0 THE OFFICIAL MAGAZINE OF THE OCEANOGRAPHY SOCIETY !

CITATION
Decker, CJ,, and C. Reed. 2009. The National Oceanographic Partnership Program: A decade of
impacts on oceanography. Oceanography 22(2):208-227, doi:10.5670/0ceanog.2009.50.

COPYRIGHT
This article has been published in Oceanography, Volume 22, Number 2, a quarterly journal of
The Oceanography Society. Copyright 2009 by The Oceanography Society. All rights reserved.

USAGE

Permission is granted to copy this article for use in teaching and research. Republication,
systematic reproduction, or collective redistribution of any portion of this article by photocopy
machine, reposting, or other means is permitted only with the approval of The Oceanography
Society. Send all correspondence to: info@tos.org or The Oceanography Society, PO Box 1931,
Rockville, MD 20849-1931, USA.

DOWNLOADED FROM WWW.TOS.ORG/OCEANOGRAPHY



NOPP-SPECTAL-ISSUE» CONCLUSION

AN

=§~""'£l\\
AL y/
)

MY

The
National Oceanographic

Partnership Program

A Decade of Impacts on Oceanography

08 0{L’anaﬂm/7/1)/ Vol.22, No.2



ABSTRACT. The National Oceanographic Partnership Program (NOPP)

was created by the Fiscal Year 1997 Defense Authorization Act. It called for the
establishment of a partnership program to promote the national goals of assuring
national security, advancing economic development, protecting quality of life, and
strengthening science education and communication through improved knowledge of
the ocean. Fifteen US federal agencies comprise this partnership, which has expended
more than $295M over ten years on a variety of activities. NOPP has been a true
partnership among equals that has substantially moved the United States forward in
the areas of ocean research, operations, technology, education, and natural resource
management. NOPP’s funding requirements have spurred the ocean research and
education communities to develop strong, long-term collaborations among different
sectors—academia, government, industry, and nongovernmental organizations.
NOPP has allowed agencies to leverage their funds, increasing the impact of
individual agency investment and accelerating the agencies’ abilities to meet their
high-priority goals. This leveraged investment results in more high-priority tasks
getting done in the same time period than would occur if each agency were to fund
the work individually. The combination of enhanced, effective partnerships among
both funders and performers has resulted in accelerated research in some areas and
a stronger voice for oceanography in the research and education communities. This
article provides a history of NOPP. It also identifies and discusses specific areas in
which NOPP involvement and/or influence has led to significant accomplishment,

both through funded research and through intellectual stimulation and inspiration.

INTRODUCTION

In 1992, the National Research Council
published a report entitled Oceanography
in the Next Decade: Building New
Partnerships (NRC, 1992). This report
was the result of an analysis carried out
by the Ocean Studies Board with funding
from the Office of Naval Research
(ONR), the National Science Foundation
(NSF), the National Oceanic and
Atmospheric Administration (NOAA),
the National Aeronautics and Space
Administration (NASA), the Department
of Energy (DOE), and the US Geological
Survey (USGS). The report addressed
the challenges facing the field of ocean-
ography as it moved forward into the
twenty-first century. It emphasized the
need for both funding agencies and the

funded scientific community to advance
the field through improved mecha-
nisms for working together. The report
provided a number of specific recom-
mendations targeting federal agencies
with ocean science and policy missions,
and the academic research community.
A recurring theme was the need for
multiple federal agencies and scientists
from all sectors to work together to
address research and technology issues,
to develop more-effective partnerships,
and to better leverage the available finan-
cial and human resources. This NRC
report formed the basis for the design of
the National Oceanographic Partnership
Program (NOPP).

Language in the Fiscal Year 1997
Defense Authorization Act (PL 104-201)

directed the US Secretary of the Navy

to establish NOPP. Since then, the
NOPP coalition of 15 federal agencies
has fostered the development of an
Integrated Ocean Observing System
(I00S), promoted the establishment

of a strong ocean education network,
enhanced the development and use of
advanced modeling and data assimila-
tion techniques, encouraged improve-
ments to ocean research and operational
infrastructure and technology, and
promoted science-based management

of the nation’s ocean resources. It has
accomplished all of these things by
identifying and funding specific topics in
ocean sciences, by sponsoring workshops
and working groups to develop concepts
and plans, and by preparing strategic
documents for use by federal agencies,
research institutions, the private sector,
and the general public. In recognition

of NOPP’s ten-year anniversary and to
inform the federal ocean governance
structure of its accomplishments and
“lessons learned,” this article summarizes
NOPP’s history, considers its impacts
over the past decade, and describes
resulting changes in federally funded

ocean programs and performers.

NOPP STRUCTURE

AND FUNCTION

The original NOPP governance struc-

ture responded to the following objec-

tives listed in the FY1997 Defense

Authorization Act:

1. To promote the national goals of
assuring national security, advancing
economic development, protecting
quality of life, and strengthening
science education and communica-
tion through improved knowledge

of the ocean.
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Figure 1. National Oceanographic Partnership Program structure as created by the 1997 Defense
Authorization Act (PL 104-201) and modified over nine years into today’s structure (Figure 2).
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Figure 2. The Ocean Governance Structure created in 2004 by Executive Order 13366 and the accom-
panying US Ocean Action Plan (CEQ, 2004) originally established this governing body. This group has
since expanded to include many of the interagency working groups and subcommittees listed above.
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2. To coordinate and strengthen oceano-
graphic efforts in support of those
goals by
a. identifying and carrying out part-

nerships among federal agencies,
academia, industry, and other
members of the oceanographic
scientific community in the areas
of data, resources, education, and
communication, and

b. reporting annually to Congress on

the program.

Figure 1 shows the original NOPP

structure. The National Ocean Research

Leadership Council (NORLC), the

Ocean Research Advisory Panel

(ORAP), and the NOPP Program Office

were specifically created under the

1997 legislation.

In 2006, the NOPP structure transi-
tioned into a broader ocean governance
structure (Figure 2) that was created in
2004 by Executive Order 13366 and the
accompanying US Ocean Action Plan
(OAP; see CEQ, 2004). The Executive
Order and the OAP constituted the Bush
Administration’s response to the 2004
report of the US Commission on Ocean
Policy, An Ocean Blueprint for the 21
Century (USCOP, 2004). The NOPP
program, and its functions and respon-
sibilities, continue to exist under this
structure. NORLC was subsumed into
the Interagency Committee on Ocean

Science and Resource Management

Cynthia ). Decker (cynthia.decker@noaa.
gov) is Executive Director, National Oceanic
and Atmospheric Administration (NOAA)
Science Advisory Board, Silver Spring,

MD, USA. Colin Reed is on the staff of

the National Oceanographic Partnership
Program Office, Consortium for Ocean
Leadership, Washington, DC, USA.



