
Lecture 4A: 
Water Property Distributions 

(Temperature)



Goals for Lecture 4

 Review seawater property distributions

(Read about atmospheric patterns)

(DPO)                                                        (IPO)         

Ch 4                                                           Ch 4 
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Learning Objectives
• Distinguish conservative / non-conservative 

• Know how density is computed and the three 
expressions of sigma

• Know global vertical / horizontal salinity patterns 

• Know global vertical / horizontal temp. patterns 

• Understand the concept of potential temperature

• Know relative volume of surface, thermocline and 
deep water in the global sea

• Know typical vertical / horizontal patterns of 
oxygen distributions and location of anoxic regions
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Distribution of some important 
physical and chemical properties

• Physical properties of interest
– Temperature

– Salinity

– Density

• Chemical properties of interest
– Oxygen

– Nutrients

– Carbon
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Types of Seawater Properties

• Conservative sw properties:
Altered only by physical processes:

– Precipitation and Evaporation
– Freezing and Thawing
– Mixing

• Non-Conservative sw properties:

Altered by biological activity:

- Respiration / Photosynthesis 
- Excretion (waste -> nutrients) 
- Recycling (nutrients)
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Global Ocean Surface Temperature
• Warmest water                 
in western Pacific 
“warm pool”

• Southern Ocean 
colder than Arctic

• Contours largely 
zonal but meridional 
along eastern and 
western boundaries

• Minimal seasonal 
variability at low 
latitude. Higher 
seasonality at high 
latitudes.  Sea Ice
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Range of Surface Temperature
• Seasonal variation small relative to land

• Greatest seasonal variation at mid-latitudes
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Vertical Temperature Distribution

• Mixed layer 

(uniform temperature) 
– Roughly 2%

• Thermocline (rapidly 
changing temperature)
– Roughly 18%

• Deep water (slowly 
changing temperature)
– Roughly 80%
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Typical temperature profiles at 
different latitudes

Geographic Differences:  Vary with latitude

• Equatorial ocean has 
a shallow thermocline

• Temperate ocean has                                                          
a deeper thermocline

• Deep (> 1000m) ocean                                                                  
temperatures are the                                                                                        
same globally
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Relative volume of surface, 
intermediate and deep water

Common Terms:

Surface water 
or central water

Mid-water, 
intermediate waters
or mode waters

Deep waters
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Water Temperature Distribution
• Seasonal Differences: Vary with latitude

• Heat input from sun balanced by advection,  
cooling through the thermocline and exchange 
of water and heat with atmosphere
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Water Temperature Distribution

Mid-latitude 
water column 
may show two 
thermoclines:

• shallower 
seasonal 

• deeper 
permanent
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Development of Seasonal Thermocline

• Surface cooling and 
higher winter wind 
generates deep mixing, 
increases cooling of 
the surface ocean

• Summer decreased 
wind and higher heating 
warms surface 

• This process lead          
to formation of the 
permanent thermocline

Monthly Data from the North 
Pacific Ocean, at 50 deg. N 
(Stewart, 2002 from 
Prickard & Emery, 1990)
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Development of seasonal thermocline

What is happening 
in early spring?
(March – May)

What is happening 
in summer ?
(May – August)

What is happening 
in fall ?
(Sept. – Nov.)

What is happening 
in winter ?
(Dec. – Feb.)



9/10/2019 MARS 6080 15

Mixed Layer Depth (MLD)

Relatively constant in tropics 

Seasonally variable in subpolar regions



9/10/2019 MARS 6080 16

Mixed Layer Depth (MLD)

Deep MLDs in Southern Ocean and North Atlantic
Deep Water Formation: Greenland and Iceland



Potential Temperature 
(A thought experiment)

Capture an air parcel at pressure 

p and mentally put an insulating 
plastic bag around it, and then 
you change its pressure.  

Move air sample to the surface 
where p = 0 dbar.  There, you 
“measure” the temperature and 
call it “potential temperature”.   
Will potential temperature of a water parcel from 
depth be lower of higher than in-situ temperature ?



