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EXECUTIVE SUMMARY
The National Oceanic and Atmospheric Administration (NOAA) has recently established strategic
initiatives for applying emerging science and technology as actions to the recent guidance from the
Administration and Congress, including the White House’s Office of Science and Technology Policy
(OSTP). The NOAA Artificial Intelligence (AI) Strategy is one of these initiatives in response to the
Executive Order on Maintaining American Leadership in Artificial Intelligence. There are five goals of the
NOAA AI Strategy:
Goal 1: Establish an efficient organizational structure and processes to advance AI across NOAA.
Goal 2: Advance AI research and innovation in support of NOAA’s mission.
Goal3: Accelerate the transition of AI research to applications.
Goal 4: Strengthen and expand AI partnerships.
Goal 5: Promote AI proficiency in the workforce.
The purpose of this workshop, held during 27-28 February 2020, is to obtain well-balanced perspectives
and recommendations from invited participants (i.e., leads of the NOAA Strategies on emerging science
and technology, members of the NOAA AI Executive Committee, and invited experts) to establish the
framework for drafting the actions of the NOAA AI Strategic Plan, and to establish a unified NOAA
approach for coordinating the synergistic activities among the NOAA strategies on emerging science
and technology. The first day of the workshop examined the objectives and synergy between the NOAA
strategies. During the second day, participants proposed actions for drafting the NOAA AI Strategic Plan
with consideration of how to coordinate the synergistic activities between the NOAA strategies. One of
the key recommendations for the plan was to establish the NOAA Center for AI (NCAI) to facilitate
awareness, coordination, and collaborations across NOAA and with its partners. The NCAI as a center of
excellence would facilitate the acceleration of AI research and applications, establish a community of
practice, and provide training resources to improve workforce proficiency in AI relevant disciplines.
The recommendations highlighted in this report will enhance awareness and coordination across the
agency to accelerate AI research and applications, which will result in organizational and operational
efficiencies to improve the delivery of high quality and timely scientific products and services to the
public. For NOAA to sustain leadership in Earth system science, the fast pace of advancement
necessitates diversity, collaboration, and workforce proficiency equipped with the technical and
institutional support to leverage and apply AI to NOAA research and applications. This is a pivotal time
for NOAA to embrace the rapidly evolving science and technology that will result in organizational and
operational efficiencies, and coordination of the synergistic activities among the NOAA strategies will
maintain NOAA’s role as the world leader in environmental science in the upcoming years.
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1 INTRODUCTION
BACKGROUND
The National Oceanic and Atmospheric Administration (NOAA) has established emerging science and
technology strategies as actions to the recent guidance from the Administration and Congress,
including the White House’s Office of Science and Technology Policy (OSTP) FY21 Research and
Development Letter1, National Science and Technology Council (NSTC) report on Science and
Technology for America’s Oceans2, and Executive Order on Maintaining American Leadership in
Artificial Intelligence3. In February 2020, the finalized NOAA strategies on artificial intelligence (AI),
uncrewed systems (UxS), ’omics, and cloud were announced4. In July 2020, the NOAA Data and Cloud
Strategies were also announced5. These strategies will accelerate the NOAA mission to deliver high
quality and timely scientific products and services. With recognition that there is considerable synergy
across these strategies, the next step is to develop the strategic plans for these NOAA strategies. For
these reasons, a workshop was held during 27-28 February 2020 to define the activities, resources, and
oversight requirements of the NOAA AI Strategic Plan that takes into consideration the synergistic
activities among these strategies as a unified NOAA approach.

TERMS OF REFERENCE FOR THE WORKSHOP (WILLIAM MICHAELS)
The goal of the workshop is to define the activities, requirements, and business case to develop the
implementation plan of the NOAA AI Strategy6. Coordination across the NOAA strategies is necessary to
make transformative improvements in NOAA’s cross-functional mission requirements; therefore,
invited expert representatives across the NOAA line offices (LOs) provided the necessary diverse and
balanced perspectives during the workshop (Fig. 1.1). Day 1 of the workshop focused on the synergistic
activities across the NOAA strategies, while Day 2 addressed the goals and objectives of the NOAA AI
Strategy. The workshop presentations, break-out sessions, and panel discussions were designed to
facilitate a unified approach in developing the NOAA AI Strategic Plan that optimizes coordination
across the NOAA LOs and synergy among the NOAA strategies (Fig. 1.2). Further details on the terms of
reference, agenda, and invited participants can be found in Appendices 12.1 and 12.2.
1

White House Office of Science and Technology Policy FY21 Research and Development Letter,
https://www.whitehouse.gov/wp-content/uploads/2019/08/FY-21-RD-Budget-Priorities.pdf
2

White House National Science and Technology Council report on Science and Technology for America’s Oceans:
A Decadal Vision, https://www.federalregister.gov/documents/2018/06/28/2018-13926/science-andtechnology-for-americas-oceans-a-decadal-vision
3

White House Executive Order on Maintaining American Leadership in Artificial Intelligence,
https://www.federalregister.gov/documents/2019/02/14/2019-02544/maintaining-american-leadership-inartificial-intelligence
4

NOAA news release on Strategies for Applying Emerging Science and Technology, https://www.noaa.gov/mediarelease/noaa-finalizes-strategies-for-applying-emerging-science-and-technology
5

NOAA Research Council, NOAA Science and Technology Focus Areas, https://nrc.noaa.gov/NOAA-ScienceTechnology-Focus-Areas
6

NOAA AI Strategy, https://nrc.noaa.gov/Portals/0/2020%20AI%20Strategy.pdf?ver=2020-09-17-150016-857
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Figure 1.1. During the NOAA AI Strategic Plan Workshop held during 27-28 February 2020, workshop
participation was composed of NOAA experts that included the leads of the NOAA strategies, members
of the NOAA AI Executive Committee, and invited expert representatives across the NOAA line offices
to ensure diverse and balanced perspectives.

Figure 1.2. Workshop facilitation was designed to develop the framework for drafting the NOAA AI
Strategic Plan that coordinates the synergistic activities across the NOAA strategies on emerging
science and technology.
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GUIDANCE ON NOAA STRATEGIC PLANS (TIMOTHY GALLAUDET)
The Deputy NOAA Administrator/Assistant Secretary of Commerce for Oceans and Atmosphere, Rear
Admiral Timothy Gallaudet, provided the opening remarks and highlighted shared interests by the
White House OSTP and Congress with NOAA’s efforts to establish emerging science and technology
strategies. The OSTP has plans to establish an interagency consortium for AI and develop AI technology
for disaster relief. NOAA is well positioned to provide a lead role in these initiatives.
RDML Gallaudet offered to the workshop participants the question, what comprises a successful NOAA
AI Strategic Plan Workshop? He suggested the success of this workshop will be determined by the
workshop participants’ suggestions on:
•
•
•
•
•
•

Creating measurable actions with milestone dates, and assigning lead responsibilities for the
actions of the NOAA AI Strategic Plan,
Coordinating the synergistic activities across the NOAA strategies for organization efficiency,
Designing a roadmap where the milestones produce accomplishments in the goal areas,
Developing a business case with oversight and guidance in support of the NOAA LOs’
requirements,
Leveraging current NOAA processes, procedures, and timelines, and
Prioritization process to guide NOAA’s budget formulation for the NOAA strategies for applying
emerging science and technologies.

Further emphasis was provided on the need to expand partnerships and build workforce proficiency
across the NOAA strategies.

2 NOAA STRATEGIES AND SYNERGISTIC ACTIVITIES
The first day of the workshop was devoted to examining how the synergetic actions of the NOAA
strategies on emerging science and technology can be leveraged to support or be supported by the
NOAA AI Strategic Plan (Fig. 1.2). Summarized in this section, the Day 1 presentations provided the key
synergistic activities that stimulated discussions during the breakout sessions and panel discussions.

NOAA ARTIFICIAL INTELLIGENCE STRATEGY (JAMESE SIMS)
Jamese Sims, special assistant to RDML Gallaudet, is assisting the NOAA AI Executive Committee cochairs, William Michaels and Sid Boukabara, with the NOAA AI Strategy. On behalf of the NOAA AI
Executive Committee, Jamese provided an overview of the NOAA AI Strategy (Fig. 2.1). The next step is
to develop an implementation plan, with actions, that addresses the goals and objectives of the NOAA
AI Strategy, and incorporates the synergistic activities across the other NOAA strategies to ensure
organizational and operational efficiencies in support of the NOAA mission. This presentation can be
found in Appendix 12.3, and further discussions on the activities of the NOAA AI Strategy are found in
Section 5.

3

Figure 2.1. The goals of the NOAA Artificial Intelligence (AI) Strategy strives to transform NOAA’s
organizational and operational efficiencies in the application of AI technology that enhance the quality
and timeliness of its scientific products and services.

NOAA AI CENTER (NCAI) BUSINESS CASE (ERIC KIHN, SID BOUKABARA)
The NOAA National Centers for Environmental Information (NCEI) hosts and provides access to one of
the most significant archives of earth, oceanic, atmospheric, and geophysical data. The first objective
of the NOAA AI Strategy states the need to explore the establishment of a NOAA Center for AI (NCAI) to
support the activities of its implementation plan. NCEI staff recently conducted interviews with
members of the NOAA AI Executive Committee to understand the agency’s challenges for implementing
AI technology. The results of the interviews are summarized in Figures 2.2 and 2.3, and provide a
foundation for workshop discussions on the NCAI business case (Section 8). The greatest challenge
identified from the interviews is the need to support the elements for transitioning AI technology into
operational efficiencies, and these elements can vary depending on the NOAA LO mission requirements
for delivery of high-quality science. This requires balanced governance with NOAA LO representation,
and some concern was expressed that evaluation of the various governance models will be needed.
The NCAI business case should also focus on the need for improved coordination across the NOAA LOs
to enhance AI-ready data access, workflow computing capabilities, promote workforce training, and
expand partnerships. This presentation can be found in Appendix 12.4, and further discussions on
developing the NCAI business case can be found in Section 8.

4

Figure 2.2. Challenges for implementing AI technology within NOAA include the need for improved
coordination for organizational efficiencies, workforce training, and transitioning AI into operations.

Figure 2.3. The business case for implementing AI technology requires a ground-up approach with a
balanced governance model to prioritize mission requirements, expand partnerships and build
workforce proficiency.

5

NOAA CLOUD STRATEGY (DAVID LAYTON, TONY LAVOI)
The NOAA Cloud Strategy was presented by Dave Layton, who explained cloud computing will require
a culture change in how NOAA manages its data enterprise. Agile and highly reliable cloud solutions are
available, and by definition, cloud computing provides on-demand service with broad network access,
resource pooling, rapid elasticity, and measured service. The NOAA Cloud Strategy provides a unified
approach for migrating to the cloud driven by requirements and the business case, and the goals are
presented in Figure 2.4. To establish a default architectural end-state for NOAA’s cloud services will
provide direct benefits in improving data access and analytical tools for NOAA’s AI applications. Another
synergistic activity includes promoting partnerships on the creation of cloud sandbox capabilities to
enable AI innovations (Fig. 2.5). The cloud implementation roadmap is intended to be updated
periodically to reflect the current status of initiatives in the roadmap. The roadmap will establish
effective governance through a NOAA Cloud Committee, and coordination is recommended to support
NOAA AI initiatives. The NOAA Office of the Chief Information Officer (OCIO) will conduct routine
interviews with program managers of known cloud initiatives across NOAA LOs. This presentation can
be found in Appendix 12.5.

Figure 2.4. The NOAA Cloud Strategy will transform the NOAA data enterprise with smart data migration
and cloud computing services based on NOAA mission requirements, best practices, and business case.
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Figure 2.5. The NOAA Cloud Strategy will improve data accessibility and cloud computing services that
supports NOAA’s AI initiatives, and building partnerships to create cloud sandbox capabilities to enable AI
innovation is recommended.

NOAA DATA STRATEGY (KIM VALENTINE, ED KEARNS)
Kim Valentine presented the NOAA Data Strategy as a proactive approach to ensure NOAA is aligned
and prepared to meet the new requirements of the Federal Data Strategy7 and Evidence Act8. The NOAA
Data Strategy will enable NOAA to improve mission delivery and steward resources, and accelerate the
effective use of data by the agency, partners, and public. The goals of the NOAA Data Strategy will build
a culture that values high quality data as an asset that is openly and widely accessible (Fig. 2.6). Data is
the foundational cornerstone for each of the NOAA strategies, and emerging technologies have
increased the volume of big data requiring more efficient data processing and analytical tools, such as
the use of machine learning algorithms. The need to improve data quality and accessibility is synergistic
for the NOAA strategies (Fig. 2.7). NOAA science is limited by the speed and ease of data access, and the
NOAA Data and Cloud Strategies will need to leverage partnerships and stakeholder engagement to
maximize NOAA data value to the nation. This presentation can be found in Appendix 12.6.

