A review of MSU software tools and NOAA funded

research applied to tropical cyclones
PatFitzpatrick Mississippi State University

A Tropical Cyclone Tools
C Probabilityof moist/dry air using refractivity data
C RCLIPER pdf equations
C Model wind profile diagnostic tool IATCF
C Parametric wind scheme using NHC statements as a functidmak Rmax R34, and speed
C Model validation tools (vector correlation, supemking)
C Parallel coordinate visualization for multiple regression schemes
C 0.5 km Surface reanalysis
A Recent tropical cyclone research
C Storm surge (wetland impact, sensitivity studies, BP oil spill)
C HWRFYCOM and HWH¥OM validation study of water profiles for Hurricane Isaac (2011)
C Wave Glider 2014 Gulf of Mexico Field Program (2014)

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



Radio occultation (limb sounding) method

LEO receives
signals from
transmitter in

higher orbit Transmitter satellite

in higher orbit
. sends signals, which
@& . are received by LEO

Atmospheric properties can be obtained

COSMIC (The Constellation Observing System for Meteorology, lonosphere, and Climate):
Launched with 6 LEOs on April 14, 2006; joint TaitaB. project

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



Method can be coupled to refractivity equation

N(p,T, T)=776 IO+3 13 1056( d) +correction for ionosphert effect:
gdry terrrg et terrrg

Advantages:

wHigh vertical resolution (0.1 km)
wNo calibration needed

wNot affected by clouds or rain
wGlobal coverage

Disadvantages:
wHorizontal resolution coarse (200 km)

wRefractivity equation an unclosed system where moisture abundant
(lower troposphere).
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Diagnostic tool dry and moist air in hurricanes

Probability of dry air

Percentage of Relative Humidity <= 50% (dry)

e 100
90

- 85
- 80
- 75
70
- 65
60

I 55

3 - 50
45
- 40
35
30
25
20
15
10
5

0

R 1 0
T T T T
50 100 150 200 250 300 350 400 450 500

Refractivity(N)

Pressure(mb)

Probability of moist air

Percentage of Relative Humidity >= 75% (moist)
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Understanding of optimum use of refractivity in hurricane models
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Radial structure of rainfall rate probability distribution functions
for tropical storms
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Radial structure of rainfall rate probability distribution functions
for Category 1 or 2 hurricanes
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for Category 3, 4 or 5 hurricanes
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For tropical storms
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Screen capture ofvind profile scheme irthe Automated Tropical Cyclone Forecasting System (ATCF)
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G CA (1 ¢ B pagaindtric scheme

The hurricane winds are based on a variant of the Holland (1980) wind profile:

—Ar

p(rzgﬂpemﬂpcﬂﬂm):pc_F erzv_pc]g

B

) 503
Vf(r:B:f:penvﬂpC’Rm):|:AB|: em-—P,;]g < +[g] } _|:£]

5
por 2 2

0.5
B -
Vm’ax'(Bﬂpem'!pa:) = |:E:‘ [pem' - p.:ll}j ' A(‘Rmmﬂ B) = Rrﬁax

where f 1s the Coriolis parameter, p_ is the storm central pressure, p,, 1s the environmental

pressure (set to 1013 mb). and e is Euler’s number (the base of the natural logarithm,
approximately 2.71828). 4 and B are scaling parameters which control the radial wind profile.
This formulation includes storm motion in V. Given storm motion, Vy,ax, Ryax, 2., - and R34, the

algorithm iterates for B and then calculates p,.

Because these equations apply above the boundary layer, but V,,,,, and V34 (34-kt winds at R34)
are at 10-m height within the boundary layer, V.. and V34 are multiplied by 1.11 before the B
iteration. On average, winds are 11% faster above the boundary layer (see
http-//www nhc noaa sov/aboutwindprofile shiml. and Powell and Black (199[})). However, little sensitivit}f
in the B distribution was seen with this adjustment.




