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Planning and coordinating model evaluations

● Formulating preliminary experiments with the 
Hurricane Specialist Unit (HSU) at NHC

● Active communications with the Environmental 
Modeling Center (EMC)

● Successive updates and adaptive integration of 
feedback from HSU

● Briefings with EMC/NCEP
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NHC model evaluation overview
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1. Generating a fresh set of early guidance forecasts and determining the “optimal” 
interpolator offsets

2. Testing the addition or replacement of models in the simple consensus aids

3. Testing the addition or replacement of models in HCCA

4. Assessing the performance of individual models to be added or replaced

5. Synthesis & Recommendations 



The National Hurricane Center Consensus Aids
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Model Description Model(s) to Replace

TVCN Track Variable Consensus HWRF (+HMON in EPAC)

IVCN Intensity Variable Consensus HWRF + HMON

RVCN Wind Radii Variable Consensus HWRF

HCCA HFIP Corrected Consensus 
Approach Model

HWRF + HMON

DTOPS Deterministic to Probabilistic 
Statistical Model for Rapid 
Intensification

HWRF

NNIC Neural Network Intensity 
Combination Model

HWRF



The NHC Forecast Verification Software
● Fortran processing and Python post-processing
● Configurable options for verification criteria

○ HFIP RI definition, Watches/Warnings, Aircraft 
reconnaissance, Distance to land masses, and more

● Flexible verification of single/multiple storms and seasons
○ Aggregated per storm, year, and over a range of years

● Tabulation of forecast errors 
● Generates variable consensus aids on-the-fly
● CLIPER5/D-SHIFOR5 for climatology/persistence baseline 

in the annual Tropical Cyclone Reports 
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Generating a fresh set of early guidance forecasts
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● Prerequisite to all subsequent analyses
● Guidance from dynamical models arrives “late” to forecasters

○ Example – 1200 UTC cycle with forecast issued @ 1500 UTC, but model output 
arrives after forecast issuance 

1. Late forecast interpolated to 3-h time steps with a 
linear b-spline

2. Smooth 10 times with a 1-2-1 filter
3. Adjust current intensity (t = 0 h) with CARQ entry
4. Relax intensity offset within the time window specified 

by the offset start (Ti) and offset end (Tf)

Interpolation Process 



“Optimal” Interpolator Offsets

Baseline Definitions
1. Constant offset
2. Lagged forecast
3. Offset applied at 𝜏 <= 06 h 
4. Offset applied at 𝜏 <= 12 h

For each baseline (𝑚) and offset 
start/stop couplet (𝑛th model):
● Sum the intensity skill 𝑆 over all 

basins (𝑗) and verifying times (𝑘)
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𝑗 = Basin (AL, EP)
𝑘 = Forecast verification time (0–120 h)
𝑚 = Baseline (see Slide 2)
𝑛 = Model (offset start/stop couplet)
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Operational Interpolator Offsets for HFSA/HFSB
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Constant Offset

Offset at 𝜏	 ≤ 06 h Offset at 𝜏	 ≤ 12 h

Lagged Offset

Aggregated over AL/EP basins and 
all verifying times 𝜏 = {00, …, 120} h

HFSA – Ti = 00; Tf = 48
HFSB – Ti = 06; Tf = 42

Example for 
HFSA



TVCN – Variable, equally-weighted consensus with minimum 2 members

North Atlantic (AL) – 6 models with only HWRF to be replaced
● TVCN1 – AVNI, CTCI, EGRI, EMNI, EMXI, HWFI
● TVCN2 – Replace HWFI with HFAI

** Note –TVCN with HWRF, HMON, HFSA, HFSB in operations for 2023
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Track Variable Consensus (TVCN) Verification
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Track Variable Consensus (TVCN) Verification
Mean Absolute Error

Relative Skill

Along-track Bias

Cross-track Bias

● HAFSv1 track forecasts 
consistently outperform 
HWFI and HMNI 

● Reduced along- and cross-
track biases



IVCN – Variable, equally-weighted consensus with minimum 2 members

North Atlantic (AL) – 5 models with HWRF + HMON to be replaced
● IVCN1 – DSHP, CTCI, HMNI, HWFI, LGEM
● IVCN2 – Replace HWFI + HMNI with HFAI + HFBI

** Note –IVCN with HWRF, HMON, HFSA, HFSB in operations for 2023
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Intensity Variable Consensus (IVCN) Verification
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Intensity Variable Consensus (IVCN) Verification
Mean Absolute Error

Relative Skill

Bias

FSP

● HAFSv1 improves 
intensity forecast skill of 
IVCN through day 2

● Slight degradation of skill 
between days 2–4

● Reduced intensity bias



RVCN – Variable, equally-weighted consensus with minimum 1 member

Different techs given uniform interpolator offsets (06/18) compared to track/intensity

North Atlantic (AL) – 4 models with HWRF to be replaced
● RVCN1 – AHNI (AVNI), CHCI (CTCI), EHXI (EMXI), HHFI (HWFI)
● RVCN2 – Replace HHFI (HWFI) with HHAI (HFAI)

** Note –RVCN with HWRF, HFSA, HFSB in operations for 2023
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Wind Radii Variable Consensus (RVCN) Verification
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Wind Radii Variable Consensus (RVCN) Verification
R34 Relative Skill R50 Relative Skill

R50 BiasR34 Bias

R64 Relative Skill

R64 Bias



HCCA – Variable, unequally-weighted consensus using a “super ensemble” approach

Leave-one-out training – All TCs included in training data except the one being forecast

● HCCA – baseline 2022 configuration
● HCCX (track)       – add HFAI + HFBI (keep HWFI)
● HCCX (intensity) – add HWFI + HMNI (keep HWFI + HMNI)

** Note – HCCA has HWRF, HMON, HFSA, HFSB and additional updates for 2023
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HCCA Verification
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HCCA Verification
Track Mean Absolute Error

Track Relative Skill

Track Mean Absolute Error

Intensity Relative Skill

● Track and intensity 
forecast skill improve up 
to ~10% 
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Rapid Intensification – 25 kt/24 h (occurring or forecast)

Yes No Total

Yes 8 6 14

No 38 767 805

Total 46 773 819

RI Observed
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HWFI
Yes No Total

Yes 7 14 21

No 39 759 798

Total 46 773 819

RI Observed
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HMNI

Yes No Total

Yes 7 3 10

No 39 770 809

Total 46 773 819

RI Observed
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HFAI

Yes No Total

Yes 9 12 21

No 37 761 798

Total 46 773 819

RI Observed

R
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HFBI



Summary of NHC Model Evaluation Process
● Multifaceted and multiorganizational evaluation for HAFSv1 transition to operations

○ Coordination between NHC, CIRA, EMC, HRD, DTC, and others
● Moving forward– standardizing the model evaluation process
● Looking ahead – parallel evaluations with METplus

○ Synthesizing NHC Verification Software features 
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A sneak peak of HAFS in Cloud AWIPS
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● Coordinating with Technology 
and Science Branch (TSB)

● Cloud AWIPS as a testbed/on-
ramp for operations

TS Bret
TS Cindy


