


-NITED STATES DEPARTMENT C. COMMERCI:
WEATHER BUREAU

TIONAL HURRICANE RESEARCH PROJECT

AVIATION BUILDING, ROOM 517

$240 N.W. 27TH AVENUE

MIAMI 42. FLORIDA

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

Dear Jule:

March 7, 1961]

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 mervelous 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=Kal is still doing business at the old stand and my more degraded emissaries
report that they have now replaced the bar attendants with Polynesian maldens
(probably from Brooklyn), dressedinnonsanforized 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 seriously, 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 «jncerely,

(A? [» &amp;
Harry Fo hiins, 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 He-»vy

Thank you for your warm invitation to attend

and participate in the Second Technical Conference

on Hurricanes. I am still as interested in the

hurricane problem as ever, and Ogurs and I are cal-

culating sway 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 circumstances, regretfully
decline your invitation. However, Ogura expects %o

attend and will present any results we have at that

time.

With best wishes for &amp; second sur ul

conference, I~
Sin: I, 5 Vv Yours,

Jule Charr~

je: th
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American Meteorological Society

February 8, 1961

In reply, please address:
U.S. Weather sureau
N.H.R.P., Aviation Bldg., Rm 017
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 bv Februarv 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,
 Il remain.

Yours sincerely,

CRN unr
Harry F. Hawkins, Chairman
Program Committee
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American Meteorological Society

January 16, 1961
In reply, please address:
U.S. Weather Bureau
MN.JILR.P., Aviation Bldg., Rm 517
3240 H.W. 27th Avenue
[Zizmi 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,
ao

Wl 7h Vian
Harry F. Hawkins, Chairman
Program Committee

v wo)

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

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:

Wwe 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 Soclety. 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

A.0
R. C. Gentry, Acting Director
National Hurricane Research Project

Separate cover.
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WEATHER BUREAU

“p.

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? If 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 vour 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,
a

A
R. H. Simpson, Program Chairman
Hurricane Technical Conference

Fnel.
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RESEARCH OPERATIONS BASE

WEST PALM BEACH, FLA.

December 10, 1958

Professor Juls Charney
Department of Meteorology
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

Dear Jule:

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
Dalsy on August 25, 1958, We will be preparing more of these
profiles which we can supply you later if these do not fulfill
your requirements, 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 soms 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, Last Monday he turned
over his duties to me and I am now acting as Director of the
Project.

We appreciated 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 pleased, however, that you are still
working on hurricane research and will be extremely interested
in your results,

With best regards.

Sincerely,

R, C, Gentry
National Hurricane Research Project



Higeal aant“rt
if 9 59

Tavaphva se ©% statement at Board i Review Conference

Jule G., Charney

i~f~re making any specific commen.s I should like to exnress u feeling

that I have and which is perhaps shared by most of you here. It is a feeling

of excitement, generated largely by the progress evidenced in this conferences,
+hat we are
at—being on the verge of solving a problem that has baffled humanity for

millenia, Just as in the last 20) years or so gr-=t nrocress has been made

ln our understending of such atmospheric phenriona ga extratropical cyclo-

genesis and the gen~-21 circulation, so T feel that, certainly within our

lifetime} and probably within a very f~v years, a continuation of the kind of

work that has been renorted 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, !»imoression 18 based on the

rapidly increasing quantitative character ¢f 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-

ng 18 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

Juantitative analysis. Indeed, as Dr. Malone has pointed out, the tools that
have been 3c successful that they

have been developed for probing the hurricene.might very well be applied to

the m»-

new pi A Co —

w

-c8l systems. La. £ourss , new mm rurgments create

~an whimsical sense cue wry know « phenomenon too well.

The more closely one examines the atrorrhere. the more fipe-erained structure
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underar+ tha hurricane until ong understands the nature of the rain-bands
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revi: “nn early solution to the hurricane problem. I do

ROL ~ + 1mpe~1 74 tha rain-bandsg {38 not ~nortant,
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if er und -ratanding of the hurricane as a whole

«ts fine-grained conv ~tiv@ ptrr~ture arg cownletely
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Trios ~enaral remarks § should lil: pow soma specific

rhotseht snmp with clireui=tion snd ~~ - hE. ~8. Let

ma } arnellant study of tha - “rohlem precentcd iv Professor

Palr- ¢ 4 a beautiful example of a gduantitative analysis which, to a

consi . extent, has pinned down for us the constraints within which our

ande- ‘ding of the phvsical procercee fu hurricanes has to proceed. We

 wie“ mation ina hurricane: we knownow h=~- pumhera for the rate «7 ¢o

whera ths dissipation occure: »» }=~v ++~t tha energy source is — it is con-

ion: — and we know where the ev &amp; + released. More work should be

done in thix direction. For example, Prof ors Palwen and Riehl have

dame “red that the enercey ~*'esced bv condensation 1s some fifty times

che er re v needed for drivip &lt;he storm, This gives an efficiency of the

order of two percent, Similar effiecienn~igg have been measured for the cire

culation of tha atmosnhere as a whole, Thus tha ~atre gt which anlar radiation

is abeavl - tha atmoe~“~va {8 some fifty times the rate of frictional

dissi- dp ar | 4 vg that moat J a solar energy does not

become availab: 3  Tr Qe.“region into mechanical werk. Lorenz, following

farguler, has discussed the so-called e{lable notential enercvy” in the
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+ that 17 3 ~rmatlon of a tronical cyclone is

dri -renditional iastability whereby the larpe-scale cir-

~*~ale convective motions support each other, the cumulusculat

cell by grr ad.

the *'--

the heat energy for driving the large-scale circulation, and

“mala eir~ulation by producing the low-le~l roawversence for matn-

ia cumulne eonvection. then the neceerary mean conditions for

“ity exist one does not have to lock for the initial disturbances ’

gince #211 disturbances are alwavs present. To pursue these studies further

what “tip 1° 2 knowledea nf ths dypamiecs of the moist-adiabatic process.

{ th Te Ts r. 1 Lone © nenee sv to study general con-

vecti ® pnta ting pre ! would add that these studies should in

clude ~-=~3% vhere the heat of condensation plays an important role. It is im-

pose”

Gan

of 1

== ¢ longer to aveold the study of the {nfluence of condensation on

v convective processes, The dynamics of the hurricans,

© Atructurc. of the rain-bands end of cumulus convection are all

directly bound up with the precipitation process. Ia partionlar, with regard

to the rain-baends, it scems to me tho 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 vield a more reeslistic model of the rain-bands. Other

mechanismi for rain-band formation and maintenance are also pos=‘ 1r There

{is a =» CC Teasaand one-to-one correspondence batween tha eeesaan Je

rain«rs-—- 1 and «local maxima in tha tarrential velocity field, Cna can ima-
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INTRODUCTION

The need for a series of technical conferences to discuss progress of research

on hurricanes was recognized by the AMS Committee on Severe Storms in 1955.

In 1957 plans ware laid for the meetings which culminated at Miami Beach In

November 180K

The objectives of the cenferer= w~rr t- review 0d ~2lunte nreqre~s 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-

siflcally invited of all agencies and institutions known to be engaged in or

directly concerned with research on tropical cyclones, and Invitations were

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

Lhe papers to be presented and were askad in turn to preside over particular

sessions of the conference. At the final assembly these mature scientists

ware then asked: to sum up the salient points of the particular sessions, to

place new findings in reasonabls perspective, to evaluate the progress on work

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

fn the !'r—--"'rte future Th~ following is a nearly verbatim account of the

procecdings of rhe Board ¢i Review,



The Board of Review and Conference en Resaarch Progress was convened by
Professor BE. Palen at approximately 2:15 P.M. Constitution of the Board
aS }

SHAIRMAN

MEMBERS:

Professor €rik Palmen
instituteofMeteorology
Jnivergity of Helsinki
jalsink!, Finland.

Professor Jule G6. Charney
dr. Thomas F. Malone
Mr, Jerome Namias
Professor Sverre Pettarssan
Professor Herbert Rlehl

*rof Palmen: Ve are now confonted with the challengliig tasks of summing
up the contributions made In individual sessions, and of pointing out their
significance and the problems facing us in the future. | am going to call
upon the chairmen of the individual sessions to outline the findings of thelr
rarticular meetings and to highlight the problems thus brought into evidence.
Their comments, however, heed not necessarily be confined to those specific
sessions at which they presided, | will call on Mr, Mamlag first with refer~
Bice to Session A «~ Climatology end Svyncptic Climatic Studies. *

Mr. Namlas™*: This session furnished background material which can be ex-
d1oizedbyspaclalization.ThefunctionofclimatologyIsprimarilyto
Furnish background for forecasting and research. Thare ls, however, also
ample opportunity for climatology to provide Information on the physics of
formation and ation of hurricenes. Gne of the fundamental papers on forma=
tion by Prof. Palmen, only a coupls of years ago, combined the climatological
pnd synoptic aspects. One can only deplore the national trends of climatologie
cal sections to amass statistics purely upon a calg:jar basis. Certainly more
selectivity In the choice &amp;nd processing of dats is needed; consultations with
Forecasters and research workers should bs arranged so that the parametars
*hosen bscome more useful,

i would strongly recommend that future climetologics) attacks be so directed
that the parameiers are chosen for research usefulness. At the current time
he forecaster Is overwhelmed with uwieidy data, which should ba directly

Prof. Horace i. Byers, Dr. George P. Cressman and Mr. J. J. George of
the original board were unable to sitend.

Mr. Mamias' remarks ero tha enly ones which have had to be reconstituted
sntirely from notes. The recording machine wes inoperative at the tims.
All the other material Is assentially as transcribed bv machina sxzent
Far minor editing and Interpolation



pointed for his need.

in the field of synoptic climatology we should base our climatic studies on
the dynamic climatology of hurricanes. If properly directed we may gain some
insight into the Interaction of the hurricena on the environmant itself. We
might further explore ths possibilities of singularities as evidencedInthe
excellent papsr by Captain Church which showed the progressive ten day’ sequence
of typhoon paths in August. Climatology has been fixed to calendar months
for too long a» period, ons 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 Hatteras coasts,

Jith regard to my own paper, the long range forecasters davelop a different
feeling with regard to evolutions than do many short range forecasters. The
predominant philosophy Is that ths developments are determinlstic and the ree
currence of types plays an important role In weather evolutions, This has
obvious applicability to shorter range forecasting, that Is, in the nature of
three, five, possibly seven days.

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

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

Dr. §. 1, Schell (Tufts University): Mr. Namlas® remarks are very timely.
For many climatological studies we need a long period of record; however, |
would 1i{ke us to consider that we are golng to find different variations for
a long period of time and therefore we Study the changes from one year to the
other « consequently we hit more directly upon tha elements which involve the
storm. One other point | would like to make; Mr, Nemias feels that we should
consider what he calls medium range, three, four, five or six days. The fect
Is that over &amp; 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 anomolles from
ong vear to another.

Mr. Namiss: | appreciate Dr. Schellls remarks and | did not mean to imply that
the study should be directed solely to the medium range problem. | merely
said that it Is 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



long period fluctyations in tropical cyclones Is lmmensaly important as an
economic problem. The question of whether or not the tropical cyclone will
affect a givew area Is, of coursé, oh the tongues of many peanle, particu
larly right here in Florida. Howaver, | think that the prollem should not
se classedasasortofhurricanepro%lem, but it Is part of a much greater
problem of broad scéle fluctuation in generel, whieh in turn involves tha
entire form of the circulation and mey wall bes in part, part of the overall
algture ‘of abnormal warmth, of warming 1a the Arctic, of warming of the
Pacific watery, #tc. Thess in general ere part and parcel of the general
tirculation Iiself which is much too vast q question for snything like the
hurricane project with (ts (If You will excuse me) picayuns furids.

dr. Schell: 1a rejoinder | should like to say that although It ls very good
to racognize the problem, so fer as we sre thinking In terms of climatic
Fluctuation, we can narrow it down tc terms of even a single phenomenon such
ps hurricanes, by considering,forexample,conditionsover tha North Atlantic.
And furthermore, in thinking solely In terms of variations of certain years,
l.0., ten years. We can think In terms of variations for very few years and
not only for the period of the anomaly when the abnormal wermth appesred. In
other words, we can study all phases of the problem and we can bring It down
to shortar periods as well.

Prof. Falnen! Thank you. If there are not going to be any ether remarks |
feal we will have te proceed. ‘At the Second session at whieh | presided,
and which was hald simultaneously with the first session, we had a discussion
of storm surges. | would like to make some brief remarks. Mr. Lee Harris
presented vary impressive maps of the flooding during Hurricane Audrey, and
he pointed out the lmportsnce to the warning system of having mare tidal gauges
just at thas coastline. Two ther papers concerned computations of the slope
of the water surfaces, under diffarent conditions, and concernad basins of
different shapes with variableorconstantdepth. A fourth paper concarned
max imum height of swell or waves connected with hurricanes during the 1957
edo. .

