
Jet streaks and Jetogenesis













• Recall we can write the eqn of motion as

dV/dt = -fkxVa

Or just for the u-component,

du/dt = fva

Then, J ≈ - ▼2 (du/dt) = -▼2(fva)

Expand ▼2(fva) = ∂2/∂x2(fva) + ∂2/∂y2(fva) 

+∂2/∂p2(fva) =

∂/∂x[∂/∂x(fva)]+∂/∂y[∂/∂y(fva)]+∂/∂p[∂/∂p(fva)]

=∂/∂x[∂f/∂x(va)+f∂va/∂x]+∂/∂y[∂f/∂y(va)+f∂va/∂y]

+f∂2va/∂p2



• Taking ∂f/∂y=β, and assuming the β-plane 

approximation,

=f∂2va/∂x2 + ∂/∂y[βva+f∂va/∂y] +f∂2va/∂p2

= f∂2va/∂x2 + β∂va/∂y + [β∂va/∂y + f ∂2va/∂y2 ] 

+f∂2va/∂p2

=f(▼2va)+2β∂va/∂y

So that J≈-f▼2va - 2β∂va/∂y

Notice that ▼2 of something increases as the 

spatial scale becomes small; e.g., for a=sin(kz), 

we have ▼2a=-k2sin(kz) so that ▼2a increases 

as the wavenumber k increases (or as 

wavelength Lz=2π/k decreases).



• Since the vertical dimension of the jet streak is 

small, we expect ▼2va to be large.  For jet 

streaks of typical dimensions, and for typical 

wind speeds, the 1st 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



• We can also make some other qualitative 

statements about jet streaks

*A jet streak may be produced when a midlatitude

trough encounters a subtropical ridge – this 

causes the height contours to pack together 

where the bottom of the trough and the top of 

the ridge meet

Local max of va

N S



Jet influences on severe 

weather
• Consider low-level 

convergence/divergence due to jet streaks 

(part of va and vg are non-divergent)

• Va=1/f k x {∂Vg/∂t + ∂Va/∂t 

+(Vg+Va)▼(Vg+Va) +ω∂Vg/∂p +ω∂Va/∂p}

The part due to ∂Vg/∂t is the 

isallobaric/isallohypsic wind



Cold advection aloft due to 

Va<0

Warm advection below due 

to Va>0

Moist advection below/dry 

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






