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Japanese project on SLCPs

!
Quantitative assessment of effects of SLCPs on climate, hydrological cycle, health, 
and agriculture with climate-air quality coupled models.	

➡ Contribution to scientific bases for suitable reductions of SLCPs/WMGHGs.

Objective of S-12-3

Emission inventories and scenarios [Themes 1 & 2] Suitable reduction path [Theme 4]

Assessment of effects of 
SLCPs on climate with climate-

aerosol-chemistry models 
(SPRINTARS/CHASER)	


[Sub-themes 1 & 2]

Assessment of changes in 
hydrological cycles by 
SLCPs with a climate 
model MIROC-ESM	

[Sub-themes 5 & 6]

Assessment of 
impacts on health and 
agriculture by SLCPs	

[sub-themes 3 & 4]

Theme 3

Environment Research and Technology Development Fund 
(ERTDF) of the Ministry of the Environment of Japan S-12:

Theme 3	

Assessment of climate-environment and 
impacts by SLCPs with numerical models

Theme 1 Theme 2 Theme 4



13th AeroCom Workshop  (October 1, 2014; Steamboat Springs, CO, USA)   Toshihiko Takemura

Model intercomparison on Fukushima Accident
Report from Science Council of Japan	


“A review of the model comparison of transportation and deposition of radioactive 
materials released to the environment as a result of the Tokyo Electric Power 

Company’s Fukushima Daiichi Nuclear Power Plant”	

http://www.jpgu.org/scj/report/20140902scj_report_e.pdf	


Interactive website: http://cesd.aori.u-tokyo.ac.jp/cesddb/scj_fukushima/index_j.html

Numbers of participation	

• Global atmospheric models: 6	

• Regional atmospheric models: 9	

• Regional ocean models: 11 

http://www.jpgu.org/scj/report/20140902scj_report_e.pdf
http://cesd.aori.u-tokyo.ac.jp/cesddb/scj_fukushima/index_j.html
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AeroCom Phase III / HTAP2 experiment
led by M. Chin & M. Schulz	


• Primary objectives	

‣ Estimate the relative contribution of regional aerosol sources for air quality.	

‣ Evaluate their uncertainties among models.	


• Emission inventories	

‣ Anthropogenic by sectors: HTAP2 (integrating EDGAR, REAS, USEPA, MICS-Asia, and 

EMEP/TNO database ) — 0.1˚x0.1˚	

‣ Biomass burning: daily GFED3 — 0.5˚x0.5˚	


• Experiments — high priority (year 2010 except Base simulation 2008–2010)

emission perturbation regions

BASE

ALL 20% pollutants reduction
Global, North America, Europe, East Asia, South 

Asia, Russia/Belarus/Ukraine, Middle East

DST Zero dust East Asia, Central Asia, Middle East, Sahara, Sahel

FIR Zero biomass burning Global

PIN 
RES 
TRN

20% reduction in Power and 
Industry (PIN), Residential (RES), and 

Ground Transport (TRN) Sectors
Global
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HTAP2 pollutants emission inventory

4.174 Tg yr–1 9.145 Tg yr–1

84.831 Tg yr–1
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GFED3 biomass burning emission inventory

1.660 Tg yr–1 15.135 Tg yr–1

1.937 Tg yr–1
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Model description of SPRINTARS
GCM: MIROC5.2.	


Resolution: T106 (1.125˚x approx. 1.125˚), L56.	


Period: year 2010 (also 2008 and 2009 for BASE).	


Aerosol-related emissions	

• Pollutants: HTAP2 inventories for BC, POM, SO2.	

• Biomass burning: GFED3 for BC, POM, SO2.	

• Natural emissions:	

‣ Calculated with internal parameters for soil 

dust, sea salt, DMS.	

‣ Volcanic SO2, Terpene/Isoprene.	


Meteorology	

• atmospheric temperature and horizontal wind 

nudged by 6-hourly ECMWF ERA-interim 
(0.75˚x0.75˚).	


• sea surface temperature and sea ice prescribed 
by monthly HadISST.

Met. condition	


on/off	


MIROC	

Coupled Atmosphere-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	


T213/T106/T85/T42; L56/L40/L20	

References: Takemura et al.	


