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Motivation for emission-based volcanoes in CESM

Model development is increasing self-consistency

Volcanic aerosol remains one of the few prescribed climate forcings

Enables study of historical and theoretical eruptions

Geoengineering studies: “artificial volcanoes”
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MAMS for stratospheric aerosols
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Aitken Accumulation Coarse al a’ a3
number number number accum Aitken coarse
sulfate ‘ sulfate so1l dust
secondary OM secondary OM sea salt SO4 v v v
sea salt primary OM sulfate

black carbon
:> soil dust » POM v
' sea salt SOA ‘/ V
_ coagulation
evaporation  ¢ondensation BC v
Gas-phase species: H2SO4, SO2, DMS, SOA (gas) Just v .
Added: OCS, S, SO, SOs, HSOs us
Added evaporation salt v (V4 (V4
Added growth between modes urnber v v v
Adjusted diameter ranges, mode widths:
Mode Aitken Accumulation | Coarse
CAMS-MAMS diameter (um) | 0.0087 - 0.052  0.0535-0.44 | 1.0-4.0
CAM5-MAM3 geom. std. dev. 1.6 1.8 1.8
WACCM5-MAMS3 diameter (um) | 0.0087 - 0.052 | 0.0535-1.1 | 0.9-4.0
WACCM5-MAMS3 geom. std. dev. 1.6 1.6 1.8,14
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Pinatubo simulation: How much SQO»?
Guo et al., 2004 15- 19Tg
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New data set for Chemistry-Climate Model

S02equiv_tot (Equivalent Ty 502)

Initiative based on SAGEIl 1984-2005,
extinction coefficients at 1020, 525, 452
and 386 nm.

CCMI input data file: 9.7 Tg
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New long term record of stratosphenc aerosol properhes
(B.P. Luo, F. Arfeuille, J.P.\Vernier, L.\WW. Thomason, T. Peter, CCMI Workshop, May 2013)
AOD 15-35 km 50°N-50°S
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Sulfate concentration (molec/cm?)
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Sulfate concentration (molec/cm?)
Northern extratropics
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Effective radius (um)
January 1992
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Effective radius (um)
Northern extratropics
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Community Earth System Maodel 6 Iemperalure Difference at Anpa

Prescribed Volcanoes —"\°
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Anomaly (Referenced to 1990, °C)

Community Earth System Model LG

Surface, global average anomaly relative to June 1990 - May 1991 average
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Community Earth System Model

Wilson et al., 2008 _ | |
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Volume size distributions compared to observations
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Community Earth System Model
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Volume size distributions compared to observations

Wilson et al.
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Qutstanding issues

» Investigate slow of growth to coarse mode

» Investigate alternate emission scenarios (zonal mean vs. plume)
» Adjustment of mode widths

 Treatment of sulfate in MAM3 as ammonium sulfate

- The MAMS “sulfate” species is ammonium bisulfate, causing ~17%
overestimate of stratospheric aerosol mass production from H2S04(g)
condensation. The code is getting the number of sulfate molecules

correct, but when is goes from molecules to mass (and volume) it is
17% high.

+ This does not affect the sulfate weight percent composition, or
equilibrium vapor pressures.

« MAMY has explicit treatment of SO4= and NH4+.

 Need for additional modes, i.e. nucleation mode?
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