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ABSTRACT 

 

This work is an evaluation to which degree geological 

information can be obtained from modern remote sensing 

systems like the multispectral ASTER or the hyperspectral 

Hyperion sensor for a volcanic region like Teide Volcano 

(Tenerife, Canary Islands). To account for the enhanced 

information content these sensors provide, hyperspectral 

analysis methods, incorporating for example Minimum 

Noise Fraction-Transformation (MNF) for data quality 

assessment and noise reduction as well as Spectral Angle 

Mapper (SAM) and Support Vector Machine (SVM) for 

supervised classification, were applied. Ground Truth 

reflectance data were obtained with a FieldSpec Pro 

measurements campaign conducted during later summer of 

2007 in the frame of the EC project PREVIEW 

(http://www.preview-risk.com/). 

 

Index Terms— Teide, classification, hyperspectral 

sensors, ASTER, Hyperion, reflectance spectra 

 

1. INTRODUCTION 

 

The Canarian Archipelago is made up of seven islands 

that represent different stages of geologic evolution [1], [3], 

[4], [5], [6]. Tenerife Island is the central Island of the 

archipelago and his Volcano Teide (Pico del Teide) is a 

predominate feature. 

The Pico del Teide structure is the exposed part of a 

giant volcanic construct that extends from the floor of the 

eastern central Atlantic with peaks ranging from 2370 m to 

3718 m at the summit of Teide volcano. The subaerial 

history of the island began in the late Miocene Plio-

Quaternary and post-shield volcanism on Tenerife and has 

been characterized by the cyclic development of 

petrologically evolved eruptive centers. The most recent 

eruptive cycle has produced the twin strato-volcanoes Pico 

del Teide (PT) and Pico Viejo (PV), and numerous flank-

vent systems, whose products collectively form the PT/PV 

formation. Like previous cycles, PT/PV volcanism has 

involved central activity and persistent eruptions from 

prominent rifts recent geological investigations of Teide 

have focused on the Pliocene-Holocene late stage eruptive 

activity. 

Mapping of exposed flow units and reconstruction of 

eruption sequences was carried out by Carracedo et al. [1], 

[4], [5]. Recent eruptive activity on Tenerife (e.g., 200 ka to 

present) has also been described and characterized by them 

[7]. Until now, however, no spectroscopic characterization 

of the Teide volcanic has been available. In 2007, however, 

a remote sensing data validation campaign, funded by the 

European Community under the PREVIEW FP6 project was 

carried out, accomplishing multiple aims.  

During the campaign, field Reflectance and Emissivity 

spectra were acquired representing a ground truth library for 

scientific investigation (i.e. for validation of satellite data, 

and a training basis for supervised classification). On 

demand acquisition of Hyperion and ASTER data were 

attempted, however, weather conditions were not acceptable 

during satellite overpasses (e.g., 80% cloud cover) and so 

we have used archived data for this study. 

 

2. METHODS 

 

2.1 Data pre-processing 

 

The multispectral Advanced Spaceborne Thermal Emission 

and reflection Radiometer (ASTER) was launched on 19 

December 1999 on board NASA‘s Terra satellite. It has 

three bands in the VNIR (15 m spatial resolution) and six 

bands in the SWIR (30 m spatial resolution) wavelength 

region [10]. In particular, the SWIR bands were intended for 

the discrimination of minerals or rock types. For spectral 

analyses reported here, an AST_07 Surface Reflectance 

product covering the study area was utilized, having been 

acquired on August 4, 2007 [2], only 30 days before the 

campaign. 

The Hyperion sensor, onboard NASA's EO-1 platform, 

is a pioneering spaceborne imaging spectrometer covering 

the wavelength region from 0.4 to 2.5 μm with 220 bands at 

10 nm spectral resolution and 30 m spatial resolution. For 

the current study, L1R-Data ('At-Sensor Radiance') from 

November 13, 2003 was used. 

http://www.preview-risk.com/


The preprocessing of the ASTER data consisted of 

resampling VNIR bands to 30 m spatial resolution, and the 

combination of the VNIR and SWIR data into a 9-band 

imagecube. Regarding the Hyperion data preprocessing, due 

to signal-to-noise issues and other radiometric difficulties, 

only 198 bands are calibrated in this data product (for 

further details see [14]). As a result, a subset of 196 bands, 

were appropriate for further analysis. As with ASTER data, 

we applied a scaling factor to convert the dataset in 

radiometric units. The image was geo-referenced using 

ground control points (GCPs) to re-project the ASTER 

image. Surface reflectance was retrieved using the Fast Line-

of-sight Atmospheric Analysis of Spectral Hypercubes 

(FLAASH) [8] algorithm from the commercial ENVI
®
 

software package. In order to reduce noise in the Hyperion 

image and improve classification results, a Minimum Noise 

Fraction-Image (MNF) was generated for data 

dimensionality estimation and reduction, thereby 

decorrelating useful information and separating noise [11]. 

A statistics based Lee filter [13] was then applied to the 

inverse MNF Hyperion image. 

 

2.2 Classification methods 

 

Image classification is a processing technique in which 

quantitative classification decisions are made on the basis of 

the data present in the image, grouping pixels or regions of 

the image into classes (e.g., representing different ground–

cover or spectrally distinct terrane types).  

Classification techniques can be broadly divided into 

two types: supervised classification and unsupervised 

classification. In supervised classification, information about 

the distribution of spectral unit types in part or parts of the 

image is used to initiate the process. Pixels or groups of 

pixels corresponding to known spectral types are called 

training data or training areas and are used to ‗train‘ the 

classification process to recognise other, similar pixels.   

