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Introduction

Chairman Fletcher, Ranking Member Marshall, and Members of the Subcommittee - good afternoon
and thank you for the opportunity to address the subcommittee today. My name is Dr. Peter P. Neilley
and | am the Director of Weather Forecasting Sciences and Technologies at The Weather Company
(TWC), an IBM Business. | oversee a team of scientists and engineers that develop a broad suite of
technologies, including numerical weather prediction (NWP), that are used to create and distribute
weather products and services for our business. We serve a global footprint of individuals and businesses
through our branded products, including The Weather Channel, weather.com, and Weather Underground,
through a variety of global business specialized products serving the aviation, energy, retail,
insurance, transportation and agriculture markets, as well as through our distribution partners including
Apple, Google and Facebook. We routinely distribute over 30 billion forecast products each day to an
estimated 1-2 billion individual daily users worldwide. Our core weather products are created from a
proprietary forecast production engine that is heavily dependent on our own internal NWP capabilities
and on the output of NWP models operated by the National Oceanic and Atmospheric Administration
(NOAA) and other international weather services.

In addition to my role at TWC/IBM, | have served or actively serve on a number of committees, working
groups, and advisory boards involved in the development and creation of weather forecasting sciences and
services. This includes past chairman of the American Meteorological Society (AMS) Committee on
Weather Analysis and Forecasting, as well as service on numerous NOAA-related committees and working



groups including EISWG1, UMAC: and as co-chair of UCACN.3 More recently I am serving on the
Environmental Predication Innovation Center’s (EPIC’s) Community Workshop organizing committee. |
understand EPIC is the subject of today’s hearing and the focus of my comments herein.

My interests in advancing NWP capabilities for the nation are rooted in a deep, personal, and visceral
interest in the betterment of weather forecasting to serve society, as well as a professional interest in creating
superior weather products for TWC/IBM. It is from both perspectives that | address the subcommittee
today. Ialso believe my testimony is largely consistent with the summary findings of the EPIC Community
Workshop Organizing Committee presented at the end of the workshop held this past August.

State of NWP in the United States

The U.S. has the largest, broadest, and most diverse NWP community in the world, with activities occurring
in several federal agencies (including NOAA, NASA, DOE, and DoD), numerous national laboratories, a
large number of academic institutions as well as a growing number of commercial enterprises. As a result,
we have a broad set of national NWP capabilities, often tailored to the needs of the specific institution
hosting the activities.

Unfortunately, there is no unified national strategy that guides the investments in, development of, or
operation of NWP across the nation. While diversity in scientific advancement is a good thing, the extreme
diversity and breadth of NWP activities across the nation has actually led to underperformance in most of
our NWP capabilities. Our nation’s uncoordinated approach to NWP has resulted in broad capabilities that
are good, but often not great. As a result, our nation is significantly underprepared for, and less resilient
to, the impacts of weather and climate on our lives, economy and national security.

The issues identified above are also reflected at NOAA and the National Weather Service (NWS). NOAA
has a history of insular NWP development, creating and deploying a broad portfolio of NWP models that
has led to operational capabilities that are often less accurate than some international counterparts, a result
that has been widely analyzed and reported for decades. Fortunately, there have been considerable efforts
by NOAA over the past several years to simplify its NWP portfolio and to seek new NWP capabilities from
the broader community. The NWS’s implementation of the High-Resolution Rapid-Refresh model based
on a model developed by the National Center for Atmospheric Research (NCAR) now represents the world
standard in short-term (under one day) operational NWP. More recently, the NWS has transformed the
heart of its global medium-range (1-15 day) Global Forecast System (GFS) from an aged, home-grown
model to one first developed at Princeton University (the Finite Volume Cubed Sphere, or FV3). This
transformation is part of the Next Generation Global Prediction System (NGGPS) program and the
cornerstone of NOAA’s Unified Forecast System (UFS). It holds promise in reducing the accuracy gap
between NOAA’s global modeling capabilities and the current standard established by the European Range

TEISWG is the Environmental Information Services Working Group, a standing working group of NOAA’s Science
Advisory Panel.

2 UMAC is the UCACN Model Advisory Committee.

3 UCACN is the UCAR Community Advisory Committee for NCEP. UCAR is the University Corporation for
Atmospheric Research and NCEP is the National Centers for Environmental Prediction, one of the major divisions
of the National Weather Service.



for Medium Range Weather Forecasting (ECMWF). However, alone it is likely insufficient to achieve or
sustain NWP superiority for the nation.