7

Final Federal Data Strategy and 2020 Action Plan, https://strategy.data.gov/assets/docs/2020-federal-datastrategy-action-plan.pdf
8

OMB Evidence Act guidance, https://www.whitehouse.gov/wp-content/uploads/2019/07/M-19-23.pdf
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Figure 2.6. The NOAA Data Strategy strives to enable the agency’s mission delivery and steward
resources through improved accessibility and use of data by the agency, partners, and public.

Figure 2.7. The NOAA data enterprise is the foundation for each of the NOAA strategies, and coordination
across the NOAA entities is needed to enhance data quality, open access, analysis, and delivery of products.
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NOAA UNCREWED SYSTEMS STRATEGY (CHARLY ALEXANDER)
Charly Alexander began the presentation by acknowledging that each NOAA LO Assistant Administrator
signed the approval of the NOAA strategies, and this buy-in across the agency shows strong institutional
commitment. The purpose of the NOAA Uncrewed Systems (UxS) Strategy is to dramatically expand the
collection and utilization of critical, high quality, and time-sensitive data by increasing the use and
application of UxS technology. The NOAA Uncrewed Systems Strategy was previously referred to as the
NOAA Unmanned Systems Strategy. UxS technology includes untethered platforms, sensor payloads,
and communications that provide autonomous operations in support of NOAA’s surveys and
environmental observation infrastructure. The goals of NOAA UxS Strategy are similar to the NOAA AI
Strategy, and address organizational efficiency, expand UxS research, accelerate UxS transition to
applications, expand partnerships, and promote workforce proficiency (Fig. 2.8). UxS synergistic
activities include data management, cloud computing, and analytics such as machine learning (Fig.
2.9), and the NOAA UxS operations are interdisciplinary, requiring close coordination across each NOAA
strategy. The UxS Community Workshop planned later this year will identify implementation plan
actions and need to expand partnerships and coordinate synergistic activities between the NOAA
strategies. This presentation can be found in Appendix 12.7.

Figure 2.8. The NOAA UxS Strategy will improve organizational efficiency, expand UxS research,
accelerate UxS transition to applications, expand partnerships, and promote workforce proficiency to
dramatically expand the collection and utilization of critical, high quality, and time-sensitive data.
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Figure 2.9. NOAA UxS operations are interdisciplinary, requiring close coordination across each NOAA
Strategy, and synergistic activities include data management, cloud computing, and analytics such as
machine learning to ensure effective UxS operations and timely delivery of scientific products.

NOAA ’OMICS STRATEGY (CISCO WERNER)
The NOAA ’Omics Strategy presented by Cisco Werner defined ’omics, also referred to as genomics, as
a suite of advanced methods used to analyze material such as DNA, RNA, proteins, or metabolites. NOAA
plans to integrate modern ’omics technologies across the agency, transforming its approach to
biological investigations to accelerate scientific information for sustainable management of ecosystem
resources for the benefit of people, communities, and economies. The next step is to develop the
implementation plan that addresses each goal (Fig. 2.10), and to ensure coordination on the synergistic
activities across the other NOAA strategies (Fig. 2.11). Similar to the other NOAA strategies, the need for
cloud services for computing power and data storage infrastructure is a critical requirement for ’omics.
This will enable the use of open-source tools, bioinformatic pipelines, and AI analytics, such as machine
learning. The NOAA ’Omics Strategy will expand partnerships to advance research and applications
across the agency, and there is a critical need to build ’omics expertise within the agency. This
presentation can be found in Appendix 12.8.
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Figure 2.10. The NOAA ’Omics Strategy will integrate modern ’omics technologies across the agency,
transforming its approach to expand biological investigations to accelerate scientific information for
sustainable management of ecosystem resources.

Figure 2.11. The NOAA ’Omics Strategy includes synergistic activities to improve cloud computing power
and data storage, AI analytics, partnerships, and workforce proficiency to transition ’omics into
operations.
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NOAA EPIC STRATEGY (DANA CARLIS)
NOAA’s Earth Prediction Innovation Center (EPIC) provides the opportunity to accelerate scientific
research through sustained community engagement to produce the most accurate and reliable
weather forecast modeling systems in the world (Fig. 2.12). The EPIC Strategy is an action resulting from
the Weather Research and Forecasting Act of 20179. The EPIC Community Workshop held in 2019
emphasized the importance of building external partnerships to advance NOAA’s data and software
infrastructure, including cloud-based, high-performance computing. EPIC facilitates continuous
development of research and modeling to leverage process and prioritized investments, and improved
coordination across the NOAA strategies is recommended to optimize synergy with the big data, cloud
computing, and AI initiatives (Fig. 2.13). This presentation can be found in Appendix 12.9.

Figure 2.12. The NOAA Earth Prediction Innovation Center (EPIC) provides the opportunity to accelerate
scientific research through sustained community engagement to produce the most accurate and reliable
weather forecast modeling.

9

Weather Research and Forecasting Act of 2017, https://www.congress.gov/bill/115th-congress/house-bill/353
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Figure 2.13. EPIC facilitates continuous development of research and modeling to leverage process and
prioritized investments, and improved coordination across the NOAA Strategies is necessary to optimize
synergy with the big data, cloud computing, and AI initiatives.

3 PANEL DISCUSSION 1: ONE NOAA APPROACH FOR NOAA STRATEGIES
A panel discussion composed of the lead presenters on the NOAA strategies provided an opportunity
for workshop participants (Appendix 12.2) to ask questions pertinent to the unified NOAA approach in
coordination, shared resources, and budgetary guidance across the NOAA strategies. Each panelist
provided an opening statement to begin discussions.
DaNa Carlis: What are the on-ramps and off-ramps in terms of the timelines for when these strategies
need to come together? Collaborative discussions are needed at this time to better understand how the
activities among the strategies fit together, especially at this time when the implementation plans are
presently under development during the next couple of months. Furthermore, we need to include
foresight about what the future could possibly be in the upcoming years. For example, how would the
agency change if cloud became more cost-effective and it was no longer feasible to invest in on-premise
servers? We need to begin thinking about the culture shift with more vision.
Cisco Werner: The world is changing ahead of us and we have a moving target. NOAA is undergoing a
paradigm shift, and we need to pivot to figure out where to land with a moving target. Today, emerging
science and technology is evolving more rapidly, while we have increasing uncertainty due to rapid
changes in the ocean and atmospheric conditions. As we need to integrate across our sciences and
strategies, we must also consider the workforce that needs to be trained and recruited into NOAA’s new
science direction.
Charly Alexander: Reinforcing our need to pivot, now is the time for the agency to implement a unified
approach for the NOAA strategies. For example, the NOAA Data Strategy is a critical aspect for each
13

NOAA strategy and the foundation for NOAA as a science-based agency. These strategies are shifting the
way NOAA operates and does science to achieve its mission. We must also examine how to better
coordinate internally and with external partners.
Jamese Sims: The key is that we take a one NOAA approach to implementing the strategy. We have our
own specific expertise, but we are connected across NOAA. We should not be limited only from a
headquarters perspective. We need to think more broadly and collectively with input from the regional
offices and science centers. In order to accomplish the objectives of the NOAA AI Strategy, the functions
of the proposed NCAI will likely have centralized and distributed functions which need to be
determined.
David Layton: Building on that notion of paradigm shifts, a keynote speaker at a recent cloud
workshop stated, we need to lower the cost of curiosity. In other words, the speaker was encouraging
us to think about how to remove barriers while accepting a reasonable level of risk. Innovation is
constrained by a culture that rewards only accomplishments and provides no incentive for taking risk
to obtain lessons learned. How can we change the culture to encourage experimentation and
innovation? The NOAA Cloud Strategy is a good example of exploring options and lessons learning as
cloud computing evolves rapidly.
Kim Valentine: Our data enterprise underlies all of these strategies, and changing the mindset is a
struggle. In our community, we have devoted considerable time and effort over the years to make data
accessible and documented. There are considerable barriers in data modernization because of
constraints pertinent to the agency’s mandates, policies, and partnerships. It will be challenging, and
the organizational mindset will need to change to implement these NOAA strategies.
Eric Kihn: It is exciting to see the common threads, and the obvious one is data. The NOAA strategies
will improve how data is collected, processed, and analyzed. This will require changes in the data
enterprise infrastructure, shape a new workforce, and expand partnerships. Changing our culture to be
agile is a challenge, yet a critical requirement as technology rapidly evolves. How do we become more
adaptable and change culture to consider failure as important lessons learned? Coordination among
the NOAA strategies will enable the more harvesting of our science.
Concluding recommendations from Day 1: The following question was discussed among the
workshop participants and panelists:
•

As we move forward with the strategies, how do we make sure that we continually promote the
organic development at the research level and encourage innovation?

There was agreement that the strategies must support the research priorities at the field offices across
the NOAA LOs, and this requires a transparent and agile process between the field and headquarters.
While there is excitement about the benefits of the NOAA strategies to be realized, there is also caution
to not create unnecessary bureaucracy that can stifle engagement from the field. We want an entity,
such as the proposed NCAI, to serve as that conduit to support the mission and research priorities in
the field. Institutional support does not mean control, rather it should enable rapid and agile advances
in research. The proposed NCAI will also serve as a conduit for training. As we develop the NCAI business
case, the combination of centralized and distributed functions with NOAA LO representation will need
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to be determined. We need to enable the budgeting request process to support the necessary
infrastructure to accelerate the efficiencies of emerging science and technology that people can use.
Another important question was presented:
•

Building partnerships to enhance the agency’s ability to utilize big data and cloud computing is
foundational for the NOAA strategies; therefore, how do we remain agile and avoid vendor lock
given the rapidly evolving technologies?

The NOAA Cloud Strategy has a set of principles to help guide decisions to optimize cloud investments.
Ideally you want to be vendor agnostic. If the vendor has a great solution, then you develop the
partnership; however, you always need an exit strategy before you make a commitment with a vendor.
The NOAA data enterprise enables a deliberate and competitive strategy when expanding partnerships.
The NOAA Cloud Strategy provides the example to not incrementally build out legacy infrastructure;
instead, we need to look to a completely different end state as an option and to determine if the
legacy/cloud is the right fit. There are different attitudes about the cloud, and the vendor neutrality
aspect is important. The concept is for people to determine what their requirements are for cloud
service, and not to prescribe a specific architecture for all of NOAA.
There was a discussion on the recent surge in using AI to conduct data assimilations using NOAA’s large
data set. It was stated that data are not truth, but rather approximations of a fluctuating environment.
The importance of evaluating the assumptions and performance of models over time will remain a
priority as the environment continues to change.
Discussions included the question:
•

As we strive to improve workforce proficiency to transition emerging technologies into
operational efficiencies, how do we recruit the needed expertise when the salaries are much
higher in the private sector?

