Filling Gaps in Pacific Weather Observations
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« Overarching goal: improve operational predictions of land-
falling atmospheric rivers and their impacts globally

Enhance the use of aircraft observations in modeling and data
assimilation

Design and develop ensemble based objective sampling
strategies

Run (near) real time data denial experiments

Improve verification techniques

Department of Commerce | National Oceanic and Atmospheric Administration | weather.gov



* (Qverview of AR Reconnaissance

* Research and Operations Partnership for AR Recon
* NCEP’s contributions to GARRP

e Strategies for filling data gaps associated with ARs

* |Impact of dropsonde and drifting buoy data on NCEP
operational GFS

* Current progress and future work
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AR Recon 2025 |IOP1-35 Dropsondes (Total 1188 in GDAS: 87AF/465AF/558G-I1V/78AF)
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*Global Atmospheric River
Reconnaissance Program
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AR Recon 2025-2026 Season

Northern Hemispheric GARRP* Demo

F. M. Ralph AR Recon PI, Vijay Tallapragada Co-PI
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Northern Hemispheric GARRP

rch And Ogerations Partnership

F. M. Ralph, AR Recon PI, Vijay Tallapragada Co-PI o
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Near Real-Time Data Deny Experiments with NCEP Operational GFS

* ARR near real-time data denial

* CTRL — operational GFS, assimilate
dropsonde and HDOBs data

* DENY - the same setting as operational
GFS, but deny dropsonde and HDOBs data



AR Recon: Better observations [ Improved Forecast Skill (WY23)

Presentation
by V. Tallapragada

AR Recon Workshop
June 2023
@ECMWF

Not only is skill
improved over West
Coast, but also over

western U.S. and
CONUS! Regionally

upwards of 12%

improvement!

Largest ¥
improvements

over the 10
California Domain
for the heavier
precipitation
amounts
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On average, 12%
improvement
equates to skill

% Improvement
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AR Recon 2022-23 Impact on Precipitation Forecasts

expected 8 years 2
in the future. 0
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AR Recon WY2025 Impact on Precipitation Forecast

Improvement (%): GFS vs DENY

48-hr Fcst QPF Improvement GFS vs Deny 120-hr Fcst Improvement GFS vs Deny
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Pressure (hPa)

GFS DA with Dropsondes data during WY2026
Mean of (A-O) and (B-O) for T, Q and UV during 2025 Dec 9 and 2026 Mar 13 from GFS
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IOP 30 case: 00Z 14 Feb 2026 forecast of 24-hour precipitation
accumulation (12-36 h) — modest improvements in the short-range
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Assimilating dropsonde observations reduces the mean absolute error of the
precipitation forecast by approximately 17% over the selected region (dotted box).
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AR Recon for Winter Storm Jan 2026: Dropsondes
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AR Recon for Winter Storm Jan 2026: IVT Forecast

Init: Jan 22, 2026; vrfy: Jan 25-27, 2026

Mean IVT (shading), Mean IVT Vectors, Mean SLP (contours) | Initial: 2026012200 | Valid: 2026012500-2026012700
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AR Recon for Winter Storm Jan 2026: Snow Forecast
Init: Jan 22, 2026; vrfy: Jan 25-27, 2026
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Init: 2026021900 | Valid window: 20260Sunday afternoon - Monday night, Feb 22-23

0N (a) Observed SNOWFALL Forecast WITH Recon Forecast WITHOUT Recon
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Drifter Data Denial Experiments with the NCEP Operational GFS

New in 2026
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Winter 2026
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Mean Sea Level Pressure — Spatial Comparison

Init: Jan 29 2026; vrfy: Feb 3 2026

Mean Sea Level Pressure | Initial: 2026012900 | F120 | Valid: 2026020300
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Difference (hPa)

* Removing drifter buoys degrades Box MAE by +40% (2.37—3.33 hPa) — nearly double the
global impact — confirming buoys are especially critical in this region.



MSLP RMSE and Relative Difference (%) as a Function of Forecast

Lead Time

RMSE and RMSE % Difference

16
15.4
i —-@— CTL == RMDB —4& - RMSE % Difference

14

12

RMSE (hPa)
® M
o
% Difference

FO0O0 FO24 FO48 FO72 FO96 F120
Forecast Lead

FO00: RMDB 15.4% worse than CTL Difference narrows to ~3% at F048+

Key Finding: Buoys most critical at analysis time &

short-range leads




GFS v17: Fully Coupled UFS Weather Model

Atmosphere
Model / Ens: C1152 (9km) / C384 (25km)

Possibly the most complex
single upgrade in GFS history.

Data Assimilation: GSI Hyb 4DEnVar C768 / 4DLETKF

Coupled model.

Weakly and strongly coupled DA.

GS| updates including SDL.

JEDI for observations and algorithms.

New observation processing.

New workflow.

Land (soil and snow)

Model / Ens: C1152 (9km) / C3B4 (25km)
Data Assimilation: GSI (Ens only) and JEDI 2DVar

Mot @GR

Massive data volume increase. -

-
-
Ocean and Sea Ice
Model / Ens: 0.25° (25km) / 0.25° (25km)
Data Assimilation: JEDI 3DVar-FGAT
R
"
: d Waves
A=l Model / Ens: 15 km unstr / NA
"~ Data Assimilation: NA
il
n

P

Planned for operations in late 2026.
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AlI/ML Modeling at NWS:
EAGLE — AIGFS, AIGEFS, and Hybrid GEFS

e Moved from Experimental

2025
e Adopt new names
appropriate for each

application

o EAGLE Solo — Al Global
Forecast System [AIGFS]

o EAGLE Ensemble — Al
Global Ensemble Forecast
System [AIGEFS]

o Hybrid AIGEFS + GEFS
[HGEFS], a 62-member Al
+ physical ensemble

-GES E=Win ( ) & HR Fr
< nd speed Ing Mta) 436, o6k P 001007 RN

New fields: moisture transition vectors, 500MB height (dam), vorticity, 850-700mb
Department of Commer. thickness Img. 23



New in 2026: GFSv17 and AIGFS for ARs

GFSv17: Fully coupled atmosphere—ocean—ice—wave—-land system
with updated physics
AIGFS:
® AIGFS operates purely on pattern recognition from historical data (typically
about 40-50 years of reanalysis data). It may not "understand" the physical
laws governing atmospheric saturation or sudden convective instability.
e Heavy precip events are rare. So there are still not enough training data for

heavy precip events in the current AIGFS training dataset.
e AIGFS was trained over larger grids, and may not capture the smaller scaled
heavy precip events.

Precipitation forecast performance relative to GFSv16 (U.S. West
Coast and CONUS)

Department of Commerce | National Oceanic and Atmospheric Administration | weather.gov
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Summary and Future Plans

AR Recon dropsonde observations enhance the GFS analysis, resulting
in considerable improvements in GFS forecast performance along the
U.S. West Coast - especially for precipitation forecasts.

The assessment of impact of drifting buoy indicate modest impact on
GFS MSLP forecasts.

The new fully coupled GFSv17 will be applied for future AR case studies.
AIGFS still can’t perform well for precipitation forecasts - more work
needed there.

Continued evaluation and optimized integration of AR and GARRP
Recon data and other innovative datasets are expected to further
enhance GFS forecast skill.
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