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Classification and quantification of volcanic eruptions
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ABSTRACT The eruptive style of volcanoes is the result of a complex process, which begins at
depth and ends with the arrival of magma with variable amount of volatiles at the
Earth’s surface. The amount of gas, the magma composition, and the supply rate are
the main factors controlling the either effusive or explosive character of an eruption.
Degassing during the ascent favors a non-explosive eruptive style. Magma may reside
in crustal magma chambers for a long time and may be subject to cooling processes
with differentiation and separation of batches having different physico-chemical
properties. Eruptions may be the result either of a direct connection between a crustal
magma chamber and the surface or the ascent of  single batches detaching themselves
from a larger reservoir, each with its own history of ascent and composition. The
eruptive style is the result of the complex mechanism of ascent of magma from its
generation to its arrival at the surface. In this paper, we revise earlier schemes of
eruption classification. We propose a conceptual grid of classification of the style of
volcanic eruptions comprising the main descriptive terms that have been used in the
past. The scheme is based on the interplay of a limited number of controlling factors
(composition, velocity of ascent and mechanism of supply) that are thought to affect
the way in which a volcano may erupt more relevantly. We further provide a more
rigorous definition of the magnitude and intensity of an eruption that can be used for
the quantitative comparison of eruptions of  different volcanoes.  

1. Introduction

Volcanism is the result of the convective heat loss from the interior of the Earth. The magma
which is generated within the mantle or upper crust, rises towards the surface essentially because
of a density contrast; during its rise it differentiates and cools. The peculiarities of the ascent are
responsible for the nature and character of volcanic activity.

The activity of volcanoes displays a wide range of eruptive styles and sizes of eruption. A
single eruption may emit volumes of magma ranging over different orders of magnitude, with a
similar variation in the magma discharge rate. Effusive eruptions are characterized by small
erupted volumes and discharge rates, when compared with explosive eruptions. Occasionally,
effusive events with volumes of different cubic kilometers, may occur. The style of an eruption is
mainly controlled by the amount of volatiles coupled with magma reaching the surface, which,
in turn, is controlled by the rate of ascent (Scandone et al., 2007). 

Perret (1924) was among the first to recognize the role of volatiles during explosive eruptions
when describing the eruption of the Vesuvius in 1906: “Gas is the active agent and magma is the
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vehicle”. Sparks (1978) first quantified the mechanism of gas exsolution and bubble formation
suggesting that fragmentation of magma occurs because of gas pressure growth inside closed
packed bubbles during ascent and decompression of magma. This paper has permitted the
development of a first generation of models of magma ascent in conduits taking into account gas
exsolution and bubble growth (e.g. Wilson and Head, 1981) by assuming degassing under closed
conditions (gas not lost to surroundings, but trapped in the bubbles). Under these conditions, the
different eruptive styles (explosive versus effusive), even during the same eruption or eruptive
period, were ascribed to different original gas contents feeding the eruption from within the
magma chamber (e.g. Scandone and Malone, 1985).

Eichelbergher et al. (1986) suggested that the formation of a permeable foam allows the
degassing to occur from the walls of the conduit, thus permitting non-explosive silicic eruptions
even with an originally water-rich magma. Recent experiments have shown that homogeneous
bubble nucleation in silicic magmas requires very large supersaturations (∆P~150 MPa)
regardless of the decompression rate (Mangan and Sisson, 2000). Moreover, preserved vesicle
textures in silicic pumice (even those with abundant phenocrysts) appear to require homogeneous
bubble nucleation, at least during a rapid magma ascent that accompanies an explosive activity
(Klug and Cashman, 1994; Cashman, 2004). 

