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GEOSTATIONARY AND ORBITING SATELLITES APPLIED TO 
REMOTE OCEAN BUOY DATA ACQUISITION

E. G. Kerut
NOAA Data Buoy Office, NSTL Station, Mississippi

and
G. Haas

Sperry Support Services, NSTL Station, Mississippi

ABSTRACT. A better understanding of oceanic and atmos
pheric climates is becoming increasingly important. 
Essential to the understanding and study of climate 
processes is the evolutionary development and implemen
tation of a global environmental measurement/monitoring 
system. With the advent of geostationary and polaror- 
biting satellites, the technology is now available for 
the collection of environmental data from surface sta
tions all over the globe. Remote sensing of oceano
graphic and meteorological data by space—derived mea
surements will nrovide descriptions of planetary-scale 
phenomena. Moored and drifting buoy systems, in con
junction with space measurement systems, will enhance 
and complement the data products available from individ
ual systems.

1. INTRODUCTION

"Over the past few years many factors have been at work to emphasize the im
portance of climate to man: the drought in the Sahel, the severe winters of 
1977 and 1978, and the growing energy-environment enigma to mention a few.
These are the 'what' and 'why' questions of climate. Mounting interest in pro
viding answers to these questions has created a more favorable 'climate' for 
new efforts in climate research. ^ Large numerical models that describe and 
predict global climatology by simulation will play a central role in climate 
research studies by enabling an understanding of the underlying dynamics of 
climate systems. Modeling studies, together with observational studies, will 
aid in the development of future climate observation systems and their compo
nents.

Although no single comprehensive theory exists to explain climate variability, 
it appears that climate is determined by an extremely complex interactive phys
ical system comprising the global atmosphere, oceans, continents, cryosphere,
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and biosphere. Thus a complete definition of the climate system necessarily 
involves a host of variables describing the internal state of each of these 
components, along with certain internal factors such as the Earth's radiation 
budget. A major element of a climate program will be the long-term systematic 
observation of many of these variables, so that the causes of climatic anoma
lies may be better understood and their future occurrences anticipated.

The ocean has a profound effect on the weather and climate and in turn is 
affected by the atmosphere; the ocean acts as a heat reservoir for storing, 
distributing, and releasing solar energy, and also as a source of most atmos
pheric moisture. The role of the ocean as it affects the climate will require 
major study, and a global monitoring system will be required to observe the 
spatial and temporal variations of ocean climate variables. Comprehensive data 
sets are needed for ocean climate diagnosis, model development and validation, 
process-oriented studies, and ocean-atmosphere coupling investigations. The 
ocean climate monitoring system is also required to ensure long-term records of 
temporal ocean climate variability. A future global observing/monitoring sys
tem will evolve from existing and projected observational capabilities, includ
ing satellites, buoys, ships of opportunity, island stations, and large scale 
spatial measurement systems not yet developed.

It is certain that remote measurement and observations from satellites will 
play a key role in the development of an ocean climate observing/monitoring 
system. Satellite oceanography is confined largely to surface and near-surface 
phenomena; however, the space—derived data can be appended to conventionally 
derived surface and subsurface measurements. It is reasonable to assume that 
operational observing/measurement systems will evolve which are a mix of sur
face and space—derived data providing improved data products over individual 
measurement systems. Space-derived information can be calibrated and validated 
by in-situ point surface measurements and can often extend the surface observa
tions to near planetary scales.

This paper presents a brief review of NOAA Data Buoy Office (NDBO) activities 
in the development of moored and drifting buoy systems for surface measurements 
used in conjunction with available satellites having surface platform position 
determination systems and/or data collection and relay telemetry systems. The 
buoy observing/measurement systems are primarily used as in situ surface mea
surement platforms for meteorological and oceanographic parameters. They are 
also valuable adjuncts to the remote sensors on board satellites, providing 
groundtruth data or enhancement of derived remote sensor data products.