There was consensus among participants that our best investment is our existing workforce. While it is
difficult to compete with salaries in the private sector, the existing professionals in NOAA are dedicated
to its mission. Therefore, it is a wise investment to provide NOAA professionals the necessary leadership
and academic training opportunities. While there is recognition that NOAA will need to recruit more
engineers to transition emerging technologies into effective operations, our immediate need is to train
our workforce and resolve institutional barriers that constrain our ability to work collaboratively with
external expertise, which in turn builds expertise within our workforce. In part, this includes providing
opportunities for external experts from national and international institutions to work alongside NOAA
scientists, and sabbaticals to build our expertise from other agencies and industries. Scientific
exchange at national and international conferences and workshops to promote collaborative research
and remain current of the rapidly evolving technology are necessary. Shaping our workforce will consist
of modifications to job descriptions and individual development plans. Support for cooperative
institutions can also be directed to train our upcoming professionals through graduate research and
undergraduate cooperative training programs. While there is priority placed on the NOAA strategies and
other initiatives like Blue Economy, our workforce should be a much higher priority.
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4 BUDGET UPDATE ON THE NOAA STRATEGIES (TIMOTHY GALLAUDET)
The NOAA UxS Strategy was our first effort which allowed for the initial FY2020 budget request for
NOAA’s Office of Marine and Aviation Operations (OMAO) to support UxS coordination and
implementation. Not only did we get the FY2020 request of $4M, but we socialized it and built
confidence with the Hill resulting in a $12.7M increase for UxS in FY2020. That is a real victory. Presently,
the NOAA UxS Strategy team is working on their implementation plan. This team is addressing the
challenge that the government will never have enough resources to match the private sector’s ability
to engineer technological advances. We are in the second age of technological innovations that was
enabled by the government before, but now the private sector leads the innovations. For this reason,
NOAA’s efforts to expand its private-public partnerships is key to our success.
Presently, we are looking forward to another potential budget increase for the NOAA AI Strategy in
FY2022 to mimic NOAA’s UxS budget success. While the Department of Commerce (DOC) budget office
is presently working with OMB, the FY2022 budget is not final yet. The efforts of this workshop will help
establish the implementation plan, including the functions and infrastructure requirements of the
NCAI. The NCAI will be the steward for the agency’s repository for guidelines and best practices for AIready data, including training sets, algorithms, and tools. The NCAI will also serve as the central contact
for promoting collaborations and partnerships. Strategically, we are appreciative of the
recommendations from NOAA Observing Systems Council (NOSC). The NOSC is supportive of the NOAA
AI Strategy, and our next step is to have the NOSC review and approve the NCAI business case. The NOSC
wants to ensure program dollars are put to good use. Strategically, we are attentive to how the
Department of Defense (DOD) and Department of Education (DOE) are proceeding with their efforts to
establish AI centers. This is an exciting time for the NOAA Strategies to collectively transform the way
our agency conducts its science for the socioeconomic benefit of our nation.

5 BREAKOUT SESSION 1: SYNERGISTIC ACTIVITIES ACROSS NOAA STRATEGIES
During Day 1 of the workshop, the first breakout session divided participants (Appendix 12.2) into three
groups to identify the key synergistic activities that are interconnected between the NOAA strategies.
For each breakout group, the participants were divided to ensure balanced perspectives and
representation from each NOAA LOs. The break-out groups identified and prioritized the key synergistic
activities across the NOAA strategies which are summarized in Table 5.1, and the following focus areas
were discussed for improving coordination of the synergistic activities across the NOAA strategies for
applying emerging science and technology:
Data and cloud services: The foundation for each of the NOAA strategies on emerging science and
technology are the NOAA Data and Cloud Strategies. As NOAA increasingly expands the application of
emerging science and technology, the volume of data will dramatically increase. Therefore, the top
priority is to improve data access and dissemination to ensure high quality and timely scientific
products and services. While the NOAA Data Strategy will build a culture that values high quality data
as an asset that is openly and widely accessible, the NOAA Cloud Strategy will enhance on-demand data
access and computing services with broad network access and resource pooling to provide the
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necessary agility and measured service to accomplish the NOAA mission in a timely manner.
Furthermore, these data and cloud initiatives can increase data access for the wider community for
knowledge discovery, which provides added value to the NOAA data enterprise. It is recognized that an
organizational culture shift will be required as NOAA collectively works to establish a default
architectural end-state for NOAA’s data and cloud services to improve data access and analytical tools
for AI applications, and this should include promoting partnerships on the creation of data and cloud
sandbox capabilities to enable AI innovations.
Governance: Each NOAA strategy addresses upfront in their Goal 1 the importance of establishing an
oversight committee with equivalent NOAA LO representation, especially in regard to the prioritization
and funding opportunities. Various governance models within NOAA were discussed, and there was
agreement that the governance model should support the program integration and organizational
culture shift required for implementing the strategic plans while avoiding unnecessary bureaucracy.
For the NOAA AI Strategic Plan, governance will likely include an oversight committee composed of
equivalent NOAA LO representation and the proposed NCAI. The NOAA approving body is yet to be
determined, and it is recommended that a NOAA Science and Technology Synergy Committee be
formed to ensure the synergistic activities of the NOAA strategies on emerging science and technology
are coordinated as a unified approach.
Workforce development: There was agreement that enhancing workforce proficiencies for each NOAA
strategy is a priority and is interconnected. Over the years, NOAA has prioritized training to advance its
modeling capabilities. Today, NOAA needs to expand its training opportunities to include the priorities
on the interdisciplinary nature of the NOAA strategies on emerging science and technologies. Through
NOAA’s cooperative agreements and centers of excellence, the agency will need to invest in its existing
workforce and next generation of experts to remain proficient with emerging science and technology.
Leveraging partnerships: Expanding partnerships was a requirement across each NOAA strategy, and
there is recognition that this needs to be improved at all levels within the agency. The NOAA LO
organizational structure has created barriers for sharing resources; therefore, an organizational
governance body or council is needed to support collaborative synergy across the NOAA strategies.
Furthermore, NOAA will need to leverage private and academic partnership to benefit from the
innovations of the rapidly evolving science and technology.
Research to operations: NOAA investments should be mission-driven and strive for operational
efficiencies for timely delivery of the best scientific information available to serve the public. A common
framework of shared resources would enhance the agency’s ability to transition research to
applications. Each strategy would benefit from utilizing testbeds and proving grounds to establish
guidelines and frameworks to transition research into operations.
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Table 5.1. The synergistic activities among the NOAA strategies on emerging science and technology were
identified and ranked during the workshop breakout session 1.
Synergistic activities among the NOAA strategies
Data and cloud services:
• Data and Cloud synergy for access and dissemination, shared computing
• Compute capacity (big data, cloud hosting, private partners)
• Cloud sandbox for AI
• Data synthesis, exploit big data
• R2X cloud-based applications for AI
• Resource sharing for Data/Cloud platforms
• Software sharing by NCAI
• Access to data characteristics (format, standards, storage stewards)
Governance:
• Leveraging lessons learned (e.g., EPIC)
• Program integration & culture change, joint program execution & prioritization
• Governance – What is the best model? Evaluate existing governance bodies
• Promote collaborations & funding across NOAA LOs
• Collaborations among NOAA strategies
Workforce development:
• Leverage NCAI for workforce development (technical & mgmt.)
• Training & shaping our future workforce, future position descriptions
Leveraging partnerships:
• Ensure external partners help define requirements, community engagement
• Leveraging private & academic partnerships
• Ease of access (acquisition/contracting) to industry
Research to operations:
• Common framework for research to applications
• Enable innovation & new capabilities
• Experimentation & proving grounds
• Optimize sensing strategies and automated operations (UxS)

Ranked
priority
18.6
7.3
3.6
2.2
2.2
1.2
0.9
0.9
0.3
9.9
3.1
2.8
2.2
1.2
0.6
7.9
4.8
3.1
8.0
3.1
2.8
2.1
5.7
2.6
2.2
0.6
0.3

Each break-out group addressed the following trigger questions:
•
•

Which synergetic actions could support or be supported by the NOAA AI Strategic Plan?
What resource-sharing opportunities across the NOAA LOs might exist for these synergistic
actions?

Supportive actions for the NOAA AI Strategy: The NOAA Data and Cloud Strategies are considered to
be foundational for the NOAA AI Strategic Plan. The ability to apply AI analytics requires a large database
with machine readable metadata that is well described and allows an application programming
interface. The NOAA Data Strategy will modernize the NOAA data enterprise to improve open access
and use of AI analytical tools, while the NOAA Cloud Strategy will optimize the data architecture with
cloud storage and cloud computing tools to integrate AI capabilities.
Actions supported by the NOAA AI Strategy: The application of AI, including machine learning (ML)
analytics, supports each of the NOAA strategies and helps to address the NOAA big data challenge.
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Presently, there are nearly 200 ongoing NOAA AI projects, and about half of these projects have applied
AI to reduced data processing using ML automated detection and classification algorithms.
Furthermore, AI analytics have improved NOAA’s data assimilations and forecast modeling capabilities
using the NOAA environmental data enterprise. Emerging technologies (i.e., remote sensing,
atmospheric and oceanic observation systems, UxS, ’Omics, and Citizen Science) have dramatically
increased the volume of environmental data collections, and AI analytics provides the means to process
and analyze these data in a timelier manner in support of NOAA’s cross-functional missions.
Furthermore, AI will enhance knowledge discovery by the wider scientific community, thereby adding
value to the NOAA data enterprise. A summary of ongoing NOAA AI projects can be found in Section 7.6.

