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Application of conventional statistical techniques to climate records is hampered by
many non-ideal features of the series: non-stationarity, long-tailed error distributions,
and errors in both values and dating. Sophisticated statistical methods have been ap-
plied to such series, but perhaps sometimes these methods might even be too sophis-
ticated. We apply a simpler method, drawn from optimisation theory. Specifically, we
take a stable isotope series from Holocene lake sediments in Haweswater, a small
hard-water lake in NW England and seek to fit the data with a smooth function, such
that the square norm of the second derivative in time (a proxy for curvature) is min-
imised. We derive this function on a basis of cubic B-splines, although we emphasise
that the basis is a matter of numerical convenience rather than mathematical signifi-
cance. This method, called Penalised least-squares splines, previously applied in ge-
omagnetism and palaeomagnetism, allows fitting of long-term quasiperiodic trends in
the data without having to assume stationarity, and easy identification and treatment of
outliers. Large discontinuities in the data series, associated with abrupt climatic events
are identified from an initial fit and removed by hand; this procedure is strongly sta-
tistically supported a posterori.

The method provides a rigorous way of defining climate "events", and allows compar-
ison of long-term trends and events in time series of climatic records from different
archives. Interpretation of both the resulting smooth background variation and depar-
tures from it are discussed, as is the extension of the method to other climate signals,
including Greenland ice-core records.
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