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ABSTRACT

An historical archive of over 25 000 radiosonde observations from the former Soviet "North Pole" series of drifting
ice stations has been compiled and made available to interested researchers. This archive is the only long-term set of
meteorological sounding data over the Arctic Ocean. The digital archive is a result of the multiyear, collaborative efforts
of a group of United States and Russian scientists and keypunch operators working under the auspices of Working Group
VIII, an area of study within the United States-Russian Federation Agreement for Protection of the Environment and
Natural Resources. The archive contains soundings from 21 drifting stations over the period 1954-90 and is being distributed by the National Snow and Ice Data Center in Boulder, Colorado.
1 • Introduction

The Soviet Union launched their first Arctic Ocean
drifting research station, North Pole 1 (NP1), in 1937.
The pioneering scientists aboard this fragile sea-ice
platform lived in primitive fur-lined tents, produced
electricity with bicycle-powered generators (Fig. 1),
and received a heroes' welcome when they returned
to Moscow in 1938. In 1991, the very year that the
former Soviet Republics split apart into independent
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nel aboard the last drifting station, NP31, to complete
their observations. This 54-yr-long record of scientific
measurements aboard 31 drifting platforms in one of
the world's harshest environments represents monumental, lasting achievement by hundreds of dedicated
Russian scientists (Belt 1997; Romanov et al. 1997).
Radiosonde observations were one of many regular geophysical observations carried out at the drifting stations (Fig. 2). Only a few of the stations were
not provided with radiosondes. These historical soundings were stored as bound volumes of handwritten
tables at the Arctic and Antarctic Research Institute
(AARI) in Leningrad (now St. Petersburg). While these
upper-air meteorological measurements were well
known to Russian scientists, they had been given little
attention by western Arctic and climate researchers.
In 1989 we initiated an international project to
obtain and digitize this exotic set of meteorological
soundings measured over the Arctic Ocean. This joint
project was conducted under the auspices of Working
Group VIII (WG VIII), which is one area of study
within the United States-Russian Federation Agreement for Protection of the Environment and Natural
Resources (Tatusko 1990). The goals of WG VIII are
to foster cooperative projects between the United
States and Russia aimed at improvement of our common understanding of the earth's climate and its sensitivity to natural and anthropogenic impacts.
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consin—Milwaukee (UWM);
and processing the records into a
consistent format at UWM. The
second step was not as straightforward as it might seem, as international mail was unreliable
and access to electronic means of
data transfer was then extremely
limited in Russia. Instead, a
steady stream of floppy disks
(over 70 in all) and several magnetic tapes were delivered by a
number of "scientific couriers,"
that is, scientists traveling to or
from Russia as part of WG VIII.
Our project was expected to last
FIG. 1. The tent that housed the four scientists aboard the first drifting session, North Pole three years; two years for the
1, during 10 months of drift in 1937-38. The tent was made of seven layers of canvas, down, manual key entry and an addiand fur. Note the human-powered generator and the meteorological instrument shelter to tional year for data processing.
the right. These items are on display at the Arctic and Antarctic Museum in St. Petersburg,
The disintegration of the
Russia (photo by J. Kahl).
Soviet Union in 1991 dealt the
project an enormous blow. With
The original plan consisted of three parallel efforts: the country's economy crushed, finances available for
digitizing the tables through manual key entry at the scientific research were drastically reduced. Our project
Central Aerological Observatory (CAO) in Moscow and received no support from within Russia, and particiat AARI; delivery of the data to the University of Wis- pating scientists were forced to concentrate on other
efforts. Keypunch activities nevertheless persisted, albeit at a
drastically reduced rate. The keypunch operators' ongoing efforts
in the face of extreme hardships
was in many ways a continuation
of the efforts of the polar scientists
who performed the challenging
series of upper-air meteorological observations aboard the
North Pole drifting stations.
During the past 10 years a
number of related developments
provided moral support despite
the slow progress of our archiving project. Widespread
concern about global warming,
and about Arctic climate change
in particular, sparked an interest
in obtaining and analyzing
FIG. 2. Radiosonde releases were particularly difficult in the harsh environment of a drift- climate observations over the
ing ice station. On-site production of hydrogen gas, inflation and release of the balloon, and Arctic Ocean. Several long-term
preparation of the sonde instrument were among the most challenging tasks faced by aer- Arctic meteorological datasets
ologists aboard the drifting stations. This painting, on display at the Arctic and Antarctic
Museum in St. Petersburg, Russia, depicts a radiosonde launch aboard a drifting station were constructed (Kahl et al.
1992; Serreze et al. 1995), in(photo by J. Kahl).
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eluding a set containing surface meteorological measurements from the North Pole drifting stations (National Snow and Ice Data Center et al. 1996). These
datasets, as well as subsets of the drifting station radiosonde records, have begun to be used in climate research (e.g., Serreze et al. 1992; Kahl et al. 1993a,b;
1996; Overland and Colony 1994; Skony et al. 1994;
Zaitseva et al. 1996; Francis and Schweiger 1999) and
model reanalysis projects (Kalnay et al. 1996). In addition, the United States-Russian Joint Commission
on Economic and Technical Corporation, Subgroup on
Arctic Climatology made great strides in releasing
previously limited-distribution data from both United
States and Russian drifting stations (Belt 1997; Crane
1997; National Snow and Ice Data Center 1997a).
In mid-1995, with approximately 76% of the manual
data entry completed (-25 000 soundings out of 33 000
conducted at the drifting stations), the decision was
made to release the archive to the scientific community. We consider the archive to be an "interim" dataset, to be updated with the remaining original records
at some point in the near future. The archive is currently
available for distribution to interested researchers.

