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= PREERI SGREEAN BT

A sl PRI F
11/1 Bill Petzke System software architecture (FOCAL-QM)

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

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




11/9 Teddie Keller Evaluation of aviation weather information
Hailey Shin products; System overview of aviation
Julia Pearson weather information products (GTG4/GTGN)

Wiebke Deierling

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 weather 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 Calibration and fine-tuning (GTG4/GTGN)

Wiebke Deierling

11/23 | Ken Stone Calibration and fine-tuning (CTH/CDO);
Dan Megenhardt System software architecture (CTH/CDO)
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HIIEFE /KBS (Current Icing Product » CIP) B FE/KTERR /&S (Forecast
Icing Product » FIPY{ADUE R ~ T ~ SR RASRS (METAR) ~ PYE - RITE R
£ (Pilot Reports » PIREP) S BUE R ATHER (NWP)ERL - #& H A S R A i i
PREY o E BUTHERRR KSR ~ 85 KK S M R KB R S S T

NCAR 5 $+$R0T hf /Ke2 B (Bl CIP) K P s EE (B FIP) AR 2.0 FrdE &kt
AETTEHE R - WAL BAHRAEZE AT TR RS T R &R » NCAR THEHEUGHIT 240
T M AR > S E &= CIP K FIP fiA 2.0(TCIP2/TFIP2) 2 Ml
S EREEELZE - A 2022 FE5ERE TCIP2 1 TFIP2 7 - HohffErER g B2
SRCEAE ORGSR TR BAAE S % B IR TAF -
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FITHRIE/K(In-Flight Icing » IFD) Rffiiis BEIZE 2 BERR MR HEE
Y 0°C ZRRE#E 2 /KR 2 S E RS o SRR ARE 1 e
FRARETF B RTAERFEE ) - BEEE AR S (R R 592 - — R R e g
HERKEEE - FIFNEEK ~ TIZ ~ BROKEFE T EREK - L/vﬂ@ﬁiﬁZjvJ\ﬁ
B HLEKE 0 BN 2 2K A SRR EIPRGEIR— @ K 8K 2
7K (Supercooled Large Droplets » SLD)HIFEH4EE IR AR AR K - 71
EE A

N Drop Size Effect on Aircraft

-t
so’
NASA Glenn Research Center Twin Otter

Rain
Drizzle (FZRA) A
Cloud k) Sizes
Droplet Sizes

Sizes

Images Courtesy of NASA Glenn Research Center
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B 1 ¢ IRk 2 A KRR -

EFHEZFE KEREMFEF 0 (National Center for Atmospheric Research:
NCAR) #3728 R R B0 % %% (Advanced Operational Aviation Weather
System > AOAWS) fph B ZIEMiZZ B G0 B RIRF RE /KB 52 i (Current Icing
Product > CIP) KAE/KTHELE ’%@m(Forecast Icing Product > FIP) » fEftArh
A& BRI AES B RRKiE Teo il i 2 T H -

(—) FEVKTEEE S S (Forecast Icing Product » FIP)
FIP (%7548 NWP 5 BR[|~ RGBS E0 A miEiiE i E 505  fn =48 (1)
TR AR () FE/KBEAE R (3) #8/2 /KR B3 S = TH A i - HBH B hE 2 -



i:m NCAR Icing Team FAA FIP Development Process

Internal

External

e

T

Design
Test

Experiment

(B)

Collect/
Create
Data
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{EFA%E FIP BRI » REEVIERRERS o 56 = ZEUHIE R A PIREP
HA R E SRR/ Hh B/ R/ FE K/ BLOR DREEMAREEN  EEEEZEEE R
F4EZ (National Oceanic and Atmospheric Administration » NOAA) K E[ER
N Z2 4852 (Federal Aviation Administration » FAA) FIERZERFE/KFEIRATML
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FI4HERHE - B M R e YT 2EST A/B IR - 2008l 2 SRty -

FEMEE o WHAHZRAETT NAIAVELES | (1)E 8 4Ehth E U8 7208 (2) PRl
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R Qualitative A/B Testing for FIP: Inspect/Compare

NCAR

+ Geographic maps of field
differences (heatmaps)

« Comparison field histograms q w

* Inspect map plots of fields ‘
and compare i

‘JJ“]]JUJJ
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{52/ PIREP sH{di R /K THER B A A iR » af DUA M N THERErfa e -
1. PODy : FREBISARIK  ERETEHE R KL B (K R ) -
2. PODn: RREEMELCHERK » EMETHE A ATRKAIELH] -
3. POFD : HI 1-PODn » oA KAITE AU KL GRRETERER) -
4. MCASS - Multi-Category Average Skill Score °
W PODy=1 > F L B SN KEV A #TERE] > HiEth g ETER
FrAE AL EEDA FTRE S AR /KAVIRN - BT DA & B — e 2 BET R KRS PODy #Y &

S

1. Percent Volume : FrE#gt& R » ZEFIREAE (f1] : FEKVEESS0. 25) WA ELA -
2. Volume Efficiency : PODy*100.0/(Percent Volume)
3. Volume of Airspace Warned : FfE/KAYZE 445 » UL /A B BB -
& A/B MIEEEE - HBEDARAYSCE R AT LAEZ 5 R IEME - ForRek
W B EGE AR =S R B HE T E S -
B PIREP DASD - g7 oAt D5 = m] Me Bt /KR
1. FH#EEEREEEEAER/KESS - IRETHEAIRKRIBE R - EE
FHPER - 1 ERA &R - QE S -

G1617 ICING INTENSITY 10 31 2022

Image source: https://satoorps.larc.nas.go/ndextml )

5 R SOEREKEES -

2. BRZEERL R -2 H-15C 0 FHENER SR TR Z HERE /KIS 5 )
FE>0CBi<-25C » tHENRE<SORAIR B ZE LK

3. FIFH#IERE{&BE7%E (Domain Relation Approach) : $1%5 PIREP Ay &k iE
1T NWP MK THEE A>T R ER R T A~ B AR ER AR E IR
JR G E] (JL35 ) — 6 [ df s (R B i [ (PR ) R A4 © PERIEE =
W FE K PR VB 24 2 (TR IP2 ) e BB AE /K VB B4 o (TCIP2) Fin (S I 070725 %
[ AR A 6 o



Taiwan Phase

'}

-
|
|
|
|
|
|
1
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6 * TFIP2 BHs&fif2lE

FESEBIPE L (U.S. Phase) N A 752 NWP Bt #ET TG BB - NCAR [EB(E
PSSR SR J5 VRS A R it (CWB-WRE) B [RIFVEOE » 2R E T TRIERY WRF
Bz 2B ERREERCELE 7 -

i:m Special WRF Model Runs (U.S. Phase)
Outer —— 1A
- Special WRF Model Runs for  tkm 2 .~ 0 o
testing and developing TFIP2 o L /
» Closely match operational . HRRR g/
CWB-WRF \ TR e
+ PIREPs and FAA FIP2/FAA LT L e
NWP model (HRRR) T — [y e
available L
e AT
7+ EEEIE WRF R4S S HEE -
PIREP #77 » £ NCAR Jufetly » 282 #E %4 py thon FEZ(#E Ry SPDB A& - ¥IE

SUBLABHS | - BHNE T R A B RATLE S A ATAL PIREP %5

Jt + 3748 NASA F35] NetCDF 522 FEVKVESS TR - HUKHIRZE R 25 BURR i

BUASSE - SHNEH T A RN SR BB TBIY FIP it 26
TR » R R A E R TR 2 (- SRR )
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P AT s IR EE S - P HEE 3R 1T ACAWS {ESEF] WRE fH=(RT e SIREEHE
(4EtsaEnE R e A1E &) - EAREE:= PIREP ERHEITE M EE & 2 088 » AtbA
FE LA NASA $2 (2 5 B SOsAE /KBS B e B R 22 B AR (M [ B (A vk

N TFIP2 Domains

NCAR

TFIP2 Instances

CWB_D1
- 15 km grid spacing
— convection

parameterization

CWB_D2 : 144
— 3km grid spacing w ANE
— convection allowing )

CWB_D1

8 1 BB WRF fHEHIE -

HE RGP A E AR EEIERLZ PODy EEBIRE (% » A ERafE K TE S HE
AN EEM S THHRFIA | & 9 K—#f > B RE 2 KB R IEE/E PODy
4785 0.51 > K&JEE PIREP /Y 0. 73 18 30% > fi#€Z5 >~ PODy Hil & 0.82 > bk PIREP =
H11% 0 EEVEE AR K& E IR RS - FZ LA GER 28/ H
oERNEE o B DAHEHIE ASEE /S PIREP » H: PODy 494F 0.79-0.84 2 [&] »

N

NCAR

Proposed Domain Relation Approach

PIREPs Satellite Soundings

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

??P Rs Satellite = Soundings
PODy |(0.79-0.84 0.65 0.89

VOL 8.74 8.74 8.74

© 2022 UCAR. All rights reserves
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. Wrf2Mdv #2%H UPP ~ Grib2toMdv ~ Hyrbrid2Pressure 2 ={EfZFFHUL -
3. 5| AHyrbrid2Pressure #2/% @ FFEE BT FH hybrid BEATHE Ry S5 R [ R AEE
5[ A FestPrecipAccum 27 » 5THE—/NIF RAEFR = © A WRF i L R
B BRSNS S RERER -
5 MdvDeriveModel #2FFHUft derived model fields f2fF °
B AL S TRIP2 451 LB FAA FIP2 MHE > H/&% T FestPrecipAccum F2FF ©
TFIP2 #1271 Rz 28E e B Al THE - (1) BRI ()& XK AL E
(3) BRI BEZ I ] (4) 4988 B A2 EER (5) SRR R IESSEE (6) #fIRE (7) BIRF et
FREFRE
TFIP2 g ARV E 10 - S5 ~ JREY - AR - fHERE - £
HEERIE ~ BACRALE - FRACRRIEL ~ /KEALE ~ BRALE - FORGEE ~ ¥iA]
FHALRE - INIRE ~ BIEMERE - R -

N\ TFIP2 Model Inputs
NCAR
Input Fields: .
Accumulated Precipitation:
X . CWB_D1
Field Name Units Field Name Units — " Convective
i . — Large scale
Geopotential Height m lce Mixing Ratio kg'kg . CWB D2 9
- Total
Temperature K Snow Mixing Ratio kg/kg
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
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N TFIP2 Dataflow

