
1. Οι φυσικές ιδιότητες 
του θαλασσινού νερού και 
η κατανοµή τους
1. Seawater properties

a. The physical characteristics 
of seawater: 
• Αλατότητα - Salinity 
• Θερµοκρασία -Temperature 
• Πίεση - Pressure 
• Πυκνότητα - Density 
b. Στρωµάτωση - Stratification 
c. Υδάτινες Μάζες - Water 
masses in the ocean
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WATER: PHYSICAL PROPERTIES



The Oceans under Climate Change

Heat Content anomaly



Sea Level anomaly

The Oceans under Climate Change



CO2 absorption 

The Oceans under Climate Change



Arctic Sea Ice extent 

Antarctic Sea Ice extent 

The Oceans under Climate Change



•Αλατότητα - Salinity 

• Θερµοκρασία -Temperature 

• Πίεση - Pressure 

• Πυκνότητα - Density 

Part a. Οι φυσικές ιδιότητες του θαλασσινού νερού και η 
κατανοµή τους (hydrography):
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WHAT ARE WE OBSERVING

HOW ARE WE OBSERVING

Q
uestions for PO



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 (SSS)

Evaporation – Precipitation – River/Ground Runoff 

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

of Salinity: 

Atlantic

For details: 
https://data.marine.copernicus.eu/product/
GLOBAL_MULTIYEAR_PHY_001_030/
description
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Horizontal and 
Vertical 

Distribution of 
Salinity: 

Indian

For details: 
https://data.marine.copernicus.eu/product/
GLOBAL_MULTIYEAR_PHY_001_030/
description



15

For details: 
https://data.marine.copernicus.eu/product/
GLOBAL_MULTIYEAR_PHY_001_030/
description

Horizontal and 
Vertical 

Distribution of 
Salinity: 

Pacific



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.

T

z

Mixed-Layer 
(στρώµα ανάµιξης)

Thermocline 
(θερµοκλινές)

Deep waters

TYPICAL OCEANIC TEMPERATURE 
PROFILE



Sea Surface Temperature (SST)

T
A

T
S

RADIATION BUDGET, AIR-SEA 
INTERACTIONS and OCEANIC MOTION/
MIXING determines the oceanic temperature 
distribution. External Forcing: 

QTOT=RS+RL(up)+RL(down)+QS+QL



(Satellite derived SST - NASA)

The distribution of Sea surface Temperature (SST) and its variability
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Horizontal and 
Vertical 

Distribution of 
Temperature: 

Atlantic

For details: 
https://data.marine.copernicus.eu/product/
GLOBAL_MULTIYEAR_PHY_001_030/
description



20

Horizontal and 
Vertical 

Distribution of 
Temperature: 

Indian

For details: 
https://data.marine.copernicus.eu/product/
GLOBAL_MULTIYEAR_PHY_001_030/
description
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Horizontal and 
Vertical 

Distribution of 
Temperature: 

Pacific

For details: 
https://data.marine.copernicus.eu/product/
GLOBAL_MULTIYEAR_PHY_001_030/
description



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

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. 

dp = �⇢gdz

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

rp



(see Gill, 1982: Atmosphere-Ocean Dynamics)

The non-linearity of the 
equation of state

W1

W2

WF



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
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Θ/S characteristics: 

Atlantic

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



θ

S

Definition of water masses on the θ/S diagram

A regional example (Cretan Sea)
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z=0

z=-H

ρ0

A

ρ

ρ1

ρ2

ρ3

h1

h2

h3

Hydrostatic 
pressure at z = -H

1) Homogeneous 2) Stratified 3) Continuously Stratified

Higher dynamic complexity

The stratification of the oceanic water column

p = ⇢0gH p = ⇢1gh1 + ⇢2gh2 + ⇢3gh3 p = �
Z 0

�H

⇢(z)gdz
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Static Stability

ρ1

ρ2

ρ3

Stable Neutral

ρ3

ρ2

ρ1

Unstable

ρ2

Brunt Väisälä Frequency

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 

⇢1 < ⇢2 < ⇢3

N2 = �
g

⇢0

@⇢

@z

N =

s

�
g

⇢0

@⇢

@z

�
s�1

�

<latexit sha1_base64="+pNnDohqZyUpfTREW63N66nHcCE=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT1JwYsnqeC2hXYt2TTbhmaTJckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWqSLUJ5JL1QmxppwJ6htmOO0kiuI45LQdjm9mfvuJKs2keDCThAYxHgoWMYKNlfy7x9q12y9X3Ko7B1olXk4qkKPZL3/1BpKkMRWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LBY6pDrL5sVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+umJroKMiaS1FBBFouilCMj0exzNGCKEsMnlmCimL0VkRFWmBibT8mG4C2/vEpatap3Ua3f1yuNeh5HEU7gFM7Bg0towC00wQcCDJ7hFd4c4bw4787HorXg5DPH8AfO5w+8743z</latexit>

