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1. Introduction

Making use of the advanced capabilities of the ice-breaking research vessel
POLARSTERN, the Winter Weddell Sea Project 1986 succeeded in performing an
interdisciplinary physical-biological programme while crossing the ice of the
Weddell Sea (Schnack-Schiel, 1987). As part of the project, processes of air-sea-ice
interaction were jointly investigated by the Alfred-Wegener-Institute for Polar
and Marine Research and the Meteorological Institute of the University of
Hamburg. This report is to accompany a data set which has been gathered by
drifting buoys telemetering via the ARGOS system. The buoys were installed
between 20 July and 19 August 1986 in the area between roughly 60 and 70S. 5W
and 8E; the basic network consisted of ten stations: nine in the ice and one in the
open water. Measured quantities were:

- pesition {providing ice drift velocity)

- air pressure

- air and ice surface temperature

- wind vector

- current vector (on part of the stations).

The time resolution varies due to the varying satellite coverage but in most cases

is close to two hours. Space resolution is in the 100 to 500 km range.

The scientific objective of this part of the project was to collect a data set which
would permit testing of regional ice formation models. In particular, the role of
the atmospheric boundary layer in providing part of the driving force for sea ice
was to be studied. and the flux of momentum through the ice into the oceanic
mixed layer - where it possibly induces vertical overturning and consequently
feeds back upon ice formation - was to be investigated. Specifically, a good
definition of the geostrophic wind together with the ice velocity field was the goal

of the buoy programme.

As is described below. sensor performance cannot be considered fully successful.
However, the bhasic aim, i.e. the definition of the pressure field. has been
accomplished. since pressure data were received from all of the buoy stations,
starting at the day of deplovment and lasting through the melting period in about
December and beyond. Hence - if merged with ship and land station data - the set
allows the application of objective analysis schemes to compute the geostrophic
wind and the response of the ice drift under various ice conditions and various

states of the boundary layer.



This report provides background information necessary to use the data in a
meaningful manner, In section 2, a brief description of the measuring system is
given. Section 3 provides the results of station tests and sensor intercomparison
and, thus, allows judging the accuracy of the systems. In section 4, procedures of
cleaning the raw data and assembling the final data set are documented. Section
5 gives some preliminary results, mainly in the form of time series and for the

purpose of presenting some insight into the data quality.
2. The Ice Buoys and the Station Network
2.1. Description of Ice Buoys

The ice buoys were manufactured by Bergen Ocean Data (Bergen, Norway) using
sensors and transmitters from various sub-contractors as listed below. Fig. 2.1
shows the design. The buoy hull is cylindrical with a conical floater; it contains a
centre tube of stainless and non-magnetic steel carrying electronics, batteries, the
ARGOS transmitter (of CEIS/Espace, Toulouse) and the pressure transducer. The
ARGOS antenna is mounted on top of the hull and carries the pressure inlet
connected to the transducer through a hose via a water trap. A bead thermistor
for the air temperature measurement is installed in the pressure inlet. The hull
also carries a tripod of 2.1 m height which supports the cup anemometer and the
wind vane. The current meter is suspended from the bottom of the hull; a depth of
10 m below the water line was chosen. A separate thermistor for snow/ice
temperature is connected to the logging unit by a flying cable and, thus, could be

placed at some distance from the buoy on the ice surface.

Three versions of buoys were deployed:
Version 1 is equipped with sensors measuring
- barometric pressure

- air temperature

- snow/ice temperature.



Fig.2.1:
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Schematic of ice buoy, version no. 3 (see section 2.1 for detailed

description).
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Version 2 is equipped with sensors measuring
- barometric pressure

- air temperature

- snow/ice temperature

- wind speed and direction

- buoy heading,.

Version 3 is equipped with sensors measuring
- barometric pressure

- air temperature

- snow/ice temperature

- wind speed and direction

- buoy heading

- current speed and direction.

Station

isngos | Version | DeRlgyment | eglopment | o
Code)

3290 2 02.8.1986 |640S/50€E

3291 2 06.8.1986 |670S/43€E

3292 2 30.8.1986 |61.3S/7.0¢E

3293 2 23.7.1986 |63.8S/2.2W

3294 3 25.7.1986 |659S/3.6W

3295 3 19.7.1986 |61.0S/1.0W 01.09.1986
6570 1 05.7.1986 |55.35/229W 28.11.1986
6571 2 22.7.1986 |62.9S/2.8W

6572 3 10.8.1986 |68.7S/1.0E 12.08.1986
6573 3 21.7.1986 |62.85/1.3W

6574 3 28.7.1986 |65.3S/1.8¢E

6575 3 14.8.1986 |69.1S/0.0E 14.08.1986
6576 3 19.8.1986 |68.6S/3.7W

Table 2.1: Station identification, version and deployment time and place. Version
number defines the sensor configuration, see text. Stations without
date of loss were still reporting at end of March 1987,



5

Table 2.1 summarizes the types of buoys deployed in this part of the programme,
also giving their ARGOS identification code which will be used for buoy
identification throughout this report and on the data tapes.

The sensor specifications as provided by the manufacturer is listed below:

1. Barometric Pressure Sensor

Quartz crystal resonator installed in a shock mount and located in the
buoy hull. The sensor is vented via a water trap and air inlet located on
top of the antenna dome.

Manufacturer of barometer sensor:  Paroscientific Inc., USA.

Type: Digiquartzmodel 215-AW-020.

Measuring range: 920 to 1050 hPa.

Accuracy: + 0.2 hPa

Resolution: 0.13 hPa, (10 bit word length in
ARGOS data format)

The barometric pressure sensor signal is temperature compensated in
the temperature range -0° to +50°.
Barometric pressure tendency, 3 hours interval:
Range: 0 to + 25.5 hPa.
Resolution: 0.1 hPa.
The air inlet is a labyrinth with a filter and is combined with the air temperature

sensor radiation shield.

2. Air Temperature Sensor

The air temperature sensor is a thermistor in a radiation shield,

located on top of the buoy, (combined with air pressure inlet).

Manufacturer: Bergen Ocean Data A/S.

Measuring range: -40° to + 20°C.

Accuracy : + 0.2°C.

Resolution: 0.06°C, (10 bit word length).
3. Snow/ice Temperature Sensor

The snow/ice temperature sensor is a thermistor in a small tubing

mounted in a polyester case with radiation shields. The sensor is
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installed in the snow/ice, and is connected by a waterproof connector to

the buoy.

Manufacturer: Bergen Ocean Data A/S.
Measuring range: -40°to + 20°C.

Accuracy: = 0.2°C.

Resolution: 0.25°C, (8 bit word length),

Wind Sensors

Wind speed and wind direction.

Sensor type: 3 cup anemometer/ wind vane.

Manufacturer: Aanderaa Instruments, type
2740/2750.

Measuring range: 0-97 kts /0 - 360°.

Accuracy: + 2%/ + 5°

Resolution: 0.4 kts/ 1.4° (8 + 8 bit word
length).

The wind sensors are located on top of the sensor mast.

Buoy Heading

The buoy heading is measured by a magnetic compass located in the
buoy hull. The same compass is used as north reference for the wind

direction sensor.