Integration (ICOSRMI), and the

NOPP Interagency Working Group
(IWG) became the IWG on Ocean
Partnerships (IWG-OP) under the Joint
Subcommittee on Ocean Science and
Technology (JSOST). ORAP remains as
advisory to the ICOSRMI; it has taken
resource management under its purview

and now operates as the Ocean Research

and Resources Advisory Panel (ORRAP).

The current functions of NOPP are
defined under the NOPP Ten-Year
Strategic Plan (NOPP, 2004). Funding
is organized around the four strategic
goals and investment areas identified
by the plan:

* to achieve and sustain an Integrated

Ocean Observing System (I0OS)
¢ to promote lifelong ocean education
+ to modernize ocean infrastructure

and enhance technology development
* to foster interagency partnerships

that will increase and apply scientific
knowledge
These four areas build on strengths that
NOPP developed in its formative years,
yet look to the future of oceanography in

the twenty-first century.

NOPP’'S IMPACT

From 1997 to 2008, NOPP member
agencies oversaw the expenditure of
$295M on 132 ocean research and
education projects (Figure 3). Additional
funding was committed by nonfederal
entities as well as by the agencies for
activities that were inspired by NOPP
but are not specifically under NOPP
control. An assessment of the impacts
that the NOPP program has had on the
“ocean enterprise” in the United States,
however, cannot be gleaned simply
from looking at the total dollar amounts

expended and number of projects

supported. One of NOPP’s key impacts
has been its influence beyond specific
projects, including reports and analyses
on research policy, concepts that have
evolved out of discussions among the
various ocean sectors, and changes that
have occurred in the ocean funding

and research communities as a result of
all these activities. NOPP is a relatively
small program in comparison with full
agency research programs, but when
the number of studies implemented and
dollars spent are measured against the
influence it has wielded, its impact on
the ocean sciences has been well beyond
what might have been expected for
such a limited program. The discussion
presented here identifies specific topic
areas in which NOPP involvement and/
or influence has led to significant accom-
plishments, not only through funded
research but also through intellectual

stimulation and inspiration.

Ocean Observations

Ocean observations have been a theme
since the program’s inception. As a
reflection of this focus, the first goal of
NOPP’s Ten-Year Strategic Plan (NOPP,
2004) is to “achieve and sustain an
Integrated Ocean Observing System
(I00S)” NOPP has addressed the topic
of ocean observations in many ways.
Establishment of ocean observatories
was a topic of the NOPP research Broad
Agency Announcement (BAA) in its first
year and has continued to be a focus in
every BAA since then. The 1997 BAA
called for proposals in broad-based
research on infrastructure, including
“regional consortia approaches for
ocean and atmosphere observing capa-
bilities, development and application of
advanced and/or long-term capabilities
for in situ and remote observations.” The
proposals funded in this area formed

the basis for the first regional observing

Cumulative Total $ Distributed to NOPP Projects
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Figure 3. Cumulative total dollars distributed to NOPP projects. From 1997 to 2008, NOPP
member agencies oversaw the expenditure of $295M on 132 ocean research and education
projects. Courtesy of the NOPP Program Office
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systems in the United States and were
followed thereafter by others funded
through NOPP and, eventually, through
ONR, NOAA, and other federal agen-
cies outside of the NOPP process, in
locations around the country. There are
currently 11 Regional Associations (RAs)
that form parts of the IOOS (Figure 4).
Several of these RAs can directly trace
their lineage to either NOPP-funded
proposals or to agency funding that was
later linked to the NOPP program (Frye
et al,, 1999; Blaha et al., 2000; Glenn
et al., 2000a, 2000b; Glenn and Schofield
2003, this issue; Seim 2000; Seim et al.,
2003; Seim and Mooers, 2008). Each of
these research efforts served as the basis
for an operational regional coastal ocean
observing system; these RAs and systems
have become the key operational compo-
nent of IOOS being implemented today.
In addition to funding the first
few ocean observatories in the field,
NOPP—in its second year—initiated
the conceptual development of the
nationwide IOOS. In August 1998,
Rep. Curt Weldon (R-PA) and

Rep. James Saxton (R-NJ) requested that
NORLC “propose a plan to achieve a
truly integrated ocean observing system.”
This request followed the National Ocean
Conference (Year of the Oceans) in June
1998 and a House hearing on ocean
observations in July 1998. NORLC estab-
lished a Task Team that released a report
in April 1999 entitled “Toward a US
Plan for an Integrated Sustained Ocean
Observing System” (Nowlin and Malone,
1999). This plan formed the basis for
the development of the US IOOS. It first
articulated what an integrated, sustained
system should look like and the crucial
issues to be addressed, including the
societal needs that such a system would
help address. This report built on work
done for the Global Ocean Observing
System (GOOS) to identify the critical
US components of the open-ocean and
coastal systems. However, it only briefly
examined what would be needed to
implement such a system.

In mid 1999, ORAP empaneled a
second Ocean Observations Task Team

to build on the first report. In December

Pacific Nortiwasl

thiCantral Cas 1|'|rldl.
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S
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Figure 4. Eleven Regional Associations that form part of the Integrated Ocean
Observing System. Several of these can directly trace their lineage to NOPP-funded

proposals. Courtesy of NOPP Program Office
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1999, this group submitted to NORLC a
successor report entitled “An Integrated
Ocean Observing System: A Strategy
for Implementing the First Steps of

a US Plan” (Frosch et al., 1999). This
report, unlike its predecessor, exam-
ined the governance, management,

and funding structure that would be
required for a successful integrated ocean
observing system. It also addressed ocean
infrastructure and education needs as
part of the overall system. Following
publication of these two reports, the
federal agencies set up Ocean.US, the
National Office for Integrated and
Sustained Ocean Observations, in 2000
to coordinate IOOS efforts. NOPP agen-
cies also convened a process with the
oceanographic community that resulted,
by mid 2003, in detailed IOOS develop-
ment and implementation plans.

