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The density relations for this synoptic situo.tion 
con letoly verify the indicated conditions. l.' igure 2 
ch, \'lS t :i1e o.ensi ty curves for Om.::.:.ha., Gc9tt :'ield, rmd . 
• !ric:1t F ield . i:clle ai:r rn.nss at Omaha on the 19th has a 
nuch grenter density, level for level, than the air col­
umn that vm.s present there on t:i1e 18th. This necessarily 
in,~ ico.tes a surface invasion by a Polar air mass, end is 
re~resenteG by th e outbreaL of fresh Pp air. The clensity 
c~rves for Scott ? icld on the 18th and 19th illustrate 
tlle singuler c1·ossing of curves uhich is characteristic 
of' the 1)c.ssa6e of an upper cold front . 'rlrn upri er cold 
front passed 'i.'richt L'iold betv,een the lf1th cnJ. 20th; e.nd 
these cu:~ves, simila1·ly, , show the peculic.r crossing. 

The densj ty relations fo:r- vmahc., f.;cott J.., i el d, a.nd 
.!r ight F ielc-;. on the 19th a:ro illuztra.te~: in I'icure 3. It 
c t:m be seen that in the lm·:c r l evels that Or:10ha curve 
riho":s a denser air t:..as::; than the curve for ':iricht I'ield; 
e.nc1 one of then nur:t pacs th 0 ouc_:h the St. Louis area as 
e. surtace invasion. J!O\'leVO ,.' , the ai:r a.t Or.1:::-:.ha bclovr 800 
neters is less dense thetn o.t the corresponding levels of 
the Vlright Field curve, o.r.{1 thus illustrates e possibil­
ity for the active Pp mass to occlude in the warn front 
r,::mncr by the time the o.ir macs has invaded the Dayton 
area ; bu.t this l)Ossibility hos to be subst::mti~ted by 
data c.t some later stE>ge, for it is :more th::::.n 1.i kely that 
at tho time the Pp air is ready to invade the Layton area, 
the dense layer of Pc air ncy havz becone sufficiently 
noc:if i cc1 to be actually less dense than the ad.vane inc Pp 
a ir, 2nd thus :preclude the ·,ossibility or a vmr:m front 
type of occlusion . 'l'he lm·:er levels at Scott :?ield have 
:1 l cos density. than the corre~ponc'i.inG levels at '.'!right 
1·· 1o l u. . This in:meC.iately eliminates any :9ossibility of 
c-ny s urface cold. front a.dvnncing into the :;~,yton area 
fron the 3t. Louis area; and neccocarily implies that 
us lone; as tho indicated density relations preveil at 
these, t \~ro stations, all air mass invasions must · occur 
a loft, 

Ho sic;nifican1;:, v,eather • phenonenn resulted from the 
upper colcl front on the 19th, but on the 20th, o 6ood 
deal of _0rccipit ation occurred., a lthouch the situation 
vms then complicated by the advance of the cold. front 
type of occlus ion. 
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:?ronts , l of t 11 "' J_on:: b cc11 rE.co~ .. ni::e C:'", but until 
recf~nt l y - -y little ntt ;:r..tion lrnc been c iven t,o th,ru.. 
In tr1 • l 11 :it; , :tn t s nuc:h. o;;.' th0 -;·,eathcr, cs ,cc i :-· lly in 
tho colde "I" mon Lh0

, ie. 0 overneci. by sucl1 : r-ont::, c- c ·,ic ll ns 
by s u.r f cc f 1 onts. /.l thou.ch [-15 nony l:iffercnt t :n .s of 
fron :) . y :>: i nt nloft as at tho f'.ll:i'i'o.ce, ·::o f i :n.L t h c.t of 
t1 , t 'r t y l' ~i of fronts - nansly, col l , , :arm, '"'IlC. c) cclud-
od , - only thE..: colr] front J:13.G much signi'f..' ico.nce e lo .i."' t, :.nu 
it i t, by f ar the easiest to locqte. Tl10 :i:'ollot;ins c.: L ,cu3-
o i .a i • , t herefore, r::ainly limitod to cold fronts in tho 
u r :-, iJ · • 

