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Minutes of the meeting held at the Institute for Advanced Study on
August 5, 1952 on the s_u]:r.'.lg_ct of practical pumerical weather forecasting.
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It is appropriate to begin by stating the reason for the calling of this
meeting and ite objective. The meeting has been called becauss the work
that has beep done here at the Institute is at the stage vhere somes prac-

tical information iz awailable concerning operational weather forecasting
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by numerical methods. The object of the meeting is to determine whether =
g’,n—-

the stage 1a ripe to prepare for cperational forecasting. Let me begin .-r:
5L

by describing the work that has been done here. ot
: P

Pre-1950; The work befors 1950 consisted entirely of traditicnal e

’ =
mthematical calculations together with some "hand" calculstions all based E:
: : Tm

on linsarized equations. %
Early-1950: At this time the Fuiac at Aberdsen was used to provide 1 F

=

some numerical forecasts on a non-linsar basis. The amount of computation =i
s badiug tlat ot rﬂ‘fﬂgﬁf g

dons can be summarized convenisntly ‘bqun_tmge—url. 1.5 x 10 mltiplimtim.s

'.l"h.u.a.munt of time s;p-m:i‘- in preparing for the test and the ;_i:'m:mt pf actual i

Q



work at Aberdsen was about 5 months. It would have taken % hand ccmputer ' %

years to have duplicated the Eniac computations. Thus the first use n.rlf ) :
- vadical

automatic computing machinery in this field cannot be considered n,lidinp:mva

ment over what could have been done without the use of automatic computing
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machinery. This is undoubtedly typical of such beginning attsmpts.

Barly-1952: At this times the machine at thes Institute began upnratimgi
in the sense that cne could attempt problams of the complexity typleal of EE
metecrological problems. Approximately three months have been apent in E"
mtacrniugicnl work with the machine, amcunting to something like 50 x ';%:
1l:.‘|15 miltiplications, or one year of Eniac time at good efficiency. (The E%ﬂ'
sams number of forecasts could have been cbtained with 1/2 the mmber of é
maltiplications 1f the program had been designed solely for sl Srcbion. ) %

el

che
Combining the Eniac and Princeton forecasts, we have made the equivalsnt i'r::
of 20 2h-hour forecmsts for an area covering the continental Unitsd States %E
plus 1000 milss to ths East and North. Almost all of this work has been _g_:
with the simple barotropic model, but the next four months should ses an I
extension to & more complicated model. gﬁ
I would now like to maks some Inferences concerning practical forecesating iEE
based on the above experience we have gained. I unw that practical “:;-"_E
forecasting should begin with a general barcclinic model, which should hf-"::}ﬁ
provide valid forecasta for a period ﬁf at lsast 36 hours. The prepara- E:;:*E
ticn of such a forecast can be divided into three steps: ﬁ?%

a) input preparation %

b}- actual computing time T,.E

e) output preparation and editing of forecast. f—g

To produce cau Sg
I-wish-te-point—eub—that—in a 2h-hour forecast delluw 12 hours for these 5

three steps. I estimate step b),vhen designed for nptnd, vill taks about



Petterssan:
smece Tie

four hours leaving 8 hours for a) end c), of which most would Ensum-

ably be used for a). Any reduction of these times would beﬂnpant in

reducing the period of the forecast from 36 hours.

The problem of initisting esuch a progranm can be divided inmto tweo p!a;:::ﬂ ’
an educatiomal problem and a technological prob
m because there are jractically no people
ing and operating such a progra:n.
gtanding the phyeical
the fore-

1sm. There is an educa-

ticpal proole availabls at the

present tlms capebls of supervis

Synoptic meteorologlsts who are capable of under

reascning behind the numerical forecast are needed to evaluate

capts, for example. Mathematiciens are needsd to Brmmlate the mumerical
aapacta of the computations. During the first paveral years of the pro-
e

glcal and methematical mapects probably cannot be

gram the mateorolo
An intense

sacdrated and persommel femiliar with both aspects are needsd.

ational progran could concelvably produce snough pecple in about

educ
thres yeard.
cause the paration of fun:uﬁ-u on &

A technological problem exists be
in perfe condition d
m-ﬂ.l:bh at &

routine basis will require that scme computing machine be

given time of day every day of the rau'. Of ths several very fast ma-

are capabls of ruming
H. '.ll‘m El"' Pra

maximm afficiency for :nnra than 50% rf the time.

u- h;wﬂfr alsa PJEEE in severd aﬂﬂ- fml'lfﬂ ) app!rca'ffu.g

chines now in existence I do not belisve any

nistle—miding and ghould be partially polved in the pext geveral years.

