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Outline

» Overview of the JMA/MRI/KU global aerosol model and
data assimilation

* Validation studies
 For Stratospheric Aerosol
* With EarthCARE data

* Model Update

» Satellite snow data for Dust emission scheme
* Major update of MRI-ESM (ESM2 -> ESM3 for CMIP7)

- Data assimilation Update
« Himawai 8/9 and GCOM-C DA has started.

* Summary



JMA/MRI

Aerosol Transport Model

(Model of Aerosol Species in the Global Atmosphere: MASINGAR)

« Sulfate, black carbon, organics, sea salt, and mineral dust are included

e The emission flux of sea-salt,

surface properties calculated

mineral dust, and dimethylsulfide are predicted based on the
by the atmospheric model.

« Particle size distributions of sea salt and dust are expressed with sectional approach (10-

bins from 0.2 to 20 um)
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MRI-ESM2.0 and MASINGAR aerosol model

MRI-ESM2
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[Yukimoto et al., JIMSJ, 2019] [Kawai et al., GMD, 2019] [Oshima Recent development
etal., PEPS, 2020] - We developed MRI-ESM3.2 by replacing the AGCM with
JMA'’s operational NWP model.
» This system is being explored for future seasonal prediction

applications.
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MASINGAR Implements Aerosol Data Assimilation

Japanese
geostationary
weather satellite

MODIS
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JMA operational aeolian dust Information

JMA has been providing Aeolian dust information based on numerical forecasts and
observations since January 2004 (http://www.jma.go.jp/en/kosa).
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JMA operates a global aerosol model (TL479L40) for the prediction of aeolian dust.
The forecast charts up to 4 days ahead with the interval of 6 hours are updated once per day.

JMA also provides aeolian dust prediction results (GRIB2 formatg for grivate weather
services via the Japan Meteorological Business Support Center JMBSC).


http://www.jma.go.jp/en/kosa

Near Real Time MASINGAR for ICAP, JAXA, and VFSP-WAS

Near-real-time MASINGAR products are generated for aerosol analysis and
prediction.

» Daily aerosol analysis and 5-day forecasts are provided to ICAP.

» The same products are also provided to EORC/JAXA for the JAXA P-Tree
project.

+ MASINGAR outputs are being prepared for the WMO Vegetation Fire and
Smoke Pollution Warning Advisory and Assessment System (VFSP-WAS).

* Model calculations for VFSP-WAS are already underway, while the operational
data transfer procedure is still being finalized.
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JAXA’s P-Tree Project
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Climate Change Predictions by MRI-ESM2.0

Globally averaged Annual-mean Aerosol Optical Depth Future dust emission changes in East Asia by MRI-ESM2.0
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JRAero and JRAero V2

The Japanese Reanalysis for Aerosol (JRAero)

Data
Assimilation

MODIS/Terra, Aqua ' MASI
Japanese. =
JRAero R0

The JRAero version 1 constructed by the MRI/JMA and the RIAM of Kyushu University for
2011-2019.
Probably, the 4th aerosol reanalysis (ECMWF, NASA, NRL, JMA).

We have a plan to update the analysis (version 2) in the future.
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Tsukuba
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SAOD at 532 nm

Validation 1: Stratospheric Aerosol with Lidars

Lidar Measurements

pin  36°N, Altitude Range: tropopause-33 km
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Color lines are different in the two figures
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MRI-ESM2 Run3d
with CMIP6 stratospheric aerosol
dataset, nudged toward JRA-55

MRI-ESM2 Run3;

with SO2 volcanic emission data
(same as CMIP7 volcanic
emission data), nudged toward
JRA-55

Simulation with SO2 volcanic
emissions underestimates the

stratospheric AOD in the southern
hemisphere. It also underestimates
the background values.

Modified from
[Sakai et al., JGR, 2025]
11



Height [m]

Validation 2: Aerosol species with EarthCARE
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Validation 2: Aerosol species with EarthCARE
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Validation 2: Aerosol species with EarthCARE
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Development of a new MRI-ESM3 for CMIP7

CMIP7 model MRI-ESM3 /{?ﬁ%ﬁ%\
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Replacing AGCM with MRI-AGCM4, which is based on the
JMA's operational numerical weather prediction model

Improving the component models and coupled them

Cou‘pler ‘Scup’ Sonn River | o
— | == # Higher model calculation speed (AGCM, CCM, Aerosol)
: * Reduced gaussian grid
OGCM Sea ice ’ o2 « 2-dimentional decomposition with square-like regions
MRI-COM5.3 it Carbon Cycle (higher communication speeds)
Ocean *  OpenMP etc.
= The new MRI-ESM3 is approximately 3-4 times faster
- Z  than the previous MRI-ESM2.0.
The stable version MRI-ESM3.4 is scheduled to be used for Including a dynamic global vegetation model with
* CMIP7 (contributing to IPCC AR?7) interactive wildfire scheme

 JMA Aeolian Dust Information and UV Index Forecast 15



Comparisons at Gobi Desert and Greenland (Dust)
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MRI-ESM3.2 represents the observed dust
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MRI-ESM2-0 largely overestimated the historical dust deposition in Greenland.
MRI-ESM3-2 and MRI-ESM3-3 reproduces the observed dust deposition flux.



