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Introduction

To understand global atmospheric circulation, and to
improve long range forecasts, it seems logical to study
variations in the main atmospheric heat source (the
tropical belt) and the two main heat sinks (the Arctic
and the Antarctic). The polar zones, being intense and
dynamic heat sinks, play an important role, influencing
the general circulation and, hence, climate and weather
in the temperate zone. The recent extraordinary paper
by Budyko (1972) on the stability of the polar ice cover
is only one example of current thought on the interaction of the polar regions with the total global fluid
system.
Both the United States and the Soviet Union have a
long history of exploring and observing the Arctic and
Antarctic for scientific purposes. The USSR, because of
its geographical location, has carried out an extensive
scientific program, including meteorology, for many
years in the Arctic. Since 1953, it has been deploying
Drifting Automatic Radio Meteorological Stations
(DARMS) in the Arctic to collect meteorological data. In
1968 a group of leading Soviet scientists published a
plan for conducting a "natural experiment on the
problem of the interaction of the ocean and atmo1 On leave from Geophysical Institute, University of Alaska.
2 Any opinions expressed are those of the authors and do
not necessarily represent the views of the National Science
Foundation.
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sphere" over a large area in the Arctic (Treshnikov
et al., 1968). This plan is sometimes referred to as the
NEI plan and is the forerunner of the proposed Polar
Experiment (POLEX).
Development of the electronic computer, able to handle global numerical models, and the artificial satellite,
capable of global synoptic observation of the atmosphere, spurred scientific interest in large-scale environmental experiments and led to the Global Atmospheric
Research Program (GARP). The objective of this program is to study those physical processes in the troposphere and stratosphere that are essential for an understanding of the transient behavior of the atmosphere as
manifested in the large-scale fluctuations that control
changes of the weather and the factors that determine
the statistical properties of the general circulation of the
atmosphere.
Most of the GARP planning initially centered on
tropical and global subprograms (GATE—GARP Atlantic Tropical Experiment, and FGGE—First GARP
Global Experiment). Only in the USSR was there specific interest in the polar regions. At the 1970 GARP
planning conference in Brussels, Academician Fedorov
stated that Soviet scientists believe that experiments
should be organized to study the polar role in major
atmospheric processes. In July 1970 Fedorov pointed out
the importance Soviet scientists attach to the influence
of the region approximately between 50N and 70N on
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long-period changes over the whole Northern Hemisphere. He announced that the Soviets propose to study
heat and moisture transfer using research ships, buoy
stations, research observatories, shore stations, drifting
automatic stations, and artificial satellites. An article
summarizing these comments was published later
(Fedorov, 1971).
In 1970 the U.S. Committee on Polar Research (CPR)
of the National Academy of Sciences/National Research
Council pointed out the possible contribution of polar
meteorology to GARP (Committee on Polar Research, 1970). They state that "observations in the
polar region that are needed for GARP may face problems that require special attention." The report called
for increased efforts to develop techniques and instrumentation, including reliable unmanned weather stations and automatic buoy stations that could be used
in polar regions.
By 1971 the Soviet plan for a polar experiment as
part of the GARP effort was quite firm. The Arctic and
Antarctic Research Institute in Leningrad considered
the "Polar Experiment [as] a subprogram within the
framework of the main program (GARP)" (Borisenkov
and Treshnikov, 1971). In the current GARP nomenclature, where the term subprogram has a specific meaning, it would be more correct to describe POLEX as an
experiment within the Air/Sea Interaction Subprogram).
In the meantime, the Arctic Ice Dynamics Joint Experiment (AIDJEX), a joint U.S.-Canadian multistation
ice study in the Arctic Ocean, started with a series of
pilot studies. Borisenkov, Chairman of the Working
Group on the Polar Experiment, Soviet GARP Commission, stated that AIDJEX directly complements POLEX,
covering some of the POLEX objectives (Borisenkov,
1971). The international Joint Organizing Committee
(JOC) of GARP agreed "that the proposed study
(POLEX) will be an important contribution to the
GARP objectives," and it expressed its strong support
of the experiment. The Committee supported the idea
that efforts be undertaken to fit the final stage of the
Polar Experiment with FGGE (First GARP Global
Experiment) in [1977]" (Joint Organizing Committee,
1971). In July 1972 the U.S. GARP Committee and the
U.S. FGGE Advisory Panel likewise recommended that
the United States participate in POLEX.
In September 1972, an international Symposium on
Thermodynamic Sea-Air Interaction in the Arctic took
place in Leningrad, hosted by the Arctic and Anarctic
Research Institute. POLEX and AIDJEX results to
date and future plans were discussed at that meeting.
The IA MAP Commission on Polar Meteorology (ICPM)
also met at that time and offered to establish a mechanism within the commission for the formulation of
detailed goals and data requirements for POLEX. A
liaison member (Professor B. Doos) was designated to
keep JOC informed on progress.
Following the Symposium on Sea-Air Interaction in
Polar Regions at the American Geophysical Union

