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Goal Overview—Advanced Computing

Goal statement
o Deliver the highest quality R&D and production capabilities; strengthen partnerships with 

industry, academia, and other key regional and national stakeholders; and revitalize and 
modernize the physical infrastructure of the national laboratories to enable efficient national 
leadership in science, technology, economic competitiveness, and national security.

Problem to Be Solved
o Maintaining U.S. leadership in a globally competitive high performance computing 

environment in order to deliver the most innovative simulation and data science solutions 
that dramatically enhance U.S. economic competitiveness, strengthen national security, and 
enable solutions to the most challenging scientific problems.

o Meeting national challenges in climate, energy, and national security will only be possible if 
we can constructively leverage the capabilities of the entire national laboratory network.

What Success Looks Like
o Meet Administration priorities in two areas: advanced computing and climate change. In the 

strategic area of advanced computing, deliver exascale application performance across 
mission-critical science and engineering applications and on multiple platforms by the end 
of FY 2023 and establish a viable path forward for continued U.S. leadership in advanced 
computing.

o In the strategic area of climate change, by September 2023, use cross-laboratory models in 
the strategic areas of: (1) climate observations to support gaps in high-resolution climate 
models; and (2) predictive climate modeling to underpin solutions at the local scale to 
address climate change and environmental equity challenges.



Integrated delivery of ECP products on 
targeted systems at leading DOE HPC facilities

6 US HPC vendors 
focused on exascale node and system design; 

application integration and software 
deployment to Facilities

Deliver expanded and vertically integrated 
software stack to achieve full potential of 

exascale computing

71 unique software products spanning 
programming models and run times, 

math libraries, 
data and visualization

Develop and enhance the predictive capability 
of applications critical to DOE

24 applications 
National security, energy, Earth systems, 

economic security, materials, data
6 Co-Design Centers

Machine learning, graph analytics, mesh 
refinement, PDE discretization, particles, 

online data analytics

Exascale Computing Initiative
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Exascale Computing  
Project

6 Core DOE Labs
100 R&D Teams

1000 Researchers

Exascale System 
deployment 

Frontier, Aurora, El 
Capitan

Selected Program 
Office application 
dev. ( BER, BES, 

NNSA)

DOE’s Exascale Computing Initiative: A partnership between SC and NNSA/ASC to accelerate R&D, acquisition, and 
deployment to deliver exascale computing capability to DOE national labs by the early- to mid-2020s

Application Development (AD) Software Technology (ST) Hardware and Integration (HI)



ECP Application Portfolio: 24 First-Movers of Strategic Importance
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Health care

Accelerate 
and translate 

cancer research 
(partnership with NIH)

Energy security

Turbine wind plant 
efficiency

Design and 
commercialization 

of SMRs

Nuclear fission 
and fusion reactor 
materials design

Subsurface use 
for carbon capture, 

petroleum extraction, 
waste disposal

High-efficiency, 
low-emission 

combustion engine and 
gas turbine design

Scale up of clean fossil 
fuel combustion

Biofuel catalyst design

National security

Next-generation, 
stockpile stewardship 

codes 

Reentry-vehicle-
environment simulation

Multi-physics science 
simulations of high-

energy density physics
conditions

Economic security

Additive 
manufacturing 
of qualifiable 
metal parts

Reliable and 
efficient planning 
of the power grid

Seismic hazard 
risk assessment

Earth system

Accurate regional 
impact assessments in 
Earth system models

Stress-resistant crop 
analysis and catalytic 

conversion 
of biomass-derived 

alcohols

Metagenomics 
for analysis of 

biogeochemical cycles, 
climate change, 
environmental 

remediation

Scientific discovery

Cosmological probe of 
the standard model of 

particle physics

Validate fundamental 
laws of nature

Plasma wakefield 
accelerator design

Light source-enabled 
analysis of protein and 

molecular structure 
and design

Find, predict, 
and control materials 

and properties

Predict and control 
magnetically confined 

fusion plasmas

Demystify origin of 
chemical elements



Achievement statement
Repeat the achievement statement from the goal statement on the 

previous slide

Key indicator(s)
A “key performance 
indicator” measures 

progress toward a goal 
target

Quantify progress
These values enable us (and you!) to calculate

% complete for any type of target*

Frequency
When is there new 

data?

