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Historical CMIP5 GISS Radiative Forcing 

compared to the ocean response. This offset is difficult to identify and remove on a regional scale [Shindell
et al., 2013a]. Thus, the IPCC continues to use both stratospherically adjusted radiative forcing along with the
ERF [Myhre et al., 2014]. The former is often approximated using the initial (or ‘‘instantaneous’’) radiative per-
turbation at the tropopause, prior to any adjustment [Hansen et al., 1981]. This instantaneous radiative forcing
does not require calculation of the adjustment process, and is thus convenient for forcing agents that change
with time (e.g. through varying concentration). Because our focus is the response of climate to changing forc-
ing agents since the preindustrial, we will generally characterize the forcing in terms of its (time-evolving)
instantaneous tropopause value. However, to characterize the present-day forcing, along with the effect of
aerosols upon cloud radiances, we will make use of the ERF, as described below.

Figure 2 shows the evolution of the global-average instantaneous forcing at the tropopause, calculated for
the E2-R NINT ensemble. The tropopause is defined using the standard lapse-rate definition [W. M. O.,
1957]. Inputs to the radiative calculation such as temperature, water vapor, cloud cover, and cloud optical
thickness are saved from the E2-R NINT control experiment every two-and-a-half hours (the interval
between successive radiative calculations in ModelE2) during the single year of 1850, before the model has
been perturbed by any forcing agent. The forcing is calculated as the perturbation to the net radiative flux
at the tropopause following a model change such as increased greenhouse gas concentration. The radiative
forcing evolves in time with the evolution of the forcing agent. Calculation of forcing using the atmospheric
state during 1850 neglects the effect of interannual variations in temperature or cloud cover, but we expect
the resulting forcing uncertainty to be small.

In the remainder of this section, we discuss forcing by individual agents. Data used to prescribe or calculate
each forcing agent are summarized in Table 3.
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Figure 2. Instantaneous global radiative forcing at the tropopause (Wm22) in the E2-R NINT ensemble. (a) Individual forcings and (b) Total
forcing, along with the separate sum of natural (solar plus volcanic aerosol plus orbital) and anthropogenic forcings.

Table 3. Summary of Inputs Used to Prescribe (NINT) or Calculate (TCAD and TCADI) Atmospheric Composition and Forcing

Forcing Agent NINT TCAD and TCADI

Long-lived GHG
CO2 Observations [update from Hansen et al., 2007]
CH4, N2O, CFC Observations [Hansen et al., 2007] Observations (surface only)
Ozone Seasonal cycle from Shindell et al. [2003] with linear decrease of SH stratospheric

values from 1979–1997, thereafter constant to 2005 [Hansen et al., 2007].
1850–2000: precursor emissions from Lamarque et al. [2010],

and thereafter from RCP4.5 [Lamarque et al., 2011], with
volcanic aerosols from update of Sato et al. [1993].

Stratospheric H2O Augmented in proportion to (prescribed) surface CH4 [Hansen et al., 2007]. Augmented using prognostic CH4 oxidation [Shindell et al., 2013b].
Solar irradiance TSI from an updated version of Wang et al. [2005] with spectral variations from Lean [2009]. For the years 2000–2005

along with 2011 and 2012, TSI is prescribed using a recent solar cycle.
Land use 1850–1900: transition from Pongratz et al. [2008] to HYDE3.0 (used thereafter).
Orbital None Berger [1978]
Tropospheric aerosols 1850–2000: concentration from Miller et al. [2006a] and Koch et al. [2011],

and thereafter using year-2000 concentration.
1850–2000: emission from Lamarque et al. [2010], and thereafter

from RCP4.5 [Lamarque et al., 2011].
Snow albedo From black carbon aerosol deposition.
Volcanic aerosols Aerosol concentration and size from update of Sato et al. [1993].

Journal of Advances in Modeling Earth Systems 10.1002/2013MS000266

MILLER ET AL. VC 2014. The Authors. 447

Miller	et	al	2014	



Motivation 

How do we have to represent volcanic eruptions in climate simulations? 
 
Can we prescribe forcings, aerosol optical thickness (eff. radius..)? 
 
When simulated interactively (emission driven) how much do aerosol 
microphysical details matter? 
 
