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L Peginning on 6 Moy 1955, the JIMP Unit w231 dzowo daldly short ronge -
[ numorical pradictlonn of lestarle contons gxdl veutlend motion yaiterns ovep © oo 0T
' the V.9, ond dnzediett mmrnindisge. o Theee progeontie charts will be dda-. ooy E
tributed to the WA ERd to aoch of the partleiyatlog services, o be uaed i Ton
elther withont roddfication, an cdvisory elde in the preperetion of comvem= . %0
J 41ohel forecants, oy fur whutever ppeclel purposcs cech prxvice conalders
o pppeopriata.  Fhe aimof this and, subseguent bullesing 1o to intorm the x@-." -
“eiplente ond ueurs abowt what poes into o numerlcal prediction, what fofors o
mytion it comtaing, how At dhould he _mt:urm'ﬁtaﬂ., ard vhat it eom e madd
'fﬂ_',-t'* ; o5 ) { o b i ..\. A O L e e e I. “ \ L :-.: r. 4
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2. e Model | .l STt A

SR - The yroeent pyptoan of numeries) forecsating ds baced on e rother fof- v
‘eral bvaroclinic modol =-- onc of the po-called "hree-level" moilels devedop- - 0
~gd. by Charney ond deasyived in dotail in (1), The slate of this asedel 1y
" completely specificd by thi bolghls of three iseberic surfaces, locatad at- -
900, T00, and 10O mlllibers. The most -xmﬂ:ricthe:mg;rm*t::{imti.{wf inkerent -
in the model wras e e e s N

i

Lt 3

(1) The £low ia msawrsdl to be geosirophle for purpnases of L e
Lo compatdng vorsleity end howdzontnd edvaction, T, 1 S TR
2} The flow 18 wasunzd to be nonvisipus ard edledatie, @ 0 0w
3) The undevlylng teersin i anoumed to be vewy neacly flet. o o0 oL
b} The stotic stebility ie sesuied to vary only in the horizentale .o

. Data Preparation

U7 The dndtiad Ante xequired Ly the present Toracgetilog syatem ave the
‘reighte of the 900, T00, oud MO willihur ouxfaces. A% the yregant itipe, Avie
. the 1000, T00, npd 400 miililer hedght Oote for 15X esth doy eve enalyped
oo aenoally by move or leee vlandard methods but with moxe than ordinery. cere. . o.¢ e i
ihe 1000} TGO, sud 1}0{!'1:1.‘:. Libar helghts ave neit interpolntod at o standord 0o
_rectengular exxay of 19 1 29 polabs; ﬂ];ﬁtj{?:ﬂ nbout 300 kildweters spext {er,” O
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. TRA¥Etional BUUEELIns wall o Ansusd yhenover elgudficont cheuges. n the
| echeduling mnd eontent of the numerdieal Tovecasts bove besn dntroduced dmto .t
“the opsrating rouling, or whonever chongrs in the use ard interpeatetfon of @ 7 - o

i the . foxecasts mppeer dosizable, .00 cowr 0 bRl b e b e BT g ;
Ui aliThe 900 mb informaticn in obtotned internslly du the computer by & lisesy ., ¢
, dnterpolation in In p belween TOO wb end 1000 'wb. . . bn e
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T ‘I:-D ba amct, .8 ipohes on 8 mpnmle of 1:15 srr!.‘l.linn) This sxrny, ox = '
"arid", covers an eren gouswhed Jarger than the ¥.8. The interpolated
. yaluzs -:}f the 1000,' 700, uvd 40O milliver heighte st the grid prints
- gpe then reedd off, recoxdud on puvnsh cards; epd chocked. ‘The repul tina
‘ geck of carde comprimea the ipltiml énta fer map e, ami is usuallar
' pum:h?cl and I‘:hEEkE‘:ﬂ- 'b,ar l'fﬂﬂ" i Hi.'-

& i

o Computation . el g ST CROR Ll

. Onee the intisl ﬁnm Tor wop ting are puncl*ﬂ:l on cpadn, the data
¢ o and ingtruction decka nre plecsd in the lnput compoont of the machine,
¢ end the preparction of too foracest 1o comrled out entirely zm‘t:-mt-im.‘l_'ly
The machine first rkalfs the lnoput tnitial datm snd instructions, and :
gtored this 1aformatdio 4t 148 memory.  ¥im logliand and numesideal. compon-
ents then recelve, Inlerprot and erscute the inetwrueticns. - o' sbout 1.5 .
hours after recaiving the iuitinld detn, the compuiew bre integeabted the - U
© progoostic equotions cver perdede weuslng up to 36 hours. It ia genorally -
- instructed to stop st this polnt, at choud 1900 ST, andl the resulie of

1ts computations sre racorded In porsensnt form --- on punch caxfs, as .
migkers printsd on a roll of pmmr at the. grmpﬁm-m ' anﬂ ag prtnted ino=-

pleth analdvefis.. -+ .
5.' Cubput Inrmmum-f' N

L Tt wes pointed ouk serlier that ihe wedel on which the existing pre-
dietion syatem 1o baewd io compietely descrlibad by the heiphfa of the 200, |
700, end 400 wiilives murinces. Aceordiogly, these sre aleo the quentltles
that are predicted. Ao a by-product, lowewer, the compuintional procedure .
alro yields the predictad veriical alr spoed at about 830 and 550 williber
levels. Forecoate of thasea flemenss sxe prepared daily for 24 nod 36 hours
after mp ting, The forecosts cover an exca slightly greeater then the cone -
tinental U.8. The eiws ovigide the U.0. , which nre the mogt subjeet to "' - 0
contaminntion by boundnry erroys, wWill be meeked out of the reproduced p:::ag--
. noptid cherte, The helghta of the prescure surfaces aro g,'weu unﬂtﬂ nf 10

5 :-f-mt, and veriical aly gpesd. in millimoders :par pecond.’ :

e From thene Torecunts, one nmy dayive thﬂ mIen trr*mpﬁmttﬁha in the

. layera separeting adjnoent levels of tly model {using the hyérontotic equa-
o tdon), and tha winds ut the 900; 700, nnd UOo wmilliber surfeces (using the
- gzostrophic wind pqum!::mr} The pattown of vertical motiecn pmviaaa sn

easﬂntial 111@1&1&% o t.hm‘.l.a for ]JI‘CﬂiF‘t-l.ng ;pa:'ecipi.mtiﬂn. - 3

(i Eu.ﬁ{g"‘ﬁ‘!-iﬂ*lﬂ for t?r"* iy

Ll 1t shovld be -m-:ﬂfw.:,i.zﬁﬂ. thet oo E‘F&‘ﬂtuﬁl of Exr-edi otion ~-- nuEerical.
m‘&thnda not e :x,-::;m.cﬂ ~ee oot predlet iu grestor detalil than the deteil In -