By… We will… Name of indicator Target value Starting value** Current value Update cycle

09/30/23 Meet Administration priorities in 
the strategic area of advanced 
computing by delivering exascale
application performance across 
mission-critical science and 
engineering applications and on 
multiple platforms by the end of 
FY 2023, and establish a viable 
path forward for continued U.S. 
leadership in advanced computing

Deliver Exascale
performance across 
mission-critical science 
and engineering 
applications

Achieving 
performance 

target by 50%  
of ECP 

applications on 
exascale
platforms

0 0 Quarterly

Develop and 
implement an 
Advanced Computing 
Technology 
Development and 
Deployment Strategy

1 0 0 Quarterly

High Performance Computing



Exascale Computing Project (ECP) Organization

Software Technology
Mike Heroux, SNL

Director
Lois Curfman McInnes, 

ANL
Deputy Director

Hardware & 
Integration

Katie Antypas, LBNL
Director

Susan Coghlan, ANL
Deputy Director 

Application 
Development

Andrew Siegel, ANL
Director

Erik Draeger, LLNL
Deputy Director

Project Management
Phil Blair, ORNL

Director
Tom Cook, ORNL
Deputy Director

Al Geist, ORNL
Chief Technology Officer

Exascale Computing Project
Doug Kothe, ORNL

Project Director
Lori Diachin, LLNL

Deputy Project Director  

Project Office Support
Megan Fielden, Human Resources

Sam Howard, Export Control Analyst
Mike Hulsey, Business Management

Michael Johnson, Legal
Justin Keck, Procurement

Kim Milburn, Finance Officer
Jeff Shipwash, Finance Officer

Susan Ochs, Partnerships
and Points of Contacts at the

Core Laboratories

Julia White, ORNL
Technical Operations

Mike Bernhardt, ORNL
Communications & Outreach

Jonathan Wilson
Information Technology

Shaun Fomby
Project Controls & Risk

Industry and Agency 
Council

Frances Hill, HPCMP, 
Co-Chair

Dave Kepczynski, GE, 
Co-Chair

Core Laboratories

DOE HPC Facilities

ECP Project Office with Program Managers 
Organization Chart

Version 6.0
August 4, 2021

Board of Directors
Thomas Zacharia, Chair (Director, ORNL)
Thom Mason, Vice Chair (Director, LANL)

Laboratory Operations Task 
Force (LOTF)

Bruce Hendrickson (LLNL)

John Young
Federal Project Director

Barb Helland
ASCR Program Manager

Thuc Hoang
ASC Program Manager

Goal Team: High Performance Computing



Goal Strategies: High Performance Computing

• Publish strategy early to inform application development and vendor investments.
• Employ the principles of “co-design” to ensure technology developments are focused on the 

needs of priority science and engineering applications and to provide clear targets for application 
development.

• Focus on investments that support a broad range of mission critical science and engineering 
areas. 

• Maintain strong linkage between vendor engagements, applications and High-Performance 
Computing (HPC) facilities.

• Ensure continuous development and deployment of software and testbed systems for testing and 
to inform applications development. 



Key indicators of Progress in Delivering Exascale Capability

• Number of Exascale Computing Project (ECP) Applications that have achieved target performance on exascale
hardware (Blue Bars – target, cumulative and Orange bars – achieved, cumulative) with a goal of achieving 
performance target by 50% of ECP applications on exascale platforms by FY23 – Q4 
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Summary of Progress – FY 22  Q1

Q1, FY22: Deploy Frontier, the Nation’s first exascale computing system 

In December 2021, Frontier achieved one exaflop double precision performance 
running a single node LINPACK test.



Summary of Progress – FY 22  Q2

Q2, FY22: Independent project review of the Exascale Computing Project (ECP)

The Independent Project Review team met March 15-17, 2022 and found that “the 
project management practices are sound and should support a successful completion 
of the project. The project has well-defined lifecycle, processes, tools and culture to 
deliver capabilities on schedule and on budget.”



