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The stable ABL: ñstillò a challenge
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Á Modeling of stably stratified ABLs in Numerical Weather Prediction (NWP) 

models remains a difficult task:

V Low-level jets

V Gravity waves

V Turbulence intermittency

V KelvinïHelmholtz instabilitiesé

Á NWP sensitivity to mixing formulation in stable conditions

V Tight coupling between 

boundary layer and surface 

processes (soil, snow,é)

VModelôs sensitivity is 

increasing, also making more 

difficult for new 

parameterizations not to 

diminish overall performance   

Holtslag et al., BAMS (2013)
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One-dimensional closure in PBL schemes
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Á The lack of a three-dimensional turbulence parameterization induces errors 

in the presence of topography

Muñoz-Esparza et al., JAS (2016)

Velocity Momentum flux
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WRF mesoscale modeling during XPIA
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Á Turbulent kinetic energy at the BAO tower during the XPIA campaign [Lundquist et 

al. BAMS (2017)] puts into evidence the limitations of 1D PBL schemes

BAO tower

Muñoz-Esparza et al., MWR (2017, under review)

March 2015, z = 50 m
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Coupled mesoscale-LES modeling
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Mesoscale-LES transition
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NO TURBULENCECELL PERTURBATION

- Accelerated transition to developed turbulence

- Correct wind speed profile is achieved

Á ñCell perturbation methodò: Stochastic potential temperature perturbations within 

LES domain (near inflow region) [Muñoz-Esparza et al. BLM2014, POF2015]

CELL PERTURBATION

NO TURBULENCE GENERATOR