Legend

) S
= E ®E 0

Processing chain will exist for D1 and D2

UPP — Unified Post Processor

=1
1
2.
3
4
5
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11 : TFIP2 kbR -

TEIP2 &l B R A2 4N 11 : WRE fE0 &R & 1% B FH A A TFIP2 éﬁ:é&ﬁ

B WS R R 00C 1830 - LUN S EERVASIE M B

Grib2toMdv : ¥ Grib2 FEZEH# £ MDV-Ne tCDF #&=K
FcstPrecipAccum : F|FH EfEFRIEET B/ NFGFHRE -
MdvCombine : i MDV #& 245 & BIGHT VAR ZE -
Hyrbrid2Pressure: =AY EE B EAR IR 4AHY Hybr i d 215008 22 JBE J J JA AEE -
MdvDeriveModel : SHECEEARTFEMHRBHEEN(TCIP2 A HE]) » Tl AR
FERE T 2 = 4@ty » RS AN ER - S 8anE 12 -
N\ TFIP2: MdvDeriveModel Overview

NCAR

Qutputs:

Input fields are passed through
program and appended to

Field Name Units Field Name Units output
equivalent potential K precipitable condensate alkg
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
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Fip_algo : sTREFBE/KIEE « /KBS - KIS -

Pressure2flight : EHE/K S8 EE BT AH SRR R ASEHA 2 AR S (Flight
Level ) BB o

IcingCategory * RFEV/KIEE 2 BEEEHASGRREER - G ERZ -

() BIRFFE K V&S i (Current Icing Product » CIP)

FREEHT FIP 4 > CIP tL—0F 58T - CIP B2 &R > SEEFERA £ NP &

6} ~ U (METAR ) ~ PIREP K 88 2[RI Bk} - it % - ST RRUKAY58
J& ~ S AR RO 27K S THEAS -

l.

EZRE R ¢ (1) BT RO IR © R R K S & oK
= () BIRAL MR S R EHEE B E UM Q)RS E:

B EFUR RS SET 2~ /A 3.9 um - 11.2 um~ HfE 0.64 um - 2.24 um~

HfE 2.24um °

%S ERF BRI (METAR) © (ERHE R - EFRAFEKER - I HEE R
T TETE &R AR T - AT DR R B K RNy SR R R B
NWP = $2fft CIP FEMmHYE S=4gt8 » (SRR T » a AMEERE ~ TR

REath - EEAE  ENOuEEEENR -

4R NEEREE - YA KRS - A DUNISREAVE SR > ST (R R
b5 722 B {5 P NCAR Rt LAE /KL -

PIREP(ZEEfEME ) « S RE /K REE CIP 488 LEAFE  WHNETE
TEVKIEE - RS A TR /K AERE 2 R KRR R e A T -

PR AR (ZEFE M) © GOES P B & 524 25 A BHAVHIEIA 1 CIP 7Y
A4at% > HREEE) CIP HARERIESE < RAOB/AMDAR HYETHIERIAIZ EEM L
ZNWP H1 > RN -

CIP FH3$mAz « B FIP B& /el » 20l 13 -
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iNm NCAR Icing Team FAA CIP Development Process

‘ External Internal

T

Experiment
(B)

Design
Test

|

Collect/
Create
Data
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13 = CIP Fs&miZE -

CIP fE0{T A/B MG » Z5{EH PIREP &k} » [RUFs FAA 2 CIP ELfE A PIREP
E Folin AL » &5 PIREP QMEAE CIP ARUEFH 2 1% » fECREL CIP sl siH & %8
170 RIEE A/B RIEAIF RE FHRVEBUIIEE ASLLE /D « B PIREP 4 » TR BER 2 BT
Rl - EORE SN -2 B-15°C - AHENERS8T% RS Zh HERFE KIS 5 JRE>0"C 54
<-25C » HENRE<SOWHIRESEAREK -

TCIP2 FZEARAE] 14 - N EERNE /oot &5 = PIREP &kt WHZE
B EIRE (%3572 (Domain Relation Approach)#E{THAZE » 4N4%HT TFIP2 Fiifk -
RMEEEREAE CIP A > NEBIME  FiLRREERER 2 EREER®E
1TReEs - 2232 BIRRS] - 1 N/ R BEESS - SRS T R E
AR/ D e phYMARE G D e (Rt L EE 2 &R Sz PIREP 4% WRF Domainl /& Domain2
A EREZEER -

N NCAR AOAWS TCIP2 Development Process

Taiwan Phase

)

-
|
|
|
|
1
1
1

\_/ ©2022 UCAR. Al rights reserved 7
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14 * TCIP2 BA# AR E -

TCIP2 HIRIEEEBIIEEL (U.S. Phase)Z & (1)5TERZ 2 ERIEARE -
(2) el Gl D& R R i IR KEE i o (3) RUBE SR L A A B © 1T
2B (Taiwan Phase) ZEN (D) REERARFRSEERE: - HIAhn A\ EZE%
BERKIEER DU GOES-16 i 2 K a H 2k 8 5%/9 Gk A - (2)HEfR U.S.
Phase JHEAEM LR E ALV - (3)FERREETE -

HE G PEITEII40E 15 ¢ F1F U.S. Phase $E22#J PODy AJ L5 0.82 > th
PIREP %t 11% > Mo LA ZEMIE A ERZE ERIEL TCIP2 WYGESREITELE » HE
578 TOBIRA T EFE /K S v DAW: FEERE

N\ Proposed Domain Relation Approach

NCAR

PIREPs Soundings
0.73 0.82 (+11 %)

©2022 UCAR. All right 30
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FE S B AR EAR E Y WRE Al HH &) - 3E (R TRIP2(E 7) - BLRSRS
TESEAIMAEEE - AR PIREP POfaEA [EI4ERS L o ifn Ry 77 TauE R (2
AR > FBHEA BURR 1802 PRZEER » SoyM T DURHE R E WRE Bt
FY CIP PRSZERITIESERY CIP St ET TEEY - 2 RRFEFEUAER S 281 - 44
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N TCIP2: Domains

NCAR

Instances: I

e CWB_D1
o CWB WRF D1 (15 km grid spacing)
o Himawari-8/9

o METARs e
e CWB D2 L
o CWB WRF D1 (3 km grid spacing) |WBLDY ity
o Himawari-8/9 2
o METARs A b qall B8
e DFIR \ {

CWB WRF D1 (3 km grid spacing)
Himawari-8/9

METARs

Radar (3-d reflectivity)

Lightning

O 0O O O O

2 UCAR. Al rights reserved

16 : TCIP2 4F&E%1E °

TCIP2 Ayl A EaE 17 ~ [ 18 : FUER(E AL ORI/ RUBE AT
R EE T ERETL/AURSTL KRG/ RS/ B Eth /R EE) -
B E - PUEA B HEE - [m) H 2 B ] RS AL MR SR E S e R &
PG ER KRB (B R ~ BRS ~ B KARZ KRR -

N TCIP2: Inputs
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 kgrkg 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 Frfls Z A5 &} ~ WEE R PAEER -

15



N TCIP2: Inputs
Satellite Fields: METAR Fields:
Field Units Field Units
Himawarig/9 channel 3 % cloud cover type
Himawari8/9 channel 5 Cc cloudbase height m
Himawari8/9 channel 7 Cc presence of freezing rain yesino
Himawari8/9 channel 8 C presence of freezing drizzle yes/no
Himawari8/9 channel 13 C presence of ice pellets yes/no
Himawari8/9 channel 15 C presence of rain yes/no
presence of snow yesino
presence of drizzle yes/no

& 18 : TCIP2 )ﬁﬁﬁ

/ ol = |

AR fﬂ&iﬂj@éﬁzﬂ Sk o

TCIP2 B H RZSEaCERE LI NEE © (1) ERAR(2) fE R L

& (3) B AT R 52 R (] (4) 4848 hed

AR -

PEE S TCIP2 Y& R -

1. JmaHimawari8toMdv :

2 > % B03/B05/B07/B08/B13/B15 Z

LA EN(S) SEERIC IE S E (6) EafFIRE (7) BN

R H i

BT
LRI : (2 FRIRE T 8 5/ 1l

FHHHEFE M HRIT B REEE B

JmaHimawari8toMdv & £ MDV-Ne t CDF FF%EE o

SatDerive: st EF 2B & (FHE 2 VS MEAEZE | IER) KRG RTEA -
?ﬁ?/\ﬂﬁ%jﬁ%ﬁt HE R PRI MRSRENE RS - B2 15 5HE
BILZE 7 ARE Y SE R A - KIS R TE A ~ IR A AT ROEEE & SR SB35
TR/KFEEL -
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Legend

GRIB2 application

i)
1)
Hl
dl
tl

w
o
w

JmaHimawari8toMdv

7

BOS

JmaHimawari8toMdv

7

BO7

.

—TaP2 ~

=l

SatDerive —08
T
.

