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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

NATIONAL HURRICANE RESEARCH PROJECT
AVIATION BUILDING, ROOM 517
3240 N.W. 27TH AVENUE
MIAMI 42, FLORIDA

Or. Jule G. Charney, Director March 7, 1961
Dynamical Weather Prediction Project

Department of Meteorology

Massachusetts Institute of Technology

Cambridge 39, Massachusetts

Dear Jule:

Many thanks for your kind note of February 27, 1961, We were almost afraid

that your Interest in hurricanes had been completely obliterated by snowfall,
Needless to say, we are more than happy that you and Ogura are ''calculating
away like mad", We down here in the swamps were not aware of your commitment

to visit Russia in June but It sounds like a marvelous development=--certainly
our invitation was not a mere formality issued in the knowledge that the results
were a foregone conclusion, |If it so happens that our international relations
deteriorate, | recommend that we not jeopardize your security by exposing you
to the obvious hazards involved, but propose that you come to the Conference

and contribute from the floor,

Coming down to the more practical and immediate, is it possible that the work
which you are currently doing might justify a short trip down here within the
next month, If so, we would be more than happy to entertain the suggestion

of such a trip for the purposes of presenting a seminar to our staff here,

as well as consulting with various members as to the work they are doing., The
Mai=Kai Is still doing business at the old stand and my more degraded emissaries
report that they have now replaced the bar attendants with Polynesian maidens
(probably from Brooklyn), dressed in nonsanforized facsimiles of their native
garb. Apparently these bronze aphrodites are threatening to become a local
scandal and already represent a considerable deterent to eating.

More serlously, Jule, If the Idea of a trip down in about three or four weeks
appeals to you, | am quite sure that it could be arranged and feel that it

would be most worthwhile from our point of view, | believe that any thing

that you might present to a local audience before the Conference would be all
that much more to the good. In any event, we are pleased to learn of your re=-
awakened Interest and are looking forward to Dr, Ogura's presentation in June,
If the matter of a visit seems too preposterous, there is certainly no need

for an answer to this letter, and we certainly wish you the best on your Russian
trip.

Yours sjncerely,

Harry F‘.‘ﬁin—s. Acting Director

National Hurricane Research Project



February 27, 1961

Mr. Harry Hawkins

U.S. Weather Bureau

N.H.R.P., Aviation Bldg., Rm 517
3240 N.W. 27th Avenue

Miami 42, Florida

Dear Harry:

Thank you for your warm invitation to attend
and participate in the Second Technical Conference
on Hurricames. I am still as interested in the
hurricane problem as ever, and Ogura and I are cal-
culating away like mad. Unfortunately, the Con-
ference comes at a time when I expect to be in
Russia (the month of June). While this is not yet
certain, I must, under the ecircumstances, regretfully
decline your invitation. However, Ogura expects to
attend and will present any results we have at that
time.

With best wishes for a second successful
conference, Isam,

Sincerely yours,

Jule Charney
je:tb



MIAMI METEOROLOGICAL SOCIETY

Greater Miami Branch
of In reply, please address:
American Meteorological Society U.S. Weather Burcau
February 8, 1961 N.H.R.P,, Aviati(_)n Bldg., Rm 517
3240 N.W. 27th Avenue
Miami 42, Florida

Dr. Jule G. Charney

Dynamical Weather Prediction Project
Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Dear Dr. Charney:

| trust that the fact we have not heard from you regarding the
Second Technical Conference on Hurricanes (reference our letter

of January 16, 1961) has not been due to lack of interest in the
hurricane problem but rather to preoccupation with other affairs,
If you plan to attend and to present a paper, it would be most
helpful if we could hear from you in the near future., The program
with title and abstract will have to be submitted to the AMS before
the end of February so that title and abstract should be available
here by February 22,

Needless to say, if you find it impossible to prepare a presentation
in advance, we would be most happy to have you attend and make
contributions from the floor,

In view of the rigors of winter, currently being experienced in

the Boston area, it seems more than likely that a thorough warming
of the bones would be highly desirable. Miami in late June should
surely be able to promise at least that, While awaiting your reply,
I remain,

Yours sincerely,
6&6*@%«%‘”\"

Harry F. Hawkins, Chairman
Program Committee




METEOROLOGICAL SOCIETY

Greater Miami Branch
of
American Meteorological Society

January 16, 1961
In reply, please address:
U.3. Weather Bureau
N.H.R.P., Aviation Bldg.,, Rm 51T
8240 N.W. 27th Avenue
Miami 42, Florida
Dr. Jule G. Charney
Dynamical Weather Prediction Project
Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Dear Dr. Charney:

On behalf of the Program Committee, it is my sincere pleasure to extend a warm
invitation to you to attend and participate in the coming Second Technical
Conference on Hurricanes. As you may be aware, these sessions are scheduled
for June 27 through 30, 1961, on Miami Beach. It is our desire that you par-
ticipate in these proceedings to the fullest possible extent, and our hope
that you may have pertinent research results available for presentation at
this time,

| trust that you recall with some pleasure the First Technical Conference

whose success you contributed to in no small part. | distinctly remember your
masterful presentation on that occasion and recall it as one of those delightful
experiences when a research report was combined with charm and sophistry.

| turst that the manifest response from the audience was compensating gratification
for your efforts. Needless to say, we would like this particular brand of lightning
to strike twice. On that occasion | felt that you thoroughly enjoyed the meetings
in general, and seemed stimulated by the exchange of ideas and information. We
have every hope that the coming Technical Conference will be just as successful

as the first, and trust that you will be on hand to contribute to and enjoy the
proceedings. ‘

While awaiting your reply, | remain,
Yours sincerely,

Harry F. Hawkins, Chairman
Program Committee

CC: Mr. Kenneth S. Spengler
Executive Secretary, AMS, Boston




UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

P.0. Box 271
April 13, 1959

AIRMAIL

Professor Jule G. Charney

Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Dear Jule:

We are forwarding under separate cover Preprint Report No. 27 of the
National Hurricane Research Project. This contains the "Proceedings
of the Board of Review and Conference on Research Progress' of the
Hurricane Technical Conference meetings held at Miami Beach last
November.

This report was considered too lengthy for publication by the American
Meteorological Society and was therefore reproduced in this form, in

order that It could be made available in its entirety to the research
workers on hurricanes and to the people who attended the Conference.

These Minutes are at the present time being condensed for publication by
the American Meteorological Socliety. As soon as this condensation is
completed it will be forwarded to you for review before submission to
the Editor.

Let me again express our appreciation for your participation in the
Meetings and for your cooperation in getting these Minutes edited and
prepared for publication.
With best wishes,

Sincerely

R. C. Gentry, Acting Director

National Hurricane Research Project

Separate cover.
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

10 December 1958

Professor Jule G. Charney, Director
Dynamical Weather Prediction Project
Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Dear Jule:

We would like to tell you once again how greatly the Project and
the Society appreciated your participation on the Board of Review
at the recent Miami meetings. We have reconstructed the proceed-
ings of the Board from the taped recording and enclose a copy for
your use.

After further deliberation we have decided that the evaluations,
criticisms and recommendations are of sufficient interest to war-
rent publication in some form. We are planning to submit a con=
densed version probably to the American Meteorological Society for
early publication, Would you care to examine the enclosed text to
see if your remarks have been correctly transcribed? |[f your views
are mis-quoted, please inform us of any errors. We will be glad to
do the condensation here if you find the account substantially cor-
rect and the press of affairs does not permit the devotion of more
of your time to this matter.

The reaction both to the meetings proper and to the Board of Review
as a device to place findings in perspective and make recommenda=-
tions for the future has been just about unanimously favorable.
Your contribution was no small part in the success of this venture
and on behalf of the Project and myself, again many thanks. May

| also take this opportunity to wish you the most cordial greetings
of the coming Season.

Sincerely,

SV

R. H. Simpson, Program Chairman
Hurricane Technical Conference




UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

December 10, 1958

Professor Jule Charmey

Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts :

Dear Juls:

We are enclosing two profiles giving the horizontal variation
of temperature and wind relative to the hurricane centers and
rain bands respectively of Carrie on September 15, 1957 and
Daisy on August 25, 1958, We will be preparing more of these
profiles which we can supply you later if these do not fulfill
your requiremsnts, As to the vertical distribution of the
temperature, about all we have are the interpolations which
were prepared by Dr, Malkus and Mr, Simpson and presented in
the papers they gave at the Miami Beach meeting, Two of these
soundings (interpolated from data at the flight levels) are
enclosed, At the present time we are making a study of the
dropsonde data obtained in the 1958 season, Perhaps some of
these soundings will be in the rain area and will make it
possible to give you a better representation of the vertical
temperature distribution,

Bob has already gone on leave preparatory to departing for
school the latter part of this month, Iast Monday he turned
over his duties to me and I am now acting as Director of the
Project,

We appreclated very much the contributions you made to the
Conference at Miami Beach and I too deeply regret that we did
not have more time for informal discussions of the various
problems, We are very plsased, however, that you are still
working on hurricane research and will be extremely interested
in your results,

With best regards,

Sincerely,

Cocil

R, C, Gentry
National Hurricane Research Project




r\)amp\'nnsc ©¢ Statement at Board of Review Conference

Jule G. Charney

Before making any specific comments I should like to express a feeling
that I have and which is perhaps shared by most of you here. It is a feeling
of excitement, gemerated largely by the progress evidenced in this conference,
mgm verge of solving & problem that has baffled humanity for
millenia. Just as in the last 20 years or so great progress has been made
in our understanding of such atmospheric phenpuena as extratropical cyclo-
genesis and the general circulation, so I feel that, certainly within our
lifetimef and probably within a very few years, a continuation of the kind of
work that has been reported here will lead to an explanation of the causes of
hurricanes. We are in a very privileged position; we possess the scientific
technology and are rapidly assembling the theoretical knowledge that will be
required to unravel the hurricane problem. My impression is based on the
rapidly increasing quantitative character of the modern hurricane studies.

As Kelvin remarked: until one can measure a thing, until one can express it
in quantitative form, one really does not understand it, or at best one's un-
derstanding is of a very meager kind, To me the outstanding attribute of the
present conference on the hurricane problem lies in the removal of the problem
from the realm of speculation and qualitative description into the realm of
quantitative analysis. Indeed, as Dr. Malone has pointed out, the tools that

have been 3o successéul that they

have been developed for probing the hurricane,might very well be applied to
the measurement of extratDpical systems. Of course, new measurements create

e
new problems® in a certain whimsical sense one may know a phenomenon too well,

The more closely one examines the atmosphere, the more fine-grained structure



it is found to have, and the more new problems arise. I was therefore in-
terested in the statement of Mr. Rockney's to the effect that ome will never
understand the hurricane until one understands the nature of the rain-bands
as revealed by radar. I hope that this is not true. If it is, I may have to
revise my prediction of an early solution to the hurricane problem. I do
not mean to say that the energy released in the rain-bands is not important,
but only that one may hope for an understamding of the hurricane as a whole
before the details of its fine-grained convective structure are completely
understood.

From these general remarks I should like now to come to some specific
thoughts on the papers concerned with circulation and energy processes. Let
me begin with the excellent study of thecenergy problem presented by Professor
Palmén. Here is a beautiful example of a quantitative analysis which, to a
considerable extent, has pinned down for us the constraints within which our
understanding of the physical processes in hurricanes has to proceed. We
now have numbers for the rate of energy dissipation inca hurricane; we know
where the dissipation occurs; we know what the energy source is — it is con-
densition — and we know where the emergy is released. More work should be
done in this direction. For example, Professors Palmén and Riehl have
demonstrated that the energy released by condensation is some fifty times
the energy needed for driving the storm. This gives an efficiency of the
order of two percemt. Similar efficiencies have been measured for the cir-
culation of the atmosphere as a whole, TFhus the rate at which solar radiation
is absorbed by the atmosphere is some fifty times the rate of frictiomal
dissipation. The veason for this is that most of the solar emergy does not
become available for conversion into mechanical work. Lorenz, following

Margules, has discussed the so-called "available potential emergy” in the

v!Zn



atmosphere and it is this quantity With which we are really concerned., It
‘Hlﬂ' wight
occurs to me.a study of the pmum of available energy wouid reveal a
great deal more about the nature of the hurricane. The increase of available
potential energy is a quantity which is roughly proportional to the integral
of the heat added times the temperature at which the heat is added divided by
the static stability. Hence, for givem horizontal temperatures and heat
sources, the emergy release increases with the approach to indifferent stabi-
lity. In this comnection I should iike to harkem back to a remark made by
Professor Riehl to the effect that large conditional instability im the at-
mosphere is not favorable for the occurrence of hurricanes, Professor Riehl
suggested that with too unstable a lapse rate the energy would be used up in
the form of cumulus convection. But cumulus activity is, after all, the way
in which energy is supplied to the storm. The more cumulus activity you get
in an organized way, the more energy you get, so that it may be better to
think in terms of the release of available potential energy.

Another comment is related to :‘?ﬂ.ﬂlﬁa Professor Palmén mentioned
toward the end of his talk, He &i:um that the hurricane camnot be re-
garded as a closed system, that exchange of momentum and energy with the en-
vironment is important. One can say & great deal about this problem, There
is no question but that Palmén, Riehl and Pfeffer have shown that there is
considerable angular momentum exchange with the environment and sowe energy
exchange. The direct emergy exchange (excluding latent heat) does not seem
to be essential, but the hurricane comstantly loses angular momentum to the
earth by friction; hence, if the hurricane is to maintain itself in a quasi-
steady state, this momentum must be taken from its enviromment. I think,
however, that the way in which this comes about depends more upon the nature
of the enviromment and the motion of the hurricane as a whole tham upon any
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intrinsic process in the hurricame itself, In other words, I believe that
the momentum exchange is not an essential process, but that the hurricane
adapts itself to whatever large-scale eddies happen to be present at its
periphery. However, this is only an opinion, and I would certainly like to
see more work om the problem,

Two other papers that impressed me very much were those preseated by Dr,
?lnlhu on her work in collaboration with Professor Riehl. Here is a good
m of the kind of accurate quantitative analysis that is made possible
by modern cbservations. One of her conclusions was that in order to account
for the pressure desepening near the center of the storm one needs surface air
of greater heat content than the surface air outside the storm. I was quite
convinced by her argument that the extra emergy is picked up by evaporation
and by transfer of sensible heat from the ocean surface. But again, when one
thinks in terms of complete dynamical models, the question arises: are these
essential mechanisms? What would happen if one were to spread some kind of
heat or evaporation inhibiting film on the surface of the ocean? Would this
prevent hurricanes from forming? -Adtheugh I do not know the answer to this
qmttien::‘:y feeling isthat hurricanes would still form and that they would
still be deep,because of the existence of other dynamical requirements for
low pressure at the center of the storm., Thus, if the heat sources and sinks
that produce vertical circulation in the ct.m:::o given, then the tendency
mrdcmuuofmuarmmhtcomrmnuotmm the
necessity for maintaining near-gradiemt balance :u';ltd in themselves require
low pressures. Moreover, the frictional loss of angular -nufmn at the ground
and the necessity for maintaining near-hydrostatic balance -::-;:d require a
wvarm core in the storm. The actual hurficane acquires its low pressures, as
Dr. Malkus has demonstrated, by absorbing heat from the ocest, 1f it didn't,

ol



one could imagine other mechanisms: for example, moist-adiabatic ascent out-
side a diverging eye wall followed by dry adlabatic descent within the eye could
conceivably produce enough heating of the upper air to account for the low
pressures,

The concept of ventilation and cyclogenesis as introduced by Riehl and
Simpson belongs, in my mind, to the same category as that of excess heat content
and low pressures., Ventilation has been shown to exist; but ite role as a brake
on cyclogenesis is still not clear o me, A person who had never seen a hurri-

large-3cale
cane before but had been told that it was a convective system would, it seems
to me, predict some form of ventilation. One cannot expect all of the air that
enters the region of active precipitation to come only from the surface. Some
of it must come f{rom mid-troposphere,where its wet-bulb poteantial temperature
is lower than that of the surface air. Why the normal tropical air at mid-
troposphere is wet-bulb potentislly colder than it is lower down or higher
up is a question which is bound up with the problem of the entire gemeral cir-
culation of the tropiecs. However, tﬁuu like to pose the simpler question:
is ventilation a necessary concomitant of hurricames, or tt;t a quasi-indepen-
dent factor of such a nature that it can prevent the formatiom of hurricanes?
I think that this question, or the ome raised by Dr. Malkus, will be answered
only by studying complete dynamical wodels. If, for example, !.t“;;:efmmd
that hurricanes a::ébc generated without local transfer of heat from the
boundary surface or with ventilation; we :lould know that the presence of
the former factor or absence of the latter are not necessary attributes of
hurricanes.

Professor Riehl's and Mr, Ramage's remarks on hurricane formation were
very interesting to me., Both speakers smphasized the necessity of imteraction
between & pre-existing surface depression and an upper system for hurricane
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fér::\t::u;m?:duly what kinds of hmut:l.m,lad to intensification
and whichr do not ave not yet completely understood. Here is obvicusly an
important clue te hwrricane formation and a field for fxuitful synoptic and
dynamic investigationm.

Lack of time prevents me from commenting as much as I would wish on
Professor Fultz's paper on model experiments. Work of this nature {s of ut-
most lmportance and should be encouraged in every way. The obvious advantage
of the model expeviment is that ome has complete control over the ut&ul
conditions. If it should prove possible to produce hurricane-like circulatioms,
one would know exactly what the relevant factors were. The method of numeri-
cal computation with hypothetical dynamical models possesses similar advantages,
Just as a great desl of light has been shad on other meteorological problems
by numerical experiments, it seems to me that results of equal value could be
obtained by numerical studies of hypothetical models of hurricames and tropical

depressions.



Answer to Professor Palmén's Questicu (page 20 of Minutes)
In my paper I tried to show that the formation of a tropical cyclone is

due to a kind of secondary conditiomal instability whereby the large-scale cir-
culation and the small-scale convective motions support each other, the cumulus
cell by supplying the heat energy for driving the large-scale circulation, and
the large-scale circulation by producing the low-level convergeace for main-
taining the cumulus convection. When the necessary mean conditions for
instability exist one does not have to look for the imitial disturbances,
since small disturbances are always presemt. To pursue these studies. further
vhat is lacking is a knowledge of the dynamics of the moist-adisbatic process.
I thoroughly agree with Dr. Malkus that it is necessary to study general con-
vective motions of rotating systems, and would add that these studies should in-
clude cases where the heat of condensation plays an importamt role., It is im-
possible any lomger to avoid the study of the influence of condensation on
small-and lazge-scale convective processes., The dynamics of the hurrican:,
of its eye structure, of the rain-bands end of cumulus convection are all
directly bound up with the precipitation process. In partirular, with regard
to the rain-bands, it seems to me thet the approach that has been followed by
Dr. Tepper might well be combined with a study of the dynamics of the moist-
adiabatic process to yield a more realistic model of the rain-bands, Other
mechanisms for rain-band formation and maintenance are also possible. There
is a near eppevest one-to-one correspondence between the occurremce—oftire
rain-bands and -ef local maxims in the tangemtial velocity field. One can ima-
gine a number of possible mechanisms for associating emhanced convective
activity with these velocity variations. A small incresse in kinetic emergy
along a streamline near the ground would give rise to an increased frictiomal
convergence on the cyclonic-shear side of the wind maximum,which would increase
"



cumulo-nimbus activity, and this enhanced activity might in turn react on
the wind profile im such a way as to produce a self-amplifying mechanism,
There is also the possibility that the rain-bands are associated with inertial
instability since small regions of imertial stability can be observed on the
anti cyclonic-shear side of the velocity maxima, Here again is a possibility
for a self-amplifying interaction between the convective activity and the un-
balanced centrifugal forces occurring in the presence of dynamic instability.
I mention these possibilities only to emphasize that condensation must be
emtdorda:m active ingredient in the dynamical explanation of all hurricane
phenomena, whether large or small., I do not think that we shall be able to
account for the peculier properties of hurricanes without taking this ingre-
dient inte sccount. Professor Fultz's ‘work may be an illustratiom of this
point. He was apparently unable to obtain concentrated symmetric vortices
without using temperature sources so intense that they produced large hori-
zontal temperature gradients, baroclinic instability, and a breakdowm of
symmetry, With condensation, however, one may obtain the necessary energy
release with much smaller horizontal temperature gradients. Ome should, of
course, add that the kind of experiment that Fultz is performing is of funda-
mental importance for elucidating phenomena taking place in thermally driven
vortices ia-vesesiageystems, vhether they bear a close resemblance to the

hurricane or not,



MINUTES OF THE MEET ING
of the ‘
BOARD OF REVIEW AND CONFERENCE ON RESEARCH PROGRESS

TECHNICAL CONFERENCE ON HURRICANES

Sponsored By
AMERICAN METEOROLOGICAL SOCIETY
Miami Beach, Florida
22 November 1958




INTRODUCTION

The need for a series of technical conferences to discuss progress of research
on hurricanes was recognized by the AMS Commitiee on Severe Storms in 1956,

In 1957 plans were laid for the meetings which culminated at Miami Beach in
November 1958.

The objectives of the conference were to review and evaluate progress of re-
search on the hurricane problem in recent years, and to point the course toward
which future research can be most profitably directed. Participation was spe-
ciflcally invited of all agencies and institutions known to be engaged in or
directly concerned with research on tropical cyclones, and invitations Iwero
also sent to weather services of other countries.