My impression wes that most of these papers dualt essentially with the emphasis
on engineering or the applied approach, which Is quite natural because the a
problem of warning and prediction is extremely complicated, but nevertheless
most essential in the saving of lives. One has to remember that tha height
of 8 storm surge depends, not only on the wind stress, the fetch of the wind
and the pressure deviation from normal: it also depends on the varylng depth:
of the sea, upon the coastal configurations and all kinds of minor complications.
However,|feelperhaps that the time Is now coming when It will be also approe
priate to lock at the problem fromalittle more physical amd thaoreticel
viewpoint. | know that ¥ir. Lee Harris has bagun such an approsch,butIsit
wt remarkable that Oceancgraphars and Mateorologlists are still not quite In
agreecantonsuchan important parameter as the wind stress, and Its dependence
upon wind velocity and the stability of the Vowest layers of the atmosphere.



| feel also that the wind stress dapends upon the roughness of the sea and
consequently upon the different types of waves, It is of ths utmost ime
portance that we Investigate the stress parameter more thoroughly, and |
siso feel [t would ba very Interesting to make a theoretical investigation
of the storm suroe In the open ocean.

The problem {s obviously a very complicated ons. in the case of a hurricane
we have a strong field of divergence in the wind stress combined with the
novement.ofthehurricane itself. This naturally results in variations In
the level of the ses which are very difficult to study in detall. we have
seen In seme maps that hurricanes have in their wake a reglon of somewhat
colder water, and | feel that this is a clus concerning the divergence of
the wind stress connected with the moving hurricanes. Where such divergence
Is marked thers should be some kind of upwelling of deeper water resulting
in a temparature decrease. This is one phese of the problem we fee! should
be considered for further Investigation. Further, It Is obvious that since
ttorm sufoss can cyuse very serlous catastrophes, one has to look upon the
problem practically and it Is only natural to first attempt a realistic foree
cast arrived at, If It Is necessary, by empirice! means in order to avoid
such catastrophes. The question of theoretical approach to forecast and
prediction of storm surge should naturally be next considerad. It almost
goes without saying that the forecasting of storm surges is a more complica=
ted field than that of meteorological prediction ltsalf, bacause we must
first have a good weather prediction in order to make &amp; reasonable predice
tion of water level changes. In addition to which we must take Into cognle=
trance all kinds of local effects which are exceedingly difficult to treat
theoretically, 30 ons must be realistic in his expactations of the re-ults
te ba reallzed from such approach.

Since | have not worked In this
to hear the opinions of some of
cake this opportunity to ask Mr.

field for a long time | would like very much
those people who presented papers, and | -
Harris whether ha has anything to add

Yr. Marris: Dr. Palmen,| appreciate your comment and would like to say first
that we have been trying to follow an approach which Dr. Malone described on
Thursday night. We are trying first to describe, then to explain, and finally
to predict. My purpose was to give a description to show what Jt Is that
heeds explanation. In our office we are also working on the other two phanas:
Bob. Reid and his group have made a number of analyses of the effect of the
storm in the open ocean, namely, the divergence of the wind stress. | had
originally sxpacted 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 reached the point where a theoretical approach seems indicated.
Je believe it first necessary to get a good physical description, otherwise
there may be much lost time developing theoretical explanations of essentially
nonerepresentative oscillations of the water levasl.

rhank you.



Prof Paloen: Thank vou, How | had no intention of criticizing this partie
:ular approach which | have already indicated is quite natural, namely, to
start with the description of the phenomena = and we certainly obtained
rery good description of Hurricane Audrey. However, | felt {t opportune to
ineak @ little about what could be in the future, because of that rather ip=
teresting and complex problem, namely, of the interaction baiwean the wind and
he water surface. Are thare any other comments?

Mr. Bretschmaider (U. S. Corps of Engineers): One thing | would like to em
phasize very much Is the lwportance of botalning eccurate Information on
hurricanes. We are also interestad particularly in the question of maximum
srobable or meximum ;»ssible hurricane; that is, what Is the uvitjmate hurricane
that might actually strike 8 given coast. in some cases it becomes alist an
scademic question since it le not economically possible to protect by ievius,
jams and seawalls, etc., any parti-ular coast against the maximum possible
stress. However, we can afford to evoid augmenting and exploiting death trans
share protection is a minimum.

Prof. Palmea: If | may add;|remember In one of these papers, | Lelleve it
was Mr. Lee Harris' paper, It was mentioned that It would ba necessary to cbe
tain these local topoqgraphlcal maps of the sea floor and coast and to distrie
bute them to the people living in the regions where storm surges can occur.
"hey would then be aware of the danuer and know what action they should take,

Mr. Harris: Uhlle this part might wall be held until further discussion of the
forecast problem, it may be appropriate to mention here that such maps as these
sra not expensive on the scale at which thay 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 bezt and
wost competent man we havé to internret the forecast, but he doasa't know all
of tha necessary fundamental facts = one of these is the information provided
2¥ such maps. These, | maintala, should be wade availzble gt least to #very
Forecaster concerned.

br. Palmen: Thank you. (The third session dealt with the Radar Analysls of
jevere Storms, and Mr. Vaughn Rockney was called on to give 3 summation).

dr. Rockney: | should like first to agree with Prof. Riehl's remarks of this
morning, wherein he said-that at the moment radar is a superb observational
tool. It tells us with a great deal of precision where a hurricane 1s and
where it has besn, but so far thare has been vary little hark done thet would
directly apply radar to the forecast problem. Ve have heard From Mr, Gentry
# suggestion as to how the resultant wind at a particular level as wsssured



by aircraft, say be &amp; pradictor of the hurricane mavemaent. We should invastie
gate whether ths resultant movement of echoes at 8 particular lew! at various
distances from the storm center might also oa a predictor of the hurricane's
movement, | would Tike to suggest to people that work with ths hurricane now,
that they should tske into account what the radar shows so that the models
they siudy are av least realistic in terms of the avallgble observations. |
personally Tes! very strongly that anyone who comes up with a mode! without
taking into account the dynamic and thermodynamls pronsrties, as they are
revesled by radar, 1s Ignoring available essential facts. Tha pepars pre~
sented from the University of Miami by Professors Hiser and Senn seem to me
to contribute &amp; great deal co the understanding of storm structure. The
tplval ovériays as developed for practical observaticnal use in locating the
eye of the hurricane when it is off the scope show great promise. There is
s8l30 another part of the radar display which should be investigated and was
mentioned this morning; that is, the location of the muin precipitation area
with respect to the eye of tha storm, and whether such areas are predictory
of @ trend in the track. In summary, we are so far only scratching the sur=
face in using redar as &amp; forecast tool. it Is at present agsantially an
observational instrument.

Thank you.

Prof. Palmen: Thank vou, Mr. Kockney

Prof. Miser (University of Miami): There !s one other comment t would like
to make. Since Br. Atlas is not hers | am sure he would like someone to mene
tlon the idea of using doppler radar as a measure of wlud within the hurricane
structure. There was a paper given on the use of this dovpler radar In meas
uring winds In a tornado and a number of us in the weather radar business
Fead that this Is certainly a fine tool and that pulse doopler radar would
meke &amp; fine instrument for measuring winds within a hurricana,

Prof. Palmen: (an you tell us exectly how you measure thase winds?

Prof Hiser: You get the frequancy shift due to differential motion of differ
ent parts of tha weather droplets in different areas of tha storm, A doppler
radar simply measures frequency shifts duc (0 these ditferentlal motions.
this same princinle is applied In aircraft detection. The speed of motion
determined with doppler radar can be used In the measurement of wind sheer
end wind snaed within the precipitation structure of the storm.

Prof. Palmen: Thank you, Prof. Hiser.



Mr. Simpson: | might add to the Lrief comment of Prof. Hiser, that doppler
rgdar and Its application to radar study of hurricanes is, | think, an {m=
sortant approgch which should be explored from the standpoint of additional
development = axplored for the foilowing reasons: First, It is another means
of tracking the hurricane where you can actually identify a hurricane in
terms of difference of wind speeds, 21d you can home on this through convene
tional radar means, while in addition you can tz1] something of the intensity
f the storm as well as its location. But | think the work which Mr. Gentry
presented hare this morning, &amp;nd other work which Is being dona on the move
nant problem, Indlicete that tha maximum winds of the hurricana tend to be
preserved with helght, or consarvad with helght, to a degree that we did not
earlier expect. This means that the radar or doppler pulse radar cen expect
to see a little further out and obtain this difference in rather strong wind
around the narrow coreg of the storm for a greater distance than | think we
vera prong to feel was the case a couple of years ago. Secondly, thig ine
formation which Mr. Gentry gave thls morning Indicstes that there is some
pradictive value in knowing what this shear to 2ither slide of the core come
prises. So much for che davelooment.

| would like further to emphasize on behalf of KHRP @ feeling which we ‘have
sxpressad élsawhere, that there 1s a need for the dynamic mwetesrologist to
get closer together with the radar meteeralogists in gxamining not only the
description that radar Is providing on the storm, but what this means to the
circulation regime In terms of dynamics of the storm {tself. | believe there
should be closer work on models in connection with both thermodynamics and
dynamics of the storm with what is revealed by radar obsarvation, and | bes
lieve there is progress along these lines noted hare especially la the papsrs
given by Dr. Kessler and Dr, Tepper. S50 we are beginning to examine the
description glven by radar and to bulldatheoretical model which is in eccord
dynamically,

Prov. Palmen: Thank you. Parsonally } must confess when | }istared to part
of: that session | was a little confused. Nevertheless | felt 1t was very
impGreant for studying the strugiure of storms. However, people seem to be
of varying opinions concerning the moaning of radar bands. [t seems obvious
that specialists in the two fields = radar and dynemic meteorology = should
really try to come tocether and solve some of these probiems jointly.

Hr. Showalter: Just one point in connection with the radar, | do not believe
anyone this afternoon has sentloned the fact thet you can easily ldentify
the melting level via the bright band on radar, which should give us very
valuable information on the effects of the thermel distribution in the rain
sattern @round the hurricane circulation.

hank vou.

deof. “almen: Thank you. This matter of tha bright band wad broucht up at



the session, however | did nec Teel iyself ensugh of a specialist fo comet
apn ii,

Mr Simpson: IT | may indulge in ong more sentence. | forgot to mention one
of the icems which lwpressed wm very Tovorably with radar meteorology. 't
seems paramoml to me that in shortly exnandling our facilities and canabilie
ties recdar-wise we mus! place mare smphasls on tha use of 2.0.1. presentation.
This adds the third dimension to our ploture and should prove valuable in such
2a wali orqonized vortex as tha hurricane.

Dr. Faloean: Since Or. Malone has to leave shortly | will call for his sunmarie
zZasion nex:.

Dr. valone: | 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 stimie
lating and heartening conference. | think the progress that has been made
in the past ten years has been nothing short of terrific, with the greatest
effort, of course, in the scimilated activity of the past three or four years
in our particular sassion on (bsarving and Tracking Facilities, Cormunlca=
tions and Warning Disseminations, we caught both ends of this prodlem; namely,
the protiiy end and the warning end = and the probing end seems to be In very
3000 hanas. There has been excellent usu of alrcraft as &amp; plaiform for instru
mantation used in going out and meraiy gatting soa data. The kinds of data
being collected here and tha kinds of equipment being usad to coilect the
data are nothing short of fantastic, They seem to be working, and the several
different kinds of Instruments give you the sama kind of trace, which Is very
reassuring In that you 8re measuring with something that is fairly stable.
} think while this is heartening to thoga who are Ia Instrumentation, feedback
of this into the research effort was very apparent in the other sessions.
Paper after paper discussed results obtolned by flights out Into the hurricane
where you ara mamsuring all kinds of parasmoiers. Thera wes a report of some
work on the hurricans positioning device. Ground station facilities cppeared
to be quite good along tha coast, but ! think the most Imprassive thing was
the use of alrciaft. This seems to have made great strides. It seems to me
in Just listening to others goirg on hera that the pioneering work now baling
done if using the sircraft as a probe, might well be carried over into midelatitude
storms. | would guass offhand that thors is much that we do not know and are
not going ta learn right away from our present: radicsonde network thet could
be learred by the kinds of equipment now available. And more Important, and
this i5 the thing which impressed me In this Conference,Itis qulte clear
that tha weather reconnaissance missions are being Tlown and directed to
answer specific problems, | think this is very important for {t would be
quite sasy'to get all kinds of gadgets ond simply go out and Just teke a whoia
parcel of data. The tle-in between design of the sclentifi: experiment &amp;nd



design of tha reconnaissance missionIsoneof the things thet m~'-s this
wiiole Project reelly fruitful.

Now, In looking fcrward to the future, | think that we would be very remiss
if wa did not take propar cognizance of the vitel momntum which we have obe
tained in a program Vike this, There are people, there are equipment, there
sare going concerns, and, as | cather, there is new equipment constantly come
ing up, It would be a very sad day for our knowladge about hurricanes, it
would Le a very sed day for people who 8re not Interestad in golng out flying
but want to do some research on the data, [f this romentum Is lost. And |
feel very definitsly that this Board should 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 gning to make much more progress. This is a very
difficult thing to get started and | think tha peosle who have had the fore=
sight to envision the kind of Instrumantetion and to stay with it through
thick and thin (and | gather there have been some thin moments too) are to
be congratulated because this description is the core of our knowledge.

