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Structure of talk

• A few aspects of the Grell-Freitas (GF) 

convective parameterization 

• WRF-Chem setup and aerosol impact 

experiments

• Turning on aerosol awareness in GF scheme

• Conclusions, ongoing, and future work



Some initial thoughts and Planned 

Methodology
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① Aerosol impacts on NWP: Use sophisticated 
cloud resolving simulations, then decrease 
complexity and resolution to what is used in 
operational systems

② How different are simple, lower resolution 
simulations from complex simulations? 
Observations?

③ Many studies of indirect effect use resolutions that 
require convective parameterizations. Unless the 
CP includes aerosol interactions, conclusions are at 
best suspect.

④ Conclusions are also suspect with a CP that 
includes aerosol interactions – unless we can show 
agreement with cloud resolving simulations
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Grell-Freitas Convective Param

• Scale-aware/Aerosol-aware (Grell and Freitas, 2014, ACP)
• Stochastic approach adapted from the Grell-Devenyi scheme 

(Grell and Devenyi, 2002, GRL; but many of the more 
computationally expensive ensembles have been cut for 
efficiency)

• Scale awareness through Arakawa approach (2011) or 
spreading of subsidence

• transitions to precipitating shallow-cumulus scheme as grid 
spacing decreases (can even use it at dx=1km!)
 First temperature & moisture tendencies decrease as 

resolution increases 
 At very high resolution (dx < 3km) parameterized 

convection becomes much shallower – cloud tops near 
800 mb (down from 200-300 mb).

 Tendencies in general become very small, practically 
shutting off below 5 km grid spacing.



Variable Resolution Tests

using the Grell-Freitas Convection Scheme
(Laura Fowler, Bill Skamarock, GF group)

MPAS Physics:

• WSM6 cloud microphysics 

• Grell-Freitas convection scheme

• Monin-Obukhov surface layer 

• YSU PBL 

• Noah land-surface 

• RRTMG lw and sw. 

MPAS mesh:

50 – 3 km variable resolution.

CONUS is the 3 km region.

Very smooth transition to the 50 km 

region.
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Aerosol awareness

Evaporation of raindrops is 

changed (Jiang and Feingold) 

based on empirical relationship

Constant autoconversion rate id 

changed to aerosol (CCN) 

dependent Berry conversion
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Evaporation effect will have a strong impact on downdrafts, but is limited by 

other environmental conditions (e.g., If the precipitation efficiency is already 

very low, it cannot get much lower, and vice versa)

CCN can be from complex model results 

(WRF-Chem), or simply from observed AOD 

(global or regional analysis)



3D: Evaluate and “train” the parameterization with test case selected 
by the WGNE working group to evaluate aerosol impact on NWP 

(using WRF and WRF-Chem)



Domain Details

• WRF-Chem 3.6.1 version

• 590 * 420 grid cells @ 15km resolution (similar for 5km resolution runs), 

50 vertically stretched levels

• 1-way nested domain with 5km resolution, similar number of grid points

• ERA Interim Daily meteorological data

• MACC reanalysis data – Boundary and Input conditions

• MEGAN biogenic emissions, EDGAR & RETRO anthropogenic 

emissions,MODIS & WF-ABBA Fire emissions

• For full chemistry run: Modal aerosols, gas-phase chemistry (RACM), 

aqueous phase chemistry (aqchem, and transport of all aqueous phase 

species)

• RRTMG short and long wave radiation

• Morrison double moment microphysics

• GF for convection, one run with aerosol awareness turned on, always 

scale-aware, also used on 5km resolution domains
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Typical vertically averaged PM25 distribution



Systematic and random SW differences (Chem – Met)  

(almost every run, 20 runs, 3-day forecasts)

Random changes, caused by different 

location of clouds, not interesting at this 

point

Random changes, caused by different 

location of clouds, interesting because of 

high aerosol concentrations

Systematic changes, in almost every run
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Differences in integrated cloud water and ice concentrations, 72 hour 

simulations starting Sep 9, 12Z. Displayed is Sep 11, 21Z

Sep 11, 21Z Sep 11, 12Z
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Differences in integrated cloud water and ice concentrations, 36 hour 

simulations starting Sep 9, 12Z. DX=5km, displayed is Sep 10, 12Z



First results from 5km resolution 

simulation, T2m differences, MET-CHEM



3-hourly precipitation differences 

at Sep 10, 21Z (MET-CHEM)



So what happens if you try this 

with aerosol-awareness turned on 

in the GF convective 

parameterization?

First run with dx=15km, Sep 9, 12Z 

initialization
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T2M difference fields, September 10, 1200UTC- mid-morning. Positive (red) is 

warmer compared to MET – simulation with convective parameterization

DIR DIR +IND

Cloud resolving 

simulation



Aerosol tests – initial conclusions
• Tropical environments may be the most likely to see a 

clear impact: much less windshear and less lower level 

dryness, dependence of precipitation efficiency 

(conversion to rainwater and evaporation) on aerosols 

more important

• Initial results for aerosol aware convective 

parameterization encouraging – but effects of wet 

scavenging not tested yet

– 3d impacts will depend on environmental conditions

– Because of the dependence of precipitation efficiency on wind 

shear and subcloud humidity in addition to CCN, impacts in 

middle latitudes may be much more mixed

– Qualitative results agree well also with Cloud resolving ideal 

simulations from Morrison



Aerosol tests – ongoing and future work
• More simulations are currently being done with dx=1.7km, 

also over the mid latitude domain in southern Brazil

• We will also test simpler chemistry modules and 

microphysics schemes with a focus on:

– Thompson aerosol aware microphysics would be much less 

expensive approach and will be used operationally at NCEP on 

regional scales

– GF scheme can run with observed AOD (no chemistry at all 

necessary)

– How simple can we go and still compare well to the complex 

simulations

• We are planning on testing the impact on NWP within a 

global modeling system (FIM, http://fim.noaa.gov ), also 

for seasonal predictions using FIM-iHICOM-Chem

• GF will also be implemented and tested in GEOS-5 

(NASA) model

http://fim.noaa.gov


Thank you!   Questions?


