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Forward Model：Global and regional high-resolution model NICAM-Chem
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Surface CO2
7km simulation on the Earth Simulator 
cloud, mineral dust, Fine aerosols (Suzuki et al., GRL'08)

Stretched grid simulation

Takemura et al.( JGR'00) Sudo et al. (JGR'02) Niwa et al. (ACP'11) Yoshimura et al. (JGR'14)

Radiation: MSTRN (Sekiguchi&Nakajima, JQSRT'05)



• Sea salt:  w10 (Ericksson or Monahan)

• Mineral dust: w10 , vegetation, soil moisture, 
snow cover, LAI

• Sulfate: fossil fuel, biomass burning, volcanoes

• Carbons (OC&BC): fossil fuel, biomass burning, 
agricultural activities, plant emissions

• Chemistry: sulfur oxidation, (SOA chemistry, 
nitrate thermal eq.) 

• Removal through wet & dry deposition, 
gravitational settling

METEOROLOGY 
REANALYSIS

NICAM 
GCRM

Meteorological & Cloud 
field 

Spectral Radiation-Transport model for Aerosol 
(Takemura et al., 2000, 2002, 2005, 2009) 

• NCEP, NCEP-FNL or GPV-JMA

• Cloud microphysics: Large scale 
condensation，NSW6

• Arakawa-Schubert cumulus convection 
• MATSIRO land surface model

Direct aerosol effect on radiative balance; 1st and 2nd indirect aerosol effects on clouds

SPRINTARS
AEROSOL MODULE

P, Wind speeds, Temperature, specific 
humidity, Cloud 

Aerosol mass mixing ratio: dust (10 bin), Sea salt 
(4 bin), OC, BC, Sulfate,SO2

K-distribution Radiative Transfer Model



Local Ensemble Transform Kalman Filter
(LETKF, Ott et al.2004, Hunt et al., 2007, Miyoshi et al 2007a,b)

Initial ensemble
Assimilation

Assimilation

1. The assimilation system uses the some grid and regional system as the forward 
model (NICAM-SPRINTARS), so it is convenient to use the forward model forecast 
variables.

2. The observation sites are searched in each region at the same time. If one site is 
found, the simulated observation will be calculated and transmit it to all of the other 
processors to generate the global observations. 

3. In every grid point, each processor assimilate the useful observation based on the 
distance between the observation site and the grid point.

4. Output the analysis results for the next forward calculation.

region



Observation operater (H): transfer the control variables (fine and coarse aerosol 
masses) to observed aerosol optical properties



Period: 2006 April 
Asian Dust occurs frequently
Random perturb the standard aerosol 
emissions with standard deviations 1to 
generate the ensemble members 

Dai et al, 2014, Environmental Pollution



1) The perturbation method has 
the largest influence on the 
performance of the assimilation 
compared with the ensemble 
and local patch sizes. 

2) The general spatiotemporally 
independent random 
perturbation factors tend to 
yield a low estimation of the 
model uncertainties and the 
analyses are affected by an 
overconfidence in the modeled 
estimate

3) The perfect spatiotemporally 
dependent modification factors 
looks to be a better choice. 





Yin et al, AR, 2016





Geostationary satellites have higher observation 
frequency than the conventional polar orbiting satellites.

Geostationary satellite: 
Himawari-8

Conventional polar 
orbiting satellite: MODIS

Model result



The comparison between Himawari-8, MODIS and AERONET
The differences of Himawari-8 minus MODIS

The observation frequencies of Himawari-8
are generally much higher than that of
MODIS, especially over the NCP, India, and
Australia areas, and they are generally
comparable to that of the ground-based
AERONET.
The correlation coefficient of AERONET with
Himawari-8 is 0.750, higher than that with
MODIS.
Himawari-8 can provide the data

with more higher spatio-temporal
observation frequencies and higher
qualities than MODIS and AERONET.
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4D-LETKF (Assimilation 
windows every 6 Hours)

3D-LETKF (Assimilation 
windows every 1 Hours)

Hourly observations and NICAM-Chem output 
(3D-LETKF .vs. 4D-LETKF）
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1. Avoid frequent switching between the assimilation and model 
ensemble.
2. More observations are obtained to constrain the model states at 
each time slot due to assimilated asynchronous observations. 



