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Pressure is a force per unit area 

Units of pressure:  dyne/cm2 and N/m2 

1 Pascal = 1 N/m2 

1 bar = 106 dynes/cm2 = 105 N/m2 

 approximately the atmospheric pressure at sea level 

1 atmosphere = 1000 millibar = 1 bar 

1 dbar = 0.1 bar 

For motions slower and larger than gravity waves, the ocean is in 
hydrostatic balance to a very good approximation 

Vertical momentum equation reduces to 

 Dw/Dt ! 0 = - (!p/!z) - "g  

Z*.)![)\)3)8+1+.A)5+,$%1#)")W3GF])K-U8^A)',5)-)\)_V`)8U$FA)M+)-+1)

!/)\)")-)![)\)H3GF])K-U8^JH_V`)8U$FJH3)8J)\))

) )3GGa])K-UH8)$FJ)\)GV3GGa])O'.)\)3VGGa])5O'.)



3V)7"+.8*5#,'8%&$:)7+8/+.'12.+)',5)"+'1)

Temperature: standard concept 

Ocean range: freezing point (about -1.8°C) to about 30°C 

) )HZ.++[%,-)/*%,1)%$)b)Gc9)O+&'2$+)*<)$'(1)&*,1+,1J)

Temperature is changed externally by heating and cooling. 

Potential temperature #: water is slightly compressible. 
Remove passive effects of compression on temperature. 

)#)%$)1"+)1+8/+.'12.+)')/'.&+()*<)M'1+.)"'$)%<)8*@+5)'5%'O'6&'((#)
HM%1"*21)"+'1)+P&"',-+$)*.)8%P%,-J)1*)1"+)$+')$2.<'&+V 

Heat: units are Joules 

Heat change: units are Joules/sec = Watts 

Heat content per unit volume (q in J/m3): 

 dq/dT = " cp where cp  is specific heat 

Typical seawater values: cp ~3850 J/kg °C; " ~ 1025 kg/m3 
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Salinity: mass of dissolved matter (expressed in grams) in 
a kilogram of seawater = Absolute salinity  

• Units are parts per thousand (o/oo) or “psu” (practical 
salinity units), or unitless (mass/mass) 

•  “Law of equal proportions”: the constituents of sea salt are 
present in almost equal proportion everywhere in the ocean 
because the ocean is well mixed on the time scale of 
weathering (source of most salts) 

• Typical ocean salinity is  34 to 36 (i.e. 34 to 36 gm salt/kg 
seawater); total range in open ocean is about 30 (sea ice 
regions) to 40 (Red Sea) 

• Salinity is changed by DILUTION with freshwater (from 
precipitation, evaporation, runoff).  The total amount of salt 
in the ocean does not change on non-geological time scales. 

• New international definition of salinity in 2010. Measurements and 
archived observations are still to be based on the conductivity 
methods (standard in 1978), but corrections to salinity are to be 
applied henceforth. 
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Potential density: Remove effect of mechanical 
compression. Create potential density profile by 
finding the density a water parcel has if moved 
adiabatically to a reference pressure. 

Compressibility depends on temperature: cold 
water is more compressible than warm.  
Therefore two parcels (one cold/fresh and the 
other warm/salty) that might be the SAME 
density at their actual pressure (for example, at 
4000 dbar), would not have the same density at 
the sea surface (0 dbar).  This results in all kinds 
of complications; choice of reference pressure 
therefore depends entirely on what you want to 
do (your application). 
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