« walch the inl#ind stetn lp observed. Thve, & numerical predletion csnnot
oyleld dnformatlon oo tha dotedled and higbly locslized fine structure

2 of the flow, bub ip ensoablally & preliction of general covditlons over

* syems ab lenot 200 wili ggpera. Ooe showld eleo remiod himsel! thal mum-
. ‘erlecal forecasis oya pad glrictly weathor predictiers, in that they do not
+ pofer. directly to clowiiness, preclplintion, fog formatlons, ete, --- aven,
- though they obvionnly hare some conneciion with the thermodyramics of :mlnt
- air.. . In shoit, they sme of eaﬁ“ant.mlly tha Boxe 1:.'._;:“ as the pramatin

1
._f'



clmr‘bsT (rur“em..‘l;r bt-:in{,, tpeed bty the mﬂz The prenand B;smvem of numeri- 4
enl forecasting will egichlish the goreval aettt:g o environmsnt iu which
lucnl.:{mﬂ. inflvences ;;.-:*t- tr::- pmﬂw*e resthor” 1o the uaual AONBC.

..‘:'

,-_?rum ezqmrianm 1o E..nua, llﬂ.ﬂt the following specific remmnd.a.tiﬂnn
' utﬂm. the iut?rprem'l'iﬂn nud Hﬂﬂ nf mmﬂricnl fnrennatm Ce

:.M:. presant, the senle of rﬂp:*nﬂuctian 1s acourste to within °
‘ten percent.  Ancordingly, one should upz pome discreation .
“when measuring gecdents to compute the geostrophie wind.

Voreover, 'tiuu E’r'ﬂ"ii?ﬂt wind u.p;amximﬁﬂn is not conaiutent

A

.;_11: Ehw.m be Eimhruﬂ.mﬂ “"hﬂ rolpture lo e necopsary Ingre- oo i

" dient for preciidtation, fend tit the moisture distribution ' 3
v ehangen mied be token into actowst H.'m.n ap‘).‘!.yin{; the proauoa- Pttt
- tie charts of veruﬂ,ml mutinu. o Bl

i

'--bwm,n-ieﬂ, vhich 15 Erbttrm-d],:.r u;lmrﬂ'iwlu In 1ntarpretin.g
.'the jrognostic cherts, therefore, one shouwld not vely too ©
{-much on absoluie values of hédght. - The helght gradients, how- ' o
i ever, are leps. ﬂapendent on hﬁmﬂﬂr}r can&ii:iﬁnu ond sre more . &

oral webla.

. 0p 113ations Lviggu.en} nj" anall nm;,lj.tuﬂﬂ and, Bcale nm:st'inn- SERS AL
872y eppear oo the 2% hr ond 36 hr progonostic eherts. These . ’-."-,
g2 caused by truncation em:rﬁ anil, should '-be:- ciigregu:cﬁﬂd or G R
moothed uut. : ot ;

. The :pmmnt metal tends to wrerproddet mhtn:,mlngamuia fn -0

‘cartain types of pitustions.  ‘Fhin effect is most :E‘rcaq:,_Lntl;.r i e
‘obgerved pouth of the ot stifesm, when the smplituds af the » -
j,:lnng wave pattern is lsrge o1r incrsaeing rapidly. Ll

‘Sinee the winie m a pharp hng&n aloftiore unualhr ﬂuhg*n— ;
pirophic, the versieity mmalisim ic sometimos predictad to . '
:'fmlnw too ﬂﬁm‘fﬁr at.ﬁﬂonn&qu&nmy, being eaught up in the g8 :

: ehced of the tdough, the vnrtiu.tt:.r nmtlmun :I‘.u x‘re nt..l;;.r
'_.prgdicted .'_bu nwe ton fe.r m:-Lw‘anh £ Wﬂ

. I. lr-.

-{1}_chm~ne;,-,:f GosaTE e e < R

; mm-ical prodiction l‘.}f c}'{‘]ﬂgen mig. E&!-H,Dnml .i"a.f‘.rﬂd
:Pmcﬂaﬂ.inga_ : -mg_, liﬂ, O 2’ o, E?fiwl.m. !"e‘hE 19%} ; Em.‘;r uf Bciﬂncea,
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Talietin No. 2
(I.f{'ut.rtim 8 July 19,:5)

ﬁg Q'I}ELEI:GE‘Q,‘?'!JNI = : /

2 900 mb Anfermation 48 now obtoined intetnelly in tho compubor by an inter—
."pula.tion pohome ascuning the temperaturo to'be a lizear funotdon of In p.

Hence throo piecerof informatlon nre necessary - the helpghts of tho 400 mb, '?O{J
‘mb, and #OD mb surfaces. It should b noted thot thus ono no longor pscumes #

i ﬂt.undard lnpsa rato, aince bthe actual mesn lapse ‘rﬁte in esch vertical column is -
'uafad. i ; ,

Mm:tmlmum s ST
: Assuiming the pamo bomperat .ure wriutiﬂn as ih 3. @i va,, forecast J.UL‘JI'J nb -::lmrta

" and initiel end forecast 5CO mb charts ave being ml}“f" do  The 900.mb chart will o

i 1ung:r.rr l}a rliﬁt:*lbuta:ia

Gam mun'h ba exerelsed in interpreting the forecost 1000 mb chart, n;!.nce it ia
assmed 10 bo.dovold of bowdary surfoce elfects, The Influence of akin fric uian,
"t.ine hea.t:lnu in southimﬁ't‘.ﬂm U, 6. aond tnrrain ave not inalu.ded .‘Ln -t.he



-Hf,.Jf i Jéinﬁvﬂnﬁg;ical Weathar Prediction Unit P
- ‘7 Bulletin No. 3f
. Effective 29 September 1955

l, Introduction

Beginning this date,, experimental barotropie forecasts for a large
secllon of the Northern Hemiapbhere will be glven limited distri-
bution.

2. The Model

The barotropic model 18 well-known, snd is described, for cxample,

In (1). The model used for these particular forecasls assumes peo-
strophic winds and no mountalng. Unuswal Teatures of the computo-

tion ﬂ:l'l:

(ﬂ] The grid mesh lenglbh used Is double the mesh lengih
uscd for the baroclinle model deseribed in Bulletln
No. 1. There are spproximately 550 to GO0 kilometers
between grid polnte, varying somewhat with iatitude.

