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Introduction

The transfer of latent and sensible heat from the sea
to the atmosphere is especially large at mid-latitudes, in
the winter, east of a continent. One such area is the
East China Sea and the region surrounding the Southwest Islands of Japan. This area has been selected by
the Japanese National Committee for GARP as the site
for the Air Mass Transformation Experiment
(AMTEX), which is planned as an experiment within
the GARP subprogram on air-surface interaction. The
proposed plan will combine the efforts of many universities and research institutes in Japan. Hopefully, other
countries will also participate in AMTEX.
The main reasons for selecting the East China Sea for
this experiment are the following:
1) The Kuroshio (Japan Current), flowing in a northeasterly direction through the region surrounding the
Southwest Islands, keeps the sea-surface temperature
close to 20C during the winter, while the air passing over
this region from the Asian continent is considerably
colder. Thus the air has been extensively modified by
the time it reaches the Southwest Islands.
2) The air temperature in the planetary boundary
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layer is, however, warm enough so that icing of sensors
is not a problem.
3) The islands have adequate facilities for conducting
a measurement program and can be reached via regularly scheduled commercial airplanes.
The large input of energy into the atmosphere from
the sea surface in this region results in the development
of atmospheric disturbances on several scales:
1) Individual cumulus clouds on a scale of 1-10 km.
2) Clusters of cumulus clouds organized into mesoscale
patterns of 50-300 km.
3) Disturbances (cyclones) on the scale of ^1000 km.
4) Large scale disturbances with wavelengths >3000 km.
The purpose of the AMTEX study conference was to:
1) Discuss theoretical, experimental, and observational
work going on in Japan that relates to AMTEX.
2) Outline the present plans for the program and
establish a more formal organizational structure for
future planning and management of the experiment.
3) Sharpen the focus of the experiment so as to concentrate on important areas of investigation that are
uniquely suited to the region under consideration and
for which adequate observational tools will be available.
4) Encourage participation of other countries in the
experiment.
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Why AMTEX?

(a) Climatology
The first set of papers presented at this conference
dealt with the climatology of the East China Sea and
Southwest Islands area of Japan, with special emphasis
on the wintertime period of January through March.
Because of the presence of the Kuroshio, a large gradient of sea-surface temperature exists during the winter
in the East China Sea. As shown in Fig. 1, the sea-surface
temperature may be IOC warmer around the Southwest
Islands than along the coast of Asia. Thus, wintertime
continental air is rapidly modified as it passes out over
the East China Sea. The total amount of energy supplied
by the sea during cold air outbreaks is similar in magnitude to outbreaks over the Sea of Japan (^50 mw cm ).
Since the Southwest Islands of Japan are located more
than 700 km offshore, the air has sufficient time to become extensively modified by the time it reaches the
islands.
In a typical wintertime cold air outbreak, the low-level
winds are from the north or northeast, while the flow
above the boundary layer is more westerly. The boundary layer air is rapidly modified and convective clouds
form. Meso- and synoptic-scale disturbances soon develop
and, in turn, influence the further development of the
clouds. Development of cyclonic disturbances has been
shown from an analysis of radar echoes, while intensification of large scale disturbances has been shown in a
comparison of spectra of wind components and temperature between a continental rawinsonde station and
a downwind island rawinsonde station. Although cyclogenesis in this region is an important feature for forecasting weather in Japan, very little data are available
on the development of these disturbances.
(b) Scientific problems
The next set of papers discussed various types of
scientific problems that should be considered in planning for AMTEX. The subject areas included air-sea
interactions, the surface and planetary boundary layers,
convective cloud ensembles, and mesoscale and cyclonic
disturbances.
Horizontal variations in air and surface temperature
and in sea-surface waves make accurate estimates of the
energy and momentum transfer from the sea to the
atmosphere difficult. In order to obtain representative
observations, some eddy flux measurements will have to
be made from a floating platform which will require
correction for the motions induced by waves. Such a
system, which includes a set of six motion sensors and
a computer, has been developed and will be available
for this experiment. Measurements of net radiation and
heat conduction into the sea are also necessary for determining the energy budget in the surface layers of the
sea and atmosphere.
A great deal of the heat and water vapor transferred
to the boundary layer from the sea is, in turn, transferred to the free atmosphere by convective clouds which
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FIG. 1. Kuroshio current and sea-surface temperatures
in the East China Sea, February 1968.
liberate the latent heat. These clouds are important
in the modification of a deep atmospheric layer and in
the development of meso-, cyclonic-, and large-scale atmospheric disturbances. AMTEX can provide an experimental test for the different formulations that have been
proposed for parameterizing the effects of cumulus
convection on larger scale motions. At the same time,
our knowledge of the physical mechanisms that underlie
the development of cumulus ensembles would be extended.
Satellite and aircraft photographs may be very useful
in characterizing the types of clouds and cloud patterns
that form downwind over the region. The width of the
cloudless region just downwind of the continental coast,
the width and extent of cloud streets, and the increase
in cloud height with distance downwind can be determined. It may be possible to relate these observations to
such variables as the height of the mixed layer and the
mean wind. Vertification of such methods of photographic analysis by in situ measurements could improve
the usefulness of satellite pictures in areas of rapid air
mass modification.
The mechanism of the development of small cyclonic
disturbances typical of the East China Sea has been
investigated theoretically. Stability studies have shown a
growth rate peak at scales of —1000 km which seem to
be in reasonably good agreement with observations. A
numerical model of the development of a disturbance
of this region has shown a growth-rate peak at scales of
2000 to 3000 km. Further progress would benefit greatly
from the analysis of actual detailed observations in order
to check the various models that have been proposed.
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(c) Summary of objectives
Considerable discussion took place during the conference on determining the primary objectives of
AMTEX. It was recognized that priorities would have
to be clearly established. This would not, however, preclude experiments not directly connected with the main
experimental effort, which may be carried out within
the framework of AMTEX. The summarized objectives
of this program are primarily to study the following
problems in a region of large energy transfer from the
sea surface and a large horizontal temperature gradient:
1) the interactions between the different scales of
atmospheric disturbances—especially the role played by
cumulus clouds in the transfer of energy and momentum
to larger scales;
2) the relationships between the relatively large input
of energy from the sea surface and the development of
meso-, cyclonic-, and large-scale atmospheric disturbances.
In addition, because of the measurements necessary