these sources are ultimately derived from the original
set of handwritten tables kept at AARI in St. Petersburg, Russia. The vast majority of the keypunch activities were done at CAO and AARI. Small portions
of the dataset were keypunched at UWM and at the
National Climatic Data Center (NCDC) in Asheville,
North Carolina.
Different portions of the data were received at
UWM in varying formats, ranging from -20 000
soundings in individual floppy disks to -700 soundings published as data tables in Russia. The individual
data sources are summarized in Table 1. The measurement periods and number of soundings for each drifting
station in the archive are shown in Fig. 3. Our sounding archive begins with NP3 in 1954. Radiosonde measurements had been made for seven months in 1950
on the earlier drifting station NP2 (Gaigerov 1967), but
we were unable to obtain these data. Several stations
from the late 1960s to the late 1980s are similarly absent. In all, the archive contains over 25 000 soundings from 21 drifting stations spanning the period
1954-90. The entire archive is about 100 megabytes
in size in uncompressed, ASCII form.

2. Data sources

3. Merging of datasets

A major part of the data processing effort involved
The Arctic Ocean Drifting Station Sounding
Archive was assembled from several sources. All of merging the original datasets (Table 1) into a single
TABLE 1. Summary of individual data sources.

Original dataset
name*

Where keypunch
was performed

North Pole
stations

Approx. number
soundings

Floppy

CAO, AARI

3-6,8-9,
12-17, 22, 26

20 000

Mostly upper portions (> 3 km)
of soundings

Aerostan

captured via
GTS**

22, 26, 28, 31

2000

Obtained from World Data Center,
Obninsk

Condigital

NCDC

4,5

1300

Data published in Russia (AARI 1959).
Recorded in NCDC standard format.

3km

AARI

4,6-17, 19,
21-22, 26

20 000

Lower portions of soundings (0-3 km)

Books

UWM

6,7

700

Notes

Data published in Russia
(AARI 1960, 1962)

*The original dataset name is arbitrary, used for identification purposes only.
**Global Telecommunications System.
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FIG. 3. Measurement periods (bars) for each North Pole station in the radiosonde archive. The plotted numbers indicate the
number of soundings available for each station.

archive. The primary focus of the merge procedure was
blending the lower portions (original dataset "3 km")
together with the upper portions (original dataset
"Floppy").
Although in theory there should be a unique match
between the lower- and upper-sounding sets, in practice this was not the case for most soundings. Differences
in time units often prevented an unambiguous match,
as local time, Moscow time, and GMT units were interspersed among and within the sparsely documented
original datasets. Inconsistencies in longitude units
provided additional problems. In some cases the longitude field ranged from 0° to 180° with a hemisphere
indicator of "E" or "W." The hemisphere indicator was
often missing or later determined to be incorrect. In
other cases longitudes ranged from 0° to 360° or from
-180° to +180°. We employed continuity checks and
computed drift speeds to flag and correct many position errors. Discovery of longitude errors was especially difficult when the drifting stations were close
to the date line.
A secondary focus in the merge procedure was
eliminating redundancy. Many soundings were
present in more then one data source, for example
those from NP22 and NP26 in sets "Floppy" and
"Aerostan" (Table 1). Like the vertical blending procedure described above, this process was not straightforward because of uncertainty in station positions and
balloon release times. In many cases, soundings represented in more than one original data source had
differing vertical resolution and/or altitude ranges.
Considerable time and effort were expended in identifying such cases and blending the sounding data
appropriately.
Due to the time, longitude, and redundancy problems described above, many soundings were unable
2060

