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Change in surface solar radiation due to 
aerosols for several decades based on 

AeroCom Phase II Experiment

Outline
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Discussion on changes in the surface solar radiation by the hindcast 
simulation from the year 1980 to the present based on AeroCom 
Phase II Experiment, comparing with decadal observations.
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“Global dimming” and “Global brightening”

direct and indirect effects will be estimated mainly on the
basis of the measured irradiances. Finally, the temperature
sensitivity for radiation will be evaluated. The radiation data
used in the present work are based on the observed
irradiances in Global Energy Balance Archive (GEBA)

[Ohmura et al., 1989; Gilgen and Ohmura, 1999] and
Baseline Surface Radiation Network (BSRN) [Ohmura et
al., 1998] of World Climate Research Program (WCRP)
Global Climate Observing System (GCOS). The task of
homogenizing the time series of historical global radiation

Figure 1. Annual mean global solar irradiance (in W m!2) for five sites in western Europe, where the
observations lasted for more than 60 years. These records are among the longest unbroken observations
with very high quality. The black line represents the mean of the five sites, and the 5-year running mean
is indicated by the brown line. The global dimming was discovered with respect to these stations in 1988
[Ohmura and Lang, 1989].

Figure 2. Annual mean global solar irradiance for Finland and eastern Europe (in W m!2), showing the
course of solar irradiance observed at six sites with a continuous record ranging from 40 to 50 years. The
thick black line represents the mean of the six sites, and the polynomial fit is indicated by the thick gray line.
The decadal trends observed at these sites are similar to those found at western European stations.
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Annual mean global solar irradiance in Western Europe. The black line represents the mean of 
the five sites, and the 5-year running mean is indicated by the brown line (Ohmura, JGR, 2009).



9th AeroCom Workshop   (September 28, 2010; Oxford, UK)    Toshihiko Takemura

Trend of hindcast surface forcing in IPCC AR4

Global mean instantaneous radiative forcings from the year 1850 to 2000 under all-sky 
condition due to various climate forcing agents at the tropopause (left) and surface (right) 
(Takemura et al., GRL, 2006 → Fig. 2.23 of IPCC WGI AR4).
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Model description of SPRINTARS
Transport Processes

‣Emission
• BC, OM: biomass burning, fossil fuel, biofuel, 

agricultural activities, terpene origin.
• SO2: fossil fuel, biomass burning, and volcanoes.
• DMS: oceanic phytoplankton, land vegetation.
• soil dust: depending on surface wind speed, 

vegetation, soil moisture, snow amount, LAI.
• sea salt: depending on surface wind speed.

‣Advection
• Flux-Form Semi-Lagrangian.
• Arakawa-Schubert cumulus convection.

‣Diffusion

‣ Sulfur chemistry
• sulfur oxidation (gas/liquid phases).
• simplified SOA chemical scheme (option).
• nitrate thermal equilibrium model (option).

‣Deposition
• wet deposition (wash out, rain out).
• dry deposition.
• gravitational settling.

Met. condition

on/off

MIROC
Atmospheric-Ocean GCM 

http://sprintars.net/
Tracers

black carbon, organic matter, sulfate, 
soil dust, sea salt, SO2, DMS

Aerosol transport processes
emission, advection, diffusion,
sulfur chemistry, deposition
Aerosol optical properties

Aerosol climate effects
direct / semi-direct / indirect

Resolution: T106/T42, L56/L20
References: Takemura et al. (JGR, 
2000; JCLI, 2002; JGR, 2005; ACP, 2009)

http://sprintars.net
http://sprintars.net
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Model description of SPRINTARS
Aerosol optical properties

• optical thickness.
• Ångström exponent.
• single scattering albedo.

Aerosol climate effects

‣Direct effect
• coupled with radiation process in GCM.
• considering refractive index of each aerosol 

depending on wavelengths, size distributions, and 
hygroscopic growth.

• semi-direct effect if SPRINTARS is fully coupled 
with GCM.

‣ Indirect effect
• coupled with radiation and cloud/precipitation 

processes in GCM.
• prognostic cloud droplet and ice crystal number 

concentrations Nl, Ni.
• cloud droplet and ice crystal effective radii 

depending on Nl, Ni	
 » 1st indirect effect.
• precipitation rates depending on Nl, Ni
	
 » 2nd indirect effect.

