J. Fidel Gonzalez Rouco.

The last decades have witnessed an important growth in research efforts and
resulting knowledge regarding the evolution of climate during the last
millennium. This has been parallel to an increasing concern about the rising
global and hemispherical temperatures and has offered important insights into
present and future climate (e. g. Houghton, 2005; Solomon et al. 2007). This
area of paleoclimate research has helped not only to place the relatively short
instrumental record into a broader temporal context (e. g. Jones and Mann
2004; North et al. 2006; Mann et al 2008) but also to explore the mechanisms
behind climate events and periods that have been the subject of longstanding
scientific interest like the Late Maunder Minimum within the little Ice Age or the
Medieval Warm period (e. g. Shindell et al. 2001; Zorita et al 2004). Such
insight into pre-instrumental variability has come both from climate
reconstruction exercises using indirect (proxy) sources of information and from
simulation of past climate states with General Circulation Models (GCMs).
Exercises blending both approaches are still scarce and present a great
potential for answering questions relevant both for the simulation and
reconstruction of past climate and depend of the specific peculiarities of proxies
and methods involved in climate reconstructions, as well as on the realism and
limitations of model simulations. This talk explores both research lines with a
focus on the Mediterranean climate variability along the last centuries.

Numerical simulation

Numerical simulation has used models of varying complexity, from energy
balance models (EBM, e. g. Crowley 2000, Hegerl et al. 2006) and Earth
system Models of Intermediate Complexity (EMIC, e. g. Goosse et al 2005,
Bauer et al. 2006) to comprehensive atmosphere ocean GCMs (AOGCM, e.g.
Gonzalez-Rouco et al. 2003, Tett et al. 2007).

Efforts to simulate the last millennium with high temporal and spatial resolution
have been limited by the extensive computer requirements. Nevertheless, the
impressive evolution of computing power in the last several years has made it
possible to accomplish multi-centennial and even millennial timescale
simulations with comprehensive AOGCMs. Since these models are the ones
that future climate climate projections rely on most heavily, evaluation of their
performance in replicating aspects of climatic states different from the present is
very important (e. g. Cane et al. 2006). Therefore, comparison of centennial to
millennial simulations and reconstructions of the late Holocene climate offer the
unique possibility of validating model simulations at long timescales before the
onset of the industrial era and the beginning of heavy injection of greenhouse
gases into the atmosphere. In addition, these simulations offer several other



research possibilities of relevance for the understanding of past climate and
future climate change such as: analysis of the response to natural and
anthropongenic external forcing and mechanisms involved (e. g. Cubasch et al.
1997, Goosse et al. 2006, Ammann et al 2007); comparison of model
simulations and climate reconstructions to detect the signal of the various
external forcing factors through the last millennium (e. g. Crowley, 2000; Hegerl
et al. 2007) or to constrain estimates of climate sensitivity (Hegerl et al. 2006);
use of model simulations as a surrogate reality in which pseudo proxies are built
through the deterioration of simulations at the grid-point scale in order to test
methods and assumptions relevant in proxy-based climate reconstructions (e. g.
von Storch et al. 2004; Mann et al. 2005; Gonzalez-Rouco et al 2006).

Climate reconstructions.

Climate reconstructions allow the history of climate parameters to be extended
into the past before the advent of widespread instrumental records.
Reconstructions are built from a variety of proxy indicators that include historical
documentary records, tree-ring variables, ice-cores, corals, varved lake and
marine sediments, speleothems, mollusc shells, etc. All these records can
provide information at different temporal resolutions and with varying degrees of
sensitivity to several climate parameters with an overall emphasis on
temperature and precipitation (e. g. Jones et al. 1998). Climate reconstruction
efforts have targeted a wide range of spatial scales: from the local and regional
(e. g. Overpeck et al 1997; Luterbacher et al 2004) to hemispherical and global
scales (e. g. Briffa et al 1998, Hegerl et al 2007, Mann et al. 2008). Though
most efforts have been devoted to the reconstruction of past temperature
variability, a great deal of research has also concentrated on reconstructing
hydrological and atmospheric circulation indices (e. g. Luterbacher et al. 2002).

Hemispherical scale temperature reconstructions show general consistency in
depicting broad climate periods through the last millennium (Jansen et al. 2007)
like the Medieval Warm Period (MWP, centered around 1000 AD) or the Little
Ice age (ca. 1500 to 1850 AD). Additionally hemispheric temperatures also
decreased during events of shorter duration like the Late Maunder Minimum
(LMM, ca. 1700 AD), the Spoorer (SM ca. 1450 AD) or the Dalton Minimum
(DM, ca 1800 AD) that are likely related to minima in solar activity.
Nevertheless, quantitative agreement has been so far elusive and thus a matter
of considerable debate in the last few years (see Jansen et al. 2007 and
references therein).

The Mediterranean area offers a high quantily of long instrumental series and
also a wealth of proxy records of high quality in a wide spectrum of sources
from natural biological (e. g. trees, Guiot et al. 2005; corals, Silenzi et al. 2005 )
and geological (e. g. speleothems, Antonioli et al. 2003; sediments, Benito et al
2003) to documentary (e. g. Barriendos et al. 2002), many of which have so far
only been initially surveyed. Available model multi-century simulations, though
hampered by their limited resolution, are able to capture the main features of
Mediterranean climate and can be used to compare and infer about past reality.
This talk will address the main concepts behind the modelling and
reconstruction approaches and present challenges in blending the potential of



both lines of work with an emphasis on the larger Mediterranean area. For a
large overview on these issues with a detailed account on proxy type and
availability the reader is addressed to the review by Luterbacher et al. (2006).
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