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NEW HPE SYSTEMS IN WEATHER, CLIMATE & OCEANOGRAPHY
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NEW HPE CRAY SYSTEMS FOR WEATHER AND CLIMATE 

UAE National Center for Meteorology 
HPE Cray EX 

• AMD EPYC processors
• NVIDIA A100 GPUs to support AI work
• 2.8 PF

• Cray ClusterStor E1000 
• HPE Data Management Framework

United Weather Centres –West
2 HPE Cray systems with Slingshot interconnect
• Will be installed in an Icelandic Met Office data 

center in Q2 2022
• Will be powered by local renewable energy
• Cray ClusterStor E1000
• HPE Data Management Framework

A collaboration between the Danish Meteorologal
Institute, Icelandic Met Office, Met Eirann and the 
Royal Netherlands Meteorological Institute
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www.lumi-supercomputer.eu #lumisupercomputer #lumieurohpc 2

HPE CRAY EX SYSTEMS FOR WEATHER AND CLIMATE RESEARCH
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AMD EPYC CPUs, AMD Instinct GPUs

NVIDIA Grace CPUs and NVIDIA GPUs



About the new system

Additional
resources:

NCAR needs more supercomputers powerful enough to 
support both complex physics-based modeling and 
machine learning algorithms to: 
• Improve predictions of seasonal water supply, drought risk and flooding 

through detailed modeling and forecasting tools to inform water 
management experts, public utilities and farmers.

• Manage wildfire risk by simulating representations of physical processes in 
a region.  

• Foresee hazards and impacts of climate change from extreme weather 
conditions, such as thunderstorms, tornadoes and hurricanes.

• Understand the dangers of solar storms using three-dimensional 
simulations to enable predictions of potential disruptions to the earth’s 
atmosphere triggering space weather events that threaten communications 
systems and power grids.

“The resulting research will lead to new insights into potential threats ranging from 
severe weather and solar storms to climate change, helping to advance the knowledge 
needed for improved predictions that will strengthen society’s resilience to potential 
disasters.”

Anke Kamrath, director, NCAR Computational and Information Systems Laboratory

3.5 Faster and 6 x More Energy Efficient Supercomputer for Extreme Weather Research 
NATIONAL CENTER FOR ATMOSPHERIC RESEARCH (NCAR)

Watch 
video

Read the 
press release

HPE Cray EX Supercomputer
19.87 Petaflops

• 2488 nodes with AMD 
EPYC CPUs

• 82 nodes with NVIDIA 
A100 GPUs

• HPE modular software stack: HPE Cray OS, 
HPE Performance Cluster Manager + HPE 
Cray Programming Environment

• Open Container initiative standard –
secure and flexible allocation of compute 
resources

Cray ClusterStor 
E1000
• 60 PB of storage

with HPE Slingshot v11 
interconnect
• 200 Gb/s bandwidth per port per 

direction, for congestion control
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https://www.hpe.com/h22228/video-gallery/us/en/f15c5965-e862-406b-b48c-2aebec9b8283/nationalcenterforatmosphericresearchdeploysthehpesgi8600supercomputer/video/
https://insidehpc.com/2021/01/hpe-to-build-35m-supercomputer-for-ncar-for-extreme-weather-research/


The World’s Most Powerful Supercomputer is in the UK … and … in the Cloud
UK MET OFFICE

HPE Cray EX Supercomputer

Cray ClusterStor E1000

HPE, starting with Cray, has been servicing the Met Office, 
one of the world’s largest weather forecasting agencies, for 
generations. Now Microsoft has partnered with HPE to take 
the Met Office’s new HPE Cray EX supercomputer to the 
cloud.

HPE and Microsoft have had a supercomputing alliance 
through Cray in place for years, working towards this 
supercomputing-as-a-service model. 

It’s now coming to fruition – and at scale - in the Azure cloud, 
enabling the Met Office to work and act on the insights of 
their data using AI, modeling, and simulation.

“This investment by the UK government is a great vote of confidence in the Met 
Office’s world-leading status as a provider of weather and climate science and 
services as well as in our national commitment to build a more resilient world in a 
changing climate, helping build back greener across the UK and beyond.”

Penny Endersby, Chief Executive, Met Office Additional resources: Read the press release
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https://www.metoffice.gov.uk/about-us/press-office/news/corporate/2021/met-office-and-microsoft-announce-supercomputer-project
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Gold standard in HPC—Technology for real-life applications, not just benchmarks 
HPE CRAY PROGRAMMING ENVIRONMENT ADVANTAGES 

• Parallel debuggers: 
Rogue Wave TotalView
and Arm DDT

• For advanced debugging, 
performance analysis and 
optimization tools additional 
insights into compiler needs.

• Providing consistency across 
all HPE Cray systems

• Supporting x86-64 (both 
Intel and AMD) processors, 
Arm-based processors, and 
NVIDIA accelerators 

• Automatic optimizations 
deliver performance for 
a new target through a 
simple recompile.

• Automatically exploits the 
scalar, vector, and 
multithreading hardware 
capabilities of the systems.

• Compiler optimization 
feedback for application 
tuning

Focus on compliance and 
language support:

• Languages: Fortran, C/C++, 
UPC and PGAS

• Programming models: 
OpenMP and OpenACC

Integration with 
debuggers for 

performance optimization 

Performance and 
programmability 

Fully integrated 
heterogeneous 

optimization capability

Focus on application 
portability and 

investment protection

HPE-supported compiler for AMD-based systems.



