
Stratospheric aerosols from
  

m
ajor volcanic eruptions:  

a m
odel study of the aerosol cloud dispersal  

and e-folding tim
e 

G
iovanni Pitari  1*, G

lauco D
i G

enova 1, Eva M
ancini 1, D

aniele Visioni 1, Ilaria G
andolfi 1, and Irene C

ionni 2 

1 D
epartm

ent of Physical and C
hem

ical Sciences, U
niversità dell’Aquila, L’Aquila, Italy 

2  Enea, Ente per le N
uove Tecnologie, l’Energia e l’Am

biente, 00123 Rom
a, Italy 

2016 SSiR
C

 W
orkshop 

Stratospheric Sulfur and its R
ole in C

lim
ate 

A
prile, 25th



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

IN
T

R
O

D
U

C
T

IO
N

•

E
ffects of explosive volcanic eruption on clim

ate

SO
2 plum

e located in 
Low

er Stratosphere

1



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

IN
T

R
O

D
U

C
T

IO
N

•

SO
2 plum

e located in 
Low

er Stratosphere
G

as phase H
2SO

4
O

H
 oxidation

1

E
ffects of explosive volcanic eruption on clim

ate



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

IN
T

R
O

D
U

C
T

IO
N

•

SO
2 plum

e located in 
Low

er Stratosphere
G

as phase H
2SO

4
O

H
 oxidation

1

U
ltrafine H

2O
-

H
2SO

4 particles

N
ucleation

E
ffects of explosive volcanic eruption on clim

ate



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

IN
T

R
O

D
U

C
T

IO
N

•

SO
2 plum

e located in 
Low

er Stratosphere
G

as phase H
2SO

4
O

H
 oxidation

1

U
ltrafine H

2O
-

H
2SO

4 particles

N
ucleation

Thick cloud of 
optically active 

particles

G
as condensation

E
ffects of explosive volcanic eruption on clim

ate



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

IN
T

R
O

D
U

C
T

IO
N

•

SO
2 plum

e located in 
Low

er Stratosphere
G

as phase H
2SO

4
O

H
 oxidation

1

U
ltrafine H

2O
-

H
2SO

4 particles

N
ucleation

Interaction w
ith 

solar and planetary 
radiation

Surface 
cooling

E
ffects of explosive volcanic eruption on clim

ate

Thick cloud of 
optically active 

particles

G
as condensation



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

IN
T

R
O

D
U

C
T

IO
N

•

SO
2 plum

e located in 
Low

er Stratosphere
G

as phase H
2SO

4
O

H
 oxidation

1

U
ltrafine H

2O
-

H
2SO

4 particles

N
ucleation

Interaction w
ith 

solar and planetary 
radiation

Surface 
cooling

Stratosphere
w

arm
ing

Stratospheric 
dynam

ical
anom

alies

E
ffects of explosive volcanic eruption on clim

ate

Thick cloud of 
optically active 

particles

G
as condensation



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

IN
T

R
O

D
U

C
T

IO
N

•

H
ow

 is the aerosol cloud dispersal  
connected w

ith the Q
B

O
 phase?

2



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

M
O

D
E

L D
E

SC
R

IPT
IO

N
•

R
esoluti
on

O
cean

Stratospheric A
erosol

A
erosol effect 
on ozone

Source
Eff. radius at 75 hPa 

tropics [µm
]

H
et. 

chem
is

try

Photo- 
chem

ist
ry

U
LA

Q
-

C
C

M 
U

niv. 
L’A

quila

5˚x 6˚ 
L126

Prescri
bed 

SSTs

From
 

SO
2

0.2 
background

0.3 - 0.6  
volcanic

✓
✓

3



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
X

PE
R

IM
E

N
T SE

T U
P

•

E
ruption

Tim
e

T
g-SO

2
Q

B
O

 E
/W

 shear

A
gung (8S,11E

)
16 M

ay 1963
12

W

St. H
elens (46N

,122W
)