to be merged, particularly those from original sets
"Floppy" and "3 km" (Table 1). As a result, many
soundings extend only to 3 km in altitude, or begin at
3-km altitude. To facilitate identification of such
soundings, the minimum and maximum altitude is
included in the header record of each sounding.
Figure 4 shows the minimum and maximum
sounding altitudes for stations NP4, NP6, NP16,
NP22, and NP28. These stations together comprise
12 060 soundings, 47% of the soundings in the archive,
and constitute 20.2 out of 47.2 total station years of
radiosonde measurements. The characteristics of the
minimum and maximum sounding altitudes for these
stations are typical of those for other stations in the
archive. During the first one-third of the NP4 record,
minimum sounding altitudes alternated between the
ice surface and 3 km. This situation also occurred sporadically later in the NP4 measurements and also in
portions of the NP6 and NP22 records. This is due to
the fact that some of the soundings came from source
Floppy (Table 1), while others came from source
"3 km."
Station NP6 exhibits periods where data above 16 km
(January 1957-April 1957) and above 3 km (October
1957-April 1958) are not available. Several other stations also contain periods without high-altitude data.
The first half of the NP16 record contains soundings
that have maximum altitudes between 3 km and lower
stratospheric altitudes. This is also due to the blending of original data sources "3 km" and "Floppy"
(Table 1). Many of the stations contain periods where
soundings terminate below the usual lower-stratospheric vertical extent of radiosonde observations. The
NP28 record is reasonably complete in its vertical
extent, with the majority of soundings extending from
the ice surface to stratospheric altitudes. These highaltitude data exist in paper form at AARI, and we hope
that they can soon be added to the digital sounding
archive.
4. Data characteristics and quality
control

a. Station positions
After the soundings in the original data sources
were merged, station positions were plotted along with
positions contained in two independent datasets:
monthly positions provided by AARI, and positions
contained in the drifting stations surface meteorological dataset (National Snow and Ice Data Center et al.
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FIG. 4. Minimum (lower bar) and maximum (upper trace) radiosonde altitudes for drifting stations NP4, NP6, NP16, NP22, and
NP28. These plots show the vertical extent of the 12 060 soundings made at these stations. The characteristics of the minimum and

maximum sounding altitudes for these stations are typical of those for other stations in the archive.

1996). There was general agreement found between
positions given by the three data sources. For all stations except NP3 and NP26, station positions from
National Snow and Ice Data Center et al. (1996) were
used because they were interpolated to 6-h intervals
and had already been subjected to quality-control procedures (I. Rigor 1995, personal communication). For
station NP3 we used a detailed table, provided by
AARI, of positions corresponding to each sounding
release (this resource was not available for the other
stations). For station NP26 the correct positions were
determined to be a "reflection" of the National Snow
and Ice Data Center et al. (1996) positions about the
international date line.
Position plots for stations NP4, NP6, NP16, NP22,
and NP28 are shown in Fig. 5. Soundings are generally available once or twice daily. Taken together, the
soundings traverse a wide portion of the Arctic Ocean.
Bulletin of the American Meteorological Society

