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Mitteilungen

Life Span of Arctic Data Buoys

By Esther A. Muiioz*

Summary: Since 1979 the Arctic Buoy Program has maintained an array of automalic data buoys providing surface atmospheric pressure
and temperature and information on ice motion in the Arctic Ocean. OFf the more than 132 buoys deployed, 104 were air dropped, often in
the dark or during cloudy weather when it was impossible to select the kind of ice on which they tanded. The remainder were instalied by
hand directly on the ice. The buoys have operated an average of 10 months with a range of 2 to 26 months. In addition to battery depletion,
buoy lifetime is affected by environmental factors such as ice melting, which allows the buoy to sink, and extremely low temperatures which
sometimes cause the power supplies to fail. Also affecting buoy life span, though difficult to see in the data, are polar bear atiacks and de-
struction by the ice.

Zusammenfassung: Scit dem Jahr 1979 wird im Polarmeer ein Netz von automatischen Datenbojen in Betrieb gehalten, die Luftdruck- und
Lufttemperaturwerte im Meercsniveau sowie dic jeweiligen geographischen Koordinaten (Eisdrifl) iibermitteln. Von den insgesamt 132 aus-
gesetzten Bojen wurden 104 mit Fallschirm abgeworfen, oft in Dunkelheit oder durch eine Wolkendecke, so daf es unmdglich war, ein geeig-
netes Stiick der Eisoberflidche auszuwihlen; die restlichen Bojen wurden von Hand installiert. Die Lebensdauer der Bojen betrug zwischen 2
und 26 Monaten, im Mittel 10 Monate. Die Bojen versagien meist durch Erschopfung der Balterien, aber auch durch Einsinken in schmel-
zendes Eis oder auf Grund extrem ticfer Temperaturen, welche die Lebensdauer der Batierien einschriankten. Auch Beschddigungen durch
Eisbdren kamen zweifellos vor, ebenso Zerstérung durch Eis, doch [48( sich die Haufigkeit solcher Ereignisse aus den Daten nicht ermitteln.

1. INTRODUCTION

Automatic data buoys, designed (o provide fundamental information from a relatively inaccessible re-
gion, were made possible by technological advances achieved during the 1970s. Satellite navigation and
data transmission, stable pressure sensors, better power supplies, and lower power requirements by sen-
sors and transmitters, helped in the development of a low cost data buoy that could be parachute dropped
from aircraft (UNTERSTEINER & THORNDIKE, 1982).

The Arctic Buoy Program was established in 1979 and has since maintained a network of up to 20 buoys
in the Arctic Basin (THORNDIKE et al., 1980~ 1983, 1985). Beginning as a polar component of the Glo-
bal Weather Experiment, the program was funded by the National Science Foundation (NSF) and the Of-
fice of Naval Research (ONR) to monitor ice motion along with atmospheric pressure and temperature.

The buoys transmit the data to a satellite; position is compuled from the Doppler shift of the buoy trans-
mission. The real-time data are routed to the Global Telecommunications System (GTS) and used inter-
nationally for weather forecasting. The success of {he program, and an endorsement from the National
Academy of Sciences, induced the National Oceanic and Atmospheric Administration (NOAA), NSF,
and ONR to continue funding for an additional § years. Recognizing their increasing reliance on data
from this network for various operational and research activities, other agencies began to contribute to
the program: the Norwegian Polar Institute, the U. S. Coast Guard, the Atmospheric Environment Ser-
vice in Canada, and the Minerals Management Service of the Department of the Interior. The program
continues in 1986 as the Coordinated Arctic Buoy Program and the Operational Arctic Buoy Program.
The number of buoys in the network will be increased to 30.

Buoy technology has continued to advance during the past 6 years. The 1986 ’smart’’ buoy with its on-
board microprocessor, wide range of sensor configurations, and expected 3-year lifetime is different
from the 1979 buoy with its hardwired electronics. The variations between the buoys make it necessary to
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Fig. 1: Air-deployable automatic data buoy for use in the Arctic (from BROWN & KERUT, 1978).
R Abb. 1: Mit Fallschirm abwerfbare automatische Datenboje fur den Einsatz in der Arktis (aus BROWN & KERUT 1978).

Fig. 2: Specially designed to be deployed on the ice, this buoy has been installed in a 1 m deep hole.