Summary of Progress – FY 22  Q3

Q3, FY22: ECP applications complete scaling runs on Test and Development System

All ECP applications completed benchmark runs on Test and Development system in 
March and April 2022. For example, the Subsurface (Exascale Subsurface Simulator of 
Coupled Flow, Transport, Reactions & Mechanics) subproject successfully executed the 
Chombo-Crunch code on 192 Crusher (Frontier Test and Development System) nodes, 
which contain identical hardware to the Frontier Exascale system. The results showing 
efficient strong and weak scaling across the nodes and the successful run indicates a 
stable software stack and dependencies.



Summary of Progress – FY 22  Q4

Q4, FY22: Acceptance of Frontier and start of application access to full system

Partial acceptance of Frontier in FY 2022 Q4 allowed for access for Exascale 
Computing Project applications (WarpX and ExaSky) and software teams to use the 
full system to achieve performance targets with two applications meeting their 
targets in Q4 of FY22.  In addition, Frontier was used by a Gordon Bell finalist team to 
deliver exascale performance on science applications of national importance (see 
below).

Exaflops biomedical knowledge graph analytics
Listed author: Ramakrishnan Kannan (Oak Ridge National Laboratory)
This project used the HPE-built Frontier system to develop a new method for data mining 
enormous swaths of biomedical literature using graph analytics.
“We are motivated by newly proposed methods for mining large-scale corpora of scholarly publications (e.g., 
full biomedical literature), which consists of tens of millions of papers spanning decades of research. In this 
setting, analysts seek to discover relationships among concepts. They construct graph representations from 
annotated text databases and then formulate the relationship-mining problem as an all-pairs shortest paths 
(APSP) and validate connective paths against curated biomedical knowledge graphs (e.g., SPOKE). In this 
context, we present COAST (Exascale Communication-Optimized All-Pairs Shortest Path) and demonstrate 
1.004 EF/s on 9,200 Frontier nodes (73,600 GCDs). We develop hyperbolic performance models (HYPERMOD), 
which guide optimizations and parametric tuning. The proposed COAST algorithm achieved the memory 
constant parallel efficiency of 99% in the single-precision tropical semiring. Looking forward, COAST will enable 
the integration of scholarly corpora like PubMed into the SPOKE biomedical knowledge graph.”



• Delivering on the promise of exascale computing for DOE mission and National Priorities
• Deploy Exascale Hardware and Open Source Exascale Software Ecosystem
• Deliver Exascale Application Performance on Exascale platforms
• Achieve Exascale Computing Project Key Performance Parameters (KPPs) 

Key milestones: High Performance Computing

Milestone Summary
Key Milestone Milestone 

Due Date
Milestone 

Status
[Complete, 
On-Track, 
Missed]

Change 
from last 
quarter

Owner Comments

Deploy Frontier, the Nation’s first exascale 
computing system

FY22 – Q1 Complete SC Single node LINPACK achieved one exaflop double 
precision performance - December 2021

Independent project review (IPR) of ECP FY22 - Q2 Complete SC/NNSA The IPR team met March 15-17, 2022 and found 
that “the project management practices are sound 
and should support a successful completion of the 
project. The project has well-defined lifecycle, 
processes, tools and culture to deliver capabilities 
on schedule and on budget.”

ECP applications complete scaling runs on 
Test and Development System

FY22 – Q3 Complete SC All ECP applications completed benchmark runs on Test 
and Development system in March and April 2022

Acceptance of Frontier and start of 
application access to full system

FY22 – Q4 Complete SC Partial acceptance of Frontier allowed two ECP 
applications to meet KPPs and Gordan Bell application 
to deliver exaflop performance.

10% of ECP applications achieve target 
performance on Frontier

FY23 – Q1 Complete SC/NNSA

20% (cumulative) of ECP applications 
achieve target on Frontier

FY23 – Q2 On-Track SC/NNSA

Deploy Aurora, Exascale system FY23 – Q3 On-Track SC
50% of ECP Applications achieve 
performance targets on exascale hardware –
executing mission critical challenge problems

FY23 – Q4 On-Track SC/NNSA

Acceptance of El Capitan exascale system FY23- Q4 On-Track NNSA



Summary of Progress – FY 22  Q1

Q1, FY22: Initiate National Academies of Science (NAS) Post-Exascale Review

The National Academies of Science, Engineering, and Medicine held the first two 
meetings for its DOE-sponsored study Post-Exascale Computing for the National 
Nuclear Security Administration in November and December 2021.



