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The Etna case study revealed the success 
of much of the equipment described above 
during some recent eruptions. However, the 
lack of precursory activity on other erup-
tions is a concern both on Etna and on oth-
er volcanoes where edifice instability may al-
low magma to travel rapidly to the surface.

And finally, even on volcanoes that are 
well monitored, there are many situations 
where decision-making and communication 
have caused problems in the past. There is 
clearly a need for the continued develop-
ment of tools such as expert solicitation and 
advanced neural networks to minimise the 
risk of unexpected eruptions. Similarly, it is 
important to ensure that local populations 
are made aware of the possible outcomes of 
eruptions by, for example, showing videos 
of eruptions similar to those expected and 
by modelling possible eruption scenarios.

of volcanoes at present), but is useful dur-
ing eruptions as a lava flow monitoring 
tool. Changes in gravity and magnetic field 
strength are linked to magma movement and 
will continue to be deployed on selected 
volcanoes. Seismic and magnetotelluric to-
mography are showing considerable poten-
tial. However, their role could become even 
more important if they can be used to model 
magma flow. This information is critical dur-
ing the many situations (e.g. in El Hierro at 
the time of writing; September, 2011) where 
seismic activity indicates magma movement, 
but there is a question over whether magma 
is being intruded laterally or continuing to 
move upwards. Laser scanning and radar are 
key instruments for situations where dome 
growth and possible collapse are a problem. 
They are also important monitoring tools 
during eruptions. If solid state sensors and 
sensor networks continue to develop, their 
low cost and power requirements may allow 
them to be deployed widely in the future.
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Summary

Minimising risk in volcanic regions involves a 
number of inter-related studies. First is the collec-
tion of historical data on previous eruptions, fol-
lowed by detailed mapping around the volcano. The 
resulting volcanic hazard map can be used during 
volcanic crises to minimise casualties. The range of 
tools currently deployed on volcanoes includes seis-
mometers, a range of gas monitoring equipment, 
ground deformation equipment including differen-
tial GPS, borehole strainmeters, thermal imaging 
cameras, micro-gravimeters, magnetometers, laser 
scanners, radar scanners and magnetotelluric equip-
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ment to create subvolcanic images based on electri-
cal conductivity. Satellites are also becoming more 
important, and new techniques involving solid state 
sensors may have a significant role to play in the fu-
ture. Case studies confirm the usefulness of each of 
these techniques, although even in well-monitored 
volcanoes some eruptions take place without detect-
able precursors. To minimise the possibility of un-
expected eruptions in the future will involve both 
increased instrumentation and the application of 
methodologies such as advanced neural networks 
and expert solicitation.

Podczas ostatnich 300 lat ponad 250 tys. ludzi 
zginęło w wyniku erupcji wulkanicznych. Najwięk-
sze tragedie miały miejsce tam gdzie nie prowa-
dzono monitoringu zachowania się wulkanów (El 
Chicon, Meksyk) lub nie przestrzegano zasad ewa-
kuacji ludności (Nevado del Ruiz, Kolumbia). Z dru-
giej strony ścisłe przestrzeganie  zasad i wyciąganie 
wniosków z danych monitoringu uratowały setki ty-
sięcy ludzi przed zagładą w gęsto zaludnionych re-
gionach świata (Pinatubo, Filipiny). 

Ograniczenie ryzyka związanego z przebywa-
niem ludzi w obszarach zagrożonych bezpośrednim 
oddziaływaniem wulkanów wymaga wielowątko-
wych badań. Pierwszym krokiem jest zebranie infor-
macji dotyczących historycznych zapisów i relacji o 
wcześniejszych erupcjach. Opracowana na tej pod-

stawie mapa potencjalnych zagrożeń może być bar-
dzo pomocą podczas kryzysowej sytuacji. Pozwala 
ona zorientować się w rozmiarach jak i typie erupcji 
jaka może mieć miejsce. Szeroki wachlarz narzędzi 
do monitorowania zachowania się wulkanów obej-
muje: sejsmometry, urządzenia do badania gazów 
wulkanicznych, deformacji gruntu, w tym precyzyj-
ne przyrządy GPS, kamery termowizyjne, mikro-gra-
wimetry, magnetometry, skanery laserowe, urządze-
nia do pomiarów magneto-tellurycznych (urządzenia 
do tworzenia obrazów wnętrza wulkanu na podsta-
wie badań zmian własności elektrycznych i magne-
tycznych skał). Ważną rolę we współczesnym moni-
toringu odgrywają satelity jak również zastosowanie 
nowoczesnych metodologii, takich jak sieci neurono-
we czy burze mózgów ekspertów od monitoringu 




