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Visuals of the Problem

NDFD 69 hour wind forecast valid
06 UTC August 30, 2005 for
Hurricane Katrina.
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Problem - Numerous Deficiencies in the Approach to Creating
Tropical Cyclone Wind and Wind Gust Forecasts

Guidance lacks both spatial and temporal
resolution

Varying forecast strategies and
methodologies

Limited inclusion of science

GFE tools that are inefficient or deficient
(TCMWindTool does not account for decay,
terrain, etc.)

Limited external collaboration

Limited shift to shift forecast

consistency

Limitations on time in the forecast process
The end result is often an inconsistent
and poorly collaborated forecast with
limited foundation in science that may be
inaccurate and is difficult for users to
interpret.
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NC State CSTAR TC Wind Project

Highest rated problem (2008) among cluster WFOs. |

i el A1
Started in July 2010 and lead by NC State Student 33 g :
Bryce Tyner and Pl Anantha Aiyyer. g;” 2 TR
m;@@ : 21)ad
Team members are from 6 different WFOs and the .5 64 8005
NHC; lead by WFO ILM SOO, Reid Hawkins. AN
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Major activities... o
= NDFD TC wind verification R Y A
» Land decay study | R resovile CSTAR

= Climatologically-based TCM bias correction

= Gust factor study

= Development of the WindReductionFactor and
WindGustFactor GFE methodologies

= TCMWindTool improvements

= Tyner, B., A. Aiyyer, J. Blaes, and D. R. Hawkins,
2015: An examination of wind decay, sustained wind
speed forecasts, and gust factors for recent tropical
cyclones in the mid-Atlantic region of the United
States. Wea. Forecasting, 30, 153—-176.
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Creating TC Wind/Wind Gusts Forecast at a WFO

= Forecasters use the Gridded Forecast Editor (GFE) to forecast “grids” of
dozens of variables such as MaxT, RH, PoP, and Wind at a WFO while ensuring
the forecast is consistent with neighboring WFOs & national centers.
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Creating TC Wind Forecasts at a WFO

= During TCs, WFOs are tasked with downscaling the NHC TCM wind forecast
text product, which is largely unchanged from the 1980s, and which
contains at best 12-hour resolution forecasts of the four quadrant max wind
radii for up to 4 wind speeds to a 2.5km, 3-hourly to hourly wind forecast
grid at each WFO.
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The Steps to Create a TC Wind Forecast at a WFO

=  Forecasters take the NHC TCM wind guidance e e s i

GF540

and use a tool in GFE called the raca| o |0 vout o1
“TCMWindTool” to develop wind forecasts. |
The default tool is rather primitive allowing S| e

TCMER3 PREEPS
TCMEP4

only linear decay in the sustained wind e
speeds when interpolating between TCM .
forecast times and a single land reduction.

= The default output often requires significant
post editing to remove non-meteorological
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TC Sustained Winds



NDFD Verification

Completed an objective verification of National Digital Forecast Database
(NDFD) forecasts of sustained wind speeds for TCs in the study region.

The analysis was completed using a combination of the Hurricane Research
Division’s (HRD) Hurricane Wind Analysis System (H*Wind) and hourly
surface observations from the State Climate Office of NC CRONOS database.
The H*Wind surface analyses are

advantageous in that they blend model data rene (2011) NDFD Bias: 2011 0827 0130
with obs from U.S. Air Force and NOAA
aircraft, ships, buoys, and land-based surface o ' T LI HE ST
platforms (Powell and Houston 1998).

NDFD forecasts were verified by comparing
the latest forecast cycle prior to verification. N
Archived NDFD wind forecasts available |
beginning in December 2005.

TCs used in the study: Ernesto (2006), Barry  son

(2007), Gabrielle (2007), Cristobal (2008), 85W-:-J | ’so‘w _5W
Hanna (2008), Earl (2010) and Irene (2011) 201612 8 4 0 4 8 12 16 20

Absolute Wind Speed Difference (knots)




NDFD Verification Hanna (2008)
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Land Decay Study
The amount of reduction factor that is needed to reduce the raw TCMWindTool

output will vary considerably (both spatially and temporally).

In general, experience has shown that the raw TCMWindTool output and the
resulting NDFD wind forecasts frequently contain a positive bias.