Manufacturer: Aanderaa Instruments, type
1248,

Measuring range: 0-360°,

Accuracy: + 5°.

Resolution: 1.4° (8 bit word length).

Current Meter Sensor

Current speed and current direction.

A two-axis ultrasonic meter is suspended on a combined wire/cable
from the buoy hull. The sensors signals, which include the current
meter north reference compass, are processed in the buoy data
aquisition system. The current meter is powered from the buoy

battery.



Manufacturer: Simrad Optronics A/S, Oslo,
Norway, Model UCM-10, two
axis.

Measuring range: 0 - £ 250 cro/sec., both axis.

Accuracy: < 2% of full scale.

Resolution: 0.5 ¢cm (10 bit word length).

The stations were equipped with a RS232 interface permitting easy com-
munication with the data processing units for testing purposes, resetting the time
base etc. By means of a battery-powered ARGOS test bank. data could also be
received after deployment of the buoys. but this procedure was limited to a very
short range (order of one kilometer), possibly due to poor propagation conditions
over the sea ice. Normal data interrogation was made via the ARGOS Centre in

Toulouse, France,

The stations were powered by a set of lithium thionyl chloride batteries with
nominal cell voltage of 3.6 Volts and nominal cell capacity of 125 Ah at +21°C.
Depending on station version, up to 13 elements were used providing an expected
lifetime of approximately 9 months at-20°C.

The buoys were installed by drilling and sawing a hole of buoy diameter
(approximately 0.8 m) through the ice. The ice being of moderate thickness - 0.5 to
0.8 m - the upper lid of the buoy hull was in most cases level with the ice surface;
drifting snow, moreover, provided a smooth surface where this was not the case
after installation. The ice temperature sensor was pushed through the snow cover
to touch the solid ice surface. Gaps between buoy hull and ice were closed by large
fragments of ice, and fast refreezing ensured that movements of the buoy relative
to the ice did not occur.

2.2. Data Flow

The observation interval for all sensors was 60 minutes. A cycle was initiated by
the central controlling processor {CCP) comparing system time provided by a
quartz clock with the start time for the next cycle. Data was then sampled
starting one minute after the full hour according to the following scheme (for
Version 3):



Wind speed and direction: 1 min after full hour

10 min averaging
Pressure,
Current speed and direction: } 11 min after full hour

60 sec averaging

Snow/ice teperature:

Air temperature: } 12 min after full hour
Battery voltage:

instantaneous
Data transferred to CCP: 13 min after full hour
New data transmitted: 14 min after full hour.

A new data set, including the observation hour, is thus available 14 minutes after
every hour, and is transmitted approximately every 60 seconds. Reception by the
ARGOS system naturally depends on one of the polar orbiting NOAA satellites
being in range of sight. The number of successful (i.e. having signal quality
sufficient for location and data identification purposes) satellite passes per day
over a certain position depends on latitude, and, for the latitude of the buoy net-
work, varied between 14 and 20 per day. In section 5.1, information on the
frequency of satellite passes and on its diurnal variation is given, showing that
not all of the observations are being received by the system. In particular, a gap of
some three hours occurred around 10 to 12 UTC creating a sensible yet
unavoidable loss of data. During the rest of the day, however, the data reception

was generally better than one per two hours, on the average.

The data is available from ARGOS (Toulouse) with a delay of 3 to 6 hours.
Interrogation directly from the ARGOS computer is possible via telex or tele-
phone link. For control purposes this was exercised once a day while the ship was
in the Weddell Sea area. The data tapes provided by ARGOS were received every
month. In addition to the data they contain quality indices created by ARGOS,
the exact time of the satellite pass and the position computed from the Doppler
shift of the ARGOS transmitter frequency. These tapes were the basis for the
final buoy data set.



2.3. The Station Network

According to the scientific objectives briefly defined in section 1, the buoys were
deployed to cover an area of order 500 x 500 km2, taking the existence of three
coastal stations on the continent into consideration. A deformation of the network
due to the prevailing winds and currents was anticipated. The first buoy - station
6570 - was deployed in the open water on 5 July 1986 at 55.3 5/22.9 W. In-
stallation of the ice network proper began with station 3295 on 19 July at 61.0 S
/1.0 W, shortly after entering the antarctic ice belt. Proceeding southwards, the
deployment continued (see Table 2.1) until the southernmost station (6572) was
planted at 68.7 S/1.0 E on 10 August. Due to heavy ice pressing this station was
lost on 12 August but replaced on 14 August by station 6575 which was, however,
lost only 20 hours later. The third try on 19 August - station 6576 at 68.6 S/3.7W -
was successful. On 1 September, station 3295 in the north was lost, but 3292 had
just been planted on 30 August at 61.3 S/7.0 E to fill the gap.

Fig. 2.2 shows the buoy network every five days from day 210 to the end of the
year. The network survived until (at least) the end of March 1987. The defor-
mation is remarkable and the ice movement reveals considerable detail which
shall be subject of thorough investigation. In fig. 2.3 selected buoy trajectories are
presented.

Fig.2.2 (following pages): Buoy station network from day 210 (29 July 1986) to
the end of the year. Stations are located at corners of triangles drawn.
Near-by land stations are G = Georg von Neumayer, S = Sanae, and
N = Novolazarevksaya.
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TRAJECTORIES OF ARGOS—-BUOQOYS
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3. STATION TEST
3.1. Procedure
Test runs of all stations were made on two occasions:

- during a pre-shipment test in Bremerhaven from 3 to 11 April 1986, in a
storage room of the Alfred-Wegener-Institute;

- prior to deployment onboard R.V. POLARSTERN during periods of varying
length between 1 July and 19 August 1986.

In the former case, the buoys were placed not more than 10 meters apart in a
large hall. Spatial gradients of pressure and temperature in the rom were
negligible, and air motion was zero. The concrete roof of the hall most likely
caused the ARGOS telemetry signal to be of degraded quality so that garbled
messages were more frequent and successful locations per day were less frequent
than normal. However, this did not impede a useful intercomparison.

Onboard POLARSTERN, the buoys were placed in batches of three to six next to
each other on the aft deck. Here, the turbulent air motion - including situations
with wind force 10 - renders the set-up less than ideal, resulting in a larger
scatter of the data.

Although all sensors and data channels, including anemometers and current
meters, were tested, results in the sense of a sensor intercomparion are presented
only for pressure, air and snow/ice temperature and position. Controlled
intercomparison of wind and current meters would have required advanced
equipment which was not available.

3.2 Positioning by the ARGOS System

In order ot get information on the accuracy of the ARGOS positioning of stations,
the positions of selected platform transmitters reported during the stationary test
in Bremerhaven were evaluated and compared to the position of the storage hall
as taken from a topographic map. Details of the ARGOS method - essentially a
Doppler frequency shift method using two polar orbiting NOAA satellites - can be
found in ARGOS (1985). Table 3.1 gives mean reported positions of eight
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platforms during the test period 3 to 11 April 1986, and their standard deviation
in both latitude and longitude. Fig. 3.1 shows the mean position and the error
ellipse in relation to the map position. A bias is observed, i.e. a shift of the
measured position by 170 m to the southwest. The bias, however, is well within
the limits of the scatter ellipse. Note that the standard deviation of the longitude
(250 m) is larger than that of the latitude (190 m). This result agrees with a pre-
vious investigation made in 1984 with different PTTs where the same asymmetry

was observed.