A Board of Review comprised of sanior members of the profession, who have
gained universal recognition of their competence in their meteorological
specialty or in meteorology as a domain, was chosen well in advance. Before
coming to the meetings all Board members were furnished expanded abstracts of
the papers to be presented and were asked in turn to preside over particular
sessions of the conference. At the fina! assembly these mature sclentists
were then asked: to sum up the salient points of the particular sessions, to
place new findings in reasonable perspective, to evaluate the progress on work

so far undertaken, and to point out the most promising approaches for research

- in the Tmmedlate future. The following is a nearly verbatim account of the

- proceedings of rhe Board of Review,




The Board of Review and Conference en Resaarch Progress was convened by
Professor £. Palmen at approximately 2:1% P.M. Constitution of the Board

T wWas:

CHAIRMAN: Professor Erik Palmen
Instltute of Meteorology
Univergity of Helsinki
Haisink!, Finland.

MEMBERS*: Propfessor Jule G. Charney
Br. Thomas F. Malone
Mr, Jearome Namlies
Praofessor Sverre Pettarssen
Professor Herbert Rjehl

Prof Palmen: We are now confonted with the challenging tasks of summing

up the comtrlibutions made in individual sessions, and of pointing out theilr
significance and the prablems facing us in the future. | am going to call
upon the chairuen of the individual sessions to outline the f!ndlug: of their
particular meetings and to highlight the problems thus brought into evidence.
Their comments, however, need not necessarlly be confined to those specific
sesslons at which they presided, | will call on Mr. Namlas first with refer-
ence to Session A - C!imtolagy and Syncptic Climatic Studies,

Mr. Namlas™*: This session fumlshcd background material which can be ex-
ploized by specialization. The function of climetology is primarily to
furnish background for forecestlng and research, Thare !s, however, also
ample opportunity for climatology to provide Informetion on the physics of
formation and motion of hurricenes. Gne of the fundamenta! papers on forma=
tion by Prof. Palmen, only a couple of years ago, combined the climatological
and synoptic aspscts. One can only deplore the netional trends of climatologi=
cal sections to amass statistics purely upon a calc.:dar basis. Certainly more
selectivity In the choice and processing of data is needed; consultations with
forecasters and research workers shouid be arrangod so that the parameters
chosen bacome more useful,

| would strongly recommend that future ¢l imatologics! attacks be so directed
that the parameters are chosen for research usefulness. At the curreat time
the forecaster Is overwhelmed with unwieidy data, which should be directly

* « Prof. Horace H. Byers, Dr. Gevrge P. Cressman and Mr, J. J. Gearge of
the original board were unable to aittend. j ‘

*h « Mr. Mamias' remarks are tha only ones which have had to be reconstituted
entirely from notes. The regording machine was inoperative at the time.
All the other material is essentially as transcribed by machine except
for miner editing and interpolation.



pointed for his need.

In the field of synoptic climetology we should base our climatic studies on

the dynamic climatology of hurricanes. |[f properly dirscted we may gain some
insight into the Interaction of the hurricane on the enviroamant itself. We
might further explore the possibilities of singularities as evidenced In the
excellent paper by Captain Church which showed the progressive ten day sequences
of typhoon paths in August. Climatology has been fixed to calendar manths :
for too long @ perled, one obvious substitute is to search these studies for
singularities or natural periods. Climatological treatments might also help

in further exploitation of Dr. Arakawa's studies on coastal effects along
Japanese and Hattaras coasts,

With regard to my own paper, the long range forecasters davelop & different
feeling with regard to evolutions than do many short range forecasters. The
predominant philosophy is that ths developments are deterministic and the re-
currgnce of types plays an important role In weather evolutions. This has
obvious app!icability to shorter range forecasting, that is, in the nature of
three, five, possibly seven days.

A very interesting paper by Veigas and Miller related the statistical property
of hurricane motion to sea level pressure and to the previous motion of the
storm. Long rande backgrounds might well explain some of the shorter range
biases when comparing the predicted against the observed motion of the storms.
in general, | must express satisfaction with the work done end in summation
urge that climatology be used to supply background and clues for further
research.

Prof. Palmen: Thank you, Mr. Namias. Are there any comments Ly members of
the Board? (Thare were no coments, There were, however, comments from the
audience) . :

Dr, 1. 1, Schell (Tufts University): Mr. Namias' remarks are very timely.

For many climatological studies we need a long period of record; however, |
would 1ike us to consider that we are going to find different variations for
a long period of time and therafore we study the changes from one year to the
other « consequentiy we hit more directly upon the elements which involve the
storm. One other point | weuld like to make; Mr, Nemias feels that we should
consider what he calls medium renge, three, four, five or six days, The fect
is that over a considerably shorter period of time they are subject to many
perturbations and intarpretations, and as far as the record goes we should try
to devalop a relationship on the basis of a single trend in the snomolies from
ong year to another,

Mr. Namias: | appreclate Dr. Schell's remarks and | did not mean to imply thet
the study should be directed solely tao the medium range problem. | merely
said that it |s an example of one of the things which | think are on the hori=
zon for more immediate application or more immediate study. The problem of
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long period Fluctyations in tropical cyclones s immensaly important as en
economic problam. The question of whether or not the trepical cyclone will
affect a givaw'area is, of courseé, oh the t s of many peonle, particus
larly right here in Florida. Howaver, | think that the prollem should aot
be classed as a sort of hurricane pro#lem, but 1t Is part of @ much greater
problem of broad scale fluctustion in general, whieh in turn involves the

" entire f}nef the clirculation and mey well be In part, part of the cverall

picture of abhorma! warmth, of warming in the Arctic, of warming of the
Pacific waters, #tc. These in general ere part and parcel of the genera!
€lrculation Tiself which is much too vast q question for snything !ike the
hurricane project with Tts (If You will excuse me) plcayane funds.

Br. Schell: Th rajoinder | should like to say thét although It Is very good
to racognize the problem, so fer as we sre thinking In termg of climatic
fluctuation, we ¢8n narrow |t down tc tarms of even a single phenomenon such
as hurricenes, by considering, for exsmple, conditions over the Morth Atlantic.
And furthermere, in thinking selely in terms of variations of certain years,
i.e., ten years. We can think in terms of variations for very few years and
not only for the period of the anomaly whon the abnormal wermth appeared. In
other words, we can study all phases of the problem and we can biring It down
to shortar periods as well.

Pref. Falmen? Thank you. If thére are not going to be any ether remarks |
feal we will have to proceed. ‘At the second session at which | presided,

and which was hald simultanecusiy with the first session, we had a discussion
of storm surges. ‘| would like to make some brief remarks. Mr. Lee Marris
presented vary impressive mapy of the flooding during Hurricane Audrey, and
he pointed out the impertance to the warnlog system of having more tidal gauges
Just at the coastline. Two gther papers concerned computations of the slope
of the water Surface, under diffarent cenditions, and concernad basins of
different shy with varisble ¢r constant depth. A fourth paper concarned
maximum height of swell or waves connectad with hurricanes during the 1957
season,

My impression wes that most of these papers dealt essentially with the emphasis
on engineering or the applied approach, which is quite natural bBecause the ;
problem of warning and prediction is extremely complicated, but nevertheless
most assential in the saving of lives. One has to remember that the height
of a storm surge depends, not only on the wind stress, the fetch of the wind

and the pressure deviation from normal: it a)so depends on the varyling depth -

- of the sea, upon the coastal configurations and all kinds of minor complications.
wHowever, | feel perhaps that the time Is now coming when it will be also approe
- priate to loock at the problem froma 1ittle more physical amd theoretical :

viewpoint. | know that ¥ir. Lee Harris has begun such an approsch, but Is it
not remarkabie that Oceanagraphers and Mareorologists are still not quite In
agreesant on such an important parameter as the wind stress, and Its dependence

~upen wind welocity and the stability of the lowest layers of the atmosphere.

®,
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| feel also that the wind stress dapends upon the roughness of the sea and
consequently upon the diffarent types of waves. It Is of the utmost ime
portance that we investigate the stress parameter more thoroughly, and |
slso feel It would be very Interesting to make @ theoretical investigation
of the storm surge in the open ocean,

The problem is obvicusly a very complicated one. (n the case of a hurricane
we have a strong fleld of divergence in the wind stress combined with the
movement of the hurricane itself. This naturally results in variations iIn
the level of the ses which are very difficult to study in detall. e heve
seen in some maps that hurricanes have in their wake a reglon of somewhat
colder water, and | fee! that this is a clue concerning the divergence of
the wind stress connected with the moving hurricanes. Where such divergence
is marked there should be some kind of upwelling of deeper water resulting
in a temperature décrease, This is one phese of the problem we fee! should
be considered for further investigation. Further, it is obvious that since
storm sutdes can cause very serlous catastrophes, one has to look upon the
problem practically and it is only natural to first attempt a reallistic fore-
cast arrived at, If it Is necessary, by empirica! means in order to avoid
such catastrophes. The question of theoretical approach to forecast and
prediction of storm surge should naturally be next considered. It almost
goes without saying that the forecasting of storm surges is a more complica~-
ted field than that of meteorological prediction Itself, because we must
first have a good weather prediction in order to make & reasonable predic=
tion of water level changes. Ih addition to which we must take Into cogni=
zance all kinds of local effects which are exceedingly difficult to treat
theoretically, so one must be realistic in his expectations of the results
to be realized from such approach.

Since | have not worked In this field for a Tong time | would like very much
to hear the opinions of some of those people who presented papers, and |
take this opportunity to ask Mr. Harris whether he has anything to add.

Mr. Herris: Dr. Palmen,| appreciate your comment and would like to say first

that we have besen trying to follow an approach which Dr. Malone described on

Thursday aight. We are trying first to describe, then to explain, and finally

to predict. My purpose was to give a description to show what it [s that

needs explanation. In our office we are also working on the other two phases:

Bob Reid and his group have made 2 number of analyses of the effect of the

storm in the open ocean, namely, the divergence of the wind stress. | had

originally expected him to speak upon this topic. We have alse begun to

approach the prediction problem from an empirical point of view, since we '
have not yet resched the point where a theoretica! approach seems indicated. '
We belleve it first necessary to get a good physical description, otherwise

there may be much lost time developing theoretical explanetions of essentially
non=representative oscillations of the water level.

Thank you.



Prof Paipen: Thank you, How | had no intention of criticizing this partie
cular approach which | have already indicated is quite natural, mamely, to
start with the description of the phénemena - and we certainly obtained a
very good description of Hurricane Audrey. However, | felt it opportune to
speak @ Jittle about what could be in the future, because of that rather in=
teresting and complex prablem, namely, of the interaction batween the wind and
the water surface. Are there any other comments?

Mr. Brerschmeidar (U. S. Corps of Englineers): One thing | would like to em=
phasize very much is the Importance of botaining sccurate Information on
hurricanes. We are also interestad particulariy in the question of maximum
probable or maximum ;2ssible hurricane; that is, what Is the vitimate hurricane
that might actually strike @ given coast. in some cases it becomes aliost an
scademic question since it is not economically possible to protect by levies,
dams and seawalls, etc., any parti-zular coast against the maximum possible
stress. However, we can afford to avoid augmenting and exploiting death trans
whare protection is a minimum.

Prof . Palmen: If | may add, | remember in one of these papers, | balleve it
was Mr. Lee Harris' paper, It was mentioned that it would be necessary to obe-
tain these local topographlcal maps of the sea floor and coast and to distri=
bute them to the people living in the regions where storm surges can occur.

They would then be aware of the danver and know what actlon they should take,

Mr. Harris: While this part might wall be held unti! further discussion of the
forecast problam, it may be appropriate to mention here that such maps as these
ars not expensive on the scale at which they are projected. The major point

Is that it is frequently necessary to Interpret a forecast, if you want the
public to act upon it in the proper way, The Meteorologist is the best and
most competent man we havé to interpret the forecast, but he doesa®t know all
of the necessary fundamental facts - one of these is the information provided
by such maps. These, | mafntain, should be wade availsbe st least to &vary
forecaster concerned. ,

Dr. Paimen: .Thank you. (The third session dealt with the nadar Analysis of
Severe Storms, and Mr. Vaughn Rockney was called on to give a summatlon).

by

Mr. Rockney: | should like first to agree with Prof. Riehl's remarks of this
merning, whereln he said - that at the moment radar is a superk observational
tool. It tells us with a great deal of precision where a hurricane s and
where it has besn, but so fi; thare has been vary little Wwerk done that would
directly apply redar to the forecast problem. Ve have heard from Mr, Gentry
& suggestion as to how the resultant wind at @ particular level as measured
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by alrcraft, bay be @ pradictor of the hurricane movemeni. We should investis-
gate wheiher the resultant movemant of echoes at 8 particular level at various
distances from the storm center might alsc be a predictor of the hurricane's
movement, | would Tike to suggest te people that work with the hurricane now,
that they should tske into &ccount what the radar shows so that the models
they siudy are at least realistic in terms of the avallsble observations. |
parsonally fee! very strongly that anycne who comes up with a mode! without
taking into agcount the dynamic and thermodynamlec proparties, as they are
revesled by radar, is ignoring available essential facts. The papars pre=
sented from the University of Miami by Professors Hiser and Senn seem to me
to contribute & great deal to the understanding of storm structure. The
spival overlays as developed for practical observaticmal use in locating the
eye of the hurricane when it is off the scope whow greet promise. There is
also another paet of the radar display which should be investigated and was
mentioned this morning: that is, the location of tha muin precipitation area
with respect to the eye of the storm, and whether such areas are predictory
of @ trend in the track. |In summary, we are so far only scratching the sure
face in using redar as & forecast tooi. it is at present esgsantially an
observational inscrument.

Thanl-; you.
Prof. Palmen: Thank you, Mr. Kockney. s

Prof . Hiser (University of Hiami): There !s one other comment | would 1ike
to make. Since Dr. Atlas is not hers | am sure he would 1ike someone to mene
tlon the idea of using doppler radar as & measure of wiud within the hurricane
structure. There was a paper given on the use of this doppler radar In mease
uring winds In a tornado and @ number of us in the weather radar business

feel that this Is certainly a fipe too! and thai pulse doppler radar would
meke & fine instrument for weasuring winds within a hurricana,

Preof. Palmen: Can you tell us exeactly how you measure these winds? )

Prof Hiser: You get the frequamcy shift due to differential motion of differ-
ent parts of the weather droplets in different areas of the storm, A doppler
radar simply measures frequency shifts due (o these differential motions.

This same princinle (s applied In aircraft detection. The speed of motion
determined with doppler radar can be used in the msasurement of wind sheer
and wind speed within the precipitation structure of the storm.

Prof. Palmen: Thank you, Pref. Hiser.
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Mr. Simpson: | might add to the briof comment of Prof. Hiser, that doppler
radar and its§ application to radar study qf hurricanes is, | think, an fm=
portant approach which should be explored from the standpoint of additional
development - axplored for the following reasons: First, it is another means
of (racking the hurricene where you can actually tdontlfy a hurrigane in
terms of difference of wind speeds, and you can home on thig through convén-
tiona! radar means, while in addition you can tell something of the intensity
of the storm ag well as its location. But | think the work which Hr. Gentry
presented hare this morning, &and other work which is being done on the movee
mant problem, Indicete that the maximum winds of the hurricane tend to be
preserved with height, or conservad with height, to a degree that we did not
earlier expect. This means that the radar or doppler pu!a& radar can expect
‘o see a Jittle further out and obtain this difference in rathar strong wind
2round the marrow core of the storm for a greater distence than | think we
wera prone to feel wes the case 8 couple of yoars ago. Sccoadly, this ine
formation which Mr. Gentry gave this morning Indicates that thare is sowe
pradictive value In knowing what this shear to zither side oi the core come
prises. . 50 much for che development.

' | would Hﬁa further to emphasize on behalf of NHRP @ fesling which m‘baw

"' exprassed élsewhere, that there is a need for the dynemit wetecrologist to

3 get closer together with the radar meteorologists In sxamining not only the
description thet radar Is providing on the storm, but what this means to the
circulatlon regime in terms of dynamics of the storm ftself. ' | baligve there
should be closer work on wodals in connection with both thermodynamics aad
dynamics of the aterm with what Is revealed by radar obsarwetion, and | be=
lieve there is progress along these lines noted here especi@dlly a the papers
glven by Dr. Kassier and Dr. Tepper. 5o we are beginning to éxamine the
description glven by rndar' and to bulid & theoretical mode! which is in accord
dymicall).

Proi. Palmen: Thank you. Paersonally | must confess when | |istered to part
of that session | was a little confused. HNavertheless | fell it was very
impgrtant for studying the strugcture of storms. However, people seem to be
of varyiag opinions concerning the meaning of radar bands. [t seems obvious
that specialists in the two fields = radar and dynemic meteorology = shouid
really try to come together and solve some of these probiems Jointly.

Mr. Showalter: Just ome point im comnection with the radar, | do not believe
anyone this afternoon has santioned the fact that you can easily identify

the melting level via the bright band on radar, which should give us very
valuabla Information on the effects of the thermel distfibution in the rain
pattern around the hurricane circulation.

Thank vou.

Prof. Felmen: Thank you. This matter of the bright band was brought up at



the session, however | did not Teal myseif enough of a specialist to comment
upon 1L,

Mr GSimpson: |If | may indulge in one more sentence. | forgot to mention one
of the icems which lwpressed me very {avorably with radar metegrology. |t
seems paramount to me that in shortly exnanding our facilities and capabiiie
ties redar-wise we must place mare gmphastis on the use of ?.H.1. presentation.
This adds the third dimension to our plcture and should prove valuable in such
a wal} organized voriex as the hurricene.

Br. Palmen: 3ince Or. Malone has to leave shortly | will ca!l for his Sunmarie
zation nex:. v

Dr. Malone: | must say at the outset that as one who has not been intimately
associated with hurricane work, | found this to be a very exciting and stimue
lating and heartening conference. | think the progress that has been made
In the past ten years has baan nothing short of terrific, with the greatest
effort, of course, in the scimslated activity of the pagt three or four years.
in our particular sassion on Observing and Tracking Facilities, Communica=
tions and Yarning Disseminations, we caught both ends of this prodlem; namely,
the probiiy end and the worning end = and the probing end seems to be In very
good hands. There has been excellent use of alrcraft as & platform for instru-
mentation used in going out and mereiy getting some data. The kinds of data
being colleciead here and the kinds of equipwent balng used to coileet the
data are nothing short of fantastic. They seem to bLe working, and the several
different kinds of Instrusments give you the same kind of trace, which Is very
~ reassuring In that you &re measuring with something that is fairly stable.
! think while this is heartening to those who are in instrumentstion, feedback
of this inio the research effort was very gpparent in the other sessions.
-Paper aiter paper discussed results obtolned by flights out into the hurricane
where you ars mamsuring all kinds of paremeters. Thera was a report of some
work on the hurrlcane positioning devlee. Ground station facilitles zppeered
to be gquite good along tha coast, but ! think the most Impressive thing was
the use of alrciraft. This seems to have made great strides. It seems to me
in just Iistening to others goimg on here that the pioneering work now baling
done in using the aircraft as a probe, might well be carried over into midelat!tude
storms. | would guass offhand that thers is much that we do not know and are
not going te learn right away from our present  radicsonde network thaet could
be learred by the kinds of equipment now available. And more Important, and
this is the thing which impressed me in this Conference, Mt is quite clear
that the weather feconnaissence missions are being flown and directed to
enswer specific problems. | think this is very Important for it would be
quite easy''to get all kinds of gadgets and simply go out and Just take a whole
. parcel of data. The tle-in betwsen design of the sclentific experiment and




dasign of the reconnaissance mission is one of the things that makes this
whole Project really fruleful,

Now, In looking forward to the future, | think chat we would be vary remiss
if wa did not take propar cognizance of the vital momentum which we have obe
tained in & program Vike this. There are people, there are equipment, there
are going concerns, and, as | gather, there is new equipment constantly come
ing up, 1t would be a very sad day for our knowledge about hurricanes, it
would be a very sad day for people who are not interested in golng out flying
but want to do some research on the data, If this momentum Is lost. And |
feel very definitely that this Board sheuld go on record as supporting the
kind of probing program which has been carried on here because It is abso-
lutely essential if we are going to make much more progress. This is a very
difficult thing to get started and | think the people who have had the fore=
sight to envision the kind of instrumentation and to stay with it through
thick and thin (and | gather there have been some thin moments too) are te
be congratulated bscause this description is the core of our knowledge.

Three years s a short time to do what has been done - It i just really &
star:, basically, and If anything happens within the next year or so to this
probing program, it is going to be a black day for research in meteorology.

| have been very impressed with the general tenor of the scientific papers,
end while it is not quite appropriate to the scientific prablem, | would ilke
to call attention to & very good paper by Mr. Harry B. Williams on Warnings.
We must recognize here that we have a certain professional responsibility;
there has been, | would say, some good work done in the Warning area, this
includes both communications and semantlcs. Williams has pointed out that
there has been a good deal done on the probing end of the hurricane problem,
but that the shaping of warnings so that thay will be of maximum usefulness
In an indlvidual decision making progress remains relatively unexploited.

Now don't misunderstand me., | am not saying that there has not besen progress
here, only Lhat it needs more attention. What has been dong has been done
well, but it has been a smal! effort compared to the potential. Williams'
talk recommanded this 2s @ legitimate field of research = and | think it is.
We must remembar even though we are interested In the scientific aspects of
hurricanes, NHRP got going becausas there was & need to get some warnings out.
| think the approach has been right = mainly to get at what is going on, i. e.

the basic physics of the hurricane, end to assume that from this knowledge will

follow the kind of application that Comgress had in mind whan they set up the
program. All | am asking here is just @& Vlittle more attention to this area

in communications and decision-niaking where there is currently good work going

on, especially In business and econemics. While real progress has been made,
| don't think they have begun to express the possibliities In the way that
they hava been exploited in some of the other areas. That covers my sassion,
Mr. Chairman. "

However, since | will be leaving early | would like to make one other comment
on what went on outside my session, and thet is | like very much the work on




varification that Cecil Geniry reported on this morning. Ve have got to

have soma kind of quellty control of our product, this control cen be useful

in two senses: to test our theories or our understanding of tha mode): and,

as a check on gur professional responsiblility. | know & couple of years ago
when we were trying to play arcund with prediction of hurricames, [t wes
practically impossible to get your hands on any verification data, and this

is @ very sticky problem. | congratulate Mr. Gentry for getting his hands
dirty in it, because you are going to be criticized with anything that you

do - and | think he did a good job and | think we have got to keep this quality
control .

