Jet streaks and Jetogenesis
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» Recall we can write the egn of motion as
dV/dt = -fkxVa

Or just for the u-component,
du/dt = fva

Then, J =- ¥2 (du/dt) = - V¥ 2(fv,)

Expand V?2(fv,) = 9%/ox?(fv,) + 94/dy+(fv,)
+0%/op?(fv,) =

olox[dlox(fv,)]+alay[oloy(fv,)]+alop[dlop(fv,)]

=a/3x[af/\ax%)+fava/8x]+a/8y[af/ay(va)+f8va/ay]
+fo2v_/op?



» Taking of/dy=[3, and assuming the [3-plane
approximation,

=fd2v_/Ox? + 8Idy[Bv, +fov, /Y] +f32V, [dp?

= f92v_/OX2 + BV, /Ay + [BAv,/dy + f 82V [dy? ]
+fo?v_/op?

=f(V¥2v,)+2Bov /oy

So that J=-f V¥ 2y, - 2B0dv_ /oy

Notice that ¥ 2 of something increases as the
spatial scale becomes small; e.g., for a=sin(kz),
we have V¥-2a=-k?sin(kz) so that ¥2a increases

as the wavenumber k increases (or as
wavelength Lz=21/k decreases).



 Since the vertical dimension of the jet streak is
small, we expect ¥2v, to be large. For jet
streaks of typical dimensions, and for typical
wind speeds, the 15t RHS term will generally
dominate.

* Therefore, we expect the jet streak to occur at a
local maximum in the transverse (cross-jet)
component of the ageostrophic wind. This tends
to happen when an upper-level front approaches
a sfc front: the ageostrophic thermally-direct
circulation of the sfc front phases with the
ageostrophic thermally-indirect circulation that
tends to occur around upper-level fronts
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Local max of va

O

* We can also make some other qualitative

statements about jet streaks

*A jet streak may be produced when a mic
trough encounters a subtropical ridge —t

latitude
NIS

causes the height contours to pack toget

ner

where the bottom of the trough and the top of

the ridge meet



Jet influences on severe

weather

* Consider low-level
convergence/divergence due to jet streaks
(part of va and vg are non-divergent)

* V =1/fk x {9V /ot + aV /ot
+(V Vo) ¥ (V +V,) +wadV [dp +waV,/dp}
The part due to dV /ot is the
Isallobaric/isallohypsic wind



Cold advection aloft due to
Va<0
— Warm advection below due
L\ to Va>0
. Moist advection below/dry
v advection aloft
Rising air cools =>increases
low-level potential instability

Jet streak

Also can think of the rising air in left-exit region
causing pressure falls, inducing isallobaric Va —

creating low-level jet at a big angle from the upper
jet, which is favorable for severe weather
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The thermodynamics equation is

Db s wa_a =0, (9.42)
Dt op
where
D a
F:: a—k—(vg—&—va)-vp .
—— ’ - g i z o .
S : ; 5 . ig ke ®
: i g =y L, WY
: - : : Va=p* =
X For simplicity it will be assumed that the front is oriented along the = y "

axis. Furthermore, suppose the front is straight, i.e., there are accelerani9ns
only along it, so that Dvg/Dt =~ 0 and hence from (9.41) ua =~ O (Shapiro,
1981); assume that there is no curvature vorticity so thht vy [0z = 0,and ( = L, .

N C‘J_ B Av i a9
—‘Te = ? (k % Yq) =2 Ty

also, neglect variations in f. After combining the z-components of (9.41) wma—

(9.42) and using the equation of continuity and assuming that the thermal <~

wind relation holds, it is found that (Sawyer, 1956; Eliassen, 1962; Shapiro, C}_%’

1981) aF -
B {aX*~ 8 a0 aa) 3 [ ( aug) aug]
Tl ==l —w—]| +=— =2 -] +4uw
fop (Po) 3y ( dy ) TE |7\ TR ap
i (aug a_vg _$ du, aug) B R i (ﬂ)
Cpfop 8y \ Dt
This diagnostic equation relates the two dependent variables v, and w to the
geostrophic wind field, the horizontal temperature field, diabatic heating,
static stability, and absolute vorticity. The ageostrophic circulation lies in |

the y-p plane only. Finding solutions to (9.43) is simplified if a vertical |
stream function 1 is defined such that ! £

9 | Y= sheant.. & (9.442)
dp e aacmk’oeh‘; ’
and p—('} o Fe ez | ‘4“:.‘37
A v 2 5v\"wjle. (9.44b) 4,.'
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Then, from (9.44) and (9.16), (9.43) becomes )
a2y [ 88 R {p\*~ 3y (. Ou,\ . 8%y _ Bug Sawnar
3y% | 3p fop (P_a) ] + By op (2 8p ) * op2 ({'o 3y * kclrasse

=2 2 (2)7 (22 25 -2 (Q)) e

for \po 'ta_y ay\ 8z dy _-C,fupé‘_g; dt j"

This linear, second-order equation, known as the Sawyer-Eliassen equation;

relates the dependent variable 1{: to the other independent variables; it is
elliptic and therefore always has junique solutions if /

2 <
duy R ( p) ] a6 ( au,)
+{— | — - -] <0. 0.46
( ap ) [fop 7o) 132\~ 5y (0-46)
The right-hand side of (9.45) represents forcing: - :

» Forcing due to changes in the across-the-front temperature gradient
caused by geostrophic stretching deformation along the front (Fig. 9.13):

AE) &L
fop \ po 8y 9y ) -~ é_/ ‘(g
. . ] .
e Forcing due to changes in the across-the-front temperature gradient as

the-front temperature
>

geostrophic shearing deformation tilts the along-
gradient into the cross-front direction (Fig. 9.14):

+ Forcing due to differential diabatic heating:

__E 2.(1‘2)
Cpfop 3y \ dt

Some differences in the structure of warm fronts and cold fronts have
been explained in terms of the second kind of forcing (Eliassen, 1962; Gidel,
'1978). Along warm fronts its effect is often frontolytical, and along cold
fronts its effect is often frontogenetical (Fig. 9.15).
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