In the same time frame as the events
described above (2001-2004), the
President signed into law the Oceans Act
0f 2000 (PL 106-256), which established
the US Commission on Ocean Policy
(USCOP). This advisory body spent three
years examining all aspects of ocean
issues in the United States and produced
a comprehensive report on the subject
(USCOP, 2004). One entire chapter of
that report was dedicated to “Achieving
a Sustained, Integrated Ocean Observing
System.” Building on the work of
NOPP and Ocean.US, the Commission
considered the testimony of hundreds
of individuals around the country and
formulated 12 recommendations for an
integrated ocean observing system. These
recommendations formed the basis for
a set of OAP actions that address the
development of IOOS. Although still
part of the NOPP structure, IOOS gover-
nance has moved beyond NOPP with the



establishment in 2006 of the Interagency
Working Group on Ocean Observations
(IWGOO) under JSOST. Through the
ocean governance structure established
by OAP, the federal government will be
better able to implement IOOS.

IOOS is the perfect example of an
effort that required multiple agencies
to work together to be successful, and
it has resulted in a nascent system that
is greater than the sum of its parts.
Without the chain of events that started
under NOPP and culminated in the
congressional testimony presented in
the summer of 1998, the request from
Representatives Weldon and Saxton
to develop the IOOS might not have
happened—neither within an inter-
agency context nor possibly at all. If
not for NOPP, development of the tech-
nology, communications networking,
and data management required for a
successful IOOS would not have started
in as short a time frame. If not for
NOPP, IOOS would not have created the
interagency, intersector governance and

implementation structure that it has now.

Ocean Education

As with observations, one of the first
topics to receive attention from NOPP
was education. Earlier documents, such
as the Oceans 2000 report (Spinrad and
Watkins, 1996), noted that, in order to
garner broad public support for ocean
research and management, it is crucial
for people to receive accurate informa-
tion about the ocean, starting early in
life and continuing into adulthood. The
NOPP legislation specifically reflected
this position. Although the NOPP agen-
cies firmly believed in the importance
of providing support for ocean educa-

tion, gaining support within NOPP

Figure 5. Twenty-five National Ocean Science Bowl Regional Sites supported by NOPP involving
students from more than 30 states and territories. Courtesy of NOSB Program Office

agencies has been difficult. Each agency
supports education at different levels—
K-12, undergraduate, graduate, and
postgraduate. Some agencies are able
to support all categories while others
can justify support only for graduate or
postgraduate studies. However, K-12
education has been identified by inter-
ested educators as a particular need in
the ocean sciences because the ocean is
an area of study that usually emerges as
a topic only after high school and is not
typically taught below that level.

NOPP agencies chose to provide
funding immediately for K-12 ocean
education projects under the first BAA
in 1997. NOPP funded five projects
at that time:

+ Bridge (http://www.vims.edu/bridge)

(Clark et al., this issue)
¢ Project Oceanography (http://www.

marine.usf.edu/pjocean)

« COAST: PILOT (http://www.create.
cett.msstate.edu/cett/coast-pilot.asp)
¢ 'The LEO-15 COOL Classroom
(http://www.coolclassroom.org/
home.html)
+ The Jason Project (http://www.
jasonproject.org/).
NOPP also later endorsed another educa-
tion program that was already being
supported by many of the member agen-
cies: the National Ocean Sciences Bowl
(NOSB; http://www.nosb.org). NOSB is a
high school competition in which teams
compete at the regional and national
levels (Figure 5). The program strives to
inspire students to continue to study the
ocean sciences as they go on to college.
Because of the concern over lack of
agency support for ocean education,
ORAP also chose to focus some of
its efforts on this issue. In early 2001,

ORAP members indicated concern that

ananojmp/y June 2009 213



the NOPP agencies had not developed

a long-term strategy for ocean educa-
tion that would include mechanisms

for sustaining the extremely successful
NOPP-supported education projects.
Also in 2001, the NOPP IWG estab-
lished an ad hoc advisory group on
ocean education. This group developed
a brief set of reccommendations that
were brought to ORAP in early 2002. By
September 2002, ORAP had produced

a report entitled “A National Strategy to
Improve Ocean Literacy and Strengthen
Science Education through Improved
Knowledge of the Oceans and Coasts.”
This report formed the basis for the goal
in the NOPP Ten-Year Strategic Plan to
“promote lifelong ocean education.”

Highlighting the importance of ocean
education, USCOP dedicated a chapter
of its report to this subject and articu-
lated 17 recommendations for moving
the federal government forward on this
topic (USCOP, 2004). USCOP drew its
inspiration from the ORAP findings
in many areas, and many of its recom-
mendations echo those in the ORAP
Education Strategy. As a response to this
report, the OAP contains a section called
“Promoting Lifelong Ocean Education.”
This emphasis has been carried forward
into the OAP structure with the
establishment of the Joint Interagency
Working Group on Ocean Education,
which operates under both JSOST
and Subcommittee on the Integrated
Management of Ocean Resources
(SIMOR) (Figure 2).

Without NOPP, the initial ocean
education projects would not have been
funded and sustained; these projects
have provided the intellectual seeds
leading to significant ocean education
programs at NSE NOAA, and other

214 Ocmmyjm,u/pf Vol.22, No.2

agencies. From an initial investment by
ONR of just over $5M in FY1997 for
five projects over two years, to approxi-
mately $9.5M spent in FY2005 by NSF
and NOAA, ocean education efforts
in the United States supported by the
federal government have grown and may
increase. Given that it is often difficult
for mission agencies to fund education
projects, the success of NOPP educa-
tion projects has enabled some of these
agencies to better justify such efforts and
move forward to develop and fund ocean
science education efforts.

In addition to helping change the
culture of ocean education funding
at some of the federal agencies, the
support that NOPP provided also helped
change the perception of education at
some academic institutions. The funded
projects allowed faculty at universities
to cross the cultural divide between
research and education communities to
spend time and effort on ocean educa-
tion below the graduate level. In this

way, NOPP has contributed to a new

pattern of support for ocean education
at the K-12 level among science faculty
and graduate students. Increased ocean
literacy in the United States may owe
some of its success to the first small proj-
ects funded through NOPP.

