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Jeo Bjerknes. in his Compendium srticle, advances the theory that frorto-
-*nsois ig favorad, and that oyeclogeniais is likely, when conditiocns in an arsa
wmeat the requircments of dynamic inatability. Such a eoriterion, if both neces-
sary and sufficient, would bs invaluable in the akort range predistion of
despening ocyolones. It is the purpose of this invsstigaticn tc teet this theory
in its simplest forme. Spscifiselly, this will correlate anticyolonioc shear of
ho magnitude of the Coriolis parameter, as measured in sn iszentropioc ourfacol,
w.th intensifisation of surface oyslones.

Ko hoda

In the simpiest case we shall conzider eiraight-line flow with mo acceler-
ations and motion as dry adisbatie. For this typs ef flow, the sonditicn for
jynamic instadility is that & 2 & wigh BY_ AR messured along es issntrope.
Tc seleot the 2 axis that would maximise A¥~Ry was & prodiem. The most desir-
+ble oholce wuu.d bs an axis normal to the isntachs in the region of an isotech
peximur, ani 2leo upward along the isentropic sarface im the region of maximum
3lope cf the surfaoce. As & compromise to therce counditions, vertissl crosz-
dections were prepared aiocng uxes a&pproximately normal to the zurface front ani
sxtanding for 200 to 40C miles either side of the fromt. When these axes zave
nc shear greater than the Coricliz psrameter., alternate axes =sre chcsen as &
cshocke

The velues of potential temperature ana wind speed normsl to the axis of
the croas~-gection were obtained from surface and constant proszure charta end
wore plotted for ail standard prescure surfecesz tc 300 mbk for points specad
a distance apart approx:mately equal to 2 degrees of latitude. The frontal imtsr-
section with the surface chart was the approzimate center of tha oross-section.

An apalysis was mwie of the isentropic and veloclity fields. 1t wea then
pcssible to messure directly the anticyclonic chear al.ung &n iasntrope at ail
points in the crcaa-seotion. This shsar divided by the diestance betwsen the
puints was compared with the Ccriolis parumster. A value for the shear equal
to the Ccriolis paramster and approximately velid in all parts of the United
States is 10 knots per 0.& degree of latituds. If this vaiue was obtained
in any portion of the chart, it was necezsary tc forecast the eyclome to
iatensify and verify the test on subsequent sur{ace oharts. In ths sveut *hsre
waue no incdiecation of dynamic instability and the low did deepen, the charts
woere reviewed and another oross-section prepared to see if &« different shoics
of the point cf examinaiicn would have shown dynamic ingtability. Thie was

1The isentropis surface was chosen in praferenss te ons of oonstane
pressure because an instability perameter should bs measursd ia the surface
that coircides with the axis «f minimum stabilitye. The issutrspic surface
gonerally agproximates such a surface more clossly than & oonstant pressure
surfeacoe.



to insure against & choice of axis influsncing the result,

Exemiration of Data

The somputation was made for four storms oscurring in the central United
States during Octcber and November 1951. For three cf these storms the compu-
tation was made after the suscession of surface events was kmown.

For the computetion of Osctober 30, oross-sacticnz were selected frca the
0SIC8 surfhcs map with one normal to the warm front snd one normal to the cold
front of the low on the 8o, Dakota-Nebramska horder (aee Table 1 for deteils of
all ocross-sections). A small area of shear greater than the critisal wvalue
gelacted was notised at About 400 mbs on the warm front orcves—-sestiome. In the
sold front crossesecticn, & large arem of shear greater than the critical value
wae found beiweer 80C and 500 mbe. As the intensifioation eriteria is met,
daepaning should be forecasts Strong deepening cccurred in the next 24 hoursze

Another ovmputetion wae mads from the dats af Ootober 27, The first oroes-
sesticns wers prepared normei to the front, sausing them to intersest in Nebraska,
Thess showed rnr area where oritical entlcjslumie shoer was approached. Az 8
snesk, an exazination was mede along other axes. These were about normal ‘o
ths flow sicft and rac N-S, but there was no inorease in the shear in the upper
:qsel3. In ths geotion through the cold front, however, an area was fcund
sousn of the eotive front, but behind the Pacifis impulse, where the isentropas
are neariy vertiecal. It is unusual {5 think of aziioyolonic shear in e vertical
gurface snd it ie felt that this oonditia: of vertical isentropes must be more
a messure of thermal instebility than of dynamic instability. If, then, this
~vea 15 oot considsred, the oriterion is not met axzd one would not forescast
syoiogerssis o surfase deepeninge. A8 indisated on the surface chart Z4 hours
ister, ths oyulone 6id not develop.

