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110 113 .
(Advanced Operational Aviation Weather System

RenewalandUpdate _ m_uqi ps G 2 1
110 111 .
(IA#18) 112 113 - . (IA#19)
(ICAO) (System Wide Information

Management SWIM)

IA#18 2 IA#18
(NCAR) NCAR

AOAWRU
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NCAR . 1117 11 1, 3 8
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2

11/1 Bill Petzke System software architecture (FOCAL -QM)

11/3 Dan Megenhardt | System software architecture (ASPIRE)
Dave Albo

11/8 Gary Cunning Sydem overview of aviation weather
Dan Adriaansen | information products; system software
architecture (TFIP2/TCIP2)




11/9

Teddie Keller
Hailey Shin

Julia Pearson
Wiebke Deierling

Evaluation of aviation weather information
products; System overview of aviation
weather inform ation products (GTG4/GTGN)

11/11 | Greg Meymaris Evaluation of aviation weather information
products; Calibration and fine - tuing;
System overview of aviation weather
information products (NTDA)
11/15 | Gary Cunning Evaluation of aviation weath  er information
Dan Adriaansen | products; calibration and fine - tuning
(TFIP2/TCIP2)
11/16 | Ken Stone Evaluation of aviation weather information
products (CTH/CDO)
11/17 | Jason Craig System software architecture (GTG4/GTGN);
(NTDA)
11/22 | Hailey Shin Calibr ation and fine -tuning (GTG4/GTGN)
Wiebke Deierling
11/23 | Ken Stone Calibration and fine -tuning (CTH/CDO);

Dan Megenhardt

System software architecture (CTH/CDO)

Icing Product
(Pilot Reports

(Curent Icing Product

FIP)

NCAR

2022

L

PIREP)

ar) (Forecast
, , (METAR)
(NWP
( CIP) ( FIP) 2.0
. NCAR
CIP FIP 2.0(TCIP2/TFIP2)
TCIP2 TFIP2




(In - Flightlcing IFI)
N¢ 1

(Supercooled Large Droplets  SLD)

N Drop Size Effect on Aircraft

NASA Glenn Research Center Twin Otter

o Rain
rizzle ZRA)
e A Sizes A

Cloud Sizes
Droplet Sizes
Sizes
1 .
(National Center for Atmospheric Research
NCAR) (Advanced Operational Aviat ion Weather
System AOAWS (Current Icing
Product QAP) (Forecast Icing Product FIP)
() (Forecast Icing Product FIP)
FIP NWP (1)
2 3) . 2



N
NCAR

NCAR Icing Team FAA FIP Development Process

External

Internal

. =
Change W
/\
Param Code -
Design -
Test Experiment
(B)
Collect/
Create -
Data
2 FIP .
s NWP
NCAR (FIP2)
( 2 ).
FIP . PIREP
/ / / / /
(National Oceanic and Atmospheric Administra tion NOAA
(Federal Aviation Administration FAA)
. NOAA NCAR
. PIREP (1) (2)
3)
FIP (A) (B)
A/B 2 .
1) (2)
(3) (4) PIREP
3



N

NCAR

Qualitative A/B Testing for FIP: Inspect/Compare

Geographic maps of field

differences (heatmaps)

Comparison field histograms q w

Inspect map plots of fields

and compare

Normalized Count

FIP

1.0

0.9 -

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0 -

J“]JQUJJ
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3 .
PIREP
. NetCDF
PIREP PIREP
4
— RR
| EmRUC
—Tmap
-40 -35 -30 -25 0 5
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P wn e

PIREP

PODy ( ).
PODnN .
P®D 1-PODn ( ).
MCASSMulti - Category Average Skill Score
PODy=1
PODy
PercentVolume ( >0.25)
Vdume Efficiency = POR*100.0/(Percent Volume)
Vdume of A irspace Warned
A/B
PIREP
5,
Image so h.rc.n.o/ieV tml .
5 .
-2 -0S¢ >87%
\ NC <PS¢C <50% .
(Domain Relation Approach ) PIREP
NWP d3 d3
( ) « ) .
(TFIP2) (TaP2)



Taiwan Phase

4

-
|
|
|
|
|
|
1

© 2022 UCAR. All rights reserved 30

6 TFIP2

(U.S. P hase NWP NCAR
(CWBWRF) WRF
7

L

N\ Special WRF Model Runs (U.S. Phase)

NCAR

Outer |

- Special WRF Model Runs for  15km ©
testing and developing TFIP2

* Closely match operational
CWB-WRF /

 PIREPs and FAA FIP2/FAA \
NWP model (HRRR) :

[ domain Ax, Ay nx | ny nz

ava”able o1 15 km 388 776 61
doz2 3km 268 636 61
Physics Options Used
planetary boundary layer YSU (Yongsei University)
surface layer Original MMS5 Monin-Obukhov
Land surface model Noah
microphysics Goddard 4-ice
convective parameterization Kain-Fritsch (d01 only)
radiation: shortwave RRTMG
radiation: longwave RRTMG
© 2022 UCAR. All rights reserved 35
7 WRF .

