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1. The problem of primary interest st present ieg the prediction of
changes of atmospheric flow over pericds of 2L to 45 hours. The predic-
tion of the field of motion is & necessery, thoush not a sulficient, pre-
requisite :nr rredicting cloudiness and precipitetion. The philosophy
guiding the approach to this problem has been to construct 8 hierarchy
of atmospheric models of increasing complexity, the features of each

successive model being determined by an snalysis of the shortcominge of
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The primitive equations of mction reflect the fact thet the atmos-

the previcus model.

shere i1e cepsble of sustaining a wide spectrum of disturbences. For the
purpose of short-ranpge westher prediction, only those disturbances of
planstery ﬁimensinns with pericde of 2 to 7 deys are of Impertance.
These motions may be cheracterized as guasi-hydrostetic end gusei-
gecstrophic. One can teke edventege of these cheracteriztiics by apply-

ing the hydrostatic end geostrephic epproximations to the eguaiions of
R

metion. The effect ism to filter out the meteorclogiczlly irrelevent

noise motions. The prediction problem is thus greatly éimplified Irom
en obgservaticonal and computetional polnt of vlew, with scarcely eany loas
of applicability. For the initial cnnqitinnﬂ one needs in general only
g knowledpe of the three-dimensional pfessure fieid.

2. The work during the czlendar year 1552 wes geared to the use of
the Institute computer which was completed early in the year. It wes
decided that the most logleel procedure wes Lo test the various models
on & single sequence of westher E*Eﬂtﬂ. For this purpoae the stn;m of
Ncovember 25, 1950 pver the eastern Unlted States was admirably suited.

This storm was one of the most rapid and intense developments ever tc
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heve been recorded by a modern cbservational network. Since its develop- '
ment invelved large conversions of potential to kinetic emergy a:mi sim:'e

1t wes well documented it appeered to be an excellent leboretcory in vhich
to apply the varicus medels.

Two models were trected by the machine; the equivalent ba.rotrqpic_
model and a simple barceclinic model. The berotropic model does not take
into sccount varistions of the verticsl structure of the atmosvhere since
it predicte for only the flow in the 500 mb pressure surface. It ia
implicitly assumed that no potential energy £§xavnijahle for conversion ...
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to kinetic energy. With this constraint th::;;del is ecapable of predict-
ing only redistributions of the initial kipetic energy. )

Barotropie forecasts hed already been made for & number ol separate
gitustlions on the ENIAC in 1550*%. It wes decided to prepare barotropic
Torecasts for the Nevember storm to serve a&s a conirol Jor the more gsenercl
models. The method of sclution of the eguetions wes somevhet modified frem
that used on the ENIAC In order to gain experience wiih methols that were
also a&?épta'ble te more complicated models. The programs, flow disgrans
end coded instructions for the msctire were prepcred by “the I-'EE*:-EUTE:.'J_DL".F
Group. A number of preliminnry tesis were made io decide on the proper
length of the time increment in the [{inite difference egquztlens and the
requisite digitel eignificance of ine %nitinl dates The time increment
must be small enough so that round-off 'errnrs ere net amplified. TPFirst
experience showed that a.n sutomatic internal checking system Was required
to prevent the computetion from geoing too far after & machine error hed

been committed. As & further check, all calculsticns were performed twice.

+ Charney, Fjbrtoft, and von Neumepn, 1950: Numerical Integretion of the
Barotrople Vorticity Equation, Tellus, 2.



It is of some interest to indlcate the amount of vork done by the
machine to produce & 24 hour forecact even by means of the relatively ,
simple barotropic model. The square grid contains 361 grid points ebout
200 miles apart and covers en erea about the size of North Americe. The
forecast 1s made Iin 24 one-hour steps. In each step some 17,000 multipli-
cations and divisions as well as 54,000 additions end subtractions are
required; eltogether 296,000 orders are executed. AL full speed & 2h-
hour forecast reguires about 1 1/2 hours. Since an experienced person

with a desk calculator is ebout 10,000 tinﬁﬂ*ﬁ}ower, it would tale almoet

8 years for one person working a 4o hour w;;l\ﬂ"i-.&ctuall:,r the machine oper-
ated at half speed most of the time. However, methods have recentily beed
developed for decreasing the Zl-hour forecast time to approximacely 10
pingtes. Until October teletype mpparatus wae used to read date into &nd
out of the mechine. Because this device wes very SloW, more GLen helf the
time wes spent in communicating with the machine. with the introduction
of IBM equipment the input and output operations ere sccomzlished in ons-
tenth the time previously taken.

S5ix berotropic forecasts were prepered for li end =l noures Zrom
initial data at 0300 Z and 1500 Z Tor the dates Nlovember =3 to 22, inelu-
gsive. As wes suspected this model was incapable of fully predicting the
extremely rapid arnd intense rievelapmenﬂ of the stborm over & period of 2k
hours. Although the ereas of presaure!riae to the west of the storm
wvere petisfactorily preﬁicted , invariably the fells in advence of ihe
gtorm were not greet enoupgh and were centered too far north.

