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ABSTRACT
The United States has several meteorological, oceanographic, and satellite operational processing centers (OPCs)
in the military and civilian sectors. Separate cooperative and complementary military and civilian OPCs provide sufficient redundancy for backup purposes; permit the development of state-of-the-art forecasting schemes, such as the ensemble technique; and ensure the diverse environmental needs of military and civilian users are met with the most efficient
use of resources. The effective collaboration of the military and civilian OPCs has resulted in the development of a
truly national meteorological and oceanographic resource not attainable within any single agency.

1. Introduction
A long history of cooperation exists between federal agencies involved with weather and ocean prediction. In the current era of declining budgets,
changing military requirements, and increased demands for services, agencies are pursuing new areas
of cooperation to enhance cost effectiveness, improve
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efficiency, and eliminate unnecessary redundancy.
This is particularly true for the U.S. meteorological
and oceanographic operational processing centers
(OPCs), which are capitalizing on improved computer
and communications technologies to pioneer unprecedented collaborative efforts in forecasting the natural
environment. Today, these OPCs are highly interdependent components, which can be applied to a broad
range of national defense, economic, and resource
protection interests. This paper focuses on the interdependencies and cooperative efforts of the OPCs,
which make them collectively a key national resource.
Cooperation among the OPCs can be traced back
to 1954 with the formation of the Joint Numerical
Weather Prediction Unit (JNWPU). Located in the
Washington, D.C., area, representatives of the U.S.
Weather Bureau [later the National Weather Service
(NWS)], the Naval Weather Service [now the Commander, Naval Meteorology and Oceanography Command (CNMOC)], and the U.S. Air Force's Air
Weather Service (AWS) banded together to take advantage of early first-generation computers. Their goal
to develop and run the first numerical weather prediction model was achieved in 1958 when a singlelevel barotropic model began running. It provided
2025
Unauthenticated | Downloaded 01/09/23 03:05 AM UTC

skillful, timely numerical predictions used by central
forecasters as guidance for their manually prepared
prognostic charts. Soon after this achievement, three
individual OPCs operated by the National Weather
Service, the U.S. Air Force, and the U.S. Navy
evolved from the JNWPU to focus on each agency's
unique customer requirements (Shuman 1989).
Nevertheless, the OPCs continued to share observations, model output, unique products, and other technical information. Today's names for the original
OPCs are NOAA's National Centers for Environmental Prediction, the Air Force Global Weather Central,
and the Fleet Numerical Meteorology and Oceanography Center. Two additional activities included in the
current coordinating structure are the Naval Oceanographic Office and NOAA's National Environmental Satellite, Data, and Information Service's Office
of Satellite Data Processing and Distribution. (Note:
All will be referred to as OPCs for convenience.)
Although there are similarities between the OPCs,
individual mission requirements result in differing approaches and solutions to meet customer needs. In
many cases, however, one OPC must draw on the capabilities of one or more of the other OPCs to satisfy
specific customer needs. As such, the OPCs work to
complement each other while, at the same time, supporting uniquely different missions. This improves efficiency, saves money, and reduces unnecessary
redundancy. Further, the increasing interdependence
of the civilian and military OPCs has led to the creation of a unique integrated national resource.
The following sections describe the missions of the
individual OPCs, highlight current cooperative efforts, and discuss the forces for change and future directions for improved cooperation and collaboration
among the OPCs.

2. M i s s i o n s of the meteorological,
oceanographic, and satellite
operational processing centers
a. National Centers for Environmental Prediction
The National Centers for Environmental Prediction
(NCEP), with its nine components, provides data,
analyses, forecasts, and outlooks required by civilian
field forecasters as a basis for local forecasting. Using
numerical forecasting techniques run on large computers, NCEP provides NOAA, other government
agencies, private industry, and some foreign users
with forecast meteorological guidance covering peri2030

