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U. S.-Japan Study Session on the Use of 
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Tetsuya Fujita, T he University of Chicago, and 
Ichiro Imai, Meteorological R esearch Institute, 
T okyo, j apan 

1. Introduction 
This Study Session, held 9-15 December 1965 in Tokyo, 
J apan, at the Akasaka Prince Hotel, was co-sponsored 
by the National Science Foundation of the United States 
and the J apanese Society for the Promotion of Science. 
It immediately followed the WMO Seminar on the In
terpretation of Satellite Data, also held in Tokyo at the 
Akasaka Prince Hotel. 

The purpose of this meeting was to exchange ideas 
and techniques for mapping clouds over the Pacific 
Ocean by using meteorological satellite and aircraft data. 
T he major subjects scheduled for consideration were 
(1) the gridding and rectification of satellite pictures, 
(2) the use of aerial and satellite pictures, (3) the use 
of TIROS data, including MRIR, (4) the use of Nim
bus da ta, including HRIR, (5) the application of sat
ellite data to storm studies, and (6) special applications. 
At the conclusion of these presentations, a group dis
cussion relating to all aspects of the subject took place. 

There were ten U. S. participants from the National 
Aeronau tics and Space Admin istration, the National 
Center for Atmospheric Research, the National Science 
Foundation, the N ational Weather Satellite Center, 

Participants at a conference session. Back. ro""'., lef~ to right: 
Kiyoshi Tsuchiya, Tatsuo Iza_wa, M. Y~na1, H1.rosh1 Tanaka, 
James Arnold, Linwood Whitney, Ichiro Imai, T. Tanaka, 
Miss Rei Yuguclii; Side row, right to left: Henry Van de Bor
gaard, Lester Hubert, Vincent Oliver, William Nordberg. 
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U. S. Weather Bureau, and The University of Chicago. 
There was an almost equal number of Japanese par tici
pants from the Japanese Society for the Promotion of 
Science, the Japan Meteorological Agency, the Meteoro
logical Research I nstitute, the Hakodate Marine Ob
servatory, and Hokkaido University. The meeting was 
divided into half-day sessions, each of which was chaired 
and co-chaired by a combination of U. S. and Japanese 
scientists in order to insure a smooth conduct of the 
sessions. 

2. Gridding and rectification 'of satellite pictures 
When mapping cloud patterns with the use of satellite 
pictures, there is always the problem of locating the 
picture positions exactly. This problem is compounded 
in pictures taken over the Pacific Ocean, since landmarks 
frequently do not appear. It was therefore decided to 
discuss the problems of rectification and gridding in 
full at the beginning of the Session. 

J ames Arnold of T he University of Ch icago stated 
that accurate exposure time and attitude data are re
quired to obtain satisfactory gridding or rectification 
results regardless of the method chosen. Both independ
ent and combined grid methods were then r eviewed by 
Fujita who also made a brief statement regarding grid
ding error resulting from the use of an improper grid 
system. He concluded that the limitation . of gridding 
accuracy is about 0.1 degree of the geocentric angle (or 
about 10 km). 

Following a short account of the operational grids pro
duced at the readout stations even before a picture is 
obtained from the satellite, Linwood Whitney of the 
U. S. Weather Bureau discussed the National Weather 

atellite Center's research grids produced by its 7090 
computer several months after the readout images were 
received. Grids are now available for a limited number 
of TIROS I orbits and for all orbits of TIROS III 
through TIROS V, procurable from the.Weather Bureau 
Records Center in Asheville, North Carolina. During the 
talk there was some discussion as to the orientation of 
the computer-produced grids when superimposed on pic
tures that do not include apparent horizons. Whitney 
recommended the use of the image principal point (IPP) 
track. A computer gridding program being used a t The 
University of Chicago was also presen ted by Arnold. 
This showed that the grid lines, which are first com
puted on the basis of a distortion-free image and then 
corrected for the actual image, are accurate in most cases 
to 0.1 or 0.2 degree of the geocentric angle. Tatsuo Izawa 
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of the Meteorological Research Institute quickly went 
through the basic equations used in the computer grid
ding program at MRI and The University of Chicago. 
He indicated that his computer gridding as well as scan
line calculation can be done in Tokyo to meet the in
creasing demand for research gridding. 