6 PANEL DISCUSSION 2: LEVERAGING SYNERGISTIC ACTIVITIES
Day 1 of the workshop concluded with a panel discussion composed of the presenters of the above
NOAA strategies. This session provided an opportunity for the panelists and participants to address
concerns and provide recommendations on how the synergetic actions of the NOAA strategies can be
collectively leveraged for the NOAA AI Strategic Plan. The questions for and responses from this panel
discussion are as follows:
Bill Michaels: What are the greatest concerns you have for bringing these strategies together with
respect to organizational efficiencies or inefficiencies?
Sid Boukabara: The organizational efficiencies can be realized through the synergy between the NOAA
strategies. The biggest risk is to execute these strategic actions in stove-pipes instead of a collaborative
approach. Perhaps we should have a pilot project with a common sandbox to demonstrate the
efficiencies of bringing the synergistic activities of the NOAA Data, Cloud, and AI strategies together.
Kim Valentine: It’s about communication. There are so many correlations and connections between
these strategies, and we need to expand our communications like we’re doing here today on the
importance of coordinating these strategic synergies across NOAA LOs.
Dave Layton: I agree communication is key. There is a high risk of replicating our on-premise
infrastructure in the cloud if we do not have a coordinated way forward. I would add, from the cloud
perspective, follow the money. As the agency invests in the cloud, we will need to address questions on
how best to provide this resource. How do we jointly fund and share a common infrastructure that we
can more effectively utilize? Our agency’s financial models are not organized to work collectively across
NOAA LOs, so how do we jointly fund that common service?
Jamese Sims: This workshop has successfully begun communications between the leads of the NOAA
strategies, and we need to continue these communications beyond this workshop. Monthly meetings
between strategy leads has been beneficial to learn more on how best to coordinate the synergy. A key
concern is how will the NOAA Strategic plans be executed collectively when many of the actions for each
plan will be dependent on funds within each NOAA LO. The recommendations on the synergistic
activities defined from this workshop and monthly meetings between the NOAA strategy leads must be
delivered routinely to senior-level support to maintain the momentum for executing the
implementation plans.
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DaNa Carlis: We must define where we want to be ten years from now as it pertains to the way we do
business. There’s a lot of conversation around planning for that. For example, the cloud can be viewed
as a disruptive technology today as we determine how best to migrate data to optimize cloud services.
This will effectively transform the way we operate 10 years from now. There are good examples
available for analyzing the cost-benefits.
Charly Alexander: An objective of the NOAA UxS Strategy emphasizes the need to improve data
management for the large volumes of data collected from UxS technology; therefore, we need to take
a fresh look at the service areas in NOAA to improve the efficiencies of data access and analytical tools
to deliver timely products. This includes the need to train our workforce and improve how we interact
with the private sector. The NOAA strategies will result in transformative changes during the next 10
years, and we need to gain the support of the agency’s sponsors. This is best achieved by working
together to reduce redundancy and improve operational efficiencies with coordination across the
NOAA LOs.
Eric Kihn: This requires an organizational cultural change, and there is concern that NOAA is structured
for LO success resulting in siloed projects. These strategies require each piece of NOAA to bring part of
the solution. How do we change the governance to enable the culture shift to achieve that success? The
technical piece takes care of itself, while the grand challenge is the organizational cultural shift needed
to collectively implement the NOAA strategies as a unified NOAA approach.
Mashkoor Malik: There are ongoing AI projects that are stove-piped with incremental advances
depending on individual project funding. Coordination across the NOAA LOs will potentially eliminate
redundancy and optimize resources. The question is how will the AI applications be prioritized and
funded? Is that a NOAA-wide decision or LO decision? How do we identify the low hanging fruit?
Eric Kihn: AI is already making advancements within the agency, and the two key components of Goal
1 in the NOAA AI Strategic Plan are to establish oversight with equivalent NOAA LO representation and
to facilitate coordination through the NCAI. The NCAI will serve as the AI center of excellence for NOAA
to enable a community of practice, increase awareness and access to best practices and tools, and
provide training opportunities. The NCAI will also work closely with the NOAA Data and Cloud Strategies
to develop a community of excellence around AI, and provide input to the NOAA AI Executive Committee
(NAIEC) to help prioritize and identify the low hanging fruit.
Dave Layton: The cloud smart migration goal will develop tools and guidelines to facilitate transition
of applications to the cloud and a business case template (best practice model) for moving to the cloud.
One objective is to develop tools and guidelines to facilitate the transition of applications to the cloud.
This includes identifying the characteristics of what you have today and what are the NOAA-wide
distributed requirements in the upcoming years.
DaNa Carlis: Each NOAA strategy needs to provide an effective governance structure that is
representative of the NOAA LOs with transparency and metrics. There are good examples in NOAA, like
top-down oversight with tiger teams to define a pathway to transition applications into operational
efficiencies. While our scientists only have so much time to engage in tiger teams, they have successfully
provided senior leadership business cases for why we should invest in pilot projects. This can help
leverage support and investment for the NOAA strategies.
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Hendrik Tolman: For the past two decades, NOAA scientists have struggled to work with external
collaborators outside of the NOAA firewall. If the NOAA data enterprise utilizes the cloud services, we
will have a more collaborative environment and be a more captive customer with improved
dissemination. Migrating to the cloud will occur incrementally during the next five years as we avoid
disruptions to operations and optimize workflow for forecast modeling. This comes back to AI because
cloud will give enhanced access to everybody, which will dramatically enable AI analytical capacity.
Bill Michaels: We can assume AI will be enabled in the cloud in the upcoming years, and cloud
computing will be a huge paradigm shift for the cost model. NOAA and each of its science centers will
need to prepare for this cost model, and I’m wondering, how much do we know about the
developmental costs for migrating to the cloud? Another question is how do we develop the tools and
guidelines to facilitate cloud-smart migration based on defined pathways to more efficient operations
and applications?
Jebb Stewart: There is a lack of understanding of what it actually costs because we do not have
experience for developing the cost model. We need to understand what a project of a certain scale
should cost before submitting proposals.
Hendrik Tolman: The eye opener to me is the largest cost tends to be the data egress of the cloud.
Ed Kearn: Egress is exactly why NOAA did the Big Data Project. There is a misconception that people
think the cloud is more expensive than our existing on-premise servers. The NOAA Big Data Program
has conducted pilot studies that demonstrated the cost, including data egress, is actually less
expensive. We have driven egress to zero on contract for the next 10 years. We need to eliminate the
organizational obstacles to move forward with the cloud.
Bill Michaels: Some researchers need cloud storage and computing resources; however, they have run
into administrative and bureaucratic barriers to utilize the cloud. On the other hand, other researchers
like the control of having their data and computing resources on regional servers to meet the mandatedriven science requirements for that region. How do we move forward with modernizing our agency’s
data enterprise and use of cloud to enable requirements-based AI applications?
Eric Kihn: People on the ground are excited about AI. The bottom-level excitement says let’s move
forward with AI without the organizational barriers, and the top-level excitement asks how we can help.
Emerging science and technology have dramatically increased the data volume and we need the AI
tools to address the big data problem. The question is, how do we improve the organizational culture
to move forward without creating additional bureaucracy?
Kim Valentine: Change often comes from the bottom up; therefore, training and recruiting workforce
proficiencies with the required skill sets are critical for the implementation of the NOAA strategic plans.
Hendrik Tolman: We have experience drowning stuff in governance in the government, and defining
the requirements from the solutions to decision support is a good approach. Presently, there are too
many stove-piped initiatives and projects, and the NOAA strategic plans will enhance collaborative
efforts across the NOAA LOs. There must be a balance with establishing a collective governance and
decision process, while not creating a free-for-all.
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Ben Richards: We’ve seen that no level can be less restrictive than the level above them, and it appears
that each level chooses to be more restrictive to justify their existence. This can be restrictive to
researchers doing their work. All levels must understand their job is to facilitate and not restrict.
Bill Michaels: Agree, each level must strive to support researchers to expedite the products and
services of high integrity that support the agency’s mission. Transitioning research and development
into operational efficiencies is the valley of death that requires additional resources, and researchers
can gain support by including the business case with cost-benefit analyses.
Dave Layton: The cost-benefit analysis is needed for migrating to the cloud. There needs to be a costmodeling tool that evaluates current services cost with cloud services. In recent years with data center
consolidation efforts, we attempted to identify operational costs. The results suggested cost savings
were not the biggest benefit, but rather agility was the most important benefit.
Ed Kearn: You can do things in your own silo on the current system, while the Big Data Program has
attempted to evaluate the cost-benefits of current systems compared to the cloud. Most managers treat
labor as a sunk cost and do not get numbers on potential cost savings, so we tried to get at the cost
savings just in dissemination alone. We gave up because we could not get the numbers out of the NOAA
LOs, and some aspects of this are simply unknown. Our best guess is adopting the cloud can save the
agency between $9M and $50M per year. Another observation is the fear that any cost savings could
potentially disappear within a given NOAA LO budget.
Hendrik Tolman: The organizational culture change that will undoubtedly occur in the upcoming years
due to emerging science and technology. While this can be disruptive, we have examples of cases with
demonstrated benefits that speak louder than words. We need to improve communications to highlight
the cases where collaborative efforts with partners have made a difference. Furthermore, the balance
between focus and diversity of perspectives have also moved the cultural shift to more effective
operations.
Ed Kearn: There is also a need to improve the efficiencies of the contractual acquisition process, and
NOAA has been establishing the Other Transaction Acquisition (OTA) process which provides a more
expedited process not constrained by the Federal Acquisition Regulations. The OTA will be evaluated in
a new and satellite-focused initiative to enhance the NOAA architecture and data enterprise.
Bill Michaels: Today’s discussions were informative on the synergistic activities among the NOAA
strategies on emerging science and technology, and our vision for where NOAA needs to be strategically
for the upcoming years. Tomorrow, we will discuss the actions of the NOAA AI Strategic Plan and which
actions will support or be supported by these synergistic activities. This requires an organizational
culture shift from an agency that is structured for LO success to one that collectively enhances
operational efficiencies. The first day of the workshop is adjourned, and participants are invited to the
workshop social event to continue discussions on how to proceed with tomorrow’s workshop agenda
and breakout sessions.
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7 NOAA AI STRATEGY GOALS AND ACTIVITIES
The second day of the workshop focused on identifying actions of the NOAA AI Strategic Plan, including
the business case for establishing the NOAA Center for AI. The synergistic activities identified from the
first day will be incorporated into this framework.

GOAL 1: ORGANIZATIONAL STRUCTURE AND OVERSIGHT (FRANK INDIVIGLIO)
Similar to the other NOAA strategies, Goal 1 of the NOAA AI Strategy focuses on the organizational
governance and supportive processes to execute actions of this plan. The Goal 1 presentation outlined
five objectives (Fig. 7.1), and three key components of the proposed governance structure include:
•
•

•

NOAA AI Executive Committee (NAIEC) composed of NOAA LO representation with well-balanced
perspectives to provide oversight for the execution of the NOAA AI Strategic Plan.
NOAA Center for AI (NCAI) to facilitate awareness and coordination of AI efforts across the agency.
The NCAI will provide a centralized repository for guidelines on AI-ready data and tools, training
resources to accelerate AI, and will build a community of practice across NOAA and with its partners.
NOAA approving body, possibly the NOAA Research Council, for NAIEC recommendations and
pertinent policy decisions of the NOAA AI Strategy. This approving body can also ensure coordination
of the synergistic activities among the NOAA strategies for emerging science and technology.

Figure 7.1. The objectives in Goal 1 of the NOAA AI Strategy address the requirements to establish efficient
organizational structures and processes to advance AI applications across NOAA.
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Further discussions will be needed on the need for technical input from the NOAA LOs, developing the
business case for the NCAI, prioritization for budget formulation, communications with congressional
subcommittees and external partners, and the supportive activities of the NOAA strategies. The NOAA
data and cloud strategies are particularly important for enhancing data accessibility and workflow to
enable AI applications. There is recognition that the other goals of the plan are highly dependent on the
governance structure to be established. This presentation can be found in Appendix 12.10.

GOAL 2: ACCELERATE AI RESEARCH AND DEVELOPMENT (V. KRASNOPOLSKY)
There were five objectives presented for Goal 2 to advancing AI research and innovation across NOAA
(Fig. 7.2). This goal includes a range of interdisciplinary research including development of algorithms and
tools for applications such as data processing efficiencies with automated detection and classification
toolkits, and improvements in data assimilation and predictive modeling. NOAA’s investments in research
and development of innovative AI approaches should be guided by a requirement-based process and the
need to transition AI into operational efficiencies in support of the NOAA mission (Goal 3). Some
discussion points were highlighted in preparation for today’s breakout session (Fig. 7.3). The need to
expand collaborations with other agencies and partnerships (Goal 4) and improve NOAA’s workforce
proficiencies (Goal 5) are at the core of the AI implementation activities to accelerate AI innovations in
ecosystem and Earth system science. Refer to Appendix 12.11 for this presentation.

Figure 7.2. The objectives in Goal 2 of the NOAA AI Strategy address requirements to advance AI research
and innovation in support of NOAA’s mission.
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Figure 7.3. To advance AI research and development, there are key discussion points pertinent to the
requirements for data and cloud services, promoting innovation, expanding partnerships, and improving
workforce proficiency.

GOAL 3: TRANSITION AI RESEARCH TO OPERATIONS (HENDRIK TOLMAN)
An overview of the Goal 3 objectives was presented to prepare for breakout discussions on actions to
enable rapid AI transition across NOAA as a unified approach in research to operations (Fig. 7.4). The
evolving AI technology requires requirement-based holistic projects that are business-case driven, employ
agile development, and apply evidence-based decision making. Scientific and technical standards for
establishing AI-ready data and training procedures are necessary to validate the performance and assess
bias of models to ensure delivery of high-quality and timely products for informed policy decisions. The
formalized scientific, technical, and policy standards relevant to AI will need routine evaluation and
updates to remain current with the rapidly evolving technology. Appropriate metrics should be
established to monitor the progress and benefits of AI applications. NOAA should utilize testbeds and
proving grounds to provide a mechanism to effectively evaluate research and standards for transition to
operations. NOAA will need to establish or allocate budgets to leverage partnerships and accelerate the
transition of AI research into operations. The last two objectives address the need to improve
communications and transparency to promote the dissemination of reliable and trustworthy AI products.
As a science-based agency, the top priority for NOAA is to maintain the integrity and credibility of the
scientific products and services provided to the public. This presentation on Goal 3 can be found in
Appendix 12.12.
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Figure 7.4. The objectives in Goal 3 of the NOAA AI Strategy address requirements to accelerate the
transition of AI research to applications.

GOAL 4: STRENGTHEN AND EXPAND AI PARTNERSHIPS (JEBB STEWART)
For today’s discussions, there are six objectives proposed for Goal 4 to strengthen and expand NOAA
partnerships for advancing AI research and development (Fig. 7.5). Partnerships serve as force multipliers
to optimize resources and collaborations for scientific and technological exchange that keeps NOAA
current in the evolving field of AI. Building partnerships across government, academic, industry, and
research institutions both nationally and internationally is critical to effectively achieve many of the
actions of this implementation plan. Equally important is partnering with the NOAA Data Strategy, NOAA
Cloud Strategy, and NOAA Big Data Program to leverage data and cloud services that are foundational for
enhancing AI-ready data access and workflows for AI analytics. As mentioned in Goal 1, the NCAI will have
an important role in creating a community of practice that promotes innovation to collectively accelerate
NOAA’s capabilities in AI. The objectives of Goal 4 specially focus on NOAA policies that can help expand
AI advancement through academic and private partnerships, as well as governmental cooperative
agreements. During today’s breakout sessions, we will need to discuss how best to utilize administrative
mechanisms that can leverage joint expertise, optimize collaborative investments, and facilitate scientific
and technical information exchange between NOAA LOs and other organizations. This presentation can
be found in Appendix 12.13.
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Figure 7.5. The objectives in Goal 4 of the NOAA AI Strategy address requirements to strengthen and
expand partnerships to advance AI applications in support of the NOAA mission.