Experimental Design

Experiment Ensemble Number Assimilation
Window

CONTROL 1 No

LETKF 20 1 hour

4D-LETKF-6H 20 6 hour

4D-LETKF-24H 20 24 hour

Period: 2016.Nov 1 - 2016.Nov 30
Region: 60°S-60°N, 80°E-200°E



Elapsed time and Observation constraint

The assimilated observations for 4D-LETKF generally respond linearly to the 
assimilation window interval.
Most of the elapsed time of LETKF is used to set up the model frame for ensemble 
forecasts and assimilation.
4D-LETKF-24H can significantly enhance the computational efficiency 
and maximally use the daily cycle of Himawari-8-retrieved AOTs.

LETKF 4D-LETKF-6H 4D-LETKF-24H
75h 27h 19h



Comparison of the analysis with Himawari-8

Assimilations clearly reduce the overestimation of 
sulfate aerosols over East Asia and dust aerosols 
over Australia.
The general underestimations of AOT over India and 
ocean areas are also corrected.



The AEs are mostly positive, indicating that assimilations positively 
affect the model performances.
The correlation coefficients of assimilation results with Himawari-8 
are all higher than 0.79.

(Yumimoto et al., 2016)

Comparison of the analysis with Himawari-8



Comparison of the analysis with AERONET

81%

90%

71%



Assimilation can better 
reproduce the temporal 
variations of aerosols.

It is difficult to improve the 
obviously underestimated 
sites.

There are some differences 
between satellite-retrieved 
data and AERONET ones.

Evaluation of the temporal evolutions of 
AOTs with the AERONET



Terra Aqua
Comparison of the analysis with MODIS

The analyses can also better reproduce the spatial and 
temporal variations of the MODIS AOT observations.



4D-LETKF NICAM-Chem 72 hours forecast system

0 18 126 12 0 6 18 0 6 12 18 0 6

0-24H Forecast

24-48H Forecast

48-72H Forecast

3 days forecast

3 days forecast

3 days forecast

Assimilating the hourly Himawari AOTs 



In the first 24 hours, whether improving the initial condition has 
obvious effects on the results.
After 48 hours, the effects of initial condition on the forecast 
results are very weak. 

Evaluation of the 72h AOD forecast with assimilation of Himawari-8



Experiment 24H 48H 72H
RMSE 292(80%) 299(82%) 302(83%)

Evaluation of the 72h forecast PM2.5 concentration (RMSE)



Experiment 24H 48H 72H
RMSE 298(82%) 281(77%) 251(69%)

Evaluation of the 72h forecast PM10 concentration (RMSE)



Aerosol vertical data assimilation using CALIPSO (preliminary results)

RMSE between CONTROL experiment and CALIPSO RMSE between Assimilation experiment and CALIPSO

The difference between the RMSE 
of CONTROL and RMSE of CAIPSO 
shows the obvious decreasing of 
RMSE in many parts especially in 
Asia.



Summary
1. We successfully develop a LETKF and 4D-LETKF aerosol 

assimilation system for NICAM, which are applied to assimilate 
both the polar and geostationary satellite observations such as 
the MODIS and Himawari-8. 

2. One month hourly aerosol analyses are generated with the 4D-
LETKF system, which can significantly improve the calculation 
efficiency.  The aerosol analyses are more comparable to both 
the assimilated Himawari-8 AOTs and independent AERONET 
and MODIS AOTs. The assimilation system correctly reduce the 
overestimation of the AOTs over East China, which are probably 
due to the reduction of emissions in China recently. 

3. The assimilation of Himawari-8 AOTs can also correct the aerosol 
initial conditions and emissions, improving the aerosol forecast 
especially over the first 24 hours. 



Thank you！
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