for studying the above problems, it will be possible to
extend our knowledge of:
1) The physical mechanisms of transfer processes in
the surface boundary layer.
2) The three-dimensional dynamical and thermal
structure of the planetary boundary layer.
Observational plans

AMTEX is planned to be conducted in the East China
Sea and the region around the Southwest Islands of
Japan (the chain of islands extending southward from
Kyushu, then westward to Taiwan) for a four-week
period sometime during the months of January to
March, in 1974 and again in 1975. In addition, a preliminary observation period for comparing surface
boundary layer instrumentation is planned during May,
1973.
The observational net is illustrated in Fig. 2. Dividing
the observations into the various scales of phenomena

FIG. 2. AMTEX observational system in the Southwest Islands of Japan.
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to be investigated results in the following list of observations:
1) Surface boundary layer. Mean values of horizontal
wind, temperature, and humidity at several levels from
the surface to 20-30 m will be obtained from fixed locations on the islands of Miyako and Tarama and the
ship, Hakuho. Together, these stations make up a rough
triangle about 50 km on a side. An effort will be made
to check the parameterization of the surface boundary
layer fluxes by directly measuring the eddy fluxes of
heat, moisture, and momentum at the same locations and
also on a ship free to move throughout the area. Flux
observations will be taken regularly four times a day,
and eight times a day on designated days of special
interest.
2) Planetary boundary layer. Tethered balloons will be
used at the same three fixed locations listed above to obtain measurements of horizontal wind, temperature,
and humidity in the planetary boundary layer from the
surface upwards, in 50- to 100-m increments, to about
500 m. Observations will be taken as above, either four
or eight times a day. It was recognized that it would be
very desirable to supplement these observations with aircraft measurements of winds and turbulent fluxes. Because of the large horizontal gradients of sea-surface
temperature, roughness, and air temperature, the fluxes
of energy and momentum are also likely to show considerable horizontal variation which could be measured
from an instrumented aircraft.
3) Cumulus clouds. Radar observations from six island
locations and two ships, as well as photographs from aircraft and satellites, will be used to observe the evolution of cumulus clouds. Besides the routine radar observations, photographs of PPI scopes will be taken automatically every minute on designated days. Photographs
of RHI scopes will also be available. In addition, a special doppler radar will be operating on the island of
Miyako. It was recognized that aircraft would be almost
indispensable in providing in situ measurements of
wind, temperature, humidity, turbulent fluxes, water
content, and water particle distributions in and around
the clouds.
4)Meso-, cyclonic-, and large-scale disturbances. A combination of surface, upper air, and radar observations
will be used to investigate phenomena on these scales.
Surface observations from many locations along the
islands from Kyushu southwestward to Taiwan, as well
as from several ships and from mainland China, will be
available. Rawinsonde observations may be taken four
times a day or six-to-eight times a day on designated
days on six island and three ship stations from the surface up to 200. mb. Upper air observations from China
(up to 500 mb) will also be available. Instrumented aircraft could again play a role by, for example, flying
around mesoscale disturbances and measuring the divergence and circulation within the closed flight path. Aircraft would also be useful in increasing the spatial
resolution of wind, temperature, and humidity measure-

