
Modeling 
and  image 
processing for 
visualization of 
volcanic  mapping 

by Maria Teresa Pareschi 
Ralph Bernstein 

In  countries  such  as  Italy,  Japan,  and  Mexico, 
where  active  volcanoes  are  located in highly 
populated  areas,  the  problem of risk  reduction is 
very  important.  Actual  knowledge  about  volcanic 
behavior  does  not  allow  deterministic  event 
prediction or  the  forecasting of eruptions. 
However,  areas  exposed to eruptions  can  be 
analyzed if eruption  characteristics  can  be 
inferred or  assumed.  Models  to  simulate 
volcanic  eruptions  and  identify  hazardous  areas 
have  been  developed  by  collaboration  between 
the IBM Italy Pisa Scientific  Center  and  the  Earth 
Science  Department  of  Pisa  University 
(supported by the  Italian  National  Group  of 
Volcanology  of  the Italian  National  Research 
Council).  The input  to  the  models is the  set of 
assumed  eruption  characteristics:  the  typology 
of the  phenomenon  (ash  fall,  pyroclastic  flow, 
etc.),  vent  position, total eruptible mass,  wind 
profile,  etc. The output of the  models  shows 
volcanic  product  distribution  at  ground  level. 
These  models  are  reviewed  and  their  use in 
hazard  estimation  (compared  with  the  more 
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traditional  techniques  currently in use) is 
outlined.  Effective  use of these  models,  by 
public  administrators and  planners in preparing 
plans  for  the  evacuation of hazardous  zones, 
requires  the  clear  and  effective  display of model 
results.  Techniques  to  display  and  visualize 
such  data  have  been  developed  by  the  authors. 
In  particular, a computer  program  has  been 
implemented on the IBM 7350 Image  Processing 
System to display  model  outputs,  representing 
both  volume (in two  dimensions)  and  distribution 
of ejected  material,  and  to  superimpose  the 
displays  upon  satellite  images  that  show 3D 
oblique  views of terrain.  This  form of 
presentation,  realized  for  various  sets of initial 
conditions  and  eruption  times,  represents a very 
effective  visual tool for  volcanic  hazard  zoning 
and  evacuation  planning. 

Introduction 
Although less frequent and disruptive than  other geological 
events  such  as earthquakes  and  tsunami.  and meteorological 
phenomena such as humcanes, floods, and droughts, 
volcanic eruptions have caused vast economic damage and 
the loss of thousands of human lives. In this  century. 
volcanic eruptions have killed more  than 70 000 people and 
caused an estimated $10 billion (current value) in property 
damage.  Damage is not strictly related to  the size or violence 
of the  eruption, but rather  to  the proximity of people and 
productive resources to the volcano. Even a  small eruption 
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in a highly populated region may cause the death of 
thousands of people. 

The goal  of planning in volcanic areas is to reduce or 
minimize volcanic hazard risk. According to the  Working 
Group on the Statistical Study of Natural  Hazards [ I ] ,  risk is 
detined  as  the possibility of loss: this  includes loss of life. loss 
of property. loss of productive  capacity.  etc. From a 
quantitative point of view. the following relationship can be 
defined: 

Risk = (Value) X (Vulnerability) X (Hazard). 

“Value” can represent the  number of lives at stake, or 
capital value (buildings, land, etc.), or productive  capacity 
(power  plants, factories. agricultural  lands, etc.). Obviously 
the value exposed to hazard may  change with time  as a 
result either of natural processes or deliberate  actions. 

“Vulnerability” is that fraction of the value which is likely 
to be lost as  a result of a given event. For the most violent 
volcanic phenomena (nuees  ardentes,  lahars, lava flows), the 
vulnerability of material  property is close to loo%, while for 
ash or pumice falls vulnerability is generally less than 100%. 
Vulnerability  in terms of human lives is more  complex to 
quantify, since it can be reduced by early evacuation  from 
perilous  areas. 

“Hazard.” for volcanic eruptions, is the probability that a 
particular  area will be affected by a  destructive eruption in a 
given time interval.  Hazard is a  complex  function of the 
probability of eruption  and of its typology; it is affected by 
the quantity, chemical  composition, pressure, and 
temperature of the eruptible magma, by the  shape  and  depth 
of the magmatic chamber,  and by conduit geometry, deep 
magma feeding, etc. 

