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1. Context and  question 
       Link between the dynamics of 
          à Large scales of the system: e.g. , jet stream,   
               waves (Rossby, gravity..), internal variability (daily/annual variations)  
and   
           àtemperature fluctuations variability at local, small scales
       Context of extreme events ßàblocking 
      Problem:  unravel the mechanisms of genesis, persistence, and dissipation of 
energyà focus on extreme events
2. Methodology 
       First principles + Triple decomposition framework
        First principles? Navier Stokes, advection-diffusion of temperature… 
        Which form?  -constant physical properties of the fluid (constant density, viscosity, D) 
                                     -variable density, viscosity
                                     -T/NT interfaces    -with phase changes… 

3.  Results: June 2019, August 2003 
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• Small scales are influenced by large 
scales but the opposite is also true.

• Climate change brings more 
frequent and more intense extreme 
events.
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1. Context. Extreme events and climate change, a multiscale process



Zonal flows:
•Eddy driven jet (EDJ)

Waves:
• Rossby waves (RW)
• Gravity waves (GW)

Eddies:
• Cyclones (E-)
• Anti-cyclones (E+)
• Micro-Turbulence (MiT)
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1. Context.  Who are the players



Zonal flows:
•Eddy driven jet (EDJ)

Waves:
• Rossby waves (RW)
• Gravity waves (GW)

Eddies:
• Cyclones (E-)
• Anti-cyclones (E+)
• Micro-Turbulence (MiT)
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1. Context.  Who are the players, full spectrum

All scales/wavenumbers are energetic
Nastrom and Gage, 1985



Blocking àJet stream (periodic motion)à

Local variability of the temperature gradient

Energy source/Production / dissipation/diffusion/transport terms
= transport equations for  temperature fluctuations
•                                                                                         Focus on d/dt Mn
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1. Context and question
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The question:  Which is the 
‘new’ state of the system? 

Dynamical system  ßà
Statistical approach

Short times à
long time

1. Context. Scenarios for temporal jumps .. 
Short time (heat waves, UHI…) and long time (climate…) 
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M O M E N T U M  A N D  T E M P E R A T U R E  S T A T I S T I C S  I N  T H E  
A T M O S P H E R E  U S I N G  T H E  A P P R O A C H  O F  T U R B U L E N C E

2. Methodology. Numerical simulations with WRF



What goes here?

+F

Taking into account Gravity, Centrifugal, 
Normal forces(Pressure gradient) and 
influence of topography

Fluid continuum

Physics(Coriolis, Radiation, Surface, Microphysics, PBL 
mixing) and Numerical filters  

THE WRF MODEL

We use ERA5 reanalysis for the initial state and Boundary conditions

Taking into account all (significant) forces we can predict the Weather
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’m’= moist potential temperature 
(if all the moisture were condensed and the released  latent heat was added to the parcel)



Simulation characteristics

Studied t ime:  24-28 June 2019

Possible change to domains :
• D1 might be expended to include 

more of the Atlantic
• D4 will be implemented.
• D2 and D3 may be adapted if need 

be.

Domains :
D1 = 5km
D2 = 1km

D3 = 200m 
D4 = 60m

Santé publique 
France

Météo-
France

Evergreen forests and Savanna region categories/
Forêt et Savane

Water Urban and built-up
land categories/
Zones  urbaines 

ou construite de différentes cathégories

Croplands/
Champ

Barren or sparsely vegetated/
Sole dénudé ou peu végétalisé

Land use Index

Resolution: 60 m

Resolution: 5 km

ResoluHon: 1 km

200 m

885 km x 505 km

WIP

D1

D2

D3

D4
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Characteristics of  the 
Domain

Resolution: 67 m

Resolution: 5 km

Resolution: 1 km

200 m

WIP

D1

D2

D3

D4

Pe r io d  o f  S tu dy :  
2 4 -3 0  Ju n e  2 0 1 9

Domains :
D1 = 885 km x 505 km @5km
D2 = 376 km x 141 km @1km
D3 = 113 km x 53 km @200m
D4 =43 km x 43 km @67m

Santé publique 
France

Météo-
France

L a n d  u se  in d i c e s  f o r  th e  d i f f e r e n t  d o m a in s



Choice of physics, domain, and time of simulation

Resolution: 5 km

Resolution: 1 km

200 m

885 km x 505 km

T i m e  p e r i o d  b e t w e e n  2 4 -
2 8  J u n e  2 0 1 9

C u m u l u s  s c h e m e  f o r  d o m a i n  1 :  G R E L L - F R E I T A S

B L  P B L  m i x i n g :  Y S U
( d o m a i n  1  &  2 )

M i c r o p h y s i c s :  T H O M P S O N

R a d i a t i o n : R R T M G  

S u r f a c e :  Q N S E  ( Q u a s i - N o r m a l  S c a l e  E l i m i n a U o n )



Evolution of the temperature at a level 2m above ground level   
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Kurtosis 3.31  0.19
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noon 24 June 2019 noon 27 June 2019

Turbulent behaviour across layers leads to mixing of scalars like 
potential temperature extending the tails of increment PDFs, 
corresponding to more extreme events.
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PDFs of potential temperature 
increment in the PBL

PDFs of potential temperature 
increment in the  PBL

+300
Visualization & Analysis Systems Technologies. (2023) Visualization and Analysis Platform for Ocean, Atmosphere, and Solar Researchers (VAPOR version 3.8.0) 

[Software]. Boulder, CO: UCAR/NCAR - Computational and Information System Lab. doi:10.5281/zenodo.7779648

Kurtosis 6.10  0.34
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Results: Potential temperature spread.


