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ABSTRACT:

Tree species mapping in tropical forests provides valuable insights for forest managers. Keystone species can be located for collection
of seeds for forest restoration, reducing fieldwork costs. However, mapping of tree species in tropical forests using remote sensing data
is a challenge due to high floristic and spectral diversity. Little is known about the use of different spectral regions as most of studies
performed so far used visible/near-infrared (390-1000 nm) features. In this paper we show the contribution of shortwave infrared
(SWIR, 1045-2395 nm) for tree species discrimination in a tropical semideciduous forest. Using high-resolution hyperspectral data we
also simulated WorldView-3 (WV-3) multispectral bands for classification purposes. Three machine learning methods were tested to
discriminate species at the pixel-level: Linear Discriminant Analysis (LDA), Support Vector Machines with Linear (L-SVM) and
Radial Basis Function (RBF-SVM) kernels, and Random Forest (RF). Experiments were performed using all and selected features
from the VNIR individually and combined with SWIR. Feature selection was applied to evaluate the effects of dimensionality reduction
and identify potential wavelengths that may optimize species discrimination. Using VNIR hyperspectral bands, RBF-SVM achieved
the highest average accuracy (77.4%). Inclusion of the SWIR increased accuracy to 85% with LDA. The same pattern was also
observed when WV-3 simulated channels were used to classify the species. The VNIR bands provided and accuracy of 64.2% for
LDA, which was increased to 79.8 % using the new SWIR bands that are operationally available in this platform. Results show that
incorporating SWIR bands increased significantly average accuracy for both the hyperspectral data and WorldView-3 simulated bands.

1. INTRODUCTION

Mapping tree species in tropical ecosystems provides valuable
insights for ecologists and forest managers. Limitations on
spectral and spatial resolution of satellite images acquired over
large areas restrict its use for this purpose (Nagendra and
Rocchini, 2008). Currently, high resolution (hyperspatial and
hyperspectral) remote sensing has been hailed as a promising
technology for individual tree crown (ITC) mapping (Féret and
Asner, 2013). However, the optical remote sensing domain was
not fully explored for this kind of application and little is known
about the utility of the shortwave infrared region (SWIR, 1045-
2395 nm). The main objectives of this study are the
quantification of the benefit of using shortwave infrared SWIR
features for tree species discrimination in tropical semideciduous
forests. For this purpose, we assessed performance of
classification methods using high spatial resolution hyperspectral
imagery. We also simulate the bands of a state-of-art
multispectral satellite.

* Corresponding author

2. MATERIALS
2.1 Study area

The study area is the Reserve of Santa Genebra (22°48’- 22°50°
S, 47°06’- 47°07” W), located in the municipality of Campinas,
in Sdo Paulo State, southeast of Brazil. It comprises 251.8 ha of
a well-preserved submontane semideciduous forest formation
(Brazilian Atlantic Forest).

2.2 Hyperspectral data

Hyperspectral images were acquired on June 8, 2010 with the
ProSpecTIR-VS (AISA Eagle and Hawk) sensor onboard an
aircraft flying 1350 m above ground level, resulting in an
instantaneous field of view (IFOV) of 1 m. 357 radiance bands
were collected in the 400-2500 nm region of the visible/near-
infrared (VNIR, 452-919 nm) and the short-wave infrared
(SWIR, 1045-2395 nm) wavelength range, with a spectral
sampling distance of about 5 nm.
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Ten flight lines cover all the study area.

Figure 1. (a) Location of the study area in Brazil, detailing the St.
Genebra Forest Reserve with a true color composite (R=639 nm;
G=548 nm; B=460 nm) yielded from hyperspectral data; (b)
Tree crowns manually delineated and identified to the species
level in the field; (c) Mean spectral response of the approached
species; (d) Photograph taken on 28/May/2014 of the crown of
Aspidosperma polyneuron.

2.3 Field data

Initially, ITCs were manually delineated throughout the study
area using the image in a scale of 1:1,500 (Fig. 1). Only crowns
clearly seen with the naked eye were outlined, thus ensuring pure
spectral response of species. In the field, with aid of a GPS
device coupled with an external antenna, trees were visited and
identified to the species level. A total of 310 ITCs were
identified, corresponding to seven species. Table 2 summarizes
the number of crowns and pixels per species as well as diameter
at breast height (DBH).

Species Code Crowns Pixels DBH (cm)
Aspidosperma polyneuron AP 25 2,630 48-96
Astronium graveolens AG 59 5,914 26-57
Cariniana legalis CL 50 13,312 52-111
Cecropia hololeuca CH 60 2,234 13-25
Croton piptocalyx CcP 83 6,375 25-71
Hymenaea courbari HC 18 3,663 61-95
Pachystroma longifolium PL 15 914 49-63

Total 310 35,042

Table 1. Species list, number of crowns, pixels and minimum and
maximum Diameter at Breast Height (DBH)

3. METHODS
3.1 Hyperspectral data pre-processing

Atmospheric correction were applied using the Fast Line-of-
Sight Atmospheric Analysis of Spectral Hypercubes (FLAASH)
algorithm, a MODTRANA4-based approach available in the
ENVI software (ITT Visual Information Solutions, 2009). Bands
around 1,400 and 1,900 nm were removed, due to strong
atmospheric water vapor absorption. Bands around 970 nm were
discarded, as they are located in the transition zone between
sensors and showed low signal-to-noise ratios (SNR). Noisy
wavelengths below 400 and above 2,450 nm were also discarded.
Finally, 260 narrow bands spanning 450-2,450 nm were retained
for further use. After atmospheric correction, images of each
flight line were geometrically rectified with their respective
Geometric Look-up-Table (GLT).

