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Cray Capabilities for Earth System 
Modeling



 Earth System Modeling  (ESM) 
represents a significant portion of 
the computing done on Cray Systems 
worldwide.

 Dedicated operational and research 
centers such as NAVO, DMI, KMA,…

 Shared centers such as ORNL, NICS, 
NERSC, HECToR, CSCS,…

 Key development platform for 
preparing climate and weather 
models for Petascale capabilities:

 CCSM, GEOS-5, GFDL AM2, CSU 
GCRM, HiGEM, ESMF, …

 ORNL Petascale XT5 is a milestone 
capability that has been in demand 
by climate community for years.

U.S. Naval Oceanographic Office

Finnish Meteorological
Institute

Danish Meteorological
Institute

CSCS

Korea Meteorological
Administration

NSF/UT National Institute
For Computational Sciences

Oak Ridge National Laboratory
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NERSC 104 TF

Sandia 124 TF

ORNL 119 TF

NSF/NICS 170 TF

Sandia 284 TF

NERSC 352 TF

ORNL 263 TF

ORNL  1300 TF

NSF/NICS 608 TF then 1000 TF

NERSC 1000 TF

KMA 600+ TF

2006

2007

2008

2009

2010
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Cray will have 3 
Petascale
Systems 

Deployed by  
late 2010

“Either you have run at the Petascale, or you have not.”

http://www.sandia.gov/index.html
http://images.google.com/imgres?imgurl=http://biology4.wustl.edu/olsen/images/NSF_logo.jpg&imgrefurl=http://biology4.wustl.edu/olsen/weedyrice_People.htm&h=692&w=692&sz=41&hl=en&start=3&sig2=_bjk0PMCOWpiwfJQOrhRLg&tbnid=eE--fMgGtH27SM:&tbnh=139&tbnw=139&ei=TBzsR_jEIZjgigHXiuWBAQ&prev=/images?q=nsf+logo&gbv=2&hl=en
http://www.tennessee.edu/
http://www.sandia.gov/index.html
http://images.google.com/imgres?imgurl=http://biology4.wustl.edu/olsen/images/NSF_logo.jpg&imgrefurl=http://biology4.wustl.edu/olsen/weedyrice_People.htm&h=692&w=692&sz=41&hl=en&start=3&sig2=_bjk0PMCOWpiwfJQOrhRLg&tbnid=eE--fMgGtH27SM:&tbnh=139&tbnw=139&ei=TBzsR_jEIZjgigHXiuWBAQ&prev=/images?q=nsf+logo&gbv=2&hl=en
http://www.tennessee.edu/


Investigations of 
the Hubbard 
Model with 

Disorder

 Installed at the National Center 
for Computational Sciences 
(NCCS) at ORNL.

 Enabling petascale simulations 
of:

 Climate science
 High-temperature 

superconductors 
 Fusion reaction for the 100-

million-degree ITER reactor

 The only open science 
petascale system in the world.

Tests of decadal predictive 
skill using the community 

climate system model

High resolution 
explorations of data 

assimilation

Direct numerical simulation of 
diesel jet flame stabilization at 

high pressure

Chemical nanoscience at the 
petascale

Quantum Monte Carlo 
calculation of the energetics, 

thermodynamics and structure 
of water and ice
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While scalable system 
technologies were essential,
these achievements are also 
the result of a focused, 
iterative, multi-year effort by 
the ORNL user community 
with access to scalable 
leadership class systems.



 Current peak of 608 TFflops

 Scheduled upgrade to Petascale in late 
2009.

 Housed at the University of Tennessee 
– Oak Ridge National Laboratory Joint 
Institute for Computational Sciences.

 Significant usage by NCAR and the NSF 
geosciences community.
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 Cray XT4 “Franklin” was  first installed 
and accepted in 2007.

 System upgraded to Quad Core, 350 
Tflops in 2008.

 Announced on 8 August that Cray has 
won follow-on NERSC procurement.

 The multi-year supercomputing contract 
includes delivery of a Cray XT5, which will 
be upgraded to a future-generation Cray 
supercomputer. 

 When completed, the new system will 
deliver a peak performance of more than 
one Petaflop.

From GFDL Coupled High-Resolution Modeling of 
the Earth System (CHiMES) Project
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 Europe’s largest HPC initiative - HECToR
(High End Computing Terascale Resources)

 $85M contract for advanced 
Cray XT5h system

 Current performance of 200 TFLOPS

 Installed at the University of Edinburgh’s Parallel 
Computing Centre (EPCC)

 ~20% of the system to be used by NERC (Natural 
Environment Research Council) in areas such as 
climate and weather research.
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 $40M 5 year contract for fully integrated capabilities:
 Dual operational systems with failover capability
 Multi-tier, multi-Petabyte storage
 Data management (Backup, archive, virtual

tape library)
 Pre/post and login servers
 WAN networking

 Two phase delivery with final system of >600 Tflops
installed by the end of 2010.