(JGR, 2000; JCLI, 2002; JGR, 2005; ACP, 2009)
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Radiative forcing in ALL (20% pollutants reduction)

AVG. –0.017 W m–2 AVG. –0.142 W m–2 AVG. –0.186 W m–2

AVG. –0.185 W m–2 AVG. –0.297 W m–2 AVG. –0.186 W m–2
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Radiative forcing in ALL (20% pollutants reduction)
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Radiative forcing in FIR (zero biomass burning)

AVG. –0.178 W m–2 AVG. –0.635 W m–2 AVG. –0.454 W m–2

AVG. –0.800 W m–2 AVG. –1.183 W m–2 AVG. –0.549 W m–2



13th AeroCom Workshop  (October 1, 2014; Steamboat Springs, CO, USA)   Toshihiko Takemura

Model intercomparison for natural aerosols?

• Global total mass of natural aerosols is larger than anthropogenic aerosols.	

‣ Sea salt, mineral dust, POA, precursor gases (DMS, VOC, etc.).	


• Their distributions are affected by seasonal, year-to-year, decadal, and glacial-
interglacial variations of meteorology and their variations affect climate change.	


• Their sources are related to the earth system (land surface, vegetation, oceanic 
biogeochemistry, etc.).	


➡ Natural aerosols makes possible to study PURELY scientific aspects of aerosol-
climate interaction.	


➡ We should do detailed global model intercomparisons for natural aerosols in 
AeroCom/AerChemMIP to understand uncertainties in their distributions and 
climate effects.

	
 dust mass column loading (present)	
 dust mass column loading (LGM)               

13.60 Tg 30.84 Tg

(Takemura et al., ACP, 2009)



13th AeroCom Workshop  (October 1, 2014; Steamboat Springs, CO, USA)   Toshihiko Takemura

Problems in cloud-precipitation process in GCM

given
spectively. The former is set to 1365.7 W m22, and the
latter, including its seasonal change in latitude and height,
is fixed at the value for the year 1850 for the control
simulation. The atmospheric concentrations of well-
mixed greenhouse gases and the surface emissions of
tropospheric aerosols are provided by the international
task group of the Representative Concentration Pathways
(RCP) Concentration Calculations and Data (available
online at http://www.pik-potsdam.de/;mmalte/rcps/
index.htm). The concentrations of CO2, CH4, and N2O
are set to 284.725 ppm, 790.979 ppb, and 275.425 ppb,
respectively. The three-dimensional atmospheric con-
centrations of ozone are precalculated by a chemical
AGCM for the study of atmospheric environment and

ons
of its precursors in the 1850 condition given by the task
group.

The boundary conditions for the land module consist
of the fractions of three tiles (potential vegetation, crop-
land, and lake), the distribution of potential vegetation,
and the leaf area index (LAI). The historical land use
change is given by the land use harmonization data (Hurtt
et al. 2009), in which the cropland fraction is fixed at the
value in 1850 for the control simulation. The lake frac-
tion is based on the U.S. Geological Survey global land
cover characterization dataset. The potential vegetation
data are prepared on the basis of the Stratospheric Aerosol
and Gas Experiment (SAGE) dataset (Ramankutty and
Foley 1999) and interpreted for the MATSIRO vegetation

6318 J O U R N A L O F C L I M A T E VOLUME 23

Main remaining problems in cloud-precipitation process in GCM	


• Uncertainties in parameters and parameterizations for microphysical aerosol-cloud 
interaction, autoconversion, and accretion.	


‣ Aerosol-cloud interaction for water: Parameterizations by Abdul-Razzak and Ghan (2000), 
NENES (Barahona et al., 2010), etc.	


‣ Aerosol-cloud interaction for ice.	


‣ Autoconversion: Parameterizations by Berry (1968), Kessler (1969), etc.	


• Treatment of drizzle particles both for mass and radiation.

Biases in annual mean radiation budget in MIROC5 relative to 
ERBE for (a) longwave and (b) shortwave (Watanabe et al., 2010).