18 M
ay 1980

2.1
W

E
l C

hichón (17N
,93W

)
4 A

pril 1982
7

W

N
evado del R

uiz (5N
,75W

)
13 N

ovem
ber 1985

1.2
E

Pinatubo (15N
,120E

)
16 June 1991

20
E

4



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
X

PE
R

IM
E

N
T SE

T U
P

•

5

Stratospheric global m
ean 

A
erosol T

hickness 
M

easured .vs. Sim
ulated



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
X

PE
R

IM
E

N
T SE

T U
P

•

5



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
X

PE
R

IM
E

N
T SE

T U
P

•

5



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

R
E

SU
LT

S
•

L
O

W
E

R
 ST

R
ATO

SPH
E

R
IC

 
D

Y
N

A
M

IC
A

L A
N

O
M

A
L

IE
S

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

A
E

R
O

SO
L C

L
O

U
D

 D
ISPE

R
SA

L 
A

N
D

 e - FO
L

D
IN

G
 T

IM
E

6



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

L
O

W
E

R
 ST

R
ATO

SPH
E

R
IC

 
D

Y
N

A
M

IC
A

L A
N

O
M

A
L

IE
S

•

Pinatubo case: U
T

L
S zonal anom

alies

7



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

L
O

W
E

R
 ST

R
ATO

SPH
E

R
IC

 
D

Y
N

A
M

IC
A

L A
N

O
M

A
L

IE
S

•

Pinatubo case: U
T

L
S zonal anom

alies

H
igher heating 

rates in the low
er 

stratosphere

7



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

L
O

W
E

R
 ST

R
ATO

SPH
E

R
IC

 
D

Y
N

A
M

IC
A

L A
N

O
M

A
L

IE
S

•

Pinatubo case: U
T

L
S zonal anom

alies

L
ow

er stratosphere 
w

arm
ing

7



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

L
O

W
E

R
 ST

R
ATO

SPH
E

R
IC

 
D

Y
N

A
M

IC
A

L A
N

O
M

A
L

IE
S

•

Pinatubo case: U
T

L
S zonal anom

alies

L
ow

er stratosphere 
w

arm
ing

Im
pact on B

D
C

 
through planetary 

w
aves and 

upw
elling

W
esterly 
w

ind 
anom

aly

7



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

D
om

inant E
 

shear:  

definite 
upw

elling m
otion 

in the tropical 
stratosphere 

A
erosol extinction 4 m

onths after the eruption: 
(R

uiz and Pinatubo) 

- highly confined around the equator 

- less isentropic polew
ard transport above the 

tropopause 

8



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

D
om

inant W
 

shear:  

descent relative 
to the m

ean 
stratospheric  

circulation 

A
erosol extinction 4 m

onths after the eruption: 
(A

gung and E
l C

hicón) 

