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FAA AWRP sponsored turbulence 
research teams and products

• Turbulence PDT
– Integrated Turbulence Forecasting System (ITFA) 

to provide nowcasts/forecasts of turbulence
– In-situ measuring and reporting system to 

augment/replace turbulence PIREPs
– Ground-based and airborne (with NASA AvSP) 

detection algorithms
• Oceanic Weather PDT

– Cloud top heights
– Convective nowcasts/forecasts
– Oceanic ITFA
– Improved winds
– In-flight icing
– Volcanic ash transport and dispersion



ITFA
• Upper level CAT prediction 

system
– related to jet streams and 

upper-level fronts only
– > 20,000 ft only

• Based on RUC2 forecasts
– RUC2 domain only
– 0,3,6,9,12-hr forecasts 

updated every 3 hrs
• Fits turbulence predictors 

to observations (PIREPs)
• Verification has been an 

integral part of the program 
since initial development

• Approved for “Operational” 
status, i.e., guidance to 
government and airline 
meteorologists
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		2:00		airmets_no_amd				for		AllZ_1h,		verified		by		MOG		pireps,		National,		FL		200		to		400,		1/10/00		to		10/11/01

		Date		MOG_YY				YN		MOG_NY		NN		PODy		PODn		TSS		%Volume

		Date																AIRMETs

		January-00		1028				620		648		1437		0.61		0.7		0.31		26

		February-00		1604				667		955		1820		0.63		0.73		0.36		22

		March-00		2247				688		1216		1448		0.65		0.68		0.33		26

		April-00		826				264		638		800		0.56		0.75		0.32		18

		May-00		977				269		1358		1324		0.42		0.83		0.25		13

		June-00		235				74		911		1308		0.21		0.95		0.15		5.9

		July-00		155				34		877		1181		0.15		0.97		0.12		4.2

		August-00		65				19		468		875		0.12		0.98		0.1		3.9

		September-00		358				99		1173		1268		0.23		0.93		0.16		7.7

		October-00		605				190		1191		1456		0.34		0.88		0.22		9.8

		November-00		1859				529		1201		1308		0.61		0.71		0.32		20

		December-00		1313				438		862		1442		0.6		0.77		0.37		18

		January-01		2114				793		1319		1520		0.62		0.66		0.27		24

		February-01		1681				576		983		1911		0.63		0.77		0.4		20

		March-01		2146				599		1245		1696		0.63		0.74		0.37		21

		April-01		779				236		966		1277		0.45		0.84		0.29		12

		May-01		94				24		111		116		0.46		0.83		0.29		14

		June-01		109				21		146		221		0.43		0.91		0.34		8

		July-01		236				20		748		975		0.24		0.98		0.22		3.8

		August-01		91				14		770		987		0.11		0.99		0.092		3.7

		September-01		473				92		743		762		0.39		0.89		0.28		6.8

		October-01		30				7		210		186		0.12		0.96		0.089		8.9

																												0.42

		1:00		ruc2_ITFA/.15				for		AllZ_3h,		verified		by		MOG		pireps,		National,		FL		200		to		0.41		1/10/00		to		1/2/02

		Date		MOG_YY				YN		MOG_NY		NN		PODy		PODn		TSS		%Volume

																		ITFA

		1/20/00		338				224		273		794		0.55		0.78		0.33		20

		2/15/00		594				330		594		1049		0.5		0.76		0.26		21

		3/18/00		817				201		631		697		0.56		0.78		0.34		21

		4/15/00		564				197		513		768		0.52		0.8		0.32		20

		5/16/00		489				160		514		624		0.49		0.8		0.28		18

		6/15/00		239				111		267		505		0.47		0.82		0.29		15

		7/16/00		184				88		200		425		0.48		0.83		0.31		16

		8/13/00		82				39		103		335		0.44		0.9		0.34		13

		9/22/00		72				19		45		79		0.62		0.81		0.42		17

		10/16/00		460				182		432		638		0.52		0.78		0.29		20

		11/15/00		816				235		632		677		0.56		0.74		0.31		23

		12/15/00		616				258		383		682		0.62		0.73		0.34		23

		1/16/01		719				283		554		686		0.56		0.71		0.27		22

		2/14/01		647				320		579		870		0.53		0.73		0.26		24

		3/16/01		867				242		428		677		0.67		0.74		0.41		24

		4/6/01		232				73		260		269		0.47		0.79		0.26		21

		5/14/01		47				5		24		27		0.66		0.84		0.51		18

		6/17/01		222				72		195		291		0.53		0.8		0.33		17

		7/14/01		198				60		193		356		0.51		0.86		0.36		17

		8/17/01		161				56		209		345		0.44		0.86		0.3		16

		9/15/01		437				106		155		284		0.74		0.73		0.47		20

		10/18/01		376				133		210		396		0.64		0.75		0.39		22

		11/15/01		602				139		350		518		0.63		0.79		0.42		23

		12/17/01		921				172		436		475		0.68		0.73		0.41		26

		Date		AIRMETs_no_amd		AIRMETs (with amendments)		ITFA(.15)		ITFA(.06)		ITFA(.08)		ITFA(.2)		ITFA(.3)		ITFA(.4)

