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Summary 

 

  Empirical models: 

  e.g., Carey and Sigurdsson (1982); Armien? et al. (1988);   

          Cornell et al. (1983); Bonadonna et al. (2002) 

 

  Computa?onal models:  

  e.g., Textor et al. (2006), Veicht and Wood (2001), Costa et al. (2010) 

 

  Discussion on approxima?ons and parameteriza?ons  

  Conclusion and open problems 



Simplified approaches 

Assump?ons made to explain the secondary maximum at MSH 1980 

All par?cles < 63 μm fall at 0.35 m/s   (Carey and Sigurdsson, 1982) 

All par?cles < 63 μm fall at 0.55 m/s   (Armien? et al., 1988) 

Armien? et al. (1988) 

Rose & Durant (2009) 

Wiesner et al. (1995) explained marine sediment trap data of Pinatubo 1991 

erup?on assuming 15‐125 μm par?cles were made fall at 0.66 ms‐1 



Empirical parameteriza?ons 

Cornell et al (1983) 

 

first aZempt to systema?cally quan?fy 

aggrega?on from field observa?on;  

significance of ash aggrega?on during 

Campanian Ignimbrite erup?on 
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Fig. I Isopach map of the Y-5 ash layer derived from distribution of eastern 

Mediterranean piston cores. Core locations indicated by solid circles. 

Triangles indicate samples used for grain-size analysis in this study. 

Subrectangular areas refer to regions 1 to 7 in Table 1. Isopachs are in 

centimeters. 

evidence of thinning of the deposit to the north. Isopach contouring, based on 

available piston core data thus cannot uniquely define a maximum thickness 

axis. The 115 °  azimuth of the fallout axis shown in Fig. I is at best 

approximate. We thus consider only the southern half of the deposit. 

We divide the half-ellipse of the mapped deposit into 7 regions from the 

proximal to distal areas in order to reconstruct the bulk grain-size 

distribution in the study area and calculate tephra volume. The seven regions 

(Table I) represent an area of 689,000 ~ and a tephra volume of 37 km S which 

is roughly half the total ash-fall deposit. By comparison, the volume of the 

ignimbrite on land is estimated to be 80 ~B (Rosiet al., this volume). The 

composite volume thus exceeds 150 km S . 

SamlDles and Techniques 

Samples were obtained from the core collections of the University of Rhode 

50% of par?cles between 44‐63 μm + 

 

75% of par?cles between 31 and 44 μm + 

 

100% par?cles smaller that 31 μm 

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

Fall as aggregates of 200 μm and density of 200 kg m−3 



Bonadonna et al (2002) tested different models aimed to describe accre?onary 

lapilli at SHV (including a model similar to Cornell et al., 1983). 

 

Best models:  

 

M3 for deposits originated by dome collapse;  

 

M4 for vulcanian explosions. 

Empirical parameteriza?ons 

(Gilbert and Lane, 1994) 



Textor et al. (2006) describe the 

microphysics and parameteriza?on 

of ash and hydrometeors.  

For aggrega?on they considered 

two processes only (both based on  

gravita?onal capture). 
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E Collection efficiency

q Mass mixing ratio [kg kg!1] in relation to

total mass in the grid box

w Terminal fall velocity [m s!1]

N Number concentration [number kg!1]

in relation to total mass in the grid box

r Particle radius [m]

r Modal particle radius

Computational models 

1- Accretion 

2- Autoconversion 



α  = s?cking efficiency 
 
β  = collision frequency 
 
v  = par?cles volume 
 
n
v
 = number of par?cles of volume v 

Smoluchowski (1917) equa?on  

(e.g. Veicht and Woods 2001; Costa et al. 2010)  

K = α β = coagula?on or collec?on kernel 

The first term on the right‐hand side of the equa?on represents the rate of 

forma?on of aggregates with volume between v and v + dv, whereas the 

second term denotes the rate of loss of aggregates of volume between v and 

v + dv to form larger aggregates. 