ods out to 10 days and climate forecasts for the next
four seasons. In addition, NCEP provides guidance for
tracking hurricanes, in forecasting the movement of
severe storms that cause significant precipitation
and/or damage, and in forecasting weather hazards for
aviation. For the space environment, NCEP provides
national and international forecasts, alerts, and warnings of extraordinary conditions occurring in space
and the upper atmosphere, such as radio noise, solar
energetic particles, geomagnetic activity, and stratospheric warming. The National Weather Service Telecommunications Gateway provides for the exchange
of data and products between the NCEP and its customers. It also links NCEP with the World Meteorological Organization's Global Telecommunications
System.
Serving a broader mission than its predecessor organization, the National Meteorological Center,
NCEP includes operational climate, ocean, and precipitation event prediction as well as short-range
weather prediction. The nine components of NCEP are
divided into two central-support activities and seven
service-oriented centers. Collocated, the Environmental Modeling Center supports numerical model development and the NCEP Central Operations provides
coordination and integration of centers-wide activities. Each of the service-oriented centers will generate specialized environmental prediction products, as
implied by their names: the Storm Prediction Center,
Aviation Weather Center, Hydrometeorological Prediction Center, Tropical Prediction Center (National
Hurricane Center), Marine Prediction Center, Climate
Prediction Center, and the Space Environment Center. See McPherson (1994) for an in-depth discussion
of the NCEP.
b. Air Force Global Weather Central
As the heart of the U.S. Air Force weather system,
Air Force Global Weather Central (AFGWC) builds
a comprehensive environmental database and applies
it in real time to meet U.S. Air Force, U.S. Army, and
joint Department of Defense (DOD) requirements, as
well as those of other federal agencies. Production resources include a supercomputer; interconnected
suites of mainframe computers for data processing,
cloud analysis and prediction, and computer flight
plan production; and a network of computer workstations for interactive graphics and satellite imagery manipulation. Worldwide weather data are relayed to
A F G W C via the Automated Weather Network
(AWN) and blended with civil and military meteoroVol. 77, No. 9, September 1 996
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logical satellite data to construct a real-time, integrated
meteorological database. The data are then numerically processed to construct models of the atmosphere
and to forecast its future behavior. The Satellite Data
Handling System allows high-speed, forecastermachine interaction with AFGWC's satellite and conventional meteorological databases. Using special
tools, such as the real-time nephanalysis, agricultural
and snow-depth databases, and the relocatablewindow, high-resolution mesoscale model, AFGWC
tailors environmental products to the mission-specific
needs of operational customers worldwide. In addition to conventional teletype and facsimile transmission systems, AFGWC generates products over the
Automated Weather Distribution System (AWDS) to
base and post weather stations around the globe.
Another tool, the AFGWC Dial-In System, allows
users in forward-deployed situations to "reach back"
to AFGWC and "pull forward" tailored environmental products to satisfy user requirements.
c. Fleet Numerical Meteorology and Oceanography
Center
The Fleet Numerical Meteorology and Oceanography Center (FNMOC) provides atmospheric and
oceanographic analysis and forecast products in support of U.S. Navy, U.S. Marine Corps, and joint DOD
operations. FNMOC is CNMOC's processing center
dedicated to running automated operational highresolution atmospheric and oceanographic models
worldwide to produce information primarily focused
on the marine environment, wherever and whenever
required. The model results are processed into marine environmental support products and are distributed to military units through a global network of
regional forecast activities. These products are then
used by military forces around the world to avoid
storm and wave damage, and to optimize the efficiency and effectiveness of sensors and weapons systems. The products are distributed to military units
through U.S. Navy and joint command, control, communications, computers, and intelligence systems.
Unclassified products can also be obtained by "on
scene" users through dial-in access to FNMOC via
the Navy Oceanographic Data Distribution System.
See Nelson and Aldinger (1992) and Plante and
Clancy (1994) for an in-depth discussion of FNMOC.
d. Naval Oceanographic Office
The Naval Oceanographic Office (NAVOCEANO)
collects and processes classified and unclassified hydroBulletin of the American Meteorological Society

