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Wetter-/Klimaextreme
Zukünftig häufigere und intensivere 

Hochwasser, 

Hitzewellen, 

Dürre, 

Windflauten?
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Dürre oder Flut, oder beides?

Sommer 2003 (5 Standard-
b i h Mi l f )abweichungen vom Mittel entfernt)

Reto Knutti / IAC ETH Zurich

Sommer Temperaturen in Zürich (Schär et al. 2004)

Dürre oder Flut, oder beides?

Sommer 2003 (5 Standard-
b i h Mi l f )abweichungen vom Mittel entfernt)

Reto Knutti / IAC ETH Zurich

Sommer Temperaturen in Zürich (Schär et al. 2004)

Hochwasser 2002

Hitzewelle 2003

“Höhere Lufttemperaturen, sinkende Wasserpegel und ausgetrocknete Böden sind besonders 
sichtbare Folgen des Klimawandels. Andererseits lösen vereinzelte Starkregenfälle heftige 
Überschwemmungen aus.” sachsen.de (SMEKUL, abgerufen am 11.9.2024)
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Hitzewellen (HW)
CCS Climate Bulletin Sep 2023: “In Europe, September 2023 was the warmest 

September on record by an even larger anomaly – 2.51°C above the 
1991-2020 average and 1.1°C higher than 2020, the previous warmest 
September in the region.”

Ursache: Absinkende dabei erwärmende Luftmasse, 
solare Strahlung, geringe Verdunstungskühlung, 
Advektion warmer Luftmassen über mehrere Tage

Erfassung hier: Überschreitung des  90. Perzentils 
(Referenzperiode 1981-2010) der täglichen Tmax für 
mind. 3 Tage in Folge
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following Van Bebber 
(1891)

Dürre oder Flut, oder beides?

Sommer 2003 (5 Standard-
b i h Mi l f )abweichungen vom Mittel entfernt)

Reto Knutti / IAC ETH Zurich

Sommer Temperaturen in Zürich (Schär et al. 2004)

Dresden 2002

HE: Langsam ziehendes System, 
Hebungsniederschlag, eingelagerte Konvektion

Vb-Tiefdruckzugbahnen/
Hochwasserereignisse (HE)
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Blockierende Wetterlagen
Kautz et al. (2022) Atmospheric blocking and weather 
extremes over the Euro-Atlantic sector – a review, WCD:
“Blocking systems can be described as long-lasting, 
quasi-stationary and self-sustaining tropospheric 
flow patterns that are associated with a large 
meridional flow component and, thus, an interruption 
and/or deceleration of the zonal westerly flow in the 
midlatitudes.”
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Blockierende Wetterlagen
Konzeptuelle Druckmuster blockierender Wetterlagen
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to the NCEP–NCAR grid before performing additional
computations.

b. A conceptual model for ridge-blocking phenomenology

Subtropical ridges are herein considered temporary pole-
ward extensions of the subtropical high pressure belt. These
subtropical systems occasionally developwave breaking, leading
to the onset of a blocking event. Figure 1 illustrates a conceptual
model for an idealized life cycle of such an event, including the
early stages of a subtropical ridge, the development of an an-
ticyclonic wave breaking, and a mature Rex block (fully iso-
lated from the subtropical belt), as inferred from the inspection
of single events and the revisited literature.

A subtropical ridge features an intrusion of the high pres-
sure belt beyond its zonal mean latitude (LATMIN). Poleward

extensions with no wave breaking or relatively shallow intru-
sions of the subtropical belt in the midlatitudes are thus
considered a subtropical ridge, as depicted in Figs. 1a and 1b.
These structures are generally associated with a strong jet
stream on their poleward flank, resembling the low-latitude
blocks described in previous works (e.g., Davini et al. 2012).
They may or may not evolve into a block, depending on the
subsequent development of wave breaking on synoptic scales.