From ccaversations I have hed on this subject with various people in

ing time amounts to some-
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Washington I belleve thntﬂmh forecast comput

thing like B hours per day, j‘h@ru will be great pressurs to share any

machins with other programs- ageucies



Smagorinsky:

von Neumann:

Pettersgen:

Charney:

Petterssen:

von Neumann:

Pettersaen:

If a machine is to be available at a aﬁcified tine every day, I believe
that scmsthing like 1/3 of the tﬁ ehould be spent in preventive main-
tenance mnd ancther 13 of—the—time in teet runs. Some research compu-
tetions should alsc be dons in any spare time available. I might also
menticn that at least in the begimming of such a program there might be

advantages to having & machine operated by & private corporation.
Do you believe that duplicationg of t-'.hu computing work is necesasaryl

Striet duplication can probably be dispensed with in a machine which can

beiu
normally be relied upon; other tests Ainc'i‘:rpnrﬁ.tuﬂ into the computation

programn.
T
Concerning the times of the various operaiions a), b) and c). It will be

sasier to get support from the organizaticns concerned if we can glve them
the smallegt vosaible figures in this comnection.

The input and output can undoubtedly be cut down drastically eventually.
Even at first I believe Profesacr von Neumann's figures to be quite con-
aervative.

How large an area do you think such forecasis should include?

We considersd the United States the largest ares at the present tims with
adsquate data. This is probebly not sufficlent for the best possibls 36-
hour forecasts. I believe that any nqﬁat for more extensive data ‘h.u.d
best follow practical demonstretion of the usefulness of numericsl flnru-
casting. The memory limitations of the machine are also of importance,
placing an upper limit to the data which can be handlsd by the machine.
Whils in Stockholm I was shown soms forecasts based on tendency r.-ﬁlcuh-
tions made for the ares including Westerm Europe weat to about 50° West
Longitude. The maximum correlatiocn between ihe o‘hﬂr'red. .u.nd pruﬁ.tct.mi

tendencies was in the middle of this region, the cornl:.tion dncruuing
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the West than to the East. The center was not located

lewtddel.
exactly where the data was most . This may mean that the limita-

tion imposed by artifical boundary conditions may be greater than the

more rapidly to

absence of what we would othervise conalder adequate data.

von Neumann: To return to ny previous remark cnnc:arndj:.ng the memory limitations of tha
g2<Cearw

machine; the area from Japan east +o Bast Europe is about four times the
ares we used here at Princeton. Therefore an appreciably larger machine
would be needed to forecast for auch an ares Jaspucially;q' more complicated
are used. This technical problem might be uulwd_;lnt‘n

r consideration is starts

atmospharic models
anylwithin about five years after the program unds

Bodurtha-
Waxler: The present forecasting methods have an input and cutput time of about six

houra.

von Neumann: The input for the machins has different requirements than those used in

prasent forecasting methods. To begin with I would eay that ths machine

input would take more than six hours but eventually could be cut down to

mch lesa than six hours.
In tnlking to varicus forecasters they bave given me the impreasion that

Wexler:
they expect mmerical forecasiing methods to yleld immediate 3 to b day
forecasts. Evidently they believe that present methods are sufficlent
for one-day forecasta.
Generel Opiniom: Buch expectationa should be discoursged at the present
t .
Charney: From our experience I vould say that the barotropic forecasts are parhaps

not as good as the bast conventional forecasts, but the indications are
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that baroclindc forecasts will be mich better. :
our group ]lerq at ‘H.t-f

tniﬁin.g of people Tor this program, th:l Institute can

b tle exteid .
probably expand so that representatives from ths three services can

