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Announcements

Paper discussion is on Wednesday

HW3 and PA3 are due on April 6.



Last Class

While the motion is restricted to evolve in the horizontal plane, the isobars are still
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Lagrangian view on WTG balance

While the motion is restricted to evolve in the horizontal plane, the isobars are still
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The three dimensional structure then tells you how



How to reconcile?
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Sticky Convection under WTG balance

In L10 we found that:

Daily-mean, P vs W
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Under WTG we chan show that moisture acts
as a velocity potential, we have
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Bretherton, Peters, and Back (2004)



Buoyancy/Moisture as a velocity potential

T(200 — 500), w(100 — 1000)
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Boundary layer quasi-equilibrium

Lagrangian perspective on WTG

balance
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where s is the downdraft strength
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deficit

|
18

potential
temperature (K)

h | |
301 303 305

De Szoeke (2018)



What now?

WTG balance is only valid in the free troposphere only. Why? (wheel of fortune)

Tropopause WTG Balance X

Free Troposphere WTG Balance v

Boundary Layer WTG Balance X




What now?

Tropopause

Free Troposphere

Boundary Layer

WTG Balance v/

The free troposphere
communicates WTG
balance to the BL via BLQE

BLQE v
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Moist thermodynamics under WTG balance

The previous slides reveal that regardless of view, the strict WTG circulation is related
to moisture and temperature. Let's examine the MSE budget
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Which we can column integrate to obtain the following:

° (CAT) +L(@)) = = V- (YMISE) + (Q,) + L, + SHF

Side note: Did you know that Larissa Back was the first to use the MSE budget in
large-scale dynamics. | found out last week.
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Nondimensional MSE budget

In non dimensional form we can examine what terms dominate the MSE budget.
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There are no dominant terms in the budget, but what dominates the MSE tendency itself

is represented by a non dimensional N ., scale.

mode
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Nondimensional MSE budget

NW
Nmode = N A
a(l —a)

In humid regions of the tropics 1 — a ~ 0.1, so that we can be in WTG balance and
temperature (DSE) is non-negligible. It's still important to the thermodynamics.

Moisture becomes dominant when N, ~ 0.01.
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Under WTG balance: Tropical systems are diverse

Hypothetical spectrum of tropical waves
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Moisture Modes

The systems on the left of the diagram are tamiliar, but the ones on the right are not.

In the motions systems on the right water vapor plays governs their thermodynamics and they are
often referred to as moisture modes.

Hypothetical spectrum of tropical waves
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How do moisture modes arise?

Consider the adjustment to WTG balance

Nmode > |
(a) Convectively-coupled gravity waves
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Convection dries troposphere more quickly —_——
than gravity waves adjust to WTG Propagation
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(b) Moisture modes
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Gravity waves adjust to WTG more =
quickly than convection dries it Propagation
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