— B8O | ] ] ]
The TCMWindTool assumes linear 2
C 1 rack
decay and only allows the use of X T -
one universal land decay value. @ 60 - -
&
Previous tools and methods failed to 2
. . . . ; 40 — —
incorporate this basic science and B
forecasters did not have a means to =
include it. 3
A 20 - =
>
The land decay study provided a £
benchmark for forecasters and a < 0 ——
starting point to improve the 0 5 10 15 20 25 30
method. Time after landfall (hours)

(Isabel 2003)



Vortex Wind Model Study

= The default TCMWindTool uses a Modified Rankine (MR) vortex wind model

when creating the base sustained wind grids.

= We examined 271 available HWind analyses and calculated the error as the
difference between the interpolated wind speeds and the analyzed wind

SpeedS. Q1. Rankine Neemakzod Error
= Systematic errors in the Modified s | 4
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Creating a Gridded Wind Field from the TCM Guidance

= We developed the Modified Rankine Vortex Error Function (MREF) to
provide an improved wind interpolation method

= MREF provides a climatologically-based, bias correction, to MR in the
TCMWindTool

= Reduces wind speeds just outside of Rmax, consistent with H*Wind
analyses

" |ncreases moderate wind speeds within 34-50 knot wind radii

= Reduces wind speed on left quadrants, consistent with forecaster
experiences

= Reduces overall wind speed closer to H*Wind analysis values for all

guadrants
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WindReductionFactor GFE Methodology

Create Wind Collaborate with Run TCMWindTool Wind grid produced
Reduction Factor other WEOs using “NC State Bias from bias correction
(RF) grid & adjust Correction” & of TCM and RF grids

for local effects : s . Iy “Wind Reduction

Factor Grid” options

Reduce Radi by 15% o Constant Land
HiC State Bias Cormadtan Radusction |Skdar Bar]
Peduce by 15% oF Wind Redec s

Fae bor Grad ¥
T NG Slate Bisd Correction Constant

= Grd

= We settled on a methodology that includes a new GFE element called the
WindReductionFactor (RF) grid which is the percentage of the wind
reduction that is collaborated to lower the raw TCMWindTool output.

= The RF grid is initially populated via a climatologically based starting point.
Forecasters can spatially and temporally edit the RF grid for a variety of
meteorological and topographical features.

= Updated tools use the Modified Rankine Vortex Error Function (MREF) bias
correction and allow forecasters to use non-constant land reduction factors.



WindReductionFactor GFE Methodology

The Reduction Factor (RF) grid contains the percentage of the wind
reduction that is collaborated to lower the raw TCMWindTool output.

The amount of reduction will vary considerably, but a combination of
heuristic experience and some limited studies* suggest that the forecaster

will need to integrate several reduction elements shown in the table below.

A climatologically based common starting point has been also developed.

Simplified overland wind reduction factor guidance

5% exposure/sea-land reduction - within ~10km landward of beaches or
15% exposure/sea-land reduction - between 10-20km landward of beaches or
20% exposure/sea-land reduction - between 20-50km landward of beaches or
30% exposure/sea-land reduction - beyond 50km landward of beaches
Plus
Variable reduction - based on air mass characteristic or boundary layer stability or
Variable reduction - based on linear intensity artifacts from the TCMWindTool output or
Variable reduction - based on land decay correction or
Variable reduction - based on terrain and land use

Marine wind reduction factor guidance

0-5% TCM gross inflation correction - over marine domain



WindReductionFactor Common Starting Point Across WFOs
s DeBs o0 oMl BE ohw W ope  ops Wi

(BAHD=7d]

» v 1‘
SRS : i 20 (5 g o o 4

%Nobata>

<NoDatas s
2y

<NoData>

0.15(CHS) [44n]




TCMWindTool improvements (R20)
= With support from the 2013 o
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WindReductionFactor GFE Methodology

Create Wind Collaborate with Run TCMWindTool Wind grid produced
Reduction Factor other WEOs using “NC State Bias from bias correction
(RF) grid & adjust Correction” & of TCM and RF grids

for local effects e . “Wind Reduction

Factor Grid” options

Fisduc e Rad by 15% oF Comstant Land
HiC State Bias Cormadtan Radusction |Skdar Bar]
Peduce by 15% or Wind Redwcion

_ Fae bor Grad ¥
T NG Slate Bisd Correction Constant

= Grd

Advantages include:

= Common starting point and method.

= More easily integrate the impact of decay, friction, fetch, stability, etc.
(science) into the reduction factor.

= Forecasters can collaborate RFs visually in GFE via ISC.

= RFs can vary spatially and temporally.

= RFs persist from shift to shift promoting continuity.

= Reduction factors (RFs) can be created prior to the TCM product arrival.



