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PRESIDENTIAL ADDRESS 

TO THE CANADIAN BRANCH 

OF THE ROYAL METEOROLOGICAL SOCIETY 

January 26th. 1950 

P . D. MCTaggart-Cowan . 

THE JET STREAM 

A resum~ of the scientific papers published 
on t he Jet Stream .and related phenomena up 
to November . 1949. 

President of this 
choosing. I have 

Once each year it is the 
Society to address a meeting on 
chosen the Jet stream. 

privliege 'of 
a subject of 

the 
his 

2. First of all I would like to make it c l ear 
that my remarks tonight contain no original contribution on my part 
to the mathematics or physics of the Jet Stream. The purpose of 

own 

the address is to summarize in a convenient form the many excellent 
papers produced over the last ~everal years up to November , 1949, on 
the Jet Stream and immediately related phenomena. 

There is 
on the subjeot of this address in 
physical aspects of the problem, 
contributions will not be treated 

a further self- imposed restrict ion 
that it is intend~d to c Qver the 
only. The many exoellent mathematioal 
in detail. 

4. I n this l atter l imitation I do not for a 
moment mean to imply that a complete physical understanding of the features 
and properties of the Jet stream can be obtained without the student 
diges t ing the mathematical. theories and theorems involved. 
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However, the mathematical' treati~es are such 'th2t any attempt at sub­
stantial abbreviation below .that appearing in the original papers would 
in most instances rob them 6f their apparent logic , and I can but recom­
mend reference to the original papers . 

5 . No~ithstanding the exclusion of mathemat i os , 
I hope I can give you a real 'physical picture of the Jet Stream, and 
an appreciation of its anomalies and propertiesj and of the other pheno­
mena which have in recent papers been associated direotly with the Jet 
Stream. 

HISTORICAL 

6 . As in many scientific advances, the literature 
preceding the basic papers contains the development of many physical 
and mathematical factors v;ithout 'Which the basic concept' might have been 
substantially delayed. 

7 . A list of such papers leading up to the Jet 
Stre8.!fL , i f it w.ere to be complete would be very long. I have, therefore , 
kept .it to Ii l:lst of onJy t.hose which might be considered as hav1ng an: 
immediate and direct 'bearing on 'the fundamental paper s. 

8 . , In volume 5, No. ~, of Papers in Physical 
Oceanography e.nd Meteorology, publish~d by the Massachusetts Institute 
of Technology~ and. the' Woods Hole ' Oceanographic Institute, there is a ' 
pape.r ,l;ly Dr. Rossby~ on' the' - . . 

.tlDYNAiUCS OF ;STEADY OC'ZAN CURRENTS IN ' THE LI GHT, 
OF EXP.-:RHiENTAL FLUID lV!AJlIANICS" (2) 

There is a very strjkine resemblance between the Jet Stream and such_ 
major ocearl currents as the Gulf stream, and this paper by Dr. Rossby, 
published in 1936, forin's an exc·ellent background. for the appreciation 
of many 01' the physical features 01' the Jet Stream. 

9. 
1938, 

'Another paper by Dr. Bossby, published in 
in the <7ourni:il of : ' arine' Research on th€r -

Uk1JTUAL ADJU;:;.Tt:iENTS OF I'RESSURE AND VELOCITY DISTRIBU.,TION 
IN C>llTAIN SIMPLE CURRENT SYSTEMS" (3) 

is also ·good background reading. 

Note: Numbers in brackets, thus (2) J refer to the number ed 
list of papers appended hereto . 



10. In 1944 Dr. Willett, in his book -

"DESCRIPrrVE METEqROLOGY" (6) 

presented for the first time mean cross- sections cle~rly showing 
the Jet stream, b~t , as was the case y;ith Sir Napier Shaw who came 
so close , to r .ecognizing the physical entity of a frontal surface 
but just -failed to name it , thus leaving to the Norwegian school 
of Meteorologists the honour of first propounding the mathematical 
and physicaJ,. features and proposing the name, so Dr. Willett , with 
his attention undoubtedly directed to the general 'circulation of 
the earth's c:tmosphere J did nCi t set forth the "synoptic significance 
of the localizeq, high velocity stream of a ir aho'hn on his mean 
cross sections . -

" 

11 . tn June, 1945 J in the J ournal of Meteorology, 
Al bert Cahn, Jr'. of the University of Chicago, publ ished another 
good background"paper ~ntitled -

"AN INvESTIGATION OF FREE OSCILLATIONS OF A SIMPLE 
CURRENT SYSTEM" (7) 

12. " As ~ thoro!-,-ghgoing mathematical treatise 
on many of the fundamental "hydrodyno.micnl factors which led to the 
ba~ic papers, Jeremi Waisutjnski ' s book entitled -

" STUDIES IN HYDRO_DYNAMICS AND STRUCTURE OF ST.\RS 
1.ND PLi.NETS" (8) . 

p:ub1ished as vol)..llTle 4 to Astroph:y:sica Novegica , in Osl o , in 1946, 
is recommended. 

1.3. As an et:empl e of how close some practising 
Meteorologists in the field "oems "to recognizing the J et stream e:s 
a. physicnl entity, l'erere~"ce ""sho\lld be made " to Vincent J. Oliver ' s 
papeI;' in Ja.nuary, 1947 , issue of the bu1,letin of the America.n 
Meteorological Socj Btv. Try0 paper is entitled -

"THE FORECJ.S'rrr..,~ SrGNIFIO~\NCE OF HIGH LEVEL 'WnIDS " 
IN SUlJo'.;RCTIC REGIONS" (9),. 

14. " The large changes of wind direction and 
speed found by observation by Oliver were used by him as criteria 
to determine the direction of motion of the associated surface 
depressions , and , thereby, in the forecasting of the wCI".ther in the 
Aleutians and Alaska. He thus failed to recognize the funda.mental 
importance in the general "circulation of the fBst moving stre~ of 
air, itself. 

3 
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THE FUNDAMENTAL PAPERS 

. 
15 . The first of .the fundemental.. papers on 
t he Jet stre:;m Vif\$ Dr. Rassby' s pilper whioh ii;'ppe A.r~d iii t he Bulletin 
of the American Meteorologica l Society" February, 194}, under the 
title - ~ 

" ON THE DISTRIBUTION OF .;NGUL.'J1 VELOCITY IN GilSJ;XJUS 
ENVELOPES UNDER THE INFLUENCE OF L:JlGE- SCilLE HORIZONTAL 
MIXING PROCESSES'! (10) 

In this pe.pe r Dr. Ro.ssby attacked -the problem of Zona l wind dis­
t ribution in the atmosphere from t he . basis of an intense thennally 
driven l o.teral mixing process, as sumi.ng that it VIas associated with 
a tendency tovmrds equalization ' of ths vertical componen t of the .. 
~bsolute vorticity. On these assumptions Dr . Rassby arrived at the 
c onclus i on that during the Winter seas<m t his mixing proces s must 
from time to time l ead to a gradual accumul ation of zonal kinetic 
energy at the tropopause level South of l atitude 50ON, and t he 
cre~tion of strong west wind maximaet t hose heights somewhere 
between 50D:N and 300Ji. As a further. c onsequence , the strength of 
such a. zonal m£l.ximum would increase R! it was displaoed southwards 
towc.rds the 30<1i parall e l of l at itude., 

" 

16. On the basia of t he w.:u-- time coll ection .-
of Northern Hemisphere observ~_ticns by the United States Air Weather 
Service, and on the basis of Dr. Willett I s published. cross- section, 
Dr. Roasby deduced that this maximum ~onal wind activity was 
sugges tive of a broad meandering river flowing aro~nd the earth. 