On the basis of these ideas, Scandone et al. (2007) infer that the eruptive style is the result of
the ascending history of individual magma batches. This model can thus show that:

1 - degassing processes may be inhibited if bubble nucleation and growth require high
supersaturation. In this case, the magma arrives at the surface with high supersaturation and
volatile content thus favouring an explosive style of eruption;

2 - exsolution processes with low supersaturation favour bubble nucleation and growth
forming a permeable foam and favouring volatile loss during ascent. In these processes,
effusive eruptions will be favoured; 

3 - mechanism of ascent and the time required to reach the surface may affect the amount of
degassing and the style of an eruption;

4 - a high discharge rate, during explosive eruptions, is the result of the disruption of magma
in the conduit that drastically decreases the viscosity of the eruptive mixture.

The scope of this paper is to review the different styles of eruptions with the aim of providing
a scheme of classification of eruptions based on a limited number of controlling parameters.
Based on this scheme, we suggest the most useful parameter that can permit a better
quantification of the “size” of eruptions.  

2. Factors controlling the style of eruptions

In the past, it was assumed that the chemical composition of magma was the main factor
controlling the explosivity of an eruption (e.g. McBirney, 1973). However, we observe both end
members of volcanic eruptions (effusive or explosive) irrespective of the silica abundance of
magma.  It is more appropriate to say that magma which is richer in silica has a higher probability
of being erupted explosively than basaltic magmas. Such property, related to the rehology of
magma, is in turn controlled by external factors that affect the way in which the magma reaches
the surface and the time spent at different depths below the Earth’s surface. In the following, we
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will examine these external factors in more detail.

2.1. The role of velocity of ascent

Scandone et al. (2007) have shown that the style of silicic eruptions is basically controlled by
the mechanism of ascent and the time spent above saturation depth. Magmas with the same initial
volatile content may erupt either explosively or with lava effusion also during a basaltic eruption
(Marianelli et al., 2005).  High supersaturation required for homogeneous bubble nucleation in
silicic magmas (Mangan and Sisson, 2000) implies that the magma ascends, for much of its path,
to the surface as a liquid without bubbles. Foam formation is likely to occur in the final 2-3 km
from the surface. Explosive fragmentation of magma or diffusive degassing of the foam depends
mostly on the time spent within this zone. An explosive eruption is likely to occur if the ascent,
after the foam formation, is fast, not allowing efficient degassing, otherwise an effusive eruption
may occur.  Average velocities of the order of tens of cm/s are required to start explosive
eruptions of silicic magmas (Scandone et al., 2007). Much higher peak velocities are likely in the
last 2 km of ascent to the surface. Similar mechanisms of eruption are put in evidence by the
explosive eruptions of Vesuvius which occurred during the last period of persistent activity
between 1631 and 1944 (Scandone et al., 2008). Scandone et al. (2007) estimate that, after a few
hours (5-10) at a depth shallower than the saturation depth, the magma may exsolve, segregate
and lose much of its volatiles and explosive potential unless sudden decompression like flank
failure or dome collapse takes place. 

2.2. The role of magma supply

Small-to medium-sized eruptions commonly comprise a succession of eruptive pulses
separated by quiescent periods lasting up to weeks or months, with each eruptive pulse
characterized by its own precursory phenomena, textural character of products, and water
content. 

The ascent of isolated magma batches may explain the episodic explosive eruptions lasting
tens of minutes (Fig. 1a) (Scandone et al., 2007). In these cases, the Magma Discharge Rate
(MDR) is a measure of the velocity of fragmentation and depends basically on the physical
magma properties (e.g.: the small explosive eruptions of St. Helens in the summer of 1980 and
March 1982, the eruptions of Mt. Spurr in 1992, the first phase of the Redoubt eruption in 1989,
etc.). The conditions leading to sustained explosive eruptions, lasting hours-days, require that a
large magma reservoir be directly connected to the surface by a continuous conduit and that the
fragmentation surface propagates down to the reservoir thus allowing a fast ascent of the magma
(Fig. 1b). In these cases, the MDR is controlled basically by the overpressure of the deep feeding
reservoir and the eruption ends either when all the magma is used up or when the pressure of the
reservoir determines the collapse of the chamber walls and shuts off the eruption (Scandone and
Malone, 1985). Alternatively, the downward propagation of the fragmentation front reaches a
depth where the process is no longer allowed. The collapse of the chamber is likely during major,
explosive eruptions that are fed by a central conduit (e.g. St. Helens 1980, Pinatubo 1991). The
aspect ratio of the depth/width of the chamber roof controls the possibility of opening new
conduits and may result in a caldera collapse along annular faults thus permitting the continuation
of the eruption also in the presence of a collapse of the chamber walls (Scandone and Acocella,
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2007).
Effusive eruptions require longer residence times at shallower depths. The longer times not

