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Announcements

HW3 and PA3 are up, they're due in two weeks.

Paper discussion next Monday.



Remember?

Total Precipitable Water 2023-02-09 1600 UTC
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Post spring break recap

Given that there's an adjustment process associated with gravity waves, we must
assume systems that are in WTG balance must evolve slowly.

But how slowly? We must invoke scale analysis to find out!



WTG adjustment timescale
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Conditions for WTG balance

From examination of the non-dimensional thermodynamic equation we see that
N,, < 1 for WTG balance to be valid:

2 12
c: L

N,, = max (—p,—y> <1
c? L3

Condition 1: The system must evolve much more slowly than free gravity waves.

Condition 2: The meridional scale of the system must be smaller than the Rossby radius
ot deformation.

What do these mean physically?



Conditions for WTG balance

We can use the definition of gravity wave adjustment timescale

N, = Tg max (T_z,fz) <1

Condition 1: The system must evolve much more slowly than free gravity waves.

Condition 2: The meridional scale of the system must be smaller than the Rossby radius
of deformation.

What do these mean physically?



Systems in WTG balance

In PA3, you will see that in systems that obey WTG balance:

1
Ro =—~1

T fT

So that the terms in parenthesis in Nw are similar, so either can be used to understand
the motions:

2 =2
NW—TgT < 1

There is one exception which will be discussed in future lectures



Basic equations

In order to understand when and why WTG is valid, we must scale the entire set of basic
equations:
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The WTG circulation

Let us decompose the wind field into a strict WTG component and a deviation
from strict WTG balance.

u=uw+ u=ul+vj+ wk

Deviation

u, - VDSE = Q,

This wind is not associated with any temperature anomalies. Thus it must be
purely irrotational:

0w
W:_éwz_vl%l)(vw Vw:Vh)(w
ap

X, 1S the WTG velocity potential
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Velocity potential
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The integrated velocity potential

Let us define the integrated velocity potential:

P

X, (X, y,p, 1) = [ Xy, pl,t)dp’.
0

A definition that we can use to redefine the WTG circulation as:

ODSE o0 0DSE ¢~ ,
0x 0x0p dy 0yop

't the horizontal DSE gradient is weak we obtain the following

Sp Vlszw = Ql
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The strict WTG circulation

Why bother to define WTG balance this
way?

Sp V%Xw = Ql

Because all components of the WTG
wind field can be understood in terms
of the WTG circulation.
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Ertel Potential Vorticity

The deviation from WTG balance can
then be defined using potential vorticity =
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WTG deviation

Why are deviations from strict WTQG
balance non-divergent?

Vi kX V,y

Balanced non-divergent circulations require
pressure gradients to exist.

It the circulation is associated with heating,

then a temperature anomaly must also exist:

a deviation from strict WTG balance.

Tropics
Nonlinear balance

Gradient wind,
Cyclostrophic
Semi-geostrophic

T)

Coriolis ¥ Centrifugal




WTG PV equation

The WTG vorticity equation is:

% —_v, (v, kxav
()t_ h' w

“Tilting-like effect”

Note that the term on the rhs can be interpreted as a horizontal flux

oG
> —-_V..7
Y h Ep

Note that the term on the rhs can be interpreted as a horizontal tlux



WTG PV equation

Consequence:

WTG balance does NOT allow { to be fluxed vertically.

()C ov
or op

S2 S2
—— - —— &
S1 S1

You can only accrete vorticity within single pressure level



Convection under WTGQG balance

In L10 we found that:

\ va 7}‘1
In
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Vila) = (Q,)

~0V;{q) =LP+(0)

Under WTG we chan show that moisture acts

as a velocity potential, we have

OVi{q) = Vi(X,)S,

30
—25H =

820

(b)

Daily-mean, P vs W

e 151
a 10F

20 25 30 35 40 45 50 55 60

Distribution

!!! !!! I I I ng
30 35 40

45 50 55 60
W [mm]

Bretherton, Peters, and Back (2004)



Buoyancy/Moisture as a velocity potential
T(200 — 500), w(100 — 1000)
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In mesoscale regions iof precipitation, we can
interpret buoyancy/moisture as a velocity

potential that satisfies § 0 @
o) -1 ,a”'i’ ‘g\“-
(X,,) = S—<Q>
: T
2
-3
3 -2 -1 0 1 2

Longitude



So what happens when moisture becomes important ...