ments over the entire area, from the Asian coast out
to well beyond the Southwest Islands.
5) Auxiliary observations. In addition to the above
observations, radiation measurements necessary for estimating the heat budget will be taken at Miyako. Observations of solar insolation, net radiation, aerosols, and
water content of clouds will also be made by sounding
balloons three times a day from the islands of Miyako
and Tarama. Observations of the vertical distribution of
water temperature and salinity and ocean waves will be
made four times a day from the fixed ships. Moving
ships will measure horizontal distributions of sea-surface temperature and current across the Kuroshio. It is
hoped that this can be supplemented with aircraft measurements of radiational surface temperature. Since this
region is traversed by regularly scheduled ships and airplanes, it may be possible to equip some of these craft
with relatively simple instrumentation for measurements of wind, air temperature, sea-surface temperature,
and humidity to improve the spatial resolution of these
variables.
Obviously, such a program will require extensive facilities for the observers and directors of the experiment.
Decisions will have to be made on designating certain
days of special interest for more extensive measurements. Thus, rapid communication of current and
predicted weather, of the status of remote measuring
systems, and of some of the data from these systems is
necessary. Furthermore, it would be desirable to synthesize some of the data in the field within a short time
of the observations in order to determine the reasonableness and reliability of the data and to ensure that
the necessary data are being obtained. Careful and detailed planning will be required in order to select an
appropriate model that can be utilized with minimal
delay in the field to monitor the status of the experiment.
Organizational structure

It was decided to lodge the management of AMTEX
with two committees:
1) A steering committee—This committee will provide
the overall direction of the experiment. Members of this
committee are Prof. K. Gambo, Dr. I. Imai, Prof. Y.
Mitsuta, and Prof. G. Yamamoto (Chairman) from Japan;
Prof. M. Miyake from Canada; and Dr. D. Lenschow
from the U.S. It is the hope of the Japanese members of
this committee that the National GARP Committees of
Australia and the U.S.S.R., respectively, will also each
nominate a member for this steering committee.
2) A management committee—This committee will
carry out the detailed planning of the experiment. Because of the many local problems with which this committee will have to deal, it was decided that it should
consist entirely of Japanese members.
One of the first tasks of the management committee
will be to appoint a working group to select a theoretical model to serve as a guide to the design of the
core experiment. The working group should then
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determine to what extent this model can be operated
in near real time during the experiment, and what
data may be required in utilizing the model for the
experiment. The results of this investigation will be
presented to the steering committee in the near future.
Final comments

All participants of the conference (which included
representatives from Australia, Canada, and the U. S.)
recognized the importance of AMTEX both as a fundamental research project for studying air mass modification processes downwind from a continent, and as a
practical research program useful for improving the
accuracy of forecasting the sudden development of
cyclones over the East China Sea.

The Japanese participants in particular emphasized
that a major shortcoming in the Japanese capabilities
for conducting this experiment was the absence of instrumented aircraft. Therefore, aircraft support by participants of other countries would be especially welcome.
The summarized proceedings of the AMTEX study
conference will be forwarded to JOC with the request
that these be circulated to member countries with a
view toward their possible interest and participation in
AMTEX. Copies of the individual papers presented at
this conference can be obtained from the author of this
report, as well as from Prof. G. Yamamoto (Chairman,
National Committee for GARP, Geophysical Institute,
Tohoku University, Sendai, Japan).
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