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Abstract


Temperature changes of weather stations in Northern-Europe are evaluated for the period 1913-2013 and results are compared with the oceanic cycles of the Atlantic Multidecadal Oscillation (AMO) and the Pacific Decadal Oscillation (PDO) as well as the developments of the sea surface temperatures (SST). It is demonstrated that PDO and AMO as distribution patterns of potential oceanic thermal storage and heat release are closely correlated to the nearly in sync changing trends of air temperatures in Europe. In correlation to the warmer or colder conditions it can be observed in Europe that air temperatures are ascending or descending. There are spatial changes of temperatures in the oceanic oscillations of both the Pacific (PDO) and the Atlantic (AMO), their interplay and the dependend transport of latent allochthonous energy are a possible reason for the also ´periodic´ temperature trends in Europe ... whether for example in Bergen (N), Germany (D) or water temperatures in the North Sea (Helgoland, D).




1 Introduction


Climate is never constant, but has changed continuously since the beginning of the Earth's atmosphere. Most conspicuous are decadal climate fluctuations, including the so-called ocean cycles, which already existed in pre-industrial times and are still active today.


This contribution investigates the impact of the Pacific Decade Oscillation (PDO) and the Atlantic Multidecade Oscillation (AMO) on fluctuations in European air temperatures. The relative regularity of these multidecadal ocean cycles is largely independent of human influence and is primarily due to influences of natural origin from various sources. Positive and negative Phases alternate. The AMO has been reconstructed back to 1250 AD (KUHNERT and MULITZA, 2011), the PDO back to 993 AD (MACDONALD and CASE, 2005). Another prominent cycle is the North Atlantic Oscillation (NAO, e.g. WASSENBURG et al. 2016) which however is not topic of this contribution. The study period covers the last 100 years, i.e. commences in the early part of the early 20th century.


Multidecadal ocean cycles are superimposed on longer-term processes, requiring the analysis of at least 2 cycle periods before long-term climate trends can be confidently identified. The oceanic oscillations are most likely driven by large-scale and long-periodic redistributions of energy/heat, which takes place as part of the global oceanic circulation.




2 Oceanic cycles


Periodic changes or cycles of temperature distributions are best known from the Pacific (PDO/ENSO) and Atlantic (AMO). Interestingly, more attention has been paid to the patterns of these spatio-temporal oceanic oscillations than to those that also occur simultaneous and parallel in the atmospheric temperature processes of Europe for example.


This may be due to the fact that the "up and down" movements taking place in the european air temperatures are not as clearly recognisable at first glance as the trends that develop in the oceans. But, that is decisive, they also exist ... and if you record air temperatures in Europe (see e.g. fig. 2 ), they even have a frequency comparable to PDO and AMO. These cycles are apparently more than just random temperature changes, as we observe them in the usual distribution all over the world from year to year; they have trends.


Cycles are subject to complex processes and the oceanic periods are in this sense "patterns" of an energy distribution that shifts in intensity and spatial distribution over decades. These temperature intensity patterns are calculated as an index and change in space and time. The PDO has a mean period of 60 years. The cycle is currently in a downward trend, except for a very strong El Nino that influenced the PDO values in 2014-2016 (therefore the period under consideration ends (initially) in 2013, but does indeed include previous El Nino). Similarly, the AMO rose from 1920 to 1940, fell from 1940 to 1970 and then rose again strongly up to 1998 (see Fig. 1).
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