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Stratocumulus clouds 

9.09.2022 Nowak et al.: Turbulence properties in (de)coupled stratocumulus-topped boundary layers 2 

Stratocumulus over northeastern Atlantic, 9.07.2017  



Stratocumulus-topped boundary layer 
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Coupling/decoupling of a boundary layer 
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𝒒𝒕 𝜽𝒍 𝒒𝒕 𝜽𝒍 

Coupled boundary layer Decoupled boundary layer 



Research objectives 
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? 

What are the properties of turbulence 
in a decoupled stratocumulus-topped boundary layer? 

 
 
 

Do they differ between the sublayers? 

? 

? 

𝑄𝑠, 𝑄𝑙 , 𝐵, 𝑆, 𝜖, 𝑠, 𝑝, 𝐴, 𝐿, 𝜆, 𝜂 



Field campaign ACORES 
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Azores stratoCumulus measurements Of Radiation, turbulEnce and aeroSols 
2-22 July 2017 

helicopter operation 

ground-based stations 



Sampling strategy 
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Siebert et al. 2021 

Moderate TAS (  2̴0 m/s) 
Closely collocated (  3̴0 cm) 
high-resolution instruments 



Selected observations 
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Flight #5, 8 July 2017 
coupled boundary layer 

Flight #14, 18 July 2017 
decoupled boundary layer 

15:45 UTC 14:43 UTC 

MODIS Aqua, NASA Worldview Snapshots 



Flight segmentation 
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Flight #5, 8 July 2017 
Coupled BL 

Flight#14, 18 July 2017 
Decoupled BL 
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Stratification 
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Coupled boundary layer 

Entrainment Interface Layer 

Subcloud Layer 

Stratocumulus Layer 

Free Tropospheric Layer 



Stratification 
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Decoupled boundary layer 

Entrainment Interface Layer 

Surface Mixed Layer 
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Stratocumulus Layer 

Free Tropospheric Layer 



Stratification 
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Coupled boundary layer Decoupled boundary layer 

Decoupling criteria (Jones et al. 2011) 

𝜃𝑙
𝑡𝑜𝑝

− 𝜃𝑙
𝑏𝑜𝑡 > 0.5 K 

𝑞𝑡
𝑏𝑜𝑡 − 𝑞𝑡

𝑡𝑜𝑝
> 0.5 g/kg 

𝐶𝐵 − 𝐿𝐶𝐿𝑏𝑜𝑡 > 150 m 



TKE dissipation rate and inertial range scaling (1) 
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Coupled boundary layer 

D r = 𝐶𝑠𝑓𝑐 𝝐𝑟
2
3 

D r = 𝐶𝑠𝑓𝑐
∗ 𝑟𝒔 

𝐷𝑢 → 𝜖𝑢
𝑠𝑓𝑐

, 𝑠𝑢     𝐷𝑤 → 𝜖𝑤
𝑠𝑓𝑐

, 𝑠𝑤 



TKE dissipation rate and inertial range scaling (1) 
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Coupled boundary layer Decoupled boundary layer 



TKE dissipation rate and inertial range scaling (2) 
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Coupled boundary layer Decoupled boundary layer 



Summary of turbulence properties 
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Coupled boundary layer Decoupled boundary layer 
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