PIREP NCAR python SPDB

PIREP

NASA  NetCDF BUFR
FIP



AOAWS WRF

8) PIREP
NASA .
N\ TFIP2 Domains
NCAR
TFIP2 Instances
CWB_D1
- 15 km grid spacing ~ g
— convection h
parameterization D
CWB_D2

— 3km grid spacing A Tl
— convection allowing

8 WRF .
PODy
9 POD
0.51 PIREP 0.73 30% PODy 0.82 PIREP
11% . /
PIREP PODy 0.79-0.84 .
N\ Proposed Domain Relation Approach

PIREPs Satellite Soundings

0.73 | 0.51(-30%) 0.82 (+11%)

,?,? RERs Satellite = Soundings
PODy |(0.79-0.84 0.65 0.89

VOL 8.74 8.74 8.74

TFIP2 TFIP1



2. Wrf2Mdv UPP Grib2toMdy Hyrbrid2Pressure .

3. Hyrbrid2Pressure hybrid .
4, FcstPrecipAccum . WRF
5. MdvDeriveModel derived_model_fields .
TFIP2 FAA FIP2 FcstPrecipAccum .
TFIP2 (2) (2)

®3) (4) (5) (6) (7)

TFIP2 10 , , , ,
J J J J J J
J J J L
N TFIP2 Model Inputs
NCAR
Input Fields: .
Accumulated Precipitation:
Field Name Units Field Name Units CWB‘%lnvecuve
Geopotential Height m lce Mixing Ratio kg'kg . C\;/'B [L,nge scale
Temperature K Snow Mixing Ratio kg/kg - ol
Pressure Pa Graupel Mixing Ratio kg/kg
Specific Humidity kalkg CAPE J/kg
Vertical Velocity Pals CIN J/kg
Cloud Water Mixing Ratio kg/kg Nth-hr Accum. Precip. kg/m?
Rain Water Mixing Ratio ka/kg Surface Height m
© 2022 UCAR. All rights reserved. 49
10 TFIP2 .

10



N TFIP2 Dataflow

Legend

) S
= E ®E 0

Processing chain will exist for D1 and D2

UPP — Unified Post Processor

TFIP.

IcingCategory
—

0GC converter

SRl A

© 2022 UCAR. All rights reserved

11 TFIP2 .
TFIP2 11 W& TFIP2
OoGC .
Grib2toMdv Grib2 MDWetCDF |
FcstPrecipAccum .
MdvCombine MDDV .
Hyrbrid2Pressure Hybrid .
MdvDeriveModel (TCIP2 )
. 12
i:m TFIP2: MdvDeriveModel Overview
Qutputs:
Input fields are passed through
program and appended to
Field Name Units Field Name Units output
equivalent potential K precipitable condensate a/kg
temperature
Relative Humidity %
wet bulb temperature K
k index N/A
super-cooled liquid water g/kg
lifted index N/A
model precipitation g/m"2
total totals N/A
ice condensate g/kg
Relative Humidity Ice %
liguid water condensate a/kg
total freezing water path g/m"2
© 2022 UCAR. All rights reserved 68

12

11



6. Fip_algo s s .

7. Pressure2flight (Flight
Level) .

8. IcingCategory .
() (Current Icing Product ar)

FIP CIP . CIP NWP

, (METAR) PIREP

1. (@H)

(2) 3)

, QLW>®DOLP>6-NLTR>BLPR>06 -

2.240 -~

2. (METAR) ,

3. NWP CIP

4.
NCAR .

5. PIREP ) CIP

6. ( ) GOES 25 CIP
CIP RAOB/AMDAR

L

NWP
CIP FIP 13

12



nmm NCAR Icing Team FAA CIP Development Process

‘ External Internal

T =
Change
o
Param Code
~__
Design -
Test Experiment
i
Collect/
Create
Data
13 CIP .
CIP A/B PIREP FAA CIP PIREP
PIREP CIP CIP
A/B . PIREP
-2 -0S¢ >87% \ NG
<PS¢ <50% .
TCIP2 14 / PIREP
(Donain Relation Approach) TFIP2 .
CIP 2
. PIREP WRF Domainl Domain2
N NCAR AOAWS TCIP2 Development Process

Taiwan Phase

1

— — — | |

\/ ©2022 UCAR. Al rights reserved 7

13



14 TCIP2

TCIP2 (U.S. Phasg 1)

2) . (3) .
(Taiwan Phasg (1)
GOES6 8 /9 ) u.sS.
Phase . (3 .
15 U.S. Phase PODy 0.82

PIREP 11% TCIP2

79% .

N Proposed Domain Relation Approach

PIREPs Soundings

PODy 0.73 0.82 (+11 %)

VOL 7.97 7.97

“ )A | o .
: oy, ‘F B Soundings
2l ’ ?? g
. @ PODy 0.89

VOL 8.74 8.74
15 TCIP2 .
WRF TFIPZ  7)
. PIREP .
BUFR . WRF
CIP CIP

16

14



N

NCAR

1CIP2:

Domains

Instances:
e CWB_Df1

o CWB WRF D1 (15 km grid spacing)

o Himawari-8/9

o METARs e
e CWB_D2
o CWB WRF D1 (3 km grid spacing) ECWBJ“ =t
o Himawari-8/9 = i ;
o METARs i S ™ o "l TN
e DFIR
o CWB WRF D1 (3 km grid spacing)
o Himawari-8/9
o METARs
o Radar (3-d reflectivity)
o Lightning
© 2022 UCAR. All rights reserved. 37
16 TCIP2 .
TCIP2 17, 18 ( I
/ / / / / / / )
J J / J
( J J ) L
N TCIP2: Inputs
NCAR
Model Fields: Radar Fields:
Field Units Field Units Field Units
Geopotential Height m Ice Mixing Ratio ka/kg reflectivity dbz
Temperature K Snow Mixing Ratio kg/kg
Pressure Pa Graupel Mixing Ratio ka/kg Lightning Fields:
Specific Humidity kg/kg Surface Height m Field Units
Vertical Velocity Pajs strike location (lat/lon) degress
Cloud Water Mixing Ratio | kg/kg strike count N
Rain Water Mixing Ratio kg/kg
© 2022 UCAR. All rights reserved 38
17 TCIP2

