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CROSS CONTOUR FLOW IN :-JET STREAMS

by

H.P. Wilson

ABSTRACT

A relatively siITlple treatITlent of. c: ros s-contour ITlotion in jet
streaITlS is p:r;esented which ITlay have SOITle value for operational
ITleteorologists as well as froITl the point of view of theory.

LES COURANTS TRANSVERSAUX DANS LES JETS

par

H. P. Wilson

Li auteur pr~ s cnte une etude rela ti veITlent siITlple du ITlouveITlent
des c~urants tra:6.sversauxdans les jets qui peut 'etre utile aux ITlete­
orologistes professionnels et servir a des etudes the,oniques.
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'Introduction'

The subject of cross- cOIftour flow in jet streams has been.deaJt
with se~ral times previously in Canadian Meteorological literatlire".
Godson ( 1) has contributed a detaile.d and rigorous treatrnent as part of .
a studybf dynamic instability. Simla (2) 'developed a formula for the
angle between streamline and geopotential contour which has been
useful in. an~lysis work at the Central Analys is .office in Montreal.
Wil~on (3) showed' that thevariatLon of the angie with height is impor­
tant w(th respect to the vertical struCture of jet streams. RecentLy"
Treidl (4) has d'emonstrated thatthe.cross-contour component of ageo~
strophic motion depends mainly on the forward and transverse com-

.ponents of wind shear. The present offering hasbe.en_developed from
..... ideas gleaned from these earlier works 'and also partly from:Bjerknes

(5)'and Haltiner and Martin (6).

The aim has been to find a derivation that would be as simple as
pos sible but which would be comp'lete enough to be valid as a fir st
approximation.

The Angle Between Streamline 'and Contour

For convenience, it is assumea that the flow through the jet
maximum is from the west and that the winds.are mainlyfroin the west
in the confluence zone. The flow is ~s s umed to be isentropic and non­
turbulent. Then

: "

! '.'

, ,/

.-..,\

du/ dt = (v - V)f, and

dvldt = (U - u)f

where uand.v are, the we~t and south wind components,.
U and V, the corresponding geostrophic components", and
f is the Coriolisparameter.

(1)
'(2)

. ,
Considering only the part of the confluence ·z0I.1e that is \yithin

200 rniles or so of the axis, vand.V are assurnedto.he significantly
smaller than u ano'U, say one-fifth or less. HO,wever, u. - U and v -,V
are assumed to be comparable. ,>','

A relationship involving'Y' thea:n~lebetweena streamline and
a contour may be obtained as follows,. ,,<From (?-)

d 2 v/dt2 = (dU/dt - du/dt)f + (U - u) df/dt

,,',,:,
.';
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The second term on the right is small and may be negl~cted. If the
pattern is steady so that ~ ul J t =0, /

d 2vl dt2 = (u d u I ~1 + 'if J u/cly- - (v- V)f)£

= ( ~ ul ~x - (.£- ~ U/dj-) )tan'l' + Vf/u)fti" (3)
,) . where tany = vi u

e"

(4)tan If =_.J>!.d...;;,u..;..;1:~d:.:.,.x__+~f~V..;../~u:""--_(.l...:d=-2-,v..;../..::d_t2....!)..;../.;:..fu.:.;:....
f- t1U/~¥

A connec'tion between If and dynamic instability may be seen
. in these four relationships.' If ~'U/d Y =f,' If is indeterminate
in (4) and v and ucan increase or 'decTease at increasing rates.

, or,

The term d 2 v I dt2. makes (4) rather';.~wkward".Ac{ua.l])-y,-th~s '
term is likely to vary around zero in confluence zone. This maybe
seen by consider ing that the jet axis usually has a s inusoida'l shape
with respect t.o the contour~. It can easily be shown that if the axis
is represented by the' positive half of a coslne cycle qf y, \r= dy/dt

; completes' one cycle, dvl dt one and one-half cycles, and d 2v/dt2
two cycles, one in the entrance and the other in the exit region.
Then d 2vl dt2 has an average yalue close to zero for the ,confluenc~
as a whole and as an approximation, '

The subscript g has been added to denote flow in an isentropic
face.

The Terrn( 6U/&y )g

,-h';~, .~

,/::/ ~,

;IJ

/'

" -I

, (
tan '1" ,= au I d ~( ) If", + fV I u

f- ( d' U/ ~y )g
, (5)

sur-

It is' pr~ferable to modify (5) to show' the re lationship , with
respect to a pressure surface.'