In this work we applied two ENVI® supervised 

classification methods, Spectral Angle Mapper (SAM) and 

Support Vector Machine (SVM). SAM is a physically based 

classification algorithm that compares the spectral similarity 

between surface reflectance image spectra and reference 

spectra, treating them as vectors in a space with the 

dimensionality equal to the number of bands [12]. Image 

spectra are assigned to the reference spectrum class that 

yields the smallest calculated angle. The SVM classifier is 

derived from statistical learning theory. It separates classes 

with a decision surface that maximizes the margin between 

the classes [9].  The training suite (18 classes) was selected 

by using both ―ground truth‖ acquired during field 

campaign, and visual selection.  The ground true classes are 

a suite of 8 reflectance spectra (Fig.1) in the range 0.35-2.5 

μm acquired  by a portable FieldSpec spectrometer. 

The spectra have been chosen according to the 

following criteria: 1) to be as high as possible, wide, plane 

and open areas of homogenous surface material; 2) to be 

easy reachable on the field and to recognizable and 

localizable on the image; 3) they have to be located in a well 

know geological setting; 4) they have to be in the field of 

view of both ASTER and Hyperion images. The remaining 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1 Ground true reflectance spectra acquired by 

FieldSpec (left). The position of the points are located on 

Google Earth by their latitude and longitude.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Geological map of Volcano Teide, Tenerife [7]. 

 

10 spectra have been chosen by visual inspection 

referring to geological map. Training datasets for 

classification was selected in this way: starting from ground 

true measurements first we generate the 18 classes and by 

populating them by using a growing sampling algorithm. 

Classes so obtained were sub sampled by using a stratified 

random sampling method. 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Ground Truth Class Training set (left) and 

description table (right) for ASTER. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 ASTER SVM classification map and class 

descriptions. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Producer Accuracy for ASTER and Hyperion SVM 

classification. 

3. RESULTS DISCUSSION 
 

SAM and SVM classifications accuracies were estimated 

calculating the confusion matrices. An overall accuracy of 

66.2716% and a K coefficient of 0.6052 for ASTER, and an 

overall accuracy of 59.4693% and a K coefficient of 0.5613 

for EO1-Hyperion were achieved with SAM classification. 

Best results were obtained with SVM classification on both 

images: an overall accuracy of 96.8284% and K coefficient 

of 0.9574 for ASTER and an overall accuracy of 85.7787% 

and a K coefficient of 0.84 for EO1-Hyperion were 

achieved. When considering the Producer Accuracy for each 

class, we noticed that it is more than 90% for ASTER, 

except for classes as indicated in Table 1. Instead, Hyperion 

classification has lower Producer Accuracy values and 

doesn‘t improve results, with the exception of classes El 

Piton and Mna Majua F Bis. Furthemore, three classes—

Boca Tauce, La Orotava and Pico Teide—have not been 

classified.   

The classification maps for ASTER and Hyperion, 

obtained by using the SVM method, represented in Figures 4 

and 5 respectively, have been compared to geological map 

of Volcano Teide (Fig. 2) [7]. They clearly demonstrate 

good correspondence among the classes and the geological 

units.  

 

4. CONCLUSIONS 

 

We report here the first spectral characterization of Volcano 

Teide carried out using combined in situ field and satellite 

hyperspectral and multispectral data. The central part of 

Teide was classified utilizing the both SAM and SVM 

supervised methods within the ENVI
®
 software package. 

Comparisons between the classification image obtained by 

using the SVM method with both Hyperion and ASTER data 

and the Teide geological map show good formal statistical 

correspondence between the classes and the geological units. 

Also a good qualitative visual correspondence between the 

classes and the geological units is evident. On inspection, 

the ASTER classification map shows a wider presence of 

vegetation as contrasted with the Hyperion map. This 

difference may be due to a seasonal effect (i.e., Hyperion 

data were acquired in November, ASTER in August), or the 

three-year time difference may have allowed additional 

vegetation growth (i.e., Hyperion in 2003 vs. ASTER in 

2007). The multispectral character of ASTER data versus 

the hyperspectral character of Hyperion data may have 

contributed to this difference, as well, although we think this 

effect is probably minimal. Overall the classification results 

obtained from Hyperion and ASTER data appear promising 

and confirm the utility of both as effective tools for 

volcanological mapping. 

 

 

 

P ro d . Acc . (P ercen t)

C lass A S T E R H yperion

M na  M a jua  - F 92 .5 50 .74

M na  M a jua  - F  b is 48 .03 65 .13

E l P iton  - P 2 .6 49 .67

v. de  la  C and 96 .7 84 .5

L Iano  de  U can 97 .88 95 .53

Lava  de l C hao 96 .12 79 .31

B oca  T auce  - 45 .86 0

Lavas  negras  S 96 .27 79 .36

Lavas  negras  N 94 .67 88 .79

veg 99 .49 89 .57

M na  C ha fa ri s 95 .85 96 .98

M ancha  R uana 93 .66 48 .81

la  O ro tava 40 0

T e ide  P hase  F 96 .13 91 .85

P ico  T e ide  - 100 0

M au ja  b is 99 .08 97 .81

D e  C ruz de  T e 97 .23 87 .47

M na  B lanca 0 84 .02



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.  EO1-Hyperion SVM classification map. Classes 

are described in fig 4.   
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