graphic, oceanographic, and other geophysical data.
The data and derivative products are distributed to
U.S. Navy, U.S. Marine Corps, and joint DOD operational units. NAVOCEANO responds to long-term national and strategic requirements, as well as emergent,
short-term requirements in support of contingency operations. To accomplish this, NAVOCEANO directs
a fleet of eight survey ships, manages a sophisticated
satellite and ocean buoy processing facility, and tasks
oceanographic survey aircraft. N A V O C E A N O ' s
Warfighting Support Center operates interactive
ocean models with emphasis on littoral (coastal)
regions, as well as special computer ocean models,
such as ocean drift and oil spill models, which may
be required on a nonroutine basis by military forces.
Products, such as ocean fronts and eddy analyses,
ocean wave predictions, and three-dimensional ocean
thermal fields, are provided to customers worldwide.
NAVOCEANO is the U.S. Navy's primary NOAA
polar-orbiting satellite data and altimetry data processing facility. See Martin (1994) for a complete discussion of operational oceanography initiatives at
NAVOCEANO.
e. NESDIS Office of Satellite Data Processing and
Distribution
The mission of NESDIS is to monitor continuously
the earth's land surface, oceanic, atmospheric, and
space environmental conditions. NESDIS also provides environmental data and information products
and services to the general public, including international users, and to federal, state, and local agencies.
Within NESDIS, the Office of Satellite Data Processing and Distribution (OSDPD) is responsible for the
real-time processing of polar-orbiting and geostationary satellite observations into a wide variety of products and services. Raw data are received by OSDPD
and then calibrated and earth located. Algorithms to
convert satellite radiances into geophysical measurements are then applied to develop a suite of products
and services used by forecasters, oceanographers, and
researchers. OSDPD also collaborates with the
NESDIS data centers in the long-term archival of satellite products for subsequent user access.

3 . Cooperation and collaboration
Over the years, there has been an increasing
amount of cooperation and collaboration within the
federal meteorological and oceanographic commu2025
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nity. Two initiatives have significantly enhanced this
process. They are 1) the establishment of the Office
of the Federal Coordinator for Meteorological Services and Supporting Research (OFCM) and its
Committee for Operational Processing Centers
(COPC), and 2) the development of the Shared Processing Program (SPP). There have also been many
other bilateral and trilateral agreements between the
OPCs that have facilitated the sharing of data and
other information.
a. Office of the Federal Coordinator for
Meteorological Services and Supporting
Research
Over 30 years ago, the Office of the Federal Coordinator for Meteorological Services and Supporting Research was founded in response to a growing
concern of the Executive Branch and Congress over
the proliferation of meteorological programs throughout the federal government. At the request of
Congress, the Bureau of the Budget—now the Office
of Management and Budget—undertook a survey of
federal meteorological activities. The results of the
survey, published in March 1962, found that 15 federal agencies were engaged in significant meteorological activities in support of their own missions.
Further, it was concluded that pressures being exerted
by scientific and technical advances on the field of
meteorology and the accelerating growth of expenditures required the strengthening of existing arrangements for planning and coordinating meteorological
programs. In November 1963, the Bureau of the
Budget issued Circular A-62 to set forth policies
and procedures for the coordination of federal meteorological services and specified the Department of
Commerce (DOC) as the lead agency. Then, in
January 1964, the DOC issued an implementation
plan that established the OFCM, together with an
appropriate interdepartmental committee structure
(OFCM 1990).
b. Committee for Operational Processing Centers
The formal, modern-era cooperation among the
OPCs first came under the auspices of the OFCM with
the formation of a working group in June 1983. In
June 1987, the group was elevated to committee status and became the Committee for Operational Processing Centers. Today, the COPC includes
• NCEP, headquartered in Camp Springs, Maryland;
• AFGWC, Offutt AFB, Nebraska;
2030

• FNMOC, Monterey, California;
• NAVOCEANO, Stennis Space Center, Mississippi;
and
• NESDIS/OSDPD, Suitland, Maryland.
The directors/commanding officers of the OPCs
meet twice a year to 1) promote free and open exchange
of information concerning numerical weather and
ocean prediction and modeling efforts, data resources
or problems, and atmospheric and oceanographic
products; 2) develop, as appropriate, cooperative
agreements for technical support and interface requirements; 3) identify areas where expanded coordination
efforts are needed; and 4) recommend plans of action.
The COPC chairmanship rotates among the five permanent representatives based on who is hosting the
meeting.
c. Shared Processing Program
Another key initiative in the cooperation and collaboration process is the SPP. The term "shared processing" was used to describe the exchange of
satellite-derived environmental data and products
among NOAA, the U.S. Navy, and the U.S. Air Force.
In 1975, an interagency data exchange was implemented when AWS agreed to supply the National Environmental Satellite Service, which later became
NESDIS, with mapped imagery products. Between
1975 and 1977, several "cross cuts" or convergence
reviews of civil and military weather satellite programs were conducted. Based on these reviews, the
DOD and NOAA implemented a comprehensive
agreement to share military and civil environmental
satellite data processing capabilities with a goal to
minimize the economic costs to both the DOD and
NOAA. The current SPP Memorandum of Agreement
was signed in 1992 and reemphasized the goals to
1) economically and efficiently meet the common and
unique needs of the military and civil users of
satellite-derived environmental data, 2) make efficient
use of national space environmental remote sensing
assets operated by civil and defense agencies, and
3) provide the most cost-effective ground processing
of remotely sensed environmental data through the
cooperative and collaborative efforts of the OPCs.
The SPP OPCs are
•
•
•
•

