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ABSTRACT

A relatively simple treatment of cross-contour motion injet
streams is presented which may have some value for operational
meteorologists as well as from the point of view of theory.

LES COURANTS TRANSVERSAUX DANS LES JETS

par

H. P, Wils on
RESUME

Liauteur présenteune étude relativement simple du mouvement
des courants trahsversauxdans les jets qui peut @treutile aux mété-
orologistes professionnels et servir 2 des études théoriques.
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CROSS-CONTOUR FLOW IN JET STREAMS
by

H. P Wilson
(Manuscrlpt recelved 16 December, 1970 Revtsed 4 March 1971)

'I_ntr oductlon:

The subject of cross~contour flow in jet streams has been.dealt
with seweral times previously in Canadian Meteorological literature.

Godson (1) has contributed a detailed and rlgorous treatmentas part of

a study of dynamic instability. Simla (2) developed a formula for the
angle between streamline and geopotential contour which has been
useful in analysis work at the Central Analysls Office in Montreal.
Wllson (3) showed that the variation of the angle with heightis impor-

‘tant with respect to the. vertical structure of jet streams. Recently;

Treidl (4) has demonstrated thatthe cross-contour component of ageo-

. strophic motion depends mainly on the forward and transverse com-
.. ponents of wind shear. The present offering has been developed from
.. ideas gleaned from these earlier works and also partly from Bjerknes
-7. (5) and Haltiner and Martin (6). :

The aim has been to find a derivation that would be as slmple as
possible but which would be complete ‘enough to be valLd as a fLrst
approxunatlon ’

The Angle Between Streamline and Contour

For convenience, it is assumed that the flow through the Jet
maximum is from the west and that the winds are mainly from the west
in the confluence zone. The flow is assumed to be isentropic and non-
turbulent. Then ' ' S

b du.‘/.dt = (v - V‘)f,A and | (1N
dv/dt = (U - u)f S ’ C(2)

where uand.v are the west and south wind components, . .- :
U and V, the correspondlng geostrophic components, and
f is the Coriolis parameter.

Considering only the part of the confluence zone that is within

200 miles or so of the axis, v.and V are assumed to be significantly

smaller than u and U, say one-fifth or less Ho,weve_r ‘u.- Uand v~V

are assumed to be comparable L

) i

A relationship involving \l’ the angle between a streamline and
a contour may be obtained as follows, From (2)

d2v/dté = (dU/dt - du/dt)f + (U - ‘u) df/dt




The second term on the right is small and may be neglected If the
pattern is steady so that U/ dt =0, /

dZ_V/d-t2 =(ud' U/ 3;{ + v 3 U/‘byw T~ (v=V))f
(3 U/gx -(f- 3 U/) jtan¥ + Vi/u)fu (3)

v/u

; where tan Y’

_or,

: - (g2 2
tan‘)u _ SU/QX + fV/u - (d4v/dt l/fu
: £- & U/éy
A connectlon between ‘# and dynamlc lnstablllty may be seen

'in these four relationships. If &U/Q y =i )‘/ is lndetermlnate
in (4) and v and u can lncrease or decrease at anreasmg rates. ‘

(4)

The Term dzv/dtz

The term dzv/dtz makes (4) rather awkward. Actuallythis
term is likely to vary around zero in confluence zone. This may be
seen by considering that the jet axis usually has'a sinusoidal shape
with respect to the contours. It can easily be shown that if the axis
is represented by the positive half of a cosine cycle of y, v'= dy/dt

;completes one cycle, dv/dt one and one-half cycles, and dzv/dtZ
two cycles, one in the entrance and the other in the exit region.
Then d2v/dt2 has an average value close to zero for the confluence
as a whole and as an approx1matlon,

tanly—( BU/BA )@};,, + £/ u - - “I(S)
-0 3 U/}y ..)g _ | | :

The subscript g has been added to denote flowin anlsentroplc sur-
face. o

The Term ( & U/dy . g

It is- preferable to modify (5) to show the relationship with
respect to a pressure surface. ) '

¢ If the lsentroplc surfaces intersect pressure surfaces along
that are parallel to contours, ( P U/3> )o = (} U/(}X )p-
""-fSuch a condition corresponds to ‘the -absence of thermal advectlon
and also. to the assumption of steady state.

