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Effects of mixed surface boundary conditions: Stommel (1961)

Which of the opposing temperature and salinity contrasts dominate 
the density difference and THC?



Stommel (1961) model
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this system for the pole to equator 
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with three steady solution, two of 
which are stable
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Strong diffusion

Weak diffusion
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Pole to pole density gradient (Rooth 1982)



Rooth's model:  instability of symmetric state

Symmetry requires that q = 0, i.e. Salinity in each box increases linearly with time.
Any perturbation, say in the northern box, leads to an increase of the flow advecting
salty, 'low latitude', water into the northern box, which further increases the initial
perturbation.

Asymmetric state

Steady response of the flow depends only on the 'southern' hemisphere moisture flux.
The model can not sustain the sense of circulation if ratio of 'southern' to 'northern'
salinity forcing is too large. If the 'northern' hemisphere receives too much fresh water,
the sense of circulation has to be reversed. 
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Can the instability of the THC be reproduced in GCM simulations?
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Exp. 1:  initialize model with symmetric state and apply symmetric perturbation:
              Model remains in symmetric state
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Add fresh anomaly

Convection in SH
is suppressed, residence
time at surface is
increased, and
THC collapses due
to lack of convection.
Fast positive feedback.
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Add salty anomaly

Salty anomaly is
mixed vertically,
and increases
THC slightly,
again leading to
a asymmetric state,
but with a much
slower growth rate. 
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Add salt in north
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Heat transport differs dramatically between symmetric and asymmetric THC.
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Response of coupled model to freshening in the North Atlantic

Increased fresh
water flux of 1Sv
for ten years
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Surface salinity anomalies
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Resulting anomalies of surface temperature
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Reduction of THC due to freshwater flux
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Response of the THC to moisture flux trend and stochastic wind forcing
   results from three realizations



Cessi, JPO, 1994

Response of the Stommel model to stochastic forcing
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Salinity performs a random walk in a doublewelled potential
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Note differences of responses of linear oscillator and system with 
multiple steady states:
 
increase of amplitude of stochastic forcing .... 
Linear oscillator:  
  .... increases amplitude of response, and leaves intrinsic frequency 
       unchanged

Multiple steady states: 
  ... leaves amplitude roughly unchanged, but reduces the intrinsic
      frequency.
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Note rapid
changes

Examples of Rapid Climate Shifts
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Changes are wide spread,
very rapid, and are found in
many variables

Cariaco basin

Greenland Ice core

Methane

Sea salt: winds

Calcium: continental dust
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Changes might occur in as little as a few years ...
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Rapid climate cooling 8200
years ago, likely caused by 
outburst flooding around
melting ice sheet in 
Hudson Bay.
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Global extent of rapid change
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Long history of rapid temperature fluctuations:
Dansgaard/Oeschger oscillations
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Ice ages occur on both hemisphere, often at similar times

Antarctica

Greenland
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Rapid climate variations in more recent past:



Alley et al., Science, 2003

Droughts in North America



Possible causes, triggers:
orbital forcing
outburst floods
greenhouse gases
continental drift

Amplifiers: 
icealbedo feedback
vegetationhydrological feedback: evapotranspiration
ocean convection 

Persistence: 
Thermohaline circulation
rootrunoff feedback

Globalization Alley et al., Science, 2003
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Response of THC to change in radiative forcing
System close to threshold: low predictability
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Response of THC to changes of CO2

Warmer atmosphere leads to a wetter atmosphere and increased moisture transport from 
low to high latitudes. Increased precipitation in the North Atlantic freshens the waters and 
reduce surface density, interrupting deep convection and slowing the THC.
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Response of THC to a freshwater pulse


