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What Is/Why Care About CAT?

« CAT = in-flight bumpiness away from thunderstorms,
enerally above 500 hPa (Ellrod et al. 2003
ncyclopedia of the Atmospheric Sciences)

« CAT = unsolved aviation forecast problem (Sharman
Liast al 2006 WAF article on GTG)
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5’*‘"*"December 1997, UAL Flight 826: 1 dead, 97 |njured 3 crew
members serrously injured when plane descends abruptly (g
Sabu forces 1 BG to O 8G in 6 seconds) at 31 OOO feet in severe




Overview of Cooperative and Educational Effort

« UCAR/COMET-funded project “Improving Clear Air
Turbulence (CAT) Forecasts at the NOAA/NWS/NCEP/AWC
with State-of-the-Art Research Diagnostics” (through 2012)
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ef orts' to develop operatlonal Lighthill-Ford index (2011 12)

g&rﬂ"“s?"

ate/raduate semlnar on research methods fo




New CAT Forecasting Method

The EKI Diagnostic
Ellrod and Knox, 2010 Weather and Forecasting

~ * Original method: Ellrod and Knapp (1992 Weather and
1 oreca_st/n Turbu.l‘e_ce Index”, Tl; used internationally
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Operational Methodology of the EKI Diagnostic

 Divergence trend used instead of fendency because
tendencies calculated from model time steps are ~ 2 orders
of magnitude smaller than VWS and DEF
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Verification Methodology

 PIREPs for December 2010-March 2011
Over 4000 PIREPs included
Over 1000 moderate-or-greater “MOG” reports
. — Larger database than in Ellrod and Knox (2010)

from 24-h GFS forecasts
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Ellrod-Knapp (T1) 5 Mar 2011 0Z

(threshold contours 4 (thick),8,16,32)
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Ellrod-Knox (EKI) 5 Mar 2011 0Z

~ (same thresholds) C
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Forecast Verification Statistics

Observed Observed
CAT NULL

Forecast (a) Hit (b) False
| CAT Alarm
" |Forecast No| (c) Miss (d) Correct
. CAT Rejection

- Hit Rate (PODy): a/(a+c)
= PODN: d/(b+d)
~ = True Skill Statistic (TSS): PODy + PODn -1

~ = Critical Success Index (CSI): a/(a+b+c) e
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Results (all turbulence reports)

Boldface indicates better performance vs. other index

Dec 2010-Mar 2011 0z and 18z
n=4028 PIREPs
- _Pooy -ﬂ__ csl

= PODy: EKI improves upon Tl by 53-78%
= PODn: Tl better than EKI by only 0.4-19%

= TSS: EKI improves upon Tl by 24-83%
(54% improvement at threshold = 6)

= CSI: EKl improves upon Tl by 33-74%




For Comparison:
EKI vs. Tl using RUC 6-h and 12-h forecasts (left
and center) versus GFS results (right)

Tl vs. EKI 6-h RUC Tl vs. EKI RUC GFS EKI Results
(threshold of 4) (threshold of 6) (thresholds 4 and 6)

July 2007 Dec 2007 Combined
N=335 N=833 N=1168

RUC26h Fcst | RUC212h Fecst GFS EKI 4 EKI 6
Dec ‘10-Jan ‘11 | Dec ‘10-Jan ‘11 24-h Dec 10- | Dec 10-

N=901 N=602 Mar 11 Mar 11

N=4028 | N=4028 [

fest

PODy m 0.349 | 0.321 | 0.474 | 0.284 | 0.421 PODy | 0.480 mm 0.577
.L

’]m 0.887 | 0.775 | 0.706 | 0.678 | 0.736 m m 0.796 | 0.713 | 0.836 | 0.754
- 0.107 | 0.123 | 0.027 | 0.152 m 0.113 0.276 | 0.375 | 0.286 | 0.331 [ =

;,;;;-;_f ;‘_;'_uarrd Knox, 2010 Weather and ~ Ellrod et al. poster at ARAM
- Forecasting

. GF ,24 h results better than EIIrod- nox 6-h RUC

. %@,..‘



Results: ROC Curves (all turbulence)

RUC 6-h GFS 24-h

Dec 2010-Jan 2011 Dec 2010-Mar 2011
(Ellrod et al. poster)

0.0 0.2 0.4 06

1-PODn
thresholds at 4,6,8,10,12,16

* Results improve upon Ellrod-Knox (2010) ROC_,_gg‘rves (not shown)

~ * Improvement more obvious with RUC than GFS




GFS Results (MOG turbulence only)

Boldface indicates better performance vs. other index

P N
n=3552 PIREPs
| ey | pon | s csi
4

= PODy: EKI improves upon Tl by 37-79%

= TSS: EKI improves upon Tl by 12-90%
(55% improvement at threshold = 6)

= CSI: EKI improves upon Tl by 13- 79°/°,.‘,‘}_

I = ROC curves: Tl, EKI curves SImllar (not shown) |




Summary of Results and Future Work

* Results of Ellrod and Knox (2010) confirmed, extended

« Ellrod-Knox Index EKI improves upon Ellrod-Knapp TI
- for most forecast metrics for 24-h GFS forecasts

| PODy, PODn and TSS values better for 24-h GFS

2 ek oves upon Tl for both MOG and all Ievels of%’
turbulence with GFS TR

‘Thresholds of 4 or 6 appear to give the best results for
" GFS (similar to RUC results)

- 2011-12: Case studies and e

to additional







