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Low Cloud Turbulence

Abstract
This project focuses on learning the 
salient features of turbulence across a 
range of shallow clouds, from stratocumulus 
to shallow cumuli, in order to develop new 
parameterizations of turbulence transport 
in shallow clouds. 

Motivation 
Convection representation in climate model 
has improved in recent years, with high 
horizontal resolution (few km) becoming 
possible. However, low-level clouds remain 
a fundamental challenge as they require 
computationally infeasible resolution in both 
horizontal and vertical directions. These 
clouds are a major source of uncertainty in 
climate projections and modelling their 
small-scale turbulence is difficult.

Figure 1: Key processes occurring in the strarocumulus-
topped boundary layer. Robert Wood (2012)

Large Eddy Simulation
- Idealized convective boundary 

layer simulation across a range 
of boundary conditions to 
capture many regimes of 
shallow clouds. We will start 
from smoke cloud case with 
buoyance, shear, and radiation 
with tracer implemented.

- Fine grid: 2m horizontal, 1m 
vertical

- Coarse-graining to different 
resolutions, for ML training

Figure 2: A gird box of a few kilometers can not 
represent low cloud turbulence well. Chow et al. (2019)

Figure 3: LES with resolution of to resolve 
low cloud. Chow et al. (2019)

Revisit the Eddy-
diffusivity mass-flux 

parameterization scheme
• Two-scale separation 

parameterization of turbulent 
flux in the boundary layer 
(Siebesma et al. 2017)

• First term: eddy-diffusivity 
(ED) captures the local 
gradient of the mean field

• Second term: mass-flux (MF) 
considers the nonlocal 
characteristics of the dynamics 
of a thermal. 

Improve parameterization
- To capture the unrepresented and/or  
underrepresented turbulence as a function 
of resolved physical states

Figure 3: Example of input/output for ML algorithms 
Ramadhan  et al. (2022, preprint)

Gain Physical insights

- To explore the physical mechanisms of 
turbulent transport. To better stand the 
main transport regimes, machine learning 
algorithms with low dimensional 
represented can be utilized. We also aim 
to test other tools such as equation 
discovery that could help us better 
interpret the model and build trust.

- To evaluate how ML algorithms attribute   
the turbulent flux to local and non-local 
effects

Figure 4: Example of  latent space representation using
auto-encoder. AssemblyAI

Figure 6: Illustration of a Fourier Neural 
Operator. Li et al.(2021)

Figure 5: Resolved and subgrid TKE as a 
function of horizontal grid. Honnert et al.(2020)

Explore the Gray Zone
- In the gray zone, turbulence can 

be partially resolved. (Figure 2)
- Traditional assumptions are 

challenged by the gray zone.
- Various properties of convective 

clouds are rather sensitive to the 
formulation of turbulence mixing 
within the gray zone.

- Scale awareness of the 
parameterization within the gray 
zone can be important. 

- Can neural operator help to 
develop a parameterization 
scheme which is robust across 
different resolutions?