. o S T—
& %ﬁ

concerning the



Petterssen:

von Neumann:

Petterssen: 'ffs

Platzmen;

Wexlar:
Platzman:

von Heumann:

Joln our group for indoctrination in our metheds. o

be

-+
The Air Weather ‘Service agreed withda.imﬁ of thig oroject and has tem;mrnrily

ea-marxed three people for traiming. Should we plan on more at the present

timel .
Three 18 about the most which can be accomncdated here at ons time. Prob-

ably cne from each group would be the best schems.

s &
We haa"cmmarea sending people to Stockholm or to gst machine training.

L T g L g S T L

;Lﬁ
I ‘H’uulﬂ. like to suggest & to classify the type of pecple We are

interested in:

A) & ﬂnr:ll group who now posaess moat of the qualifieations, but who
W :

reqguirs soms brushing up.
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B) forecasters experienced in aynoptic metecrology with some knowled

of metecrologlcal theory.

- RSP st S

¢) a large group at present more or lese unlimited. ]aexpeﬂ'"fﬂ( ‘

The personnel to initiate this program will, of course, come from group A)
and those can best be trained st the Institute, I belleve. The B) and C)
groups should get training at the Universities. At the University of

Chicago, for exampls, we have training sultable for the B) group consist-

ing of a course in advanced forecasting techniques 1n:=h1d1n5 some numerical
o the mean fufwee e Univoalhe, abiould £o 3""" fo amtredince

Wethods. i varrwe il FRQMWMMMtM fmﬁ’um{. <)
Do you plan to have & specific course in mmerical prediction at the

CEOATIMMTY STYTT™mA T2 17T SII9% 4% T T O TIN Y

University of Chicago this yoar?
We hope to have such & course snd also to increase the emphasis on numeTrica

PR S el

farecasting methods in the advanced forecasting courss.
Group C) ia very important to the long-range results of this work. I
believe beat results here wuld be cbtained by attempting to aivert pro-

physicists and applied mathematiciana into uﬁmlng- »

S
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tta;a&sh:

Charnsy:

Wexlsr:

Charney:

von Neumann:

Hexler:

Rex:

Pettersoen:

von Neumann:

At the present time weather forecasting does not atiract very many

theoretical mindsd people, but I believe that this method of forecasting

w11l begin to attract them.

It w111 be at least thrae years before & mechipe is available for this
operaiional groun. The time betveen indoctirinetion and three years from
now should be epent in pre-cperaticnal research apd development. For
ezazpla, the deductlon of weather from the flow charts, the intreduction

o® fremtal structuress, types of condensation, end raticoalization of

corrmanicationa.
I believe this should be done without having the group lesave mizarical

work entirely.
-

Phil Thompson could not be hers, but asked me to read this statemsnt for

him (ses appendix). (Te be wwdduded ‘wa Sinod t.ch)

T do not believe that & very simple model will be sufficient for operationa

forecasta.

The problem of deciding at what level to begin forecasts can be declded o

by experience which we hope to have within ancther year.
GRD hes suggeeted that Air Weather Service join it in its work with

these pimple modals. We don't puggest taking any cne model and concen-

trating on 1%, of course.

The Weather Pureau also will furnish people for this training program and

would be hapny to have them come to the Inmatitute for that training.

The Navy iz also prepared to furnish pecple.
The Alr Weather Service will support the GRD program and this progran as

wvall.
concerning the techuologlcal problem, has anything been done yet sbout

getting & machine?
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exlar: The Weather Bureau hap asked for $400,000 for & machine. The earliest
et which this money vould be available would be next summer. Perbaps

then would be the best tims to raime thia question again about vhat typs
of machine to get, ete.

Wexler: When sheuld we plan on having these people arrive here?

von Neumann: ‘would the Tirst of Cctober be appropriate?

