
A review of MSU software tools and NOAA funded 
research applied to tropical cyclones

Pat Fitzpatrick, Mississippi State University

ÅTropical Cyclone Tools

ÇProbability of moist/dry air using refractivity data

ÇR-CLIPER pdf equations

ÇModel wind profile diagnostic tool in ATCF

ÇParametric wind scheme using NHC statements as a function of Vmax, Rmax, R34, and speed

ÇModel validation tools (vector correlation, super-ranking)

ÇParallel coordinate visualization for multiple regression schemes

Ç0.5 km Surface reanalysis

ÅRecent tropical cyclone research

ÇStorm surge (wetland impact, sensitivity studies, BP oil spill)

ÇHWRF-HYCOM and HWRF-POM validation study of water profiles for Hurricane Isaac (2011)

ÇWave Glider 2014 Gulf of Mexico Field Program (2014)

Presentations on all topics available upon request, or for further discussions



Radio occultation (limb sounding) method

COSMIC (The Constellation Observing System for Meteorology, Ionosphere, and Climate):
Launched with 6 LEOs on April 14, 2006; joint Taiwan-U.S. project

CHAMP (CHAllenging Minisatellite Payload) :
Prototype for COSMIC, 1 LEO, launched on July 15, 2000; Germany project



Method can be coupled to refractivity equation 

Advantages:
ωHigh vertical resolution (0.1 km)
ωNo calibration needed
ωNot affected by clouds or rain
ωGlobal coverage

Disadvantages:
ωHorizontal resolution coarse (200 km)
ωRefractivity equation an unclosed system where moisture abundant 
(lower troposphere).
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Probability of dry air Probability of moist air

Diagnostic tool dry and moist air in hurricanes

Understanding of optimum use of refractivity in hurricane models



23:41 UTC  10 September 2009

AMSU-B image from METOP-A satellite
(image provided by NRL-Monterey)

Hurricane Fred 2009
COSMIC refractivity for 09:56 UTC  11 Sept 2009
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From Fitzpatrick
and Lau (2011)
Based on Lonfatet al.
(2007) 

R-CLIPER for TS, Min Hurr, and Major Hurr, with avg, ± 10%, ± 20%, ± 34%, ± 68%,  



R-Cliper PDF equations ( -90% Җf Җ 90%)

For tropical storms
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For Category 1 and 2 hurricanes
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For Category 3, 4 and 5 hurricanes
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Screen capture of wind profile scheme in the Automated Tropical Cyclone Forecasting System (ATCF)



άCƛǘȊέ IƻƭƭŀƴŘ B parametric scheme



Parametric hurricane wind model flow chart
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moving
1 and 2 
knots

Storms 
moving
20-30 
knots

Schwerdt

JM (Jakobsenand Madsen 2004)

SLOSH



JM

SLOSH

Schwerdt

Generally matches JM 
for avgspeeds. Slow and 
fast speeds follow 
Schwerdtcorrection



Snippets of code



Å10-meter surface winds match the observed peak eyewall wind
Å10-meter surface winds match the observed radius of 34-knots winds
ÅHolland B an iterated solution, not predetermined
ÅSpecification of wind direction that can vary radially
ÅStorm motion is included in the iteration, not added afterwards
üVmax=storm speed plus hurricane vortex eyewall
üV34=storm speed plus edge of hurricane vortex

ÅThis allows a parametric model which:
üMatches the National Hurricane Center forecast
üCan match hindcasthurricane data for JPM studies, theoretical studies, risk 
modeling, etc.
ÅCorrectly uses storm motion. Many schemes superimpose storm speed 
translation. This is incorrect usage. Observed winds already include storm motion. 

ÅReleased 6/11/14 as open source.  Its also now being incorporated into SMS 
software. 

Advantage of this method



Comparison of hypothetical storm (left) fitted by Fitz Wind Model (right)



Super-ranking concept

Philosophy

Weighting multiple metrics and techniques provides clearer 
ƳƻŘŜƭ ǾŀƭƛŘŀǘƛƻƴ ŎƻƳǇŀǊƛǎƻƴΧΦŜǎǇŜŎƛŀƭƭȅ ŦƻǊ ƳƻŘŜƭǎ ƻŦ ǊŜƭŀǘƛǾŜƭȅ 
close accuracy based only on bias and absolute error

Flexibility in weights if certain metrics are considered to be more 
important than others



Metrics were consolidated into three techniques

ÅAbsolute error percentage ς(single variable)
ÅOutlier metrics ς(six variables)
ÅValidation metrics ς(ten variables)



Variable details
ÅAbsolute error percentage ςpercentage where speed errors are within 10 

cm/s, and direction errors are within 20 deg(0 to 100%, 100% best)

ÅOutlier metrics of 10 cm/s or 20 deg (>=0, 0 best in all cases) ς

1) Positive outlier percentage

2) Negative outlier percentage

3) Number of occurrences with consecutive positive outliers

4) Number of occurrences with consecutive negative outliers

5) Maximum duration of consecutive positive outliers

6) Maximum duration of consecutive negative outliers



Variable details (continued)

ÅValidation metrics ς

1) Model efficiency factor (<= +1, +1 best)

2) Pearson correlation coefficient (-1 to +1, +1 best)

3) Spearman correlation coefficient (-1 to +1, +1 best)

4) YŜƴŘŀƭƭΩǎ ¢ŀǳ ό-1 to +1, +1 best)

5) Reliability index (>= +1, +1 best)

6) Multiplicative bias (any number, +1 best)

7) Normalized dispersion (any number, +1 best)

8) Normalized bias (any number, 0 best)

9) Root mean squared difference (>= 0, 0 best)

10)Root centered mean square difference (>= 0, 0 best)



Super-ranking methodology

Step 1: After every variable of each metric is calculated for the models at each observation per 
month, a monthly variable rank is given to each model (1 to 4 for four models, for example) with 
rank 1 being the best.

Step 2: Assigning each monthly variable rank with points (0 pt for last place, 1 pt for 2nd-last, 
etc.),  the sum of points for all months in the season determines the seasonal variable rank of 
each model at each observation.

Step 3: For each seasonal variable rankin each metric, points again are assigned as in Step 2. 
The sum of points for all seasonal variable(s) in the metric determines the overall seasonal 
metric rank of each model at each observation.

Step 4: To determine the final super-ranking of each model, averaging applied. The best model 
has the smallest averaged season model rank number.



Vector correlation

Å A methodology developed by Hanson et al.  (1992) that describes the goodness-of-fit of a 
relationship between two sets of vectors that includes translation, scaling, and either 
rotational or reflectionaldependency.

Å Varies from -1 to +1. +1 best in terms of validation



Example, ocean model currents, buoy validation, 0Z

ÅNCOM Regional (NR) for GOM, 1/30 deg, known as AMSEAS
ÅNCOM Global (NG), 1/8 deg
ÅHYCOM Regional (HR) for GOM, 1/25 deg
ÅHYCOM Global (HG), only available at 00Z, 1/12 deg

FL coast
Summer

FL coast
Summer

FL coast
Summer

TX coast
Summer

TX coast
Summer

TX coast
Summer

FL coast
Winter

FL coast
Winter

FL coast
Winter

TX coast
Winter

TX coast
Winter

TX coast
Winter