meeting in San Francisco in December 1972, the National Academy of Sciences/National Research Council's new Joint POLEX Panel, formed at the request
of the National Science Foundation, met for the first
time. This committee, under the chairmanship of Prof.
Richard Goody, organized itself into two task groups,
dealing with POLEX under the first and second GARP
objectives. It will investigate the scientific rationale for
POLEX and the basis for the experiment. Findings will
be presented during 1973. To avoid any confusion, the
term POLEX will refer to the international GARPPOLEX programs which is presently being developed
from the original POLEX proposal of the USSR.
Soviet proposal for POLEX

In 1968, Treshnikov and colleagues published the
Soviet NEI plan that initiated the projected international POLEX program. Updated versions have followed (Borisenkov and Treshnikov, 1971; Borisenkov,
1971). The plan was prepared by the Polar Experiment Working Group of the Soviet GARP Commission.
The basic philosophy and objectives of this plan can
be summarized as follows:
It is desirable to formulate and carry out specific experiments in areas that regulate large-scale ocean/atmosphere processes. Such areas include the polar regions.
An arbitrary boundary between the low-latitude energy
source and the polar energy sink is approximately 50N
and could be considered as the boundary of the experiment. The annual fluctuation of the atmospheric
and oceanic conditions in the source zone is small; in
the sink zone, large. Also, the energy loss per unit area
in the sink is several times larger than the energy
gain in the tropics and subtropics. The annual variation of the energy loss in the sink is large and regular
and specifically influences the mid-latitude circulation
processes, which in turn influence our weather and
climate.
The ice budget heavily influences the role of the polar
regions as heat sinks and is determined by atmosphere
and ocean processes. Under a stabilized climate, net
winter ice accretion in the polar zone should equal its
summer discharge including melting. Variations in the
large-scale processes are displayed as variations in ice
cover, in land variations of ocean/atmosphere heat exchange, and in the circulation.
Other dramatic liydrometeorological processes warrant
further investigation in POLEX. These include the
strong, polar surface inversions, eastern and western
jet streams with their thermal and pressure fields, and,
in winter, the intense warming of the polar stratosphere.
Frontogenesis and cyclogenesis in polar regions also are
especially strong and important for forecasts. The influence of the ice cover should be investigated theoretically, to determine the consequences of inadvertent
or advertent changes. All of these processes still are not
fully understood. The proposed line of investigation is
to observe the behavior of the fluid system, establish a
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physical hypothesis, and test this hypothesis through
simulation by dynamic models.
Among its scientific objectives, the Soviet NEI plan
includes numerical experiments whose objectives are to
assist in the evolution of global hydrodynamic and
stochastic models describing the circulation of the atmosphere and the ocean. These experiments will aid in
assessing the influence of the polar regions in the
climate and weather of adjoining regions. The practical result would be to improve current methods and
evolve new methods of long-range weather forecasting.
The experiments are:
1) Simulation of air/sea interaction in the presence
of ice cover, emphasizing the instabilities and
dynamics of the ice and its interaction with atmospheric circulation.
2) Investigation of energy transformation mechanisms
and the effects of seasonal variation of heat loss
from a polar region and energy inflow by atmosphere and ocean.
3) Determination of energy transfer by ocean and
atmosphere across the boundary of the experiment
region.
4) Design of mathematical models that take into account arctic summer stratus and effects of solar
activity and vertical movement on the polar stratosphere during stratosphere warming.
5) Study of the statistical structure of hydrometeorological fields and methods of objective analysis
using data from satellites and automatic buoys;
designing an appropriate observing system for
polar regions.
6) Evalutaion of how man-induced changes (such as
diversion of Siberian rivers) influence ice cover, the
polar heat budget, and pollution.
Field experiments are proposed in the North Atlantic,
the North Pacific, and on the drifting ice of the central
Arctic. Their objectives are:
1) To bring to bear modern technology to improve
methods of measuring and calculating eddy heat,
moisture and momentum transfer with different
states of ice cover and over stormy seas.
2) To make representation of wind and water stress
on ice cover more precise by determining the character of ice deformation and its effect on ice cover
dynamics.
3) To understand the behavior of the components of
heat budget in the polar region.
Different types of platforms will be used for the field
observations. See Fig. 1. Ships will be deployed to measure the air/sea interaction in temporary polygons; two
standard oceanographic sections will be taken in the
North Atlantic and two in the North Pacific during
certain months of each operating season. Also, one set
of measurements will be taken at the Arctic Circle and
one at the south boundary of the experimental area.