: The ‘term, ( 9 u/ Qy )g may differ considerably from
( du/ é )p in confluence zones where the wtnds and thermal
gradlents are strong.’
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Let o be the angle between an isentropic and a pressure surfice:.
y, a distancé northward from the intersection, and Nz, the verti-

- cal separation of the two surfaces at the distance &y north of the

intersection. Then very nearly

Ay __5_.) + Az(gg> = AY(%)Q henc'e
Az:<aﬁ/ay)g-<éw9y) |

tanQC =

By du/ 9 z
As " tanOC = -( 3T/ 3 )p/ (r + d T/ 9 z), and,using the Thermal Wind
relation ( 3 / by)p = " -fT( d U/ 9 z)/g, and setting
hi= g (M+ 8T/ d2)/ T( dU/ dz)?
-'(assummg AU/ 32 = Ju d2z), we end up w-ith
f-(éU/éy)g:f- U/ dy), - f/Ri (8

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

veaed (8 (39, 4]

":whereR 1s the radius of curvature.

The Term fV/u

As V is assumed to be one fifth or less of wor U, f V/u may be
approximated by + 0. 2f. ‘However , for a confluence zone in which the
flow is cyclonic to the north andanticyclonic to the south, along a central-
contour V. is zero. In the followtng section, -it is assumed that the
central contour intersects the jet axis near the middle of the entrance
and of the exit regions. -

The Varlatton of ‘f} Near the Axis and Central Contour

From (5) and (6) and droppmg subscrlpts, ‘
QU
tan Y = /d: -
f- 9 U/) y - f/Rl

(7)

This relattonshtp is appllcable as an ‘approximation within 150
miles or so of the axis or central contour. Representatwe values for
the terms in (7) are shown in the following table."

o
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Table 1 Representative Values

- Entrance - J U é . . JdU dvy -f/R'L_ tan t"(De'grees)
N of axis 0. 5f - 3f f . 0. 17 10
Along 0. 5f -0 0.25f 0.67 31
S of axis 0. 5f ' 0.7f 0. 25f 10 84
Exit
N of axis  -0.5f -3 £ -0.17  -10
Along - -0.5f -0 0. 25¢f -0.67 -3l
S of axis  -0.5f°  0.7f 0.25f -10 -84
Comments

Using Ri = 4 along the axis, as well as to the south, is quegtiont

able because u/ & z =0and f/Ri = 0 at the level of maximum wind.
However, just below and above, Ri decreases northward roughly ‘from
4 to unity. Then, in the entrance region ¥ = 26 degreesatthe level of
maximum wind and 31 degrees just above and below, which seems im-
probable. Thus, the adoption of \}’ =3ldegrees involves the assump-

tion that the level of maximum wind does not represent a.:lv-,layer with = =

significant thickness.

The 84 degree departures south -of ‘the :axis are : practically
impossible because they would require v/u to have avalue of 10 instead
of around 0.2. Apparently suchextreme transverse motionsare preclu-
ded because the field of flow cannot adjust to them. This demonstrates
that a simple parcel theoryis of limited value in deallng wtth this sort
of problem. : :

However the table appears to be valid with regard to the sign of
the departures from geostrophic directions of flowand qualitatively with
regard to magnitudes. The streamlines converge or diverge toward the
axis more than indicated by the contours. In other words thereis ageo-
strophic velocttyconvergence along the axis in the entrance and diver-
gence in the exit region.

It may be noted thatif the flow outside of the confluence zone may
. be assumed tobe geostrophic, the table indicates divergence in the south-
‘west and northeast, and convergence ‘in"thermnorthwest and southeéast
quadrants. '

|
)
’-_7




Summary

A simple treatment of ageostrophic motion near jet streams has
been presented which may provide some fresh insightintothe structure
of airflow in confluence zones. ' Itmaybe noted that formulae given: are
on the whole compatible with the results.of Godson, Simla;. and Treidl.

APPROVED

‘J. R. Noble,
Assistant'Députy Minister,
Attospheric Ehviténident Setvices»
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