The estimation of risk, in the present  state  of knowledge 
and experience of volcanic eruptions, is a  complex  task; 
many of the factors involved, especially those  concerning the 
interior status of volcanoes, are  unknown or extremely 
difficult and costly to obtain. 

magnetic field changes, chemical  composition and 
temperature of fluid or solid ejecta, and in general on all 
those parameters that  are reasonably easy to measure which 
could be “reliable”  precursors of dangerous  manifestations. 
The knowledge of  such  parameters,  together with the 
knowledge of the past eruptive history of the volcano under 
study,  should  represent  a  good  starting  point. Obviously, 
there remain the problems of clear interpretation  and 
correlation of these data  and of developing reliable methods 
for using them  in  the  quantitative estimation of hazard. 

Whatever the methodology used to estimate  hazard,  a 
useful hazard map should be 

One realistic approach is to collect data  on seismicity, tilt, 

I .  Applicable: The dynamics of the  eruption  must be clear 
so that  adequate  assumption  about  the type of expected 
eruption,  the magnitude  of the  phenomenon,  the location 

of the  vent, etc.. can be used to predict the  distribution  of 
eruption products. 

2. Reliable: The  data base should  accurately reflect the 
distribution of products of past events. 

3. Flexible: By changmg the  input  parameters according to 
new data from volcanic surveillance, the  techniques of 
mapping  should  adequately  provide new information. 

4. Rapid: The hazard maps should be produced in a short 
enough time  to be effective and usable. 

Current  methods of compiling  hazard maps require 
several years and  are primarily based on reconstruction of 
the  eruptive history of a volcano. This  approach is useful in 
identifying areas where high-cost enterprises,  buildings 
difficult to evacuate (e.g., hospitals), etc. should  not be 
located. It is only the first step, however, in assessing the 
position and extent  of areas  under risk of impending 
eruptions. 

The goal of  this paper is to describe  a reliable, more 
complete  methodology. It begins with data derived from 
monitoring or inferred from  the analysis of past eruptive 
behavior of the volcano under consideration and allows the 
compilation, that is, the  quantitative evaluation and display, 
of volcanic hazard  maps. 

Volcanic eruptions 
As noted,  a  hazard map should be “applicable.” This goal is 
reached when the  dynamics of the  eruption  are well 
understood, or when the  main factors affecting it are 
identifiable. At the present state of knowledge some  kinds of 
eruptions  are well understood, while others  are  more 
complex and their physical and chemical  behavior less clear. 
A short  note  about eruptive  behavior may be helpful. 

An eruption is initiated  when the tensile or  shear strength 
of the overlying rock fails because of magma pressure. Once 
the volcanic chimney is open (because of excessive magma 
pressure), magma  may ascend and exsolve volatiles (form 
bubbles). If the gas volume exceeds about 75%, magma 
disruption  (transition from  continuous liquid to  continuous 
gas and  formation of gas-pyroclast mixture)  occurs. 

Volcanic eruptions  can be divided into  two  main classes 
[2]: effusive, consisting of the emission  of continuous liquid 
with scattered  bubbles, and explosive, consisting  of the 
emission of fragmented  liquids. Within  each class, further 
distinctions can be made according to  the different viscosity 
and volatile content of the  magma.  The total  energy released 
at the surface during  an  eruption results primarily from  the 
heat energy contained in solid and liquid  products. 

because of the low velocity of the lava. Explosive eruptions 
(in which a  remarkable  fraction of energy is transformed into 
kinetic energy) are characterized by more viscous magmas 

Effusive activity generally involves low risk for  human life 

and higher volatile content  and  are  much  more dangerous. 
Typically these eruptions cause gaseous columns, which 
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transport particles from the vent of the volcano into  the 
atmosphere  at heights which can reach many  tens of 
kilometers.  These are called plinian  eruptions; the  name 
comes  from the Latin writer Pliny the Younger, who 
described in  the year 79 A.D. the  famous  eruption of 
Vesuvius which destroyed the  Roman cities of Pompei  and 
Ercolano. If a plume is generated, three regions can be 
distinguished: the  thrust, where the initial momentum is 
dominant;  the convective region, where vertical propulsion 
results from the density difference between the  hot gases and 
the  surrounding cold  atmosphere; and  the umbrella region, 
where the gases reach  a  density equal  to  that of the 
surrounding  atmosphere  and  expand  to  form a mushroom. 
Solid particles  (pyroclastic  material), ejected with gases from 
the vent, follow a path which depends  on  their size and 
density. The smallest  (tens  of microns for  pumices) are  in 
thermal  and mechanical equilibrium with gases inside the 
plume, while at a  greater  distance  they are trailed by wind 
and fall under gravity and  form a leeward blanket whose 
thickness decreases with the increasing distance from  the 
vent. The larger particles (greater than a few centimeters, 
and relatively heavy) follow ballistic trajectories and settle 
independently. Particles of intermediate size have  a  mixed 
regime. The fallout of pyroclastic products generally does 408 
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not involve  direct risk of human life, although extensive 
damage to land and buildings  can be expected. 