A brief account of an optical rectifier developed at the 
University of Miami was given by Whitney who con
cluded that the rectification can be performed over a 
relatively small area within a photograph and that the 
rectified images are useful in combining neph-patterns 
with radar echoes. Following Whitney's account, Kantaro 
Watanabe of the Hakodate Marine Observatory de
scribed the princip!e and function of his optical recti
fication scheme. The mean radial distortion of each 
image is optically reduced by projecting an actual image 
through a convex lens placed in a sligh tly tilted position. 
The image thus obtained is then projected on photo
graphic paper placed on a cylindrical surface simulating 
the earth's surface near the terrestrial principal point 
of each picture, thus permitting rectification of the image 
within a zone perpendicular to the principal line and 
including the principal point. The narrow strips recti
fied from a series of pictures are finally put together into 
a rectified mosaic. Several examples of such advanced 
mosaics were presented. Fujita also reported on the 
principle of an optical rectifier being constructed at the 
Satellite and Mesometeorology Research Project (SMRP) 
of The University of Chicago. It is a two-step rectifier as 
is Watanabe's, consisting of a radial-distortion corrector 
and a height-and-tilt corrector. Entire rectification can 
be performed by rephotographing from the back of a 
curved surface on which an image is projected. To em
phasize the value of rectified mosaics, Vincent Oliver of 
the National Weather Satellite Center (NWSC), U. S. 
Weather Bureau compared a rectified and an unrectified 
mosaic. This left no doubt that the former is far superior 
to the latter if the quality and resolution of the neph
systems are preserved. In connection .with optical recti
fication, Whitney presented an example of computer 
rectification obtained by painting in some of the nine 
square elements inside each checker-board box within 
the area of a satellite picture. 

3. Use of aerial and satellite pictures 
In order to introduce their research program on the use 
of aerial photographs, Choji Magono and others of Hok
kaido University showed a time-lapse movie obtained 
during the spring of 1964. Their 16·mm camera was 
mounted on a Japan Airlines DC-8 plane Hying between 
Tokyo and Los Angeles. Short sections of the film were 
analyzed by shadow method and also by stereoscopic 
method applied to successive frames taken at either 2.5-
or 5-second intervals. The horizontal distribution of 
cumulus clouds obtained by these two methods showed 
satisfactory agreement. It is planned to make studies of 
cloud distribution obtained by both satellite and aerial 
photographs as well as by an analysis of synoptic charts 
at various levels. 

Study of cloud distribution in the tropics is very im
portant for the analysis of ITC and other tropical dis
turbances. Based on his experience and a time-lapse 
movie, shown at the meeting, Henry Van de Borgaard . 
of the National Cen ter for Atmospheric Research 
(NCAR) expressed the view that aerial photographs as 
well as satellite pictures are indispensable, ~specially 
when tropical regions are covered with heavy cirrus 
clouds. 

Aircraft observation of sea-ice distribution in the Sea 
of Okhotsk has been made year after year by the Sapporo 
Meteorological Observatory and the Hakodate Marine 
Observatory. Their aerial coverage is naturally limited. 
Immediately after the successful launch of the TIROS I 
meteorological satellite on I April 1960, Kantaro Wata
nabe started using its pictures in determining the dis
tribution of sea·ice. An example showing the change in 
sea-ice distribution over the Sea of Okhotsk during April 
1962 was presented by him. Following his talk, there ~as 
some discussion regarding an ice-free region along the 
shore that appeared in one of his slides. 

4. Use of TIROS data, including MRIR 
Even though it is not feasible to obtain TIROS radia
tion data for operational use, it has been recognized 
that they are of extreme value in determining the ver
tical extent of clouds appearing on satellite photographs. 
The scientists who are working with cloud mapping over 
the Pacific Ocean are very interested in analyzing in de
tail che medium-resolution radiation data from TIROS 
satellites. 

As an introduction, William Stroud of the National 
Aeronautics and Space Administration (NASA) Goddard 
Space Flight Center clarified the design, operation, reso
lution, and accuracy of the medium-resolution infrared 
radiometers (MRIR) on board TIROS satellites. The 
difference between MRIR and the high-resolution infra
red radiometers (HRIR) of Nimbus I was also explained. 