Potential Temperature
In-situ: The temperature we measure (in-place) of 
a water parcel, at a particular depth (pressure) 
Not corrected for compressibility (volume change)

Potential Temperature: Temperature the water 
would have if it was brought adiabatically to the 
surface.  Corrected for compression. 



Density

Density of 
seawater is            
a nonlinear 
function of 
salinity, 
temperature 
and pressure

Temperature 
primary factor 
controlling sw 
density
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Density

• Pattern largely 
determined by 
temperature 

• Small changes              
very important                 
to vertical 
circulation

• Deep water            
density very  
similar over                    
global ocean 



Factors Controlling Density

Pressure (largest but often ignored)

Temperature (most important for circulation)

Salinity (important for deep water formation)

Pressure 

(dbar)

Temperature
oC

Salinity

PSU

Density

ρ (Kg/m3)

10,000 -1 35 1071.2

1 -1 35 1028.2

1 30 35 1021.7

1 30 0 999.60

Change
(Delta)

43

6.5

22.1



Calculating Density

Rarely measured but calculated from 
temperature, salinity, and pressure using          
the equation of State 1980 (EOS-80)

Based on SMOW (Standard Mean Ocean Water) 
(or now VSMOW: Viena Standard) with known 
isotopic composition (distilled water, no salinity)

Isotopic composition will affect density

Typical seawater density 1024 kg/m3

(or 1.024 grams/cm3 ) at surface 



Density Update
New equation of state for seawater based on SA

Called The Equation of State -10 (TEOS-10)

Sigma (σ)



Factors Controlling Density
Seawater is slightly compressible:

volume decreases with increasing pressure 

density increases with increasing pressure



Density and Sigma (σ)

Density does not vary much in the ocean

So density often expressed as (sigma)

Sigma is simply density in kg m-3 – 1000

For example: 
Density of 1027.25 is sigma 27.25

1027.25 -1000 = 27.25



Density and Sigma (σ)

Density and sigma often written like this:

σ(s,t,p) = (ρ(s,t,p)) - 1000

Where s is salinity 

t is temperature

p is pressure



Flavors of Sigma

There are three different sigmas:

sigma (σ) = σ(s,t,p) = ρ(s,t,p) - 1000

sigma(t) (σt) = σ(s,t,0) = ρ(s,t,0) - 1000

sigma(theta) or sigma(ϴ) (σ ϴ)

σϴ is σ(s,ϴ,0) = ρ(s,ϴ,0,) – 1000

Remember: ϴ stands for potential temperature



Sigma-t
sigma(t) (σt) = σ(s,t,0) = ρ(s,t,0) - 1000

defined as ρ(S,T)-1000 kg m−3, where ρ(S,T) is 
density of a sample of seawater of T and S, at                  
a standard atmospheric pressure. 

Useful for mapping 
water properties 
along density surfaces

Without mixing, water 
flows along these 
density surfaces  



Sigma-theta

sigma(theta) or sigma(ϴ) (σ ϴ)

σϴ is σ(s,ϴ,0) = ρ(s,ϴ,0,) – 1000

Where ϴ stands for potential temperature.

Considers adiabatic temperature changes.

Relating to processes in which heat does not 
enter or leave the system concerned.



Potential Temperature (Density)

Potential temperature (or density) of a parcel of 
fluid at pressure is the temperature (density) 
that parcel would have if brought to a standard 
reference pressure, usually 1 atmosphere (1,000 
mb) in a way that no energy was exchanged with 
the surrounding water (adiabatically).

No effect at 
the surface

Effect felt 
at depth
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Potential 
temperature = 
temp at 1 atm 

Assuming 
adiabatic 
heating and 
cooling 

Potential Temperature and Density
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Potential Temperature 
Influence on Density

(Stewart, 2002 from 
Prickard & Emery, 1990)

Potential temperature
changes dependent on 
thermal expansion 
coefficients for 
temperature and 
salinity.  

Sigma theta for deep 
water calculated at 
4000 dbar (σ4)



In-situ Density

Increasing pressure 
causes the in-situ 
temperature to increase 
(adiabatic warming) and 
the in situ density to 
increase.



Potential Density

Remove effect of pressure 
on temperature and density

Relevant to the dynamics 
of the circulation


