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� Continuity Equation

�  relation between w and divv

� Magnitude of w

� Distributions of convergence and divergence with 

middle level vertical velocity

� The  divergence equation

� Pressure co-ordinate versions
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Lagrangian form

Eulerian form



 
Atmospheric Dynamics 

���	� 
�������	�

0
1 =+









∂
∂+

∂
∂+

∂
∂+

∂
∂

vdiv
z

w
y

v
x

u
t

ρρρρ
ρWe had

regroup 0=
∂
∂++









∂
∂+

∂
∂+

∂
∂+

∂
∂

z

w
div

z
w

y
v

x
u

t
hh ρρρρρρ
v

( )
0=

∂
∂++









∂
∂+

∂
∂+

∂
∂

z

w
div

y
v

x
u

t
hh

ρρρρρ
v

( )
0=

∂
∂+
z

w
div hh

ρρ v

Curly bracket negligible
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Introduce scales L,H,U,W

LHS of order W/H         RSH of order Ro (U/L)

W~R
o
U (H/L)

W~(1/10) x (10ms-1)(10km/1000km)

     = 1 cm s-1  ~ 1 km day-1



 
Atmospheric Dynamics 

���	� 
���������	
�!�
��	
���
��

z
w

y
v

x
u

t ∂
∂+

∂
∂+

∂
∂+

∂
∂

LU /
L

U
R

HL

UHR

H

W
o

o ==

( )
oRO

y
v

x
u

tDt

D +
∂
∂+

∂
∂+

∂
∂=



 
Atmospheric Dynamics 

��	�
�
���
#����
��

y

p
fu

y

v
v

x

v
u

t

v

x

p
fv

y

u
v

x

u
u

t

u

∂
∂−=+

∂
∂+

∂
∂+

∂
∂

∂
∂−=−

∂
∂+

∂
∂+

∂
∂

ρ

ρ
1

1

xy

p

yx

p

y

f
v

y

v
f

x

u
f

y

u

y

v

x

u

y

u

y

v

x

v

x

v

x

u

y

u

x

v

y
v

x
u

t

∂∂
∂+

∂∂
∂−=

∂
∂+

∂
∂+

∂
∂+

∂
∂

∂
∂−

∂
∂

∂
∂−

∂
∂

∂
∂+

∂
∂

∂
∂+





∂
∂−

∂
∂







∂
∂+

∂
∂+

∂
∂

22 11

ρρ

( ) ( )

( ) ( ) v

v

habsabs

h

hhrelrel

h

div
Dt

D

divff
Dt

D

ζζ

ζζ

−=






+−=+








 
Atmospheric Dynamics 

����
��
������
���$��$
�	�
�����

0=
∂
∂+

∂
∂+

∂
∂

py

v

x

u ϖ

( )
0=

∂
∂+
z

w
div hh

ρρ v

0=
∂
∂+
p

div hp

ϖ
v

In z co-ords we had
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