GOAL 5: PROMOTE AI PROFICIENCY IN THE WORKFORCE (GREG DUSEK)
An overarching theme across all objectives in Goal 5 (Fig. 7.6) was the recognition that there is a cost
associated with providing good training, and that much of this work can be or should be directly supported
by NCAI (Goal 1). Five of the objectives for Goal 5 address approaches to improve NOAA’s existing
workforce through on-line training, academic and professional training opportunities, and rotational
assignments across NOAA LOs. The importance of identifying specific budget items focused on training
and workforce development is essential, as is ensuring the NCAI has the right expertise to support on-line
training and workshops to improve NOAA workforce proficiency in AI. Managers at the project level serve
as a primary mechanism to encourage employee involvement and hands-on training opportunities in AI,
and that training should be connected to mission priorities. This can also include collaborative
opportunities with experts at academic and industry institutions. NCAI can assist with its efforts to
establish a community of practice in AI. Furthermore, developing workforce proficiency is a common goal
in each of the NOAA strategies on emerging science and technology, and training requirements may well
be interdisciplinary and cross-cutting for these strategies. Lastly, there is an objective that prepares our
future workforce in AI proficiency by working with the NOAA Office of Education (NOAA OE) to create
student internships and encourage undergraduate and graduate students, including students from diverse
backgrounds and underrepresented groups, to engage in AI research pertinent for addressing NOAA’s
gaps and priorities. This presentation can be found in Appendix 12.14.
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Figure 7.6. The objectives in Goal 5 of the NOAA AI Strategy address requirements to promote AI proficiency
in the NOAA workforce.

SUMMARY OF NOAA AI DATA CALL (WILLIAM MICHAELS)
NOAA presently has about 190 ongoing AI projects as shown by a NOAA AI data call administered during
February 2020. This NOAA data call provided information on existing AI project description, principal
investigator, partnerships, anticipated budget requirements, and Technology Readiness Level (TRL).
While the NOAA AI Data Call may not have captured all of NOAA’s AI efforts, it provides useful
information for drafting the NOAA AI Strategic Plan that can be useful for understanding priorities, gaps,
and the level of support needed. This data call points to two drivers for NOAA’s AI efforts; the need
addresses the big data challenge by accelerating data processing with AI automated detection and
classification, and ongoing efforts to improve data assimilations and forecast predictions (Fig. 5.1).
NOAA AI projects also apply AI technology to a variety of data types found in NOAA’s environmental data
enterprise which highlights NOAA’s interdisciplinary scientific leadership in ecosystem and Earth
science (Fig. 5.2). Noteworthy is that about 25% of NOAA AI efforts have advanced to being fully
operational (TRL 8 and 9) to provide higher quality and more timely scientific products and services
(Fig. 5.3). Further efforts are needed to improve the tracking of the NOAA AI efforts and metrics, increase
awareness and collaborations, and to optimize resource sharing. This presentation can be found in
Appendix 12.15.
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Figure 7.7. NOAA has made significant progress in the application of artificial intelligence (AI) and
specifically machine learning (ML) analytics. There are two key drivers in NOAA’s application of AI-ML;
the need to improve data assimilation and forecast modeling, and need to accelerate the data
processing of big data collected from emerging technologies.

Figure 7.8. NOAA has applied AI-ML to a variety of environmental data, demonstrating its
interdisciplinary research and operational capabilities in support of its cross-functional mission
requirements.
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Figure 7.9. NOAA’s efforts to apply AI-ML to its cross-functional mission requirements are at various
Technology Readiness Levels (TRLs). Approximately 38% of the NOAA AI projects have reached the TRLs
1-4 which represent the research and development to proof of concept, and about 37% of the NOAA AI
projects are in the TRLs 5-7 transitional phase before operationalizing AI technology. Approximately
25% of the NOAA AI projects have reached the TRLs 8-9, which is the final phase of bringing AI
technology into routine operations.

8 BREAKOUT SESSION 2: ACTIONS FOR THE NOAA AI STRATEGY
The second breakout was conducted during the morning of Day 2, and three breakout groups were
tasked to identify the key actions and resource-sharing opportunities for each goal of the NOAA AI
Strategy. Participants (Appendix 12.2) were divided into three breakout groups to ensure balanced
perspectives and representation from the NOAA LOs. The following trigger questions guided the
discussions for the breakout groups:
•
•
•

What are the key actions for the objectives of each goal of the NOAA AI Strategy?
Identify NOAA LOs’ engagement for each of these key actions.
What resource-sharing opportunities might exist across the NOAA LOs for key actions?

While discussing these questions, participants were asked to consider the synergistic activities of the
NOAA strategies that were identified on Day 1. Upon completion of breakout session 2, participants
were asked to prioritize the key actions across the goal areas (Tables 8.1 through 8.5). The leads of each
breakout group provided the following report-outs of key actions, prioritization, and recommendations
for developing the framework of the NOAA AI Strategic Plan.
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BREAKOUT DISCUSSION ON ACTIONS FOR GOAL 1:
Participants discussed key actions for Goal 1, and considered the highest priority to define actions for
NOAA executive-level engagement through the oversight of the NAIEC (Table 8.1). It was recommended
to insert Objective 1.0 with the action to define the oversight role, terms of reference, and membership
of the NOAA AI Executive Committee (NAIEC) as the first action in FY2021. The NAIEC membership
should have equal representation from each NOAA LO to provide the necessary balance in perspectives
to empower collaborative efforts across the agency. The next priority was to ensure governance
included a mechanism to enable coordination of the synergistic activities across the NOAA strategies,
especially for the NOAA Data and Cloud Strategies. This could be achieved by expanding the scope of
the NOAA approving body, possibly the NOAA Research Council, and to establish a NOAA science and
technology synergy committee that communicates routinely. There was considerable discussion on
how to establish the prioritization process with the NAIEC that equally evaluates the priorities and gaps
of each NOAA LO. This process will likely require technical input from experts from each NOAA LO;
therefore, discussions included the need to define the terms of reference for a NOAA AI working group.
There are different approaches to meet this requirement; establish a working group of volunteer
experts from each NOAA LO to address technical tasks as needed, and embedded representative
experts for each NOAA LO within the NCAI. There was consensus that establishing the NCAI was essential
for the success of the NOAA AI Strategic Plan as specified in Objective 1.1. The NCAI will serve as the
focal point of the plan to improve AI awareness and coordination across the agency. Priority was placed
on the NCAI facilitation role to serve as a repository for guidelines on AI-ready data and tools, workforce
training, and to establish a community of practice across NOAA and with external partners. The NCAI
can also play an important role in leveraging principles and partnerships with the NOAA Data and Cloud
Strategies.
Table 8.1. Key actions for Goal 1 objectives for the NOAA AI Strategic Plan were identified and prioritized
during the workshop breakout session 2. *It was also recommended that an objective be added to define the
oversight role of the NOAA AI Executive Committee.
Key actions for the NOAA AI Strategic Plan
Goal 1. Establish efficient organizational structures and processes:
1.0. Recommend adding an objective for the NOAA AI Executive Committee oversight
1.1. Explore the establishment of a NOAA Center of AI (NCAI)…
• Repository to increase accessibility for AI-ready data, tools, and guidelines
• Facilitate partnership and cooperative agreement opportunities
1.2. Develop technical working groups… NOAA line office experts… Executive Comm.
• Expert NOAA LO representation to identify AI requirements and gaps
• Determine terms of reference for AI transitional activities
1.3. Prioritize AI-based approaches… in budget formulation guidance…
• Prioritization process for budgetary formulation
1.4. Include discussion of NOAA AI activities in NOAA executive-level engagement…
• Governance structure and oversight, and evaluate examples in good governance
1.5. Leverage principles and partnerships in NOAA cloud and data strategies
• Shared training data and evaluate examples of data sets
• Define requirements for data standardization and processes
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*
4.1
3.8
0.3
4.0
3.1
0.9
4.5
4.5
8.9
8.9
6.5
5.3
1.2

BREAKOUT DISCUSSION ON ACTIONS FOR GOAL 2:
There was recognition that many NOAA scientists are presently engaged in AI research, as indicated by
the recent data call (section 7.6), and the NOAA AI Strategic Plan will accelerate these ongoing efforts
by leveraging the agency’s expertise, partnerships, and resources. Therefore, much of the discussion on
Goal 2 was interconnected to the need to transition AI research into operations (Goal 3), expand
partnerships (Goal 4), and build workforce proficiency in AI (Goal 5). Top priority for Goal 2 was the need
to identify and coordinate testbed and proving grounds to evaluate algorithms and model
performance, establish best practices, and to benefit from lessons learned for transitioning research
into operations (Table 8.2). Presently, most ongoing AI research projects are funded incrementally with
specific programs, and there is a need to establish NOAA-wide funding to support more collaborative
testbed and proving ground opportunities. The second priority for Goal 2 is to establish a requirementbased process to leverage available assets, expertise, and resources. This should include prioritization
and gap analyses, and a roadmap that transitions AI research into operations. This is closely linked to
the need to build expertise within NOAA through scientific exchange, rotational assignments, and
training (to be discussed in Goal 5). The acceleration of AI research and development requires
expansion of partnerships across NOAA LOs and with external partners (Goal 4), and pertinent
discussions included topics such as clarity on intellectual property at the beginning of collaborative
agreements, support for scientific exchange and rotational assignments, and accessibility to data and
trustable training data.
Table 8.2. Key actions for Goal 2 objectives for the NOAA AI Strategic Plan were identified and prioritized
during the workshop breakout session 2.
Key actions for the NOAA AI Strategic Plan
Goal 2. Advance AI research and innovation:
2.1. Establish a requirement-based process to ensure AI research leverages…
• Identify current AI research priorities and capabilities
• Develop AI roadmap and standards for transitioning research to operations
• Evaluate advertisements and marketing comparisons
2.2. Prioritize AI-based approaches and support in NOAA federal research funding…
• Streamline process for establishing partnerships
• Establish liaisons with other agencies
2.3. Establish an annual research and development prize competition series…
• Identify paths and opportunities for prize competitions
• Data mining for knowledge discovery by the science community
2.4. Evaluate and execute various testbeds and proving grounds…
• Provide guidance and direction for testbeds and proving grounds
• Identify use cases for lessons learned
• Validation and verification guidelines for model performance and uncertainty
2.5. Encourage every prospectus for NOAA Cooperative Institutes (CIs)…
• Provide direction for AI research with NOAA academic agreements (e.g., CIs, CSCs)
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5.3
3.1
1.9
0.3
0.7
0.6
0.1
0.2
0.1
0.1
8.9
5.0
3.5
0.4
5.0
5.0

BREAKOUT DISCUSSION ON ACTIONS FOR GOAL 3:
Environmental research is often supported with individual project funding, yet transitioning research
into beneficial operational efficiencies tends to require additional funds, which is why the transition
phase is often referred to as the “valley of death.” For this reason, participants ranked the need to
establish a budget to transition AI research to operations as the most important action among all the
Goals (Table 8.3). This includes transitioning and maintenance costs to fully realize the benefits of
operationalizing innovations, and leveraging public-private partnerships. There was considerable
discussion on whether this requirement can be covered by a NOAA-wide budget or a need to leverage
NOAA LO funding. The matrix program model might be an approach to leverage NOAA LO funds, and it
was suggested the NOAA Coral Reef Conservation Program model might be a good example. There was
recognition of other mechanisms at the NOAA LO level, such as Program Change Summary, which often
has better success in receiving funds. The agency should explore options for leveraging interagency
funding opportunities. The second priority for Goal 3 was to address aspects of transitioning AI into
operations, such as the prioritization, gap analysis, business case and metrics for defining success upfront to help prioritize wise investments. Always start with the end in mind to ensure a successful
operational outcome. Existing testbeds can serve as an approach for evaluating success, and should be
linked to programmatic decisions. The focus should include a number of diverse tools for the right
business models, with guidelines and standards. This will need interdisciplinary teams with different
stakeholders that work together from research to operations. There will be rapid change in AI
technology, so being agile is important. There will need to be balance with support for maintenance
and upgrades for existing toolkits, while remaining agile to benefit from new advances in technology.
Table 8.3. Key actions for Goal 3 objectives for the NOAA AI Strategic Plan were identified and prioritized
during the workshop breakout session 2.
Key activities of the NOAA AI Strategic Plan
Goal 3. Accelerate the transition of AI research to applications:
3.1. Establish budget efforts to support the transition to operations…
• Leverage NOAA LO budget initiatives
• Establish NOAA-wide budget initiatives
• Define success and operational outcome up-front
• Leverage existing interagency funding opportunities
3.2. Transition to operations, commercialization, and academia…
• Evaluate and transition existing testbeds
• Support transition to operations and commercialization
• Define metrics (e.g., Readiness Levels)
• Define business case and governance support
• Standardization and maintain agility for rapidly evolving science and technology
3.3. Develop NOAA technical guidelines and standards…
• Define guidelines, and determine who defines guidelines (e.g., NCAI, EDMC)
• Evaluate gaps to guide research and development
3.4. Build AI awareness across NOAA line offices…
• Workshops, training, and seminars for scientific exchange
• Improve awareness and communications (NCAI)
3.5. Complete an annual report of NOAA AI research transitions…
• Disseminate annual report to inform NOAA LO on progress, gaps, and priorities
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18.8
7.0
6.9
4.6
0.3
12.7
5.8
2.8
1.2
2.0
0.9
4.0
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1.0
0.5
0.4
0.1
0.1
0.1

BREAKOUT DISCUSSION ON ACTIONS FOR GOAL 4:
The breakout group on Goal 4 agreed on the priority to expand and formalize cooperative agreements
among the NOAA LOs and with external partners to accelerate AI research and applications in support
of the NOAA mission (Table 8.4). Discussion focused on the actions to formalize partnerships at all levels
for accelerating NOAA’s mission-driven AI research and applications, including:
•
•
•
•
•
•
•

Support collaborative AI research and rotational assignments across NOAA LOs.
Identify liaisons to prioritize AI in NOPP project proposals.
Work with NSF institutes to expand collaborative AI efforts with research institutions.
Formalize public-private partnerships, using mechanisms such as CRADA and SBIR grants, and
enhance contract opportunities (e.g., streamlined Other Transaction Authority process).
Update NOAA agreements with Cooperative Institutions (CIs) and Cooperative Science Centers
(CSCs) to expand academic AI research programs, fellowships, and scholarships.
Support and engage in international scientific exchange and collaborations on AI applications.
Increase formal cooperative agreements with interagency partners (e.g., DOD, DOI, DOE, DHS),
including engagement with policy and advisory committees on AI, such as congressional and White
House subcommittees (e.g., NSTC).