Prof. Palmen: Thenk you, Dr, Malone, | really didn't know, but it surprised
me that thare has not been any systematic use of aircraft In studying extra
tropical cyclones except for special flights in eand across jet streams.

Or. Halone: What | had in mind here was the Lype of question which Dick

Reed out in Yashington end Fred Sanders snd many others: have asked about

the detailed Structure of extra (ropical cyclones, | feel quite confident
that such knowledge is practically within our grasp with this AMO=I% pro-
gram which has been described heire but if it is possible to do half of the
things suggested, it will be possible to answer many of these questions on
the fine scele structure of extra tronicai cyclonas, and will undoubtedly

provide a very valuable tool which we should not overiaook.

Prof. Palmen: Thank you.

Mr. Lee Harris: | would like to say a littie bit more about the warning
problem, which Mr, Williams hes talked about. As was shown in Mr. Gentry's
papar, the accuracy of the forecast we are currently getting s such that there
are a lot of protective measures a person is not justified in taking on any
24 to 3€ hour forecasts we can make today. | am sure that will still be the
situation ten years from now. | think we can justifiably spend some effort

in determining how well wa can soive specific problems., If [t turns out that
we cannot make @ 36 hour forecas: with sufficient accuracy to justify any
action, then it doesn't matter how badly someone needs it there is little
point In making Jt. | belleve that it is obvious that if the forecast is

not useful in decision making or in taking protective action then research
mus:. be diverted to the problem, and continuad to the point where the forecast
is of aconomic utility. We must spend effort on evaluation for that purposs.
There are some purposes for which a S=hour forecast is highly useful, but
othare for which a 48=-hour forecast is not sufficient. VYe should work at both
ends in determining what is needed for certain protective actlion and what is
possible on reasonable expenditure and effort. | balieve this is in line with
the paper of Mr. Williams and with Dr. Halone's remarks,




Mr. Hamias: | didn't realize that this question was going to arise in this
ses$ion, but | think it is Just as well that it has. The problem, let's

say, of usefulnass of prediction, ss | think it over, | belleve it is gquite
possible that perhaps some work ought t¢ be carried on by the Hurricane
Prolect in assaying that very problem: that is, the usafulness of the diff-
erent kinds of prediction at all time scales and various problans assoclated
with them. As | pointed out, we are al] aware of one tyne of alert that might
be made of & long period nature, and there is a question of whether that has
any useiulness. Some people doubt whether it does have any usefulness, Thera
is, however, alsoc & quesilon of the moral responsibility of scleatists that
entars here, |f we have some knodedge of something that has & possiblity of
occurrence, 1s the public enti.led to that knowledge” These questlons, beth
moral, and the problem of zthical usage, the practicza! usefulness and the
thrashold which must be achieved beforg a thing becomes useful, might very
well ba a rather lmportant phase of Investigation by the Hurricane Project.

»

Dr. Tepper: | should 1lke to paint out that there is another usefu! pradliction
than Lhe kind which has been referred to here; that is, the simple use of
prediction as a sclentific method of tesiing your knowledge or your forecast
ability. This is one way of deternining whether a 48<heur forscast would be
of practical utllity in decision making, or whether any particular use can

be made of the prognosis.

Mr. Harris: The sclentific ytillty of 40=hour forecast to which Or. Tepper
refers i8 well recognized in scientific methods of appriach, but it Is
clearly no:¢ what we have bheen talking about in the previous discussion of
the warning problem.

Prof. Paimen: iie must now proceed .o a question which may lead to a fairly
general ciscussion. | propose that wes combine the session about Circulation
and tnergy Processes In The Storm Core and Emergy Cycles and lodels. | would
Tike to ask Prof. Petterssen Lo review his part first. This should not pre~
vent him from dlscussing anythlng in the other sessions also.

Prof. Petierssen: Mr. Chairman, as you con see by the program | should not
hava been here at all, but | responded to a request from Mr. Simpson who

asked that | Fill in for Prof. Byers. As you all know, | am not working on
hurricanas 8o all | can du is to play the role of a layman and speak with what
litile conmon sense ! have acquired in working on other aand unrelated problams.
Fivrst, ! must say that | was trémendously impressed with this particular session
and with all the others. | have becn tremendausly pleased with everything |
have seen. Just to see ourselves struggling with numbars is very pleasing in
itself. We didn't do that at the time | came into Metmsorelagy and Il was &

long time bafore wa ware able to express ourseives in numbers. So as | say,




this hes pleased me much!y tG see such a difficult problem as the hurvicane
baing traated in this manner; however, | am Sure It isn't like me to carry
on with eompliments, so { will rot underline thet [ have beea tresendously
impressaed., All of this leads to a swwary of my own cbservations, some of
which go ouiside of the particular sassion of which | wes Chalrman,

Flrst of ail, it seems to me that the Hurricane Broject has been extromely
effective In plamning an observational program. Much of this wag planned
before the resesrch results came in. However, it has also been very success-
ful in collecting and analyzing @ large amount of datain a time which | cone
sider to be quite short In the 1ife of the Project so far. My knowledge has
increased very greatly,” as far as the structure, circulation and energy sourcas
of the hurricane are concernad Consldering the complexity of tha problem, i
think the problem has moved very, very fast. The lmportant facillty of being
able to use numbers to describe the internal consistency of the hurricane is

@ major step forward. The factitha: they fit into a consistent and concentriz
.pleture is in itself very pleasing. It i3 only fair that we should also say
that little has been learned so far about the genesis of the hurricane. This
in Tgsal? is a maJor problem which we can enly hope to selve by continuation
of the data gathering effort and in using the data so gathered in & meaningful
fashion.

My second point is this, and it s2ems to me although | may be wrong, that the
data enalyzed so far contained too few cases to ensble us to put up, say, a
famiiy of different hurricanes. | think we must have in mind, at least for
practical use, that we need soma classification of family models to which we
can refer. | do not believe we have yet come that far. For Instance, | was
impressed with one hurricane which siood out from @il the rest. Although 1
have neve been a believer in one cyclone, and | think thare are many types
of them, it remdins o find out whether this is also true of hurricanes. The
logical conclusion of this then, as It seems to me, is that the Nurricane
Project, therofore, must continue for several yaars. | realize that in Washe
Ington peoplé say two, three or four years - | llke to say several - | don't
think we have enough scientific knowicdge to say how many, but we certainly
shouldn't plan te fold up this soon. e

My third observation is this, that from the papers that were presented at this
sympasium of which | was Chalrman, it seems that there has been a considerable
amount of theoretical ‘progress, or progress along theoretizal lines. So if |
were to use Tom Halone's terms, we are somewhat past the descriptive stage and
approaching the explenaiion = we are now in the process of explaining some of
the broad features of the hurricane. | think it would be wise now te plan for
. an increased emphasis along theoretical lines in connection with che Hurricane
~ Project. 1i seems that theory 1s well married to the data: theoretical studies
may well demand changes in the operational srocadure, Too often we see these
projects accumulate ten times 83 much data as can be really used. 1| think
there is reason to say thatall the data | know of Tn the Hurricane Project has
been used | have raraly sean such economy and such good planning as | have
seen here, but | do think we should reallize that tiworetica! studies may demand




modification of the program, and we should have this in mind., However, it

is probably from the practical point of view, very difficult to get the
Hurricane Project, or indeed any particular project, to remain within strict-
ly prescribed limits. it will probably run for a good length at least, and
at the present stage there is no reason to plan for tapering off the scienti-
fic effort.

The last thing | would like to say is something not necessarily proper to
the Hurricane Project itself, but someone should be taking interest in the
devastating hurricanes that redevelop after they come up into high latitudes.
| think that this Is a fascinating problem and some effort should be spent
upon It. 1In this connection we might well extend the observation program so
that hurricanes are also studied with aircraft data after they Bave gone in-
land so that further studjes on redevelopment can be attempted.

Finally, | would like to make a point which concerns many prajects, namely,
that of attempting to nlan or te study a problem, or phenomsnon, in isolation.
Now | know that the atmosphere is & pecul lar system where phenomena of dif-
ferent scales are superimposed on one another, the thundersto'm is imbedded
in something else, that something else is imbedded in a 'arger system, etc.,
and | don't think any study will be really successful unless these larger
scale phenomena are simultaneously considered. | was pleasad to see the
session on Climatology which indicates that a start in placing the hurricane
in Its proper perspective has bsen made. | would llke to see the tropical
storm, or hurricane, studied in relation to the large scale synoptic sltua=
tion. Having in mind that this may involve a large united effort by the

‘Universities, | feel nevertheless this aspect of the problem should be ex~

ploited as soon as possible. | thimk in reviewing the past that this sort

of thinking has often been negiected so that results have on many occaslons
besn found short of that which was anticipated. The placing of the hurricane
in it larger environment, the monsoon, and the interaction of the monsoon,
with the long waves in the westerlies, should be an importent part in the
practical and theoretical research.

Thank you, Mr, Chairman.

Prof. Palmen: Thank you very much, Prof. Petterssen. | would like to add
just these few remarks. Wouldn't it be practical to have the aircraft, dur-
ing the winter season when there #re no hwerricanes, used In the study of
extra-tropical cyclones.

Mr. Simpson: Yes. It is the present planning of tne Weather Bureau in ex=
tending the work that has bean done on hurricanes, to use the faclihities

which wa are now having developed In just such a menner. In view of the fact
that they cannot be leased and equipped economically on @ short seasonal basls,
the proposal is that they will be used continuvally for hurricane work In the
hurricane season, and to launch inte some tornado investigations during the
tornado season, and for such use as was suggested by Prof. Petterssen to ax-
plore extra=tropical cyciones and special other probiems, that we have not
been able to study in this fashion heretofore.



-Prof. Paimen: | would now like to call on Prof. Charney to discuss the
sessions in general, and, if possitle, to comment specificelly on the session
on Energy Cycles and Models.

Pref. Charney: Before making any spacific comments | would 1ike to express

the i‘oe!!ng‘that I have and which is perhaps shared by most of you here, that
s, | have 2 feaiing of excitement which has been generated by the progress
eviderced heye where it seems to me Lhat we ave on the verge of solving a
problem which has baffled humanity for the last 2,000 years at the very least. '
| have a very strong Teeling that just as In the last 20 years or so, treman-
dous progress has been made in the understanding of various other Kinds of . .\.
atrospharic phenomena, the problem of the general circulation has been greatly
clarified = much better understood; the problem of extra=troplical cyclogenesis.
is again far better understood than it ever was before: and | feel In very .
much tha same way that within our life time certalnly, and probably within a
very few years, & continuation of the kind of work which is being done he

will lead to an explanation of the causes of hurricanes., _ :

How il seams to me that we are in a rather privileged position, bacause we have
the .technology and we &re rapidly assembling the theoretical knowledge (het
will be requirad to unravel these problemg. The reason for my impression is
the fact that we are becoming rapidly more quentitative in our analysis. Yeu:
will recall that Kelvin has staced = until you can measure a thing, until

you can express It in quantitative form, you really 4o not understand it, or
your understanding Is of a nr¥ meager kind at best, 1t seems to ms that the
Scus

outsianding attribute of the d sions of the hurrlcane problem is that the
work--is being taksn cut of the realm of id¥e speculation and quaiitative dae
scription and balng put into the realm of quantitative analysis. In fact,

as Tom Malone pointed out, the excellence of the physical description of the
hurricane which has been made possible in very recent ysars, sme particularly
by the Matlonal Hurricane Project, is-better In some respects thia msasure-

ments of extra=tropical systems. -Now this, of course, is a great advantage.

At the spgme time another thought oucurs o me: thet sometimes I¥f you know a
thing too wall It bacomes confusing. It seems to me, although | won't dwell

on the polnt, that the moré You examine the phenomenay, the mors—elasely—you

lock &t it, the more fine-gralned structure it appears to have, and the more
problems arise. | was interested in the statement which-was malde by Mr. Rockney) .
that one will never understend the hurricane until one understands the struce
ture of the cloud bands as revealed by radar. | hope that this fsa't true;

maybe it is, and In that case | -wili-perhaps have to extend by prediction. This
is not to say that the energy released In thedie cloud bands is not Important;
but, I think from experience in the past, it is to be hoped that an understand-
ing will come before a complete knowiedge of all-the fine=grained structure
which undoubtedly exists. From these general comments | would Vike to aow come
to some mare specific thoughts that have oecurrved to me in the course of the
presentation of these papers. Assumirg that | sm permitted to discuss all
papars which are concerned with circulation and enargy procasses, intensification,
etc,, twould llke to begin with the very excellent surmary of the energy problem

)




whdshowes presented by Prof, Palmen, MHere Is a beautiful example of quantita=
tive analysis, which has pinned down for us the constraints within which our
understanding has to proceed. We now knew—that we have numbers avettstte—to
use: for instance. for tqi'dlasipctloh"of,a hurricane = we khow where the dis=
sipation occurs, we know' what the emergy source is, we know how the energy is
ralessed in the huiricane, There ars, ii Seems to me, a~g¢ohtqm.ﬂy more whings
that can be done in this direction. For example, Profs. Palmen and “ieh! have
demonsirated that the energy released by condensation is some 50 times, or nearly
40 timgs, the enargy which is necded for driving the storm. This gives you an
efficiency, t think, which Is something of the order of 2.7 percent = this num=
ber 2-percent, or so, has come up in other connections and-we find it also—in
the geeral circulation of the atmosphore. That Is, if you take the total a=
mount of solar radiation whieh-1s absorbed vou find this te=e some 50 times -
greater than ihe amount which is dissipated by friction. Now the remeson for that
is tha: the enmergy which is liberated is not, of course, all copverted Into me-
chanizal work. Now thers has basn scme work done on the exact process by which
energy becomes available, Lorenz, fellowing Margules, has discussed the so-called
‘availabie potential energy In the atmosphere and it is this quantity with which
wwe are really concerned. One suggestion that occurs to me 15 that this poten-
tiat-energy be studied. because, | think that in such astudy, a great deal
more about the nature of the hurricane will be revealed. The available poten-

/- tial energy is a quantity which is proportional to the heat added, times the
leaperaiure at which the heat is added (so this is a little ¥ like entropy)
div'led by the siatic stability. This means that the process is much more
efficient whan you have near indifferent stability. MNow in this connection |
would |lke to harken back to @ remark tha: Pref. Riehl made, in which he pointad
out that apparentiy when you have a lot of conditional instability in the at-
mosphere, this is not favorable for the occurrence of hurricanes. Or, at any
rate, that within hurricane circulations you have marely indifferent lapse
rates. This must be some kind of 2 necessary characteristic, and the axplana=
tion, | thimk, must lie somewhere along these lines rather than along the ex=-
pleanation which Prof. Rieh! offered. You will recali that he suggested that
with too unstable 2 lapse rate, the energy would be used up In the form of
cumulus convection cells. It seams o ma that this is. aftar &ll, the way in
which the energy is spplied to @ storm. The more cumulus activity you get in
an organized way, the more energy you get, so that it may be better to think
of it in terms of available potential energy. ; ‘

o

Another comment is that related to a topic at which Prof. falmen hinted towards
the end of his talk: that the hurricane cannot be regarded 2s a closed system,
that exchange with the environment is important, One cen say a great deal

about this probiem. There is no question that from the work of Palman, Tepper,
Riehl and others, that (here is momentum exchange with the environment - angu=
la¢ momentum exchange, and some energy exchange. Although the eneargy exchange
with the enviromment does not seem to be terribly important. Thus the hurricame
is constantly losing angular momentun to the surface by friction, which must be
obtained from somewhere, 1t follows that if it is tc malntain itself in e quasi=
steady state, thare muist be some axchange with the environmant. it makes use




of the eddies that exist !n the environment and would probably use any kind of
eddy greseat there. In other words, i do not believe that this exchange is an
essential process - but that is only an opinion. Howaver, | feel certainly one
should Yook intc this particuler phase.

Another paper that impressed me very much, or rathar two papers = were Lhose
presented by Dr. Malkus on work that she did In collaboration with Prof.
Riehl. Here is a good example of the kind of accurate quantitative analysis
that is now made possible by the exceilent observations which we have. The
physical viewpeint brought out hare was whather to account for the deepening
(the pressure despening at the canter of the 'storm) one nceds to have 2ir of
heat conient which cannet be explained simply in terms of the heat content of
the surfece alr which rises in the storm, and which comes from gutside the
impediate center of the storm. | was quite comvinced by Dr. Malkus' argument
that this is indeed the case, and Lhat In al! probabilily this energy is
picked up by evaporation and by transfer of sensible heat from the ocean
surface. When one thinks in temms of complete dynsmical models, | would

like to ask the question: {is this an essential mechanism? what would hap-
pen if you were to spread some kind of heat or evaporation inhibiting film
on the surface of the ocean - would this preveat hurricanes from forming?

| can't, of course, answer that guestion, but | will again merely express my
intuition, namely, that hurricanes would still form and they would still be
deep bacause there are other requiremants for low pressure at the center of
the storm. MNemely, If vou have a ring there, which is converglng toword the
center, and, given the heat sources and sinks which produce vertical clrcula=
tlon in the storm, then conservation of angular momentum in itself and the
necessity for balance will produce low pressures. Since the balance is bound
to be guasi-hydrostatic, some mass changes are going to have to take plece -
which will give rise to these pressure falls. The hurricane does this, as
Or. Malkus has demonstrated, by absorbing heat from the ocean. |If It didn't
do that, one can imagine other machanisms which might work = for example,

the descent in the eve, that is moist adiabatic ascent In the eye-wall, fol-
lowed by dry adisbatic¢ descent in the eye, could probably produce a consider
able heating of the upper air and could produce temparatures which would be
hot enough to @ccount for the low pressures. Again, | just throw this out
and run as Tast as | can,

The question of ventilation is one that again has been demonstrated rather
_conclusively to exist, | thought, and to play an important role. Precisely
what that rola 13, agein as part of a consistent dynamical picture, | find

it difficalt to understand. However, ! do not ragard this as any kind of
criticism; in fact, to a person who has not seen a hurricane before, who

was mereiy told It wes a convestive system, it would seem to me thai some
form of ventilation would be natural. That Is, you can't expect all of the
air which comes into the region of active pracipitetion to come only from the
surface, GSome of it must come from midetroposphere - alr which Is colder.
Why the air is colder, is again another question which is bound up with the




whole geieral clrculation of the tropics. Then agaln, there (s the quastion
whether hurricanes would form Iadependant of ventilation or whether ventila=-
tion may ba of such a nature thac it can possibly prevent formation of typl-
cal hurrfcanes. | think this question can only be answered in terms of come
plete dynamical nodels, and this again points out to me the necessity for
studying such models.

| would like to comment also if | ¢could for a moment on Prof. Riehl's very
complate summary. Perhaps we should combine that with Mr. famage's paper

on hurricane formation. | was emused by the sentence with which Prof. liieh)
began his paper, namely, he said that the problem of formation is not who!lly
solvad, | think this was the understalement of the conference. This might
seem (o be In coatradiction to my earlier remark about & feeling of optimism,
but it seems to me chat the problem of formation can only be solved whan they
can say why they form and why they do not form, and it is obvious that this
problem has not been solved. Not that there are not very attractive possibili=-
ties, some of which Prof. Niehl mentions himself, but as he henastly and frankly
admitted, just when he thought he had the answer that there was & certain kind
of upper air disturbance that gave rise to the hurricane, he found that there
was ancther case where this dida't occur. This, | think, is the kind of study
that is going to be needed - a study ahout the kind of Interactions that can
occur amnd do occur between the lowar and upper atmosphera. This is & new
field of investigation, although some qualitative descriptive work has been
done, but wa need to kinow a good deal more quantitatively about the exact way
in which the systems do interact. \VWhy It is that sometimes there Is no appar=

ent interaction between upper and lower troposphere and at othar times the
interaction seems to be decisive,

ihare sre many other comments | would Vlke to make, for instance, concerning
Prof . Fultz' paper on Model Cxperiments. This is an example of the kind of
work that should be done in the sense of rrying to build complete models, which
may nct rasemble the actual motions vary well, but at least have the virtue
that they have all the Ingredients, so that they can be completely analyzed,
There arg two ways of doing this = one, of course, Is by means of laboratory
experiments, another by computationa. Just as & grea: deal of light hes been
shed on the problem of the genera) circulation and on the problem of extra-
tropical cyclogenesis, by computation, it seams to me equally pogsible that
when we se! up hypo'hetical models of hurricanes eand tropical depressions and
sol /e these by numerical computations we can expect to learn a great deal about
the hurricana.

x

Prof. Paimen: Thank you, Prof. Charney, for the interesting expose of all of
these probiems. HNow before the meeting | really promised Prof. Riehl not to
ask iim to say anything on thls subject; however, | feel that he probably has
some appropriate coments which should be entered at this point.