Parametric hurricane wind model flow chart

Step 1:

Input Data:

Storm Center{lon,lat]
Max Wind Speed
Min Central Pressure
Radius at Max Wind
Radius at 34kt Wind
Storm Speed

)

Helland's Wind Profile Algorithm

Cutput:

‘ Scaling Parameters A& B

Environmental Pressure

Step 2:

Input Data:

Grid Points

Storm Centerilon,lat)
Max Wind Speed
Min Central Pressure
Radius at Max Wind
Radius at 34kt Wind
Storm Speed

Storm Motion U
Component

Storm Motion V
Component

Environmental Pressure

Scaling Parameter B

)

Compute distances of each grid
point from the storm center

Compute tangential wind and
radial wind with inflow angle
based on Helland's Wind Profile

Algorithm

Compute U, V and wind
direction from tangential wind,
radial wind, and UV components
of storm motion

Cutput:

‘ Wind Speed and Direction

for each grid point
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Schwerd
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Snippets of code




Advantage of this method

AlO0-meter surface windsnatchthe observed peakyewall wind
A10-meter surface windsnatchthe observedadius of 34knots winds
AHolland B an iterated solutiopnot predetermined
ASpecification of wind directiorthat can varyadially
AStorm motion is included in the iteration, not added afterwards
U Vmaxestorm speed plus hurricane vortex eyewall
U V34=storm speed plus edge of hurricane vortex
AThis allows a parametric model which:
U Matches the National Hurricane Center forecast
U Canmatchhindcasthurricane datafor JPM studies, theoretical studies, risk
modeling, etc.
ACorrectly uses storm motionMany schemes superimpose storm speed
translation. This is incorrect usage. Observed winds already include storm motion.
A Released 6/11/14 as open source. Its also now being incorporated into SMS
software.




Comparison ohypothetical storm(left) fitted by Fitz Wind Model (right)

storm140-JPM-Wind 214507310900 UTC storm140-Fitz-Wind 214507310900 UTC
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Superranking concept

Philosophy

Weighting multiple metrics and techniques provides clearer ) |
Y2RSt OLFIfARIFIGAZ2Y O2YLI NRA&A2Y XDS & L
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 technigues

A Absolute error percentage (single variable)
A Outlier metricsg (six variables)
A Validation metrics; (ten variables)



Variable detalls

A Absolute error percentage percentage wherepeed errors are within 10
cm/s, anddirectionerrors are within 2@leg(0 to 100%, 100% best)

A Outlier metrics of 10 cm/s or 20eg (>=0, 0 best in all cases)

1)
2)
3)
4)
5)
6)

Positive outliepercentage

Negativeoutlier percentage

Numberof occurrences with consecutive positivatliers
Numberof occurrences with consecutive negatwetliers
Maximumduration of consecutive positivautliers
Maximumduration of consecutive negativautliers



Variable details (continued)

A Validation metricg
1) Model efficiencyfactor (<= +1, +1 best)
2) Pearsorcorrelationcoefficient €1 to +1, +1 best)
3) Spearmarcorrelationcoefficient €1 to +1, +1 best)
4) YSYRI f l@al, €llbekt) 0
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, O best)
9) Rootmean squaredlifference (>= 0, O best)
10)Rootcentered mean squardifference (>= 0, 0 best)



Superranking methodology

Step 1. After every variable of each metric is calculated for the models at each observation per
month, amonthly variable ranks 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 poings {Or last place, Jt for 2"d-last,
etc.), the sum of points for all months in the season determines#dasonal variable rardf
each model at each observation.

Step 3: For each seasonal variable ram&ach metric, points again are assigned as in Step 2.
The sum of points for all seasonal variable(s) in the metric determines the oseasbnal
metric rankof each model at each observation.

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



Vector correlation

A A methodology developed by Hanson et al. (1992) that describes the goeofaissf a

relationship between two sets of vectors that includes translation, scaling, and either
rotational orreflectionaldependency

A Varies from1 to +1. +1 best in terms of validation



Example, ocean model currents, buoy validation, 0Z

A NCOM Regional (NR) for GOM, 1¢&@, known as AMSEAS
A NCOM Global (NG), 1&g

A HYCOM Regional (HR) for GOM, 12§

A HYCOM Global (HG), only available at 00Z, détp

Averaged super rankings

Comparison, 4 models, direction Comparison, 4 models, speed
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