Three years is a short tims to do what has been done « It Is just really a
start, basically, and If anything happens within the next yesr or so to this
probing program, It Is going to be a black day for research In msteorology.
| have been very Impressed with the general tenor of the scientific papers,
pnd while it is not quite appropriate to the scientific problem, | would llke
to call attention to a very good paper by Mr. Harry B. Williams on Warnings,
“@ must recognize hare 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 semantics. Williams has pointed out that
there has been a good deal dona on the probing end of the hurricane problem,
but that tha shaping of warnings so that they will ba of maximum usefulness
In an individual decision making progress remains relatively unexploited.
Now don't misunderstand me. | am not saying that there has not been progress
here, only that It needs more attention. What has been dong has been done
well, but it has been a small effort compared to the potential. Willlams'®
talk recommanded this &amp;s a legitimate field of research «= and | think it is.
We must remembar even though we are interested (na the scientific aspects of
hurricanes, MHRP got going becauss there was &amp; 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 wil!
Follow the kind of application that Congress had in mind when they set up the
program. All | am asking here is just &amp; Vittle more attention to this area
in communications and decision-making wheres there is currently good work going
an, especially In business and econcmics. While real progress has been made,
| don't think they have begun to express the possibilities In the way that
thay hava been exploited in soma of the other areas. That covers my sassion,
Mr. Chalrman.

However, since | will be leaving early | would like to make one other comment
nn what went on outside my session, and thet is | lke very much the work on
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varification that Cecil Geniry reported on this morning. Ve have got to
have soma kind of qualliy control of our product, thls contiel cen be useful
in two senses: to test our theories or our understanding of tha model: and,
as a check on oqur professional responsibility. | know a couple of years ago
when we ware trying to play around with prediction of hurricanes, It wes
sractically impossible to get your hands on any verification dats, and this
is 8 very stlcky problem, | congratulate Mr. Gentry for getting his hands
lirty in it, because you are going to te criticized with anything that you
do = and | think he did a good job and | think we have got to keep this quality
~ontrol.

Prof. Palmen: Thenk you, Dr, Malone, | rea)’ didn't know, but it surprised
nme that there has not been any svaienaiic ur~ 7 ‘ircraft in studying extra
‘roplcal cyclones excent for sp-cial fliekts 74 ~qd gciross jot s.r ms.

Jr. halone: What | had in mind here was tha type of question which Dick
reed out in Washington end Frad Sanders snd many others: have asked about
the detailed structure of extra iropical cyclones. | Teel quite confident
that such knowledge is practically within our grasp with this AMO=1% pro=
jram which has been described here but if It is possible to do half of the
things suggested, it will be possible to answer many of these questions or
the fine scele structure of extra tronical cyclonas, and will undoubtedly
provide a very valuable tool which wa should not overlook.

Srof. Palmen: Thank vou.

Mr. Lee Harris: | would like to say a little bit more about the warning
problem, which Mr, Williams has talked about. A3 was shown in Mr. Gentry's
paper, the accuracy of the forecast we ere currently getting Is such that there
are &amp; lot of protective measuresa person is not justified in taking on any
2h to 36 hour forecasts we can make today. | am sure that will still be the
situation ten years from now. | think we can justiflably spend some effort
In determining how well wa can solve specific problems, If [t turns out that
we cannot make a 16 hour forecast with sufficient accuracy to justify eny
action, then it doesn't matter how badly someone needs It there is little
point In making It. | belleve that it Is obvious that if the forecast is
not useful in decision making or in taking protective action then vesearch
mus. ba diverted to the problem, and continuad to the point where the forecast
is of aconomic utility. Ve must spend effort on evaluation for that purpose.
There are soms purposes for which a Z=hour forecast is highly useful, but
sthare for which a 48-hour forecast is not sufficient. Ve should work at both
ends in determining what is needed for certain protective action and what is
rossibie on reasonable expenditure and effort. | balieve this is in lina with
the paper of Mr. Williams and wiih Dr. Malone's remarks



dr. Hawias: 1 didn't realize that this question was going to arise in this
sesgion, but | think it Is Just as wel! thar it has. The problen, let's
say, of usefulrass of prediction, as | think it over, | belleve it is quite
possible that perhaps some work ought to be carried on by the Hurricane
Project in assaying that very problem: that is, the usafulness of the diffe
arent kinds of prediction at all time scales and various pruklens asscclated
wich them. As | pointed out, we are all aware of one type of alsrt that might
be made of a long period nature, and there is 8 question of whether that hes
my usetulness. Some peopls doubt whether It does have any usefulness. Thera
is, however, also a quastlion of the moral rasponsibility of scieatists that
enters here, ff we heave some knodedge of something that has &amp; possiblity of
scenrrence, Is the public enti. led to that knowledge” These questions, both
moral, and the problem of zthical usage, the practical usefulness and the
threshold which must be achieved beforeathing becomes useful, might vary
well be a rather lvmoriant phase of Investigation by the Hurricane Proiect

Jr. Teppar: | should Vike to paint out that there is ansther useful! bradlction
than the kind which has basen referred to here; that is, the simple use of
prediction os a sclentific method of testing your knowledge or your forecast
ability. This is one way of deter ning whether &amp; L48«haur forecast would te
of practicel utility in decision making, or whether any particular us2 can
2g made of the proonasls

“r. Harris: Tha scientific ytillty of 4 «hour {forecast to whizh Ir. Teppar
refers i8 well recognized in sciagntific methods of appr iach, but it Is
clearly nou what we have been talking about in the previous discussion of
the warning problem

Prof. Palmen: ie must now proceed (0 a question which may lead to a falrly
general ciscussion., | propose tha: we combine the session about Clrculation
snd Energy Processes In The Storm Core and Energy Cycles and fiodels, | would
like to ask Prof. Petterssen (9 review his part first. This should not pre-
vent him fram discussing anything In the other sessions also.

Prof. Petiaerssen: Mr. Clalrman, as you con sge by the program | should not
hava been hare at all, but | responded to a request from Mr. Simason who
askad that | fill in for Prof. Byers. As you ell know, | am not working on
turricanas so all | cen du is to play the role of a laymen and speak with what
little common sente | have acquired in working on other and unrelated problams.
First, ! must say that | was tremendously impressed with this particular session
and with all the others. | have beca tremendously pleased with everything 1
nave seen. Just to see ourselves struggling with nuubers is very pleasing in
Itself. we didn't do that at tha time | came into Matsorelagy and IL was a
ong thine baTore we ware able Lo express ourselves in numbers. So as | sav.
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this has pleased me muchly te see such a difficult problom as the hurvicaie
baling traated ia this meaner: however, | am sure [t ien't Tike = to carry
on with compliments, so {| will ret underline that | have teen reswendously
irmpresead, All of #Nis leads to a swraary of my oun obzerv:*icng, gong of
which go ouiside of the particular session ~7 which | wes Chal rman,

Firs: of ail, it seems to me that the Hurricane Brolect has been extromely
effective In planning an observational program. Much of this was planned
before the research results came In. YHowever, it has iso Leen very succass~
ful in collecting and analyzing a large amount of datain a time which | cone
sider to bo quite short In the life of the Project so fer. My knowledge has
increasod veiy greatly,”asfaras the structure, circulation and energy sourcas
of the hurricane are concernad. Considering the complexity of the problem, |
think the problem has moved very, very fast. The laportant facility of being
able to use numbers to describe the internal consistency of tha hurricane Is
@ major step forward. The factitha: they fit into a8 consistent and concentric
plcture is in Itself very pleasing. It is only fair thar we should also say
that little has been lasrned so far about the asnesis of the hurvicone. This
in Tesel? is a malJor problem which we can only hope to salve by continuation
of the dara gathering effort and in using the data so gatherad in @ meaningful
fashion

My second point is this, and it s2ems to me although | may be wrong, that the
data analyzed s0 far contained too few cases to enable us to put un, say, a
Family of diffarent hurricanes. | think we must have in mind, at least for
practical vse, 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 ane hurricane which siood out from ell the rest. Although |
have neve: been a believer in one cyclone, and | think there aro many types
of them, it remains 0 find out whether thls is also true of hurricanes. The
togical conclusion of this then, as It seems to me, Is that the Murricane
Project, therefore, must continue for severe! years. | realize that in Washe
Ington peaplé say two, three or four years « | like to say several = | don't
think we have enough scientific knowicdge to say how many. Sut we certainly
shouldn't plan to fold up this soon.

My third observation is this, that from the papers that were presanted at thls
symposium of which | was Chalrman, It scems that there has been a considerable
amour:t of theoretical ‘progress, or grogress along theoretizal lines. So If |
were to use Tem kalone's terms, we are somewhat past tha descriptive stage and
Bpproaching the explenaiion = we area now in the process of explaining some of
the broad features of the hurricane. | think it would be wise now to plan for
an increased emphasis along theoretical lines In connection with che Hurricane
Prcject. Ii seems that theory Is well married to the da*a: theoretical studies
may well demand changes in the operational nrocadure., Too often we see these
projects accumulate ten times &amp;3 much data as can be really used. | think
there is reason to say thatall the data | know of In the Hurricane Project has
been used | have rarely seen such economy and such good planning as | have
seen here, but 1 do think we should rcallze that tiheoretizs! studies may demand
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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 sclenti-
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 fescinsting problem and some effort should be spent
upon It. In this connection we might well extend the observation program so
that hurricanas are also studied with aircraft data after they have gone in-
land so that further studies on redevelopment can ba attempted.

Finally, | would like to make a point which concerns many projects, namely,
that of attempting to nlan or tc study a problem, or phenomsnon, in isolation.
Now | know that the atmosphere is a peculiar system where phenomena of dif-
ferent scales are superimposed on one another, the thunderstorm is imbedded
in something else, that something else is imbedded in a larger system, etc.,
and | don't think any study will be really successful unless these larger
scale phenomens are simultaneously considered. | was pleased to see the
session on Climatology which indicates that a start in placing the hurricane
in Its proper perspective has bsen made. | would like to see the tropical
storm, or hurricane, studied in relatlon 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. | ihink in reviewing the past that this sort
of thinking has often been neglected so that results have on many occasions
been found short of that which was aatlcipated. The placing of the hurricane
in it larger environment, the monsoon, and the interactionofthemonsoon,
with tha long waves In the westerlias, should be an Important 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 practlcal to have the aircraft, dure
ing the winter season when there are no hsrricanes, used In the study of
pxtra-tropical cyclones.

Mr. Simpson: Yes. It is the present planning of tne Weather Bureau in exe
tending the work that has bean done on hurricanes, to use the facilities
which wa are now having daveloped in just such a menner. In view of the fact
that they cannot be leased and equipped economically on a short seasonal basis,
the proposal is that they will be used continually for hurricane work In the
hurricane season, and to launch Into some tornado investigations during the
tornado season, and for such use 83 was suggested by Prof. Pettarssen to ex~
plore extraetropical cyclones and special other probiems, that we have not
baen able tg study In this fashion heretofore.
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Prof. Palmen: | would now Vike to call on Prof. Charney to discuss the
sessions in general, and. if possille, to comment specificelly on the session
on Energy Cycles and Models.

Pref. Charney: Before usking any spacific comments | would likes to express
the fecling that I have and which is perhaps shared by most of you here, that
is, | have 2 feaiing of excitement which has been generated by the progress
evicenrced heye where it seems to me iLhat wa are cn the verge of solving a
preblem which has baffled humanity for the last 2,000 years at the very least. '
| hava a very strong Teeling that just gs In the last 20 vears or so, tremen- jee
dous progress has besa made in the understanding of various ciher Kinds of =.
atrospharic phuncmena,theproblemofthegeneralcirculationhesbeengreatly
clarified - much better understood; the problem of extra-tiopical cyclogaresis.
is avain far tet.er understood than It ever was before: and | feel In very
much tha sams way that within our life time certalnly, and probably within a
very few years, a continuation of the kind of work which is being done here
411] lead to an explanatinn of the causes of hurvricanas

flow i! seems to me that we are in a rather privileged position, bacause we have
the technology and we are rapidly assembling the theoretical knowledge (het
will be requirad to unravel these problems. The reason for my Ippression Is
the fact that we are becoming rapldly more quantitative in our analysis. You:
will recall that Kelvin has staced = until you can measure a thing, until
you can express it in quantitative form, you really do not understand it, or
vour “understanding ts of a very meager kind at best, '1t ssems to me that the
outstanding atiribute of the discussions of the hurricane problem is that the
work--1s being taken out of the realm of idle speculation and qualitative dae
scription end balng put into the realm of quantitative analysis. In fact,
8s Tom Malone pointed out, the excellence of the physical description of the
hurricane which has bean made possibleInveryrecentysars,saparticularly
by the Nations! Hurricane Prolect, ls-betier In som respects this nasure=
mants of extra=tropical :ystems. Now this, of course, is a great advantage.
At the same time another thought occurs to me; thet sometimes If you know a
thing too wall It bacomes confusing. [t seems to me, although | won't dwell
on the point, that the mord you examine the phenomena, the-mors—elosely-you
lock st it, the more fine=qralned structure it appears to have, and the more
problems arise. | was interested in the statement which-was male by Mr. Rockneyy
that ons wit! never understend ithe hurricane until ons undarstands the struce
ture of the cloud bends as revealed by radar. | hope that this {sa'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 thege 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 kaowledge of all-the fine=gralned structure
which undoubtedly exists. From thease general comments | would Vike to ~av come
to some marg specific thoughts that have occurred to me in the course . °°