15



N\

NCAR

TCIP2: Inputs

Satellite Fields:

Field Units
Himawari8/9 channel 3 %
Himawari8/9 channel 5 C
Himawari8/9 channel 7 c
Himawari8/9 channel 8 c
Himawarig/9 channel 13 c
Himawari8/9 channel 15 c
18 TCIP2
TCIP2
3) (4)
L
TCIP2

JmaHimawari8toMdv
B03/B05/B07/B08/B13/B15
JmaHimawari8toMdv

SatDerive

MDWetCDF

(

16

(5)

METAR Fields:

Field
cloud cover

cloudbase height

presence of freezing rain

presence of freezing drizzle

presence of ice pellets

presence of rain

presence of snow

presence of drizzle

Units

type

m

yes/no

yes/no

yesino

yesno

yesino

yesino

(1)
(6)

HRIT

(2)
(7)

15



Legend

i
i
Hl
dl
tl

GRIB2 application

o
o
w

7

JmaHimawari8toMdv

BOS

JmaHimawari8toMdv

7

BO7

.

(—TCIP‘ N

.

SatDerive —o@
T
S

7

JmaHimawari8toMdv

BO8

JmaHimawari8toMdv

7

B13

e

JmaHimawari8toMdv

B15

JmaHimawari8toMdv

7

Iy

[EnN

9
Metar2Spdb METAR
SPDB IWXXM

L

-

MetarMapper SPDB /
/ C( MdvNetCDF ),
QeateModelMetars NWP METAR

(9
(9
(S
(S
-
(S

) ( |/ I ) .
MdvBlender METAR METAR MDV

L

17



Legend

AMHS

——TCIP2 -
S—D Metar2spdb —L___J
GTS
S |
Output from
MdvDeriveModel
— >y

7. Grib2toMdv, FcstPrecipAccum, MdvCombing Hyrbrid2Pressure
MdvDeriveModel TFIP2

L

Legend
= E & [

CIP;

Qutput from
MdvBlender

IcingCategory
—

SatDerive

FestPrecipAccum

rib 2toMdv

OGC converter

21

8. CwbRadar2Mdv MDWetCDF

L

9. MrmsPostProcessor

18




TCIP2

10. Ltg2Spdb SPDB

11. LtgSpdb2Mdv MDWetCDF
TCIP2

L

Legend

) =) &

TCIP2

Output from
MdvDeriveModel
3-D CWB radar mosaic

B—D CwhRadar2mdv | MrmsPostProcessor 46

Lightning data from

CwWB
6—» Ltg2spdb —»@—v LtzSpdb2Mdv —6
22 .
12. CipAlgo s s s s
13. Pressure2flight (Flight Level)
14. IcingCategory / / .
4
4 (Graphical Turbulence Guidance version4 GT®@)
NWP
GTG4
. (Graphical Turbulence Guidance Nowcast
GTGN) GIG4
s (PIREP) NCAR (NTDA) .
GTG4 (Clear -air Turbulence  CAT)
(Mountain wave Turbulence MWT) (Cloud-induced or
Convectively -induced Turbulence CIT) (Low level
Terrain -induced Turbulence LLT) . GTGN
EDR NTDA

L

19



GTG NCAR 2
(Graphical Turbulence Guidance  GTG)

. NCAR GrG4 1 NWP
. GTG4
(MPI) . GTG4 NCAR
GI'GN GTGN .
GTG 200
75% 10%
NCAR (Eddy Dissipation Rate  EDR
EDR .
o 1 GTG4 GTGN , EDR
0.15 0.22 0.3 EDR 0.3
(ICAQ EDR .
GTG4 CAT MWTCIT LLT 4
23
ﬁNm Understand & Capture all Turbulence Sources
Turbulence (CAT) i sicerocde
induced
Turbulence (CIT)
Mountain wave |
Turbulence (MWT)
In-cloud turbulence
Low level £
Terrain-induced Aviton trbutonce cosifcatons. Thie e i » pictoit surmmary o CONVECTIVE DOUNGTY
Turbulence (LL : ineach . Layer turbulence
R B ot Jeppesn. 1084
f 8
23 4 .
CAT Kronebach( 1964 470 70%
4 . 1999
12 3 PIREP 3000 .
MWT (25-50m/s)
. 1993 2007 PIREP (EDR
0.5) , ,

20



L

CIT 24
NTDA EDR dBZ

NWP (Squall line ) . CIT
Qvershoot .
N Background — CIT Examples

NCAR

o gl e G
« Convective turbulence inside clouds ’t

m*g "]

Near strong velocity gradients
- Anvils £

Reflectivityt

[ *h i
I rmsm¥ _E
24 .
3 EDR (PIREP/AIREP NTDA
EDR EDR ,
20 6 6
EDR . PIREP
. 550 PIREP ., NTDA
3000 45000
S .
GTG 4
( ) (D) NWP EDR
1. CAT 60 , ,

