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1) Phenological Eyes Network (PEN): Long-Term Spectral
Monitoring of Vegetation Indices at Five Flux Tower Sites
in Japan
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This study examines long-term vegetation phenological
changes at five PEN system sites in Japan (MSE, TKY, TKC, FHK,

KEW), focusing on detecting the start (SOS) and end (EOS) of the

growing seasons using six vegetation indices (VIs: NDVI, EVI,

GRVI, REP, NIRv, CCI). Daily VIs were calculated using data

from the MS-700 spectrometer, with noise reduction applied

through a 5-day moving median filter and Savitzky-Golay filter. A

spline smoothing function was used to interpolate the daily time

series for more accurate SOS and EOS determination. SOS and

EOS were defined using a 50% threshold, calculated as the

average of the maximum and minimum values during the growing

season. Linear regression analysis revealed that FHK exhibited the
most significant interannual changes, with most VIs showing an
upward trend, while VIs at TKC displayed a long-term decreasing
trend. Temperature comparisons showed that MSE and TKY were
less affected by temperature changes, while TKC and FHK were
more responsive. SOS and EOS detected with NDVI, EVI, GRVI,
and NIRv showed minimal variation, wherecas REP and CCI
exhibited larger fluctuations, suggesting the 50% threshold
method may not be suitable for these indices. Comparing MODIS
satellite data with ground-based observations, MODIS NDVI and

EVI matched trends at MSE and TKY. However, at TKC, satellite

data showed more instability, likely due to seasonal factors like

snowfall, indicating the need for further data processing to account
for these influences.
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