JmaHimawari8toMdv

7

BO8

JmaHimawari8toMdv

7

B13

e

JmaHimawari8toMdv

B15

e

Iy

JmaHimawari8toMdv

19 : R EREREATE -
Me tar2Spdb: 3 2 e B it E ORI ) - & S U A& =0 METAR HoCE
8 Ry SPDB A& Z o ARAHLAESERER I WXXM A& ZUAVHER L - — B ] DASEFE S A E))
& REEN E — R EE &R -
MetarMapper © jK SPDB #&=EUHIERHEMHELE - BTG E & /K
KRS EFE R —4ERE AR - (W7 Mdv-Ne tCDF £870)
CreateModelMetars : FHFAMNANEHIE L 0AAA 5 > 7€ NWP Al 22 RE #ErY METAR
BUAE R - SRR L - I AR ERE - EOEE ORE - EEEE
TRELE  RUEGEE - KRELE - TRAEE - —/ N BN - fadl  EE
EH -~ LR REKRA KRN R JKBR PR/ 25/ R ) HYRERE -
MdvBlender : B[ METAR EifE ¢ METAR 71709 —4E4E SR EE— MDV £

o
IS
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Legend

== E S

AMHS ——TCIP2 -
] ——
S—D Metar2spdb —L___J
GTS
T D

CreateModelMetars

Output from
MdvDeriveModel

&l 20 : iﬁl@’éﬁ/ﬂﬁ SRR

Grib2toMdv ~ FcstPrecipAccum ~ MdvCombine ~ Hyrbrid2Pressure Jz
MdvDeriveModel SEAEFFFT AR AR RS R IIREEL TFIP2 —2L - Wit HrA -
MHEMR - HENERE ~ KERE - /KERE -

Legend

) ) (o] () [ e

Qutput from
MdvBlender

IcingCategory

CIP;

SatDerive

FestPrecipAccum

Grib 2toMdv

OGC converter

21 R ER SOE R AR E IR -

CwbRadar2Mdv : B REFEH A& R e R e tE 2248 =i £ MDV-Ne tCDF %
2 o

MrmsPostProcessor : st RER/KZETTE 248t » BEZERMEESEER
S SR BRI AR - SH R AR L o M B AT R R R R LB E B RS
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fk > TCIP2 72 IETHETRK & -
10. Ltg2Spdb * #PAEERHE SR aats =0 K SPDB #& 3 -
11. LtgSpdb2Mdv = PR E MR f —4EAEFE &kt MDV-Ne t CDF #&3 «
FlEH > BT TCIP2 EEDAFTHRIVER TR 5E R ©

Legend
= EE S [

TCIP2

Output from
MdvDeriveModel
3-D CWB radar mosaic

6—» CwhRadar2mdv | MrmsPostProcessor 46

Lightning data from
CwWB

6—. Ltz2spdb —»@—v LtzSpdb2Mdv ﬁ

[l 22 : M AEER R AR

12. CipAlgo : f AR ~ BUHI - 2 - PUEREIRIE R > STREEKE
27 KEEES ~ FRKRE -
13. Pressure2flight : i 7% B A% H SR B R A2 s TR i & (F1ight Level ) FE
B o
14. TcingCategory : & /K5 HH EEAE B (18 Al IS / TR / s S 434K -

= B ARRELREbrEE AL B bra s [RIE TR

55 4 IRELRETZAEFE5 [ (Graphical Turbulence Guidance version 4°GTG4)
HLLNWP ERGTE S LR 2B E B A R IEAE R S (E R 9T T -
KR EEREE - INESEELR 2B E R ER A KMEE R GTG4 T8
AN - AR B LIS IR FEER (Graphical Turbulence Guidance Nowcast
GTGN)f%LA GTG4 TR i FobiE > M A BIBFEDHIE RHE R BLRAZRE > 20tk E M)
BLRE R FRIT B35 (PIREP) ~ NCAR BLIREHPEELA (NTDA ) ~ PYEE Sz JE 28 -

H i GTG4 TEHE M B EEZE Bl (Clear-air Turbulence » CAT) ~ L&
@l (Mountain wave Turbulence > MWT) ~ ¥/t 588 &L (Cloud-induced or
Convectively-induced Turbulence » CIT) F K& #2525 Bl (Low level
Terrain-induced Turbulence > LLT)%Es22E o HFT GTON THHZE M I AL
‘B0 EDR 5z NTDA ZF#EUHIER] -
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GIG #fEiBfE 48 > NCAR B FFESTH LRI R E 2 Rl R B biEs]
(Graphical Turbulence Guidance » GTG) BRErE > Bl THER B LB T 4) - (&
HE Mo R T AITIAE © NCAR AR E —E& GTG4 #FERY > PR AR 1 52 Nwp
BRHETTIR - 5540 BUEBEST ERFEREEE N B 7K » GTG4 KPR AR
PSR S 1A (MPT ) 2 FrAZ =CHE - AT AT LT RAZEST < DL GTG4 Ryfif 2ty » NCAR %
T GTON i 225 a8 {[E 2 9T R BUHIE R TR B (o GTON HL i FHHE R FAE

GTG IR B A REFLYE 200 BEOBIELBEELR AR - RITEEINERLY
H TSREEELRAR  RATRBIELYA 10%EELR AR » BLRER 2 SRR

Ffi7A NCAR BL7R 2 L 55 LU R DM B2 (Eddy Dissipation Rate » EDR){E &A@l
SRR ERAL - A BRI > 2 DIRE B AR R (BB K VE 1
B RRA% > COH EDR RRalmisafs - fFEFR R TR - S AE
{5 P R 08 BB aGE By 0 2 1 - £F GTG4 Bz GTON b » #8FE ~ Hh i Ky 8 FE &L37 EDR
SYERERERS 0.150.22 . 0.3 EDR{E#EHS 0.3 BIBEERLIT » Al E 25 Bl
R FHRIZE 4H AR (1CAO) ¥ BUFE 785 2 EDR S1 A [H] -

H AT GTG4 R BLAFEEE S 5 CAT ~ MWT ~ CIT K LLT %5 4 f& » ARt R = H
SrARAnE 23 -

N Understand & Capture all Turbulence Sources

NCAR

Clear-air
Turbulence (CAT)

Cloud-induced or
Convectively-
induced
Turbulence (CIT)

Mountain wave |
Turbulence (MWT)

In-cloud turbulence

Low level § - s ; =
Terrain-induced _ =770 s icatons. This figure s = pictort «convective boundary
Turbulence (LL i ¥ oosurin each . Layer turbulence

Source: P. Lester, “Turbulence — A new perspective for
pilots,” Jeppesen, 1994

23 * 4 Tl RL A PO R ] R FE L ZE R B oA

CAT 3% 38 4= FEME AR EliPFT 4T - Kronebach(1964) 4347 470 {EZE35FR4Y T0%REL 7
SEEREA EEE A 4 8N @ @SR ) 5 £ BLi - fRIE 1999
12 A 3 H PIREP &t - Bl ad A ST EDR g TR 2T 3000 IR -

MWT (R0 R A5 [ 38 SRR T ETRUR(25-50m/s) » FT i aE &
BT > SRR - MRIZSEEHIE 1993 & 2007 £ PIREP & - tf & DL _E &L (EDR
KIR 0. 5) 8 @I B E B LR A BEAHRT » AORHRRI 2780, - FUREDT ~ NEEEE R
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ERIEH -

CIT HEPEIRG (3% > AR ERREEISITAT - 400 24 AR - 2
5167 52 NTDA EDR BRI R dBZ ERIITAT > Rl BT EisAa e IElAs - s
SREL NWP PHEEREAR (Squall  1ine) EEZERLA AR —2L o CIT LR R ¥ [5%
BRSO i > G ETERUAZRE > Overshoot EF HEARRE -

N Background — CIT Examples

NCAR

« Convective turbulence inside clouds "
- Near strong velocity gradients L
- Anvils

24+ FWEBRBUN RS E AR f gl R -

BLRELHIE LAY 3 fE - 1#%&&EL S 0] EDR ~ 1T &8 2 (PIREP/AIREP) K2 NTDA
EDR - ##ECE N EDR E R A f B a0t s - (18 AELmaE R - Bl
PR Ry 20 o3 - HENEEEE  EEBMIE - —RPEFUE 6 & 6 X
kL EDR &kt - PIREP 408% 2 Bl S 2R T B L EHIET H SRSV AR] - H
EFE R AL B A S e o (RSB - — RS E U E] 550 2k PIREP & - NTDA H
REMIEE KEZEFELR - BRhSEHEIERE 3000 IRZE 45000 K - H =i k22
FEARTTS » BT Ry 5 5788 -

GTG TR IR 4 2D 5

(—)EFRELTZEEE (D) © PLNWP BETH A R AR > BB Sy EDR 2
AL -

1. CAT 22E#E « 4y 60 FE2EBUERT 7% - HBIH SR 8 - ZERIF0E -

J& ~ KPR R i HAR S FE AR S AR - W2 BBa iz 1 -
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Diagnostic Description Unit Reference

Speed Horizontal wind speed ms Endlich (1964)
Vws Vertical shear of horizontal wind g Endlich (1964)
1/Ri Inverse Ri (dry) Sharman ct al. (2006)
1/Ri, Inverse Ri (moist) Sharman et al. (2006)
/Ripw Inverse Ri with VWS from thermal wind relation Sharman et al. (2006)
HS Horizontal shear of horizontal wind e, Dutton (1980)
Endlich Wind speed % turning radians ! Endlich (1964)
Dutton Dutton’s empirical index £ Dutton (1930)
wq Vertical velocity (w) squared mis?
iawind Inertial advective wind ms? McCann (2001)
DIV] [Horizontal diver; ] ol
VORTSQ |Vertical vortici e
DEFSQ [Total deformation!* I
~DRiDt Ri tendency s ! Roach (1970)
Brownl Simplified DRVD! gk Brown (1973)
Brown2 £ from simplified DRV/D1 m¥s! Brown (1973)
EDRLUN £ from simplified DRi/D1 m¥s! Gill and Buchanan (2014)
cp Colson-Panofsky TKE m's* Colson and Panofsky (1965)
Ellrod1 TI1 index w2 Ellrod and Knapp (1992)
Elirod2 TI2 index (includes divergence) $32 Elirod and Knapp (1992)
Ellrod3 Ellrod2 with divergence tendency substituted s Ellrod and Knox (2010)
for diverg: and diverg, tendency p as
in Sharman ¢t al. (2006)
SGSTKE Subgrid TKE from NWP model m's
DTF3 Diagnostic TKE-¢psil I m's Marroquin (1998)
LAZ TKE m* Laikthman and Al'ter-Zalik (1966)
SEDR ' derived from TKE m¥s! Schumann (2012)
SCHGW £ derived from variance of vertical velocity ms ! Schumann (2012)
NCSUL Advection X |vorticity gradient/Ri* st Kaplan ct al. (2004)
NCSU2 [Vorticity gradient  gradient of Montgomery &2 Kaplan et al. (2004)
function| puted on & pic surfaces
PVGRAD Horizontal potential vorticity gradient PVUkm '
TROPG/Z Tropopause gradicnt tropopause height m’
NVA Negative vorticity advection A Sharman et al. (2006)
Stone Inertial instability index i Stone (1966); Knox (1997)
AGI Anomalous gradient instabili [ Alaka (1961): Mogil and Holle (1972)
LHFK Lighthill-Ford spontancous imbalance m Knox et al. (2008)
ITEMPG| Horizontal temperature gradient Km' Sharman et al. (2006)
NGMI1 Wind speed % |deformation] ms * Reap (1996)
NGM2 |Vertical temperature gradient| X [deformation| Km's™' Reap (1996)
F2D 2D frontogenesis function on constant 2 surfaces Kms ' Sharman et al. (2006)
2DTW 2D frontogenesis function on constant = surface using Kms ' Sharman et al, (2006)
thermal wind refation
F3D 3D frontogenesis function on constant = surfaces Kms '
FTH Normalized 2D genesis function computed on m’s’ Sharman et al. (2006)
isentropic surfaces
EDRLL £ estimated from d-ord itudinal m*is? Frehlich and Sharman (2004a)
structure function
EDRAVG & estimated from average of longitudinal m*s? Frehlich and Sharman (2004a)
and transverse second-order structure
functions
SIGWX Variance of w estimated from second-order mis? Frehlich and Sharman (2004b)
longitudinal structure function
SIGWAVG Variance of w estimated from average of longitudinal m's ¥ Frehlich and Sharman (2004b)
and J-order structure |
TS0 Temperature structure constant estimated from average Kim Frehlich et al. (2010)
of longitudinal and d-order structure

functions of 7'