only permit the diffusive degassing, but may enhance the mechanism of bubble formation by
heterogeneous nucleation. Extensive decompression crystallization occurs if sufficient time is
spent at shallow depths (Blundy and Cashman, 2001) with the growth of oxide microcrystals that
act as nuclei for heterogeneous growth of bubbles. Such process is favoured in hotter and less
viscous basalt with faster growth of microlites. The process substantially lowers the super-
saturation required for bubble formation thus favoring an extensive degassing of magma. Slow
ascent velocities are also put in evidence by the alteration of hornblende rims during the dome
eruption of St. Helens between 1980 and 1987 (Rutherford and Hill, 1993); similarly, extensive
syn-ascent crystallization characterizes the extruded dome lobes  (Cashman, 1992).

A bimodal distribution of crystallinity and gas content also characterizes the eruptions of
Stromboli and Vesuvius (Bertagnini et al., 2003;  Marianelli et al., 2005; Scandone et al., 2008).
High crystallinity, water-depleted magmas are erupted during an effusive eruption, and crystal-
poor, water-rich ones during violent Strombolian events. In both cases, it is inferred that the
magma erupted in an effusive style and resided for periods lasting months-years at depths
shallower than 3 km. Conversely, magma that erupted during explosive events ascended with
higher velocity from a deeper reservoir.

A slow ascent of isolated magma batches (Fig. 1c) is the likely cause of effusive eruptions of
short duration. These eruptions generally produce single channel lava flows or single lobes or
spines, and, depending on the residual amount of volatiles, eruptions of mafic magmas may have
a relatively high eruption rate and moderate Strombolian activity or lava fountains. Some
eruptions may be characterized by the arrival of different pulses at intervals of days with episodic
increases of eruption rate.

Effusive eruptions, lasting several months-years with low Strombolian activity require
continuous feeding possibly due to the establishment of an accumulation zone at shallow depth
where magma degasses (Fig. 1d). The direct connection of this reservoir to the surface, and the
establishment of a pseudo stationary condition where the magma output is approximately equal
or lower than the episodic input into the shallow reservoir is likely. A direct connection to a
deeper reservoir is unlikely, as it would permit higher eruption rates and a different style of
eruption. Episodic increases of the eruption rate may result from new arrivals in the shallow
reservoir. In these cases, a small volume of the shallow chamber, not big enough to buffer the
arrival of new ascending batches is likely. 

3. A classification scheme of eruptions

The lower solubility of water of mafic magmas increases the depth of the degassing zone and,
at the same time, the lower viscosities of this magma may permit the aggregation of bubbles and
formation of gas slugs that may easily escape from the liquid. As a consequence, explosive
eruptions of mafic magmas are less frequent since they require a higher ascent velocity of magma
batches. 

Taking into account this limitation we propose a simple classification scheme based on the
composition of erupted magma, velocity of ascent, and mode of magma supply. This simple
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scheme (Fig. 2) explains the great variety of different eruptions observed on Earth. 
The combination of three different factors determines 8 different eruption styles, which

represent the end members of a continuous range of activity. A transition from one style to
another even in the course of the same eruption is likely.

The eruptions have been subdivided first on the base of magma composition, as it strongly
affects the water solubility, and the degassing mechanism. Silicic volcanism leads mostly to a
mixed style of activity often making volcanoes with steep flanks decapitated by caldera-forming
eruptions or flank failures. Basaltic volcanoes, on the other hand, have a predominantly effusive
style of eruption, which determines edifices with gentle slopes and rarer explosive eruptions.