To look for differences which might occur due to different orbit parameters of the
two satellites - or due to diurnal variations of wave propagation - the data was
split according to the respective satellites and their north-south and south-north
crossing. Differences in the mean latitude and longitude are less than one
standard deviation and, thus, not significant, see Fig. 3.2.

In summary it appears that with a mean standard deviation of 250 m, the system
is better than advertised by ARGOS (giving a global accuracy of 1000 m). In view
of the frequency of locations per day (see section 5), this would mean an accuracy
of the drift velocity of between 0.02 to 0.07 m/s - depending on the length of the
time intervall (3 to 1 hour, in the example).

Station | 3291 | 3292 | 3293 3294 | 6573 | 6574 | 6575 | 6576 Oﬂ:g;ﬂ'
W 53.521 |53.521 |s3.521 [s3s21 {53521 |[s53521 [s3521 [s3521 [s3.521
A 8577 8575 |s8s7e |s8s7s |ss7s  |es7s 8578|8575 {8576
Oy 1.2 1.7 15 1 16 1.4 26 1.7 1.7
(10-3 deg)
oy (m) 130 190 170 120 180 160 280 190 190
oy 2.1 22 36 19 3.4 36 5.2 40 38
(103 deg)

O (m) 140 160 240 130 230 240 340 260 250
n 13 8 3 11 1" 25 27 11 109

Table8.1: Average latitude y and longitude A of ARGOS stations during test in
Bremerhaven, 3-11 April 1986. Standard deviation ¢ are given in 10-3 deg
and meters, respectively, Map position is 53.522 N and 8.578 E.
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3.3. Pressure

Fig. 3.3 shows differences of simultansous air pressure data between station 63571
{arbitrarily chosen as reference) and all others. Table 3.2 and Table 3.3 provide
the data for the first and the second comparison, respectively. The accuracy of the
sensors (Digiquartz of Paroscientific) claimed by the manufacturer is 0.2 hPa, the
resolution of the system is 0.13 hPa. The maximum mean difference between any
two of the sensors s 0.35 hPa; however, it can be shown that in 675 of all cases
the mean difference is less than 0.13 hPa. the limit given by the resolution. No
significant long-term trend is observed within the four month between the two
intercomparisons. It is, therefore, recommended that the mean differences of the
second intercomparison (Table 3.3) be applied - with reversed sign - as corrections
to all measured data to remove the bias,

hPa 3290 3291 3292 3293 3294 3295
03

=3 S e
-0 -~ e l
~
-02 1 64

~03 A 89 97 88 I3y
e ' % o o
-04 -
hPa 6570 6572 6573 6574 6575 6576
04 4
03 4

2:1: TT i T dIEE 1
= 7 1

-01 ~ Y 58 46 ~
59
~02 1
i 75 160 P
~-03 B o 73 L
-04 -

Fig. 3.3: Calibration of pressure sensors of indicated stations against station
6571, Mean differences. standard deviation and number of data pairs
are drawn. Open circles: April 1936, full circles: July/August 1986,
Arrows indicate long term trend.
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The scatter of the mean differences, i.e. the standard deviation in Fig. 3.3, gives
an indication of the uncertainty of the single pressure measurement in the field.
From wind tunnel tests it must be suspected that an appreciable build-up of
dynamic pressure in the pressure head of the system is possible. Depending on the
angle of attack of the air flow relative to the pressure head. additional dynamic
pressures of up to 1 hPa were observed in the wind-tunnel. However, even under
the inhomogeneous conditions of the ship's aft deck, where some of the buoys were
shielded from the wind and others were not, no such large differences occurred. It
appears that under natural, i.e. turbulent air flow conditions the one-minute
averaging procedure of the pressure measurement by and large eliminates errors
due to dynamic pressure build-up. The remaining scatter of about = 0.2 hPa
must, however. be considered as the {upper) limit of the accuracy of the system.
Since this scatter results from the independent measurement of two stations (the
difference of which is being considered), the single measurement has an
uncertainty of £ 0.2/v'2 hPa. (On the other hand. computing the geostrophic wind
requires again the pressure difference between two stations. On the scale of 100
km and at 65 deg latitude. a pressure difference of 20 Pa corresponds to a wind
speed of 1.2 m/s.)

In conclusion, we recommend to apply a correction to all pressure data as derived
from the second intercomparison (Table 3.3), without taking account of a lnng-

term trend. The uncertainty of + 0.20 hPa remains,
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Stﬁtrlf’n 3290 3291 3292 3293 3294 3295

Ap - 0.08 . 0.02 - 0.12 - 0.12 0.00 - 0.07

(hPa)

Std.-Dev. [+ 0.25 £ 022 £ 0.20 ~ 0.21 - 0.20 + 0.21

(hPa)

n 68 39 32 64 64 68

Station |6570 6572 6573 6574 6575 6576
Nr.

Ap - 0.06 + 0.15 |- 0.08 + 006 |- 0.10 |- 0.02

(hPa)

Std.-Dev. | + 0.24 + 023 |+£016 |+ 019 |+ 0.18 |+ 024

(hPa)

n 43 68 75 69 73 65

Table 3.2 Differences of simultaneous pressure observations between indicated
stations and station 6571. Mean (Ap), standard deviation, and number
of data pairs (n), 3 to 11 April 1986 in Bremerhaven. If applied as

correction, sign of Ap must be reversed.

Stg.tri?“ 3290 3291 3292 3293 3294 3295

Ap - 0.06 - 0.02 - 017 0.06 - 0.07 |- 0.05

(hPa)

std.-Dev. |+ 0.25 £ 0.22 +0.17 |+ o021 + 0.21 + (.24

(hPa)

n 133 111 18 89 97 137

Station 6570 6572 6573 6574 6575 6576
Nr.

Ap - 0.12 + 0.18 |+ 0.0t + 018 |- 013 0.02

(hPa)

Std.-Dev. | + 0.21 + 020 [=025 |+ 027 |+ o021 + 0.24

(hPa)

n 25 76 160 46 131 65

Table3.3: As Table 3.2, except for second comparison period onboard

POLARSTERN.
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3.4. Temperature

Considering the inhomogeneous temperature field on the deck of a ship, only the
first intercomparison period (3-11 April, 1986) is evaluated. Tab. 3.4 shows the
result for the snow/ice surface temperature sensor and Tab. 3.5 for the air
temperature sensor. The resolution is 0.25 K for T1 and 0.06 K for T2. In both
cases it is obvious that mean differences between the sensors lie within the
expected range of accuracy of + 0.2 K specified by the manufacturer. Only the air
temperature of station 3295 has a bias slightly larger than the "permitted” range.
The standard deviation of mean differences is also within the limits. On the
average, it is larger for the ice than for the air sensor which is probably due to the
shorter time constant of the air temperature sensor, a small uncovered thermistor

bead as compared to the ice temperature sensor being housed in a protective tube.