William Nordberg of NASA Goddard Space Flight 
Center then went through the details of how the IR 
data are transmitted from the satellite to the ground 
stations where they are recorded on magnetic tapes. 
Since meteorologists are interested in knowing the time 
required to process the tapes into various forms such 
as analog traces, final meteorological radiation tapes 
(FMRT), and grid-print maps, Nordberg presented a 
table indicating such time for each TIROS that car
ried radiation experiments. Whitney explained the char
acteristics of FMR T and of the grid-print maps, both of 
which can be used in constructing synoptic radiation 
maps. If one wants to obtain a higher resolution map 
while separating the initial and complemental scanning 
data, it was recommended that FMRT listings be used. 
In connection with Whitney's talk, Fujita reminded the 
participants to be extremely careful about limb-darken
ing effects, especially when two radiation charts from one 
or more orbits are put together. 

The direct use of analog traces obtained from the 
master telem<;try tapes is not very popular at the present 
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time. It is known, however, that the traces include im
portant meteorological signals that might be washed out 
through the process of producing FMR T and grid-print 
roajs. Kazuo Watanabe of the Japan Meteorological 
Agency (JMA), Meteorological Research Institute (MRI), 
Typhoon Research Laboratory carefully examined ana
log traces in an attempl to evaluate these important sig
nals, finding them extremely useful for the interpretation 
of disturbances over tropical regions. He also pointed 
out that a comparison of five-channel radiation data on 
an analog trace is very easy to make and, moreover, that 
distinctions in cloud heights can be made, even though 
the cloud brightness may be identical. As an example, 
an analog trace covering an entire orbit was quickly in
vestigated to point out the existence of various Lypes of 
storms along the orbital track. 

Fuj ita then presented the principle, slructure, and 
function of the scanning-printer developed at SMRP at 
The University of Chicago. The machine automatically 
prints out digitized symbols while an operator follows 
an analog trace as it moves in front of him on a cylinder. 
One advantage of using the so-called sigma-t coordinates 
(i.e., the scan angle (sigma) vs. time (t)) on a printout 
chart is the capabili ty of separating initial and comple
mental radiation observations of a given area on the 
earth that, in most theoretical studies, should be analyzed 
separately. Data acquisition and area coverage by spin
stabilized satelli tes such as TIROS were briefly com
mented on by Arnold. 

There are many TIROS pictures showing particular 
types of cloud formation that seem similar to those ob
tained in hydrodynamic experiments. Lester Hubert of 
NWSC, U. S. Weather Bureau, reviewed these types, 
including the von Karman vortices and the Benard cell 
convection. It was suggested that the direction of vertical 
motion inside a cell is controlled by the vertical distri
bution of kinematic viscosity, thus creating an open or a 
closed cellular cloud. The former would appear when 
the atmosphere over the ocean undergoes very intense 
heating from below, resulting in an extremely large kine
matic viscosity in the lowest layer above the sea surface. 

5. Use of Nimbus data, including HRIR 
Since Nimbus I was launched on 28 August 1964, its 
A VCS and H R IR data have attracted meteorologists who 
want to investigate the detailed structure of nephsystems. 
Nordberg first explained the new satellite systems so that 
all participants would gain a more detailed knowledge of 
both camera and infrared sensing systems. He covered 
the various aspects of data reduction and presentation, 
with emphasis on the HRIR picture presentation that 
covers the pole-to-pole area during the local midnight 
orbit through the descending node. To demonstrate the 
capability of mapping cloud-top temperatures using grid
print maps similar to those used in MRIR mapping for 
TIROS, Nordberg presented a 4 X 4-ft chart that in· 
eluded radiation values at grid points about 10 km apart. 
One slide showing an enlargement of this grid-print map 
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convincingly revealed the accuracy and resolution of the 
HRIR data. 

Fujita pointed out that the sigma-t coordinates can be 
used in both TIROS and Nimbus radiation data pres
entation and analysis. Attitudes of the Nimbus satellite 
were discussed in relation to this coordinate system. The 
average pitch and roll of the spacecraft were estimated 
to be of the order of 1.0 degree even though their ex
treme values might be more than 5.0 degrees. 

Using HRIR photographs, Vincent Oliver of NWSC, 
U.S. Weather Bureau, pointed out isolated thunderstorm 
cells over the Pacific that could not be detected otherwise. 
He also examined the low stratus clouds and cloud-free 
areas over the ocean in an attempt to relate them to 
synoptic situations. Questions were raised as to the ac
curacy of the temperatures determined from HRIR data 
if one wishes to distinguish stratus clouds from the sea 
surface over cloud-free areas. Nordberg expressed the 
view that the accuracy would be about ± 1.0 degree, in 
a relative sense. I n support of this statement Fujita pre
sented a radiation analysis of the cloud-free area over 
the Death Valley and Grand Canyon regions, leading to 
the conclusion that a running-mean smoothing within a 
one-degree scan angle would result in an elimination of 
most of the noise superimposed on the meteorological 
signals. Discussion of the HRIR data and their uses was 
not comp~ete at this meeting, since more time will be 
required for detailed analysis; nevertheless, the presenta
tion of some of the early results from HRIR stimulated 
much interest and talk among the participants. 

