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Volcanic eruptions since 1990

§  Volcanic eruptions increasingly well characterized "

(Satellite retrievals, in-situ measurements, geochem. & geophys. monitoring)

§  1979 first TOMS volcanic SO2 retrievals

§  Compiled volcanic emission dataset for use in climate models


Reported eruptions, Smithsonian 
Global Volcanism Program




Volcanic eruptions since 1990

§  Volcanic eruptions increasingly well characterized "

(Satellite retrievals, in-situ measurements, geochem. & geophys. monitoring)

§  1979 first TOMS volcanic SO2 retrievals

§  Compiled volcanic emission dataset for use in climate models


1990-1994

12.85 Tg of SO2


1995-1999

0.93 Tg of SO2


2000-2004

0.93 Tg of SO2


2005-2009

7.56 Tg of SO2


2010-2015

8.55 Tg of SO2


Database: 42 volcanoes, 52 eruptions, 171 days of eruption




New prognostic stratospheric aerosol capability in 
CESM(WACCM)


•  CESM: Community Earth System Model (National Center for Atmospheric 
Research)


•  WACCM: Whole Atmosphere Community Climate Model

•  Extends from the surface to the lower thermosphere (~145 km)

•  Full interactive chemistry and dynamics

•  May be nudged by specified dynamics (SD-WACCM)


•  Modal Aerosol Model (MAM)

•  Sulfate in 3 modes: Aitken, accumulation, and coarse

•  Microphysics includes nucleation, condensation, evaporation, coagulation, 

and sedimentation

•  Stratospheric heterogeneous chemistry on sulfates and polar stratospheric 

clouds




SD-WACCM simulations from “Global volcanic aerosol 
properties derived from emissions, 1990-2014, using 

CESM1(WACCM)," Mills et al. (JGR, 2016)!







Total AOD, volcanic - background!

Stratospheric AOD!
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Data from 
Kovilakam and 
Deshler (2015)




Sampled on 
balloon flight 

dates




Sampled on 
balloon flight 

dates




Post-Sarychev eruption: calculated SAD = 10x CCMI!
from Mills et al., JGR, 2016!



Global volcanic aerosol properties derived from 
emissions, 1990-2015, using CESM1(WACCM)


•  Prognostic modal volcanic aerosol is now available for use in CESM.

•  Volcanic Emissions for Earth System Models (VolcanEESM) SO2 

available for 1850-2015 from CEDA at http://doi.org/10/f3kxt5

•  Completed 1990-2015 runs with and without volcanoes. Comparisons 

to NH lidars and OPC show good agreement.

•  CCMI and Sato climatologies are deficient in stratospheric AOD during 

2005-2015 active period of moderate eruptions.

•  Calculated aerosol climatology is publicly available on the Earth System 

Grid at http://dx.doi.org/10.5065/D6S180JM



Mills et al., "Global volcanic aerosol properties derived from emissions, 
1990-2014, using CESM1(WACCM)," JGR, 121, 2332-2348, 
doi:10.1002/2015JD024290, 2016.


https://acomstaff.acom.ucar.edu//mmills/