For building trusting partnerships, there must be good understanding and agreement of the value
drivers between NOAA and its partners. NOAA has devoted considerable investment to transfer its
research and expertise for commercialization (e.g., SBIRs); however, NOAA must ensure its investments
help to transition AI research to operational efficiencies in support of the NOAA mission.
Table 8.4. Key actions for Goal 4 objectives for the NOAA AI Strategic Plan were identified and prioritized
during the workshop breakout session 2.
Key activities of the NOAA AI Strategic Plan
Goal 4. Strengthen and expand AI partnerships:
4.1. Prioritize AI-based environmental research in… NOPP project proposals…
• Engage NOPP liaison for collaborative AI research and development
4.2. Expand partnerships in AI-based environmental research with the academic…
• Expand academic partnerships in AI (e.g., NOAA CIs and CSCs)
• Support partnerships in data and cloud services infrastructure
• Request AI announcement in fellowship programs
4.3. Work with the NSF’s National AI Research Institute…
4.4. Increase the number of formal cooperative agreements… interagency…
• Engage internal NOAA line offices and expand interagency agreements
4.5. Formalize new public-private partnerships…
• Improve accessibility of data and tools through partnerships
• Mission focused engagement with end-users and stakeholders
• Document process to expand public-private interactions (e.g., CRADAs, SBIRs)
• Utilize NCAI to build community of practice to expand partnership opportunities
• International agreements for collaborations and sharing expertise
• Partner with foundations and philanthropic groups
4.6. Provide innovative and substantive contributions to policy…
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1.0
1.0
12.6
9.2
2.8
0.6
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1.6
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5.7
5.2
3.9
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0.9
0.1

BREAKOUT DISCUSSION ON ACTIONS FOR GOAL 5:
NOAA’s greatest asset is its workforce, so supporting the training of its dedicated professionals to build
the agency’s proficiency in AI is clearly a wise investment. An overarching theme across all objectives in
Goal 5 (Fig. 7.6) was the recognition that there is a cost associated with providing AI relevant training,
and some of the training can be facilitated by NCAI through online training, workshops, and seminars.
A number of NOAA training programs were identified that could be utilized to build the agency’s
workforce proficiency in AI, such as cooperative agreements with academic and private institutions,
scientific exchange, and rotational assignments (Table 8.5). Objective 5.1 to support online and onscene AI training for the NOAA workforce is closely linked with Goal 1 to establish the NCAI to facilitate
training opportunities. The importance of identifying specific budget items focused on training and
workforce development is essential, as is ensuring the NCAI has the right expertise to support training
for the NOAA LOs. To aid with this, it was proposed that the NCAI should have rotating experts from the
NOAA LOs who would spend a portion of their time assisting with training while performing cuttingedge AI research. Another suggestion for the NCAI is to fund exploratory research within NOAA (e.g.,
NOAA High Performance Computing and Communications Incubator Program). This can support AI
development, and serve as a primary mechanism to encourage employee involvement and hands-on
training opportunities.
Table 8.5. Key actions for Goal 5 objectives for the NOAA AI Strategic Plan were identified and prioritized
during the workshop breakout session 2.
Key activities of the NOAA AI Strategic Plan
Goal 5. Promote AI proficiency in the workforce:
5.1. Provide increased online and on-scene AI training…
• Learning Center with curated on-line AI courses
• Create budget for AI training
• Training to build proficiency in creating AI-ready data and test sets
• NOAA AI seminars and training workshops
• Broad and focused AI relevant training for scientists, managers, and leaders
• Build knowledge-based analytical tools
• Hire expertise to develop and administer AI relevant training
5.2. Focus the assignments in the NOAA Rotational Assignment Program (NRAP)…
• Create collaborative and competitive assignments
• Promote rotational assignments to build and share AI expertise across NOAA LOs
5.3. Support AI-related graduate degree, professional development…
5.4. Support and lead collaborative events such as conferences, workshops…
• Host AI workshops at science and technology conferences for scientific exchange
• Collaborative AI training workshops
5.5. Encourage graduate programs, internships, and cooperative student training…
• Fund research and development
• Target undergraduate students via cooperative training programs
5.6. Update individual development plans, position descriptions…
• Individual development plans to build AI proficiency, and update job descriptions
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14.5
6.5
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There was agreement that investments in workforce training must be aligned with the agency’s mission
priorities, and NCAI can help to assess what AI skills and capabilities already exist within NOAA and a
gap analysis can determine where additional skills are needed. The interdisciplinary aspects of AI
training will be interconnected with the other NOAA strategies on emerging science and technology
(e.g., data, cloud, UxS, ’omics). As NCAI builds a community of practice, training opportunities
supported by experts in academia and industry can be explored to support these cross-functional
mission priorities. Each NOAA LO should support professional development for their dedicated
workforce through individual development plans, graduate-level training, rotational assignments, and
scientific exchange. A proposal was made to utilize external “sabbaticals” and “visiting scholar”
programs for exchange with academia or industry, where NOAA employees can benefit from the
expertise in these sectors. Scientific exchange through active engagement in scientific conferences and
workshops is an excellent approach to build proficiencies through collaborative research and to remain
current with the evolving science and technologies. As specified in Objective 5.4 and Goal 4, the CI and
CSC agreements are important for training the agency’s next generation of professionals; therefore,
NCAI should coordinate with the NOAA Office of Education to ensure language related to AI is included
in existing CI and CSC programs. These programs should mentor both graduate and undergraduate
students, and it is also recommended we investigate starting a new internship program focused on AI.

9 BREAKOUT SESSION 3: NOAA CENTER FOR AI (NCAI) BUSINESS CASE
The final breakout session of the workshop was conducted during the afternoon of Day 2. The
workshop participants (Appendix 12.2) were divided into three break-out groups to identify the
responsibilities, infrastructure requirements, and business case for the NCAI to support the actions of
the NOAA AI Strategic Plan. Each breakout group was comprised of balanced perspectives from each
NOAA LO, and tasked to address the following trigger questions:
•
•

How should the NCAI support the actions and requirements of the NOAA AI Strategy Plan and
synergistic activities of the other NOAA strategies?
What type of infrastructure and NOAA LOs engagement are needed for the NCAI?