“l.
Weaxlaer: Should they arrive simul,’tmunly to facilitete orieptation?
a3
Charney: We heven't given much thoupght yet to such detaila.
Rex: Will people be invited specifically?
Yas

F }
von Neumann: [ /ff this is the procedure you prefer. Howewer, nothing can be done until
I have discussed this with Dr. Oppenheimer, which will be inmpoasible to

do untll Septamber.

Wexler: Why not plan on having the pecple arrive on December 17

Genaral Agraement.

von Neumann; I will plan to gend letters to the Weather Bureau » ALY Venther Service
and Navy before the 13th of Septomber after I heve been eble to discuss
this program with Dr. Oppecheimer. ‘

Wexler: Ie housing available for these people?

von Neumann: It may be possaible to have housing, hut it i8 not definite that there

will be any mvailable. I will put im Teguests for it.

ﬁf T ——

Lettara to be mailed to
i. Chief, U. 5. Weather Bureau, Weshington =5, D.C.
€. Chief, Haval Operations, ilavy Deﬁartm:nt, Heshington 25, 2. €.

3. Chiel, Alr Weather Service, Washington, D. C.
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STATEMENT TO THE CONFERENCE ON NUMERICAL FREDICTION
TO BE HELD AT FRINCETON ON 5 AUGUST 1952

- as
Before coming to a definite comclusion/to the relative merits and

digadvantazes of two- and three-dimensional dynamical models of the true
atmosphere, one should consider not only the increased returns expected
Trom the use of a three-dimensional medel, but also the price that must
be paid for those retur:né.

#itt regard to the former, it has not Yot been demonstrated -- nor
even strengly suzzested by experiment -- that the complete three-dimensional
model will opreduce gigificantly more accurate gre_d_:l.ctic:m than would an
equivalent twﬂ-dinenﬂinnal model. Until both possibilities have“ﬁﬁen thor-
ouzhly explored, it would be wasteful of time 5 érffurt » 2nd money to adopt
& ginzle, fixed viewpoint and to be committed irretrievably to a course of
gction based on that viewpoint. This is especially true, since whatever
improvezents are s=ined by the use of three-dimensional modelswill be paid
for at an encrmous increase in cost over that of applying a two-dimensional
equivalent.

For the above reason, it is relevant to point out that the use Iof tWo-
dimensicral equivalents is by no means restricted to the "equivalent barg-
tropic" model. It is possible to retain, in a two-dimensicnal equivalent P
all the baroclinic properties of the true three-dimensional model that are
known to be essential to the mechanism of cyclone development. It is
generally recoznized, of course, that it is principally in the lack of such

» baroclinic effects that the two-dimensional "equivalent-barotropic” model
hes failed.

I have Just completed, within the past week, pome thecoretical develop-

ment which leads directly to the invention of an "equivalent-barcclinic”
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mﬂdel.. This model is surmarized in & pair of independent équ.a.t..im ; in-
volving, a3 independent variables, the horizontal gpeca cmﬁimtaa .nnd
time end, as dependent variableés, the temperature and contour height of an
lacbaric surface at an identifiable "level of equivalenca", .

Thus far, I have only had time to carry out some simp]_.ua indirect checks
on quaziities which can be derived easily from the theary, ﬁithcﬁt golving
the eguations comuoletely s e.7. the ?art:llca.l component of velocity. The
verticel motions required by the tﬁenr:,r agree very well, as to magnitude,
sizn, and diatribﬁt:lon, with those reconstructed from s;mop_‘bic data. As a
simple znd rother sensitive test, I have also worked out the s‘ﬁabili‘t:,r con-
dition For swall disturbances in & horizontally uniform flow. The stability
discriminant is of the same general form as those derived by Fjbrtoft and
fhillips, the relevant physical paramsters being the same end entering in
the same way. As 1t turns out, in fact, this gtability condition includes
FjBrtoft's es & special case, valld for long wave lengths.

This, in itself, is ample evidence thet the stability characteristics
of three-dimensional baroclinic flow can be incorporated in a twa-dimensinna]_.
equivalent and, B;ccol‘«iinglyz that cyclons development due to those harﬂcliniu_
effects can be predicted by the use of & two-dimensicmal model.