In-the-field measurements of air temperature, in particular those of spring and
summer, show that errors due to solar radiation on the instrument must be
expected to be of order of a degree. In view of these large errors it was concluded
that the comparatively small differences between stations, revealed by the inter-
comparison, could be neglected. Thus, the overall error of the temperature
measurement is near + 0.2 K except for days with strong insolation and low wind
speed when radiative errors may be much larger. (A more detailed discussion of

the radiation error will be given in section 5.5.)
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Sti-t;_‘m 3290 3291 3292 3293 3294 3295
AT T 0.05 |+ 009 012 |- 0.01 0.08 0.09
(K)

Std.-Dev. | = 0.14 |- 0.18 |- 0.16 |- 019 |- 0.16 |- 0.20
(K)

n 56 36 30 61 53 53
Station  ]8570 5572 5573 6574 65575 6576

Nr

AT + 0.04 + 0.03 + 0.01 0.09 + 0.07 - 0.07
(K)

Std.-Dev. |~ 012 |- 019 |- 025 |- 016 |- 0.24 |- 021
K)

n 12 67 79 67 69 67

Table 3.4 Differences of ice temperature sensors against station 6571, Mean
{AT), standard deviation and number of data pairs (n), 3 to 11 April
1986 in Bremerhaven.

Station | 3990 3291 3992 3293 3294 3295
AT 000 |+ 020 005 |+001l l<011 <035
(K)

Std.-Dev. |- 0.10 |- 0.14 |- 010 |- 0.14 |-0.12 |- o011
(K)

n 59 36 33 56 63 51
Station . 16570 6572 6573 5574 5575 5576

Nr.

AT T 023 |+ 012 |+002 |+ 018 |+ 012 0.06
{K)

Std.Dev. | =015 |- 013 |- 013 |- 007 |-011 |- 020
K)

N 13 80 7 74 79 76

Table 3.5: Same as Table 3.4, but for air temperature sensors.




27

4, Data Processing

The buoy data were provided on magnetic tapes by Service ARGOS on a monthly
basis. The data consist of the ARGOS DS-type files giving the results of a single
telemetry flow for each experiment, ordered according to PTT (= buoy) number.
The data are for most sensors converted to physical units. Furthermore, the
ARGOS ground processing identifies identical consecutive messages by a bit-by-
bit comparison and adds their number to each buoy data stream. The buoy
location as determined form the satellite pass is also added to the data together
with a quality index for the location calculation.

Starting from these pre-processed buoy data a computer programme was deve-
loped to handle the following tasks:

- identify the DS-file with the highest number of identical messages
during a satellite pass; only this file is kept for further processing to
minimize the probability of transmission errors in the data.

- convert the data to physical units (if necessary)

- correct buoy heading, wind direction, and current direction for the

magnetic declination

- write the final data in chronological order into separate datasets for
each platform and for each month; missing data are set to their default
values in order to obtain a fixed data format for all buoys. A data and

location message is stored into one record.

The chronological order of the processed files is based on the 'observation time' of
each platform, an integer variable giving the full hour of the start of each measu-
ring cycle. A fixed time step of one hour was prescribed going from one record to
the next. If there were no messages for a given time the corresponding default
values have been inserted into the time's record. This procedure not only made
any further processing rather simple, but also allowed us to include valid air pres-
sure values computed from the transmitted pressure value together with the

three-hourly pressure tendency.
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It should be stressed again that the file records are based on the full hour obser-
vation time (e.g, the first 24 records contain data from 0000 UT to 2300 UT of the
first day of the month). Each record contains two more time readings, which are
usually quite close to, but still different from the observation time: There is the
time (in hours and minutes of the day) of the location computation, i.e. latitude
and longitude correspond to this location time. Additionally, there is the time
(again in hours and minutes of the day) of the message transmission to the satel-
lite, which, however, is rather meaningless for any scientific interpretation of the
data.

Table 4.1 lists the data structure in more detail.

The measured quantities (air pressure, air and ice temperature, wind speed and
direction, current speed and direction, and buoy heading) have been eye inspected
for data errors and sensor malfunctions, which were then removed from the data.
Frequent errors were spikes in the time series, icing of the wind vanes, and for
some buoys complete failure of the heading and ice temperature readings. Cur-

rent speed values exceeding 10% of the wind speed were also removed.

The amount of non-default data that have passed this quality control are listed in
Table 4.2 for each month, and Table 4.3 gives the starting and ending times for all

data recordings.

For a first inspection of data availability and data quality, the data is plotted in
Fig. 4.1 as time series for all variables and buoys from the day of deployment to 31
December 1986. For most of the buoys (albeit not for all sensors), observations
continue until at least April 1987.
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Each record consists of 22 variables which can be read by the
following FORTRAN statements:

READ (5,10) IBOJE,IDAY1,IHR],IMl,PRES,DPRES,TICE,TAIR,WIND,

IWDIR, IHEAD,CURR,ICDIR,IOBS,XLAT,XLON, IDAY2, IHR2,
IM2,DLAT,DLON, IQUAL

10 FORMAT (15,14,213,F8.2,F6.2,2F7.2,F6.2,214,F7.2,14,13,2F8.3,
14,213,2F8.3,13)

l
I
l

I
I
|
l
{
|
|
|
l
|
l

VARIABLES MEANING DEFAULT
IBOJE Buoy number (Argos PTT number) no default
IDAY1, IHR1l, IM1 Date and time of satellite -999,-99,-99

PRES
DPRES
TICE
TAIR
WIND
IWDIR
HEAD
CURR
ICDIR
IOBS
XLAT
XLON
IDAYZ2, IHR2, IM2

DLAT, DLON

IQUAL

message reception

(IDAY1 is the Julian day,
IHR1 and 1M1 are hours and
minutes, UT)

Alr pressure (hPa) -999.99
Three-hourly pressure change (hPa) -99.99
Snow or ice temperature ( C) -99.99
Air temperature -99.99
Wind speed (m/s) -99.99
Wind direction (degrees) -999

Buoy heading (degrees) -999
Current speed (cm/s) -99.99
Current direction (degrees) -999
Observation time no default
Buoy position, latitude (degrees) -999.999
Buoy position, longitude (degrees) -999.999
Date and time of location -999,-99,-99

(IDAY2 is the Julian day,
IHR2 and IM1 are hours and
minutes, UT)

Latitude and longitude components -999.999
of the velocity vector per day -999.999
(degrees)