The breakout session leads presented lists of key recommendations, and the participants ranked the
lists generated from the breakouts. The ranked results from breakout session 3 (Table 9.1), and the key
recommendations are summarized in the following categories.
NCAI as a service: A crucial organizational objective of the NOAA AI Strategic Plan is to establish the
NCAI to enable coordination of AI research and applications among the NOAA LOs (Objective 1.1). Since
NCEI has experience as NOAA’s largest repository of environmental data, it is recommended that the
NCAI reside at the NCEI. Participants considered a high priority for the NCAI was to improve awareness,
engagement, and knowledge sharing among the NOAA LOs and external partners (Table 9.1). Further
discussions on NCAI’s role in developing a community of practice and training will be discussed in the
upcoming categories. The NCAI should be established as a service while minimizing bureaucracy, and
can also be supportive to the other NOAA strategies, especially in regard to the NOAA Data and Cloud
Strategies.
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Table 9.1. Key business case activities for the NOAA Center of AI (NCAI) identified during breakout session 3.
Priorities for NCAI business case
NCAI as a service:
• Communicate NOAA LO priorities for external engagement and knowledge sharing
• NCAI as a service and minimize unnecessary bureaucracy
• Define and facilitate coordination across NOAA LOs
• Facilitate synergy for NOAA strategies on emerging science and technology
• Coordinate grant processes to accelerate AI research and applications
Facilitation of training:
• Rotate AI experts across NOAA LOs for NCAI support and collaborative research
• Programmatic coordination of workforce training across NOAA LOs
• Create and make available AI-relevant training courses and resources
• Establish an AI help desk
• AI internship programs with academic and industry institutions
• Fund AI incubator projects for training activities
• Gap analysis to define AI proficiency skill requirements
Prioritization process:
• Engage in gap analysis and provide recommendations to resolve gaps
• Communicate priorities (bottom-up vs. top-down) for NOAA LO research goals
• Provide input to NAIEC for prioritization for internal and external funding
• Assist with defining metrics and desired benefits
• Facilitate grand challenges
• Define scale and size to meet objectives
Coordination to transition research into operations:
• Facilitate testbed and sand-box opportunities
• Provide annual report on matching research to operational priorities
• Define end-to-end research to commercialization (data call, toolbox, end-product)
• Provide pilot toolbox with infrastructure resources
• Facilitate end-user requirements
Community of practice for partnerships:
• Coordinate with NOAA Office of Education to establish CI and CSC agreements for AI
• Leverage external partnership opportunities
• Engage in interagency coordination with other AI centers
• Create metrics for partnership value
• Document and track existing partnerships, and expand partnerships
• Broker between NOAA LOs and stakeholders
• Establish CRADAs and contracts to expand public-private AI partnerships
• Engagement expertise across NOAA LOs in defining standards and best practices
Advance AI research:
• Facilitate innovative research
• Coordinate basic AI user research
Data services:
• Provide resources for developing AI-ready data and training set repository
• Communications to increase awareness and coordination of shared data services
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Facilitation of training: To be included in Goal 5, the top priority was to establish the NCAI as a center
for AI excellence by facilitation of AI relevant training (Table 9.1). The NCAI should work with the NOAA
LOs to evaluate available AI expertise and conduct a gap analysis to direct development of its AI training
program. This program should include on-line courses, hands-on workshops, and facilitation of
scientific change opportunities for NOAA LOs and external partners. The NCAI facilitates
communications and establishes a list of resources including the dissemination of guidelines on best
practices for AI research. NOAA researchers would benefit by establishing an AI help desk. NCAI can also
coordinate with NOAA rotational assignments at the NCAI to share expertise and with external partners
to gain expertise to expand NOAA’s workforce proficiency in AI.
Prioritization process: There were discussions about how priorities will be defined for the NOAA LOs.
While the NAIEC and NOAA approving body will have a role in decisions related to priorities, the NOAA
LOs will define and negotiate their priorities. The NOAA LOs need to define their priorities for
transitioning AI research to operations, and the upstream and downstream communications within
each NOAA LO is necessary to document emerging capabilities and needs. NAIEC will work with the NCAI
(Objective 1.1) and technical working group (Objective 1.2) to solicit feedback from the NOAA LOs on
their priorities and gaps. This process can be enabled through the NCAI’s role to improve awareness,
guidelines, and communications across the NOAA LOs and its partners. NCAI can administer data calls,
conduct gap analysis, and open communications across the NOAA LOs to understand who is engaged
in AI research and how they can collaborate with those transitioning AI into operations.
Coordination to transitioning research into operations: Supportive of Goal 3, the NCAI can play an
important role to evaluate and match ongoing AI research to operations across the NOAA LOs, and
disseminate an annual report summarizing pertinent progress and recommendations. NCAI can also
help to facilitate sandbox and testbed opportunities, and coordinate engagement in pilot toolbox
efforts with data and cloud infrastructure resources. Pertinent to both Goals 3 and 4, the NCAI can help
to define end-to-end research for commercialization as well as end-products in support of the NOAA
mission.
Community of practice for partnerships: There was consensus that the NCAI would play an important
role for Goal 4 to develop a community of practice for AI across the NOAA LOs (Table 9.1). This
community of practice would include tracking and building relationships with external partners (e.g.,
interagency, academic, private, and international institutions), including the synergistic activities of the
NOAA strategies on emerging science and technologies. Improving awareness on public-private
partnership opportunities (e.g., CRADAs, SBIRs, and contracts) and partnership value metrics is another
priority for building a community of practice.
Advance AI research: Pertinent to the community of practice, it was recommended that NCAI explores
ways to engage the end-users with collaborative AI research to ensure effective transition and desired
end-products. Presently, many of the ongoing AI projects are stove-piped. For this reason, the NCAI can
improve awareness and collaborative opportunities across the agency for organizational efficiencies.
Data services: NCAI can help to increase awareness and coordination of shared data and cloud
resources supporting the scalability of AI, while recognizing some degree of separation will be needed
between the IT, data-centric, and AI-centric infrastructure.
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10 PANEL DISCUSSION 3: CONCLUDING SESSION
During the two-day workshop, contributions of the NOAA strategy leads and participants successfully
identified key actions and synergistic activities through the presentations, breakout sessions, and
discussions. During this closing panel discussion, the participants were tasked to ask the panel some
difficult questions of concern that may exist for drafting the NOAA AI Strategic Plan.
Bill Michaels: In two sentences, we ask the participants to present the panel with questions of what
you are most concerned about.
Frank Indiviglio: It is clear the NCAI is a central component of the organizational structure of the NOAA
AI Strategy, and it will be supporting many aspects of each Goal. However, one could argue that it is still
not clear how the NCAI will be supporting the AI priorities across the NOAA LO missions.
Eric Kihn: The NCAI will communicate among the NOAA LOs to assess priorities and gaps, develop a
community of practice within the agency and with its partners, and facilitate collaborative efforts for
rapid adoption and acceleration of AI in our organization. Additionally, we will remain current and agile
to take advantage of the evolving AI technology. We do not want to end up 15 years behind industry like
we presently are with adopting cloud.
Jebb Stewart: Where is the value of the NOAA AI Strategic Plan and why do we need the NCAI when I
can already conduct AI research in my program?
Ben Richards: Yes, many of us are already conducting AI research and some have transitioned AI into
more effective operations at a large cost. Unfortunately, most AI projects to date are stove-piped which
is very inefficient. The intent of the NCAI and the implementation plan is to improve awareness, foster
collaborations, and more effectively utilize shared resources to eliminate redundancy. This collective
approach is a force-multiplier for success.
Greg Dusek: Each of the NOAA line offices are already doing training at some level, and so why should
we centralize training resources at the NCAI?
Hendrik Tolman: Yes, the NOAA LOs have a responsibility to train their workforce to remain current
and proficient in the sciences and technologies. During this workshop, participants clearly identified
the priority to address the need to improve workforce proficiency in AI and why do it six times if you can
do it once through a centralized resource center.
Hendrik Tolman: Every time we have a hard problem to address, we put together another
organizational structure which can result in unnecessary top-heavy bureaucracy. Why would the
proposal to establish the NCAI be different?
Jebb Stewart: NOAA is the most science-based organization in the government and has the largest
environmental data enterprise in the world. To remain competitive, NOAA must embrace innovation
through workforce proficiency and collaborative partnerships. We must avoid the pitfalls of designing
a center that serves mainly a single NOAA LO. The cost-effective solution is to improve awareness,
collaboration, and shared resources through a center of AI excellence. Note that other government
agencies are planning a similar approach, and NOAA is positioned to be a leader in AI.
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Sid Boukabara: Agree, we must avoid the pitfalls in the design of a center by leveraging what exists
already, centralizing what makes sense collectively for NOAA LOs, and improving awareness and
opportunities through a community of practice. We can also work closely and learn with other agencies.
Bill Michaels: This is a pivotal time where emerging science and technology is rapidly changing the
way we do business, and NOAA needs to adopt an organizational culture shift to optimize its resources
for operational efficiencies. Modernizing its data enterprise to utilize cloud computing and AI analytics
has already demonstrated efficiencies in timely delivery of higher quality products and services. There
are presently about 200 ongoing AI projects, but most are isolated efforts with duplication of effort. The
implementation plan and the NCAI are necessary for this organizational culture shift to achieve
organizational and operational efficiencies.
Kim Valentine: If there was no funding to support the NCAI, then how can we enable the NOAA AI
Strategic Plan through a decentralized initiative?
Eric Kihn: The NCAI as a center of AI excellence to improve awareness and facilitate AI efforts through
centralized resources is the critical component of the plan, and we need a NOAA executive council to
support this. While we are making incremental progress with siloed projects, some may believe we can
continue to make progress without top-down investment and organization. However, the agency is
clearly behind the outside community with the emerging science and technology in terms of
investment, organizational support, and workforce proficiency. I would say we are doing less today for
the American taxpayer by not embracing AI.
Charly Alexander: We need to be prepared for the question, is it better for NOAA to simply outsource
emerging science and technology?
DaNa Carlis: In some situations, we are outsourcing. For example, Congress is mandating that funding
for the EPIC initiative is used for external collaborations and software engineering functions to assist
NOAA with building the best numerical weather system in the world. However, we do not outsource our
science. As a science-based agency with mandates, NOAA must support its workforce proficiency to
analyze, interpret, and deliver its scientific products to a high standard of integrity and credibility.
Hendrik Tolman: If you outsource to industry, they strive to deliver for the profit margin. On the other
hand, NOAA has a mission to serve the public with the best available scientific information. The NOAA
AI Strategic Plan will expand public-private partnerships, and improve its organizational efficiencies
including workforce proficiency to meet mission requirements.
Bill Michaels: In the closing statement, appreciation is extended to the NOAA strategy leads and invited
participants who have contributed to the success of the workshop. On behalf of the participants, we are
thankful for the leadership and support of the Deputy NOAA Administrator/Assistant Secretary of
Commerce for Oceans and Atmosphere, Rear Admiral Timothy Gallaudet. During the upcoming months,
the results of this workshop will provide the framework for drafting the actions for the NOAA AI Strategic
Plan. Furthermore, the workshop also identified the need to coordinate the synergistic activities of the
NOAA strategies on emerging science and technology. The meeting is adjourned.
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11 CONCLUSION
Key actions were identified for developing a framework to draft the NOAA AI Strategic Plan, and some
of these actions included the need to coordinate the synergistic activities across the NOAA strategies
(i.e., Data, Cloud, AI, UxS, ’Omics, Citizen Science) on emerging science and technology. The invited
participants representing the NOAA LOs provided the leadership, technical knowledge, and wellbalanced perspectives for developing this framework, and included members of the NOAA AI
Executive Committee, leads for the NOAA strategies, and invited experts from each NOAA LO. The
opening statement of the Deputy NOAA Administrator and lead for these NOAA strategies, Rear
Admiral Timothy Gallaudet, emphasized that we are in the second age of technology that was initially
enabled by government agencies, but now innovation is led by the private sector. Therefore, building
the agency’s partnerships and workforce proficiency is key. NOAA is a science-based agency with the
largest environmental data enterprise in the world and has the most mandates for environmental
stewardship of any federal agency. Therefore, NOAA has a responsibility to embrace these strategic
initiatives on emerging science and technologies to effectively serve the public and remain a world
leader in Earth science.
To accomplish organizational and operational efficiencies with the AI applications, the top priority is
to establish the necessary governance to effectively execute the actions of the NOAA AI Strategic Plan
and ensure synergy among the NOAA strategies. The Goal 1 recommendations pertinent to this
priority include:
•
•

•

•

The NAIEC should consist of balanced representation from each NOAA LO to effectively serve as
the oversight committee for executing the actions of the implementation plan.
The NCAI should be supported to serve as NOAA’s center of excellence for facilitating awareness,
coordination, and collaborations to accelerate AI research and applications across the NOAA LOs.
Funding is needed to support the NCAI distributed functions to build a community of practice
supporting the NOAA LO mission priorities, while establishing centralized resources for guidelines
on AI-ready data, analytical tools, and training to build the agency’s workforce proficiency in AI.
The NOAA approving council (e.g., possibly the NOAA Research Council) is needed for approval of
recommendations and policies pertinent to the NOAA AI Strategic Plan, and expanded terms of
reference to ensure synergy across each of the NOAA strategies on emerging science and
technology for organizational efficiency. It is further recommended that a NOAA Science and
Technology Synergy Committee be established to ensure coordination and organizational
efficiencies of the synergistic activities among these NOAA strategies.
Recommendations also included the need for a national working group to provide AI expertise
from the NOAA LOs to assist the NAIEC and NCAI, as needed, with tracking progress, priorities, and
gap analysis across the agency. This could be accomplished by a combination of approaches such
as expert volunteers from the NOAA LOs, rotational assignments, and/or distributed positions
among the NOAA LOs that are supported by the NCAI depending on funding.

Throughout this report, there are several recommendations for each goal of the NOAA AI Strategic
Plan. A key recommendation applicable to each goal is that NOAA’s investments in AI must be
requirement-based in support of the agency’s cross-functional mission priorities. In other words,
decisions to invest in AI research should be driven by the need to transition developments into more
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efficient operations and desired end-products for the end-users. Associated with this is the
recognition that existing organizational barriers need to be removed to encourage innovation while
accepting a reasonable level of risk. NOAA is undergoing a paradigm shift, and we need to pivot to the
rapidly evolving technology.
Common to each of the NOAA strategies, recommendations were provided for Goal 4 to expand
collaborative partnerships across the NOAA LOs and with external partnerships. Building a community
of practice is a force-multiplier for transitioning emerging science and technology into organizational
and operational efficiencies. The NOAA Data and Cloud Strategies are considered foundational for the
NOAA strategies, while the NOAA AI Strategy provides the computational tools, such as machine
learning algorithms, to effectively address the big data challenge of the dramatic increase in data
collections from the emerging technologies. The NOAA LOs must collectively work together to share
expertise and resources, and to determine how best to expand public-private partnerships. An
important take home message is the need to build trusting relationships with partners, while avoiding
vendor lock so the agency can remain agile in the rapidly evolving technologies.
The NOAA workforce, composed of professionals with diverse backgrounds and experiences, serves as
our most valued asset. Clearly, the best investment is to train NOAA’s dedicated workforce to
integrate AI and other relevant disciplines in emerging science and technology. The recommended
actions for Goal 5 are deliberate steps that demand a diverse and inclusive workforce to reflect,
understand, and respond to the varied communities and stakeholders that NOAA serves. Participants
provided recommendations to expand the scope of existing NOAA training programs (e.g., CIs, CSCs,
fellowships) to build existing and future workforce proficiencies. Furthermore, the NCAI can also serve
as a center to provide on-line and on-scene training for AI and other relevant disciplines, such as data
science and cloud computing tools. Rotational assignments and scientific change at national and
international scientific forums can contribute to build collaborations and workforce proficiency.
This workshop has successfully begun communications between the leads of the NOAA strategies on
emerging science and technology, and we need to continue these communications beyond this
workshop. The NOAA AI Executive Committee will complete the NOAA AI Strategic Plan in the upcoming
months, while the NOAA strategy leads will communicate on the benefits of coordinating synergistic
activities as they develop their implementation plans.
The framework and recommendations from this workshop will help to establish the unified NOAA
approach in the development of the NOAA AI Strategic Plan in coordination with the other NOAA
strategies on emerging science and technology, and NOAA is committed to maintain the momentum
for executing the implementation plans to maintaining NOAA as a world leader in atmospheric and
oceanic science.
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12 APPENDICES
APPENDIX 12.1. WORKSHOP TERMS OF REFERENCE AND AGENDA.
NOAA AI Strategic Plan Workshop
Civic Center, Fenton Room, 8525 Fenton Street, Silver Spring, MD 20910
February 27-28, 2020

Terms of Reference
The primary focus of this workshop will be to develop the framework of “The NOAA AI Strategic Plan.”
The workshop presentations, break-out sessions, and panel discussions will address the actions, NOAA
Line Office (LOs) engagement, and business case to achieve the objectives for each goal of the NOAA AI
Strategy:
Goal 1. Establish an efficient organizational structure and processes to advance AI across NOAA.
Goal 2. Advance AI research and innovation in support of the NOAA mission.
Goal 3. Accelerate the transition of AI research to operational capabilities.
Goal 4. Strengthen and expand AI partnerships.
Goal 5. Promote AI proficiency in the workforce.
The workshop will also evaluate the synergy between the NOAA Data, Cloud, Uncrewed Systems (UxS),
and ’Omics strategies to determine how the NOAA AI Strategic Plan can be supported or support the
NOAA strategies. The NOAA strategies are available at:
https://www.noaa.gov/media-release/noaa-releases-new-strategies-to-apply-emerging-science-andtechnology

Coordination across the NOAA strategies is necessary to make transformative improvements in NOAA’s
cross-functional mission requirements; therefore, the presentations, break-out sessions, and panel
discussions (refer to the agenda, guidance for presentations, and trigger questions) are designed to
provide recommendations on developing the NOAA AI Strategic Plan that optimizes coordination
among the NOAA LOs and synergy across the NOAA strategies. Furthermore, the success of the
workshop is highly dependent on the diverse, balanced and inclusive perspectives from expert
representatives across each NOAA line office (refer to the list of invited participants).
It is important to note that this is an internal workshop for NOAA invited participants, and the 2 nd NOAA
AI Workshop during April 20-24 will be the venue for NOAA and private sector to address partnerships;
https://www.star.nesdis.noaa.gov/star/meeting_2020AIWorkshop.php
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Agenda and Trigger Questions
Day 1, Thursday February 27: The objective for Day 1 is consensus building on the synergetic actions
of the NOAA strategies that can be mutually leveraged for the NOAA AI Strategic Plan.
08:30

Coffee

09:00

Welcome, terms of reference, facilitation, introductions

Bill Michaels, facilitators

09:15

Guidance for NOAA strategies and implementation plans,
and FY22 budget update.

