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In order to study Northern Hemisphere (NH) climate interactions and variability, getting access to high resolution
surface temperature records of the Greenland ice sheet is an integral condition. For example, understanding
the causes for changes in the strength of the Atlantic meridional overturning circulation (AMOC) and related
effects for the NH [Broecker et al. (1985); Rahmstorf (2002)] or the origin and processes leading the so called
Dansgaard-Oeschger events in glacial conditions [Johnsen et al. (1992); Dansgaard et al., 1982] demand accurate
and reproducible temperature data. To reveal the surface temperature history, it is suitable to use the isotopic
composition of nitrogen (§15N) from ancient air extracted from ice cores drilled at the Greenland ice sheet. The
measured 015N record of an ice core can be used as a paleothermometer due to the nearly constant isotopic
composition of nitrogen in the atmosphere at orbital timescales changes only through firn processes [Severinghaus
et. al. (1998); Mariotti (1983)].

To reconstruct the surface temperature for a special drilling site the use of firn models describing gas and
temperature diffusion throughout the ice sheet is necessary. For this an existing firn densification and heat
diffusion model [Schwander et. al. (1997)] is used. Thereby, a theoretical §15N record is generated for different
temperature and accumulation rate scenarios and compared with measurement data in terms of mean square error
(MSE), which leads finally to an optimization problem, namely the finding of a minimal MSE.

The goal of the presented study is a Matlab based automatization of this inverse modelling procedure. The crucial
point hereby is to find the temperature and accumulation rate input time series which minimizes the MSE. For
that, we follow two approaches. The first one is a Monte Carlo type input generator which varies each point in
the input time series and calculates the MSE. Then the solutions that fulfil a given limit or the best solutions for a
given number of iterations are saved and used as a new input for the next model run. This procedure is repeated
until the MSE undercuts a given threshold (e.g. the analytical error of the measurement data).

For the second approach, different Matlab based derivative free optimization algorithms (DFOAs) (i.a. the
Nelder-Mead Simplex Method, [Lagarias et al. (1998)]) are studied with an adaptation of the manual method of
Kindler et al. (2013). For that the DFOAs are used to find those values for the temperature sensitivity and offset
for calculating the surface temperature from the oxygen isotope records of the ice core water samples minimizing
the MSE.

Finally, a comparison to surface temperature records gained with different other methods for Glacial as well as
Holocene data is planned.
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