2. MOORED BUOY SYSTEMS

Since June 1972, NDBO has deployed meteorological and surface oceanographic 
environmental reporting data buoys in various gulf and ocean regions to provide 
synoptic data to the National Weather Service (NWS) and to provide a data base 
for scientific studies. As of April 1979, 21 moored buoys were reporting envi
ronmental data operationally. These deep-ocean moored buoys measure wind speed 
and direction, air temperature, barometric pressure, sea-surface temperature, 
wave spectra and, at a limited number of sites, subsurface temperatures. Data 
are telemetered on an operational 3—hour synoptic basis via the SMS/GOES satel
lite to the National Environmental Satellite Service (NESS) and then via land-
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line to the National Meteorological Center (NMC). Environmental data from many 
other sources are assimilated, and meteorological and oceanographic forecast 
data products are provided for dissemination to the user community. In this 
application, the moored buoy is used as an in situ primary data source, and 
SMS/GOES is used as an efficient data telemetry relay.

Oceanographic satellite data are now available largely on an experimental 
basis. Oceanic environment parameters being measured either directly or in
directly include temperature, radiation budget, surface vector wind field, and 
wave height and spectra. To achieve the precision desired in the future, an
cillary data will usually be required. There is every reason to mix surface 
and satellite data, so that space-derived information can be calibrated and 
validated by in situ surface measurements. Applying the concept of mixed-mode 
measurements can often then extend the surface in situ observations to near 
planetary scales.

It is conceivable that, in the near future, space-derived information and 
surface in situ measurements from both moored and drifting buoys will be pro
cessed in an operational mode, thereby ensuring data products of greater accu
racy and utility than space or surface information alone.

As part of the SEASAT-A field experiments planned during 1978, moored buoys 
were a principal means of in situ observation of surface winds, sea-surface 
temperature, air temperature, barometric pressure, and wave height and spectra 
for surface truth comparisons with space-derived information. Prior to the 
SEASAT-A field experiment, aircraft flight experiments using satellite remote 
sensors used drifting and moored buoys as primary sea-surface temperature truth 
data for sensor calibration and algorithm validations.®’ ' A part of the air
craft experiments included a study to determine the improvement in sea-surface 
temperature data products using a mix of space-derived information and in-situ 
surface measurements from drifting buoys. The study is now in progress and 
may lead to further refinements in experimental designs culminating in. an im
proved sea-surface data product.

Tsunamis—seismically excited, long length ocean waves—are capable of great 
damage upon reaching distant shores. In principle, these waves can be measured 
or monitored in the open areas on a target-of-opportunity basis along a satel
lite subtrack us^ng altimetric measurements. This is, however, a low-probabil
ity observation. Experimental work has been in progress during the past 
several years using bottom-mounted pressure sensors to measure the tsunamis in 
mid-ocean. Real-time data telemetry, via an acoustic data link from the bottom- 
mounted sensor to a deep—ocean moored buoy and then to shore via satellite, has 
been proposed. A mix of the two measurement technologies may solve the problem 
of providing timely disaster warning data to coastal areas in the path of a 
tsunami.

The present complement of moored buoy data acquisition and telemetry elec
tronics was determined by a series of hardware evolutions, which in turn were 
brought about by a continued quest for the most accurate and reliable equipment 
that technology could offer at realistic costs. The evolution of the data buoy 
hardware, together with the availability of microprocessor technology and suit
able communication satellites, has permitted a fully automated, reliable approach

3



for the acquisition of remote marine environmental data on a synoptic basis in 
all weather conditions. These conditions encompass a wide range of sea states, 
from smooth seas to severe disturbances. In addition, the measurement and re
porting of environmental data are accomplished on remote ocean platforms that 
are relatively inaccessible for maintenance and therefore require highly relia
ble equipment and data-link.

2.1 Moored-Buoy Payloads

The first-generation NDBO buoy payloads were developed to meet both R&D and 
data-product delivery requirements. These units were designated the Engineering 
Evaluation Phase (EEP) payloads and were placed on 12-m discus hull buoys with 
100-ton displacement for evaluation of advanced state-of-the-art sensors and 
buoy components. Deployment of six of the EEP buoys began in June 1972. The 
term "payload" as used herein refers to the buoy instrumentation, which in
cludes onboard sensors, data processing, communications, and the power source.

A companion development to the EEP units involved the Phase I payloads, which 
were designed for simple, less flexible data acquisition requirements and which 
were originally placed on small 1.7—m diameter moored and drifting buoys. De
ployment of buoys with Phase I payloads began in January 1973.

Four types of moored buoy payloads are currently being maintained and operated 
by NDBO: the Prototype Environmental Buoy (PEB) payload, the Phase I and Phase 
II payloads, and the newly developed General Purpose Buoy Payload (GSBP). Of 
the payloads currently deployed, eight are PEBS, two are Phase I payloads, five 
are Phase II payloads, and six are GSBPs.