Prof. Riehl: Vell, in & meeting of this kind there Is some subject or other




of importance which doesn't quite get the attention which it deserves, and

In this case | think the subject which was cheated a littie is the mark of
distinciion which appears to exist, not just between the tropical depression
and the hurricane, but between what is known as the troplical storm and the
hurricane., Mow the tropical storm is a disturbance which has been observed
to exist as a steady state phenomenon, and in at least several instances as
has been demonstrated by the Hurricane Project data, is a warm core type of
disturbance and appears to have all of the characteristics of the hurricane,
except it lacks the wind concentration at low altitudes. There is any amount
of release of latent heat in these, and a tremendous amount of generation of
kinetic energy, Just as much apparently as in the hurricane. But, the winds
do not becoms concentrated near the center, the maximum wind remains at a
radius of 150 miles, or thereaabouts, with a strength of something about 40 to
50, maybe 55, knots. wlth a solid rotation profile existing In the interlor
Inside of the maximum wind radius. This | find to be a really most extrae
ordinary phenomenon. One can see by studying, for instance, the net mass
inflow into the tropical storm, that when one goes some 4 or 5 degrees from
the center. and 'hen takes mess inflow, that this is not very different in
vertical distribution from the hurricane. The level of nondivergence is very
high in both of these systems, 400 to 00 millibars, and the mass inflow
through a deep layer of the troposphers is very appreciabie. One finally
comes in the end to a conclusion which has been emphasized by Dr, LaSeur, as
much as anyone, that in most of these hurricanes there s an outer envelope

of wind which is greatly similar to the distribution of winds in the tropical
storm: for instance, even in such cases as Ella, where the eye was destroyed
over the Cuban mountalins, the tropical storm structure is retained and that
which really distingulshes the tropical storm from the hurricane Is the
existence of the eye in itself, Dr. LaSeur has mentioned to me cases whare

he has been able to find, from detailed flight data, two rings of maximum wind
in passing in cross=section flight through the disturbance: Hamely~- one,

the outer ring, the tropical storm maximun, then some decrease, and finally,

a secondary inner rise to a maximum near the eye. Consequently, when Dr.
Charney says that there would be hurricanes with or withou: the extra pick=-up
of heat from the ocean, | think that another question might be asked - namely,
why are there any hurricanes at all? A tropical storm is the principd¢
vehicle and the predominant vehicle for the release of the major convective
activity which is pent up in a certain way. The principdd thing to be detere
mined is the reason for the existence of the tropical storm rather than the
hurricane (the thing that one would ordinarily think of as natural, so to
speak, would be the hurricane, but it Isn't). The formation of an eys within
a general envelope is, | would say, an event which would be questionable with=
out spacial surface conditions. $ince the energy problem has come up | would
like to emphasize this point - that one really has a double problem here:
namely, there 13 a geaneral tropical storm as one thing, and then the extra
but much rarer formation of an eye with particularly streng winds within it as
a secondary phenomenon,

I

Ur. Palmen: Thank you, Prof. Riehl. | am glad that we have had your opinion,
for after all it would be silly to have the greates. expert on that problem




here on the Board and not Lo have him express his opinions. Now although
time Is running short, | would still like to ask the one who, in my opinion,
presented the most interesting paper~s here, namelv, Dr. Malkus, to say a
few words about the subject, and to inquire whether she has anything to add
teo what she has already presented.

Or. Malkus: | have only one thing to add In connection with the interesting
question which Ur. Charney has asked. | am not interested in hurricenes only
for the practical reason that they exist, but also as a prototype of the cire
culation in @ rotating system. The question of how we get such a circulation
is & very interesting one. | was glad to note Dr. Fultz' paper which showed
that we can simulate some of ithe essential features of the hurricanes, by
somewhat different techniques in the laboratory modeis. Just what comprises
the essential ingredients is unknown as yet | am sure: however, apparently
for a real hurricane this extra heat source is of significant importance

It is certainly not beyond controversy that this kind of circulation neces=
sarily requires 1t, but from what Dr. Fultz said it looks to ma as if we do
have tc get a special arrangement of heat imput . But thls is certainly only
one aspect of the problem It would be interesting to look not only at real
hurricanes, but of all hurricanes with classical thermal circulations from
which this might be a kind of solution,

Prof. Palmen: Are there any other comments? Dr. Charney has already taken
up the question of the formation of cyclones; however, he really did it with=
out my permission, but at least | feel that something should be sald in addi-
tion, because it Is an area in which no real progress has yet baen made. |
would like to inquire whether Prof. Rieh) would like to add anything on this
subject In view of the fact that for the forecasting problem this is an ex-
tremely important point.

Prof. Riehl: uell, | really don't have anything to add on this subject, 1
have already spoken 42 minutes on It last night. However, since Dr. Palman
brings up the practical aspect of this, | would say that it may be eniirely
possible, at least in areas of observation, to arrlve at schemes for predict-
ing the formation of hurricanes wi_hout actually understanding the precise
physical process, This is entirely within the realm of possibilities. Also,
very little work has been done on ‘his subject, partly because of the fact
that formation, inparticular, occurs in the areas without observations of the
routine type, and that the dispatc!ing of special alrcraft for investigation
into these very formstive stages, has proved, at least so far, a particularly
difficult task because there are always several of thesec potential areas on
the map, and one never knows which one should be axplorad. Certainly one of
the most importent facts, | think everybody recognizes, in the future of this
program, is the systematic investigation of these 2arly stanges. Neveriheless,
it may very well be possible that one can arrive at a forecasting schema In
reagions with observations without actually understanding the process itself,




Prof. Palmen: As | remember in Prof. Charney's very interesting paper, he
3lso touched on, to some extent, this same questiion, in spite of which he
neve: discussed the type of disturbance that really should start the process
of formation. not necessarily tropical hurricanes, but tropical cyclones,
However, perhaps Prof. Charney would like to add something en this subject.

Prof. Charney: Wwell, this Is just 2 genaral remerk which has been prompted
by Dr. Malkus' statament, that It is necessary to study ganeral convective
mations ef roigting systems thoroughly agrae that what has been lacking,
| think, on & theoretical s at leas:, is that very little work has been
done on the moist adiabatic process; that is, how are the dynamics governad
when condensation s ozcurring. Convection of avery kind has been studied
whe e due to erdinary thermal instability, heating at low levels, iIn rotatiing
systems, in magnetic fields, and goodnass knows what: bul it hasn't been
studied for condensation. | maam, given such a simple thing one might say
#s the dynamics of the cumulus cloud - little work has been done on that.
Well, perhaps a fair amount has been done, | would say. but not very much on
the dynamics or the thermodvnamics. We must now, because of [ts obvicus ime
‘portance, concentrale on this particular topic, because other obviously Impore
tant pheromenon in Lhe aimosphare are bound up with condensation. ! mean
large scale phenomenon, not merely the cloud itself. The whole dynamics of
the hurricane, its eye structure, undoubtedly the pheromenon of the rain band
in the hurricane, all are things tha! are directly connected with precipila=
tion. Even, actually, the eye of tha storm looks very much 1lke a front and
there are very close analogies actually with extra~tropical fronts and syes
in the sense that both of them may really be one thing that can give rise to
discontinuities In mo.ion.

)
Howevar, the extra=-tropical frent itself is not too well understood and could
Stand further investigatfon. Similarly, further investigation of the raln
band is Indicated for, in accord with Dr. Tapper's paper, | belleve that we
need models for the rain bands. 1t seemed to me that an approach such as the
one Dr. Tepper used, !f It were combinad with the very evident release of
enargy which occurs through condensation, vight tead to something that would
readily explain the active details of motion in rain bands. | Just wanted to
put in a plug for a possible wechanism which one might propose: namely, you
might regard this as another kind of instabllity, essentially if you have a
litile increase in kinetlc energy @along a streamline, than near the ground
his would give ise to a frictional convergence hich wil) then produce cumulus
and cumilonimbus activity. This in turn, of course, will change the circula=-
tion and therefore you could conceivably get a se!f-pronogating effect. The
fact that rain bands are associated with velocity maximum in middle and
upper levels and presumably near the ground too, suggests that maybe this is
an important factor to look into. | only mention this now to emphasize that
the condensation must net be a passive factor of this plisnomena but an acilve
ingredient in its dynamlcs In any explanation. It is not going to be possible
to explain any of these pacullar properties of hurricanes without constructing
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models of tha moist adiebeiic processes. Fultz' paper illusirated this point,
I think, because he was not abie raelly to get this kind of concentrated vore
tex, since In order to do se he would have needed tampersture sources which
were so high that they would produce horizontal temperature gradients which
lead to Laroclinic instability, and 5o we could not produce & symmetric storm.
I, howevar, you hava condensation you can get, this energy release with much
smaller horizantal tempeiature gradients, Hare is an example wiere concefvably
it would net be possible to produce & hurricane in a dishpan withaut in soms |
way slmulating the condensation mechonism. Of course, the kind of experiments
that Fultz iy doing are gbsolutely necessary = they are invaluable for shedding
iight on the general phenomenon, 3 ;

Prof, Pelman: Thank you. | just wondered If we shouldn't proceed to the
last session, because | feel we have to finish this meeting in a reasonable
amount of time. There are a number of persons present who weuld like to
leave by plane this evening, so | will ask Prof. Rlehl to comment about the
session on Prediction of Murricane liovament. '

Prof. Neihi: Thank you, Or. Palmen. | can probably maks this rather brief.
Not knowing how this afterncon's sessiom would go, | procesded to summarize
the movement session at the close of this morning's maeting. what | feel
needs {0 be done now is to run down the list briefly for the benefit of those
who dld net hear the summation this mornidg. Several of the papers dealing
with rovement havse already been mentioned, for Instance, the work by Mr. Gentry
on verification and Kasahera's nwmrical work. | think we must reallize when -
it comes to the prediction of moverent in contrast with some of the other ,
topics we have Just heard about, that they are very brave spuls who undertake
this kind of imvestligation. It is not like Astronomy, for Instance, where
you can think millions of years ahead and you are quite safe in your predice
tions; but here in tha next day or the day after the news Is in, and you have
had it one way or another. So | think that all of us here should have a
grest deal of appreciation for those who spoke and are undertaking work on
hurricana prediciion. They, In a memper of speaking, jump dirvectly into the
middle of the firing Tine more se than anyone else working 1ii the general
subject. One of the main things that came out of this morning's session and
was emphasized by Mr. Gentry was this: .(hat while most calculations that one
now makes are for a W~hour interval from the time the data are taken, the
inferval is too short for practically all waraing purposes. 1t 13 trus that'
somelimes & six or twelve hour warning can do a great deal bf good, but for
the most part, the warning of coastal populations and the milking J preparaw
tions against inundations, and things of this type, it is necessary to have a
warning some 36 hours ahead of mao time, which is about 30 hours from the time
the forecast is issuad. | realize, of course, that fot certain special pur=
poses much longer warnings than this gre necessary to close down &nd protect
factories and military Installations, etc. The 72-hour {orecast verificatjons
showis by Mr. Hubert, Indicate that they were too far of f te warrant much dlse~
cussion. Essentially then, the aim, at least for the present, should be a




36=hour prediction from man time, and possibly a discussion of what types of
calculations should be undertaken,

Mr. Centry's method Involving computations made directly from aircraft data is
2 very appealing one. They were, however, only for 2h=hours, but could parhaps
be extended to 3t=hours. It [s possible that this time way be too long and the
general circulation features alter too greatly to make this extension practie=
cable. Nevertheless, it is a very appaaling scheme whereby one simply lets an
airplane run around the storm, takes certain observations and directly obtains
the forecast. This, of course, was also the essence of the little scheme
which | once worked up with sevaral collaborators at the project AROWA of the
U. 5. Navy. Now with faster jet planes coming into operation the very exciting
possibility arises that this can bs done at high altitudes, where there are not
enough rawin stations available at any time to get satisfactory statistical
samples, or from balloon soundings. [t would have to be puraly an alrcraft
program. The few complete B-A47 flights that #lready exist with the Nationa)
Hurricane Project should be thoroughly investigated for this purpose, Agaln
the sample is too small, but one of the approaches that should be encouraged

- for the future is: to deploy the high altltude alrcraft which HHRP and per=
haps others hope to have in the future years in such a manner that one can

see whether & useful scheme for 2B=hour ovement ecan be directly taken and
calculated during the aircraft fligh:s In a short period of :ime.

Other methods of computations depend on ~harts with calculation schemes of one

$0°L or another. Here one has to distinguish between charis which have a cer-
tain amount of observational stability in them and cherts which do not. The
question of observational stability arises of course from the fact that the
hurricane exists over water where there are very few weather observation stae
tions. This situation is much worse in the Atlantic than in the Pacific.
There have been two types of charts mentioned which seem Lo have the required
stability, one is the Seday mean chart at 700 millibars, prepared by Mr.
Mamias' unit, and he has shown very Interesting correlation between 3tos5s

day tracks and the “-day mean charts. |t should be a matter of great interest
to develop these computstions further and to investigate the possibLilitles of
using these f~day charts to serve for 48 to 72-hour forecasts. The other sta-
ble chart is the surface map where, of course, there Is the most data. This
has recently been exploited by the group of Tom Malons in Hariford, using this
statistical forecast system, which has shown what, to many people, has been a
surprising amount of success. This also has been a 2h-hour scheme which, how=-
ever, one should certainly try to extend to 36 hours or more, and also to ine
clude parametars not currently used in this statistical treatment. There are
some Tairly clear ways to proceed here = one of the most attractive things is
that the surface map, with relatively copious data, can probably be processed
entirely numerically without any hand analysis. This msans that In the end
we would not encounter the situation where one forecast center gets one answer
aad another forecast center geis something else. Consequently, for computatlonal
purpcses these two stable charts seen to offer inieresting possibilities.




Everything else that has been done has been based on grid systems - either at
700, 700 or 00 millibars, and out over the oceans where the configurations of
the chart depend on the experience and notions of the anslyst. Different foree
cast centers do nol come up with the same solution, and computations made from
such charts also come out differently. GUne naver knows then in such cases
whether the errors one gets are Inherent In the models or the computational
schemes that he.e been devised, or whather they are purely in the data. This
applies to the statistical objective systems, such as that of Hilier In the
lilami forecast offlce here, and the system that ! have produced, 2s well 2s the
numerical prognoses made on the electionic computer. Dr., Kasahara has shown

2 vary interesting set of verifications, and another interesting set was shown
for the Pacific this morning by Dv. Arakawa and Dr., Gambo. One could see from
these verificAtions that the hope in numerlcal prediction for hurricanes which
existed & years ago at the Tokyo Conference on hurricanes has not been fully
realized. Some people came away from that conference thinking that there was
eniy one thing to do and everything else could be discontinued. Subsequent
history has not bormne that out, and agaln this need not necassarily be the
fault of the mpdels that have been employed for this purpose, but simply be-
cause the computations have been carried out over wide ocsanic stretches,

where there are no observations.

S50 thera is no answer at all at the prasent time as to whether the errors in
these forecasts come from such things as the barotropic modal employed, the
subtraction of ihe storm center from the general circulation, &r simply from

data deficiencles. it seems unlikely we will come to any solution in this
mptter until such time as the data situation Is clarified. But there is not
in existence at the moment a single occasion in which there have been suffi=
cient data aveilable from the oceans to draw 500 or 700 millibar maps in a
unique way so 83 to give an answer to this question, even in the case of a
single cyclone. It ailmost goes without saying them that if significant Im=
provement in working with grids is to be achieved, then there must be more
observations. These observations., as nearly &s one can see at the moment,
have to be airplane observations. There does not seem to be anything else in
the picture ~ perhaps constant pressure balloons at high altitudes, but cer-
tainly aircraft in the middle troposphare.

For & number of years | have advocated, as have a lot of other peopie. es~
peciaily those working in numerical prediction (for instance, Dr. Platzseam),
that every effort be made to have tha reconnaissance deployed in such manner
that the blank sectors of the map are filled in with respect to existing hurrie
canes, The history of reconnaissance, if you review It in recent years, has
been that there has been no change in the practice, namely = for the aircraft
to fly directly te the center, to stay there to take dropsonde, and put other
devices in the center, and to relay this data to the forecaster. The winds
and temperatures collected on the way to and from the storm area are also
made available in due course. In addition to thls, of course, when & storm
is now located near land there arve radar fixes, and a great deal of spera~
tional effert has been put into these aircraft fixes and land based radar
fixes. Unforcunately, a considerable ampunt of misinformation now ex!sts in
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the public mind where there is a wide spread impression that In order to
predict the hurricane it Is necessary to have a radar trained on the storm
and to have an airplane in it, and with these the forecast is given, wWell,
this as you all know Is a completely wrong impression,

This kind of data, at least as far &5 we have it at the moment, is of little
value in predicting except to fix the place from which the prediction starts.
It can also tell you something about where the storm has been, but in a
broader sense it will not help the prediction problem in itself, so that we
need a complete change of heart in the reconnalssance program if any real use
is to coma of the physical and empirical models of hurricane predictien by
means of open grids over the oceans. Even if the perfect mode! was developed
it would be of absolutely no use if the data requisite far carrying out the
model were not available However, it is Tn my mind very questionable at

the moment what i$ to be gained through continulng investigations of the type
that utilize open grids a4 long as one has to practically imagine the data
over the aceans that form the basis for these predictions. It is rather obe
vious that Improvements can be made on computations utilizing the date, but
there seams little use in, for Instance, trying a second approximation that
would be valid at 36 hours unless some improvement in the basic data Is going
to be possible. When one then looks at the prediction models and realfzes
that there are ceriain second darivatives Involved in making these predictions,
you can see that It is astounding Indeed that results have been obtained as
good as those ef Dr. Kasahara and Or. Arakawa.

In conclusion, my impression is this for recommendations for the future = in
the first place thers seems to be not very much use in trving out 2hehour
forecasis since they are not for a leng enough period to achieve a great

deal of good., One must then alm to develop a 36 to 48-hour forecast techni-
que, preferably the requisite data should be supplied directly from alreraft,
possibly being exploited on the aircraft itself. The calculations should be
based on charts that are observationally stable, mainly, the S-day mean and
the surface chart. Also, perhaps, one should at least for coastal warning
purposes abandon the notion that he should find a forecast schame which is
valid in all latitudes and all longitudes and Is universally applicable. This
of course would be the nicest thing If it were possible, But mors reallst]-
cally we must develop prediction schemas for 38 to 48-hours in advance in
specific areas where regularly functioning upper air stations are avallable
and can be relied upon. These station data can be utllized to develop re-
gressions and other means to arrive at the requisite forecast. This Is
approximately a summary of my conclusions from this morning's session, and
from following the evolution of efforts in forecasting the motion of hurri=
canes over the past few years.

Prof. Palmen: Thank you very much, Prof. Rlehl. | am afraid that it has bee
come too late in the afternoon te have a break in the program, and unless there
are some very urgent questions | feel that we should go over to the last point




on today's program. namely = the question of the future plans for the Hurricane
Froject. ue have heard here a!l kinds of recommendatlons, all kinds of possie
ble investigations. Many of these could naturally depend on the possibility of
continuing the work on a large scale. Ve will ask if Mr. Simpson could give us
3 brief review of the plans for the near future: how the Project will be organ=
ized, what kind of observations mada, etc,

Mr. Simpson: | realize It is getting late and many of you have planes to catch.
I will try to keep this to the point and as brief as possible. | belleve that

we will be able to comply with the recommendations which have been made so well
and effectivaly here.

in stating what we propose to do from here on out | think it would be well to
place this 2 little bit in perspective by reviewing just for a moment what our
chjectives were at the outset and what we planned to do by this time. You can
see for yourself then how the pattern for the future has shaped liself. To be-
gin with, and 1111 not go into al! the details, of course, because most of them
are known te you, it was our feeling that the Project should move shead along
two lines. One, we would attempt to organize information already available to
us in the best possible fashion to permit improvement right sway in the techni=
ques for prediction, and to this end we established additional positions at our
forecast centers for forecasting research work and have given some contract work
where pcople were able to take this on to Lry to develop improved techniques for
forecasting without waiting to get new information. In addition to this wa felt
that the real heart of our problem was, if we are to materially improve our abile
ity to predict, to understand the physics of atmospheric circulations involving
the hurricans and Its movement. Whils we have learned a great deal of this In
terms of radiosonde data, in terms of information near the fringe of the storm,
it has become apparent that ona of the things we should do would be to study
more carefully the hurricane at the point of inception where we rarely fortul=
tously have e radiosonde or a good network. Also, to obtain information from
the core of the more mature systems to see if the extrapolatien of knowledge
and reasoning we had used about the fringes was proper.