TC Wind Gusts



Creating TC Wind Gusts Can Be Even More Problematic

= The deficiencies identified in creating wind grids are compounded when
creating the wind gust grids at WFOs.

= Wind gust grids are typically created by taking the magnitude of the wind
forecast and increasing it by some value. Shaky input adjusted with shaky
methods leads to trouble.

= The determination of that value is the
trouble spot as our survey indicated
various strategies and methods (adding
a fixed value or using a multiplier) that
were often constant across time and
space. There is no common starting
point.

= These values were often not
collaborated externally with limited shift
to shift forecast consistency.

Wind GusthS) Sat Sep 06 2008 8AM EDT

NDFD 48 hour wind gust forecast valid 8AM EDT on 06
September 2008 durine Hurricane Hanna.



Wind Gust Factor Study

= Examined the sustained winds, wind gusts, wave heights, and gust factors
for 15 TCs that impacted the Carolinas and Virginia. Only hourly
observations with wind speeds of 10 knots of more were included. Analysis
was conducted in two groups: land and marine observations. The hourly
wind gust factor for each location was computed as the ratio of the wind
gust to the sustained wind speed (Vickery and Skerlj 2005).

G = Umax/U
Where Gust Factor (G), Wind Gusts (Umax) and Sustained wind (U)
If Umax = 47 kts and U = 34 kts then G =47/34 =1.38

§Gleveland Connecticut " pro o
. Pennsylvania Neonork

3 ooh'° Philadelphia o
Bertha Jul-96 85 kts Gaston  Aug-04 65 kts Columbus Maryland'*  Newglersey

R West washington: war

Fran Sep-96  100kts  Ophelia  Sep-05 75 kts sincionati- ./ viginia 2519 \%’ are 0

Bonnie  Aug98 100kts Ernesto  Aug06  60kts ntucky Virginia @ L @O0 o
Dennis  Sep-99 55 kts Hanna  Sep-08 60 kts e g;%e e

Floyd Sep-99 90 kts Earl Sep-10 90 kts

Isabel Sep-03  90kts Irene Aug-11  75kts A gﬁ% ég 6%
Alex Aug-04  85kts Sandy  Oct-12  85kts Georga 0P 0
o
Charley Aug04  70kis H -
Jacksonville
Table of the tropical cyclones included \e
Orlando (o)
Tangpao o
Florida °

Miami
o

Tracks of the tropical cyclones included METARs and buoys included



Wind Gust Factor Study

For the land locations, observations from between 22 and 53 ASOS or
AWOS METAR locations impacted by the various storms were included.
The locations varied for each storm and were selected to capture the
variations in the wind field.

A total of 13,121 gust factors were computed.

For marine locations, only observations from buoys that have an
anemometer height of 5 meters were included to remove any of the
variability introduced by different observational heights.

Only observations in which the wave heights observed were less than 5
meters were included. This was done to remove any uncertainty in the
guality of the wind observations in large waves as high sea states associated
with high surface winds can shelter the buoy and reduce the buoy’s wind
speed observation (Skey et al. 1995).

A total of 3,026 marine gust factors were calculated.

Average Max
8 Standard )
Gust o Sustained
Gust Factors Deviation ]
Factor Wind

Land 13,121 1.53 0.22 65 kts 98 kts
Marine 3,026 1.23 0.06 47 kts 65 kts

Number of
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Note the greater variation in gust factors for the land locations which show
an inverse relationship between the wind speed and gust factor as well as a
decrease in the variability of observations as wind speeds increase.

The marine locations depict a much more compact distribution with less
variability and a slight upward trend in gust factors as the wind speed
increases.
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For the land observations, note the large number of observations with a
large distribution and considerable spread.

The standard deviation is 0.218 around the mean of 1.53 with the most
frequent land GF ranging between 1.4 and 1.5.

The marine locations show a much smaller range.

The marine GF is most frequently located between 1.2 and 1.3 with 1,806 of
the total 3,026 gust factors (60%) ranging between 1.2 and 1.3.

The standard deviation is 0.056 around the mean of 1.23.



Regression Curve by Storm

Land Sustained Winds Vs. Gust Factor

2,50

Marine Sustained Winds Vs. Gust Factor
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= Regression equations for each of the storms are shown individually in colors

70

below with a combined curve, merged for all storms, shown in black for
land locations (left) and marine locations (right).

= The land observations show large variations but a similarly shaped curve
likely indicating the variations in gust factors driven by air mass, terrain,
roughness and other factors.

