 2023, 39(04): 26-31.

BRI o, LR SET 2R B IR Al 1 1 b R
IrHETTIEXT LT T ()], W22 kR AL, 2023, 39(04)
26-31.

[8] JiaM, Wang 7, Mao D, et al. Rapid, robust, and automat-
ed mapping of tidal flats in China using time series Senti-
nel-2 images and Google Farth Engine [J]. Remote Sens-
ing of Environment, 2021, 255: 112285.

[9] Zhang Yuan—Yuan, Gao Zhi—Qiang, Liu Xiang—Yang, et
al. Research on tidal flats area extraction method based on
remotely sensed water margins [J]. Marine Development
and Management, 2018, 35(03): 56-61.

GIS 3 = L N T I - S i S = i L R

i AR AR BT LTSS ] P OT S B, 2018, 35

(03): 56-61.

[10] Zhang Bin, Han Zhen. Research on tidal flat boundary ex-

traction based on SFF-=W algorithm [J]. Marine Surveying
and Mapping, 2022, 42(01): 55-59.
gk, B . T SFF-W OB L Y I E i SR RO 5
(). WP , 2022, 42(01): 55-59.

[11] Johannes R, Ron H, Biorn W. Towards large—scale map-
ping of local climate zones using multitemporal Sentinel 2
data and convolutional neural networks [J]. Remote Sens-
ing of Environment, 2020, 237: 111472.

[12] He T, Xia Q, Zhang H, et al. Development of a tidal flat
recognition index based on multispectral images for map-
ping tidal flats [1]. Ecological Indicators, 2023, 157:
11218.

[13] Ma Ming, Gou Chang-Long. Several algorithms for mini-
mum distance classification of remote sensing data [1].
Surveying and Mapping Bulletin, 2017, (3): 157-159.
B8, AR . R IREUE /NI B A R LR R [T ].
2@, 2017, (3): 157-159.

[14] Gema C, Ewan T, Cindy C, et al. A cost—effective method
to map mangrove forest extent, composition, and condi-
tion in small islands based on Sentinel-2 data: Implica-
tions for management [J] Ecological Indicators, 2024,
159: 111696.



210 O hh 5 2 K 3 2 R 44 3%

[15] Li Yan—Cheng, Fang Ting-Jian, Yu Er-Kang. Research
on support vector machine method for short—term load fore-
casting [J]. Chinese Journal of Electrical Engineering,
2003, (06): 55-59.

ZEICI, 7 AR, TR . I A e T (1 S 1) AL
Jrdwrge )], v E AL T AR, 2003, (06): 55-59.

[16] Ghosh S, Mishra D, Gitelson A. Long—term monitoring of
biophysical characteristics of tidal wetlands in the north-
ern Gulf of Mexico—A methodological approach using MO-
DIS [J]. Remote Sensing of Environment, 2019, 173: 39
- 58.

[17] Dou Shi-Qing, Chen Zhi-Yu, Xu Yong, et al. Hyper-
spectral image classification based on multi—feature fusion
and typical dimensionality reduction methods [J]. Survey-
ing and Mapping Bulletin, 2022, (4): 32-36.
S, BRIGT, IR0, . BT 2RHERG 5 AR
e E OB B ) ] Wiz, 2022, (4):
32-36.

[18] Zhang Min, Wu Wen—-Ting, Wang Xiao—Qin, et al. Inver-

sion study on topographic information of tidal flats in the
Yangtze River estuary based on tidal dynamic inundation
process [J]. Journal of Earth Information, 2022, 24(03):
583-596.

B, ROCHE, MK, G5 BE TN S A RS R
R MR B RS []. sk 5 B Rk
e, 2022, 24(03): 583-596.

[19] Dond L, Guo H, Zhang L, et al. Time—series snowmelt
detection over the Antarctic using Sentinel-1 SAR images
on Google Earth Engine [J]. Remote Sensing of Environ-
ment, 2021, 256: 112318.

[20] Pulvirenti 1., Chini M, Pierdicca N, et al. Flood monitor-
ing using multi—temporal COSMO-SkyMed data: Image
segmentation and signature interpretation [J]. Remote
Sensing of Environment, 2011, 115(4): 990-1002.

[21] Hu C. Remote detection of marine debris using satellite ob-
servations in the visible and near infrared spectral range:
Challenges and potentials [J]. Remote Sensing of Environ-
ment, 2021, 259: 112414.