In the Arctic Ocean itself, standard and special observations will be made from drifting stations on the
pack ice for ice drift, eddy parameters, stress and strain,
and heat budget.
Twenty to twenty-five data buoys will be emplaced on
the pack ice to complement satellite and aircraft remote sensing. Computers will process and store data
obtained from these buoys.
On a relatively modest scale, the Soviet Union already
has begun the experiment using resources previously
committed for arctic research. The Soviets point out,
however, that the ambitious full-scale experiment will
require international participation. The program is
planned to last for 5 years. Initially, it will concentrate on the Arctic. Later, attention will turn to the
Antarctic.
Arctic Ice Dynamics Joint Experiment

The concept of the Arctic Ice Dynamics Joint Experiment (AIDJEX), although dating from Sverdrup or
possibly even from Nansen, was first formulated in its
present terms under an Office of Naval Research contract (Untersteiner and Hunkins, 1969). Successive modifications of the original scientific plan have led to the
final version (Maykut, Thorndike, and Untersteiner,
1972). AIDJEX, an ongoing program, does not presently
have ties with GARP or NEI, but its objectives and its
scope make it essential that it be considered in the
context of any large-scale arctic program, particularly
POLEX.
The underlying philosophy of AIDJEX may be summarized as follows:
Two-thirds of the earth's area ice cover consists of sea
ice. The belt of sea ice surrounding the antarctic continent covers as much as 8% of the hemisphere in
winter, but shrinks to a narrow rim at the end of
the austral summer. The ice that covers the Arctic
Ocean is mostly perennial and undergoes much smaller
seasonal variations.
Unlike the massive continental ice caps of Antarctica
and Greenland, whose variations are measured in decades and millennia, sea ice is a thin veneer of frozen
sea water whose extent responds with great sensitivity
to environmental changes on a time scale of months
to years. The southern boundary of sea ice in the North
Atlantic Ocean has shifted hundreds of miles in historic
time. On the whole, it appears that sea ice cover is one
of the more sensitive climate related variables of the
earth's surface.
Quantitatively, the role of sea ice in modifying global
circulation of the atmosphere and the oceans is not
fully understood. An ice cover alters the transfer of
momentum from air to water and suppresses drift currents and wind mixing. The ice reduces heat exchange
between the atmosphere and the ocean by reflecting
solar radiation during summer and by suppressing heat
loss from the ocean to the atmosphere during winter.
Therefore* the presence or absence of sea ice critically
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FIG. 1. Data coverage of the ocean area of the experiment by radiosondes, coastal observations, and deepwater observations.

affects the dynamic and thermodynamic interaction of
atmosphere and ocean in the polar regions; hence it
may also have a global influence (Fletcher, 1969).
The objective of AIDJEX, then, is to reach, through
field experiments and theoretical analyses, a fundamental understanding of the dynamic and thermodynamic interaction between arctic sea ice and its local
environment.
The experiment has been designed to answer four
basic questions: 1) How is large-scale ice deformation
related to the external stress fields? 2) How can these
external stresses be derived from a few fundamental and
easily measured parameters? 3) What are the mechanisms of ice deformation? 4) How do ice deformation
and morphology affect the heat balance?
Although the focus of AIDJEX is thus on solving
problems associated with the sea ice itself as it interacts
with the atmosphere and the ocean, the design of the
experiment encourages treatment of fundamental questions of oceanography and meteorology. The stable ice
platform provides the opportunity for a classic experiment in oceanography to measure the mass and velocity
structure of the ocean on a mesoscale. Synoptic atmospheric pressure measurements offer the means, during
AIDJEX, to relate local boundary layer structure to
the geostrophic wind. AIDJEX focuses sharply on the
forces applied to the ice and on the subsequent deformation, but the full objective of AIDJEX is a basic understanding of the complete ocean-ice-atmosphere
trinity.
Observations from a single station are inadequate for