17. Thus, DC' . Rosshy ' s pape/ set t.he st.age for 
t he entry of the Jet Stream into meteorological writing and thinking: 
but he left for n second paper , published by t he st~ff members of 
t he Department of Meteorology of the Univer sity of Chicago , collecti.ve1y, 
the neming und describing of the Jet stream, itself. This paper 
Elppeared in the Bulletin of t he American Meteorologioa.l Society in 
June , 1947, and was ent itled -

liON THE GENER1U, CIRCUL..I.TION OF THE ,;1..TMOSPHERE IN 
MIDDLE LATITUDES" ( 11 ) 
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0" n. " ... . .. ...... , ...... or ••• 40 ... ' • ••• ,. ~,.... ............ .. ... , _ " 

•••. ... .. u, U"UO' ... _ s<o rr . . ...... ..... . _ •• or .. ... .... .. . 
a., •••• "1 or t ...... , •• u. 

•• 

" " f<IO 00 a. 

: ' 1. - 2 
Ver tieal ero .. ·seetiorl, Bismndt, N. D., to BtownsvlJlel Tuu, January 29, 

1947, 0300Z. Thin solid line. :ll'il lin ..... of equal geoll1.J'Ollhic west-wind lpeed ( In mph ), 
II roken lino:\l ilM.'ntropes, I,eal'" BtJliti IInel tt0,POpau_ or bound:ltira of frontlll layer . Tile 
lette r. " J" (jet) indicaw region of wrlt,wlnd naxilllllln. Tile ~tjon "':lIIDkcli tbro)J~h 
a CUI'rent with little eurfllture of HO II". 
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N<lrTt1d1 mf:f'id ion.a l trOK -=tiont f« fhe entire nor~rn 
hemisphere in Ju ly; left, tempe .... Uu"'" in d~recs oC' Higrade: n i h l, 
" "e! t-«t-east wind component in mila per' hour. 
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18. The ~aper was a masterly presentation by 
eleven outstanding scientists , led by Dr. R08Sby and Dr. Palmen, 
As a tribute to these two project leaders, and the dynamic influenoe 
they have on modern Meteorology, it should be noted that of the papers 
on the Jet Stream referred to in this a&dress nineteen out of the 
total of twenty-three have been written by members of that original 
Chicago team, or others subsequently associated with the Chicago 
school. 

19. In this basic paper by the staff members 
of the Department of Meteorology, University of Chioago , the Jet 
Stream woe initially described as follows: 

"DURING PERIODS OF R&\SONABLY STRAIGHT WEST WIND 
CIRC\JL.-,TION OVER THE NORTH AMERI~A1I CONTINENT TIiliRE 
EXISTS , NO!ThL\LLY AT LEVELS BETWEEN FIVE ;\NIl FIFTEEN 
KILOMETERS .UlOVE SEA LEVEL A ,'AIRLY NARROW ZONE OF 
EXTREMELY STRONG WEST WIND CIRCULATION (JET STREliM) 
REACHING ITS M:JCIMUH INTENSITY AND SHARPNESS AT THE 
TROPOPAUSE LEVEL, 300 MES. TO 200 MES." 

(It Vlill be scen later that the use of the term has been 
extended to cover extr emely strong east wind ciroulations, 
as well as west . ) 

20. This paper was the first to contain synoptic 
meridional cross- sections clearly illustrating the existence of the 
Jet stream. 

21. Figures 1 and 2 are the synoptic meri dional 
cross- sections for January 17, 1947, and January 29th, 1947, which 
appeared in the basic Chicago paper , and serve to illus t rate several 
of the fundamental properties of the Jet Stream: 

21 .1. The change in height of the t r opopause , 
which usually appears to be broken in the vicinity of the Jet, and 
not infrequently has a double structure· inunediatel y south of the 
axis of the Jet . 

21 . 2. Thnt the Jet is normally associated with a 
frontal surf~ce , with the axis loonted in the warm air approximately 
vertically above the intersection of the front with the 500 mb. surface. 

21 . 3. 
and south of the axis 

The very rapid decrease in wind speed north 
of- the Jet . 



22 . The po.per n.bo denls with tho associl'.tion 
of th\3 J ot uith t he long wave s in thv upper n tmoaphcre , Le. a t 500 
mbs . :md a bove , on which so much work has b90n done by the Chicngo 
School of Me t eorology: {!nd further 'P('.r(l.lle ls are drawn between the 
Jet strerutl and the Gulf Strc run . 

23 . Of a more debatnble character nre the 
vcrticc.l motions .D.s..,nciated. wi~h the J e t stream. Figure 3, taken 
from the po.p~r , illustrates a possibl e meridional displ aoement pattern. 
This has boen tho 'subject of con3idcr~blc controvoray in I nter publi­
cations . 

21... As this b(~3ic pnpc r by the st:1ff mcmbsl;'s 
of the D(;:pn.rt mcnt of Ueteorology, c hio "!.go University, was in itself .'.\ 
s ummnry report it is very difficult to do it justice by merely 
t Olmhing on the highlights a~ io done hero. All who desire a thorough 
undcrst o.no.ing of the J e t streE'm should rond this pe.per for themselveG. 
Many of the subse quent papers to whioh r e f 6renoo will be made a~e cl­
I).l~orl'.tions of the vllrious 'lspects 3uJ'l1!Tte.rizod in the basic paper des­
cribod ~.bove. 

25; The np.~t contribution WM from Dr. Namia., 
nnd ep~nrod in the August, 1947, issue of the Journal of Meteorology, 
under tht1 ti.t l e of -

"PiITSICiIL NATURE OF SOME FLUCTU';TIOtiS IN THE 
Sl-'EED 011' 'rHE ZON!1L CIRCUL)S!ON" (12) 

7 

This pnpe r hc.s ve ry spt:ci!'.l si.gnifica nce i n the light of subsequent 
0vents, in tru:-.t it pr oposed nn l'.ltl'n'w ' .. tivQ t o Dr . ROl~sby's vorticity 
theorem, by suggesting the.t at l east in· 30me CI"'...sea the nppear uooe of 
the Jet strenm could be explained ~z the result of larg~-sc·ll.le con­
flut'lnco of cold' and warm currentl.l in tho mid- tropospher e . The pres­
entation of his C f'.He is .by no mel"'.ns .'\s thoroughgoing c.s U.o.t put 
forwnrd. by the Chice.go ~'.chool of Mut.l3orology, but, nevertheless, carte,in 
faotors nra pr esented \7hich roquire vary thoroughgoing study, ./lnd . as 
indict'.tcd by Dr. Uclrtrr:e in. hin addres s to this SODioty of the 27th 
of October, it , is pos;;; ibl.c -';hat· both the ma cht-.niema described .by Rossby 
:lnd by Namins' plClY a part . in the s \3tting up of zonnl circul e.t i ons . 