The occurrence of wave breaking sets the onset of blocking
(Figs. 1c–e). The early stage of a blocking can still display
strong westerlies upstream of a high that is not fully secluded
from the tropical belt, depicting the so-called omega shape
appearance, with low pressure systems on its western and
eastern flanks (Fig. 1c). At this stage, the system is not fully
isolated from the subtropical belt and a relatively widespread

FIG. 1. Conceptual model of high pressure patterns describing a typical life cycle of an event in the NH, including
the initial stages as a subtropical ridge, the development of flow reversals with omega shapes after a wave breaking,
and mature phases as an isolated split-flow Rex block. Pink shading corresponds to air masses with subtropical
characteristics, while green areas represent blocking of the extratropical westerlies by flow reversals in the middle
troposphere. LATMIN represents the minimum latitude for detection (the zonal mean position of the subtropical
belt edge). Gray and blue arrows denote typical synoptic features.
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Sousa et al. (2021) J. of Climate

-> stagnierende Hochdrucklage
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Blockierende Wetterlagen - 
Klimatologie
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bei 10% - ca. 9 Tage/Jahreszeit

Lohmann et al., subm.
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Blockierende Wetterlagen (blocking)
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Blocking + Extreme — IllustrationL.-A. Kautz et al.: Atmospheric blocking and weather extremes over the Euro-Atlantic sector 309

Figure 2. Schematic illustration of a blocking system (black line, indicating a geopotential height or PV contour) and some associated
surface extremes during (a) the cold season (October–March) and (b) the warm season (April–September). Rossby wave breaking occurs
on the flanks of the block, leading to (persistent) cutoff systems in this area. Blue stars show areas where snowstorms are observed (eastern
flank of the block). Areas with heavy precipitation are marked in light blue (poleward edge of the ridge and at both flanks). Areas with
high integrated water vapor transport (IVT) are illustrated in orange. Thunderstorm activity is marked by yellow lightning bolt symbols. The
position of a warm conveyor belt appears in purple. Areas with temperature extremes are marked with dashed lines (red for heat waves and
blue for cold spells).

2.4 Impact on surface extremes

The strong interest in blocking and its predictability is related
to the occurrence of associated high-impact weather (e.g.,
Matsueda, 2009). To be more precise, blocking is mainly as-
sociated with temperature (e.g., Quandt et al., 2017) as well
as hydrological extremes (e.g., Lenggenhager et al., 2019).
Blocking has also been associated with other extremes such
as marine heat waves (e.g., Rodrigues et al., 2019), episodes
of low air quality (e.g., Pope et al., 2016; Webber et al., 2017)
and with wind extremes to a lesser extent (e.g., Pfahl, 2014).

Using the example of an Omega block, Fig. 2 shows pos-
sible associated surface extremes depending on the season.
Please note that although these extremes are shown schemat-
ically in the same plot, they do not necessarily occur simul-
taneously, even if this has been observed in some sporadic
circumstances (e.g., Russian heat wave and Pakistan floods
in summer 2010). During the cold season (from October to
March), low-temperature anomalies may be observed in the
southern and the eastern parts (at the eastern flank) of the
blocking system (Fig. 2a). In addition, there are also cases
where snowstorms have been observed at the eastern flank
of the blocking system. During the warm season (from April
to September), heat waves may develop below the blocking
ridge (Fig. 2b). Sometimes these heat waves co-occur with
droughts. Moreover, thunderstorms are possible at the east-
ern and at the western flanks of the blocking system. Heavy
rainfall events, which may lead to flooding and which are co-

located with areas of high integrated water vapor, are possi-
ble at the flanks and near the poleward edge of the blocking
ridge during the whole year. The specific location of tem-
perature and precipitation anomalies does, however, depend
on the positioning and type of blocking. For example, Sousa
et al. (2021) discuss how different phases of a blocking life
cycle over western Europe (from an open ridge stage to the
posterior stages of Omega and Rex block) during winter im-
pose very distinct regional impacts, a fact the authors explain
with the varying morphology of the blocking structure and
the corresponding synoptic environment.

