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fluorescence and CO, flux data

LIU Xiaotian"?,ZHOU Lei* " ,SHI Hao’, WANG Shaogiang””, CHI Yonggang’

1 College of Geoscience and Surveying Engineering, China University of Mining and Technology ( Beijing) , Beijing 100083, China
2 Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of
Sciences, Beijing 100101, China

3 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100190 , China

Abstract: Vegetation phenology research has gained increasing attention because it is the best indicator of terrestrial
ecosystem responses to climate change, and their consequences for ecosystem functioning. Forests play an important role in
the terrestrial carbon cycle and maintain global climate stability. With the development of remote sensing technology,

multiple remote sensing indices are applied to the study of forest vegetation phenology, among which Normalized Difference
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Vegetation Index ( NDVI) and Enhanced Vegetation Index ( EVI) derived from Moderate-Resolution Imaging
Spectroradiometer ( MODIS ) are the most widely used. With the launch of Greenhouse Gases Observing Satellite
(GOSAT), Global Ozone Monitoring Experiment 2 ( GOME-2) and Orbiting Carbon Observatory 2 ( OCO-2) satellite,
chlorophyll fluorescence ( SIF) as a probe for photosynthesis of vegetation has been widely applied for studying the
vegetation phenology in the global scope. In this study, we have analyzed the phenological characteristics of Pinus koraiensis
and broad-leaved mixed forests in Changbaishan flux station from 2007 ~2013, using a double logistic function fitting and
dynamic threshold method. Thereafter, the phenological characteristics, parameters, and time series curves of the three
types of data were analyzed and compared. In addition, the validity of the results was confirmed by daily gross primary
production (GPP) from 2007 to 2010. We found that time series of NDVI exhibits an earlier start of growth season ( SOS)
date and a late end of growth season ( EOS) date than that of EVI and SIF, and that the shape of the curve of growing
season 1is too flat and broad to reflect the seasonal variations accurately owing to the saturation effect. The time series of EVI
had more pronounced seasonal characteristics, which was more consistent with GPP than that of NDVI, although the former
showed a slightly later decline. SIF had the closest correlation with GPP and the best ability to track the seasonal cycle of
photosynthesis and reflect the seasonal changes in forest growth. The close relationship of SIF data with photosynthesis
indicated that SIF is more likely to play a better role in vegetation phenology monitoring than vegetation index. Moreover,
the phenomenon of rapid decline in SIF around summer solstice, mentioned by many phenological studies, is consistent with
the findings of the present study. Therefore, we have discussed the causes of this phenomenon from several aspects and
provided a more reasonable explanation. Comparison of the three remote sensing indices in the present study suggested that
SIF reflects seasonal variation in forest vegetation phenology better. With the increase in the number of remote sensing
platforms and the improvement of inversion methods, SIF will play a more important role in multi-scale and multi-type plant

phenology research.
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Table 2 Phenological characteristics of three indices
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Year 08 E0S LOS 08 EOS LOS S0S EOS LOS
2007 98 287 189 115 278 163 132 270 138
2008 108 288 180 115 274 159 122 275 153
2009 117 280 163 122 271 149 116 269 153
2010 122 295 173 125 285 160 127 278 151
2011 121 287 166 127 273 146 143 263 120
2012 113 300 187 113 287 174 126 269 143
2013 108 302 194 110 276 166 128 259 131

NDVI; )3 —fL A #4358 %4, Normalized Difference Vegetation Index; EVI: F R W RE % , Enhanced Vegetation Index;SIF -4t £ 58t , chlorophyll
fluorescence ; SOS ; 4 K Z=FF IR T E] , start of growth season; EOS: 4K 245 HHTE]  end of growth season; LOS: K Z= K | length of growth season
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