- +(b) The Laplacisn of the helght Tield is smoothed each
©owl tIme step by A& smoething functlon which almost com-

-"'._pletely suppreases features having & wave length of
L two grid lntervals, leaving practically unalterad
Eay features having wave longlhs of mﬂwt then five griﬂ
- intervals.
SRS “(e) A time gtep of two hours is used,

" The data used for the Initial time consist of the heights of the
© %00 mb purface read from the 03007 300 mb analysis iscued by NWAC, -

L., Qutput Information

The 500 mb prognostic chartd are printed at 2 hour intervals. The
. forecast is usmually atopped after the 72-hir print. As o rule, only
“' .+ the b8 and 72-hr prognostic charts will be iszsued. ”

i,

‘5_5. Supreations for Use

.. Theae prognostlc charts will be considered aa eXperimental only.
-+ Praliminary distribution of these is given in order to ascertalin

. whether or not these charts might provu uﬂeful- Your comments are
:%;J:ﬂqpﬂntﬂdkan the following: ) '



(2)

(a)} whot i your gencrel impression regarding the
uwsefulness of
' (1) the UB-hr progaostie charts, and
v {2) tha T2-hr prognoastle charta?

. (b} Do some arens on the charts prove more or less usaful
than othern?

i, (a) Do you observe mny systematic errors?

?he.follnwing specific recommendations can be made:

(a} Absclute values of helght are influenced by arvitrarily
specified boundary cenditions, and cannot be relled
upon. The height gradients, however, are more relisble

o '"?};(h] The smoothing process, mentioned sbove, ellminates small-

"a T geale patterns, which therefors do not aeppear in the prog-
woa . nostle charba.

1) 5d

H1f}ffﬁ} % should be remenbered that the barctropic model 18 not
. sual.  copable of predicting the sudden increascs in energy ob-

* perved in cases of atrong cyclogencals

A systematic arror hes been ocbeerved such tuat the poei- |
"tion of trouvghs end rldges in the westerlles e not far, -
™. enough emst, particularly by 72 hours. Investigationa: -

¢ designed to remady thle type of error are under way.

. Charney and N.A. Fhillipe:
Tumerical integration of the guasi-peostropiiic

equations for barctrople and esimple baroclinie

xfluws (Jouwrnal of Mataoralagy.. vol. 10y no. 2,

L ~99)



JOINT WUMERICAL WEATHER PREDICTION UNIT
Dulletin la. b
(Eiffective 10 Qctober 1955)

x ]

The followlig amendments to Pulletin No. 3 are now in effect:

'The Model

gty
: (d) The height of the 500 wb surface is rescaled Internally
(Lo the program) according to
1 A
. D=1.20D,
2 'r.rherﬁ D ig Che new oesled value of Lthe ){}D mh height
and ils the old scaled value of the 50 mb Jhelght.
i This rescallng has the effect of Incressing the winds |
b by one Tifth. Thls rescaling 1s effeciive only in-
e “ ternally, and does not appear 1 any c-f the printed
o charte. : -
9. Suggegtions for Use

Delete mection (ad).



 JOINT KUMERICAL WEATHER PREDICTION UNIT
Pulletin No. 6
(BEffective 28 December 1955)

L ]
Beginning with the baroclinic forecests® made from the 1500Z, 28 Dee.
1555 date, a minor modification of physienl assumptions will be in-
troduced in JAWP Unit's operating procedures. o

The Princeton 3-layer model, which is the current basls for mumerienl
forecnsts, treats atmospherie disturbances as perturbations on & meen
atmosphera. In past operational forecesta, the mean atmosphere was
taken to be the U.B. S8tandard Atmosphere. In studying the effects of
stability upon divergence fields, it wae found that relatively smnll
changes in the stabllity of the mean atmospiere had conslderable effeocts
upon the quality of the forecasts—in particular on spuricus ant:leyelo-
genesis in the low levels. In checking the validity of the U.8. Standard
Atmosphere, 1t was found that it was less stable than winter meen sound-
ings in the JNWP forecast mrea. Accordingly, monthly meen soundings are
being computed from selected North American stations s and these will be
uged ln future baroclinic forecasta.

For purposes of comparison, the table below conteins temperatures and
presgures from tha U.8. Btandard Atmosphere mnd from the JNWP mean sound-

ing for January.

prossura t rature !
(umb) EBTEKJ
3 U.8.8.A. * JIWP (Jan)

Lo 2hl.3 239.7

550 256. 4 254.9

Lo 268.4 26h.9
8oo 275.3 269.1
G00 281.6 271.3

From experiments run to date, a asignificant lmprovement in verification
pcores may be expocted with the new mean soundings, but the genersl level
of quality is not expected to chengs. The errors of spurious anticyclo-
geneais which sometimes characteriges the forecasts are expected to he
reduced, but not eliminated.

¥See Bulletin No. 1 in this series.



_ Joint-Numérical Weather Predictlon Unit
=t Bulletin MNo. 8
{Effective 20 April 19506}

Beferences:

Bulletin No. 3 & 4, this series.

Bolin, B., 195%: Humerical forecasting with the barotropile
model. Tellus, Vol. 7, No. 1, pp. M1-h5.

Stuman, F. G., 1955: A method for solving the balance equa-
tion. JNWP Unit Technical Memorandum No. G, May 23, 1953.

Beginning this date, the barotrople forecasts (Bulletina Ho. 3 & 4) made
from 0300 GMT data will include non-geostrophic effects. The wind fleld
needed in the predictive vorticity equation, 1s computed from a stremud-
function; which in turn 1s derived by integration of the balance equatlon
(Bolin, 195%; Shuman, 1955).

The balance equation is the divergence of the horizental equations of
motion, and includes cyclostrophic, difluence, and other acceleration ef-
fects on the wind field. The geostrophic approximation is included in
the balence equatlion as a apecial case.

The primary benefit to be expected from the use of the more general wind
field is the virtual elimination of spuriocus "barotrople anticyclogenesis",
although other benefits may be expected, such as more correct transletion
of pressure systens.

The internal re-scallng constant hes been increased to 1.3 (Bulletin Fo. }).
This change was empirically found to be necessary to correct for that part
of the truncation error which errors in the geostrophic approximaetion haed
been compensating. '



JOINT NUMERICAL WEATHER PREDICTION UNIT
Bulletin No. 1}
(effective 21 September 56)

Reference: .JNWP TUnit Bulletin Nos. 7 mnd L0,

As of 21 September 56, the routine procedure for computing the 2-level
"thermotropic" forecasts wos modified in the following reagpect: The

- coeffieient %, which represents the thermodynamical effect on thichnens
‘changesl, was increased by 60%. In essence, this modification Lakes
account of the observed decrease and reversal of temperature gradient as
one procceds upward through the tropopauge. The original velue of p*
was based on & linear relation between wind and pressure.

