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44 Case Study Turbulence Categories

CAT 19 -3 16*
TRW 16 2% -0*
CLD 6 2% 4%
MTN 3 -0* 3
TRW* 0 13%*




44 Case Study Location Distribution
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44 Case Study Monthly Distribution
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44 Case Study Diurnal Distribution
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44 Case Study Altitude Distribution
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SPECIFIC METEOROLOGICAL FIELDS
USED TO DERIVE PREDICTORS

TEMPERATURE

HEIGHT

TOTAL WINDS
GEOSTROPHIC WINDS
AGEOSTROPHIC WINDS
OMEGA

ABSOLUTE VORTICITY
RELATIVE VORTICITY
VELOCITY DIVERGENCE

VERTICAL TOTAL WIND
SHEAR

ISENTROPIC POTENTIAL
VORTICITY

EQUIVALENT POTENTIAL
VORTICITY

POTENTIAL
TEMPERATURE

EQUIVALENT POTENTIAL
TEMPERATURE

RICHARDSON NUMBER
THERMAL WIND
RELATIVE HUMIDITY
LAPSE RATE



CROSS SECTIONS FROM THE SURFACE
TO 100 MB (~16 KM) CENTERED ON
ACCIDENT LOCATION

JET NORMAL AND TANGENTIAL TOTAL WINDS
JET NORMAL AND TANGENTIAL POTENTIAL TEMPERATURE

JET NORMAL AND TANGENTIAL EQUIVALENT POTENTIAL
TEMPERATURE

ORIGINATION-DESTINATION TOTAL WINDS
ORIGINATION-DESTINATION POTENTIAL TEMPERATURE

ORIGINATION-DESTINATION EQUIVALENT POTENTIAL
TEMPERATURE

ORIGINATION-DESTINATION ISENTROPIC POTENTIAL VORTICITY
ORIGINATION-DESTINATION EQUIVALENT POTENTIAL VORTICITY
ORIGINATION-DESTINATION RICHARDSON NUMBER
ORIGINATION-DESTINATION RELATIVE VORTICITY
ORIGINATION-DESTINATION RELATIVE HUMIDITY
ORIGINATION-DESTINATION TOTAL VERTICAL WIND SHEAR



VERTICAL SOUNDINGS AT THE
ACCIDENT LOCATION

SKEW-T/LOG-P
RICHARDSON NUMBER
BRUNT-VAISALA FREQUENCY

VERTICAL TOTAL WIND SHEAR



ACTUAL PREDICTOR FIELDS
(Part 1)

IMMEDIATE UPSTREAM CURVATURE

ENTRANCE/EXIT REGION OF THE JET STREAM

SIGN OF OMEGA

LAPSE RATE >= MOIST ADIABATIC

DIRECTION OF THE AGEOSTROPHIC WIND VECTOR
SIGN OF THE HORIZONTAL TEMPERATURE ADVECTION

SIGN OF THE HORIZONTAL ADVECTION OF THE TOTAL WIND
VELOCITY SHEAR

VERTICAL VARIATION OF THE BRUNT-VAISALA FREQUENCY >
THRESHOLD VALUE

FLIGHT LEVEL ABSOLUTE VORTICITY <= 10 s

ABSOLUTE VORTICITY AVERAGED OVER TWO LEVELS <= 104 s-!
FLIGHT LEVEL RELATIVE VORTICITY <=0 s'!

RELATIVE MAGNITUDE OF ISOBARIC PV TERMS

VERTICAL TOTAL WIND SHEAR > THRESHOLD VALUE



ACTUAL PREDICTOR FIELDS
(Part2)

RELATIVE HUMIDITY >= 50%
SIGN OF HORIZONTAL ADVECTION OF VERTICAL LAPSE RATE
AGEOSTROPHIC WIND VELOCITY >= THRESHOLD VALUE

VERTICAL VARIATION OF THE RICHARDSON NUMBER >=
THRESHOLD VALUE

VERTICAL VARIATION OF THE TOTAL WIND VELOCITY SHEAR >=
THRESHOLD VALUE

RICHARDSON NUMBER <= THRESHOLD VALUE

CONVECTIVE CLOUDS (ALL BASES) ON SATELLITE IMAGERY < 100
KM FROM ACCIDENT LOCATION

CONVECTIVE CLOUDS (ALL BASES) ON SATELLITE IMAGERY < 30
KM FROM THE ACCIDENT LOCATION

ELLROD INDEX VALUES (ELLROD AND KNAPP 1992)

