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Recent topics using aerosol models
— focusing on Japanese activities —

Toshihiko Takemura
Research Institute for Applied Mechanics, Kyushu University, Japan

• Simulation of transport of radioactive materials from Fukushima 1st nuclear 
power plant.

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

• MIROC & Earth System Model
• Social request on forecasting system for aerosol distribution in Asia.
• Data assimilation for a global aerosol model.
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Model intercomparison on Fukushima 1st NPP accident
• Organized by Science 

Council of Japan.
• A report will be 

published in October 
2013.

Regional
atmospheric models

Regional
atmospheric models

Organizations/Models Hor. 
Res.

Centre d’Enseignement et de 
Recherche en Environnment 
Atmosphérique (CEREA), 
France/WRF-Plyphemus

~4km

Central Research Institute of 
Electric Power Industry 
(CRIEPI), Japan/WRF-CAMx

5km

Institut de Radioprotection et 
de Sûreté Nucléaire (IRSN), 
France/pX

~4km

Japan Atomic Energy Agency 
(JAEA)/MM5-GEARN 3km

JAMSTEC, Japan/WRF-Chem 3km

Japan Meteorological Agency 
(JMA)-Meteorological Research 
Institute (MRI)/NHM-RAQM2

3km

JMA/NHM-RATM ~4km

National Institute for 
Environmental Studie (NIES), 
Japan/WRF-CMAQ

3km

Seoul National University 
(SNU) 27km

Global
atmospheric models

Global
atmospheric models

Organizations/Models Hor. 
Res.

Kyushu University, 
Japan/SPRINTARS T213

Japan Meteorological 
Agency (JMA)-
Meteorological 
Research Institute 
(MRI)/MASINGAR 
mk-2

TL319 
(640×
320)

JMA-MRI/MASINGA 
R-1 T106

JMA-MRI/MRI-PMr 60km

Cyprus Institute/
MPIC-EMAC v1.92

T106
T255

Koninklijk Nederlands 
Meteorologisch 
Instituut (KNMI)/TM5

3˚ x 2˚

Oceanic modelsOceanic models

Organizations/Models Hor. Res. 

Central Research Institute 
of Electric Power Industry 
(CRIEPI), Japan

1/120˚ x 
1/120˚

Helmholtz Center for 
Ocean Research Kiel 
(GEOMAR), Germany

1/8˚ x 
1/10˚

Institut de Radioprotection 
et de Sûreté Nucléaire 
(IRSN), France

1/48˚ x 
1/60˚

Japan Atomic Energy Agency 
(JAEA)

1/54˚ x 
1/72˚

JAMSTEC, Japan/JCOPET 1/36˚ x 
1/36˚

Korea Institute of Ocean 
Science & Technology 
(KIOST)

1/60˚ x 
1/60˚

JAMSTEC, Japan/MSSG 1/55.6˚ x 
1/55.6˚

National Institute for 
Environmental Studies 
(NIES), Japan

1/20˚ x 
1/20˚

Woods Hole Oceanographic 
Institute (WHOI), USA

1/10˚ x 
1/10˚
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Simulation of radioactive materials from Fukushima 1st NPP

Accumulated deposition of 137Cs from the Fukushima 1st Nuclear Power Plant simulated by SPRINTARS 
(Takemura et al., SOLA, 2012; EOS, 2012).

• Simulated and measured total deposition of 137Cs is ~106 Bq m–2 in the evacuated area in Fukushima 
Prefecture. → Estimated order of 10–7 to 10–5 over North America and 10–9 to 10–7 over Europe relative 
to the evacuated area.

• 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

Aerosol optical thickness at 550nm in 2012 simulated by SPRINTARS (based on Takemura et al., 2000, 2002).
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The “K (京)” supercomputer
• Developed by RIKEN and Fujitsu.

• Installed in Kobe, Japan.

• Operational use from Sept. 2012.

• Ranked first for two consecutive 
reporting periods, June and November 
2011 in the TOP500 Supercomputing 
Sites.