On theoretienl grounds alone, this modification ghould result in more
rapid castward displacement of surface cyclones pnd more rapid surface
cyclogenesls., Prior to thig change, a long series of 1000 mb "thermo-
troplc” forecasts showed n tendency to underpredict the movement and In-
tensificaticn of surface lows, frequently resulting in anomalous vertical
tilting of the troughlines. In & amaller number of cases, this tendency
waa corrected partiaslly by the' modification deseribed above,

lSee Thompson and Gates, Journal of Meteorology, April 1956, p. 131.



Joint Numerical Weslher Prediction Unit
Mulletin No. 13 ¢
{effective 1 October 1956)

1., Beginning 1 October 195G, the data used for preparation of the barotroplic
forecast from 15Z on the 19x29 grid ere processed sutomatically.

2. The ateps in date preparation are:
a) The uge of teletype reperforators to cut tape from the slgnals
on the meteorclogical circults.
b) Automatic conversion from teletype tape to TBM punched cards
by means of Ok6 tape to card converters.
¢) Editing of the raw data by the 701 computer. This lncludes
hydrostatic checks of all goundings and checking of dupllcating
reports egalnst each other. i '
d) Use of the l2hr barotroplc forecast Trom 032 to furnieh supple-
mental date over the oceans for the objective analysls,
3 The data processing ia then followed by the objective analysis snd the
barotrople Torecast.



Joint Numerical Weasther Prediction Unit

Bulletin No. 15
(effective 6 December 1956)

References: JNWP Unit Bulletins 7, 10, 11, 1k

1. Effective 6 December 1956 the issuance of the thermotroplc forecasts

based on initially balanced conditions (as described in Bulletin No.
14) is temporarily discontinued. TInstead the quasi-geostrophic thermo-
tropic forecasts will be resumed, -

This temporary chenge is made in order to ensble the JNWP Uit to take
steps to reduce the large-scale systematic boundary errors found in the
thermotrople forecasts from balanced initial conditions. Thege boundary
errors have been aggravated by the sdvance of the geason, reaching un-
acceptable dimenslons of & size previously unrevealed by the extensive
teats conducted on this model,



JOINT NUMERICAL WEATHER PREDICTION UNIT

| BULLETIN No. 16
{effective 13 December 1956)

Rnfbr?nﬂa: Bulletin No. 12

1, As of 1l December 1956 m modification was introduced into the bound-
ary conditions of the barotroplc forecasts computed on the Jox 34
grid, The Jocoblans mt each point in the rows and dolwins ad jacent
to the boundary rows and colums heve been get at conatont zero
valuzu'thruughuﬁt the forecamst perlod., The effect of this ﬂhﬂngﬂ
ia to reduce the erronecus anticyclogeneais near inflow boundaries.



JOINT NUMERICAL WEATHER PREDICTION UNIT
Bulletin No. 19
{Effective 25 March 1957)

1. Begluning 25 March, 1957, the 500mb dste used for preparation of
all forecasts from 152 are processed autcmaticelly. The automatic
processing is done by & method outlined in JHWP Bulletin No. 13.

2. A new objective analysis program is now being used for pre-
paration of the 500mb maps over the entire grid.



TR JoINP NUMERICAL WEATHER PREDICTXON UNIT .
At O st Bulletin No. 20
(Effective B April, 1957)

i _,-'l|l

Referances: Pulletinsg 12 mnd 16

1. Peginoing 2 April, 1957, the barotropla foreosst made from 15Z 48
" now mada over the entire %0 x 34 grid, using the barotropie model des-
., aribed in bulletins Fos. 12 and 16.

' 2. fmis fovecast is vequired by NAVAC by 1730 E.8.T. Due to this

7 prequirement it is occaslonally necessary to conelude the analysis

.. ‘bafore all tha important but late datm from Caneda end the Atlantic
-heve been received. The normal alose-out time for receipt of data

<! 18 now 113 B.8.T.. (10152). . : :

Mg




JOINT NUMERICAL WEATHER PREDICTION UNIT

Bulletin No. 21
(Effective 3 June, 1957)

1. The projected JNWP IBM EDPM 704 will be cperating sbout the middle
of July. The transition from the 701 will begin with the prediction
made from 127 3 June data.

2. During the transition period, numerical predictions will be made
on the 70k presently installed at the National Bureau of Standards.
There will be avallable daily a 4Y8-hour SO0mb forecast made from O0F
initial data, and & T2-hour 500mb forecast made from 127, initlal data.
All machine processing and snalyals of date will be suspended. Predic-
tions will be made at 500wb only, with a barotropie model, similiar to
our present one, described in Bulletin No. 12, as mmended by Bulletin
No. 16, The importent difference fram our present barotrople ia that
the barotropic to be run on the NBS machine will be & semi-geostrophic
model. Tn place of the balance equation described in Bulletins No. B
aod 12, the equation (la) of Bulletin No. 18 will be used.

FEMa F O PRer.ve . oy
ER f
The resulting tryue stream funetion, W describes & non-divergent wind
field very nearly equal to the geostrophle. The use of such a non-
divergent wind eliminates some of the Apurlous antieyclogenesis of
the conventionnl barctropic model 1in which the gecatrophic approxima-

tion la made in & more direct mamney.



JOINT NUMERICAL WEATHER PREDICTION UNIT
Bullebin fo. 22 :
(Effective 3 October 1957) 1

References: JNWP Unit Bulletin Nos. 8 mnd 12. s

« As of 3 October 1957, the JNWP Unit will begin issulng barotropiec

500mb height forecasts oo & routine bapls Tor an area coverlnp
all of the northern hemisphere except tha equatorial remgion south
of about 13° Lat, N.- This change represents & considerable and

*  plgnificant departure from earliar procedure, in that:

(a) Numericel forecasta will be available for areas of interest
not previoualy covered, and 5

(b) The forecasts will ba less subJject to errors originating in
arbitrarily specified conditlons on the boundaries of the
forecaat area, e |

The basie theory, the computing procedure, date processing, end
Torm of the final produet of this new procedure are outlined be-
low. The forecasts descrided in JNWP Unit-Bulletin No. 21 will

* be discontinued as of 3 October 1957.