Ocean Technology

NOPP has a long-standing commitment
to the new and innovative technology
required to answer important ques-
tions about the ocean in the twenty-first
century (Figure 6). The technology used
by oceanographers has expanded greatly
in the last century beyond samplers
requiring long post-cruise processing
times, manned platforms, and labor-
intensive systems for data input and
analysis. Huge advances in environ-
mental sensors to gather both in situ
and remote data and the platforms that
hold them have been made just in the
past ten years. In addition to methods
for collecting data, the hardware and
software for data communications and

analysis have also greatly improved. In

Ocean Technology
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$62,085,704.00

M Sensors

M Data Management
O In situ Systems
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$12,508,264.00

$16,824,000.00

[ Ocean Modelling and Data Assimilation

[ Research in Support of Resource Management

Figure 6. Total NOPP dollars spent on ocean technology.
Courtesy of the NOPP Program Office



combination, these technologies have
significantly increased understanding
of the ocean.

NOPP has funded and fostered
the development of a number of new
sensors, particularly in the disciplines of
chemistry and biology, which lag behind
advances in measuring and providing
data on physical parameters. These
sensors range from those that measure
particulate inorganic carbon from
profilers (Bishop, this issue) to DNA
molecular probes for use with small
water samples (Scholin et al., this issue).
NOPP has also focused on transitioning
sensors from research to commercial use
(Figure 7). Each of the projects funded
under this topic already had an in situ
sensor designed, built, and tested for
use in academic research, and nearly
ready to be taken up by the commercial
sector to be produced for routine use.

In each case, the sensor required a little
more development and testing in order
for it to evolve from a custom-designed,
custom-made product to one that is
mass-produced and readily available to
a broader clientele. These funds were
specifically given to research-industry
partnerships with the end product being
a sensor ready to become commercial,
off-the-shelf technology (Martz et al.,
2006; Seidel et al., 2008).

In addition to ocean sensor develop-
ment, NOPP agencies have funded
several projects on the design and
development of platforms for deploying
the sensors. These platforms include
autonomous drifters, unmanned
vehicles, and a fixed, cabled observing
system. Many areas of the ocean are not
accessible to humans from surface ships,
moored arrays, or manned submers-

ibles. Even accessible areas cannot be

Design Goals
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Figure 7. Funded under the 2004 Broad Agency Announcement, Michael DeGrandpre and his partners
used NOPP funding to promote commercialization of the SAMI-CO,, a sensor developed for autono-
mous measurements of the partial pressure of CO, (pCO,). Courtesy of M. DeGrandpre and ). Beck

sampled continuously from traditional
platforms. The Argo program is the
fruit of a concept for using autonomous
drifting buoys that are rugged enough
to remain at sea for long time periods,
collecting temperature and salinity
profiles and sending these data back
routinely via satellite. The data are made
available via the Internet to anyone and
can be used for a variety of purposes
(Argo Science Team, 2001; Gould et al.,
2004; Roemmich, this issue). Remotely
operated or autonomous vehicles of
various kinds have been developed and
are now being relied upon for explora-
tion of and access to many ocean areas
over longer time periods. NOPP has
been on the forefront of this technology
by supporting several projects, ranging
from design and development of new
vehicles to advanced use of existing
vehicles (Eriksen and Perry, this issue).
One of the first NOPP awards made
possible the initial design concept of the
North-East Pacific Time-Series Undersea
Networked Experiments (NEPTUNE), a
fixed system oft the coast of Washington
state (NEPTUNE Phase I Partners,
2000). This project was originally

conceived as a geophysical project to
“wire” an entire continental plate in
order to gather data on the processes
that govern the behavior of such struc-
tures (Figure 8). NEPTUNE has evolved
since the initial design phase into a
concept for monitoring and conducting
experiments on an entire ecosystem,
from the inshore zone to deep waters,
including communities associated with
geologically active zones, fisheries, and
complex current systems. The cabled
network makes up one piece of the NSF
Ocean Observatories Initiative (OOI)
that is beginning to construct networks
of ocean observatories for research
purposes (Given, 2007). OOI represents
an exciting new multi-million-dollar
investment in oceanographic infrastruc-
ture of the kind that has been reserved
in the past for other disciplines such
as astronomy, high-energy particle
physics, and geology. Early investments
by NOPP in ocean observatories and
technology paved the way for the success
of this effort.

In addition to sensors and platforms,
another aspect of technology that has

received considerable attention from
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Figure 8. Layout of the originally proposed NEPTUNE undersea
cabled network off the coast of Washington and Oregon.
Courtesy of the OOl Program Office

the NOPP program is information
technology and data management. The
advent of satellite remote sensing and
real-time streaming of physical oceano-
graphic and atmospheric data from these
instruments as well as from those that
can be used on aircraft or deployed on
moored or drifting floats in the water
has created a need for systems that can
handle large volumes of electronic data.
Large amounts of data must be stored,
processed, archived, and made accessible
to a wider community. In oceanography,
as in most of the environmental sciences,
the accumulation rate of data is outstrip-
ping the ability of computing and data
centers to handle it. Although NOPP

216 Oceanqgra/o/t)/ Vol.22, No.2

quickly recognized that improving the
performance of both hardware and
software is not within its purview and,
indeed, is being addressed by other enti-
ties, it was clearly within the mandate
of NOPP to examine how ocean data
are being archived and served to the
larger community. At the same time, the
NOPP agencies recognized that each

of them had been tackling the issue of
data management separately and that
there must be an effort to coordinate
agency activities and provide a common
means for all ocean data to be handled.
As a result, NOPP funded the forma-
tion of a National Virtual Ocean Data
System (NVODS) that continues to

evolve with the science and technology
(Cornillon, this issue).

At the same time that NOPP funded
NVODS, it also chose to support another
data management effort, the Ocean
Biogeographic Information System
(OBIS) (http://www.iobis.org/). The
central concept of OBIS is a Web-based
portal that can be used to search for and
access marine biological data held and
managed at locations around the world
(Figure 9). OBIS and NVODS were the
first significant efforts made in the US
ocean community to break away from
the concept of holding data in a physi-
cally central location and move toward a
distributed “system of systems.”

Although NOPP is not the only
program that has fostered the work on
sensors, platforms, and data analysis and
communications, it has done so in the
context of its broader theme of ocean
observatories and has emphasized the
need for better and real-time measure-
ments in chemical and biological
parameters. Without NOPDP, this research
would have proceeded but likely not
in as focused a way nor in the context
of the need for an integrated ocean

observing system.

