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Center for Earth Information Science 
and Technology (CEIST)

Outline

 JAMSTEC Super‐computer system: ES

 Cyber System for Geo‐ and Oceanographic Information
– Earth Informatics Cyber System

 Test Case: JAMSTEC "Cyber System” 
– SI‐CAT program

 Summary
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Center for Earth Information Science 
and Technology (CEIST)

Application 
Laboratory

Clarifying the dynamics of the Earth’s interior,
to understand the causes of earthquakes,
volcanoes, tsunami, and other natural
disasters.

Earth Evolution
Studying organisms mainly in extreme
environments to understand complex
ecosystems and make effective use of marine
bio resources.

Biogeosciences

Oceanographic observation and modeling
research, to understand the causes of global
environmental change and predict the future.

Global Change

Vessels HPC

Japan Agency for Marine‐Earth Science 
and Technology
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Center for Earth Information Science 
and Technology (CEIST)

Develop leading-edge mathematical, 
physical models and simulation methods 
using large scale computer systems to 
predict various phenomenon in multiple 
scales with high accuracy.

Create information valuable for science and 
society using massive amount of earth data. 
Develop data assimilation/synthesis, large scale 
numerical simulation and visualization.

Manage stable and efficient IT infrastructure 
including large scale supercomputers for 
researchers providing advanced user 
environment with sufficient technical 
information and support.

Manage IT infrastructure 
including Earth Simulator

Advance the research of 
computer simulation

河川流量予測

日本の積雪予測

温暖化と都市気候

Advancement of Integrated 
Earth System Model

Create and disseminate 
data/information 

Our Mission at CEIST/JAMSTEC: 
contributing towards the safe and secure global society by ‐
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Center for Earth Information Science 
and Technology (CEIST)

Earth Simulator Operation 
(Apr. 2015 – Mar. 2016)
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Blue: Computing
Green: Preparing and waiting

for computing
Light Green: Idling
Pink: Scheduled Maintenance



Center for Earth Information Science 
and Technology (CEIST)

Earth Simulator Operation 
(Apr. 2016 – Nov. 2016)
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Blue: Computing
Green: Preparing and waiting

for computing
Light Green: Idling
Pink: Scheduled Maintenance



Center for Earth Information Science 
and Technology (CEIST)

As of Sep. 26, 2016

(1) JAMSTEC Proposed Projects 23

(2) Strategic Project with special support（※1） 4

(3) Contract Research Projects

Program for Risk Information on Climate Change 1 (3subjects)
HPCI (High Performance Computing Infrastructure) 3
Other project funded by the Government 1

(4) Fee Based Projects 8

JAMSTEC Research Projects

27Proposed Research Projects FY2016 Allocation

* Number of Strategic Project is the total sum of three terms (Mar‐May, Jun‐Sep, Oct‐Jan)

 Registered User

ES Proposed
Research

JAMSTEC
Proposed

Strategic 
Project

Contract 
Research Total

#user id 214 337 21 204 776

JAMSTEC
proposed 
project
(30%)

Strategic
project

with special
support(15%)

JAMSTEC
research 
project
(80%)

Proposed
research 
project
(20%)

Fee based
Usage (5%)

Contract  
research 
project
(30%)

Earth Simulator Resources allocation
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Center for Earth Information Science 
and Technology (CEIST)

It will change the style
of research !

“Cyber System” for Geo‐ and
Oceanographic Information 

where, HPC is a indispensable part of the intensively networked whole system 

High Performance
Computing

Earth Simulator

user
Visualization

user

user

Data Analysis

Network

Mass Storage System

•Users control observation
facilities and vessels remotely.

•As soon as receiving 3D 
observation, users proceed
quality control, visualization or 
launch simulation and analysis.

•The results of simulation 
and analysis are sent to 
observation facilities and 
vessels immediately.
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Center for Earth Information Science 
and Technology (CEIST)

Internet

User

User

Other Institutes

SINET4→SINET5(2016)

◇Manage user’s requests
accept – reply
search and retrieve data
activate data analysis and simulation

◇Autonomous information creation
◇Other Web Service

Built on Integrated Virtual Infrastructure

Integrated Scheduler

ES
SC

IO
clien

t

IO
clien

t
IO Server

Common High Speed Storage

ES/SC Administration Server

Mass Storage System

Communication
Satellite

Vessels

Observation Buoy

Mount Mount

Data Management Server Data Base Server
＋Data Storage

Meta D/B
（data directory）

Front Server

Request/Answer
Activate

Search User/Service 
Layer

Data Management 
Layer

Computing 
Platform Layer

Observation
Satellite

Backbone Network
10GbE→40GbE→100GbE
Enhanced virtualization

ex. PCI Express

Control
ObservationsControl 

Simulation & 
Analysis

“Cyber Manager”

Simulation Data Analysis

Visualization

Earth Informatics Cyber System

Internet

Smart Phone Censer

Image, Video
Location Info.

Network

Edge Computing PF

Edge Server

Data
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Center for Earth Information Science 
and Technology (CEIST)

YMC : “Years of the 
Maritime Continent”
The goal of the "Years of the 
Maritime Continent (YMC)" is to 
expedite the progress of 
improving understanding and 
prediction of local multi‐scale 
variability of the MC weather‐
climate system and its global 
impact through observations and 
modeling exercises. 

