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Thermodynamic equation:    T Ds

Dt
=Qrev   where specific entropy s(p, T, S). 



GFD-Bretherton Lecture 1  
 

3 

Simplifications 
 
Thermodynamic equation:  We will stick with adiabatic flow (Qrev = 0), so s is conserved following the 
fluid.  For either air or water, this can be reduced  to  

   Dρθ

Dt
= 0 ⇔ Dθ

Dt
= 0 for air  

 
Equation of state: 
 
Air:  We neglect the slight dependence of the density of moist air on water vapor mass fraction q (rarely 
>  1%) :  

  ρ = p
RdT (1+ .61q)

≈ p
RdT

 

Water:  Equation of state is quite nonlinear in T and salinity S (density of fresh water is maximum at 4 
C, but for typical ocean salinity S0 = 3.5%, ρ increases down to freezing temp of -2 C).  However, for 
estimating the relative roles of temperature and salinity, we will use a simplified form 

ρ = ρθ + cs
−2 (p − p0 ), ρθ = ρ0 1−α (T −T0 )+ β(S − S0 )[ ]   

where for a reference temperature of T0 = 10 C and pressure p0 = 1 bar,  cs =1450ms
−1 , 

ρ0 = 1028 kg m-3, α =1.7×10−4 K−1  and β = 0.76 . 
   
In low and mid-latitudes the temperature dependence dominates in the upper ocean, but in the deep 
ocean and high-latitudes (‘thermohaline circulation’), the salinity dependence also become equally 
important. 
 

 
Density of fresh and salt water vs. temperature at pressure 1 bar 


