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Abstract

The convective dynamics in cumulus clouds can be driven by the buoyancy structures, which can range from simple 1solated thermal bubbles to
organized thermal-chain systems. The dynamic response of convective updraft to the convective buoyancy could be quite complicated due to
the strong local turbulence. Our research aims to identify a characteristic length scale for the nonlocal effect of convective buoyancy using a
coarsening approach. To achieve this goal, we performed a large-eddy simulation (LES) using a VVM with a 100 m horizontal resolution.
Gaussian convolution was applied 1n various scales to the buoyancy field as a coarsening method, smoothing high-frequency turbulence and
preserving buoyant thermal structures in both shallow and deep convection. Quantifying these structures enables determination of the
characteristic length for various convection types. Additionally, our research also focuses on uncovering the coherent structure of the
convection 1n response to the buoyancy field, potentially yielding a universal characteristic governing dynamic inflow across different

convection scales.

Diverse Convective Cloud Types

* Increasing the resolution of CRM transforms our understanding of
convection from basic conceptual models like steady-state plumes
and rising thermals to a more complex structure like a thermal
chain-like structure [Morrison et al., 2020].
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The Nonlocal Effect of Convective Buoyancy

* The dynamic response to buoyancy can be diagnosed:

Via + — (poa)] VB + D

[p() 0z

where a 1s the Eulerian vertical acceleration, B is the buoyancy,

and D 1s a quadratic function of spatial derivatives of velocity
(vanishes when u = 0) [Kuo and Neelin, 2022].
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The nonlocal response of a thermal bubble [Kuo and Neelin, 2022]
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The Nonlocal Effect of Convective Buoyancy

* The convolution with different Gaussian kernels 1s applied to
smooth out various scales of turbulence structure.

* Convective buoyancy and nonlocal response can be retained at a
specific scale even after convolution, where turbulence within this
range minimally affects the dynamic tield.
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Discussion and Conclusion

* After coarsening, convection o it () o
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* Universal deep inflow 0
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The similarity of a between
original and coarsened buoyancy
of cloud objects in different sizes.

nonlocal effect.

* The observable proxy for
determining the
characteristic length scale.