As & Tiret step in ettempting to overcome the errors by toking the

three-dimensionsl character of the stmosphere into account = glmple baro-

clinic model wee constructed. The model coneists essentially of two



barotropic layers end requires initial data at the 700 mb and 300 mb 1&?&&3;
It wes necessery iln order to avold computaticnal instebility tg'procaad in
balf-hour time steps. The totel computation time fer e 2h-hour Torecast
wes spproximately 2 1/2 hours at full speed. However, tle muczine usuelly

operated at half speed.
as
Two-layer model forecasts were prepared for the same pericﬁnﬁ;ur
+he baretrople forecasts. Appreciable improvements over the berotrozilc
ferecasts were noted. Correlaticn coefficients for the predictel and

ocoserved 12 and 24 hour changes Teor the tweo &ifferent mciels ere given

below: TN
HAToLroplc LOIECESG TOL oJ0 mp z layer-model Ierecast Tor TUO mO

Tnitiel date |12 hour forecast | 24 hour foreceet |12 hour forecest |24 hour forecast
Nov.22 /50,
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Theee correlation coefficients indicate that The depeneracy of

the forecast from 12 to éh hours is generally not nearly so grest for the
2-layer model es it 1g for the barotropic model. This leads us to-believe
+hat useful results may be obtained with the 2-layer model for fn%écast
periods up to 36 and possibly L8 hours. We are therefore plenning to ex-

tend the two-layer forecasts to longer periede. The vertlical velocity



fieldamd therefore cloudiness and precipitation are also forecast by the g
two-layer model. Preliminary calculations indicate fairly guad-agreemént
with cobservation.

3. ¥o eccount can be taken of the horizontal verieticns of the static-
stability In the two-layer model. A dilagnoeis of the nature of the tweo-
layer model's shortcomings indicetes that this ertificisl constraint may
be of importeance. In order to remove it, a model with Infermation ot a
minimm of three levels 1s required. 3Such a model Is now in tne process

of preparaticn for the machine, \_\
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Much thought has been given to the conslruetion of a full three-
dimensional model which will adequately describe the verticel verisbility
of the atmospheric motion. The thecretical and programmaticel problems
ere manifold. Since non-adiabatic effects must at present be neglected
for lack of adequate knowledge, the motion is regerded es adlepzilc. The
potential temperature is then a conservetive quentity end mey be used es
+he verticel coordinate in a semi-Lagranpglan ceordinete system. In thls
spstem“the equation of motion hes e beautifully simple form and iz well-,
sdepted to numerical Integration. The complete intégr&ﬁiﬂn 5f this ecoe-
+ion hes now been programmed for the I. A. 5. machine. The actual coding
and computation now awaits the completion of & magnetic drum euxlliery
memory, which is needed in e computetion of so leiwe & magnitude as this.,

We plen eventually to consider éhe influence of non-ediabetic efl-
fects, lerge-scele orggréphy, and friction at the eerth'e surface. Alsc
gince the geostrophic eppreoximation does not alweys appear to be velid,
investigations are being made of higher order geostrogphic epprozimmetions.

Even with the present crude models, cursory comparison with sub-

Jective prognoses made by experienced forecasters indicates at least
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comparable accuracy. Moreover, whereas subjective methods have not shown
gienificant improvement in the pmst 20 years, the present approéch mﬂy.he
refined in a logical manner. It ie therefore expected that more reasllstic
atmospheric models will yleld predictions becoming procressively end
significantly better. '

The activities of the Meteorology Group et Princeton have created

much interest in numerical weather prediciion throughout the world. Re-

gearch in this direction is concurrently being conducted in Znglend,
Horwey, Sweden, Denmark, CGermany end Japan. \{n.uhis country the Weether
Bureau and the weather services of the Navy rﬁﬁka Air Force have expressed
their desire to investigate the possibility of preparing numerical fore-
casts on en operational besis. At & conference held at the Institute on
August 5th 1t was decided that each of the weather gervices should send
one rerresentative to Princeton to obtain experience in the methods of
numerical forecasting. They will errive sbout Jznuary lst, 192: and will
remain for e peried of apuroximstely one Jeer.

L, ™In sddition to the problems directly connected with shert-range
forecessing, the Group has elso been studying the proolem of the general
circulation. An understanding of the processes governing the zeneral
circulastion ies essentiml for longer range forecosting. In this conmection
e study wes made of the infiuence of lﬁrg&-ecal&“longituﬁinal agymmetries
in heating on the meen H?&EDHEI flow péttern. The calculeticns indicate
that this gffact is of péimary importance in explaining the cbserved normel
patterne in the lower troposphere end is of equal importance with the cre-
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graphic influence at higher levels.

The role of unsteble baroclinie disturbances in maintmining the

energy balance has also been investigeted. The regults show that emplifying



jarge-scale baroclinic disturbances convert sufficient potentinl to
kinetic energy to balance the frictional loss and a_'t. the same time are
capable of transporting enoush heat polewerd to belance the net radia-
tional loss.

In cooperation with Professor Starr and Dr. Lorenz of M. I. T. a
progrem was dravn up with the aid of Professor Tukey &t rrinceuon
University to calculate power spectra and lqz correlations for & time

geries of zonal and meridional indicies by means of the mechine.

1 Article in press: J. Charney "On Bar;élinic Instability end the
liaintenance of the Kinetic Energy of the
Westerlies" - Transactions of the Internctional
Azsociation of Meteorology, Brussels, 1351.

Article to be published in Mey issue of the Journel of hesecrolosy, |
1753: J. Charney, N. Phillips - "[fumericsl
Frediction of Barotropic and Barcclinic Flow"

Article to be published in the Quarterly Jourmal of the Royel
Meteorologicel Scciety, 1555: J. Smezorinsky
"The Dymendcal Influence of Lerge-Scale heat
Sources snd Sinks on the Quesi-Sueticunavy Mesn
botions of the Atmosphere”