We have proceeded then to set up @ program which has operated the past three
years. Ve stated that the aircraft probes that we would operate should attempt
to get at least three good samples, as a minimum, from storms first in the ine
clpient stage, three good samples from storms in the mature stage, and three
good samples from storms in the late or decaying stages. These to be done with
all three of the probes available n the storm sufficiently close to each other
that we could analyze the clrculation volumetrically, we have to date managed
to get six such three-plane missions accampl ished while flying a total of nearly
& hundred sorties into hurricanes of ail kinds, but many of these individual
flights, where we got only a fragment of our total ebjective, cannot be subjected
to volumetric analys s. As you have seen here in the reports at this meeting,
which have openad up new and other avenues of interest, many problems have




developed. These demand more extensive investigation than we ever thought was
going te be necessary at the cutset, Ye have felt, and have planned now far
over 3 year to extend the aircraft facllities and the type of probing Investie
gation that we have carried out for the past three years. e now are in an
advanced state of planning and almost at the polnt of implementation Tn equip=
ping three new planes to carry on continuously for another three vears. | say
three years because, in Government when one plans, it is usually necessary to

be rather quantitative in talking about years and specific endurance of projects
which are not intended to be permanant when they are sstablished. Ve have naver
had any scientific notion that we could accomplish any specific thing In one or
lwo years, or three years = this has been Torced on us, but we think thatapnther
threa years is & realistic acal to shoot at,

I should pause at this juncture to do something that has not been formally done
anywhere in these sessions, and | think it has not been demanded. certalnly,
That is simply this = to point out that the work done so far has been, in the
bast se se of the word, & collaborative effort involving agencies, institutions,
research institutions, and Covernmsni organizations on & very broad scale. Ve
have first of all had the Department of Defense and,specifically, the Air Weather
Service supporting the aircraft program by providing first twe Be"0's and one
B=87 aircraft., They have provided parsonne] to operate these planes for us, and
have flown them at the expanse of the U. 5. Alr Force. ‘e have had &s our ime
mediate collaborators the very best people that are available in thls field,
from varfous Universities end Research Institutions; Florlda State University
has provided an active contingency, especially through Ur. LaSeur, who has
served as Associate Director of the Project in the planning phase right straight
through. 0r. Rishl has been active from the very flrst and In the last two
seasons he has flown ¢ number of missions with us and halps us immeasurably.
Dr. Malkus has made many Lrips to Palm Beach and has workad scilvely from “oods
Hole on various portions of the work, planning and otharwise, and you have seen
the results of her contributions here. 1t Is our intent to continue this type
of collaboration for the next three years. Another thing | do want to mention
is that the Navy also assisted this year in monitoring our cloud physics work,

This next year it will be neceéssary for us to equip lsased commercial aircraft
and to operate these completaly undar the Department of Commerce. We have
really imposed upon the Air Force during the past three years for the support
the® they have so willingly and effectively given. We are in the process now
of advertising bids for aircraft, ‘e will require two DC=6D alrcraft which
will be equipped with essentlally the same system we had in the old planes, but
with some modifications that will extend the capability of our probing and data
collection. |in addition, the B=47 which we have had before will Le replaced

by a 8=57 which is, while it is a little shorter range 2ircreft, a higher fly=-
ing, more flexible aircraft and can be staged from many fields. These three
plenes then will be used to continue the investigations we have been carrying
Qut the last three years. It Is our intent graduslly te use these planes more
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and more In seasons of the year other than during the hurricane season for in=-
vestigations, as | have said earlier, of the tornado problem, of the extra-
tropical cyclone prablem, 2nd of ihe sub=tropical and equatorial jet stream
oroblern, a wvary important item which has not recelved much attention at this
conference. We will gradually phase out of the hurricane investigation as

we get epouch sampies Trom anough different storms to feel thet we may confi-
dently set up (he range of models, or the salexy of models, that has been Indi=-
cated here as desirable. e will move ahcad confidently in theoretical and
other avenues of research on the hurrizane problem.

Hex: April lst there will be a basic change in the organization of NHRP when

our shop at Wesi Palm Beach will be closed and we will eombine hers at Miami
with “r. Dunn's organization which has recently moved to the Aviation Bullding.
e will form what will be known from there on out s the National Hurricane
Central of which Mr. Dunn will be the head. This center will proceed with

the objective of melding and combining advantageously oneratfons and research

in addition to the supervision of the data collection effort such as we have
conducted at West Palm B8ach. Little by litile ot this joint center the U. 5.
Weather Bureau effort will be devoted to the applied research problem, trying

to work into the forecast techniques the benefits from the more fundamental
knowledge and understending of the dynamics of the hurricane which w2 are now
beginning to obtain. At the same Lime collaboration through the Universities
and cther research Institutions will continue to be fositered and supported by
the weather Bureau. It is our hope thai we can have much of this done, not ex- .
clusively at the institutions, but at the National Hurricane Central also, for
the simple reason an atmosphere in which fundamental research is being conducted
should be provided at this new center as @ stimulus, {.e., & means of stabbing

%g awake our people who are devoting themsslves to the coperational problem and
& to the applied ressarch problem. '‘e do feel that perhaps some feedback of
i experience into the fundamental ressarch effort will be aained therasby. |

could go on Inio other facets of these plans but essentially this is the sum-
mary of what we expect to do In the coming years, and with good luck we will
be on our way mext season.

Thank yodﬁ

Prof. Palmen: Thank you vary much, ir, Simpson, for this explanation of the
plans for the future. At tha beginning of this meeiing | had at first thought
that we shouid make soma quite specific recommendations; however, $oO many recom-
mendations cama up here already during the discussion and the time is late. |
appeal that if nobody here has any objectlon we now could consider this meetings
to be at an end. Befors that, however, | would |ike to say that |, at lesst,
personally feel great confidence in the future of this Preject. | have read

so many of the publications published by the Project and | have read these
papers hare and listened to the discussions. | had several! times the imprese
sion that ‘he time has come from which we can look forward to a great future

in this field. By comparin,gthis meeiing with some othar meetings on tropical

Y




hurricanes, | feel that this has really provided much more naw Information
and promising theories. With this | would like to declare the meeting closed.
However, before we leave Prof. Petierssen, as President of the American Met-
eorological Seciety, would like to say a few words.

Prof. Petterssen: Thank you, | shall be very brief. First of all, on behalf
of the Seciety | wish to thank Profs. Hiser and Simpson, the two Chalrmen

of the Arrangements Committee and their assoclates, for the immense amount of
work which they have done to make such a pleasant meeting for us. | think |
am quite honest when | say that | have rarely been to a meeting which has been
more pleasant to attend., Also,on hehalf of the Society, | should iike to thank
our foreign guests who came from far am! wide to make this meeting $0 success~
ful, and | know many of them have had to leave already. | see some here and

| am sure | speak for all when | thank Or. Palmen for his contribution to this
meeting. Well, so much for the Socliety, now a few words just from myself. |
have been in Meteorology for 35 years; | have seen quite a lot of progress and
particularly how slow progress normally is. | must say that | am impressed
by what | have seen gt this meeting and what has been done in such a shert
time. It is, of course, very pleasant for us visitars to come here, but |
think we all leave with the impression that this is a very, very exce!lent
team at work here, | em optimistic enough to think that this might be one

of the prettiest pages in the history of Meteorology, and | wish the Project
al! the luck they deserve. | think now | shall turn the meeting over to the
Program Chailrmean. ?

Thank yeu all very much.

Mr. Simpson: Well, Dr. Petterssen, | want to thank you first personally fer
those very kind words, and 1'11 not take more time in extending this meeting,
but before | do so | want to acknowledge . atefully the participation of what
we have called a Board of Review, for lack of a better way to describe it,
people who are key Individuals in our profession who have made key contribue
tions and represent, | think, as much maturity as we could get together on one
platform representing our profession. They ars busy people and thay have come
here in the midst of their own undertskings, and | know many of them have very
trying schedules. | want to express appreciation on hehalf of the Program
Committee for the sacrifice they have made In coming here and in participating
in this rather arduous task this afternoon. |t has meant & great deal to all
of us, | am sure Thank all of you on the local committee, Mr. Dunn in partie
cular, and al! his people who have done so much in making this Conference &
success in their planning, and of course it goes without saying that | sppre-
clate the work of my staff that backed me In the program planning.

Thank you very much.




December 1, 1958

Mr. Robert H. Simpson

National Hurricane Research Project
P. 0. Box 271

West Palm Beach, Florida

Dear Bob:

Thank you very much for your letter, I enjoyed the conference
very much, and only regret that there was not more time to talk
to you about concrete problems.

I have some further ideas about rain bands and would very much
appreciate it if you could send me, or tell me where I could
locate, the latest material concerning detailed horizontal wind
and temperature profiles inm relation to the location of the
rain bands and, if possible, the vertical temperature structure.
This data, as I said at the conference, is a model of what
accurate observations in the atmosphere should be. I congratu-

late you upon it!

Please express my regrets to your wife, to Hawkins, Geatry, and
their wives that my peculdar hours and the gemeral hurly-burly
prevented my spending more time with them., I look batk with
fond recollection to the pleasant time I spent in your midst
last spring.

With best regards,

Sincerely,

Jule Charney

je:tg
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

P.0. Box 271
November 26, 1958

Professor Jule G. Charney, Director
Dynamical Weather Prediction Project
Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts
Dear Jule: g

This is just a hurried note, as | catch my breath from
the rather vigorous activity of last week's meetings, to
tell you how very much we all appreciate your participation
on the Board of Review at the Hurricane Technical Conference.
It is always an imposition to ask people with a schedule as
crowded as yours is to take on such a job as that, and it
is especially gratifying when a person not only agrees but
contributes so effectively as you did.

Again many thanks for your contributions, and the
pleasure of working with you again.

Sincerely,

Vs

R. H. Simpson,/)Chairman
Committee for Promotion of
Research on Severe Storms



On the Formation of Tropical Depressions

by

Jule G. Charney

1, Iatroduction.

Hurricanes develop from preexisting tropical depressions
that, in their early stages, are indistinguishable from depressions
that do not deepen into hurricanes, Here is at once a clue and an
enigma. The organized motion of the tropical depression is a neces~
sary precursor of the hurricane, yet only a very small fraction of
these depressions ultimately grow into hurricanes. What is it that
limits their growth? And what is the pathological factor that un-
leashes the storm in the few exceptional cases? To answer these
questions it would seem desirable to begin with the first, for
withom: an understanding of the normal behavior of the tropical
depression, it does not seem possible to arrive at an understanding
of its pathology. Another and perhaps more compelling reason for
such a study stems from the work of Malkus ( ), Riehl ( ),
Simpson ( ) and others who find that the depression is an essen~
tial element in the general circulation of the tropics. Deep cumulo-
nimbus convection, the mechanism by which latent and sensible heat
are supplied to the upper tropical troposphere, is apparently not
the random phenomenon it has sometimes been thought to be, but is a



highly concentrated and organiszed activity confined almost exclusive-
ly to the inner regions of tropical depressions. The foregoing reasoms
have supplied the motivation of the present study which is concerned
with the dynamics of the tropical depression.

cal disturbance.
In analogy with the theory of extratropical cyclomes, it is

tempting to attribute the formation of a tropical depression to some
form of hydrodynamic instability; and in fact such mechanisms have been
proposed to explain hurricane formation. The growth of disturbances
has been variously attributed (Riechl, 1954) to the instability of tem-
perature discontinuities (froantal instability), of horizomtal temprea-
ture gradients (baroclinic instability), or of radially decreasing
angular momentum in the case where the disturbance is a circular vortex
(dynamic instability). There is little evidence, however, to indicate
that such instabilities exist, or if they did that they would give rise
to the observed motions. But there is a fourth kind of instability
which undoubtedly does exist. This is the gravitational (conditional)
instability associated with negative lapse-rates of equivalent or wet-
bulb potential temperature. Large regions in the tropics are unstable
for upward displacements of saturated air. Can one account for the
growth of a tropical disturbance as simply a large-scale comvective
overturning? Again we must say that this mechanism is unlikely, for

it has been shown by J. Bjerknes (1935) and E. H8iland (1939) that
conditional instability favers small-scale cumulus convection rather

than large-scale convection., Indeed, were it not for friction and en~



trainment of dry air the preferred cumulus cell would have an infinitely
narrow ascending branch. Even when the motion is absolutely and not
conditionally unstable, the theory of Benard cell comvectiom (Rayleigh,
1916) suggests that the convection cells would have roughly the same
horizontal and vertical dimensions, The energy of a cumulus cloud is
derived from the unbalanced vertical forces acting on a buouyant element
of saturated air. Such forces do not exist in the mean in a large-scale
depression, otherwise the motion would not be quasi-hydrostatic as we
know it in fact to be. We must therefore reject gravitational instabi-
lity per se, as the direet causal ageat.

Nevertheless conditional instability by permitting cumulo-
nimbus convection must play a role in the formation and maintenance of
the tropical depression. The most striking characteristic of the tropical
depression is the enormous amount of precipitation in the region of con-
vergence. The latent heat energy released is two orders of magnitude
greater than the amount needed to maintain the kinetic energy against
frictional dissipation. This energy is liberated at temperatures several
degrees above that of the surrouading air at the same levels. The
efficiency of the process is therefore of the order of 10™> as the
energy available for doing work is of the order 10™> X 10°, or 1, times
the rate of dissipation.
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

P. 0, Box 271
October 29, 1958

Dr, Jule G. Charney, Director
Dynamical Weather Prediction Project
Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Dear Jule:

Thanks for forwarding the abstracts of your paper

so promptly. | am sure that all of us would be
delighted to have Ogura and Gambo attend and par=
ticipate in the discussions at Miami. | know both
of these people and regard them highly. If they
have specific contributions which they wish to
present as formal papers, it is too late to include
these in the printed program or the Proceedings;
however, we can probably work them into one or
another of the sessions. Please let me know as soon
as possible if they will bring papers to be presented.

Work on the Proceedings is expected to be completed
next Wednesday, and you should have your printed and
bound copy in the mail next weekend.
With best regards,

Sincerely,

(G~

R. H. Simpson, Director
National Hurricane Research Project




October 17, 1958

Mr, Robert Simpson

NHational Hurricane Research Project
P. 0. Box 271

West Palm Beach, Florida

Dear Bob:

Enclosed herewith are two copies of the abstract of my talk at
the Hurricane Conference.

I am very much looking forward to seeing you and hearing about
your new observations, The summer was too hectie to get amy
work dome on hurricane dynamies, but in the last week or so I
have become hot on the trail again,

We have two Japanese with us: Ogura, who is attached to our
project, and Gambo who is visiting. Would it be pessible to
bring onme or both along as spectators at the conferemce?

With best regards,
Sincerely,

Jule Charney
Jeitg
Ene: Abstract



MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CAMBRIDGE 39, MASSACHUSETTS

DEPARTMENT OF METEOROLOGY

October 17, 1958

Mr. Robert Simpson

National Hurricane Research l'rcjaet
P. O, Box 271

West Palm Beach, Florida

Dear Bob:

Enclosed herewith are two copies of the abstract of my talk at
the Hurricane Conference.

I am very much looking forward to seeing you and hearing about
your new observations. The summer was too hectic to get any
work done on hurricane dynamics, but in the last week or so I
have become hot on the trail again.

We have two Japanese with us: Ogura, who is attached to our
project, and Gambo who is wvisiting. Would it be possible to
bring one or bbth along as spectators at the conference?

With best regards,

Sincerely,

Jule Charney
Jo:tg
Enc: Abstract



On the Formation of Tropical Depressions

Abstract

The hypothesis is developed that tropical depressions owe their
origin to an organized release of latent heat through cumulus activity
in a convectively unstable tropical atmosphere., Contrary to the usual
assunption, the motion is not regarded as a free convection in a |
gravitationally unstable atmosphere, but as a forced comvection driven
by the latent heat released in the reglions of mean upward flow,

On the basis of this hypothesis it becomes possible to calculate
the dimensions and velocity and temperature structure of the incipient
disturbances as functions of the éry and moist adiabatic lapse-rates
and the vertical component of the earth's angular velocity.

An important part of the argument is concerned with the justi-
fication of a method for relating the heat released in cumulus con-
vection to the properties of large-scale flow.
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
P." 0. "Box 271
October 16, 1958

Dr. Jule G. Charney

Director, Dynamical Weather Prediction Project
Department of Meteorology

Massachusetts Institute of 1Echnology
Cambridge %9, Massachusetts

Dear Jule:

Since you were here last spring, I have heard nothing
further from you but have assumed that we may still
count upon your participation in the Hurricane
Technical Conference at Miami Beach in Nowember--both
as, _p member of the Board of Review and for the paper
ofi, hurricane model.

This hasty note is to ask that you send me some
manner of abstract, preferably as expanded as time
will permit, for inclusion in the proceedings which
is to go to press in about 10 days. This will be
distributed in advance to all members of the Board
of Review and made available to all registrants at
the beginning of the conference. While it is not
necessary for the expanded abstract to include
illustrations, we are prepared to reproduce these
if they are available.

I hope you had a very pleasant summer at UCLA and
that the fall session is shaping up per your
expectations. We are looking forward to having
you with us next month.

Very truly yours,

/Gt~

R. H. Simpson, Director
National Hurricane Research Project




UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

P. 0. Box 271
Dr. Jule Charney March 7, 1958
Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Dear Jule:

The AMS Committee for the Promotion of Research on Severe Storms is sponsoring

a Technical Conference on Hurricanes at Miami next November 19-22. The purpose

of the meeting is to survey progress, and to point up those areas in which furhter
research is most needed. It has been decided that for best results the scientific
program should consist entirely of invited papers from research units or individuals
known to have concentrated on some aspect of hurricane research in recent years.

A copy of the provisional program and list of invited papers are enclosed for your
information.

In view of the work which your organization has done on the hurricane problem,

we would like to invite you to present a paper at these meetings. It Is desired
that all invited papers be comprehensive in scope, reporting not only on the
background, and the progress of work thus far accomplished, but also the prospective
benefits of and requirements for further research of the kind discussed in the

paper.

Most sessions will contain no more than four papers, and approximately thirty
minutes will be allotted for the presentation of each, with at least half that

much time reserved for discussion. We have tentatively scheduled your paper for
session Vila, Friday afternoon, November 21st. The suggested topic and arrangement
of the session is quite tentative, and any alternative suggestions you may wish to
offer will be much appreciated. In any event the final title of your paper should
of course be of your own choosing.

Finally, all authors are being requested to submit manuscripts, or expanded abstracts
of their papers, to the local committee (Mr. Gordon Dunn, Chairman) not later than
October 20, 1958. Shorter abstracts should be forwarded in the usual fashion to the
Executive Secretary of the Society at Boston not later than September 1, 1958,

We shall look forward to having you with us during these meetings.
Sincerely,

P ¥

R. H. Simpson, Chairman
Committee for the Promotion of
Research on Severe Storms

Encls.




Draft
March 7, 1958

AMERICAN METEOROLOGICAL SOCIETY

Technical Conference on Hurricanes

Miami, Florida

November 19=22, 1953

(sponsored by the Committee for the Promotion of Research on Severe Storms)

Wednesday, November 19th
) 1600-1500
" 1700

Thursday, November 20th
11 0900=~1200

1330-1630
2000-2230

Friday, November 21st
Vi 0900~1200

Vil 1330~1630

Vil 1900
Saturday, November 22nd

I —————

X 0900~1200

1300~1700

Reglistration

Buffet-Supp;r at Poolside. (Sponsored by the
A.M.S5, Committee on Radar Meteorology).

(a) Climatology and Synopto=Climatic Studies.
(CHAIRMAN: Mr. J. J. George).
Prof. Erik Palmen).

(b) Storm Surges. (CHAIRMAN:

Radar Analysis of Severe Storms. (Joint session).
Cyclogenesis and Intensification.
(CHAIRMAN: Prof. Jule Charney).

Circulations and Energy Processes in the Storm
Core. (CHAIRMAN: Prof., H. R. Byers).

(a) Energy Cycles and Models
(CHAIRMAN: Dr, George P. Cressman)

(b) Observing and Tracking Facllitles,
Communications and Warning Dissemination,
(CHAIRMAN: Dr, Thomas Malone).

Banquet, (Address by Dr. Lloyd Berkner).

Prediction of Hurricane Movement.
(CHAIRMAN: Prof. H. Riehl)

Board of Review, and Conference on Research
Progress. (CHAIRMAN: Prof, Ertk Palmen
MEMBERS: Dr. H. R. Byers, Prof. Jule
Charney, Dr. George P. Cressman,
Mr., J. J. George, Dr. Thomass Malone,
Dr. Herbert Rlchi)




Draft
March 7, 1958

AMERICAN METEOROLOG I CAL SOCIETY

Technical Corfarence on Hurricanes
Miami, Florida
November 19=-22, 1958

LIST OF INVITED PAPERS

Session illa: U.S5.W.B,, Office of Climatology:
On the climatology of hurricanes

U.5,W.B., Extended Forecast Section:
Synopto=climatic studies of hurrlcanes

Travelers Insurance Company:
On probabilistic methods of hurr!cane prediction

Eastern Alrlines:
: On synoptic studies of hurricane behavior

Air Weather Service, Weather Central, Tokyo:
Synopto=climatic studies of typhoons

Sessfon 11ib: U.5.W.B,, OFfice of Meteorological Research: :
Evaluation of models and techniques for predictior
of storm surges

AgM College of Texas:
Storm=induced high water levels

Beach Erosion Board:
The nature of storm=induced high water levels

Japanese Meteorological Agency:
Coastal Inundations caused by typhoons

Session V2 University of Miami:
The spiral rainband as a predictor of hurricane
movement and intensity

Or, Raymond Wexler: :
On the spiral rainbands of hurricanes

(Other papers to be Invited by the Committee on radar meteorology)




Session V:

Session VI:

Session Vila:

Session Viib:

-2-
University of Chicago (Prof. Riehl):
Tropical cyclogenesis

U.S.W.B., Office of Meteorological Research (Mr. Hubert):
Frictional dissipation in hurricanes

National Hurricane Research Project (Mr. Gentry)
Case studies of tropical cyclogenesis

Massachusetts Institute of Technology (Prof, Wurtele):
Numerical prediction of tropical cyclogenesis

Prof. Palmen: ‘
Recapitulation of energy problems in the hurricane

Florida State University:
Eye circulations

Woods Hole Oceanographic Institution (Dr. Malkus):
Energy processes at the storm core

National Hurricane Research Project (Mr. Simpson):
Energy processes in the raln area

University of Chicago (Dr. Braham)
Cloud physics In the hurricane

Massachusetts Institute of Technology (Dr. Charney):
A physical model of the hurricane

Florida State University:
Energy cycles in the hurricane

University of Chicago (Prof. Riehl):
Numerical evaluation of energy processes in
the hurricane

University of Chicago:

A hydrodynamic mode! of a warm core clrcular vortex
Geophysics Research Directorate:

The hurricane beacon device

Alr Weather Service:
Hurricane reconnalssance facilities




Session VIib continued

/X
Session ¥+t

U, S. Navy: : ‘ -
Hurricane reconnaissance facllities

Project AROVA:
The use of the transosonde in hurrfcana predictions

U.SiW.B., 08SF Division:
Ground station facilities for detection, tracking,
and prediction of hurricanes

National Hurricane Research Project (Mr, Hilleary):
Aircraft recording and sensing Instruments for
weather investigations.

