
8. Deep convection 
and the thermohaline 

circulation

• Βαθιές υδάτινες µάζες - Deep 
water masses 

• Δηµιουργία βαθιών νερών  - 
Deep convection 

• Θερµοαλατική κυκλοφορία - 
Thermaohaline circulation 
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8. Η δηµιουργία βαθιών νερών και η 
θερµοαλατική κυκλοφορία



In 1751 Henry Ellis, the captain of a slave-trading ship, on his 
route from Africa to America, stopped at the tropical Atlantic and 
made deep water measurements (asked by the English Reverend 
Stephen Hales, using wooden bucket equipped with valves to 
capture water at selected depths). In his letter, he reported that  

“the cold increased regularly, in proportion to the depths, till it 
descended to 3900 feet: from whence the mercury in the 

thermometer came up at 53 degrees (*11.67oC) … 
The warmth of the water upon the surface, and that of the air , was 

at that time by the thermometer 84 degrees (*28.89oC).” 
… 

“This experiment, which seem’d at  first by mere food for curiosity, 
became in the interim very useful to us. By its means we supplied 

our cold bath, and cooled our wines or water at pleasure; which is 
vastly agreeable to us in the burning climate”  

(Ellis, 1751)

Ellis, H. 1751. A letter to the Rev. Dr. Hales, F.R.S. from Captain Henry Ellis, F.R.S. dated Jan. 7, 1750–51, at Cape Monte Africa, Ship Earl of Halifax. Philosophical Transactions of the Royal Society of London 47:211–214.

1721-1806



Based on Ellis’s temperature profile, Count Rumford (Sir Benjamin Thompson), an American-
born British scientist, deduced a scheme of the overturning circulation. In 1800, he wrote: 

“It appears to me to be extremely difficult, if not quite impossible, to account for this degree of cold 
at the bottom of the sea in the torrid zone, on any other sup- position than that of cold currents from 

the poles.” 

Rumford further reasoned that this cold current at depth 

“must necessarily produce a current at the surface in an opposite direction” 
(Rumford, 1800).

1753-1814

Merz, A. 1925. Die Deutsche Atlantische Expedition auf dem Vermessungs- und Forschungsschi  “Meteor.” Bericht. Sitzungsberichte der Preussischen Akademie der 
Wissenschaften, Physikalische-Mathematische Klasse:562–586.

Rumford, B., Count of. 1800. Essay VII, The propagation of heat in  fluids. Pp. 197–386 in Essays, Political, Economical, and Philosophical, A New Edition 2. London.

METEOR

Measurements along 20°W during the German Atlantic Meteor Expeditions from 1925–1927, captured plumes of saline 
waters from the surface waters of the northern North Atlantic and relatively fresh waters of Antarctic origin (Merz, 1925).



Broecker, W.S. 1987. The biggest chill. Natural History 97(10):74.
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1.  Arctic regions 
2.  Semi-enclosed seas 
3.  Continental shelf 
4.  Cyclonic features

The Water mass formation processes

1.  Intense heat and 
freshwater losses 

2.  Relatively weak 
stratification 

3.  Trapping
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Arctic/Antarctic shelf water mass formation 
•Winds blowing offshore open the ice sheet, 
forming a polynya. 
•Salt addition to the water column, related to ice 
formation increases the water salinity. 
•Large heat fluxes (~1000 W m-2) from the 
exposed ocean drives bottom water formation.  
•Entrainment changes the water mass 
properties.

Shelf water mass formation 
•Strong heat loss and/or evaporative rates over 
the relatively shallow water column on the 
continental shelf can lead to formation of very 
dense waters. 
•Entrainment on the continental slope changes 
dramatically the new water mass temperature 
and salinity properties and gives the water mass 
its final characteristics.

(i) Shelf convection



1. Pre-conditioning (order of 100 km)  
During preconditioning the gyre-scale cyclonic circulation with its “doming” 
isopycnals, brings weakly stratified waters of the interior close to the surface. 
Buoyancy loss is preconditioning the “trapped” water.

2. Deep convection (order of 1 km) 
 Subsequent cooling events may then initiate 
deep convection in which a substantial part of 
the fluid column overturns in numerous plumes 
that distribute the dense surface water in the 
vertical. 

3. Lateral exchange (order of 10 km) 
With the cessation of strong forcing, or if the cooling continues 
for many days, the predominantly vertical heat transfer on the 
convective scale gives way to horizontal transfer associated 
with eddying on geostrophic scales as the mixed patch laterally 
exchanges fluid with its surroundings.

4. Re-stratification 
The mixed fluid disperses under the influence of gravity and rotation, spreading 
out at its neutrally buoyant level and leading, on a timescale of weeks to months, 
to the disintegration of the mixed patch and reoccupation of the convection site by 
the stratified fluid of the periphery. 

(ii) Open ocean convection

For details: Marshall, J., and F. Schott, Open-ocean convection: Observations, theory, and models, Rev. Geophys., 37, 1–64, 1999.
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Turner, 1973 
Heat/salt balances in a uniform mixed layer of 
depth d at time t

Turner  J.S., 1973: Buoyancy effects in fluids, Cambridge University Press.
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S.Stefanou, MSc Thesis, Univ. Athens

An example:
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 Resolution: 
0.033o x 0.033o  

(~3.5 x 3.5 km)

x = 440 km

y = 660km

H = 5000 m       

Η , r = 80km 
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The pathways of deep waters 
in the abyssal 

ocean 

For large scale motions Ro << 1
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Scaling
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Potential vorticity 
conservation:
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1φ 2φ

θ
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H
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Stommel et al.; Stommel & Arons (1958, 1960)

Continuity

Abyssal Circulation (Stommel-Arons Theory)
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Ti

0S

Tu

S0

Conservation of volume:

“Half Ocean solution”

S0 + Ti = Tu + Tw
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Global Ocean Solution

“Whole” basin solution
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Map of tracer age of the 
Labrador Sea Water (LSW) 
layer calculated from CFC 
concentrations for LSW 
younger than 40 years. 
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Which 
mechanism is 
tranposrting 
vorticity/energy 
westwards? (see 
large-scale 
waves)

Atmospheric thermohaline forcing:
Intense QH and E

Injection of dense water 
to the bottom layer: 
generation of potential 
vorticity
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@z

Westward transport of vorticity

�U

AHr2⇣ Dissipation of vorticity

Western boundary Interior



The “conveyor belt” 
The “overturning circulation”



The thermohaline routes