NESDIS/OSDPD, Suitland, Maryland;
AFGWC, Offutt AFB, Nebraska;
FNMOC, Monterey, California; and
NAVOCEANO, Stennis Space Center, Mississippi.
Vol. 77, No. 9, September 1 9 9 6
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d. Cooperative support and backup
The cooperative sharing of data, technology, and
products among the OPCs has become critical to fulfilling mission requirements in the most efficient
manner. Such arrangements provide for the effective
and economic use of available resources.
In June 1983, the OFCM Working Group for Cooperative Support and Backup (WG/CSAB) was established to coordinate, prepare, and maintain federal
plans to identify cooperative support, dissemination
modes, product formats and schedules, and emergency
backup requirements and procedures for the OPCs.
Today, WG/CSAB is the COPC's executive agent for
the preparation and update of the Federal Plan for
Cooperative Support and Backup among Operational
Processing Centers—a totally revised version is in
final coordination and should be published shortly.
Specifically, the plan describes the missions and operations of the OPCs and details the cooperative support among the centers and the contingency backup
support that each OPC would require to ensure continued service to their customers.
It should be noted that backup support provided by
the OPCs will not necessarily be transparent to the
customer. For situations ranging from single-system
failures to catastrophic disaster, some reduced capability may be expected depending on the situation and backup
required. However, it is envisioned that as cooperative support increases and becomes
institutionalized the backup support required by the OPCs will
become more inherent in the
system and, therefore, more
transparent to the customer.
Figure 1 depicts the routine, yet
complex, flow of data and products between the OPCs.
The OPCs rely on this cooperative exchange of data and
products to complete their individual product suites. For example, NCEP and FNMOC use
AFGWC's daily Northern Hemisphere snow cover analysis and
the real-time nephanalysis data
for input into their analysis/forecast systems. AFGWC receives
a tailored set of NCEP products
for the North A m e r i c a n conti-

nent and Northern Hemisphere to complement its suite
of products, and FNMOC receives a prearranged
twice-daily grouping of gridded fields from NCEP for
model performance comparisons and other quality
control functions. FNMOC makes ocean and meteorological model output available to N C E P and
AFGWC, and special sensor microwave data to members of the SPP. Additionally, NCEP and FNMOC exchange model output data to provide a continuous
backup capability at both sites. NAVOCEANO uses
NOAA satellite data to complement its suite of
oceanographic products, which includes global multichannel sea surface temperatures (MCSSTs)—a product NAVOCEANO provides to FNMOC and NCEP.
AFGWC responds to requests from the NCEP's
National Hurricane Center and from the DOD's Joint
Typhoon Warning Center in Guam for tropical cyclone position and intensity information. AFGWC also
maintains the capability to backup the NCEP's Storm
Prediction Center and the Aviation Weather Center.
Military oceanographic support is the responsibility of the Naval Meteorology and Oceanography
Command. FNMOC possesses the world's largest
three-dimensional, automated ocean modeling and
forecasting capability and associated global database.
NAVOCEANO augments FNMOC's capability with

FIG. 1. Schematic diagram depicting the flow of data and products between the OPCs.
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specially tailored "person in the loop" products
and databases, in addition to providing ocean survey
services.
Civilian oceanographic support is still being formulated among the OPCs. Currently, there is no
backup for the tide-measuring system, nor for most
other ocean products, and only preliminary discussions have been held about shared oceanographic
products between the military and civilian OPCs. It
is expected that such sharing will take place and that
any required backups will be instituted. Likely areas
of sharing are in ocean modeling and the exchange
of ocean model output; both U.S. Navy and NOAA
efforts offer the opportunity for sharing research and
developmental technology.
To facilitate the cooperative exchange of data and
products among the OPCs, a common set of formats
was developed by the OFCM's Working Group for
Communications Interfaces and Data Exchange and
published in an OFCM federal plan entitled, Standard
Formats for Weather Data Exchange Among Automated Weather Information Systems. For example, the
WMO-sponsored gridded binary and Binary Universal Format for Data Representation formats have recently been adopted for use by the OPCs.
e. National centers of expertise
In 1980, the concept of center of expertise (COE)
was developed to provide for high quality data exchange between the SPP OPCs. As the collaborative
efforts among the OPCs have evolved over time, so
has the COE concept. The current COE structure recognizes the satellite processing expertise of each of
the OPCs, and each center agrees to produce and deliver to the others selected environmental products derived from polar-orbiting satellites. NESDIS/OSDPD
is designated the COE for atmospheric soundings;
AFGWC the COE for visible and infrared mapped
imagery and cloud analyses; and FNMOC the COE
for microwave imagery. In 1988, NAVOCEANO was
added as a fourth COE responsible for global MCSST
parameters and U.S. Navy-derived altimetry products.
To ensure the COEs produce state-of-the-art,
satellite-derived products to meet the needs of the
OPCs, algorithm research panels (ARP) were established to review, evaluate, and approve the COE's
satellite data processing algorithms. Separate ARPs
were initially established for sea surface temperatures
and Special Sensor Microwave/Imager (SSM/I) parameters. Membership includes research scientists,
operational production specialists, and major custom2030