= The marine locations are very consistent which is not surprising given the
similar air mass and surface roughness in the marine environment with
wave heights less than 5 meters.



WindGustFactor GFE Methodology

Begin with the Create Gust Factor Collaborate with Wind Gust created
Wind grid (GF) grid & adjust other WEOs from the product of
for local effects —_— Wind and GF grids

= We settled on a methodology that includes a new GFE element called the
WindGustFactor (GF) grid which is the ratio between the wind gust and the
sustained wind speed for a specific period of time.

= The GF grid is initially populated via a

[ ™ CSTAR _WindGustFactor_Selector X |
G FE tOOI that uses the Susta | ned Wi nds Sf\lect a Gust Factor valge for Land Locations:
@ CSTAR Land Regression
as an Input into a regression equation O CSTAR Mean - 1.47
th at p rOd uces th e G F grld . Select a Gust Factor value for Inland Surf Locations:

@ CSTAR Land-Marine Regression Blend
(O CSTAR Land Regression

= After the GF grid is initially created,
. Select a Gust Factor value for Marine Locations:
forecasters can spatially and temporally © CSTAR Marine Regression
edit the GF grid for a variety of S
meteorological and topographical — T e—

features.



WindGustFactor GFE Methodology

Begin with the Create Gust Factor Collaborate with Wind Gust created
Wind grid (GF) grid & adjust other WFOs from the product of
for local effects — Wind and GF grids

Advantages include:

= Common starting point and method.

= Forecasters can more easily integrate the impact boundary layer stability,
friction, exposure, etc. into the forecast process.

= The gust factor grids can be edited spatially and temporally across the GFE
domain.

= A more science-based process that results in an improved wind gust
forecast.

= Forecasters can now visually collaborate with other WFOs in GFE with ISC

=  The wind gust process is not a black box anymore!



Training and Science Support

= Training materials were developed and shared to elevate the knowledge
base for TC wind forecasting. Topics included:

= NHC forecast process and constraints

= Typical NDFD forecast bias

= Factors contributing to wind decay including exposure, friction, and
stability.

= Simplified overland and marine wind reduction factor guidance.

= Distribution of wind gusts
with sustained wind speeds
over land and marine
locations

= Considerations for wind gust
factors including variations in
boundary layer conditions
from CAD, enhanced mixing
with drier air wrap around,
boundary interaction, etc.




Examples from Hurricane Arthur (July 2014)

These new methodologies were tested by WFOs CHS, MHX, RAH, and ILM
during Hurricane Arthur.

Note that OPC does not use this technique and their grids were typically

prepared before the coastal WFOs started on their grids which resulted in
some inconsistency.




Hurricane Arthur (July 2014)
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Hurricane Arthur (July 2014)

NDFD 7-hour Forecast
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Hurricane Arthur (July 2014)

= The 23-hour wind gust forecast valid at
11pm EDT on 3 July, 2014 shown to the
right demonstrates a consistent and well
collaborated wind gust forecast from the 4
WFOs using the new methodology (to the
right or east of the thin yellow line.)

= Both land and marine gust factors for
Arthur found good agreement with the
CSTAR database of 15 storms.
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Hurricane Arthur Summary

= After Arthur, forecasters provided mainly positive feedback. They noted
much improved consistency and a perceived improvement in the quality of
the regional wind forecast using this approach compared to past
experiences. While some issues were identified, the result was an
improvement of previous methods.

= Some of the feedback provided by forecasters included:
=  “It certainly led to better coordinated wind grids”
= “Produced realistic output”
= The integrated tool was “even more efficient than in past years, likely
due to the tweaks to the TCMWindTool.”
= “The process seemed to go well and | think the output was reasonable”
= “The tool allows for more science”

= This event demonstrates a notable research to operations success.



Summary and Next Steps

Currently a half dozen WFOs in the mid-Atlantic and Southeast are
participating in the evaluation of these new tools and methodologies.

We have successfully used the tools during a handful of TC events, although
most of those events have been lower end hurricanes or tropical storms
that followed a climatologically favored track parallel to the coast.

We hope to expand tools across more of our CSTAR cluster and hope to use
them during a stronger TC with a more perpendicular landfall.

More work is required in the generation of the climatological reduction
factor starting point which is largely heuristically based.

Additional details are available on our mid-Atlantic/Southeast science
sharing blog. https://cimmse.wordpress.com/category/cstar/tc-inland-and-
marine-winds/
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Questions

Josh Weiss, General Forecaster at WFO ILM, shown using some of the new GFE tools during Hurricane Sandy.



