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A new option available in HAFS to switch the PBL physics for hurricane 
applications, maybe for more broad applications (Chen et al. 2022a, WAF)



Issues of the EDMF-TKE PBL scheme in hurricane conditions
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Main issue: mismatched PBL and surface layer parameterizations

Neutral conditions         unstable & stable boundary layer conditions→
M-O similarity theory

V35



Evaluation of TKE and eddy viscosity profiles

Km

Blue: Original EDMF-TKE

Red: Modified EDMF-TKE

TKE

Other changes:

1) Use a smaller asymptotic length scale 
based on LES and observations (<100 
m) [only for moving nests]

2) Adopt a new PBL height definition that 
works better in high-wind conditions

○ Traditional PBL height based on Rib does not 
work well in high-wind conditions (Chen 
2022, JAMES)

3) Mass-flux tapering in high-wind 
conditions (V10 > 20 m/s) [shear 
impact]



Unification of MF parameterizations from PBL and shallow cumulus schemes

Eddy-diffusivity Mass-Flux 
(EDMF) PBL scheme:

cloud base ~500 m while surface-driven MF extends to 2 km

Shallow cumulus (max depth: 200 mb)

MF double counting in cloudy 
boundary layers



Extra slides



The EDMF PBL scheme needs to handle rising convective plumes in the sub-cloud layer and moist 
updrafts in the cloudy layer for shallow cumulus boundary layers.

Reintjes (2005)



● HAFS forecasts during the 2021 hurricane season shows that intensity and structure 
skill have notably improved, while track skill is slightly degraded

● Right-of-track bias is very sensitive to 
cumulus schemes.

Km part addressed, and still not the end …

Blue: HAFA (original EDMF-TKE)

Red: HAFY (improved EDMF-TKE)

Gold: HAFY, with 4 early cycles of Henri (2021) removed

(Chen et al. 2022b, WAF, in review)