 Will place KMA top 3 NWP centres in the world.

 New operational NWP and climate model suite:
 Cooperative agreement between KMA and the UK Met Office.
 Unified Model (UM + 4DVAR + HadGEM/HiGEM)
 Additional agreement with NCAR for WRF.
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 The Work Group market is a critical for 
fundamental research and advanced 
simulation.

 With the introduction of the CX1, Cray is 
able to provide tools to support both 
ends of the HPC spectrum:
 Lower the entry bar

 In addition to the ability to run 
“traditional” earth system models at 
higher resolution and complexity, there 
has been significant growth in the 
application of ESMs to specific areas.

 From local to national government, 
research and operations, and commercial 
applications:
 Agricultural crop assessments
 Chemical transport modeling of trace gas 

concentrations in inhabited areas
 Nowcasting of visibility, wind gusts, severe 

convection
 Energy network load forecasting
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 NASA Goddard Space Flight 
Center

 Research and development 
system installed in January 2009.

 Applications and infrastructure:

 GISS Model E

 WRF

 GEOS-5

 ESMF

 Redhat Linux and Microsoft HPC

 Lakes Environmental Software

 Based in Waterloo, Canada

 Air quality and dispersion 
modeling

 http://www.lakes-
environmental.com/

 Microsoft HPC
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State-of-the-Art Earth System Modeling 
on Cray Systems



 Cray Leadership Class systems worldwide are enabling 
breakthrough science through unprecedented simulation 
capabilities (resolution, throughput).

 Key development platforms for preparing climate and weather 
models for Petascale capabilities:

 CCSM, GEOS-5, GFDL AM2, HiGEM, ESMF, …

 For example, NCAR Ultra-High-Resolution Climate 
Simulations using CCSM on NERSC XT4 and NICS XT5 (0.50
ATM,LND, 0.1 OCN,ICE)

 Key operational platforms for the AR5 IPCC assessments.

Will form an important step in developing the next-generation 
models to address extreme scale computing.
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 DoE / NSF Climate End Station (CES)
 An interagency collaboration of NSF, 

DOE, NASA and others in developing 
the Community Climate System Model 
(CCSM) for IPCC AR5.

 A major portion of IPCC AR5 runs will 
be done on ORNL and NERSC XT 
systems.

 DoE / NOAA MoU:
 Climate change  and near real-time 

high-impact NWP research.
 CHiMES Project
 Prototyping of advanced high-

resolution climate models.
 GFDL IPCC AR5 runs on ORNL XTs.
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Courtesy: Lawrence Buja, NCAR
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39,936 cores

“Early Evaluation of the Cray XT5” Patrick Worley, Richard 
Barrett, Jeffrey Kuehn, Oak Ridge National Laboratory, CUG 
2009



• David Randall (Colorado State University) 

global cloud-resolving model (GCRM) 

research.

• Geodesic grid with a 4km resolution that 

consists of about 100 million mostly 

hexagonal columns, each with 128 levels.

• Development work is being done on the 

NERSC Cray XT4.

• The model scaled to 80,000 processors 

on ORNL Jaguar Cray XT5.

• NASA GEOS-5 Cubed Sphere Development 

on ORNL Cray XT5

• Cubed-sphere dynamical core at c720 (14km) 

and c1440 (7km) global resolutions. 

• Scaling beyond 16,000 cores at the c720 

resolution.
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From Dec 2008 paper by Julia 
Slingo et al., “Developing the 

generation climate system 
models: challenges and 

achievements”
Table shows progression of 
UK climate models. 

Model Year Atmosphere Ocean Relative computing 
powerhorizontal levels horizontal levels

UKMO 1960s ~400km 5 - -

Tropics 1974 ~200km 11 - -

Global 1980s ~300km 11 - -

HadCM2 1994 ~300km 19 ~300km 20 1

HadCM3 1998 ~300km 19 ~125km 20 4

HadGEM1 2004 ~150km 38 ~100km 40 40

HiGEM1 2006 ~90km 38 ~30km 40 400

NUGEM 2007 ~60km 38 ~30km 40 Earth Simulator

HiGEM2 2009/2010 ~40km 70 ~25km 90 HECToR (Cray XT4)
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Earth System Modeling Directions and 
Challenges



 “We cannot run on these systems in 10 years if substantial progress is not 
made during the next 5 years.“
 Report on Challenges in Climate Change Science and the Role of Computing at the 

Extreme Scale

 “…as the science and complexity of climate simulation grows, so will new 
technical and scientific challenges.”
 Report on Computational and Informational Technology Rate Limiters to the 

Advancement of Climate Change Science 

 “The days of the “hero-developer” are long over. “
 Report on Scientific Applications Requirements for Leadership Computing at the 

Exascale

 “Indeed, there is no obvious single pacing item but a collection of interrelated 
science and technology challenges.”
 Report on Computational and Informational Technology Rate Limiters to the 

Advancement of Climate Change Science 
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 Part of the DoE Scientific Grand 
Challenges series of workshops.