presentation of these papers. Assuming that | am permitted to discuss . Ty
papars whlch are concerned with circulation and enargy procasses, Intensification,
etc,, would 11ka to begin with the very excellent surmary of the energy problem
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wasshowas presented by Prof. Palmen, Here Is a beautiful example of quantita-
tive analysis, which hes pinned down for us the constraints within which our
sdderstanding has to proceed, ‘le now knew-that-we have numbers awettattzto
use: for instance. for the dissipation of.ahurricane = wa khow where (he dis-
sipation occurs, we know what the encray source is, we iow how the energy is
relessedinthetuiricane.Therears,iiseemstome,agreat-mamymorethings
that can be done in this direction. For example, Profs. Palmen and %“igh) have
demonsiraced vhat the energy released by condensation is sone 50 times, or nearly
40 times, the energy which is necded for driving the storm. This gives you an
sfficiency,tfthink,whichIssomethingoftheorder of 2,7 percent = this num=
cer 2 percent,oiso,has coms up in other connections and we find it also-inm
the general circulation of the atmosphere. That Is, if you take the total ae
rount of solar radiation whieh-18 absorbed vou find this tebe some G0 times 7
greater than iiie amount which is dissipated by friction. Now the reason for that
is tha the energy which Is liberated is not, of course, all converted Into me-
hanizal work. Now thers has basn scoe work done on the exact process by which
energy becomes available. Lorenz, fe!lowing Margules, has discussed the so-called
available potential energy’ In ithe atmosphere and it is this quantity with which
we are really concerned. One sugasstion that occurs to me 15 that this poten=
tial ‘energy be studied. becassc, | think that ia such astudy, a great deal
nore &amp;hout 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 litrle bi like entropy)
Ziv’ led by the static stability. This means that the process is much more
efficient whan you have near indifferent stability. Now in this connection |
would like to harken back to a remark tha: Prof. Riehl mada, in which he pointad
out that apparently when you have a lot of cenditicnal instability in the ate
mosphere, this is not favorable for the occurrence of hurricanes. Or, at any
rate, that within hurricane circulations you have marely indiffarent lapse
‘ates. This must be some kind of a necessary characteristic, and the axplana-
tion, | thimk, must lie somewhere along thesa lines rather than along the ex-
plenation which Prof. tieh! offered. You will rezall that ha suggested that
vith too unstable a lapse rate, the energy would be used up In the form of
zumilus convectici cells. It seams to ma that this is, aftar all, the way in
which the energy is spolied to a storm. The more cum:lus activity you get ip
an organized way, the mora anergy you get, so thal it ay be better to think
of it in terms of available poienrtial enerov.

Another comment is that related to a topic au which Prof. Salman hinted towards
the end af his talk: that the hurricane cannot be regarded ge a closed system,
that exchange with the environment is important. One can $ay 3 great deal
about this probiem. There is no question that From the work of Palmen, Tepper,
\iehl and others, that (here is momentum exchange with Lhe environment = angue
la: momentum exchange, and some energy exchange. Although the energy exchange
“ith the environment does not seem to be terribly important. Thus the hurricane
is constantly losing angular momentum io the surface by friction, which must be
sbtained from somewhere, lt follows that if it is toc maintain itself in a quasi«
steady state, thaore must be some axchanas with the environment. it makee ies



of the eddies thal exist In the environment and would probably use any Kind of
eddy present there. In other words, i do not belleve thac this exchange is en
essential process = but that is only an opinion. Howaver, | feel cortainly one
should took into this particular pha=~,

Another paper that impressed me very much, or rathar two papars « ware those
presented by Dr. Malkus on work that she did In collaboration with Prof.
Riehl. Here Is a good example of tha kind of accurate quuntitative analysis
that is now made possible by the excellent observations which we have. The
physical viewpeint brought out hare was whather to account for the deepening
(the pressura deepening at the canter of the storm) one nceds to have air of
heat content which cannot be explained simply in terms of the heat content of
the surface air which rises in the storm, and which comes trom cutside the
impediate center of the storm. | was quite convinced by Dr. Malkus' argument
that this is indeed the case, and that In al! probabilily this energy is
picked up by evaporation and by transfer of sensible heat from the ocean
surface. hen one thinks in terms of complete dynsmical models, | would
like to ask the question: 1s this an essential mechanism? what would hap-
sen if you ware to spread some kind of heat or evaporation inhibiting film
on the surface of the ocean - would this preveat hurricanzs from forming?
| can't, of course, answer tha: question, 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. Namely, If vou have a ring there, which is converging toward the
center, and, given the heat sources and sinks which produce vertical clrcula-
tion in the siorm, then conservation of angular momentum in itself and the
mcessity for balance will produce low pressures. Since Lhe balance is bound
to be guasi-hydrostatic, some mass changes are going to have to take place
which will give rise to these pressure falls. The hurricane does this, es
Cr. Malkus has demonstrated, by absorbing heat from the ocean. If It didn't
do that. one can imagine other mechanisms which might work - for example,
the descent in the eyes, that is moist adiabatic assent In the eye-wall, fol-
lowed by dry sdisbatlé descent in the eye, could probably produce a consider-
able heating of the upper air and could produce temperatures which would be
hot enough to @ccount for the low pressures. Again, | just throw this out
and run as fast as | can.

The question of ventilation is one that again has bee: damonstrated rather
conclusively to exist, | thought, and to play an important role. Precisely
what that role 13, again as part of a consistent dynamical picture, | find
it difficult to understand. However, t do not regard this as any kind of
criticism; in fact, to a person who has not seen a hurricane before, who
wes merely told it was a conve:sitive sysiem, it would seem to me thai some
form of ventilation would be natural. That ls, you can't expect all of the
air which comes into the region of active pracipitation to cone only from the
surface, Gone of it must come from midetroposphere = alr which Is colder.
Why the alr is colder, is again another question which is bound up with the



whole general clfrcuiation of the tropics. Then agaln, thare Is the question
whether hurricanes would form Iadapendant of ventilation or whether ventilae
tion mav ba of such a nature thas it can possibly prevent formation of typl-
cal hurricanes, {| think this question can only be enswsred in terms of come
plete dynamical models, and this again points out to me the naseeei*w for
stadving such models.

I would like to comment also if | could for a moment on Prof. Riehl's very
corplate summary. Perhaps we should combine that with Mr, famege's paper
on hurricane formation. | was omuszd by the sentence with which Prof. hieh!
becan hic paper, namely, he said that the problem of formation is not wholly
solved, | think this was the understatement of the conference. This might
seem to be In contradiction to my earlier remark about a feeling of optimism,
but it seems to me that 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. liot that there are not very attractive possibili=-
ties, some of which Prof. Riehl mentions himself, but as he honastly and franily
admitted, just when he thought he had the answer that there was a certain kind
of upper air disturbance that gave rissa to the hurricane, ha found that there
was anciher case where this didn't occur. This, | think, is the kind of study
that is going to La nesded = a study about the klad of interactions that can
occur and do occur between the lowar and uppar atmosphera. This is a new
Field of investigation, although soma qualitative descriptive work has been
done, but wz need to know a good deal more quantitatively about the exact way
in which the systems do interact. Vhy lt is that sometimes there Is no appare
ent interaction between upper and lower troposphere and st other times the
interaction seams to he decisive.

ihare sre many other comments | would Vike 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 trying to bulld complete models, which
may not rasemble the ectusl motions vary well, but at least have the virtue
that they have all the Ingredients, so that they can be completely analyzed.
There are two ways of doing this = ane, of course, is by means of laboratory
experiments, another by computations. Just 8&amp;3 8 grea: deal of light has been
shed on the problem of the genera, circulation and on the problem of extra-
tropical cyclogenesis, Ly computation, it seams to me equally possible that
when wa set up hypo hetlical madels of hurricanes end tropical depressions and
sol v¢ these by numerical computations we can expect to learn a great deal about
the hurricang

Prof. Palmen: Thank you, Prof. Chararv for tka interr~ting ~vpose of all of
these problems. Now before tha — : _r~mnie~d T+ | Riehl not to

ask iim to say anything on thls ruhje~. he-vor, | fes] that he probably hag
some appropriate coments which should b» entered at this point.

 or

&gt;rof. Riehl: Uell, in &amp; mesting of this kind there Is sore subject or other



of importance which dogsn't quite get the attention which it deserves, and
In this case | think the subject which was cheated a littie is the mark of
distinction which appears to exist, not just between tha tropical depression
and the hurricane, but between what Is known as the tropical storm and the
hurricene, Now the tropical storm is a disturbance which has Leen observed
to exist as a steady state phenomenon, and in at least several instances as
has teen demonstrated by ths 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
io not becom= concentrated near the center, the maximum wind remains at a
radius of 150 miles, or thereabouts, with a strength of something about 40 to
0, 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 insicance, the net mass
inflow into the tropical storm, that when ona goes some 4 or 5 degrees from
ha 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 miltibars, and the mass inflow
-hrough a deep layer of the troposphere 1s very appreciable. One finally
comes in the end to a conclusion which has been emphasized by Dr, LaSeur, as
much as anyone, that In most of thess hurricanes there is 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 dastroyed
over the Cuban mountalns, the tropical storm structure is retained and that
which really distinguishes the tropical storm from the hurricane Is the
existence of the eye in itself, Or. LaSeur has mentioned to me cases whare
he has been able to find, from detailed flight data, two rings of maximum wind
fn passing in cross=section flight through the disturbance: Namely- one,
the quter ring, the tropical storm maximum, then some decrease, and finally,
Rn secondary nner rise to a maximum near the eye. Consequently, when Dr.
Charney says that there would be hurricanes with or without 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 principdd
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 deter=
nined is the reason for the exlstenza of the tropical storm rather than the
hurricane (tha thing that one would ordinarily think of as natural, so to
speak, would be the hurricane, but it Isn't). The formation of an ey2 within
» general enveiops is, | would say, an event which would be questionable withe=
out special surface conditions. Since the energy problem has come up | would
like to emphasize this point = that one really has a double problem here:
namely, there is a general tropical storm as one thing, and then the extra
but much rarer formation of an eye with particularly strong winds within it es
3 sacondary phanomenon.

ir. Palmen: Thank you, Prof. Riehl, | am glad that we have had your opinion,
For after all It would be silly to have the qreatesl axnart on that oroblem



hare on the Board and not to have him express hls opinions. Now although
time Is running short, | would still like to es% the one who, in my opinion,
presented the most interesting pape-s here, namely, Dr. Falkus, to say a
few words about ihe subject, and to inquire whether she has anything to add
to what shs has alre-dy presented.

Or. Malkus: | have only one thing to add In connection with the interesting
question which Dr. Charney has asked. | am not interested in hurricenes only
for the practical reason that they exist, but also as a prototype of the cir=
culation in @ rotating system. Ths question of how we get such a circulation
is @&amp; very interesting one. | was glad to note Dr. Fultz! paper which showed
that we can simulate some of the essential features of the hurricanes, by
somewhat different techniques in the laboratory models. 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 contrcversy that this kind of circulation neces
sarily requires It, but from what Dr. Fultz seid it looks to me as if we do
have te 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 a8 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 been made. |
would like to inquire whather Prof. Riehl would like to add anything on this
subject in view of the fact that for the forecasting problen this is an ex-
tremely important point

Prof. Riehl: ‘ell, | really don't have anything to add on this subject, 1
have already spoken 42 minutes on !t last night. However, since Dr. Palmen
brings up the practical aspect of this, | would say that it nay be entirely
possible, at least in areas of observation, to arrive at schemes for predict=
ing the formation of hurricanes wi hout actually understanding the precise
physical process. This is entirely within tha realm of possibiVities. Also,
vary little work has been done on this subject, partly because of the fact
that formation, inparticular, occurs in the areas without observations of the
routine type, and that the dispate!ing of special aircraft for investigation
into theses very formative stages, has proved, at least so far, a particularly
difficult task becauss there are always several of thesc potential areas on
the map, and one never knows which ona should be explored. Certainly une of
the most importent facts, | think everybody recognizes, in the future of this
program, is the systematic Investigation of these early stanges. MNeveriheless
it may very well be possible that one can arrive at a forecasting schema In
regions with observations without actually understanding the process itself



prof. Pelwen: As | remember in Prof. Charrey's very interesting paver, he
3lso touched on, to some extent, this sams question, in spite of which he
never distussed the type of disturbance that really should start the process
of formation. not nezessarily tropical hurricanes, but trovicael cyclones,
However, perhans Prof. Charney would like to add something on this object.