- less tropical confinem
ent 

- fast polew
ard isentropic transport 

above the tropopause

8



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

Tropical w
* profiles 

Q
B

O
  

W
 SH

E
A

R

9



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

Tropical w
* profile 

Q
B

O
  

E
 SH

E
A

R

9



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

Tropical w
* profiles 

Q
B

O
  

W
 SH

E
A

R

9



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

Tropical w
* profile 

For V
E

 
sim

ulations 
a significant 

positive 
w

* anom
aly 

is found 
during Q

B
O

 
E

 shear

9



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

Tropical w
* profiles 

Q
B

O
  

W
 SH

E
A

R

9



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

Tropical w
* profiles 

evaluation

Very good 
agreem

ent 
betw

een 
m

odel w
* 

and M
E

R
R

A

10



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

Tropical w
* profile evaluation

1979-2010 
m

ean w
* 

profile

10



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

E
Q

U
ATO

R
IA

L W
IN

D
S Q

B
O

  
A

N
D

 A
E

R
O

SO
L T

R
A

N
SPO

R
T

•

Tropical w
* profile evaluation

G
ood  

agreem
ent 

for w
* 

anom
alies 

on eruption 
years w

ith 
both Q

B
O

 
shears

10



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

A
E

R
O

SO
L C

L
O

U
D

 D
ISPE

R
SA

L 
A

N
D

 e-FO
L

D
IN

G
 T

IM
E

•

Particle loss in the stratosphere 4-6 
m

onths after the eruption  
due to stratosphere-troposphere  

exchange

11



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

•

Particle loss in the stratosphere 4-6 
m

onths after the eruption  
due to stratosphere-troposphere  

exchange

G
ravitation particles settling

L
arge scale transport due to 

B
rew

er-D
obson circulation

A
E

R
O

SO
L C

L
O

U
D

 D
ISPE

R
SA

L 
A

N
D

 e-FO
L

D
IN

G
 T

IM
E

11



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

•

Particle loss in the stratosphere 4-6 
m

onths after the eruption  
due to stratosphere-troposphere  

exchange

Average 
particle size

G
ravitation particles settling

L
arge scale transport due to 

B
rew

er-D
obson circulation

A
E

R
O

SO
L C

L
O

U
D

 D
ISPE

R
SA

L 
A

N
D

 e-FO
L

D
IN

G
 T

IM
E

11



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

•

Particle loss in the stratosphere 4-6 
m

onths after the eruption  
due to stratosphere-troposphere  

exchange

Average 
particle size

G
ravitation particles settling

L
arge scale transport due to 

B
rew

er-D
obson circulation

D
ependent on the  

m
agnitude of volcanic SO

2  
injection A

E
R

O
SO

L C
L

O
U

D
 D

ISPE
R

SA
L 

A
N

D
 e-FO

L
D

IN
G

 T
IM

E



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

•

Particle loss in the stratosphere 4-6 
m

onths after the eruption  
due to stratosphere-troposphere  

exchange

G
ravitation particles settling

L
arge scale transport due to 

B
rew

er-D
obson circulation

Isolation of 
the

stratospherical 
tropical pipe

M
ore tim

e
into the 

stratosphere

A
E

R
O

SO
L C

L
O

U
D

 D
ISPE

R
SA

L 
A

N
D

 e-FO
L

D
IN

G
 T

IM
E



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

•

Particle loss in the stratosphere 4-6 
m

onths after the eruption  
due to stratosphere-troposphere  

exchange

G
ravitation particles settling

L
arge scale transport due to 

B
rew

er-D
obson circulation

Isolation of 
the

stratospherical 
tropical pipe

M
ore tim

e
into the 

stratosphere

D
ependent on the 

Q
B

O
 phase

A
E

R
O

SO
L C

L
O

U
D

 D
ISPE

R
SA

L 
A

N
D

 e-FO
L

D
IN

G
 T

IM
E



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

•
A

E
R

O
SO

L C
L

O
U

D
 D

ISPE
R

SA
L 

A
N

D
 e-FO

L
D

IN
G

 T
IM

E

12



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

•

1st year 

D
om

inant Q
B

O
 W

 shear: 
faster aerosol dispersal 

shorter stratospheric lifetim
e 

A
E

R
O

SO
L C

L
O

U
D

 D
ISPE

R
SA

L 
A

N
D

 e-FO
L

D
IN

G
 T

IM
E

12



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

•

1st year 

D
om

inant Q
B

O
 E

 shear: 
slow

er aerosol dispersal 
longer stratospheric lifetim

e 

A
E

R
O

SO
L C

L
O

U
D

 D
ISPE

R
SA

L 
A

N
D

 e-FO
L

D
IN

G
 T

IM
E

12



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

•

2nd year 

A
erosol dispersal less 

dependent 
on the Q

B
O

 phase 
due to aerosol export  

outside the tropics 

A
E

R
O

SO
L C

L
O

U
D

 D
ISPE

R
SA

L 
A

N
D

 e-FO
L

D
IN

G
 T

IM
E

12



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

C
O

N
C

L
U

SIO
N

S
•

1 - O
ur sim

ulations show
 the effects of 

m
ajor explosive volcanic eruptions in 

the 20th century: enhanced diabatic 
heating rates and increase in 

stratospheric tropical tem
peratures

13



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

C
O

N
C

L
U

SIO
N

S
•

2 - T
he im

pact on tropical upw
elling is 

larger w
hen aerosols are m

ore confined 
in the tropical region 

(Q
B

O
 E

 shear)

1 - O
ur sim

ulations show
 the effects of 

m
ajor explosive volcanic eruptions in 

the 20th century: enhanced diabatic 
heating rates and increase in 

stratospheric tropical tem
peratures

13



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

C
O

N
C

L
U

SIO
N

S
•

2 - T
he im

pact on tropical upw
elling is 

larger w
hen aerosols are m

ore confined 
in the tropical region 

(Q
B

O
 E

 shear)

3 - T
he Q

B
O

 shear greatly affects the 
aerosol lifetim

e during the first year 
after the eruptions: to an E

 shear 
corresponds a longer lifetim

e

1 - O
ur sim

ulations show
 the effects of 

m
ajor explosive volcanic eruptions in 

the 20th century: enhanced diabatic 
heating rates and increase in 

stratospheric tropical tem
peratures

13



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

C
O

N
C

L
U

SIO
N

S
•

!
ank y"

 for y"
r a#ention



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

SPA
R

E
 SL

ID
E

S
•

H
ow

 do w
e know

 our results are not 
artefacts from

 the m
odel?

SA
G

E
 evaluation

14



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

SPA
R

E
 SL

ID
E

S
•

H
ow

 do w
e know

 our results are not 
artefacts from

 the m
odel?

SA
G

E
 evaluation

14



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

SPA
R

E
 SL

ID
E

S
•

H
ow

 do w
e know

 our results are not 
artefacts from

 the m
odel?

SA
G

E
 evaluation

(*) SA
G

E
 II observations  

(-) M
odel results 

R
uiz 

14



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

SPA
R

E
 SL

ID
E

S
•

H
ow

 do w
e know

 our results are not 
artefacts from

 the m
odel?

SA
G

E
 evaluation

(*) SA
G

E
 II observations  

(-) M
odel results 

E
l C

hichòn 

14



Stratospheric aerosols from
 m

ajor volcanic eruptions:  
a m

odel study of the aerosol cloud dispersal and e-folding tim
e

SPA
R

E
 SL

ID
E

S
•

H
ow

 do w
e know

 our results are not 
artefacts from

 the m
odel?

SA
G

E
 evaluation

(*) SA
G

E
 II observations  

(-) M
odel results 

Volcanic free 

14