21



CAT
N

NCAR

Diagnostic
Speed
VWS
1/Ri
1/Ri,
1/Rirw
HS
Endlich
Dutton
wsq
iawind
DIV
VORTSQ
DEFSQ
~DRiDt
Brownl
Brown2
EDRLUN
cp
Ellrod1
Elirod2
Ellrod3

SGSTKE
DTF3
LAZ
SEDR
SCHGW
NCsU1L
NCsSU2

PVGRAD
TROPG/Z
NVA
Stone

AGI
LHFK
ITEMPG|
NGM1
NGM2
F2D
2DTW

F3iD
FTH

EDRLL

EDRAVG

SIGWX
SIGWAVG

TS0

Description
Horizontal wind speed
Vertical shear of horizontal wind
Inverse Ri (dry)
Inverse Ri (moist)
Inverse Ri with VWS from thermal wind relation
Horizontal shear of horizontal wind
Wind speed * turning
Dutton’s empirical index
Vertical velocity (w) squared
Inertial advective wind
{Horizontal diver,

[Total deformati
Ri tendency
Simplified DRVD!
£ from simplified DRV/D1
£ from simplified DRi/D1
Colson-Panofsky TKE
TI1 index
T12 index (includes divergence)
Ellrod2 with divergence tendency substituted
for diverg: and di tendency p as
in Sharman ¢t al. (2006)
Subgrid TKE from NWP model
Diagnostic TKE-¢psil I
TKE
&' derived from TKE
£ derived from variance of vertical velocity
Advection X |vorticity gradient/Ri*
|Vorticity gradient x gradient of Montgomery
function| puted on & pic surfaces
Horizontal potential vorticity gradient
Tropopause gradient/tropopause height
Negative vorticity advection
Inertial instability index
Anomalous gradient instabili
Lighthill-Ford spontancous imbalance
Horizontal temperature gradient
Wind speed X |deformation]
|Vertical temperature gradient| x |[deformation|
2D frontogenesis function on constant 2 surfaces
2D frontogenesis function on constant = surface using
thermal wind relation
3D frontogenesis function on constant = surfaces
N lized 2D genesis function puted
isentropic surfaces
3 esti 3 from d-ord
structure function
& estimated from average of longitudinal
and transverse second-order structure
functions
Variance of w estimated from second-order
longitudinal structure function
Variance of w estimated from average of longitudinal

on

and J-order structure |
Temperature structure constant estimated from average
of longitudinal and der structure

functions of 7'

Unit Reference

ms ! Endlich (1964)

Va Endlich (1964)
Sharman ct al. (2006)
Sharman et al. (2006)
Sharman et al. (2006)

I Dutton (1980)

radians ! Endlich (1964)

= Dutton (1980)

m's

ms? McCann (2001)

L

s

s 2

$ 2

st Roach (1970)

W Brown (1973)

ms! Brown (1973)

m¥s! Gill and Buchanan (2014)

m's* Colson and Panofsky (1965)

w2 Ellrod and Knapp (1992)

s ? Ellrod and Knapp (1992)

o Ellrod and Knox (2010)

m's

m's Marroquin (1998)

m® Laikthman and Al'ter-Zalik (1966)

m s ! Schumann (2012)

m¥is! Schumann (2012)

st Kaplan ot al. (2004)

) 2 Kaplan et al. (2004)

PVUKm '

m 1

iy Sharman et al. (2006)

o Stone (1966); Knox (1997)

[ Alaka (1961): Mogil and Holle (1972)

m Knox et al. (2008)

Km' Sharman et al. (2006)

ms * Reap (1996)

Km's' Reap (1996)

Kms' Sharman et al. (2006)

Kms ' Sharman et al, (2006)

Kms '

m’s’ Sharman et al. (2006)

m*is? Frehlich and Sharman (20044)

m*s Frehlich and Sharman (20044)

m's? Frehlich and Sharman (2004b)

m's Frehlich and Sharman (2004b)

Kim Frehlich et al. (2010)

1(Domain J

1 CAT

23

FL320(

300hP3

CAT Diagnostics

CWB WRF

From WRF_D1 (15 km)

25

Allr

ooz Socoe ooses Sowe amMo  Goe

D]

P00 16w 431

ez 431

Upper Level: FL320 (~300 hPa)

oo ie

1 FL320 CAT

22

The values of different
diagnostic are of various ranges
of magnitudes and units.
=> Must be converted to a
single metric (EDR).




2. MWT 14

CAT 14 MWT MWT

CAT (Q) 26,
1(Domain 1) FL320( 300hPa) CWB WRF MWT
26,

N MWT Diagnostics @

NCAR

S —
- . Tast omtnucd
* MWT Diagnostics: — — =
Dy = d-Dear wWe o dxenso. Fu
‘A’ I S MWT3 d, x F3D K!n s
MWTS ol R
d.: near-surface 2D dg=0 if h,<200m, grad(h,)<SOmkm™ and o ©xNown ms-?
MWT-related parameter (Ba) MWI o LHRKR =t
MWTY d, % iawind w's
h: terrain helght dg = Vy(max in lowest 1500m) :::':w d, x H;l‘b\\( w?
- VTl o, x SCHGW m
V;: low-level wind speed % min(ly;,, 2750m) othezwise: (B) W Sxbeso. =
MWTI4 4, x EDRLL m"
From WRF_D1 (15 km)
> - v - - -
5