The complete equationa ere, of courae, non-linear. However, solution of
the complete non-linear equations involves nothing more complicated than solv-

inz a non-homogenaous equation of the Helmholtz type, in only two dimensions.

In this comnection, it is important to note that the solution of two-
dimensional equations -- even non-linear equations -- does not requlre the
flex:l.bili::r nor speed of a very high-speed, gemeral purpess computer. It 1ig
a problem which is wall within the reach of special purpose machines of standard

make and proven reliability. There are, morecver, a number of simple electrical
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or mechanical systems which are gove:m&ﬂ by a nm;hgmggmmm Helmholtz
equation and which would therefore provide a reliable and inexpensive
analogue device for solving the non-lineer equations.

For the a_bm;e reasons, I bélia-m it would be unsoun& to become definitely
committed to any progrem which is founded on the premise that mumerical methods
will brinz about significent improvements in f‘nr&c_aating practice only through
the use of three-dimensional models and, accordingly, that a high speed general
purpese compuier 1s the only Instrument capable of dealing with the associated
computational problems.

In my opinion, lacking any real evidence g’:ge contrary, there ias serious
doud: that a tarse-dimensional model will yield mich better reau‘.l&:_s than _11;5
twe-1imensional baroclinic equivalent -- enocuzh better that the enormous
effort of solving the three-dimensional equations would be justified on eco-
nomic grounds.¥* This is nol to say that hish speed computers should not be
used for research purposes, to solve the three-dimensicnal equations, and
thereby to resolve th.é questions I have raised. I simply mean to suggest
that high epeed, zeneral purpose eqqipment may nct be the best cholce for
operational purvoses, as oppcsed to research purpcses.

In any case, adequete account muat be taken of the law of diminishing
returns.

The above discussion has dealt mainly wi-t;h considerations which ent&;‘
into the cholce of the "best economical approximation” to the true . optimum
of methed and equipment. Althougli these considerations should affect evan

& leng range program, the economic compromises are generally less severe as

¥ The curious "two-dimensional" character of the atmopthere has been fre-
quently noted -- by Rossby, Charney, and others, and, of course, by the

practicing forscaster.



h.

the lenzth of thg_prog-am Increases. Having plenty of time ’ 80 to speak,
cone can wait for the development of new products and buy nnl;r tha best.

On the other hand if time is ahm.-t one 1a forced to 'bur the best
avellable at the latest moment. With this in mind, I would question
whether 211 of the resources necesaary: to cafr;,.r cut integrations of the
three-Iimensional equations on a routine hasia == fully trainad meteorologists,
auvomstic transcription and deta prnceasing equipment, reliﬂ.ble computing
mzchines, = full staff of enzineers and technicians » and experience -- could
bDe asgseubled under the same roof within two years, without hampering meteor-
nlazical lz=bours of equal merif.

4 muca more modest effert, however, would be su.fficiént to dmvelon "two-
dimensicnal” models for routine use. .

The Zizure of tWwo years quoted above is based on immediate militery needs,
23 disvinet from the needs of the pooulsce at largze and the broad interests
of meteorological sclence. Therefore, unless it ia sbsolutely certain that

the best Dossible method will be available within two years s I believe that

we ghould immediately start action to develop the best method that we are
certain will be available within that period. At the present time, we are
only certain that the job of exploiting a two-ddmensional model ean be done
in such & limited time.

This should not be construed as an argument against undertaking & lpnger
rangze prozram for developing the model which, -in principle, is the best poa-
sible, namely, the three-dimensional model. My recommendation is that two
programs should be carried out in parallel: one, a short range program for
the develspment of the best mthadamilgbla Wwithin two years, primarily for

military surposes; the other; a long range program for the development of the



best method possible, for general use.

In closing, I see no reasgcn why two parallel programs could nct be
made to complement each other, with 'brnper- coordination and elose contact
at the working level. The shorter range prosram would gerve as & valuabls

proving zround for new ideas and would undoubtedly make some of the mistakes

by which ¢hers profit later.

Philip D. Thompson
Major, USAF



