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Background

* How clouds are layered is a long standing issue
In determining the cloud radiative forcing of a
cloud field

 Traditionally cloud layers would be either
correlated (with maximum overlap), decorrelated
(random overlap), or something in between

« With finer resolutions for GCMs, what about the
overlap efficiencies within a cloud field?



Cloud Overlap

* Neggers et al (JGR, 2011)Cused IT/ES to determine the
cloud overlap ratior = = = for shallow
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* Found faster decorrelation than previously thought
(300m)

* Corbetta et al (GRL 2015) saw similar results
e Can we move beyond empirical values?
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Approach

e LES at 25m/25km of BOMEX, RICO, ARM, 20 LASSO
cases, using MicroHH (van Heerwaarden et al,
2017)

* Explore the overlap ratio for individual clouds

* Step 1: Empirical exploration

e Step 2: Parameterize individual terms

 Step 3: Compare parameterized with actual overlap



Driving factors of overlap

1) Inter-cloud Overlap
e (small effect, not shown) AZI

2) Intra Cloud Overlap:
* Shape -
* Shear ¢
* Turbulence

 Easier to describe as inverse overlap:
-1 _ -1 -1 -1 -1
r =1+ Tfld + Tshape + Tshear + Tturbulence



Driving factors of overlap: Shape

Maximum overlap vastly underestimates overlap!!
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Driving factors of overlap: Shear

o Effect of Shear 10
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Shear effect calculated by realigning centers of mass
Significant effect on some, but not all clouds



Shear model

* Assume a tilted cloud due to shear: 1,.=2="%

* Infinte spread in mapping real shear onto modeled
shear, but on average (for large inv. overlap)
reasonable
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Driving factors of overlap:
Turbulence
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* Calculating effect of small scale turbulence by
subtracting the overlap of a convex hull

» Strong effect across the board
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Turbulence model

* Assume a Fractal that further fills up when stacking
layers: . Vit h

h) = : *
mrb.mr:ld( } 2 hlj +h

* Fit ‘decorrelation length’ to 200m (following
Corbetta, Neggers)

Overlap from Turbulence
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Sum of all effects (observed)

Effect of All Contributors
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e Slight overcount for large clouds, probably because
turbulence + shape double counting



Effect of All Contributors 5 Average Contributions of Factors Accuracy of Model
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Inter cloud overlap

Inverse Overlap of Field vs Individual Clouds
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Considerable spread, but on average
Field overlap = Individual Overlap



Inverse Overlap vs Cloud Width:
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* Overlap somewhat better modeled vs Cloud Height
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