• Peak performance: 10.62 Pflops

• Total main memory: 1.26 PB

• Strategic research areas with “K”
‣ Life Science and drug manufacture
‣ New materials and energy creation
‣Global change prediction for 

disaster prevention and reduction
‣ Industrial innovation
‣Origin of matter and universe

© Fujitsu

2nd Gen.
Earth Simulator

“K”

“京” (Kei) in Japanese means 10 Peta

➡ Climate simulation based on a global 
cloud resolving model NICAM.
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SPRINTARS in cloud resolving model NICAM
NICAM (Nonhydrostatic Icosahedral Atmospheric Model)

• developed by JAMSTEC/RIKEN/AORI (Sato et al.)
• Compressive nonhydrostatic model
• divided by equilateral icosahedron for horizontal grid
• 3.5km-mesh (division 11 times)
• including aerosol (SPRINTARS) and cloud microphysics

(Left) optical thickness of black plus organic carbons simulated 
by NICAM coupled with SPRINTARS.
(Right) relationship between the cloud droplet effective radius 
and cloud top temperature by (top) MODIS and (bottom) 
NICAM-SPRINTARS (Suzuki et al., GRL, 2008).
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SPRINTARS in Stretch-NICAM
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Next step with MIROC

based on Watanabe et al. (GMD 2011)

• 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.

1) Near-term climate 
projection

2) Long-term climate 
projection

3) Downscaling
4) Assessment of impacts 

on climate change

Next Generation MIROC-ESM

http://www.jamstec.go.jp/sousei/eng/
http://www.jamstec.go.jp/sousei/eng/
http://www.jamstec.go.jp/sousei/eng/
http://www.jamstec.go.jp/sousei/eng/
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Air pollution in Asia

Beijing in January, 2012.   ©Washington Post

Back to previous page

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.

The release of the data followed online protests and complaints that the
U.S. Embassy in Beijing was providing a more accurate gauge of Beijing’s
air than the city government, which typically tries to downplay the
pollution as mere “fog.” And it capped a week in which Beijing has been
shrouded in a particularly thick, low-hanging haze of pollution, the result
of too many cars and too many nearby factories burning coal.

Several flights to and from the Beijing airport Thursday were canceled or
delayed. Traffic has been backed up more than usual because of the low
visibility, and several highways were closed. Parents have been keeping
their children indoors. Residents have been racing to buy air purifiers,
oxygen generators and face masks.

In a bit of black humor making the rounds here, people joke that you can
smell China’s GDP in the air. But the official reaction to the pollution
problem provides a sharp illustration of the challenges facing authorities
as they try to maintain China’s enviable levels of growth, while also
meeting the demands of increasingly informed urban residents for a
better quality of life — including clean air to breathe.

The U.S. Embassy gauges the air quality from a monitor on its roof, and
posts the results hourly on a Twitter account, BeijingAir. Postings over the
past several days repeatedly declared the air “Hazardous” to those
exposed to it for 24 hours, with several measurements so high as to be
deemed “Beyond Index.” A respite came early Friday morning when
pollution readings were deemed only “Unhealthy to Sensitive Groups” and then fell to “Moderate”
levels.

Residents long accustomed to a polluted, congested capital are starting to openly complain.

“It's a fact that air pollution can damage your personal health,” said Wang Xi, 29, a computer
engineer who said he has been riding a bicycle in the city for 10 years, first to school and now to
work. He started wearing a high-tech mask after experiencing a sore throat.

The capital sits ringed by mountains on its north and west, so when a haze of pollution lumbers in,
it just sits, and sits, and sits, until either strong winds or rains come along to push it off to the east.

‘The major problem is coal’

Twitter on measured PM2.5 
concentration by US Embassy in Beijing.

http://twitter.com/beijingair

http://twitter.com/beijingair
http://twitter.com/beijingair
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Transboundary air pollution to Japan

Photos from RIAM, Kyushu University, Fukuoka, 
Japan in 2011.

(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).



“10th Anniversary” AeroCom Workshop  (September 23, 2013; Hamburg, Germany)

SPRINTARS aerosol weekly forecasting system

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 SO2 emissions using climatological GFEDv2 data.

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

• 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.

* automatically operated once a day. 

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

SPRINTARS web server (http://sprintars.net/)

upload around 22:30UTC every day.

http://sprintars.net
http://sprintars.net
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SPRINTARS aerosol weekly forecasting system

http://sprintars.net/forecastj.html
Takemura (Tenki, 2009 (in Japanese))

http://sprintars.net/forecastj.html
http://sprintars.net/forecastj.html
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Transboundary air pollution (PM2.5) in newspapers
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原因は中国大陸からの汚染