1 CAT 2By IFE -

{EWEIK 1 (Domain 1) > FMTEE FL320(4Y 300hPa) » LA CWB WRF =Bkl
H CAT 2 BUE sy AR anE 25 -

CAT Diagnostics

NCAR

Upper Level: FL320 (~300 hPa)

From WRF_D1 (15 km)

e ——
ooz Socoe ooses Sowe amMo  Goe
P00 16w 431

a1 o4 o8 68 10 43 be
ez 431

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

Allr

25 ¢ {EIESK 1 ~ FRAUEFE FL320 » CAT 2B B 4375 -
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2. MWT 22Er8E « 549 14 FE2EEEE L - BHEEWE L TR
”r 1% CAT % %ﬁ%ﬂﬁﬂrgﬁxiqﬁél‘ﬂﬁqﬂ 14 TE{E Fs MWT 2B BT E 574 - MWT
2 ETEUE Ry CAT 2B BUE RIS K e AR SR (ds) » WE 26 - FEE
1(Domain 1) » FRfIEE FL320(4Y 300hPa) » LA CWB WRF #H=ERIE 5B MVT 228
BUE A AAE 26 -

N MWT Diagnostics

NCAR

* MWT Diagnostics:

D MWT — dsD CAT
*  dg: near-surface 2D dg=0 if h,<200m, grad(h,)<SOmkm~' an
MWT-related parameter
® h: terrain helght dg = Vy(max in lowest 1500m)
Vs: low-level wmd Speed x mm(hu.275()m)olhcrwise.

From WRF_D1 (15 km)

26 ¢ U5 WT 22 E#{Es PPQ}JQ)SZ,EZEP 14 1 MWT 2ZErs BT R4 - T
J7 R E I 1 ~ Fefift= /8 FL320 » MWT 22 8uE 7047 -

3. CIT2Br#E - 349 10 FE2ERER B L - FEE 2(Domain 2 > 7KFfE
MRy 3 AN E) > mﬁﬁ%‘ﬁf FL320(%Y 300hPa) » bL CWB WRF R ERIETE CIT 2
ErEE S AAE 27 0 BEEPELURTRESNTE OIS 2/0%E 3 A8)E
BAgERTE - CIT R 2 HAZEEKCESL AR L. e ) A5 EELR
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NCAR

CIT Diagnostics

(3 km)

WRF_D2

24-h accumulated rain [mm]

Upper Level: FL320 (~300 hPa)

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

(—)

N\

—.
[=]

=

[l 27 © A 2 SRIE ST E ln:niﬁ/m ﬂm‘}ﬁ F“ FL320 - CIT 22ErEE A7 -

a2 B BUE LR I LA EDR Ay BT BB (D™) * & CAT ~ MWT f¢ CIT 22Er#E
HO[E R B S AN - B EL B E RS 2 e # (PDF) 9341 » REFTE
ZETEE D WA DL EDR By BEA 2 B{ED™ - CAT Kz MWT BUHIE R A B 2
E T (TATA) BDH EDR #es > CIT BUATERE By NTDA » EH] EDR 2 NTDA 2
PDF 4 ffitnfE 28 » s%siilE R} PDF B 1og-normal FH{EL - AIETEYS: D B2D*
AN o 55 0 FEH RS E BRI E Rl B A& R PDF 4347 > BIE] SR
EJEELR D B1D " s/ =, -

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

NCAR

« |ATA in-situ EDR (Taiwan D2-GTG) « NTDA EDR (Taiwan NTDA domain)

07/01/2021-09/30/2022 12/01/2021-09/30/2022
100 Upper Level 20211201-20220930 FL120-FLA50
i (FL200-FL600)
eon ; *
T el FL150-FL450
Mid Level
-g - (FL100—FL200) m‘.oo 0.2 04 06 08 1.0
£ NTDA EDR

0.4
EDR

28 © 2021 & 7 HZ 2022 49 H TATA B HI EDR #z# (Domain 2) 5z NTDA

EDR( 2/ NTDA JiZ= 0/ )PDF 434f
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(_)LHR?{%:‘\L%JT%ME(D ) AREHEZ BT ETEREE ) et E A ERZET I ERE
o BT BB THHERRE JETE 770 ROC Hi43 FHEITE(AUC) » AUC AR RTH
$E EJIkoE » HpT RS

DI CE R ERS i (Receiver Operating Characteristic » ROC)gH4REE(hE2
ETEUE THERAE ST o ChiE NWP &R S E0H EDR #ees - B4 SRIE 29 A= HIFRRE 7Rk
arf (Hit) ~ Fagd (Miss) ~ $EER7EER (False Alarm) Sz IEHEFE 4 (Correct
rejection)  FKE 29 A=EHEA{E N4 (Probability of Detection’PODY)
BGHEERTHAR S (False Alarm rate » 1-PODN) o ££ WRF f=CHEE 1 (ZAKPRETE Ry
15 ANE) K 20K Ry 3 0B ) DIRIE] EDR E AR A EZEEIE PODY K
1-PODN {H - B[ia]4&#4 ROC fh4RaE] 29 A {H| > ROC 4R T~ /7 HifE (Area Under the

Curve » AUC) FRa2 BB THHR 38 A Bl B FRE

N Combining remapped diagnostics

NCAR

« 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
NGMI1 0.727
Event  Yes Hit (A) False Alarm (B) &%8r DEFSQ 0.744
Forecast  No  Missed (C)  Correct Rejection (0) & VIR SOR s
0.4 Asingle besf] EDRLL 0.708
ROC Curves / diagnostics I/RITW 0.708
i e | /7 ! CTSQ/MmRI 0.753
y-e.lxns. PODY_ A/(A+C) 0.2 L . WSORI X
x-axis: 1 - PODN = 1 - D/(B+D) ndividual diagnostics SIGWAVG/Ri 0.721
0.0 L 4 GTG ensemble 0.788
0.0 0.2 0.4 0.6 0.8 1.0
Sharman and Pearson (2017)
Y Al
=/ EN
& 29 = AEMHI% PODY 5TE AR > A fEUZ%%@ 2B #{E ROC 4R I e AUC BH -

(M) &EEZETEIE (D) K i& GTGC il - AT EAGEWE 30 - 4EEE
2y K HMEE %K ) GTGCAT ~ GTGMWT K GTGCIT #{E » GTGMAX2 {4 AF
Domain 2 HY CAT 2 MWT f RAE AR FRELRAZERE » GTGMAX3 f47E Domain 3 HY
CAT ~ MWT k& CIT s KMEARFETRELAAZE -
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N GTG Forecasting Procedure
(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 © FE% GTG BN » £ Domain 2 HEFE CAT K MWT &A% BLIGFZE >
Domain 3 24 CAT ~ MWT & CIT iR ELIRIZE -

DU FREURE RS GTG4 THERRE S - ERIFRH Ay 2021 42 7 HZE 2022 £4£ 9
A #EBHELL 102 £ 142 & ~ d04 12 & 34 & - B B85 5 (CWB)
BUE R R R TR (WRE) X > BRI Ry B PR AL 22 23 Hir 7727 (TATA) EDHI EDR
s o BT PR ERED A EE AR 1839 ~ 334 K 29 [ - #5 AUC
| FRTEFETHTR > AUC KA 0.5 FoRTHIREE SILLFEEIE G - ¥R DL EELR
HF > GTG4 FEHEFEJJAE Domain 1 &z 2 B 0.73 & 0.77 > 5F40[E 31 - For GTG4
REMERETER P L FRLREME - GTG4 THSRENHEE RE B RBUHRBATESE AN B
HHERE B RIREASR » PR EMTHEEBELR T RENE » e RIZ 2 -

N ROC Curves

NCAR

* Moderate-or-greater (MOG) turbulence
D1-GTG4 D2-GTG4

rand / random

lom
—— MAX(CAT,MWT) [AUC = 0.736) —— MAX(CAT,MWT.CIT) [AUC = 0.773]

v . - - - .
0.0 0.2 04 0.6 o8 1.0 0.0 02 0.4 0.6 0.8 1.0
FAR FAR

31 © GTG4 4 Domain 1 k¢ 2 2 ROC Hfi&#[E - POD it 1 Forn 58 =T ©
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DU ZE AT Biss GTG4 TEERAE 17 BORHE R & 2022 4 3 H 31 H» &1/ FL370>
GTGMAX ~ CAT ~ MWT K% CIT 2R84 WFﬁﬁDl 32 - GTGMAX A Eﬁﬁﬁiﬁﬁmﬁimﬁ )
F&?Eil%’c%umwﬁ*éﬁ/m ZORHES - HRE GTG4 THIERALTARE - %48 NCAR BB £

BUAIE LR B =i ge e 2 o L B A THER BE

N Case 31 May 2022, D2-GTG4

« GTG C_ombinaﬁtigns

« Correct locations of
turbulent events

* Underestimation of
turbulence intensities

FL370, 2-h forecasts .|+
valid at 20 UTC

fiE 32 : 2022 4F 3 H 31 H > =5 FL370 » GTGMAX ~ CAT ~ MWT &z CIT ZEfi554f -

GTGN 1% 2L GTG FHEE fh AELEE - I A BNRFE IR} (40 PIREP ~ NTDA ~ P&
R b L 2R ) #E R BLIRAZE © GTON BIRE%E GTG THE - #FTA BB R4 AHE
BE SRR EERERIEGRN - EREHIRR R 15 7088 - THHEE A 0 HE
;Eﬁ 15 \%ﬂ GTGN Eif /f/ﬂﬁiﬁﬂ. 330