.!!'om· tion . Cold fronts ::-,loft muy, in most cc.sos, be 
tr ce" ·:,-: cl: t ~ tirn ;.:m:tface occlusions of the \·:arr1 front 
t e . l ne oz:ception occu:·s 1,,:ith f'rontocones is aloft 2bove 

f]hnllm'i Polar current, usu&lly of continonto.l oricin. 
nothl r e::ce-,tion of ucre comolicate d n1.:.tu::e occurs c·.s :. 

dcve loprien-t in the i'16vance yio:rtion of t:1 {. (.h J:p l''olar cu::-­
:rcnt, in the form o:i' a steepening of th2 slope of the 1-'ole.r 
.. ma.ce at sor.1e distance behinc1 th0 surfc.ce front. 'i'~li s im-
, lies sither a <ecrea.se in ·1.i.nd ve locity or u chanGe in 
~ ini., ,H:r0ct ion above the elmnttion ·.:here the slope ch::..nc;Es, 
in ~mcl1 a l'lnnncr as to err use the lm::cr port ion of the nir 

!.J.A.SG to advance mcF·e repid. l y th:,n tho u:J1)Cr portion. These 
::ce0'tions, 1:hile oft ,:3n in::portant, oc cur n uch less fro ,:uent­

ly thCill tho cold fronts aloft f ound v.'i th v10.rm ty~)e oc eluded 
fronts. 

'T:1c tvro general regions for tho f' orr,12.tion of occluded 
::'...,onts of tlle latter · nature , as far as United Stat_es 1.·1eather 
i,.:; concerns c1, are in the Pncif ic Ocean at varying distnnc e s 
~rom our coast (de~enCinc princi3 ally u,on the location of 
t~10 ;~1eutian Lov,r ) and alone t he mount .'.J. in '.:'anges from Calif­
ornic to r.le3k&. ',1hen tho occlusion o:~ c. warm sector of 
L.1u ifiod Polnr L2.ritiL1e air occurs at sorJ.e distance fron 
~-he coc;.st ue fine."., v1ith tllc 1;.ra1'n front typo occlusion, thnt 
t :1c ~urface air is v:armer to the vrest thr.n to t __ 1e eo.st, 
uhioh ..,erni ts t !.2e G.ir to the 1.-ost to t~scenu over the colder 
i.·mdce HS j_t noves ea.stY:arc.. _Uoi't, hm·.-cver, in ths :.' ii· to 
t: .8 ~,est 1:m fine? 101·; t t .. ;T:1::)eratur8s, sonetir:_es 8:-:cee c:. inGlY 
lo'. : ·:·ith steep lapse r2.tes th:.:i.t c,f-tcn a9:1roach tho d. ry 
e .. Ciabatic lnnse-re.te chnracteristic of fresh outbreaks of 
PolE:r l)acifi'c nir. The surfr~ce occlt:sion y,1hich 1,va.s orig­
i.nally the surface ·warm front r.1.c.y 2dvo.nce slo-.:ly or even 
renain stationar y, ,;:hile the cold front a dv.'J.nc0s r :.::.p i dly 
ov,.-,r the shallo'.v ::'ole.r· vredge. The separation of these may 
inc:roase quite ro.pic1ly to n thou.cane. rn.ilos o::- rr1o r·e . "·'-1so, 
the surface occlusion may have beco:m.e insisni .::' ic nnt from. 
2 synoptic viev'!_1oint, rsn.,:: inine, ner .. r th,3 c..:est Coast, 'i'!h ile 
the U!)per rr _. L'ront has traversed half tl~e di s t c.nc e or mo re 



-6-

acros:::, the count-ry, accor.1 : nLA~ 
tat ion, tlw r:1 ,0un ts, oi' cotu·:.. , , 
rr~sses cncoun-... r;ru ~ . 