The public relations problem in dlsseminatlng
hurricane warnings

National Hurricane Research Project:
Prediction of hurricane movement

U.5.W.B., Hurricane Center, liami, Fla,:
Prediction of hurricane movement

U8 M.Bss Forecast Center, Washington National Airport:
Hurricane prediction

University of Chicago (Prof, Platzman):
Numerical prediction of hurricane movement

Australian Meteorological Service:
Prediction of tropical cyclone behavior




June 20, 1958

Mr, Cecil Gentry

National Hurricane Research Project
Research Operations Base

F. 0. Box 271

West Palm Beach, Florida

Dear Mr. Gentry:

Thank you very much for sending a copy of the paper, "Meso-scale
Circulations in the High Energy Core of a Hurricame," to Professor
Charney. He is spending the summer in Los Alamos and Los Angeles

at the University of California. I am forwarding the paper and a

copy of your letter to him., I'm sure he'll be happy to receive
both.

Sincerely,

Theresa Grant
Secretary to Dr. Charney

tg

cc: Professor Charney

i3 wvf' i - 18 J:/ ﬂf s
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

P. 0. Box 271
June 18, 1958

Dr. Jule Charney, Director

Dynamical Weather Prediction Project
Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Dear Jule:

Enclosed is a copy of the paper '"Meso-scale Circulations in
the High Energy Core of a Hurricane™, by the staff of the
National Hurricane Research Project. This paper describes
several interesting features of the circulation of hurricane
Carrie. Another paper will be prepared which will go further
into thermodynamical features and energetics of the storm.

We are forwarding this paper for your information and for
your files., At the present time the paper is being reviewed,
preparatory to publication in the NHRP preprint series, and
we would appreciate any comments you care to make.

Thanks again for the helpful discussions of the Carrie data.
With best personal regards,

Sincerely,

A(?‘JR. H. Simpson, Directoa

National Hurricane Research Project




March 12, 1958

Mr. Robert H. Simpson, Director
National Hurricane Research Project
P. 0. Box 271

West Palm Beach, Florida

Dear Bob:

Thanks for your letters of March 7th. I shall be very
glad to participate in the conference on hurricanes
Miami November 19-22, 1958. From the looks of the
gram it should be & very interesting ome.

With regard to my visit to your project at Palm Beach
I have been looking forward to it but last week I got
banged up in & skiing accident and will not be in a fi
condition to travel for another month and a half. Thi
would bring us to the middle of April. 1If it would be
convenient for me to visit you at that time, I would be

very glad to do so. To be specific,I could visit you

on April 17+20., 1I could take the Eastern Airlines flight
out of Boston on Thursday, April 17 at 8:30 a.m., srriving
at West Palm Beach at 2:10 p.m. How would that sult you?

With best regards,

L

Sincerely,

Jule G. Charney, Director
Dynamical Weather Prediction
Project

Jege:tg
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

P. 0. Box 271
March 7, 1958

Dr. Jule Charney

Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Dear Jule:

This will confirm my recent request that you participate in the Technical
Conference on Hurricanes at Miami next November 19-22, The Conference is
being sponsored by the AMS Committee for the Promotion of Research on

Severe Storms, and Iits purpose Is to review progress made on the hurricane
problem and to il1luminate those areas in which further research is needed,
To accomplish this the Committee is asking a group of '"elder statesmen' of
our Society to act as chairmen of individual sessions during these meetings,
then to participate during the last session of the Conference in a Board of
Review. Each Board member will be requested to review critically those
papers presented under the session for which he was chairman, and indicate
what he believes these papers add up to in terms of progress made, deficiencies
remaining, and the direction which further research in this area should take.,
It would be expected that discussion on the comments of each Board member
would be developed first among the Board members, and later by Inviting
participation from the audience, The proceedings from the Board of Review
will be recorded and, if practicable, be published In some properly edited
form,

The Committee would appreciate very much your assistance by serving as a

member of the Board of Review, and acting as Chairman of the session entitled
nCyclogenesis and intensification," scheduled for Thursday evening, November 20th,
We look forward to having you with us on this occasion.

Sincerely,

R. H. Simpson, Chairman
Committee for the Promotion of
Research on Severe Storms




Draft
March 7, 1958

AMERICAN METEOROLOGICAL SOCIETY

Technical Conference on Hurricanes

Miami, Florida
November 19=22, 1953

(Sponsored by the Committee for the Promotion of Research on Severe Storms)

Wednesday, November 19th

I 1600-1600
1 1700

Thursday, November 20th
R 0900~1200

1330-1630
2000~2230

Friday, November 2Ist

Vi 0900~1200

Vit 1330~1630

Vil 1900

Saturday, November 22nd
IX 0900~1200

1300=1700

Registration

Buffet.Supp;r at Poolside. (Sponsored by the
A.M.S. Committee on Radar Meteorology).

(a) Climatology and Synopto=Climatic Studies.
(CHAIRMAN: Mr. J. J. George).

(b) Storm Surces. (CHAIRMAN: Prof. Erik Palmen).
Radar Analysis of Severe Storms. (Joint session).

Cyclogenesis and Intensification.
(CHAIRMAN: Prof, Jule Charney).

Circulations and Energy Processes in the Storm
Core. (CHAIRMAN: Prof. H. R. Byers).

(a) Energy Cycles and Models
(CHAIRMAN: Dr. George P. Cressman)

(b) Observing and Tracking Faclliitles,
Communications and Warning Dissemination,
(CHAIRMAN: Dr. Thomas Malone).

Banquet. (Address by Dr. Lloyd Berkner).

Prediction of Hurricane Movement,
(CHAIRMAN: Prof. H. Riehl)

Board of Review, and Conference on Research
Progress. (CHAIRMAN: Prof, Erlk Paimen
MEMBERS: Dr. H. R, Byers, Prof. Jule
Charney, Dr. George P. Cressman,
Mr, J. J. George, Dr. Thomas Malone,
Dr. Herbert Riehl)




Draft
March 7, 1958

AMERICAN METEOROLOGICAL SOCIETY
Technical Corfarence on Hurricanes
Miami, Florida
November 19-22, 1950
LIST OF INVITED PAPERS

Session llla: ¥.S.W,B,, Office of Climatology:
On the climatology of hurricanes

U.5.%.B,, Extended Forecast Section:
Synopto=climatic studies of hurricanes

Travelers Insurance Company:
On probabilistic methods of hurricane prediction

Eastern Airlines:
On synoptic studies of hurricane behavior

Air Yeather Service, Weather Central, Tokyo:
Synopto=-climatic studies of typhoons

Sessfon 111b: U.5.W.B,, Office of Meteorological Research:
Evaluation of models and techniques for predictior
of storm surges

A&l College of Texas:
Storm=induced high water levels

Beach Erosion Board:
The nature of storm=induced high water levels

Japanese Meteorological Agency:
Coastal inundations caused by typhoons

Session IV: University of Miami:
The spiral rainband as a predictor of hurricane
movement and intensity

Dr, Raymond Wexler:
On the spiral rainbands of hurricanes

{Other papers to be invited by the Committee on radar meteorology)




Session V:

Session Vi:

Session Vila:

Session Vilb:

- 2“
University of Chicago (Prof. Rlehl):
Tropical cyclogenesis

U.S.W.B,, Office of Meteorological Research (Mr., Hubert):
Frictional dissipation in hurricanes

National Hurricane Research Project (Mr. Gentry)
Case studies of tropical cyclogenesis

Massachusetts Institute of Technology (Prof. Wurtele):
Numerical prediction of tropical cyclogenesis
Prof, Palmen:

Recapitulation of energy problems in the hurricane

Florida State University:
Eye circulations

Woods Hole Oceanographic Institution (Dr. Malkus):
Energy processes at the storm core

National Hurricane Research Project (Mr., Simpson):
Energy processes in the rain area

University of Chicago (Dr. Braham)
Cloud physics In the hurricane
Massachusetts Institute of Technology (Dr. Charney):
A physical model of the hurricane

Florida State University:
Energy cycles in the hurricane

University of Chicago (Prof. Riehl):
Numerical evaluation of energy processes in
the hurricane

University of Chicago:
A hydrodynamic model of a warm core circular vortex

Geophysics Research Directorate:
The hurricane beacon device

Air Weather Service:
Hurricane reconnalissance facilities




Session VIib continued

Session Vill:

U, S. Navy:
Hurrlcane reconnaissance faclilities

Project AROVA: , .
The use of the transosonde in hurricane predictions

U,S.W.B., 0&SF Division:
Ground station facilitles for detection, tracking,
and prediction of hurricanes

National Hurricane Research Project (Mr. Hllleary):
Aircraft recording and sensing Instruments for
weather investigations,

The public relations problem In disseminating
hurricane warnings

National Hurricane Research Project:
Prediction of hurricane movement

U.5.,W,B,, Hurricane Center, Miami, Fla.:
Prediction of hurricane movement

U.S.W.B., Forecast Center, Washington National Airport:
Hurricane prediction

University of Chicago (Prof. Platzman):
Numerical prediction of hurricane movement

Australlan Meteorological Service:
Prediction of tropical cyclone behavior




“

RPH;mac

WB Form 255.2
(Formerly 3069)

UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

Jme =5, 1958 : REFERENCE: A-3.32

Dr, Jule G. Charney

Room 24-508 ‘

Massachusetts Institute of Technology
Chamfridge 39, Mass.

Reference: Your travel voucher for $
under travel order No. __ 1187 _____ dated
for the period_______ __4[1-'_7_-_4[@9[_5_8_ ___________________ PR ol

Sir:

The voucher is incorrect or incomplete as to the points indicated. (The abbreviations used are
“SGTR” for “Standardized Government Travel Regulations” and * WBM” for * Weather Bureau Manual”).
——1. Check-mailing address. See Exhibit C—29-1 WBM.

——2. The name of the permanent official station.

——3. Per-diem computation when more than one rate is involved. See Pars. C-2614 (¢) and
C-2903 (e4) WBM.

——4. Per-diem computation for travel of not more than 24 hours. See Par. C-2614 (a) WBM.
——b5. Reason for travel outside the hours of 8 a. m. to 6 p. m. since the travel period was not more
than 10 hours. See Par. C-2604 WBM.

6. Per-diem may not be allowed for travel of less than 8 hours, nor for travel wholly between the
hours 8 a. m. 6 p. m. See Par. C-2604 WBM

7. Statement as to whether or not meals andfor lodgings were furnished free of charge by a
Government agency. See Pars. (2612 and C-2908 (¢) WBM. -

8. Statement as to whether or not leave was taken. See Pars. C—2504, C-2506 (a), C-2605, and
C-2903 WBM.

——9. The period of leave ig not clearly shown. See Pars. C-2605, C-2903, Exhibits C-29-1, and
C-29-2 WBM.

——10. Information asto duty status on See Pars. (2606 and C-2903 WBM.
——11. A record of the transportation requests used. See Exhibit C-29-2 WBM.

——12. Memorandum copies of transportation requests were not received. See Exhibit C—24-1 WBM.

13. Notation as to difference between transportation purchased with request and that actually
furnished on TR C- See Exhibit C-24-1 WBM.

-14. Time of cancellation of accommodations reserved on TR C— See Pars. C—2410 and
C—2412 WBM.

15. Unused ticket (or portion) purchased with TR C- was not received. See Par. C-2409
and Exhibit C-29-2 WBM.

16. Complete information as to members of the tamily who traveled at Bureau expense. See Pars.
C-2309, C-2911, and Exhibit C-29-1 WBM.

- : Transportation request book No was not returned. See Par. (C-2404 and Exhibit
C-29-2 WBM.

——18. Costof around trip ticket and reason for purchasing two one-way tickets. See Par. C-2407 WBM.
——19. Reason for not using a Government transportation request. See Par. C—2413 WBM.

——20. Certification as to necessity for use of superior accommodations. See Pars. C-2307 and
C-2310 WBM.

91. Statement as to expenses of transportation between lodging and place of duty. (Such expenses
are personal to the traveler when normally incurred by the publie or resident Government employees
in daily travel to and from work). See Pars. C-2303 and C-2305 WBM.

22, The necessity for the use of taxicabs. See Pars. C—2303 and C-2305 WBM.

——23. Statement as to hire of special conveyance. See Pars. (--2004 (d), C-2510, and C-2909 WBM.

24. Receipt for cash payment for Pullman accommodations. See Pars. 80 (n) SGTR., C-2306,
and C-2413 WBM.

25. Comparative cost statement. See Exhibits C-25-1, C-29-1 and C-29-2 WBM.

——96. Statement that travel was by the most direct route. See Exhibit C-29-1 WBM.
——327. Itineraries for both the actual indirect journey and a direct journey. See Pars. C-2306,
C—2506 (b), Exhibits C-29-1, and C-29-2 WBM.

98. Itineraries for both the actual interrupted journey and an uninterrupted journey. The cost
must be limited to a direct uninterrupted journey. See Pars. C-2005 (b), C-2506, Exhibits C-29-1,
and C-29-2 WBM.

29, Statement of travel by privately-owned automobile. See Par. C-2506 and Exhibit C-29-1
WBM.

(530) WB Form 2585-2

g 7 (OVER)

———




=——30. The cost to the Bureau may not exceed that for mileage for a direct automobile journey plus
per diem for a train trip. See Par. C-2506 (b) and Exhibit C-29-1 WBM.

31. Explanation of the excess of ‘miles over the Rand-McNally mileage. See Par.
C-2506 (b) WBM. ,

382. Under the provisions of your travel order, the cost by airplane may not exceed that for the
same journey by rail. See Pars. C-2311 and C-2906 WBM.

88. Reeeipt for the expenseincurred on_ i =0 oo .. —-. See Pars. C-2413,
C-2507, C-2702-2710 incl. WBM. ,

34 The 10 percent transportation tax of $ on the excess transportatlon cost

) was deducted from your voucher. See Par. C—2912 WBM.

h—“35. The official necessity for using a different mode of transportation on the return trip must he
shown
—36. The amount of the voucher has been apphed against your advance of funds account The
amount for which you are now acecountable is $ (

37. References to the WBM and correspondence should not be made on vouchers.
——388. The names and ages of your immediate family. See Par. C-2911(b).
—39. A reimbursement voucher is required to cover the transportation requests issued for travel
of the members of your family even though no other expenses were incurred. See. (-2904 WBM.
——40. Computation of the charges covering transportation of household goods should be at the rate
| See Pars. C-2803, C-2804, and C-2915 (a3, 4) WBM.
= Re1mbursement for transports.tmn of your household goods must be supported by

A. Evidence of shipment in the form of a commercial bill of lading or statement on the
carrier’s bill head ineluding the points of pick-up and delivery. The bill of lading should include
:2.11 (iharges and should be receipted by the Carrier’s Agent to show receipt of payment. C-2915
al) WBM.
B. Weightmaster’s certificate showing the gross, tare and net weights. C€-2915 (al) WBM.

——C. Temporary storage receipt showing inelusive dates of storage, weight of the goods stored,

and location of the storage. C-2915 (a2) WBM.

——D. Statement as to unallowable items in the shipment of household goods or personal effects.

See Pars. C-2001(k) and C-2914(d) WBM.
——42. WB Form 274-1 (Formerly 6060) has not been regeived,:  Beo: Par. C-2105(b2) WBM

43. The number of the trip authorization was not entered on the memorandum copy of the
voucher. The expenses theron have been charged to Trlp Authorization No We
should be informed as to the correct number if that number is not applicable. See Par. C-2105(b) WBM.
—44. Computation of per diem should be as shown on the attached sheet,

A5, The correct per diem is 3 3/4 days insteadof 4 days. There_fore the

allowable per diem is $45.00 instead of $48.00, Also the allowance for mileage
is 40 milea at $0.07 per mile instead of at $0.08 per mile. We have therefore

deducted an amount of $3.40 for excess costs.

——Nonghergtibmittedu oot ona 250 Top o o D $ 51.20

been reduced by suspension in the amount of
has been placed in course of settlement in the

amount of

Any suspended items may be resubmitted in a subsequent reimbursement account, which must be
accompanied by this letter, in accordance with the provisions of paragraph 88, Standardized Govern-

ment Travel Regulations. N
£ # ) .-'"J,“-‘: |;
Stusiyom,

e P

. Commerce-Wea. Bur., Wash., D, C. 530 (_/ J. W. McCook

N el a0 S i Chief, Fiscal Section.

——All corrections and/or changes on the voucher must be initialed.
—— All supporting statements must be in duplicate.
——Voucher retained pending receipt of required.
-—Rece'lbt.s (subvouchers) submitted with the voucher:
H have been retained.

———are returned with the voucher.

{
&




Standard Form No. 1012a—Revised
Form prescribed by D. 0. Vou. No.

o v . 1050 TRAVEL VOUCHER J
General Regulations No. 88
(Amended Feb. 20, 1952) Bu. Vou. No.

U.s. Department of Commerce, Weather Bureau PAID BY
(Department, bureau, or establishment)
Payee’s name __Jule €. Charmey, Room 24-508
Mzt sdiiveas Massachusetts Institute of Technology
Cambridge 39, Massachusetts
Cambridge
(Official duty station) (Residence—For use by Postal Service employees only)
Travel and other expenses in the discharge of official duty from APELl 17 to April 20, 1958 under authority
(Date) (Date)
No. 1187 dateq _Mazch 19, 1958 , copy of which is attached, or has been previously furnished. Ihavez
travel advanceof 00  towhich§__ of this voucher should be applied.
MEMORANDUM
DOLLARS |Cente
AMOUNT CLAIMED # 51
(For Administrative Use) Differences:
i 1 L Rty ma £, ) e N el ) R A R D e DR w2 N 10 A I s

Total verified correct for charge to appropriation(s) (initials)

Applied to travel advance (appropriation symbol)

NET AMOUNT TO TRAVELER

The next previous voucher paid under the same travel authority was:

D. 0. Vou. No. , paid by
(Month—year) (Insert name and symbol of disbursing officer)
i
ACCOUNTING CLASSIFICATION (Appropriation Symbol must be shown; other classification optional)
ALLOTMENT
APPROPRIATION OBJECTIVE CLABSIFICATIOR
AMOUNT
SymBOL AMOUNT BYMEBOL " VoucHER L1QUIDATION SYMBOL AMOUNT
PROJECT (for Working Funds)
SYMBOL AMOUNT
Paid by Check No.
MEMORANDUM
Dated .
-‘-L“- o

16~—63078-3




SCHEDULE OF EXPENSES AND AMOUNTS CLAIMED
1. Departed from official duty stati'on_m_%?u— W

2. Temporary duty station on last day of next preceding voucher period was

WHEN TYPED
USE SINGLE SPACE

date of arrival at such temporary duty station Aprdl 17, 1938

DEBCRIPTION
(Include all information required b;
compute distances, show

e

NUMBER
OF MILES
current regalations; if speedometer readings are nsed to
ginning and ending readings in this column

(Fill in 1 and 2 above only when dates are prior to period covered by this voucher)

AMOUNT CLAIMED

cents per MILEAGE
mile

SUBSISTENCE OTHER

Grand total to face of voucher
(Subtotals, to be carried forward if necaaeary)

S Al L
TRANSPORTATION

AGENT'S
REQUEST NUMBER

TRANswmmﬁﬂ“ﬁhfﬁtﬁﬁﬂ “WITH GOVERNMENT TRANSPORTATION REQUESTS
VALUATION

(Not to be claimed by araveler)
INtTIALS OF CARRIER
oF '"TICKET f,

MODE AND
IssuiNGg TICEET

DATE
OLASS OF
BERVICE] IssuED

EAL

POINTS OF TRAVEL

8 M-smm

West

+“Pullman accommodations: MR, master room; DR, drawing room; CP, compartment ; BR, bedrcom; DSR, duplex single room; RM, roomette; DRM, duplex
16—B3078-1

roomette; S0S, singie oceupancy section; LB, lower berth TUB, upper berth LB—UB lower ‘and upper berth; 8, seat)
. S, GOVERNMENT PRINTING OFFICE




P he Monte Cristo Flotel
o Palm Beach, Hlorida

PERSONS

/\h‘t )1' ":'(g
A L -"'\ﬂ\_{‘.,JL‘L
NAME [/

) : g
BILLS PAYABLE {b’u.i‘_.e__"f ){‘:’—l-u' T;-.._ Mt e

i

WHEN PRESENTED ARR. DATE 4 RATE o CLASS f} L 7
Fe B 9

LJ-’I‘T fj"f A% ReGc. No. ’

DATE 10 177 14 /[I 2 O TOTAL
AMOUNT FOR'D { h’d (L J“ 1L bf

4 )
RoomMs : Zb 0O Y

3% FLORIDA
SALES TAX —

DINING ROOM

BEVERAGES

PHONE

PHONE L. D,

VALET

LAUNDRY

TELEGRAMS

BAGGAGE

SOLARIUM

CASH ADVANCED

TRANSFER FROM

TOTAL
CASH RECEIPTS
ALLOWANCES
TRANSFER TO

BALANCE

FORM 5051 CARB. BARNETT'S, MIAMI - MIAMI BEACH - PL 4-3457




:—?anﬁsc?;,zg U.S. DEPARTMENT OF COMMERCE 1. DATE OF PREPARATION 2. NO. OF ORDER

Pres. b

AR TRAVEL CRDER 1187

BUREAU OR OFFICE 3. DATE OF ORDER 4. T.R. NUMBER(S)
W_ather Bureau March 19, 1956 A0, L78,328/330

5. PURPOSE OF TRAVEL

To consult with and advise the National
Hurricane Research Project personnel on

Hurricane Research.

