NOM Data Buoy Office Programs
Abstract

The NOAA Data Buoy Office (NDBO) buoys provide vital
meteorological and oceanographic reports from data-sparse
marine areas. To provide a better understanding of the scope
and potential of the buoy system, the buoy network, monitoring capabilities, real-time processing and dissemination, archival data quality and availability, and future programs are
described.
1. Introduction

The NOAA Data Buoy Office (NDBO) develops and operates moored buoys in coastal and offshore U.S. waters
to provide real-time environmental observations. The
principal users of the reports are the National Weather
Service (NWS), military weather services, and private
forecast organizations, all of which use the data for
marine weather and oceanographic analysis and prediction. Coastal communities, marine transportation interests, fisheries, recreational boating, and offshore construction enterprises benefit most directly from the data,
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although large-scale hemispheric and global numerical
models use the data for initial analyses. Some scientific
investigators employ the buoy data for ground truth,
validation of theoretical models, and climate monitoring
studies. NDBO also has a significant program for development and deployment of drifting buoys, which
provides valuable environmental observations for many
purposes.
NDBO buoy reports represent a unique set of environmental data. Thus, in order for the operational and
research communities to become more aware of the capabilities of the system, the acquisition, transmission,
processing, and dissemination of the data are discussed.

2. Background

Recognizing the need for a comprehensive data buoy
development program, the Ocean Engineering Panel of
the Interagency Committee on Oceanography, in 1966,
suggested the creation of a national data buoy system.

buoy locations.
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FIG. 2. A 10 m diameter discus buoy.

FIG. 3. A boat-shaped NOMAD buoy.
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TABLE

1. General Dynamics U H F Data Acquisition and Control System (UDACS) capabilities.

Parameter
Wind speed
Wind direction
Air temperature
Barometric paressure
Significant wave height
Wave period *
Wave spectra
Surface water temperature
1

2

2

3

4

1
2
3
4

Sensor type

Range

Vane-directed ompeller
Vane and gim baled digital magnetic compass
Platinum resistance vane-oriented
Variable capacitance
Accelerometer
Accelerometer
Accelerometer (12-channel WSA)
Platinum resistance

0-65 m/s
0°-360°
-15° to 40°C
900-1050 mb
0-11 m
4-20 s
0.05-0.33 Hz
- 5 ° to 35°C

3. Moored buoy network

Figure 1 shows the location of NDBO moored buoys.
The deep ocean moored buoys are usually either 10 or
12 m discus buoys (Fig. 2); buoys moored in near-shore
and Great Lakes areas are usually 6 m, boat-shaped
TABLE 2.

Sensor type

Parameter
Wind speed
Wind gust
Wind direction
Air temperature
Barometric pressure
Significant wave height
Wave period Wave spectra
Surface water temperature
1

1 2

1

8

Averaging
period

Total system
accuracy
(l<r error)

is
is
is
is

8.5 min
8.5 min
8.5 min
8.5 min
20 min
20 min
20 min
8.5 min

1 m/s
10°
1°C
1 mb
0.5 m
1.5 s
1°C

Continuous
Continuous
Continuous
is

Some UDACS payloads also provide peak winds for 4 s and 64 s periods taken during the 8.5 min acquisition cycle.
Computed from spectra.
Average or spectral peak.
UDACS can also use the WDA system described in Table 2.

Congress enacted legislation endorsing a National Data
Buoy Development Project (NDBDP) in December 1967.
Upon creation of the National Oceanic and Atmospheric
Administration (NOAA) in October 1970, the NDBDP
was transferred to NOAA and moved to NASA's National Space Technology Laboratories, near Bay St.
Louis, Miss. The project was redesignated the National
Data Buoy Center in July 1971, and later renamed the
NOAA Data Buoy Office (NDBO) in January 1973.
NDBO's mission is to serve as a center for data buoy
technology, applications, and services.

2

Sampling
interval

NOMAD (Navy Oceanographic and Meteorological Automatic Device) hulls (Fig. 3) originally developed under
the Navy's buoy program. The Coast Guard Large Navigational Buoys (LNBs) are 12 m discus hulls similar to
the deep-ocean buoys.
Buoys are normally scheduled to remain on station for
2-3 years between refurbishment, with periodic service
visits scheduled every 6-12 months. The buoys are powered by air-depolarized primary batteries with an expected
service life of 2-3 years. Buoys are usually deployed and
serviced with Coast Guard vessels by NDBO, Coast Guard,
and NDBO support contractor personnel.
An on-board Buoy Transmit Terminal provides position-fixing data that are telemetered to the Random
Access Measurement System aboard the Nimbus-6 polarorbiting satellite. With the implementation of the
TIROS-N satellite system, position-fixing operations are
being shifted to the TIROS-N series satellites. The position location capability is especially important in the
case of a mooring failure, as it allows the dissemination