Baglc theor

The nev barotroplc forecasts are bmaed on the vorticity equation
for nondivergent barotropic flow. The main features of the model
are fdentical to those deseribed in section 2 of JNWP Unit Bulle-

. tin No. 12.

Computing Procedure

The numerical methods by which the barotropie vortieity equation
is integrated are essentielly the same ms those outlined in Hec-
tion 3 of JUWP Unit Bulletin Nol 12.

The method by which the initialiwind field is computed from the
initial height field has been midified 8lightly, in order to elimi-
nete systematic errors in numerical eclutions of the "balance
equation”. The role of the latter equation 18 referred to in JHWP
Unit Dulletin No. B, and is described more fully in JNWP Unit Tech,
Memo. No. 6, by F. G. Shuman.

Data processing
The input data are the 500mb heipght values for elther 00Z or 122,

* interpolated at 1977 points spread evenly over the N. Hemisphere,

The grid pointe form an octagonal array, as shown on Attechment 1,
&nd are spaced 3681 kilometers apert (at Lat, 60°N.) on & polar

stereographic projection. The scuthernmobt point of the boundary
is at Lat. 9.7°N, and 1ts northermmost point at Lat. 17.2°N. The

-



ipitial 500mb height pettern 1s plotted and analyzed manually,
pnd the interpolated initial helght values at the gridpolnts

S are estimated by eye.
rhigm T
5. Content and Form of “‘Dutput

: The output is & serles of 500mb heilght forecasts, verlfylog O, 12,
2%, 36, 4B, ood 72 hours after initlol time. Thesc forecasts ore
conputed [or initiel data at bolh OO and 12%, ‘The orea covered

by the forecasts is the octogonal reglon shown On Attachment 1.

The printed output 1s in the form of 500mwb heighis at every other
gridpoint on every other line, together with the usunl "contour
printout”. The conlours are then troced menually onto o trana- ;
porcnt overlay, on which the geography has already been drown. The
repulting map is reproduced for distribution.

, Distribution C

Iiw; Reproduction of these forecasts will bLe avalleble T'or messenger or
ﬂwﬁ 11 aistribution, In eddition, selected forecasts will be transmitted
W yia facsimile and teletype. Teletype transmissicns will be ip two dif-

" ferent code forms: one, the standard teletype prog code used by NAWAC, -

and the other, & new prog code specislly prepared by Alr Weather Service.
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JOINT NUMERICAL WEATHER PREDICTION URIT
October 2, 1957

‘Al reciplents of JUWP prcgnoutid charts are regquested to
review thelr reqpirﬂm&ntﬁ with respect to the new charts described

; in Pulletin NHo. 22 and inaugurated on October 3, 1957. You are re-
c;y.quented to place your requirements with the JNWP Unit by October 21,
T . .
'i ~ If no reply ls received by that date from any orgesnization
. now recelving charts, we will assume that no requirement exists and ol
" will discontinue distribution to that orgenization, ) e

L
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l
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A -1 :--_:..: -.'I ) ; ¥ L . -'I .'._._..,.______ Geurgﬂ. P‘ Erc'aumm
s, SR L T Director /
St ot Joint Numericeal Weather Prediction
pamacatl s e SEES) e : Undbr. ! : -
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’, ; i Joint Numerical Weather Prediction Unit

R T

: Bulletin No. 24 '
' : _ (effective 10 April, 1958)

Refercnce: JUWP Unit Bulletins 22 ond 23

JAs of 10 April 1958, the forceasting procedure described in JiWP Unit
Tulleting 22 and 23 will be modificd to correct for certoin poersiotent
featurcs of the large scale error poattern. Eorller otudics of tha large
peale error pattern revecled a persistent end large positive crror. center
over the east cozst of Asia, a sczowhat smaller positive error center qfd
the east const of Asim, & gcoewhet cmaller positlve error center off the
east coast of the U.S., m dargz negative crror center over Horthern Buropa,
and a gmaller negative error center over Vestern Conoda, More recent studies
by Cridr. Wolff have shown that a large part of this quesl-stationary pattern
is due tc the facts that: i

.. 1) The very large scale components of the flow are gquasl-statloncry

© in aetuality, wherscs

H 2) The very large scole ccmponents of a purely barotropic flow travel
repidly westuward, the very large scale troughs alwmost exactly replacing
the larpe scale ridges in U8 hours. Since the lerge ccale trough off
the ecst Aclan comst in winter is cetunlly quasi-otetionary, the baro-
tropic Torecosts contaln a systematic positive error 1ln that region.
Similer reasoningd mppeors to eccount for other persistent features of

0 the error pattern. ; :

&

Thece stationary, very large scole compenents of the flow have a musn larger
cmplitude in winter than idn the other secsons. Their exlstence 1s cleaxrly due
to foctors not eccounted for in the simple barotropic model. Although they
ere not understocd completely, they nust ultimately be due to terrain features
not included in the forecast model, henting and cooling from contoct with the
underlying surfece, opd the existence of preferred locations for baroclinic
procesces. Since these components of the flow are remarkably persistent and
stationary from day to day, 1t ie posaible to remove from the forecosts those
crrors nagoclated with thelr retrogression in a purely barctropic forecast.
Thic is done as followsi

-

= Vit T
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1) Compute the phase end amplitude of the thrce longest wave components
cround eash letitude circle. The sum of these three components will
be designoted the "wltra-lorge ccale compenent”" ., The uwltra-lorgc
seale. compoiént at the beginning of the forecast period is reporded

T3 the "statlionary"component.

2) At regular intervals through the forecnst perlod, compute the wltra-
large seale component found at that tine. subtract it from the current
wind field, and add the stutlonary component. This procedure tends
to hold the very large components statlonery, but permits interaection
between components of large and small seale. ;

Phe procedure ocutlined above hos been tested in a nurber of winter cases, ond
has been found to reduce the root-mean-square helght error of 48 hour Torecasts
by obout 7% on the average. The reduction of RMS error rengedfrom 39% to
55% in the cases cited. A more detailed description of the results will De -
ineluded in a fortheoming Tech. Memo. i .

Methods of correcting persistent errors by improved design of the physical
models are under study at the present time. i



JOTIR FUMERICAL WEATHFR PRCDICTION UNED
 PULHIWIN 10. 25
{effective 26 June, 1963)

- Reference: JAWY Unit Dulletins EE_..- 23, and 2k X

© Effective Ti-.uh 107 data of #6 Jupz 1950 & now havebragic 10;{:%:%1.1;;
program will Ba fntroduced in cxdzy fo obboin groaber oocurecy b

- forecesting long rad vary long conompborie waved. A motdificolicn of
the free-tmpsr-prfoce moizl of Bosuby, aimileor {o dolin's Tropopotie
: padel [1] 15 used for the forecrst equation. YPhin wlll be deserlbed
. in detedd io o fortheenlng JRIP Uailt publicobic:.