Ocean Modeling and

Data Assimilation

One of the largest areas of NOPP
investment has been multi-investigator
projects to advance the modeling of
oceanographic processes. Because of
the NOPP project requirement for
participation among different sectors,
scientists put together several innova-
tive and highly successful collaborations
between academia and government.
These projects ranged from global
circulation models to geographically



Figure 9. The Ocean Biogeographic
Information System (OBIS) is used to
search for and access marine biological
data held and managed at locations
around the world. The graph shows the
number of records in the OBIS database
for each year of collection. Courtesy

of E. Vanden Berghe, OBIS Secretariat

Number of Records

specific models (Babson et al., 2006) and
from hurricane storm surges (Graber

et al,, 2006) to ecosystems (Doney et al.,
2004; Rothstein, 2006). Notable among
these projects is the HYbrid Coordinate
Ocean Model (HYCOM) (Chassignet
et al., 2006; Hurlburt et al., 2008) and
Estimating the Circulation and Climate
of the Ocean (ECCO) (Stammer et al.,
2002, 2003; Wunsch and Heimbach,
2007; Wunsch et al., this issue). These
global modeling efforts combined basic
academic research innovations with the
operational systems of mission agencies
(NASA, NOAA, US Navy) to provide
significant advancements in climate and
operational models used for predic-
tive purposes (Figure 10). HYCOM
and ECCO were also part of the Global
Ocean Data Assimilation Experiment
(GODAE), major aspects of which were
supported by NOPP. The HYCOM and
ECCO projects allowed GODAE to
move forward by effectively building
research infrastructure into operational
agencies (Chassignet et al., 2006, this
issue). As a result of the successful
HYCOM and ECCO efforts, NOPP

Figure 10. Example of model products
from the HYbrid Coordinate Ocean Model
(HYCOM; Chassignet et al., 2006).
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funded three spin-off projects, collec-
tively called the Coastal Ocean Data
Assimilation Experiment (CODAE),
that use the GODAE models to establish
the boundary conditions necessary

to run predictive models in the more
physically complex nearshore zones

of the Untied States.

NOPP also identified several more
narrowly focused topics in the realm
of data assimilation that have allowed
mission agencies to work together to
demonstrate ways to assimilate specific
data sets in an operational mode (Barron
and Kara, 2006; Castro et al., 2008;
Chassignet et al., 2007; Gentemann et al.,
2008, this issue; Chang and Jelenak,
2006; Jelenak and Chang, 2008; Chang
et al., this issue).

None of the large modeling projects
would likely have been funded by any
single agency at the level provided
through NOPP. The program fostered
discussions of modeling and data

assimilation among the agencies and

MNorthern elep
2004

led to the support of this suite of

studies as pilot projects. These projects
have proven to be of great use to the
entire community by improving basic
understanding of ocean processes and
improving operational predictions. The
narrower data assimilation projects were
equally unlikely to be funded by either
the research or the operational agencies
alone, but NOPP provided an opportu-
nity for these agencies to agree on a way
to work out funding for these transition
projects. Each of the projects has resulted
in a capability being implemented within
an operational agency that allows for
better collection and processing of data

on a routine, long-term basis.

Research in Support of

Resource Management

Although NOPP is essentially a research
program, its governance by a number
of mission agencies as well as science
agencies has led to some emphasis on

the transition of research results into

Figure 11. An example of Tagging of Pacific Predators (TOPP) technology used to track
elephant seals. Image courtesy of Patrick Robinson, TOPP-UC Santa Cruz
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applications. NOPP has sponsored
research that is directly tied to informa-
tion critical for the management of both
living and nonliving marine resources.
Topics funded include research on
marine mammals, techniques for finding
finfish, and exploration of the Gulf of
Mexico’s natural and cultural resources.
These topics provide examples of how
the partnering and leveraging nature of
NOPP works equally well in the research
application realm.

In 2000, the Alfred P. Sloan
Foundation, a not-for-profit organiza-
tion, and the NOPP agencies agreed to
introduce a biological oceanography
theme consistent with the NOPP para-
digm of decentralized data archives and
partnered ocean observing programs.

In this context, a marine mammal topic
was introduced to NOPP in 2002 under
the OBIS framework. At the same time,
many federal agencies shared interests in
examining the questions surrounding the
impacts of anthropogenic sound on these
organisms. These two issues resulted in
the funding of a suite of projects aimed
at collating existing data on marine
mammals, turtles, and birds as well as

a set focused on the impact of sound

on marine mammals. Projects funded
included a database of marine mammal,
bird, and reptile distribution and abun-
dance around the world (SEAMAP), as
part of the larger OBIS system (Halpin

et al,, this issue). Another project,
Tagging of Pacific Predators (TOPP),

was funded as part of a call for innova-
tive technologies. This project employed
microprocessor-based satellite tags for
use in tracking large, open-ocean organ-
isms, including seabirds, whales, sea
lions, sea turtles, fish, and other species
(Figure 11; Shaffer et al., 2006; Biuw et al.,



2007; Charrassin et al., 2008; Kuhn et al.,
2008; Villegas-Amtmann et al., 2008).
This project provided a means of deliv-
ering both biological and physical ocean-
ographic data in amounts and areas of
coverage previously impossible to deliver
by any other measurement. The spon-
soring partners of these projects included
both science and resource agencies.

As per the NOPP model, the marine
mammal research has allowed the
agencies to leverage each other’s funds,
increasing the impact of individual
agency investment. This leveraged
investment resulted in more high-
priority tasks being accomplished in
the same time period than would have
occurred if each agency had funded the
work individually. NOPP accelerated the
ability of those agencies to meet their
goals for marine mammal research. In
addition, the NOPP peer-review process
added a layer of unbiased review of
the scientific merit of these projects to
the often controversial topic of marine
mammal research. This review improves
confidence in the independence and
quality of scientific papers and other
products that result from the research.

NOPP initiated several projects to
explore new methods for finding and
mapping finfish and their habitats in
FY2005. Particular emphasis was placed
on the use of low-frequency acoustic
methods, including signal processing
and comparison to other methods, and
use of improved advanced acoustic and
optical methods (Anderson et al., 2007;
Benoit-Bird, in press; Churnside, 2008,
2009a, 2009b; Horne, 2008; Makris et al.,
2006, 2009). This information will be
useful for agencies trying to develop
means of sustainably managing commer-

cially important living resources by

providing more accurate data on the use
of areas by fish and the factors that cause
these patterns of use.

