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Background Evaluating Previous Methods Wind Gust Equations Five Different CART Models Evaluated
1:Convegtive Winds_ are difficult to accur_ate_ y predict, due to their tValidation Dataset 1) ET/VIL Relationship (Stewart 1996) 1) Recursive Binary Partitioning and Regression Trees (rpart)
small size, short lifetime and large variability Warm season months from 2003-2009
iMajor concern at Kennedy Space Center (KSC) and fData taken at onset of peak wind gustl, as well as f(;]urfvolumetric scans RMSE| MAE | HITS | % HITS POD | POFA | TS5
Cape Canaveral Air Force Station (CCAFS) prior (~16 to 25 minutes) to provide a lead time to the forecaster Onset | 14.03 | 11.23 97 26 Onset 0.69 0.35 037
iSafety of over 25,000 people 1.Peak wind gust reported from weather towers on CCAFS/KSC complex S Scanl 0.53 0.32 0.29
. canl | 14.22 | 11.40 | 82 25
ihvolding space lsunch delay: s well a5 null cases where peak gust <35 kt | scanz 056 | 036 026
iResource protection for over $20 billion of facilities 2 KXMR RAOB freezing leve heigrrl)ts J Scan2 | 13.72 1 10.86 80 29 Scan3 0.76 0.42 0.26
5t Weather Squadron (45 WS) issues convective wind warnings BINCDC Storm Structure data files Scan3 | 13.9411.14| /1 217 S>can4 | 048 | 031 | 0.32
for CCAFS/KSC l 1Cell-based vertically integrated liquid (VIL) [kgm 4] Scan4 | 13.89 | 11.22 63 27 2) Conditional Inference Trees (ctree)
fo 25 KNWHZLWK IGHVLUH G OHDG WLPH RI PLQ tEcho top [k 200 | POFA | Tss
Te NWHZEWK GHVLUHG OHDG WLPH RI PLQWK Maximum reflectivity [dBZ]
bact Research tHeight of the maximum reflectivity [kft] 2) Radar Gust Eq. (Loconto 2006) Onset | 0.67 | 0.32 | 0.40
| - | 4.VIL Density (Derived from Storm Structure Files) RMSE | MAE | HITS | % HITS Scanl | 063 | 031 | 0.36
{WSR-88D tools to improve convective wind warnings at 45 WS tPossible indicator for the presence of hail (Amburn and Wolf, 1997) ‘ Scan2 | 0.75 | 0.35 | 0.36
1. Regression based wind gust equations VILD = VIL / ET [kgm -] Onset | 12.72 110.03| 125 33 Scan3 | 0.31 | 0.43 | 0.13
tEcho Top/ VIL Relationship (Stewart 1996) 5.Low level mesoscale boundary interactions Scanl | 12.73|10.03| 95 30 Scan4 | 0.30 | 0.22 | 0.24
tShown to be a big role in the formation of convective cells, as well as
the strength of said cell (Dinon et al 2008, Ander et al 2009) Scanz | 12.75 | 9.93 85 30 3) Bagging
Classified into four categories Scan3 | 12.12 | 9.60 89 34
tRadar Gust Equation (Loconto 2006) +Sea Breeze Front (SBF) POD | POFA | TSS
tOutflow Boundary (OFB) Scan4 | 12.11 | 9.2 | 83 33 onset | 061 | 035 | 032