con~i~er~ble ~recini­
-nuin • unon th 1 :: ir 

Tb r oth, r ,., n "T' l t '71 Dion , ... hich 
for:ras 8 lon;: th,, •, 1 , t ·n ou - o\; nor 
even 2 uell- 1 ronounc 11 trourh c ct of 
the r:ount· i :~ i,. . h 1101 • 'u contin-
ental 8ir ', hich h- s bt 0!1 un •b1 1 b ec~U"' 
o~ th0 n~tu· ~1 b ri, r Jr t nt • Thi~ 
Pc ~ i T' if~ t, !' u J.y ·y l • nd 
,.,hi,.. h ' ''" ")He thr U h v· •. in ti1) 

usu ·J ly by 1 e· nri of . ul r,i ~ .nc . , i th c -
l · nr,I') J'[!t , ,,;hich corir;z in 1 !li.i- ~' !"'UJ•r c cold 1 r nt 
·1J on.~ t:1· .. ost Coast, ic coJ .er th'•n .... :1~ r, o i1' io1 ' , ir 
, nd Jicpla.ccs it ':1hile mo·,inc c ~s t·, "'r<l :.r. sc~ndin€ t.ho 
nounto.ins. After reachins t :ic _ c ai:· on th ..., '")th Jr r.:ic~o 
of the nountains, it continues it~. mov.•~. nt as ::.. cold 
front nloft, above ::.:.."1d ·::i thout :~ir;:-..: 1c fr.1.,·· this Pc air• 
rather than as a surfc.ce front. The movenent of such an 
UPJ.;Gr f' ront uill often be consiuern_bly accelere.ted after 
pnssinc over th0 mountain::-;. !-c~-dn, tho cold. front riay ~d­
vance rnpitly ·.;;hile the . surface front ::dvances s lov-.rly or 
even remains stc!.tionnry. 

Life History. T:1e cold front ~lo:'."t encounte:rinc 
little resistance usually moves rr"._"l idly ::- cross t:10 i':eot­
ern !)·.lrt of the country, :-.. n-.1 i2 u~uc:.lly !,ror.ioc:c.ted to the 
surface only o.ftor it is ~1:ist t:-:o ~:i1:sissi:rmi :·.iver. The 
colG front aloft r.:e.y cons to tb. • !:'U"'face :-imrly 1)y o-ver­
t'11:inc; the surface cold front eni.1 .,ovinG 'o•:m th,., f··ont 
of tho :?c c.ir r:wss. ~.s a J"Ul,~, th(; t 1:10 fTor.ts rrill then 
nroceed as one curfnce front ',Tith t 1K v ~locity of the colG. 
front aloft. Occnsionnlly, f'i'tcr the colc'i front &loft 
ovcrtnl:es the surface front it •·rill 0011 + -1 ." , • ') 'Move o.s 
n curface 7-'ront c.nc1 increase :.t.., i .. 1.,_,,..Je from tno re 
front. In corrpnrison 11ith thLt procass n:' si""'.,,.,le descent, 
thG ]ropogation d.o,m'r!ard to t 1 st .... _ ..:.c,..- ic 1-1ore complica­
ted. The cold front ".loft ucu"lly ':,ill bt' propogated to 
the fiurface l:hGn it. oomes over c. e:-urface - ressu::-e trouch 
or f ielc.: of convergence . ·:.hon th"' ..-,res sure trouc;h assoc­
iated ,·Iith the upper front be cones sur>eriraposed u·)on the 
su:rfa.ce pressure trough or :;:esion favorinc frontogenesis, 
we find that a cold front forns, v:i th H·:11-n::rke(i. -;;:ind 
shifts nna other characteristics of such fronts. If ver­
tical mixing has taken pl3.ce, the surface cold. front nay 
be continuous \:ith the upper fron-~ and th:Jre ,·:ill oe but 
one front. If this dia. not tal:e :9 lace, the upper front 
rioy continue its advance and outstrip th0 surface cold 



.. 

