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focus on the hot summer of 2018 
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21. NAO and Atmospheric Blocking 
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North Atlantic Oscillation (NAO)

➢ Pressure difference between the
icelandic low and the azores high

➢ Positive NAO: large difference in
pressure

➢ Negative NAO: small difference in
pressure

1. NAO and Atmospheric Blocking 

Stochastic Environmental Research and Risk Assessment,
R.J.Greatbatch, 2000, Springer Verlag
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Atmospheric Blocking

➢ Nearly stationary atmospheric felds
of high pressure

➢ Cause the area of the block to have
the same kind of weather for a
longer period of time

➢ Blocking events are a main cause
for heatwaves in europe

1. NAO and Atmospheric Blocking 

Taken from: https://uip.primavera-h2020.eu/storymaps/atmospheric-
blockings
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Interplay between Atmospheric Blocking, heatwaves and NAO

➢ Summer heatwaves over Europe are closely related to blocking events

➢ NAO+ events favour the occurrence of European blocking (EB) events

➢ NAO+ related EB events are stronger and more persistent

➢ NAO+ related EB events cause long lived extreme cold events in winter

1. NAO and Atmospheric Blocking 
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Research Question

➢ To what extend was the summer
heatwave of 2018 related to
atmospheric blocking over Europe?

➢ Does the NAO+ related atmospheric
blocking affect characteristics of
summer heatwaves in Europe? 

 

2. Research Question, Data and Methods

Data

➢ Daily maximal surface air
temperature (MSAT) and daily
precipitation

➢ Between 1979 and 2018, summer,
over Europe

➢ Historical simulations generated
from 15 different CMIP6 models
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Methods

Blocking: 
➢ detection method of Tibaldi and

Molteni
➢ Blocking event is considered related

to an NAO+ event if the lag 0 day of
the EB lies within the lifetime of an
NAO+ event

NAO index: 
➢ obtained from the National Oceanic

and Atmospheric Administration/
Climate Prediction Center

 
2. Research Question, Data and Methods

Heatwaves: 
➢ land only, MSATI (MSAT index)

anomalies
➢ A heatwave is defned if the MSATI

exceeds the 90th percentile for at
least three consecutive days
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Analysis of the 2018 summer
heatwave over Europe:

➢ Two heatwaves

➢ One blocking event 

➢ Three NAO+ events 

➢

 

3. Results
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123. Results

Analysis of EB and NAO+ events from data between 1979 and 2018 (and
CMIP 6 model data)
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MSAT anomalies on Lag 0 day

➢ Spatial distribution and intensity
differs between NAO+ related and
unrelated EB heatwaves

➢ NAO+ related EB events cause
north-west heatwaves

➢ NAO+ unrelated EB events cause
north-east heatwaves

➢ NAO+ related EB event heatwaves
have higher intensitives and are
larger

3. Results
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Geopotential height anomalies from
lag -8 day to lag 8 day for observed
data

➢ EB tilt to the south west for NAO+
related EB events

➢ No tilt for NAO+ unrelated EB
events

 

 

3. Results



  

Ju
lia

 H
ell

m
ig

Co
lla

bo
rat

ive
 im

pa
ct 

of 
th

e N
AO

 an
d a

tm
os

ph
er

ic 
bl

oc
kin

g o
n

Eu
ro

pe
an

 he
atw

av
es

15

Geopotential height anomalies from
lag -8 day to lag 8 day for model data 

 

3. Results
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Time-longitude evolution of
geopotential height anomalies

➢ EB event associated with NAO+

event persists longer than NAO+ 
unrelated EB event

➢ Travelling speed of NAO+ related
EB events is slower than of NAO+ 
unrelated EB events

 

3. Results
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Wind and precipitation anomalies at
lag 0 day 

➢ Tilted EB events cause southerly
winds to the west

➢ Stronger precipitation anomalies
during NAO+ related EB events

 

3. Results
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Conclusion

➢ Heatwave of 2018 is associated
with a atmospheric blocking event
and three NAO+ events

➢ NAO+ patterns upstream of an
atmospheric blocking event have
infuences on the 
➢ Shape
➢ Intensity
➢ Duration of heatwaves

4. Conclusion

Personal Take Home Message

➢ Heatwaves are caused by different
atmospheric phenomena
depending on the spatial location

➢ Different atmospheric events are all
somehow connected to each other
and infuence each other
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Backup → TM Index for Blocking Events 21

Tibaldi and Molteni Index

➢ One dimensional blocks

➢ Blocking event: More than fve
contigous meridian lines are
blocked for a day and this consists
for at least three days

➢ Z500 = geopotential height
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Backup → Climate Models used for Model data 22
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