NCSU MODIFICATION OF THE ELLROD INDEX (ELLROD INDEX /
IPV)



BEST PREDICTORS FOR ALL 44 CASE

STUDIES
IMMEDIATE UPSTREAM CURVATURE (98%)
CONVECTIVE CLOUDS (ALL BASES) < 100 KM AWAY  (86%)
UPWARD VERTICAL MOTION (82%)
LAYER AVERAGED ABSOLUTE VORTICITY <= 104 S!  (80%)
JET ENTRANCE REGION (77%)
HIGHER VERTICAL SHEAR ADVECTION (77%)
LAPSE RATE >= MOIST ADIABATIC (77%)
ABSOLUTE VORTICITY AT FLIGHT LEVEL <= 104 S-! (75%)
CONVECTIVE CLOUDS (ALL BASES) <30 KM AWAY (74%)
HORIZONTAL COLD ADVECTION (73%)
FLIGHT LEVEL RELATIVE VORTICITY <=0 S-! (68%)

LEFTWARD-DIRECTED V., .r.sroptic FLOW (64%)



MASS SIMULATIONS OF THE MESO-BETA SCALE
STRUCTURE OF THE CAPE GIRARDEAU CASE
STUDY - BASIC MODEL EXPERIMENT

INITIAL CONDITIONS FROM THE NWS ETA

MODEL ANA

LYSES

MASS VERSION 5.13

30 KM COARSE RESOLUTION 18 HOUR
SIMULATION (35 VERTICAL LEVELS)

12 KM NESTED-GRID 12 HOUR
SIMULATION (45 VERTICAL LEVELS)

6 KM NESTED-GRID 8 HOUR SIMULATION
(60 VERTICAL LEVELS)




30KM MASS MODEL DOMAIN




12KM AND 6KM MASS MODEL
DOMAINS
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127 UPPER AIR OBSERVATIONS
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1450Z NOWRAD IMAGE
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KEY FEATURES OF THE CAPE
GIRARDEAU SIMULATION

STRONG CURVATURE JUST UPSTREAM
JET ENTRANCE REGION LOCATION
DOUBLE JET (PJ AND STJ) STRUCTURE

COLD DRY AIR ADVECTION IN THE
MIDDLE TROPOSPHERE
ACCIDENT OCCURS WHERE COLD DRY

AIR ADVECTION WITH PJ UNDERCUTS
NORTHWESTERN FRINGE OF STIJ
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VERTICAL SOUNDING STRUCTURE
AT THE ACCIDENT LOCATION

BUOYANT MIDDLE LAYER (LOW BRUNT-
VAISALA FREQUENCY)

STRONG VERTICAL WIND SHEAR ABOVE
BUOYANT LAYER

RICHARDSON NUMBER MINIMUM AT
INTERFACE BETWEEN LAYERS

POOR WAVE DUCT AT INTERFACE BETWEEN
LAYERS

LOW WIND VELOCITY IN BUOYANT LAYER =
WAVE CRITICAL LAYER
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TASS MESO-GAMMA SCALE SIMULATIONS
AT-CAPE GIRARDEAU - BASIC MODEL

EXPERIMENT

INITTIALIZE WITH MASS 6 KM CGI
SOUNDING AT 1230 UTC

3-D MODEL SIMULATION WITH 50 M
HORIZONTAL RESOLUTION

100 VERTICAL LAYERS



WAVE DYNAMICS AT THE MESO-
GAMMA SCALE

~2 KM INTERNAL GRAVITY WAVE

~1 KM UPDRAFT/DOWNDRAFT COUPLET WITH
~30 M/S MAX DOWNDRAFT CENTERED JUST
BELOW ACCIDENT ALTITUDE

IMPLIES STRONG BUOYANT PLUME AND
VERTICAL MOMENTUM FLUX ALONG AIRCRAFT
FLIGHT PATH
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TASS 50M SIMULATED VERTICAL
VELOCITY
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IMMEDIATE FUTURE WORK:

MASS AND TASS SIMULATIONS AND ANALYSES
FOR CROSS CITY, GRANITE, AND CHATTANOOGA
FDR CASE STUDIES (ALL CONVECTIVE)

DEVELOP FORECASTING ALGORITHM BASED ON
4 FDR CASE STUDIES

REAL-TIME SUPPORT OF TURBULENCE
EXPERIMENT WITH MASS AND NEW
FORECASTING ALGORITHM

PUBLISH DIAGNOSTIC AND PROGNOSTIC
FINDINGS IN NASA TECH MEMOS AND REFEREED
JOURNAL ARTICLES
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