N\ GTGN Flow Diagram

NCAR

|
Turbulence |
Inferences I
. Total |
ggg‘e’rr\"':tlons lightning :
. « In situ reports
Real-time PIREPS P = I
Turbulence Wi |
Observations NEXRAD A e o

turbulence |
Observations I [Py t—e—————— — -

(NTDA)

20
33 * GTON JEEEAR -
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= GTON {EZERH4¢ » LA Domain 2 | GTG4 ZE5H 0 B HI EDR K NTDA ¥
SERHEL T 04T - BRI Ry 2022 § 8 A 5 H 1145UTC » =% B FL270 > GIG ~
E I EDR K2 NTDA ZE[H 53 AR 40E 34 © NCAR 1&48 5= F{& PIREP ~ P8 K METAR Jil 2
Rt GTON THIRAE JIR22E -

N\ GTGN in Taiwan: Case Study: Inputs @

NCAR

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 1200UTC  In 54y EDR at FL270 52022 10451145 UTC  NTDA! st FL 2

%

022 UCAR. Al rights reser 48

34 1 GTG 6 /NI TEER - B0 EDR Kz NTDA &R} 220 4f o

Fy AR RBDHIE R (BRI EDR K NTDA) i & GTG /2 ZHE FI| Bl & 5k - NCAR
LUEl 35 st is teli i, -

Obs Influence at FL270 ) 8/5/2022 1145 UTC
7 T 7 A

! 4

L d R

35 ¢ =l A EH] EDR Kz NTDA SEEUHE R E GTG THEN 4R BLR &
I, -



= NCAR BL (&R 502 (NCAR Turbulence Detection Algorithm

NTDA)

NTDA (hLURE S B HIE R A M el B ATEE AR B R gL E A
DLUEE 2 RS E S (Spect rum Width) B R BLRIER » SRS RS AR A E AN
i\ SRR (BIIELT) ) > RAPHEE v R i EDR Ry BE (i Bl o] Y NTDA BRUHIZE & o
NTDA fEETHI e <2 s 28 2 B IR T » 4038 R i 5% -

NTDA REFR 522 FIfgAf FE S DR BRI ZE s » NTDA FEE BB RATIIEE
ANE(MFZERRE ~ RFUVEFIE - RITEKFIRE ) M #EnE RIS fiss
FRAUIESE N BARRRE S - RATZIBFI R 224 B EMUTIRE BRI TREM: » &
[PE R4

NCAR 7% BE 387 NTDA > 5 a0 E| & & e o R T8 N i R R i e i
DU RFER S FE R R » [LAD > NTDA i o L = i (& OWB R ) (#
NTDA ik 2 0 8 5 A H BRI /D o NCAR RHe1Tor i as B s =0 o] A
M GRS R E T TR o (R4 TS T NTDA BRESFEEE ~ 5[ ASR(LIhAE
EEITEZE AT -

HAfT4EEE AOAWS 4t NTDA & 22 Ry syl ~ TR ~ TEEERZR T » THET
WM R Ry OWB ik ~ F ERME R ZEEE R M - BARGEEEEER -

BLEHIE A PIREP K& 0] EDR » PIREP DLEME H ¥ EER B F » =8
RSN > Q08 ~ B0 T B MRS S T RRORELR R - MOAR MR
Bl uEE - RELR RS S RUAERE - BrDL PIREP @LR 78 5 7R i % - AR (L
TABHER AL B IR > R SRS R TER -

EMIEDR(In situ EDR)@ELAEVH > &M HEFEER » FA2RITE SRR
B o BEPRHLIEHESS AT MR - SEEEIEARURIRE - MR iR E R
EDR $45 » AER4r Al B B767 ~ B777 ~ B787 K B737 MAX ZFsrd o

NTDA ~ GTG Kz GTON FEShELER 412 2 > NTDA sFEME 2B HIE R > B E
WA Ry 5 0 - — MM E > VOL BREHrERE; PP ERHELY 3 8 - 1A
VOL BB AT FIEM T > NTDA BTN By Ry 5 o088 - i dmi [ <7 FR A 25 22 (M
PR - 49 300 ANH o ESZERIENTE R 0.02 EX0.02 FEX3KTt o GTC FHEME
NWP &k} > B TR ~ 78 L 0 R 28 A 2 [l i FE BEE UL NWP

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 * NIDA ~ GIG ¢z GTON ZE fmbh#g

B = El A= [ RS R AR R T Al AR/ N HLBR - FR RN EASTEZ2E LA -
i PIREP & AR AT S G ELR - B0 EDR BERFERHHER L 20
oriE  EREER AT S EBELRIE © R INELmBUE R SR % R
» NCAR Z&J2 NTDA » DITE 22 &l E S NTDA » SEHHER By 5 4i - fiE AR 2tk
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T4B) » RAFREENGT CORGRTRE ~ BB Ol FONERNY) - B EER R GER
SRR (MR AR ~ T pEEl - BRI RS - AR - AkiErss
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QR AEEEE R} - REC Ry MFalb RSN LIS 2 FEERFRER -

NIDA JEM & ZEH &A% B rEEIRE = - BT KbtsE - 28T
R RIS R - FEREER - BREEAGEZHTHY Gemt ronik2Netedf » FIZREEAL
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Beie KIEHEIIEAIRE SRR 1248 NCAR 2L B MRE ~ T S B R ES i SRS -
Ty LLIEs 2 RS B ROEERAER, - CRYE R RIEERAR - BT RACEN EE
FRAERE -

28 B A RIS ELREUALRS T » DUEZEHFEAIFHADES 22 NIDA fih &
RHEEERIAE [FDR RS &~ EDR EHAZE AT A Gemat ronik 1 NEXRAD 52 < 1T
R L G & AE S R BB AR S S HEE ~ AE(EE =0T SNR (B DUEE
B EFEERIE - NCAR 580 S MBS BRI AT » IEAE 0T C IR &R -
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{EIEHEY 497552 -
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Radar 2-D
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TERRFEFE R (40 Nexrad2Netcdf Kz Gemtronik2Netcdf) A2kl E R EEFE AN
EARFEEN - BREERLZETEIESE  #FE TR aitar B2
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2 TR ERGTAE T (Volume » VOL) K2 F1fI (PPT ) Rt &R A REZE S NTDA Kyl (i
B SOREDRFIE S B ERESERTT VCP(volume coverage pattern)f
RS » [F]— =870 5l DA KR kT e 42 HF[H] (Pulse Repetition Time » PRT)#E
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NTDA 7t e
(25 2 B BLUERATRELRIZE » M EERE 515 EDR R AMEE
(=) 3P RES 3 ik (mosaic) B B ATA R EZEERNGAE 3 44 FE
HUEDR K A[STE o 278 AOAWS %45 NTDA BRI HAER B 5 088 > BXEHE
ST T S ENER
2% NCAR Ml o8 35 2 R R FETH NTDA 8 23R > A ERE 0 NTDA {5:M]
B2 TR AR © BL 2022 AF 5 H 22 H NTDA EDR & A - [ 37 72015
DLCWB SRR ER 2 (WAL 57 ~ TR ~ FEEE R T ) BRI ZERI NTDA EDR » H{HI%
BTN CWB  C R EREE 22 (WIMRE ~ FTE RAshbk) RS NTDA EDR > LL#E 2 SRIE
RIS OWB C YRR B R A S0 DR BRI &% > HEEHE FE EDR &
PR EE D -

N Example from 2022/05/22 from Gematronik Radars
near 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
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Aviation Applications Program
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P9 BT 3 JH & (Cloud Top Height » CTH) Je K% ¥ i 2 B

(Convection Diagnosis Oceanic » CDO)

CTH {&Ebid 2EUIE R R WP &R ERETHS E M - RFER2
(CDO) f5LA CTH ~ 7 2 ~ PIEEBURI K2 NWP 15X 7 A 5L ok 5 R M B3 3 CDO 28
op ©

NCAR T HBER 17 AOAWS Z 4 ZETH S (CTH) bt - AT RN A B E e EE
SRR &S S EGHT CDO FEf o NCAR B e &g = o i S T (L BlAE
LIS | A BRE s 2 7 o A DAEC BN s AR M2 © NCAR 2245480
HORS B TR REES E LRSS - A6 (F 28I &0k} > e CTH K CDO JHEDE -
FEBE 4% T8 S R M A 220 25 S R B e 2 e

TR RN L2EREEN TERALRY - FHEEELR - PIE - KE -~ E
P~ U R E B E R A - (LSRN A SR SR 8 2 v el > m] DU i Es 2 i DA AN
BAEARE R s &I R (i 2B R FrbUE A R BN RE
JHS KRR EE i 0 A BN R 2 E S B0 A A B R -
CTH/CDO B Rb AR A4 [ 38 -

N Overview of Processing
NCAR ~=
Numerical CTH
Model  (range) [
‘ | 6D |
Sateliite \v/d\ wu2000), )
Wy, LW ‘
| otops | .
| (yes/no) |
Lightning —'\v/——\ i ¥ o =

Aviation Applications Program
Ap

Research Applications Laboratory

Data File [ )

38 : CTH/CDO &RLmifE

EHEEm ARG G HEER EEFEHENER > FIAEREHZE#HE
11.2 pm Rz LAY MRS =~ SE RIS - 8 WRE H=0H0R RS - #HERETH
= EAEENE 15000 HRLLLE - BEREEEE(CNEF)ETR - & 10 78
FH—R b2 EEBEHERAFVEEMIFE —HAM - EoR
ROMIO(Remote Oceanic Meteorology Information Operational Demonstration)

R FIAE 39 -
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B Cloud Top Height (CTH) BSINCAR

«— FL300 - FL350

. Cloud Top Height (CTH) Product

FL300 FL350 FL400 FL450 FL500
CTH Contours for ROMIO areAfvlr3?0 FL340 FL360, FL380, FL400
ications Pr
R sssss ch Applications Laborat on/

& 39 : CTH 2 o Bl
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B (0-1)AY=FZE1E CDO #{E (0-6) (WRF Domainl K Domain2 R A&/ DESEEEHL
CDO BB A £ 3) < & (DO BfE =2 » FonRATREA ARG ERR > & (DO
HE =3 FRAESCEAEETHIESRA - (D0 — 25 10 /8 FEH—K - &
40 K2 &l 41 By CDO JEHEEEE ] -

cbo - R7A
Inputs S S -
Scaled —— e e
(0-1) - -
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Lightning Strike Accumulatio & O hooting Top:
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N Convection Diagnosis Oceanic

NCAR

) -
' »

Lightning important
[ for CDO > 2 in
__ Convection Diagnosis Oceanic (CDO) absenhce of
overshooting tops
Values 0-6
‘2 3 4 5.6

Aviation Applications Program
R h Laboratory

reserved

41 : fN&EtE <~ CDO EEdn ]

CTH fRtie B M BB EN I N R S - (D0 RIBTRA B isEp R TR
iy EFF R BRI B S AR I, - 5 CDO S{E 4R - BT 15 208 2 imfN
AY#3(Eddy Dissipation Rate » EDR)ERFETEZELLYES (B 42) » AT DI E R
T3 CDO ${E=>5 HYHIERT - 8 RS ELR - M8 CDO B = 2 Ayl
WAL ERELR
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Storm as depicted by CDO (contours)
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% / @
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i Flight Path (EDR)

23N | T | 1
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. [T
0.00 004 008 012 016 020 024 028 032 036 040 044 048
Light | Moderate | Severe

Increasing Measured Turbulence (EDR)

42 : EDR &R CDO BB (HZE LS -
CTH/CDO IR ft—  NEFSMETR AR - AP E TR E 2B SMEZ CTREC U5

7ZE(Cartesian Tracking Radar Echo by Correlation) » #7545 % 2l IR E &Ik 1
A& EIER RN ET » SR E 2 n 8  HSEECEWE 43 -
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Extrapolation

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

. ~ CTH >=30 kit

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

Aviation Applications Program Research Applications
Laboratory

© 2022 UCAR. All rights reserved.

