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The density relations for this synoptic situation
completely verify the indicated conditions., Tigure 2
chows the density clirves for Omaha, Secott Fleld, and
Wright ield. The alr mass at Omaha on the 19th has a
much greater density, level for level, than the air col-
umn that was present there on the 18th. This necessarily
indlicates & surface invasion by a Polar air mass, snd is
represented by the outbresk of fresh Pp alr. The density
curves for Scott Flgeld on the 18th andoth illustrate
the singuler crossiig of curves which 1s characteristic
of the passage of a® upper cold front.ghe upper eold
front passed Wright T'ield between the 19th end 20%th; end
these curves, similarly, show the pecullar crossing.

The density relations for Umesha, Pcott I'ield, and
Wright Field on the 249th are 1llustratef in Figure 3. It
can be seen that in the lower levels thet Omsha curve
shows a denser alr mass than the curve for Vright Fleld;
and one of them must pase through the 8t. lLouls area as
a surface invasion. However, the alr at Omscha below 800
neters is less dense than at the corresponding levels of
the Wright Fleld curyve, and thus illustrates az possibil-
ity for the active Pp mass to occlude in the warm front
manner by the time the air mess has invaded the Dayton
area; but this possibility hes to be substentiated by
data at some later stage, for it is more then likely that
at the time the Pp alr is ready to invade the Dayton area,
the dense layer of Pe air mey have become sufficiently
modified to be actually less dense than the advancing Pp
alr, and thus preclude the possibility of a warm front
typve of oceclusion. The lower levels at Scott Field have
a less density than the corresponding levels at VWright
Tield, This immediately eliminates any vossibility of
any surface cold front advancing into the Dayton area
from the St. Louls area; and necescarily implies that
a8 long as the indicated density relations prevail at
these two stations, all alr mess lnvasions must: occur
ﬂlOft. .

No significant weather phenomena resulted from the
upper cold front on the 19th, but on the 20th, a good
deal of oreelpltaetion occurred, although the situation
was then complicated by the advance of the cold front
type of occlusion,
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Fronts aloft heve long been recognized, but until

recent ly very little attention has been given to them,

In the United Statés much of the ve*ther, especially in
the colder months, ie governed by such Tronts as well as
by s urface fronts. “lthouth as many different tynes of
fronts may exlst aloft as at the qufacc, we find that. of
he three types of fronts - namely, cold, warm, and occlud-
ed, - only the cold front has much significance aloft, and
it is by fer the eaplest to locate. The following discus=-
gion is, therefore, meinly limited to cold fronts 1n the
upper air,

Eonnation. Cold fronts aloft mey, in most cases, be
tracet Dack to the surface occlusions of the warm front
type. Une ezcabtion ocecurs with frontogenesis aloft above
a shallow Polar current, usually of continental origin,
Another exception of more complicated nature occurs zs =
development in the advance portion of & desp Polar cur-
rent, in the fTorm of’ a steepening of the slope of the Polar
vedg & at some distance behind the surface front, This im-
wlieo cither a:.lecreease in wind veloeity or & changs in
uind direction above the elevation where the slope changes,
in such a manncr as to cause the 1o”er portion of the air
mass to advance more repldly than the upper portlon, These
exceptions, while oftsn important, occur much less freguent-
ly than the cold fronts aloft ound with warm type occluded
fronts. :

The two general regions for the formation of occluded
fronts of the latter nature, as far as United States weather
is concerned, are in the Pacifioc Ccean at varying distances
from our coast (depending principally upon the location of
the Aleutian Low) and along the mountain renges from Calif-
ornlae to Alaske. When the occlusion of z warm sector of
modified Polar liaritime air oooura at some distance from
the coast we find, with the warm front type occlugion that
tlie surfece air is warmer to the west than to the st
whieh nernmite the air %o the west to ascendé over tgﬂ colder
wedge as 1t moves esstward. Aloft, hovever, in the 81y %o
the west we f{iné low temperatures, sometimes ,xceeain"T
low “ith qteen lapse rates that often approach the dry
adiabatic lapse—rste characteristic of fresh outbreaks of
Polar Paecific ailr. The surface occlusion which was orig-
inally the surface warm front na advence slowly or even
remain stationary, while the cold front advances rapldly
over the shallow Polar wedge. The separ-tion of these may
inerease quite rapldly to a thousand miles br more. Also,
the surface occluslon may have becone insignl icant from
a2 synoptic viewnoint, remxinin near the West Coast, vhile