tBoth SBF and OFB
tNo SBF or OFB

iEvaluation of Wind Gust Equations

Scanl 0.63 0.32 0.34
Max dBZ above Freezing Level Scan2 0.69 0.35 0.32

2. Maximum reflectivity above freezing level (Figure 1) Forecast error between true and predicted values of peak wind gust POD POFA TSS =can3 241 .29 220
TIf maximum reflectivity above freezing level, hail is more likely 1.Root Mean Square Error (RMSE) Scan4 0.61 0.22 0.48
tHail can contribute to downbursts via additional cooling from 2.Mean Absolute Error (MAE) Onset 0.24 0.26 017 4) Boosting 5) Random Forest
the latent heat of melting, which helps sustain the depth and 3.1XPEHU RI 3KLWV"™ SUHGLF®Kdidis dXaeraci WKL Q
intensity of the downdraft leading to the downburst {Evaluating maximum reflectivity above freezing level relationship Scanl 0.30 0.32 0.18 POD | POFA | TSS POD | POFA | TSS
{Plots of averaged height difference and averaged reflectivity updated and Scan?2 0.41 0.36 0.20 Onset | 0.61 | 0.31 | 0.37 Onset | 059 | 0.29 | 0.39
stratified by volumetric scan 3 038 0.3 017 Scanl | 058 | 0.23 | 041 Scanl | 0.60 | 0.31 | 0.34
12X2 contingency tables constructed Scan ' ' ' Scan2 | 0.63 | 0.29 | 0.38 Scan2 | 056 | 0.28 | 0.35
fForecast performance checked Scan4 0.33 0.45 0.10 Scan3 | 0.66 | 0.24 | 0.4/ Scan3 | 0.59 | 0.32 | 0.34
T True Skill Statistic (TSS) Scan4 0.61 0.22 0.48 Scan4 0.57 0.35 0.34
T Probability of Detection (POD) _ _
t Probability of False Alarm (POFA) Discussion

CART Results

. | £ iMost CART models had POD > 50 percent and POFA <50 percent for most volume scans

equatlc_)ns are too large for IMost TSS around 30% -- marginal utility for operations; Some near 50% -- approaching good utility
operational use 17KH S HQVHPEOH ™ &%$57 PRGHOVY DSSHDUHG WR SHUIRUP EHWWHU WKDQ VL

MNew plots Of maximum reflectivity Further independent testing recommended before selecting best model for operations
above Freezing Level (not shown)

very similar to Figure 1

1Poor performance of maximum
reflectivity above freezing level

IRMSE and MAE for both wind gust
New Statistical Methods

HPartition of dataset
Training set to build model: 2003 2007
fest set to test model: 2008 +2009

iClassification and Regression Trees (CART) (Breiman et al 1984)

iProvides objective forecasts without the parametric assumptions of
relationship between predictors and predictand

FUTURE WORK

ICreate new reflectivity threshold to distinguish between warning/non-warning cells

~igure 1. Max reflectivity minus RAOB freezing level height difference

. - . " - - - o contrary to previous result - CHVE | _ | M _
(light blue bars), value of max reflectivity versus peak CCAFS/KSC wind wtratifies data into categories and provides yes/no decision branches to L . . {Explore possible linear relationship between maximum reflectivity and peak wind gust
gust speed (dark biue line) (Loconto 2006) classily Tuture events inio fhe most fikely branct ossible linear relationship between fConsider polarimetric radar applications for convective wind warnings
{GOAL FDWHJRULJH HYHQWV LQWR NW DQG « [ maximum reflectivity and peak wind P Strie pplicat . gs
SSUES CART select the best order of variables and yes/no decision thresholds iPossible future research INew dual polarization radar being installed for 45 WS (projected operational Feb 2010)

iDatasets used to create above techniques had small sample sizes. WR IRUHFDVW NW DQG - NW LQ WKH IXWXU IConsider radial velocity derived parameters in addition to reflectivity derived parameters

1Only based on the volume scans at, or just before onset of gust. five CART algorithms applied on training dataset using R statistical Conclusion

RESEARCH GOAL S environment (R Development Core Team 2009). None of these three previous tools ACKN OWLEDGEM ENTS

iRpart, ctree, bagging, boosting, random forests
Verify past technigues on new independent data

iExplore forecast performance for earlier volume scans
Hinvestigate new methods to maximize forecast performance

are very useful for operational
Hindependent dataset used to test validity of model by calculating forecast warnings for convective wind gusts

performance metrics (POD, POFA, TSS) . NW DW &&$)6 .6&
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