:"0/ If the isentropic surfaces intersect pressure surfaces along
lines that are parallel to contours, C d U/d>: )9 =.( J u/a)s~ )p.

":§uch a· condition corresponds to the 'absence' of thermaLadvection
and als'oto the assumption of steady state.

'. . ,

The'tetin, ~ ul dy
dul dy . )p in confluence

gradients 'are strong..

)g may differ considerably from
zones where the winds'and thermal

. ', ,

..~ .',
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Let ex be the angle between an isentropic and a pr,e:s;gura s~rface,"
6. y, a distance northward from the intersection, and t:::. z, the verti­

cal separation of the two surfaces at the distance A y north of the
intersection. Then very nearly

= ( du I d y)g

dul

6 y (~~)p +

tanC( = ~;

= ~y ( i~) 9

( d ul a Y)p

d z

hence'

As r:( tanCC = -( ~ TI ~ Y)pl (r + d TI d z), and,using the Thermal Wind
relation ( d TI ~,Y)p = -fT ( ~ ul do z)/g, and setting

hi = g (r + d TI ~ z) I T ( ~UI ~ z)~

(a's',suiniJfg dul <\ z = d ul ~ z), we end up with

f - ( 'd ul d Y)g = f - ( <t ul d y)p - f/Ri (6)

1 + ..!.
f

b ,=

The right-hand side of (6) is Godson's parameter 'b, except for a
curvature term:

'Wher.eR 'i:8 the radius of curvature .

The Term fvl u• As V is assumed to be one fifth or less of u or U, f v/u may be
approximated by + O. 2£.However , for a confluence zone in which the
flo",? is, cyclonic to the north and anticyclonic to the south, along a central'
contour V, is zerO. In the following section, it is assumed that the
central contour intersects the jet axis near the middle of theentrarice
and of the exit regions.

The Var iation of r Nea.r the Axis and Central Contour
! . .

From (5) and '(6) and dropping subscr ipts,

\If du/Jx
tan I =-;:-- -::'~T--__:_,=""',....

f - ~ U/ ~ y - £1R i
(7 )

, , This relationship is applicable as an 'approximation within 150
miles or SO of the axis or central contour. Representative values for
the terms in (7) are shown in the following table.'



Comments

'. .
Using R i = 4 along the axis, as well as to the south, is que~tion-

able because d ul 0 z =OandflRi = 0 at the level of maximum wind.
However, just below and above, R i decreases northward roughly:fr:om
4 to unity. Then, in the entrance region tf = 26 degrees'at the level of
maximum wind and, 31 degrees just above and below, which seems im­
probable. Thus; the adoption of , yJ =31 degrees involves the assump­
tion that the level of maximum wind does not represent a.:layer with
significant thickness. -

The 84 degree. departures southoJ:the ;axis are '; practically
impossible because they would require vlu to have a value of 10 instead
of around 0.2. Apparently such extreme transverse motions are preclu­
ded because the field of flow cannot adjust to them. This demonstrates
that a simple parcel theory is of limited value in d'ealing with this sort
of problem.

However, t1J,e table appears to be valid with regard to the sign of
the departures from geostrophic directions of flow and qualitatively with
regard to magnitudes. The streamlines converge or dive'rge toward the
axis more than indicated by the contours. In other words there is ageo­
strophic velocity convergence along the axis i'n the'entrance and diver­
gence in the exit region.

It may be noted that)f the flow outside 6f the con,fluence zone may
be assumed to be geostrophic, the table indicates divergence inthe south­
west and northeast, and convergence :in'the!~'I1io'rthwest and southeast
quadrants.

./

.'



•

•

~.

'- .

- 5 -

Sum.m.ary

A sim.ple treatm.ent of ageostrophic m.otion near jet stream.s has
been presented which m.ay provide som.e fresh insight into He structure
of airflow in confluence zones .. It m.aybe noted thatform.ulae given are
on the whole. com.patible wi.th the res ultsof Godson,' Sim.la;. and Tre idl.

APPROVED

J. R. Noble,
Ass istant.Deputy: Min'i,ster,

Atrnois'phie'r-.i c-;,Env:it.6ilirieht :Se~r-vi ~e:-'
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