With decreasing velocities, or increasing  vent  radius, or 
decreasing gas content,  the  column  may become unable  to 
sustain the solid charge and may collapse, causing very 
damaging phenomena known  as pyroclastic flows and 
pyroclastic surges. These are emulsions of hot gases and solid 
particles, fluid enough to flow at great velocity along the 
volcano slopes. Dilute, highly fluidized particles/gas 
dispersions are called surges, while dense,  incipiently 
fluidized emulsions are called pyroclastic flows. These 
phenomena  are responsible for the heaviest loss of human 
life. Thousands of people were killed by the devastating 
violence of surges and pyroclastic flows at Vesuvius (79, 472, 
and 163 1 A.D.), Mt. Peke  (Martinique, 1902), La Soufriere 
(St. Vincent, 1902), and El Chichon (Mexico, 1983). 
Complete  destruction can be expected in areas exposed to 
such eruptions. 

Simulation  models and hazard mapping 
In recent years, a number of efforts have been made  to 
model volcanic eruptions. The  approach is based on  the 
attempt  to formulate equations (balance  of mass, of 
momentum, of energy, laws of  state) that  simulate  eruption 
behavior [3-71. The system of equations is then solved via 
numerical  methods. Such  an  approach, if correctly 
performed, satisfies points 3 and 4 mentioned earlier. 
Computer-assisted  hazard maps are flexible. It is possible to 
change the initial and  boundary  conditions of the system of 
equations (for example, the inferred  eruptible mass, the vent 
position, etc.) and perform  a new simulation.  The 
development of faster computers  and specialized display 
hardware allows the solution and visualization  of the  model 
outputs in near-real time.  Condition 2 is more difficult. As 
expected, the reliability of the results depends  on  the 
capability of the models to adequately  describe the physical 
and chemical  behavior of the volcanic phenomena  and also 
on  the correct  choice  of the  input parameters. This  can  be 
investigated by testing and validating models of past 
eruptions. 

The IBM Pisa Scientific Center  and  the  Department of 
Earth Science of Pisa University  have  collaborated  since 
1984 in developing numerical models that  simulate volcanic 
eruptions  to  estimate  the areas exposed to risk [8]. Since 
explosive eruptions generally result in a higher risk than 
effusive phenomena,  the starting point of the collaboration 
was focused on explosive behaviors. Two  models have  been 
developed: fallout of volcanic  particles (also called “tephra”) 
and pyroclastic surges related to  column collapse. 

When dealing with tephra fall, there  are two  distinct 
phases which must be considered  in estimating  the  path of 
the particles ejected from  the vent  of  a  volcano. The first one 
is the rise of a column, with its thrust  and convective 
portions. In the second  phase, the ash  particles leave the 
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Reconstruction of the white (a) and grey (b) phases, characterized respectively by the emission of white and grey pumices, of the 79 A.D. plinian 
eruption of Vesuvius. This eruption caused the destruction of the Roman cities of Pompei and Ercolano. Isomass curves computed by the fallout 

:I model at the ground level (kg/m2) are displayed superimposed on a satellite image of the Vesuvian area (pixel resolution 30 m). 

cloud under  the influence of gravity and are transported by 
the wind. 

Theoretical  descriptions and  numerical models  for the 
simulation of particle  trajectories during  the first phase of the 
eruption have been developed using plume theories or 
empirical approaches [7-91. These  theories connect  column 
parameters  such  as  density, temperature  and pressure of the 
ejecta, column height, vent radius, column radius, and mass 
eruption rate. 