Summary of Progress – FY 22  Q2

Q2, FY22: NAS begins vendor and international information gathering

The National Academies of Science, Engineering, and Medicine held meeting for its 
DOE-sponsored study Post-Exascale Computing for the National Nuclear Security 
Administration in January, February, and March 2021 to begin vendor and 
international information gathering.



Summary of Progress – FY 22  Q3

Q3, FY22: DOE HPC facilities issue RFI

• DOE HPC facilities released RFI to collect information from computing 
hardware and software vendors, system integrators, and other entities that 
will assist the DOE national laboratories (labs) to plan, design, commission, 
and acquire the next generation of supercomputing systems in the 2025 to 2030 
timeframe on Tuesday June 28, 2022.       
(https://sam.gov/opp/8c35a6cc1692492e94c337ba645ecce5/view )

• Responses are due July 31, 2022 at 5:00 pm ET.
• During the months of May and June, DOE HPC facilities conducted virtual meetings 

with over 35 computing hardware and software vendors, system integrators and 
other entities to provide background on the forthcoming RFI.

https://sam.gov/opp/8c35a6cc1692492e94c337ba645ecce5/view


Summary of Progress – FY 22  Q4

Q4, FY22: Analyze the results of RFI

On September 30, 2022, a report was submitted by Oak Ridge National Laboratory on 
behalf of the six national laboratories with an analysis of the responses to the Request for 
Information issued June 28, 2022. The Report provided summary analysis of 48 of the 49 

responses reflecting the 
withdrawal of one response. 
Each response was analyzed by 
two labs to identify key 
opportunities and risks in three 
main mission thrusts: modeling 
and simulation, AI/ML, and 
data/workflows. Opportunities 
and risks were summarized 
across the responses in each of 
the main mission thrust areas 
as they relate to hardware, 
software (including cloud 
providers), and potential areas 
for investment. 



• Sustain U.S. leadership in Advanced Computing technologies and enable continued progress in 
science and engineering applications
• Engage community to identify science and engineering application needs
• Engage vendors to identify new technologies that require Federal investment to meet the needs of 

mission critical science and engineering applications
• Develop and implement Advanced Computing Technology Development and Deployment Strategy 

Key milestones: High Performance Computing

Milestone Summary
Key Milestone Milestone 

Due Date

[e.g., Q2, FY 
2017]

Milestone 
Status

[e.g., 
Complete, 
On-Track, 
Missed]

Change 
from last 
quarter

[optional
column]

Owner

[optional
column]

Comments

[Provide discussion of Progress, changes from 
last update, Anticipated Barriers or other Issues 
Related to Milestone Completion]

Initiate National Academies of Science (NAS) 
Post-Exascale Review

FY22 – Q1 Complete New NNSA NAS Kick off meeting held Nov 2021.

NAS begins vendor and international 
information gathering

FY22 - Q2 Complete NNSA NAS meeting held Jan 2022.

DOE HPC facilities issue RFI FY22 – Q3 Complete SC/NNSA HPC Facilities released RFI on June 28, 2022

Analyze the results of RFI FY22 – Q4 Complete SC/NNSA A report summarizing the analysis of the responses 
to the RFI was submitted to SC by ORNL on behalf of 
the six National Laboratories participating in the 
analysis on September 30, 2022.

Organize vendor roundtable to identify new 
technologies that require federal investment

FY23 – Q1 On-Track SC/NNSA

NAS delivers post-exascale review report FY23 – Q2 On-Track NNSA
Draft initial Advanced Computing Technology 
Development and Deployment Strategy

FY23 – Q3 On-Track SC/NNSA

Incorporate feedback and publish complete 
Advanced Computing Technology Development 
and Deployment Strategy

FY 23 – Q4 On-Track SC/NNSA



Success of ECP applications will be verified by a panel of subject matter experts and through 
Independent Project Reviews as part of verification of successful completion of the key project 
parameter. 

Data accuracy & reliability



Contributing Programs
Organizations:

o Office of Science
o National Nuclear Security Administration

Program Activities:
o Advanced Scientific Computing Research (SC)
o Advanced Simulation and Computing (NNSA)

President’s Management Agenda
o N/A

Regulations:
o N/A

Tax Expenditures:
o N/A

Policies:
o N/A

Other Federal Activities:
o Part of the National Strategic Computing Initiative

Stakeholder / Congressional Consultations
The Department has provided numerous House and Senate briefings on the exascale projects and incorporates 
congressional direction and guidance, as necessary. HPC exascale works with Universities, the National Laboratories, 
researchers, other federal agencies, and the private sector to build upon existing policies and procedures, best 
practices and initiatives.

