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@ Abstract

With the advancement of satellite sensors, it is required to improve the accuracy of aerosol product estimation
and estimate the multiple products simultaneously. Under such circumstances, the conventional LUT method and
the method using direct radiative transfer require a huge amount of data and computation time, and it is impractical
to extend the algorithm using those method. Therefore, we accelerate the algorithm by an Artificial Intelligence
(AI) technique (here, a neural network technique). By using a supercomputer, it is possible to create a large amount
of taining data in a short period of time to accelerate an algorithm (radiative transfer model) by using Al techniques.
Applying the created general-purpose accelerated radiative transfer solver to GOSAT-2 / CAI-2, Himawari-8 /
AHI, GOSAT / CAIL, GCOM-C/SGLI, we aim to respond to the increase in data due to the higher resolution of

atmospheric observation satellites and aim to provide near real-time data.

@ Reasons and benefits of using JAXA Supercomputer System

Importance of using JSS2: To educate radiative transfer model required for satellite analysis, it takes about 1.2
billion radiative transfer calculations to create training data. By using a large number of node (600 nodes, 32
cores/node) in JSS2 SORA-MA that we can use, the calculations that take 11 years by 1 node can be
performed in about 10 days. In other words, the use of SORA-MA makes it possible to accelerate satellite data
analysis. The accelerated radiative transfer model (called NN solver) educated using the calculated training data
is applied to the CAI-2 Level 2 aerosol characteristic product derivation algorithm launched in 2018, and to the
already launched Himawari and GCOM-C data. If necessary, the NN solver will be improved. As described

above, it is necessary to create training data in a short time, and it is very important to use JSS2 SORA-MA.

@ Achievements of the Year
In this year, we improved the algorithm and the calculation time for deriving aerosol properties for the GOSAT-

2/CAI-2 Level2. The acceleration has made it possible to analyze one day of observation data in one day.
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-The JAXA supercomputer was used to create training data to accelerate the radiative transfer calculations used by
the aerosol retrieval algorithm. The acceleration method is a neural network method (Takenaka +, 2019.NN + Active
Learning). The number of training data is 1.2 billion ( 600 million in ocean case and 600 million in land case), and
the time required for calculation is 9 days in ocean case and 7 days in land case. Compared to the original radiative
transfer model, accuracy is less than 5.0E-4, calculation speed is reduced to ~ 0.45sec/time/wavelength (land)
and ~ 1sec/time/wavelength (ocean) to 0.45E-6sec/time/wavelength (Fig. 1) (Takenaka, EORC).
- In addition to aerosol characteristics, we are developing an aerosol derivation algorithm that combines ocean
properties such as chlorophyll, CDOM, and Sediment (SS).100 million training data for ocean case are calculated
using JAXA supercomputer. Achieving a speed of more than 50,000 times with the Al-accelerated radiative transfer
module(Fig. 2). Applying the algorithm for GOSAT-2/CAI-2, we derived the aerosol characteristics of the global
ocean (Fig. 3) (Shi, EORC).
- Using the training data set calculated by JAXA supercomputer, we also have created this high-speed module for
Himawari and GCOM-C (Takenaka, EORC) and applied it to data analysis of GCOM-C / SGLI for research
(Sekiguchi, Tokyo University of Marine Science and Technology).

- As described above, as a result, we were able to create an Al-accelerated radiation transfer module and apply

it to a satellite aerosol analysis algorithm.

Learning results (GOSAT2/CAI2)

Speed and Accuracy

About 32000 times
calculation /sec.
NN - (4.5E-6sec/1chlcalc)

Error <5.0E-4 at TOA
reflectance. (each channel)

RSTAR

Fig. 1: Learning results for GOSAT-2/CAI-2. Speed and Accuracy. Comparison
between the original radiative transfer model and the acceleratied modile (Neural
Network solver). X-axis is original radiative transfer model, RSTAR, results, and

Y-axis is the learning result.
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Fig. 2: Comparison between the original radiative transfer model and the
acceleratied modile including ocean properites. Based on the training data from the
JSS2, an accelerated module (Neural Network solver) can be developed to replace

the radiative transfer model during the satellite retrieval. X-axis is original

radiative transfer model, RSTAR, results, and Y-axis is the learning result.
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Fig. 3: Application of aerosol retrieval. Global aerosol distribution, total aerosol
optical thickness (AOT), fine AOT, coarse AOT and soot volume fraction, by
GOSAT2/TANSO-CAI-2 from February 10 to 15 in 2019.
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@ Usage of JSS2

® Computational Information

Process Parallelization Methods N/A

A large amount of computation was performed
Thread Parallelization Methods _ . .
using the number of available cores in MA

Number of Processes 1

Elapsed Time per Case 15 Minute(s)
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® Resources Used

Fraction of Usage in Total Resources™(%): 1.39

Details
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Computational Resources

System Name

Amount of Core Time

(core x hours)

Fraction of Usage (%)

SORA-MA 12,660,282.73 1.54
SORA-PP 0.00 0.00
SORA-LM 0.00 0.00
SORA-TPP 0.00 0.00
File System Resources

File System Name Storage Assigned (GiB) Fraction of Usage*2(%)
/home 25.43 0.02
/data 10,274.26 0.18
/Itmp 5,208.34 0.44
Archiver Resources

Archiver Name Storage Used (TiB) Fraction of Usage*2(%)
J-SPACE 0.00 0.00

*I: Fraction of Usage in Total Resources: Weighted average of three resource types (Computing, File System,

and Archiver).

*2: Fraction of Usage : Percentage of usage relative to each resource used in one year.
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