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Forest Thinning Influences Phenological Dates & 

Their Heterogeneity Derived from Sentinel-2 Data

Land surface phenology (LSP) derived from remote sensing data is a
valuable tool for forest ecosystem monitoring. In addition to the
estimated dates of the phenological stages, the spatial heterogeneity of
these estimates is also essential for understanding forest biodiversity
and may play a crucial role in determining the resilience of the forests.
Former studies have discussed that climate factors are related to both
spring and autumn phenological heterogeneity[1][2]. However, a
research gap exists regarding the influence of human activity and
management. For the first time, we explored the possible influence of
different level forest thinning treatments on spatial patterns and the
heterogeneity of forest phenology. 
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Introduction

Conclusion

This study is the first attempt to explore the potential influences of forest thinning treatments on the spatial
patterns of phenology based on vegetation indices derived from Sentinel-2 satellite data. The most important
finding is that forest thinning treatments have the potential to influence the phenological dates, as well as increase
phenological heterogeneity in forest stands. The study could form the starting point for discussion on the impacts of
human activities and management on the forest phenology as well as its heterogeneity.

Forest Thinning is a method to improve
forest quality by removing undesirable
trees. In this study, the treatment is
classified into three levels:

Low: no or very few treatments

Medium: medium-level treatments
Some undesirable trees are removed so that 
the remaining trees can grow better.

High: high-level treatments
Fewer trees are selected as the “future 
tree” (Z-Baum), while all other trees in the 
surrounding are removed. Usually, there are 
about 40~100 (max. 150) trees per hectare, 
and the minimum spacing around the “Z-
Baum” is 10 meters.

What is Forest Thinning?

Geisenfeld

LSP Indices & Data

Land surface phenology (LSP)
indices derived from Sentinel-2
data include start of season (SOS),
end of season (EOS) and length of
season (LOS), while two
smoothing filters, Savitzky-Golay
(SG) & Double Logistic (DL), were
applied. The heterogeneity of the
indices were calculated within
each plot, abbr. SDS, SDE & SDL.

Lohr

Method

A linear mixed-effects model was established as follows:

𝑌𝑝𝑟𝑒𝑑 𝑥 = 𝑇𝑟𝑒𝑎𝑡 𝑥 + 𝑃𝑜𝑠 𝑥 + 𝑇𝑒𝑚𝑝 𝑥 + 𝑂𝑎𝑘 𝑥 + 𝑅𝐸 𝑌𝑒𝑎𝑟 𝑥 + 𝞼

The following 6 response variables ( 𝑌𝑝𝑟𝑒𝑑 ) are

modeled separately:
• Start of season date (SOS)
• End of season data (EOS)
• Length of season (LOS)
• Standard deviation of SOS (SDS)
• Standard deviation of EOS (SDE)
• Standard deviation of LOS (SDL)
Explanatory variables:
• Treat – treatment level (low, medium, high)
• Pos – position of the plot (north, south)
• Temp – spring/autumn temperature
• Oak – background phenological onsets of oaks
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Results

The results from the three datasets (DL, SG & VPP) show the same trend
regarding the influence of thinning treatment. As summarized in Table 1, the
forest stands with thinning treatments tend to have earlier phenological
dates (both SOS & EOS), but also shorter green season duration (LOS). On
the other hand, the thinning treatments have a positive impact on the
phenological heterogeneity within the plots.

Y
Low (baseline)

(DOY/days)
Medium High

SOS 119-123 - -

EOS 279-302 - -

LOS 150-170 - -

SDS 0.27-0.56 + +

SDE 0.71-1.26 + +

SDL 0.99-1.45 + +
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Figure 1. LSP indices derived from Sentinel-2 NDVI curves.

Table 1. Summary of results from three datasets (DL, SG & VPP). 
The 2nd column shows the estimated DOY/days in case of low forest thinning level. The 3rd/4th column shows how
medium/high level differs from low level. ‘+’ refers to a positive effect, ‘-’ a negative effect. SDS, SDE & SDL are the
standard deviation of SOS, EOS & LOS respectively.

The data derived from two smoothing methods (DL & SG) and Vegetation Phenology & Productivity 
(VPP) data from Corpernicus Land Monitoring Service were modeled separately for comparison.

Study Area

The study area (background
Figure) comprises 22 plots of the
Bavarian Growth Monitoring
Trials[3], located in Bavaria, in
southern Germany. The stands are
dominated by oaks, which were
planted for research purposes
since the foundation of the trials.
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