3.2 Simulations of multispectral bands

Hyperspectral data provide the opportunity to simulate bands of
multispectral sensors by spectral resampling. We used a
simplified approach where narrow bands were aggregated to
match the WorldView-3 (WV-3) satellite, with the spectral filter
functions shown in Figure 1.
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3.3 Feature selection

Classification of hyperspectral data frequently requires a
preliminary dimensionality reduction step. This aims at avoiding
the Hughes phenomenon (Hughes, 1968), i.e. loss of classifier
performance with increasing data dimensionality, and reducing
the computational cost. In this paper, we performed stepwise
regression, using the stepwisefit function available in
MATLAB® (MathWorks, Natick, Massachusetts, USA), to
select bands in the VNIR and SWIR spectral ranges to classify
species. The aim is to evaluate the effects of dimensionality
reduction and identify potential spectral domains that may
improve species discrimination. Here, we selected 30 bands in
the VNIR and SWIR ranges.

3.4 Experimental setup
3.4.1 Selection of training and testing samples

Labelled pixels from the manually delineated ITCs were
extracted from the image, resulting in a dataset with 260 bands,
and 35,042 pixels distributed among 310 ITCs (Table 1). This
dataset was randomly partitioned into 60% ITCs for training and
40% for testing. During this process, the ITC identity was
respected, i.e. testing and training pixels of the same species
came from different ITCs. Previous studies showed that violation
of ITC identity could lead to unrealistic classification accuracy
(Baldeck and Asner, 2014). We repeat the above splitting
procedure 100 times, randomly choosing at each iteration the
ITCs used to train and test the classifiers.

3.4.2 Pixel-level classification

We evaluated the performance of three supervised machine
learning methods: Linear Discriminant Analysis (LDA), Support
Vector Machines (SVM) with the linear and radial basis function
(RBF) kernels and Random Forest (RF). These methods have
been used in recent studies dealing with discrimination of tree
species by remote sensing (Clark & Roberts, 2012; Féret &
Asner, 2013; Dalponte et al., 2013). The free parameters of
SVM and RF were estimated using a grid search strategy. For the
experiments the methods were trained using the following
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datasets: dataset I: 99 VNIR features; dataset II: 260 VNIR plus
SWIR features.

4. RESULTS AND CONCLUSIONS

We found that the average accuracy is highly variable for all
methods at the pixel-level, after repeating species classification
100 times, changing at each iteration ITCs used for training and
testing, w (Figure 1). While accuracy of dataset | remained
between 55% and 80% (Fig. 3a), the accuracy of dataset Il (Fig.
3b) reached values between 55% and 90%. This difference is
expressed most notably comparing results of LDA, L-SVM and
RBF-SVM. It is worth noting that, for these methods, while
average accuracy ranged from 58 % to 86% (Fig. 3a) using only
VNIR, incorporating SWIR features increased performance, with
average classification accuracy ranging from 72 % to 91%.
Feature selection was performed on each of the 100 training
datasets, enabling visualization of the most important
wavelengths for species discrimination (Fig. 3c,d). The majority
of the bands selected in the VNIR domain were in the visible
region (452-653 nm), predominantly around the blue (452-516
nm) and red (620-691 nm) absorption features (Fig. 3c). Several
wavelengths corresponding to the red region were selected at
each of the 100 repetitions. This region also appears as very
discriminative when SWIR bands are incorporated in the analysis
(Fig. 3d). SWIR spectral bands located in the 1,529-1,660 nm
spectral region, as well as in the vicinity of 2,383 nm also
systematically appear as particularly important for species
discrimination.
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Figure 3. Average accuracy for tree species classification
obtained at the pixel scale with different methods, using selected
features from either VNIR domain (a), or VNIR+SWIR domain

(b). Frequency of selected bands obtained from VNIR data (c)
and VNIR +SWIR data (d). The spectral response of a vegetated
pixel is plotted in (c) and (d) for clarity.

Incorporation of SWIR bands also increased significantly
average accuracy when WorldView-3 simulated images were
used to classify the species (Fig.5). While simulations in the
VNIR, which actually corresponds to bands of the WorldView-2
satellite, yield results between 55 % and 75%, including eight
SWIR bands (Fig.2) raised significantly the classification

accuracy between 60 % and 85%, for all classifiers tested.
Specifically, the increase on the median was about 4.5% for RF,
up to 15.1% for LDA. These results, together with those
obtained with the hyperspectral data, confirm that spectral
information from the SWIR region improves species
discrimination in the tropical semideciduous forest studied.
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Figure 4. Variability of classification accuracy of the species
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Our results highlight the importance of SWIR information for
tree species discrimination at the pixel scale. Further
investigations need to be done in order to compare these results
with alternative approaches which proved to outperform
pixelwise classification. We expect object-oriented classification
performed at the ITC scale and pixel filtering (shaded pixels
masking) to improve classification accuracy.

The results obtained with feature selection also need to be further
analyzed with a physically-based perspective in order to improve
their interpretation and relate discriminative potential to chemical
and structural properties of the vegetation. Leaf optical
properties of the discriminated tree species have been collected
during a field campaign. These data will be integrated into a
virtual 3D scene in order to simulate hyperspectral images using
the DART radiative transfer model (Gastellu-Etchegorry et al.,
2015), to study the relative importance of tree structure and leaf
chemistry, and to attempt a validation of the model for
hyperspectral simulations of tropical forests.
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