Recent topics using aerosol models

— focusing on Japanese activities —
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 Simulation of transport of radioactive materials from Fukushima |st nuclear
power plant.

 Simulation with a global cloud resolving models coupled with a aerosol
scheme on the “K” supercomputer.

e MIROC & Earth System Model
* Social request on forecasting system for aerosol distribution in Asia.
e Data assimilation for a global aerosol model.
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Model intercomparison on Fukushima |st NPP accident

 Organized by Science Regional Oceanic models
: atmospheric models
Council of J.apan. H Organizations/Models Hor. Res.
e A report will be Organizations/Models R:sr.

° : — Central Research Institute 0
PUbIIShed in October Centre d’Enseignement et de of Electric Power Industry I”I2§)O°x
2013. ’I:A{\echercrf:e en En(\éi:ronnment ~4km _(CRIEPI), Japan

Global tmosphérique (CEREA), H
: . elmholtz Center for o
atmospheric models France/VVRF-Plyphemus Ocean Research Kiel II//8I X
H Central Research Institute of (GEOMAR), Germany
Organizations/Models Rgsn Electric Power Industr S5km Institut de Radi ,
. (CRIER) Jpan WRF-Care " st e Radoprotecion 4
Kyushu University, T213 Institut de Radioprotection et (IRSN), France 1160
Japan/SPRINTAR N o - -
de Sdreté Nucléaire (IRSN), 4km , -
) France/pX Japan Atomic Energy Agency 1/54 x
Japan Meteorological P (JAEA) 1/72
Agency (JMA)- TL319 Japan Atomic Eneréy Agency 3km 1136°
Eee;ee:r"c%'?rg];iﬂute (640x  (JAEA)/MM5-GEARN JAMSTEC, Japan/)JCOPET 736
(MR)/MASINGAR 320 JAMSTEC, Japan/WRF-Chem _ 3km .
mk-2 orea Institute of Ocean 1/60° x
Japan Meteorological Agency Science & Technology 1/60°
JMA-MRI/MASINGA  110¢ (MA)-Meteorological Research 3km  (KIOST)
R- Institute (MRI)/NHM-RAQM2 1/55.6° x
JMA-MRI/MRI-PMr  60km  JMA/NHM-RATM ~4m  JAMSTEC, Japan/M3SG 1755.6°
Cyprus Institute/ T106 National Institute for National Institute for 1/20° x
MPIC-EMAC v1.92 T255 Environmental Studie (NIES), 3km  Environmental Studies 1120°
Koninklijk Nederlands Japan/WRF-CMAQ (NIES), Japan
Meteorologisch 3'x2  Seoul National University 27km  VVoods Hole Oceanoiraphic 1/10° x
Instituut (KNMI)/TM5 (SNU) Institute (WHOI), US 1/10°

“10th Anniversary” AeroCom Workshop (September 23,201 3; Hamburg, Germany)



Simulation of radioactive materials from Fukushima |st NPP
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Accumulated deposition of '3’Cs from the Fukushima Ist Nuclear Power Plant simulated by SPRINTARS
(Takemura et al., SOLA, 2012; EQS, 2012).

e Simulated and measured total deposition of '3’Cs is ~10® Bq m~2 in the evacuated area in Fukushima
Prefecture. = Estimated order of 10~7 to 10~ over North America and 10~ to 10~ over Europe relative
to the evacuated area.

e Radioactive materials were detected on March 18 in CA, USA and March 20 in Iceland, which are in
agreement with the simulation by SPRINTARS.
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Roles of global aerosol models
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Aerosol optical thickness at 550nm in 2012 simulated by SPRINTARS (based on Takemura et al., 2000, 2002).
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The “K (}R)” supercomputer

Developed by RIKEN and Fujitsu. *R” (Kei) in Japanese means 10 Peta

Supercomputer performance
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Strategic research areas with “K”
» Life Science and drug manufacture

» New materials and energy creation

» Global change prediction for = Climate simulation based on a global

disaster prevention and reduction cloud resolving model NICAM.
» Industrial innovation
» Origin of matter and universe

© Fujitsu
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SPRINTARS in cloud resolving model NICAM

NICAM (Nonhydrostatic lcosahedral Atmospheric Model)
e developed by JAMSTEC/RIKEN/AORI (Sato et al.)
e Compressive nonhydrostatic model
* divided by equilateral icosahedron for horizontal grid
e 3.5km-mesh (division || times)

. . . . MODIS
* including aerosol (SPRINTARS) and cloud microphysics *
00:00UTC 05JULOOOO p— |
Aerosol optical thickness (BC+QOC, 550nm, all—sky) (%
280 } >
B 2 Y <<
60N = 285} //
- e East Asia
30N 290 ¢ -);> Central Africa
4 Amazon South
T 295 } Central Pacific -
EQ{ & Indian Ocean
Amazon North ———
300 A A 2 A A
308 0 5 10 1D 20 25 30
Featf [“m]
605 (c) NICAM-SPRINTARS
270
60E 1Z20E 180 120W 60W
SPRINTARS /NICAM 275 }
001 0.02 003 005 0067 61 02 03 05 07
280 p
. . . . g 285
(Left) optical thickness of black plus organic carbons simulated o

