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NOAA Testbeds
• NOAA: National Oceanic & Atmospheric Administration

– Home of National Weather Service (NWS)
• NOAA Testbeds

– Test important research ideas being considered for 
operations

– Evaluate new forecast guidance and products
– Bring together researchers and operational 

forecasters
• Research-to-Operations (R2O)
• Operations-to-Research (O2R)

– Participants from NWS, NOAA Labs, academic 
institutions

– Issue experimental forecasts before the event
– Real-time aspect important to avoid bias, more 

realistic simulation of operational conditions
• Limited data
• Deadlines to issue products

2



NOAA Testbeds
• Hazardous Weather Testbed

– Organized by Storm Prediction Center (Norman, OK)
– Five weeks in Spring: May 1 to June 7
– Improve forecasts of severe thunderstorms

• Tornadoes, Hail, Wind
• Hydrometeorology Testbed R2O Experiments

– Organized by Weather Prediction Center (College Park, MD)
– FFaIR: Two weeks in June &  two weeks in July

• Evaluate new products for flash flood and excessive rainfall forecasts
– Winter Weather Experiment (November – March)

• Evaluate new products for snowfall forecasts

• CAPS Contribution
– Participating in HWT since 2007, HMT since 2016
– Multi-member Convection Allowing Model (CAM)
– Ensemble Consensus Products

• Local Probability-Matched Mean (LPMM)
• Spatial Aligned Mean
• CAM Machine Learning Training

– CAPS Scientists participate in forecasting exercises 3



NOAA Unified Forecasting System
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• Next Generation Modeling System
• Unify model development for several applications

§ Medium Range Global Forecasting (0-14 days)
§ Short Range Regional Forecasting (0-4 days)
§ Hurricane Forecasting
§ Et cetera

• Single Dynamic Core to solve Navier-Stokes equation
• Finite-Volume Cubed Sphere Model (FV-3)

• Coupling to Land Surface, Ocean solver
• Common post-processing code
• Multiple parameterizations of sub-grid-scale processes

• Allows for multi-physics ensemble

Need for testing/validation of Short-Range Regional application



Ensemble Weather Prediction
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• No individual prediction is perfect
• An ensemble consensus often better than best individual member
• Ensemble can provide probabilistic information



2021-22 FFaIR Real-Time Configuration
Design Considerations
• Diversity required to model natural variation
– IC perturbations from GEFS (2021) or

prototype RRFS EnKF (via GSL, 2022) 
– BC perturbations from GEFS
– Multiple physics suites

• Code: Latest UFS FV3-LAM Short Range 
Weather App 1.0.1 with additions for NSSL 
physics

• Online visualization
https://caps.ou.edu/forecast/realtime/ 6

https://caps.ou.edu/forecast/realtime/


2021-22 FFaIR Experiment Configurations
• 12-16 FV3-LAM members
• 3 km grid spacing (ESG grid)
• CONUS grid, same as EMC
• 84-hr forecasts initialized at 00Z
• All members use RRTMG radiation
• Run on Frontera
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Frontera Job Configuration
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• HWT Spring 21 forecasts
• HMT FFaIR Summer 16 forecasts
• 18 Nodes per forecast
• Each forecast 6.0 h-7.25 h, ~6.5 h average
• Post-processing (short 1-node jobs) 

o Interpolation to 2D pressure levels
o Calculation of radar reflectivity, etc
o Transfers to NSSL & CAPS Cluster



Use of VIP Priority Queue
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• On-Demand style computing
• SLURM queue priority is boosted compared to other jobs
• Allows jobs to start in an efficient manner
• Saves resources compared to dedicated queue

• Some jobs run faster than others
• Some jobs may have delayed start waiting for input data

• Total usage no more than 399 nodes ( < 5% of Frontera)
• Resources immediately available to other users after 

completion
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Nightly Job Timeline

GFS/GEFS Forecasts
GSL Analysis
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Preprocessing Starts
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0900UTC
CDT

0000
7:00pm

0300
10:00pm

1400
9:00am

0600
1:00am 4:00am

1200
7:00am

FV3-LAM Preprocessing

FV3-LAM Forecasts
6h–7h15m Run Time

Mean ~6h30m
…

FV3-LAM Postprocessing, Ensemble 
Consensus, and Product Delivery

Tim Goes to Bed 
(Bad Night)

Tim Goes to Bed 
(Good Night)



2022 FFaIR 16 Members
Experiment Microphysics PBL Surface LSM IC/LBC (like system)

GFS IC for Baseline Configuration

M0B0L0_PG Thompson MYNN MYNN NOAH GFS/GFS (RRFSv0)
Multi-Physics Core Configurations, Same IC/LBC

M0B0L0_P Thompson MYNN MYNN NOAH RRFS mean/GFS (RRFSv0)
M1B0L0_P NSSL MYNN MYNN NOAH RRFS mean/GFS (WoF)
M0B0L1_P Thompson MYNN MYNN NOAHMP RRFS_mean/GFS (RRFS)
M1B2L2_P NSSL TKE-EDMF GFS RUC RRFS mean/GFS (Mixed)
M0B2L1_P Thompson TKE-EDMF GFS NOAHMP RRFS mean/GFS (GFSv16)

Physics + IC Perturbation Ensemble
M0B0L0_PI Thompson MYNN MYNN NOAH RRFS01/GEFS_m1
M0B1L0_PI Thompson Shin-Hong GFS NOAH RRFS02/GEFS_m2
M0B2L1_PI Thompson TKE-EDMF GFS NOAHMP RRFS03/GEFS_m3
M0B0L1_PI Thompson MYNN MYNN NOAHMP RRFS04/GEFS_m4
M0B2L2_PI Thompson TKE-EDMF GFS RUC RRFS05/GEFS_m5
M1B0L0_PI NSSL MYNN MYNN NOAH RRFS06/GEFS_m6
M1B1L0_PI NSSL Shin-Hong GFS NOAH RRFS07/GEFS_m7
M1B2L1_PI NSSL TKE-EDMF GFS NOAHMP RRFS08/GEFS_m8
M1B0L1_PI NSSL MYNN MYNN NOAHMP RRFS09/GEFS_m9
M1B2L2_PI NSSL TKE-EDMF GFS RUC RRFS10/GEFS_m10

Naming
M: Microphysics
B: Boundary Layer
L: Land Sfc Model
PG: GFS Initial/Bndy Cdx
P: GSL EnKF
PI: Initial perturbations
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2022 FFAIR June Precip Verification
24-h Precip Threshold 1 mm (rain/no-rain)

G NN NNNNN
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2022 FFAIR June Precip Verification
24-h Precip Threshold 25 mm (1 in)
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June 2022 FFAIR Precip Reliability
36 h CAPS FV3-LAM 36 h HREF

15



June 2022 FFAIR Precip Reliability
84 h CAPS FV3-LAM60 h CAPS FV3-LAM
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Ongoing Work:
CAPS CAM Ensemble
Machine Learning Products
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• Structure for CAPS 2022 FFaIR HREF+ U-Net:
• Patch size, number of connections, and number of layers are being evaluated as 

hyperparameters (architecture shown below may change in later iterations)

Data/Methods

Default configuration used
by 2022 CAPS HREF+ AI forecasts
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Results so far – 2022 FFaIR
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