
Evaluation of Retrospective HAFS Forecasts With a Large Airborne Radar Dataset

Key Points
1. Airborne radar is a key tool for model 
evaluation.
2. Composite structure shows that HAFS-
B produces vortices that are too narrow.
3. This methodology can be applied to 
physics comparisons, case studies, etc.

HAFS Model and Retrospectives
• Hurricane Analysis and Forecast System (HAFS)
• 3-year retros of initial version (2020-2022) of HAFS-B
• Looking to evaluate the model using structure metrics beyond

just track and intensity1

TC-RADAR Dataset
• TC-RADAR dataset developed by Fischer et al. (2022)2

• Compiles P-3 Tail Doppler Radar (TDR) from 1997-present
• We used the “merged analyses” for full coverage

Composite Comparisons
• Model data filtered where dBZ < 0 (to simulate real radar)
• HAFS-B composite vortex was too narrow compared to 

observations

Case Study: Hurricane Ida (2021)
• Vmax was close to observed
• Core was too large (ERC ongoing)
• Too dry on west side (qualitative comparison of dBZ)
• Observed vortex was deeper than forecast
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Figure 1: Plot of locations of TCs used in this study. The
observed point from TC-RADAR is used. The points are shaded
by the maximum intensity of the TC (kt).
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Ongoing/Future Work
• Full comparison of HAFS-A and HAFS-B
• Real-time plots including difference plots
• Inclusion of 2023 data (e.g. Franklin, Lee, Idalia)
• New metrics such as vortex tilt

Figure 2: Composites of tangential and radial wind for HAFS-B
and the TDR data, along with a difference plot between the
model and radar data.

Structure Metrics
• Comparison of several metrics of horizontal and vertical structure, 

including: RMW, the “alpha” horizontal decay rate3, Vortex Rossby 
number, vortex depth4, and RMW slope5

• Negative intensity bias tends to be associated with a positive RMW 
bias and negative vortex depth bias

• The spread in RMW is larger for larger RMW

Figure 3: HAFS-B vs. TDR comparisons of horizontal and vertical structure:
2-km RMW, alpha wind decay parameter, vortex Rossby number, dynamic
vortex depth, static vortex depth, and RMW slope.

Application to Physics Study
• 4 experiments with different microphysics and PBL

configurations (TC-PBL on/off)6

• All compared with TC-RADAR composite
• All experiments produced too narrow of a vortex
• Experiments without TC-PBL were especially weak
• Observations used for model evaluation/improvement

Figure 5: Composites of tangential wind for TC-RADAR and 4
HAFS physics experiments.
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Figure 4: Comparison between a 24-h forecast of HAFS-B for
Hurricane Ida and a P-3 TC-RADAR composite. The
comparisons include reflectivity and tangential wind.
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