What is the climate response to the different representations of 
volcanoes in a coupled climate model? 
	



		

Representation of Volcanic Forcings: CMIP5 to CMIP6 

CMIP5: Prescribed Stratospheric Volcanic AOD, Sato et al 1993, and updates 
CMIP6: Prescribed Stratospheric Volcanic AOD , Luo et al (CMIP6 protocol) 
             Emission driven: Historical VolcanEESM emissions (Neely, Schmidt, 2016)  

NINT

Offline Ozone and Aerosol fields are read in

MATRIX                     

Interactive Chemistry and aerosol microphysical scheme 
[Mass, Number, Mixing State] 

OMA

Interactive Chemistry and aerosol scheme
[Mass]

NASA GISS E2.1 Earth System Model

Bauer	et	al	2008,	Schmidt	et	al	2013,	Miller	et	al	2014,	Shindell	et	al	2012	



LeGrande, Tsigaridis, and Bauer, Nature Geosci, 2016 

 
q  Shown here the very fast formation of 

sulfate, triggered by the enhanced OH 
radical concentrations when H2O is co-
injected, the loss of ultrafine aerosols 
due to coagulation, and the 
subsequent (slower) formation of 
accumulation mode aerosols. 

MATRIX: Injection of H2O with SO2



		

Model setup 

q  AMIP simulation: prescribed sea ice and sea surface temperature 
q Model run can be analyzed for 80 years 1850 - 1930 
q Microphysics vs Bulk vs SAOD 
q  Feedbacks can only be studies for chemistry and aerosols 

1.  OMA with emission driven volcanoes 
2.  OMA with no volcanoes 
3.  OMA with prescribed AOD for volcanoes (Sato) 
4.  MATRIX with emission driven volcanoes 
5.  MATIX with no volcanoes 
6.  MATRIX with prescribed AOD for volcanoes (Sato) 
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Starting industrialization, 
illustrated by aerosol loads 
over different regions: 
 
Europe – increases since 
1850 
USA – increases since 1890 
China – no significant 
change until 1930 
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1880 – 1900: 
 
1883 Krakatoa  
 
1886 Mount Tarawera 
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Ozone Response 

OMA without aerosol 
– photolysis coupling 

- - - 

 OMA (no photolysis) - OMA 

Reduction up to 30% 
of total Stratospheric 
Ozone around 100 – 
50 hPa due to aerosol 
-photolysis effect. 
 

x	
0.
00
1	Expected: 

Volc -> Nox, ClOx, BrOx, 
HOx chem. Leads to more  
O3 column load: 
 
Depends on chlorine load, 
diff pre and post 1980 (Tie 
and Brasseur 1995) 
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 MATRIX: less SO2 more SO4, 
èfaster sulfate conversion 
èmore stratospheric sulfate and 
longer lifetime 
 
OMA: stronger short term 
response in troposphere and 
lower stratosphere  
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Pinatubo 



Transient volcanic aerosol simulation 

The formation and evolution of stratospheric volcanic aerosols, including 
their aerosol microphysical properties, can be interactively simulated 

Interactive simulation of
explosive
volcanoes

Goddard Institute for
Space Studies
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Summary and Outlook: 

§  Aerosol -  photolysis feedbacks important for Ozone 
§  Aerosol microphysics lead to doubling of aerosol forcing in response to 

Krakatoa compared to CMIP5 AOD, and bulk model. 

 
§  Redo runs with updated CMIP6 AOD forcing, Luo et al. 
§  Evaluate model against Pinatubo and Post-Pinatubo conditions 
§  Run models with coupled ocean and study volcanic forcing climate feedbacks 
§  Run everything in high atmosphere version of the GISS model – 102 layers 
§  Participate in multi model studies 

§  All runs are immediately available to the community. Extra runs of interest can 
be setup. 

 



Still lots of work to do 

 ”I was walking along the road with two 
friends — then the sun set — all at once 
the sky became blood red —  and I felt 
overcome with melancholy. I stood still 
and leaned against the railing, dead 
tired — clouds like blood and tongues of 
fire hung above the blue-black fjord and 
the city. My friends went on, and I stood 
alone, trembling with anxiety. I felt a 
great, unending scream piercing through 
nature.” 

Edvard	Munch,	“The	Scream”	(1883)		