6. NAME AND TITLE OF TRAVELER(s)

Dr. Jule G. Charney
Director, Dynamical Veather
Prediction Project

7. ITINERARY

From Cambridge, Mass., to West Palm Bsach,
Fla., and return to Cambridge, Mass.

8. ORGANIZATION UNIT

9. PRESENT OFFICIAL STATION
Cambridge, Mass. (residence)
10. TOTAL EST|. | TRAVEL EFFECTS

MATED cosT |¢ 191.00 $

11. APPROPRIATION AND ALLOTMENT

1381400 § 0181201

12. PERIOD BEGIN ON OR ABOUT END ON OR ABOUT

oF TRAVEL | 1;/17/58 L,/21/58

13. funos avaiLABLE (For use of Accounts Section)

GWC

14. MODE Common carrier (except Extra Fare train)
OF via__Plane

15. PER DIEM RATE(S)

(] Common carrier determined to be impracticable

D Other means (Specify)

TRANSPOR- D Privately-owned automobile at___ per mile
TATION [C] Reimbursable cost not to exceed cost by common carrier ,?512 .00

[C] petermined to be more advantageous to the Government

16. CHANGE | To
OF

OFFICIAL [J AUTHORIZATION FOR SHIPMENT OF HOUSEHOLD EFFECTS IN ACCORDANCE WITH E.0. 9805, AS AMENDED

STATION | FROM To

ESTIMATED WEIGHT (Pounds)

(] AUTHORIZATION FOR TRANSPORTATION OF______ MEMBERS OF IMMEDIATE FAMILY IN ACCORDANCE WITH E.0. 9805, AS AMENDED

17. SPECIAL PROV.ISIONS OR REMARKS

If this order directs a transfer of official station, it is hereby certified that this transfer is not made
primarily for the convenience or benefit of the officer or employee or at his request.

18. SIGNATURE OF REQUESTING OFFJCER

TITEE

20. DE- DATE PLACE
TACHED

21. RE- DATE PLACE
PORTED

22. CERTIFIED TO BE A TRUE COPY

19. CERTIFICATE OF AUTHORIZATION BY DESIGNATED
AUTHORIZING OFFICER

You are hereby authorized to travel at Government expense
under the conditions ‘noted on this authorization and in ac-
cordance with the Standardized Government Travel Regulations.
The number and the date of this authorization must appear on
each voucher claiming reimbursement for expenses incurred
consequent to this grder.

Signature

Acting [ of Bureau

Title

AB.4 =
Lo T-47¥% ch7-4 582

COMM-DC 1016




Mr. Robert H.
Director
Hational m““’
P. 0. Box 271 Research Project
Palm Beach, Florida
Dear Mr. Simpsom:
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April 21, 1958

Mr. Robert H. Simpson, Director
National Hurricamne Research Project
P. 0. Box 271

West Palm Beach, Florida

Dear Mr. Simpson:

Having been informed of the operational difficulties of the
National Hurricane Project in collecting low level observations,
I should like to make the following statement:

It will not be possible to make significant improvements in
our ability to predict the formation and movement of tropical
cyclones, or to exert a measure of control, without a thorough
understanding of their physical nature, For this purpose a
detailed knowledge of the structure of the storm in the so-
called friction layer is essential. The friction layer is

the region which determines the downward transport of momentum
and hence the frictional drag on the storm. It also is the
region which determines the flux of moisture from the sea sur-
face and hence the latent enmergy supplied to the storm, More-
over, it is possible that variations in frictional stress are
responsible for the eye and the rain-band structure. Thus, in
the absence of low level observations it would be very diffi-
cult, if not impossible, to piece together the various parts
of the hurricane structure into a dynamically complete whole,
Since low level aircraft reconnaissance is the only presently
available method for collecting such observations over the
sea, and since this method is not likely to be superseded in
the near future, every effort should be made to conduct the
necessary flights, within reasonable limits of air safety.

Sincerely yours,

Jule G. Charney

Professor of Meteorology

Director, Dynamical Weather
Prediction Project.

jge:tg



April 7, 1958

Mr, Bowen
& Whitcomb Company
Street
Wellesley, Massachusetts

Dear Mr, Bowen:

Here is the Transportation Request for Dr. Jule
Charney's trip to West Palm Beach in April 1958, will
his schedule be as follows: MApril 17, leave Boston at
8:30 a.m, on flight 817, arriving West Palm Beach at
2:10 peme; April 20, leave West Palm Beach at 5:30 p.m.
on flight 612, arriving New York at 9:06 p.m., leaving
New York at 9:40 p.m., arriving Boston at 11:17 p.m,

Many thanks for your help,

Sincerely,

Terry Gramt

Secretary to Dr. Charney
(=
Enclosure

File: Raymond & Whitcomb
o Weather Bureau - Hurricame Project



MAR 181958

UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

P. 0. Box 271
March 14, 1958

Dr. Jule G. Charney, Director
Dynamical Weather Prediction Project
Massachusetts Institute of Technology
Department of Meteorology

Cambridge 39, Massachusetts

Dear Jule:

We were sorry to learn about your skiing accident.
However, it is fine to know you are counting on visiting
us this April. The times you suggest are excellent, and
we shall have travel orders cut and forwarded to you in
ample time.

With best wishes,

Sincerely,

R. H. Simpson, Director
National Hurricane Research Project

Night letter sent April 14, 1958




March 12, 1958

Mr, Robert H. Simpson, Director
National Hurricane Research Project
P. 0. Box 271

West Palm Beach, Florida

Dear Bob:

Thanks for your letters of March 7th. I shall be very
glad to participate in the conference on hurricanes in
Miami November 19-22, 1958. From the looks of the pro
gram it should be a very interesting ome.

With regard to my visit to your project at Palm B

I have been looking forward to it but last week I got
banged up in a skiing accident and will not be in a fit
condition to travel for amother month and a half. This
would bring us to the middle of April. If it would be
convenient for me to visit you at that time, I would be
very glad te do so. To be specific,I could visit you

on April 17-20, I could take the Eastern Airlines flight
out of Boston on Thursday, April 17 at 8:30 a.m., arriving
at West Palm Beach at 2:10 p.m., How would that suit you?

With best regards,
Sincerely,

Jule G. Charney, Director
Dynamical Weather Predictiom

Project

Jgeitg
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UNITED STATES DEPARTMENT OF COMMERCE e ,-;"‘””';'f'f‘a
WEATHER BUREAU

RESEARCH OPERATIONS BASE
WEST PALM BEACH, FLA.

P. 0. Box 271
March 7, 1958

Dr, Jule Charney
Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts
Dear Jule:

| recall that during my recent visit to M.l.T. we agreed that
you would try to set aside a time to visit our Project at Palm Beach
sometime during the latter part of March or early April. While we
can write travel orders on short notice to cover your trip here, it
would assist our planning If we could know approximately the date you
expected to depart. As soon as | hear from you | will have our Business
Manager In Washington, Mr. Youmans, issue the necessary authorizations
and provide you with a Government Transportation Request.

With best regards,

Sincerely,

Ve /2

R, H. Simpson, Director
National Hurricane Research Project
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UNITED STATES DEPA_ﬁTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

March 7, 1956

IN REPLY, PLEASE ADDRESS
CHIEF, U. S. WEATHER BUREAU
WASHINGTON 285, D. C.

AND REFER TO

H=1

Dr. Jule G. Charney, Director
Meteorology Project

The Institute for Advanced Study
Princeton, New Jersey

Dear Dr. Charney:

We are pleased that you can be with us March 23.

Enclosed are three papers which will give you background

information concerning the National Hurricane Research
Project. If you have time to read these before visiting
our headquarters in Washington, we believe it will expedite
our discussions and make possible more efficient use of

your time as an advisor.

Very truly yours,

Encls.




NATIONAL HURRICANE RESEARCH PROJECT

Task Organization Plan

COOPERATING NATIONAL

GOVERNMENT : )
AGENCIES Interdepartmental WEATHER Consultants:

3 3 'PANELS ON:SYNCPTICS,DYNAMICS ,STORM
i e g coordlnatlon SERVICE SURGES , INSTRUMENTS C;.OU‘D PHYSICS
COMMERCE, NAVY n J

i
: RESEARCH AND
DATA COLLECTION DATA PROCESSING DEVELOPMENT CONTRACTORS

AIRCRAFT INVESTIGATIONE SPECIAL OBSERVING AIRCRAFT & HURRICANE STRUCTURE FORECAST STUDIES

DATA
1. CIRCULATION AND ENERGY BUDGET NETWORKS AND HETWORE DAL 1. CIRCULATION DYNAMICS 1. SHORT PERIOD
INSTRUMEN TATIONS (OPTIMUM USE OF AUTOMATION) (INTERNAL & ENVIRONMENTAL)
L a. ¥ ¥ P STUDIES
’ INFLOW LAYER :
VORTEX L LA R e BENGGEICK OUTFLOW LAYER b, FORECAST PROCEDURE
ENVIRONMENT i B coin DEVELOPMENT FOR
SRR 2. RADAR THE EYE
2 CYCLOGENSIS
DEVELOPHENT

a. HURRICANES

3. ANALYSIS
b. OTHER PERTURBATIONS 5 Gt i ORURR . THE RAINBANDS

. EDITING AND EVAL
2. CLOUD PHYSICS OF HURRICANES e T e 4 ! IATION ENERGY BUDGE'

T s
SOURCES AND SINKS) EC
ELECTRICAL .PROPERTIES e SATAOU TG : COASTAL INUNDATIONS

NUCLEI & CHEMICAL e BES ENLD « SYNOPTO-CLIMATIC
PROPERTIES TECHNIQUES

. FEASIBILITY STUDIES ON
DROP S170 OCEANOGRAPHIC 6. MICROFILMING & FILING HURRICANE MODELS WARNING PROCEDURES

LIQUID WATER CONTENT OBSERVATIONS

NWRC - ASHEVILLE . THEORETICAL MODELS 2. LONG PERIOD
1. TEXAS TOWER INSTALLATIONS . EXPERIMENTAL MODELS 4. CLIMATIC TRENDS

2. GULF OIL RIG INSTALLATIONS HYDRODYNAMIC ANALOGIES INFLUENCING HURRICANE

N W P MODELS

3. SPECIAL SURVEYS OF COASTAL b. CLIMATIC ANALYSIS OF
HURRICANE TRACKS

INUNDATIONS CAUSED BY

ROCKET RECONNAISSANCE COASTAL INUNDATIONS

g R BIBLIOGRAPHY GENERAL el
HURRICANE CLOUD SYSTEM FROM A AND ABSTRACTS CIRCULATION STUDIES 2. lﬂlg}:g?ﬂm OF INUNDATION
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1, DYNAMICS OF THE STORM SURGh

HEIGHT OF 50 MILES, ON HURRICANES ROLE OF PLANETARY WAVES IN

CYCLOGENESIS
RECURVATURE
DISSIPATION

2. COLD LOWS IN THE TROPICS

3. LARGE SCALE ENERGY EXCHANGES

PUBLICATION HURRICANE BEACON

1. PREPRINT SERIES 1. DEVELOPMENT AND TESTING OF

CONSTANT VOLUME BALLOON AND

2. MONOGRAPH SERIES & BEACON FOR TRACKING STORM
JOURNALS CENTER,

3. FINAL VOLUME ON THE
HURRICANE

AS OF JAN.1, 1856




NATIONAL HURRICANE RESEARCH PROJECT
PHASE 1-1956

1. WEST 1NDIES OBSERVATIONS NETWORK Il. AIRCRAFT INVESTIGATIONS: HURRICANES,
& EXPERIMENTAL ANALYSIS AREA EASTERLY WAVES, OTHER PERTURBATIONS
(ROUTINE SIMULTANEOUS FLIGHTS BY 1 B-47 AND 1 B-50,

(TWICE DAILY RAWINSONDE FLIGHTS TO 80,000 FT) TWICE WEEKLY;
SPECIAL HURRICANE MISSIONS: SIMULTANEOUS FLIGHTS

OF 1 B-47 2 B-50S COVERING 6 LEVELS)

g-47

=
‘kﬁb (TRACKS AT 32,000 8 42,000 FT))

880

T 3 (TRACKS AT 15,000 8 25000 FT) %
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TRI o
ﬁ { 0 8-50,
(TRACKS AT 1000 & BO00FT)

SPECIAL OBSERVING FACILITIES SPECIAL AIRCRAFT INSTRUMENTATIONS

#. PRECISION NAVIGATION EQUIPMENT L LIQUID WATER, ICING RATE, DROF SIZE MEASURING

EQUIPMENT
LEGEND: b. SEARCH RADAR

TWIC j- CONDENSATION AND FREEZING NUCLEI COUNTERS
® camg,g‘;g‘;ﬁ;:‘a”ﬁg;:ﬁmus ¢, VORTEX, STAGNATION, ASPIRATOR
THERMOMETERS k. ELECTRIC FIELD RECORDERS

gﬁgﬁamgm?ggmgm d. INFA RED EYGROMETER L. TIME LAPSE CLOUD PHOTOGRAPHY CAMERAS
STATIONS) &, PRECISION MEASUREMENT AND RECORDING  m.CONTINUOUS RADAR PHOTOGRAPHY FROM PPI
O RADAR PHOTOGRAPHY AND RAINBAND OF SPOT WINDS AT FLIGHT LEVEL REPEATERS
ARsLIRe f. PRECISION EQUIPMENT FOR MEASURING AND  n, DIGITAL RECORDING ON PUNCH CARDS FOR ALL
e  PROPOSED RESEARCH FLIGHT TRACKS DIRECTLY RECORDING D VALUES DATA REQUIRING RAPID MACHINE PROCESSING
| RADIOMETERS FOR SEA SURFACE o. HEILAND RECORDER FOR CLOUD DATA
i AR WEATHER SERVICE OPERATIONAL EEADIONE)
5. SUPPLEMENTAL PHOTOPANEL RECORDING FOR ALL
h. ELEC'TRIC ACCE LEROMETERS NAVIGATIONAL AND METEOROLOGICAL DATA

II1. RESEARCH OPERATIONS BASE, | IV. SPECIAL RESEARCH TASKS
MIAMI FLA.

4. PLANNING AND DIRECTION OF AIRCRAFT INVESTIGATIONS

4, FORECAST DEVELOPMENT STUDIES MIAMI, WASHINGTON {. INSTALL OCEANOGRAPHIC RECORDERS (CONTRACT)
b. MACHINE PROCESSING AND ANALYSIS OF AIRCRAFT DATA b. N'W P STUDIES (CONTRACT) . R AND D ON S$TORM SURGES (SEVERAL CONTRACTS)

©. OPERATION OF EXPERIMENTAL TROPICAL ANALYSIS UNIT... ©. EYDRODYNAMIC MODEL STUDIES (CONTRACT) h. ROCKET RECONNAISSANCE OF HURRICANE CLOUDS(CONTRACT)

DAILY ANALYSIS AND FORECASTS FOR WEST INDIAN TEST ARE.
A d. GENERAL CIRCULATION STUDIES 1. HURRICANE BEACON DEVELOPMENT (CONTRACT)
d. COORDINATION OF PROJECT ACTIVITIES AT LARGE
Bl = e. CLIMATIC TRENDS AFFECTING HURRICANES
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AT $OMAL HURRICAME RESEARCH PROJECY
Description of Fesearch and Deve!opment Tasks

The primery purpose of the Resesrch Uperations Base is to dasign and
conduct @ program for tha collection of data of importance to the anaiysis

of hurricanes and other basic problems in tropical metecrsiogy, and to

initiste such research and development with these data es say coniribule
to the solution of the forecast problem.

The research sad development to be conducted 8t the Ressarch Upsrations
Buse (R.0.8.) is divided into ten tasks. The steff of the R.0.0. hes buen
divided Into toams which have boenmssigned specific responsibility for the
research and development effort on esch task. It is proposed that the thres
members of eech team nol only collsborate la the ressarch effer: but alse in
the publication of pepers pertsining to these tasks. Lsch steff member is
assigned o iwo or more tasks and 1a most instances s desigasted as a3 task
leader in at least one. The task lesder ordinerily would be expected to be
the sesior suthor in reporting work by the tesm. It is not Intended, however,
that the letter be sn imvariable rule or thet the tesk assigmments unduly
restrict the scape of Interest of iadividual staff meabers. For wusple, if
ressarch en ose phase or tesk by an individual develaps on ides or & specific
interest in some quite seporste facet of importasce to the overal! problem,
it would be expected thet the Individusl pursue work on this new area of
interest.

The following will describe and outline geasrally the objectives and
initial procedures which should be considersd by the several resserch leams
in planniag work on sach task assigmment.
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DESCRIPTION: This task will sttespt to detersiae the nature of circulation
sectors or layers of inflow, outflow, and large-scale turbuleat flow; the
volume, the description of the mejor structurs! compoments and their
dynsmical nature inchuding the spiral ralaband, the sys, and stratiforn
or oulflow chowd laysrs.
UBJECT IVES:
. To develop a reliable modei of hurricass cliveulation and
structure which may be useful In disgoostic amalyses of the huwrricane
for specifying the state of development in terms of minieum availabis
data.
b. To provide e iesis for sccurete svelustion of enargy distribution
and flux In the hurricane system, end to better anderstand environ~
mental sources which control the development of the hurcicane.
c. Teo distinguish betwesn conservative and transitory aspects of
the hurricane circulation.
PROCEDURES: The First undertaking should bs to obtaln, through siem)tenecus
flights of thres aircraft s complete & quasi=synoptic description of the
entire circulation of the storm as possible, sssuming thet circulations
within the storms are reesonably steady. The second step should probably
involve sector sampllag to determine the degree to which circuletions are
nonsteady and chevacterized by surges of energy. Finelly, it may prove
both desirable and inportent to utilize all three alreraft Lo detect and
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track the prograss of & serge in civculation as it moves through the
storm. As & moesuve of the stesediness of circulations it will be necessary
to take repested samplings of circulations in the eye ot a number of levels
during the course of a ten= or twalve-hour reconnpissance of the storm. As
» byeproduct of the largs ares recosngissance effort, specific atteation
should be glven to small-scale variaticns In civculation, or circulation
ancaslies, in the vicinity of individual ralnbands.

As @ further meeas of determining elrculation cheracteristics, various
tracer materials should be used, relesss being mede in or near the eye, sad
sampl ings wads to determias Its ratio aad meoner of distribution.
DESCRIPTION: A gquantitative specification of emergy sources and sinks Ia
the hurricane, the distributlon of kinetic energy, the naturs of momentum
and heat fluxes and of snergy exchaenges betwsen the hurricane and jts
environment .

SBJECTIVES:

2. To describe precisely the manner in which energy is relessed

within the hurricene and the specific envirsamental sources from

which the critical ensrgy supply Is drawa,

b. To define precisely the seoner ln which energy is returned to

the eaviromment and the aveas priserily affected by this retuera.

¢. To compute an esergy budget for the hurricane which del insetes

#l! sources end svenues of snergy input to the storm and output to

the enviromsent, and the potential effect of the latter upon larger

scale circulations.
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PROCEDURES: Collect information ia the manner and order described
for Task |, including freguent measurements of wind, tewpersture
and pressurs, first (o @ meture storm, second In lmwturs and de=

#0d_ixa Environment.

DESCRIPTION: mmﬁmummmmmm
meat will be studied.

OBJECT IVES: To detormine the source of the cyclonlc momentum which
is concentrated in @ hurricene, amd to estisste the transfer of
momentus from the hurricans to the sea; alse to sstimets the flux
of mmsmatos through the warlous portions of the sterm.

PROCEDUAES: The date evallabls to the project should meke passible
& meso~analysis of circuletions in the hurricese and its eaviroament
of sufficient detall to compute the womentum flux bLetween the burrie
cane snd its stmospheric environment. The net gain to the hurricsne
from the stmospheric enviroament should equal the smount lost te
the ses. A census of the ccesn waves will be made to sehe possible
@ calcolation of momentum transferred to the sea.

DESCRIPTIONT This task will sttespt to delineste specific factors
#ad ensrgy enchenges which comtribute to the movement of the hurrie
Tane,

OBJECTIVES: To separats and describe the specific contribution to
movement of the hurricans by (1) the momentum of enviresmestal
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cireulations snd (2) by the internal dynemics of the storm.
PROCEDURES
®. Heasure and deseribe in fine detail the distribution
of mass dlvergence in the colusns near and (mmediately in
advance of the eye, snd determine the contribution to
pressurs chaage provided thereby.
b. Hessure the vorticlity of the inflow layer meer the
mmmﬂu-rmmmmumm
chaoges therein to the change in distribution of divergeace
nsoar and in advance of the eye.
¢. Obtaln precise moasurements of pressere gradient forcss
the relation of changes here to changes in stors wovesent.
d. Weasure divergence In sutflow laysrs.
5. Aotecedent Conditions.
DESCRIPTION: The snalysis end description of all mesner of perturs
betions in the trepical fleld of metion, and the specification of
stherwise contribute to the inception of hurricane or subtrepicel
cyclones.
CBJECT IVES:
a. To detorsine whether there are specific processes in
mmtswuuwmua
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the foreation of hurricanes, or whether such formation

results from less well organized synoptiz eveats cone

tributed primarily by the Jowest layers of the atmosphere

and the ocean surface.

b. To describe the distribution of cess divergeace in the

sasterly weve and to deflas If possitle tha origin of the

waves and the specific process by which they move.

¢. To determing specificelly the source and evolutionary

process of Instabliity in easterly waves.
PROCEDURES: uUtilize twe alrcraft, a D50 and & B~U7 to recon~
aolter and swoep out in fine detall the distribution of sess
dlvergence st sppromimetely four layers, varying the flight
slevations on successive days @3 necessary to deformine the
tevel of major contribution, amd varistions in this level, as
DESCRIPTION: An anslysis of synoptic anomalies in data from
GEJECTIVES: To determine the extent to which deviations from
the synoptic pattern by individual rediosonds reports in the
tropics may be attirbuted to instrumental, to procedural, and
to loenl weristions In the otsusphere.
PROCEDURES 1

@. Reports which are spparentiy inconsistent with the

overall synoptic pettern should be “flagged  on daily




s

analyses at the £.0.8. and the original records of
to determine whether the appavent error is:

(1) Persistent st av single statien.