26. One diagr~m of special significanoe 
appear ed in Nrunia s t paper a..r:td is r l:Jproduced Cl.S figure 4. The figure 
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presents a meridional cross-section for the entire Northern Hemisphere 
in July, shown both as a thermal diagram on the l eft , and a west to 
e~st wind component diagram on the right. It is remarkable that the 
Jet should show up so clearly even yihen the elements are averaged over 
the -e ntire Northern Hemisphere. The fact that the Jet Stream stands 
out 3D clearly is evidence that it is no transitory or ir.frequent 
occurrence, but a very frequent nnd fundamental por tion of t he zonal 
wind: structure over the Nor~hern Hemisphere. 

27. 
Meteorol ogy 

The next paper appear ed 
of Februo.ry, 1948, by Dr. Palmci'n -

in the Journal of 

"ON THE DISTRIBUTION OF T:E)U'ERATURE AND WIND 
III THE UPPE!l WEST=I ES" (13) 

28. This paper is indicat ive of the systematic 
studies of certain meridional cross-seotions carried out at the Uni­
versity of Chicago, and is based on a deta iled analYB~s nnd appraisal 
of the synoptic situation over North Amerioan on the 17th of J~.nuary, 

1947. 

29. 'fhe paper is an excell ent exrunpl e of the 
clecr, concise and beautifully organi zed presentation of material 
which has charaoterized t he Chicago publications on t his subjeot . 
They are a pleasure to read, and the ar guments and conclus i ons easy 
to follow nnd understand. 

30. Figure 5 Bhows t he surfaco map for 0630 GMT 

• 

of the 17th of January, and fi~ure 6 the contours a nd temperatures of the 
500 mb. surface for 0300 GMT on the 17th of J anuary. 

31. It should be noted here that the 500 mb. 
ch.art has played a fundamental role in all the studies reported i n the 
papers on the Jet Stream and zonal circul ation problems, and cert ainly 
points to its importance i n the d~-to-day routine of any forecast office 
undertaking independent analysis and forecasting: and , as 0. corollary, 
thnt the chert should be used in the briefing of pilots engaged in flying 
operations above 15 ,000 '. 

32. The synoptio features of these charts will 
be fa~ilinr to all. The surface chnrt represents a r~ther complex and 
ill-defined type of circuL".tion: whi l e at the 500 mb. l evel the cir­
culation has taken on !l very definite pattern , with a cold low situated 
over Port Harrison , ,-lith [\ sccond~.ry small vortex in the extreme south­
western United states, and well-defined west toeast zonal circulation 
over the entire mi d-portion of the continent. 
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33. Figure 7 is the vertical croBs-section 
f or 0300 GMT , 17th Je'_nunry , extending from lfu.vana to Thule J Greenland, 
approxim~tely al ong the 80th meridian. 

34. Hero , again, the discontinuity in tho 
tropopause with its nppc.ront double struc t ure south of t he axis of 
the Jet, the locntion of the Jet vertically above the inter secti on of 
the o.ssoa i n t ed fronta l surfacd with tho 500 mb. surface, and the oon­
centr ation of t he thermal gradi ent immediately t o the north of the 
axis of t he J et , are all clearly recognizable. 

35. It should be not ed that the eeostro~hic 
wind velocities in f igure 7 are given in meters per second. tSec 
at tachment f or conversion t abl e to miles per hour .) These show 
r oughly thet the Jet reaches a maxi mum of 180 miles per hour over 
a depth from 350 mbs. t o 150 mbs. over a horizontal distanc e of four 
t o five degr ees of' I f'.titude. 

36. Als o recognizabl e is the very strong 
horizontal wind sheer south of the axis of t he Jet . At around 
mbs . t his sheer r eaches an order of' maenitude of' 10 met ers per 
per degree l atitude between 320 and 37~. 

225 
s econd 

37. A characteristic of' t he mer idional tem-
per e.tur e field in the upper atmospher e , deduced by Dr. Palmln from 
these studies , i s also put fo rwerd in this paper: that is, that 
at the l evel of' the axis of the Jet Stream , in thi s case around 200 
t o 225 mbs ., there is a zone of l owest t emper ature about 4 0 of l atitude 
south of the stronp,est winds , and a zone of hiC?;hest tt..'>JIlper ature about 
7° of' l ati tude north of t he samo zone . 

38. 
y;i th the specio'l 
suggested in the 

39. 

Palrotn suggests that this is connected 
kind of CI'oss - str c"m vertical circulP. tion , as 
bp..sic paper (11) , superimposed on t he zonal motion. 

in t he April, 1948 , issue 
The nGxt paper to appear ViaS by Cressman, 
of the Journf'_l of Meteorol o!,"'y J and Vias -

" ON THE FORIC,;STHlG OF LONG WAVES IN THE UPPER 
~!ESTF.:RLIEsn (14) 

This paper deals Yiith t he pr oblem f'rom t he standpoint of prognostio 
~n~lysis and foreoast ing, and should be studi ed by all f oreoast ers. 



Of special interest is his conclusion that for successful "proggingl! 
the area of the upper eir chR~rts must be sufficiently large to show 
severnl of the long V!fI.ves • 

40. 
of the .. Taurnc.l 

." .. nother paper in the April , 1948, issue 
of Meteorology ¥ins -

n ~'.N .'.N:".LYSIS OF THE WIND i.ND T.EMPER.i.TURE DISTRIBUTION 
IN TliE FREE 1.'ll!OSPH'lRE OVER TliE NORTH ;,MERIeI')! 
CONTINENT IN 1. CASE OF i.PPROXIJ,hTELY WESTERN FLOW" (15) 

I 
by Palmen and Nagler. 

41. In this paper a special situation on 
the 30th of November, 1946, similar in manyraspects to the situation 
described in Pnlm6n1 s p~evioua paper, was examined and discU3sed" with 
the .:lid of a n o.vcrage croas-section, drawn with the use of all radi"e­
sonde d".ta, for the date in quest i on. 

