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ABSTRACT
Thermal remote sensing is a valuable tool for estimating activity of volcano-
es. Near real time monitoring did not detect any thermal anomalies during 
the field experiment on Azores in 2009. Therefore, we used archive data 
from Etna (2002) and Kasatochi (2008) eruptions to improve our processing 
algorithm.

Hot springLava Eruption

MOTIVATION
Many studies have shown that the observation of thermal anomalies can be 
used to quantify volcanic activity as well as eruption precursors. Remote 
sensing gives us the possibility to detect active lava lakes, flows, etc.
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PHYSICAL BACKGROUND
Surface temperature can be retrieved using remote sensing techniques. 
Volcano thermal anomalies have typical temperatures in the range of 400 K 
to 1000 K. According to the Wien’s Displacement Law, the peak emission of 
radiance for a blackbody at such temperatures is between 3 and 5 !m 
(medium infrared – MIR). For a temperature of 300 K, which is the expected 
temperature to be measured by Earth orbiting radiometers, the peak of radi-
ance emission is located at approximately 10 !m (thermal infrared – TIR). 
The MIR and TIR spectra correspond to atmospheric windows where the at-
mospheric transmission is high enough to make observations sensible.

The total radiance of a pixel is a linear combination of the separate radian-
ces, which leads to different temperatures by measuring at different wave-
length if the pixel is not homogeneous. For example, for a thermal anomaly 
of 500 K that covers a quarter of the pixel area with the background tempe-
rature of 300 K, an observation in MIR results in a temperature of around 
450 K and TIR observation results in merely 390 K. The difference in the 
spectral sensitivity can be used to detect sub-pixel anomalies that do not 
have any significant impact upon the TIR temperature.
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PROCESSING CHAIN TESTED ON AZORES
Monitoring of volcanic thermal anomalies is based on the estimation of nor-
malized thermal index NTI (Wright et al., 2002) from MODIS 3.9 !m and 
12.0 !m bands. If thermal anomalies are detected, they are described by 
their temperature and the area covered by the anomaly. These parameters 
are determined using an approach proposed by Dozier (1981). In addition, 
the detected anomalies are described by radiant flux and effusion rate. Ra-
diant flux is the most robust parameter of thermal activity and its value is 
passed to the alert level estimation.
We have been monitoring thermal anomalies on Azores from April to Sep-
tember 2009 but we have not detected any. Nearly 100 GB of satellite data 
have been processed. The processing chain is described by the scheme on 
the right. We combine Python and IDL code that can be used virtually on all 
major operating system. The outputs of near real time monitoring are XML 
files (describing the most important input and output parameters) and Geo-
tiff files (providing the general overview in 8-bit version and radiances for the 
selected six channels in 16-bit version).

CURRENT DEVELOPMENT
Because the volcanoes on the Azores are currently dormant we work with 
data for Etna (Sicily, Italy) and Kasatochi volcano (Aleutian Islands, USA). 
The MODIS archive data are thus of great help for the development. One of 
the goals is to present the general meteorological situation, thus we use the 
following combination as an RGB image: TIR 12.0 – TIR 10.8 (red), TIR 
10.8 – TIR 8.7 (green), TIR 10.8 (blue). From such an image it is easy to see 
a difference between an ash plume (usually in pink), SO2 plume (in green) 
or meteorological clouds (usually orange or brown). 

We are also working on the implementation of Kalman filter in order to im-
prove quantitative estimation of volcano activity by radiant flux. This para-
meter is difficult to estimate because it is influenced by atmosphere, 
satellite‘s viewing angle and sensor characteristics. It is impossible to com-
pletely remove the measurement noise by standard preprocessing. The 
Kalman filter allows the combination of measurements even from different 
sources that have different levels of accuracy. We are currently working on 
its application to reduce noise and increase the temporal resolution of 
volcano radiant flux measurements from simultaneous MODIS and AVHRR 
measurements. We define the relation between process and noise measu-
rement with the pixel area and cloud coverage over the volcano.

OUTLOOK
Monitoring of thermal anomalies can be enhanced by employing hyper-
spectral instruments (such as forthcoming DLR’s EnMAP) that operate in 
SWIR spectra; they provide better spatial distribution and can extract many 
endmembers.
Thermal remote sensing can be applied also to monitor the atmosphere, 
e.g. volcanic ash can endanger the air traffic. It would make sense to com-
bine sophisticated satellite measurements (by e.g. IASI) that can characteri-
ze the ash (its concentration, mass and particle size) with ground based 
measurements that can provide excellent temporal resolution and even 3D 
data.
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Monitoring the volcanic ash (pink) and SO2 (green)
after Kasatochi eruption in August 2008 over the NE Pacific.


