
Basic Equations for Deep Convective Motions:

Momentum:

du

dt
= −cpθv(z)

∂π

∂x
+ fv + Du , (1)

dv

dt
= −cpθv(z)

∂π

∂y
− fu + Dv , (2)

dw

dt
= −cpθv(z)

∂π

∂z
+ B + Dw , (3)

B ≡ g

[
θ′

θ
+ .61(qv − qv)− qc − qr

]
, (4)

B is the buoyancy, f is the Coriolis parameter, θ is the potential temperature,
qv, qc, and qr represent the water vapor, cloud water and rainwater mixing ratios,
respectively, and π represents a non-dimensionalized form of the pressure (Exner
function).

π ≡
(

p

p0

)Rd/cp

. (5)

θ ≡ T

(
p

p0

)−Rd/cp

. (6)

θv ≡ θ (1 + 0.61qv) (7)

Continuity:

∂ρ

dt
+∇ · ρv = 0 (8)

Thermodynamics:

cp
dT

dt
− 1

ρ

dp

dt
= Q,

dθ

dt
=

θ

cpT
Q (9)
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Vorticity Equations:

dω

dt
= (ω + fk) · ∇v +∇× (Bk) , (10)

Vertical Vorticity:

dζ

dt
= ωH · ∇Hw + (ζ + f)

∂w

∂z
, (11)

Vertical Vorticity (flux form):

∂ζ

∂t
= − ∂

∂x

[
w

∂v

∂z
+ u(f + ζ)

]
− ∂

∂y

[
−w

∂u

∂z
+ v(f + ζ)

]
. (12)

Horizontal Vorticity:

ρ0
d

dt

(
η

ρ0

)
= −∂B

∂x
, (13)

∂η

dt
+∇ · ηv = −∂B

∂x
, (14)

Potential Vorticity:

d

dt

(
ω · ∇θe

ρ

)
= 0 , (15)

Diagnostic Pressure Equation:

∇ · (cpρθv∇π) = −∇ · (ρv · ∇v) +
∂B

∂z
, (16)

∇ · (cpρθv∇πdn) = −∇ · (ρv · ∇v)

= −2ρ

[
∂v

∂x

∂u

∂y
+

∂u

∂z

∂w

∂x
+

∂v

∂z

∂w

∂y

]
− ρ

[(
∂u

∂x

)2

+
(

∂v

∂y

)2

+
(

∂w

∂z

)2

− d2lnρ

dz2 w2

] . (17)

∇ ·
(
cpρθv∇πB

)
=

∂B

∂z
. (18)
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