26 MWT 14 MWT
1 FL320 MWT

3. CIT 10 . 2(Domain 2
3 ) FL320( 300hPa) CWB WRF CIT

27 ( 3 )

CIT 2 ( P )

23



NCAR

CIT Diagnostics

(3 km)

WRF_D2

24-h accumulated rain [mm]

» CIT is computed at in-cloud grid points only (cloud mixing ratio > 1.e)

27 2
)
D
(IATA
PDF 28
D O
N

NCAR

2 FL320 CIT .
EDR (OF) CAT MWT CIT
(PDF)
EDR O, CAT MWT
EDR CIT NTDA EDR NTDA
PDF | og normal D O
PDF

PDFs (IATA, NTDA) mid- and upper-levels

» IATAin-situ EDR (Taiwan D2-GTG) .

NTDA EDR (Taiwan NTDA domain)

07/01/2021-09/30/2022 12/01/2021-09/30/2022
10° Upper Level 20211201-20220930 FL120-FL450
i (FL200-FL600)
10 g
e Yno 01 02 03 EoD: 0s 06 07 08 ém
. w  FL150-FL450
’ Mid Level
g (FL100-FL200) . T
b 10 NTDA EDR
28 2021 7 2022 9 |ATA EDR (Domaind NTDA
EDR  NTDA )PDF

24



() (0)
. ROC (AUC) AUC

L

(Receiver Operating Characteristic ROC)

. NWP EDR 29
(Hit) (Miss) , (False Alarm) (Correct
rejection) 29 (Probability of Detection PODY)
(False Alarm rate 1-PODN) WRF 1(
15 ) 2( 3 ) EDR PODY
1- PODN ROC 29 ROC (AreaUnderthe
Curve AUC) .
ﬁmk Combining remapped diagnostics

« Use a combination of diagnostics weighted according to statistical
performance to compute final GTG products

Index AUC

contingency Event Observed (EDR > threshold) 0.8 Ellrod3 0.768

table Yes No Fth/Ri 0.742

NGM1 0.727

Event  Yes Hit (A) False Alarm (B) &%8r DEFSQ 0.744

Forecast  No  Missed (C)  Correct Rejection (0) & VIR SOR s

04 A single besf] EDRLL 0.708

ROC Curves / diagnostics I/RITW 0.708

y-axis: PODY = A/(A+C) 02H// 4 CISQmRi 0.753

x-axis: 1 - PODN = 1 — D/(B+D) By s ;\l?;(\)\"il\f(;sm ::;;T

0.0 L GTG ensemble 0.788

00 02 04 06 08 10
Sharman and Pearson (2017)
29 PODY ROC AUC |
( ) (O) GTG 30

GTGCATGTGMWT GTGCIT GTGMAX2
Domain 2 CAT MWT GTGMAX3 Domain 3

CAT MWT CIT

25



N GTG Forecasting Procedure

NCAR
(IN) NWP forecasts => (OUT) Turbulence forecasts in EDR levels

4. Use the combination of best diagnostics (D*) to compute final
GTG product (GTGMAX).

For each turbulence sources
GTGCAT = (Z Dcar)/Near

GTGMWT = (Z Dyyyyr)/Nywr
GTGCIT = (X Dgr)/ Ngr

* Then, combine different categories
GTGMAX2 = MAX(GTGCAT,GTGMWT); used in D1-GTG4 (15 km)
GTGMAX3 = MAX(GTGCAT,GTGMWT,GTGCIT); used in D2-GTG4 (3 km)

30 GTG Domain 2 CAT MWT
Domain 3 CAJT MWT CIT .
GTG4 2021 7 2022 9
102 142 12 34 | (CwB)
(\WRH (IATA) EDR
) 1839 334 29 AUC
AUC 0.5 .
GTG4 Domain 1 2 073 0.77 31 GTG4
. GTG4
N\ ROC Curves
NCAR
* Moderate-or-greater (MOG) turbulence
D1-GTG4 D2-GTG4

random
—— MAX(CAT,MWT,CIT) [AUC = 0.773]

- - -
0.0 02 0.4 0.6 0.8 1.0
FAR

31 GTG4 Domainl 2 ROC POD 1 .

26



GTG4 2022 3 31 FL370

GTGMAXCAT MWT CIT 32 GTGMAX
. GTG4 NCAR
ﬁm Case 31 May 2022, D2-GTG4

« GTG C_Q_mbi‘na_ti_c_)ns

be o ~ %
< ’ ,.-ﬁv:‘»"'t.f T
e o
MWT et s
10 1 120 use 1%0°¢ us'e 1ne'e 1ne - ﬁ ‘:I
FL370, 2-h forecasts ... i BT “é i +  Correct locations of
valid at 20 UTC SRR | }B % turbulent events
# M N4 - » Underestimation of
e - turbulence intensities

32 2022 3 31 FL370 GTGMAXCAT MWT CIT .
GTGN GTG (  PIREP NTDA
) . GTGN GTG
. 15
15 _ GTGN 33
ﬁNm GTGN Flow Diagram
In Development
SR e |
Turbulence |
Inferences I
otla I
gi[;ggrr\’/':llons ”97":”:’9 :
. « In situ reports
fapbtme, | Lmen™ aee [ ]
Observations NEXRAD observations I
turbulence |
Observations [ [y @ @ fm——— == =t
(NTDA)