AI FOR WEATHER FORECASTING AND EARTH SYSTEM SCIENCE

Rapid increase in the use of Machine 

Learning in the weather enterprise all 

through the forecast chain – where should 

I run it? 

AI has different needs – Storage, software 

stack, sometimes processors
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SmartSim

An open-source library to accelerate the convergence of 
AI, analytics and data science with HPC simulations. 
It enables the use of artificial intelligence (AI) within 
existing traditional high-performance computing (HPC) 
simulations by providing a new communication paradigm 
between simulations and AI methodologies. 

• connect models written in Fortran, C, and C++ to the 
modern data science stack online

• write AI models with PyTorch, TensorFlow, scikit-learn, 
and such, and use them immediately inside scientific 
simulations at runtime 

• scale to thousands of processors, all without writing to 
the file system. 



Uses an in-memory database to transfer the data out of your simulation, it 
enables capabilities that can be used on the fly, at HPC scale, such as: 
• AI model execution
• Online analysis
• Computational steering (start, stop, and reset of a simulation)
• Near continuous training of AI models (training and AI model as new 

data from the simulation comes in) 
• Interactive visualization

DATA EXCHANGE BETWEEN SIMULATION AND IN-MEMORY DATABASE 
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• execute, monitor and analyze simulations in a Jupyter notebook
• execute ML models hosted within in-memory storage (DRAM) for online inference, on CPU- or GPU-enabled nodes adjacent to 

or co-located within the simulation
• no communication via a filesystem
• ML-library agnostic - enables simulations written in Fortran to use tools in the rapidly evolving data science ecosystem

SMARTSIM
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SMARTSIM WITH MOM6
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DATA IS CENTRAL TO EXASCALE

• Data volume is growing rapidly
• Increasing use of AI/ML in meteorology
• Parallel File System performance isn’t growing as 

fast as compute performance, especially on Exascale 
systems with GPUs and a mixed AI + simulation 
workload

• How and where to use flash and NVM?
• In the PFS – either all flash (NERSC Perlmutter) or hybrid (most 

of our weather and climate customers)
• In DAOS – Distributed Asynchronous Object Storage

– scale-out object storage designed for massively distributed NVM, 
designed to support fine grained data access
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Tiago Quintino, 19th ECMWF 
Workshop on HPC in Meteorology
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Traditional Modeling and Simulation
• Workloads with small file I/O, large IOPs that struggle on PFS that are optimized for large streaming reads and 

writes
• DAOS has been used for direct integration with domain-specific data models for meteorology– NEXTGenIO

project, ESDM, Maestro
High Performance Data Analytics 

• Small random reads/writes 
• DAOS stores small writes and metadata into byte-granular persistent memory to remove performance 

bottlenecks
– New API with native support for unstructured and semi-structured data

Artificial Intelligence
• Read dominated workloads 
• DAOS provides low latency access to the data

– Native AI framework support

Converged simulation, HPDA and AI workloads need a storage system that can support workflows that 
combine these elements!

STORAGE FOR CONVERGENCE OF AI, HPDA AND SIMULATIONS



Distributed Asynchronous Object Store
DAOS: NEXT-GENERATION DATA MANAGEMENT FOR EXASCALE
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The information on this page is subject to the use and disclosure restrictions provided on the second page to this document.

"The Argonne Leadership Computing Facility is excited to be the first major production deployment of the DAOS storage system 
as part of Aurora, an US exascale system coming in 2021. As designed, it will provide us unprecedented levels of metadata 
operation rates and extremely high bandwidth for I/O intensive workloads." 

– Susan Coghlan, ALCF-X Project Director/Exascale Computing Systems Deputy Director

Aurora DAOS configuration
§ Capacity: 230PB
§ Bandwidth: >25TB/s

DAOS: Primary Storage on Aurora
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"Combined in Aurora, the Intel compute system, Cray Slingshot network, and the Intel DAOS storage open new possibilities for 
accelerating the scientific research needed to solve critical human challenges such as cancer and disease. DAOS enables the 
creation of new storage data models tailored specifically to applications like the Cancer Distributed Learning Environment 
(CANDLE) which provide a powerful platform to advance a wide array of scientific challenges using deep learning.”

– Rick Stevens, Associate Laboratory Director for Computing, Environment and Life Sciences

https://www.exascaleproject.org/event/daosdm/
DAOS Tutorial, Johann Lombardi, Intel

https://www.exascaleproject.org/event/daosdm/
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DAOS STORAGE ARCHITECTURE

https://www.exascaleproject.org/event/daosdm/ DAOS Tutorial, Johann Lombardi, Intel

https://www.exascaleproject.org/event/daosdm/
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DAOS TIER ARCHITECTURE

https://www.exascaleproject.org/event/daosdm/ DAOS Tutorial, Johann Lombardi, Intel

https://www.exascaleproject.org/event/daosdm/


+ Compute      
Heterogeneity 

+ Workload 
Diversification

Where are we heading?

+ Data-centric design

Tiago Quintino, 19th ECMWF Workshop on HPC in Meteorology

EXASCALE CAPABILITY
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