The development of energy resources
from the deep sea is becoming increas-
ingly important to the US economy. In
the US Exclusive Economic Zone, the
western Gulf of Mexico has become an
area with a great deal of exploratory
and extractive activity by the oil and gas
industry. At the same time, a number
of diverse and vibrant communities
of organisms have been found at great
depths, and there is concern that these
unique communities might be adversely
impacted by energy exploration and
extracting activities if they are not iden-
tified and assessed. In addition to the
natural communities, the Gulf is also the
site of a number of historically impor-
tant shipwrecks. The location of both
natural and human cultural resources
was investigated through several
NOPP-funded projects. The CHEMO
(Investigations of Chemosynthetic
Communities on the Lower Continental
Slope of the Gulf of Mexico) project
explored the unique deep-water,
cold-seep communities, ultimately
comparing them with similar commu-
nities elsewhere (Cordes et al., 2007).
Another project explored both natural
and cultural resources by examining
the use of World War II shipwrecks as
artificial reefs (Church et al., this issue).
The value of developing and funding
this work through NOPP was that it
allowed the Minerals Management
Service (MMS), the agency with respon-
sibility for issuing oil and gas leases,
to partner with NOAA, the agency
with the mandate and capabilities to
explore and document new biological

communities and cultural heritage sites

in the deep ocean. NOPP provided the
best available mechanism for these two
agencies to combine their interests and

leverage funding.

OCEAN INFRASTRUCTURE

The NOPP program addresses the big
issues facing ocean science. For that
reason, it has also tried to ensure coor-
dination in the ocean science commu-
nity on the status and future of the
infrastructure needed to support ocean
research. Oceanography has always

been carried out from sea-going ships;
the advent of satellites and other forms
of remote sensing has not changed this
tradition. If anything, the use of satellites
for oceanography has increased the need
for ships. The dependence of the ocean
research community on ships means
that a dedicated research fleet must be
maintained. A nonfederal consortium,
the University-National Oceanographic
Laboratory System (UNOLS), oversees
the operations of the academic oceano-
graphic fleet. In addition to the academic
fleet, there are a number of oceano-
graphic vessels that the mission agencies
of the federal government maintain.
Universities and federal laboratories also
build and maintain smaller research plat-
forms such as remotely operated vehicles
(ROVs), autonomous underwater vehi-
cles (AUVs), manned submersibles, and
underwater cabled observatories.

To ensure coordination among the
federal agencies for the ships and other
research platforms, NOPP adopted
an existing federal group, the Federal
Oceanographic Fleet Coordinating
Council (FOFCC), expanded its charter,
revised its name to reflect this broader
mandate (Federal Oceanographic
Facilities Committee, FOFC), and
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incorporated it into the NORLC
reporting structure. In 2006, FOFC
was transitioned into the new OAP
ocean governance structure as the
Interagency Working Group on Facilities
(IWG-Facilities). After incorporation
under NOPP, FOFC issued a strategic
plan for renewal of the academic
research fleet (FOFC, 2001) as well as
a small brochure that described the
government-sponsored fleet of aircraft
dedicated to ocean research. This 2001
Fleet Plan was revised and expanded
in 2007 (IWG-Facilities, 2007).
Although FOFC existed before NOPP,
NOPP provided it with a more effec-
tive reporting structure and entrained
a larger group of agencies to provide
input and coordination. IWG-Facilities
continues efforts to identify the range
of other existing oceanographic plat-
forms that could be managed or at
least overseen in a more coordinated
fashion, such as ROVs, AUVs, gliders,
and submersibles. To date, however,
most of those vehicles remain experi-
mental and have not transitioned into
the true operational status that would
require the kind of coordination that
UNOLS and IWG-Facilities provide for

ships and aircraft.

IMPACT SUMMARY

NOPP has accomplished a great deal in
a relatively small amount of time and
with limited funding. It has been respon-
sible for advancing ocean science and
education in a number of critical areas
on a rapid timeline. It has fostered the
creation of a cadre of ocean researchers
who are comfortable working collabora-
tively among sectors in ways that were
not common ten years ago. The develop-

ment of partnerships among researchers,
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particularly among the various sectors—
academia, government, industry, and
nongovernmental organizations—has
increased and, arguably, become easier
through the NOPP process. Initially,
most proposals submitted to NOPP
came from members of the academic
community with perhaps a few govern-
ment investigators. Industry was usually
listed as a partner if the research group
planned to purchase an instrument
from a commercial firm as part of the
research. The funding agencies, however,
saw this problem and moved quickly to
educate the community on the need for
“real” partnerships, that is, genuinely
collaborative work in which all partners
had a vested interest in the results and
worked together as part of a team. Early
NOPP grantees bore the brunt of the
learning curve on this new way of doing
business, but the NOPP agencies helped
the new projects develop the necessary
management skills. In addition, NOPP
created the Excellence in Partnering
Award (see Box 1) to recognize investi-
gators who succeeded in creating good
partnerships and could, therefore, stand
as models to the scientific and education
communities. After ten years, NOPP
has nurtured a group of ocean scientists
and program managers across sectors of
the oceanographic community that has
the vision and skills to work together in
large, relatively long-term efforts toward
a common goal. NOPP has helped
bring these communities into partnered
research more quickly and compre-
hensively than might have happened
if they had continued to be funded in
the usual way, as single investigators on
single-discipline projects of interest to
only one agency.

NOPP has produced a well-

established process by which the federal
ocean agencies identify and fund topics
in which they have a shared interest,
leveraging limited funding and accel-
erating the research to address these
topics. Although the NOPP funding
agencies quickly came to understand and
foster partnerships among researchers,
achieving the same kind of synergy
among the agencies themselves has
been a challenge. As with the different
research sectors, each agency has its own
“culture” The first step was to develop
a common understanding among the
NOPP agencies of the constraints on
each other’s funding processes. In addi-
tion, federal agencies are restricted from
moving appropriated funds to other
federal agencies if not on a reimbursable
basis, forcing the NOPP partners to find
the best ways to leverage each other’s
abilities to fund various topics and proj-
ects. This limitation has been a challenge
to progress, but efforts continue even as
NOPP has moved into the OAP struc-
ture of governance. It is important, as the
OAP structure evolves, that the NOPP
agency participants be included in that
structure so that they can bring their
expertise and extensive knowledge of
cross-agency funding mechanisms and
provide recommendations on ways to
improve the system. The lessons learned
through the NOPP process, and the trust
developed among the participants, have
been crucial elements to NOPP’s success.
Those qualities must not be lost.

NOPP, as originally conceived,
was aimed at partnering on three
levels—among scientific investigators,
among federal agencies, and among
congressional committees that have
responsibility for authorizing and

appropriating funds for ocean activities.