Prof. Charney: well, this is just a caznaral remark which has been prompted
bv Or. Malkus' stetecent, that it is necessary to study gancral convective
mations of roiating systems, | theroughly agree that what has been lacking
I think, on &amp; theoretical basis at leas, is that very little work has been
done on the moist adiabatic process; that is, how are the dynamics governad
when condensation is ozcurring. Convection of avery kind has heen studied
“hee due to ordinary therrial instability, heating at low levels. In rotating
systems,inmagneticfields, and goodness knows what: bu. 1¢ hasn't been
studied Tor condensation. | maan, given such a simpla thing one might say
as the dynamics of the cumulus cloud = little work has been done on that.
well, perhaps o fair smount has heen done, | would sav, but not very uch on
the dynamics or the thermodynamics, We must now, bacause of its obvious ime
portance, coacentrate on this particular tonic, bacause other obviously Impore
tant phenomenon in ihe aimosphare are bouwd up with condensation. ! mean
large scale phenomenon, not merely the cloud itself. The whole dynamics of
the hurricane, its eye structure, undoubtedly tha pherocmenon of the rain band
in the hurricane, all are things that are directly connected with pracipite=
tion. Even, actually, the eye of tha storm looks very much Ilke a front and
there are very close analogies actually with extira=tropical fronts and eves
(an the sense that both of them way really ba one thing that can give rise to
fiscontinuiiles In mo. ion

However, the extra-tropicel front itself is not too well understood and could
Stand further in-estigatlon. Similarly, further investication of the rain
band is Indicated for, in accord with dr. Tapper's paper, | believe that we
need models for the rain bands, It seemed to me that an epproach such as the
ne Dr. Tepper used, If It were combinad with the very evident release of
anergy witich occurs through condensation, v'ight lead to something that would
readily explain the active details of motion in rain bands. | just wanted to
put in a plug for a possible mechanism which one might propose: namely, you
might regard this as ansther kind of instabliity, essentially if you have a
little increase in kinetlc energy along a streamline, than near the ground
his would give cise to a frictional! convergence hich will then produce cumulus
and cumilonirbus activity, This in turn, of course, will change the circula=
tion and (hsvefore you could conceivably get a se!f=pronogating effect. The
fact ‘hat ‘tae rain bands are associated with velocity maximum In middls and

upper levels and presumably near the ground too, sugeests that reybe this Is
an important factor to losk into. | ouly mention this now to emphasize that
the condensation must not be 3 passive factor of this shanomena but an active
ingredient in its dynamlcs In any explanation. It is not going to be possible
16 explain any of these peculiar proozartiss of hurricanes wlthout constructing



models of tha moist adiabatic processes. Fuitz!' paper illustrated this point,
I think, Lecause he was not able really to get this kind of concentrated wore
tex, since In order to do so he would have needed tampersturs sources which
were so high that they would produce horizontal temperatura gradients whlch
lcad to baroclinic instability, and so we could not produce a symuetric storm.
If, however, vou hava condensation you can get, this energy release with much
smailer horizontal temperature gradients. hare is an examsle wiwre conceivably
It would net be possible to produce 8 hurricane in a dishpan without in soms |
43y siemiating the condensation mechanism. Cf course, the kind of experiments
that Fultz is doing are gbsolutaly necessary = thay are invaluable for shedding
light on the general phencmenon, :

Prof, Pelman: Thank you. | just wondered If we shouldnit proceed to tie
last session, Lecavse | 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 evanlng, so | will ask Prof. Rlehl to comment about the
3a58icn on Prediction of Yurricane liovarent.

Prof. Nethi: Thank you, 2r. Palmon. | can probably maka this rather brief
Hot knowing how this afteraoon's session would go, | progeadad to summarize
the movement session at the closs of this morning's maeting., What | feel
needs to be done now is to run down the list briefly for Lhe benefit of thosc
who did net hear the summation this morning. Several! of the papars dealing’
with rovement hevs already bean mentioned, for Instance, the work by Mr. Gentry
on verification and Fasahara's numrical work. | think we must realize when
ft comzs to tha prediction of movement in contrast with some of the other
tepics we have Just heard about, that they are very brave souls who undertake
this kind of imvestlgation. It is not like Astronomy, far 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 tha day after the news Is in, and you have
had it one way or another. So | think that ell of us here should have a
great deal of appreciation for those who spoke and are undsrieling work on
hurricana prediction. They, In a manner of speaking, jump directly into the
middle of the firing line moe so than anyone else working lu the general
subject. One of the main things that came out of this morcing's session and
nas emphasized by Mr. Gentry was this: hot while most calculations that one
now makes are for a 24-hour interval from the time the dais are taken, the
interval is too short for practically all warning purposes. It Is trus that
somelimas 8 six ar twelve hour warning can do a great deal bf good, but for
the most part, the warning of coastal populations and the making of prepares
Lions against inundations, and things of this type, it Is necessary to have a
warning some 36 hours shead of mao time, which is about 20 hours fram ths time
the forecast is Issuad. | realize, uf course, that fof certain special pur=
poses much longer warnings than this gra necessary to close down and protect
factories end military installstions, ete, The J2=hour forecast verificatjons
show by Mr. Hubert, Indicate that they ware too far offF te warrant much dlse
cussion. Essentially then, the aim, at least for tha present, should be a



30-hour prediction from man time, and possibly a discussion of wh=t types of
calculations should be undertaken.

Mr. Gentry's method Involving computations made directly from aircraft data is
2 very appealing one. They were, however, only for 24-hours, hut could parhaps
be extended to 3tehours. It Is possible that this time may be too long and the
general circuiation features alter too greatly to make this extension practi-
cable. hevertheless, it is a very appealing 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 several collaborators at the project AROWA of the
U. S. Mavy. Now with faster jet planes coming into operation the very exciting
possibility arises that this can ba done at high altitudes, whare there are not
enough rawin stations available at any time to get satisfactory statistical
samples, or fron balloon soundings. [t would heve to be puraly an aircraft
program. The few complete B-47 flights that already exist with the Nationa)
Hurricane Project should be thoroughly investigated for this purpose, Again
the sample is too small, but one of the approaches that should be encouraged
for the future is: to deploy the high altitude aircraft which HHRP and pere
haps others hopa to have In the future years in such a manner that one can
see whether a useful scheme for 26-hour .mvement ean be directly taken and
calculated during the aircraft flights In a short period of time.

Jther methods of computations depend on ~harts with calculation schemes of one
507° or another. Here one has to distinguish between charis which have a cer-
tain amount of observational stability in them and charts 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
tlons. This situation is much worse in the Atlantic than in the Pacific.
Thera have been two types of charts montioned which seem to have the required
scability, one is the 5-day mean chart at 7C0 millibars, prepared by Mr,
Hamiss' unit, and he has shown very interesting correlation between 3 to §
day tracks and the “day mean charts. It should be a matter of great interest
to develep these computations further and to investigate ths possibilities of
using thes2 f=day charts to serve for 43 to 72-hour forecasts. The other stg-
ble chart 1¢ the surface map where, of course, there Is the most cata. 1his
has racently been exploited by the aroup of Tom !alonrs in Hariford, using this
statistical fore-ast system, which has shown what, to many people, hes been a
surprising amount of success, This also has been a 24-hour scheme which, how-
ever, one should certainly try to extend to 36 hours or more, and also to ine
clude parameters not currently used in this statistical treatment. There are
some Fairly clear ways to proceed here = one of the most attractive things is
that the surface map, with relatively conicus data, can probably be processed
entirely numerically without any hand analysis. This mwans that in the end
we would not encounter the situation where one forecast center gets one answer
and another forecast center geis something else. Consequently, for computational
ourpcses these two stable charts sec to offer. Iniaresting possibilities.



iverything else that has been done has been based on grid systems « either at
‘G0, "00 or 200 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 coiputations made from
such charts also come cut differently. Une naver knows then in such cases
whether the errors one gets are Inherent In the models or the computational
schemes that ha.e been davised, or whather they are purely in the data. This
apolies to the statistical objective systems, such as that of Killer In the
“lami forecast office here, and the system that | have produced, 2s well 2s the
numerical prognoses made on the electronic computer. Dr, Kasahara has shown
3 vary Interesting set of verifications, and another interesting set was shown
for the Pacific this morning by Dv. Arakowa and Dr, Gambo. Ong could see from
these verifications that the hope in numerical prediction for hurricanas which
existed k years ago ast the Tokyo Conference on hurricanes has not been fully
realized. Some people came away from that conference thinking that there was
oniy one thing to do and everything else could be discontinued. Subsequent
history has not borne that out, awd again this need not necassarily be the
fault of the models that have been employed for this purpose, but simply be-
cause the computations have been carried out over wide oceanic stretches,
shere there are no observations.

50 there is no answer at all at the praesent time as to whether the errors In
these forecasts cone from such things as the barotropic modal employed, the
subtraction of the storm center from the ceneral clrculstion, &amp;r simply from
lata deficlencles. it seems unlikely we will coms to any sclution in this
matter until such time as the data situation Is clarified. But there Is not
in existence at the moment a single accasion in which there hava been suffi=-
clent data available from the oceans to draw 500 or 700 wmillibar maps in a
mique way so as to glve an answer to this question, even in the case of @
single cyclone. It almost qoes without saying therm that if significant Ime
provement in working with grids is to be achieved, then thers must be more
observations. Yhese observations, as nearly as one can sea at the moment,
have to be airplane obssrvations. There does not seem to ba anything else ir
the picture ~ perhaps constant pressure balloons at high altitudes, but cer=-
:alnly alreraft in the middle troposphare.

For @ number of vears | heve advocated, as have a lot of other people, es-
pecially those working in numerical prediction (for instance, Dr, Platzswem),
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 hurrla-
zgnes, The history of reconnaissance, If you review It in recent yesrs, has
been that there has been na 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 deta to the forecaster. The winds
and temperatures collected on the way to and from the storm srea are also
made available in due course. In addition to thls, of course, whan a storm
is now located near land there are radar fixes, and a great deal of sperse
tional effect has been put Inco these aircraft fixes and land based radar
Fixes. Unfercunatelyv, a considerable amount of misinformation now exlsts in



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. Well,
this &amp;s you all know is a completely wrong impression,

This kind of data, at least as far &amp;s wa have it at tha momant, 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 rea! use
is to come of the physical and empirical models of hurricane prediction by
means of open grids over the oceans. Even if the perfect model was developed
it would be of absolutely no use if the data requisite for carrying out the
node! were no: available. However, it is In my mind very questionable at
the moment what is to be gained through continuing investigations of the type
that utilize open grids as long as one has to practically imagine the data
over the oceans that form the basis for these predictions. It is rether obe
vious that Improvements cen be made on computations utilizing the dats, 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 real fzes
that there are certain second darivatives Involved In making these predictions,
you can see that It |s astounding Indeed that results have been obtained as
good as those cf Or. Kaschara 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 trying out 2h=hour
forecasis since they are not for a long enough period to achieve a great
deal of good. One must then elim to develop a 36 to 48&lt;hour forecast techni=
que, preferably the requisite data should be supplied directly from aircraft
possibly being exploited on the aircraft itself. The calculations should be
based on charts that are observationally stable, mainly, the L-day mean and
the surface chart. Also, perhaps, one should at least for coastal warning
purposes ebandon the notion that he should find a forecast scheme 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 realistle
cally we must develop prediction schemas for 38 to 48&lt;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 forscast. This Is
Bpproximately a summary of my conclusions from this morning's session, and
From following the evolution of efforts in forecasting the motion of hurrie=
cangs over the past few veors.

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
Bre some very urgent questions | feal that we should go over to the last point



on today's program. namely = the question of the future plans for the Hurricane
Project. ue have heard here al) kinds of recommendations, &amp;ll kinds of possie
ble investigations. Many of thesa could naturally depend on the possibility of
ontinuing the work on a large scale. Va will ask if Mr. Simpson could give us
2 brief review of the plans for the near future: how the Project will be organe
lzed, what kind of observations aada, ~t-~,

Mr. Simpson: | realize It is getting late and many of you have glanes to catch
 P will try to keep this to the point and as brief as possible. | believe that
va wlll be able to comply with the recommendations which have be~n made ro well
and effectively here.

in stating what we propose to do from here on out | think it would be well to
place this a tittle bit In perspective by reviewing Just for a moment what our
shjectives were at the outset and what wa planned to do by this time. You can
see for yourself then how the pattern for the future has shaped liself. To bee
gin with, and 1']1 not go into all the details, of course, beacause most of thew
are known to you, It was our feeling that the Project should move shead along
‘wo lines. One, we would attempt to organize information already available to
us in the best pussible fashion to permit improvement right away in the techni-
ques for prediction, and to this end wa established additional positions at our
forecast centers for forecasting research work and have given some contract work
vhere people ware able to take this on to try to develop improved techniques for
Forecasting without walting to get new information. In addition to this we felt
that the real heart of our problem was, if we are to materially lmprove our abil
Ity to predict, to understand the physics of atmospheric circulations involving
the hurricana and Its movement. While we have learned a great deal of this In
ierms 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
wore carefully the hurricane at the point of Inception where we rarely fortule-
tously have a radiosonde or a good network. Also, to obtain information from
the core of the more mature systems to see if ths extrapolation of knowledge
nd reasoning wa had used about the frinses was proper.

