


The 1991 eruption of Mt. Pinatubo
20 Tg SO, (10 S) into stratosphere

— Monthly Average
—e— Annual Average
—— Five Year Average

1992: Temperature dropped
0.5°C; coolest year in the past 25
years

We also saw ozone loss,
hydrological changes
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The Toba super- eruptlon /74,000 years ago
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The importance of getting aerosol size right
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WACCM/CARMA model

CARMA

;& 3. Nucleation

CARMA

4. Condensational growth

BHN: Zhao and Turco (1995)
H,O vp: Lin and Tabazadeh (2001)

H,SO, vp: Giauque et al. (1960), Ayers et al.

(1980), Kulmala (1990)
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H,S0, formed

Oxidants OH, O,
O; NO,

2. | 1. Emissions

WACCM Jl

SO,: Smith et al. (2011)
OCS: 510 pptv boundary condition

4°x5° resolution

Dynamics/Transport

WACCM 3.1.9

CARMA

42 bins
0.2 nm-2.6 um dry radius

h‘mm o

H,SO, vp: Giauque et al. (1960), Ayers

et al. (1980), Kulmala (1990)
Wt %: Tabazadeh et al. (1997)
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5. Coagulation

WACCM

CARMA is coupled 3-d
advectively, but not radiatively

CARMA

Brownian, convective, & gravitational
with van der Waals correction
(Chan and Mozurkewich, 2001)
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6. Deposition, Sedimentation
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Experimental Design

Three eruptions simulated

Pinatubo 10Tg S

Pinatubo x 10 100 Tg S
Toba 1000 Tg S
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« Simulations with and without
van der Waals forces (no VW)

 10-year simulations

« SO, gas injected continuously
over 48 hours on June 14-15 of

first year
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Pinatubo: Model captures peak but declines too quickly
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Pinatubo: Model overpredlcts AOD in NH; underpredicts SH

Hemispheric transport could be
improved by QBO

Cerro Hudson eruption may
contribute to SH
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Effective Radius (microns)

Larger Eruptions have larger particles, limited burdens
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Comparing Toba Studies Reff (um)

Robock et al., 2009 (Bulk)

~0.6 um (0.45 dry)

Timmreck et al., 2070 (Modal)

0.8-1.1um

English et al., 2013 (Sectional)

1.1-2.2um




AQOD is limited further in larger eruptions
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Effective radius peaks in high latitudes and below 150 hPa

Pinatubo Pin x10
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Extinctions peak in lower stratosphere and poles

AOD (525 nm)
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Accumulatio
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Mode peak (um) [solid lines]

Mode peaks and widths vary

Mode width [dotted lines]
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umulation mode
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» Mode widths
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In press: English, J. M., O. B. Toon, and M. J. Mills (2013), Microphysical simulations of
large volcanic eruptions: Pinatubo and Toba, JGR.
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