-?-

front it P- ,ner,1te 1.l in th ,~ fi-:~lc o: conve:rcence. This 
typ. of front,J()3nesis, in aontra.st 1::it~.,. the ty)e t'1· t re­
r· ui r ., no front cl oft, !" ay be <1.nt icipat,::::d :c.uch mn~'G con-

ic tly, bcce:.use th2 ryroe:rsss of tJ:.e front c.lof't 111:-,y bs 
i'olloi.:cJ. ( ui te accu.rnt1:ly for sonctino before it 011tors 
tho r0cion i.:hc:ro frontogene::--is is li;:oly . 

Cyclogenesis , or intensification o:r a Lo1:1, nill t81:e 
lr ce if the cold front nloft enc-:::-untGrs c slm: novinc or 

st·!QWt inG cyclone. The. c~rclon,3 ·.;ill intonsL.'y ::me. novc 
7L1ly along the Up)er c.i:r :f'ront, '\,hich th~-::n beconos c.. 

... urfccc cold front E.1outh of th~01 cent.;;r. Here e.sain, a 
nouledge of thJ mover:ent -:,f tL0 cold front Rloft is im­
ortant to t!1e forecaster. 

:iin.::s /_lo:,."'t . Uc t:.ally, a i:mll-marted discontinuity in 
t:le ' . .rinc~s l:'.loi't s ·a:')arates the encro~chinc U:J'i'.) c:c' -.,;edce o..nG. 
the air r:.ass b~:i.o~ •. ~ !".-.:.. :incs in the f.' urface f'.ir mG.y be 
couth'.\TeGterly, whereas aloft :,_ vigo:·o~s sl:ift to tho north­
·vest ',fill t_ .:-. · 'l!"t':T'et·. T:.is -:y:,,3 of s:lift ha:::i been ob­
serve-: to e.cco~~Emy t"i ·c; u. ,-- r.::r :'ront :n ~~ost of ths c:::coe-. 
H01reve:;~, t:.o .. :icvon·::.inuity r.~·ed not be incicc..teC. in o. c~ir­
ectional •,dn L~ shift, but ,..iany t. ir:-:es ::.-: cr:c.n3e in t11:::: Y0loc­
ity ~ill be ~~- only clue: silabl•. 0ne is to b~ caution­
eel aGainr;t uttachinG toe m.uc~~ signif ic:::.nce to u nere ch::mge 
in direction of the winds alo~t, 8n~ not confuse en ovor-
1unninc of T1·opical ai:::- -:)r :·,...:: r;r·:i~ual Geflection of the 
surface vdn<ls up to tl18 gre.'"iont ,-:ind levels. 

E:urfac8 • .'inds . ..:..urface 1·.rincls ecn1 of little synoptic 
aid in locatJ.nG en u,1por front. -~.inco the adv2ncing v:ec1ge 
travels aloft, it uslli .. lly ccmnot be c::poctet;_ to m:tend its 
influence to surface Ytinu2-. ~0;'1evu:t·, b0c8.use of' a sli6ht 
ef lo ct ion of the isobe.rs by tli.o tJ·oug:1 acconl)3llying the 

U1 ur front th,3r0 uill bs ,. Llicht v:inc1 =:hift of' snall 
si"'nL.'icance. 

::res sure :~hone:;e ::::~1aract~ .ri:.::.t ics. The }1 ressure change 
ch.rir,:ct~"lristic oJ.."''ferc ~ •;: _ ,:; in:)ortant clue to the presance 
of u.n u~)~er f :•'Ont. The bar-or:.eter trace during tlle ,assuge 
of n ourface colc\ front 1:ill sb.0v\' fe.llinc;, e.nc: then she.rply 
ris in , nre:8surcs; but '. ·i th th.:~ 7-)assae;c of 1.:m upp0 r cold 
frl'}nt tli,, ch:.mge is usucilly ch::'srnctcrized by o. lesser dis­
continuity - n0rh::..l)s r-, slo-.mr rate of decrease or only c.. 
r:: li._ ht risu in th - bc-,ro~.:.eter, :'ollm'ted by a steadily 3Ild. 
r&-::,i Uy .,. isinc } ressure. 