BOX 1. NOPP EXCELLENCE IN PARTNERING AWARD

The emphasis in NOPP on partnering means that
funded projects must be carried out by investigators
representing different sectors. Because this way of
doing research is not typical for most oceanogra-
phers, it means that the successful NOPP Principal
Investigator (PI) must learn how to coordinate the
work of people from organizations with differing
missions, priorities, and cultures in order to achieve
a successful outcome. In 2001, NOPP agencies
decided to recognize PIs who proved to be particu-
larly successful at organizing and coordinating these
efforts, and thus instituted the NOPP Excellence

in Partnering Award. The award has two purposes:
(1) to recognize the successful efforts of the partners
in conducting a superior project and (2) to identify
to the ocean sciences community and its supporters
what constitutes a successful NOPP effort. Typically,
the award is given annually to one completed NOPP-
funded project that best exemplifies NOPP partner-
ship objectives and successfully addresses at least
one of the national goals put forth in the National
Oceanographic Partnership Act (national security,
economic development, quality of life, science educa-
tion). Each of the winners of this award exemplifies
a study with equal commitment by all the partners
that has resulted in products that could not have
been achieved without the participation of all the

different sectors.

The following projects have been awarded the

NOPP Excellence in Partnering Award.

2001 | The Bridge Project

Bridge, whose title connotes the bridge of a ship
rather than a bridge over an obstacle, is meant to be
a filter for high-quality Web sites on marine science
education. It is a collection of high-quality, online
educational tools for science teachers at the K-12
level. Criteria used to select sites to appear on the
Bridge’s Web site are usefulness, content, level of Web
technology, and ease of use.

Partners

- Virginia Institute of Marine Sciences

« NOAA, Virginia Sea Grant College Program

« National Marine Educators Association

2001 | The South Atlantic Bight Synoptic

Offshore Observational Network

The South Atlantic Bight Synoptic Offshore

Observational Network (SABSOON) uses Navy

towers built off the coast of Georgia for military

training purposes. The towers provide power and

high-speed data access to SABSOON’s oceanographic

sensors. The objectives of the project are basic inter-

disciplinary research, coastal ocean monitoring,

sensor testing, and outreach and education. Areas of

interest for research include cross-shelf exchange of

water masses, optics, air-sea interaction, and fisheries.

Partners

» Skidaway Institute of Oceanography

¢ University of North Carolina, Chapel Hill

» US Navy (Tactical Air Combat Training System,
Naval Warfare Assessment Station)

» University of Georgia

« US Environmental Protection Agency

« South Carolina Department of Natural Resources

« NOAA, Gray’s Reef National Marine Sanctuary

Continued next page...
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2002 | Coastal Marine Demonstration Project
The Coastal Marine Demonstration Project (CMDP)
was a two-year effort funded by NOPP that devel-
oped, improved, delivered, and evaluated experi-
mental marine forecast products for mariners of the
Chesapeake Bay and surrounding coastal ocean. The
partnership was a collaboration of academic, private
industry, government, and private citizens. CMDP
provided high-resolution model information, down to
800 m, which was not otherwise available to users and
forecasters. The high-resolution forecast fields were
based upon models with appropriate regional resolu-
tion that are capable of reproducing the atmospheric,
oceanic, and estuarine circulation seen in the coastal
environment. Important forecast fields were surface
winds, waves, water level, currents, water tempera-
ture, salinity, visibility, and ship ice accretion.
Partners

+ University of Maryland, Horn Point Laboratory

« NOAA, National Ocean Service

« NOAA, National Weather Service

+ Litton-TASC

» Weather Services International

¢ Princeton University

» University of Rhode Island

2003 | The Argo Project: An Integrated
System for Real-time CTD Profiling Float
Data on Basin Scales

The US NOPP-Argo project is a five-year implemen-
tation (2001-2006) of the US contribution to the
international Argo program. The float program and
its data management system began with regional
arrays in 1999, scaled up to global deployments

by 2004, and achieved its target of 3,000 active
autonomous instruments in 2007. The Argo array
will provide unprecedented real-time views of the

evolving physical state of the ocean (temperature,
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salinity, and currents). It will reveal the physical

processes that balance the large-scale heat and fresh-

water budgets of the ocean and will provide a crucial

data set for initialization and assimilation in seasonal-

to-decadal forecast models. Argo is a major initiative

in oceanography, with research and operational objec-

tives, providing a global data set for climate science

and many other applications.

Partners

* Scripps Institution of Oceanography, University of
California, San Diego

« NOAA, Atlantic Oceanographic and
Meteorological Laboratory

« NOAA, Pacific Marine Environmental Laboratory

» Woods Hole Oceanographic Institution

» University of Washington

+ Lamont-Doherty Earth Observatory, Columbia
University

» US Navy, Fleet Numerical Meteorology and
Oceanography Center

2004 | Coordinated Regional Benefit Studies
of Coastal Ocean Observing Systems

The NOPP-sponsored project on estimating the
potential economic benefits from new investments in
regional coastal ocean observing systems in US waters
was a two-year (2002-2004) effort involving a team of
researchers from around the country. The team devel-
oped techniques for estimating potential economic
benefits from coastal ocean observing informa-

tion, and applied these to a set of industrial and
recreational activities in ten regions encompassing

all coastal waters of the United States. The findings
suggest that annual benefits to users from the deploy-
ment of ocean observing systems are likely to run in

the multiple hundreds of millions of dollars per year.



Partners

» Woods Hole Oceanographic Institution

+ University of Southern Maine

* Louisiana State University

+ University of North Carolina at Chapel Hill
* Delta Research Co.

+ University of California, Los Angeles

* Louisiana State University

¢ Northern Economics

+ University of South Florida

2006 | Deep Wrecks Project: The Artificial

Reef Effect in Deep Water

This multidisciplinary study focused on the biological

and archaeological aspects of six World War II era

shipwrecks lost in the north-central portion of the

Gulf of Mexico as a direct result of wartime activity

between early May and late July 1942. Water depths

at the investigation sites range from 87 m to 1964 m.

The sites were investigated using a remotely oper-

ated vehicle to determine site boundaries, National

Register potential, preservation state and stability,

and the potential for manmade structures or objects

to function as artificial reefs in deepwater. An educa-

tional component was implemented along with the

scientific and historical components of the project

in order to incorporate public outreach as an equal

partner in every phase of the expedition planning.