20

33 GTGN .
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GTGN Domain2 GT@G
2022 8 5 1145UTC

L

EDR NTDA 34 NCAR PIREP
GTGN .
ﬁnm GTGN in Taiwan: Case Study: Inputs

EDR NIDA
FL270 GTG
METAR

)

5 August 2022, valid 1145 UTC, FL270

GTG 6-hr fest In situ EDR NTDA EDR

Valid 12 UTC Valid 1045 -1145 UTC Valid 1135 UTC

MAX(GRAPHICAL TURBULENCE GUIDANCE CAT MWT) at FL 270 852022 1200 UTC  In st EDR at FLI7O A2002 10451145 UTC  NTDA! at FL 270

%

B L EeES—
0 015 02 030 040 050 080 070 080 09 10
EOR ™|

52022 1145 UTC

2022 UCAR. All rights reserved

34 GTGG6 s EDR NTDA
( EDR NTDA) GTG
35 .
Obs Influence at FL270 ) . ) 8/5/2022 1145 utc
. 4 RN
None Obs
Influence
35 EDR NTDA GTG
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NCAR (NCAR Turbulence Detection Algorithm

NTDA)
NTDA
(Spectrum Width)
( ) EDR NTDA .
NTDA .
NTDA NTDA
( ; ; )
NCAR NTDA
. NTDA ( CwB )
NTDA . NCAR
NTDA ,
AOAWS NTDA , ,
CWB |, , .
PIREP EDR PIREP
PIREP .
EDRn situ EDR
EDR B767y B777 B787 B737 MAX .
NTDA GTG GTGN 2 NTDA
5 . VOL PPI 3
VOL NTDA 5
300 0.02 0.02 3Kft, GTG
NWP , NWP
I S R
Type of product Observation Forecast Nowcast
Basis Radar NWP GTG+obs (including
NTDA if available)
Frequency of 5 minute Model based 15 minute
availability (configurable) (configurable)
Spatial availability Limited by radar NWP NWP
coverage (~300 KM)
Spatial Resolution 0.02°x0.02°x3Kft NWP NWP

(configurable)
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2 NTDAGTG GTGN

PIREP
NCAR NTDA NTDA
NTDA
NTDA .
. ( p
NTDA
NTDA .
NTDA 1
3 sw
EDR3 NTDA
NTDA

( J J J

J J ) L
SW(Bpectrum width texture)

noise Ratio ), PROverlaid Power Ratio) ,

EDR 20

. NTDA

EDR 4

SNR(Sgnal-to -

RERadar Echo Classifier) . SNR
REC .
NTDA s
. Gemtronik2Netcdf
C . Gematronik
( SNR) NCAR . 1
. Dual - PRF PRT
NCAR s .
NTDA
EDR Gematronik NEXRAD
S s SNR
. NCAR S C .
1 Gematronik

4%
36 2013
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N Case Study: Taiwan 5/13/13 6Z

NCAR

Radar 2-D
[ .. Y, PPy

72

36 2013 5 13 EDR
NTDA 3

() 1

1. netCDF .

2. .

3. (Signal -to-Noise Ratio SNR) .

4. .

5. .

( Nexrad2Netcdf = Gemtronik2Netcdf)
Nexrad2Netcdf PPI . CwB |
Gemtronik2Netcdf VOL PPI . CwB |

Gemtronik2Netcdf PPI . s
Gemtronik2Netcdf VOL
CWB |, Gemtronik Meteor 1500S
(Volume VOL) (PPI) NTDA

VCPYyolume coverage pattern )
(Pulse Repetition Time PRT)
PRT .
CWB |, Gemtronik Meteor 1700S
VOL PPI NTDA PPI
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NTDA

() 2 EDR .
() 3 3 (mosaig) 3
EDR . AOAWS NTDA 5
7 .
NCAR NTDA NTDA
. 2022 5 22 NTDADR 37
CWB S ( s s ) NTDA EDR
onvBC ( s ) NTDA EDR 2
CwBC EDR EDR
N Example from 2022/05/22 from Gematronik Radars

ncar  Composite of “raw” EDR before/after addition of CWB C-bands

"raw EDR" from CWB S-Band Gem from 2022/05/02 07:05 “raw EDR" from CWB S-/C-Band Gem from 2022/05/02 07:05

Latitude (deg)

9 118 120 122 124

118 120 122 124

Longitude (deg) Longitude (deg)

Aviation Applications Program

Research Applications Laboratory

37 2022 5 22 NTDAEDR CWB S
NTDA EDR CWB C NTDA EDR
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CDO

(Cloud Top Height CTH)
(Convection Diagnosis Oceanic Y CDP
CTH NWP
(CDO) CTH NWP
NCAR AOAWS (CTH) .
CDO . NCAR
. NCAR
CTH CDO
CTH/CDO 38
® Overview of Processing

Numerical P___#__./ ca)
Model

Satellite |

Lightning .