-

the upper ax@e rront has thVG”” 2d helf the distance or more
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acrosg the country, accompanied by considerable precipi-
tatlion, the amounts, of eourse, depending upon the a

resses encountered,
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The other general type of warm front occlusion which
forms along the western mountain rnngeq needs no Low nor
even a well-pronounced trough for its formation; east of
the rmountains is a shallow surface lnyfr of Polar contin-
ental air which has been unable to gpread westward beceuse
of the natural barrier presented by the mountains, This
Pe air is usually very cold., Above the Pc is found Pp
which has gone through varyving stages of modiflcations,

ually by means of subsidence. Tresh Pp alr, with steep~
1kpuo rete, which comes in behin: a surface cold front
along the lest Coast, is coller than the mod 11fied Pp eir
and displaces it whilm moving Lastxnru ang qscending the
mountaing, After reaching the le alr on the other slde
of the mountains, it continuss its movemcnt as a cold
front aloft, above end without displacing this Po alr,

rather than as a surface front. The movement of such an

upper front will often be considerably accelerated after
passing over the mountains. fLgaln, the cold front nay ad-
vance rapidly while the surface frcnt advances slowly or
even remains stationary.

Iife History. The cold front aleft sncountering
little resistance usually moves rapidly ceross the west-
ern part of the country, and is ucually provogated to the
surface only after it is past the liississippi Ziver. The
cold front aloft mey come to the surface simply by over—
taking the surface cold front end moving down the front
of the Pe sir maess, As & rule, the two fronts vi]l then
proceed as one surface front with the veloeity of the cold
front a2loft. Occasionally, after the cold front aloft
overtakes the surface front it will continus to move as
a surface front and increase its distance from the Pe
front. In comparlson with this process of simple dese¢ent,
the propogation dowvnward to the surface is more complica-
ted., The cold front aloft usually will be propogated to
the surface when it comes over a gurface -ressure trough

r field of convergence, ‘VWhen the nressure trough assoc-
iated with the upper front becomeg superimposed unon the
surface pressure trough or region favoring frontogenesis,
we find that a cold front forms, with well-merked wind
shifts and other characteristics of such fronts. If ver-
tical mixing has taken place, the surfacs cold front may
be continuous with the upper ‘front and there will oe but
one front., If this did not take place, the upper front
may continue its advance and outstrip the surface cold




front it generated in the fisld 'of convergence. This
type of frontogenesis, in contrast with the type that re-
guires no front aloft, ray be amticipated nuch more con-
fidently, because the progress of the front aloft may be
followed cuite accurately for sometime before it enters
the region where frontogenesis is likely.

Cyclogenesis, or intensification of a Low, will take
place if the cold front aloft encounters a lef'moving or
stegnating eyc¢lone. The cyclone vwill Intensify and move
rapidly along the upper air fromt, which then beconmes a
surfaoce cold front south of the center. Here again, 'a
nowledge of the movement »f the c¢old front aloft iz im-
portant to the forecaster.

Winds floft. Usually, a well-marked discontinuity in
the winds alolt separates the encroaching upper wedge and
the alr nass below. The winds in the surface air mey be
southweste?ly, whereas aloft a2 vigorous shift to the north-
vest will be encountered, This type of shift has been ob-
served to accompany the upper front in nost of the ccses.,
Howewver, the discontinuity n-ed not be indicated in & dir-
sctional wind shift, but many times =z change in the velog-
ity will be the onTy clue availabls. One is to be caution-
ed ageinst sttaching too much significance 1o a mere change
in direction of the winds aloft, ané not confuse an over=-
running of Tropical alr or the -.Nuul deflection of the
gsurface winds up to the 5ragiont wind levels.

Surface Vinds. Surface windu are of 1little synoptie
aid in locating en wpper front. Since the advancing wedge
travels aloft, it hbﬂally cannot be es rpected to extend its
influence to surface winds However, because of & slicht
deflection of the isobars by the trough accompenying the
upper front there will be a slight wind shift of small
significance.

