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Reconstructions and simulations of 
Late Holocene climate

Introduction
Understanding past climate variability help us to assssess the quality of 
climate models in climate beyond the range of the observational reccord. 
For this purpose we need climate simulations and climate reconstructions 
spanning several millenia. Long climate simuations require considerablke 
computing resources. 

Reconstruction of North Atlantic sea-surface- 
temperature 

 The Atlantic Multidecadal Varability is an important index of Northern 
Hemisphere climate, as it is an indirect indicator of the strength of the 
north-south ocean heat transport and also of the external climate forcing. 
In addition, it impacts the European climate. 
 The AMV index can be reconstructed by interpreting climate proxies 

(e.g. tree-rings) locvated in Europe and North America. There are also a 
few ocean proxies. Their information needs to be numerical translated 
into AMV variations. 
 Most statistical methods to implement this translation understimate the 

amplitude of past variations ('regression to the mean'), when the 
predictors are spare and noisy. Here, we explore a machine-learning 
method, Gaussian-Process Regression, and compare it to the 
classical method of Principal Component Regression (PCR). This 
comparison is proformed under controlled conditions using pseudo-
proxies and climate simulations (model MPI-ESM-P)
 The GPR is implemented  in a virtual space  space of augmented 

dimensionality, instead of the standard implementation. This mapping 
considerably improves the quality of the reconstructions (see Klockmann 
et al., 2022).
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We present here examples of a global simulation with the MPI-ESM Earth 
System model over the past 2000 years and reconstructions of regional 
climate patterns obtained by machine-learning methods,Climate 
reeconstructions also require increasinglöy complex methods to translate 
the point-like information provided by proxies into fully resolved climate 
fields. Increasingly, machine learning methods are being applied. 

Multi-millennial climate simulations
  Long simulations are valauble to assess climate models against climate 

reconstructions at long time scales and in climate states that may differ 
from the present.
 They can be used to analyze, together with reconstructions, mechanisms 

of climate variability and to test climate predictions schemes in controlled 
conditions. 
 Here, we have used the MPI-ESM-P model to conduct a simulation over 

the past 2000 years. The model is driven by variations of external forcings 
(volcanism, solar changes, greenhouse gases, land-use. These forcings 
are estimated  from indirect information contained in polar ice-cores and 
archeological analysis.
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Parameters of the GPR to reconstruct  the AMV 
index, derived from full-network of perfect 
pseudoproxies,full-network of  noisy pseudo-proxies 
and a backwards-in-time thinning network from the 
PAGES 2K reconstructions. 
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