The average velocity of ascent, is the second factor to take into account, which mostly controls

Fig. 1- Scheme of magma ascent
and eruptive mechanisms. The
right-hand side insets show the
average ascent velocity given by
the slope of the straight line. The
case above shows the velocity of
ascent which is higher than the
minimum velocity thus allowing
degassing; below, the velocity is
lower than the limiting velocity:
a) ascent of fast, isolated magma
batches resulting in explosive
episodic eruptions; b) connected
conduit permitting the eruption
of a fragmented magma mixture
and the occurrence of a
sustained explosive eruption; c)
ascent of slow isolated magma
batches resulting in effusive
episodic eruptions; d) conduit
connected to a shallow reservoir
permitting the eruption of a liquid
magma and the occurrence of a
sustained effusive eruption.
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the effusive versus explosive style of activity. We infer that the predominant effusive eruptions of
basaltic volcanoes are due to the low viscosity, lower solubility of volatiles and easier degassing
during the ascent so that the required velocity of ascent for explosive eruptions is higher than that
for silicic magmas and these events are relatively less common with mafic magmas.

The supply mode is the last controlling factor. The statistics of volcanic eruptions (Simkin and
Siebert, 1994) point out that low-volume eruptions are the predominant style of activity.
Scandone et al. (2007) infer that this is the result of the ascent of isolated magma batches (quanta)
which detach themselves from a crustal reservoir and ascend towards the surface. The individual
history of each batch (velocity) affects the eruptive style. The connection of a crustal reservoir
with the surface is likely to cause sustained eruptions. This process is relatively easier if the
reservoir is closer to the surface, and more difficult if it is deeper. The closeness to the surface in
turn affects the degassing of magma so that sustained effusive eruptions are relatively more
frequent than sustained explosive eruptions. 

The interaction with external factors may determine important changes in the style of an
eruption. Water magma interaction and the failure of domes or volcanic edifices are two of the
most common factors that contribute to increasing the explosive potential of ascending magmas. 

4. Quantification of the “size” and “power” of eruptions

In the past years, considerable efforts have been made to define an index that quantifies the
size and style of an eruption. 

The Tsuya scale (Tsuya, 1955), based on the volume of erupted products, was not widely used
probably because the scale interval was based on multiples of 102 m3.

Hedervary (1963) proposed a scale based on the energy released during eruptions. This scale
does not differ very much from the Tsuya scale, taking into account that most of the energy
released during an eruption is under the form of thermal energy, which is proportional to the
volume of the erupted products (Yokoyama, 1956).

Newhall and Self (1982) proposed the Volcanic Explosivity Index (VEI) as an indicator of the
relevance of an explosive eruption. The VEI is a qualitative index based on a number of different
parameters like the total volume of ejecta, the column height, the description of the eruption, the
stratospheric injection of dust, etc., that are commonly used to characterize an eruption. This
index is a useful tool for the comparison of different explosive eruptions, and to subdivide them
into a few general classes.  Unfortunately, it fails when dealing with effusive eruptions because
it was not devised for this kind of activity. Further on, a discrepancy between the VEI for
eruptions which have not been observed and those with visual observations may arise. In fact, for
the former, the parameter that weights more in assigning the VEI, is the total volume of ejecta;
on the contrary, the VEI of eruptions that occurred in the last decade is assigned mostly on the
height of the eruption plume. This parameter has been estimated only for a limited sample of
eruptions that occurred in the past, based on detailed field investigations. Even with these strong
limitations, the VEI proved useful in defining a scale law for eruptions that occurred during the
past two decades (Simkin and Siebert, 1994), thus suggesting an implicit quantitative character. 

Walker (1980) proposed to characterize explosive eruptions with three different parameters:
the magnitude (the total volume of erupted products), the intensity (the discharge rate), and the
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violence (the modality with which pyroclastic flow deposits are emplaced).
Carey and Sigurdsson (1989) estimated the intensity of a number of Plinian eruptions

occurring in the past by  evaluating the height of the eruptive column and showing a rough
correlation between intensity and magnitude.