物質だといえる。

地球温暖化が専門で、飛

来
予
測
シ
ス
テ
ム
は
も
と
も

と、微小粒子が温暖化にど

のような影響を及ぼすのか

を
研
究
す
る
た
め
に
開
発
し

た。研究成果は、世界の科

学者らでつくる「気候変動

に関する政府間パネル（Ｉ

ＰＣＣ）」第４次評価報告

書に採用され、執筆にも参

加した。 ＝ - = ＝ ■ ■ 一 一 皇 ＝ 一

③規格外イワシの ｢あんちよび」
園産有機野菜の宅配を手掛ける「大

地を守る会」．（千葉市）は５月２日か
ら、流通の規格に合わないカタクチイ
ワシを塩漬け加工した「もったいナイ
魚あんちよび」 (７０３円）を販売す

器次回の環境面は５月１３
日に掲載の予定です。

器 情 報 を お 寄 せ く だ さ
いＯ
eco@yomiuri｡com
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大気中の有害な微小粒子

状物質「ＰＭ２．５」への

関心の高まりを受け、熊日

では大気汚染予測システム

「スプリンターズ」のデー

タを基に８月から、大気汚

染粒子と黄砂の当日の飛来

予測の掲載を始めた。シス

テムを開発した九州大応用

力学研究所の竹村俊彦准教

授（詔）に、越境汚染問題解

決への展望などを聞いた。

（河内正一郎）

ｌスプリンターズは飛来

する汚染物質の量をどのよ

うに予測するのですか。

「スーパーコンピュータ

ーで、地球上のあらゆる場

所に漂う粒子の量を計算す

る。例えば砂漠の砂粒は、

風が強いほど多く巻き上げ

られる。その砂粒は風に乗

って大気中に漂い、重力や

雨で地表に落ちる。一つ一

つの過程を物理法則にのっ

とって数式にしている」

ＩＰＭ２．５の報道後、

スプリンターズのホームペ

ージヘのアクセスはどうで

すか。

Ｉ
１

１

環境問題に国境はない

囮震災壼

高
賞
香
塞

ていた第輌

映画祭でｏ

大震災を塞

谷薫監督の

になる」が

タリーコシ

ン部門で皐

イアーバー

したことが

池谷監督が

た。
「先祖ｒ

津波で息睾

岩手県睦副

藤直志さん

壊した自室

までを追っ
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開
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温暖化研究用システム､PM2.5の飛来予測で脚光

中国から越境してくる

微小粒子状物質（ＰＭ２

・５）への関心が高まり、

自らのホームページで運

用する飛来予測システム

にはアクセスが集中。マ

スコミや自治体関係者か

らの問い合わせが相次

ぐ。「研究としてはサブ

テーマだが、世の中の役

に立っているから」と真

筆に答える。

本来のテーマは地球温

暖化だ。九州大学准教授

として、大気中に浮かぶ

微小な粒子が気候に及ぼ

す影響を地球規模で解き

明かす研究に取り組む。

飛来予測システムは、そ

のために開発した。

竹村俊彦氏
『鱗 鴬署
M・

齢k竹

臨吟 一オーカオ 砿

｢役に立つなら｣副業でも真蟄に
海外での評価は高く、

科学者らでつくる国連の

気候変動に関する政府間

パネル（ＩＰＣＣ）の第

４次評価報告書に成果が

採用され、執筆にも参加

した。温暖化防止の国際

交渉で活用されている。

学生時代は気象予報士

の森田正光さんの下でア

ルバイトをし、テレビの

天気予報コーナーの原稿

を書いたこともある。裏

方での経験が今の研究に

も役立っているという。

故郷の三重県四日市市

から近い名古屋市科学館

で見たプラネタリウムに

感動。大学に入るまでは

天文学者を志した。「遠

い星空を眺めているうち

に、次第に高度が下がり、

地球の大気が研究テーマ

になった」と振り返る。

小学校では野球をやっ

ていたが、中学と高校は

「トレーニングのために」

と始めた陸上競技に熱中

した。今もキャンパス内

や周辺をランニングす

る。なぜか、副業として

始めたことが生活の中心

になる。「これも運命な

のかな」と笑う。

Ⅱたけむら・としひこ、

記歳

惑織癖釦晦唖瀦蝿綱Ｉ緯幟晦恥琴聯睡↓》艀帳”

”

憲議罷篭蝋翰ｺｲﾄ゙
戦罰 ■アジア諸国の環境政策と環境ビジネス福

岡県と日本貿易振興機椛（ジェトロ）アジ
ア経済研究所が27日午後１時から４時20分
まで、福岡市博多区の福岡県吉塚合同庁舎
７階で。同県が環境協力協定を締結してい
るベトナムやタイ、中国の環境対策の実情
や今後の環境分野でのアジア進出の展望な
どについて講演する｡参加無料｡定員60人。
申し込みは所定の申込書や県庁ホームペー
ジなどから。問い合わせは県企画・地域振
興部総合政策課⑳０９２．６４３．３１５９｡