2.2 Prototype Environmental Buoy (PEB) Payload

The PEB design was based on concepts proven during initial NDBO programs. 
Although originally tailored to meet the needs of the National Weather Service, 
its measurement capability was expanded to include surface wave data and subsur
face water temperatures to 300 meters.

Figure 1 shows a 10-m diameter moored buoy. Meteorological sensors are locat
ed on the mast at the 10-m level. In addition to synoptic reporting, the on
board weather data acquisition and reporting sequence can be changed to hourly 
operation by command from shore for special needs (e.g., during abnormal weather 
disturbances). Present and previous data frames can also be acquired on demand 
via radio link. The onboard data acquisition and timing is controlled by a 
special purpose, stored-program computer. Batteries provide the power required 
for up to 3 years of continuous buoy operation.

This payload is equipped with a dual hf/uhf communications system. Redundant 
rf links were implemented to ensure an orderly transition from hf to the more 
reliable uhf satellite communications. Conversion to uhf communications is 
nearly complete. Eight 10- and 12-m hulls equipped with PEB payloads are cur
rently in service in deep ocean areas, including the Gulf of Alaska, North 
Pacific, and Atlantic Ocean. All PEB's are being modified to incorporate a 
microprocessor system to replace the stored-program minicomputer. The PEB
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microprocessor system comprises two RCA 1802 microprocessors. A 2K memory 
microprocessor provides the communications and timing function, while a IK 
memory microprocessor provides the data processor function.

2.3 Phase I and Phase II Payloads

The Phase II payload program is an outgrowth of the Phase I payloads for small 
buoy systems that were developed during 1972-73. These earlier buoys were con
figured as spheres and as horizontal and vertical cylinders, with typical diam
eters ranging between 1.4 and 1.7 m. None of the small buoy systems achieved 
significant success with regard to survivability and operability in the open 
sea; however, the data acquisition payloads were quite reliable.

The Phase II payloads are second-generation payloads that are now integrated 
in existing 6-m boat-shaped hulls, NOMADs, shown in figure 2. (The NOMAD hulls 
were developed in earlier U.S. Navy programs.) Phase II payloads are also in
stalled on the larger discus hulls. This payload provides meteorological en
vironmental parameters and surface wave data. The onboard data processing and 
rf data link are very similar to that of the PEB payload, employing nonpro
grammable hardware and both hf and uhf satellite communications. However, the 
Phase II payloads are being upgraded to an all-uhf configuration. Five Phase 
II payloads are in service in both deep ocean and continental shelf areas. Two 
buoys are still using the earlier Phase I payloads, but will receive the General 
Service Buoy Payload within 6 months.

2.4 General Service Buoy Payload (GSBP)

The first 15—unit production run of this advanced payload class has recently 
been completed. Six GSBPs are now in service onboard one 5—m discus, three 
NOMADs, and two 10-m hulls. Ten additional payloads will be in service by the 
spring of 1979, along the continental shelf, in the Great Lakes, and in deep 
ocean areas.

The GSBP system design draws extensively upon proven hardware and systems.
For example, the entire meteorological sensor suite is identical to that used 
in the Phase II payload. In addition, data input ports are provided for future 
sensor additions, including a wave measurement system and a multi-element tem
perature measurement system. Buoy communications consist of a uhf-satellite 
transceiver with 40 watts output power, and associated electronics similar to 
that used on Phase II and PEB payloads.

The GSBP relies entirely on a uhf-satellite communications relay link, which 
eliminates the need for the large antennas required for hf systems. The GSBP 
features a program-controlled microprocessor instead of the nonprogrammable 
special-purpose computers used on earlier payloads. This element, the Intel 
8080 microprocessor, acquires, digitally processes, and formats the sensor 
data. This microprocessor has a 3K core memory.

2.5 Future Moored Buoy Activities

A new moored buoy program is being initiated in the Great Lakes. The loss 
of the Great Lakes ore carrier EDMOND FITZGERALD in November 1975 prompted an
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Figure 1.--10-meter discus buoy

Figure 2.—NOMAD Buoy
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intensive investigation of the weather forecasting capability in this area. 
Several deficiencies in the program were found, which led to the decision to 
deploy and operate a series of data buoys in the lakes. Two buoys are planned 
for 1979 and the remainder for 1980 and 1981. Each buoy will be equipped with 
a meteorological sensor suite and a wave measurement system.

