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a. The physical characteristics 
of seawater: 
•  Salinity 
•  Temperature 
•  Pressure 
•  Density 
b. Stratification 
c. Water masses in the ocean 



WATER: PHYSICAL PROPERTIES 



Dissolved Ion 
Chemical 

Formula and 
Charge 

% by weight 
of dissolved 

ions 

% by 
weight of 
seawater 

Chloride (Cl-) 55.04 1.898 
Sodium (Na+) 30.61 1.0556 
Sulfate (SO4

2-) 7.68 0.2649 
Magnesium (Mg+) 3.69 0.1272 

Calcium (Ca2+) 1.16 0.04 
Potassium (K+) 1.1 0.038 

Bicarbonate (HCO3
-) 0.41 0.014 

Bromide (Br-) 0.19 0.0065 
Boric Acid (H3BO3) 0.07 0.0026 
Strontium (Sr2+) 0.04 0.0013 
Fluoride (F-) 0.002 0.0001 

Total  99.992 3.4482 
 

The "law" of constant proportions (Dittmar, 1884): 
 
Although the total mass of ions dissolved in the 
seawater varies from place to place, the proportion of 
each ion in the total mass remains the same. 
 
So, we measure the mass of one dissolved ion and we 
know the total mass of salt dissolved in the ocean. One 
property: SALINITY 

Older measurement procedures: 
 
•  Evaporate a sample to dryness and 

weigh the residue.  
•  Titrate seawater samples with 

AgNO3 , precipitate the halogens, 
determine the amount of Cl, then 
scale-up to S from the ratios of other 
constituents. 

Units: g/kg (or ppt) 

Current (since 1970s) measurement procedure: 
 
•  Determine the conductivity of a seawater 

sample relative to a known standard 
(“standard seawater”), add T and p, then infer 
S from the function. 

Unit: PSU 



Sea Surface Salinity 

Levitus (1982) 

 
Evaporation – Precipitation – River/Ground Runoff 
 

The HYDOLOGICAL CYCLE and 
OCEANIC MOTION/MIXING   
determines the oceanic salinity 
distribution. External forcing: 



Vertical Distribution 
of Salinity 



TEMPERATURE is a physical property of matter 
that quantitatively expresses the common notions of 
warm and cold. The temperature of a substance 
typically varies with the average speed of the particles 
that it contains. 
Unit: oC 

The potential temperature of a 
parcel of fluid at pressure P is 
the temperature that the parcel 
would acquire if adiabatically 
brought to a standard reference 
pressure P0, usually the sea 
surface. 
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Mixed-Layer 
(στρώµα ανάµιξης) 

Thermocline 
(θερµοκλινές) 

Deep waters 

TYPICAL OCEANIC TEMPERATURE 
PROFILE	  



Sea Surface Temperature 

Levitus (1982) 
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RADIATION BUDGET, AIR-SEA 
INTERACTIONS and OCEANIC 
MOTION/MIXING determines the oceanic 
temperature distribution. External Forcing: 
 
 QTOT=RS+RL(up)+RL(down)+QS+QL 



Vertical Distribution 
of Temperature 



PRESSURE (p) is the force per unite area 
applied in a direction perpendicular to the 
surface of an object.    

The force applied at point in a fluid 
due to pressure changes at this point 
(    ) is called pressure gradient. ∇p

Pressure in open conditions usually can be 
approximated as the pressure in "static" or non-
moving conditions (even in the ocean where there 
are waves and currents), because the motions 
create only negligible changes in the pressure. The 
pressure at any given point of a non-moving 
(static) fluid is called the hydrostatic pressure. 

Units: 
Pascal =  Newton/m2. 
Atmospheric pressure is usually measured in bars:  
1 bar = 105 Pascal  
Ocean pressure is usually measured in decibars:  
1 dbar = 10-1 bar = 104 Pascal 

We usually present the depth in 
pressure units: 1m ≈ 1dbar  

Measurements: 
•  Older procedure: Two reversing thermometers (one protected – one not). 
•  Today we use electronic sensors.  



DENSITY is defined as the mass per unit 
volume  

ρ=m/V 
 

It depends on the temperature, salinity and 
pressure characteristics: 
 

ρ=ρ(S,T,p) 
 

Equation of state (Καταστατική εξίσωση) 
Density is not measured but is computed by 
the equation of state. 
 
Units:  Kg m-3 

We usually use density anomaly (or sigma): 
σ = ρ – 1000 kg/m3 = σ(S,T,p) 

Potential density and density anomaly 
σθ = ρ0(S,θ,0) – 1000 kg/m3 = σ(S,θ,0) 



!

The Θ/S (potential temperature – salinity) diagram 

measured derived 



(see Gill, 1982: Atmosphere-Ocean Dynamics) 

The non-linearity of the 
equation of state 
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Sea Surface Density 

σθ = σ(S,θ,0) 

Blue: equator to Iceland.  
Red: equator to about 30S.  
Green: 30S to South Georgia Island 



Vertical Distribution 
of Density 
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∫Hydrostatic 
pressure at z = -H 

1) Homogeneous 2) Stratified 3) Continuously 
Stratified 

Higher dynamic complexity 

The stratification of the oceanic water column 



Static Stability 
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One way of expressing 
stability is with the 
Brunt-Väisälä 
frequency (or buoyancy 
frequency)	  

Stratification resists 
vertical motion 

Density has no influence 
on vertical motion  

Density distribution 
causes vertical motion  



WATER MASS is a quantity of seawater with specific θ, 
S (and O2, …) characteristics acquired under specific 
processes (usually air-sea interaction). 
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θ

S 
Definition of water masses on the θ/S diagram 

A real example (Cretan Sea) 



Water mass formation 
areas and major water 
masses of the world 
ocean 
 
(a)  Surface  
(b)  Intermediate/Deep 
(c)  Bottom 

(b)	  

(c)	  For more information 
on water-mass 
formation processes: 
see Lecture 7. 