He have proceaded then to set up a program which has operated the past three
years, Ve stated that the aircraft probes that we would operate should attempt
lo get at least three good samples, ss a minimum, from storms first in the Ine
cipient stags, 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
k!] three of the probes available in the storm sufficiently close to each other
that we could analyze the circulation volumetrically, We have to date managed
to get six such three-plane missions accomplished while flying a total of nearly
8 hundred sorties into hurricanes of atl kinds, but many of these individual
Flights, whores wa got only a fragment of our total objective, cannot be subjected
to volumetric analys s. As you have seen here in the reports at this meeting,
which have obpenad up new and other avenues of interest, many problems have



developed. These demand more extensive investigation than we ewer thought was
going to be necessary at the cutset. ‘Ve have felt, end hava planned now for
over a year to extend the aircraft facllities and the type of probing !nvestle
gation thar we have carried out for the past three years. te now are in en
advanced state of planning and almost at the point of implementation In 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 nscessarv to
be rather quantitative in talking about years and specific endurance of projects
#hich are not intended to be permanent when they are estaklished. Ve have naver
had any scientific notiun that we could accomplish any specific thingy In one or
lwo vears, or three years = this has been {forced on us, bul we think thatannther
Lhrea years is 8 realistic acal to shoot at,

| should pause at this juncture to do something that has not been formally done
anywoere in these sessions, and | think it has not been demanded, cortelinly,
That is simnly this = (0 point out that the work done so far has been, in the
bast se se of the word, a collaborative effort involving agencles, institutions.
research institetions, and Covernmsnt organizations on &amp; very broad scale. Ve
have first of all had the Department of Defense and, specifically, the Air Weather
Service supporting the alrcraft program by providing first twe B=50's and one
b=7 aircraft. They have provided personnel to cperaie these planes for us, and
have flown them at the expanse of the U, §. Air Force. ‘Je have had &amp;s our ime
mediate collaborators the very best people that are available in this field,
From varfous Universities end Research Institutions; Florlda State University
has provided an active contingency, especially through Or. Lajeur, who has
served as Associate Director of the Project in the planning phase right straight
through. or. Riahl has been active from the very flrst and in the last two
seasons he has flown &amp; number of missions with us and halps us immeasurably.
Dv. ¥alkus has made many trips to Pelm Beach and has workad actively from toods
Hole on various portions of the work, planning and otherwise, and you have seen
tie resulis 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
le that the Navy also assisted this vear in monitoring our cloud physics work.

This next year 1t will be necessary for us to equip lezsad commercial aircraft
and to operate these complataly undar the Department of Commerce. We have
really imposed upon the Air Force during the past three years for the support
"hat they have so willingly and effectively given. We are in the process now
of advertising bids for aircraft. Ye will require two DC=00 aircraft which
will be equipped with essentially the some system we had in the old planes, but
with sone modifications that will extend the capability of cur probing and data
collection. in addition, the B=47 which we have had before will Le replaced
by a 2=%7 which is, while it is a little shorter range 2ircreft, a higher fly
ing, more flexible aircraft and can be staged from many fialds. These threas
plenes then will be used to continue the investigations we have bean carrying
ut the last three vears. it ls our inlent gradually to use these planes more



and mora in seasons of ihe vear other than during the hurricane season for ine
vestigations, as | have said earlier, of ths tornado problem, of the extra-
tropical cyclone prablem, znd of the suhetropical and equatorial jet stream
aroblen, a vary impoctant item which has not received much attention at this
conferance. we will gradually phase out of the hurricane investigation as
we get enouch sarpies From ancugh different storms to feel that wae may confie
dently set up ihe range of models, or the calaxy of models, that has been Ind
cated here as desirable. Ue will move ahead confidently in theoretical and
ther avenues of research on the hurrizane nroblem.

|=

dex: April lst there will be a busic change in the organization of NHRP when
our shop at West Palm Beach will be closed and we will eomdine hers at Miami
with “r. Dunn's organization which has recently moved tao the Aviation Building
dg wili form what will be known from there on out as the Nationsl Hurricane
~entral of which ¥r. Dunn will be the head. This center will proceed with
tha otfective of melding and combining advantageously oneiations and research
n addition to the supervision of the data collection effort such as we have
conducted at Vest Palm Reach. Little by little at this joint center the U. 5.
Jeather Bureau effort will be devoted to che applied research problem, trying
to work into the forecast techniques the benefits from the more fundamental
knowledga and understending of tho dynamics of the hurricane which we are now
beginning to obtaln., At the same time collaboration through the Universities
ard ciher research instliutions will continue to be fostered and supported by
the Weather Bureas. 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 a stimulus, f.e., @ means of stabbing
awake cur people who are devoting themsslves to the operational problem and
to the applied ressarch problem. ‘'e do feel that perhaps some feedback of
zxperience into the fundamental ressarch effort will be cainad thersby. |
could go on Into other facets of these plans but essentially this Is the sum
mary of what we expect to do In the coming vears. and with good luck we will
be on cur way mxXt season,

Thank vou

Prof. Palmen: Thank you vary much, ir, Simpson, for this explanation of the |
slans for the future. At tha beglnulne of this meeting !| hed at first thought
that we shouid make some quite specific recommendations; however, sO many recom
mendations coma up here already during the discussion and the time Is late. |
appeal that if nobody hare has any objection wa now could consider this meeting
tg be at an end. Befors that, however, ! would llke to say that |, at least,
sersonally feel great confidence in the future of this Project. | have read
50 many of the publications published by the Project and | have read these
sepers hare and listened to the discussions. | had several times the imprese
sion that rhe time has come from which wa can Took forward to a great future
'n this fleld. By comparing this meeilng wich some othar meetings on tropical



hurricanes, | feel that this has really provided much more new Information
and promising theories, With this {| would like to declare the meeting closed
fowever, before we leave,Prof. Petierssen, as President of the Amarican Mete
sorologica) Seclety, would like to sav a few words,

Prof. Petterssen: Thank you, | shall be very brief. First of all, on behalf
of the Society { wish to thank Profs. Hiser and Simpson, tha two Chalrmen
of the Arrangements Committee end thelr assoclates, for the Immense emount of
work which they have done to make such a pleasant meeting for us. | think |
am quits honest when | say that | have rarely been to a meeting which has been
mare pleasant to attend, Also,on behalf of the Society, {| should like to thank
our foreign guests who came from far and wide to make this meeting $0 success~
ful, and | know many of them have had to leave already. | see sone here snd
| am sure | speak for all when | thank Dr. Palmen for his contribution to this
meeting. Well, so much for the Soclety, 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 whet | have seen st this meeting and what has teen done In such a short
time. It Is, of course, very pleasant for us visitors to come here, but |
think we all leave with tha Impression that this is a very, very excellent
team at work hare, | am optimistic enough to think that this might be one
of the prattiest pages in the history of Meteorology, and | wish the Project
all the luck they deserve. | think now | shall turn ths meeting over to the
Program Chalrman,

Thank ycu all very much

Mr, Simpson: Well, Dr. Petterssen, | want to thank you first personally for
those very kind words, and 1'11 not take more time in extending this meeting,
but before | do so | want to acknowledaa i.atefully the participation of what
we have called a Board of Raview, 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 they have come
here In the midst of their own undertakings, and | know many of them have very
trying schedules, | want to express appreciation on behalf of the Program
Committee for the sacrifice they have made In coming here and in participating
in this rather arduous task this afternoon. 1t has meant a great deal to all
of us, | #m sure. Thank all of you on ths local committee, Mr. Dunn in partie
cular, and rl) his people who have done so much in making this Conference &amp;
succ” '~ "rr ~lanning, and of ccurse It goes without saying that | sppre-
clet “oe ev otaff that backed mn In the program planning.

The Rl en
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December 1, 1958

Mr. Robert H. Simpson
National Hurricane Research Project
P. 0. Box 271
West Palm Beach, Florida

Dear

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

[ have some further ideas about rain bands and would very much
eppreciate it if you could send me, or tell me where I could
locate, the latest material concerning detailed horizontal wind
and temperature profiles in relation to the location of the
rain bands and, if possible, the vertical temperature structure.
This data, as 1 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 o your wife, to Hawkins, Gentry, and
their wives that my peculiar hours and the general hurly-burly
prevented my spending more time with them, I look back with
fond recollection to the pleasant time I spent in your midst
lagt ring,

ith bot re:

inc rely,

Jule Charn~

1 | I
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RESEARCH OPERATIONS BASE

WEST PALM BEACH, FLA

P.O. 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:

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

[t 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,
y

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

-
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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. 1 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,

R. H. Simpson, Director
National Hurricane Research Project
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY

CAMBRIDGE 39, MASSACHUSETTS

DEPARTMENT OF METEOROLOGY

October 17, 1953

Mr. Robert Simpson
ational Hurricane Research Project
F. 0. Box 271
-+t Palm Beach, Florida

al t

Enclosed herewith sre two
the Hurricane Conference.

copies of the r~ "»~ct of rv talk at

I am very such looking forward to seeing you and hearing about
your new observations. The swmer 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 aoain.

We havo

projec
bring o

With be

* Japanese with us: Ogura, who is attached to our
« =»nd Gambo who 1s visiting. Would it be possible to

or bbth slong a3 spectators at the conference?

tt yerardrs

Sincerely,

Jule Charney

fcritg
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UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

RESEARCH OPERATIONS BASE

Pp,"0."Box271
October 16, 1058

Dr. Jule G. Charney
Director, Dynamical Weather Prediction Project
Department of Meteorology
Massachusetts Institute of Technology
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 Ncvember--bothb
as pa member of the Board of Review and for the paper
of 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 revnroduce 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 mcnth,

ver truly yours,

~)
9

-p

y ™
—

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

RESEARCH OPERATIONS BASE

WEST PALM BEACH. FLA.

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

Dear Jule:

P. 0. Box 271
March 7, 1958

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,

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

Encls.



Draft
March 7s 1958

AMERICAN METEOROLOGICAL SOCIETY

Technical Conference on Hurricanes
Miaml, Florida

November 19-22, 1950

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

Wednesday, November 19th

1600-1500

1700

Thursday, November 20th

111 0900=~1200

Registration

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

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

(b) Storm Surges. (CHAIRMAN: Prof. Erik Palmen).

| 1330-1630

2000-22301

Friday, November 21st

0500-1200

ft 1330~1630

Vili 1900

Saturday, November 22nd

0900=1200

1300-1700

nadar 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 Facilities,
CommunicationsandWarningDissemination,

(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. Erik Palmen

MEMBERS: Dr, H. R. Byers, Prof. Jule
Charney, Dr. George P. Cressman,
Mr. J. J. George, Dr, Thomas Malone,
Dr. Herbert Richi)



Draft
March 7, 1958

AMERICAN METEOROLOGICAL SOCIETY

Technical Corfarence on Hurricanes
Miami, Florida

November 19-22, 1950

LIST OF INVITED PAPERS

Session tlla: U.S.W.B., Office of Climatology:
On the climatology of hurricanes

u.5.W.B., Extended Forecast Section:
Svnopto=climatic studies of hurricanes

Travelers Insurance Company:
On probabilistic methods of hurricane prediction

Eastern Airlines:
On synoptic studies of hurricane behavior

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

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

AEM College of Texas:
Storm=induced high water levels

Beach Erosion Board:
The nature of stormeinduced 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)



 yf
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Session V: University of Chicago (Prof. Riehl):
Tropical cyclogenesis

U,5.,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

Session VI; Prof. Palmen:
Recapitulation of eneigy problems In the hurricane

Florida State University:
Eve circulations

Joods 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

Session Vila: 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 proc
the hurricane

a

.S in

University of Chicago:
A hydrodynamic mode! of a warm core circular vortex

Session Vilb: Geophysics Research Directorate:
The hurricane beacon device

Air Weather Service:
Hurricane reconnalssance facilities



w en

Session VIib continued

Hurrlcane reconnaissance facllities

Project AROVA: |

The use of the transosonde In hurricane predictions

J,S:W.B.; 08SF Division:
Ground station facilitles for detection, tracking,
and prediction of hurricanes

Nat fonal Hurricane Research Project (Mr, Hllleary):
Afrcraft recording and sensing Instruments for
weather Investigations.

“CLA J
A

The public relations problem in disseminating
hurricane warnings

/X
Session ¥Htt: National Hurricane Research Project:

Prediction of hurricane movement

U.S,W.B,., Hurricane Center, lilami, Fla.:
Prediction of hurricane movement

J.S.W.B., 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
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June 20, 1958

Mr. Cecil Gentry
National Hurricane Research Project
Research Operations Base
P. 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 Hurricane," 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
oth,

Sincerely,

Theresa Grant

Secretary to Dr. Charney

Set Professor Charney
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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 thermodvnamical 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 vou care to make.

Thanks again for the helpful discussions of the Carrie data.

With best personal regards,

Sincerely,

for. H. Simpson, Directed
National Hurricane Research Project

Encl.
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March 12, 1958

Mr. Robert H. Simpson, Director
National Hurricane Research Project
P. O. Box 271
West Palm Beach, Florida

Dear B~hg

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 proe
gram {t should be a very {interesting one.

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 a skiing accident and will not be in a fit
condition to travel for another 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 to do so, To be specific, could visit you
on April 17-20. I could take the Eastern Airlines flight
sput 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 be

-nearely,

Jule G. Charney, Director
Dynamical Weather Prediction

Project

jgeity
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WEATHER BUREAU
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RESEARCH OPERATIONS BASE

WEST PALM BEACH, FLA.