~re 1rou . In contrast to the gcn0r2lly dis-,...;;..;;..;..;.;.._,,;;;.,.;;.....~__,..~;,;;. 
tinct \'-D ..,o urs associated r:ith a surface colc. front, 
only r:1inor nnd noorly define cl sm:f ace n::.:·es sure trouchs chz.r-
3.Ctcrize ur,pcr colc.l fronts. .'_lthough nn upper front ucy be 
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e-..,-itJ.cn.c0 1~·- rt th•., -u··.2~c0 by =: b·r-o•.,: ·1 ·~r·E.u1 . t·•·ou__;h, 
::.loft it r1 ~, be ·,ccony.:ni ,cl l; ~· "I P·onounc1Ju lo .r n:r·oz:::::ure, 
o.nd t:. r;:i·n i L-! t .. D.l U<, such .::: to un us u ,., .:·•y si.:J).if i­
c-mt incrO(lGr' lr t,11-; ·,;inds at ts1e~;: lov l" .. n the front 
c.ppro- chcG. :o'.:ovcJ', in t:1-~ c ..... [,o o·" th -rront:. type 
o::" occl11::; i 1 , ~- r,-;,ino~ surface tJ•ou___:h in v. the 
t:rouc11 t1wt ,ccor1;13.11ins the r.:,urfc.co front 1,, lly 

icni1'i ·:nt, t-n6. is .:;ooc1 evirlence i'or th .nc o~ ,,n 
u.n's.;1' i'ront.. Isob2.rs shoulc. be dravm C'..tr· tully , •Yoidinc 
too crco.t a o:r;ioothinc, 3.S the ninor tJ·ow;h c8n u };ily be 
ob~cu1•1J<.1. ~""'requent ly, it ·Hill be hclT;)fUl it th, ltiob:,r~ 
. r•' '-1rnr.11 b0fore 2,ttol1:lpth1g to locate the frontu . (iccon­
tinuity. 

Cloud TYDes '.:.nd rrec i-pitr~tion. ;, charD.cteristic 
""'e~tm0 e :if t'.1e ne.rn-front type of occlusion is the fre- uert 
c1br• cnc12 o--.:..' c: louc. :.'or~ s durinc~ ths initial occluc"i.inc ··,ro­
coss. us u:a.lly, .- surf::ice 11:ind shift ic inJ.icatod, OJltj_ to 
'lll cp9eo.renc3.:, it ·1.ill se0m to have all t:-:e Dro:):)rties 
of a cold front type of occlm:·ion except for tlrn f ::ict th2t 
e. zone o:"' cleur s.1 · h:s accor1:9rmir>D tlie shift. 'Lnfortun2.tely, 
this ovic"' .. cnce in i tc ..... lf i.J n,1t , it. cnostic, for r:11.,ny surfc--.cc 
col::. front~ ~il7.i1c.rly ·, • attended by t.1'J 2. ucl: of cloud 
fo:rr:1s. :101:e:vcr, ·1:ell in • .t1v1.nc0 of t]1 1 sm:faco chift, ::.s 
rauch as 100 - 500 rnilus 8. zo1k of o.lto-cumulu2 or 8.lto­
stre.tus nay lec.d one to sm::: ect tho ·,:rose,1co v:: an upp,:;r 
co:c. front. .:hen th.:;re h::1s l>eon no O<;clusion an(. there 
aro no surfc.ce -..·.,rind discontinuiti.;:r::, cm a.110:ualous belt of 
a.lto-cumult:.s r.wy lil~e1.Iise inC:iicc:;te r.:n U]pt;r cold front. 
He:::'o acain, this evidence· needs further subc;t..:nti,:~tiou, 
/or 2 cimple v::::rr:.t front nay often shm; i:! zone of clouo.1-
ne ''S se:,::>are.tecl fror.1 tho E'Urfece uind shift by a zone of 
clac.r nl:ies. 