3. DRIFTING BUOY SYSTEMS

With the launching of polar-orbiting satellites capable of data collection 
and relay, as well as position determination from suitably instrumented surface 
sensor platforms, impetus has been given to the development of low-cost, expend
able drifting buoy systems capable of unattended operation on a global basis.

Communications and position fixing depend upon the operation of a low-cost 
uhf transmitter on the buoy, which sends data to a specialized electronics 
package on board a polar-orbiting satellite. The satellite in turn relays the 
data to a ground station. Relative motion between the satellite and buoy pro
duces a Doppler effect on the frequency of the rf link. This frequency shift 
is processed along with the satellite orbital track to derive buoy position. 
Experience with position-fixing has found the accuracy to be well within 5 km 
rms for the NIMBUS-6 satellite. The operational TIROS-N satellite is pro
viding position—fix accuracies of about 1 km. TIROS data telemetered from a 
surface platform (drifting buoy) are transmitted to ground stations in the 
United States, then collected during each satellite pass by NESS for trans
mittal to France, where Service ARGOS processes the environmental parameters 
and determines the platform position. Data dissemination is via the Global 
Telecommunications Service, for timely worldwide distribution and use.

Drifting buoys have been used primarily as in situ environmental measurement 
systems. However, scientists are now investigating the future use of drifting 
buoys in conjunction with remote satellite measurements as a calibration or 
model validation tool, or to enhance the present satellite measurement capabil
ity. During early process-oriented experiments, drogued drifting buoys were 
used as Lagrangian trackers to describe near-surface currents. Position data 
from subsequent satellite passes were used to plot buoy trajectories or the 
Lagrangian measurement of surface current.10 Much scientific and engineering 
work remains to relate Lagrangian and Eulerian measurements, and to verify ana
lytically and/or experimentally Lagrangian measurement accuracies, i.e., the 
slippage of the drogue buoy system in the parcel of water mass to be described. 
However, a potentially powerful tool is available to the oceanographer to de
scribe ocean currents over large spatial and temporal scales at a cost unattain
able heretofore.

During the Global Weather Experiment11’ 12 drifting buoys deployed in 
the vast ocean regions of the Southern Hemisphere are measuring and reporting 
barometric pressure and sea-surface temperature via the TIROS-N satellite. A 
knowledge of these parameters is needed to infer the vertical profiles of tem
perature and wind from satellite data with acceptable accuracy.1^ An array 
of more than 200 drifting buoys has been deployed in the southern oceans to ob
tain surface pressure and temperature data. About 300 drifting buoys will be 
deployed during the two special observation periods in the 25° to 65° south 
zone, providing an average horizontal resolution of about 1,000 km. The Global
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Weather Experiment is a good example of the environmental measurement perform
ance results that can be achieved with a well-designed mix of surface and remote 
satellite data to enhance the remote sensor data product. The experiment has 
also been the prototype for a future operational drifting buoy network deployed 
in data—sparse regions, providing surface meteorological data for appropriate 
analysis and forecast data products. Although the experiment is still in pro
gress, early analysis has shown the feasibility of receiving data from drifting 
buoys on a nonsynoptic basis within the time required for the analysis and gen
eration of forecast data products for the Southern Hemisphere.

A significant contribution by NDBO to the Global Weather Experiment has been 
the development of the prototype climate drifting buoy and the development of 
an air-drop capability for deployment in remote areas inaccessible by ship. 
Figure 3 shows the air deployment of a drifting buoy.

In addition to the drifting buoys developed for climate-related programs,
NDBO has developed an air-deployable ice buoy to measure/monitor environmental 
parameters in polar regions1^’ ^ to further develop the understanding of 
the dynamics and thermodynamic interaction between arctic ice fields and the 
environment. These buoys are instrumented with barometric pressure and temper
ature sensors and use a uhf orbiting satellite relay data link for telemetry 
and position fixing. Platform position fix changes between satellite orbits 
provide the measure of ice movement needed to study ice dynamics. Figure 
4 shows an air-deployable ice buoy.