As shown in the Fig. 2 and as reviewed below, the im-
pacts of blocking can vary considerably between seasons
and regions, but many impacts arise from one characteris-
tic: the persistence of blocking systems. This persistence is
a hallmark of blocking and arises from the dynamics of low-
frequency waves, irreversible wave breaking and eddy feed-
backs (Hoskins et al., 1985; Pelly and Hoskins, 2003a; Naka-
mura and Huang, 2018; Drouard et al., 2021). Blocking per-
sistence can lead to extended periods of extreme weather and
so has a clear societal impact. While the severity of the me-
teorological impact can be related to the number of blocking
days (Schaller et al., 2018; Lenggenhager et al., 2019), it is
not clear that the persistence of individual blocking events
is key here (Chan et al., 2019) or whether the recurrence of
blocking may have similar impacts (Woollings et al., 2018).
Moreover, the stalling of cyclones upstream of a blocking
system as observed, for example, in winter 2013–2014 over

https://doi.org/10.5194/wcd-3-305-2022 Weather Clim. Dynam., 3, 305–336, 2022

Kautz et al. (2022)
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Beispiel 1: September 2023
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Beispiel 1: September 2023
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Anomalie

Storm Daniel

≈

L.-A. Kautz et al.: Atmospheric blocking and weather extremes over the Euro-Atlantic sector 309

Figure 2. Schematic illustration of a blocking system (black line, indicating a geopotential height or PV contour) and some associated
surface extremes during (a) the cold season (October–March) and (b) the warm season (April–September). Rossby wave breaking occurs
on the flanks of the block, leading to (persistent) cutoff systems in this area. Blue stars show areas where snowstorms are observed (eastern
flank of the block). Areas with heavy precipitation are marked in light blue (poleward edge of the ridge and at both flanks). Areas with
high integrated water vapor transport (IVT) are illustrated in orange. Thunderstorm activity is marked by yellow lightning bolt symbols. The
position of a warm conveyor belt appears in purple. Areas with temperature extremes are marked with dashed lines (red for heat waves and
blue for cold spells).
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Beispiel 2: September 2024
Begann mit Hitzewelle mit Tropennächten (TMin 20°C)≥
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Beispiel 2: September 2024
8/9.9 Temperatursturz, ab 12.9. weiterer 

Temperaturrückgang und ergiebige Niederschläge 
durch Vb-Lage
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Beispiel 2: September 2024
blocking: HW
Ostverlagerung mit Wetterwechsel
Abschnürendes Tief zieht meridional durch blocking im 

Osten => Vb-Lage

13

mailto:Bodo.Ahrens@iau.uni-frankfurt.de


Bodo.Ahrens@iau.uni-frankfurt.de

Forschungsfragen
Wie verändert sich blocking im sich ändernden Klima?

Können wir Veränderungen in Häufigkeiten regional (über 
Skandinavien, Atlantik, Osteuropa etc.) mit 
Klimamodellen in die Zukunft projizieren? 

Können wir damit auch statistische Veränderungen von 
Wetter-/Klimaextremen in die Zukunft projizieren? 

14

Blocking Extremereignisse
Großskalige  

Treiber
? ?
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Historisches blocking und Extreme
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Blocking und Hitzewellen

• HW bei blocking Mitteleuropa ca. 8-9 mal 
häufiger

• starke HW 30-60 mal häufiger

16
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Blocking und Vb-Lagen

• Vb-Lage bei blocking Osteuropa 2,5-3 mal 
häufiger 

• Vb-Lage bei blocking N-Atl./Skan. 1,5-2 mal 
häufiger

17
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Blocking und Vb-Lagen

• blocking beeinflusst auch mittlere Zugbahn

• räumliche Verteilung mit blocking diffuser

18
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Blocking und Flauten

19

Flaute: Unterschreiten des 5. Perzentils der 
Windgeschwindigkeit

• Flaute bei blocking Mitteleuropa 1,5-2 mal häufiger
• Oktober-Februar*: Flaute 2,5-3 mal häufiger

