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Estimates of past climate variability are usually obtained either by using simulations with numerical climate models or by analyzing paleoclimatic proxy data. Both approaches are associated with considerable uncertainties, which can be reduced by testing the consistency between paleo-derived and numerically modeled climate variability. This presentation gives an overview on methods that allow comparison of proxy data with GCM simulations, and also discusses an approach for linking the two via data assimilation.

The comparison of proxy data and model simulations is made difficult by several problems: i.) proxy data are mainly influenced by the local climate, whereas general circulation models (GCMs) have atypical resolution of a few hundred kilometers, ii.) non-climatic influences on the proxies may be substantial, and iii.) the responses of the proxies to the local or large-scale climate may be non-invertible. In forward approaches statistical or analytical-numerical models are formulated to describe the  response of climate proxies to climate variability. These models can then be applied to GCM simulations in order to estimate proxy data, which in turn can be compared with observations. A prerequisite is that the forward model either contains a downscaling step as an integral part, or that the downscaling has been performed prior to the application of the forward model. This concept will be illustrated by a statistical model for Greenland ice core accumulation.

Alternatively one can formulate inverse models, which estimate climate states that are consistent with a given set of proxy data. So-called transfer functions yield local climate states, while upscaling models can be used to estimate large-scale climate states from proxy data. The result of the latter can be directly compared to GCM simulations, whereas an additional downscaling step is needed to compare GCM output with local climate estimates obtained from transfer functions.

Inverse modeling has to overcome the problem that many different climate states can

lead to the same proxy state. This ambiguity can be removed by imposing constraints

on the solutions. For instance one can restrict the solutions to the low-dimensional subspace defined by the leading EOFs, and use only linear mappings from the proxy space to the climate space. Note that the true solution may be excluded if the additional constraints are not carefully chosen. Some methods suited for inverse modeling will be discussed. They include various types of multiple regression analysis, canonical correlation analysis and singular value decomposition.

Studies that investigate the uncertainties of upscaling models will also be discussed. Using a long numerical simulation it will be demonstrated that knowing the temperature at about 50 grid points located roughly at the positions of tree-ring chronologies from the International Tree Ring Data Bank (taken in lieu of temperature-sensitive proxies) is enough to provide a meaningful estimation of the global annual temperature. However, the temperature information does not allow for a reliable reconstruction of the North Atlantic Oscillation, whereas precipitation information does. A tree-ring-based reconstruction of the Antarctic Oscillation will also be presented and compared with an instrument-based reconstruction. Many studies point towards large uncertainties of proxy-based climate reconstructions. These could be reduced by improving inverse modeling methods, but also by substantially increasing the number of proxy predictors. Bringing together various proxy archives in large multi-proxy predictor datasets requires an accurate, independent dating of the individual records, which is not yet achieved in all archives to a satisfying degree.

When comparing proxy data with forced simulations, which use time-dependent forcings chosen in accordance with estimates for past values, it is important to bear in mind that even if a perfect climate model and all relevant forcings were used, the model climate would differ from reality due to internally generated variability, which is not attributable to the forcing. On the other hand, the simulations can be expected to agree to some extent with the temporal development of the actual climate. This will be illustrated with a forced simulation for the last 500 years, which reproduced the Late Maunder Minimum.

Another type of simulation employs data assimilation techniques to reproduce also some of the internal variability of the real climate system, and to compensate for incomplete forcings or insufficient representation of their climatic effects. The DATUN method (Data Assimilation Through Upscaling and Nudging), which was developed at GKSS and which is tailored towards assimilation problems in paleoclimatology will be discussed. DATUN aims at a physically-consistent interpolation of proxy data and consists of two steps.The first step is the formulation of upscaling models, which link the local proxy data to the intensities of large-scale temperature or circulation patterns. The second step is the assimilation of the estimated large-scale patterns into a GCM using a newly developed pattern nudging technique. First results using the DATUN method will be presented.
