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Yntyroductlon

It has been npoted 1a JIWEP Unit omersntions during 1955 Lhat the baro-
clinic model in uss bae certaln eystomatic errors. Some of these errors
czn be traced to ervors in the Letoral boundary corpditiong, others Lo
terroainy effects vhich are caltied fram the prediciion madel. Although
ibe evidence ie né;-':, ciess, gtill otheys sxe probably due to effects of
non-gdisbohin bheating and 4o iantent nest of vaporiracion — nelther of .
vhich are lLacorpcrated into the modsl.

This paper will nct deal with these, but will take up the problem
of spuricus anticyclogenesis, whish sometimes is predominent, particu-
larly in cold, stetically steble situatlops, and particwlarly in the
lowsi levels of the forecasts. A good exemple of this Ltype of error ap-
peared in the forecest of the Thanlksgiving Day storm of 1950 (Charpey,
1954).

A Desceriptive Anclyeis of the Problem

Tt is becomlng ciear to dynamical metecxalogists that errors of
spuricus anticyclogenssis axe dne 4o faults of the mndal itself. Spe-
cificglly, they are dune to linearizations of the dynumicel equeticns
(Chszoey b al., 1955).

Ta 4ne erplenetion irmedliately following, we will arelt all terms
sxtranstus to tae gress vehavior of the atmosphere, as set forth by
Rosaby {1940). Consléer the vorticity in iscbaric coordinates.
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%}' is the subgbarticl derivative
n is evsolute vaerticity.

If the thermodynemic ecuation
e
is diif2rentiaied by p, viz.,

L} 23 = %‘é

) 1n

H =87 {2)
and w is eliminated frem eyualtione (1) and {(2), we have
. TG -
Redm=0 (3)

Here 6 1s potenticl teupersture snd € = - %g

In equation {2) a temrm hes been omitted on the ascwiption that it
nes to do with only modificatious of the principal atmospheric processes.
In so dolng, it is not sugmested thet it is wniuportant in accurate fore-
easting. In fect, it cen Lo shown that it cuntains Cherney’s (1949)
mecheniom for fiuite speed o poropegation of influences in the vertical,
Without it tnflucnces sifect ell levels simultaneovsly. In justification
of its omiseion from thiz discussion, it mey be noted that equation (3)
containe the interactlion 'of vortleity end atcbility discussed by Rossby
(1940). This interaction represenis the principal machinery of the lerge-
acale atmospheric disturbsnees, anl the Corecest aryors wmder discuanion
pertein to this initerantion.

If, a8 in the cave of the JOAWP Unit barcolinic model, mean valucs are
substituted for 1 and 6 where they sppear ﬁndifferentiated In equation (3),
then in anticyclones, where vorticity is smell and stability large, the
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e¥faets of Civermease (incresce of stability) are over-estimated. Com-
versely, the effeots of divexgeare are underestimated in cyclones. Thus
fm JEWR Unit predioticus, cycloaes are stable, whercas any snticyelone
with o %enfency towsyd anticyclegenesis deepens too much. Ny

Tae cirecticn of wpurious antieyclogenssls would seem to 1ie in not
perfurairg the lirearizstion of ccefficients in eguatiun {3). Computa-
tlous carrsing the fuil non-linear effects of squation (3) have besn done
by Charney et ul, (1955). Indeed, spuricus articyclogenesis did not ep-
ey in Lhsce cogpuhotidneg, but spuricus cytlogmnesie prademinated to
Fuck en exvent &g to rendsr the cogputatinons useless Tor practicel pur-
DOBEL .

Foe evpluetion for the upwdoas cyciogenesis liss in the cquasi-
gecptropliic asslomtion Ztself. Tnais, _ and theratere vortielty, ere cone
siferedly smeller du cyclonss then the estimale cbhained Jrow the geo~
strophic. In cy2lenic regions the effects of divergeace is over-esti-~
nated if vorticity iz meplaced by geostrophie vortieisy in equation (3) .
and tlr;te:penix;g“ of gyslenzas le aﬁer—fomcasf:.. ' :

At this date the Povegoing will be fauilier ground to meteorolo-
gists working in ihe field of rumerical westhey prediction (Charyney et
al., 1995). Although all agpucts o the problen ere not yet explained,
~ w& have & baéizz for o working hynotheals, vig.;
the correction ot spuridme anricyclogenesis lies In the

roa~lingar erfects of vortleity end stability, but the

uon-iivear sifacts mugt we coupled with e sccountiag

of the ageogirovhic voprtlelty In cyelonzs.

A Corrested Fon-lirsar grasi-geostrophic Modeld,

Conzider the bairaze equation

¥ 411 «ﬁ]6+2§g‘:~§%=(‘)
where n§ g ia geostrophlc vorticity aad € i3 Coriolis parmter. - The .
balence aquedion may be derived by teking the divergence of the bori-
zontal equations of moticn, aund anltting temas involving vertieal
notion and divergence. As peinted out byb Shuman (1955), by e mere
re-arrangement of terms, the balance eguation may be written
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It natural cocrdinates r” may be writtesn

2 o (3 4 w32 4 n2 (5)

where V 1s the msgultude of the velosity vector, ond a, n, and & are as
indicated in Pigure 1. The form of r® ghews it to be a combineticn of

deloruetion terms.
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Figure 1. Plan of natural coordinates.