Location calculation qguality index 0

IQUAL=-1: PTT not located, last

location from one pass

0: not located

1: location from two passes
of one satellite

2: location from two passes
of two satellites

3: location from one pass only

Table 4.1 Record structure of the buoy data files,




Platform Number 3290

30

JUL AUG SEP OoCT NOV DEC
| ] | l l
Pressure | | 635 646 | 696 | 674 | 654
Ice Temp. | | 74 0 | 0 | 0 | 0
Air Temp. |  no | 516 | 513 | 574 | 552 | 527
wWind Speed ! | 510 | 513 | 574 | 551 | 133
wind Direction | data | 169 0 | 0 | 365 | 525
Heading | | 517 513 | 574 | 552 | 527
Latitude | | 517 513 | 574 | 552 | 527
Longitude | | 517 | 513 | 574 | 552 | 527
| | | ! | I
Platform Number 3291
JUL AUG SEP OoCT NOV DEC
l | I | |
Pressure { | 563 | 672 | 713 | 681 675
Ice Temp. | | 109 | 0 | 0 | 0 0
Air Temp. | no | 469 | 546 | 588 | 556 549
wind Speed | | 462 | 538 | 588 | 550 253
Wind Direction | data | 50 | 0 | 0 | 0 426
Heading | | 466 | 545 | 588 | 556 549
Latitude | | 469 | 546 | 588 | 556 549
Longitude | | 469 | 546 | 588 | 556 549
| | | | l
Platform Number 3292
JUL AUG SEP OoCT NOV DEC
| | | ] | |
Pressure | | 3 | 645 | 687 | 670 | 657
Ice Temp. | | 26 | 512 | 237 | 0 | 0
Air Temp. | no | 26 | 512 | 566 | 537 | 523
wWind Speed [ f 26 | 512 | 566 | 535 | 523
Wind Direction | data | 26 | 510 | 563 | 532 | 513
Heading | | 26 | 512 | 566 | 537 | 523
Latitude | | 26 | 512 | 566 | 537 | 523
Longitude ! | 26 | 512 | 566 | 537 | 523
I | | | | |

Table 4.2: Number of valid data recordings from July through December 1986.
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|
| JUL RAUG SEP OCT NOV DEC
l
| | | | | |
| Pressure | 181 | 668 | 639 | 693 668 656
| Ice Temp. [ 0 0 | 0 | 0 0 0
| Air Temp. | 140 | 537 | 505 | 563 | G542 524
| Wind Speed j 140 } 537 | 506 | 563 | 542 525
| Wind Direction | 139 | 535 | 506 | 559 | G536 202
| Heading | 140 | 537 | 498 | 557 542 203
| Latitude | 140 ] 537 | 506 | 563 542 525
| Longitude | 140 | 537 | 506 | 563 542 525
I | | | I l

Platform Number 3294
|
| JUL AUG SEP ocCT NOV DEC
I I | i | l
| Pressure | 131 | 674 | 652 | 700 | 671 665
| Ice Temp. | 100 | 518 | 506 | 548 | 519 0
| Air Tenp. | 100 | 518 | 506 | 548 | 517 | 508
| Wind Speed {100 | 499 | 450 | 546 | 518 | 508
| Wind Direction | 99 | 266 | 0 | 0 | 0 | 256
| Heading | 100 | 518 | 506 | 548 | 518 388
| Curr. Speed i 99 | 512 | 489 | 546 | 514 506
| Curr. Direction| 99 | 512 | 492 | 539 | 505 489
| Latitude | 100 | 518 | 506 | 548 | 519 508
| Longitude | 100 | 518 | 506 | 548 | 519 508
| f | | | !

Platform Number 3295
|
| JUL AUG SEP oCT NOV DEC
!
I [ l l l l |
| Pressure I 244 | 451 | 0 | [ |
| Ice Temp. [ 179 | 0 | 0 | | |
| Air Temp. | 179 | 293 | 0 | | |
| Wind Speed | 178 | 293 | 0 | no | no | no
| Wind Direction | 178 | 292 | 0 | | |
| Heading 179 | 288 | 0 | data | data | data
| Curr. Speed | 174 | 292 | 0 | | [
| Curr. Direction| 174 | 291 | 0 | ! |
| Latitude 179 | 293 | 3] | |
| Longitude | 179 | 293 | 3 [ |
| | | l l | ]




Platform Number 6571 32
JUL AUG SEP OCT NOV DEC
| l
Pressure | 204 681 | 646 699 676 660
Ice Temp. | 161 552 | 514 564 180 0
Air Temp. | 161 551 | 514 564 546 524
Wind Speed | 161 548 | 514 556 542 523
Wind Direction | 161 548 | b5l2 563 434 0
Heading | 154 | 552 | b1l2 171 0 0
Latitude | 161 552 | 514 564 546 524
Longitude | 161 552 | 514 | 564 546 524
| l | l
Platform Number 6572
JUL AUG SEP oCT NOV DEC
| | |
Pressure | 71 |
Ice Temp. | 56 | |
Air Temp. | | 56 |
Wind Speed |  no ! 55 | no | no no no
Wind Direction | 55 | |
Heading data | 56 | data | data data data
Curr. Speed | 53 |
Curr. Direction} | 53 | |
Latitude | | 56 |
Longitude | | 56 |
[ | | |
Platform Number 6573
JUL AUG SEP OoCT NOV DEC
! | | ! I
Pressure | 213 | 658 | 626 | 664 649 | 635
Ice Temp. | 163 | 499 | 473 | 513 485 | 0
Air Temp. | 163 | 497 | 473 | 513 503 | 480
Wind Speed ] 163 | 499 | 472 | 513 502 | 480
Wind Direction | 162 | 497 | 472 | 508 503 | 72
Heading | 150 | 484 | 216 | 0 0 | 0
Curr. Speed | 162 | 491 | 472 | 512 502 | 478
Curr. Direction| 162 | 491 | 472 | 508 486 | 402
Latitude | 163 | 499 | 473 | 513 503 | 480
Longitude | 163 | 499 | 473 | 513 503 | 480
| | ] l |




Platform Number 6574 33
JUL AUG SEP OCT NOV DEC
I l ! |
Pressure | 70 | 695 | 667 | 700 662 652
Ice Temp. | 58 | 548 | 513 | 175 0 0
Air Temp. I 59 | 548 | 513 | 557 507 504
Wind Speed ! 59 | 548 | 513 | 556 508 504
Wind Direction | 59 | 545 } 511 | 555 507 500
Heading | 59 | 548 | 513 | 557 509 504
Curr. Speed | 58 | 539 | 506 | 555 502 504
Curr. Direction| 58 | 537 | 511 | 551 505 486
Latitude | 59 | 548 | 513 | 557 509 504
Longitude | 59 | 548 | 513 | 557 509 504
| ! | !
Platform Number 6575
JUL AUG SEP OCT NOV DEC
| | |
Pressure | 19 | |
Ice Temp. | | 17 | |
Air Temp. | | 17 | |
Wind Speed | no | 17 | no no | no no
Wind Direction | 17 | |
Heading | data 17 | data data | data data
Curr. Speed | 17 | |
Curr. Direction| | 14 | | | |
Latitude | | 17 | | |
Longitude | | 17 | | |
| | ! | l
Platform Number 6576
JUL AUG SEP OCT NOV DEC
! | | ! l |
Pressure | | 278 | 659 | 701 | 677 | 661
Ice Temp. [ | 227 | 516 | 550 | 526 | 514
Air Temp. | | 227 | 513 | 550 | 524 | 515
Wind Speed | no | 227 | 512 551 | 525 | 514
Wind Direction | I 226 | 516 551 | 521 | 513
Heading | data | 227 | 516 550 | 526 | 515
Curr. Speed | I 222 | 499 548 | 525 | 514
Curr. Direction] | 225 | 496 543 | 515 | 496
Latitude | | 227 | 516 551 | 526 | 515
Longitude | | 227 | b5lé 551 | 526 | 515
| | l | |
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Platform No.