Aviation Applications Program
Research Applications Laboratory

38 CTH/CDO

OOLPL =
15000

L

ROMI@emote Oceanic Meteorology Information Operational Demonstration

39

33

;/""" ; eD |
(range)

| CTH
(range)

OTOPS
(yes/no)

Lightning /
(3, range)

Data File w

WRF

( ) 10

L
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‘Nm Cloud Top Height (CTH) NCAR

+«— FL300 - FL350

Cloud Top Height (CTH) Product

FL300 FL350 FL400 FL450 FL500

CTH Contours for ROMIO are FL320, FL340, FL360, FL380, FL400
Awiation Applications Program
Research Applications Laboratory

39 CTH

1) (GCD)
0
2 (CTH) CTH FL200
CTH FL400 1 (3)
(410 /30 /60
( FIR)
. (0-1)
(0-2) CDO (0-6)(WRFDomainl Domain2
CDO 3). Cbo - 2

CDO 10

CcDO
Inputs
(0-1) =L

.~ Overshooting Tops

o bbb bbb b as s el a b e a e s e as s s s | —
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B Convection Diagnosis Oceanic BRNCAR

NCAR

) -
' »

[ Lightning important
b for CDO > 2 in
__ Convection Diagnosis Oceanic (CDO) d abseﬂhce of
Values 0-6 overshooting tops
2 3 4 5-6
Aviation Applications Program
R h Laboratory
41 CDO
CTH CDO
. CDO 15
(Eddy Dissipation Rate EDR) ( 42
CDO =5 ChbO 2
L
Longitude
Storm as depicted by CDO (contours)
26N — o s —
% / ' @
= ”—t ’ -g
r ® =
) G
L] -
24N —| / . |
| Flight Path (EDR)
76W 75W 74W 73W 72W
. [ [ -
Light | Moderate | Severe
Increasing Measured Turbulence (EDR)
42 EDR CDO .
CTREC

CTH/CDO
(Cartesian Tracking Radar Echo by Correlation )
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N\ Extrapolation

NCAR

30 minute sequence of CTH and CDO are used to a Compute Motion Vector field

A
;-,. W
: \f .-‘,'1‘1\
» %3 by X

Aviation Applications Program Research Applications

Laboratory

AOAWS-RU Training 2022 © 2022 UCAR. All rights reserved.

by

CTREC = Cartesian Tracking Radar Echo
by Correlation

Described in Tuttle and Foote (1990)
Used in the Autonowcaster

Uses cross-correlations to identify
storm motions.

«  Key Settings:
Del_dbz = 5000 ft on CTH, 0.4 on CDO
Cbox_size = 240 km

Cbox_space =40 km
Delta_time = 20 minutes

e, O

43 CTREC .
2017 1 2018 3 EDR CDO
CDO CDO
44
histogram of peak EDR 2017-01-01 - 2018-03-21
! 02 l I all lEDR rlw=4508988
EDR where 2<=CD0O<3n=25642
n=34631
EDR where 4<=CDO<5n=13328
EDR where 5<=CD0O<6 n=4507
10 EDR where CDO=6 n=243
£
0
£ 10°
?
107 -
severe
000 010 020 030 040 050
peak EDR
44 EDR CDO .

NCAR 2021 Domainl CTH
(POD) 0.75 Domain2 0.70 CDO Domainl 0.59 Domain2
0.65 7 6

(Critical Successful Index CSl) 0.5
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NCAR
(39 3

N

NCAR

2021 9
(49 6

(1)

Case Summary

(2)

— Passage through eastern side of D1 and D2; missed FIR entirely

» Convective Case 1: (03-Sep-2021, 18Z2) - (04-Sep-2021, 182)

— FIR convection over Taiwan; moderate rate of convection elsewhere
— No tropical storms in any domain

» Convective Case 2: (06-Sep-2021, 18Z) - (07-Sep-2021 182)

— FIR convection over southeast China; high rate of convection elsewhere
— Beginnings of Typhoon Chanthu

FIR

AOQAWS-RU Training 2022

© 2022 UCAR. All rights reserved.

45 2021 9
CTH 46 Domainl
Domain2
FIR
o 47 Domain 1
Domain 2 .
CTH 30000 CDO 2 .
Performance Diagram for CTH
All Events, All Domains
o 10 5 25 125 o
! - -
I || l" llI ‘\\ \“ R \\\ \0‘9/
% 1| \ \‘ \‘ ‘\ o % 8/ ™,
1 | 1 \ \ \ Ay N
1 i H \ \ S RPN
0.8 1 1 \\ \\ \\ 0,2: F ~
Ly AN NSNS R
1 1 \ \ p 0.6 ¥ S 0.75
- I 1 \ Y / N v <
o 1 : \ X N \\\ ~
E : 1 ‘\ A 0'5, LY >
= i 1 \ N / . Sseo B Chanthu
5 06 ! L \ od S 7 . Mindulle
§ \ Y\ ’ o \"\_ mm Convective 1
8 | Y S /.l_ e “m=sos Convective 2
s H \ 03 T D1 Domain
Z 04 | \ “og Tm—— D2 Domain
a | A Seeel + FIR Domain
£ b e -
o \ ~
\ / e 0.25
021 SOt
T 0.1
0.0 : : : :
0.0 0.2 0.4 0.6 0.8 10
Success Ratio (1-FAR)
46 2021
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10 5

Performance Diagram for CDO
All Events, All Domains

25 125 o
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= 1 X S
(] 'y -
2 | [ A -
~." ~  TT==—a._
£ \ o
\ ~=
S 0.25
0.2 0.1 T
alY
————————————————————— 0.1
0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0

47 2021

CTH
Domainl
CTEC

CDO
Domain?2

L

Success Ratio (1-FAR)

€D[0)