Abb. 2: Speziell fur die Anwendung auf dem Eis konstruiert, wird diese Boje in einem 1 m tiefen Bohrloch installiert.
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look at buoy performance in terms of the percentage of the expected lifetime that was actually realized.
After 6 years of the program, the performance of the buoys was evaluated to look at causes of buoy fail-
ure, whether instrumental or environmental, and to identify regions or seasons of greater risk for buoy
failure.

2. BUOY DESIGNS

The buoy used in the first 2 years of the program was the Air-Droppable Random Access Measuring Sys-
tem (ADRAMS), originally buiit by Polar Research Laboratory Inc. of Santa Barbara, California. A fi-
berglass sphere equipped with parachute and crash pad that disengaged upon contact with the ground, it
contained temperature and pressure sensors, electronic equipment including a transmitter and antenna,
and batteries designed to last 1 year. The buoy’s internal package rotated freely and righted its antenna
for optimum satellite reception regardless of the attitude of the hull (Fig. I). The quartz oscillator pres-
sure sensor had a range of 950 to 1050 mb, a 0.1 mb resolution with short-term error of less than 0.2 mb,
and an observed drift rate of less than 0.1 mb per year. The thermistor, with a range of +30°to —50°C
and better than 0.1 ° C resolution, was primarily used to monitor the temperature to make necessary cor-
rections to pressure readings. Inorganic lithium cell batteries provided very high energy on a weight and
volume basis and operated reliably well below —50° C (BROWN & KERUT, 1978). The buoy, weighing
38 kg and measuring 62 cm in diameter, was compact and light enought to be deployed by any aircraft
with an opening of 65 x 100 cm. The ARGOS system computed buoy position with an error of 500 m
from the Doppler shift of the buoy transmissions to satellite.

In 1982, the expected lifetime of the battery was extended to 18 months by adopting a 2 hour on/2 hour
off duty cycle. Three-year batteries were introduced in 1983.

In 1984, buoys began to be deployed by *’ships of opportunity’’ such as the Coast Guard icebreaker Polar
Sea. Scientific expeditions desiring to mark their ice camps with ARGOS-tracked transmitters also de-
ployed buoys, so that only 3 of the 14 buoys deployed in 1985 were dropped from aircraft. The buoy
especially designed for ground deployment is a metal cylinder, 120 cm long by 20 cm in diameter, that
contains the same meteorological sensors, electronic equipment, and batteries as the air deployable buoy.
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Fig. 4: The Mass Balance Buoy ALPHA (from UNTERSTEINER

(optonal)

2m & THORNDIKE, 1984).
l . Abb. 4: Die Massenbilanz-Boje ,,ALPHA"”’ (aus UNTERSTEI-
NER & THORNDIKE 1984).

It is installed upright in a I m deep hole drilled in the ice (Fig. 2).

Ground installment also made possible the use of more complex automatic data buoys: the Meteorologi-
cal Buoy (MET) and the Mass Balance Buoy (ALPHA). The MET buoy contains an internal micro pro-
cessor that collects, processes, and formats data from an anemometer, compass, barometer, and humidi-
ty and air temperature sensors (Fig. 3). The ALPHA buoy is designed to measure changes in ice floe mass
due to temperature changes on the surface, snow accumulation, and bottom melting by oceanic heat flux.
Its pressure sensor is in contact with the ocean on one side and the atmosphere, though a vent, on the
other side. A string of thermistors resolves the temperature profile of the water and ice (Fig. 4).

3. BUOY PRODUCTS

Data from the buoys are made available in real time for use in weather forecasting in two ways. They are
broadcast directly from the satellite, so that local stations in the far north see the satellite at the same time
it sees the buoys and receive the data with no time lag. Stations in Edmonton, Canada, and Tromso, Nor-
way, receive the buoy data, process the meteorological information, compute buoy positions, and route
the data onto GTS. Service ARGOS processes the data and routes them to GTS with a total lag of 3 hours
after they are relayed from satellite to a mid-latitude receiving station and on to the ARGOS data proces-
sing center in Toulouse, France.

Data for each month are also sent on magnetic tape to interested users the following month. These data
are processed at the Polar Science Center and archived at the World Data Center A-Glaciology in Boul-
der, Colorado. Daily, monthly, annual, and multi-year mean pressure fields are constructed (Figs. 5—8).