Genm:-c.lly, the r:iost co1,1plo~:: oystvus that accompany 
\<:a.,·n-front ty_0e occlusions occur cl.urine the -.-!inte~~·. In 
the lni_ti[',l~ stucc, a belt of alto-cumulus or alto-stratus 
mo..y be noticed in ac1-vance of the surface shift, 8.Ild the 
uppo:::- front nay likovlise be present; but us the cold v:edge 
proceeds cloft , there is a suuden thickening of alto-stratus 
and v:ithin on0 ~,r tv10 hours v.ii thout any E.videncc v.rhatsoever 
fror.i. m:i~t .... ;c:.rd-lyinc stations c. moderate snm; condition m2.y 
develop. /~ ctrato-curu.ulus 10..yer generally ,;1il1 form beneath 
tl1<:i lor;crinc.; ... nc1. thic}::ening alto-stratus; and e.s p recipi-

, tat ion continues a low stratus deck eventually dev0lo:ps 
\.ri thin the • Durfo..ce colC: 11.ir n::i.ss, ljJ-niting ceilincs • to 
500-1, 50C feet. In tlle m ne belm1 the upper front, the 
cloud cystor.ic r.:ay :-' crge into on0 thi c1: cloud system. 



'I1h0 situation just desc:r r • ~:, .. nts robobly 
the most corn"!')le:: of t cloud ccon~pany the 
U?per colt. front, inu , ill r r only in ·.tinter. 
UsuC?.lly, e. z or l tl, or no _ eci, i-
te.tion uill 1 th in 
G9rinG or l.utunm. In th 
<lerctorm.c, liy 1 t h-
ility ·f th o l o 
c-:>zm only di , o l .,l 
of' t•1 1 inf:lt ty f, 

erve ·o lo th 

r'ur:r ce Tor-i;::,o:r:-, .. turcs: To L.nccrt, in ~,h th r ri \/, rru 
front or colc.' front type occlusion \dll t~l e ilacc, it is 
soue tir.cs ::mf'ficicnt to conr,c.ro the st.rface tc:r:1r,1cr, tu::,,"'· 
of tho active illlo. passive ai'rr.1asses, r-,ncl to p:--eG~:.. th~1t 
ii' the te1.pe:rutures are hie;h in the active riir r.2.ss it -:.:111 
f lo·:: a.loft; but this procedure should be uced 1,~•i th :re;:,cr­
vat ion. The real reason c.n air r:13,ss ascends is bcccUBe 
its donsity, level for level, is less thnn th:"'.t r:.f tlu 
1.·J'edc;e '.':ith w!1ich it come::, in cont.set. Of couJ:Ge, \dthin 
the nnrror: li:Plits of the !"'ront0l zone th.-:) nre2.sur0 is er.­
senti:::lly the same in the cold £'.nd tie v.ro.r;i :mr DB, :-:nt: the 
relative C:.er.sity is tbus datsrr.2inec: by tc:!1·:-,erature nnd to 
a slic;ht extent elso by the ,:rcter vc.~or cont ant. ~~01.1sver, 
the distribution of meteorolo6ical st~tions docs not c.llov: 
a. dctc!!aination of (tcncity i'roiil alone, 00~1ecic lly \';hen con­
pr:risons for 12 o::· :-'4 hours 11:1.·c de:::::irc.blE.:. :,il:v.-:ise, sur-
f ace ten:,erc.turec ere eo.sily influenced _by incolution, 
rn,Jiation, ovo.porc:tion, nr..C condensation; Cffi{1 ,·.,hon oriployeu 
for c0m:pcr~ti vu nm•11osos, in est:1blichinG the lesser or 
gr0ctcr dens'ity of en '.:,ir :c.nss, shouJ.: c.l\·.rcyo be used in 
conjunction i.:ith the :)ressures. 