48

W Chanthu
. Mindulle
W Convective 1
mn Convective 2

v

i

D1 Domain
D2 Domain

CTH/CDO

Convective Diagnosis Oceanic (CDO)
Cloud Top Height (CTH)

48

InputWatcher
JmaHimawari8toMdv
MdvCombine

CTH/CDO

Net CDF

38
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4. MdvConvert WRF 49
“Nm Remap WREF to LatLon Projection
v ., -
S
N
v,
e
w-ix
49 CDO/CTH .
1. cloudHt 11.2 WRF /
2. MdvMerge2 CTH
3. SatParallax CTH
4. MdvThresh >75 .
5. MdvinterpMissing .
6. OvershootingTopsDetect 11.2
WRF CDO
7. satDerive 11.2
GCD
8. fuzzy engine CTH GCD
CTH/CDO
1. MdvSmooth CDO/CTH 1 .
2. MdvClump CTH |
CDO/CTH
1. MdvResample 10 .
2. Ctrec .
3. GridForecast CDO CTH
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CDO (FR )

1. Ltg2Spdb .
2. LgSpdb2Mdv .
3. Fuzzy engine .
FIR CDO
1. fuzzy engine CTH GCD CDO
2. MdvSmooth CDO/CTH 1 .
FIR C
1. MdvResample 10 .
. Ctrec .
3. GridForecast CDO CTH

( Ceiling and Visibility C&V)

C&V NWP
NCAR WRF
AOAWS . NCAR WRF
C&vVv .
C&V . (Instrument
FlightRules  VFR) C&v
. C&vV . C&v
NWP C&vVv
(Model Output Statics MOS) NWP
C&Vv .
(Advanced Operational Aviation Weather System  AOAWS)C&V
MOS | MOS
IA#18 NCAR (Forecast Calibration CE
Quantile Matching  FOCAIQM) (Unified P ost
Processor UPP) (Quantile Matching QM) 2 c&v
. 1 VRF UPP C&v 2 QM
C&v C&vV .
UPP uPP (NCEP)
WRF C&v UPP

L
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UPP

L

CWBWRF UPP C& 1 4
3 . FOCAIQOM 50

N FOCAL-QM

NCAR
—

PGndF reaue
(ceiling) I

PiGndFrequencyMatch
(visbilty)

Note: all METARS in WRF 3km
domain are used, not just

Tawan METARS. Aviation Applications Program
50 FOCAIQM
() PtGridFrequencyMatch
1. 30
C&V (Cumulative Density Functions  CDB)
(percentile ) .
C&v 14 .
Visual Flight Rules (VFR) > 3000 =5
Marginal VFR 1000 to 3000 3to 5
Instrument Flight Rules (IFR) 500 to 999 1t0 3
Limited IFR <500 <1
3
2. CDF
2 CDF
CDF .
C&V
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/]

Q-to-Q Calibratiin Comparison

NCAR
Modeled precipitation Observed precipitation
Pmax ___________
Pray| === —————
(o] o
} Pagj <
Pfcst >
1 I“r ] L I‘k J
25th - ggth - gsthl qpqth 25th - 5pth 75t 100t
Quantile Quantile
o O d Hopson and Webster 2010 o]
Aviation Applications Program
Research Applications Laboratory
51
3.
L
4, (overfitting ) 0.5
2
() CwnodelCal
1. C&v .
2. .
3.
L
4, C&vV C&vV C&v C&vV

(Spearman ranked
correlation )
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FOCAL-QM

NCAR

Applying Calibration Coefficients

* Final forecast value

'Fu] = wmlf‘{u. + “' - “rm ]P‘I.I.\h

* Weight caicuiauon

W, = 0.5{max(1, N /8) + [max(0, (r )]}

Aviation Applications Program
Research Applications Laboratory

52

c&v
FOCAIQM
1. c&v UPP .
QM .
2. (over-fitting )
3. .
(Critical Success Index CSsl) C&V
Csl Ht/( Ht+Miss+False Alarm) Hit, Miss False Alarm
1 3000 5 c&v
(FIR) 9 Csl
2021 12 2022 2 Csl 12
1 12 18 24 . ( 3000 )
, , , 6 FOCAIQM
MOS , 3 MOS FOCAIQM
NCAR ( 5 )
, , , , , 8 FOCAL
QM MOS | MOS FOCAIQM
UPP
FOCAIQM .
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N Ceiling CSI: Winter 2021-2022 @

Aviation App{ical_ions |Program
53 FIR 9 CSlI 2021 12
2022 2
N Visibility CSI: Winter 2021-2022 @
NCAR

"Aviation Appltcal_ions lProgram
54 FIR 9 CSl 2021 12
2022 2
0-8 (AOAWS Shorterm Prediction
of Intense Rainfall and Echotops ASPIRE)
ASPIRE QNB (RWRF
(QPESUMS 0O 8
s (Echo Top Height) .
NCAR 0-8
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NCAR

L

. 2021 NCAR
. 2022
. (Z-R)
(Blending) 0-8 .
ASPIRE (1) (2
(3) 4) ()
(6) .
ASPIRE 55 (Rain Rate in mm/hr),
(Composite Reflectivity in dBZ)/ (EchoTop in m AGL)
DBZ 10 .
UPP RWRF NCAR
CTREC . Q) 2
( ) (3 (Fraction Skill Score, FSS)
4) .

55 ASPIRE

(Nowcasting)

56,
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