The VEI (Newhall and Self, 1982) strongly relies on two main factors: the volume of erupted
products, and the height of the volcanic plume. The former parameter has been basically used to
assign the VEI for eruptions that occurred in the past or of effusive type [see for example the
catalogue “Volcanoes of the World” by the Smithsonian Institution; Simkin and Siebert (1994)].
The latter is widely used to assign a VEI to current, observed volcanic eruptions.

These two parameters measure the size of the eruption (the volume), and, under particular
conditions, its power (energy/time) (the plume height). The plume height is proportional to the
fourth root of the emitted power for a sustained eruption plume (Settle, 1978; Wilson et al.,
1978). Unfortunately, the plume height does not give a true estimate of the output when the
column collapses and produces pyroclastic flows (Sparks and Wilson, 1976). A VEI assigned
merely based on column height as in these cases, would underestimate the eruption explosivity.

In order to gain a better insight into the significance of the eruption plume height, we recall
its relationship with to emitted power (Wilson et al., 1978):

(1) H Qt = ⋅8 2
1 4

.
/i

Fig. 2- Scheme of classification of volcanic activity based on the controlling parameters shown on the left. The first
row shows the effect of the composition. The second row illustrates the role of ascent velocity, with high ascent rates
resulting in explosive activity, and a low ascent rate resulting in an effusive activity. The third and fourth rows show
the combinations of the different factors with episodic magma supply resulting in impulsive eruptions and connected
magma supply resulting in sustained eruptions. The lower rows illustrate the effect of interaction of magma with
external factors.
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where Ht is the maximum height of the column and Q
·•  

is the stationary rate of energy (in Watt).
It can also be written so:

(2)

where ρ, v, Cp, T are respectively the density, velocity, specific heat, and temperature of the
erupted mixture, r the radius of the conduit (the term ρvπr2 is the mass flux) and  To the cooling
temperature of the mixture. F is an efficiency factor varying between 0.7 and 1 (Wilson et al.,
1978).

Fig. 3 shows the height of a sustained eruption plume as a function of the MDR, using a
density of 2500 kg m-3, a specific heat of 900 J kg-1K-1, an initial temperature of the eruptive
mixture of 1150 K and final temperature of 293 K, and an efficiency factor F=1. The figure also
shows, for comparison, the effective plume heights measured for recently observed explosive
eruptions (half-filled square) and those evaluated by Carey e Sigurdsson (1989) (open dots). 

The VEI, assigned by plume height, is based on a range of heights of the plume (Table 1). We
may calculate the corresponding ranges of  magma discharge using Eqs. (1) and (2).

This simple calculation in Fig. 3 shows the irregularity of the scale. For example, the VEI=1
covers four orders of magnitude of discharge rate; the VEI= 2 almost three orders, VEI= 3 two
and half, and so on. The different range of VEI may possibly prevent a correct scaling of
eruptions. 

A second point that must be emphasized is the collapse of the eruption column and the
generation of pyroclastic flows. Theoretical models (Sparks and Wilson, 1976; Sparks et al.,
1978), field evidence (Walker, 1985), and the observation of current eruptions (Carey et al.,
1990) seems to indicate that a massive production of pyroclastic flows occurs when the MDR
becomes so high that the turbulence of the column is unable to mix sufficient air. The efficiency
(E) of the eruption [the ratio between the potential energy over the thermal energy; Scandone and
Giacomelli (1998)] measures the ratio between the energy transformed into mechanical energy
(potential) and the energy available under the form of thermal energy:

(3)

where Mh is the total mass of product raised in the plume to the height h, Mtot is the total mass of
product, Cp is the specific heat, ∆T the temperature decrease, and L the latent heat. The typical
efficiency of a Plinian eruption with a 30 km high plume is of the order of  20-25%. If, for
example, the column collapses and produces pyroclastic flows from an ash fountain 5 km high
(the jet portion of the column), the efficiency drops to about 4% (without considering the co-
ignimbrite plume). The decrease of efficiency is not due to a decrease of mass discharge, but to
a poor mixing of the eruptive mixture with ambient air. In this case, we hypothesize that
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pyroclastic flows are produced by a simple collapse of an eruption column; different efficiency
estimates arise if they are generated by an overpressured jet.