The lest term in equation (5) depends on di¥luence, i.e., spresding
of the streemlines. The regious of principsl interest end significent
ectivity ere anticyelones and cyclones. Goometry of the streamlines in
such regions of organized flow puts a Llimit oo that term.

Likewi¢e, the two parts of the first term are of oppogite sign in
both eyclones end enticyclones within the Land of maxium wiud around
them. Thus, for the regionz of principel meteorclogical interest » ona
arrives at a rough estimetic of the relationship between vorticity and
geostrophic verticity by ipmoring r? in the balance equaticn (4).

Then, '

n® =2f (ng -3 2) (e
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Figure 2. 4 graph of equation (5), en sbridged ‘Porm of the balance
equaticn.

5 1¢
Flgure 2 1s a graph in I, £ - space of eguation (6).

With prelimiuery computations as a basis, it is predicted that the
product of 8 and v, 88 defined by equation (5), will display more con-
stency in time and gpace then does g X 8, particulerly within cyelones.
The significance af this fact, 1 the predletion is borne out, may te
explained ag follows.

' Frum synoptic erpaerience, we know that temperature fields retain
thelr form essestially unchanged for periods of & dey or two, while
features of the fislds are translated in space, A forecasting system |
correct in its essontials would have this characteristic in ccmmon with
the real atmogphers. If we consider two forecasting systems, specifically,

R =0 (1)
o ®)
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where 1 is defined by equation (6), then, sp=aking in general terma, de-
velopments from a set of lnitial conditions depand on:
L. changes in the lover bounding temperature field
2. re-arrengements of the three-dimeasional field
of either 75 or n4S, depznding on which of the
two systems (T) or (8) are being used.

In the case of an atmosphere in whicih potentiel vortieit Ly (n S or 98
88 the case ms8y be) 13 constant, only the ficst of the above 1iﬁted two
1vems comes into play—-and thea only through gon-uniformity of lateral
boundéry conditions. But in view of ovr synoptic experience concerning
developments in the lower bounding temperature field, these developments
would lesd to guite sibable pressure systems during a forecast caovering a
duy or two. -

It may thus be reasonebly expected thet 1f cur prediction concerning
the coastancy of 13 compared with q S iz borme out, a prediction system
incorporeting the relation {6) w111 forecast less deepening of prassure
systems than did the non-linesr systems {Charmey et al., 1955) in which
“g wes taken a3 the abgolute vorticity.

In the 3pirit of representing only the gross wachinery of the at-
nosphere, the prediction model whick i here proposed i3, grossly,

%i,-[fts(ngs N (9)

vhich results from & substitution from equation (5) into equation (3).
In view of previcus renarks conceraing the importunce of tae tern anltted

in wrilting equation (2), viz.,

it 18 also proposed to take this term into scecowat in the Propoged modwl,

vwhich cen be done in o muber of ways.

Contraxy indications.

If equation (9) is decamposed intc & Fora similar to equation fj),
we have, neglecting veariations of £,
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Compere thie with the quasi-geostrophic form ef (3), which was the basis
of the ncn-liuear mofels of Charmney et al. (1955).

= O | {(10)

Wit B ()

It ie seen thet vse of the abrilged balance egquation (€), in preference
to & direct use of geostropaic vorticiiy, leeda to zn Increase of the
affécts of divergence in cyciomic ar2as——indsed, to doubling of the ef~:
fects where ng iy woery lavge. This 1ls cuntyary to the course of resson-
ing in & previous sectlon of thls papsy, where it was essuned that using
a vorticity more correct dhan the geostrophic would lead to & decrease of
the effecta of divergerce 1n rz2giong of ¢yolonic verticity. It can only,
be :said thet the arguments besed on the welght given to divergence 1mpli-
citiy aesure that the welght 1t is gliven does not materlially affect the
divergence lteelf, both as an instantansous Tleld and as a fleid helng
predicted durdag the course of tha forecast, [t is admitted that this
implicit ssazueption applies to the JHNWP lincerized model well enougn to
qualitatively determine e priori, the effects on the foreeast of tauper~
ing with coefficients in the equaiions. But we have no experlence with '
extending the assumption €0 tie non-lincar medels. It is sugmested by
the euthor that we do so caubiouasly.

A subject of immedlate researsch by the author will be to determins
vhether equation (5) is an accurate represantation of the balence equa-
tion (i) for systems of meteorological Aimensions and form. If it is,
ther the prediztive behavior of the mcdel (¢) will carry with it indi-
cations of succegs or fallure for forecusting systeme which incorporste
the balance equation za an accounting of the ageostrophic wind cemiponent.
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