Additional information: High Performance Computing



Goal Overview—Cross-Laboratory Climate Science Initiatives

Goal statement
o Deliver the highest quality R&D and production capabilities; strengthen partnerships 

with industry, academia, and other key regional and national stakeholders; and revitalize 
and modernize the physical infrastructure of the national laboratories to enable efficient 
national leadership in science, technology, economic competitiveness, and national 
security.

Problem to Be Solved
o Maintaining global leadership in climate science observations and modeling in order to 

deliver the most innovative simulation and predictive science solutions that dramatically 
enhance U.S. economic competitiveness, strengthen national security, and enable 
solutions to scientific and environmental justice challenges.

o Meeting national challenges in climate, energy, and national security will only be 
possible if we can constructively leverage the capabilities of the entire national 
laboratory network.

What Success Looks Like
o Meet Administration priorities in two areas: advanced computing and climate change. In 

the strategic area of climate change, by September 2023, use cross-laboratory models 
in the strategic areas of: (1) climate observations to support gaps in high-resolution 
climate models; and (2) predictive climate modeling to underpin solutions at the local 
scale to address climate change and environmental equity challenges.



Opportunity: Cross-Laboratory Climate Science Initiatives

National Virtual Biotechnology Laboratory: A successful model for 
cross-laboratory initiatives that can be applied to other mission areas



Opportunity: Cross-Laboratory Climate Science Initiatives

National Virtual Biotechnology Laboratory



Opportunity: Cross-Laboratory Climate Science Initiatives

National Virtual Biotechnology Laboratory



Achievement statement
Repeat the achievement statement from the goal statement on the 

previous slide

Key indicator(s)
A “key performance 
indicator” measures 

progress toward a goal 
target

Quantify progress
These values enable us (and you!) to calculate

% complete for any type of target*

Frequency
When is there new 

data?

By… We will… Name of indicator Target value Starting value** Current value Update cycle

09/30/23 Meet Administration priorities in 
the strategic area of climate 
observations to support gaps in 
high-resolution climate models 
using a cross-laboratory model

Deliver science from 
the ARM (TRACER) 
campaign to study 
urban cloud-aerosol 
interactions and climate

Release data 
products from 
ARM TRACER 

(Houston) 
campaign

0 0 Quarterly

09/30/23

Meet Administration priorities in 
the strategic area of predictive 
climate modeling to underpin 
solutions at the local scale to 
address climate change and 
environmental equity challenges 
using a cross-laboratory model

Deliver the 
science 
underpinning 
non-hydrostatic 
adaptive mesh 
modeling and 
incorporating the 
necessary 
software for 
deployment of 
the model onto 
more advanced 
exascale
computing 
architectures. 

Incorporate 
AI/ML 

techniques into 
E3SM version 3

0 0 Quarterly

Cross-Laboratory Climate Science Initiatives



Goal Team: ARM
DOE/SC

Biological and Environmental Research
Sharlene Weatherwax, Associate Director

DOE/SC/BER
Earth and Environmental Systems Sciences Division

Gerald Geernaert, Division Director



Goal Team: E3SM
DOE/SC

Biological and Environmental Research
Gary Geernaert,  Acting Associate Director

LLNL

PNNL

Sandia

LANL

LBL

BNL

ANL

ORNL

DOE/SC/BER
Earth and Environmental Systems Sciences Division

Dan Stover, Acting Division Director

Xujing Davis, Program Manager

DOE



Fundamental research combining intense field observations and extreme scale 
modeling underpins equitable solutions for energy and infrastructure security 
and environmental stewardship

28

Modeling multisectoral dynamics for energy 
infrastructure and water use

Intensive field studies and high-resolution earth system models reveal 
broad impacts of climate change

Black carbon 
estimates

ARM observations demonstrate 
climate warming directly 
attributed to cloud-aerosol 
interactions, changing patterns 
of atmospheric convection, and 
both carbon dioxide and 
methane emissions, for 
validating models of the Earth’s 
changing climate

Goal Strategies: Cross-Laboratory Climate Science Initiatives



Climate Observations using the
Atmospheric Radiation Measurement (ARM) User facility

Houston campaign (TRACER) to 
study urban cloud-aerosol 

interactions and climate with the 
ARM Mobile Facility #2 for one year

ARM is the most comprehensive atmospheric research 
facility in the world and focuses on new science to 
improve certainty of climate predictions.  ARM has six 
observatories, each with the most sophisticated cloud 
radars, lidars, radiometry, and surface and airborne 
meteorological measurements.