In any case, the VEI, assigned on the basis of the eruption plume height, would fail to account
for the true intensity of the eruption.

4.1. The intensity measured by MDR

Table 2 shows the ranges of MDR observed for different volcanoes in the course of their past
or current activity. The main peculiarities shown in the table are that effusive eruptions have a
generally lower discharge rate with respect to explosive ones. Although this table accounts mostly

Fig. 3 - Relationship
between the MDR  and the
height of the eruption
plume. The straight line is
based on the equation of
Wilson et al. (1978) for
sustained eruptions. On the
right-hand side the VEI
assigned according to the
definition of Newhall and
Self (1982) based on the
plume heights is shown.
The top scale is the
intensity evaluated as the
logarithm of the MDR. 

VEI Plume Height
km

MDR
(m3/s)

1 0.1-1 1.1x10-5-0.12

2 1-5 0.12-72

3 3-15 9.3-5807

4 10-25 1147-44810

5 >25 >44810

Table 1 - VEI based on plume height.
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for central volcanoes, the data relative to the Laki eruption (1783-1784) show that even fissural
eruptions, have a low average discharge rate and the peak discharge rate does not attain the
discharge of a small-medium sized explosive eruption. These last have on average an MDR that
is higher by at least one or two orders of magnitude than the corresponding effusive eruptions
with a similar volume of erupted products. For example, the Crater Peak eruptions of Mt. Spurr

Table 2 - MDR ranges for different volcanoes.

VOLCANO MDR  (m3/sec) Intensity Style of
Activity Reference

Etna      (1614-1975) 0.26-119      -0.59-2.08 Effusive Wadge, 1981

Mauna Loa (1843-1975) 2.5- 332 0.4-2.52 " "

Kilauea   (1840-1977) 0.06-432          -1.22-2.64 " "

Tolbachik (1975-1976) ~11 1.04 " Fedotov and  Markhinin, 1983

St.Helens (1980)(*) 3.8-82 0.58-1.91 " Lipman and Mullineaux, 1981

Hekla (1947) 8-76            0.90-1.88 " Wadge, 1982

Vesuvius (1944)* 50             1.7 " Imbo', 1949

Laki 1783-84
60 (average), 7000
(peak discharge)

Thordarson and Self, 2003

Ngaururhoe (1974) 10         1 Explosive Wilson et al., 1978

Tolbachik (1976) 50             1.7 " Fedotov and Markhinin, 1983

Vesuvius (1944)** 70-150 1.85-2.18 " Scandone et al., 1986

Ngauruhoe (1975) 370   2.57 " Nairn and Self, 1978

Fuego (1971) 640            2.81 " Wilson et al., 1978

Usu (1977)(**) 883            2.95 " Katsui et al., 1978

St.Helens (1980) (**) 2000-16000 3.3-4.2 "
Scandone and Malone, 1985;
Criswell, 1987

Hekla     (1947,1970) 3333-17000 3.5-4.23 " Wilson et al., 1978

El Chichon  (1982) 5000-8000 3.7-3.9 " Varekamp et al., 1984

Soufrière  (1902) 11000-15500 4.04-4.19 " Wilson et al., 1978 

Santa Maria  (1902) 17000-38000 4.23-4.58 " "

Katmai    (1912) ~100000 5.0 " Ledbetter and Sparks, 1979

Pinatubo (1991) 154000-185000 5.18-5.26 Self et al., 1996

Bezymianny (1956) 230000           5.36 " Wilson et al., 1978

Toba (70000 abp) >1000000(***) 6 " Ninkovich et al., 1978

*during dome emission, or lava effusion **explosive phase  *** estimated by oceanic sediments
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during 1992, erupted about 107 m3 in a matter of tens of minutes. Effusive eruptions of Mt. Spurr
emit the same volume in a matter of several days or weeks. Such peculiarities suggest that the
wide variations of MDR are related to different mechanisms of eruption and not only on the size
and geometry of the feeding conduit.