From the buoy positions, ice motion is calculated and the mean ice motion of the Arctic Basin has been
resolved (Figs. 9 and 10).

4. BUOY PERFORMANCE

Since the beginning of fhe program, 132 buoys have been deployed, of which 23 are operating at this time
(January 1986); 11 failed on deployment, and 90 collected useful data for a period and then failed.

The 11 buoys that failed during deplo&ment, all air-dropped, were closely scrutinized because such fail-
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Fig. 5: Daily pressure field constructed from atmospheric pressure data re- Fig. 6: Monthly mean pressure field for February 1983,
ported by the buoys.

Abb. 6: Monatsmittel des Luftdrucks fiir Februar 1983.
Abb. 5: Nach den Luftdruckdaten der Bojen erstelltes tagliches Druckfeld.

T

Fig. 7: Annual mean pressure field for 1981. Fig. 8: Five year mean pressure field (1979—1983).

Abb. 7: Jahresmittel des Luftdrucks fir 1981, Abb. 8: Finfjiahriges Mittel des Luftdrucks (1979—1983).

ures threatened the viability of the program. In the five cases for which the cause of failure is known, the
buoy package broke loose from the parachute immediately after it opened. After the manufacturer rede-
signed the harness that connects the parachute to the buoy, there were no further failures during deploy-
ment of air-dropped buoys.

Because of the diverse expected lifetimes of the buoys, performance was characterized'in terms of the per-
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Fig. 9: Buoy displacements in 1983 (1 Janu-
ary—31 December).

Abb. 9: Drift der Bojen 1983.

centage of the expected lifetime that was actually realized. Ninety of the buoys that were successfully de-
ployed completed their life cycles. (Because of unusual circumstances, some buoy failures could not be
evaluated.) These 90 buoys account for 898 buoy-months of data with an average of 72% of their expec-
ted lifetimes actually realized (Figs. 11 — 12). Of these, 17 buoys failed in spring, 26 in summer, 24 in au-
tumn, and 23 in winter.

The data from these 90 buoys were examined for evidence of cause of failure. A weakening of the trans-
mission with gradually fewer reports culminating in final failure is interpreted as evidence of battery ex-
haustion. Extremely low temperatures coupled with a low battery can cause cessation of transmission.
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Fig. 10: Mean ice motion (from COLONY
& THORNDIKE, 1984).

Abb. 10: Durchschnittliche Eisbewegung
(aus COLONY & THORNDIKE 1984).
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PERCENTAGE OF EXPECTED Fig, 11: The distribution of buoy life spans.
LIFETIME ACTUALLY REAL‘Z ED Abb. 11: Die Verteilung der Bojen-Lebensdauer.

Forty-five of the buoys showed evidence of failure due to low batteries. The average percentage of expec-
ted life realized from these buoys was 95%.

A closer look at the performance of these buoys revealed the startling information that the buoys de-
signed to last 12 months were actunlly realizing a longer average life than those designed for 18 months:

Expected Life
12 months 18 months

Percent of Expected Life Realized 107% 65%
Average Life (months) 12.8 11.8

The buoy manufacturer had become aware of & similar problem in another buoy model, a problem that
involved passivation due to low average power drain from the lithium batteries and corrected it eayly in
1985. Although previously unaware of this problem in the 18-month buoys, the manufacturer thought
that the smaller power demands from a greater pool of lithium batteries during the off period would in-
tensify the passivation and lead to high battéry impedance and, finally, lack of power production.

A temperature change in the direction of water temperature (0° C) and abrupt cessation of transmission
after no signs of battery depletion are interpreted as evidence that a buoy fell into the water and sank or
was crushed (Fig. 13). Data from 30 of the buoys showed failure due to falling into the water.

Ice deformation resulting in a buoy being crushed, polar bear attacks, and other causes of catastrophic
failure could be expected to be seen in the data only as a strong buoy transmission (strong battery) fol-
lowed by an abrupt cessation of transmission. Buoy 3839 is an example of one such failure, with a strong
signal and then abrupt silence after only 3 months of life. After recovery of the buoy by the Polar Sea, it
was apparent that the buoy had been attacked by a polar bear. Of the eight buoys that were revisited dur-
ing the Arctic Ice Dynamics Joint Experiment (AIDJEX), all showed signs of having been tampered with
by polar bears or arctic foxes (Patrick Martin, pers. communication). The ice probably accounts for
more failures than the fauna. Only two buoys (both were still transmitting) were recovered from the
northern coast of Iceland. Fifteen of the ninety buoys lack evidence of other causes of failure and are as-
sumed to have failed because they were damaged by arctic animals, or crushed by ice.
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Fig. 12: Positions of the buoys when they
last reported.