Fixed site observatories, each managed by different labs
• Oklahoma, managed by ANL
• Northern Alaska, managed by SNL
• Azore Islands, managed by LANL

Mobile observatories, for 6 months to 5-year deployment
• AMF1, managed by LANL, currently in Colorado
• AMF2, managed by LANL, currently in Houston
• AMF3, managed by ANL, enroute to Alabama

Aircraft operations, managed by PNNL
Data facility, managed by ORNL
Support activities: BNL, LLNL, and LBNL

November 2021



Climate Modeling using the
Energy Exascale Earth System Model (E3SM)

Development of E3SMv3 with GPU 
on exascale computer at ultra-high 

resolution

The E3SM model is the only climate prediction system in 
the world that combines physics, biogeochemistry, and 
infrastructure and demographics, able to run on DOE’s 
exascale-class computers.  

The current version E3SM v2 was released in September 
2021, with full integration of atmosphere, ocean, land, 
and cryosphere at 25 km resolution, and adaptive mesh 
for regional refinement at coastlines at less than 5 km.  It 
has a much better precipitation scheme than all previous 
models.  E3SM v3 will be released in Sept 2023 at 3 km 
resolution and incorporate machine learning.

National laboratory collaborations to build, test, and 
improve E3SM
• LLNL:  project management, diagnostics
• LANL:  ocean component, cryospheric component
• Sandia and Argonne:  software development
• PNNL: atmospheric component, multi-sector dynamics
• ORNL and LBNL:  land modeling Key partnership with ASCR 

exascale class computing 
facilities

Simulated Hurricanes in E3SM, ¼ degree 



Summary of Progress – FY 22  Q1

Q1, FY22: TRACER campaign begins Oct 1; initial data available within 2 days of 
collection; advanced data products within one year.

Target met.  The Atmospheric Radiation Measurement (ARM) campaign in Houston, TX 
titled “Tracking Aerosol Convection Interactions Experiment” was successfully 
launched on October 1, 2021 and field observations involving radars, lidars, and 
ground-based meteorological information have been successfully collected. Data from 
the active and passive sensors have been routinely evaluated with quality 
assurance/quality control protocols and archived at the ARM data facility at Oak Ridge 
National Laboratory.  The experiment is on track to produce refined, high quality 
products within one year after data collection.  



Summary of Progress – FY 22  Q2

Q2, FY22: TRACER campaign begins Oct 1; initial data available within 2 days of 
collection; advanced data products within one year.

Target met.  The Atmospheric Radiation Measurement (ARM) campaign in Houston, TX 
titled “Tracking Aerosol Convection Interactions Experiment” was successfully 
launched on October 1, 2021 and field observations involving radars, lidars, and 
ground-based meteorological information have been successfully collected. Data from 
the active and passive sensors have been routinely evaluated with quality 
assurance/quality control protocols and archived at the ARM data facility at Oak Ridge 
National Laboratory.  The experiment is on track to produce refined, high quality 
products within one year after data collection.  



Summary of Progress – FY 22  Q3

Q3, FY22: Intensive Operating Period (IOP) begins June 1.  Convective cell tracking with 
radar and edge computing

Target met: The intensive operating period began, on schedule, on June 1, 2022. The 
team of scientists are operating instruments from various sites around the Houston 
region, including radars, lidars, and meteorological towers. In addition, a tethered 
balloon system is gathering detailed information throughout the atmospheric 
boundary layer, at several sites. All instrumentation are operational, and data are 
being delivered to the ARM archive.



Summary of Progress – FY 22  Q4

Q4, FY22: IOP continues to Sept 30. TRACER campaign terminates on Sept 30

Target met: The IOP concluded on September 30, 2022. After a successful campaign 
with data containing a wide variety of meteorological events, the TRACER campaign 
terminated on September 30, 2022, on schedule. 