 Workshop Held November 6-7, 
2008 in Washington DC.

 Sponsored by the U.S. Department 
of Energy, Office of Biological and 
Environmental Research and the 
Office of Advanced Scientific 
Computing Research

 Chair, Warren Washington (NCAR)
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 The predictions from integrated ESMs will be most credible if the important 
processes in the climate system, for example mixing by ocean eddies, are 
simulated at their native spatial and temporal scales.

 Critical organized features in the atmosphere and ocean including clouds and 
eddies have characteristic sizes of 1 to 10 km.

 To predict regional changes in water, ice, and clouds, a global cloud-resolving 
modeling capability is needed within 2 to 5 years.

 One study of throughput rates (with a simulation time one thousand times wall 
clock) and computer capability requirements matches:

 a 30-km global resolution with a 1 petaflop sustained computational speed,
 a 10-km grid resolution requires 5 petaflops,
 while a 1-km grid resolution requires 20 petaflops sustained and 100 

terabytes of main memory.
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 ESMs are becoming extremely complex requiring extensive software 
engineering to change programming models.

 Current programming models (MPI+FORTRAN) and fault tolerance 
approaches may not scale to the numbers of processors and concurrent tasks 
anticipated in extreme scale systems. 

 If < embedded processor technologies> can be applied successfully to exaflop
scientific computing problems while eliminating the cost and electrical power 
barriers faced by conventional approaches, then the climate science 
community would face even greater programming challenges with a 
potential to disrupt the progress of climate science.

 We recommend improving fault detection and resilience strategies. 

 If this does not happen, the likelihood of undetectable errors would increase 
and compromise the value of large data sets.
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 From the PM’s Office 2008 UK 
National Security report: 

 “Climate change is potentially the 
greatest challenge to global stability 
and security, and therefore to 
national security. Tackling its causes, 
mitigating its risks and preparing for 
and dealing with its consequences 
are critical to our future security, as 
well as protecting global prosperity 
and avoiding humanitarian disaster.”

 UK report is one of many from major 
industrialized countries.
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Cray Technology Directions



• Custom interconnect and communications network
System 

Interconnect

• Software to productively manage and extract performance from 
10,000’s of cores as a single system

Systems 
Management and 

Performance

• Very high density, liquid and air cooling

• Simple expansion and in-cabinet upgrade to latest technologies, 
preserving investment in existing infrastructure

Packaging

• Provide investment protection and growth path through R&D 
into future technologies

• Single integrated system

Adaptive 
Supercomputing
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From paper: “Characterizing Parallel Scaling of Scientific Applications

using IPM” Nicholas J. Wright, Wayne Pfeiffer, and Allan Snavely, SDSC

Cray Custom SeaStar2+

Interconnect

SeaStar2+ network is able to scale to 4x the number of cores

Commodity InfiniBand

Interconnect

(Lower is better)
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 Progression of enabling technologies and experience.
 From all product lines and development projects

 Integrated approach to system development.
 Some key areas:

 Processing technologies
 High speed networks
 System packaging
 Resiliency and fault tolerance
 Integrated system and application

software stack
 Programming environment: 

languages, compilers and tools.

 Strategy spans short, medium and long-term.
 Support deployment of operational

leadership class systems in near-term
 Develop and deliver on schedule the next 

generation of technologies (Cascade)
 Identify requirements and challenges

for exascale computing
 Develop strategy and resource plan to 

execute on development of exascale technologies 
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 The Cray XT architecture has gained mindshare in the community as prototype 
for highly scalable computing:  From 10’s TF to Petaflops.

 Cray XT systems are playing a key role in the global earth system modeling 
community in preparing for and using Petascale capabilities.

 Exascale computing will require the successful solution to a collection of 
interrelated science and technology challenges.

 Success will depend on a focused, iterative, multi-year effort with access to 
scalable leadership class systems.

 “We cannot run on these systems in 10 years if substantial progress is not 
made during the next 5 years.“

 Cray Research and Development is actively engaged in developing and 
investigating technologies to reach ever increasing performance capabilities.
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Thank you for your attention

Thank you for 

your attention.