Abb. 12: Standorte der Bojen wéhrend der
letzten Datentibermittlung.

5. CONCLUSIONS AND REMARKS

The positions of the buoys at the time of their final transmissions make it apparent that the Denmark
Strait and the region north of Svalbard are areas in which buoys are more at risk. There does not appear
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-10F Fig. 13: Temperature curves of two buoys that are believed to
have fallen into the water. Buoy 3819 shows a gradually rising tem-

. perature (ice is melting) and the last transmission reports a tempera-
ture close to that of water. Buoy 3808 reports very low temperatu-
res, then in 48 hours, goes from -21 ° C to water temperature. Nei-
~{5+ ther buoy showed signs of low battery levels. Buoy 3819 failed in
the Denmark Strait in late spring and buoy 3808 failed in mid win-
ter in the central Arctic Basin.

TEMPERATURE (°C)

Abb. 13: Die Temperaturkurven von zwei Bojen, die vermutlich ins
~20F . Wasser gefallen sind. Boje 3819 zeigt eine aliméhlich steigende
Temperatur (Eisschmelze), die letztlich fast die Temperatur des
Wassers erreichte. Boje 3808 zeigt sehr niedrige Temperaturen,
dann wihrend 48 Stunden einen Anstieg von -21 ° C bis zur Wasser-
temperatur, Keine der beiden Bojen wies irgendwelche Anzeichen

-25 L L 5 von reduzierter Batterickapazitdt auf. Boje 3819 ibermittelte die
5 10 LAST letzten Daten im Frithjahr aus der Dénemark-Strafle, Boje 3808 im
TIME (days) REPORT  Winter aus dem zentralen Polarmeer.
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to be a season during which buoys are more likely to fail. Nor does there appear to be an interaction be-
tween season and area for more buoy failures. The ficld of mean ice motion can be used to decide where
to position buoys.

Identifying the causes of buoy failure and evaluating their performance can be based on patterns of data
transmission and temperature. Such an evaluation, for example, revealed a problem with the electronics
in the 18-month buoy and highlighted the need for continuous performance evaluations. An examination
of differential perfomance due to buoy type should be made when a large enough number of the new
buoys complete their cycles.

Given that approximately 50% of the buoys can be expected to realize their designed lifetimes, buoys
have proved to be a reliable, Jow-cost method of monitoring parameters from a remote region. The other
50% that fail from environmental causes may provide other information, i. e., ice edge location or fre-
quency of opening of leads.
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Berichtigung / Erratum

Miotke, F.-D. (1985): Die Diinen im Victoria Valley, Victoria-Land, Antarktis: Ein Beitrag zur #olischen Formung im extrem
kalten Kiima. — Polarforschung 55 (2): 79~125.

Abb. 21 (S. 105) erhielt irrtiimlicherweise eine falsche Unterschrift; die richtige lautet:

Abb. 21: Das von der NASA-Viking-1-Sonde ilbermittelte Bild einer Sand- und Schuttwlste auf dem Mars zeigt tberraschend grofie Ahn-
lichkeit mit den Oberflachenformen im Victoria Valley. Schuttbildung durch extreme Temperaturgegensitze bei sehr hoher Trockenheit und
hohe Windgeschwindigkeiten sind in beiden Gebieten dominante Faktoren der Reliefformung. Da die Marsatmosphire nur ein Hundertstel
der Dichte der Erdatmosphire aufweist, milssen die Windgeschwindigkeiten dort sehr hoch sein, um der Sand zu verlagern.

Fig. 21: The Martian regolith desert as shown in the photograph which was transmitted by the NASA Viking-1 probe shows a surprising si-
milarity to surface features of Victoria Valley. Debris produced by extreme temperature changes within a dry environment and very high
wind velocities are the dominant relief-forming factors in both areas. Since the density of the Martian atmosphere is only one hundredth that
of the Earth, wind velocities must be very high on Mars in order to dislocate sand grains.
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