< This medel ceateive o dlvexgence field vbich boos Ghe elicct of elmost

O pomplately stebilislag the vory long wovesn, whlle permaietiay seme iy
J movemsot of the loag wares, end glving prostically no irteirterance with
. short waves, Tida ean be cconbrpatod with the _.wucnﬂmm pI“"l.i‘.l.ﬂ'l.lﬂl}r
u.aacl es degeribed in JEHP Bullotin Ho. 23, .

'an m:%mﬂi-:re B”'{"‘{“:‘i of teets indisates & reductlon rcr? £.1,8. heigbt
enm‘s mmr -tlm pravinu.ml}' ueed bm‘tﬁmﬂpiﬂ muifpl ui‘ whoet 3.65.% |

i 2] B Buli.n; "An Emproved Derpotropic PiIudpl ond oons A-xpar:tn of Using :
i the Delance Iguesion for Three-dlnengional le;“ I“lJ'l'.lf:-, vol, 8, no. 1,
._..I"eh- 1956, ‘P 51.75.

o |__I.
A




seiab Ipmmerinal Wootnos Prodfctlog Uady / / w— '
milletin Wo, 26

{afTsctive b Augush 3.9;3}

" Feforepco: JIWP Undt tullotin 0. 25

- As off I fpaaat 1958, a tue-loved beveedinde wodeld, mede Fron 122 dote will he
put Into rovtinoe opewation onen o Gupr,

In bricf, the modal woy bo desevibod oz Pollouss
- o) Twout: 850 end 500 rb Relshis.
trtmith: Fformeont ho Irfita Loz 050 ond 500 b nn w2l es vertlenl velesity
for &0 rb v to 36 howzn 9N odvEnee.

b) ¥ind end worldedty alt 500 ¥ oxa cbiningd by solviug the helanea
| eguwation, hwuarean the A%fNevandial wind 050-5%00 oh is epproifvnted
by the grostroephie themnal wind,

a) e tws yrodiotive egantienn, dowived fiom then verdiclity egusiiong
for 500 ord 850 th, euhined with the wlichetic equaiion, hzve tho

© 500 rh olsten DEatism and the 090-500 1b thicltoss os depondent
voriohlaes, Verthienl volecity io eomgubedd by moove of the olishabtie
equriion. :

d) The pz'ﬂfmmtm amsEhion for tho 990 mh staeom Dmobion 9 modificd
© . in crday to deal with the very Iong WD, an &mm’?x d &n FiENP .
Bllatin No. 25,

e) The offovsk of memtaing fa fox $ho ¢ine bLeing nob fnelvded., In the
T vorticlhy equatfon, the fulsting -, vewilienl advoction -, oud :
frietion torma hove Hoon arifled.

Continuad study of the poxfoamonce of this Wwo-ltvol mofel megy losd te
edddtioned festvresn belng dnoludod ol o Inbor drbe. Almo, forecacta fox
T00 and 300 mb forceantn, dininsd by intorpeiodion ond extyvepoiation
reaspeatively, mRy eventunlly be eddad to the ouipd.



Joint Humerical Westher Prediction Unit

Bulletin No. 28

SubJect: JIWWP Unit 500-mb and 850-mb Initiel Contour Anmlyses during
the 1950 Hurrlcane Sanaon

During the 1959 hurricane geason, JHWP Unit 500-nb initisl contour mnalyees
from which hurricene forecmste are to be mede, will deviete from conventional
contour snalyses in the reglon of the hurricane or typhoon. The hurricane
vortex will be eliminated and flow determined from the large scale clrculation
will be imposed on the hurricene region. This i accomplished by nnelyzing
for & wind, determined from the hurricane's past movement, inserted as 500-mb
date at the hurricane positlon and blocking out other data within sbout seven
latitude degrees of the position. Subsequent to completion of this 500-mb
enalyeis, 'a vortex will be reinserted by hand im the initial and fbreeast

- charte drawn at JNWWP Unilt.

The particle at the hurrlcene position initially will be tracked in the 500-ub
forecest stresm fields ms the hurricane forecast. Thias technique of enalysis
and forecasting was tested on a mmber of Atlantle hurrinanes of the 1958
gegaon. The resulting forecasts were excellent.

.Consistent with the 500-nb analyses, synoptic 850-mb height analysea will be
altered in the region of the hurricane to reflect an 850-mb to 500-mb thick-
‘ness of approximetely 14,000 feet at the hurricane position. This will be
accomplished by inserting as 850-mb date at the hurricane position, a ealeu-
- lated 850-mb helght value conaistent with the 500-mb helght end a 1h,ﬂﬁﬂ feat
thickness for the layer.



JOINT NUMERICAL WEATHER PREDICTION UNIT

BULLETIN NO. 29
(effective 10 November 1959)

Effective with the 123 charts of the above date, a elight
modification has been introduced:into the objective snalysis
routine. Thie coneists of a change in the welghting function
and scan radius of the last scan. The effect 1z to improve-
the horizontal resolution of the smaller scale systems, parti-
cularl:,r near cyclonie centers.

The entire objective analysis system will be described in
detall in a forthcoming isasus of the Monthly Weather Review.

< L]
TR A




JOINT NUMERICAL WEBATHER PREDICTION UNIT

BULIETIN NO. 30
10 November, 1959

Due to the lack of preclse definition of terms, there have
been some misunderstandings concerniog the unita in which vertical
veloeity charts have been printed. The vertical velocities are in
unite of -dp/dt in the c.g.s, system, where p 1s pressure and & is
time. To obtaln vertical velocities at 600 mb in centimetera per

second, multiply by 1.27.

L



JOINT NUMERICAL WEATHER PREDICTION UNIT
BULLETIN NO. 31
i Januér}* 18, 1960

!
- Beginning with the forecast made from the 12002 data of
January 18, 1960, JNWP will prepare once per day: =

(a) Cloud and precipitation forecasts for
24 and 36 hours in advance.

(b) A quantitative precipitation forecast for
the period 12 to 36 hours in advance. -

(c) 24 and 36 hour forecasts showing areas ;
of rain and snow.

