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● Good forecasts require good 
modeling, data assimilation, 
and observations

● All of this requires substantial 
investment – no free lunch!

HRD’s Mission: Improve Tropical Cyclone 
Forecasting
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The “Frank Marks” Stool HRD will lead the way into the next 
generation of tropical cyclone research 

by studying and advancing 
observations, observing systems, 

data assimilation, numerical 
modeling, and the interactions

between these four in a way that no 
other group in the world is equipped 

to do.
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HFIP era

30 kt

10 kt

1990 2022

NHC Intensity Errors in NATL basin 

History of Observation-Based Improvements
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● NHC intensity errors began a 
notable downward trend in the mid-
2000s

● The Hurricane Forecast 
Improvement Program (HFIP) was 
established in 2007

● HWRF intensity errors exhibited 
significant improvements (45-50%) 
over its lifetime as NOAA’s flagship 
hurricane model (2007-2022)

HWRF Intensity Errors
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NOAA’s Hurricane Field Program 101
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Goal 1: Collect observations that span the TC life cycle 

Goal 2: Develop measurement strategies and technologies 

Goal 3: Improve understanding of physical processes

Advancing the Prediction of Hurricanes Experiment (APHEX): 
Goals & Partnerships

Partnerships: HRD, NHC, EMC, AOC, NESDIS

Collaborations: AOML/PhOD, ONR SASCWATCH, ONR NRL, NASA, NOAA GOMO, 
Scripps, Stonybrook, Skyfora, Black Swift, UM, CIMAS, NGI
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NOAA’s Hurricane Field Program 101
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NOAA G-IV (N49)

NOAA P-3 (N42)

NOAA P-3 (N43)

Summary of 2025 Missions (1 June - 30 November)
55 P-3 & G-IV Missions: Erin (13) – Gulf Survey (1) – Gabrielle (9) – Imelda-Humberto (16) – Jerry (2) – Melissa (14)
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Fleet Transition & Next-Generation VSDR
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● P-3/G-IV retirement is imminent. G-550 is online (with 
TDR).

● Unlike the P-3, the C-130 cannot accommodate a tail 
radar due to structural/ramp constraints.

● Analysis of Alternatives (AoA): NOAA is actively 
exploring Vertically-Scanning Doppler Radar (VSDR) 
alternatives, incl. "TDR-like" wing pods.

● HRD’s Focus: Maintaining high-quality vertical 
resolution and swath width of the P-3 TDR on a C-130 
using wing-mounted pods is an engineering challenge 
we must solve to avoid a regression in observational 
capability.

○ Paul will talk more about this tomorrow

The picture can't be displayed.

Eye
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Closing (some) Gaps: Next-Generation Radar Processing
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● Hardware isn't the only solution. 
HRD is aggressively modernizing how 
we treat the data we already collect.

● Better processing = Better Analysis = 
Better Forecasts.

● Next-Generation Radar Processing 
Software (in progress)
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Science Drivers for Future NOAA Airborne Radar
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Operational Requirement for 3-D Winds
● Flight-track-centered volume
● Across-track coverage ≥ 100 km

PRIMARY

Research & R2O
● TC intensity change: Vortex alignment, BL 

processes 
● Model (physics-based & AI) evaluation and 

development 
● Surface wind guidance
● Emerging technologies assessment

SECONDARY
(but 

important)Specific Drivers 
for Future 

Airborne Radar

⮚High-resolution, three-dimensional TC BL wind structure

⮚HAFS microphysics development; thermodynamics of TC alignment
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Measurement Gaps:  Boundary Layer & Air-Sea Transfer
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● TC intensity change is governed by 
enthalpy fluxes in the lowest 200m and 
corresponding changes to near-surface 
winds.

● Gap: Current radar geometry struggles 
to cleanly resolve the lowest few 
hundred meters in high sea states.

● This gap could widen if C-130 has 
blockage or different scan geometries. 
We need solutions that peer closer to 
the surface.

TDR analyses cut off 
at 500 m
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Closing (some) Gaps: Next-Generation Instruments

10

Rain, Ocean and Atmosphere Radar (ROARS)

● An innovative radar system that combines the 
functionality of a Doppler profiling radar, altimeter and 
scatterometer into a single compact and robust radar 
system

● Dual frequency (X-band and Ku-band)

ROARS-estimated horizontal winds > 120 m/s!!! 