13th AeroCom Workshop  (October 1, 2014; Steamboat Springs, CO, USA)   Toshihiko Takemura

Perturbed physical ensembles in MIROC5

LHS does not constrain the net radiative imbalance at the

TOA. Therefore, LHS leads to large climate drifts in the
C-CTL runs of CGCMs without flux corrections. To reduce

the radiative imbalance at the TOA and prevent large cli-
mate drifts, we developed a new method called suppressed

imbalance sampling (SIS):

(a) As described above, we performed A-CTL runs with
the minimum or maximum values for each physics

parameter, and we estimated the changes in the net

radiation imbalance at the TOA (Fig. 1c).
(b) We used LHS to generate large potential sets of

parameter values (5,000 samples), in which the first
sample is set equal to the parameter values of the

standard model.

(c) We emulated the radiative imbalance at the TOA
for each sample by applying piecewise linear

interpolations of the changes in the imbalance of

A-CTL runs (Fig. 1c).

(d) We selected the sample with the lowest amplitude of
anomalies in imbalance relative to the standard model

as the combination of the parameter values to be used

in the CGCM ensemble (thus, the first-selected
sample must be the standard model).

(e) From the initial 5,000 sets of potential parameters, we

removed the selected sample described in (d), and we
also deleted all samples with parameter values that

were ‘‘very close’’ (defined below) to the selected

sample.
(f) We repeated steps (d) and (e) to choose N subsets.

Here, N = 100, but this algorithm has the flexibility

to change N depending on the available computational
resources.

Table 1 List of physics parameters that were varied in the AGCM runs

Name Category Description Standard Min Max

wcbmaxa Cumulus Maximum cumulus updraft velocity at cloud
base (m/s)

1.7 0.7 2.8

precz0a Cumulus Base height for cumulus precipitation (m) 500 200 1,000

preczha Cumulus Reference height for cumulus precipitation (m) 4,500 3,000 6,000

clmda Cumulus Entrainment efficiency (ND) 0.51 0.4 0.6

meltaua Cumulus Timescale of ice melting (s) 10 1 15

evataua Cumulus Timescale of liquid evaporation (s) 2 0.1 4

rcfactb Cloud Random overlapping factor in ice cloud falling
(ND)

0.2 0 1

vicecb Cloud Factor for ice falling speed (m0.474/s) 38 25 40

b1c Cloud Berry parameter (m3/kg) 0.09 0.07 0.11

b2c Cloud Berry parameter (s) 0.095 0.07 0.12

faz1d Turbulence Factor for PBL overshooting (ND) 1.5 1 3

alp1d Turbulence Factor for length scale LT (ND) 0.23 0.16 0.3

alp3d Turbulence Factor for length scale LB (ND) 5 2 8

octeid Turbulence Switch for cloud top entrainment instability OFF ON

tnuwc Aerosol Timescale for nucleation (s) 18,000 14,400 21,600

rcmaxc Aerosol Maximum radius of cloud droplet (liquid, ice)
(m)

30 9 10-6,
185 9 10-6

25 9 10-6,
150 9 10-6

35 9 10-6,
200 9 10-6

ucminc Aerosol Minimum cloud droplet number (liquid) (m-3) 2.5 9 107 2.2 9 107 3.0 9 107

albe Surface Albedo of ice and snowf Medium Low High

talsnwe Surface Temperature thresholds for albedo functiong (K) 268.15, 273.15 253.15, 271.15 258.15, 273.15

wsscle Surface Lifetime of puddle over land ice (s) 216,000 108,000 432,000

tauagee Surface Snow aging time scale (s) 2 9 106 2 9 105 2 9 107

Variables in italics indicate that they were also swept in the CGCM runs
a Chikira and Sugiyama (2010)
b Wilson and Ballard (1999)
c Takemura et al. (2005, 2009)
d Nakanishi and Niino (2004)
e Takata et al. (2003) and Watanabe et al. (2010)
f ‘‘alb’’ indicates a collection of 8 parameters corresponding to albedo for ice and snow over sea and land
g Because the standard values are the maximum, we performed AGCM runs with two lower value sets

3044 H. Shiogama et al.

123

(Shiogama et al., 2012)
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Uncertainties in parameters for climate sensitivity

In QUMP, more elaborate emulation techniques were

applied to predict various metrics to select parameter val-
ues in their experiments (Webb et al. 2006; Rougier and

Sexton 2007; Rougier et al. 2009). However, recent studies

found that it is difficult to define metrics well correlating
with the variations of climate projections in advance

(Shiogama et al. 2011; Abe et al. 2009, 2011; Knutti 2010).