this purpose. Therefore, it has been proposed to establish an array of drifting stations in the Arctic Ocean
as shown in Fig. 2. This proposed array consists of a
central station surrounded by four stations forming a
square 100 km on a side. Measurements at the stations
will define all of the forces acting on the ice and the
resulting motion and deformation of the ice pack. Outside the main array, unmanned data buoys will be deployed in a 400-km grid to describe the synoptic-scale
atmospheric pressure and the large-scale ice deformation.
Ranging targets will be established in a 10-km grid
around the central station to allow small-scale calculations of strain. Two strings of tracking targets will be
placed across the shear zone, which joins the central
ice pack to the continental boundaries, to indicate the
importance of boundary effects on the ice dynamics.
Extensive remote sensing will supplement the surface
observations.
Pilot experiments to test instruments and techniques
for measuring air stress, water stress, and ice deformation were carried out in the spring of 1970 and 1971.
The Office of Naval Research and the Polar Continental
Shelf Project of Canada provided logistics support and
funds for research. In the spring of 1972 an ambitious
and successful 2-month-long pilot study tested, at appropriate scales, several elements of the three-dimensional design of the main experiment. During this pilot
study data buoys were positioned and interrogated by
satellites; in January 1973 they were still operating.
A prolonged visit to the field stations by three Soviet
specialists offered the opportunity for direct exchange
215
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FIG. 2. AIDJEX Experiment, tentative configuration of field stations, 1975-1976.
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of information and experiences. This was the first direct
visit of this kind, and it may prove an important milestone in stimulating cooperation among U.S., Canadian,
and Soviet researchers in polar studies, particularly
within the framework of POLEX.
AIDJEX will culminate in the main year-long experiment during 1975. It is organized and coordinated
through the University of Washington in Seattle. The
main supporting agencies in the U.S. are the National
Science Foundation, Office of Naval Research, National
Oceanic and Atmospheric Administration, National
Aeronautics and Space Administration, and Naval Oceanographic Office. Several agencies of Canadian Government also are involved.
POLEX and FGGE: the first GARP objective

POLEX has particular relevance to the two GARP
objectives.
The first GARP objective is to improve the understanding of the transient behavior of the atmosphere, as
manifested in the large-scale fluctuations which control changes in the weather; this could lead to increasing
the accuracy of forecasting over periods of from one day

to several weeks. GARP research already confirms the
feasibility of achieving the primary goal of extended
forecasts to a week or so in both hemispheres. In the
GARP strategy, a series of experiments with global data
coverage is planned to examine the limits of predictability of the atmosphere. The First GARP Global Experiment (FGGE) will be the first combined test of
such a nature, involving many complex components that
could be developed into an operational system. This test
is intended to give comparative cost and performance information to determine the best combination of these
observational, communicative, and data-processing systems for further GARP research.
Data requirements for FGGE in the polar regions can
be fulfilled partially through a coordinated POLEX data
network. While some of the platforms of this system
will exist independent of POLEX, a coordinated data
coverage obviously will be a great improvement. The
Soviet NEI plan for the northern polar regions calls for
a network of data platforms. Soviet and U.S. platforms
already in existence are shown in Table 1. Other recommended platforms also are shown. Other possible plat-
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forms may become available from Iceland, Canada, Norway, and the Federal Republic of Germany.
The U.S. Committee for the GARP, at its meeting in
July 1972, recommended the following specific proposals
as possible U.S. contributions to POLEX. These are
subject to further review by the NAS/NRC Joint
POLEX Panel.
1) Data buoys (approximately 100) should be placed at
suitable locations in both polar regions. The data
buoy developed for AIDJEX with NOAA funding can be used on land or ice to measure position
(for dynamic studies), temperature, and pressure.
A new generation of buoys with wind and other
sensors probably will be available by 1977.
2) The platforms established for AIDJEX and other
existing programs should be preserved through
1977.
3) Ice island T-3 should be reactivated as a firstorder weather station.
4) U.S. ships should be made available, where possible, as transmiting research vessels in the Arctic
Ocean.
5) Existing satellite data processing capabilities should
be made available for analysis of data from the
polar regions.
Just how U.S. resources should be used in POLEX
still has to be assessed in the context of the GARPPOLEX plans now being made. Clearly, however, existing platforms can make substantial data-collecting contribution to FGGE.
Second GARP objective

The second GARP objective is to improve understanding of the factors that determine the statistical
properties of the general circulation of the atmosphere, which would lead to better understanding of
TABLE

1. Platforms for POLEX.

Platform type

Coastal and island
Upper air stations
Drifting ice stations
International
weather ships
NEI weather ships
Research ships
(transiting)
Automatic data buoys
DARMS*
Satellites
Aircraft

RequireIn existence
ments
(Soviet Plan) USSR US

18 USSR
66 other
2-4
6
5
4
11
21
Yes
Yes

All exist
2 1

Presently
recommended
additions
USSR US

1
1

7
2

?