The theory of the cloud and precipitation forecast is discussed
- by E. M. Carlstead in the Monthly Weather Review for October 1959 .
The quantitative precipitation forecast follows the lines of 5. J. Smebye's
~ development in "'Computation of Precipitation from Large Scale Vertical

Motion', Journal of Meteorology, December 1958. The snow and rain
. forecast makes use of the results of H. H. Lamb, "Two-Way Relation-
ships between the Snow or Ice Limit and the 1000-500 mb Thickness of
the Overlying Atmosphere", ©.J. Royal Meteorological Society, April
1955, and those of A. J. Wagner, "Mean Temperature from 1000 to
500 mb as a Predictor of Precipitation Type", Sci. Rep. #2, M.1.T.,
- May 1957, Contract No, AF 19(604}-1305,

These computer preoducts are still experimental, but may be

useful for guidance material. After you have used them for awhile, we .
would appreciate your suggestions on how to improve them. '



JOINT NUMERICAL WEATHER PREDICTION UNIT
BULLETIN NO. 32
September 12, 1960
Beginning with the forecast made from the 1200Z data ofh'“‘--m_h__

September 12, 1960, the barotropic forecasts contain an improved mountain
eifect and a surface friction effect.

R

The new representation of rising and sinking of the air over the
mountaing uses a constructed surface wind for the level of the terrain instead
of a constructed sea-level wind as in the previous version. In obtaining the
500 mb. divergence, the vertical velocity from the térrain effect is assumed
to decrease linearly from the level of the terrain to zero at 200 mb. In the
previous version it decreased linearly from sea level to zero mb.

For computation of friction effects a skin drag coeificient which
varies according to the roughness of the terrain is used. The surface. wind,
as in the mountain calculation, is obtained by interpolating in a linear wind
- profile which passes through+100% of the 500 mb., wind speed at 500 mb.and
20% of the 500 mb. wind speed at 1000 mb. The wind direction is assumed
constant with varying height. The boundary-layer vertical velocity obtained
from the friction effect is assumed to decrease linearly to zero at 200 b,

A series of tests has shown that the inclusion of mountain and

' friction effects in the form described above leads to improvements in the
forecasts over the larger mountainous areas. Maximum height differences
introduced in a 48-hour forecast by these effects under extreme conditions

. are about 500 ft. :

A paper containing detalls has been submitted for publication.



JOINT NUMERICAL WEATHER PREDICTION UNIT
BULLETIN NO. 33
e December 15, 1960

= Effective this date the objective analysis program is augmented
. 'tn include the analysis of heights, temperatures, and winds for 850, 700,
500, and 300 mbs. The method of analysis at each surface 18 essentially
that described by Cressman. * The modifications described here are due
to H. A. Bedient and J. A. Brown, Jr.

In analyzing heights and temperatures a build-up {rom the lowest
s levelﬂ ie employed. The 850 mb heightes and temperatures are analyzed,
with the reported height data at 850 mbs augmented by extrapolated surface
data over the oceans. Following this, the analysis is built up according to
Table 1.

The wind analyses are analyses of the componenta of the obhserved
winds, in the JNWP grid. At the present, these are combined after the
analysis to pive the isotachs of the observed wind.

It is expected thai;' some detalls of the analysis program will be
changed from time to time. Bulletins will be. issued only for major chariges.

*Cressman, G. P., "An Operational Objective Analysis System, "
Monthly Weather Review, vol. 87, no. 10, pp. 367-374, Oct., 1959,




TABLE 1

.

' SEQUENCE FIELDS FIRST GUESS
| - 8§50 mb hts. and temps. " Y2-hr forecast for hts.

850 temps. inferred from
12-hr forecast 850-500

o ; 5 , ; thickness.
& A= 850 mb winds 850 mb geostrophic winds
NS 700 mb hte. and tempa. A new thickness is formed

by subtraction of analyzed
850 hts from 12-hr forecast
: 500 hts. This is used to
e T R - - obt ain a first guess for
v e ool "o " 700 mb temp. Using the
ST B R firgt-guess 700 temps. and
: ' the analyzed 850 temps. and
heights, a first guess 700 mb .
chart is computed.

e e g 700 mb wifids 700 mb. geostrophic winds

g 00 mb hts. and temp8. Using the analyzed 700 mb
b - temps. and a standard lapse
rate, a 500 mb temp. guess
P . is obtained. Using this and
Vi ' " the 700 mb hts. and temps.
i SR a 500 mb ht guess is computed.

S 500 mb winda i 500 mb geostrophic winds..

1 ' 300 mb hts. and temps. First-guess temps. obtained
5 from extrapolation of 700 and
500 mb temps. Using these
‘and the 500 mb heights a '
300 mb ht. guess is computed.

8. - 300 mbwinds ' 300 mb geostrophic winds. '

e T
T A

et e T =
=3 Tk T

e —



-outpul, format is expected. _-5i.-.= i

I
MA flONI\]ll “‘FTEOL{DLDGIGAL CENTER i
*NUMERICAL WEA' ! 1 it PR EDICTION BULLETIN NO. 34 i
' | J'.__Jeca mber 15, 1961

Some time during the latter part of January, 1962 it is planned to
implement a 3-level baroclinic model for.the main operational forecast calcu-
lations. No change in the prey cnt D].'.‘rE'lHL]D!"EB.] pr ugr“lm is contemplated for
the preliminary forecasts. No = Frm[u ant change m upt:t'-ltmg schedule or

The 3-level modeél is a ncrngc.o;,l:ruphic Vf.l'lfll':'.“.lt‘f equation model,
carrying both the rotational and irrotational cnmpunentﬁ of the wind. Surface
friction and' mountain effects are included, lmh"f ‘data and output mfnrmatlon

" are at 850, 500, and 200 mbs. Vertical motions atib50 and 350 mbs are pro-
* duced, in units of -1073 mbe/sec. The 650 mb ¥irtical motions will be issued’

in place of the present 600 mb ones (Bulletin No.'30). Positlve signs will
represent upward rotion and vice versa.

The performance characteristics of the model have been determined
by a series of tests which have been evaluated both by jury and by objective
numerical measures. These tests indicate a statistically small but definite
superiority of the 3-level model at 850 and 500 mbs. over the present opera-
tional model over the United States and the F"lclflt | Over the Atlantic some

- improvement is obtained, but not much. At high latitudes, where the baro-

- tropic forecast is usually very good, no improvement can be obtained by the

3-level model, Improvements are especially noted at 500 mbs during strong
cyclogenesis over the east coasts of Asia and North America. The 200 mb
forecasts are highly improved in all areas over those obtained by upward
extrapolation from the present operational model (and over persistence also}.
The forecasts at 850 and 500 mbs resemble closely the present operational
ones most of the time. However, in strongly baroclinic zones the 3-level
model forecasts development. This is of the sense that if the temperature
wave lags behind the pressure wave, amplification of the pressure wave takes !
place. If the temperature wave is ahead of the pressure wave, dampening |
of the pressure wave occurse. Unnscqucntly. cyclonic systems followed by |
strong cold pushes will gﬂnerally- develop to preater intensity. However, the '

"’ model contains the essential mechamsm of the ?CC]UEIDI‘] process, and will not

! perrnlt cyclonic growth tt::r prﬂceed 111def1111t|31*r.'