P. 0. Box 271
March 7, 1958

Or, 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 its purpose Is to review progress made on the hurricane
oroblem and to illuminate 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 belleves 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
sarticlpation 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
nember of the Board of Review, and acting as Chairman of the session entitled
Cyclogenesls and intensification,! scheduled for Thursday evening, November 20th.

de look forward to having you with us on this occasion.

Sincerely,

R. H. Simpson, Chairman
Conmittee 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 Pramotion of Research on Severe Storms)

Wednesday, November 19th

1600«1500

1700

Thursday, November 20th

141 0900-1200

Registration

Buffet Supper 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 Surges. (CHAIRMAN: Prof. Erik Palmen).

'v 1330-1630

2000-2230i

Friday, November 21st

0900-1200

itt 1330-1630

Vill 1600

Saturday, November 22nd

0900=1200| ¥

1300-1700

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 Facilities,
CommunicationsandWarningDissemination,

(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 Palmen

MEMBERS: Dr. H. R. Byers, Prof. Jule
Charney, Dr. George P., Cressman,
Mr, Jo J. George, Dr. Thomas Malone,
Dr. Herbert Riehl)
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March 7, 1958

AMERICAN METEOROLOGICAL SOCIETY

Technical Corfarence on Hurricanes
Miami, Florida

November 19-22, 1950

LIST OF INVITED PAPERS

Session lta: U.5.W.B., Office of Climatology:
On the climatology of hurricanes

U.5.%W.Bs, Extended Forecast Section:
Svnopto=climatic studies of hurricanes

Travelers Insurance Company:
On probabilistic methods of hurricane prediction

Eastern Airlines:
On synoptic studies of hurricane behavior

Session [1b

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

V.C.W.B., Office of Meteorological Research:
Evaluation of models and technlques for predictior
of storm surges

Ati College of Texas:
Storm=induced high water levels

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

Japanese Meteorological Agency:
Coastal lnundations caused by typhoens

Session VV: 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)
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Session V: 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 studles of tropical cyclogenesis

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

Session Vi: Prof, Palmen:
Recapitulation of energy problems In the hurricane

Florida State University:
Eve eclirculatione

Joods 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

Session Vila: 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 pr---&lt;ses in
the hurricane

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

Session Viib: Geophysics Research Directorate:
The hurricane beacon device

Alr Weather Service:
Hurricane reconnalssance facilities



Session Vib continued

Hurrlcane reconnaissance facilities

Project AROVA:
The use of the transosonde In hurricane predictions

J.S5.W.Be, 0ESF Division:
Ground station facilities for detection, tracking,
and prediction of hurricanes

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

“CDA*
The public relations problem In disseminating
hurricane warnings

Session Vill: National Hurricane Research Project:
Prediction of hurricane movement

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

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

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

Austral lan Meteorological Service:
Prediction of tropical cyclone behavior
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WB Form 255.2
(Formerly 3059) ’

UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

REFERENCE: A-3,32

Dr, Jule G. Charney
Room 24-5N8 =

Massachusetts Institute of Technology
Chamfridge 39 ’ Masse.

Reference: Your travel voucher for $.__.__ 51.20 ____________ covering expenses

under travel order No. ___ 1187 _____ dated_. 3/19/58. J

for the period________ L174,20 ea
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 (c¢) and
C-2903 (e 4) WBM.
——4. Per-diem computation for travel of not more than 24 hours. See Par. C-2614 (a) WBM.
——&gt;5. 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 3 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 and/or lodgings were furnished free of charge by a
Government agency. See Pars. C(-2612 and C2903 (¢) WBM. °
——8. Statement as to whether or not leave was taken. See Pars. C-2504, C-2506 (a), C2605, and
C-2903 WBM.
——9. The period of leave is not clearly shown. See Pars. C-2605, C-2903, Exhibits C-29-1, and
C-29-2 WBM.
——10. Information astodutystatuson______________-______. 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
furnishedon TR C- _________from________________to._________.______. 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 family who traveled at Bureau expense. See Pars.
(-2309, C2911, and Exhibit C-29-1 WBM. :
—17. Transportation request book No.______ was not returned. See Par. C-2404 and Exhibit
C-29-2 WBM.
——18. Cost of 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.
——90. Certification as to necessity for use of superior accommodations. See Pars. C-2307 and
C-2310 WBM.
——21. Statement as to expenses of transportation between lodging and place of duty. = (Such expenses
are personal to the traveler when normally incurred by the public or resident Government employees
in daily travel to and from work). See Pars. C-2803 and C-2305 WBM.
——22. The necessity for the use of taxicabs. See Pars. C-2303 and C-2305 WBM.
——93. Statement as to hire of special conveyance. See Pars. C-2004 (d), C-2510, and C-2909 WBM.
——24. Receipt for cash payment for Pullman accommodations. See Pars. 80 (n) SGTR., C2306,
and C-2413 WBM. :
——25. Comparative cost statement. See Exhibits C-25-1, C-29-1 and C-29-2 WBM.
——26. Statement that travel was by the most direct route. See Exhibit C-29-1 WBM.
——2927. 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 privatelv-owned automobile. See Par. C-2506:and Exhibit C-29-1
WBM.

{R2N)
‘Wr}



~——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. C2506 (b) and Exhibit C—29-1 WBM.
—31. Explanation of the excess of________ miles over the Rand-MecNally mileage. . See Par.
C-2506 (b) WBM. CL »

——32. Under the provisions of your travel order, the cost by airplane may not exceed that for the
same journey by rail. See Pars. C2311 and C-2906 WBM.
——33. Receipt for the expense incurred on________ imceecereewee-=. See Pars. C-2413,
C-2507, C-2702-2710 incl. WBM..
——34. The 10 percent transportation tax of $ _______________ on the excess transportation cost
($_____________) was deducted from your voucher. . See Par. C-2912 WBM.
——35. The official necessity for using a different mode of transportation on the return trip must be
shown."
——36. The amount of the voucher has been applied against your advance of funds account. The
amount for which you are now accountable is $______ __________ Co

——37. References to the WBM and correspondence should not be made on vouchers.
——38. The names and ages of your immediate family. See Par. C-2911(b).
——39. A reimbursement voucherisrequiredto.coverthetransportationrequestsissuedfortravel
of the members of your family even though no other expenses were incurred. See. C-2904 WBM.
——40. Computation of the charges covering transportation of household goods should be at the rate
of $ ________ per Cwt., for________pounds. See Pars. C-2803, C-2804, and C-2915 (a3, 4) WBM.
——41. Reimbursement for transportation 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 including the points of pick-up and delivery.. The bill of lading should include

. Ys and should be receipted by the Carrier’s Agent to show receipt of payment. C-2915al) WBM. .

—B. Weightmaster’s certificate showing the gross, tare and net weights. C-2915 (al) WBM.
—C.. Temporary storage receipt showing inclusive 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 received. See 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 Trip Authorization No.__._____________.. We
should pe informed as to the correct number if that number is not applicable. See Par. C-2105(b) WBM.
—44. Computation of per diem should he as shown on the attached sheet.
MAi5. The correct per diem is 3 3/l days insteadof 4 days. There_fore the
allowable per diem is $45.10 instead of $48.00. Also the allowance for mileage
ie 40 milea at $0.07 per mile instead of at $0.08 per mile. We have therefore
jeducted an amount of $3.40 for excess costs.

-Vougher submitted for, .._

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

amount ef

.- $51.20

mee 3440 wire

REA
——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.

1

“Oar

Commerce-Wea. Bur., Wash., D, C. 530
+» McCook

Chief, Fiscal Section.—Voucher returned for correction.
—All corrections and/or changes on the voucher must be initialed.
—All supporting statements must be in duplicate.

Voucher retained pending receipt of required. ete asreacasaeeeaianeaamane
—Receipts (subvouchers) submitted with the voucher:

—have been retained.
-———are returned with the voucher.



Standard Form No. 1012a—Revised
Form prescribed by

Comptroller General, U. S.
November 7, 1950

Feneral Regulations No. 88
{Amended Feb. 20, 1952)
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TRAVEL VOUCHER

Te

Mayr" - wm, ev egt-Flichpper?

D. 0. Vou. No.

Bu. Vou. No.—

PAID BY

Payee’s name

Mailing address

(Official duty station)

Travel and other expenses in the discharg- ~¢ official duty from?

Residence—For use by Postal Service employees only)

a

3p
+1958underauthority

 Date)

No. — — date , copy of which is attached, or has been previously furnished. I1havea

;ravel advance of $ — 09 to which $_ of this voucher should be applied.

MEMORANDUM
 DOLLARS [Cente

AMOUNT CLAIMED

(For Administrative Use)
} 0__

Differences

_—

APPROVED:
————

 TI oi

Total verified correct for charge to appropriation(s) (initials) __.  EE

Applied to travel advance (appropriation symbol)

NET AMOUNT TO TRAVELER

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

D.O. Vou. No. — a vaid —
(Month—year) (Insert name and symbol of disbursing officer)

MENVMORANDIIM

ACCOTINTING CLASY™TCATION (Appropriation Symbol must be shown: other classification optional)
AT.T.OMRE

OBJECTIVE CLASSIFICATION

Amoont

APPROPRIATION

NV MRA

®

SYMBOL

 mem mem eeeem

SROJECT (for W~—"ing Fu

'VYMBOIL. * MOU

Paid by Check Noy — ~~
MEMCREANDUM

Dated _

LC—H3078=2



I. Departed from official duty stati-

SCHEDULE OF EXPENSES AND AMOUNTS CLAIMED

- 2

fro

WHEN TYPED
USE SINGLE SPA{E

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

date of arrival at such temporary duty st-+i--
-

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

DATE

uy
Include all information required by current regulations; if speedometer readings are used to

compute distances, show beginning and ending readings in this column)

DESCRIPTION
NUMBER
YE MILES

cents per
mile

AMOUNT CLAIMED

MILEAGE  { SUBSISTENCE

 ——I—a———  etn —

_
ik

b=)
Lor

TRANSPORTATION
REQUEST NUMBER

I 60
a

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

TRANSPORTATION 0m" TLD WITH GOVERNMENT TRANSPORTATION REQUEST
‘Not to * ~ elaim~s bv traveler)

 WbWe
y

POTNTS OF TRAVEL
AGENT'S

VALUATION
“wp ICR ET

[N1TIALS OF CARRIER
IssUuiING TICKET

“ODE AND
JLASS OF
TRYICE+

JATL
QTE—

¥la.,

 trr——————————e———— ——————— ———————e eee ler raritiesltteaten etneer tpt etre. eee teeetteeeeee ete eee ee et A SOO
+¢Pullman accommodations: MR, master room; DR, drawing room; CP, compartment; BR, bedrcom; DSR, duplex single room; RM, roomette; DRM. duplex

roomette; SOS, single occupancy section; LB, lower berth; UB, upper berth; LB-UB, lower and upper berth; S, seat.”
1R8—A207R-1 U. S. GOVERNMENT PRINTING OFFtre
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TO

BILLS PAYABLE
WHEN PRESENTED

DATE

Ci. _s
REG. No. _

TOTAL

AMOUNT FOR'D

ROOMS

3% FLORIDA
SALES TAX_

DINING ROOM

BEVERAGES

PHONE

PHONE L. D.

VALET

LAUNDRY
TELEGRAMS

BAGGAGE

SOLARIUM

CASH ADVANCED

Misc.

TRANSFER TRON

TOTA!