6. Application of satellite data to storm studies 
lchiro Imai of JMA, Meteorological Research Institute, 
explained why Typhoon Bess was chosen for U. S.-Japan 
Scientific Cooperation study. He reported the progress of 
the research, showing mosaics of T IROS III pictures and 
a 16-mm time-lapse movie of radar pictures. Imai ex
pressed the view that the inner bands of the storm grad
ually change their characteristics into those of outer 
bands as they move northward. 

T atsuo Izawa of MRI and Kazuo Watanabe presented 
cloud patterns of the typhoon during the period of 3-12 
August 1963 that were obtained by transferring gridded 
T IROS pictures to a Mercator projection chart. They 
also made a detailed analysis of MRIR data in an at
tempt to determine the typhoon's cirrus shield. It was 
found that bands of cirrus clouds extended from the 
main shield around the storm center to the southeast. 
The bands persisted until the typhoon reached land, 
indicating that they have some close relation to the 
maintenance and' development of the storm. 

The subject then changed to the study of an Atlantic 
hurricane. Arnold presented the preliminary results of 
his analysis of the life cycle of Hurricane .Anna of July 
1961. Photographs and MRIR data were both used in 
revealing, in particular, the change in the area of 
cloud tops with temperatures of less than - 30C. It 
was pointed out that the area increased appreciably off 
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the west coast of Africa when the tail end of a westerly 
trough made contact with the cloud area that later de
veloped into Anna. 

Turning again to Typhoon Bess, Fujita made a de
tailed analysis of its decaying stage, with emphasis on 
the exp!anation of the · cirrus streamers that appeared 
on TIROS pictures as rather short streaks. The orien
tation of the streaks was perpendicular to that of the 
geostrophic wind shear between the 700- and 300-mb 
surfaces. It was postulated that the sublimation of the 
super-cooled water vapor into fine ice crystals takes 
place near the western fringe of the typhoon outflow 
when the outflowing air is brought back toward the 
storm center by high-level westerlies prevailing over the 
top of the outflow. Several satellite photographs were 
shown in support. of this postulate. 

Kazuo Watanabe presented his study of the tropical 
disturbances in the Pacific on 16-18 August 1961 , using 
TIROS 11I data. He tried to relate the so-called inter
tropic convergence zone (ITC) to the equatorial trough 
and the streamlines on surface charts. In addition, the 
characteristics of the ITC appearing on satellite pictures 
covering various regions were described. 

For an application of MRIR data, Kazuo Watanabe 
studied a typhoon of 12 July 1961 in an attempt to 
clarify the relationship between the typhoon and the 
ITC. He also compared the heights of cloud tops meas
ured by both satellite and aircraft within reasonably 
close observation times. 

A study of cloud f.ormations over the Pacific Ocean 
under the influence of the winter monsoon was pre
sented by Kiyoshi Tsuchiya of JMA. He made a com
parison of the orientation of the cloud streaks with that · 
of the 850-mb contour lines, convincingly showing that 
they were parallel. In ·discussing the influence of the 
J apanese Islands, he postulated that some clouds form 
over the Pacific Ocean while others leak through valleys 
to redevelop on the Pacific side of the central range. A 
formation of the latter type near Nagoya was pointed 
out on a rectified satellite picture. 

Concluding the discussion on storm studies using sat
ellite IR data, Oliver indicated that the l :5,000,000 
grid-print map is the smallest scale that can possibly be 
used to depict the features of a circulating storm. If one 
tries to present radiation patterns using maps of smaller 
scale, important features will be completely washed 
away, thus making it impossible to distinguish a mass 
of cold clouds from a synoptic-scale vortex. 

7. Special applications 
Before · satellite meteorological data became available, 
the global distribution of clouds, temperature, and other 
meteorological parameters was estimated from the 
weather maps covering the northern and southern hemi
spheres. This procedure was not satisfactory because of 
the sparseness of observational stations, especially over 
the oceans that cover the greater part of the globe. 