ers from the appropriate OPCs. See Colton and Poe
(1993) for a thorough review of the SSM/I ARP. Most
recently, the Soundings ARP was established to provide a formal interagency analysis of the geophysical algorithms and procedures used in the operational
production of both atmospheric temperature and
moisture profiles from the NOAA and Defense Meteorological Satellite Program (DMSP) polar-orbiting
spacecraft. The ultimate goal is to investigate the development of a converged sounding system to
meet both NOAA and DOD sounding processing
requirements.
f Data acquisition, exchange, and archival
Sharing observational data is the most fundamental
form of cooperation. Conventional observations reach
the OPCs via the WMO-managed Global Telecommunications System through the NWS Telecommunications Gateway and via the U.S. Air Force-operated
AWN—the backbone of military weather communications. The DOD Message System delivers additional
classified and unclassified data to the military OPCs;
unclassified data are also provided to the civilian
OPCs. The U.S. Air Force-managed Global Weather
Intercept Program (GWIP) obtains WMO weather
broadcasts, as well as non-WMO broadcasts, for
AWN delivery to the OPCs. In some areas of the
world, the GWIP accounts for a significant amount
of the data collected. Remotely sensed data are acquired through civil and military meteorological and
oceanographic satellite systems. The current interface
for the exchange of operational satellite data among
the OPCs is provided through SPP.
The exchange of conventional data is accomplished
through the Interdepartmental Meteorological Data
Exchange System (IMDES). IMDES was conceived
by the COPC as a formal structure for the routine exchange of meteorological, oceanographic, and hydrological data between the OPCs and to provide the
capability to backup an individual OPC in the event
of operational problems or circuit failures. The system was designed in 1986, and the first operational
link was implemented in 1989. IMDES is designed
to minimize the impact of any outages until the processing or distribution capability is restored at the affected site. IMDES also supports specific bilateral
agreements between OPCs for the cooperative exchange of meteorological and oceanographic information. Figure 2 depicts the satellite communications
used by the SPP and the landline communications of
IMDES.
Vol. 77, No. 9, September 1 996
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While data archiving is not a direct
responsibility of the OPCs, the OPCs
act as consolidation points and sources
for the t r a n s f e r of data to various
data archiving centers. Data archiving is
accomplished primarily through interfacing with the Federal Climate Complex, the National Oceanographic Data
Center, and the National Geophysical
Data Center. NOAA, U.S. Navy, and
U.S. Air Force components compose the
Federal Climate Complex in Asheville,
North Carolina. As the data archiving
centers expand their services to include
on-line requests from both government
and private users, the interface with the
OPCs will certainly become more sophisticated and important.
A n e x a m p l e is N O A A ' s S a t e l l i t e A c -

FIG- 2. Current satellite and landline communications architecture.

tive Archive (SAA)—a system designed
to provide easy access to data from
NOAA's satellites. SAA contains descriptive information about available datasets and permits users to
search inventories of data holdings for availability
based on geographic and date requirements. In addition to providing advanced on-line data query and
product request capabilities, SAA also provides an online graphical browse tool, which can assist the user
in determining geographic coverage of individual
datasets and display on-line digital representations of
those datasets. Once the data requirements have been
determined, an order may be placed electronically,
and data will be delivered either electronically or
through a physical medium.