Test Case: JAMSTEC "Cyber System"
Pre‐YMC campaign

Pre‐YMC Observations in 2015
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Center for Earth Information Science 
and Technology (CEIST)

Pre‐YMC 2015 campaign
As a collaboration of CEIST and a research group*, semi‐real 
time simulation by Global Cloud Resolving Model “NICAM” on 
Earth Simulator provided daily prediction  for “MIRAI”, which 
was performing a fixed‐point observation in the eastern Indian 
Ocean Sumatra coast from 11/1 to 12/25, 2015.
* Department of Seamless Environmental Prediction Research (DSEP)

 Established the collaboration immediately upon the 
request from the research group.

 To secure the completion of daily prediction, Pre‐YMC 
simulation had priority on 40% of ES computing 
resource and used the emergency job queue.

 The code was developed on ES and performed in high 
efficiency. (15% of peak)

Set initial data/Correction by observation @regular queue

Simulation
• (640 nodes/4 hr)x2 cases : Daily

gl10(Horizontal resolution about 7km, vertical 40 layers ) 
7 days integration

• (160 nodes/7 hr)x3 cases : Daily(11/30-12/17) or Mon/Thu 
gl9(Horizontal resolution about 14km, vertical 40 layers , 30 
days integration

＠emergency job queue

@Pre/Post 
Servers

Convert icosahedron grid data on the latitude and 
longitude.  Convert to 1.0 degrees, 2.5 degrees

Visualization by 
GrADS

Send Picture to Obs. Team ⇒Obs. Team to Mirai

Execution Flow

Earth Simulator

Job queus
Regular jobs

Emergency
jos

Login Servers
Pre/Post Servers

(Future)
Cyber Manager

Simulation

Observation Data

Research Vessel “Mirai”

Observation data

@Pre/Post 
Servers

Daily Prediction by Numerical Model for 
research vessel MIRAI
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Center for Earth Information Science 
and Technology (CEIST)

aaaaa

 The Earth Simulator
– The rate of operation 
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Center for Earth Information Science 
and Technology (CEIST)

Database of d4PDF 
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AGCM
60km mesh

NHRCM
20km mesh

average temperature

60km mesh AGCM
[1951‐2010]
100 members
100 members (non warming)
[2010‐2070]
90 members (6ΔT×15σT)

20km mesh Japan Region
[1951‐2010]
50 members
[2010‐2070]
90 members

Total data size : 2PB
Stored in DIAS
(the Data Integration and Analysis System)



Center for Earth Information Science 
and Technology (CEIST)
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Model Municipalite Example : Nagano Prefecture

The average temperature deviation in the world

The average temperature deviation in Japan



Center for Earth Information Science 
and Technology (CEIST)
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Observation Report

How about Nagano Prefcture?

Nagano: 1.1℃/100 years

Matsumoto: 1.9℃/100 years

Iida: 1.9℃/100 years



Center for Earth Information Science 
and Technology (CEIST)
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CO2 discharge scenario and 2℃ rise year

2℃ rise year
5%‐95% average

Average
2081‐2100

Hard ⇔ Soft
Emission reduction



Center for Earth Information Science 
and Technology (CEIST)
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Prediction of Nagano Prefecture

Average temperature Average amount of rainfall

Year        3‐5          6‐8         9‐11       12‐2
Spring  Summer    Fall     Winter

Year        3‐5          6‐8         9‐11       12‐2
Spring  Summer    Fall     Winter

Future prediction Future 
prediction



Center for Earth Information Science 
and Technology (CEIST)
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Statistical down scaling

February average temperature 

1999‐2000 2040‐2050



Center for Earth Information Science 
and Technology (CEIST)
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Statistical down scaling

August average temperature 

1999‐2000 2040‐2050



Center for Earth Information Science 
and Technology (CEIST)
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Mechanics down scaling

20km mesh

5km mesh
1km mesh



Center for Earth Information Science 
and Technology (CEIST)
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DIAS (d4PDF, DS data, etc …)

Middleware (OPeNDAP + α)

Data download program Data upload program

Relational Database (SQL)

User Interface (command line, Web,,,)

End users



Center for Earth Information Science 
and Technology (CEIST)

Developing Middleware

 Common API to access the data on DIAS
– OPeNDAP + OPeNDAP plugin
– The plugins support the future data format. (Flexibility)

 Functions of Middleware
– Specific Latitude, longitude and time (with changing the 

coordinate system)
– Specific variables
– Output format (ASCII, binary, binary with metadata, CSV, etc …)
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Data on DIAS
(Ex: d4DPF)

Program Developer

Query

Data (Files)
Middleware



Center for Earth Information Science 
and Technology (CEIST)

Summary

 JAMSTEC Super‐computer system: ES
– Running  user applications : about  75% ‐ 78%.
– User utilization including staging : about 85%
– There are 67 projects and the number users is 776.

 Cyber System for Geo‐ and Oceanographic Information
 Test Case: JAMSTEC "Cyber System” : SI‐CAT program

– Big Data base : d4PDF
– Down scaling : Input/Output, Computing, Database 
Management

– We are developing Middleware  : 
OPeNDAP + OPeNDAP plugin
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Thank you for attention.