The ascent of the magma is basically controlled by the density contrast with the surrounding
rocks so that the order of magnitude change of discharge rate cannot be explained only because
of the ascent velocity.

The fragmentation of magma, drastically decreasing the viscosity of the eruptive mixture is
by far the most important factor that causes the high eruption rates of explosive eruptions. During
this process the fragmentation surface migrates downwards at a velocity higher than the magma
ascent (Scandone and Malone, 1985) and the eruption ends either when the ascending batch is
completely used up, or when a pressure decrease causes a closure of the conduit. Alternatively, a
deepening of the fragmentation surface attains a depth where the mechanism of fragmentation is
prevented. 

The MDR or intensity is a true quantitative power index, provided that we define an
appropriate scale. In order to devise an intensity scale that may be comparable with the VEI scale
because of its present use and simplicity, we suggest using the volumetric MDR measured in m3s-1.
In practice, we propose the decimal logarithm of the volumetric MDR measured in m3s-1 of dense
rock equivalent (DRE) for the intensity scale.

This scale has the great advantage of being logarithmic (like for example the Richter scale)
thus covering over seven orders of magnitude, simple, and roughly equivalent to the VEI scale for
the range 2-5 (the majority of observed eruptions). It has the further advantage of representing
the same physical parameter (MDR) both for explosive and effusive eruptions. 

The use of the height of the eruption plumes to assign the intensity of explosive eruptions can
be maintained when there is no collapse of the column, provided that we transform the plume
height into MDR using the simplified relations of Wilson et al. (1978) with the appropriate
numeric values:

H (km) = 1.718 Q1/4,                                                                        (4)

where Q is the volumetric flux measured in m3s-1 of DRE, H is the height of the eruptive column
in kilometers. According to this definition of intensity (I): 

I=log [Q (m3s-1)],                                                                               (5)

we can rearrange the previous equation:

I=log Q= log(H/1.718)4= 4 log H- 0.94.                                             (6)

and we get the corresponding column height for each degree of the scale
I = 1 -> H = 3.0 km;
I = 2 -> H = 5.4 km;
I = 3 -> H = 9.7 km;
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I = 4 -> H = 17.2 km;
I = 5 -> H = 30.5 km;
I = 6 -> H = 54.3 km.

These values must be considered as top estimates in cases of complete convection of the

eruption plume without any collapse-generating pyroclastic flows. The average value should be

used in order to have a uniformity between data obtained from current eruptions and those of the

past where only a gross estimate can be made on the peak height of the eruption plumes and

corresponding MDR.

The advantage of using the intensity scale is that it is simple, it is based on the MDR which,

in turn, is the result of the multiple processes that control the style of an eruption; it is quantitative

and may be used both for current eruptions and for past ones.

5. Conclusions

Volcanic eruptions and resulting volcanic edifices are the result of the complex ascent of
magma towards the surface. We have shown that a limited number of parameters permit the
classification of eruptions. Three factors (composition, velocity of ascent, and mechanism of
supply) are able to characterize the end members of an eruptive style completely so permitting a
better understanding of the nature of volcanism.

The size and power of an eruption are quantitatively described by the magnitude, and intensity
(measured as the logarithm of the volume and the discharge rate). These values can be used to
compare eruptions at different volcanoes, and to make statistics of volcanic activity using a
quantitative index instead of a qualitative one (e.g. VEI). The magnitude and intensity, in turn,
depend on the history of the magma ascent. 

We are confident that the use of such a simple scheme can help to better define the activity of
volcanoes and the comparison among different volcanoes and to better understand the role of the
different parameters that control the style of volcanic eruptions. 
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