*Courtesy of P. Chang & NESDIS 
Ocean Winds Team
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Closing (some) Gaps: Data Validation
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● IWRAP and now ROARS can validate 
TDR data collected directly below the 
aircraft

● sUAS (e.g., Black Swift S0) can provide 
in situ measurements at a specific 
lat/lon/altitude
○ Ex: Fly the S0 around the eyewall at 500 m 

(lowest resolvable level from QC-ed TDR)

● Validation works both ways!

● Addresses Boundary Layer *Courtesy of J. Cione (HRD) and J. Elston (Black Swift)

http://drive.google.com/file/d/1IiajuERcPUnYIFtlDCLU8tMwD_HNoN5_/view


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

Closing (some) Gaps: Data Quality Control - S0 vs. TDR
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*Courtesy of J. Cione (HRD) and 
J. Elston (Black Swift)

Milton (2024)
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Measurement Gaps:  Microphysics & Precipitation Structure
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● Latent heating distribution drives vortex 
intensification, driving a warm core and 
a vertically-aligned vortex

● Gap: We need better characterization 
of hydrometeor species (ice vs. liquid) 
to constrain model microphysics.

● As VSDR for C-130 is designed, we must 
prioritize sensitivity and calibration to 
ensure we can distinguish 
hydrometeors for HAFS validation.

Coordinate radar obs with hydrometeor probe 
(CCP)
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Closing (some) Gaps: Increasing TDR Data Impacts
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Enhanced data/guidance for low-level (< 2 km) flow 

Erin (2025)

Current QC

MLQC

Wind Speed (kt)
Z = 1 km

Machine Learning Quality Control AI-Based Surface Wind Reduction

*J.W. Thiesing & M. Fischer (in prep)

0.5-km TDR 

Predicted Surface Windspeed 

• ML model trained on dropsonde profiles + environ/vortex

• Model applied to vertical profiles from TDR analyses 
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Hurricane Model R&D:  Hurricane Analysis & Forecast System
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HAFS vs. TDR

*Courtesy A. Hazelton (CIMAS/HRD)

HAFS

TDR

*Courtesy of B. Ramstrom (CIMAS/HRD)

Next-Generation HAFS
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The Roadmap to 2030 & Beyond
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● Transitioning NOAA’s fleet without 
losing data quality is the primary 
objective.
○ HRD’s mission requires this data to be 

research-quality

● Continued HAFS DA improvements will 
maximize the value of new radars.

● TDR data impacts
○ > 90% of recon assimilated into HAFS is 

from TDR
○ Dozens to hundreds of studies that are 

driving advancements in understanding

● Research and operations requires the 
continuity of inner-core observations

● The Hurricane Field Program will continue to 
coordinate the collection of these impactful 
observations

● For Radar Engineers:  We need the C-130 
solution to mimic the P-3 TDR capabilities as 
closely as possible (sensitivity, scan rate).

● For Modelers:  Continue collaborating with 
HRD to advance impact of radar data on model 
predictions and to advance its ingestion in 
current and future DA systems (e.g., HAFS/JEDI)



Questions?

https://vlab.noaa.gov/web/osti-modeling/hfip/
https://www.aoml.noaa.gov/hurricane-research-division/
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Ghassan.Alaka@noaa.gov

AOML
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History of Observation-Based Improvements
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1980s:
NCEP begins 
assimilating 
dropsondes

HRD Contributions to DA at NCEP
● Long HRD backstory back to the 1980s

● 10-20% NWP forecast improvement
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Recon Data Impacts: Intensity Forecasts
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Where does reconnaissance benefit intensity NWP the most?

Courtesy of Sarah Ditchek (CIMAS)



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

Recon Data Impacts: Emerging Technologies
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● Uncrewed systems (UxS) are 
collecting targeted observations in 
the most dangerous regions of a 
hurricane

● UxS Highlight:  Black Swift S0
○ 3 ft wingspan, ~3 lbs, air-deployed
○ Plan to assimilate S0 data operationally 

in HAFS in 2026

● Validation of satellite and other 
remote sensing data

2024 UAS Cases

Courtesy of Joe Cione (HRD)
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