After the initial plume phase, the paths  of the particles are 
primarily governed by the  ambient  air  currents  and  can be 
computed by a continuity mass equation, which, given a 
negligible vertical wind field, can be written [ 10, 1 11 as 

ac - +  W,-+ w "2 ac ac avc 
at ax y ay az 

- K , - + - K   - + - K K z - + S s ,  
a ac a ac a ac 
ax ax ay y ay az az 
" 

where C is the mass concentration of particles, W, and Wy 
are the horizontal  wind components  (constant  in  the x-y 
plane), k ; ,  Ky,  and K, are  the diagonal terms of the eddy 
diffusivity tensor, V, is the settling velocity (positive 
downward), and S is the source (the  quantity of particles 
brought into  the system at each  instant). This  equation holds 
for each set of particles with an assigned settling velocity, 
that is, with given grain-size and density. The concentration 
at  ground level (deposition) is given by 
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V,C(x, y, z = ground-level quote)  dt, 

where C(x, y, z = ground-level quote) is the solution of 
Equation (1) at  the  ground level, V, is the deposition 
velocity, and T,,, - Tmi, is the  duration of the  phenomenon 
[ 10, 1 I]. Equation (1) is numerically solved by splitting  it 
into  the advective and  the diffusive terms.  Advection is 
solved via the Carlson method;  the  numerical  approximation 
of diffusion terms is obtained by the  method of Crank  and 
Nicolson [ 10-1 31. The reliability of the model has been 
evaluated and validated by simulating  two famous plinian 
eruptions of the past: the 1980 Mount St. Helens (USA) 
tephra fall eruption  and  the 79 A.D. Vesuvius (Italy) plinian 
eruption. Figure 1 shows the deposition computed by this 
model for the  Mount St.  Helens eruption. As in  the real 
case, the  model  output shows two relative maxima in the 
pyroclastic deposit on  the  ground,  one  near  the volcano and 
another  at  about 300 km  from  the vent. The  maximum 
found by the models  near the volcano is underestimated. 
Equation (1) does  not fully describe system behavior  near 
the volcano, since other effects such as ballistic ejecta, 
column collapses, etc. become  important here. The second 
maximum agrees very well with field measurements, both  in 
value (discrepancy ~ 5 % )  and position  (distance about 20 
km) [IO]. The model  has also been tested on  the 79 A.D. 
Vesuvius plinian eruption. Field studies of the volcanic 
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(a)

Computer-assisted reconstruction of a hypothetical fallout eruption at Vesuvius . Isomass lines at ground, in kg/m2 , are displayed superimposed on
a satellite image . The input parameters to the model, which simulates particle transport and fallout in the air, have been inferred from historical
considerations and from data obtained by another numerical model which simulates the column behavior above the vent . Results are shown for
(a) a winter eruption and (b) a summer eruption . (The results have been obtained by using the most probable average profiles of the winter and
summer winds .) It is interesting to note that the Pompei eruption of 79 A .D. happened at the end of August; it corresponds to a summer wind profile
with a present-day probability of occurrence of 10%, while the present-day most probable average direction of the summer wind is west-to-east .

deposits of that eruption show that a variety of processes

operated during the event. The nature and timing of these

processes can be inferred from the physical properties and

relative stratigraphic positions of the different eruptive units .
Fallout of volcanic particles from a tall column was an

important process during most of the eruption, particularly

at the beginning. This so-called plinian phase produced a

widespread deposit, mantling the local topography and

decreasing in thickness downwind from Vesuvius . Accurate

observations of this deposit-shape and size, granulometric

and density particle distributions, total erupted mass, etc .,
together with an inferred wind field deduced from analysis of

the actual wind field-have allowed a suitable set of input

parameters for the model to be defined . The simulation

results compare quite well with the field data (discrepancies
<10%) [ 11 ] . Figure 2(a) shows the first phase of the plinian
eruption, characterized by white pumices, while Figure 2(b)
shows the second phase, marked by grey pumices .

This model can be used to zone the fallout hazard that

would exist if this kind of eruption should happen today at
Vesuvius . Careful analysis of available data and some

"reasonable" assumptions lead to the hazard maps shown in
Figure 3 [14] . The stronger assumptions are those regarding

the total eruptible mass, estimated at about 2 x 10 11 kg [15]

and the granulometric population (deduced from past
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(b)

eruptions). Wind field also plays an important role. By

averaging data collected over the last ten years [15, 16], the

two most probable seasonal wind profiles have been derived

(one for summer and the other for autumn-winter-spring) .