■事例で学ぶ売れるネット通販の仕掛け
九州経済調査協会が27日午後２時から５時
まで、福岡市中央区の電気ビル共創館３階
で。業績が好調なインターネット通販事業
を手掛ける会社代表らが、少人数で売り上
げを増やす運営ノウハウやスマー|､フォン
時代のネット通販手法などについて識減す
る。参加費は会員3000円、一般5000円。定
員20人。申し込みは同協会ホームページか
所定の申込瞥から。問い合わせは同協会調
査研究部⑳092･721･4909。

■九州グリーンエネルギー産業推進セミナー
九州経済産業局などが27日午後２時から
６時まで、福岡市博多区のハイアットリー
ジェンシー福岡２階で。太陽光や地熱など
グリーンエネルギーに関する情報などを九
州の事業者らに発信する「九州グリーンエ
ネルギー産業推進協議会｣の設立を踏まえ、
今後のエネルギー・環境戦略や太|場光発電
ビジネスの展望などについて講演する。参
加無料。定員150人。申し込みは所定の申
込書から。問い合わせは同局資源エネルギ
ー環境課③０９２．４８２．５５１３。

ロバート･サイデル

多様性の尊重で成長を
ランスを上手に実践する社員の紹
介など、一年を通じて数々の啓発
活動に取り組んでいる。
どんなに優秀な社員でも、多様

性を尊重し、互いに敬意を持って
接する価値観を共有できなければ
当社では成功できない。多様性に
富むチームを構成し、維持するこ
とは、管理職のリーダーシップ。を
評価する上で重要なポイントだ。
さらに、多様性の尊重は会社の

成長戦略の一角を占めている。同
じような背景を持つ人が集まると
予定調和を前提とした仕事に陥る
場合があるが、様々な背景を持っ
た人が集うと当たり前と思ってい
たことが覆り、根源的な目標を達
成する斬新なアプローチが生まれ
る。イノベーションは、異質なも
のの化学反応によってこそ起こる
ものだと考えている。
（アメリカン・エキスプレス・イ
ンターナショナル日本社長）

社会のあらゆる分野で指導的地
位に女性が占める割合を30%以上
とする一。これは自民党が2020
年の達成を目指す政権公約だ。当
社の管理職に占める女性比率は現
在、４２％。この数字を挙げると、
会社でどんな取り組みをしている
のか、よく質問される。
こだわっているのは、多様性を

尊重し、これを活用する企業文化
を貫くこと。ここでいう多様性と
は、性別に限らず、異なる出自、
文化、世代などの差異を含む。
多様性を尊重する職場を築くに
は、制度の充実だけではなく、継
続的な啓発が必要だ｡当社の場合、
経営陣がサポートする社内委員会
や社員の有志グループが啓発活動
を担っている。多様性の尊重につ
いて当社の考え方をまとめた冊子
の配布、女性のキャリア開発や仕
事と育児の両立の実践方法を学ぶ
セミナーの開催、ワークライフバ

！
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Data assimilation in SPRINTARS

Yumimoto and Takemura (GRL, 2011; GMDD, 2013)
Schutgens et al. (2010)
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Aerosol optical thickness and radiative forcing with assimilation

costs, we assigned a 25‐member ensemble size and three‐
grid localization scale.
[10] Figure 2 shows results of the 1‐month assimilation

experiment. In this figure, SPRINTARS results were sam-
pled at MODIS measurement times and interpolated into the
observation space. Figure 2d shows the increment between
a posteriori and a priori values. The a posteriori AOT
showed much better agreement with MODIS AOT than did
the a priori estimate. The AE with MODIS AOT was
28.4%. The a posteriori global mean AOT increased from
0.069 to 0.10 and was close to that of MODIS (0.15).
[11] The assimilation mainly increased aerosol values

over the Northern Hemisphere. In the Middle East and East
Asia, dust increased considerably. Sulfate aerosols increased
in industrializing areas, such as India and China. Over the
North Pacific, dust, carbonaceous materials, and sulfate
outflows from East Asia were enhanced and brought closer
to the MODIS AOT. Over the North Atlantic, sulfate from
North America increased, and the outflow path of Saharan
dust shifted slightly to the south, with transport farther west,
showing better agreement with MODIS measurements. An
increased AOT in Central America reflects carbon from
forest fires filling the gap between MODIS and a priori
estimates. However, in Siberia the assimilation reduced
carbonaceous AOT from forest fires. For sea salt, the
a posteriori AOT increased in the tropics, decreased at
high latitudes, and showed a relatively spatially uniform

Figure 2. Spatial distributions of monthly mean AOT in May 2007. (a) MODIS/TERRA and AQUA, (b) a priori,
(c) a posteriori, and (d) increment between a posteriori and a priori. Modeled results were sampled and interpolated at the
times and locations of MODIS AOT availability.