42. 
preceding paper (13) 
cnn see the easterly 

, 
The factors brought out in. Pa.l men's 

c.re again recognizable, and , in. addi ticn, 
flow in the northern latitudes. 

one 

43. In the same iss~c of the Journal of 
f..~e teorology 0. short paper ... as presented ,py ErnElst HOVlnoller of the 
S\1edish ).feteorological and Hydrological Institute of ,Stockholm , en-' 
titled 

"NORTH_SOUTH CROSS Sa:TION SHOWING DISTRIBUTIONS OF 
TEMPER.h.TURE J R.EIu"~TIVE "M-UDITY i.ND 'flINDS IN A WELL-
l,LlRKED ZON,\L cURR.ENT 0'1:'1< "!IF.STE:RN EUROPE" ( 16) 

44. This was II stjJdy, of a par.ticulnr synoptic 
situo.tion carried out in the some manner as ·the studies in the basic 
Chicago papor (11), but de~ling TIith D. orosB- seotion f'rom Ler..."ick to 
Bordeaux • . The principal interest , perhaps , in this paper centres 

·around the close agreement between the cal culated axis of the Jet 
Str eam and ' the position flct.ual l y determined by means of the Rawin 
c.scents taken ovor the United Kingdom. The axis of the Jet was at 
npproximlltoly 300 mbs. e.nd at latitude 53or-T. 

45. The next paper to appear was by Riehl, 
under the title of -

"THE JET STRKj,! IN UPPm TROFOSPHllRl': • .NIl CYCLONE 
FOR:C.TION" ( 17) 

11 
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in the Tr~nBQction6 of the l~Grican Geophysical Union, April, 1948. 

46. Riehl reported on an examination of 
casas of relatively straight westerly flow in an att~mpt to find 
criteria that might indicate the circumstances l eading t o cyoione 
genesis . 

47. From the Slidy of tho development of 
cyclones over the central plains of tho Rocky Mountains, Riehl 
was driven to the conclusion, as , i~ f act , all Meteorologists who 
have enalyzed crw..rts from that 3,l'£-a must conclude, that t he strength 
or weakness of the front in t he lower portions of .the troposphere 
ot'.nnot acc ount fro a considerable number of the intense developnents. 
frontal zones of 'greatest intens ity can be observed t o remain inactive 
for pro t r acted. periods, while on other occasions great cycl ones have 
devel oped in oomparllt1vely 'I,'/eak frontal zones . In attacking this 
problem, with the J et' stream concept, Riehl placed consider able 

. importance on the tropopause region . 

48 . Figure ,8 shows the isotherms a t 200 ffiQS. 
on January 28th, 1~7, w~th thy heavy arrow indicating the oentre 
of the Jet . The temperature mi-nimum south of the axis of the J et, 
a nd the maximum immediately north of the a "(is , are very clearly 
illustrat ed in this 'figure. , It appears inescapable that vertical 
motion must bo primarily responsible for t he observed temperature 
distributions near the 2oo 'mb. level. Considerations of the magni­
tude of vertical motion necessary to produce this t emper ature dis­
tribution l ed Riehl t o the conclusion that the generation of the cold 
air most probably takes place in the westerly currents, with a cross­
section component of motion toward$ the south. 

, 
49. Similarly, he conoluded that the ,vertical 

. motions were of such magnitude 0.8 to nec ess itate their connection with 
events at lower l evel s in the vicinity of; the Jet stream ma.ximum. 
This I bgi o2,lly led t o Riehl ' s associat i on of low l evel wave develop­
ment with the axis of a well developed J et. Figure 9 shows the axis 
of t he Jet' stream superUnposed, on ' a surface chart, in which the 
apparen t correlation between lower tropospheric cyclonic aotivity 
and the-J et Stream appears to be very good. 

50. The vertical 'motions associated with 
this well devel oped Jet were used to account, not only for rapid 
cyclonic devolopment but also, in a great measure , f or the magni­
tude of the rain f all associated with t he development. However, 



Isotherms (OC) at 200 mb, January 28, 194.1, OSOOZi heavy covered arrow Indicates 
center. 01 Jet; . 

' -Surlace map, January 29, 1947, 0630Z; heavy covered nro" Indicate. center of upper 
Jet stream; shaded areas are regions of steady and Intermittent preclpitaUon 

J .. 80 . . .. I . U" • • h ", .. ,ho " •• 4 C,. lou .. o r ....... 7 • • • ••••••• 
a •• _ ....... U. 'o., n, "O_n e, 0, _ _ 10)1, '0, ... ~. 
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Riehl wns oareful to emphasize that his study oovered only one 
spec i es of' cyclone formp.tion, i.e. that assoc iated with initially 
vlesterly flows aloft, without pronounced stree.m.line curva.ture: 
nor was it suggS13ted that the J e t Stream, aione, could create the 
cyclone . Reihl' concluded that when t he Jet Stream and the over­
all long wave pattern, together with a lower tropospheric dis­
turbance, coinc ide in a favourable sense the ensuing cYQlonic 
devel opments can reach very great intensity in a short space of 
time . 

51. It would appoar , therefore , that these 
factors should b e immediately tested in day-to- day t wenty-four 
nnd f orty-eight hour prognostic work associated with a publio 
weathe r service. They might Viell prove to be the cri teria" 
necessary to determine sufficiently f ar in advance f or effective 
public action the devel opments of the more destruct i ve of the 
ext r a- tropical cyclones, which at times literally appear , to expl ode 
in the l ower l evels, and present considerable difficulty with the 
present forecasting techniques. 

52. 
issue of the Journal 
ti t l ed -

A peper appeared in the October, 
of Met eorology, by P~lm~n and Newton, 

1948, 
en-

" I. STUDY OF THE ME,;N WIND !.IID TDU'ER.lTURE DISTRIBUTION 
IN THE VICINITY OF THE roLl.R FRONT I N WINTER" (18) 

53. This paper introdUced a neVi method of 
analysis , wherein"a mean crosa-section was constructed from a 
number of individually analyzed daily cross~section charts , using 
the frontal l ayer as the reference for the coordinat"es. The ad­
vantages of this metbod of constructing a mb.n cross- section l~y 
in t hat it preser ved the thermal gradients observed in the indi­
vidual cases, and minimized the effect of observati onal err ors. 

54. This mean cross- section is shown in figure 
10 , and is t he section along the meridian 80OW. 

55 . Here, while the, t hermal gr adients ar e some-
what smoothed the increase in temper ature inunediatel y to the North 
of t he axis of the J et is still r ecognizable , as well as t he other 
properties outlined on the basis of the previous papers. 
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56. Figures 11 and 12 serve to enphasize in 
e. striking mann~r t he intense vertical and horizontal wind sheer 
t o the north and south of t he axis of t he Jet , and would cer­
tainly l ead us to expect that not infrequently severe turbulence 
Vlould be encounter ed in these r egi ons at- high altitudes . 

