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Background 
•

Clim
ate im

pact of volcanic eruptions depends on: 
–

How
 m

uch? 
•

M
agnitude of stratospheric sulfur injection 

–
W

here? 
•

Latitude 
•

Height  
–

W
hen? 
•

Season 
•

Q
BO

 phase 
•

EN
SO

 phase 
•

Solar cycle 
 

  



M
otivation 

•
O

ften thought that extratropical eruptions lead to w
eaker clim

ate im
pact than 

tropical eruptions 
–

…
 “the key factor in tropical eruptions is that the circulation of the stratosphere (rising in the 

tropics, subsidence in the high latitudes) favors the w
orldw

ide dispersion of tropical sulphates, 
but pushes high-latitude sulphates right back dow

n again.” – Gavin Schm
idt, RealClim

ate 
•

O
n the other hand: 
–

Bluth et al. (1997) noted that only tropical eruptions w
ith DRE eruption rates > 40,000 m

3/s 
produced Δ AO

D > 0.001, w
hile extratropical eruptions w

ith eruption rates as little as 1000 
m

3/s produced significant AO
D changes. 

•
Stothers (2001) estim

ated m
axim

um
 reff  after Katm

ai (1912, 58°N
) of ~0.3 μm

, and 
~0.5 μm

 for Pinatubo (1991, 15°N
)…

 m
aybe aerosol m

icrophysics is im
portant? 

•
Experim

ent: sim
ulate Pinatubo-like eruptions at different latitudes 

 
 



M
odel: M

AECHAM
5-HAM

 
•

ECHAM
: GCM

 developed at M
PI-M

, Ham
burg 

–
M

iddle atm
osphere version: 39 vertical levels up to 0.01 hPa (~80 km

) 
–

T42 horizontal resolution 
–

Clim
atological sea surface tem

peratures, no Q
BO

, no chem
istry 

•
HAM

: Aerosol m
icrophysical m

odule 
–

M
odified for sim

ulation of stratospheric volcanic aerosols 
–

M
odels aerosol grow

th, radiative effects, eventual rem
oval 

 
 

 
 



Eruption latitudinal distribution 

•
Identified historical VEI>=5 eruptions from

 the Global Volcanism
 Program

 Holocene eruption database: 
http://volcano.si.edu/ 



Experim
ent 

Latitude 
Longitude 

Injection 
height 
(hPa) 

Ensem
ble 

size 
Actual 
volcano 

4°S 
152°E 

30 
2 Jan, 2 Jul 

Rabaul, 
Papua N

ew
 

Guinea 
15°N

 
91°W

 
30 

10 Jan, 10 Jul 
Atitlan, 
Guatem

ala 
36°N

 
138°E 

30 
2 Jan, 2 Jul 

Haruna, 
Japan 

46°N
 

121°W
 

30 
2 Jan, 2 Jul 

Rainier, U
SA 

56°N
 

158°W
 

30 
5 Jan, 5 Jul 

Aniakchak, 
Alaska, U

SA 
64°N

 
74°E 

30 
2 Jan, 2 Jul 

Laki, Iceland 

  

Injection height 
(hPa) 

Latitude 
Ensem

ble size 

30 
46/56/64°N

 
9 Jan, 9 Jul 

100 
46/56/64°N

 
6 Jan, 6 Jul 

150 
46/56/64°N

 
6 Jan, 6 Jul 

70 sim
ulations in total 

Part 1: Pinatubo (8.5 Tg S) at different latitudes 
Part 2: High latitude Pinatubo w

ith 
different injection heights 



Injection location conditions 
 

O
H fields from

 coupled chem
istry sim

ulations (Tim
m

reck et al., 2003) 



Extratropical Tropical 

m
onths after eruption 

m
onths after eruption 

Part 1: Pinatubo 
sim

ulations (8.5 Tg S) 
at different latitudes 



 

m
onths after eruption 

m
onths after eruption 



 

m
onths after eruption 

m
onths after eruption 



 
Largest direct 
N

H radiative 
im

pact for 
January, 46°N

 
eruption  



Part 2: High latitude, injection height dependence 

 



Part 2: High latitude, injection height dependence 

 

m
onths after eruption 



 

m
onths after eruption 

m
onths after eruption 



W
here to draw

 the line? 
 

Holton et al., 1995 



Conclusions 
•

M
AECHAM

5-HAM
 sim

ulations im
ply that extratropical eruptions, w

ith high 
injection altitudes can have strong clim

ate im
pacts. 

–
extratropical eruptions lead to global m

ean radiative forcing ½
-1 × tropical eruptions 

(depending on season) 

•
Injection height very im

portant – not just troposphere/stratosphere, but 
height w

ithin the stratosphere crucially im
portant  

•
Season of eruption very im

portant for extratropical eruptions 
–

For low
erm

ost stratosphere injection, sum
m

er eruptions are stronger radiative forcing 
due to sim

ultaneity of short-lived forcing w
ith solar insolation m

axim
um

 (Kravitz and 
Robock, 2011), but also faster transport during w

inter 

–
For “overw

orld” injection, w
inter eruptions lead to stronger forcing, since they create 

sm
aller particles, due to low

 O
H values and/or m

ore m
ixing during w

inter 

 


