Use of climate model output to assess timescales on which Argo might provide detection/attribution of anthropogenic climate change
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Executive Summary

We have investigated the potential of a range of oceanic observations to provide clear statements on detection and attribution of anthropogenic climate change, on a timescale relevant to the formulation of policy on greenhouse gas emissions. The approach taken is to use integrations of the climate model HadCM3 to generate synthetic observations under a scenario of anthropogenic climate forcing from greenhouse gases (GHGs) and sulphate aerosols, from 1860-2100. Historical concentrations of GHGs and aerosols are used in the simulations from 1860-2000, followed by the IPCC scenarios IS92a or SRES B2 up to 2100.

For GYROSCOPE we have focused on water mass changes and ocean heat content, such as could be observed by Argo. Results are detailed in the two attached manuscripts by Banks and Wood 2002, and by Palmer and Banks 2002. Key results can be summarised as follows:

· Certain ocean water masses offer a good signal-to-noise ratio, which is likely to allow detection and attribution of anthropogenic changes within 30 years, given continuous observation (e.g. from Argo) 

· By exploiting historical observations of these water masses, even earlier detection/attribution should be possible

· The water mass changes offer better signal-to-noise ratio than many ocean scalar variables such as heat transport across a section

· Ocean heat content is another variable which provides an important constraint on climate models. In this case spatial sampling is an important issue. Sampling HadCM3 at various densities suggests that the proposed Argo distribution of roughly 3( spacing is likely to be sufficient to resolve global heat content variations on interannual and longer timescales. Spurious variability is introduced when the sampling is at a resolution of 5( or coarser.

Caveats and future work

Our results rely on a reasonably accurate level of simulation by HadCM3 of the internal variability of the water masses. We have recently focused on this issue for the Subantarctic Mode Water in the South Indian Ocean, which was resurveyed in 2002 (Bryden et al. 2003). The resurvey suggested that HadCM3 may underestimate the interannual variability in this water mass. However the comparison between the observations (Bryden et al. 2003) and previously published model work (Banks et al 2000) was not exact, in that the observed changes covered only the western half of the basin whereas the model results used the whole basin. Confining the model analysis to the western basin suggests an increased level of variability there (Fig. 1). Further work is ongoing (beyond GYROSCOPE) to understand the consistency or otherwise between the model and observations in this region, and use will be made of the Argo floats which were deployed there in 2002. The analysis will then be extended to other regions of the ocean. 
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Fig. 1 Potential temperature anomalies as a function of depth and time, along 32(S in the Indian Ocean, in a run of HadCM3 with anthropogenic greenhouse gas and aerosol focings. (a) averaged across the whole section as in Banks et al.2000, (b) averaged across the western part of the section as in Bryden et al. 2003. Note the apparently higher level of interannual variability in (b), which may go some way to resolving the apparent inconsistency between the two studies cited.
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