		January-00		0.33		0.34		0.33		0.29		0.32		0.27		0.11		0.038

		February-00		0.37		0.38		0.26		0.24		0.25		0.2		0.12		0.045

		March-00		0.33		0.34		0.34		0.34		0.37		0.29		0.16		0.048

		April-00		0.32		0.33		0.32		0.27		0.32		0.26		0.14		0.039

		May-00		0.25		0.27		0.28		0.29		0.3		0.22		0.11		0.048

		June-00		0.15		0.16		0.29		0.28		0.32		0.22		0.15		0.091

		July-00		0.12		0.14		0.31		0.32		0.31		0.22		0.15		0.064

		August-00		0.1		0.12		0.34		0.34		0.4		0.23		0.13		0.016

		September-00		0.16		0.22		0.42		0.31		0.38		0.36		0.14		0.06

		October-00		0.22		0.23		0.29		0.3		0.33		0.26		0.15		0.083

		November-00		0.32		0.34		0.31		0.23		0.27		0.29		0.19		0.11

		December-00		0.37		0.39		0.34		0.29		0.32		0.3		0.22		0.13

		January-01		0.27		0.3		0.27		0.17		0.24		0.23		0.16		0.09

		February-01		0.4		0.42		0.26		0.18		0.22		0.24		0.16		0.096

		March-01		0.37		0.39		0.41		0.29		0.34		0.38		0.3		0.17

		April-01		0.29		0.32		0.26		0.19		0.23		0.27		0.19		0.11

		May-01		0.29		0.29		0.51		0.25		0.29		0.47		0.45		0.32

		June-01		0.34		0.37		0.33		0.3		0.32		0.33		0.24		0.12

		July-01		0.22		0.23		0.36		0.32		0.37		0.27		0.11		0.036

		August-01		0.092		0.1		0.3		0.25		0.26		0.23		0.1		0.057

		September-01		0.28		0.3		0.47		0.29		0.37		0.45		0.33		0.19

		October-01		0.089		0.23		0.38		0.32		0.4		0.36		0.23		0.14

		November-01						0.42		0.37		0.4		0.38		0.26		0.14

		December-01						0.42		0.3		0.36		0.4		0.26		0.15

		January-02		0.32		0.35		0.42		0.24		0.31		0.42		0.35		0.22

		February-02		0.43		0.45		0.45		0.25		0.33		0.45		0.36		0.24

		March-02		0.37		0.38		0.36		0.18		0.25		0.38		0.31		0.2

		April-02		0.27		0.35		0.34		0.19		0.27		0.34		0.2		0.13
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ITFA - Future 
Enhancements
• Other sources of turbulence

– Mountain wave turbulence 
algorithms in place and 
being tested

– Convectively-induced 
turbulence

• Lower levels
– Mid-levels (10-20,000 ft)
– Upper levels (>20,000 ft)

• Beginning to use in-situ 
turbulence data to eventually 
replace PIREPs

• Forecast probabilities of   
smooth, MOG, severe



In-situ measurement and 
reporting system
• Provides objective, precise 

atmospheric turbulence measures
• Features

– Automatically measures 
turbulence (peak and average)

– Automatically downlinks
– Aircraft independent (edr)
– Adopted as ICAO standard
– Software modification to ACMS, 

no hardware or certification 
requirements

– Graphical displays at UAL and 
FSL websites

• Uses
– Augments PIREPs to provide 

real-time turbulence maps
– Provide Input to ITFA
– Input to NWP models



Airborne detection product

• NASA sponsored 
Turbulence Prediction and 
Warning System (TPAWS)

• Tactical avoidance of in-
cloud turbulence

• Preliminary testing very 
encouraging



Detection performance
• Data from NASA B757 test 

flights being analyzed
• Example to left is a correct 

detection of moderate 
turbulence 1.19 min, 18 km 
before encounter in low 
reflectivity

• Overall performance to date:
– PODyes: 81%
– PODno: 69%



Oceanic Weather – Real-time cloud top displays

• Uses satellite IR images 
(GOES E&W, GMS) + 
AVN model

• Updated every 30 min

http://www.rap.ucar.edu
/projects/owpdt



Oceanic Weather Products – ITFA

• Uses AVN model
• Diagnoses and 

forecasts of CAT >
20,000 ft

• Prototype should be 
available semi-
operationally by        
end of FY03

• Example: Brown’s index at 
32,000 ft 06 Aug 2002 18Z
– Upper: derived from AVN
– Lower: derived from RUC20
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