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We examine the bi-stability of the thermohaline circulation and its vulnerability to
future CO2 forcing scenarios using the C-GOLDSTEIN Earth system model of inter-
mediate complexity (EMIC), which includes a 3D frictional geostrophic ocean model.
An Ensemble Kalman Filter (EnKF) approach is used to tune the parameters of the
model by assimilating ocean (temperature, salinity and circulation strength) and at-
mospheric (surface air temperature and humidity) data. The resulting ensemble of 54
versions of the model (each with different parameter settings) represents a sample of
the posterior probability distribution defined by prior beliefs and climate observations.
It encapsulates uncertainty in the initial conditions, including the strength of the ther-
mohaline circulation.

Initial work has shown that the model thermohaline circulation is close to a non-linear
threshold, which may be crossed if the sensitivity of the hydrological cycle to global
warming is high. As CO2 is increased, there is a robust decline in overturning strength
across all ensemble members, consistent with the century timescale response of full
complexity models. However, once CO2 is stabilised, the ensemble diverges with the
THC collapsing completely in some members and stabilising at various strengths in
others. This uncertainty in outcome is related to the uncertainty in initial conditions,
and suggests that the fate of the thermohaline circulation may be inherently unpre-
dictable. We will present the results of forcing all members of an improved ensemble
with 21 different CO2 concentration scenarios requested for the IPCC Fourth Assess-
ment Report.