Data Coverage

3290

3291

3292

3293

3294

3295

Table4.3: Start and end time of series of each element and buoy;

3295.

Pressure

Alr Temperature
Ice Temperature
Wind Speed

Wind Direction

Buoy Heading

Pressure

Alr Temperature
Ice Temperature
Wind Speed

Wind Direction
Buoy Heading

Pressure

Air Temperature
Ice Temperature
Wind Speed

Wind Direction
Buoy Heading

Pressure

Air Temperature
Ice Temperature
Wind Speed

Wind Direction
Buoy Heading

Pressure

Air Temperature
Ice Temperature
Wind Speed

Wind Direction

Current Speed

Current Direction:

Buoy Heading

Pressure

Alr Temperature
Ice Temperature
Wind Speed

Wind Direction
Current Speed

Current Direction:

Buoy Heading

—
NP NN

[\]
(o) IEN o) le)Wer e 1N e e )

Aug.
Aug.
Aug.
Aug.
Aug,
Nov.
Aug.

Aug.
Aug.
Aug.
Aug,
Dec.
Aug.
Dec.
Aug.

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

July
July
data
July
July
July

July
July
July
July
July
Dec.
July
July
July

July
July
July
July
July
July
July
July

Dec. 23 UT
Dec. 23 UT
Aug. 21 UT
Dec. 8 UT
Aug. 6 UT
Dec. 23 UT
Dec. 23 UT
Dec. 23 UT
Dec. 23 UT
Aug. 14 UT
Dec. 8 UT
Dec. 23 UT
Aug. 10 UT
Dec. 23 UT
Dec. 23 UT
Dec. 23 UT
Dec. 23 UT
Oct. 23 UT
Dec. 23 UT
Dec. 23 UT
Dec. 23 UT
Dec. 23 UT
Dec. 23 UT
Dec. 23 UT
Dec. 8 UT
Dec. 23 UT
Dec. 23 UT
Dec. 23 UT
Nov. 23 UT
Dec. 23 UT
Aug. 19 UT
Dec. 16 UT
Dec. 23 UT
Dec. 23 UT
Dec. 15 UT
Aug. 23 UT
Aug. 23 UT
July 23 UT
Aug. 23 UT
Aug. 23 UT
Aug. 23 UT
Aug. 23 UT
Aug. 23 UT
buoys 3290-
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Platform No.

Data Coverage

6571

6572

6573

6574

6575

6576

Pressure

Air Temperature
Ice Temperature
Wind Speed
Wind Direction
Buoy Heading

Pressure

Alr Temperature
Ice Temperature
Wind Speed
Wind Direction
Current Speed

Current Direction:

Buoy Heading

Pressure

Air Temperature
Ice Temperature
wind Speed
wind Direction
Current Speed

Current Direction:

Buoy Heading

Pressure

Air Temperature
Ice Temperature
Wind Speed
wWind Direction
Current Speed

Current Direction:

Buoy Heading

Pressure

Air Temperature
Ice Temperature
Wind Speed
Wind Direction
Current Speed

Current Direction:

Buoy Heading

Pressure

Air Temperature
Ice Temperature
wind Speed
Wind Direction
Current Speed

Current Direction:

Buoy Heading

Table4.4: continued; buoys6571-6576.

July
July
July
July
July
July

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

July
July
July
July
July
July
July

. July

July
July
July
July
July
July
July
July

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

Dec.
Dec.
Nov .
Dec.
Nov.
Oct.

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

Dec.
Dec.
Nov.
Dec.
Dec.
Dec.
Dec.
Sep.

Dec.
Dec.
Oct.
Dec.
Dec.
Dec.
Dec.
Dec.

Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.

Dec.
Dec.
Dec.
Dec.
Dec.,
Dec.
Dec.
Dec.
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PRESSURE HPA BUOY NUMBER: 3290
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ICE TEMPERATURE OEG C BUQY NUMBER: 3290
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ICE TEMPERATURE DEG C BUOY NUMBER: 3291
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ICE TEMPERATURE DEG C BUOY NUMBER: 3292
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ICE TEMPERATURE DEG C BUOY NUMBER: 3293
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PRESSURE HPA BUOY NUMBER: 3294
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5. Preliminary Results

The following sections present selected time series of quantities derived from the
buoy data for the purpose of allowing the reader or perspective user to make his

own judgement of data quality.
5.1. Statistics of Data Reception

An evaluation was made for all stations to determine the average data sampling
rate which is given by the frequency of overflights of the two NOAA polar
orbiting satellites. This frequency increases with increasing latitude. It exhibits a
characteristic diurnal march which is determined by the orbital parameters of
the satellites: since the orbital planes of the satellites are not orthogonal, and
since they do not intersect exactly over the poles, there is a marked gap of
coverage between 8 and 12 UT (at the latitude of our buoy network).

Fig. 5.1 shows, as an example, the statistics of station 6573 in August 1986. The
total number of locations per day normally varies between 14 and 20 (here we
count only those locations which are considered of sufficient quality by Service
ARGOS; the number of mere data transmissions is slightly larger). In the diurnal
course, we note an adequate sampling rate - one per hour - during the night, buta
drop to no overflight during the period from 9 to 11 UT, with only one message per
two hours in the intermediate time of the day. These restrictions must be kept in
mind when evaluating the data, in particular when considering the time
resolution. In view of the above, two hours must be accepted as lower limit of the
time scale; this, together with the accuracy of the position measurement (+ 230
m) gives the accuracy of the drift speed: Av = 250 m / 7200 s = 0.035 m’/s. This

figure is comparable to the accuracy of the current meter (see section 2.1).
5.2. Ice Drift Velocity

Since the stations - at least during the first two or three months after deployment
- are solidly fixed to the sea ice, their movement in space is equal to the ice drift
velocity. In order to develop a regular time series of drift velocity, position data
received at irregular time intervals were interpolated onto the full hour, gross
errors were eliminated by prescribing a maximum displacement between two

fixes according to a maximum speed of one knot, and overlapping positions two
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ARGOS—LOCATIONS IN AUGUST 1986
STATION (ARGOS—BUQY) : 6573

TOTAL NUMBER OF LOCATIONS : 497
FIRST POSITION : 62.7 S
2,0 W

2.0 1 AVERAGE NUMBER OF LOCATIONS
1.8 1 PER HOUR

........................

01 23 4567 89 1011121314151617 181920212223
HOUR

TOTAL NUMBER OF LOCATIONS
PER DAY

DAY

Example of data reception statistics for station 6573 in August
1986. Upper part: mean diurnal march of successful locations per
hour (simultaneous with data transmission). Lower part: total
number of locations per day during the month.
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hours apart were then used to compute the velocity. Fig. 5.2 shows the resulting

ice drift velocity vectors for all stations.