Partners

¢ C & C Technologies Inc.

 Droycon Bioconcepts Inc.

» University of Alabama/Dauphin Island Sea Lab

+ Harte Research Institute for Gulf of Mexico
Studies/Texas A&M University-Corpus Christi
and University of Alaska, Fairbanks

¢ University of West Florida

+ PAST Foundation

* Montana State University

2007 | US GODAE: Global Ocean Prediction
with the HYbrid Coordinate Ocean Model
(HYCOM)
During five years, a broad partnership of institu-
tions collaborated in developing and demonstrating
the performance and application of eddy-resolving,
real-time global and basin-scale ocean prediction
systems using the HYbrid Coordinate Ocean Model
(HYCOM). The systems run efficiently on a variety
of massively parallel computers and include sophisti-
cated, but relatively inexpensive, techniques for assim-
ilation of satellite and in situ data. The partnership
represents a broad spectrum of the oceanographic
community, bringing together academia, federal
agencies, and industry/commercial entities, spanning
modeling, data assimilation, data management and
serving, observational capabilities, and application of
HYCOM prediction system outputs. The partnership
provided an opportunity to leverage and accelerate
the efforts of existing projects, producing products
that collectively should serve users better than would
the individual projects. In addition, this project
offered an outstanding opportunity for NOAA-Navy
collaboration and cooperation ranging from research
to operational levels.
Partners
» Florida State University/Center for Ocean-
Atmospheric Prediction Studies
» University of Miami/Rosenstiel School of Marine
and Atmospheric Science
« Woods Hole Oceanographic Institution
+ University of North Carolina
* Rutgers University
+ University of South Florida
+ Laboratoire des Ecoulements Géophysiques
et Industriels
+ Nansen Environmental and Remote Sensing

Center

Continued next page...
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 Naval Research Laboratory/Stennis Space Center

» Naval Oceanographic Office

+ US Navy Fleet Numerical Meteorology and
Oceanography Center

+ Naval Research Laboratory/Monterey

» NOAA/National Centers for Atmospheric
Prediction/Marine Modeling and Analysis Branch

» NOAA National Ocean Service

« NOAA Atlantic Oceanographic and Meteorological
Laboratory

» NOAA Pacific Marine Environmental Laboratory

» NOAA/National Weather Service/Ocean
Prediction Center

« NASA Goddard Institute for Space Studies

» Service Hydrographique et Océanographique de la
Marine

+ Planning Systems, Inc.

+ The Open Source Project for a Network Data
Access Protocol

* Horizon Marine Inc.

+ Roffer’s Ocean Fishing Forecasting Service Inc.

+ Shell Oil Company

« ExxonMobil Corp.

2008 | Multi-sensor Improved Sea Surface
Temperature for GODAE

The Multi-sensor Improved Sea Surface Temperatures
(MISST) for the Global Ocean Data Assimilation
Experiment (GODAE) project focused on producing
improved, high-resolution, global, near-real-time,
sea surface temperature (SST) analyses through the
combination of satellite observations from comple-
mentary infrared and microwave sensors, and then
demonstrating the impact of these improved SSTs on
operational ocean models, numerical weather predic-
tion, and tropical cyclone intensity forecasting. SST
is one of the most important variables related to the

global ocean-atmosphere system. Its importance to

Oceanajm,u/p/ Vol.22, No.2

accurate weather forecasting of both severe events and

daily weather has been increasingly recognized over

the past several years.

Partners

* Remote Sensing Systems

« NOAA Environmental Technology Laboratory
(now a component of the Earth Systems Research
Laboratory)

« NOAA Office of Research and Applications (now
the Center for Satellite Applications and Research)

« NOAA National Oceanographic Data Center

» NOAA National Climatic Data Center

« NOAA Atlantic Oceanographic and Meteorological
Laboratory

+ Naval Research Laboratory Stennis Space Center

+ Naval Research Laboratory Monterey

+ University of Colorado

+ Florida State University

+ University of Miami Rosenstiel School of Marine
and Atmospheric Science

+ University of Maryland College Park

+ University of Edinburgh

+ National University of Ireland

« NASA Jet Propulsion Laboratory

+ Naval Oceanographic Office

 European Space Agency International Global
High-Resolution Sea Surface Temperature Pilot
Project (GHRSST-PP) Office



NOPP’s greatest achievement has been in
fostering collaborations among diverse
sectors of the ocean research community
and among the federal agencies at the
individual program level. Under the
original NOPP concept, the benefits

of partnering were intended to lead to
increased support at high levels in the
participating agencies as well as coor-
dinated budget submissions that would
have been recognized by appropriators,
resulting in a program that grew in
funding and influence. While this vision
has not been fully realized to date, many
inside and outside of government have
recognized the advances in the ocean
community that NOPP has enabled.

CONCLUSION

It is useful to look back at the original
legislation that created NOPP to deter-
mine if the program has, after ten years,
achieved the stated goals—creation of
research partnerships that “promote the
national goals of assuring national secu-
rity, advancing economic development,
protecting quality of life, and strength-
ening science education and communi-
cation through improved knowledge of
the ocean” Have NOPP activities and
projects supported them? If one “maps”
the NOPP-supported projects to these
goals, it seems clear that the program
has accomplished much in this context.
The various efforts to develop an ocean
observing system and model both the
open and nearshore ocean environments
have contributed to national security.
The projects that advance ocean tech-
nology and transition it to commercial
applications have supported economic
development, as have the projects on
mapping finfish populations. Quality
of life in the Unites States has been

addressed through the projects that
target natural resources. Further, the
NOPP focus on education has certainly
strengthened the entire nation’s capabili-
ties in this area.

In spite of many challenges, NOPP
has proven to be successful at identifying
a wide variety of topics important to
more than one agency. The program
has brought forth novel ideas for
exploration and funded interesting and
sometimes surprising projects. At the
heart of the program are the profes-
sional relationships that have evolved
among the various agency programs
and led to joint calls for proposals and
support for a variety of efforts. These
efforts have been complemented by the
community of oceanographers, and have
evolved into partnerships that address
topics identified by both scientists and
program managers. Although NOPP
will evolve, as all programs do, the goal
is to learn from, maintain, and build
on the progress already made through
NOPP in ocean research, technology,
education, and collaboration. The NOPP
structure has changed over the years, but
the scientific and program partnerships
that were created continue to function,
and the future looks bright for collabora-
tive ocean research among academia,

government, and industry.
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