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The question is: how is 
this version of LNB 
related to the actual deep 
convective outflow? 

Undilute LNB

Different colors 
designate different 
entrainment rates: 
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Where exactly do 
the convective air 
parcels feel the zero 
buoyancy?
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Methodology
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Only the 1st 20 km of the outflow 
is considered for calculating 
these quantities (to minimize the 
ice sedimentation effect)

This is our target: a mature deep convection 

Well-developed anvil and outflow will 
“betray” where convective motions loses 
steam (neutral buoyancy)



Based on 4008 convective 
objects from CloudSat
data (2006-2008)

① LNB_sounding is a reasonable upper bound for LNB_CTH; however, 
the correlation between them is only 0.29

② LNB_maxMass is, on average, more than 3 km lower than 
LNB_sounding. The correlation between them is 0.28.

③ Deep convective cores (DCC): continuous radar echo from PBL to UT, 
with 10dBZ echo > 10km; DCC profiles are usually bundled together 
and stand out among neighboring non-convective profiles

Takahashi & Luo 2012



Land-Ocean Differences

 LNB_sounding is similar between land and 
ocean; however, LNB_observation
(LNB_CTH, LNB_maxMass, LNB_CBH) is 
consistently higher (by ~ 500 m) over land 
than over ocean.  

Takahashi & Luo 2012

 Ocean convective systems are larger, but 
their cores are smaller

 The height of the core is higher over land.
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Now based on 5-yrs of 
data and 7320 cases

Takahashi et al. (2017)
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There are a number of ways to 
explain the regional differences in 
Δ2 (LNB_sounding – LNB_maxMass).

Here we interpret the Δ2 as 
indicating the magnitude of 
entrainment dilution.
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Dependence of LNB_maxMass on

1) convective system size

2) Environmental conditions (e.g., mid-tropospheric RH)



1. Deep convective outflow is almost always lower than the 

undilute LNB (LNB_sounding). However, there is little 

correlation between LNB_sounding and the actual outflow 

height. 

2. The difference between LNB_sounding and LNB_maxMass is 

smaller over land than over ocean, which can be interpreted 

as indicating the land convection is less diluted.

3. We observed a negative relationship between convective 

entrainment rate and convective core size. 

4. CloudSat CPR observations show that DCC is stronger over 

land than over ocean

5. LNB_maxMass depends on convective system size and 

environmental RH in such a way that …

Summary
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• LNB_sounding ranking: WP(14.9km), Amazonia 
(14.5km), Africa (14.2km), East Pacifc (13.8km), and 
Atlantic ITCZ (13.7km)

• LNB_maxMass ranking: Africa (11.1km), Amazonia 
(11.3 km), WP (10.9km), East Pacific (10.3km), and 
Atlantic ITCZ (10.3 km)