43 * CTREC SMETT7ASE °

AOAWS-RU Training 2022

BTEF 2017 £ 1 HZE 2018 4 3 A Z &K EDR Bt CDO BrE#E To4eat > 7]
DIEEHRE (DO BEMGS » A gL AV EE Bt Se iy _E7T - Basg CDO
AR PRI E S A Al 2 i - 48 44 -

histogram of peak EDR 2017-01-01 - 2018-03-21
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44 : EDR B CDO S {E ¥ HE R (AlE -

NCAR $HEEIEHNIE 2021 FSUH BRI THaT > Domainl Y CTH ZAEME
(POD) £ 0.75 > Domain2 & 0.70 5 CDO Z A= HI%4E Domainl £5 0.59 > Domain2 £y
0.65 For 7 icbA FER B TRFAHEIERE » sa¥ &t 6 Bl IEEHE © B8
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NCAR 1 2021 £ 9 H PU{EERIFIFSAMEZEAE TRAS © (1) Esfme (2 ) BrE Al
BefE\(3)9 H 3 H¥FAMEZR(4)9 H 6 HEm(EZE - Hp Bk SlapE g 45 -
N

NCAR

Case Summary

— 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

AOQAWS-RU Training 2022

© 2022 UCAR. All rights reserved.

45 02021 4 9 FH{EZE0 SRR i Bl e B &
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FEom > ARy CTH= 30000 FLIRAYEEEIAN CDO=2 AYFEHE -

Performance Diagram for CTH
All Events, All Domains
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Performance Diagram for CDO
All Events, All Domains
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CTH K CDO WYERMERRIZAIE 48 © e =~ 2 KUk - 18
Domainl Jz Domain2 St 2 BRI EmREE - ZA&H#EST CTH/CDO HYMSE - FAIH

CTREC 75tk —/IN¥FAIMETAS, - [ E BEAL T A AU (FIR) » CDO Y3154
AU AP -

Convective Diagnosis Oceanic (CDO)
Cloud Top Height (CTH)
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48 : CTH/CDO BRI H 2

HHE R S EER

InputWatcher : B5H 82 AT E EERHEALL -

JmaHimawari8toMdv : B HEE B ERHE B Ne t CDF F& =L -
MdvCombine : B R[ELK & 2 ERHES B—EREE -
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MdvConvert : & WRF fHHs5e 05 Ui Ry 48 45 5 SRR 2 AR 49 -
ﬁum Remap WRF to LatLon Projection
- ".,..\M; . 71 Ny (l‘f’hiﬂ \ [f}, Ny
- Domain 1- 4km resolution " Ry - \

© 2022 UCAR. All rights reserved.

49 © CDO/CTH &% 48 f& S PR 52 B P25 RN S -

WmEEMREES NIER

l.

AN L B~ W

cloudHt * FJFAT 11.2 FOREL/MRSHIEEL WRF B0 =400 E / S S5 IR 15

FETES -

MdvMerge?2 : /N> CTH #H -

SatParallax : F|f CTH BRI IE & E1EE

MdvThresh : R 2 RIEA>TS &2 &R} o

MdvInterpMissing : SEFHR IEFR 2R B A HIFEZE

OvershootingTopsDetect * FIFIRTEMARIESR 2 /KRIE K 11.2 fBoRELS

SRR > oA WRF Ui 2 SR BT RS S H B ETERYEIAS CDO {#

F -

satDerive @ FIFH/KFEIRE Z 5fSREEL 11.2 RoRIRE SRS RGE]

GCD &kt -

fuzzy_engine : #HFIMIEEIR B E0L - ERIARMER (3454 CTH K GCD -
CTH/CDO Z FEFRE & TYIRET ¢

1. MdvSmooth : jKf CDO/CTH BEEFE/EIL » Y 1 /INFFMETHSR -

2. MdvClump : FERE 3 INILHY CTH &5 o

CDO/CTH TH#H L& DL MRS

1. MdvResample : FIJFH 10 2\ H B 22 B HUEE -

2. Ctrec * FIF G AHRARE G R GRHY = HE -

3. GridForecast : #f&-FRUEENE - FIFESRNZEIEFR CDO & CTH °
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FARY (DO 2 PAEEERH(FIR &E ) B & TYIRER

1. Ltg2Spdb : EFHHILTEECHGHEE) -

2. LgSpdb2Mdv : L& 2% » G E g b2 PIEER -
3. Fuzzy_engine : ‘BEEfEMEREEEAE AWM A ZAEER} -

FIR #iE > (DO ~ EEH A& THIREF ¢
1. fuzzy engine : ¥ A CTH - GCD -~ @& JEH K B ERIE S & (DO 2EE
Ellzll:l o

2. MdvSmooth : j& CDO/CTH B&#e-FEAL > NS 1 /NI NETHH ©

FIR #i[E CDO TR EL & DA TR T -

1. MdvResample @ FIFH 10 BRI 25 HUEE ©

2. Ctrec : FH G AH BERA (Fofm o B =AY EEN S -

3. GridForecast : & FRUEENE - M ESRNZEEFR CDO K CTH °

T SRR BEE B FEOHIE fh(Ceiling and Visibility» C&V)

C&V HDAS R ETBUIE R s TR ME R %E NWP =B R - EERIREE
SRE RS THEE R

NCAR FlIFtes 225 =R atlr - (ERHEBUIE R HEE T WRE 5=
B DIGEERTT AOAWS EF R AE RS THERZE it © NCAR gt WRF #5520 R UM
&b WS E RS - FERFE VIR CAV A4 -

WAz E 0 OV BEEEZ2HE - EHESRITHAI(Inst rument
Flight Rules » VER)EM » AT EVVEEFRSIEA Ae e Bz > & C&V B »
AEHIRITERAE T AR o WSS » GV 28 HRE o K GV 15
I FEENRIEEE - FTARECE SRR RBEEE A

HAT2ER NWP #5057 PRIN 4R A S S A TR RS C&V &L st H4r
al7Z(Model Output Statics ° MOS) » PASRMEEIET 7= o 17 NWP A= S ERHE
B FIsETBi (% EERWES C&V THHE R - Z2IEMEREHLIRITRHITZE RN
{EVE2E 4% (Advanced Operational Aviation Weather System * AOAWS)C&V &
HREE R MOS Z:47 < 5 2 MOS A4 B4sT BRI A E A M EE /£
[A#18 & > NCAR THET 28 J& TH g A5s Ba o7 iz B Bc ¥F (Forecast Calibration -
Quantile Matching > FOCAL-QM) £ » H4E SN B E M 774 (Unified Post
Processor » UPP) K4 Ar 85 iC ¥ (Quantile Matching » QM) 2 fa e BUM%LS C&V 7
HWER o 55 1 P B LU WRF BEUE A UPP ZEH C&V &R} > 55 2 BB DL QU JAER:
B C&V &R} ZEATHHERE JTH (2 C&V THHR &K} -

UPP f2/7/148 > UPP HHZER B 3R FEHI 00 (NCEP) 28 f&8 > &5t =] A
NEFRIEFE - SEHI WRF &R — (498 ER oV Bk} - UPP ERFET
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HOSERGRER PP EREH HEAKER - % - 0N BARERE
L 31T 5 BTS2 e B A B R A » 8 R 5 -

DL CWB WRF #5424 R, UPP F2FRE ML R TR - SERTAEORES | K 4 0 - 4B
AT s 3 /AME - FOCAL-QU SAR2A0E S0 + APBRATT :

N FOCAL-QM

NCAR

- 30-day history

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

Aviation Applications Program
Research Applications Laboratory

50 * FOCAL-OM &k B ie

(—)PtGridFrequencyMatch 2% :

1. FISRIEEL - DIFRIREZE/D 30 HER £ — (@S0 =0 B S RHE
HIEHE C&V BfEZE i (Cumulative Density Functions » CDFs) » W&
BN EIRME S E i (percent i le) P LABGE THERAE T - RMEEEHUT =X
FytRed NEREDE C&V BE » Worhk 14 7 firg -

Category Ceiling (feet AGL) Visibility (miles)

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

R 3 HEURIT R ERIRIT Z KRR

2. WBEPEEL  EhisiBUH R TEER CDF - R AR R 5 4 - 40
2 MRBHERE CDF » DAERIME T AR U R E o 8 - PR
AL CDF - SRENMERIG 5 o i B AR SRR iRE RS #UE - P ERH
Y Rle C&V A TR B Rt a TR I S B pl BRI B — 2K
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Q-to-Q Calibratiin Comparison

NCAR
o U U
Modeled precipitation Observed precipitation
Pmax ___________
Pray| === —————
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/ Pad <
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v A
1 1 ] L 1 J
25th - ggth - gsthl qpqth 25th - 5pth 75t 100t
Quantile Quantile
» ,
O O Hopson and Webster 2010 o
Aviation Applications Program
plicati