Collision frequencies (well studied in aerosol science) 
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Brownian kernel: 

Wind shear kernel: 

Turbulent iner?al kernel: 

Gravita?onal kernel: 



S?cking efficiency (not well constrained for volcanic ash)  

Aker considera?ons from Veitch & Woods (2001) and filng data from Gilbert and 

Lane (1994) for wet ash in presence of liquid water Costa et al. (2010) proposed:  

with St
cr
 = 1.3 and q = 0.8; 

where the Stokes number (e.g. Liu and Litster, 2002) is given by: 

|Vi − Vj | ≈ |Vsi − Vsj | +
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whereas a constant value in presence of ice: 

and the rela?ve velocity can be expressed as: 

%ij ¼ 0: 09

(or the max of the 3 terms) 



Numerical solu?ons of the Smoluchowski equa?on 

Full line=water 

dashed line=ice 

Costa et al. (2010) 
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Simplified approach (e.g. Costa et al., 2010) 

4‐ Aggregates have the same effec?ve diameter: 

1‐ Consider decrease of the total number of par?cles 

2‐ Assume a fractal growth of aggregate: 

v = ξd1/Df  ξ = (6/π)1/3 ~ 1.24 
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3‐ Assume a similarity solu?ons: 

The model can be used to es?mate aggrega?on within the erup?on column (opera?onal) or 

for long range ash transport (computa?onally expensive because coupling among par?cles). 



WITH 

AGGREGATION 

(Folch et al. 2010) 

NO 

AGGREGATION 

Examples: MSH 1980 erup?on 
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Smoluchowski equa?on in presence of charged par?cles:  

Simplifying assump?on:  

For practical applications, the mean collision effi-
ciency can be obtained by averaging over the charge
distributions of the two particles [Matsoukas, 1997]:

〈γq′q〉 =

∫
∞

−∞

∫
∞

−∞

γq′qf
′(q′)f(q)dq′dq (34)

where f(q) and f ′(q′) are the charge distributions of
the particles.

Aggrega?on in presence of charged par?cles  
(Costa and Macedonio, in prep) 



Open problems concern quan#fica#on of: 

‐  ash s#cking efficiency under different condi#ons (from wet to dry condi#ons); 

‐  aggregate seJling velocity under different condi#ons (from wet to dry condi#ons) 

‐  electrosta#c charge effects on the coagula#on kernel (mainly for dry condi#ons) 

 

In order to develop quan#ta#ve models of ash aggrega#on we need to carry out 

further: 

 

•  Theore#cal studies 

•  Field study and sampling 

•  Image analysis 

•  Lab experiments 

•  Remote sensing  

66 

clase was found. The character of the X-ray pattern lines suggests that  some 

plagioclase crystallites are 10 microns or more in size, but some may be as 

small as one micron. The abundance of plagioclase is not  surprising, consider- 

ing recent reports on the mineralogy of bulk samples of ash from the same 

eruption (Fruchter et al., 1980; Hooper et al., 1980; and Sorem, 1980). 

Because of the extremely small size of the ash particles in the clusters, sev- 

eral specimens were studied with the scanning electron microscope. The open 

texture and ragged external surface shown in Fig. 3 are characteristic. The 

Fig. 3. Scanning microscope photograph of a typical ash cluster. Note  very irregular grain 

shapes and wide size-range o f  grains. Dark fibrous background is painted cardboard.  Out- 

l ined area near top  is shown in Fig. 4. Scale at b o t t o m  is in microns.  Loosely bonded 

aggregate 

 (from Sorem, 1983) 

AccreKonary pellets  

(from Brown et al., 

2012) 

Conclusion and open problems 

European project  

 

VERTIGO (FP7-PEOPLE-2013-ITN) 

VOLCANIC ASH:  

FIELD, EXPERIMENTAL AND NUMERICAL 

INVESTIGATIONS OF PROCESSES 

DURING ITS LIFECYCLE 

See Poster above (U. Kueppers) 
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