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Abstract    Since the mid-20th century, a growing 

number of automated weather buoys have been deployed 
for the purpose of providing a continuous monitoring of 
weather conditions at the marine surface. Thanks to 
advances in global telecommunications by satellite in the 
1970s, these platforms have spread to cover remote 
regions, while delivering data in near-real-time. Today 
oceanographic and meteorological buoys are found in 
coastal regions, in the high oceans, and in challenging 
polar regions or even on sea-ice. The data are typically 
collected within minutes. This paper presents data buoy 
achievements within E-SURFMAR, the surface marine 
operational service of the observation programme of 
EUMETNET EIG (a grouping of European National 
Meteorological Services). Two types of buoys are discussed: 
moored buoys and drifting buoys. The former provide fixed-
point time-series and multivariate information. Several 
variables are collected, from the lower atmosphere (air 
pressure, air temperature, air humidity, wind, radiation, 
precipitation…) to the deeper ocean. The latter type of 
buoys follow trajectories at the mercy of the ocean 
currents, and report generally fewer variables, such as 
ocean surface current, sea-surface temperature, and 
atmospheric pressure. The relative merits, limits, and 
applications of both types of systems are reviewed, along 
with their sustainability. 
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Figure 5: Sketch of a SVP-B drifter (Drawing 

courtesy of metOcean Telematics, drawn by Paul Jakobsen; Text 
added by Paul Poli) 

Automated surface marine observations 
from European data buoys 

General characteristics 
 

• Do not keep exactly a fixed position 
• In deep waters (e.g., up to 6000 meters) or  

shallow waters (e.g., under 20 meter) 
• Many parameters measured 

Parameters 
 

Most frequent: 
• Air temperature, Air humidity, Air pressure 
• Wind (speed, direction, gust) 
• Sea-surface temperature 
• Waves (swell, wind-generated waves of all sizes) 
 

Less frequent: 
• Radiation, Precipitation 
• Sea-surface salinity 
• Sub-surface temperature 
 

Specialized sites: 
• Turbidity, Chlorophyll, Sound velocity 
• Partial pressure of CO2 or O2 in sea water 
• Ocean current, bottom pressure 

Sustainability aspects 
 
• Buoy position unknown once the buoy stops 

working: how to recover at end-of-life? 
• Leads for improvement: recycling instructions, 

network of authorized recyclers? 

General characteristics 
 
• Designed to follow ocean surface currents 
• Retain their drogue for only part of the 

lifetime 
• Few parameters measured 
• Disposable concept 
• To guarantee data return: limited lifetime 

Parameters 
 
Most frequent: 
• Sea-surface temperature 
• Air pressure 
• Trajectories (to infer currents) 
 

Less frequent: 
• Wind (speed, direction, gust) 
• Sea-surface salinity 
• Sub-surface temperature 
 

Specialized: 
• Waves 

Figure 4: Combined network 
over European waters (as of 13 

September 2017; Black symbols: moorings or 
fixed platforms, Colored lines: drifting buoy 
tracks for past 15 days) 

Data segment 
 
Data are sent on the GTS, 
with the status of essential 
data products under WMO 
Resolution 40 Annex I. This 
means data are provided on 
“a free and unrestricted 
basis”, as “necessary for the 
provision of services in 
support of the protection of 
life and property and the 
well-being of all nations” 
 

Applications 
 
Weather prediction 
The data reported by moored buoys are used by marine weather 
forecasters to assist in their appreciation of numerical weather forecast 
scenarios. The meteorological data are also assimilated in numerical 
weather prediction models. The knowledge of the pressure field for 
initial conditions influences the quality of global forecasts up to several 
days, and high-resolution limited-area forecasts as well. For longer 
time-scales, the knowledge of the sea-surface temperature (SST) field is 
more critical. For this variable, the SST buoy data are used to improve 
the satellite estimates. 
 
Satellite validation and calibration 
The data reported by moored and drifting buoys are used by satellite 
agencies to calibrate and validate products derived from satellites 
measurements. This applies to retrievals of sea-surface temperature 
(e.g., derived from passive infrared radiometers), sea-surface salinity 
(e.g., derived from passive microwave radiometers), sea-state (e.g., 
significant wave height derived from altimeters), and sea surface wind 
(e.g., speed and direction derived from scatterometers). 
In all these cases, the past years have seen experiments, sometimes 
with partial support from space agencies, dedicated at collecting 
additional data to evaluate and then further improve the corresponding 
satellite products. 
 
Climate studies 
Data collected by the DACs and then further ingested in ICOADS are 
typically used in weather and climate reanalyses. A process is underway 
to build a 3-tier architecture in the framework of the Marine Climate 
Data System (MCDS), based on DACs, GDACs, and Centres for Marine-
Meteorological and Oceanographic Climate (CMOCs) such as ICOADS. 
 
Oceanography 
The ocean surface current data estimated from drifter trajectories are 
used to improve retrieval of ocean currents from satellite altimetry. 
Conversely, expert use of drifter and satellite data can help detect 
drifter drogue loss. 
 
Industrial applications 
Ground truth estimates of the wind are essential for the conduct of 
wind farm operations. The same applies to conduct of oil exploitation 
operations. Moored buoys may be used for this purpose, but one notes 
the gradual interest towards powered mobile measuring platforms that 
can be steered into designated locations, and remain there. 

Figure 3: Wave buoys, 2 models (left: Triaxys, 
right: Datawell) (Sources: PDE and BSH) 

Common points 
 
• Have to withstand harsh 

conditions 
• Data essential for weather 

prediction, climate 
monitoring, maritime 
safety, and satellite cal/val 

• Expectations of high data 
return rates 
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Figure 1: Moored buoy 
SeaWatch, from Deep water 
buoy network (Credits Puertos del Estado) 

Figure 2: North Sea Buoy (NSB) from Marine 
Environmental Monitoring Network in the 
North Sea and Baltic Sea (MARNET) (Credits 

Bundesamt für Seeschifffahrt und Hydrographie) 
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Sustainability aspects 
 

• Platform nearly entirely recoverable 
• Long-term investment, requires regular visits for 

mainteance (typically once a year, or more); some 
moored buoys use two AWS for redundancy 

For more details, see proceedings article (DOI:10.5281/zenodo.934373) 


