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Fig. 1 Geographical location image of Napahai

1985—2024F HIE BRI (56543) M FEAKBSFFSIEEML

Annual precipitation and mean temperature variation at Shangri-La (56543) station (1985-2024)

A
o FHKE 7
Annual precipitation Annual mean temperature 7- -
800 1 FRHKR Slope = 0.029 °Clyr
Annual mean temperature R?=036, P<0.001 \
FEHSREHEYE o
7004 T T Temperature trend ?' = 8
E - L @
g - LN 8
- - =
£ 6001 e 5
E L £
£ 2
2 5001 \ 65 =
£ £
= y | E
< —
Z 400 1 g
= } =
< ' ' g
- F6.0 <
I8 300 1 | { \ P
¥ r
o &=
tﬂ_ -
200 1 i EF
| QD l ' k5.5 4
1004 I ! ' ' | |
)
N v l /
N/
1985 1990 1995 2000 2010 2015 2020 2025

B 2 gl X R S K A g
Fig. 2 Variation trends of temperature and precipitation in the Napahai region
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Table 2 Confusion matrix of classification results

Sl & / Reference Data
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ota
Emergent  Submerged Open Terrestrial Bare UA
Water Land
fEIKAEH
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IUK /R
1 7 1 0 0 9 77.78
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a g Frig ki
2 M
2 Open 1 3 15 0 3 22 68.18
(;D'? ]:I'ﬁ'
a A Water
Pt B
0 0 1 96 2 99 96.97
Terrestrial
BEHR
0 0 0 2 22 24 91.67
Bare Land
&3t / Total 10 10 20 98 29 167 /
HIEEFEE (%)
PA 80.00 70.00 75,00 97.96 75.86 / /

BARIEE=88.62%; Kappa Z#=0.8115,
Overall accuracy=88.62%; Kappa coefficient=0.8115.
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Habitat transition matrix of Napahai Wetland (1992-2024)
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Fig. 3 Habitat transition matrix of Napahai wetland
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Note: To reduce pseudo-changes caused by differences in sensor spatial resolution, the 2024 classification map
was resampled to the 1992 Landsat 30 m spatial grid using the nearest-neighbor method before calculating the
transition matrix. Meanwhile, high-FAI anpmalypixels were merged into open water in the transition matrix and

were not interpreted as an independentueliablé habitat type.
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Annual variation in maximum distribution area of aquatic vegetation in Napahai
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Fig. 5 Spatial Variationic habitats in Napahai
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Spearman correlation between aquatic habitat area and climate factors in Napahai
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Spatiotemporal evolution and its influencing factors of aquatic
vegetation in the Napahai Plateau Wetland, Yunnan
HUANG Jun'2, ZHANG lJiaqi'?, SHI Yangyang'2, YANG Hui!2, WANG Guanglin“3,
SONG Lin3, CHEN Xinhao*, FENG Yuwen’
(l.School of Earth Sciences, Yunnan University, 650500, Kunming, China;
2.International Joint Research Center for Karstology, Yunnan University/Key Laboratory of Karst Processes and Water-Soil
Resources Allocation, Yunnan Provincial Department of Education, 650500; Kunming China;
3. Kunming General Survey of Natural Resources Center, China Geological Survey¥/Technology Innovation Center for Natural
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Investigation and Carbon Asset Assessment, 650100, Kunming, China
4. Xi’an Meteorological Bureati, 740016, Xi’an China

5.Bazhong Meteorological Buteaw, 636000, Chengdu, China)

Abstract : [Objective] This study aimed to characterize the long-term spatiotemporal dynamics
of aquatic vegetation and its hydroclimatic responses in the Napahai seasonally plateau wetland,
providing support for wetland Tonservation, water-soil resource regulation, and habitat
management.[Methods] Based*en Landsat and Sentinel-2 multisource remote sensing imagery
from 1985 to 2024, a hieratchical'aquatic habitat classification framework integrating spectral
indices, adaptive thresholding, @nd random forest algorithms was developed. The framework was
used to identify major habitat types, including emergent vegetation, submerged/floating-leaved
vegetation, open water,jand high-floating algae index (FAI) anomaly areas. Annual variations,
habitat transition’ matrices,”and Spearman correlation analyses were further applied to investigate
long-term vegetation, dynamics and their relationships with hydroclimatic factors. [Results] The
proposed«multisource remote sensing approach achieved an overall classification accuracy of
88.62% and a, Kappa coefficient of 0.8115, demonstrating its effectiveness in identifying major
aquatic habitat types in Napahai wetland. From 1985 to 2024, emergent vegetation,
submierged/floating-leaved vegetation, and total aquatic vegetation exhibited pronounced
interannual fluctuations and stage-dependent variations, without significant persistent increasing
orydecreasing trends. Spatially, aquatic vegetation was mainly distributed in shallow littoral zones
and water—land transition areas, with long-term changes characterized primarily by dynamic
conversions among aquatic vegetation, open water, and terrestrial vegetation. Aquatic vegetation
areas showed significant correlations with annual precipitation, summer precipitation, and wet-
season precipitation, suggesting that precipitation-driven hydrological processes may represent
important environmental controls. High-FAI anomaly areas exhibited substantial spatiotemporal
variability and were likely influenced by multiple factors, including phytoplankton accumulation,



turbid water, and shallow-water substrate reflectance.[Conclusion] The multisource remote
sensing-based hierarchical classification framework effectively reconstructed the long-term
dynamics of aquatic vegetation in seasonal plateau wetlands. Aquatic vegetation changes in
Napahai were primarily characterized by hydrologically regulated habitat shifts and boundary
fluctuations rather than persistent expansion or degradation. These findings provide long-term data
support for aquatic vegetation monitoring, karst watershed water—soil resource management, arid
ecological conservation of plateau wetlands.
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