A Collaborative Approach to NWP Superiority

While the recent NWP modernization efforts at NOAA are encouraging, they represent only a small fraction
of what NOAA and this nation could achieve with a more coordinated and holistic approach to NWP
development and deployment. Stakeholders and participants across the NWP community have agreed on
this for more than a decade, and it has been reflected in numerous studies and reviews. This approach
would create new paradigms, institutions and cooperative cultures that foster collaborative, efficient and
effective NWP development across the nation. It would also create processes by which the broader NWP
community can rapidly inject scientific and technical advancements into operational weather forecasting at
NOAA and elsewhere.

There is substantial evidence that a broad collaborative approach to NWP development can result in
superior NWP operational capabilities. For example, NCAR’s WRF-ARW, MPAS, and CESM models are
widely regarded as one of the world’s best models for regional, global, and climate NWP, respectively.
Each model has a large, vibrant community of active users and developers that contribute to the overall
efficacy of the models. These communities represent all facets of the weather enterprise, including those
that wish to use models for operational NWP purposes and as instruments to advance the atmospheric
sciences. The communities have flourished not because of specific-funded initiatives to help develop the
models, but rather because the modeling systems represent state-of-science capabilities that are highly
attractive to researchers and users. The communities exist because of the modeling capabilities, and not
necessarily to develop the model. However, the communities end up contributing to the advancement of
the models, which in turn attracts even more members to the community.

Despite the long-held vision that a more community-oriented approach to advancing NOAA’s NWP
capabilities is needed, and despite some of the advancements NOAA has made recently, it remains difficult
for external scientists to participate in advancing NOAA NWP. Three of the more significant barriers are:

- Inaccessibility to the model codes and the required infrastructure to assist in understanding and
using those codes.

- Limited processes by which advancements from the community can easily be incorporated into
the NOAA models. The new UFS governance approach to NOAA’s global modeling is a step
toward improvement but is still far from optimally effective.

- Insufficient access to suitable computational resources to develop, test, and run the codes.

As a result, participation in the advancement of NOAA’s modeling capabilities is limited to a relatively
small set of developers that have inside, privileged, or unique access. Outside participation in NOAA
NWP development is relatively minor compared to the participation levels of the NCAR WRF, MPAS and
CESM communities mentioned earlier. As compared to entities such NCAR, NOAA is less experienced
and has fewer tools available to it to establish and manage a community of participants for NWP
development.



EPIC: A Generational Opportunity

Under the leadership of Acting NOAA Administrator Dr. Neil Jacobs, NOAA has realized the need to
create new paradigms for more effective infusion of external science and capabilities into its modeling
portfolio. The Environmental Prediction Innovation Center (EPIC) concept proposed by Dr. Jacobs
represents a unique, generational opportunity to dramatically improve NOAA’s and the nation’s overall
NWP capabilities by creating an institution that enables, catalyzes and entices broad participation in a
common NWP R&D process. The EPIC vision is strongly aligned with the decades of recommendations
about improving the NWP capabilities for the nation. Given the strong alignment of the community around
EPIC, and the support for it from the leadership at NOAA, there is a unique opportunity to make the most
substantial improvements in the NWP capabilities for NOAA and the nation in a generation.

If successful, EPIC will not only provide the nation with the world’s most accurate weather and climate
forecasts, it will also significantly advance the NWP capabilities of all the other institutions involved in
NWP including NASA, DoE, DoD, national laboratories, NCAR, academic institutions, and private
enterprise. This broader improvement beyond just NOAA is perhaps the larger payoff for EPIC to the
nation, and it is imperative that our nation seizes this opportunity.

There are at least two approaches to how NOAA could design EPIC to advance its engagement with the
broader community. In the first approach, NOAA could identify the specific scientific advancements
needed, and methods to development them, and then frame EPIC around those requirements. Alternatively,
NOAA could establish EPIC with a much broader and holistic approach to NWP improvements that would
catalyze the broadest possible creativity and advancements in NWP, with a subset of the best and most
relevant of those advancements imported into NOAA NWP capabilities. The first approach would represent
an extension of the status quo methods of NOAA engagement with the community, a model that has clearly
not resulted the NOAA having the best modeling capabilities. The second approach results in a pipeline of
scientific and technical advances that can far exceed the predetermined, more narrow new capabilities
NOAA would otherwise have identified. Evidence from experiences to date suggest that broader catalytic
approach to engaging with the community will result in a substantially more effective end result for NOAA
than the narrow, focused and tightly managed approach.

