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Abstract Based on daily surface air temperature at 2 m and 500-hPa geopotential height fields from the NCEP/NCAR
reanalysis dataset, a heat wave index over Europe is calculated in this paper. Spatial characteristics of heat waves over
Europe and associated atmospheric circulations are investigated using the K-mean clustering analysis method. It is shown

that the heat waves over Europe can be classified into six types with different spatial patterns: Western Europe (WE),
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Russian (RU), Eastern Europe (EE), Scandinavian (SC), North Sea (NS), and Iberian (IB). The frequency of heatwave

events over Europe is found to have increased significantly after the 1980s, which may be associated with the global

warming. The decadal variability of the summer North Atlantic oscillation (SNAO) is possibly a reason for the decadal

variability of European heatwaves. While the global warming can increase the frequency of European heat waves, the

atmospheric internal processes that affect the strength, position, and frequency of European heat waves seem to be

dominant. Composite of geopotential height anomalies shows that the occurrence region of European heat waves is

determined by the position of the blocking anticyclone over Europe that is tightly tied to positive stationary wave train

anomalies over Euro-Atlantic region and the phase of NAO. Low latitude-type heat waves are more likely to take place

when the SNAO index decreases to a negative value, while the high latitude-type heat waves often occur during the

period when the NAO index is in a positive phase. Moreover, it is found that the NAO event precedes the European

blocking by 1-5 days, suggesting that the phase of NAO can modulate the European heat waves.
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Fig. 1 Daily maximum air temperature anomaly (colored, units: K) and 500-hPa geopotential height anomaly (counter, units: gpm) of six heatwave patterns;
the first number denotes the number of every heatwave pattern, the second number denotes the rations of the total number of heatwave. WE: Western Europe

cluster; RU: Russian cluster; EE: Eastern Europe cluster; SC: Scandinavian cluster; NS: North Sea cluster; IB: Iberian cluster
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Fig. 4 Composites of 500-hPa geopotential height anomalies from the beginning to the end of the heatwave events corresponding to (a) WE pattern, (b) RU

pattern, (c) EE pattern, (d) SC pattern, (e) NS pattern, and (f) IB pattern. The grey shading denotes the region above the 95% confidence level for two-sided

student’s test
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Fig. 6 Composites of (a, b) geopotential height anomalies at 500 hPa and (c, d) surface air temperature anomalies corresponding to heatwave events: (a, ¢) 26

events that are related to positive phase NAO events; (b, d) 29 events that are related to negative phase NAO events
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Fig. 7 (a) The correlation coefficient between daily NAO index and daily air temperature anomaly in the summer, the number of degrees of freedom is 5796.
(b) Composite of air temperature anomaly for positive NAO phase event from lag—3 to lag3 days. At lag0, the positive phase NAO amplitude reaches its
largest. (c) Composite of air temperature anomaly for negative NAO phase event from lag—3 to lag3 days. At lag 0, the negative phase NAO event amplitude is

the largest
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