General Service Buoy Payload (GSBP) capabilities.
Range

0-80 m/s
Vortex shedder
0-80 m/s
Vortex shedder
0°-360°
Vane and flux-gate
compass
-15° to 50°C
Thermistor
Variable capacitance 900-1100 mb
0-20 m
Accelerometer
2-30 s
Accelerometer
Accelerometer (150- 0.01-0.5 Hz
(A/ = 0.05 Hz)
channel WDA)
-15° to 50°C
Thermistor

Sampling interval

Averaging period

1s
1s
Is
(once per acquisition
period)
4s
0.67 s
0.67 s
0.67 s
(once per acquisition
period)

8.5 min
8 s (highest of sample
window retained)
8.5 min
90s
8.5 min
20 min
20 min
20 min
1s
3

Total system
accuracy
(l<r error)
1 m/s or 10%
10°
1°C
1 mb
0.5 m
1.5 s
1°C

Computed from spectra.
Average or spectral peak.
Time constant.
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FIG. 4. The buoy data acquisition network.
of Notice to Mariners information of a drifting hazard
to navigation and facilitates location of the buoy by
retrieval vessels.
4. Description of payload and sensors

Two primary types of buoy payloads (consisting of the
sensors and electronics that process and transmit the
data) are in use by NDBO. The U H F Data Acquisition
and Control System (UDACS) and the General Service
Buoy Payload (GSBP) sensor capabilities are outlined in
Tables 1 and 2. All buoys have redundant wind and
pressure sensors. On large discus buoys, the wind, air
temperature, and pressure instruments are located at
approximately 10 m above the water; on NOMAD buoys,
they are fixed at the 5 m level.
5. Data transmission, processing, and dissemination

The buoy data acquisition network shown in Fig. 4
involves the National Environmental Satellite Service
(NESS), the National Meteorological Center (NMC), and
the NWS communications network. NESS acquires and
NMC processes the environmental buoy data, which are
then disseminated in real time over the NWS communications system.

The Geostationary Operational Environmental Satellite (GOES) system provides the communication link
between the buoy and the command and data acquisition site at Wallops Island, Va. Data are relayed via
land-line from Wallops Island to the NESS data collection center in Suitland, Md. NMC, also located in Suitland, receives the buoy data from NESS and processing
instructions from NDBO, and encodes the data into user
reports. The formats used include WMO's FM 24-V for
meteorological data and a special NDBO format to accommodate wave spectral data. Approximately 95% of
all data are disseminated from NMC over NWS circuits
within 30 min of observation time.
Table 3 gives an analysis of buoy performance for the
last five years. The term "station days buoys operating"
is defined as the ratio of the number of days synoptic
measurements were reported to the number that was
expected, regardless of whether or not a buoy was on
station after its initial establishment. The contributing
factors to station days lost are also indicated.
6. Quality and availability of data

The quality of the buoy data is checked at NDBO
through an automated graphics device to ensure validity,
monitor system accuracy, and detect equipment malfunctions. As an adjunct to the quality checking, the final
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TABLE 3.

Buoy performance analysis.
Percent station days lost due to:

Calendar
year

Total buoy
station
days

% Station
days buoys
operating

Payload/
sensor
failures

Mooring
failures

Scheduled
refurbishment

Capsizing

1975
1976
1977
1978
1979

2 182
3 520
5 879
6 794
7 792

76.2
79.5
77.3
77.0
88.8

18.8
12.8
7.7
7.3
3.7

5.0
5.8
3.9
7.9
6.5

0
1.9
5.1
4.0
1.0

0
0
5.9
3.8
0

edited data are forwarded monthly for archiving to the
National Climatic Center (meteorological and sea surface oceanographic data) and to the National Oceanographic Data Center (oceanographic and meteorological
data), where they are available to any user upon request.
In the past, the buoys normally have reported synoptic data every three hours except where more frequent
observations were required (e.g., during hurricanes or
severe storms). However, the decision was recently made
to have all buoys report hourly at all times.
7. Drifting buoys

Drifting buoys are very versatile and the lowest in cost
of all NDBO buoy systems. They can measure and report a simple set of meteorological and oceanographic
parameters, and have the capability to fix and report
their geographical position. Some 13 different organizations have used over 150 of these buoys, primarily for
scientific studies.
The drifting buoy is a popular oceanographic tool for
mapping ocean currents using Lagrangian tracking techniques. Ice buoys, which use the same electronics equipment as a drifting buoy, have been developed for scientific studies of the interaction of sea ice with the
environment. One of the ice buoys is capable of being
deployed by parachute into otherwise inaccessible areas.
NDBO's TIROS Meteorological Drifting (TMD) buoys
were deployed in the South Pacific Ocean in 1978-79 for
the First GARP Global Experiment (FGGE), which is
also known as the Global Weather Experiment. The
buoys report barometric pressure, sea surface temperature, and position via the TIROS-N satellite through
NESS facilities to Service ARGOS in Toulouse, France,
where the data are processed and distributed on the
W M O Global Telecommunications System. American
and Argentine ships dejployed 46 buoys, and 18 buoys
were air-dropped (Fig. 5) by U.S. Air Force aircraft. The
buoys are powered by alkaline batteries for up to one
year of operation.
Besides their scientific value to FGGE, the T M D buoy
data have been found to be extremely valuable in overcoming real-time forecasting problems due to the deficiency of surface observation in the Southern Hemisphere oceans.