Therefore, we included only the emulated TOA imbalance
that is necessary to conduct simulations without flux cor-

rections as the prior metric in our experimental design. We

investigate metrics correlating with the variations of
feedback in Sect. 3.4. The possible effects of the TOA

imbalance constraint on the distribution of the CS are

discussed in Sect. 4.
Figure 2 shows the selected parameter values in LHS and

SIS. It is important that the sampled values in SIS are not
concentrated in small subspaces. Figure 3a shows the

Euclidean distance of two different samples in the nor-

malized 10-dimensional parameter space. We defined ‘‘very
close’’ samples in the above step (e) as those that fell in the

lowest 4 % of the probability distribution of parameter

differences. It is clear that, compared with LHS, the SIS
method sampled the parameter space relatively evenly.

Figure 3b shows the emulated changes in the radiative

imbalance at the TOA. These changes are large in LHS but
sufficiently small (less than 1 W/m2) in SIS. Although the

suppression of changes in the TOA imbalance resulted in

correlations between different parameters, the effect was
not large (the maximum of the absolute correlation values

is approximately 0.3) (Fig. 3c). In this algorithm, the def-

inition of a ‘‘very close’’ distance is critical for determining
the amplitude of the emulated TOA imbalance and the

correlation between parameters. There is a trade-off

between the parameter correlation and the amplitude of the
TOA imbalance. Here, we chose the definition of a ‘‘very

close’’ distance so that the amplitude of the emulated TOA

imbalance and the correlation are both sufficiently small.
It should be noted that the SIS method also has the limi-

tations (i)–(iv) mentioned in Sect. 2.2. Therefore, to confirm

that this method works well, it was necessary to actually
perform the CGCM runs with the selected parameter values.

3 CGCM experiments

3.1 CGCM control experiments

Here, we present the results from ongoing C-CTL and

C-CO2 runs of the CGCM without flux corrections. We
have completed 35 members of the C-CTL and C-CO2

ensembles so far that cover wide ranges of parameter

values (Fig. 2).
In the C-CTL runs, all of the members showed only small

changes in radiative imbalance and little drift in surface air

temperature (Fig. 4), which demonstrates that our SIS
method works well to prevent large drift and avert long spin-

up runs. This method allows modeling groups to overcome

the limitations of previous PPE studies, i.e., the require-
ments of the ASGCM and flux corrections. We defined the

(b) TOA NET radiation changes in the A-SST runs

TOA NET radiation changes in the A-CTL�runs

(a) TOA NET radiation changes in the A-CO2 runs
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Fig. 1 Differences in net radiative flux at TOA (W/m2) between the
AGCM runs with maximum and minimum values (max. minus min.;
‘‘on’’ minus ‘‘off’’ in the octei case) of each physics parameter in a A-
SST runs, b A-CO2 runs and c A-CTL runs. Black bars indicate that
these parameters were selected for perturbation in the CGCM runs

Perturbed physics ensemble 3045

123

Differences in net radiative flux at TOA (W/m2) between maximum and minimum values 
of each physics parameter under the preindustrial condition (Shiogama et al., 2012).
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CFODD from satellite and models

Berry 1968 (default of the MIROC-SPRINTARS)�

Khairoutdinov and Kogan 2000�

Beheng 1994�

Chuang et al. (2012)!
  � Berry 1968 �������	��
��
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for each autoconversion parameterization. 
Figures are classified (A, B, and C) by the 
cloud droplet effective radius at cloud top.

based on Berry (1968)



13th AeroCom Workshop  (October 1, 2014; Steamboat Springs, CO, USA)   Toshihiko Takemura

Summary

• MIROC (AORI/NIES/JAMSTEC GCM) developing group	


• NIES supercomputer system (NEC SX-9)	


• Environment Research and Technology Development Fund S-12-3

Acknowledgments

• Simulated results from the AeroCom Phase III / HTAP2 experiment provide useful 
information on efficiency of emission reduction of anthropogenic aerosols from 
each region for the radiative forcing and climate change by aerosols.	


➡ Recommendation to output parameters related to radiative forcing and climate 
additionally (enough for monthly mean data).	


• Detailed model intercomparisons for natural aerosols (sea salt, mineral dust, POA, 
precursor gases (DMS, VOC, etc.)) should be promoted in order to understand 
relationship with climate system.