Current Aerosol DA/FC/RT System
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But, SGLI AOTs are NOT used to data assimilation, yet. L



Assimilation with MULTIPLE Imagers
Integrate AOTs from GEO and LEO into one composite - DA

T~

HO8/AHI GCOM-C/SGLI Merged product

* Increase data coverage (especially on land areas)
» Reduce observation error

Make QA/QC in the composite process
The merged product is useful to not only data assimilation but
also aerosol research and monitoring
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Assimilation with MULTIPLE Imagers

Monthly average of rate of uncertainty of merged AOT to AHI AOT

EComposite

EAHI

March 2022 April 2022
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« Merged data reduced uncertainties across the entire area.
» Tends to reduce uncertainties more on land area.



Assimilation with MULTIPLE Imagers

Number of observations used for data assimilation
b) Merged (AHI + SGLI)

a) AHI only
| |

150

» Merged data reduced uncertainties across the entire area.
» Tends to reduce uncertainties more on land area.



Assimilation with MULTIPLE Imagers
Asian DSS events in May 2023

T — .
-3 0 3 Difference in AOT

T Merged data successfully capture the core of the SDS over the land.
| Through DA, the merged data increased concentration of the SDS.



Coming Aerosol DA/FC/RT System

Himawari-8/AHI

(GEO) a priori
Assimilation/
Forecast
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- Information from each satellite cross-propagated through DA and forecast.
(Information from AHI is used in retrieval process of SGLI)
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Parallel Operation and Validation Are Underway

With merged product With Himawari 8/9
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The forecast system based on merged data is currently being run in parallel with the existing system, and its forecast
performance is under evaluation.
Once the validation is completed, the products will be distributed to ICAP and through JAXA P-Tree.



Integration of multiple satellite data through model assimilations

Operational application and contribution to the climate prediction with Japanese key organizations

Multiple product development

o . 5 2 ;“-
Himawari-8 GOES-R/MTG  :: EarthCARE : GOSAT,/ GOSAT-2

) i K MRI: Meteorological Research Institute,
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TIR application? - - ~Extend to more sensors @[T 3 p, _ 9 g_ y
3 ) NIES: National Institute for Environmental
FY2015 start oy g' Studies, Japan
S FY2017 start MOE: Ministry of Environment (MOE)

MASINGAR: a global tropospheric aerosol
chemical transport model developed
by MRI

MIROC-SPRINTARS: Spectral Radiation-
Transport Model for Aerosol Species,
SPRINTARS with an atmosphere-ocean
GCM, MIROC developed by AORI

NICAM-Chem: a global cloud resolving
model, Nonhydrostatic ICosahedral
Atmospheric Model with chemical
transport model

WRF-CMAQ: Weather Research and
Forecasting Model (WRF) with
Community Multiscale Air Quality
model

NIES
NICAM-Chem
MIROC-SPRINTARS

MRI
MASINGAR

JAXA/ISS3

Kyusyu Uinv.
on NICAM-Chem

IROC-SPRINTARS

|

valuation of.the assimilation results

~
2016 algorithm installation
FY2017 implement to JMA
FY2018 start operation test

20,

0/Jan.- assimilation system operatipm
“Aeolian Dust Information”

inistry of Environment (M
Atmospheric quality
monitoring/prediction

“Climate monitoring
/prediction,
IPCC..

JMA
Aeolian Dust Information systen

—
2022/Mar.-: satellite aerosol
estimation with initial guess from
the assimilation model

JSS3: JAXA Supercomputer System
Generation 3

: 4 Lot Operational application and users
— v Monitoring of aerosols associated with climate change and understanding of processes ' Air quality (PM2.5) monitoring by MOE

through knowledge from the satellite observation and the assimilation models

24



Summary and Outlook

v MASINGAR as a core aerosol system
Analysis, forecast, assimilation, reanalysis, and climate applications.
v' Operational and international contribution
JMA Aeolian Dust Information, ICAP, JAXA P-Tree, VFSP-WAS.
v' Validation and model development
Lidar, EarthCARE, MRI-ESM3, CMIP7.
v" Multi-satellite aerosol assimilation
Himawari-8/9 + GCOM-C merged AOT improves coverage and uncertainty.

v" Next step

Parallel validation is underway; products will be delivered to ICAP and JAXA P-Tree.
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