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Equations of motion on rotating earth

In scalar form the equations of motion for each direction become:
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FOR SYNOPTIC SCALE MOTIONS

WHICH TERMS ARE LARGE AND IMPORTANT?
WHICH TERMS ARE SMALL AND INSIGNIFICANT?

The complete momentum equations on a spherical rotating ear

+2CW/S Ing—2QANC0Sp

—2CISINg

—g+2(Ccosp



Scale Analysis of the Equations of Motion

Scale analysis, or scaling, is a convenient technique for estimating the magnitudes of various

terms in the governing equations for a particular type of motion.

Elimination of terms on scaling considerations simplify mathematics and allows to eliminate

and filter unwanted types of motions, like sound waves.

In order to simplify the motion equations for synoptic scale motions we define following
characterstic scales of the field variables based on observed valuses for midlatitude synoptic

systems.
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U~ 10mst horizontal velocity scale

W~ 0.01 ms? vertical velocity scale
L~ 10%m horizontal length scale
H~ 10*m vertical length scale

p~ 1000 hPa (10°Pa) mean surface pressure

dP/p~ 10 hPa/1~(10° m?s?) pressure horizontal variation scale

L/U~10°%s time scale

d/dt=1/At~U/L~10" s
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Scale Analysis

of the Horizontal Momentum Equation

It is possible to scale each term of each horizontal equation using previously

defined scales and the definition of the Coriolis parameter:
Q=7.27x10> s
f, =2Qsin ¢, = 2Qcosp, =107 s~

density o [ikgm

kinematic viscosity 1.46x107° m- s!

jomega | 07.292x10 rad 5”!
latitude
radius of Earth n 6.378x10° m
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The Geostrophic Approximation and Geostrophic wind

Retaining only two bigger terms from the analysis equation, it is possible to write the first

approximation geostrophic balance:
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This equation is diagnostic (no reference to time) and allows the definition of geostrophic

wind as balance between Coriolis and pressure gradient forces.
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Geostrophic Wind

Winds aloft (above ~1000 m) flowing in a straight line, a balance between 2 forces:

Pressure gradient force (PGF)

Coriolis 'force' (CF)

A wind that begins to blow across the isobars is turned by the Coriolis 'force’ until Coriolis

‘force’ and PGF balance
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Geostrophic Wind

Above the level of friction, air initially at rest will
accelerate until it flows parallel o the isobars at a steady
speed with the pressure gradient force (PGF) balanced by
the Coriolis force (CF).

Wind blowing under these conditions is called geostrophic.
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The isobars and contours on an upper-level chart are like the banks along a flowing stream.

When they are widely spaced, the flow is weak; when they are narrowly spaced, the flow is

stronger.

The increase in winds on the chart results in a stronger Coriolis force (CF), which balances a

larger pressure gradient force (PGF).

Weak (slow)
flow Strong (fast) flow

12408
ISL7 R L

11/25/2021 11




Geostrophic Flow at 500 mb

When the flow is parallel to approximately straight height lines, the flow is geostrophic.

what determines the strength of the geostrophic flow?

The magnitudes of The Pressure Gradient Force
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Geostrophic wind

In the absence of any other "forces”, the Coriolis force balances the PGF and the flow is
steady.
This is called the Geostrophic Wind. On a weather map, say at 500 mb, the wind vectors are

usually parallel to the contours, and the flow around a cyclone is anticlockwise in the NH.
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Approximate Prognostic Equation

To obtain prediction equation it is necessary to retain also acceleration term. The resulting

approximate horizontal equations can be written as:

du LR gy
E_fv o f(v vg)
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Since acceleration terms in above equations are proportional fo the difference between the

actual wind and the geostrophic wind,
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The Rossby Number
The Rossby Number is a dimensionaless number used in describing geophysical phenomena in
the oceans and atposphere.

It characterises the ratio of inertial forces in a fluid fo the fictitious forces arising from

planetary rotation. U /

fL

When the Rossby number is large (such as in the tropics and at lower latitudes), the effects

of Planetary rotation are unimportant and can be neglected.

When the Rossby number is small (Ry<«<1) , then the effects of planetary rotation are large

and the geostrophic approximation is valid.
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