1 ¥ ' |
r i by '_r
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, The errors of the 3-level model as observed in the tests are
. penerally highly correlated with the errors of barotropic forecasts. How-

. ever, they are often significantly reduced in areas of strong temperature
adveclions. In the situation so characteristic of Mississippi valley cyc lonic
developments, where only a modcrately strong baroclinic zone is found, but
high moisture content, small static stability, and copious precipitation
accompany sudden cyclonic development, the 3—1cv;r:4;_mcde] gives forecasts
no better than those obtained by the barotropic rr‘_x't':ucliﬁ_{.l'.-'_ '

._..----—'"""_’..-"_“—.- L L : I'= !I ! ._|I,i|i'..

__All'analysis problems ariging in e'nnneetli;m-g'with paroclinic fore-

! _F'_,_,.cai!'l':u have not been sclved. Over sparse data areas erroneous vertical

I tilt of systems aometimes develops. This problem ia also aggravated by
' grrors from other sources, not all known, : : :

The model uses the wind approximation e
T ; i
[ |

VW= kx 7 +i‘?}{. .

£ where ¥ is the stream function obtained from the balance equation and X
Tt g thelvelncitf-putentia_l'. A diag.'niostic. equation fpr;::vlertica] velocity is
i él ..:Z ot H) : : i

f £ ] f |

o 4 L

= BT R
. where p is pressure, W is the vertical!vélocity :_-';j?_él;{fp'pre. dp/dt, C is the
" relative vorticity, fis the Coriolis parameters igsl?iﬂri_!:thc static stability
. (assumed to be horizontally n:nnst:ant:-_f. iapd’ :l"p' 15' It]-jiélg g'ffécpnttmtial. For

solution of the diagnostic equatior] only:the a'ecdt,;idl"it:erm of the wind approxi- . |

f .
st b it
it i

| Al AR L) e
Ay || [ £

A ¥ - mation 18 neglected. .
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For the lower boundary condition, an extrapolation {or interpo-

' Jation) is made to the level of the ground from the stream functions at
850 and 500 mbs, .The stream function obtained in this manner is used
for calculations of mountain and surface friction effects to obtain a value

' .’__,.n.t'*iif’ut the lower boundary. Then from the equation of continuity the
" yelocity potential is obtained, i.e.,

L Following thie the prognosis is obtained from the vorticity equation,

o -~
ok Ve +f) + NTX + k7 x w2 < o,
b dp

it ] b

i, A time extrapolation is made to obtain new values: of the stream function

. ‘and the balance equation is employed to obtain nelw?yaluaa of the geopoten-
tial. Following this the process.is répeated, beginning with another solu-
tion of the diagnostic equation. || : : fon e i o :



" UNITED STATES DEPARTMENT OF COMMERCE
' WEATHER BUREAU |
NATIONAL METEOROLOGICAL CENTER
BULLETIN NO, 35

September 1963

At 1200 GMT September 15, 1963 a new truncation error* control
was introduced into the NMC 3=level baroclinic (543 0) model. The same
srror control had been introduced into the RADAT {1+30) barotropic model
at 0000 GMT August 24, 1963, It will also be incorporated into the prelims=

' inary (4+30) barotropic forecast as soon as possible,

The introduction of truncation error control into the operational
models ia based on experimenial forecasts in which the order of magnitude
of truncation error has been reduced in jacobians or advective terms in
the forecast eguations, It was found that the principal benefit to be derived
was in the forecast displacement of systems, particularly those of emall .
-acale, '

' The Method -~

Curve A in the figure shows the response,

L]

fled+Ax)-flx-Ax} df
2 Ax o Hx{f}

of a centered difference estimate acroas two grid increments of the first
derivative,

Fhe function € (x} is taken here to have the form

f({x) = {Bﬁ"]kx
coa ;

#* ‘Truncation erroxrs are inherent in replacing exact differentials by
finite~difference approximations, Rl

—
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" .Curve B shows the response,

-1/6f(x-Ax)+4/3£(x)-1/61f(x+Ax
£ (x)

" of an alament.al "inasmoothing'' operator.

Curve G shows the combined response of the other two operators,
and represents the responae of a centered difference estimate of the first
. derivative in which truncation error has been reduced, particularly in the
longer wave lengths, '

These are the essentials of the truncation error control system
being introduced in NMGC., The ordinary first difference is treated with
the "unsmoothing™ operator to correct the "smoothing" effect of the
- difference operator. : o
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Beginning with the forecaat from 1200 GMT Dec, 1, the RADAT (1+30)
- barotropic forecasts will be made with a new "mesh-model" ptogram.
The model used is identical with the 850-500 mesh model used at NMC
until 1962 except for the computation of the divergence term due to moun-
tain and surface friction effects. [1]In the old version the wind at the
earth's surface was assumed to have the same direction as at 500 mb and
the speed was reduced by a factor depending only on the height of the sur-
face, This source of error was discussedin [2]. In the new version,
the wind at the surface is obtained by extrapolating the 500 mb stream
winds downward using the thermal wind shear obtained from hourly #50-
500 mb thickness forecasts. In this respect the new model is similar to
the current operational 3 level baroclinic model. (See NMC Tech Memo
#22 1963.) :

Since the slight divergence at 500 mb is due only to mountain and sur-
face friction effects, this new mesh model, like the old one, is esgentiall :
barotropic in nature. Differences between this model and the 500 mb {only
barotropic previously used for the RADAT forecast should be minor except
in cases where unusually strong 850-500 mb shears occur or are forecast
over mountaincus regions. The new '"mesh" includes the truncation error -
-contrel described in NMC Bulletin No, 35, Sept. '63, This control was
also used in the previous RADAT barotropic model.

[1] Cressman, G. P, "Improved Terrain Effects in Barotropic Fore-
‘casts', Monthly Weather Review, Vol. 88, Nos. 9-12, Sept-Dec.1960.

L2] Fawcett, E. B., "A Study of Errors in Barotropic Forecasts of
Cut-off Lows in the Southwestern United States During Fall and Winter

of 1961-1962", Technical Note No. 8, Office of Forecast Development,
U.S.W. B, May 1962. "
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