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• Non-local transport: EDMF

• EDMF(n)

• Cold pools in cu. Param.



Non-local transport

• EDMF approach (or any non-local approach) is 
attempting to represent the effects of the large 
eddies or plumes that cannot be represented very 
well by a down-gradient approach that does work 
well when the eddies are small compared to the BL 
depth.



Non-local transport



Non-local transport



Non-local transport



Eddy Diffusivity – Mass flux
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Eddy Diffusivity – Mass flux



EDMF(n)



Cumulus parameterization for 
climate modeling

• Heat and moisture fluxes due to unresolved moist 
convection



AS 
Parameterization

Lin and Arakawa (1997)
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Cold pool organization







Boing et al. 2012

Total water anomaly
Large eddy simulation 
(LES)

Study cold pool 
structures formed by 
rain evaporation and 
loading



Boing et al. (2012)

3D LES

MSE Vertical velocity



Boing et al. (2012)

MSE Cloud base radius

3D LES



Boing et al. 2012
Positive feedback: “cold pools promote deeper, wider, 
and more buoyant clouds with higher precipitation 
rates”



Practical applications

• So what if properties of convection vary with cold 
pool organization?

• Variability is what cumulus parameterizations are 
struggling to represent



Mapes and Neale (2011) “ORG”

• Vary plume properties by an order of magnitude 
according to amount of “organization”
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untuned UW-2 plumes

Observations

tuned ZM single plume

Vertical structure in convective 
tropical West Pacific

CAM5
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untuned UW-2 plumes
with ORG

Vertical structure in convective 
tropical West Pacific

CAM5



Satellite Derived (GPCP) CAM5 - ZM

Precip variability improved



Satellite Derived (GPCP) CAM5 - ORG

Precip variability improved



Cold pool organization studied in 
LES

• Why does cold pool organization promote deep 
convection?

• What did Boing et al. (2012) find in their study?



Boing et al. 2012

Lagrangian particle 
trajectories (LPT)



Boing et al. 2012

Lagrangian particle 
trajectories (LPT)• Poor correlation between exit 

height and subcloud layer 
thermodynamic properties of 
LPTs (like Romps and Kuang
2010)

• Strong correlation for exit 
height and cloud base size

• Why do cold pools form larger 
clouds?



Cold pool organization studied in 
LES
• Wider cloud bases correlated with gust front lifting 

and extra moist patches at cold pool intersections. 
(Schlemmer and Hohenegger 2014)



Cold pool organization studied in 
LES
• Wider cloud bases correlated with gust front lifting 

and extra moist patches at cold pool intersections. 
(Schlemmer and Hohenegger 2014)

• Reduced cloud spacing, stronger updraft velocity, 
and more deep convection correlated with 
intersecting cold pools (Feng et al. 2015) 



Cold pool organization studied in 
LES
• Do wider bases exist from the start? Why is 

entrainment rate initially so large?

• Hypothesis: Merging of cloudy updrafts is 
promoted by cold pools. The increase in size from 
merging reduces entrainment.



My proposed research questions 
stated simply

1. Does reduced cloud spacing really affect cloud 
development?

2. Does merging occur in deep convective 
development?

3. How does merging affect development?



Other people’s research

1. What is the importance of gustiness at cold pool 
gust front? (Langhans and Romps paper, Steve’s 
gustiness slides)

2. Cold pools / Downdrafts (KTK slides)


