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-Life-threatening
weather conditions,

economic losses,...

Introduction | Impact of mid-latitude cyclones
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during cloud formation
*Impact the atmospheric

dynamics
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httos://www.wetter3.de



Introduction | Location

-The Extratropical cyclones
(ETC) development is
associated  with  strong
temperature gradients

-Move eastward along with
the jet stream

-Regions with high frequency
of ETC are known as storm
tracks (e.g., the North
Atlantic region)
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Introduction | Influence of climate warming

Future changes in cyclone activity:
“tug of war’ between opposing
changes in:
-horizontal temperature gradients:
*at low levels
*at upper levels
-vertical stability
-latent heating in clouds ,
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Introduction | Change in cyclone properties

ol

lon . o™
p‘ec\p\

Properties Confidence
5. More intense High
precipitation

6.Wind intensity/extension  Low

lsothefms
3. Smaller gradient 4. Larger latent
heating
7.No change
to MSLP
ts
2. Sma”er >
gradient 3 0
Z s 4y 5.More int d more
4 ey < confined precipitatiopn
00 ~
cave! ot 6. Winds: unclear s

- possibly larger footprint

- Catto et al,, 2019




Introduction | Potential vorticity (PV) framework

PV anomalies linked to mid-Ilatitude cyclones
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Introduction | Objectives

A better understanding of dynamic changes of
extratropical cyclones over the North Atlantic in a
warming climate

A) Identifying changes of cyclone structure
B) Link between PV anomalies and the cyclone circulation changes
C) Contribution of diabatic changes

D) Dynamic contribution to precipitation changes



Method | Fully coupled climate simulations

* CESM-LE  (Community  Earth
System Model Large Ensemble)
climate simulations (10 members)

* Changes between 1990-2000
(present-day) and  2091-2100
(RCP8.5 future climate)

* Cyclone detection: Sea Level
pressure contour

* Cyclone centered composites
for the 10% strongest cyclones at
the time of maximum intensity in
the North Atlantic region

Kay et al., 2015
Wernli and Schwierz, 2006
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Results | Storm tracks in the CESM-LE
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Results | Present composite mean in winter

Temperature@850hPa

ONDJFM (t=0)

-5 0
Longitude

280
277

1274
271
X
1268 =
1265

262
259
256

10

Wind@850hPa

ONDJFM (t=0)

\\\\\\
\\\\\\
R NN N

- . m wm - -

WPt R T

10

Precipitation

ONDJFM (t=0)

Contours = Sea level pressure

= =

B o

N W W
0 N O

N N
N O O A
Precipitation (mm/day)



Results | Future composite changes in winter
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Results | PV anomalies
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Results | PV anomalies
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Results | Backward trajectories at low levels
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Results | Backward trajectories at high levels
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Results | Main drivers of PV anomaly changes
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Results | Associated changes in wind velocity from
PV inversion

Balance condition: |V, | « |V,| Contributions of PV changes at differents levels

balance flow

upper level anomaly + lower level anomaly +

Composite changes in wind velocity at 850 hPa associated with extreme North Atlantic
winter cyclones




Pressure (hPa)

Lat (degree)

N
o
1

ONDJFM (t=0)

Conclusions

300 //
400 ””"
Increased latent heating in a warmer climate amplifies low- and mid- .. (
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Increased diabatic effects and advection of
lower PV shapes the upper level PV anomaly
pattern in a warmer climate

W

o

o
1

168 —144 —120 -96  —72 a8 —24 0

»
(%]
1

10

168 -144 -120 -96  —72 48 —24 0

5.
Future expansion of the near-surface wind speed footprint is not .
just the result of increased diabatic PV production but rather a sum

of the upper and lower-level PV contributions (Dolores-Tesillos, E., et ]
al., 2022) 10+

jGracias! Danke schon! Thank you! s
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