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Fundamental dynamics and the equations for geophysical fluids 

i. Momentum Equation: 
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Mixing and diffusion 
•  Molecular random motions transport around “a property” 

	

	

	
	

•  Flux=Force/Resistance    (De Groot, 1963) 
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Flux of q Force (gradient) 
medium Resistance 

If the concentration of q changes linearly along a path, there should be a constant flux of q along 
this path (and the concentration of q is constant in time along the path) – Or the opposite: 
Constant concentration in any point in a path, means constant flux along the path.  
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For velocity: resistance is µ 
(molecular viscosity) and ν=µ/ρ 
(kinematic viscosity) 



Why is viscosity a non-conservative force? 
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(Transformation to heat – 
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Ignoring any other force and density variations (and 
working only in one dimension for simplicity):  
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 The heat added to the 
water increases its 
entropy at the rate of 
heat generation divided 
by absolute temperature 
(entropy source term). 



ii. Conservation of mass (continuity equation): 
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iii. Conservation of dissolved material concentration: 

and using the continuity equation 
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iv. Internal energy conservation: 
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1st Law of Thermodynamics 
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For the ocean (and the atmosphere) 
κ is of the order of ν, i.e. the 
Prandtl number  
 
thus advection dominates diffusion 
(as Re is very large). 
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v. Entropy conservation: 

( )∑−=
k

q
k

kSQ
Dt
DT µ
η

cooling/heating 
Temperature Τ(Κ) 

µk chemical potential 

2nd Law of Thermodynamics 



vi.  Equation of state: 
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For small variations (and assuming α,β ,γ   independent of T ,S, p)
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In reality the thermal expansion coefficient depends on temperature (cabelling) and the non-linearity induced 
has the result that  two water masses characterized by a different temperature and salinity but same density 
when mix together, the resulting mixed water can become denser and eventually sinks. Thermal expansion 
coefficient is also dependent on pressure (thermobaricity). For this reason two water masses with different 
salinity and temperature but same density at the surface, don't have the same density below the surface. 



Oceanic approximations 
Incompressibility 
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Boussinesq 
Continuity 
Equation 

( ) ( )[ ]000 1 SSTT −+−−= βαρρTypical values  ρ0=1028 kg/m3, 
T0=10 oC=283 oK, S0=35 ‰ 

Boussinesq 
Equation of State 

Neglecting possible 
thermobaric instability 
and cabelling instability 
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Boussinesq 
Equations 
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ẑ+ν∇2u  (1)

∇⋅u = 0  (2)

∂S
∂t
+u ⋅∇S =κS∇

2S + S S   (3)

∂T
∂t

+u ⋅∇T =κT∇
2T + Q

cpρ0

  (4)

ρ = ρ0 1−α T −T0( )+β S − S0( )"
#

$
%  (5)

113
p K104 −−−×   J kg=c

•   Entropy and density conservation 
equations become redundant due to 
the thermodynamic approximations  

•   Boussinesq approximations 
cancel acoustic and shock waves, it 
is a good approximation since 

 

•   When the right hand side of 
equations (3) and (4) is zero, the 
processes are called adiabatic. 
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Boundary conditions 
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•  No Coriolis force on stationary 
bodies. 

•  Dominant horizontal deflection 
(right/left). 

•  Coriolis force does no work on a 
body because it is perpendicular to 
the velocity. 
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The “mean” state 
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•  Molecular diffusion and viscocity 
κT = 0.0014 cm2/sec   (temperature) 
κS = 0.000013 cm2/sec  (salinity) 
ν  = 0.018 cm2/sec at 0°C  (0.010 at 20°C) 

Turbulence has the same coefficients for temeprature, salinity and momentum but is 
anisotropic (vertical/horizontal) 

•  Eddy diffusivity and viscosity 
AH = (horizontal) = 1 to 104 m2/sec  
AV = (vertical) = 10-5 to 10-4 m2/sec  

First order closure scheme: 



SCALING 

The basic equations include a very large number of distinct types of physical processes, ranging 
from molecular to global scales. Depending on the processes under investigation we can define 
appropriate scales that describe these processes.  
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Goal: Estimation of the relative importance of each term in the process under investigation and 
the possibility to simplify the basic equation by defining a dominant balance of the dynamics/
thermodynamics involved.  
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Scaling numbers: 
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These number 
characterize the ocean 

dynamics 

Non-linear 

Viscous 

Diffusive Bounded 

Geometrically similar 
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Geostrophy computes the velocity 
shear and not the absolute velocity 
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