RDML Timothy Gallaudet

Day 1 Guidance for NOAA strategies presentations: The Leads for each NOAA Strategy (i.e., AI, Cloud,
Data, UxS, ’Omics, and EPIC) will provide a brief overview of the goals and objectives, and then conclude
with key synergetic activities can support or be supported by the NOAA AI Strategic Plan. The intent is
to stimulate discussions for break-out sessions and panel discussions.
09:30

NOAA AI Strategy Overview

Jamese Sims

09:45

NOAA AI Center Business Case

Sid Boukabara, Eric Kihn

10:00

Break

10:15

NOAA Cloud Strategy Overview

Dave Layton, Tony Lavoi

10:30

NOAA Data Strategy Overview

Ed Kearns, Kim Valentine

10:45

NOAA UxS Strategy Overview

Charly Alexander

11:00

NOAA ’Omics Strategy Overview

Cisco Werner

11:15

NOAA EPIC Strategy Overview

DaNa Carlis

11:30

Panel Discussion 1: The panel will address questions on
the above presentations from the participants, and
discuss the ‘One NOAA’ approach and FY22 budget
request.

RDML Timothy Gallaudet
(Panel Chair); Leads from the
NOAA strategies.

12:00

Lunch

Day 1 Guidance for Break-out Session 1: Participants will be divided into break-out groups to identify
the key actions that are interconnected between the NOAA strategies, and which synergetic actions
should support or be supported by the NOAA AI Strategic Plan. Each break-out group will address the
following three trigger questions:
13:20

Break-out Session 1: Each break-out group will address:
(1a). What key objectives and actions between the NOAA
strategies are interconnected?
(1b). Which synergetic actions could support or be
supported by the NOAA AI Strategic Plan?
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The lead from each break-out
group will summarize the key
recommendations for the
following report-outs and
address questions during
panel discussions.

(1c). What resource-sharing opportunities across the
NOAA LOs might exist for these synergetic actions?
14:40

Report-out from lead of each break-out group

Break-out group leads

15:00

Break

15:20

Panel Discussion 2: Recommendations on how the
synergetic actions of the NOAA strategies can collectively
leveraged for the NOAA AI Strategic Plan.

RDML Timothy Gallaudet
(Panel Chair); Leads from the
NOAA strategies.

16:00

Day 1 closing remarks & Day 2 recommendations

Bill Michaels

16:10

Adjourn

16:15

NOAA strategies social to be held at the Silver Strings
Restaurant, 8630 Colesville Rd., Silver Spring, MD 20910

Invited participants

Day 2, Friday February 28: The overarching objective for Day 2 is to establish consensus among the
NOAA LOs representation and define the next steps for drafting the actions and NOAA LOs engagement
for the NOAA AI Strategic Plan, and to include the synergetic actions that can support or be supported
by the NOAA strategies.
08:30

Coffee

09:00

NOAA AI Strategic Plan – Next Steps

RDML Timothy Gallaudet

Day 2 Guidance on presentations of NOAA AI Strategy Goals: Selected NOAA AI Executive Committee
members will briefly highlight key actions for each NOAA AI Strategy Goal to encourage balanced
perspectives and discussions for consensus building during the following break-out session.
09:10

NOAA AI Strategic Plan – Goal 1: Organizational structure
and oversight

Frank Indiviglio

09:20

NOAA AI Strategic Plan – Goal 2: AI research

Vladimir Krasnopolsky

09:30

NOAA AI Strategic Plan – Goal 3: Transition of AI

Hendrik Tolman

09:40

NOAA AI Strategic Plan – Goal 4: AI partnerships

Jebb Stewart

09:50

NOAA AI Strategic Plan – Goal 5: Workforce proficiency

Greg Dusek

10:00

Summary of NOAA AI Data Call

Bill Michaels

10:10

Break

Day 2 Guidance for Break-out Session 2: Participants will be divided into break-out groups to identify
the key actions and NOAA LO engagement for the objectives of each goal of the NOAA AI Strategy, and
the following three trigger questions will guide each break-out group:
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10:30

Break-out Session 2: Each break-out group will address:
(2a). What are the key actions for the objectives of each
goal NOAA AI Strategy Goal?
(2b). Identify NOAA LOs engagement for each of these
key actions?

The lead from each break-out
group will summarize the key
recommendations for the
following report-outs and
address questions during
panel discussions.

(2c). What resource-sharing opportunities might exist
across the NOAA LOs for key actions?
12:00

Lunch

13:20

Report-out from lead of each break-out group

Break-out group leads

Day 2 Guidance for Break-out Session 3: Participants will be divided into break-out groups to identify
the responsibilities, infrastructure requirements, and oversight of the NOAA Center for AI (NCAI) to
support the key actions of the NOAA AI Strategic Plan, and the following three trigger questions will
guide each break-out group:
13:40

Break-out Session 3: Each break-out group will address:
(3a). How should the NOAA Center for AI (NCAI) support
the actions and requirements of the NOAA AI Strategic
Plan and other NOAA strategies?
(3b). What type of infrastructure and NOAA LOs
engagement are needed for the NOAA Center for AI?

The lead from each break-out
group will summarize the key
recommendations for the
following report-outs and
address questions during
panel discussions.

(3c). What are the oversight recommendations for the
NOAA AI Strategic Plan?
15:00

Break

15:20

Report-out from lead of each break-out group

Break-out group leads

15:40

Summary of Break-out Session 1 recommendations

Bill Michaels

15:50

Summary of Break-out Session 2 recommendations

Jamese Sims

16:00

Summary of Break-out Session 3 recommendations

Sid Boukabara

16:10

Panel Discussion 3: Concluding discussions and
recommendations for drafting the actions, NOAA LOs
engagement, and business case of the NOAA AI Strategic
Plan.

RDML Timothy Gallaudet
(Panel Chair); Presenters on
the goals and key activities of
the NOAA AI Strategy.

16:50

Closing statement

RDML Timothy Gallaudet

17:00

Adjourn
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APPENDIX 12.2. PARTICIPANT LIST.
The NOAA AI Strategic Plan Workshop was to the following invited participants to provide well
balanced perspectives and expertise from each NOAA line office and NOAA strategies. Members of the
NOAA AI Executive Committee are indicated by the asterisk.
RDML Timothy Gallaudet*
Jamese Sims
Charly Alexander*
Cisco Werner*
Tony LaVoi
David Layton
Ed Kearns*
Kim Valentine
DaNa Carlis
Bill Michaels*
Ben Richards
Nichole ‘Niki’ Rossi
Frank Parrish
Sid Boukabara*
Eric Kihn
Kevin Garrett
Alek Krautmann
Vladimir Krasnopolsky*
Hendrik Tolman*
Mark Miller
Stephan Smith
Greg Dusek*
Neil Weston*
Mark Osler
Hassan Moustahfid
Jebb Stewart*
Mashkoor Malik*
Venkatramani ‘Balaji’
Balaji
Frank Indiviglio*
John McDonough*

NOAA strategies, Lead, USEC, Deputy NOAA Administrator
NOAA AI Strategy, Co-Lead/ASOA AI Special Assistant OFCM
NOAA UxS Strategy, Lead, USEC/OMAO
NOAA ’Omics Strategy, Lead, NMFS
NOAA Cloud Strategy, Lead, OCIO
NOAA Cloud Strategy, Chair, OCIO
NOAA Big Data Program, Lead, OCIO
NOAA Data Strategy, Chair, NOS
NOAA EPIC Strategy, Chair, OAR
NOAA AI Executive Committee, Chair, NMFS
NMFS expert representative
NMFS expert representative
NMFS expert representative
NOAA AI Executive Committee, Co-chair, NESDIS
NESDIS expert representative
NESDIS expert representative
NESDIS expert representative
NOAA AI Executive Committee, NWS Representative
NOAA AI Executive Committee, NWS Representative
NWS expert representative
NWS expert representative
NOAA AI Executive Committee, NOS Representative
NOAA AI Executive Committee, NOS Representative
NOS expert representative
NOS expert representative
NOAA AI Executive Committee, OAR Representative
NOAA AI Executive Committee, OAR Representative
OAR expert representative (represents NOAA AI Executive
Committee member, Venkatachala ‘Ram' Ramaswamy*)
NOAA AI Executive Committee, OAR Representative
NOAA AI Executive Committee, OMAO Representative

Robert Nadeau
Chase Long
Sarah Margolis
Meredith Richardson
Derek Hanson
Catherine Chatfield
Karene Sutherland
Jason Philibotte

NOAA External Affairs, USEC
Rapporteur, NOAA Data Strategy, NOS
Rapporteur, NOAA/NMFS Data Modernization
Rapporteur, NOAA Data Strategy, OS
NOAA General Counsel, USEC
NOAA Facilitators
NOAA Facilitators
NOAA Facilitators
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Leads for NOAA
strategies

NMFS
representation

NESDIS
representation

NWS
representation

NOS
representation

OAR
representation
OMAO
representation

Other NOAA
representation
and facilitators

APPENDIX 12.3. NOAA AI STRATEGY OVERVIEW (J. SIMS)
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APPENDIX 12.4. NOAA CENTER FOR AI BUSINESS CASE (E. KIHN, S. BOURKABARA)
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APPENDIX 12.5. NOAA CLOUD STRATEGY OVERVIEW (D. LAYTON, T. LAVOI)
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APPENDIX 12.6. NOAA DATA STRATEGY OVERVIEW (K. VALENTINE, E. KEARNS)
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APPENDIX 12.7. NOAA UNCREWED SYSTEMS STRATEGY OVERVIEW (C. ALEXANDER).

70

71

72

73

74

75

76

APPENDIX 12.8. NOAA ’OMICS STRATEGY OVERVIEW (C. WERNER).
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APPENDIX 12.9. NOAA EPIC STRATEGY OVERVIEW (D. CARLIS).
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APPENDIX 12.10. NOAA AI STRATEGY – GOAL 1 (F. INDIVIGLIO).
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APPENDIX 12.11. NOAA AI STRATEGY – GOAL 2 (V. KRASNOPOLSKY).
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APPENDIX 12.12. NOAA AI STRATEGY – GOAL 3 (H. TOLMAN).
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APPENDIX 12.13. NOAA AI STRATEGY – GOAL 4 (J. STEWART).
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APPENDIX 12.14. NOAA AI STRATEGY – GOAL 5 (G. DUSEK).
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APPENDIX 12.15. NOAA AI DATA CALL SUMMARY (W. MICHAELS).

110

111

U.S. Department of Commerce
Wynn Coggins, Acting Secretary
National Oceanic and Atmospheric Administration
Benjamin Friedman, Acting NOAA Administrator
National Marine Fisheries Service
Paul Doremus, Acting Assistant Administrator
for Fisheries
www.fisheries.noaa.gov
OFFICIAL BUSINESS
National Marine Service Service
1315 E West Hwy, SSMC3, F/ST
Silver Spring MD 20910
Lorem ipsum