57. In the December, 1948 , issue of the 
Journal of Heteor ol ogy a·paper ',0;8.5 published by Hess, on -

"SOME NEW MERIDION:IL CROSS- S>X:TIONS THROUGH 
THE :,TMOSPHERE" ( 19) 

Hess pr esented mean meridional croBs~sections along l ongitude 
BODy, f or b oth summer a nd winter. These sections (figures 13, 
14, 15 and 16) r epresented an i mprovement over the previous 
sec t i ons published by Willett a nd others, in that they wer e based 
upon a l onger period of observation and extended over a wider 
r ange of latitude , due t o th~ increased number of upper air 
stat i ons established in the intervening years . 

58. Referring first to figures 13 and 14, 
showing ~he winter cross-section , the Jet s tream is clear l y 
r ecogni.zed with its usual proper ties A.t about 36"N, and a t a 
height of some 40,000 ' . ' In this. work Heas found that the mean 
tropopause was not a continuous line , as shown in some of Will ett's 
d i agr ums , but f ell quite naturall y into the pattern of separate 
/J.rctic a nd Tropic tropopauses . This was, of c ourse , in accord 
with the results of the a ne.lysis of daily cr-oss- sections published 
by others . It is indeed r emarkable that this discontinuity in 
the tropopause is still visible in the mean maps, and l ends c on­
s iderable weight to i~s in.timhte connection wi;th the Jet Stream, 
and that, in oommon with the J e t, it is a frequent phenomenon. 

59. The tem~erature distibution in the Arctic 
s t ratospher e in winter ( f~gure 14) wes al so inter es ting, in that 
a definite warm r egion bet\"/een eleven and s ixteen kilcmeters· 
appee.red at about 50C],T. This has its counterpart in ~he geo­
str ophic wind field, ~s·can Qe seen in figure 13. This is even 
more clearly shown in Dr . McIntyre ' s .Ph. D. thesis, (as yet un-
published). . 

60. Figures 15 and 16 show the cross- sections 
for summer. The r ecognizabl e features are the much weaker mean 

17 
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Jet stream displ aced northwards to almost t he 55th parallel of 
latitude , but remaining at approximately 12 kilometers . ' It was 
also evident that the Tropic tropopause in summer was some two 
kilometers l ower tpan in winter. This was in agreement wi th 

. Willett ' s studies of the radiosonde asccbts at Swan Island. On 

. the other hand, the Arctic tropopause behaved in the rever se 
manner, and was higher in SUmmer t han in winter. 

61. In the December 10th, 194.8" iSBue of, 
Science, Rossby and Willett ' pub~ished a very r eadable r esume' 
o~ progress up to that time -

"CIRCULATION OF THE UPPER TROFOSPHERE AND 
LOWER STRATOSPHERE" (20) 

62. Of necessity, the treatment in t hat paper 
Was somewhat superficial, but it is interesting r eading for 
those with a limited knowl edge of mathemat i cs who might have 
some difficulty i n f ollowing portions of t he papers previously 
described. 

63 . 
February, . 1949, 
entitl ed -

The next paper of interest appeared in t he· 
issue of the Journal of Meteorol-ogy, by Fultz, 

"A PREL.IMINARY REPORT· ON EXPERIMENTS WITH THERMALLY 
PRODUCED LATEILlL MIXING IN A ROTATIN(} HDilISPHERICAL 
SHELL 0>' LIQUID" (21 ) 

These experiments 'Iere r eported upon by Dr. McIntyre in his 
address before this Society on the 27th of October, and no attempt 
will be.made to resummarize the ·work at t his time, except to state 
that one cannot help but be impressed with the thoroughness of the 
all-round approach ·of the University of Chicago to this probl em, 
involving as it does the theoreticC'.l and ano.lytlcal at t ack on 

the problema outl i ned in the previous papers, and, also, tne very 
conscient ious laboro.tory programme r eported i n ·Mr. Fultz' paper. 

64. It is suffio i ent for the purpose of this 
addr ess merely to indicate that Fultz' laboratory work with ro-
t ating hemispherical shell s confi rmed to a fair degree the theoretioal 
and analytical "?Iork of other members of the Chicago te8J!1 . 



65. In volume 1, No.1, of the new Quarterly 
Journal of Geophysics, Tellus, published by t he Swedish Geo­
physical Society, in F8bruary, 1949, two papers on the probl em 
appeared. The first is by PalmJn -

1!mr THE ORIGIN ;;Np STRUCTURE OF' HIGH LEVEL 
CYCLONFS saum OF THE MAXlMUM WESTERLI ES" (22) 

cnd the other by Nyberg on -

";>11 .:mOLOGIC.',L 
DISTURB(!NCES II 

STUDY OF LARGE-SCALE ,~TMOSPlIERIC 
(23) 
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66. Palme"n, in hi" paper, dealt with the develop-
ment of cold oyclonic vortices, which appear first as waves in 
the zone.l westorlies, .. ith the trough increasing in amplitude 
until the southern ·extremity separ,~.tes to form a cCitl vortex, 
with the westerl y circulation and the Jet stream reforming to 
th~ North. While this devoopnent ht:;.s great importance in the 
general cirou!:?tion of the atmospher e, it .is of special im-
portance in the consideration of the Jet stream, in that it 
shaY,s ana way in which the Jet Str!:!:J.m can break down and re .. 
establish somewhat Ini;er at a more northerly latitude. 

In Nyberg ' s paper on -

"AN l.,EROLOGICl'.L 
DISTURBANCES" 

STUDY OF L,JiGE-SC;UJl :.TMOSPHERIC 
( 23) 

stress ·;,·o.s l:l.id on the prognostic use fulness of the 500 mb. 
l evel as compared with the 700 mb . hn,-el, and importace Vias 
attached to two rules: first, that the pressure change areas 
in thf: 500 rob. l eve l move Tiith npproximo.tely 6~ of the speed 
of thG wind in thn.t l e vel, a nd, second J that advection of cold 
air at upper isobn.ric levels is followed by geopotential f alls 
at the same levei J and . v'i.ce versa in the case of wa nn air. 

6B . It was also found that in a deepening trough 
the cold air was oinking ut the SaJl).C time as the Jet Stream 
increased in activity, ftIld that the o.ssoch.ted front became 
sharper. Thus Nyber g found a direct type of circulation J with 
vertic3.1 notions in the oppos·ite direction ~ to that shoVJn in the 
fir3t Chioago. paper' (11), . i . e. ~ith the c91d nir · s inking and 
the ,letnn a.ir :v.ising:. Th.is, therefore, supported the confluence 
theory put for,7l').rd by Namias. 
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69. To reconcile these apparent oonflicts it 
is necessary to draw attention to .the very limited number of 
CD..ses studied. Nyberg's paper WE-.S wri tten around one par-
ticular case on the 20th of January, 1947. It would not be un­
reasondie to suppose that the Jet Str erum which intensified 
at that time, was due to a confluence of warm and cold air 
ourrents, and tha.t, in itself, would not negate the indirect 
types of circul ations propounded by the others and supported 
by the analyses of oth~r synoptic situations . 