Group picture taken at a Japanese-style banquet at Kowaki·en, Hakone. First row, ·left to right: Toshi
yuki Kacai, Ichiro Imai, Hostess, Vincent Oliver, William Kellogg, Tetsuya Fujita; Second row, left to 
right: Masahiro Kajikawa, Kazuo Watanabe, Katsuhiro Kikuchi, Henry Van de Borgaard, Choji Magono, 
M. Dale Arvey, Hostess; Third row, left to right: Kantaro Watanabe, Tatsuo Izawa, Hostess; Fourth row, 
left to right: Kiyo; hi t:suchiya, Hostess, James Arnold, William Nordberg, Linwood Whitney, Lester Hu· 
l>ert, M. Yanai, Morris Tepper, Hostess, William Stroud. 
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Stroud presented a global map showing the distribu
tion of the equivalent. blackbody temperatures from 

·Channel 2 obtained by several orbits of TIROS III on 
16 July 1961. The areal coverage extended between 60N 
and 60S. This type of data presentation, if it can be 
done on a r~al-time basis, should be extremely helpful 
for short-range as well as for ten-day, monthly, and sea
sonal forecasts. This detailed quasi-global study has been 
published as a NASA special publication SP-53, A Quasi
Global Presentation of TIROS Ill Radiation Data, 1964. 

As an example of the use of satellite radiation data 
over a cloud-free area, Tsuchiya made a detailed analysis 
of surface temperatures and albedos over the northwest
ern United States. Channels 2 and 3 of TIROS III in 
orbits 3, 4, and 5 were used to study the time change in 
both temperature and albedo. It was suggested that de
tailed study of surface conditions in terms of albedo and 
ground temperature would be useful in detecting local 
areas where mesoscale convection could develop. Fur
thermore, such study can be utilized in the solution of 
problems dealing with local heat balance as well as 
problems of agricultural meteorology. 

In order to show the temperature distribution in the 
high atmosphere, Nordberg presented some results from 
the mapping of a 15-micron (CO.) band from TIROS 
VII. He explained that the temperature distribution 
thus obtained clearly indicates the seasonal temperature 
change as well as the sudden warmings that take place 
in the stratosphere. Participants showed special interest 
in this presentation, and lively discussions were initiated 
in regard to the relationship between stratospheric warm
ing and the general circulation pattern that may cause 
global weather changes. Nordberg then introduced Fritz 
Moller's method of determining the mean relative hu
midity by combining TIROS Channels I and 2 data. 
He also alluded to the possibility of measuring the ver
tical distribution of various physical quantities in the 
atmosphere. 

With regard to the possibilities for unconventional 
observation by satellites, William Kellogg of the National 
Center for Atmospheric Research prefaced his remarks 
by saying that he did not intend to raise a debate nor 
to report on a completed study. He then stated that it 
is possible in principle to apply energy flow as the prime 
variable in place of the mass flow in general circulation 
models and to measure the components of the energy 
budget of the atmosphere over the sea by the use of 
satellites. He further stated that in certain regions, espe
cially around the poles, total heat balance is the direct 
key to long- and short-period climatological changes and 
he stressed the importance of satellite observations for 
this type of research. 

8. Group discussion 
At the afternoon session of the final day, a group discus
sion was held to evaluate the role of satellites- in atmos
pheric research including the problem of cloud mapping 
over the Pacific Ocean. Since the operational uses of 
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meteorological satellites had been thoroughly covered in 
the WMO Seminar that preceded the U. S.-Japan Study 
Session, the discussions centered on the research uses of 
present and future satellites. 

Ato Imazato from the Japan Meteorological Agency 
inquired about the feasibility of measuring the vertical 
distribution of temperature and humidity. Participants 
from NASA replied that, while difficult, it is possible to 
measure the temperature of the stratosphere up to a 
height of about 20 km by using a sensor sensitive to the 
15-micron (CO.) band. It is not feasible to extend this 
method into the troposphere due to the presence of 
clouds. On the other hand, microwave sensor detection 
permits the possibility of extending such measurements 
down to' the ground. 

The subject of atmospheric pressure measurement by 
the refraction of stellar light was also brought up, the 
discussion ending with the conclusion that it would 
probably take at least five years before pertinent experi
ments could be performed. 

