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1 Equations
1.1 Fundamental equations
1.1.1 Navier-Stokes

Du

Dt
= −

1

ρ
∇p︸ ︷︷ ︸

Pressure

− (2Ω× u)︸ ︷︷ ︸
Coriolis

− g′K︸︷︷︸
Gravity

+ F ∗∗︸︷︷︸
Viscous

(1)

1.1.2 Conservation of mass
Dρ

Dt
+ ρ(∇u) = 0 (2)

1.1.3 First law of thermodynamics
Dθ

Dt
=

(
θ

cpT

)
H (3)

if H = 0, the process is adiabatic

1.1.4 Equation of state
p = ρRT (4)

1.2 Circulation
C =

∮
c
v⃗ dc =

∮
(u dx+ v dy + w dz) =

∮ 2π

0
v⃗ r dϕ (5)

1.3 Quasi geostrophic system of equations
ζ =

∂v

∂x
−
∂u

∂y
(6)

Vorticity equation
Dh

Dt
ζ + βv = −f0(∇hv⃗) (7)

1.4 Geostrophic streamfunction
∇hψ = ζG (8)

1.5 Wave theory
Pertubation tendency

ψ = ψ̄(y, z)︸ ︷︷ ︸
Meanmeridional flow

+ψ′(x, y, z, t)︸ ︷︷ ︸
Pertubation

(9)

assuming |ψ′| ≪ |ψ̄|(
∂

∂t
+ U

)
q′ + v′(

∂

∂y
q̄ + β) = 0 (10)

with U = − ∂ψ̄
∂y

2 Concepts
2.1 Thermal wind
Thermal wind describes the vertical change of geostrophic (i.e.
horizontal) wind

∂

∂z
vG =

(
1

f

g

θ0

)
(k×∇hθ∗) (11)

2.2 Q-Vector
The Q-Vector indicates if there is cyclogenesis (F < 0, F ∼ ∇hQ)

How to determine the Q-Vector on weather charts:
1. Locate regions with:

• Large temperature gradient
• Strong wind change

2. Determine wind-change vector along η (warm to the right, see
Figure 1)

3. Rotate that vector by −90◦

Figure 1: Direction of η

Q = −
g

θ0
|∇hθ∗|(k ∧

∂

∂ξ
vG) (12)

2.3 PV streamer
• is an upper level positive PV anomaly
• induces cyclonal flow
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