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Abstract: Seasonal floodplain wetlands are dynamic transitional ecosystems between terrestrial and aquatic environments, and they
play a key role in sustaining regional ecological balance and modulating hydrological processes. Their spatiotemporally variable
inundation patterns and heterogeneous land cover greatly hinder accurate water body extraction based on remote sensing data. The

complex coupling between hydrological dynamics and spectral responses limits the application of single spectral indices, which causes
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unstable extraction accuracy and insufficient monitoring performance. This study selects the Lake Poyang floodplain as a typical study
area to explore the adaptability of multiple spectral indices to hydrological fluctuations and complex land cover in seasonal floodplain
wetlands. It aims to develop targeted and optimized water extraction strategies for different hydrological scenarios and surface
conditions. The study area covers the Lake Poyang National Nature Reserve, a representative seasonal floodplain wetland in China.
This study adopts Sentinel-2 MSI imagery as the major data source due to its high spatial and spectral resolution. We construct eight
typical spectral indices, including normalized indices (NDWI, MNDWI), multi-band indices (MBWI, SWI), and auxiliary indices
(NDVI, TCB, TCG, TCW). Based on the Google Earth Engine (GEE) platform, we combine the K-means clustering method to extract
water bodies under wet (July 2021) and dry (March 2021) hydrological conditions. We obtain ground truth data from high-resolution
GF-1/2 PMS imagery and apply random forest classification for result validation. This study evaluates extraction accuracy using four
common indicators, including Overall Accuracy (OA), Producer’s Accuracy (PA), User’s Accuracy (UA), and Kappa coefficient. We
also conduct stratified evaluation on three typical water body types, namely permanent waters, seasonal dish-shaped lakes, and paddy
fields. The results show that hydrological changes significantly regulate the performance of spectral indices. In the wet season, NDWI
achieves the highest extraction accuracy (OA = 95.4%), while TCB presents the lowest accuracy (OA = 73.5%) due to the interference
of high-moisture vegetation. In the dry season, SWI (OA = 97.4%) and NDWI (OA = 97.2%) show excellent discrimination ability in
complex mixed spectral environments, whereas TCW suffers from severe spectral confusion with mudflats (OA=75.7%). For different
water body types, SWI obtains the optimal extraction results for seasonal dish-shaped lakes (OA=98.5%); NDWI and TCB perform
best for permanent water bodies (OA=99%); only MBWI maintains high extraction accuracy for paddy fields (OA=94%). Boxplot
analysis and spectral curve comparison verify that the adaptability of spectral indices is closely related to their capacity to improve
intra-class spectral homogeneity and inter-class spectral separability. This study proves that no single spectral index can achieve reliable
full-season water body extraction under diverse land cover conditions in floodplain wetlands. The performance of each spectral index
is strongly affected by hydrological stages and the spectral features of ground surface types. Therefore, differentiated water extraction
strategies based on hydrological conditions and target land cover types are essential for accurate water body monitoring. This study
clarifies the optimal matching relationships between spectral indices, hydrological conditions and water body types. It provides
effective technical support for dynamic water body monitoring in seasonal floodplain wetlands and offers practical references for
wetland ecological conservation and refined water resource management.

Keywords: Seasonal floodplain wetlands, water body extraction, Sentinel-2, spectral indices, adaptability
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Fig.1 Overview of the study area (a) Geographical location of Lake Poyang; (b) Lake Poyang National Nature Reserve(base map:

true-color composite of GF-1 imagery on March 22, 2021) and field photographs of Banghu Lake during high and low water periods
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Fig.2 Technical Framework of the Study
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Tab.2 Multidimensional spectral indices and Parameter description
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B1=Coastal acrosol. B2=Blue. B3=Green. B4=Red. B5=Red Edge 1 . B6=Red Edge 2. B7=Red Edge 3. B8=NIR. B8A=Narrow
NIR. B9=Water vapour. B10=Cirrus. B11=SWIR 1. B12=SWIR2,
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Fig.3 Variation of Clustering Accuracy with Different K Values for Spectral Indices During the Dry Season
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Tab.5 Comparison of Water Extraction Accuracy of Different Spectral Indices Across Hydrological Periods
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OA/% UA/% PA/% Kappa OA/% UA/% PA/% Kappa

NDWI 95.40 99.11 95.24 0.855 97.20 92.33 98.23 0.932
MNDWI 92.80 99.49 92.01 0.759 93.50 98.00 83.29 0.853

NDVI 93.30 99.62 92.45 0.777 97.10 92.00 98.22 0.93
MBWI 89.60 98.98 89.03 0.635 95.90 99.00 88.66 0.906
SWI 93.00 99.62 92.13 0.766 97.40 94.67 96.60 0.938
TCB 73.50 75.35 89.31 0.347 95.70 98.33 88.59 0.901
TCG 91.60 99.62 90.64 0.711 89.30 99.33 73.95 0.768
TCW 91.50 99.49 90.62 0.708 75.70 99.67 55.27 0.529
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Tab.6 Stratified Accuracy Assessment of Different Water Body Types During the Dry Season
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NDWI 97.50 99.26 97.12 99.00 98.78 100.00 86.00 92.31 66.67
MNDWI 93.00 90.85 100.00 97.00 98.75 97.53 82.00 84.62 61.11
NDVI 96.00 98.52 95.68 98.00 98.77 98.77 78.00 100.00 38.89
MBWI 95.00 93.29 100.00 98.00 98.77 98.77 94.00 85.71 100.00
SWi 98.50 98.57 99.28 96.00 95.29 100.00 78.00 88.89 44.44
TCB 95.00 93.29 100.00 99.00 98.78 100.00 84.00 69.23 100.00
TCG 95.50 93.92 100.00 91.00 90.00 100.00 68.00 52.94 100.00
TCW 86.00 83.23 100.00 92.00 91.01 100.00 70.00 54.55 100.00
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