Individual stations, however, contain measurements
only along their particular path.
b. Instrument types
Two types of radiosonde instruments were used
during the period of the North Pole drifting stations.
The first was the Soviet model RS-049, an advanced
version of the original Molchanov-type comb sonde.
This sonde featured a bimetal temperature sensor, a
hair hygristor, and a set of two aneroid boxes for pressure measurements. Winds were retrieved initially by
optical theodolite, and later by radiotheodolite. The
RS-049 was used in stations NP2-NP13 from 1950 to
1967. The Malachite radiotheodolite A-22-III and A22-IV sondes were used on all subsequent stations.
These latter sondes featured a bimetal spiral temperature sensor, a goldbeater's skin humidity sensor, and
a ranging device to measure slant range. Further de2019
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option of making their own determination of data quality.
Nevertheless, we did apply a rudimentary quality-control procedure that has been described
fully by Serreze et al. (1992) and
Kahl et al. (1993b). This procedure consists of identifying
"gross" errors such as negative
wind speeds, and also "probable" errors such as extreme values. In general, the percentage of
nonmissing data values that
passed the error checks was
> 99%. Nonmissing pressure,
geopotential height, and temperature data were available in
virtually all of the 933 164 measurement levels contained in
the 25 756 soundings in the
archive (all stations combined).
Missing data percentages for
other meteorological variables
are shown in Fig. 6. Cloud information is available only for stations NP22, NP26, NP28, and
NP31. Wind data are available
for all stations, although the percentage of available relative humidity observations (though
uncertain in high latitudes; e.g.,
Elliott and Gaffen 1991) ranges
from 51% to 100%.

FIG. 5. Sounding positions (one dot per
sounding) for stations NP4, NP6, NP16,
NP22, and NP28, respectively. The stations
drift with the prevailing winds and surface
currents in the Arctic Ocean, typically moving -100 km each month. Start (S) and end
(E) positions are indicated.
5. Summary and data
access

tails on Soviet radiosonde instruments, including historical developments and error characteristics, have
been provided by Zaitseva (1993).
c. Meteorological data
Following our experience in assembling the Historical Arctic Rawinsonde Archive (Serreze et al.
1992; Kahl et al. 1993b) we decided to retain all data
values present in the individual soundings, including
quality indicators. This approach gives users the
2060

An historical archive of over
25 000 radiosonde observations
from the former Soviet "North
Pole" series of drifting ice stations has been compiled
and made available to interested researchers. This
archive was constructed through an international, collaborative project involving numerous United States
and Russian scientists and keypunch operators. The
project was conducted under the auspices of Working
Group VIII, an area of study within the United StatesRussian Federation Agreement for Protection of the
Environment and Natural Resources. We consider
such data rescue efforts to be extremely important, as
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there is an immense volume of data still in a similar
perilous state in Russian agencies.
These upper-air meteorological soundings were
measured at 21 drifting research stations in the Arctic Ocean during 1954-90. This unique dataset is the
only long-term record of upper-air meteorological
measurements made over the Arctic Ocean. The dataset is being distributed by the National Snow and Ice
Data Center in Boulder, Colorado (National Snow and
Ice Data Center 1997b). For further information, contact NSIDC via e-mail at nsdic@kryos.colorado.edu,
or via their World Wide Web site at http://wwwnsidc.colorado.edu.
We consider this archive to be an interim dataset,
since roughly 24% of the original data records still
exist only in paper form. Due to many problems experienced when merging the original data sources, we
feel that the archive may be most confidently applied
to analyses involving monthly or seasonal averages.
We hope to update the archive and correct the merging problems in the near future.

nis Joseph and Roy Jenne (National Center for Atmospheric
Research) provided numerous helpful insights concerning data
quality. This project benefited greatly from the efforts of a large
number of individuals during the past 10 years, and we apologize if we neglect to specifically acknowledge certain people.
We are particularly grateful for the assistance provided by Roger
Barry, Bob Etkins, Chuck Hakkarinen, Bill Murray, Joe Fletcher,
Carol Waldvogel, Brian Holt, Donna Charlevoix, Dawn Redhail,
Chris Kuk, Jennifer Galbraith, Claire Hanson, Tony Hansen,
Dave Rasmussen, Axel Schweiger, and Mark Jansen.
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With the development of meteorological science and the continual refinement of the
technologies used in its practical application, the need to produce a new edition of the
International Meteorological Vocabulary (IMV) became evident (the original edition was
published in 1966). This volume is made up of a multilingual list of over 3500 terms
arranged in English alphabetical order, accompanied by definitions in each of the
languages (English, French, Russian, and Spanish) and an index for each language. This
new edition has been augmented with numerous concepts relating to new meteorological
knowledge, techniques, and concerns. It should help to standardize the terminology used in
this field, facilitate communication between specialists speaking different languages, and
aid translators in their work.
WMO No. 182, 784 pp., softbound, color-coded index, $95 (including
postage and handling). Please send prepaid orders to: WMO
Publications Center, American Meteorological Society, 45 Beacon St.,
Boston, MA 02108-3693. (Orders from U.S. and Canada only.)
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