Energy cascades in the convective atmospheric boundary layer:
analysis of structure functions



Turbulence cascade in the atmosphere
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Field campaign EUREC4A 2020
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Trade winds
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Shallow trade-wind convection
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Research flights during EUREC4A
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Flight segments
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Selected instrumentation

Instrument Brief description Position on ATR

5-hole For measuring the differential pressure radome

radome around the nose of the aircraft

Pitot probes Rosemount and Thales transducers fusclage
connected to Pitot probes measuring
static and dynamic pressure

Fine wire fine wire resistance for measuring fast nose (left-hand side)
temperature fluctuations

Licor 7500A  Near-infrared gas analyzer for measuring ~ window  (left-hand side)
rapid humidity fluctuations

KH20 Campbell krypton hygrometer for nosc (left-hand side)

measuring rapid humidity fluctuations

Adapted from Bony et al. 2022

50 km - 25 Hz

100 m/s

= 12 500 samples



Scale-by-scale budget derivation (1)
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B=g vé; z buoyancy

6, =0(1+ 0.61q,) virtual potential temperature

po Rd/cp .
0=T (?) potential temperature

T: temperature, q,,: water vapor mass fraction, p: pressure, p, = 1000 hPa

6—0 6q, — ¢,
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By B,

Incompressible Boussinesq approximation
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Scale-by-scale budget derivation (2)
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Scale-by-scale budget derivation (3)
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Scale-by-scale budget equation
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Approximation with measured quantities
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Buoyancy forcing
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S3 /T

Nonlinear interscale transfer
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Interspace transport
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Budget terms
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Total budget
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Idealized budgets
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Conclusions

Airborne in-situ measurements in shallow trade-wind regime of atmospheric boundary layer over
ocean are used to investigate the scale-by-scale budget of turbulence kinetic energy.

The budget involving buoyancy forcing, nonlinear interscale transfer, and
is approximately closed up to ~200 m.

At the near-surface and mid-subcloud levels, Kolmogorov equilibrium is observed over a range of
scales from a few to above 100 m.

At the top-subcloud and cloud-base levels, the budget is far from Kolmogorov equilibrium at scales
above 10 m, with significant contribution of buoyancy forcing and turbulent transport. Buoyancy
produces turbulence at intermediate scales while at large scales the stable stratification consumes
part of the energy which is supposedly supplied by the transport from below.

The contribution to the buoyancy forcing related to humidity variations is substantial and strictly

positive at all levels. Almost always, it dominates over the contribution related to temperature only.
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Energy cascades in the convective atmospheric boundary layer - summary
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2nd order structure functions
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Dissipation rate
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Budget terms in linear scale
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Total budget in linear scale
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