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Research Interests
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I How is the turbulence field organized in the trades according to the
kind of mesoscale organization ?

I What is the interaction between the turbulent structure of the MABL
and the cloud organization ?

I What role is played by air-sea exchange or large-scale atmospheric
conditions on these processes ?
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Flight strategy and conditions
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• 17 ATR flights available.
• ’R-patterns flown at cloud base and

’L pattern’ flown within the sub-
cloud layer at two different heights.

• Wide range of sampled conditions.
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Availability and quality of the high-rate data
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The data quality increases from red (poor quality)
to orange, yellow and green (high quality).



Turbulence dataset Vertical structure Turbulence organization Key points

Availability and quality of the high-rate data
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Three types of segments :
• ’shortlegs’ ∼ 5 min (∼ 30 km)
• ’longlegs’ ∼ 60 km
• ’longestlegs’ range from 60 to 125 km.

Turbulent moments :
• Mean characteristics
• Calibration information for rv and T
• Second order moments and associated errors
• Third order moments and filtering ratios
• Characteristic lengthscales

Turbulent fluctuations :
• u, v, w, T, q ’detrended’ and ’filtered’

Level 2 : All files of turbulent mo-
ments and fluctuations, calculated for
each sensor of temperature (Rose-
mound and fine wire) and humidity
(KH20 and Licor).

Level 3 : ’Best estimates’ derived from
the sensors (or their combination) that
have the best quality flags for the leg
under consideration.
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Heat and moisture flux profiles
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• Consistent profiles inside the marine atmospheric boundary layer.
• Large heterogeneity of the estimates on ’R’ patterns =⇒ should be used with caution.
• Limited vertical sampling =⇒ extrapolating sea surface turbulent fluxes from this

dataset would not be accurate.
• Weak latent heat flux and sensible heat flux (LE ∼ 150 W m−2 and H ∼ 12 W m−2).
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Systematic and random errors
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• Random error generated by the finite
length of the sample and is therefore in-
herent in the measurement.
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• Systematic error reflects the loss of in-
formation due to the high-pass filtering.

εs =
Fdet − Ffil

Fdet

Around cloud base, the ran-
dom and systematic errors
are very large.
Vertical flux estimates are
mostly relevant below cloud
base.
Still with large error due
to weak fluxes.
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Turbulence dataset and associated datapaper

Dataset :
ATR-42 - Turbulence Data 25 Hz Pierre-Etienne Brilouet and Marie Lothon
https ://doi.org/10.25326/128

Datapaper :
Brilouet, P.-E., Lothon, M., Etienne, J.-C., Richard, P., Bony, S., Lernoult, J.,
Bellec, H., Vergez, G., Perrin, T., Delanoë, J., Jiang, T., Pouvesle, F., Lainard,
C., Cluzeau, M., Guiraud, L., Medina, P., and Charoy, T. : The EUREC4A
turbulence dataset derived from the SAFIRE ATR 42 aircraft, Earth Syst. Sci.
Data Discuss. https ://doi.org/10.5194/essd-2021-52, in review, 2021.
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Vertical turbulent structure of the MABL
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• Progressive increase of vertical velocity variance with the maximum at
∼ 1/2 MABL then decrease until the top.

• Significant TKE near the surface and then gradually decreases within
the MABL.

• Positive and globally constant skewness on the vertical, turbulence pro-
duction of dynamic rather than thermal origin.
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Characteristic scales of the turbulence
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• Integral lengthscale Lw characterizes the
transition from local isotropy (inertial su-
brange) to the energy-containing region
(production of turbulence).

Lw =
1
σ2
w

∞∫
0

w′(x)w′(x + r) dr

• Spectral peak wavelength λw associa-
ted to the spectral maximum and can be
interpreted as the most energetic eddies.

∂Sw
∂k

(
2π
λw

)
= 0

Very schematically :
Lw ⇔ size of thermals.
λw ⇔ distance between thermals, periodicity.
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Spectral analysis of the vertical velocity
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MANUFACTURER

RETAILER 1 RETAILER 2

MANUFACTURER

RETAILER 1 MANUFACTURER

RETAILER 1

Kritensen et al. (1989) model :
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Lw

Integral lengthscale
distance over which the field w ′(~r)
is correlated with itself.

µ

Sharpness parameter
The smaller µ, the
flatter the spectrum.

λw

Spectral peak wavelength
Size of the most energetic eddies.

Fit to obtain the best
approximation deduced from the analytical spectrum
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Spectral analysis of the vertical velocity
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Anisotropy of the turbulence field
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• Cross-wind spectra sharper than along-wind ones, better repre-
sentativeness of the sampled structures.

• Characteristic length scales are larger and more scattered in
the mean wind direction than in the crosswind one.
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Characteristic lengthscales
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Two types of organizations
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Typical turbulence :
Observed spectrum close to Krisenten mo-
del defined for homogeneous turbulent ve-
locity fields.

Meso-scale coherent structures :
From the autocorrelation function, the
main mode of organized structures is de-
tected as a second local maximum.
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Two types of organizations
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Characteristic lengthscales according to the organization
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Key points and on-going work
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Key points :
• Turbulent dataset derived from the SAFIRE ATR 42 aircraft is nom available

to the public at AERIS (https ://doi.org/10.25326/128 ; Brilouet et al., 2020).
Details can be found in the associated datapaper (Brilouet et al., 2021).

• According to vertical profiles of characteristic scales the turbulent field is aniso-
tropic with energetic eddies elongated along the mean wind direction.

• Scale interactions between the turbulence field of the MABL and meso-scale
organized structures.

On-going work :
• Further analysis of the turbulent organizations as a function of large-scale pa-

rameters (wind shear, subsidence, stability, ...) and their interactions with the
spatial organization of the trade wind clouds.

• Extend the spectral analysis to other thermodynamic parameters such as humi-
dity.

• Characterization of MABL structures from SAR images and intercomparison
with airborne data.
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