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What does the BL parameterization do?

Attempts to integrate 

effects of small scale 

turbulent motion on 

prognostic variables at 

grid resolution.

Turbulence transports 

temperature, moisture and 

momentum (+tracers).

Ultimate goal: correct model output



Which aspect of the BL can we evaluate?

1. 2m temperature/humidity

2. Depth of BL

3. Diurnal variability of BL height

4. Structure of BL (temperature, moisture, 
velocity profiles)

5. Turbulent transport within BL

6. Boundaries: entrainment, surface fluxes, 
clouds etc.

large scale

small scale

Chandra et al., sub. to J. Climate



Part 1

Depth of the boundary layer



BL depth from radiosondes

ÅProblem: Define the top of the BL!

ÅConcept: At he top of the BL, the air motion transitions from 

turbulent to laminar flow.

ÅFor an equitable comparison, apply the same criteria for 

identification of this transition to model profiles and radiosonde 

profiles.

ÅAlternative for convectively driven boundary layers: turbulent 

mixing leads to T and q gradients at the BL top. Identify these 

gradients in the profile.
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Richardson number-based approach

ÅRichardson number defined as:

Åflow is turbulent if Ri is negative

Åflow is laminar if Ri above critical value

Åcalculate Ri for model/radiosonde profile 
and define BL height as level where Ri 
exceeds critical number

buoyancy production/consumption

shear production (usually negative)
Ri=



Difficulties with this approach

Ådiscrete model layers -> bulk Ri number

Åwhere is the top and bottom of the bulk layer?

Åhow much do surface fluxes increase buoyancy? 

not most reliable model field

Åfor sonde profiles, surface fluxes usually 

unavailable

Ånoise in sonde profiles can introduce uncertainties

diagnostic BLH in IFS is currently 

ñtunedò to best agree with paramete-

rization based BL height



How-to

ÅNeed T, u,v,q,z and some constants

ÅDefine conserved variable, e.g. virtual dry static energy:

ÅApply smoothing in the vertical if necessary

ÅStarting at lowest model level, calculate Ri number, adding 

an excess to the dse to make up for missing surface fluxes

ÅIterate, until Ri exceeds critical level (e.g. 0.25)

ÅAssign height of nearest layer as BL top height



Example: dry convective boundary layer NW Africa

2K excess

1K excess

Theta [K]  profiles shiftedFigures: Martin Köhler