As part of an evolving national and international global ocean climate mea
surement/monitoring system, air-sea interaction parameters such as air-sea 
temperature differences, vector surface wind field, and exchange of latent and 
sensible heat are important measurands for climatological research. Satel
lite sea-surface temperature measurements in conjunction with buoy surface and 
subsurface temperature in situ measurements will be important in quantifying 
the heat content of the upper layers of the ocean. Wind measurements from 
moored and drifting buoys may be essential in the calibration and validation of 
remote satellite measurements and may be required for data enhancement in the 
development of an operational ocean climate monitoring system. NDBO has initi
ated development activities to provide the needed environmental measurement/ 
monitoring capability in response to anticipated climate-related experimental 
needs.

3.1 Drifting Buoy Payloads

A Buoy Transmit Terminal (BTT) was designed to operate on small data collec 
tion platforms and in concert with the onboard NIMBUS—6 polar—orbiting satellite 
Random Access Measurement System (RAMS). NIMBUS-6 was launched in June 1975.
In general, RAMS provides the capability for data collection and location 
determination for a large number of austere platform configurations. The BTT 
is particularly applicable to scientific programs, allowing nonreal-time or 
asynoptic reporting of low volume data from low cost drifting buoys.

Platform position is derived from the relative motion between the platform 
and the satellite, which can be measured by Doppler frequency shift patterns.
All measurements and processing are centrally located, either in the satellite
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Figure 3.—Air drop of drifting buoy
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Figure 4.—Air-deployable ice buoy 
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itself or at the Earth tracking station, thereby enabling the use of relatively 
simple systems on the small platforms. The location accuracy for buoy applica
tions is specified at 5 km rms, which has been verified by extensive testing 
and deployments.

The BTT comprises two major functional subsystems — a digital logic section 
and a solid-state transmitter. The digital section interfaces with the sensor 
data, converts and formats the data into a proper transmission format, and 
encodes the data for phase shift keying transmission. The transmitter consists 
of a stable oscillator circuit, a multiplier/phase shift keying circuit, and a 
power amplifier circuit. Prominent BTT characteristics include a power output 
of 2.4 watts, flexible sensor input interface options, data rates of 100 bits 
per second, and 300 milliwatts average power. It is packaged to fit within a 
10.2-cm-diameter, 53.3-cm-long pipe.

3.2 Operations with TIROS-N

A BTT has also been developed to operate with the TIROS—N satellite, which 
was launched in 1978 and with future NOAA-A polar orbiters. The prominent 
performance characteristics are similar to the units developed to operate with 
NIMBUS, except for changes in bit rate, transmitter frequency, and frame-message 
format. All BTT's developed to date for the TIROS—N will be used in the Global 
Weather Experiment and are installed on board TIROS meteorological drifters. 
TIROS-N BTT's are also scheduled for drift detector application on moored buoys.

4. DATA FLOW

Data from moored buoys are transmitted, in sequence, to either the east or 
west GOES satellite, depending upon elevation angle geometry. In general, all 
satellite transmissions are aimed at achieving the highest buoy-to satellite 
elevation angle to minimize the effect of sea-multipath during periods of buoy 
motion. A secondary factor in selecting either the east or west GOES is the 
achievement of a balanced traffic load. These factors have resulted in an 
overall system wherein buoys in the North Atlantic region use the east GOES 
and buoys in the Pacific region and Gulf of Mexico use the west GOES. Figure 
5 shows the data flow for NDBO moored buoys.

0

Onboard data acquisition begins 20 min before the synoptic hours (i.e., 0000, 
0300, 0600, ..., GMT). From 9 minutes before the synoptic hour, until nearly 
20 min after the hour, all buoys transmit their environmental data, each buoy 
at a programmed time slot to either the east or west GOES. Each buoy is provid
ed an opportunity to report via a self-initiate, automatically pretimed mode.
The primary objective at the NMC dissemination center is to place synoptic data 
on-line to NWS by 20 minutes after the synoptic hour. In the event the self- 
timed report is either missed or fails to meet minimum data quality criteria, 
the message is automatically requested again, during the 20- to 40-min period 
following the synoptic hour. In general, three interrogations are programmed 
in the attempt to achieve a satisfactory message reply. If the message cannot 
be acquired by 40 min following the synoptic hour, the message is disseminated 
the following hour. During periods of heightened environmental conditions of 
disturbances, buoys can be interrogated to provide data in either near real
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time or in the same sequence during the synoptic hour, while providing data 
hourly as opposed to every 3 hours.

