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Abstract
This study shows the comparison between the sea-breeze circulation (SBC) day and normal day turbulent characteristics and the Reynolds stress anisotropy in
the lower atmospheric region. The Reynolds stress tensor is responsible for the dissipation and transportation of mean kinetic energy. Variability of the
turbulent kinetic energy due to the Reynolds stress anisotropy modulates the air quality. A 20 Hz Ultrasonic anemometer was deployed in the coastal area of
northern France to measure the temporal wind variability for the duration of one year five months. The SBC was detected by a change in wind direction from
the West to the East during the day time. We found the axial component of the turbulent kinetic energy is higher than the other two through an axisymmetric
expansion, and energy ellipsoid has a cigar shape due to SBC. During this time the dominance of small scale zonal turbulent motions was observed. Also, the
probability of a higher degree of wind anisotropy due to SBC generates large mean kinetic energy within the lower troposphere.
sea-breeze circulation

Measurements

A shift in wind direction from
offshore to onshore identified
as SBC

Study area
Idealized sea breeze circulation (Lyons, 1975 and Ogawa et al., 1986)

Observed 28 SBC over one year
five months period within the
lower troposphere

Ultrasonic anemometer

Methodology
The velocity components u, v, and w of the turbulent wind flow are
decomposed into a mean part and fluctuating part as

𝑢 = 𝑢 + 𝑢′,𝑣 = 𝑣 + 𝑣′ ,𝑤 = 𝑤 + 𝑤 ′
The Reynolds stress tensor is a symmetric second-order tensor, given by

𝑢′2 𝑢′𝑣′ 𝑢′𝑤′
𝜏 = 𝑅𝑖𝑗 = 𝑣′𝑢′ 𝑣′2 𝑣′𝑤′
𝑤′𝑢′ 𝑤′𝑣′ 𝑤′2

decomposed into
isotropic and
anisotropic parts
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decomposition of
Reynolds stress tensor

𝛿𝑖𝑗 𝑖 ≠ 𝑗 = 0;
𝛿𝑖𝑗 𝑖 = 𝑗 = 1
Ψ = 𝑢′2 + 𝑣 ′2 + 𝑤 ′2

Concept of the shape of energy
ellipsoids (Neuhaus et al., 2016)

Results

Probability of occurrence of cigar
shaped energy ellipsoids are more
during the SBC then normal days

𝜆13 − 𝐼𝜆32 + 𝐼𝐼𝜆3 − 𝐼𝐼𝐼 = 0

𝜆1 , 𝜆2 , 𝜆3 are the eigenvalues of 𝜒 and the
invariants are 𝐼, 𝐼𝐼, 𝐼𝐼𝐼
𝐼 = 𝜒𝑖𝑗 = 0; 𝐼𝐼 = −𝜒𝑖𝑗 𝜒𝑗𝑖 Τ2; 𝐼𝐼𝐼 = 𝜒𝑖𝑗 𝜒𝑗𝑘 𝜒𝑘𝑖 Τ3

𝐼𝐼𝐼Τ2
A nondimensional degree of anisotropy 𝐷𝑎 =
𝐼𝐼Τ3 1.5
Conclusions

• 28 SBC was observed over one year five months
period within the lower troposphere in the coastal
area of northern France.
• The axial component of the turbulent kinetic energy is
higher than the other two through an axisymmetric
expansion, and the energy ellipsoid has a cigar shape
during the daytime of the SBC days. While during the
normal days, wind energy ellipsoid has both the
axisymmetric contraction (disk shape) and expansion
(cigar shape).
• The higher degree of wind anisotropy generates large
mean kinetic energy within the lower troposphere
during SBC days.
• The dominance of small scale zonal turbulent motions
in the flow field during the daytime of SBC days.
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𝑝 𝐾𝐸 ȁ𝜇, 𝜍 =

1 1
𝑒𝜂
𝜍 𝐾𝐸 (1+𝑒 𝜂 )2

where 𝜂 = log 𝐾𝐸 − 𝜇Τ𝜍
Probability of occurrence of large
1
𝐾𝐸(= 𝑢2 + 𝑣 2 + 𝑤 2 = 5-20
2
m2/s2) during SBC days is 1.5 times
larger than normal days.
Also, the higher degree of wind
anisotropy generates large mean
kinetic energy during SBC days
within the lower troposphere .
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