70. The next paper, by Kuo, on the -

"DYNIJHC INSTABILITY OF TWO-DIMENSIONAL NON-DIVERGENT 
FLOW IN ~.~ BJ'"ROTRO::?IC ATMO$PHERE" (24) 

is a s olid mathematical treatise on the problem and should 
certainly' be read by those with sufficient mathematics to 
handle it, but it is r~ther outside the scope of this ~ddress. 

71. In the May, 1949, issue of Tellus, Berggren, 
Bolin and Rossby published a paper on-

"1J(AER,OLOGIC,j, STUDY OF ZOH.i.L MOTIONS , ITS 
PERTURBI.TION AND BRElJGlOWN" ( 25) 

The authors deal t with a series of rapidly moving frontal 
waves assoc ia ted \9i th a wel l - developed zonal Qurrent over 
central Europe . The blocking action by a nti-cyclonic develop­
ment over Europe , so familiar to Can"'.dian }~eteorologists, 
played an important part in the study of this case. 

72. 
through February 22nd, 

The period s tudies: was from February 6th 
194-8. 

73. The 500 mb . chart for February 9th at 0300 
GMT, showed a well establ'ished predominantly western component 
in the mid-lntitude flow from North Amer:i:ca a.cross the Atlantic 
to 17estcrn Europe. 

74. During the peri od from the 6th to the 12th 
a series of wave disturbances passed over the British I s l e s 
and western Europe, and were of such intensity that they could 
not be considered as shall ow phenomena. 
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75. Cross-sections published 
intense, J et Stream. 

show a well-developed, 
though not particularly 

76 . Figures 17, 18 and 19 show the gradual develop-
men t of the blooking action over the western appr oaches to Europe, 
with the consoquent breaking off of a cold cyclonio vortex over 
t he North Atlantic . Subsequent figures , 20 and 21, for February 
18th and 20th, s how the complete destruction of t he established 
zonal westerly flow in the eastern North Atlantic, and in ita 
place the devel opment of nn intense easterly Jet stream over 
the Baltic and southern Uni ted" Kingdom. 

77. The wes t ern incurs i on of this blooking action 
is illustrated by f i gure 22, showing successive positions of the 
contour lines for 5300 geodynamic meters on the 500 mb . chart. 

78 . This paper i s al so remarkable, in that it is 
apparently t he first occasion wher e t he t em "Jet" is applied to an east­
erly concentrated maximum of wind speed. 

79. Figur e 23 shows the vertical cross-section 
through this easterly Jet. The oompl ete reversal of the temper­
ature field by t he blooking action is al so '\vortl'\y of note. . 

80. This paper should be r ead in de t ail by all 
pr aot i cising Meteor ologists in Canada because of its very able 
presentation of the blocking aotion, and its effect on the gerer.al 
circulation, and trepaths followed by cyclonic waves. 

81. In order to make this presentation complete 
mention must be made of Van Mieghem's paper in Journal Scientifique 
de l a Meteorologie, April - June, 1949, on the -

"GENERJ.L CIRCULJ.TION OF THE ATMOSPHERE" (26) 

82. This paper, as are many of Van Miegham's, was 
written for the mathematician , and no at t empt will be made t o 
summarize it in t his address . 

83. 
published in the JU~YJ 
of Navigation. It ~as 

The first Bri tish paper on the Jet stream was 
1949, issue of the J ournal of the Institut e 
a paper by Dur st and Davis, on -

"JET STRE.'.1{S :.ND THEIR IMPQRTAl'fCE TO AIR NAVIGATION" (27) 
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84. The 
properties of the Jet stream, 
discreet synoptic s ituations . 

paper presents a useful s~y of the 
and deals specifical ly with certain 
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85. The cross-sections published in this paper are 
particular~ note-worthy because of the density of the upper air 
information available for their construction. 

86. Another excellent paper, of primary mathe-
matical import, of which only passing mention m~ be made, is that 
presented by Platzman, on -

"THE MOTION OF BAROTROPIC DISTURBANCES IN THE 
UPPER TROPOSPHERE" (29) 

appearing in the August, 1949, issue of Tellus. 

87. 
Meteorol ogy, Palmtfn 

In the August , 1949, issue of 
and Nagler published a paper on - . 

"THE FORMATION AND STRUCT= OF LARGE /SCALE 
DISTURBANCES IN THE WESTffiLIES" (28) 

the Journal of 

88. This paper dealt specifioally with t~e period 
from the 3rd to the 7th of February, 1947, when a very considerable 
change in the circulation pattern took place over North Amerioa. 
During that period a well-devel oped westerly flow, with only 
small perturbations , was changed to a flow dominated by large 
warm anti-cycl ones over the northern part of the continent, and 
an unusually l arge cold cyclone covering the eastern part qf t he 
United stat es and south-eastern Canada. 

89. The analysis was carried out using 500 and 
200 mb. charts. Figure 24 i llustrates a well-developed wester~ 
now persisting on the 3m of February at 500 mbs. Figure 25 ' 
shows the beginning of the ohange on the 4th of Febru~. 

90. Fi~lre 26 i6 a cross-8e~tion normal to the 
north-we8ter~ upper flow, showing the position of the north­
wester~ Jet, which in this oase r eached a maximum of some 180 
miles per hour at a little above 400 mbs. 

91. Figures 27 and 28 snow the 500 and 200 mb. charts 
on t he 5th of February, illu..strating the breaking away of a 
very intense c.old cyclonic vortex, with the Jet Stream forced 
well south to the vicinity of Charl eston, North Carolina, where 
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I"l8; . 23 Distribution of win:! .peed in the cauetly jet 
O'lCr $oulhern England on Fcbru .. y 20, 1948, oJoo GMT. 
Tbin solid lines indicace the wind speed normal to tlj., 

s~c rion and ."in broken Iincs the iscnt ropcJ for dry air. 
hontal boundarics, inv~nionl and tropopauscs 1ft 

given by the thick lines. . 

''is_ ~!I Contours, from, arid observed winds a nd temper;ltures at 
the SOO·mb snrface for 0300 GCT4 February 1947. 

Fl". 21' The .?OQ·,nu sw-fal:c for 0300 GeT .5 r.eoruary 1947 
sholl'llIg contours, front, and observed winds. 

"1&. 24 Comours ;lod observed winds and tempcnHures at tl:e 
SUO-mb surface for 0300 GeT 3 February 1947. The! heavy line 
represents the southern edge of the frontal zone at this level. 
Each half barb represents a wind speed of 5 ru; hr- ' each rull 
barb 10 rut hr', and each shaded-i ll wedge 50 mi hr- i. All tem­
peratures are ill degrees ccntigrade_ 

b-OL J;, T ,r--P1r;. 211 Cross seclion normai to the northwClIterly uppcr flow 
i\l 0300 GeT 4 February 1947. The thin S()lid lines give the 
geostrophie wind velocity (m sec- I) , the da~hetl lines are iso­
therms. a ncJ the heavy line:l are troPOPllUses Of bOundarit!s of 
rtOn\.3. I ' r,tyeM;. \vhcr~ d:lshed, the heavy lines indirnte that the 
trupopauses,or frulltul)lIycrs arc nul vel')! \\'c lllll(1rkOO. 

