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NCAR (National Center for Atmospheric Research)
Rotated from XKCD (A webcomic of romance, sarcasm, math, and language), September 2016 (http://xkcd.com/1732/).

This xkcd cartoon is possibly the best published reconstruction of the deglaciation,
but it only describes global mean temperature. Can we do better with models and data?

Goals

Results so far - pseudoproxy experiments

The period of the last deglaciation, approximately 21ka to the present, covers huge changes to the
climate system, comparable in magnitude to those anticipated over the next century. These changes raise many scientific questions, and are also of substantial public interest. In this project, we aim
to fully reconstruct the spatio-temporal evolution of the climate system over the last deglaciation,
21ka to the present, and to test whether the observational evidence concerning the transient evolution of the system can provide any constraint on future climate change.
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Ingredients
We have approx 80 cores which can provide estimates of surface temperature at roughly 500y resolution or better (Shakun et al, 2012). We currently have a 15-member perturbed parameter ensemble of FAMOUS model simulations of the deglaciation, and also a simulation from CCSM3
(TraCE, Otto-Bliesner et al). In the near future there should be several more transient GCM simulations as part of the PMIP project (Ivanovic et al, 2016). In these early stages of the project we are investigating the feasibility of generating a coherent, continuous and complete reconstruction of
the spatially-varying evolution of the temperature field over the last deglaciation.

Using FAMOUS ensemble to reconstruct TRaCE
Results were much less successful when we used TraCE as the target
for reconstruction. The reason for this is that the FAMOUS simulations
are very similar to each other, but all are dissimilar to TraCE. This is a
common feature of perturbed parameter ensembles (PPEs) where we
have frequently found that such an ensemble has insufficient spread
when compared to structurally dissimilar models (e.g. CMIP/PMIP ensembles).
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Methods

Much more like each other than
they are like TraCE or data

We have selected one of the FAMOUS simulations as a pseudo-truth to use as a
reconstruction target. The remaining 14 ensemble members, when fitted to the
80 data locations indicated, can successfully reconstruct the whole temperature
field with substantial success. As shown in the figure above, the `Truth’ is much
closer to the reconstruction than to the ensemble mean. These reconstructions
take each 1000y period in isolation with no temporal continuity.

Previously, Annan and Hargreaves (2013) combined equilibrium simulations of the Last Glacial
Maximum (LGM) together with the relatively large volume of proxy data available for that period, to
create the most comprehensive and accurate reconstruction of global temperature changes at the
LGM (see figure above). The simple method (multiple linear regression using model anomaly fields
as predictors) was found to be effective but several improvements are possible. Additionally, the
transient nature of the deglaciation introduces time as an additional variable. In this work, we
intend to extend and improve the method and apply it to to the period of the last deglaciation.

As shown in the illustration, RMS differences between pairs of FAMOUS
ensemble members at the LGM are roughly 1/3-1/2 the magnitude of
those between FAMOUS members and TraCE, with the real data also
lying a similar distance from both TraCE and the FAMOUS ensemble.
The previous LGM reconstruction with the more diverse CMIP/PMIP
ensemble did not suffer from this problem, as structural diversity
across the model ensemble is far greater. We therefore expect to
achieve better results with the full CMIP/PMIP ensemble, but will continue to use the FAMOUS ensemble to develop the method.

Conclusion so far
The method appears to work in principle, given a set of sufficiently diverse and relevant predictors for the target data set.
There are not (yet) enough different GCM simulations available to generate a credible reconstruction of the deglaciation.

Next Steps
• Use a few principal EOFs rather than raw ensemble member anomaly fields, so as to focus on the main signals of model diversity and reduce noise/overfitting problems.
• Enforce temporal continuity so that the estimate at time T can gain information from data between time T-dT and T+dT.
• Allow for spatial variation of scaling coefficients.
• Account for model inadequacy by explicitly modelling residual model-data misfit (currently ignored).
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