N2 > 0

<latexit sha1_base64="N8tvSPF2lr5Als56UhtFVtqiSA0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUAuLgI2VRPCSQHKGvc1esmRv99jdE8KR32BjoYitP8jOf+MmuUITHww83pthZl6YcKaN6347hbX1jc2t4nZpZ3dv/6B8eNTSMlWE+kRyqToh1pQzQX3DDKedRFEch5y2w/HNzG8/UaWZFA9mktAgxkPBIkawsZJ/91i7dvvlilt150CrxMtJBXI0++Wv3kCSNKbCEI617npuYoIMK8MIp9NSL9U0wWSMh7RrqcAx1UE2P3aKzqwyQJFUtoRBc/X3RIZjrSdxaDtjbEZ62ZuJ/3nd1ERXQcZEkhoqyGJRlHJkJJp9jgZMUWL4xBJMFLO3IjLCChNj8ynZELzll1dJq1b1Lqr1+3qlUc/jKMIJnMI5eHAJDbiFJvhAgMEzvMKbI5wX5935WLQWnHzmGP7A+fwBueWN8Q==</latexit>

N2 < 0



<latexit sha1_base64="XfcOiYqvxfGfy8qNM1FLWMlfdlE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqxIEKPLdgPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oNUHA4/3ZpiZF8ScaeO6X05ubX1jcyu/XdjZ3ds/KB4etbVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCye3c7zxSpZkU92YaUz/CI8FCRrCxUrtZrl/cnQ+KJbfiLoD+Ei8jJcjQGBQ/+0NJkogKQzjWuue5sfFTrAwjnM4K/UTTGJMJHtGepQJHVPvp4toZOrPKEIVS2RIGLdSfEymOtJ5Gge2MsBnrVW8u/uf1EhPe+CkTcWKoIMtFYcKRkWj+OhoyRYnhU0swUczeisgYK0yMDahgQ/BWX/5L2pcV76pSbVZLtWoWRx5O4BTK4ME11KAODWgBgQd4ghd4daTz7Lw578vWnJPNHMMvOB/f+U2ODA==</latexit>

Q(H,E)Forcing:
T

z

Mixed-Layer 
(στρώµα ανάµιξης)

Thermocline 
(θερµοκλινές)

Deep waters

Εποχικό θερµοκλινές
Μόνιµο 

θερµοκλινές

ΚαλοκαίριΧειµώνας

ρ

z
<latexit sha1_base64="hVugW5OFkd1e9Hjxar23xl3wGww=">AAACCnicbVC7TsMwFL3hWcorwMhiqJCYqgRVwFiJhbFI9CE1VeW4TmvVcSLbQSpRZhZ+hYUBhFj5Ajb+BqeNBLQcydLxOfde+x4/5kxpx/mylpZXVtfWSxvlza3tnV17b7+lokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98lfvtOyoVi8StnsS0F+KhYAEjWBupbx95JJCYpF6MpWaYI0+Oouznep/17YpTdaZAi8QtSAUKNPr2pzeISBJSoQnHSnVdJ9a9NB9IOM3KXqJojMkYD2nXUIFDqnrpdJUMnRhlgIJImiM0mqq/O1IcKjUJfVMZYj1S814u/ud1Ex1c9lIm4kRTQWYPBQlHOkJ5LmjAJCWaTwzBRDLzV0RG2ESjTXplE4I7v/IiaZ1V3fNq7aZWqdeKOEpwCMdwCi5cQB2uoQFNIPAAT/ACr9aj9Wy9We+z0iWr6DmAP7A+vgEtLZss</latexit>

@⇢

@z

z

( )zu

<latexit sha1_base64="hLGWG/0r/7eXEyyi9k/rU1djspM=">AAACDXicbVDLSsNAFL3xWesr6tLNYBVclUSKuiy4cVnBPqApZTKdtEMnkzAzEWrID7jxV9y4UMSte3f+jZM2oLYeuHA4596Ze48fc6a043xZS8srq2vrpY3y5tb2zq69t99SUSIJbZKIR7LjY0U5E7Spmea0E0uKQ5/Ttj++yv32HZWKReJWT2LaC/FQsIARrI3Ut489EkhMUi/GUjPMkedjmSZZ9qPcZ3274lSdKdAicQtSgQKNvv3pDSKShFRowrFSXdeJdS/NHyScZmUvUTTGZIyHtGuowCFVvXR6TYZOjDJAQSRNCY2m6u+JFIdKTULfdIZYj9S8l4v/ed1EB5e9lIk40VSQ2UdBwpGOUB4NGjBJieYTQzCRzOyKyAibdLQJsGxCcOdPXiSts6p7Xq3d1Cr1WhFHCQ7hCE7BhQuowzU0oAkEHuAJXuDVerSerTfrfda6ZBUzB/AH1sc30jecow==</latexit>

@ū
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In general, in the presence of stratified and sheared flows 
(Miles-Howard Theorem*) turbulence grows when:

*δες σηµειώσεις Δυναµικής των Ρευστών
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Some consequences: 

Weaker mixing 
Stronger Thermocline 

Reduction of 
nutrients in the 

surface layer 
Weaker biological 

pump 
De-oxygenation and 
hypoxia of benthic 

environment 

Li, G., Cheng, L., Zhu, J. et al. Increasing ocean stratification over the past half-century. Nat. Clim. Chang. 10, 1116–1123 (2020). https://doi.org/10.1038/s41558-020-00918-2



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

Q,E
Q,E

S

z

Part c. Υδάτινες Μάζες - Water masses in the ocean



Water mass formation 
areas and major water 
masses of the world 
ocean: 

(a)Surface  
(b)Intermediate/Deep 
(c)Bottom

(b)

(c)



Ocean Productivity

and its connection to ocean circulation activity


