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Optimized Extraction of Mangrove Phenology based
on Landsat-MODIS Image Filling and
Spatio-temporal Fusion

Hong Yu'*? Zhou Runfa??* Chen Ke?* Chen Bo*? Pan Junfu'? Fang
Mengfan?* Kuang Kaijin** Liu Jinfu®?

(1. College of Forestry, Fujian Agriculture and Forestry University Fuzhou 350002, China; 2.Key Laboratory of Ecology and
Resources Statistics in Higher Education Institutes of Fujian Province, Fujian Agriculture and Forestry University Fuzhou 350002, China;
3.College of Computer and Information Science, Fujian Agriculture and Forestry University Fuzhou 350002, China; 4.College of
Finance, Fujian Jiangxia University Fuzhou 350108, China)

Abstract: Vegetation phenology pertains to the study of seasonal life cycle events in plants.
Mangroves, a type of forest grows in intertidal zones where seawater and freshwater converge, require
precise phenological monitoring to understand their growth dynamics and sustain coastal ecosystems.
However, the cloudy conditions in coastal regions and the timing of satellite passes often necessitate
the use of low temporal resolution, cloud-free image sequences for extracting phenological features.
The Combination of image gap filling and spatio-temporal fusion algorithms can enhance the accuracy
of mangrove phenology extraction, but this approach requires extensive data and computational
resources. Consequently, remote sensing phenology extraction of mangroves remains challenging.
Mangroves in Zhangjiangkou (Fujian), Qi'ao Island (Guangdong), Beilun (Guangxi), and
Dongzhaigang (Hainan), China, were selected as research subjects using 30m Landsat, 250m MODIS,
and 500m MODIS data from 2020. The image filling algorithm and spatio-temporal fusion algorithm
were combined on Google Earth Engine to optimize mangrove phenology extraction. Firstly, 500m
MODIS data was processed using the Gap Filling and Savitzky-Golay filtering (GF-SG) algorithm to
synthesize the Landsat NDVI data series, eliminating local null values. Secondly, linear interpolation
addressed missing values in the 250m MODIS NDVI daily data, followed by Savitzky-Golay (S-G)
filtering to smooth the time series. An ESTARFM-like algorithm was then applied to fit and compute
high-resolution time series from the combined Landsat and MODIS data. Finally, phenological
parameters were ultimately estimated using the maximum separation method, which relies on the
differential ratio of observations exceeding the dynamic threshold before and after the central date. (1)
The GF-SG algorithm showed effective gap filling and image reconstruction for both Landsat and
MODIS images. Compared with the original images, the RMSE of the reconstructed Landsat NDVI
images were 0.088, 0.131, 0.100 and 0.083, and the RMSE of the reconstructed MODIS NDVI images
were 0.088, 0.131, 0.100 and 0.083, respectively. (2) The ESTARFM-like algorithm effectively fits
30m daily NDVI data, demonstrating high consistency with GF-SG fitted NDVI imagery across
various mangrove scenes, with R? values of 0.991, 0.710, 0.997, and 0.999, respectively. (3) The NDVI
of mangroves in the four regions exhibited distinct seasonal variations. From January to April, the
NDVI series displayed a downward trend or remained at a low value; after April, the NDVI series
initially increased and then decreased. (4) Significant differences exist in the start of growth (SoS) and
length of the growth period (LoS) of mangroves across different regions, with an earlier SoS observed
at lower latitudes. However, Dongzhaigang's SoS is later than that of Zhangjiangkou, likely due to
climate-induced phenological anomalies. No consistent differences are observed in the end of growth
(EoS) and maximum greenness (MaxGreen). The study confirmed the potential of image gap filling
and spatio-temporal fusion algorithms for extracting mangrove phenology. The proposed method offers
a valuable reference for more comprehensive and convenient monitoring of mangrove phenology.
Keywords: spatio-temporal fusion; phenology; mangrove; NDVI; Google Earth Engine.
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Geospatial assessment of climate and human pressure
on Snow Leopard habitat in the Trans-Himalayan
region of Pakistan

Um e Hani!
(1Northwest A&F University, Yangling 712100, China)

Abstract: Reliable estimates of how human activities may affect wildlife populations are critical for
making scientifically sound resource management decisions. A significant issue in estimating the
consequences of management, development, or conservation measures is the need to account for a
variety of biotic and abiotic factors, such as land use and climate change, that interact over time
altering wildlife habitats and populations. The snow leopard Panthera uncia (Schreber, 1775), as a
vulnerable species, is extremely sensitive to indirect impacts of climate change. Given that it is highly
difficult undertaking conservation measures on the entire range of snow leopards, identifying hotspots
for conservation is necessary. This study was conducted in Bagrot and Haramosh valleys, in the
Trans-Himalayan region, to evaluate the impacts of climate and human pressure on snow leopard
habitat. Hybrid classification of Landsat satellite data for 2010 and 2020 was performed to elucidate
land use changes that suggested a decrease in permanent snow by 10 % and 3 % in Haramosh and
Bagrot while an increase in settlements cover by 16 % and 23 %, respectively. Life zone comparison
for 2010 and 2020 using the Holdridge life zone (HLZ) classification system disclosed a change from
three life zones to five life zones in Haramosh, and four life zones to five life zones in Bagrot, caused
by a temperature increase of 2°C to 3°C, indicating that the area is becoming more and more suitable
for settlements and less favorable for snow leopards. This study underlines again that mountainous
regions are more vulnerable to the impacts of climate change. Warming weather is making survival
more difficult for snow leopards. Although they are resilient to the direct effects of climate change,
indirect impacts like avalanches, flash floods, urbanization, and human-wildlife conflict make them
more vulnerable and threaten their survival. Thus, we recommend establishing further protected areas,
better controlling illegal wildlife trade, and conducting genetic studies to understand impacts on snow
leopards and rangeland management, livelihood improvement, and human-wildlife conflict reductions.

Keywords: Climate change, Snow leopard, Hybrid classification, Holdridge life zones, Habitat
modification
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