Column height has been computed by the Wilson and

Walker column model [7] . Some of the input parameters to

that model (eruption duration, vent radius, initial pressure)

are not unequivocally determined, resulting in an

indeterminate column height of 11-16 km (the isomass lines

of Figure 3 refer to a column with a height of 13 km) . The

considerable variations in the wind profile and column
heights involve modifications in the dimensions of the

hazardous area . The area inside the isomass line of 50
kg/m 2 , for example, varies from 100 to 300 km2 .

Model results are a matrix of numbers, each of which

gives the tephra deposition on the ground (for example, in

kg/m 2) . Tephra deposition is destructive for buildings at

about 100 kg/m2, while damage to agriculture is registered at

about 50 kg/m 2 . To analyze and exploit such a large amount

of data, it is very important to display the results in a visual

(or graphical) rather than a mathematical (or tabular)

manner .

The fastest and easiest way to achieve a visualization goal

is to use satellite image data. From the model results, a set of

lines of equal deposition values can be derived and then
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Classification of a satellite image (Landsat data) of the Vesuvian
area . Classification is a process of assigning the pixels of an image to
classes based on the data values in their respective Landsat bands . In
the case shown, only one class (urban areas) is computationally
selected for visualization . Pixels belonging to that class are displayed
in red, while the other pixels retain the original color .

displayed and superimposed onto a satellite image . Landsat

images with a pixel resolution of 30 m have been used .

Figures 2-4 show some results . These images were displayed

on an IBM 7350 Image Processing System .

The use of satellite data provides large-area multispectral
coverage of the region of the model results, and shows both

natural and cultural features . These data, combined with the

model data, provide a realistic presentation of complex

model results. Classification algorithms can be used to

further categorize and quantify the data (urban areas,

agriculture, water, etc .) ; see Figure 4 . The relative positions

of inhabited zones and zones of dangerous deposition can be

rapidly shown .

As mentioned, if the column becomes unable to sustain

the solid charge, it collapses and the ejected products flow

downward over the slopes of the volcano [ 17] . In this case

the initial kinetic energy of the surge or of the flow is due to

the potential energy of the erupted column . During the flow,

the total energy of the moving products, given by the sum of

potential and kinetic terms, decreases continuously because
of energy losses due to friction, until the cloud completely

stops moving. Malin and Sheridan [6] have proposed to

extend the energy line principle, suggested by Hsu to model

landslides [ 18], to pyroclastic surges, by introducing the

"energy cone" concept . Energy cone parameters (height

related to total initial energy and slope related to energy

dispersion due to friction) have been estimated for many
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Area affected by a hypothetical surge at Vesuvius . The white line
shows the maximum distance reachable by the flow . The results are
superimposed on a digital terrain map . Different colors represent
different vertical heights, or altitudes . In this eruption, topography,
together with the initial energy and the coefficients of friction, plays a
major role . In the upper part of the image a section (taken along a
straight line across the volcano) of the topography and of the deposit
thicknesses is shown . Vertical coordinates are exaggerated with
respect to horizontal dimensions .

past pyroclastic eruptions [4, 6, 19, 20] . Following Malin and

Sheridan, the area of interest is that defined by the line with

zero kinetic energy (i .e ., the line where the total energy,

decreasing with increasing distance from the vent, is equal to

the potential energy related to topography) . Terrain

morphology plays an important role in this phenomenon

(Figure 5) . For this reason, digital topographic maps of some

Italian volcanic areas-Vesuvius, the Phlegraean Fields (a

region near Naples), and Etna-have been built [ 19, 21 ] .

Topographic data have been obtained from maps with a

scale of 1 :5000 by the Cassa peril Mezzogiorno for the

Phlegraean Fields and with a scale of 1 :25 000 by IGMI

(Istituto Geografico Militare Italiano) for the areas of

Vesuvius and Etna. Starting from topographic values taken

along contour lines, the map data have been recalculated on

a regular grid by a kriging technique [22-24] . The basic

concept of this stochastic technique is that the unknown

value of a quantity, mathematically expressed by z(x, y), is

the realization of an aleatory variable Z(x, y) = t(x, y) + D,
where t(x, y) is the local mean value of Z(x, y) and

represents the trend, while D is the dispersion around the

trend. The estimate z x of zo at the generic point Po (x, y) is

assumed to be a linear combination of known values z ; (in
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this case, known ground  quotes  at given points Pi): 

N 

2,” = c x,z, 9 

i= I 

where z,” is a realization of the aleatory variable, 

N 

ZX(P0) = c X,Z(P,). 
, = I  

the  maximum slope of the topography. Obviously, this gives 
only an  approximate idea of the lava path, since lava itself 
can constitute  a bamer for the  oncoming  streams when  it 
cools in the open  air. The  maximum slope is found by using 
a regression technique. At a given point of the digitized 
topographic  matrix, the nearest 4, 12, 20, etc. neighboring 
points  (each set with a  decreasing weight) are used for 
regression. The  number of  frames used depends  on  the 
topographic  resolution. Figure 6 shows a path of maximum 
slope at  Mount Etna. 