6

20

Yes
Yes

* Drifting Automatic Radiometeorological Stations (USSR)
(several hundred of these have been deployed in the past).

the physical basis of climate. Neither the Soviet NEI
plan nor the AIDJEX plan addresses in sufficient detail the important problem of climatic variations in the
polar regions. This is a critical deficiency that still
has to be overcome before finalizing the POLEX scientific plan. Curiously, this deficiency is still present in
much overall GARP planning. Until fairly recently the
second GARP objective has not been addressed, but at
the Munich 1972 meeting of the JOC, the importance of
the study of climatic variability was discussed. Although
the GARP mandate is addressed to and has been accepted by atmospheric scientists, the climatic objective
of GARP is not totally an atmospheric problem but
one that involves many disciplines. Fletcher (1972)
reasons that, although climate can be defined as longterm statistical behavior of the atmosphere, the dynamic and thermal "memory" of the atmosphere is
measured only in days and in no way is really longterm. That is why the limit for detailed forecasts is
probably 10 to 15 days (the first GARP objective).
Long-term statistical behavior of the atmosphere is
determined by the global pattern of thermal forcing. A
given pattern of thermal forcing does not determine
a unique pattern of atmospheric circulation, but it
does determine a range of atmospheric behavior that, on
the average, must redistribute heat to sustain equilibrium. Thus, it is not possible to forecast the exact
flow pattern 3 weeks ahead, but, even with inadequate
knowledge of the pattern of thermal forcing and feedback, it may be possible to forecast mean behavior 3
months, 3 years, or 30 years ahead. Thus, understanding the physical basis of climate and the processes associated with climatic change is primarily a matter of
understanding how and why changes occur in the
boundary conditions that influence the global pattern
of thermal forcing of the atmosphere. The climate
machine is a coupled ocean/atmosphere/cryosphere system in which the atmosphere drives the ocean, mainly
by momentum, and the ocean drives the atmosphere,
primarily by heat exchange. The short-memory atmosphere dominates the near future, but the ocean dominates the longer range future.
Thermal forcing patterns and mean atmospheric
behavior vary considerably from year to year. In the
polar regions the intensity of the heat sinks varies
widely during the year and is related mostly to variation
in sea ice extent. Several questions need to be answered before it is possible to forecast thermal forcing
a few years in advance. What data are needed? What
boundary conditions have to be used in global simulation models that result in a mean representation of
atmospheric behavior? What model should be used that
faithfully simulates clouds as well as anomalies of the
global heating pattern associated primarily with anomalous ocean surface heat content and sea ice extent? The
real question then is will it be possible to forecast
the state, not only of the atmosphere, but of the oceans
and the ice cover years in advance? Hopefully, re217
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search on the second objective of GARP will help
answer that question.
In the research strategy to study and predict climatic variations, reconstruction and interpretation of
patterns of past variations are also important. Here the
polar regions, with their wealth of long-record data from
ice cores, pollen cores, glacier moraines, and ocean sediments, can contribute much diagnostic information.
These and other factors still need to be considered in
detail for incorporation into the final POLEX scientific
plan.
Conclusions

Basic rationale for an international Polar Experiment (POLEX) exist in specific plans by the Soviet
Union, the United States, and Canada. Further, present
U.S. and Soviet programs—including AIDJEX, Soviet
NEI research on sea-air interaction, and Canadian research—may form the basis for this international Polar
Experiment. Some ground work has been carried out to
further national programs and to make them meet
GARP objectives, but much remains to be done. It is
recognized that POLEX is a program of specific interest to the Soviet Union, and one in which that country wishes to have a leadership role, but U.S. participation should be significant.
Recent milestones in international cooperation in the
Arctic are the recent signing of several agreements. The
first between the U.S. and USSR on environmental
protection included the integration of AIDJEX and the
Soviet NEI program as a specific objective. The second
is the joint Canadian-USSR Memoranda on Cooperation in Arctic Science in which both nations agreed to
participate in POLEX.

It seems that everyone—the United States, the Soviet
Union, Canada, the Global Atmospheric Research Program, and polar research—can gain from this international scientific cooperation.
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