1'"11J. as The 2oo-mb surfl\l."c for 0300 GeT 5 r ehrnary 19·11, 
sh()wI:'g contours (thin solid lines), isotherms (dashed lines) , 
lropopau~ (heavy solid line), and observed tempera tu res. 
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it attained, of necessity, its maximum veloci~ of an i ncredible 
140 meters per second, as shown in figure 29: that is some 31"5 
mil es per hour, at a height of some 325 mbs ., i.e. 28,000 ' app­
roximately. 

92 . By February 7th figure. 30 and 31 the warm 
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anti-cyclonic r idge had pushed over northern Quebec and Baffin Island, 
leading to a comple te r eversal of the thermal gradient over Quebe~ : 
and, although an appropriate oross-section 1s not presented one w~11d 
be l ed ~o expeot the formation of an easterly Jet similar to that 
presented in the situation over Eur ope analys~d by Berggren, Bolin and 
Rossby (25) r ef erred to above . 

93. This paper is also outstanding in i llustrating 
the very large- scal e meridional e~hanges of air masses which take plaoe 
in connection with the breakdown of zonal flow , and the posaible 
vertioal mot ions of the Jet s tream in such a case . 

94. The most r ecent issue of the Journal of 
Meteorology available at th~ time of this addr ess, that of 
October, 1949, o,ontained no l eas than three papers on the Jet 
s tream: the first , by Saker a , on -

"THE DISTRIBUTION OF KINETIC ENERGY IN CERTAIN TYPES 
OF STEADY ,BAROTROPIC CURRENTS" (30) 

is a mathematical treatment of the problem. 

95. In t he second paper Namias J together with 
Clapp, r eturns to the fr~ with a paper on the -

"CONFLUENCE THEORY OF THE HIGH TROPOSPHERIC 
JET STREAM" (31) 

wherein a more thor oughgoing pre~ntntion of the oonfluence theory is 
made . 

96. Namias concludes with the- observl'ltions-1itmt __ 
his studies t end to confirm the theo~ of confluence aa the ori gin 
of the Jet Stream. His paper contains · one'· excellent diagrron giving 
t he average Northern Hemispher e position and strength of t he Jet 
Stream for January, prepared from eighteen hemispherica.l. meridional ' 
cross- sections . 
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97- Nrunias I paper will undoubtedly reBul t in 
consider~bla discussion. 

98. P~rha.ps the l'!lost oontroversial paper is th(3 
third onC' , on -

" THE RELATION OF Hr.EX:::IPI'i:wr.!ON PATT.(l1NS IN 
No.8TH !J.u:1HCi~ TO C~_TAIN 1'YPES OF JET 
STRE.MS · l.T Tl!Il 300 MB. LEVEL" · (32) 

prt;sentud by napte.in st!;\rrett at' the Un i tDd States Ai.r Wel~th6r 
;;orvice ~ 

99. Huoh importance is attaohed by those in 
opposition to Nami.':'.s ' c onflue nce theory to the pr r:::oipite.t i on 
pattern to be f ound assooi~.ltcd with a .let Stream. l~ccording 
to the Rossby Dchool of thought, rising nir should be found 
just to the North of' the ax i n of the J Gt stream, thu8 r equiring 
n mnx:imUlJI of rainf!lll t o t he North of the Set. 

100. :qtudios of this nat\U'6 are full of pitfalls 
and are very difficult t o make entirely objectiv~ beoause of 
the variety o~ other pauses which result in substantial ~ounta 

of precipitation. Howaver, St.arrett bnf\es hfa p~per on the study 
of twenty-four" hour r~iofal1. amounts io fifty-seven synoptio 
situ[~ tio"ns. : 

101. _1.11 one oan oonclude, from thtJ ~athod. used. 
by starrott and the published result~, is that there appears t o 
btl some alight evidono£l of tho precipitation pattern fe.vouring 
the northern aide of the axis of the Jet ~traamt but it is oertainly 
hot as convilioin:;ly demonstrated as mnny at' the other properties" 
of the .Tot Strerun. " 

CONCJ.1JSION 
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102. 
of the physioal 
preceding o.rrny 

In conclusion, the 
properties of the ,Tet s tronm 
of scient i f i o papers. 

following is 
as set forth 

n bri ef summary 
in" "the" " 

103. 
on tho 

}I'or o l arity of oxposi i on, the SUTl'l!n8.ry is based 
simplest pos sible definition of the J ot as: 

"A ': JET STRE.'J,r I S .!. "N.i\RROW ZONE OF EX'l'R»lELY 
STRONG WINDS IN Tl!Il UPI1'.:R TROPOSPl!F.RE" 
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PROPER1'IEs 

104. Location and extent 

104. 1. Vertically, the Jet Stream lies approximately 
between 15,000 ' and 50,000' n.bovEr ,SM. :level , TIith its max:i.mum 
intensity lying normally between 350 and 200 mba . i . e. approx-
imately between 25 ,000 ' and 40,000', at about the tropopause level . 

104. 2 In winter, over North America, the latitudinnl 
location of the Jet varies between 50~ and 30~, approximately. 
In summer there is a northward shift to at l eas t 55~. 

104.3 
down due to inertia 

104.4. 
front. 

South of 
instability. 

300N the Jet Stream appears to break 

The Jet is normally associated with a Polar 

104.5 . The axis of the Jet is approximatel y vertically 
above the intersection of the Polar front and the 500 mb . surface . 

104.6. A Jet Stream does occasionally appear as .0001- ' 

pletely circling the Northern Hemisphere, but more frequently is 
broken at vt':l.riou8 points . 

104. 7. I t docs not f ollow a straight horizontal course 
around the hemisphere, but meanders north and south and vertical ly 
over several t housand fe~t in altitude. 

104. 8. 
tween 500 nnd 120 0 of 

The wave-length of thi s meandering vari es be­
l ongitude . 

104. 9. With excess ive meandering, that is, consider able 
amplitude of the waves, the J et stream breaks down and cold vortices 
are formed in the southern portions of the troughs , with the zonal 
wes t erly circulCttion reestablishing farther north. 'rhis l eads to 
intense mGrid~onal mixing and the cold vortic8? aloft are of great 
importance in the forecasting of the associated low troposphere 
weather phenomena. 

104. 10 . Successive waves in the Jet str~.arn are dynami-
cally linked, so that an intensification in one has an effect down­
stream on the next. Similarly, the deepening of one "upper trough will 
in some cases lead .to a second deepening down-stream. 