In connection with wind measurements by satellites, 
Kellogg commented that there was an NCAR-Weather 
Bureau project to track constant pressure balloons in 
the southern hemisphere by ground receivers, 

The discussion then shifted to the subject of orbits. 
In view of the importance of equatorial-orbiting satellites 
for studies in tropical meteorology, inquiry was made re
garding NASA's program for launching such satellites. 
NASA participants replied that the initial meteorologi
cal satellites were being launched into quasi-polar orbits 
in order to achieve global coverage. However, the pro
gram does include a systematic development program · 
leading toward the placing of a satellite into a 22,000-
mile synchronous equatorial orbit. Such a satellite would 
appear to remain stationary with respect to .the earth, 
thus providing an ex·cellent platform for viewing the 
earth continuously. In all probability, NASA, in its R&D 
program, would launch such a satellite into one location 
relative to the earth. In order to obtain total global cov
erage (excluding small areas near the poles), at least · 
three, ·preferably four, such satellites are needed distrib
uted around the earth's equator. It will probably be 
necessary to institute an international operational pro
gram to carry out such a coordinated world-wide program 
for routine observations. 

There followed a rather lengthy discussion and ex
change of ideas about the relative preference of research
ers with regard to developments toward (I) vertical dis
tribution of atmospheric parameters and (2) increased 
spatial resolution for mapping cloud cover. It was noted 
that researchers interested in determining cloud height 
registered preference for the former, while those engaged 
in the study of sea ice expressed preference for improved 
spatial resolution. 

The observation of clouds over the Pacific Ocean was· 
then discussed by Magono, who disclosed a plan for a 
flight over that area next year. He asked whether NASA 
could take satellite pictures over his flight area if the 
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date and time were provided long in advance. NASA 
answered that they would be glad to do. so if the satellite 
attitudes were favorable for picture~taking ·and if the 
programming of the satellite is not already involved in 
a higher priority action. The use of air-borne radiation 
thermometers was suggested for · measuring cloud-top 
temperatures of low-level clouds during another part of 
the discussion. In response to a question about the pos
sibility of a satellite-borne sferics experiment, Nordberg 
said that a future Nimbus will carry sferics sensors that 
will diiect lightning discharges. 

The group discussion came to an end with general sat-
· isfaction among the participants with the exchange of 
opinions and ideas about their current research and 
about possibilities for cooperative undertakings in the 
future. 

9. Study tour 
A Study Tour to Hakone was made during the week-end 
of 12-13 December. All participants went by train to the 
Kowaki-en Hotel where a banquet was held on Saturday 
evening, 12 December with Morris Tepper as guest 
speaker on the subject of "Meteorological Satellites
Highlights and Sidelights." 

An early Sunday morning tour on 13 December to a 
h igh elevation for a good view of Mt. Fuji had been 
scheduled; but because of freezing rain and slippery high
ways, the plap had to be changed. The group took a bus 
instead to a cable-car station where they boarded a car 
to the top of Komagatake Peak, about 4000 ft high. 
Kazuo Watanabe told about the work of Mr. Abe who 
·made studies of cloud formations over Mt. Fuji using 
photographic and photogrammetric methods. From the 

summit- there was, after ~l, a beautiful ·yiel\:' _ o{_FujL~< 
well as middle- to high-cloud formations ·associated~_ wiih. -: 
an extremely high vertical sh~ar . . Lenticuiaris ~e:i;e .. con
tinually forming and dissipating ·over -the sumirli~ down-. 
wind from Fuji. . _ .· .. : . 

Returning to Tokyo, .the bus _drove al_o~g _ the pic
turesque seacoast. Everyone expressed appreciaticm to 
the Japanese colleagues respon'sible · f~r the .tour arrange
ments. 

10. Participants 
United States 

National Aeronautics and Space Administration: · Morri~ 
Tepper; Goddard Space Flight Cen_ter (NASA): Wil
liam Nordberg, William Stroud 

National Center for Atmospheric Research: William Kel-
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National Science Foundation: M. Dale Arvey 
National ·weather Satellite Center, U. S. Weather Bu

reau: Lester Hubert, Vincent Oliver, Linwood Whit
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The University of Chicago: James Arnold, Tetsuya Fujita· 

japan 

H.akodate Marine .Observatory: Kantaro Watanabe 
Hokkaido University: Masahiro Kajikawa, Toshiyuki Ka-

sai, Katsuhiro Kikuchifi, Choji Magono 
Japan Meteorological Agency: Ato Imazato, Motoji Yo
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Institute QMA): Ichiro Imai, Tatsuo Izawa, Kazuo 
Watanabe 

Japan Society for the Promotion of Science: Chuji 
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