Essential to the success of EPIC is the breadth and diversity of participants in the EPIC community. In
order to achieve this, the following characteristics of EPIC are critical:

- The fundamental mission of EPIC must be for the betterment of NWP, and not narrowly focused
on the immediate and future needs of the NOAA. The science advancements within EPIC should
support a broad set of NWP activities, a subset of which will have direct, material impact on
NOAA’s operational NWP capabilities.

- A broad set of NWP components, and not just the set of components currently or planned to be in
operations at NOAA must be available and supported by EPIC. This includes dynamic cores,
physics, data assimilation methods, and associated coupled models. This is critical to engaging the
broadest community possible by creating a cauldron of scientific capabilities that entice users to
participate.

- Strong partnership with related and adjacent institutions such as the Joint Center for Satellite Data
Assimilation, the National Center for Atmospheric Research, and many of NOAA’s cooperative
institutes.



- EPIC must be a community-owned institution, operated outside of NOAA, and governed by and
for the community. NOAA would be an important constituent in that community, but not the
majority member.

- Details about the operation of EPIC, including governance, technologies, support structures (e.g.
documentation, user help, etc.), technical processes (code management, testing procedures,
computing allocation, etc.), funded research, and other subcontracts that facilitate its success, must
all be determined by the managing structure of EPIC, and not mandated or micromanaged by
NOAA. NOAA must cede authority for operating EPIC to the managing entity. Once established,
NOAA’s focus should be on deriving value from EPIC’s accomplishments by reducing them to
practice.

- The EPIC managing entity must be beholden and accountable for the success of EPIC. Bold
measures of success should be established for EPIC and should include the breadth of community
participation in EPIC, and the degree of improvement it delivers to the nation’s NWP capabilities.
Goals should include near term (1-2 years) and long-term (3+ years), with at least one near-term
goal demonstrating the potential value of the long-term EPIC vision.

EPIC’s success will mean bringing together a breadth of the nation’s NWP activities under one umbrella.
This umbrella must still allow for diversity of scientific creativity, but in an R&D framework that can reduce
the most relevant and important achievements to operational capabilities for NOAA. To catalyze that
participation, EPIC must create a capability that entices such participation, rather than one that directs it.

Although this new paradigm calls for NOAA to relinquish tight control on the organization, management,
and operation of EPIC, it should not be taken that NOAA becomes a passive bystander. Rather, NOAA
perhaps plays the most significant role of any one participant by:

- Participating as an active member in the science and technical development work within EPIC;

- Identifying the most promising and useful new science and technologies developed in EPIC and
reducing them to practice inside its operational models;

- Ensuring the framework of the institution is designed in such a way to facilitate rapid reduction to
practice of the new science and technologies developed in EPIC;

- Providing a flow of “operations to research” feedback to EPIC to help guide priorities for EPIC
directed R&D;

- Serving as the primary federal agency supporting EPIC, providing sufficient funding to sustain it
and assisting in the coordination with other federal stakeholders such as NSF and DoD.

Barriers to Success
There are several barriers to EPIC’s success that will need to be addressed. These include:

- Compared to other entities like NCAR, NOAA has less experience and fewer tools needed to
establish and manage a broad community of participants. EPIC represents a sea change in how
NOAA advances its NWP capabilities and there will be institutional barriers as a result. A
particularly important change is the need to delegate authority to an external entity to construct,
manage and operate EPIC for NOAA and the community in order to optimize its efficacy and
ability to deliver world-leading NWP capabilities back to NOAA. Both strong leadership within



NOAA embracing the EPIC vision as well as several near-term successes are critical in
overcoming this barrier.

