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Mixed pixel analysis to detect the tender green and autumn colour

using GCOM-C1
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Abstract

In recent years, issues such as sea level rise, heavy rainfall and flooding, and the loss of
terrestrial ecosystems, caused by global warming and deforestation, have been of increasing
concern. Plant phenology is highly sensitive to climate and environmental changes, and it is
believed that by observing its progression along with temperature trends, it is possible to
make highly accurate predictions of the impacts of global warming. Understanding the
current state of climate change and predicting its future impacts are crucial for discussing
international environmental policies. Satellite observation is generally considered the most
effective method for globally monitoring vegetation phenology. Observations have been
continuously conducted across national borders, beginning with the United States'
NOAA/AVHRR satellite.

At the Laboratory of Geomatics Information Processing Engineering at Kochi University of
Technology, we have utilized data from the SGLI sensor on the Earth observation satellite
GCOM-C1, launched by JAXA , to create tender green and autumn colour progression maps
for vegetation analysis in Shikoku. GCOM-C1 is capable of uniformly acquiring global
observation data with wide observation swaths and high-frequency observations from the
same orbital path.

Although many satellites provide higher-resolution observation data than GCOM-C1,
there is a trade-off between resolution and observation width. The data transfer speed
becomes a bottleneck when transferring observed data to ground stations, meaning that
acquiring high-resolution data results in a narrower observation width. Currently, it is not
feasible to acquire high-resolution, high-frequency, and uniform data simultaneously.

Therefore, at present, GCOM-C1’s observation data, which is extensive, frequent, and
uniform, is superior for vegetation phenology observation. However, since GCOM-C1 has a
spatial resolution of 250 m, observations are conducted at the community level. As a result,
at the boundaries between different plant communities or between forests and flatlands,
multiple land cover types are included within a single pixel, leading to a mixed-pixel state.

The reflectance coefficient of a land cover can be expressed as a linear combination of the
reflectance coefficients of its land cover components and their respective areas within the
pixel. The calculated reflectance coefficient of a land cover corresponds to the reflectance of
a pure pixel. To determine this reflectance coefficient, at least n bands of reflectance
coefficients are required when classifying n types of land cover. However, tender green and
autumn colour maps are created using NDVI values derived from only two bands: the red
band in the visible spectrum and the near-infrared band. In both previous studies that

established NDVI thresholds representing the leafing status of deciduous trees and new



analytical methods, two bands were consistently used for simplicity. Therefore, this study
aims to develop a mixed pixel analysis method that uses multiple pixels instead of n bands
per pixel to determine land cover reflectance coefficients.

Using multiple pixels in mixed pixel analysis, the NDVI value was derived from the
reflectance of pure pixels containing only deciduous trees. By comparing these values with
the NDVI values of pixels that were closest to pure deciduous pixels, having at least 80%
deciduous tree coverage, derived from GCOM-C1’s 8-day statistical data, it was
demonstrated that the mixed pixel analysis method using multiple pixels is effective in
extracting pure surface reflectance from GCOM-C1’s mixed-pixel state pixels. However,
mixed pixel analysis allows for tender green and autumn colour determination across entire
training areas but does not enable determination at the single-pixel level.

To address this limitation and determine tender green and autumn colour timing for each
pixel, we attempted a method that corrects NDVI based on the deciduous tree ratio per
GCOM-C1 pixel, derived during mixed pixel analysis, to estimate the NDVI of pure
deciduous pixels. This approach eliminated clear misclassifications in the tender green and
autumn colour maps by accounting for pixels mistakenly classified as defoliated in the final
week, where evergreen trees influenced NDVI, preventing it from fully declining during the
defoliation period. The validity of the classification results obtained by correcting NDVI
using the deciduous tree ratio per GCOM-C1 pixel indicates that further improvement in
tender green and autumn colour map accuracy can be achieved by utilizing high-resolution
land cover data.

In this study, we established the relationship between the deciduous tree ratio and NDVI,
estimating the NDVI of purely deciduous pixels for individual pixels. This relationship also
allows for the estimation of the deciduous tree ratio from NDVI. However, the relationship
between the deciduous tree ratio and NDVI is significantly influenced by elevation. As leaf
shedding patterns vary with elevation, the training areas used in this study were limited and
cannot be assumed to represent the entire study area. Determining when deciduous trees
shed their leaves requires new threshold settings, making it currently difficult to develop a
method that does not require deciduous tree ratio information. The accuracy of the tender
green and autumn colour maps is still insufficient, and to further validate them, high-

accuracy land cover data creation is necessary.






