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Abstract- In this paper, we exploited satellite remote sensing 
data, acquired by SAR and optical sensors to map the lava 
emplacement during the eruption of Pi co do Fogo volcano, in Cape 
Verde. The eruption took place in November 2014, and lasted for 
about 2 months. The event was imaged by several satellite 
missions. In particular, the ESA Sentinel-IA platform operated in 
that area, collecting several images with its novel acquisition mode, 
the so-called TOPSAR. SAR images have been processed to extract 
changes automatically and to infer the advancement of the lava 
emitted from November 23, 2014 to January 2017, by using an 
adaptive parametric thresholding and a hierarchical split based 
approach. This automatic procedure allowed mapping the 
evolution of the lava coverage. The results obtained thanks to this 
method were compared to the ones derived by using the optical 
images collected by Landsat-8 and EO-l optical sensors. 

Keywords- Sentinel-l; SAR; optical sensor change detection; 
hierarchical split-based approach (HSBA). 

I. INTRODUCTION 

Fogo Island is one of the island that composed the 
archipelago of the Republic of Cape Verde. This island only 
experienced volcanic eruptions, and the most relevant hazard is 
the lava flow, in particular inside Chi! das Caldeiras and in the 
steep eastern coast where the 30% of inhabitants lives [1]. In 
1951 the lava flow destroyed a village on the eastern coast, and 
in 1995 and lastly in 2014 the villages inside CM das Caldeiras 
were destroyed. In such hazardous context, the monitoring of 
lava flow and its temporal evolution is very important to provide 
useful information for planning rescue activities and save lives. 

Remote sensing data are nowadays powerful tools to collect 
images for monitoring purposes, especially in the present era in 
which many sensors are available on several platforms and 
constellation missions (e.g. ESA Sentinels, and ASI COSMO
SkyMed). In this work we mapped the lava flow in Chi! das 
Caldeiras caused by the eruption that occurred between 
November 2014 and January 2015 at Fogo Island. The eruption 
started on 23 November 2014 and lasted 78 days, and was 
characterized by an effusive activity originated from a fissure 
located at the base of Pico do Fogo. We exploited Synthetic 
Aperture Radar (SAR) images acquired by the new sensor on 
board of ESA Sentinel-l A mission. In particular, we tested the 
capability of a novel change detection algorithm, based on 
multi scale tiling approach, for deriving automatic surface 
change maps. The resulting lava extent was then compared with 
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the maps obtained by means of change detection and visual 
interpretation performed on ofLandsat-8 and EO-l data. 

II. DATA AND METHODS 

A total of 15 images have been used to map the emplacement 
in Chi! das Caldeiras, 9 from Sentinel-IA (SIA) and the 
remaining 6 from multi-spectral sensors on board of Earth
Observing-l (3 images) and Landast-8 (3 images). 

TABLE I. SARDATASET 

Mission/sensor Date of acquisition Orbit 
direction 

SIA I SAR 2014111 /03 Ascending 

SIA/SAR 2014111108 Descending 

SIA/SAR 2014111 /27 Ascending 

SIA/SAR 2014112102 Descending 

SIA/SAR 2014112/09 Ascending 

SIA I SAR 2014112114 Descending 

SIA/SAR 2014112/21 Ascending 

SIA/SAR 2014112/26 Descending 

SIA I SAR 2015101102 Ascending 

TABLE 11. OPTICAL DATASET 

Mission/sensor Date of acquisition 

L8/0Ll 2014/10/23 

L8/0Ll 2014/11124 

EO-I I ALl 2014/12/16 

EO-II ALI 2014/12/18 

EO-l / ALl 2014/12/24 

L8 / 0Ll 2015101111 

Table I and Table II report the relevant dataset. The SAR 
collection is made of images in the innovative Terrain 
Observation with Progressive Scans SAR - TOPSAR -
acquisition mode (aka Interferometric Wide swath, IW). The 



Fogo eruption is the fIrst volcanic events captured by Sentinnel
lA mission in TOPSAR mode, and it was the first case study 
where SAR interferometry was applied to this very new imaging 
scan [2]. 

A. SAR image processing 

The TOPSAR images allowed the generation of seven 
change detection maps, four for the ascending acquisitions, and 
three for the descending ones. The novelty of the proposed 
approach consists on the adoption of a method previously 
applied for flood mapping purposes [3]. The method, hereafter 
named as HSBA, Hierarchical Split-Based Approach) is based 

Fig.l The image shows an example of change detection results by using 
the multiscale tiling approach. Green pixels, super-imposed on a 
backscattering S I A image, correspond to pixel detected as changed 
between the two input scenes. The lower panel reports the corresponding 
RGB color composition of this change detection analysis. The cyan pixels 
are related to the presence of new lava. 
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Fig.2 L8 change image calculated in the SWIR channel with October 2014 
and January 2015 images: darker pixels refer to younger/warmer lava, 
whereas lighter pixels correspond to older/colder lava, in January. Red 
contours were drawn to higlight the detceted chenge by vial inspection. 