(2) nRendom but sttributeble to instrument lastability
or cbssrvetional erver,

{3) Actributable to the patheof the radiosonds (e.g.
through cloud and rain).

(&) Attributeble only to vertical wotions or other
in transit. A station by station record of
distributions of these errors and their types
should be kept. Methods should be evolved for
el iminating bisses in the asalysis which might
tend to concentrate more srrors on one statione

b, Heasure temperature and pressure gradieats betwoen
racinsonde stations by aircreft recomsissenss to chack
accuracy of rawinsonde deta.

DESCRIPTION: This task will undertake a dey-to-~day smalysis of
tropicel clroulations and surges of esergy which appear and move
with these circulations and will investigate the wmanmmer In which
they sometimes contributs materially to or sssociate themselves
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with the procoss ks as confluance.
ORJECTIVES: To determius the generstive seurce of cold Lows
in the tropics, of thelr developmeat, and the specific manner
ia which the flow of esargy from the tropics contributes to
the general clirculation of the westeriies.
PROCEDURES: The combined wse of airuraft, transesonds, and
the west lodian netwark should provids the basis for a daily
the devalopment and sovement of energy surges in the troplcs.
8. Slgud Phvsics-
DESCRIPTION: This task will sttespt to determine the smount
of liquld water and drep size distributions, and distributions
of condensation and freszing muclei, the extent of superecooled
woter, and the slectric fiald properties of the hurricane clowd
systes,
GBJECT IVES:
2., To determine the reletive laportance of the subl lsation=
% b. Yo compute weter and enorgy budgets of the ladividual
convect ive storms which align into bend structures charsce
teristic of meny sectorsiof a hurricane.
¢. To study the electric fisld gonarated n & hurricans.
PROCEBURES: Clowd sampling and dote collaction would procsad
@8 & rostine pert of the larger~scaie hurricane recommelssence
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program, with flights being diverted or delayed in accordance
with prearranged plans for specific investigations of cloud
elements or local cloud structures with the storm. In addition,
in order to accomplish the above tasks, certain features of the
following kinds of data will be analyzed in terms of the micro=
physice! processes of clouds: (1) air temperature in and around
cloud elements, (2) moisture distribution In and around cloud
elements, (3) radar plctures of precipitation cores in clouds,
(4) turbulence and sustained vertical alr motlons Inside clouds
and 1n the cloud environment, and (5) cloud visual and optical
density.
9. Mesther Modification.
DESCRIPTION: This task will investigate the artificial release
of latent heat of fusion in the hurricane snd the measurement of
its effect upon hurricane development and movement.
OBJECT IVES:
a. To seed hurrlcane cloud systems n a manner which will
result in the glaciation of supercooled clouds, and the
release thereby of latent heat of fusion.
b. The measurement of changes in temperature and pressure
gradients resulting therefrom.
¢. To evaluste the effect of this modification, If any,
upon the development or movement of the hurricane.
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PROCEDURES: In designing the program, the sclentists will
draw heavily upon the werk accomplished under task "8" and
the past several years of experience of the University of
Chicago Cloud Physics Project and others who have seeded
tropical clouds. One plan which may be used follows.
Careful surveillance of a single sector of the hurricane
adjacent to the eye should be made prior, during and follow
ing the sesding operstion, to include measurement of detailed
tomperature and pressure gradients, icing rates and amount of
liquid water and humidity. Seeding probably should be ac~
compl ished in a sector of the altostratus outflow layer several

 thousand feet above the freszing leve! betwsen the eye of the

ﬂ:m or second distinct spiral rain band, with 2 view to
producing an optimel amount of glaciation in the altostratus
shisld and which in turn would seed the convect!ve area of

the adjacent reinband as a consequence of out-flow circulation
of the altostratus.

DESCRIPTION: This task will apply results from research and
development at the Research Operations Base to design and test
improved methods of hurricane forecasting.
OBJECTIVES:
&. To conduct essential |lalison between the major hurrie
cane forecast offices and the R.0.B. to assure
(1) that the data collection program obtains information
which will specifically benefit forecast development
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projects, and
(2) the RED results of Interest and importance to
hurricane forecasting are made known to research
forecasters at these centers.
b. TFeo design aircraft operational procedures which will
permit the collection of data for testing specific fore=
cast methods or hypotheses.
.8+ To conduct studles designed to organize and incorporate
RED findings into forecast procedures and conduct preliminary
i tests of their usefulness.
PROCEDURES: The closest possible liaison and interchange of ldeas
between the R.0.8. and the Miaml WBO-FSU group will ba a responsi~
bility of the forecast applications team. This will involve fre-
quent trips to Miami for coordination of forecast development
plans by the two units. In addition, similar coordination must
be maintained with the applied research teams in Washington. In
connectlon with the tropicel analysis unit of the R.0.B., procedures
should be developed for daily application and verification of fore-
cast techniques which apply in the tropics, and especially for
hurricane Inception and movement methods. This should be a part
of the daily mep discussion. Refinements of these methods and
design of new ones should be continually in progress with a view
of deriving quantitative results based primarily upon physical and
dynamic approaches to the probiem,




12~

1. Ihe Hurricane Bescon:
DESCRIPTION: The testing of a constant volume balloon, launched
by aircraft in the sye of hurricanes, whose purpose is to ride
with the storm center and act as @ radio beacon to the movement of
OBJECT IVES:
a. To use hurricane beacon kits to determine the circulation
in the lower layers of the eye and varistions in these clrcu=
i latiems.
b. To determine whether the balloon, gauged to level off at
2000 to 4000 feet pressure altitude, will remain In the eye
and If so whether changes in its position may cause it to
become . 8n Important hazard to navigstion of reconnalssance
alrcraft. 1
¢. To determine whether the stability of the balloon would
make it practicable to carryla signal gemerator by which the
mmmuhtmhi!maﬂmﬂmw
miles.
PROCEDURES: Penetrations of low level aircraft should incorporate
a procedure for dropping at least three balloon packets on each
reconnalssance day during the forthcoming season. Operating
procedures dﬁuu include the Individual Identification and radio
tracking of these balloons during a minimum of six hours If necessary
to determine clearly the character of trajectories and extent of
vertical motions experienced by the balloons. Self destruction
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devices for the balloons must be Iincorporated into the design
te prevent their remaining in the air longer than 12 hours
durlng the Initlal test periods. Depending upon the results

of the first year's operation, further engineering should be
attempted In succeeding years to improve the transmitter device
and permit it to be detected fmaﬂm#m hundreds of
miles.




OUBYECTIVES AND BABIC DESIGN OF THE RATIONAL HURRICAMNE RESEARCH PROJECT
Staff of the Neticusl Hwricane Research Project#
Washington, D. C,

(For publication in the Bulletin of the American Metsorological Bociety)

The hurricans catastrophiies of 1954 and 1955 provided the ippetus

for acceleration of research on the hurricane prediction problem. In
the spring of 1955 Congress appropriated funds specifically for specisl
investigations of severe gtorms including hurricenes. Plaoning for the
Froject actuslly began sowevhs't eerlier at an interdepartmental conference
held in Washington on December 17, 1954, Recommendations of this con~
Terence formed the besis for plans which have gradually taken the f.orn
outlined belov. The wogram, under the sponeorship of the U, 8. Weather
Buresu, will include the cooperation or active participation of outstanding
suthorities on tropicel meteorclogy from universities and other ingtitutions
., 88 well as other government sgencies. The general crganization of the
Project is outlined in figure 1. Some of the work wes sterted ae éarly as
Fall, 1955. The more intensgive data colleetion progran, beginning in May,
1956, will continue for approximetely 30 monthe. The research and develop-~
ment program 1is expected to reguire a minimum of four or five years.,

The data collsction and aircraft investigation progrm will be designed

to permit the testing of a number of working hypotheses concerning hurricane

"Project personnel contributing to this paper include R, H, Simpscn, Project
Director; N. B. laBSeur, Associate Director; R, C. Gentry, Assistant Director;
L. Bubert; €. L, Jordan; .
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thi wsabsnises Tor concentreting and intensifying troploal disturbances,

ong of the Fizst to be suggesied was the Horvegien unstsble fronital wave
podsl in thée trepies, but this idss hes besn graduelly sbandoned s

recus® yoopgnigad Uwr lros fyeonte ravrely, Lf ever, eelet over e tropical
ccssne (Peleer, 19492). Bewe ¢f the wore recent hygothweses eophssise the
upper-Level Ylow patierns (of. SBawyer, 1947; Rishl, 1954). In part, these
hygottsssy call for an upper-lsvel divergsnce fleld us & weans of initisting
low-lgvel convergence and scoeounting for the pressure Talls,

e structurs of ensterly waves sud other types of teopleal disturbances
will be iovestigated in an sattempt to delinesta, in terws of forscaat pexe-
metare, W basic differences between disturbences whieh develep lalo urpi-
caces @xd thoge which & not. It {8 Dgportant thet we kuow vhy caly a saall
portion of wopical perturbations dsveloy into huyricsses. Toerwodynsmic
gsswcts of this geoblem lnelude ses swface temperature, depth of ths moist
layer, aod woriscntal and vertical tempereiuze end mwisture gwiisats in the

{sturbence and {n the eir soving into the disturbsnce. An sttenpd will be
et o ilsolate the significant &yoemic Nwtors by lovestigating the basic

wind field and the sseodteted fislds of worticity and wowsntum. Whis will

inginde ptudies of the affect of sdveciion of theee quentitiss W and froa

the savicesent st gll lesvels end ipnterastions with nelghbex-ing disturbances.

B, STRCERE. Oue of the fsgressions which is ccmmorn mmong those who
vy meds many flights ionto hurriesnes is thet no o of the storss wre quite
aldke, One of the wore ALTficult tasks of the Froject will b to distinguish

gtrusctura)l feptuces thet are conservative from thoee thet sre Dransitory.

fojecvives Ln vy invastigeticn of s uctuse arsy




wind field and its

f the wind over

-

T circulations in the eye.
enetical source and developwent of the spiral reinbands

movement and intensifi ion of the storiu.

nuarcicans WL i h'L-_z.,:‘:fi"E

phjectives are accom-
the hurricane is fully understood, we should be
small changes in structure. This should add to
a hurricane develop, move, and intensify, or decay.

the lnvestigation of structure, the Project

b

symposlum Ou hurricapes at Florida State

Wt meteorologlsts must now decide what they

the




slimrexiely the gopidion of fivet one and then aoother of these centers.

§ Mo et supesiy Yo laveguigats thess csulers end attespt to determine
whieh of ferg e mowt sonstcveiive maws of trackiog the pwogress of the
o .

Fae gcimeey SLjective o studying lurricess sovemant will e %o
dal i ot Losedur ae poseible the prysical weehanisw for wovessat ef wWhe
s,  Verlcus lypotheses sad forwsasting wethods thet have been advanoced
usgp Gy s senieyt of steering of morlcsnss. Phe steering mechesisme inelude
soch Wl el Kinesstle wopirtiss, (f. Rish) end Haggerd, 19%%) Qentry,
1951) wnd Blapeon, 19%6). Mowt of the forvcesting wethada ascums Wat a
GETicans 19 sweyed sseenbislly by ite euvirgrmeritsl eirssilstiews, eiséut
Toi seavwribeiioss froe ledersal fovees gs  descuibsd by Yek (19%0) Bogsuy (1948}

Crwsasmn (1958 ), ad Geatyy (2958). Actally s mejor hovieens Gralos frow its

eavireastet severel Diliise toes of alr per winute st low levels end returns

et wess te 1t surreundings in e uppsr etwcaphere. e interval dyremics
e e swirs lweell caanct Yo asiused & pelovi te play an lnsigaifiewat rols
in e everwll ghysice of wevesant. It will be tbe ebjeetive of the Prajeat
W dedewios Vel fnividem] somtrdibution o FiSEB BSVERENT Dy The @wTiroreEREve.)
cdymilotioss, Wy inbevesties fevoss, ami by pagaly Loteroml forees.

L% 15 reasswdhle that e lotervel Eymesies of the hurriesss shoald
SoOEIBEES W Ui mevesant of whd lurricess fur svveral reascus. Low level
wind eww ol relar obeservesiens of murrisnoes indiets thet locetisns of aress
of wmeclied wRed convergeooy (n the lever levels very copslderebly with respect
W e mevieasd eimter. $ladlay waristisns of the sreas of mass diveargency la

he vpper Mavels &f e geeve weuld ¢isc be dwrpeeied . Althoagn tha lsenileny
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ef thess soovergent end divergent arees s partially deterwined by the

vortlelly of (he alr sutering the huricane circulation, they mmy also be

influenesd by tse interoel dynamics of the huricene, the amount of moisture
ia the msbient air, tbe latent heat relessed in the Murricane, and other
Taotors., Wien mess divergencs at high levels is mot belanced by equal mass
SonvErgenoe at low lavels, the pressure at the surfeee newy the hurrieane
changes and tbe stors woves and/or changes intensity. If the upper divergent
end lower convergent areas shift vith respect to each other and with respect
i the swnter of the huwrRicwne, the direction and/or speed of wovemsnt of the
hurricans should alse changs. Bince there is sueh inteuse couvective setivity
in & hurricsse, changes in the low level convergent aress sheuld affeet the
lecavions of the higher level divergsnt arees and visce verss. The extent of
thls fnverrel influence may dapend not only cn the intensity of ke cenvective
aativity, but alse on the smount of latent heet reddesed wnd the locetion of
If a mewns 13 ever to be found for modifying or diverting the movesent
ef U hwrricese, it vill liksly depend upon & modificetion of the force fields
within the sievm iteelf, pessibly threugh some means of shifting or intensifying
e relsese of lstent bemt of fusion inone siorm secior. MNost of the L e
of ¢ hmirriesns arises fros the relesse of latent hest. While precipitetion may
b indviasted in meturel elouds by either the sublimstion-coeisscense or cone
Gunesbion-coaleseencs machanisne and the bet guin to the DEmephere of energy
is spprosimstely the semwe for the two seohanisms, the energy digtribution in
wa-mﬂwmummwwmethatm.mwu
earketly different in the two cases. Besed on qur present knovledge of the
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thixd sireralt entering the atorm st 30,000 to 35,000 £t. will
eventually ciimb o above 40,000 ft., BEach of the aircruft will be
ingtrumented wich the most advenced meteorological equipsent, ineluding
voriex-, smspiretor-, sod slagoation-temperature probes, infra-red absorptiocn
Lygromsters, ses surisce tempsreture radiomsters (for low level flights),
acourate D-velue computers, sutometic wind messuring equipment, wnd eongiderebls
supplemenuiel equipment for eloud physics studies. The lettsr will inelude
lostruments for meesuring drop sises and distributions y diguid vater content,
elgctrie field strength, and both condensation and freesing nuclai digtributions.

All meteorological and sowe navigational data will be recorded in digital forwm

wnd/or on & ghotopansl. The more important msteorcdogical slementa will be

recorded digitelly sod in such form as % permit great spsed in data reduction
god plotting. Autometic processing equipment will spable Froject scientists to
compleis within 28 hours after the planes return the perelisinary anglysis of
thews elemsnis, thup permitting sdjustments and reviaions of plane before the
L8Nt ressesah reconnsissanece Clight is sede.

A sugber of rocket launchings will be made undsr the direction of the
ries of Havel Besesrch in an attempt te photograph, from sltitudes above 50
milgw, the entire hurviesne eloud system and its inmediate environment. This;
if puceessiul, vill permit an sssessment of the oversll size and influence of
the storm oo hydromsteers of the region during the time that alrereld are
sweaping out detalls of the Fine strudture of the kurvicsoe.

T Projoct expects elsc to obtain from the U, B, Havy 's wransceonds

Fligats veluable obsevvatisns at the 200 wo level in the wopical aress.




RESEARCH OPERATIONS RASE

A Besearch Operations Bese will be set up in Florida ror the PUrpoBe
of directing the duts collection program, snalyzing the results, snd
coodueting at least the firat pheses of resesrch with the sid of these data,
hs & part of tle R.O.B, progrea, an experimental tropisal snslysis unit will
b& wperated ir which delily aaalyﬁ:—s and expsrimental prognocses vill be made
for the West Indlan test ares. One objective of this center will be éo
develcp more useful tools of analysis and modes of presentation for toplcal
regioas. Thie unit will study energy sources and euergy transport in the

Wupics, and determine the best means of detecting and represent: By thepge

through synoptic analyses compalible with network lisitations in puak

While limited Torecast development studies vill be pursuad at all
hurricane forecast centers of the Weather Bureau, a wore intense study of
the forecest problem will be undertaken ut the Niawi hurricans center which
will have more Opporaunity for direct collaberation with the work at the
Research Operations Base than cther forecast offices.

Elsewhere in the Westher Buresy and amorg Weather Burssu sontraotors,
research hes slresdy started on the BlOrEm surge problem, sud on breparing
Gynamical and pumerical prediction wodels of hurricanes.

Rleven repsarch casks huve been assigned to the Resserch Operations
Base. These ressarch studiss will be in sddition %o the cnes outlinad
peviously thet are being esnducted by other divisions ia the Weaiher Buresu

on climetologicnl treads, wiorm srge, and the work being dooe by the
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Eydrologic Services Division under transfer of funds frow the U, 3. Army
Corps of Engineers, The meteorcloglsts at the Rusearch Operations Base
vill be divided into teams to work on the following vhases of ithe bhurricane
problem;
l. Huwricane circulation and structure.
2. Energy procegses aand the hurricans energy budget.
3. Mowenium transfer within the hurricane and between the nurricane
and itg enviromment,
Dynamics of hurricane movement,
Conditions antecedant to huwrricane formetion.
Analysis of errors in observations made in the trupics.
Large scale energy transport in the tropies and from Lhe tropics
o cother areas.
Cloud phyeics of hurricane clouds and precipitetion.
Artificial wodification of hurricane structure and movement.
Forecast applicavions of findings of the Rational Hurricane Research
Project.
The mirricane beacon, a radio balloon designed to Tlost at constant
preéssure in the eye and signal its position as sn aid in studyiog
circulatvions in the eye, and possibly in tracking the movement of
the storm center,
PUBLICATION OF RESULTS
It is tentatively planned to issue progress reporte and results of special

studies growing out of the Hurricane Project as prouptly as possible. The more

important paperes and investigation resulte will be offered for publication in

scieniific journals and wonograph series which insure very wide
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March 5, 1956

Mr. R. H. Sim’pﬂon

United States Department of Commerce
Weather Bureau

Waghington 25, D. C.

Dear Mr. Simpson:
This is to let you know that I will be able

to come to Washington on March 23rd to serve on the
panel of dynamic meteorology for the Hurrican Project.

Very truly yours,
Jule . Charney, Directer

Meteorology Project
JGCesg



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

February 2, 1956

IN REPLY, PLEASE ADDRESS
CHIEF, U. S. WEATHER BUREAU
WASHINGTON 28, D. C.

AND REFER TO

H-1

Dr, Jule Charney

The Institute for Advance Study
Meteorology Project

Princeton, N. J,

Dear Dr, Charney:

We are very pleased that you accepted Dr, Reichelderfer's invita-
tion to serve on the panel of dynamic meteorclogy for the Hurri-
cane Project, Although we have not progressed in our plans as
rapidly as we had originally hoped to do we would like for you to
come to Washington to advise us for one or possibly two days some-
time in March or April to expediate completing our arrangements,
We suggest that you come March 23, Please let us know if this
date is satisfactory or suggest a date (other then March 10-19)
when it would be convenient for you to inspect our Project plans
and offer your suggestions,

After we have set a date for your visit, we will prepare travel
orders that will enable us to pay your traveling expenses and per
diem,

We are looking forward to discussing the Hurricane Project with
you,

Very truly yours,




UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU
WASHINGTON

IN REFLY. PLEASE ADDRESS
CHIEF, U. S. WEATHER BUREAU
WASHINGTON 28, D. C.

NUV 151966 “;T"

Dr. Jule Charney

Electronics Computer Unit
Institute for Advanced Study
Princeton, New Jersey

Dear Dr. Charney:

The Weather Bureau is now completing its plans for the hurricane
project. A part of the plan calls for the establishment of
several advisory panels on specialized phases of the investiga-
tions. Because of your broad experience in dynamic meteoroclogy
and interest in the hurricane problem, the Weather Bureau would
like to be able to draw upon your services as consultant on the
panel on dynamic meteorology. The work of the panel will involve
perhaps one session of a day or so with the project here in
Washington sometime between now and January 31, 1956, and periodic
visits both here in Washington and at the field research operations
base in Florida to review progress of the various experiments and
studies and to counsel the project scientists on their work.

Please advise if you will be able to serve on this panel and let
us know what time would best suit you to visit Washington before
the end of January.

Very truly

Fw

F. W. Reichelderfer
Chief of Bureau




November 17, 1955

Dr. F. W. Reichelderfer
m‘r’ U. 8. Weather Bureau
Washington, 25, D. C.

Your reference: T-l

Dear Dr. Reichelderfer:

Thank you for your invitation to become a consultant on
the dynamic meteorology advisory panel to the Weather Bureau hurri-
cane project. I am indeed very interested in the hurricune problem
and would be glad to serve in this capacity.

Regarding the time of my visit, since it is to be only for

a day or so I can accommodate myself to your needs, with the exception
of the first three weeks of January when I must be elsewhere.

Sincerely yours,

Jule Charney

JCise



