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General circulation models are widely used for future climate change simulations and it is essential that they be fully tested against Holocene climate change. However, due to computational constraints, these models cannot be run for many millennia. Instead, time slice (or “snapshot”) simulations have to be performed as a test of the model ability to simulate specific periods of the Holocene, given a specific set of boundary conditions and forcing changes. These types of simulations are clearly idealised, sensitivity experiments and cannot be viewed as a precise attempt at simulating the past. However, in general the lack of transient behaviour is probably not the major limitation on the models.  

The talk will illustrate time slice modelling by focussing on a set of multiple time-slice simulations covering the glacial-interglacial transition. The set of simulations are based on the Hadley centre atmospheric model coupled to a simple slab ocean model and the BIOME4 vegetation model. Orbital forcing, ice sheets, CO2, and CH4, are prescribed. The slab ocean model uses the present day ocean heat transport for all simulations and so the set of simulations should be viewed as a form of sensitivity experiment. It is addressing the question of how important are the changes in the ocean circulation. 

The results show that the model performs well during the Holocene (except for the well-documented failure of most models to simulate the magnitude and extent of the N. African monsoon). It predicts that the Asian monsoon peaks in the early Holocene, whereas the N.African monsoon is a much broader maximum lasting from the early Holocene until about 5kyr BP. The model also does surprisingly well at simulating glacial conditions, except for the N. Atlantic region where changes in the thermohaline circulation are not correctly simulated by the slab ocean model.

During the transition, the model over Greenland produces interesting results. The model simulates a glacial climate until about 11,000 years ago, when there is a sharp transition to the Holocene. This transition corresponds to the final warming at the end of the Younger-Dryas. The model shows no changes corresponding to the Bolling-Allerod. This result suggests that the most important ocean changes must correspond to the initiation of the Bolling-Allerod, as well as the Younger-Dryas. 

A further interest in the Holocene is to examine the dynamics of phenomena such as ENSO and the NAO. This is now possible because the latest generation of models include a fully dynamic ocean. The next stage of the palaeoclimate model intercomparison project (PMIP) will use coupled ocean-atmosphere-vegetation models to examine the mid and early Holocene. The emphasis will be on simulating the mean climate, and the variability around this mean.