East Asia

Central Africa
Amazon South
Central Pacific

by NICAM coupled with SPRINTARS. 290
(Right) relationship between the cloud droplet effective radius

and cloud top temperature by (top) MODIS and (bottom) == e
NICAM-SPRINTARS (Suzuki et al., GRL,2008). 300 0 5 10 5 20 25 80
reﬂ [“m]

“10th Anniversary” AeroCom Workshop (September 23,201 3; Hamburg, Germany)



SPRINTARS in Stretch-NICAM
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Next step with MIROC

* Program for Risk Information on Climate Change (SOUSEI) (http://
www.jamstec.go.jp/sousei/eng/) organized by MEXT (Ministry of Education,
Culture, Sports, Science and Technology), Japan.

» with 2nd Gen. Earth Simulator (ES2) and “K”.
» toward CMIP6.

Next Generation MIROC-ESM

|) Near-term climate
projection

2) Long-term climate
projection

3) Downscaling

4) Assessment of impacts
on climate change

based on Watanabe et al. (GMD 2011)
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Air pollution in Asia

Beijing in January, 2012. ©Washington Post

The Washington Post

Beijing makes rare concession on

pollution measure

By Keith B. Richburg, Published: January 20

BEIJING — In a rare bow to public pressure, the Beijing local government
has begun using a more stringent measure for air quality, and the first
publicly announced readings Thursday showed the air was “hazardous” in

at least two areas of the polluted capital city.
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Twitter on measured PM2.5

concentration by US Embassy in Beijing.
http://twitter.com/beijingair
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Transboundary air pollution to Japan

Photos from RIAM, Kyushu University, Fukuoka,
Japan in 201 1.

(Bottom left) clear on April 5 (vis.: 35km).

(Top right) Asian dust on May 2 (vis.: 5km).

(Bottom right) air pollution on February 25

(vis.: 4km). ;
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SPRINTARS aerosol weekly forecasting system

* automatically operated once a day.

RIAM NEC SX-8R 4PE/front-end server (reserve: dual-core Opteron * 4)

Get forecasted meteorological field and semi-realtime biomass burning data.
* daily sea surface temperature and 3-hourly horizontal wind speed and temperature of
NCEP Global Forecast System (GFS).
* daily MODIS hotspot data from Fire Information for Resource Management System
(FIRMS) of University of Maryland/NASA GSFC.
= conversion to BC, OC, and SO; emissions using climatological GFEDv2 data.

2

Simulate global aerosol distributions and its radiative forcing by SPRINTARS
(T213L20).

e 8-day simulation from the day before the starting time of forecast.
* initial values from the simulation the day before.
* nudged by the GFS wind and temperature.

<
Make figure and HTML files.

4L upload around 22:30UTC every day.
SPRINTARS web server (http://sprintars.net/)
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SPRINTARS aerosol weekly forecasting system
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Data assimilation in SPRINTARS

— Aerosol observation — ~ Aerosol climate model -~
. SPRINTARS

4-dimensional variation
Ensemble Kalman Filter

Satelllte {vert{c.al]

r"‘ ¥ A
""‘g v T

ik cl lou:!s_

<inversion>

~ Aerosol emission =

Tt
n L ,

‘J QJ“}’ ”\’Fﬁ f )'

Assimilated aerosol distribution

Yumimoto and Takemura (GRL, 201 I; GMDD, 201 3)
Schutgens et al. (2010)
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Aerosol optical thickness and radiative forcing with assimilation

a) MODIS Observations: Monthly mean
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a) Increment of SW Radiative Forcing @ Tropopause
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b) w/o data assimilation @ MODIS Observations
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d) increment between with and w/o assimilation
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b) Increment of LW Radiative Forcing @ Tropopause
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Spatial distributions of
monthly mean AOT in May
2007. (a) MODIS TERRA/
AQUA, (b) a priori by
SPRINTARS, (c) a posteriori,
and (d) increment between a
posteriori and a priori
(Yumimoto and Takemura,

GRL, 201 1).

Increment of radiative

forcing of the direct effect by
anthropogenic and natural
aerosols under all-sky
condition between a posteriori
and a priori for (a) shortwave
and (b) longwave radiation.

(Yumimoto and Takemura,
GRL, 201 1).
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Other recent topics & Acknowledgments

e Data assimilation for the weekly aerosol forecasting system.
* Incorporating bin schemes both for aerosols and clouds in MIROC-SPRINTARS.

e Dust distribution and its climate effects in glacial periods (Takemura et al., ACP, 2009;
Lambert et al., Nature Climate Change, 201 3).

* How to contribute to/cooperate with CMIPé!?
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