*kritische Zeit des Jahres bzgl. Dunkelflauten
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Großskalige Treiber und blocking?
5 vielversprechende Treiber identifiziert:

- 2 Indikatoren basierend auf der Eurasischen 
Schneebedeckung

- Meereisbedeckung Barents-Karasee

  - Meeresoberflächentemperatur (SST) im Nordatlantik in 
2 Regionen (AMV, atlantisches Erwärmungsloch)

20
IPCC AR6 WG1 (2021)
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Historisches blocking und Treiber

21

Treiber Jahreszeit, in der blocking-
Frequenz beeinflusst wird

Trend des Treibers Extrapolierte 
Auswirkungen auf blocking

Atlantische 
Multidekadenvariabilität 
(AMV)

Winter, Frühling, Sommer Übergang in negative Phase Weniger blocking über 
Nordatlantik, mehr über 
Europa

Herbst Übergang in negative Phase Weniger blocking über 
Europa

Atlantisches 
Erwärmungsloch

Winter Intensivierung des 
Erwärmungslochs

Weniger blocking über 
Nordatlantik, mehr über 
Osteuropa

Frühling, Sommer Intensivierung des 
Erwärmungslochs

Weniger blocking über 
Nordatlantik, mehr über 
Europa

Herbst Intensivierung des 
Erwärmungslochs

Weniger blocking über 
Skandinavien, sonst geringe 
Auswirkungen

Eurasische 
Schneebedeckung

Frühling Abnahme der 
Schneebedeckung

Weniger blocking über 
Nordatlantik und 
Nordskandinavien, mehr über 
Mittel- und Osteuropa

Differenz der 
Schneebedeckung westl/
östl. des Urals

Monate Januar-März Kein eindeutiger Trend Keine Änderung 

Meereisbedeckung 
Barents-Kara-See

Sommer Abnahme der 
Meereisbedeckung

Weniger blocking über 
Eurasien

mailto:Bodo.Ahrens@iau.uni-frankfurt.de


Bodo.Ahrens@iau.uni-frankfurt.de

Historisches blocking und Treiber
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Treiber in Klimasimulationen? 
Beispiel Erwärmungsloch
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Im Ensemblemittel der Klimasimulationen  
unzureichend abgebildet
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Treiber in Klimasimulation? 
Beispiel Erwärmungsloch
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Große Spreizung in den Modellsimulationen
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Blocking in Klimaprojektionen?
• Winter-Abnahme konsistent in den Modellen
• große Unterschiede bei Sommer-Trends
• Z.B. NorESM-MM mit rel. Zunahme von 25-35% (3-4 

Tage) in Skand. und  10-15% (1-2 Tage) in Mitteleuropa 
im Sommer

25
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Annahme: Projektion des NorESM-MM 

• Beobachtung: Leipzig mit ca. 25 Hitzetagen/Jahr in 
Leipzig 

• Davon 40% bzw. 10 Hitzetage mit blocking  
• Zunahme von blocking in NorESM-MM  1-4 
Hitzetage(*) pro Jahr mehr (nur durch blocking, d.h. 
ohne andere Faktoren)

26 (*) grössere Effekte auf Hitzewellen zu erwarten
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Zwischenfazit
- der mechanistische Zusammenhang blocking - Wetter-/

Klimaextreme ist robust in Reanalysen (und Klimamodellen): z.B. 

• 8-9-mal häufiger sommerliche Hitzewelle mit blocking in Mitteleuropa, 

• 3-mal häufiger Vb-Lagen bei blocking Osteuropa (Starkregen 3,5-mal 
häufiger), 

• Winterflauten 3-mal häufiger bei blocking im nördlichen Mitteleuropa bis 
Nordsee

- Klimamodellunsicherheiten erschweren Aussagen über zukünftige 
Häufigkeit und Intensität blockierender Wetterlagen

- Robuste Aussagen aus Vergangenheit und Projektionen:

• mehr blocking in Frühling/Sommer => intensivierte Hitzewellen/
Trockenperioden und mehr/stärkere Vb-Ereignisse