- t i ,- • • f • "r , t C' i ,._ (.' ,· orecc>s n4 dJ..@ll. 1c2nce. J.n ... e e ... -::1r n .. ,, .. ,urnr..0r, 
:· nd _uturm, the , ·.-eather :phenomena resultinc ;'rom u-p::ier 
cole,, fronts : r ~·sl.::ti vely unim:;-.10:rt s.nt 2.s f c.r as c.i:rline 
trrns·Jortotion is concerned. i.l!J1ort inv::iriably, one can 
forec, rt th8t ell ccilincs c.nd visibilities '\':ill ,-·enein 
r-ri:pl,.,. :. rec_u· ntly, o. variable broken-overcast alto­
cm1uluo 1.:ith little or no precipitation 1.:ill e.ccor.rpc.ny the 
fron·l,. 

Durinc; unncr and c~rly ~·~utu:cm Y!i'len tho n(vancing 
upper vmdco con~s in contuct vrith c. Tr.1 ( Tropical r.:ari tir12) 
nir rn,.ss er. ".r .. ...,ctcriz0d by con di tion2l or convccti ii e insk~b­
ili ty, hi.·:1: levvl thunC.:erstorr:1s are usu::-~lly developeC:.. The 
cumulus cloudn thr..t e.cconpnny th:i high lr')ve l thund.e;rstoms 
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h2v0 br-:scs ,.. n r 0 l 1 y b-:~tY:een ci:__:ht to t·::cl ve thouz ·~nd i'ect, 
Itith th' r-n:~irn .1 con··,~ctive e.c~h ity nr..ib·-bly occurring 
1::ell ~bove 18,000 feet. '11ho::.:0 th c..cr:-..:torr.J.S o:'fcr little 
or no •·ifficulti .s t·J ;_;_ircro.ft trc:vcl. 

Thn i:-H1thcr rosultins fron • n u,Y0,;r colC: front s:Lt­
untion in 'int,.:)J' ,)ccasioncill~r ~\r0s ntn :·, s?riovs icinc 
ht zard to ,t~ rcrc.ft. This condition er n best be illustr2tec-:. 
by contrustin::; it Vii th the icinc; hn.zardc (luring n surl'!7ce 
\,, rm • r-ont situ:J.tion. In the ',:int"'r cas"! of a sinnle rn~rm 
front, -.:here relc.tively warr.1 moi~t r outh•:;esterly ~:incls r .. re 

rJv;•.nci!!c-; :0 loft over !'..:. \redce 0J' very colc'. Pol::.i.r c.ir, the 
,,reci itc,tion usu8.ll y begins an r.no\!f':.11. Du!'in. . .::: t~:.is in-
ci iont sto.cs , f.ircraft ,:ill , e::norioncc no Grei:~t C.ii'i'icul­
ti~s =>tller t:1Gn t h0 lo['.S o:i:- pm::...,r occe_cioned by tho u::e of 
hca.t to prevent ic inc in the carbt,r tor. ,.s tl10 Ymm f:-·ont 
action cont i nues, n i th t he conrie_.uent m.of'ific::;tion of the 
1:,olnr air to highar te11r::ieraturcs, a oeriou~ icins r-trgc is 
:r.uCtched. uhen th0 precipitation from the olto-stratu::: b-;cins 
nn ra.in and on descent proceeds ,ir; n rrcezinG r~i.J.l. This 
11~,_zc.rdous staee may continue ::or :i:ron 0i -ht to t·.:elvo hot:.:.:'Z, 
end by then the I'olar ,:mdse oi thcr h, s receded suffici-:mtly 
or has become so moC:if'ied thc.t tho tcr.1norntu:.:·o of nrccipi­
tation is ,·rell above the. f reez.inc no int. l orcover, in this 
'.mr.c1 front condition it ia ,~uite liJ-:ely thr t in snite of 
tho fact that the :_)::ecipi tation is frce:7,inr: in t.hc .1

101~.r 
wedge, a sUi"ficient te1,,~Jero.turc invorcion :11·ev"iln t.loft 
in the Tropicol o.ir for a rapid th:rouGh th, r0lci.r current 
to :')ernit only n very sli;~ht accurn.ul<J.tion of ice. 