Presgure Change Charscteristics. The pressure change
cheracteristic offers a very important clue to the prescunce
of an upper front. The baroneter trace during the »assage
of a surface cold front will show falling, and then sherply
rising, pressures) nut with the passage of an upper cold
front the change is ually characterized by e lesser dis-
continulty - perhaps 3 slower rate of decrease or only
glight rise in the bsrometer, followed by a steadily and
rapidly rising pressure.

Pregsure Trough. In contrast to the generally dis-
tinct V-shaped isobars assoclated with a surface cold front,
only minor and voorly defined suiface pressure troughs char-
acterize upper cold fronts. Although an upper front may be




evidenced at the surface by & broad pressure trough,
gloft it may Dbe accompanied y a nrenounced low DWGS"UTG,
end ti@ gradient will be such ag to cause a vcﬁy elgnifi-

cent 1Mcrease in the | winds ‘at these levels as the front
approaches, However, in the case of the \vrm— ront type
of occlusion, = nino* surface tvough in advance of the
trough that agocompenies the surface front is generally
cignificant, and is good evidence for the nprebence of an
upper front. Isobars should be drawn carefully, avoiding
too great a smoothing, as the minor trough can uhsily be
obscured, Frequently, it will be helpful if the isobars
are dravm before ttemotiag to locate the frontal discon-
tinuity.

Cloud Types and Precipltetion., A characteristic
feature of the we rn-;ronu type of occlusion is the freguent
abserce of cloud forzs during the initial occluding nro-
cess. Usually, = surface wind shift is indicated, and to
all sppearances it will seem to have all the properties
of =& cold front type of occlusion execept for the fact tqgt
& zone of clear skics accompanies the shift. Lniortunﬁtely,
this evidence in itself is not dlagnostic, for many surface
¢co0ld fronts simllarly are attended by ths lack of cloud
formes However, well in advance of the surface shift, as
much as 100 -~ 500 miles a zone of alto-~cumulus or alto-
gtratus may lead one to suspect the presence of an upper
¢old front. when thore has been no occlusion and there
are no surface wind discontinuities, an sunomalous belt of
glto-cumulus may likewise indicete 2n upper cold front.
Here agein, this evidence needs further substantiatlon,
for a simple warm front may often show a zone of cloudi-
ness °L3§ret°a from the surfece wind shift by a zone of
pleey skies, '

Generally, the most complex systems that accompany

varm-front type occlusions occur during the Winter., 1In
thﬂ initisl stage, a belt of alto-cumulus or alto-stratus

may be noticed In advance of the surface shift, and the
upper front may likewise be present; but as the cold wedge
proceeda eloft, there is a sudden thic tening of alto-stratus
end within one or two hours without any cvmdencc whatsoever
from westward-lying stations 2 moderate snow condition may
develop. A strato-cumulus layer generally will form beneath
the lowering and thiekening alto-stratus; and as precipi-
tation continues a low stratus deck eventually develops
within the 'surface cold air mass, 1limiting ceilings to
500~-1, 500 feet. 1In the mne below the upper front, the
cloud systems may merge into one thi ck cloud uystem.



The situation just described répresents probably
the most complex of the cloud systems that eaccompany the
upper c¢old front, and will probably occur only in Winter.
Usually, a zone of alto-cumulus with little or no precipi-
tatlion will mark the advance of an upper cold front in
Spring or Autumn., In Summer, a serles of high level thun-
derstorms, caused by the release of the convective instab-
1lity of the Tropical alr mass which the upper wedge most
cormonly displaces, or in a few cases caused by the releasny
of the instability of the air in the advancing itself, will
serve to loeate the boundery of the active alr mass.

curface Temperatures: To ascertaln whether a wamm
front or cold front type occlusion will take place, it is
some times suffilcient to compare the surface temperatures
of the active and passive alr messes, snd to presume that
if the temperatures are high in the ametive air nmass it will
flow aloft; but this procedure should be used with reser-
vation. The rezl reason an air mass ascends is becauce
ite density, level for level, is less than that of the
wedge with which it comes in contact. Of course, within
the nerrow limits of the frontel zone the pressure is eg-
sentlally the same in the cold end the warm mass, and the
relative density is thus detemined by tennerature and to-
a 8light extent also by the water vepor content. However,
the distribution of meteorological stations doecs not allow
a determinatlion of density from elone, especizlly when com-
parisons for 12 or 24 hours are desirable., Iikewlse, sur-
f ace temperatures are easily influenced by insolation,
radietion, evaporation, and condensation; and when employed
for comparative purposes, in establishing the lesser or
greeter density of en alr mase, should elwoys be used in
conjunction with the oressures.