Considering the limits given by time resolution and accuracy of position data,
there is a number of interesting features in the data set asking for explanation.
Note, for instance, the uniformity and high coherence of movements in the area at
some days (e.g. day 220 to 229) as opposed to the up to 180 degrees difference of
movements at other days (e.g. day 230, day 253 to 253). Note also the occasional
appearance of inertial periods in the movement (e.g. day 230 to 235 at station
6571, and more frequent later in the year). It is not immediately clear why these
movements appear intermittently and what causes them. One possible answer s,
of course, that they have a noticeable effect as soon as the ice cover breaks loose
through a storm event. But that would imply that locally limited areas of loose ice
develop, and are maintained for a week or so, in the middle of the pack at
temperatures below -15°C. On the other hand. similar oscillations - albeit more
often visible - are not a common feature later in the year when the ice can indeed
be assumed to be of lower concentration everywhere. Details of this kind are still
to be explained using other available information such as satellite observed ice

concentration.

In Fig. 5.3 we present an example of quantities derived from the ice velocity
vector field: divergence, vorticity, and deformation of the ice. For the computation
of these series, four stations were combined to permit a first order fit and
subsequent spatial derivation of the velocity components. Deformation is a highly
variable quantity, but on the average, the principal axis points into a direction
between O and 90 degrees - i.e. between east and north. The larger axis has a
positive amount (E1) corresponding to stretching and the smaller axis (the
direction of which is rotated by 90 degree from the larger axis) is negative most of
the time, corresponding to compression (E2). The effect of such a deformation
tensor is visible in the time changes of the network configuration as shown in Fig.
2.2.
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5.3. Wind and Relative Current

Accurate wind measurements are notoriously difficult to achieve in a polar
environment, Cup anemometers and normal wind vanes - as were deployed on the
ARGOS buoys - are prone to icing and riming. in particular with unattended
automatic stations, and a change of the calibration curve is likely as soon as such
weather conditions are encountered. Preventive measures are possible but at the

expense of high power consumption which was not desirable in this project.

However, there are periods when the Instruments appear to behave properly.
Such periods, if selected with care. can be used to derive certain relationships, for
instance the ratio between the large scale boundary-layer forcing by the pressure
gradient and the wind stress acting on the ice surface, given the stability
conditions (of the vertical density stratification) and the surface roughness of sea
ice of the particular region. Clues as to when the wind observation is usable can
be found in the series of current measurements. Fig. 5.4 shows that a close
relationship exists between the wind speed and the speed of relative current, i.e.
the shear of the ice slab against the upper layer of the ocean (depth of current
meter was at 10 m); the traces resemble each other even in minor events of

acceleration or deceleration.

Station 3295, of which Fig. 5.4 presents an example, is the northern-most station
and, therefore, is least subject to internal ice stress. In this case, the momentum
budget is balanced by the wind stress, the water stress and the Coriolis force
(with respect to the relative current). Provided the usual assumption of a
quadratic stress law holds with respect te both the air-ice interface and the ice-
water interface, the free drift assumption (see, e.g., McPhee, 1980) predicts a
turning of the relative current (of speed u) against the surface wind (of speed U)

by an angle a given by

{h; = ice thickness, p; and p, = density of ice and air, respectively, f = Coriolis-
parameter, and C, = drag coefficient of the air-ice interface). On the other hand,

the balance of forcesis likewise expressed by
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{pw = density of water, Cw = drag coefficient of the ice-water interface). Since a
is small. the second equation predicts an essentially constant ratio uw'U as is
observed in Fig. 5.4, Fig. 5.5 presents data from two more stations (3294, 6574)
showing that periods with "erroneocus” data can be identified which are either due
to the viclation of the free drift assumption or due to wrong {i.e. too slow) wind
data. It is obvious that with some care the current measurement can be used as a

controller of the wind measurement - at least to exclude periods of suspicious

data
Station A * 100 Ry B Ra C,*103 N

3294 337+ 010 0.94 -392 £ 006 {275 1 36 138

3295 3.14 £ 0.03 099 0.84 = 0.09 051 1.59 159

6373 2751005 098 3742006 1074 138 152

6574 340 +0.09 0.96 -065 £0.07 {064 2.22 147

Ave 1.73 314
Table5.1: Regression coefficients of u = AU and sin a = BU'l and

pertinent correlation coefficients Ry and Ra. Drag coefficients Cy
refering to 2 m anemometer level have been computed with h; =
0.5 m. p; = 850 kg'm3, py = 1.3 kg'm3, f = 1.3-10-4s-1, 29 July
through 8 August 1986.

Table 5.1 shows the regression of relative current speed against wind speed using
data of day 210 through 220 which appeared to be a relatively quiet period i.e. a
period without major deviations from the prediction of the free drift assumption.
From an average ratio of U = 0,032 it follows that

C'U
(% =15 cosa=1.4

for a = 20°. On the other hand, if /U = const is accepted, then sin a must vary
linearly with 1/U; the regression from the same observations as above is included
in Table 5.1. Although the latter set shows larger scatter and smaller correlation

coefficients than the former, the result is still useful; the factors B, together with
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ice thickness data from Wadhams et al. {(1987) yield drag coefficients C, which
are in agreement with previous results from ice surfaces {Overland. 1985). The
anemometer height of only 2 m must be accounted for, when comparing our C,-
values with others related to 10-m wind measurements. The average C,, if re-
duced toa 10 m level is

¢ =145 107°
3
In summary. this chapter was to demonstrate that the wind data. albeit subject to
instrumental errors at times, can be applied when carefully sifted. A caveatis put
before an uncritical use.

5.4, Pressure

The pressure observations have been taken with the objective to derive the atmo-
spheric forcing on ice drift and the oceanic mixed layer, i.e. to compute the hori-
zontal pressure gradient, the geostrophic wind, and the wind stress and its spatial
derivatives. In section 3.3 it is demonstrated by evaluating two sets of inter-
comparison data that the inherent uncertainty of the pressure observation is close
to 0.2 hPa. With the distance between stations of order 100 km. the resulting er-
ror of the geostrophic wind components is 1.2 m/s (less for larger scales} or
roughly 10% of the normal wind speed. The results can be improved by applying
an objective analysis scheme such as the cne developed by Luthardt (1987} which
essentially uses all station data surrounding a grid point, weighs them according
to their distance from the grid point, and - for each grid point - fits a first order
pressure plane to the data. Wind data can be included and are interpreted as
pressure gradient data applying the resistance law of the planetary boundary

layer.

Fig. 5.6: (Following pages) Examples of preliminary pressure analyses and geo-
strophic winds for two periods: 1 September, 12 z, to 3 September, 00 z,
and 17 September, 00 z, to 17 September, 18 z. Interval of isobars is 2.5
hPa. Note unrealistic analysis on 2 September, 00 z, i.e. transition
from cyclonic to anticyclonic to cyclonic curvature, which probably can
be corrected by including wind observations.
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The examples presented in Fig. 5.6 are a preliminary evaluation in that only
pressure data of the ARGOS buoys have been included in the analyses. Wind data
cannot be used in this first step since the “universal” functions of the resistance
law are not properly known for the sometimes extremely stable surface layer
above the sea ice; rather these functions shall be derived by comparing measured
surface winds with computed geostrophic winds from the first objective analyses.
By repeating this procedure it is hoped that a stable solution for both the pressure
fields and the universal functions is arrived at. Once the buoy data have thus
been exploited, additional information from nearby meteorological land and
island stations will be included and. finally, grid point values of numerical
products of ECMWF will be added.