on a multiscale tiling of the change image aiming to identify 
bimodal regions, meaning that changed and unchanged pixels 
are well represented in the area to fIt their distribution. Later, 
based on the statistic of previously selected areas, the extraction 
of the lava extent in the entire scene is performed by using an 
automatic algorithm, which is a combination of distribution 
fItting, backscatter thresholding and region growing [4]. An 
example of the output generated by this algorithm is reported in 
Fig.l, where a comparison between the resulting binary map of 
changes and the RGB color composition of the reference image 
and one imaging the effusive event is shown. We made the 
hypothesis that the presence of the lava increases the 
backscattering respect an acquisition taken before the eruptive 
event. The backscattering increasesbecause the new lava is 
rougher. The main advantages of the algorithm are that it is 
automatic and that the defmition of the threshold to separate 
changed from unchanged area is adaptive. Moreover, to label a 
pixel as changed it does not rely only on the magnitude of the 
backscattering difference but it takes also into account spatial 
information through the region growing steps. Finally, the two 
region growing thresholds, for selecting seeds pixels and for 
stopping the growing process, are automatically selected on the 
base of the retrieved probability density functions using HSBA. 

B. Optical analysis 

Multispectral satellite data, at mediwn spatial resolution (30 
m) pixel, were acquired by Earth-Observing-l (EO-I) and 
Landsat 8 (L8) satellites. The spectral bands of these 
instruments, positioned in Visible (VIS), Near InfraRed (NIR), 
and Short Wave InfraRed (SWIR), allow mapping the 
advancement of the lava. L8 data of Fogo Island were acquired 
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Fig.3 Map of progressive lava emplacemnt during the 2014-2015 Fogo 
eruption. 

on 23 October 2014 (pre eruption), 24 November (few hours 
following the start of eruption) and on 11 January 2015 (post
eruption). The data were converted into reflectance, and in order 
to improve the spatial resolution of multispectral channels, the 
bands at 30m resolution were resampled to the 15m of 
panchromatic channel by using pan-sharpening Graham-Smidth 
method. The resulting images were exploited to execute a 
change detection analysis. In particular, we used the pan
sharpened SWIR channel of L8 to calculate change detection 
maps (CDM) between the images captured on 23 October 2014, 
and November 24, 2014, and between 23 October 2014 11 
January 2015 (Fig. 2). 

The change detection analyses, based on a visual 
interpretation of the gray tones in the CDM, allow 
discriminating among the different phases of lava emplacement. 
Indeed, it can be easily interpreted by noticing that darker pixels 
refer to younger/warmer lava, whereas lighter pixels correspond 
to older/colder lava, in January. The EO-l images were 
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Fig.4 Plot of temporal trends of lava field area derived by means of SAR 
and optical data analysis. 
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Fig.5 Zoom on the central areawhere SAR don 't detect new lava field. 
Yellow circles show the region where the backscattering values don not 
significtively change before (left panel) and after (right panel) lava 
emplacement. 

exploited to infer the deposition timing by visually analyzing the 
SWIR and thermal channels. 

III. LA VA FIELD EVOLUTION 

The obtained SAR change detection maps were vectorized to 
extract the polygons of the lava field. Fig. 3 shows the results of 
the entire analysis. Each colored patch refers to the lava 
estimation for each of the available images. Note that the image 
dated 2 December 2014, did not produce reliable change 
detection, and therefore it is not included in the map. Further 
analyses are ongoing to understand such anomaly. The 
progressive lava accumulation was estimated calculating the 
area of the change detection polygons. The temporal trend of 
such accumulation is reported in Fig. 4. The map shows that 
most of the lava was emitted in first week, then the area covered 
by lava slowly increased. Similarly to SAR results, the optical 
images were exploited to estimate the lava field. The change 
maps generated with L8 data, with the support of EO-l images, 
were used to estimate the temporal evolution of lava areal 
coverage. In Fig. 4 is reported a plot that shows the temporal 
trend of lava field. The plot shows the corresponding trend by 
means of SAR data as well. SAR and optical data seem agree, 
showing a very similar trend, although a bias between the two 
dataset is highlighted in the plot. Comparing the two change 
detections and related polygons, it is clear that there is an area, 
located approximately in the center the maps (e.g., see Fig.3), 
where deposited lava is not detected by SAR. We analyzed the 
SIA images and we found that in such portion of the images 
there is no clear change in the backscattering values (Fig. 5). The 
surface roughness before the eruption is quite high and is similar 
to that one took place with the new lava cover (see Fig.6). 

IV. CONCLUSIONS 

The work presents a focus on the lava coverage mapping of 
the Pico do Fogo 2014-2015 eruption. We exploited SAR 
images acquired by Sentinel-IA platform using an automatic 
change detection algorithm previously developed for mapping 
flood, which is based on hierarchical split-based approach to 
automatically select the threshold for identifying class of 
change. The results are encouraging even if some miss detection 
of changes is present, probably due to subtle scattering 
modification of the surface in some areas. Taking into account 
the availability of the second twin-platform Sentinel-lB that will 
permit a 6 days revisit time, we think that the proposed approach 



could provide a fast and automatic tool for monitoring lava 
emplacement. 

Fig.6 Google Earth pictures of the non detected lava emplacement: pre
eurption picture on the left, post-eruption on the right. The images reveal 
the similarity (and complexity) of the roughness in the mis-detected region. 
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