• Improved climate observations

Key milestones: Cross-Laboratory Climate Science Initiatives

Milestone Summary
Key Milestone Milestone 

Due Date

[e.g., Q2, 
FY 2017]

Milestone 
Status

[e.g., 
Complete, 
On-Track, 
Missed]

Change 
from last 
quarter

[optional
column]

Owner

[optional
column]

Comments

[Provide discussion of Progress, changes from last 
update, Anticipated Barriers or other Issues 
Related to Milestone Completion]

FY21 Q4: ARM observatory deployed to Houston, FY22 – Q1 Complete

FY22 Q1/2: TRACER campaign begins Oct 1; initial 
data available within 2 days of collection; 
advanced data products within one year

FY22 - Q2 Complete The TRACER campaign was successfully launched 
on October 1, 2022; and data are routinely made 
available to the community for initial analysis 
within two days after collection.

FY22 Q3: Intensive Operating Period (IOP) begins 
June 1. Convective cell tracking with radar and 
edge computing

FY22 – Q3 Complete The TRACER campaign continues with all observing 
systems totally functional, and the Intensive Operating 
Period that began on June 1, 2022, is producing 
ground-breaking data for scientific analysis.

FY22 Q4: IOP continues to Sept 30. TRACER 
campaign terminates on Sept 30

FY22 – Q4 Complete As scheduled, the IOP continued through September 
30, 2022, at which point the TRACER campaign 
concluded successfully.

FY23 Q1: First release of advanced data products FY23 – Q1 On-Track



Summary of Progress – FY 22  Q1

Q1, FY22: Demonstrate regional refinement for polar regions.

Target met.  Regionally-refined mesh (RRM) climate simulations are configured and 
generated in Version 2 of the Energy Exascale Earth System Model (E3SMv2) in a 
computationally feasible way on Department of Energy supercomputers. These 
results indicate that it is not only feasible to refine the Arctic or Antarctic in E3SM to 
address polar science questions, but computationally desirable with high efficiency 
compared to global high resolution, and with comparable efficiency to standard 
resolution. By extension, E3SM mesh refinement elsewhere on the globe is also 
feasible and could often be the tool of choice to address science questions applicable 
to lower latitude regions using fully coupled integrations spanning decades or even 
up to a thousand years or more. 



Summary of Progress – FY 22  Q2

Q2, FY22: Demonstrate improved arctic processes

Target met. Regionally-refined mesh (RRM) of the Arctic ocean/sea-ice configurations 
generated were further developed in the E3SM v1 (E3SM-Arctic) where they now 
provide significant improvements in the representation of features that are important 
for the Arctic Ocean and its interactions with Subarctic and lower latitude ocean 
circulation. Continued development and experimentation with E3SM-Arctic using the 
E3SMv2 code base are underway.



Summary of Progress – FY 22  Q3

Q3, FY22: Demonstrate improved Antarctic ice processes

Target met. Both standard and Southern Ocean Regionally-refined mesh 
(SORRM) climate simulations are configured and generated in fully coupled Version 2 
of the Energy Exascale Earth System Model (E3SMv2). This SORRM configuration is 
designed to simulate, explore, and improve our understanding of ice shelf and 
ocean interactions in the Southern Ocean and around Antarctica. Comparing to 
standard configuration, the SORRM configuration simulations demonstrate clear 
improvements in Southern Ocean processes important for controlling sub-ice shelf 
melt rates, both at the whole-continent and regional scale. These improvements in 
SORRM integrate to provide time series of Antarctic sub-ice shelf melt rates that are 
stable and closer to observational-based estimates than in standard, lower resolution 
configurations. This conclusion applies at the whole Antarctic scale, at the regional 
scale, and at the scale of individual ice shelves.



