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• HPC requirements for
cloud simulation in
numerical global climate
models (GCMs)
• Big Data analytics
requirements for
evaluation of GCM using
multi-decadal satellite
observations

Analytics Intensive

HPC and Big Data Requirements for
Atmospheric Sciences
Analytics and
machine learning
on massive
satellite data

Large scale
climate
simulation
evaluation based
on satellite data

Massive satellite
observation data

Large scale
global climate
simulation

Computation Intensive
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HPC Requirements for Cloud
Simulation in GCMs
• GCMs need high temporal-spatial
resolution for simulation of
climate
• One of most computationally
expansive process in GCM is cloud
and radiation simulation;
• Approximations often have to
made to alleviate computational
burden
Credits: Image courtesy of the IPCC
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Big Data Analytics Requirements
for Evaluation of GCM
• Satellite-based measurements of global cloud
properties have become an important source
for evaluating cloud simulations in GCMs
• Satellite remote sensing has also led to an
astronomically growing amount of data
– Since its launch in 1999, the current MODIS
satellite observation data has now about 500 TB
raw data and PB processed data
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CyberTraining in "Big Data + HPC +
Atmospheric Sciences"
• CyberTraining in big data applied to atmospheric sciences as
application area and using high-performance computing as
indispensable tool
• The training consists of instruction in all three areas, followed
by faculty-guided project research in a multidisciplinary team
of participants from each area
• Participating graduate students, post-docs, and junior faculty
from around the nation will be exposed to multidisciplinary
research
• Thorough program evaluation from the start
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Training Modules
Module
1

Topic
Introduction of Python/C, Linux and HPC environment

2

Numerical methods for Partial Differential Equations (PDE)

3

Message Passing Interface (MPI)

4

Introduction of Data Science

5

Basics of Big Data

6

Big Data system: Hadoop/Spark

7

Basics of Machine Learning

8

Basics of earth-atmosphere radiative energy balance and global warming

9

Basics of radiative transfer simulation framework

10

GCM simulation and satellite observations

11-15

Multidisciplinary team-based research project
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Research Projects Conducted in Year 1
1. Numerical methods for parallel simulation of diffusive
pollutant transport from a point source
2. Benchmarking parallel implementations of cloud type
clustering from satellite data
3. Mineral dust detection using satellite data
4. Causality analysis of ENSO’s global impacts on climate
variables based on data-driven analytics and climate
model simulation
5. The impacts of 3D radiative transfer effects on cloud
radiative property simulations and retrievals
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Mechanics for
Online Training Development
• Year 1 (Spring 2018): 15 week team-taught
three-credit face-to-face course held at UMBC
– Attendees from nearby universities.

• Year 2 (Spring 2019): 15 week online training
with trainees from around the nation
– On top of participants courses / jobs

• Year 3 (Spring/Summer 2020): online training
with trainees from around the nation
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Help Needed
●

●

●

●

We plan to have the second training in Spring
2019 and the third one in 2020, both online
with nation-wide recruitment
Welcome to apply for graduate students,
postdocs, and junior faculty/researchers in US
Advertise the training opportunity to broader
community
Serve on project mentors and guest speakers
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Training Mechanics
• All work in multi-disciplinary teams of three (one
from each discipline)
• Team-building through TA-supported homework
• Team-based research with one faculty mentor,
supported by one TA on that discipline => support is
for disciplinary questions throughout training, not for
one team
• By Years 2 and 3 all work online, incl. taped lectures,
team-based work, support, and all presentations
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Discussion
• Our training program cannot fill all the gaps for “Big Data +
HPC + Atmospheric Sciences” based multidisciplinary research
– Instead, we select a narrow yet interconnected list of topics from the
disciplines to demonstrate the power of multidisciplinary work.

• The research projects will help us tailor the necessary
knowledge to be taught in the first 10 modules.
– This will allow students to quickly grasp required knowledge and be
prepared to collaborate and then focus on the research challenges.

• This training is ideal to prepare cross-disciplinary scientists,
computing specialists, and data scientists.
– Key skills are demonstrated with potentially transformative effect on
the participants’ careers.
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• More at paper: Jianwu Wang, Matthias Gobbert, Zhibo
Zhang, Aryya Gangopadhyay and Glenn
Page Multidisciplinary Education on Big Data + HPC +
Atmospheric Sciences. In Proceedings of the Workshop on
Education for High-Performance Computing (EduHPC-17)
• Acknowledgment: NSF grant OAC-1730250.
• We are accepting application for online training in Spring
2019 from graduate student, post-doctor or early-career
faculty/researcher in related disciplines from US institutes.
– Application deadline: 01/01/2019
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