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1. Summary of Darbieu et al. 2014

• Research strategy

• Data set

• Methodology

• Summary of the results

2. Confirmation/Invalidation of the assumptions

• Role of wind shear

• Impact of entrainement & demixing process

• Role of anisotropy

• Coherent structures

Structure of the presentation



� How do the turbulence characteristics vary in time and height? 

� How does an idealized LES ?

Back to the
w spectra

Observations
& LES

BLLAST Campaign
& 

NCAR LES code

Motivation and research strategy



+Surface energy balance stations 

BLLAST Campaign provides:
�Turbulence observations along the afternoon
�Conditions for an ideal case simulation

Large eddy simulation of an ideal case provides:
�Complete vertical and temporal evolution of
turbulence
�An access to physical processes too complex to 
be observed

Sky
Arrow

Radiosoundings

Piper 
Aztec

Data used

Vertical and temporal data 
coverage on 20 June 2011

NCAR LES code 
(Moeng,  1984, 1986  / Sullivan et al., 1996 / Patton et al., 2005)

•Case: 20 June 2011 of BLLAST campaign
•Domain: 10 km x 10 km x 3 km  Resolution:  ∆x = ∆y = 40 m and ∆z = 12 m
•Prescribed initial profiles and surface flux based on most representative surface
•‘Simple’ wind profile
•Prescribed total advection (AROME)
�Similar thermal structure obtained
�1.5 times less TKE in LES
�Lower zi (850 m VS 1100 m)



Kristensen et al. 1989 : A generalized kinematic spectral model  for anisotropic 
horizontally homogeneous turbulence

� µ and lw fit to simulated & observed spectra

Methodology: Spectral analytical model

LES spectrum

Aircraft spectrum

µ= 0.5
µ= 1

+1 slope

-2/3  slope



� LES ability to reproduce the turbulence evolution

Results of Darbieu et al. 2014



� The AT can be divided into two phases: the « Early Afternoon » and
the « Late Afternoon »

Results of Darbieu et al. 2014
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� TKE decays with a slow rate
� No significant change in the
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� TKE decays with a slow rate
� No significant change in the

turbulence characteristics
� It’s a long quasi-stationnary period

� Larger TKE decay
� Change of the spectra shape

� At surface: Kaimal spectrum, 
decrease of the integral lengthscales

� Above surface: flattening of the
spectra, increase of the integral
lengthscales
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� The changes occur first in the upper region of the PBL. 
� The higher within the PBL, the stronger the spectra shape changes.

Results of Darbieu et al. 2014
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Role of shear?

Hypothesis to explain the results

H1: How does wind shear impact on the
proceedings of the two phases?  



lw

t

EA LA
Entrainement?

t

µ

t

In
er

tia
ls

ub
ra

ng
e

sl
op

e

Role of shear?

Hypothesis to explain the results

H1: How does wind shear impact on the
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H2: The entrainement and the
demixing process could explain
the increase of the integral
lengthscales during the LA



H3: Anisotropy could modify
the spectral characteristics
from what is predicted by the
theory
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H3: Anisotropy could modify
the spectral characteristics
from what is predicted by the
theory
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Role of shear?

Hypothesis to explain the results

H1: How does wind shear impact on the
proceedings of the two phases?  

H2: The entrainement and the
demixing process could explain
the increase of the integral
lengthscales during the LA

H4: Coherent structures are 
suspected to modify the spectra



� New set of simulations

H1: How does wind shear impact on the
proceedings of the two phases? 



Sref U0

U10

H1: How does wind shear impact on the
proceedings of the two phases? 

U5

Dynamical production term



Sref U5U0 U10
TKE

H1: How does wind shear impact on the
proceedings of the two phases? 



Sref U5U0 U10
TKE

� TKE maintained in case of wind shear

H1: How does wind shear impact on the
proceedings of the two phases? 



Sref U5U0 U10
TKE

H1: How does wind shear impact on the
proceedings of the two phases? 

Sref

TKE decay for different slices of altitude

12 h

� Wind shear delays the decay of TKE and maintains the TKE

12 h 12 h



Sref U5U0 U10
TKE

H1: How does wind shear impact on the
proceedings of the two phases? 