4 . Forces f o r change and f u t u r e
directions
The cooperation among military and civilian OPCs
has historically been driven by the desire to minimize
duplication of effort and conserve taxpayers' dollars.
With budgets on the decline and the reinvention of
government, the convergence of civil and military
polar-orbiting meteorological satellites serves as a
recent example of the continued evolution in this cooperative and collaborative process. In The Report
of the National Performance Review, published in
September 1993, a specific recommendation was
made "to establish a single civilian operational environmental polar satellite program." In May 1994,
Bulletin of the American Meteorological Society

President Clinton signed a Presidential Decision Directive, directing the DOD to merge DMSP followon acquisition efforts with those of the D O C ' s
Polar-orbiting Operational Environmental Satellite
program. A joint Integrated Program Office (IPO) was
established in October 1994 to manage the new National Polar-orbiting Operational Environmental Satellite System (NPOESS) from end to end. The IPO
will focus on creating the next generation of operational environmental satellites—the first NPOESS
spacecraft is scheduled to be available by 2007.
International participation in the NPOESS was also
encouraged in the directive, and discussions with the
European meteorological satellite organization are
underway for inclusion of their spacecraft into the final NPOESS constellation.
For the military, lessons learned from the Gulf War
and the end of the "Cold War" were the impetus for
a major restructuring of meteorological and oceanographic support and for unprecedented collaboration
between the U.S. Air Force and the U.S. Navy.
C o d i f y i n g these e f f o r t s , the U.S. Air F o r c e ' s
Director of Weather and the Oceanographer of the
U.S. Navy developed a "joint doctrine" that will guide
the development of support policies and procedures
into the twenty-first century. This joint approach to
supporting all DOD forces during a crisis capitalizes
on the strengths of the individual services while significantly enhancing forecast coordination and product consistency.
2025
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Other recent U.S. Air Force and U.S. Navy agreements are focusing on a more joint approach toward
supporting DOD activities. Specifically, FNMOC and
AFGWC are building on each other's strengths in the
areas of numerical weather prediction and satellite
data processing while eliminating present duplication.
The final configuration of FNMOC's and AFGWC's
cooperative services to the DOD and required backup
of model output and satellite data will demand robust
communications among these two OPCs to exchange
products and data as a matter of daily operations.
There will be continued pressure in the future to
expand data-processing agreements within the COE
concept. Cooperative and dynamic partnerships
between OPCs, combined with drive to reduce costs,
will yield improved, more cost-effective support
to the nation. In this context, the OPCs developed
a strategic plan that will chart their path into the
next century.
a. Strategic plan
The O P C s strategic plan is a flexible working
document that is updated as required. It allows each
OPC to focus on its strengths and unique customer
needs while providing for enhanced cooperation and
interdependence among the OPCs. The goals of the
plan are to
• provide an improved coordination structure that
will promote efficient and effective operations,
• continue efforts to eliminate unnecessary redundancy between the OPCs,
• provide customers (both the individual OPC customers and other OPCs) with reliable products and
services in a manner best suited to their needs,
• allow the OPCs to keep abreast of technology while
devoting fewer national resources than would be
required to maintain the status quo, and
• enhance the position of the United States as a world
leader in atmospheric and oceanographic analysis
and prediction.
Further, increased cooperation among the OPCs
will produce a net increase in the quality of all meteorological and oceanographic products; however, it
also necessitates increased emphasis on interface
agreements, communications reliability, and format
commonality. As the processing and production cycles
of the OPCs become more interlinked, well-defined
timelines and interfaces will be required to permit
local upgrades without impact on other OPCs.
2030

b. Joint activities
Cooperation between OPCs continues to grow
steadily and is now producing expanded opportunities for quality improvements as the OPCs upgrade
their computers and improve their analysis and prediction models. Continued efforts in compliance
with government open systems architecture and software standards will improve interoperability and provide substantial long-term cost savings. Sharing
software development and minimizing maintenance
overhead under the COE concept allows each OPC
to maximize resources to meet multiple-agency
customer requirements. Further standardization
efforts on data exchange, data formats, and data
compaction/compression will continue to provide
cost-effective benefits and returns.
With the advent of automated observing systems,
Doppler weather radars, and other remote sensors, the
quantity of data available for model ingest is expected
to increase dramatically through this decade. This will
require data management, storage, and processing
capabilities far beyond what the current configuration
or budgets allow. Further, evolving joint ventures
make close coordination of model and database development absolutely essential. The following examples highlight the synergism that can be achieved
through effective collaborative efforts.
1) ENSEMBLE FORECASTING

