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Roadmap
Operational: GEFSv12-Aerosol
• One member of the Global Ensemble Forecast System (GEFS)
• One-way coupled Atmosphere-Aerosols-Waves system
• 5-day global aerosol predictions

Target: GEFSv13
• Two-way coupled, Atmosphere/Aerosols/Land/Ocean/Wave/Sea Ice
• Prognostic aerosols included in all GEFS members
• Aerosol-radiation feedback impacts meteorology
• 35-day global aerosol predictions
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GEFS version 12Base Model:
GFS Model FV3 (Finite-Vol Cubed-Sphere)

Resolution C384 (25km) L64 (hybrid)

Physics GFSv15 packages (GFDL MP)

Boundary forcing NSST + 2-tiered SST

Non-Atmos Coupled 
Components

Waves (one-way)
Aerosols (one-way), one member only

Ensemble Methods:
Initial perturbations EnKF -f06

Model uncertainty 5-scale SPPT and SKEB

Members Control + 30 pert members

Forecast Details:

Daily frequency 00, 06, 12 and 18UTC

Forecast length 16 days, 35 days (00UTC)

Other Details:
Reforecast 30 years (1989-2018)

Implementation September 2020 (5 years of V11)

● Single GOCART-based aerosol component
● Substantial improvement over former 

operational NGACv2 system in both 
composition and variability of aerosol 
distributions
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GEFS version 13
Target configuration

Base Model:
GFS Model UFS Coupled 

Resolution Atmos/Aerosol/Land: C384 (25km) L127, 
Ocean/Ice: 0.25° tripole, Wave 0.25° lat/lon

Atmos Physics CCPP (saSAS, Thompson-MP, sa-TKE-EDMF, 
uGWD, NOAH-MP)

Boundary forcing N/A

Ensemble Methods:
Initial perturbations EnKF f00 (early cycle)

Model uncertainty Atmos: 5-scale SPPT, SKEB, SPP, CA;
Ocean: 5-scale oSPPT and  ePBL

Members Control + 30 pert members

Forecast Details:
Daily frequency 00, 06, 12 and 18UTC

Forecast length 16 days, 35/48 days (00UTC, Mon & Thu)

Other Details:
Reforecast 30 years (1994-2023)

Implementation Q1 FY2026

● Built on the Unified Forecast System (UFS)

● UFS-Aerosols component embeds NASA’s 
2nd-generation GOCART model

● Updated dust scheme (FENGSHA)

● Aerosol-radiation feedback enabled

● Prognostic aerosols included in all 31 
members

● Global aerosol predictions up to 35 days

● First-ever aerosol data assimilation (GDAS-
Aero v1)
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Roadmap – Development
● Development performed through sequential Ensemble Prototypes 

(EP) consisting of 10 perturbed members + control
● EPs based on GFS prototypes
● Prognostic aerosols introduced in 

EP4 with aerosol-radiation feedback 
(EP4a)

● EP4a aerosol configuration based 
on early experiments for UFS 
coupled prototype 8 (P8)

● EP4b - updated aerosol component 
with dust bugfix and scaling of 
biomass burning
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Roadmap – EP4a experiments
● 35-day, free forecasts
● Mini-set

○ 16 cases: 8 summer and 8 winter cases (2018)

■ Winter: 20180103, 20180110, 20180117, 20180124, 20180131, 
20180207, 20180214, 20180221

■ Summer: 20180801, 20180808, 20180815, 20180822, 20180829, 
20180905, 20180912, 20180919

● Full set
○ 104 cases: Oct. 2017–Sept. 2019, Oct. 2020–Sept. 2021
○ Once per week (Wednesday 00 UTC), 11 members, out to 35 days
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Roadmap – EP4a evaluation
1. Analysis of aerosol optical depth (AOD) and distributions

• Compare AODs against NASA (MERRA-2) and ECMWF (CAMS) 
global reanalysis datasets

• Compare surface distributions to AERONET data

2. Evaluation of aerosol impact on meteorology
• Use standard GEFS metrics to compare EP4a to EP4:

• 500 hPa height – Anomaly Correlation (AC)
• 500 hPa height – Continuous Ranked Probability Skill Scores (CRPSS)
• 500 hPa height – bias
• 850 hPa temperature – bias
• 850 hPa zonal wind – RMSE
• 250 hPa zonal wind – RMSE
• MJO
• Surface diagnosis
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500 hPa Height – CRPSS

N Hemisphere S Hemisphere
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500 hPa Height & 850 hPa Temperature
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Zonal wind – 250 hPa & 850 hPa
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500 hPa Height
2017-2019 Average Anomaly Correlation

500 hPa Height
Average AC

Free Forecast 
Period EP4 EP4 + aerosols Change

Northern

Hemisphere

Week 1 0.967 0.967 —

Week 2 0.656 0.646 –0.010 (-1.5%)

Week 3-4 0.378 0.368 –0.010 (-2.6%)

Southern

Hemisphere

Week 1 0.961 0.962 +0.001 (+0.1%)

Week 2 0.584 0.601 +0.017 (+2.9%)

Week 3-4 0.278 0.225 –0.053 (-19.1%)
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500 hPa Height – Week 1
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500 hPa Height – Week 2
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500 hPa Height – Week 3-4
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EP4a evaluation summary
Aerosols
• Dust and biomass burning overprediction

Atmosphere
• Improvements over EP4 in Week 1
• Mixed results in Week 2 – improvement in SH, degradation in NH 

(500hPa height)
• Noticeable degradation in Week 3-4
• Slightly colder than EP4
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EP4b – Aerosol updates
● Dust scheme (FENGSHA)

○ Corrected soil moisture (bugfix)
○ Improved surface inputs - fixes for high latitude and 

non-permeable surfaces

● Biomass-burning emissions
○ Scaled Quick Fire Emission Dataset (QFED) for 

consistency with 2nd-generation GOCART assumptions
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500 hPa Height – CRPSS

N Hemisphere S Hemisphere
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850 hPa Height & 2m Temperature
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EP4b – Preliminary results (control)
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EP4b – Preliminary results (control)
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EP4b
Preliminary 
results from 
ensemble 
experiment 
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EP4b
Preliminary 
results from 
ensemble 
experiment 
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EP4b – Preliminary results (control)

Example 
of Sahara 
stations
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Comparisons to Aeronet 

Overall comparisons to aeronet are good 
with the notable underprediction in the AOD 
mean in southern and central Asia
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Comparison to Aeronet

Week 1 Week 2

Week 3 Week 4
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Summary

• GEFSv13 Development well underway.  
• Early results show good agreement and on average no 

negative impacts on meteorology from inclusion of prognostic 
aerosols in weeks 1 -2

• Some negative impacts in weeks 3-4 but GEFSv13 prototype 
is better than the current operational GEFSv12
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Fengsha - Updates (in a nutshell)
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Update the drag partition to 
Chappel and Webb 2016

Data driven dry threshold velocity

https://reader.elsevier.com/reader/sd/pii/S1875963719301661?token=3107D1A358DA879709755588457CFBC1FCB438DCFEDE34FF67088F4F53E22D9240EF8E3597607F767AA745DF0CC14537&originRegion=us-east-1&originCreation=20211026181050