- As mentioned earlier, NCAR has already established the world’s leading NWP scientific and
technical communities around its regional, global and climate modeling systems. The size and
reach of these communities are impressive, vastly larger than any other community modeling
efforts in the world. It is essential that EPIC and these established communities unify otherwise
there will be competing NWP development communities. For example, if in several years from
now a graduate student seeking a modeling platform to assist in their thesis studies must choose
been EPIC and the NCAR communities, rather than going to EPIC as the singular source of the
superset of NWP technologies, then EPIC is likely to fall significantly short of accomplishing the
potential of the vision outlined here. Since the NCAR communities are established and
entrenched, it might be difficult for an upstart EPIC community to gain traction and critical mass
unless it strategically integrates with the NCAR communities. Central to accomplishing that will
be including the MPAS dynamical core in the EPIC modeling framework.

- NWP development and operations has always been significantly limited by the amount of high-
performance computing (HPC) available to develop, test and run the models on. Some studies
have estimated that the weather and climate NWP community has a need for up to 100 times the
computing power currently available to it. Within the EPIC framework not all of the computing
needed to conduct the breadth of science envisioned will be done using EPIC-provided compute
resources. In fact, a majority of the computer resources may be provided by facilities otherwise
available to participates in EPIC. These could range from a graduate student’s laptop, to HPC
facilities at major national laboratories. However, we should expect that EPIC will need
substantial computing resources to support its permanent staff, and to allocate to a subset of its
participating scientists. The EPIC managing entity should be given an initial modest budget
(perhaps $5M) to establish foundational computing resources, and then quickly develop within its
first year a long-term computing strategy and budget.

Congressional Support

EPIC represents a significant opportunity for the nation and major change that will substantially improve
our nation’s NWP capabilities. It is important that all stakeholders that have influence on, participation in,
or dependence on EPIC outcomes embrace the vision, collaborate on its implementation, and participate in
its activities. This includes Congress which should use the legislative power to foster EPIC’s initial
establishment and sustain its long-term durability as a national resource. The initial authorization of EPIC
in the National Integrated Drought Information System Reauthorization Act of 2018 was sufficient to get
the establishment of EPIC started, but additional congressional support to ensure its success is needed. This
includes:

- Encouraging federal agencies that participate in NWP development and operations, including DoD,
DoE, NASA, and NSF to embrace EPIC as a national infrastructure that will aid the development
of NWP capabilities in all sectors, not just NOAA, and to work to identify means by which those
agencies can substantially contribute to, participate in, and benefit from EPIC.

- Direct NOAA to establish EPIC in the manner discussed herein, and in particular, to delegate
authority to create, manage, and operate EPIC by an independent entity in a manner that entices
community ownership and participation in the institution.



- Plan for long-term sustaining budgetary support for EPIC including base funding to support its
permanent staff and facilities, ongoing research funding grants, and significant increases in
computing resources. It is premature to gauge the exact level of the support needed. Determining
long-term budgetary needs should be an early initial focus of EPIC’s managing entity, but
depending heavily on the computing, staffing, and facilities strategy that the EPIC managing entity
pursues, annual EPIC costs would certainly exceed the initial appropriation and be recurring. This
is ultimately a question for NOAA and EPIC to determine.

Summary

EPIC represents a singular, generational opportunity to elevate U.S. NWP capabilities to the best in the
world by establishing a center of excellence that brings together the uncoordinated scientific and technical
NWP developments found in all corners of the enterprise under one, unified umbrella. EPIC’s success
would not only ensure that NOAA will create the world’s best weather and climate forecasting services for
the nation, but it will extend those benefits to all other corners of the U.S. NWP community including other
federal agencies, national laboratories, academic institutions and private enterprise. Doing so will optimize
the resiliency of the nation to the impacts of weather and climate on our lives, livelihood, economy and
national security.

Success of the EPIC opportunity critically depends on at least these factors:

- EPIC is founded as a national institution, set up and managed by an independent entity outside of
NOAA, constructed and operated in manner that entices broad scientific and technical participation,
and is beholden to delivering the world’s best NWP capabilities back to NOAA and EPIC’s other
participants.

- Leadership in embracing EPIC by all sectors of the NWP community, including by leaders in
NOAA and all other federal stakeholders involved in NWP.

- Sustained funding for EPIC, particularly for infrastructural staffing, facilities, research grants and
computing.

Many of the country’s primary operational NWP capabilities have underperformed relative to international
counterparts for decades, partly as a result of a distributed, uncoordinated approach to its development and
operation without an overall guiding national strategy or vision. EPIC represents the best opportunity in a
generation to correct this and deliver to the nation superior weather and climate services that optimize the
return on the investments the country is making in the science.