FIG. 5. Air-dropped T I R O S meteorological drifting buoy.
8. Technology development

NDBO deployed a 12 m buoy in the Gulf of Mexico in
December 1978 with an experimental directional wave
measurement system on board. Following thorough testing of the system, NDBO plans to adapt the technique
to a system suitable for operational use at critical locations in the data buoy network. Initial implementation
will likely consist of augmenting NDBO's present 1dimensional spectra reports to include a wave direction
for each frequency band.
NDBO is presently testing a near real-time current
measurement system that uses the concept of a moored
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subsurface current meter array. Acoustic telemetry is
used to monitor the status of the current meters, command data acquisition rate changes, and transmit the
data to a buoy moored in close proximity for U H F transmission to shore via the GOES system.
Work is under way at NDBO to develop reliable and
accurate ocean vertical temperature profile (Tz) instrumentation. Various approaches are being investigated for
discus buoys. When NOMAD buoys are deployed in the
spring of 1980 in the Great Lakes, NDBO plans to suspend a 50 m thermistor line from one buoy, and to
sample and transmit data synoptically.
Design studies are under way in the following additional project areas:
1) drifting buoy wind speed and direction, and Tz
capability;
2) surface atmospheric humidity;
3) vertical profiles of air temperature, humidity, and
winds (to 5 km);
4) solar radiation;
5) precipitation;
6) visibility;
7) wave profile parameters;
8) water quality and salinity data.

announcements continued from page 997
Format for exchange of Doppler radar data

A committee of members of the Doppler radar community
met in Boulder, Colo., on 1-2 April 1980 to create a common tape format for the exchange of data. The Illinois
State Water Survey and the Wave Propagation Laboratory
of the National Oceanic and Atmospheric Administration
(NOAA) have committed themselves to implement this
format by autumn of 1980; NCAR and NOAA's National
Severe Storms Laboratory are awaiting anticipated funding
and expect to implement the format on a similar schedule.
The format may be used for any data—e.g., velocity, reflectivity, polarization—as long as the data are taken in a
radar-centered coordinate system. Further information is
available from: Dr. William R. Moninger, NOAA/Wave
Propagation Laboratory, R45x6, 325 S. Broadway, Boulder,
Colo. 80303.
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9. Future programs

With the removal of many Coast Guard light vessels and
their replacement by automated LNBs, some vital environmental observations have been lost. NDBO is presently involved in a program of instrumenting the eight
LNBs shown in Fjg. 1 with a full buoy environmental
sensor suite. The LNBs will report the same parameters
as NDBO's moored buoys, and the data will be telemetered, processed, and disseminated in the same manner
as the present buoy network. The prototype was established at the Columbia River Bar (Oregon) location in
October 1979.
Weather observations in many bays and harbors are
insufficient, which prevents accurate "nowcasting" and
often results in loss of life and property. T o provide
these critical observations, a program is being developed
to instrument Coast Guard Aids to Navigation Buoys
(ANBs). The ANB Environmental Sensing System
(ANBESS) will measure and report the standard meteorological parameters every 30 min. NDBO envisions
that data will be processed onboard the buoys and transmitted via GOES directly to the NWS Automated Field
Operations System (AFOS) network.
Program development is also under way to provide a
reliable buoy system to be deployed and moored by ships
in the vicinity of oil spills to meet the measurement and
reporting requirements of the NWS for real-time forecasting and spill trajectory analysis. The concept is to
combine essentially available electronic subsystems.
•

Yale University research assistantships

The Meteorology Program in the Department of Geology
and Geophysics, Yale University, has announced the availability of several research assistantships in dynamical meteorology and climate dynamics. These assistantships can
commence in September 1981. Research opportunities in
dynamic meteorology include the study of tropical and
midlatitude orographic rain, mountain waves and associated
phenomena, and involvement in the upcoming Alpine experiment (ALPEX). Research opportunities in climate dynamics include theoretical and observational studies of the
complete climatic system comprising the atmosphere, hydrosphere, cryosphere, and biosphere. These assistantships
carry stipends between $5000 and $5500 per calendar year.
Further information can be obtained from: Prof. Ron
Smith or Prof. Barry Saltzman, Department of Geology and
Geophysics, Yale University, New Haven, Conn. 06520.
Continued on page 1061
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