
OCN 201

Thermohaline circulation

Topics for the Day

• Changing density of seawater causes circulation 
of the ocean.

• Density is mass (or weight) divided by volume 
1gm/cc for pure water at 4
C

• Density changes with temperature (if volume is   
constant).

Increase temperature = Decreasing density
Decreasing temperature = Increasing density

Pure Water
Maximum density of pure water at 4
C. Freezing water expands, density 
decreases ice floats

Sampling from an ice floe in the Arctic Ocean 



Compared to fresh water do you think the 
freezing point of seawater is

A: Higher
B: Lower
C: Unchanged

Sea Water

Dissolved salt affects 
properties of water

Density increases 
continually to freezing
point

Freezing point 
is ~ - 1.8
C at 
salinity of 35

Parameters affecting density of sea water

1. Increase in amount of salt increases density

2. Increase in temperature decreases density 

3. Pressure has a very minor effect on density

Evaporation - Precipitation
Salinity is affected by precipitation (rain) and evaporation.

In places where evaporation exceeds precipitation, salinity and density of 
surface seawater increases.

If precipitation exceeds evaporation, salinity and density decrease

http://oceanworld.tamu.edu/resources/ocng_textbook/chapter06/Images/Fig6-5.htm



Global Evaporation - Precipitation Surface water salinity in the oceans

The maxima 
In evaporation
-precipitation
results in the 
highest surface 
water salinities
in the mid-
latitudes around 
30oN and 30oS.

Answer:
Between 100-150cm.

What do you think the net evaporation in the Mediterranean is per year?

A: 10cm (4 inches)
B: 50cm (20 inches)
C: 100cm (40 inches)
D: 300cm (120 inches)
E: more!

Ocean Water Density

Combined effect of temperature and salinity.

Temperature ranges from -1.8
C to ~30
C.

As you cool water from 25
C to 5
C density increases from ~1.023 to 
~1.028, almost dense enough for deep water.



• Change of 1 salinity unit has more effect on density than change   
of 1
C.

• But is greater range of temperature change in the ocean than  
range of salinity change.

• Changes in water temperature are the primary control on water 
density.

BUT: If salinity is too low, cannot make deep water because you can’t 
cool sea water below its freezing point.

May be an important factor in transition to ice ages.

Ocean Water Density

Typical temperature 
structure
of the ocean

At the mid-latitudes, the
surface layer is mixed by 
wind, is warm and varies
in thickness from 50-150m.
Temperature drops rapidly 
through thermocline
deep water is cold.

Tropical surface waters 
warmer and mixed layer 
thinner (less wind).

Polar surface waters are 
very cold.

Temperature structure variations Salinity structure of the oceans
Deep ocean salinity very uniform, most changes are at the surface.

Lower salinity in surface water increases through halocline to deep 
water.



Density structure

Low density in surface 
wind-mixed layer.

Density increases rapidly
through pycnocline.

Density continues to 
increase slowly all the 
way to the bottom.

• Surface mixed layer is only ~ 2% of ocean volume.
• Pycnocline is ~ 18% of ocean volume.
• Deep waters make up ~80 % of ocean.

Pycnocline comes to the surface of ocean ~50-60 
N, small density 
differences, place to make deep water by cooling surface water but 
salinity must be high enough.

Deep water formed by cooling in North Atlantic and Weddell Sea, 
travels through Atlantic and Indian Ocean to Pacific

How many years does it take for the water to circulate around this 
loop once?

A 10
B 100
C 500
D 1000
E 5000

Takes ~1,000 yrs to complete one loop



Diffuse upwelling returns water to surface flows
back to deep water formation regions

Antarctic Bottom Water (AABW) is colder and thus more dense than 
North Atlantic Deep Water (NADW).

Atlantic Water Masses

Very dry heat in 
Eastern Mediterranean 
increases salinity of 
surface water.

This denser water then
sinks to ~1300 m 
in North Atlantic.

Intermediate water formation

Salinity at 1500m in the 
Atlantic Ocean clearly
shows the spreading
of the high salinity water
from the Mediterranean

http://www.bsh.de/aktdat/mk/AIMS/atlas/maps_1500/salinity.png



Deep and intermediate water formation locations 

How much deep water is formed?

AABW + NADW = ~ 10 x 106 m3/sec (10 Sverdrups)

(~60 special events arena-full per second)

May have stopped forming during ice-ages- why?

Anthropogenic (human-made) tracers of 
water mass movements

Tritium-- a radioactive form of hydrogen

Hydrogen H stable

Tritium T radioactive

Water H2O

Tritiated water HTO

• Atmospheric testing of nuclear weapons produces tritium.
• Forms tritiated water (radioactive).
• Enters surface ocean from rain.
• Test ban treaty stopped atmospheric testing.
• Largest weapons exploded just before ban.

Anthropogenic tracers of water mass movements



The concentration of tritium (3H) and 90Sr (strontium-90) in rain
collected in Valencia, Ireland between 1952 and 1974

Most deposition 2 years after the ban?

Powerful final tests put tritium into stratosphere
(>12 km height).

~ 2 years for this material to fall back into the
troposphere (<1 km).

Learned about exchange between stratosphere
and troposphere this way.

Can see penetration of 
bomb tritium into deep 
ocean between 1972
and 1981.

Is tracing pathway of 
deep water formation.

Can use tritium to 
estimate deep water 
formation rates.



Get a better thermohaline figure than this

Global thermohaline circulation of the ocean

Deep water formed by cooling in North Atlantic and
Weddell Sea, travels through Atlantic and Indian
Ocean to Pacific

Takes 1,000 yrs to complete one loop

Antarctic Bottom Water (AABW) is colder and thus 
more dense than North Atlantic Deep Water (NADW)



Can see penetration of 
bomb tritium into deep 
ocean between 1972
and 1981

Is tracing pathway of 
deep water formation

Can use tritium to estimate 
deep water formation rates 