Figure 1. Results of the sensitivity analysis of ensemble
size and localization scale.
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salt over inland areas). In future studies, additional informa-
tion (e.g., measurements of the Ångström component and
fine‐mode AOT fraction) will be assimilated to constrain the
distribution of the analysis increment. Further studies of
ensemble spread structure will also be required to estimate the
appropriate error covariance between aerosol components.
[15] Figure 4 compares a posteriori and a priori anthro-

pogenic and natural aerosol increments of the DRE at the
TOA. Shortwave negative DRE radiation was reduced
considerably in East Asia, India, and North America
because of an increase in sulfate aerosol. Reductions in
Central America and South Africa mainly resulted from
increases in carbonaceous aerosols. However, a reduction in
carbonaceous aerosols from Siberian forest fires resulted in
an increase in the shortwave DRE over the north Pacific. An
increase in the longwave positive DRE in East Asia, the
Middle East, and the Sahel corresponded to increased dust,
and an increase in sea salt increased the longwave DRE over
the central Pacific. The a posteriori whole‐sky longwave
(shortwave) DRE at the TOA was 0.46 ± 0.087 (−1.5 ±
0.40) W/m2 and increased (decreased) by 77.3% (83.2%).
We estimated the total whole‐sky DRE at the TOA as
−1.1 ± 0.35 W/m2.
[16] Yu et al. [2006] reviewed measurement‐ and model‐

based DRE estimates and assessed median values of
measurement‐based (model‐based) estimates of the clear‐
sky DRE at the TOA in spring over ocean and land as −5.6 ±
0.20 (−3.5 ± 0.66) and −5.1 ± 0.26 (−3.2 ± 0.65) W/m2,
respectively. Our a posteriori (a priori) clear‐sky DRE
estimates at the TOA over ocean and land in May 2007 were
−2.5 ± 0.47 (−1.4) and −2.7 ± 0.52 (−1.5) W/m2, respec-
tively. Although the assimilation brought the a posteriori
DRE much closer to Yu et al.’s [2006] estimates, large
discrepancies still remained. Yu et al. [2006] suggested
that lower AOT, stronger absorption, and uncertainties in
SPRINTARS optical parameters could possibly account for
the discrepancies.

4. Conclusions

[17] We developed a new ensemble‐based data‐assimilation
system using the global aerosol climate model SPRINTARS
and performed a 1‐month assimilation experiment using

aerosol optical observations in May 2007. The experiment
assimilated 7.9 million measurements made by MODIS/
TERRA and AQUA. A posteriori AOT reduced the RMSD
between MODIS AOT by 28.4% compared to a priori AOT
and showed significantly improved independent validation
with globally distributed AERONET data (82.5% of 80
AERONET sites showed better agreement). Meanwhile,
Ångström exponent improvement was limited, with better
agreement with only half of 80 sites. The assimilation mainly
increased aerosols over the Northern Hemisphere (e.g.,
increased sulfate over developing countries and dust in the
Middle East and East Asia). A posteriori sea salt increased
in the tropics and decreased at high latitudes. Our best esti-
mate of global AOT was 0.15 ± 0.030 (152.0% of a priori)
in May 2007.
[18] Aerosol DRE was modeled in an on‐line manner

using a posteriori aerosol fields. The a posteriori whole‐sky
DRE at the TOA was estimated as −1.1 ± 0.35 W/m2

(−185.9% of a priori) in May 2007. For clear‐sky, our
a posteriori results estimated the DRE at the TOA over
ocean and land as −2.5 ± 0.47 and −2.7 ± 0.52 W/m2,
respectively, with the measurement‐based estimates
decreasing positive biases [Yu et al. 2006] by 25.0% and
33.3%, respectively. However, large discrepancies still
exist. In addition to improvements in the model, additional
observations (especially those that can distinguish aerosol
species) and a new ensemble generation method, which
takes model errors in transport and deposition processes into
account, will be the next steps in improving the assimilation
system.
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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, 2011).

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, 2011).
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