- CASH RECE ==

~ ALiowst-

TT TrANsE

BALANCE

FORM 5051 CARR RARNETTIS MIAMI — MIAM! REACH — Pl A_4%&amp;"



Form CD-29 U.S. DEPARTMENT OF COMMERCE
(7-23.53)
Pres, b
ipbophfor J TRAVEL ORDER
BUREAU OR OFF ICE

WW athe~

» DATE OF PREPARATION ‘sa NO. OF ORDER

1187
.R. NUMBER(S)

ws LTE, 328/330
3. DATE OF ORDER

arch 19, 1958
6. NAME AND TITLE OF TRAVELER(s)

rp ow

5. PURPOSE OF TRAVEL

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

Dr. Jule G. Charney
Director, Dynamical Veather

Prediction Project

« ITINERARY 8. ORGANIZATION U™'"

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

9.PRESENT OFFICIAL STATION
Cambr= Tags

10. TOTAL Fev (RAVEL

MATED Cus! 191.00
11. APPROPRIATION AND ALLOTMENT

(residence)
EFFECTS

ls

1381400 . 0181201
13. FUNDS AVAILABLE (For use of Accounts Section)

G.C
15. PER DIEM RATE(S)

12. PERIOD
OF TRAVEL

14. MoDE

OF

TRANSPOR-

TATION

BEGIN ON OR ABOUT EE: ABOUT

 re E53
1x Common carrier (except Extra Fare train)

via_FPlane _

C] Privately-owned automobile at ___ per mile
[1 Reimbursable cost not to exceed cost by common carrie

[CJ common carrier determined to be impracticable

[1 Determined to be more advantageous to the Government

[1] Other means (Specify)

$12.00

16. CHANGE

OF

OFFICIAL

STATION

TO

TJ AUTHORIZATION FOR SHIPMENT OF HOUSEHOLD FFFECTS IN ACCORDANCE WITH E.0. 9805, AS AMENDED
AUTHORIZATION FOR SHIPMENTOFHOUSEWOLDTFFELTS1MACH osFROM re ESTIMATED WEIGHT (Pounds)

__J AUTHORIZATION FOR TRANSPORTATION OF_ MEMBERS OF IMMEDIATE FAMILY IN ACCORDANCE WITH E.O0. 9805, AS AMENDED

17. SPECIAL PROVISIONS 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 OFF ICFR 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

20. DE- joure
TACHED

21. RE- PATE
 PORTED

22. CERTIFIFD TO BE A TRUE COPV
[itle

AR4
yn  oa Tu

CHAMM. NC 101A
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April 21, 1958

Mr. Robert H., Simpson, Director
National Hurricane 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 energy 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 vours,

Jule G. Charney
Professor of Meteorology
Director, Dynamical Weather

Prediction Project

jgec:tg



y 1958

S0Men
~d &amp; Whitcomb Company
~ehington Street

“faggachusetts

* Trem tion Re—~at for Dr. Jule

© to West Palm Beach in Anril 1958, Will

hi be as follows: April 17, leave Boatom at

8:30 a.m, on flight 817, arriving West Palm B-ach at

2:10 peme} April 20, leave West Palm Beach at 5:30 p.m.

on flight 612, arrivir- ®~- York at 9:06 p.m., leaving

Mew York at 9:40 pem., arxf~" -=ton at 11:17 p.m,
- #hanksg for v-— :

~

Terry Grant
Secretary to Dr. Ch

L $3

File: Raymond &amp; Whitcomb
/Weather Bureau =~ Hurricane Project
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f&lt; »
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



“wal 12, 1958

ire Robert H. Simpson, Director
National Hurricane Research Project
P. 0. Box 271
West Palm R~=~h Florida

py

fl

“w= your letters of March 7th. I shall be very
pavticir~re {n the conference on hurricanes in

= M~vamber 19-22, 1953. From the locks of the prose
vw ==~:1d be a very inrevesting one,

With resard fo my visit to your project at Palm Beach -
I have been looking forward to it but last week I got
panged up in a skiing accident and will not be in a fit
condition to travel for another 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 to do so. To be specifice,I could visit you
on April 17-20, I could take the Eastern Airlines flight
out of Boston on Thursday, April 17 at 8:20 a.m., arriving
at West Palm Beach at 2:10 p.m. How would that suit you?

" * e _. o~

Jule G. Charney, Director
Dynamical Weather Prediction

Project

jgestg
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JNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

Tf
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Cy"

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

axpected to depart. As soon as | hear from you | will have our Business

Manager In Washington, Mr. Youmans, issue the nececsary authorizations

and provide you with a Government Transportation Request.

With best regards,

Sincerely,

BfJ

R. H. Simpson, Director
National Hurricane Research Project



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

WASHINGTON

March 7, 1956
IN REPLY, PLEASE ADDRESS

CHIEF, U. S. WEATHER BUREAU
WASHINGTON 28, D.C.

AND REFER TO

Hw]

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

vour time as an advisor.

Very truly yours,
~

mL
R. H, Simgson, Director

Nation icake Research Project

Encls.



NATIONAL HURRICANE RESEARCH PROJECT

Task Organization Plan

COOPERATING
GOVERNMENT

AGENCIES
AIR FORCE, ARMY,
COMMERCE, NAVY

[nterdepartmental
Coordination

DATA COLLECTIO.

AIRCRAFT INVESTIGATIONS

L. CIRCULATION AND ENERGY BUDGET

-. HURRICANES

VORTEX
ENVIRONMENT
ANTECEDENTS

0. OTHER PERTURBATIONS

2. CLOUD PHYSICS OF HURRICANES

2. ELECTRICAL .PROPERTIES

b. NUCLEI &amp; CHEMICAL
PROPERTIES

c. DROP SIZES

d. LIQUID WATER CONTENT.

SPECIAL OBSERVING
NETWORKS AND

INSTRUMEN TATIONS
WEST INDIAN RAWINSONDE
NETWORK

'. RADAR

3. GUST RECORDERS

4. NEPHOSCOPES

OCEANOGRAPHIC
OBSERVATIONS

L, TEXAS TOWER INSTALLATIONS

2. GULF OIL RIG INSTALLATIONS

3. SPECIAL SURVEYS OF COASTAL
INUNDATIONS CAUSED BY
HURRICANES

ROCKET RECONNAISSANCE

. PHOTOGRAPHY OF THE COMPLETE

a HURRICANE CLOUD SYSTEM FROM A

EIGHT OF 50 MILES.

BIBLIOGRAPHY

AND ABSTRACTS

ON HIIRRICANERS

NATIONAL

WEATHER

SERVICE

DATA PROCESSING

AIRCRAFT &amp;
NETWORK DATA

(OPTIMUM USE OF AUTOMATION)

1. REDUCTION

2. CHARTING

3. ANALYSIS

4. EDITING AND EVALUATION

*. CATALOGUING

(FIELD RESEARCHUNIT)

 aimpm
6. MICROFILMING &amp; FILING

NWRC - ASHEVILLE

PUBLICATION

L. PREPRINT SERIES

2. MONOGRAPH SERIES &amp;
JOURNALS

3. FINAL VOLUME ON THE

HURRICANF

wl

Consultants:
PANELS ON :SYNOPTICS DYNAMICS , STORM

SURGES , INSTRUMENTS ,CL.OUD PHYSICS

m
 RESEARCH AND

DEVELOPMENT
&lt; CONTRACTORS

HURRICANE STRUCTURE

1. CIRCULATION DYNAMICS
(INTERNAL &amp; ENVIRONMENTAL)

INFLOW LAYER
OUTFLOW LAYER

2. THE EYE

3. THE RAINBANDS

4, ENERGY BUDGET
{SOURCES AND SINKS)

| FORECAST STUDIES

1. SHORT PERIOD

a. N W P STUDIES

b. FORECAST PROCEDURE
DEVELOPMENT FOR

CYCLOGENSIS
DEVELOPMENT
MOVEMENT
RAINFALL AMOUNTS
FLOOD FORECASTING
COASTAL INUNDATIONS

3. SYNOPTO-CLIMATIC
TECHNIQUES

41. FEASIBILITY STUDIES OM
WARNING PROCEDURES

2. LONG PERIOD

a, CLIMATIC TRENDS
INFLUENCING HURRICANE
MOVEMENT

b. CLIMATIC ANALYSIS OF
HURRICANE TRAMT™™

HURRICANE MODELS

1. THEORETICAL MODELS

2. EXPERIMENTAL MODELS

HYDRODYNAMIC ANALOGIES
N ¥ P MODFLS

"COASTAL INUNDATIONS

1, DYNAMICS OF THE STORM SURGE

! 2. DEVELOPMENT OF INUNDATION
MODELS

GENERAL
CIRCULATION STUDIES

L. ROLE OF PLANETARY WAVES IN

CYCLOGENES1S
RECURVATURE
DISSIPATION

2, COLD LOWS IN THE TROPICS

° LARGE SCALE ENERGY EXCHANGES |
~ HURRICANE BEACON

DEVELOPMENT AND TESTING OF
CONSTANT VOLUME BALLOON AND
BEACON FOR TRACKING STORM
CENTER

19 OF TAN 1 1086



NATIONAL HURRICANE RESEARCH PROJECT
PHASE 11-1956

|. WEST INDIES OBSERVATIONS NETWORK II. AIRCRAFT INVESTIGATIONS: HURRICANES,
&amp; ©£%PLRIMENTAL ANALYSIS AREA EASTERLY WAVES, OTHER PERTURBATIONS

(ROUTINE SIMULTANEOUS FLIGHTS BY 1 B-47 AND 1 B-50,

TWICE WEEKLY,
SPECIAL HURRICANE MISSIONS: SIMULTANEOUS FLIGHTS
OF 1 B-47 2 B-50S COVERING 6 LEVELS)

Tx
IG
~

URRY
{TRACKS AT 32,000 &amp; 42,000 FT

TRACKS AT |5r~"

ARTHOLOMEW

SPECIAL OBSERVING FACIL ™"®S

LEGEND:
TWICE DAILY RAWINSONDES AND
COMPLETE SURFACE OBSERVATIONS

3UST RECORDERS, NEPHOSCOPES (AL?
COASTAL AND ISLAND FIRST ORDER
STATIONS)

RADAR PHOTOGRAPHY AND RAINBAND
ANALYSES

mums sme PROPOSED RESEARCH FLIGHT TRACKS

AIR WEATHER SERVICE OPERATIONAL
RECON TRACK

IT]. RESEARCH OPERATIONS BASE
MIAMI, FLA.

1. PLANNING AND DIRECTION OF AIRCRAFT INVESTIGATIONS

3. MACHINE PROCESSING AND ANALYSIS OF AIRCRAFT DATA

We OPERATION OF EXPERIMENTAL TROPICAL ANALYSIS UNIT...
DAILY ANALYSIS AND FORECASTS FOR WEST INDIAN TEST AREA

Ad. COORDINATION OF PROIJFCT ACTIVITIFS AT LARGE

QPTMTAT RTT TTT UNSTRIT ATNTATIONS

LIQUID WATER, ICING RATE, DROP SIZE MEASURING
EQUIPMENT

. CONDENSATION AND FREEZING NUCLEI COUNTERS

- T"YECTRIC FIELD RECORDERS

+. TIME LAPSE CLOUD PHOTOGRAPHY CAMERAS

T.CONTINUOUS RADAR PHOTOGRAPHY FROM PPI
REPEATERS

n. DIGITAL RECORDING ON PUNCH CARDS FOR ALL
DATA REQUIRING RAPID MACHINE PROCESSING

0. HEILAND RECORDER FOR CLOUD DATA

p. SUPPLEMENTAL PHOTOPANEL RECORDING FOR ALL
NAVIGATIONAL AND METEORQI.OGICATL, NATTA

2, PRECISION NAVIGATION EQUIPMENT

n. JEARCH RADAR

. VORTEX. STAGNATION, ASPIRATOR
THERMOMETERS

i. INFA RED HYGROMETER

e. PRECISION MEASUREMENT AND RECORDING
OF SPOT WINDS a7 FLIGHT LEVEL

i. PRECISION EQUIPMENT FOR MEASURING AND
DIRECTLY RECORDING D VALUES

£. RADIOMETERS FOR SEA SURFACE
TEMPERATURES

h, ELECTRIC ACCELEROMETERS

TV. SPECIAL RESEARCH TASKS

1. FORECAST DEVELOPMENT STUDIES MIAMI, WASHINGTON {, INSTALL OCEANOGRAPHIC RECORDERS (CONTRACT!

&gt;. NW P STUDIES (CONTRACT) g. R AND D ON STORM SURGES (SEVERAL CONTRACTS

:. HYDRODYNAMIC MODEL STUDIES (CONTRACT) h. ROCKET RECONNAISSANCE OF HURRICANE CLOUDS(CONTRACT!

i. GENERAL CIRCULATTON STUDIES i. HURRICANE BEACON DEVELOPMENT (CONTRA MT}

e, CLIMATIC TRENDS AFFECTING HURRICANES
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Merch 5, 1956

¥r. R HE. Simpson
United States Department of Commerce
Weather Bureau
washington 25, D. Co.

Dear Mr. Simpson:

Thies 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 Rurrican Project.

Very truly yours,

Jule @. Charney, Director
Meteorology Project

JGlesg



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

|§

Dr, Jule Charney
The Institute for Advance Study
Meteorology Project
Princeton, N. J.

Dear Dr, Charney:

de are very pleased that you accepted Dr, Reichelderfer's invita-
tion to serve on the panel of dynamic meteorology 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
some to Washington to advise us for one or possibly two days some-
time in March or April to expediate completing our arrangements.
de suggest that you come March 23, Please let us know if this
jate is satisfactory or suggest a date (other then March 10-19)
Jhen it would be convenient for you to inspect our Project plans
and offer vour suggestions.

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

de are looking forward to discussing the Hurricane Project with
TOU.

Very truly yours,

A”

 2?

72.4V\__
wo

Kk, »#, ‘Simpson
ri reotor Hurd cone Project



UNITED STATES DEPARTMENT OF COMMERCE
WEATHER BUREAU

WASHINGTON

NUY 151388

IN REPLY, PLEASE ADDRESS

CHIEF, U.S. WEATHER BUREAU
WASHINGTON 28. D. C.

AND REFER TO

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 meteorology
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
Nashington 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.

mE lho
 Lb

F. W. Reichelderfer
Chief of Bureau



November 17, 1955

Dr. F. W. Reichelderfer
Chief, U. 8. Weather Bureau
¥ashington, 25, D. C.

rour reference: T-l

Near Dr. Relchelderfer:

Thank you for your invitation to become a consultant on
the dynamic meteorology advisory panel to the Weather Bureau hurri-
sane project. I am indeed very interested in the hurricane 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 threes weeks of January when I must be elsewhere.

Sincerely yourc,

Jule Charney

JCise


