
Du
Dt

−
%& tan ∅

*
+
%,
*
= −

1
ρ
0p
0x
+ 2Ω v sin ∅ − 2Ω w cos ∅ + ν<=u
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1

Scale analysis of the equations of motion (Chs. 1.6 and 2.4)

∅ = 45@A
Ω = 7.292×10GHIGJ
2Ω sin ∅~1×10GLIGJ

u, v ~10 N IGJ
w ~10G= N IGJ
Ox, OP ~10Q N
OR ~10L N

OS/U ~10V N=IG=
OW ~ OX/% ~10H I

Y = 9.81 N IG=

Du
Dt ~

u
OW ~10

GL

%& tan ∅
*

~

%,
* ~

1
ρ
0p
0x

~

2Ω v sin ∅ ~

2Ω w cos ∅ ~

ν<=u ~

Geostrophic wind – from the first order balance, diagnostic u[ = −
1
ρf
0p
0y
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2

Scale analysis of the equations of motion (Chs. 1.6 and 2.4)

Dv

Dt
−
%& tan ∅

*
+
,-

*
= −

1

ρ

1p

1y
− 2Ω u sin ∅ + ν:&v

∅ = 45=>

Ω = 7.292×10DEFDG

2Ω sin ∅~1×10DIFDG

u, v ~10 K FDG

w ~10D& K FDG

Mx, MO ~10P K

MQ ~10I K

MR/T ~10U K&FD&

MV ~ MW/% ~10E F

X = 9.81 K FD&

vZ =
1

ρf

1p

1x
Geostrophic wind – from the first order balance, diagnostic
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Scale analysis of the equations of motion (Chs. 1.6 and 2.4)

Dw

Dt
−
%& + v&

)
= −

1

ρ

-p

-z
− 0 − 2Ω u sin ∅ + ν9&w

∅ = 45<=
Ω = 7.292×10CDECF

2Ω sin ∅~1×10CHECF

u, v ~10 J ECF

w ~10C& J ECF

Kx, KM ~10N J
KO ~10H J

KP/R ~10S J&EC&

KT ~ KU/% ~10D E

0 = 9.81 J EC&

Hydrostatic balance
1

ρ

-p

-z
= −0



Dv

Dt
+ fu = −

1

ρ

+p′

+y

ATM S 441/503 Handout #5 Scale analysis -
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Hydrostatic balance (Ch. 2.4.3)

−
1

ρ/

+p/
+z

= g
p(x, y, z, t) = p/(z) + p′(x, y, z, t)

ρ(x, y, z, t) = ρ/(z) + ρ′(x, y, z, t)

δp′/ρ/ ~10
: m<s><

ρ′/ρ/ ~10><

Dw

Dt
−
@< + v<

A
= −

1

ρ

+p

+z
− B − 2Ω u sin ∅ + νI<w

Dw

Dt
−
u< + v<

a
= −

1

ρ/

+p/
+z

−
1

ρ/

+pK

+z
−
ρK

ρ/
g − g − 2Ω u cos ∅ + νI<w

Equations of motion scaled for the midlatitude synoptic scale motions 
(how many unknowns and how many equations?)

Du

Dt
− fv = −

1

ρ

+p′

+x

1

ρ′

+p′

+z
= −g

total=basic state (resting 
atmosphere) + perturbation

hydrostatic balance
in the resting atmosphere

vertical momentum equation before scaling

after the decomposition

10-7 10-5 101 10-1 101 10-3 10-15

−
1

ρ

+p

+z
= −

1

ρ/ + ρK
+ p/ + p

K

+z
≈ −

1

ρ/

+p/
+z

−
1

ρ/

+pK

+z
−
ρK

ρ/
g

decomposition

10-1

zonal meridional vertical