If the digitized topography and  Landsat image data  are 
available for  a given region, the  output of the  mathematical 
model can  be displayed in a very effective and impressive 
way. The first step is the registration  of the  Landsat  data  and 
the digital terrain data. Generally,  a  geometrical 
transformation  must be applied to  one of the two images (for 
example, the satellite image) in  order  to align and register it 
with the  other image (in our case, the digital terrain  data). 
This operation provides superimposable images. Interactive 
registration techniques and routines are used to perform 
these operations [27-311. Registered digital terrain  and 
Landsat bands  can be displayed in perspective; topography 
gives information  on  the slope and elevation and  Landsat 
data  on  the pixel color and class membership [27-361. The 
deformation  model to apply to perform this  transformation is 

The weights X, of the linear combination  are  determined  in 
such  a way that  the error E(Po) = Z(Po) - Z”(P,) has  a  zero 
mean  and a minimum variance: 

“PJ = 0, (5) 

Var [,!?(Po)] = minimum. ( 6 )  

The kriging technique is preferred over  deterministic 
methods (linear  interpolations, splines, etc.) because it 
ensures the  optimization of the  estimate  and gives the  errors 
for the  computed value [Equations ( 5 )  and (6)]. The average 
standard deviation of the calculated quotes is 3 m  for the 
Phlegraean Fields and 10 m  for the areas of Vesuvius and 
Etna. 

Digitized topography also plays a major role in lava flows 
(effusive eruptions). Equations describing a  lava path  are 
very complex, because lava is  a  Bingham fluid, and 
boundary  conditions  are very difficult to define [25,26]. A 
first intuitive approach  to  the problem is the  computation of 

[;:I = [;:I + [ c o s + c o s 4   s i n 4  -cos+ sin 4 cos 4 

where 

and (i, j )  refers to  the  input image, (i’, j ’ )  refers to the 
perspective image, (i6,jh) are  the coordinates  in the 
perspective image to which the  upper left pixel of the 
Landsat  image is mapped, $ and 6 are  the zenith  (from the 
vertical direction) and  the  azimuth angles, and s,, sj, s, are 
the scaling factors for the i, J ,  z axes, respectively. The 
position of the  point  in  the perspective image is computed 
by using the terrain  elevation information  at  point (i, j ) ,  and 
the point itself is displayed with the  color of the 
corresponding point (i, j )  in  the  Landsat image. 

Figures 7-9 show computed oblique views of Mount  Etna 
and  the Phlegraean Fields, for different zenith  and  azimuth 
angles. Morphological characteristics-vents, ridges, valleys, 
hills,  etc.-can easily be observed by changing the  azimuth 
and zenith angles and by magnifying the vertical scale. 

Model outputs  can  be superimposed on such  oblique 
views. Figure 10 shows a maximum slope path  on  Mount 
Etna starting from a point near the  top of the volcano.  A 
Landsat  image is used as background. A bright stream near 
the  vent of the volcano shows the first stages of the May 
1985 lava eruption.  The  maximum slope is computed by 
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starting  from  a point near the origin of the lava stream. The provide planners with a very effective and visual tool  for 
computed  path is localized in Bove Valley. hazard zone evaluation and evacuation  planning. 

eruption  at two different stages (three hours and  nine hours COnClUSiOnS 
after its beginning) localized at  Mount  Etna, displayed using In Italy there  are six volcanic areas, the Phlegraean Fields, 
3D views. As shown by these  examples, data presented  in Vesuvius, Ischia, Etna,  Stromboli,  and Vulcano, which have 
this  format (for different times  and initial  conditions)  could erupted  in  historic  times and  are therefore  considered  active. 413 

Figures l l (a)  and l l ( b )  show  a  hypothetical  fallout 
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