• eher keine Änderung bei Winterflauten

27
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Weitere Aspekte
Vb-Hochwasser = f(Regensumme, Regenintensität, …)

28
Hamouda et al., Subm.

Regenintensität

Abfluss, Erosion
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Weitere Aspekte
Hitzewellen, Trockenperioden = f(…, Bodenfeuchte, …)

29

Copernicus Climate Change Service
European State of the Climate | 2022
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Weitere Aspekte
Hitzewellen, Trockenperioden = f(…, Bodenfeuchte, …)
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SPM

Summary for Policymakers

l a. 

Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Figure SPM.5 | Changes in annual mean surface temperature, precipitation, and soil moisture
Panel (a) Comparison of observed and simulated annual mean surface temperature change. The left map shows the observed changes in annual 
mean surface temperature in the period 1850–2020 per °C of global warming (°C). The local (i.e., grid point) observed annual mean surface temperature changes 
are linearly regressed against the global surface temperature in the period 1850–2020. Observed temperature data are from Berkeley Earth, the dataset with 
the largest coverage and highest horizontal resolution. Linear regression is applied to all years for which data at the corresponding grid point is available. The 
regression method was used to take into account the complete observational time series and thereby reduce the role of internal variability at the grid point level. 
White indicates areas where time coverage was 100 years or less and thereby too short to calculate a reliable linear regression. The right map is based on model 
simulations and shows change in annual multi-model mean simulated temperatures at a global warming level of 1°C (20-year mean global surface temperature 
change relative to 1850–1900). The triangles at each end of the colour bar indicate out-of-bound values, that is, values above or below the given limits.
Panel (b) Simulated annual mean temperature change (°C), panel (c) precipitation change (%), and panel (d) total column soil moisture change 
(standard deviation of interannual variability) at global warming levels of 1.5°C, 2°C and 4°C (20-year mean global surface temperature change relative 
to 1850–1900). Simulated changes correspond to Coupled Model Intercomparison Project Phase 6 (CMIP6) multi-model mean change (median change for soil 
moisture) at the corresponding global warming level, that is, the same method as for the right map in panel (a). 
In panel (c), high positive percentage changes in dry regions may correspond to small absolute changes. In panel (d), the unit is the standard deviation 
of interannual variability in soil moisture during 1850–1900. Standard deviation is a widely used metric in characterizing drought severity. A projected 
reduction in mean soil moisture by one standard deviation corresponds to soil moisture conditions typical of droughts that occurred about once every six years 
during 1850–1900. In panel (d), large changes in dry regions with little interannual variability in the baseline conditions can correspond to small absolute 
change. The triangles at each end of the colour bars indicate out-of-bound values, that is, values above or below the given limits. Results from all models 
reaching the corresponding warming level in any of the five illustrative scenarios (SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5) are averaged. 
Maps of annual mean temperature and precipitation changes at a global warming level of 3°C are available in Figure 4.31 and Figure 4.32 in Section 4.6. 
Corresponding maps of panels (b), (c) and (d), including hatching to indicate the level of model agreement at grid-cell level, are found in Figures 4.31, 4.32 and 
11.19, respectively; as highlighted in Cross-Chapter Box Atlas.1, grid-cell level hatching is not informative for larger spatial scales (e.g., over AR6 reference regions) 
where the aggregated signals are less affected by small-scale variability, leading to an increase in robustness.
{Figure 1.14, 4.6.1, Cross-Chapter Box 11.1, Cross-Chapter Box Atlas.1, TS.1.3.2, Figures TS.3 and TS.5}
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Änderung der integrierten (0-200 cm) annuellen Bodenfeuchte

IPCC AR6 WG1 (2021)

Hitzewellen 
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Fazit
"Ich weiss das nie vor nachher."
Michel aus Lönneberga

Klimamodelle haben immer noch Entwicklungsbedarf!

Dennoch: Es wird extremer!

§20a GG … Vorsorgeprinzip =>

Mitigation + Adaption
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