Sref

TKE decay for different slices of altitude

� Wind shear delays the decay of TKE and maintains the TKE
� Smaller TKE decay in the zones of mechanical production



Sref U5U0

µ

H1: How does wind shear impact on the
proceedings of the two phases? 

� Sref: µ maintained until 1700 UTC
� U0: µ decreases everywhere from 1500 UTC
� U5: µ decreases earlier at the top of the PBL (no wind shear)



Sref U5U0

lw

H1: How does wind shear impact on the
proceedings of the two phases? 

� Sref: increase of lw at the top of the PBL 
� U0: lw constant
� U5: lw constant at the top of the PBL, decreases in the lower layers



Sref U5U0

lw

H1: How does wind shear impact on the
proceedings of the two phases? 

� Sref: increase of lw at the top of the PBL 
� U0: lw constant
� U5: lw constant at the top of the PBL, decreases in the lower layers

Wind shear at surface creates
turbulent eddies and reduce the
influence of entrainement

Wind shear at the top of the
PBL seems to increase the
entrainement process



H2: Does an increase of the entrainement process
induce an increase of lengthscales ?

0
vw ''θ 0vw ''θ i

Zi

vw ''θ

Demixing
height

Negative
Area

Positive 
Area

B=
vw ''θ i
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� Beta very similar (0.14)
� U10 a bit larger in the morning
� U5 a bit smaller

H2: Does an increase of the entrainement process
induce an increase of lengthscales ?

Sref U10U5



� The height at which  the buoyancy 
flux is cancelling is very similar

H2: Does an increase of the entrainement process
induce an increase of lengthscales ?

Sref U10U5

D
em

ix
in

g
he

ig
ht



H2: Does an increase of the entrainement process
induce an increase of lengthscales ?

Sref U10U5

P
os

iti
ve

 a
re

a

N
eg

at
iv

e
ar

ea



Sref U5U0

lw

H2: Does an increase of the entrainement process
induce an increase of lengthscales ?

� Sref: According to  lw , the increase seems to propagate towards surface.
� The entrainement process might not be highlithed by studying buoyancy only.



H3: Could anisotropy modify the spectral 
characteristics?

AnisotropyAnisotropy Anisotropy
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H3: Could anisotropy modify the spectral 
characteristics?

Inertial subrange slope



Sref

U5

U0

Inertial subrange slope

H3: Could anisotropy modify the spectral 
characteristics?

Coherent
structures?

� Anisotropy flattens the
inertial subrange slope

-2/3



Sref

U10

1715 UTC

H4: Are the coherent structures at the origin of the
steeper spectral slopes?
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U5

(100 m)

1715 UTC

1200 UTC

H4: Are the coherent structures at the origin of the
steeper spectral slopes?
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Conclusions and perspectives
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Slow decay Large decay
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Role of shear
� Shear delays the turbulence decay and

the LA

� Entrainement might explain
the increase of the
lengthscales but has to be
more analyzed (with other
tracers?)

� Anisotropy flattens the inertial
spectral slope

� Coherent structures explain the steeper spectral 
slopes during the midday convective conditions

Conclusions and perspectives



Thank you for 
your attention



Do we find the same turbulence evolution on other
days? Analysis on 4 other flights
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Do we find the same turbulence evolution on other
days? Analysis on 4 other flights

Increase of the
lengthscales

Evolution of the inertial
subrange slope (less steep)

Flattening of
the spectra

25/06: Larger
lengthscales
(wind shear)



� New simulation initialized at 1100 UTC

• Same mean structure (Temperature, humidity, wind)
• Same zi
• Differences observed in the turbulent structure

Are the results sensible to the time initialisation?



� TKE starts to decrease  
everywhere at the same time

Are the results sensible to the time initialisation?



� The spectral changes happen 
earlier than in Darbieu et al. 2014

� TKE starts to decrease  
everywhere at the same time

Are the results sensible to the time initialisation?



Sref S11

� Evolution of the contribution of the low wavenumber range 

Sref S11



� New simulation starting at 1100 UTC

• Same mean structure (Temperature, humidity, wind)
• Same zi
• Differences observed in the turbulent structure:

� The TKE starts to decrease  everywhere at the same time
� The spectral changes happen earlier than in Darbieu et al. 2014

LES does not have enough time to create the larger turbulent structures

Are the results sensible to the time initialisation?