Foremost on the OPCs' agenda is the improvement
of model output skill. One scientifically recommended
procedure for improving model skill is to use an ensemble forecasting approach. This approach is based
on combining multiple runs of a model with slightly
differing initial conditions to show areas where forecasts are skilled and/or uncertain (Tracton and Kalnay
1994; Plante and Clancy 1994). Preliminary approaches currently employed at NCEP and FNMOC
combine their respective forecasts with other international global model results; the variances between the
models are then evaluated and can be displayed for
the forecasters' use. In general, where the variance is
the greatest, the skill is the lowest. In the future, the
output from unique ensemble approaches at both
NCEP and FNMOC will be shared, thus doubling the
available science at no increase in cost. Concentrating
on applications procedures and customer products,
AFGWC and the U.S. Navy regional centers will use
this improved output and employ their own ensemble
techniques to produce tailored products for their
military users.
Vol. 77, No. 9, September 1 9 9 6
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2 ) COASTAL MODELING

A second venture concerns the application of the
Princeton Ocean Model (Blumberg and Mellor 1987)
to the coastal (littoral) zones of the United States. The
U.S. Navy and NCEP have entered a joint applied development aimed at implementing an operational
coastal modeling capability. The model will be implemented at a very high resolution in the littoral regions
and will require supercomputers to integrate the many
different environmental factors. These factors include
vertical ocean mixing, topography/hydrography, atmospheric parameters, and tidal forcing (Plante and
Clancy 1994).
3) NATIONAL ICE CENTER

The National Ice Center (NIC), formerly known as
the Navy/NO A A Joint Ice Center, was established in
1976 to produce global-, regional-, and local-scale ice
analyses and forecasts. The NIC provides operational
products to support military and civilian users operating in the polar regions and the Great Lakes, and
works with DOD and NOAA weather and ocean forecast activities to provide ice information for computer
environmental prediction models. NESDIS acts as the
lead NOAA organization and provides the majority
of NOAA personnel and funding. NOAA/NESDIS
also provides satellite imagery, and NOAA/NCEP
provides personnel and weather products. The
U.S. Navy (through NAVOCEANO) provides funding and the majority of personnel for the
NIC, and FNMOC supplies weather
products and ice forecasting models.
Recently, an agreement was signed officially bringing the U.S. Coast Guard
aboard as a partner. They provide NIC
with an ice analyst, and aircraft and
icebreaker platforms for ice reconnaissance. Historically, the NIC has capitalized on the assets of all three member
organizations: U.S. Navy, NOAA, and
the Coast Guard.

multiagency communications architecture will utilize
state-of-the-art Asynchronous Transfer Mode (ATM)
data services, necessary to ensure adequate throughput to meet the expanding requirements of the OPCs.

5. S u m m a r y
The U.S. meteorology, oceanography, and satellite
operational processing centers (OPCs), represented by
the members of the Committee for Operational Processing Centers and the Shared Processing Program,
continue to build on a long history of cooperation and
collaboration. Collectively, they are a critical national
resource. While individually they support unique customer missions, the OPCs have spearheaded innovations, such as National Centers of Expertise, to share
valuable resources and eliminate unnecessary duplication. Through the coordinated efforts of the OPCs,
advances in numerical models and computers will result in improved analysis and forecast techniques, such
as ensemble forecasting, that will be more accurate,
valid for longer forecast periods, and easily tailored
to a broad range of user requirements. Further, the
OPCs are actively pursuing an enhanced communications structure and the use of common data formats
to speed transmissions and expedite the sharing of observational and model databases among the OPCs.
Opportunities in advanced modeling, improved com-

4 ) COMMUNICATIONS

Initiatives to enhance the technical
exchange of data, products, and services
among the OPCs hinges on advances in
communications technologies. U.S.
Navy/U.S. Air Force initiatives are the
driving force in implementing an expanded communications architecture be-

tween the OPCs (see Fig. 3). This new

FIG. 3. Planned ATM communications architecture. (POP means point of

presence.)
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puters and observational data, and enhanced communications must be expertly and thoroughly exploited
to provide increased capability, reduce redundancy,
and make the best use of this national resource. The
bottom line is that the federal meteorological and
oceanographic community and, in particular, the
OPCs are continuously evaluating ways to streamline
operations and to realize the synergism and cost savings
that can be gained through effective collaborative efforts.
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