The sigsuatian of Ooctober S corncerns & low im Arkansss asnd it has & 2mall
sree, on the erces~-section through thae warm froni, where oritical smtioyelanie
shear is found. The isoteck anaiysis is rather wrusual in this aree, and how
much aredenos to give this computaticn is a problem. In the sentiom through
the apid fropt, we omn fird no svidence of dynmamios instabllity. Another cross-
rention waz prupared o few degrees farther west slarg the nold frozt. In this
seotian 1% is again impossible 4o Tind any area where the shear is near the
magnivude of the Coriolls parameter. The forecast to be made from this com=
putation is difficult, but, becuuss of the mirked difference betwesn the
magnituds of the shear in thls case and that of the two previous cases, one
should probably forecast no development of the lcwe The low, however, was a
mejor storm on the folluwing day.

The one c2a¢ whers the computation was made before the surface events
wers Jmown occurred with & low on the Toxas-New Mexjco border on November {ih.
The first ocroas-sestions did not show any area where the oriterion was met.
Thers wes & smail arsia behind the o0ld fromt where the analysis showed ths
antioyolonio shear to be of the right magnitude between 300 and 7850 mbs,
but, since the anelysis was ot rigid in this area, it was not considered.
Tweaty-{four hours iate: there &4 been no despening of the surface low,
Twalve hours after the tiist examination, however, another tost was made
and dynamio in-tability wes notlced. Again ths cross-section through
the warm front ced & small srea of instability zsar the JU0 mb,level and the
seotiam *hroygh the ®1d front bad an exiensive area betwaen 80C and 700 mbse
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According to the testing methcd, the cyclone wouid now bLe forecas:i o intensify
and taenty-four hours later this was indesed the case.

BEvaluation of Results and Conclusions

Verification of four of the five furecasts made in thisz test uzing the
sriterion that the low would develop if the anticyclonic shear in an isentropic
surface neer the low was pgreater than, or approximmied ths Coriolis parameter,
and the converse, wculd indicats that further development of the theory =would
be waluabls. It is posaidle that a more intensive study of the sase that
failed would give proper modifisation to the eritericn.

fhe test should also be wxpanded t@ inolude the general case where curvature
and socelerations ars econsidered and moint adiabatic motion ig assumed in rain
and cioud areas.

An interssting observation is that in none of ths srees where dyramio
instapility was iadiosted ~2long an isentrcpe would the measurement aslong a
sconastant presssure surrsoe have given a value equal to the Coriclis peremster.
If this measuremsnt is indeed an importsut limit, then it is sisar that the
messuresmeny should bs made in an isentrepiec surfacs.



Yable 1

Details of Cross=seoutions

1
Date of Type Coordinates of End Normul Size and lLoocation of area ‘
| of Pointe of Cross-- to 1 o Despening
Cross-saction | Front seotion Axes Front? of Criticel Shear Foat Verify
‘tover 30 Warm | 98°W; 4C--50°N Yes Small area around 400 mbs
1662 032 at about 46°ON. Yes Yee
Cold |106%W; 37--47°N Yos Large sarea 800--500mb:s north
of 44°N
Swz. Sywﬂﬁwz. SN Yes None
, . : 41N, 101 32°N,110 Yos None
Oct 7 Scet, ’ ’
iy M 8Tel 950wy 32.420N No None No No
i ' 105%W; 32--42°N No None
Warm | B8°W; 32-42°N Approx. | Very small st 500mbs & 36°N
Omaovsqna Cold | 97°W; 28..38°N No None No Yes
1651 152 Cold | 26°N; 98°W-38°N, 102°W | Approx. | None
37°N; 93°®-29°N, 101°W | No None . ;
C3Z | Stato| 419N, 101°W-36°N, 112°W | No None ° ©
Novembhar 5 Warw | 92°Ws 28-39°N Yes Small ares at 300 mb about 33N
1usl 10290 29--40°N Yos large area Letwaen 8CO & 700 7 e
15Z | Cole¢ mbe from 35°N to 40°N o5
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