Met. condition

on/off

MIROC
Atmospheric-Ocean GCM

http://sprintars.net/
Tracers

black carbon, organic matter, sulfate, 
soil dust, sea salt, SO2, DMS

Aerosol transport processes
emission, advection, diffusion,
sulfur chemistry, deposition
Aerosol optical properties

Aerosol climate effects
direct / semi-direct / indirect

Resolution: T106/T42, L56/L20
References: Takemura et al. (JGR, 
2000; JCLI, 2002; JGR, 2005; ACP, 2009)

http://sprintars.net
http://sprintars.net
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Hindcast aerosol simulation with SPRINTARS
Period

January 1, 1980 – December 31, 2008.

Resolution
T106 (1.125˚in lon. × approx. 1.125˚ in lat), 56 layers.

Aerosol-related emission inventories
• provided by AeroCom from 1980 to 2006.
‣ annual mean BC, OC, SO2 from human activities.
‣ monthly mean BC, OC, SO2 from biomass burning.
‣ daily mean SO2 from continuous/sporadic volcanoes.
‣ annual mean SO4 from ships.
‣ monthly mean BC, OC, SO2 from aircrafts.

• interpolated by increase rates of SRES A2 after 2007.
• OH, O3, H2O2 prescribed by CHASER (Sudo et al.)

Meteorology
• wind and temperature nudged by 6-hourly NCEP/

NCAR reanalysis data.
• SST and sea ice prescribed by monthly HadISST data.

Comparison with observations of solar irradiance
Provided by Prof. A. Ohmura (ETH)
• Global Energy Balance Archive (GEBA).
• etc.
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Global emission inventories in AeroCom Phase II
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Annual emissions

Anomaly of annual emissions
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Asian emission inventories in AeroCom Phase II
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 OC	
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Annual emissions

Anomaly of annual emissions
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Global distributions of each aerosol component
	
 BC	
 OC	
 Sulfate

Annual mean mass column loading

Anomaly of annual mean mass column loading
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Regional trend of surface shortwave radiation

* Observational data provided by Global Energy Balance Archive (GEBA) from Prof. A. Ohmura (ETH).

-15

-10

-5

0

5

10

15

1980 1985 1990 1995 2000 2005 2010
-9%

-6%

-3%

0%

3%

6%

9%

Eastern Europe
ch

an
ge

 in
 s

ho
rt

w
av

e 
ra

d
ia

tio
n 

(W
 m

-2
)

year

ch
an

ge
 in

 c
lo

ud
 fr

ac
tio

n 
(%

)

SPRINTARS SW Observation SW
SPRINTARS SW aerosol direct (clear-sky) SPRINTARS SW aerosol direct anthropo. (clear-sky)
SPRINTARS SW aerosol indirect anthropo. SPRINTARS cloud fraction

: R=0.897
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Regional trend of surface shortwave radiation
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* Observational data provided by Global Energy Balance Archive (GEBA) from Prof. A. Ohmura (ETH).
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Regional trend of surface shortwave radiation
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* Observational data provided by Global Energy Balance Archive (GEBA) from Prof. A. Ohmura (ETH).

: R=0.853
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Regional trend of surface shortwave radiation

: R=0.441

* Observational data provided by Global Energy Balance Archive (GEBA) from Prof. A. Ohmura (ETH).
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Regional trend of surface shortwave radiation
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* Observational data provided by Global Energy Balance Archive (GEBA) from Prof. A. Ohmura (ETH).

: R=0.669
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Regional trend of surface shortwave radiation
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* Observational data provided by Global Energy Balance Archive (GEBA) from Prof. A. Ohmura (ETH).

: R=0.581
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Regional trend of surface shortwave radiation
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* Observational data provided by Global Energy Balance Archive (GEBA) from Prof. A. Ohmura (ETH).
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Regional trend of surface shortwave radiation

* Observational data provided by Global Energy Balance Archive (GEBA) from Prof. A. Ohmura (ETH).
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Conclusions

• CCSR/NIES/FRCGC GCM developing group

• NIES supercomputer system (NEC SX-8R)

• AeroCom (Aerosol Model Intercomparison Project)

• Environment Research and Technology Development Fund (RF-0901) by the Ministry of the 
Environment, Japan

• Mitsui & Co., Ltd. Environment Fund (R08-D035)

• Grant-in-Aid for Young Scientists (21681001) of the Ministry of Education, Culture, Sports, Science, 
and Technology of Japan

Acknowledgments

• Hindcast simulation from the year 1980 to the present with an aerosol climate model, 
SPRINTARS, based on the AeroCom phase II protocol, comparing with observed long-
term data of the surface solar irradiance.

• Year-to-year variations of the surface solar radiation strongly related to cloud fraction.
• Decadal trends of the surface solar radiation related to aerosol direct radiative forcing.
• Significant differences between the simulation and observations in some regions/

periods.
➡ problems in emission inventories? model physics / parameterization?
➡ need of multi-model / multi-inventory intercomparisons