105. Movement 

105.1. The extension of the Jet stream along its 
length has not yet been adc quc.telY doCumented , but it appears 
that auch extensions can be carr.ied out over great distances, 
leading occasionall y to the establishment of a oomple~ hemis­
pherical J e"\: . 

. -
105.2. From day to day the Jet Stream' ca.n move in 

the direction at right angles to its axis, with a speed .of 
around ten knots. This motion can be ei\her towards the Polar 
air or toy .. ards the tropical air . 

1.05 . 3. The menn position of "t he Jet S\rea'l1 shif~s 
south in the winter and north in the summer. 

W\nd Speeds 
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106 . :' 

106:1. 
. in . excess of 
L e. be tv,een 

Wind speed 
three hun3Qed Miles per 
30° and ?5 N:., ' . . 

in the Jet Stream can reaoh _values 
hour~ especially in low la~it~des, 

" :" 

• . . 
106.2. The Jet stream nonnally has ll. str ong w8stef.ly 

component, but with the reversal of temperature gradients, due 
t o intpnsG mixing itl. the horizontal plane, a Jet oan appear with . 
a predbminantly ea~terly com~anent. 

106.3. 
with decrease in 

The 
latitude. 

intensity of the Jet stream incr eases 

106. 4. Wind speeds dec r eass very rapidly to the north · 
and soUh of ' the Jet stream, ren.ching values as high as 100 knots. 
dc-crenae in 100 miles on the nor.th side of' the Jet, and 100 k.nots 

. in 300 miles on tho south side of the Jet~ This constitut'es f). ' very 
strong horizontal wind sheer • 

.. ' 1 06~5. There is a lso ~ strong vertical wind sheer, 
partieulaIjly in ·t he v.icinity at" the ass.oeiated frontal atJi'oface . : .' 
.'.. deore.a.s·e at' 80 knots in 12,000 1 below the· centre of the Jet Strerun ' 
is by no lJ\eans uncommon, and is exceeded ~ubBtantial.ly in certa in " 
p l aces along the Jet . Decrease with altitude above t he Jet is similar 
in magnitude , but more unif.onn. 

, . 
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107. Temp&rature fi eld " . 
107.1. ",' When aS c,ociated with a. front the Je"t Stree.m is 

located in the warm air , either in or just south of the maximum 
temper ature gradient between the pol~r and tropical air. ~ 

107.2. ~The J et Stream i6 associnted with a break in 
the tropopause , with the tropopause in the polar air being sub­
stantially lower than the tropopa~se on the warm air s i de . Not in­
frequenUy the tropopause on the vmnn air s ide has n double structure . 

107.3 . , '9 At the level of the axis of the Jet stream, i . e . 
approximo.te ly 250 mba . on the aver age , there is a z one of-··lowest temper­
ature approximately 4~S of the Jet s tream, and a zone of highes t 
temperature approximat ely 7~ of the Jet stream. 

107.4. This zone of wam air in the l ower stratos- ~' 
pher e immediately to t he north of the Jet Stream l eads to the establish­
me~' ,of a secondary maximum wes t wind t o the norl;h of the Jet 
S. j:;eam. 

107. 5. 
to a n intensification of 
pher e . 

An intensification of the Jet Stream can l ead 
the associated front in t he lower tropos-

108. Turbule nc e 

108.1 . There is r enson to believe that s evere high 
l evel turbulence will occur on occasion al ong the boundaries of , 
e. well-developed Jet Strerun, and tha.t light or moderate turbule nce 
will normall y be expected in this area. 

109. Precipitation 

109.1.. There i s some e videnc e that t here is a precipi-
tation maximum vertically bel ow , or slightly to t he north of, the 
Jet stre~.rn , but f r om availabl e published da t a the magnitude of this 
maximum is such that i t mi ght ·easily be di.sguised by or ogr aphio and front­
al precipitation patterns, and , ther efore , cannot b e conclusively associa­
ted -with the J.et Stream at the present time . 

11 0 . Gener al 

11 0 . 1 . When an intense Jet Stream, a l ong wave 1n the 
westerlies and a perturbat i on in a front in the l ower troposphere 
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are in phase in the fnvourable sense, very intense and rapid cyc l ogenesis 
can be expeoted, even though the" fron t itself is re l atively weak. 

110. 2. There is evidence that both dir ectl y and in-
dir ectly driven Jets occur. The process of l arge scale c onfluence 
of cold and warm air currents frequently contributes to the intensi­
fication of the Jet Stream, but there appears to be other mechanisms 
of equal, or p08sib~ greater, impor tance leading to a well-aevel~ped 
Jet Stream. 

110. 3. Ther e is evidence of the steering of frontal 
waves in the lower tropospher e by the Jet stream. 

110 . 4 . The retrograde blocking action , whi ch not 
i nfr equently. develops over Europe and extends westwar d to affect North 
Arnerie'a , . leads. to a compl ete destruction of the westerly Je t stream, 
intense mixing in the horizontal plane , a nd can result i n tha establish­
ment of an easterly Jet . 

, .. .' 

CLOSING IDMlJU(S 

11 1. ,', I n 'closing , it is desired to stress again that 
the remarks in this ' paper have been confined to the pr aotical, phys ica l 
propert,ies of the "Jet StreeIn, as discovered by researches in the field. 
With this limitation t he address has , of nec,essity , ignored very im­
portan t portions of some of the papers , and other paper s have ,had to be 
passed over alt'ndst i,n toto. ' 

1'12. ' I hope I ho.ve been ab l e to give you a c l ear 
physical pictu're of this lp..test meteorological problem child, If, 
in addition, 1: have alerted you to the need for both Meteorol ogists 
a nd aviators to pay close attention to subsequent literature on ~he 
Jet stream I have accompl ished, my purpose • . . 

. ' 
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t.I'PROXIMATE CONVERSION FROM 
METRES PER SEJ::OND TO MILES 

PER HOUR 

Metres per 
second 

10 .••. ••• . . . . . . . . . 
20 · .............. 
30 · ... .. ..... ... . 
40 · ............. . 
50 · ...... .. ...... 
60 · ........ .... .. 
70 · ......... ..... 
80 · ... ... . . . . . . . . , 

90 · .. .. .... . ..... 
100 · .... .......... 
110 · ........ ... ... 
120 · ...... , ..... .. 
140 .. .... . . .... ... 

Miles per 
hour 

_22 

'45 

67 

9C 

112 

134 

157 

179 

202 

224 

246 

269 

314 

VERY APPROXIMATE CORRESPONDENCE 
OF ffiESSURE IN MILLIfu\l!S AND 

HEIGHT I N FEET 

., 

Millibars 

700 · .. .... ......... 9,000 

500 · ...... .... .. ... 18,000 

400 · ... ............ 23,000. 

300 · .......... . , ... 30, 000 

250 · .. ..... ..... ... 35,000 

200 · .. .. ..... .. .... 40,000 

150 · ........... .... 46,000 

100 · ............... 54,000 
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