2 GIRA

CIRES ~—

Evaluation of Rapid Refresh Forecast
System Ensemble Designs

22 August 2023
Curtis Alexander’, Jacob Carley?

and many developers from NOAA/GSL and NOAA/EMC

'NOAA/OAR/GLOBAL SYSTEMS LABORATORY
2NOAA/NWS/NCEP/ENVIRONMENTAL MODELING CENTER



forecast outcome “i.e. swing and hit/miss”

* Model forecast ensembles are a common technique to (potentially)

capture all possible forecast outcomes (spread)
« Each ensemble member solution equally likely

» Diversity of solutions proportional to mean forecast error of day
» Control (deterministic) member solution should fall within

envelope of all member solutions

Deterministic forecasts represent only one possible realization of a

* UFS provides common model framework to compose single
model ensembles and address challenge of underdispersion

« Ensemble design is active research:

Initial and/or lateral boundary perturbations
Time-lagging across multiple initialization cycles
Multi- and/or stochastically perturbed physics
Multimodel (dynamic core diversity)

Rainfall Frequency vs Model Core
Summer 2019, 00z F18-24, n=57
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CONUS forecasted precipitation biases between members for a
single-model ensemble (left) and multi-model HREF ensemble (right)

Regional ensembles
(SREF and HREF) can
generate “artificial” spread
through biases resulting in
multi-modal distributions or
regularly favored members
that are not ideal

NCEP SREF Plume for Total-SNO at DCA from 20170106/09 UTC run.
Change date: 20170106 [ and select runtime: 03 (03| 15 21 then click parameter buttons & map to display forecasts.
Observed TEMP, DEWP, RHUM, & WIND plotted near WFO sites only.

Forecasted snowfall timeseries at DCA across multi-model SREF
ensemble with separation by model above/below mean (black)




Current and future UFS-based single-model ensemble forecast systems

GEFS (days-to-weeks)

Model: (gefs) Initialized: 2021082600
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Ensemble neighborhood probability (contours)
Storm reports for hail (green) and winds (blue)

UFS ensemble research challenges:

* Optimal ensemble spread-skill

* Optimized code (more members)

» Consistent probabilities across scales

* Distribution and communication of
ensemble information




HRRRE 08/09/2020 (12:00) 30h fcst - Experimental Valid 08/10/2020 18:00 UTC
Composite reflectivity
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HRRRE 08/10/2020 (06:00) 12h fcst - Experimental Valid 08/10/2020 18:00 UTC
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Longer forecasts show low
likelihood for a large impact
event

Shorter forecasts
decreased spread,
increased confidence
Stochastic physics to create
spread




Ensemble Verification and Visualization




https://esrl.noaa.gov/gsd/mats/ensemble
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https://sites.gsl.noaa.gov/desi/
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RRFSE PQPF
Single vs Multi-Physics Tests




Figure courtesy of NOAA/GSL Trevor Alcott
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Figure courtesy of NOAA/GSL Trevor Alcott
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Figure courtesy of NOAA/GSL Trevor Alcott
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Figure courtesy of NOAA/GSL Trevor Alcott
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Figure courtesy of NOAA/GSL Trevor Alcott
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RRFSE PQPF

Convective Parameterization and
Global Ensemble Tests




Figure courtesy of NOAA/GSL Trevor Alcott
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Figure courtesy of NOAA/GSL Trevor Alcott
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RRFSE Composite Reflectivity (CREF)

Convective Parameterization and
Global Ensemble Tests
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Reflectivity >=20 dBZ (by Member): 1 - 6 May 2023 (00 UTC Initializations)

Frequency Bias w

N

Testing Impacts of Convective Parameterization (Green and Blue vs Red) and Global Ensemble GDAS/GEFS on RRFSE (Green vs Blue)

Reflectivity >=40 dBZ (by Member): 1 - 6 May 2023 (00 UTC Initializations)
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Figure courtesy DTC Jeff Beck

Convective parameterization reduces high reflectivity bias particularly at higher thresholds
Smaller differences between GDAS vs GEFS




Probability of Detection

. 00 01 02 03 04 05 06 07 08 09 1.0

Success Ratio (1-FAR)

Mixed Physics/Models/ICs (HREF-like)
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* Collection of control members

» Bias a function of member 0.8

» Bias correction removes spread

« Skill varies by member

* Not all members equally likely

» Careful selection/maintenance of
multiple physics suites needed
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e Evaluation of RRFS ensemble designs
Time-Lagging — results generally indicate little negative or positive impact at shorter forecasts
Single vs Mixed Physics — results similar although stochastic/physics choices still iterating
GEFS vs GDAS ensemble DA initialization/use — similar results but still preliminary
Inclusion of convective parameterization — significant reduction in QPF/REFC biases

e Standing up more comprehensive ensemble verification, visualization and communication tools
MATS, METplus, DESI
Mix of experimental and operational guidance inputs for comparisons