Torecesting Siegnificanse. In late Spring, Summer,
and Auturm, the weather phenomena resulting from upper
cold fronts are reletively unimportant as far as cirline
transportetion is concerned. Almost inveriebly, one can
forecast that all ceilings and visibilitles will remain
emplé, Frequently, a varlable broken-overcast alto-
cumulus with 1little or no precipltation will accompany the
front, :

During Summer and early ‘utumn when the adveancing
upper wedge comes in contact with a2 Tm (Tropical laritime)
alr mass characterlzed by conditional or convective instab-
11ity, high level thunderstorms are usually developed., The
cumulus clouds that accompany the high level thunderstorms
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have bases generally between elcht to twelve thousand feet,
with the maximtim convective activity orobably occurring
well ebove 18,000 feet. These thulderstorms offer little
or no LiffiCU»ti aircraeft travel.

The weather resulting from en upper cold front sit-
uwation in Winter occasionally prescnts a serious icing
hazard to airercft. This condition can best be illustreted
by contrasting it with the icing hazards during a surface
warm front situation. In the Winter case of a simple warm
- front, where relatively wam moist southwesterly winds ar
adva nciuh aloft over o wedge of very cold Polar eir, the
precipitation ususlly begins as snowfall, During this in-
ciplent stage, aireraft will experience no great difficul-
ties other than the loss of pohor occesioned by the use of
heat to prevent ic¢ing in the carburetor. is the warm front
action continues, with the consequent modification of the
Polar alr to higher tenperatures, a serlous ieing stage is
reached when the precipitation from the alto-stratus begins
as raln and on descent proceeds as a Treezing r“in. This
hazardous stage may continue for from elisht to twelve hours,
and by then the TPolar wedge elther hag receded uULfiCi ntly
or has become so modified that the temperature of precipi-

tation is well above the freezing point. liorecover, in this
warm front condition it is cuite 1likely that in spite of
the fact that the precipitation ls freezing in the Polar
wedge, a sufficient temperature inversion nrevails aloft
in the Tropical air for a rapid through the Pelar current
to permit only a very slight acounulation of ice.

On the other hand, the leclng hazard that accompaniocs
an upper cold front may cause considerablo doubt as to the
safety of the navigation through the frontal zones, The
advancing wedge a2loft is generally wamer than the surfece
Polar mass, but will have only a small modifying effect
upon the wedge below. This is because the alr mass aloft
is generally of Polar origin itself. It is slso unllkely
thet any significent inversion 1s present above the sur-
face Polar current. In addition, an "on the top" flight
is generally excluded because of the extreme thickness of
the alto-~stratus that merges with the lower cloud systems
in advance of the unper front. OUnce the temperature con-
ditions are such as to permmit a mixed snow and rain to
£all from the alto~-stratus, the loing hazard can becone
indeed serious.

When the upper wedge interascts with Tropleal lari-
time air, icing conditions seem to be confinsd to the-
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cloud sys tem within the Tropleal current. This congclu~
. sion is based upon evidence furmished by = number of
pilots of Americen ilrllines, Ind.

ixampie., Mareh 19, 1936, The most frequent type
of upper cold front appears as g Pp front aleft in the
& Iiiddle VWest when the central antl eastern portions of, the
country are ocecupled by fresh Polar Canadian alr. An
interesting situation of -this type, illustrating both an
upper cold front and a cold front type oceclusion, occur-
red on March 18, 1938.

An upper cold front, outlining the boundary of a
transitiona® type of Polar Pacific air, is present between
5 Secott Fileld¥and VWright Fleld, and is advancing over &
shallow wedge of Polar Cenadian alr, 4 fresher surge of
Poler Pacific =ir is indlicated by the cold front between
Cmaha snd Seott Tleld, This front 1s proceeding eastwerd
and is displacing the shallow layer of returning Polar
Canedien alr as a cold front type of occlusion, because
the active Polar Pacific alr mass is of greater density.
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