Researc h Ap ions Laboratory
51 - Mgl B T R ITA

3. ik F(PAESBEEE TS > DU e B P R R e (A A B S RE RS
HE -

4. PEREEEEE (overfitting)(HZE @ e REEGAEEZENEB 0.5 %
2 i

(—)CVmodelCal 2% :

1. DRSBTS E R - AR GV SRt E R -

2. MEEETREMREE MBS RN B B &R MR (R 8 -

3. HEHInhE RS BETER BRI A = R - e B s
bhif s -

4. FHERE C&V THERER » HE& CLV THSREUE Ry C&V REEREUE K C&V &
Bt fEE Y REEETRE BT Y [ 2 F R AHRA A8 (Spearman  ranked
correlation)ZE® » HEHAZOT ¢
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NCAR

Applying Calibration Coefficients

* Final forecast value

'Ft'.l] = wcalf‘ral,:, + “' - wc.ql]f‘la.\k

* Weight caicuiauon

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

Aviation Applications Program
h Applications Laboratary

52 &% CAV AR A EE TR A

FOCAL-QM JEM[R -

1. HEEEESTEREE - fOEBTEAR C&V B4 - i UPP A IR -

OM AR B S TR A B (R R RE T -

2. gHEABEES (over-fitting)[F  AEEAFE R E R ERE EEAE =

B B RIAE A -

3. BIHARS > BoHIZs 8 MAEEIFFEE -

DIEE S B TFs i (Critical Success Index » CSI)EREAL C&V &L FEERAE
CST B AU Hit/ (Hit+Miss+False Alarm) » EH Hit ~ Miss K False Alarm
EFRAFE 1 o FFERERF 3000 IR R RERTY 5 A BEARTG AGTa a5 C&V 78
HAESIMEZE -

ZILRMBEERIE (FIR)A 9 (B2 REGEDIZEH AR A CST 58E
FORHE R By 2021 4F 12 H 2 2022 4£ 2 H > CST 58UE 12 /NEH R IR ZEM k.
B THE AR A 1 2 12 ~ 18 2 24 /NEF o {RFEEE (Y 3000 IR) THER [ > 7EFd
JE55 ~ ol ~ BRE -~ SR EEE 6 M2 RSBV - FOCAL-QM TH#ERE Itk
MOS %7 » HAEFT ~ 4k KRS 3 {Eff22 REEONE NOS FH#EAE JJEL FOCAL-QM
TF FE RN TR AE T R RIS NCAR BESCHERL. s RAE S (&Y 5 A~ 8) THH |
TERFILSE ~ T~ AL BRE ~ B4 - 45 R EIE S 8 {Ef 22 RGBT = - FOCAL-
QM FH#HzEE STEE MOS % - 1E S 2E REEEUHIE MOS THERAE JIEEL FOCAL-QM 47 > #]
e A E SRR AL RS2 M TEZE R T R 2R > UPP AT EZE R
VAL ERE R S22 > 27 FOCAL-QM FHEREE T8 -
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N Ceiling CSI: Winter 2021-2022

NCAR

m‘: = D A——

Aviation Applications Program
hA b

L y

R

53 1 Z4E FIR 9 {EfiZE sm B VEES CSI 5% - BEREFR A 2021 4212 H
FE2NFE2H -

Aviation Applications Program
R 1 A s L

54 + ZILFIR 9 {Efnz BB HInEAE RS CST 158 - BRI A &y 2021 4F 12
HZE 202242 H -

7N SERE 0-8 /NIGAYEFETEEAE ST (AOAWS Short-term Prediction
of Intense Rainfall and Echotops ’* ASPIRE)

ASPIRE {&#FIF] CWB ¥t RS SUE THERIE = (RWRF) ~ 52 O EUH R BIZITR
REDHIZ % (QPESUMS) R Z AL PRI R EFE &R BRI S RS ER 0 2 8 /)
5 B 2ZE[ADR ~ [EUR TS (Echo Top Height) M FFFRZTHHRE ) -

NCAR Ki#E % Ry MEEEA M IEFOREEEDE » B —IH 0-8 /NFEFRTH
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HIREJJEE S © NCAR BHKIE S EIET 2 KU - W R EREAE R DUETT
SR RS o G DM ZRERET TAME AZE fE TAF - 2021 4EJE > HHE NCAR Z24E1]
IRIMETHER 2245 © 2022 4 > B REEE R MEA SR E AR B RR R 2 K
JE o 557K FHFR B 5T E R I P P S Bl 2 72 S B R (Z2-R) Bl WE(k
REEB AR RS E DA S EEARUAE ¢

TR LGS REAVELR ~ B - fURR ~ K8 - PIEEEMERE LEEN
fEERT - A8 5 A T RN TH L2 AT 22 RS b1 BB T
FEHBEIMEEE A MEFOREEE A (Blending ) SRAETT 0- 8 /NIFHYJESR FHER
FH5% ASPIRE ZHHVENEE & (1) TR E RL AR ZMES (2) /DR Ry JE S %1
GEHVIERS (3 ) BR AL TS i 2 B AR Bl B B SIS P (4) MBS AR B IS B2 R (5)
GRS (35 2 AL (6) (EMT R F AR FERERR -

ASPIRE gtz (&l 55 > Bl &M% (Rain Rate in mm/hr) ~ &k EE 20
7 (Composite Reflectivity in dBZ)/[E[37TEE & (EchoTop in m AGL) : £fE
DBZ EZ mmmEE = EMN » & 10 8 E I —X - EHEENE D - SEiER
REHEEDE G548 UPP 2R 7 =S SR G2 f5 RWRF 153X e %6 88 KUE NCAR-
CTREC AMIEETRE - ARG HEFEUENRHES © (D) BERETRERRE - (2)5H%
BB (RMELE) » (3)FEHANSEMTS7 (Fraction Skill Score, FSS)#EhRE
SR REEE S (4) 75 B i R R Sk S FH B AR =T A e e M FE EE R R o

N Features of ASPIRE, V1.0

Composite Reflectivity (dBZ)

Analyses and 1-8 hour Forecasts Key Features of Blending
« Composite Reflectivity, Radar EchoTops, Precipitation Rate + Model bias removal (calibration) and model position error
(using gauge corrected QPESUMS) adjustments (phase correction).
+ 10 min update rate + Dynamically updating weights base on Fractions Skill Score
Forecast blends extrapolation with high resolution model forecast data + Heuristic forecast uncertainty-based weighting in storm
+ Extrapolation uses multi-scale NCAR CTREC algorithm growth/Cl regions
+ Model input: CWB R-WRF (2 km) with post-processing using + Uses multi-threading to maximize performance
Unified Post-pracessor.

Aviation Applications Program Research Applications
Laboratory

R. All rights reserved

55 : ASPIRE FEfme

]

o

ZAUFRERBETRGERACHN R E HSRER KK - B HE
(Nowcas ting) FTH ZIMEZARA T - SRR BUERAZ THEIAES) - ARMHAZAERI4G
Ay — ke RITHERAE IRy - FR BB E E R LA LIS R R FHERAE
P RNEE AR R E A GBI ME BRI UE R 7 S RESAE 0-8 /NRFAYRRKD
SHTHHRAE A R (R R THERRER - A1E 56 -
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more

Nowcast
Blending

Relative Forecast Skill

Numerical Models
less

v

Increasing Forecast Length
56 * R FEEREE VB RER -

RE5 RWRF 1 R/ NI B — 2R > 0B T S AR TE - 5/ Nl L
—ZFEER o RWIRF BB S =4E2ERELARE > WEHE NCEP ‘BT
(Unified Post Processor » UPP){S-&I|fraE ~ 868 -
ASPIRE #E &M EMEE R EZE P IMEER - EIEHE A RS EE L
(Blending) » JifEalfE 57

N\ Blending Components
NCAR

1. Ingest

2. Model Calibration

3. Phase correction

4. Relative performance

5. Dynamic weights computation

6. Heuristic Blending

| Calibrate

‘ Ingest “+Phase Correct*

. .
pplications Program Research Applications Not 'u”y |mplemented
Laboratory

AOAWS-RU Training 2022 © 2022 UCAR_ Al rights reserved 12

& 57 : TR EHEFEREERE -

Extrapolate

(—) FERUEEAFTFR &R (Ingest)

SNERYER ST o A AT —/ NS SRR DR S - iSRRI - FAHRR (R
= 2 B EHEIE > B EER ARG E R o S{EIME EEEER K
CTREC(Cartesian Tracking Radar Echo by Correlation) °
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N Extrapolation Vector Algorithm

NCAR

220 JOURNAL OF ATMOSPHERIC AND OCEANIC TECHNOLOGY VOLUME 7

TIME 2

Correlation Coefficient

_ Yl (@i — )% —7)
Tay =
VE = 2P Y - 7

Computed
REC Vector.

Second Array
with Maximum
 Correlation

Where xi = box from Time1 and
yi = box from Time2

FIG. 1. Schematic showing the computation of a TREC vector 10 determine the motion of reflectivity echoes (shaded)
from TIME 1 to TIME 2. The initial array of data at TIME 1 is cross-correlated with all other second arrays of the
same size at TIME 2 whose center falls within the search area. The position of the second array with the maximum
correlation determines the vector endpoint. In this study the array size used was 7 km and the time between measurements
was typically 5 minutes.

Tuttle and Foote (1990)

©2022 UCAR. All rights reserved.