4.1 Data Processing

Following the transmission of data from the buoy to the satellite, the data 
are immediately relayed from the satellite to a NESS Command and Data Acquisi
tion (CDA) station at Wallops Island, Va. At the CDA, the data are received, 
detected, identified, and checked for quality with regard to parity and proper 
message heading and termination. From the CDA, the data are transmitted over 
a 9600—baud landline to the NESS World Weather Building at Suitland, Md. Here, 
the data are placed in dissemination queues for simultaneous transmission to 
NMC and NDBO data processing facilities.

At NMC, the data are further processed and scaled into engineering units. 
Data quality refinements are implemented using boundary value limits and time 
rate-of-change limits. Similar analyses and processing are done at NDBO with 
a view toward changing onboard acquisition modes via interrogation commands. 
Landline communication between NDBO and NMC computers are maintained to ensure 
that final data dissemination is limited to valid data.

4.2 Data Base Systems

NDBO maintains both information and archival data base systems. The informa
tion data base provides the necessary integrity for the buoy processing pro
grams at both NMC and NDBO. The data base program is maintained at NDBO in a 
disc storage file. Computer-to-computer wireline transfer is used to maintain 
and update the disc data base at NMC. Also, archival data base systems are 
maintained from which 7- and 9-track magnetic tapes are generated. Once a 
month, tapes are sent to the National Climatic Center (NCC) and the National 
Oceanographic Data Center (NODC) for archival and meteorological and oceano
graphic data base analyses.

4.3 Data Flow for Drifting Buoys

The major acquisition, processing, and dissemination function for buoys using 
the NIMBUS and TIROS series sate1lites parallels those described for the moored 
buoy systems. The major difference between the two systems is that the drift
ing buoys cannot provide synoptic data, but rather provide data about every 6 
hours depending upon buoy latitude. The TIROS-6 polar-orbiting satellite 
successfully launched in October 1978 collects drifting buoy sensor data and 
determines buoy position by measuring the frequency shift of the buoy trans
mission during the time the buoy is in view of the satellite. All the data 
are collected at the CDA stations in Gilmore, Alaska, and Wallops Island, Va. 
The received and detected data are then sent to the spacecraft operational 
control center in Suitland, Md., for preliminary processing. The data are 
then transmitted to the Centre National d'Etudes Spatiales (CNES), an agency 
of the French Government in Toulouse, where they are processed by Service 
ARGOS ©nd disseminated worldwide over the Global Telecommunications Service. 
Figure 6 shows the data flow for NDBO drifting buoys.
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5. CONCLUSION

The utility of satellite application for environmental data telemetry and 
dissemination has been demonstrated during the past several years. During 1978, 
environmental moored data buoys acquired and disseminated more than 2,500 synop
tic weather messages per buoy from a complement of about 15 buoys. In addition, 
25,000 wave spectra reports were disseminated in 1978 from 10 buoys equipped 
with wave data systems. During 1979, about 25 moored buoys will be on station, 
all equipped with wave data systems. Satellite data telemetry has allowed the 
reliable delivery of high-quality data from various remote and often hostile 
ocean areas. These data buoys are having major impact by providing environmen
tal data for:

o Improved weather forecasting
o An initial data base for evolving climate monitoring programs 
o Ocean climate monitoring studies 
o Remote satellite measurement/monitoring systems 
o Environmental base line data for energy source assessment.

The launch of polar—orbiting satellites capable of data collection and relay 
and position determination from surface platforms has provided a global environ
mental measurement/monitoring capability at economy scales unachievable before. 
Lagrangian drifting buoys are potentially a unique tool for the global measure
ment of surface and deep ocean currents over large spatial and temporal scales. 
During the Global Weather Experiment, drifting buoy surface measurements are 
being used as an ancillary data source to infer vertical profiles of temperature 
and wind from remote satellite measurements.

Improving the measurement/monitoring capabilities on a global basis will lead 
to a better understanding of our oceanic and atmospheric climates. With the 
aid of the data and experience from the Global Weather Experiment, it will be 
possible to design an evolving composite global observing system for routine 
long range weather prediction, thereby providing the knowledge needed to reduce 
global vulnerability to climate variations.
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