The preliminary fields shown in Fig. 5.6 provide. nevertheless, some insight into
the possibilities of the data set. The first sequence is arbitrarily chosen and
documents the passage of one of the smaller low pressure systems having a
diameter of order 600 km which is characteristic for the second half of the WWSP-
leg one period (see Rabe, 1987). The second sequence includes the record low in
the pressure series which occurred at station 3292 on 17 September 1986 when a
pressure of 924.4 hPa was measured - certainly not an all-time record for the
southern hemisphere, but less than the lowest pressure ever recorded in Great
Britain (925.5 hPa, see Holford, 1984), for instance. Surrounding stations confirm
this observation, but records of wind speed (see figures in section 4! do not show
any particular extremes - again indicating the special structure of the stably
stratified surface layer,

5.5. Air Temperature

The air temperature chservations shown in the figures of section 4 reveal an
intriguing kind of variability. Since the instrument is a thermistor bead exposed
to the air at the top of the ARGOS antenna and shielded by a dome made of PVC.
the question of radiational errors arises. Usually, a large amplitude of the diurnal
temperature wave is a positive indicator of radiational errors; the normal

amplitude in a marine environment ranges between 0.6°C and 1.0°C, only.

There are basically three regimes of variability in any of the buoy's air tempera-
ture registrations:
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- in winter (July, August, September) there is a variance with periods of
order three to four days and amplitudes of 10 to 20°C which is related
to synoptic scale transient disturbances;

- after a transitional appearance in October, practically all of November
shows rather quiet conditions with the diurnal period prevailing,
having amplitudes of order 3 to 5 degrees:

- there is, however. a marked change in December which occures as soon
as the station is no longer trapped in the ice (see, e.g. buoy number
6573): the diurnal wave still prevails but with reduced amplitude of
order 1 degrees.

(The ice - no ice condition can be decided (a) from the trace of buoy heading which

becomes erratic when the buoy drifts freely in open water - or when ice concen-

tration is low enough for the individual floe embracing the buoy to turn at will -
and (b) from the relative current speed which drops markedly when the wind does

no longer affect buoy displacement after the ice melted.)

[+ T T T T T T T T T T T T ]
C1__ x 6571 }
= 6573 % OPEN WATER
e 6574 /’\x (DECEMBER)
/° '\, CONDITIONS
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..1 e -
__2___ -
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Fig 5.7: Mean diurnal march of air temperature at 1 m height for three

selected stations: ice conditions throughout November and open
water conditions during the last three weeks in December.
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Fig. 5.7 shows mean diurnal air temperature marches of three stations of Novem-
ber and the later part of December, respectively. From inspection of parallel
current and heading data it appears that in November the ice concentration is
low, but the buoys are still surrounded by ice, whereas by the first or second week
in December the area is totally clear of ice: this would explain the drastic changes
in the amplitude of the diurnal wave. In December the amplitude is comparable to
marine conditions found in other open water areas of the world oceans; in Novem-
ber the night time cocling of the ice surface is still effective but the thermostat
effect of the open surface between floes keeps the maximum temperature close to
zero degrees, Model computations shall be tried to verify this behaviour and shall

permit a decision upon the influence of radiational errors on the measurements.

It is surprising, though, that during the last third of the period depicted in the
figures of section 4, no marked temperature advection occurs (which is the
prevailing feature in July/August); and this holds for all buoy stations of our net-
work. The pressure data, on the other hand, reveal that low pressure systems are
passing through the area with almost the same frequency and intensity in
summer as in the winter, implying that their thermal structure changes conside-
rably from the time with an ice cover present to the open water conditions. Here,
we see another striking example of the drastic changes in boundary layer con-

ditions induced by the melting or the formation of sea ice.
6. Conclusions

As part of the Winter Weddell Sea Project 1986, a set of ten drifting ARGOS
buoys was deployed in the sea ice region of the southern Atlantic Ocean around
Maud Rise. Starting in July/August 1986 these buoys provided data through the
melting period until - at least - April 1987. Sensors deployed were air pressure,
air temperature, snow’ice temperature, wind speed and direction and - on some of
the stations - current speed and direction at 10 m depth. In addition, position data
were provided by the ARGOS interrogation system. The time resolution which is
given by the interrogation interval of the polar orbiting satellites is two hours,
and the space resolution is between 100 and 200 km within a regime of order
500x500 km?Z2.

Since the pressure sensors, in particular, performed according to specifications,

the main objective of the experiment could be accomplished which was to define in
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detail the atmospherie forcing function for ice drift and the dynamics of the
oceanic mixed layer. Geostrophic wind around Maud Rise and its variability can
be computed and - using for instance the resistance law of the atmospheric
boundary layer or other boundary layer models - the wind stress at the ice surface
can be derived. Wind observations, albeit not as complete and of the same quality
as pressure, will help to derive the necessary universal functions or verify the
models.

From the position (i.e. ice drift velocity) data together with relative current
observations, the momentum flux through the ice into the water and, thus, the
forcing of the mixed layer can be determined. Since the observations show that
the sea ice cover - in most cases - reacts almost instantaneously to atmospheric
wind forcing, it appears that modelling ice formation, ice drift and mixed layer
processes requires a good knowledge of the atmospheric boundary layer, in
particular of the surface momentum flux under the condition of stable strati-
fication above the sea ice.

The temperature observations reveal a characteristic thermal structure showing
large scale advection as long as transient low pressure systems are large enough
to cover the thermally contrasting regions above sea ice and open water, respec-
tively. This changes when - later in the season - the sea ice extent becomes larger
and, simultaneously, the scale of cyclones becomes smaller so that the individual
system is no longer in contact with the open sea and, thus, does no longer reflect
the thermal contrast internally, It is, however, not clear which is cause and which
is effect, or if the two observations are physically related at all. It is also not clear
what causes the initial development of a transient cyclone to begin in the south,
Le.over the thermally homogeneous sea ice, or more to the north in the baroclinic
zone straddling the sea ice-open water boundary. It seems that a detailed study of
the formation and behaviour of cvclones in the Weddell Sea is required, in
particular in view of the immediate consequences which these systems have on
ice and mixed layer dynamics and of possible feed back processes between the
three media involved. This, however, is not the primary objective of the present
project.

In summary, the drifting buoy data set introduced in this report has brought - and
will bring - a wealth of new information on the atmospheric boundary layer and
its interaction with the sea ice. The data quality in some respect is sufficient to

meet the objectives; in other areas, such as the measurement of the wind vector,
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the anticipated difficulties remain, without an easy solution around. In future
studies of a similar kind we would recommend to deploy current meters with
every station since only the addition of sub-surface information permits the

complete treatment of the momentum budget.
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