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Introduction
In the regional version of the Unified Forecast System (UFS) 

known as the Short-Range Weather Application (SRWapp), 

two different physics configurations were applied to a case in 

which fog enveloped the coast of New England. Only one of 

these configurations was able to successfully simulate the fog 

event.  Using both regional and single-column versions of the 

UFS, we explore parameterized processes in the two PBL 

schemes, to examine the impact of some differences between 

the schemes as they contribute to the formation of fog in this 

case.

Tendencies were output from the more successful 

RRFS SRWapp run, and used to derive forcing to run 

the Single-Column Model.

Physics  

Component
GFSv17_p8 RRFS_v1beta

PBL TKE-EDMF MYNN-EDMF

Surface NOAHMP NOAHMP

Microphysics Thompson Thompson

Convection SAMF deep and shallow none

Gravity Wave Unified UGWP CIRES UGWP

Radiation RRTMG RRTMG

The SCM was run at 5 points along the coast where 

data was collected as part of the 3rd Wind Forecast 

Improvement Project (WFIP3). For this study, all 

selected model points are over adjacent water 

points, to focus on the impact of PBL processes.

Why was the RRFS physics suite more successful than the 

GFSv17_p8 suite at simulating this fog event?

Hypothesis:  The diffusion in the TKE-EDMF PBL scheme is too 

strong.

Experiment:  Reduce the TKE-based diffusion in the GFSv17_p8 by 

a) 50%, and b) 90% in the SCM.

SCM results showing time-pressure plots for the two control runs 

followed by the two experiments with reduced diffusion.  In (a) the 

diffusivity for heat at BLOC is shown.  In (b), the cloud liquid water plots 

for BLOC, NANT and RHOD illustrate the improvement in the timing of 

fog onset due to the reduction in diffusion.  These results are still not 

completely satisfactory, however.
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Surface fluxes frequently play an important role in fog 

formation.  A comparison of the surface fluxes for the two 

experiments shows that the GFS had consistently lower 

(more negative) fluxes than the RRFS.  An additional 

experiment was performed in which the latent heat fluxes 

over water were restricted to be ≥ 0.

Boundary layer cloud cover and 10-m winds at forecast hours 1,3,5. 

Sfc fluxes averaged over 

the 5 SCM points.  At left: 

the 2 control runs along with 

the comparison data from 

the 3d forcing model (black 

lines).  Right: fluxes from 

the SCM experiments with 

modified diffusion and 

constrained latent heat flux.

Model Configurations
Fog formed in the 3d simulation with RRFS_v1beta physics,

but not with GFSv17_p8 physics.  We focus on parameters in 

the PBL schemes to explore possible contributing factors.

To allow quick and inexpensive tests, the Single-Column 

Model (SCM) was used, driven by tendencies output  

from the more successful RRFS 3d SRWapp run.

The Fog Case:  27 May 2024

Boundary layer cloud cover and 10-m winds from 3-km simulations 

with the SRWapp with the RRFS (top) and GFS physics suites.   

SCM results, shown here for Block Island (BLOC), correspond 

reasonably well to the 3d model results.
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Do these changes improve the fog forecast in the SRW 3d 

model runs with GFS_v17p8 physics?

Diffusion 

reduced by 

90%

Diffusion 

reduced by 

90% and latent 

heat flux limited 

over water

Discussion
• These results demonstrate the dependence of the fog 

formation in the SRWapp simulation to 1) PBL mixing, 

and 2) surface latent heat fluxes.  Reducing the diffusion 

of heat and moisture improved the ability of the TKE-

EDMF PBL scheme to produce fog.  Modification to the 

latent heat flux over water also improved the fog 

simulation.  

• Given proper forcing, the UFS-based SCM is an effective 

framework for testing physics changes in an efficient and 

low-cost way.

• An optimal simulation of the fog event requires 

improvement of the subgrid mixing parameterization in the 

TKE-EDMF PBL that is guided and constrained by 

observations.
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