A model – proxy data comparison of mid to late Miocene paleotemperatures in western and central Europe
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To be able to tackle the problems an ever-warming climate presents, insights into what the future will bring are needed. Climate models, such as ECHAM5 and HadCM3L, are a way of predicting what the climate will look like (Henrot et al. 2017). Most of these models simulate, among others, global, seasonal, sea and surface air temperatures. In order to evaluate and improve the accuracy of these climate models, model data needs to be validated with proxy data. Climate models predict that temperatures within the next century will approximate those of the Langhian, Serravallian and Tortonian (mid Miocene, ~15.9 to ~7.2 Ma). To test how well the climate models are able to reconstruct mid-Miocene temperatures for western and central Europe, a model-proxy data comparison is made, with published proxy data, including paleobotanical and δ18O data, from these three time intervals, focussing on the Atlantic coast and Central Paratethys.
Three variables were used for comparison; mean winter, annual and summer temperatures, MWT, MAT and MST respectively. From these variables, the mean annual range in temperature (MART) is used for comparison, shown in Figure 1. The Coexistence Approach (CA) is used for the paleobotanical record (Utescher et al. 2017) and the empirically derived temperature-oxygen isotope fractionation relationship for calcite or aragonite is used for the δ18O data (Harzhauser et al. 2011; Briard et al. 2020), with δ18Osw estimated by comparing recorded proxy data to estimated minimum sea temperatures and clumped isotopes. For comparison the simulated paleotemperatures are compiled from numerous climate models, including ECHAM5, HadCM3L, Planet Simulator, FOAM-LMDZ4, MPI-ESM, CESM1.0 and CCSM3.0 (Bradshaw et al. 2012; Henrot et al. 2017; Frigola et al. 2018). These climate models assume pCO2 values of 500-560, 200, 280 ppmv for the Langhian, Serravallian and Tortonian, respectively.
In the Langhian, the warmest age of the Miocene, there is no systematic offset between the model and proxy paleotemperature data. The model MART is generally higher, except for a few localities around the relatively extreme northern and southern latitudes. A similar outcome is also found for the Serravallian age. Even for localities relatively close to each other, such as for the eastern North Sea or the Central Paratethys, the differences in MART are larger than the MART itself. For the Tortonian, the coolest of the three studied time intervals, a similar picture is found although there is a higher variability in MART between the studied localities.
As shown in this initial model-proxy data comparison for the mid Miocene, there is no uniform or systematic offset or difference between proxy and model paleotemperatures. Even between neighbouring localities for one period there can be differences between model and proxy data. Therefore the need for more proxy data studies is highlighted in order to further improve the climate model simulations of the mid Miocene. 
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Figure 1. Paleogeographic maps highlighting the differences between model and proxy MART data for the A) Langhian, B) Serravallian and C) Tortonian periods.  
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