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Context and main objectives

Mapping forests composition is needed for a wide variety of applications: biodiversity assesse-
ment, forest management, invasive species monitoring, estimation of carbon stocks. Sentinel-2
(S2) Image Time Series of high spatial and temporal resolutions offer new opportunities
for tree species classi�cation. Spectral differences between species across seasons (i.e.
phenology-related information) could help to discriminate them.

The aims of this study is to :

1. Investigate the potential of Sentinel-2 image time series for mapping tree species in tem-
perate forest ecosystems.

2. Compare the performance of several learning algorithms and the stability of their respective
results.

Material & Method

STUDY SITE

The study site is located in the southwest France, near the city of Toulouse (Fig. 1). It covers
approximately 510 km2. The woody area is about 10% of the scene. The remainder is
composed of crops (including wheat, sun�ower, maize) and grasslands.
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Figure 1: Location of the study site.

SATELLITE IMAGE TIME SERIES

Sentinel-2 optical data acquired from winter 2015 to autumn 2016: 11 images (Fig. 2).

• 4 Spectral bands at 10-m: Blue (B2), Green (B3), Red (B4), NIR (B8)

• 6 Spectral bands at 20-m: RedEdge (B5, B6, B7), VNIR (B8a), SWIR (B11, B12)
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Figure 2: Available dates of Sentinel-2 images

FIELD DATA

To get pure stand of species, plots were acquired at the center of homogeneous areas cor-
responding to a window of 64 m2 (8x8m) composed of the same species. For undersampled
species, a reject class (other) was created mixing them (Table 1).

Table 1: LIST OF TREE SPECIES WITH THE SAMPLE SIZE
Each sample is one S2 pixel with a total of 2181.

Species Sample size
Silver birch (Betula pendula) 85
Oak (Quercus robur/pubescens/petraea) 269
Red oak (Quercus rubra) 224
European ash (Fraxinus excelsior ) 141
Aspen (Populus tremula) 227
Black locust (Robinia pseudoacacia) 107
Willow (Salix spp.) 53
Eucalyptus (Eucalyptus spp.) 158
Corsican pine (Pinus nigra subsp. laricio) 228
Maritime pine (Pinus pinaster ) 209
Black pine (Pinus nigra) 55
Silver �r ( Abies alba) 75
Douglas �r ( Pseudotsuga menziesii) 81
Cypress (Cupressus) 50
Other (Mix of other species not listed above) 219

CLASSIFICATION PROTOCOL

1. Pre-processing

• Orthorecti�ed product in surface re�ectance (2A) processed by the French national
THEIA platform (http://www.theia-land.fr/en/products/sentinel-2)

2. Gap �lling of cloudy and shady pixels

• Linear interpolation using the closest valid pixels (before/after)

3. Training, prediction and validation

• Classi�ers: SVM, Random Forests, Gradient Boosting (GBT)

• Hyperparameters �xed by cross-validation

• Random sampling: 50/50 (training, validation) repeated 10x.

• Datasets: 10-m only (4 bands), 10-m and 20-m resampled (10 bands)

Results

Overall accuracies are above 90% for all the classi�ers, including the two datasets (Table 2).
Kappa indices are also above 0.90 which proves the potential of S2 SITS for mapping tree
species.

Table 2: CLASSIFICATION ACCURACY

According to the learning algorithm (mean value ±standard deviation after 10 iterations.

Algorithm Overall accuracy Kappa F1
Classi�cation results with the 4-bands dataset

GBT 91.02 (±4.06) 0.93 (±0.03) 0.92 (±0.04)
Random Forest 93.04 (±3.07) 0.92 (±0.03) 0.91 (±0.05)
SVM-linear 93.29 (±2.49) 0.93 (±0.03) 0.92 (±0.04)
SVM-polynomial 94.93 (±2.62) 0.94 (±0.03) 0.94 (±0.04)
SVM-RBF 95.53 (±2.03) 0.95 (±0.02) 0.94 (±0.03)

Classi�cation results with the 10-bands dataset
GBT 92.74 (±1.20) 0.92 (±0.01) 0.92 (±0.02)
Random Forest 95.11 (±0.65) 0.95 (±0.01) 0.95 (±0.01)
SVM-linear 96.58 (±0.64) 0.96 (±0.01) 0.96 (±0.01)
SVM-polynomial 96.92 (±0.62) 0.97 (±0.01) 0.96 (±0.01)
SVM-RBF 97.40 (±0.52) 0.97 (±0.01) 0.97 (±0.01)

Despite these good statistical results, a comparison of the classi�cations between the algo-
rithms shows some spatial divergences (Fig. 3).
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Figure 3: Comparison of the species distribution according to the classi�ers with the number of agreements
between them.

• Cultivated tree plantations such as Aspen and Red Oak are the best predicted (F1-score
of 0.99 for both)

• Black pine and Douglas �r are the most confused species (F1-score of 0.81 and 0.74
respectively).

The extracted values of tree species surface re�ectance are given in the Figure 4.
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Figure 4: Phenology (Mean value for each species, on S-2 10m NIR band.)

Conclusions and perspectives

Our results are consistent with previous works based on Formosat-2 SITS on the same study
site [1]. SVM-RBF was also the best algorithm (kappa = 0.93, here kappa = 0.97), and
Douglas �r the most confused species (87% accuracy versus 0.74 F1-score in this paper).
Kavzoglu and Colkesen found similar performance with SVM-RBF kernel using Landsat
images [2].

Next steps will be focused on the identi�cation of the most important dates for each species,
and on how to reduce suspected over�tting of this model.
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