On the otlwr hc.nd, t.~10 i cint l:azr>rd th:,t accon-Dan:~os 
nn upper cold front Bl:lY co.use consideroblo ,Soubt c;s to the 
safety of t!:1e nuviGation through th(• frontal zones . The 
adv:;.ncing redce cloft iE, 3encrally 110.rrher than the surfc.ce 
Polar mnss, but ,·,111 hav0 only n smci.11 nodifyine off ect 
uuon the ,:,•:edco balm:• . Thi s is bocc.uso the a.ir :1.:::.ss 010ft 
in c;enernlly 03. :· 'Ol'lr oriGin its elf. It ic c.lso unli1:8ly 
thr t "Jny sicniS'ic ~nt inversion is ~n·oscnt ubovc the su:r­
f:-\cc 1'olar current. In ac1.dition, c.11 "on the top" flight 
in e:;ercr~11ly c: cludec. because o:i..~ tho extreme th i c}:ness of 
t,.1e , lt.o-str,.,turs tho.t tergcs uith the lo·:;er cloud systems 
in ,rivrnc0 of 1.,;1, unuer front . Once the temperatu~:--0 con­
ditions : r ~ such "'S to nemi t ~" mixed snow and re.in to 
fe.11 frot:1 t'1, nl to-strctus, th0 icins hazaru can becone 
indeed seriou::.:. 

·_:hen th..., u );,r-:r weclc:e i nteracts nith Tropicnl Lo.ri­
tir.1e sir, icinc ,•onai tions seem to be confined to the -
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c louc1 zyc tern. ·:·i thin t:10 'I1r-o:nic[l • cu-rrcnt. 
sion is b'lSO·. upon evidence fm l'ir.h ,(j by 
::-ii lots of .:•.mer icc.n _--irlinos, Inc. 
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This conclu­
ntlr1bor of 

·, .... :::..r.rolo. 1:arch 19, 19::::6. 'i'lo uort frec:_uent type 
oi' un:,cr col·:. f~ont &p-':.)carc a:: • front alo.ft in the 
:.idtUo ·\;of2'.t \illGn the central < n stern )Ortions of the 
count:ry QJ'e ocCl.l..:1)iec"i by frEJsh •)ol 11· C n O.i~m air. ..ill 
intercctinc situ,,,tion o~· thir type, illu~,tra.ting both an 
up ;1 .. r colt front :me. a col l fr nt Y'!)e occlm~ion, occur­
red on ~arch 1£, 1936. 

i.n u.:;r::ier colc ·front, ou L ining the boundo,ry of n. 
trnnsition~,l typt: ')f i'ol P i ic ~1i 1

, is -~esent bot•:,een 
'.' cott :~•i e L. ,:.,"1.d . :dl. 1t i 1 , n< ir1 "..<' vane inc \, v0r 2 . 
shallov.r rre<tge '.):;.' .'oL.1:r v • n • i r . . , :fresher s l; rce of 
rolr:r :r:·~ci:r ic .. ~ir L in• ic :t, 1 y th 3 coh~ f1:ont beti:een 
OLJ.c.ha anc: Scott j:iel . ,13"' f J ant in 'Y)rocecdint'~ ec.stu~.rd 
and j_s dis-pl::•.cinc t..1 c-h llo r l y, r nf r0tu::-ninr; :::'olcr 
r:::ar..c_O::is.n 2ir r 8 1 f-ront i c of occlusion, bocr,use 
the 2.ctive Pol~ -r • ci, c 3 r r1 .,:; is o::· r·r .::i.tcr density. 