Summary of Progress – FY 22  Q4

Q4, FY22: Produce regionally refined detail for Arctic/Antarctic

Target met: Four different Energy Exascale Earth System Model (E3SM) configurations 
using regional refined mesh capabilities were produced. Relative to standard quasi-
uniform resolution E3SM configurations, simulations from E3SM configurations with 
regional refined mesh capabilities demonstrated clear improvements in the North 
Atlantic and in the Arctic. These improvements include the more accurate 
representations of (1) ocean surface currents and eddy kinetic energy, which are 
critical for accurately resolving heat and salt transport; (2) sea surface temperature, 
salinity and mixed layer depth, which are important for accurate representation of 
ocean vertical mixing and sea ice concentration and thickness; (3) Arctic sea ice 
concentration, particularly in the Labrador Sea region; and (4) volumetric transport 
between the Arctic and North Atlantic ocean basins. 



• High resolution predictive climate models

Key milestones: Cross-Laboratory Climate Science Initiatives

Milestone Summary
Key Milestone Milestone 

Due Date
Milestone 

Status
Change 

from 
last 

quarter

Owner Comments

FY21 Q4: E3SM v2 released, 
begin work to develop 
E3SM v3

Complete On-Track

FY22 Q1: Demonstrated 
Regional Refinement for 
polar regions

FY22 – Q1 Complete On-Track Adaptive mesh techniques have been demonstrated on DOE supercomputers as 
feasible for both the Arctic and Antarctic.

FY22 Q2: Demonstrate 
improved arctic processes

FY22 - Q2 Complete On-Track Regionally-refined mesh (RRM) of the Arctic ocean/sea-ice configurations 
generated in the E3SM v1 (E3SM-Arctic) provides significant improvements in the 
representation of features that are important for the Arctic Ocean and its 
interactions with Subarctic and lower latitude ocean circulation. Continued 
development and experimentation with E3SM-Arctic using the E3SMv2 code base 
are underway.

FY22 Q3: Demonstrate 
improved Antarctic ice 
processes

FY22 – Q3 Complete On-Track Both standard and Southern Ocean Regionally-refined mesh (SORRM) climate 
simulations are configured and generated in fully coupled Version 2 of 
the Energy Exascale Earth System Model (E3SMv2). This SORRM configuration 
is designed to simulate, explore, and improve our understanding of ice shelf 
and ocean interactions in the Southern Ocean and around Antarctica. Comparing 
to standard configuration, the SORRM configuration simulations demonstrate 
clear improvements in Southern Ocean processes important for controlling sub-ice 
shelf melt rates, both at the whole-continent and regional scale. These 
improvements in SORRM integrate to provide time series of Antarctic sub-ice shelf 
melt rates that are stable and closer to observational-based estimates than in 
standard, lower resolution configurations. This conclusion applies at the whole 
Antarctic scale, at the regional scale, and at the scale of individual ice shelves.

FY22 Q4: Produce regionally 
refined detail for 
Arctic/Antarctic

FY22 – Q4 Complete On-Track Four different E3SM configurations with regional refined mesh capabilities were 
produced, each of which demonstrated improvements in the representations of 
multiple observables for the North Atlantic and Arctic regions.



• High resolution predictive climate models

Key milestones: Cross-Laboratory Climate Science Initiatives

Milestone Summary
Key Milestone Milestone 

Due Date
Milestone 

Status
Change 

from 
last 

quarter

Owner Comments

FY23:Q1: SCREAM 
atmospheric model at 3 km 
ported to GPU

FY23 – Q1 On-Track

FY23 Q2: Demonstrate 
machine learning to 
remove biases

FY23 – Q2 On-Track

FY23 Q3: E3SM fully in GPU 
software on exascale
computer

FY23 – Q3 On-Track

FY23 Q4: E3SM v3 released 
to community

FY23 – Q4 On-Track



Contributing Programs
Organizations:

o Office of Science
o National Nuclear Security Administration

Program Activities:
o Biological and Environmental Research (BER)
o Advanced Scientific Computing Research (SC)

President’s Management Agenda
o N/A

Regulations:
o N/A

Tax Expenditures:
o N/A

Policies:
o N/A

Other Federal Activities:
o Coordinated through the NSTC Global Change Research Program (USGCRP)

Stakeholder / Congressional Consultations
The Department has provided numerous House and Senate briefings on the Office of Science user facilities and 
incorporates congressional direction and guidance, as necessary. BER climate science works with Universities, the 
National Laboratories, researchers, other federal agencies, and the private sector to build upon existing policies and 
procedures, best practices and initiatives.

Additional information: Cross-Laboratory Climate Science Initiatives