58 : CTREC F5iE/14d -

EEMER ST CTREC 58 FIAYEE 22 [BR P I (E 2 10dBZ - FFfEfERZ 10 788
| FER - BEAEEA/NE 715775 A8 » HErSHECENE 59 -

N Extrapolation @

NCAR -

Last two Composite Reflectivity used to Compute Motion Vector field

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 = 10 dBZ (dark green contour fill)

cbox_size = 75 km

thr_cor = 25 (correlation must exceed for valid vector)

chox_space = 25 km

delta_time = 10 min
temporal_smoothing_type = SMOOTH_WITH_VECTOR_DIFFERENCE
temporal_[uy,] percent=0.4 (given as a fraction between 0 and 1)

© 2022 UCAR. All rights reserved. 7

59 © EEHhE CTREC YMEESHELE -
60 BURA 2021 75 H BREET AN IE W /)N B Y T i B 5T D B

(Critical Successful Index > CSI) » B DASEFRSNEELE FEI0E] FA R A TEE TS
P > TR TR THERAE HTARCA CTREC AMEARS A TS -
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N Extrapolation Evaluation: Diurnal Variations

CSl vs time of day

™ 2 hour fest June 2021

0.30

Aoy SO

W b iy T TR R /s
Version 1 . \ \./ -
~ . o
| s e T Ot St AR AT SRR SR e e S SR .
0800 1300 2300 0400 CST
Aviation Applications Program Research Applications
Laboratory

© 2022 UCAR. All rights reserved

60 - FNETATHHREST HEAL -

PEEAIH 2021 I H ERFET TSR - 451 A0E 61 > ] LUEEIE BRI E
Fy 20dBZ 5 » CTREC #MEZ B RWRF =AY PR B D SR B E 4 =/ NIRRT B -
RWRF {ETHHACERY 3 /NRp DAY TREHRGRIREE - ERAEIESE] 40dBZ I > Wi/NEF
RIAAAY PRI Y ML » (ETHERATAT//INEF RVRF AR (REETE R A
By 1 DR EER/ VA B TR A ST -

o CSl and Bias September 2021 “

CTREC v1.4, All hours of the day included

CSl vs Lead Time Sept 2021 Bias vs Lead Time September 2021

| -+ RWRF 20 } ~+ RWRF 20
il  RWRF 30 . “ RWRF 30
\ -+ RWRF 40 Ly 2  RWRF 40
I —— CTREC 20 W ‘- -~ CTREC 20
N A - CTREC 30 - CTREC 30
[\ —— CTREC 40 = ' | —— CTREC 40

© 2022 UCAR. Allrights reser

61 * A [EIREAEA TSN AT IR LR -

(=) P SRR IR (Cal ibrate) - 4TIHEl 62 °
1. BEEE Ry 16 [EHEE A/ NYITER -
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STREEDT BRI HIRIERRE © SHER R -
BRI F BB A ER R 4

HITR AR RIS — A A R £
ST N HI R S R ENRE L

(O T "R \)

N Calibration Method

NCAR

» Divide domain into 16 equal size tiles

« Compute calibration function for each tile
by comparing obs and model distributions.

« Use distance weighted mean function in
overlap areas.

* Implemented to remove both long-term
biases and per run (dynamic) biases.

* Dynamic calibration performed once per
model forecast issuance (every 60 min)

Tile5

10 Model - 2 hr fest

0 15 30 40 50 ‘Aviation Applicatid
Reflectivity (dBZ)
AWS-RU Training 2022 ©2027 DCRIT

62 * HAAMIETT -

RETT AR iRz b flr (Frequency Matching Technique) @ ZEHUHYEHRED
BT RS R &RV Tz B ORI TR Rt AL B AR 2 - DA 63
Ryl > IREBURI K THR 2 25 2 B AR BB a B SRR S Al B K dBZ [ER
ENEE DN EEEDINE > BT AR T Y &5 ZE 0D E A 3 - (e 30dBZ BA
T o BURIAYEDR N TEERAY[ELE > S IR (A1 T e -

N\ Calibration : Frequency Matching Technique

NCAR

Considerations

- Tiles are larger than typical model storm position errors.

+  Method takes advama% e of inherent structure of storms (i.e.,
large values encircled by smaller values).

« Time-tapering via statistical analysis.

- Function of time of day. 0 15 30 40 50

Reflectivity (dBZ) Bin-by-bin
H processing
Key Tuning Parameters fetart
+ obsBias & climoObsBias 40 . 4000
T 200 . QObs - Model
+ taper 9 ey 3000 2
Q . =
. s 0 . =
+ maxBinMoves . % 2000 0
@ -200 2" P . £
. P 9 i o . ull from lower bin o
minRafio. maxRafio O -400 '.. @ Push to lower bin {1000
+ pctOverThresh, calThresh 600 Bin Shifts s, .
Aviation Applications Program Research Applications :
Laboratory 0 15 30 40 50 —

AOAWS-RU Training 2022 © 2022 UCAR. All rights reserved 12

63 * BFERELEHAIT -

(=)EEIE
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UGB H AL EREAIE 64 © SMEEE A TR E Z I AL E (IR =5
AW INLARIE - A E E R B IE 772 (5 RS B ﬁzﬁ&m&%ﬁ&%m
(BB EGEREE R SRR (2) B ERUIRFIAR R ~ (3) eI TR ST -

N Lagrangian Location (Phase) Error Correction

NCAR

Position errors are determined by comparing model and ext@polated reflectivity.

Benefits: oL O A A L A -“.
1) Vectors move with storm areas & g
2)  Less distortion of storm shapes
3)  Improved skill

Date : 20100718, Times : 00-24 Ndays : 04

—— Model
0.15 —— Static PC
Lagrangian PC

Lead Time () Aviation Applications Program Research Applications

Laboratory

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

64 : AASEHH I EELL -

(P9 A P SR A0 15 oo A A S PR R R
EES i35 (Fraction Skill Score, FSS)&HIFHTEEHIEN - S FF &R
{ERYTEER 28 A e BN LS > BT | SoRTHEREGESE - 20[E] 65 -

N\ Relative Performance
NCAR
50N - Fractions Skill Score (FSS)
Roberts and Lean 2008
40N — F55=l—l Tz 1{P1—P :
N AR D A
AFSS = w FSS,
30N —
Weights Computation
vy = (1-AFSS,)/AFSS,

120W 100W wW )
0 o0 80 Woe— W= 1—W,

N O FSs

0 01 02 03 04 05 06 07 08 09 1.0

Used to compute dynamic weights and background weights.
V,= extrapolation skill transform, v, = model skill transform
|at|tm Applﬁm%ﬂgﬂpaﬁl '%‘!EE‘&’;S‘T‘HFA?;}?&%O 40 dBZ
= functiomatiime of year (hlgher thresholds get more weight in summer).
AOAWS-RU Training 2022 M 21 day period.

65 * A FHERISRMT S A TH A TR R -

>

W& 66 > (] FSS SHETHESMT > AT EAE EIE FSS #EE 30 A HAVE
fiz% - T EEIE R PR Ry 20  CTREC SMETEHIZRIRAE 3 /NEF IR e A AR -
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B P E RS BRI G FRET I MIE A Z F3R - 5 FSS #EEHIE] 60
NE - APMETANZER B G 2 IR/ NRFHIRFH] ©

FSS 30 km vs Lead Time .
FSS 60 km vs Lead Time

66 * HNIEEBLFHEATHHA FSS {HREHFHEAE

(T)EtEEIREFEE (B 67)

BERABREMEE © B = UREEE (Background Model Weight » BW) » BEETH

HRAERF TG A - FEER 0. 5 BBz UL M A TR AR 72 & (YIS LRl - JEl & 414a

fEEE (Storm Initiation Weight » SIW) Rl R AMEHEE - FEHEATHER 2 A HEE

Fé R EhRERE S - MEEERVETRAAEARE FSS» R GatE 2 BV 2471

R = R EEEEEAE &R - 1 DV 2% 18 RAVRHE -
N Heuristic Dynamic Weighting

NCAR
constrains adjusts
_constrains__ adusts___ gy
Background Model Weight Dynamic Weights (DW)  Storm Initiation Weights (S1Wrnoqe)
10— ;
08
::n 0.(7.
§ 04 !
02 ! Skill
crossover
00 L]
o 2 4 L] 8
Leadtime (h)
Hourly issue times & 60
- - - min lead resolution Aw = F(NWF’ uncertamty)
= Weight computed from Fractions Skill Score Multiple thresholds
= BW and DW computed once per day 200 km avgs using 50 km
+ BW based on performance over entire domain and sampling scale.

last 30 days
+  DW = f(x,y,issuetm,leadtm) and is based on
performance over last 18 days

SIW is a function of model forecast uncertalmlfé}{lon Applications Program Research Applications

Laboratory

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

67 : BYREIEERTH

FEAA [E WA A RS S [R5 [l ey Pl - m] DAZE A el 1% S B TH
o (EEATEERE R EAE 68 FEER - AR AR g R LD
FERANSNETE » SRR & B AT YRR (B fi F 5 - B TR S At
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FRU R PFAT
R Adjust Blending Weights Using Model Time-Lagged Ensemble (&}

NCAR

Extrap & NWP Prob 2.5 hr fcst Blend & NWP Prob valid 18:30 UTC

* Precip intensity (gray-orange scale)
+ Contours: Model Probability of Convection: 5,25,50,75%

Note: Model Prob = Probability of Convection - based on time-lagged ensemble of calibrated HRRR
forecasts of VIL and ETOP.

Aviation Applications Program Research Applications
Laboratory

68 : ﬁﬁﬁ‘ti_ %\&uﬁﬂ%& LR

FIHER—E B ERHETARET (B 69) » B EBIMEZE » SRR R ALAR Fyfs
THH - B AIROREEEE - DL 35dBZ Z%F%TE HE R THEREE S A I 8L
(Critical Successful Index, CSI) > FErnAFta M K FH 8 28 e (B 1Y 25 2 0] Ky [
Bk > IERETEERAVELRI o o] LB BIME AR TEERRE JIEATR/ NEFER R > FETH
el 122 4 /NI U (B AR S E BUARYFRIR v AR =(THH 6-8 /1
(5 o (REETE (Bl as ) T TR T B BB A Z IR (EAVEL(E - 7T DASSERANIE &
FERF M fmEE e g & L7 EESRER e E T ERNEBRE ROHBGRE - 75
4-3 /NEHRERFE BT 1 i R A E B A RIAE AR /N A B Ak (o Rz & AN
2-8 /NFFRIBAE S -

threshold = 100

05 threshold = 100

extra_0-mit100 25
04 ncarl__NWP_100-mit100 20

ncarl_P_100-mit100
03 blend_i_NWP_100-mit1 1.5

8 4
0.2 1.0
01 08
00
0.0 0 2 4 6 8
0 2 4 6 8 Lead Time (hr)

Lead Time (hr)

[& 69 : SMEAEAE B K fm iR TR R A TR AE T PR
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t RGeS IRARTS (CSS-Wx) Z HEESEE

AERAE 5 NCAR /1 4ARE et H 22 R & (0GC) fih e K- & CSS-Wx BRI s
HZERHE

0GC Ry AEAEZH AR - #848 500 {E ey B4HES - fR AR B FHUERAE - JF
AR RS 2 BRI = HATEYA 70 8 DAGEER AL T B 2 A »
78 SRR Py 3t 3 B A 2450 (GIS) 3 AR AR R 5 B — (28 H 2 i 248 (Next
Generation Air Transportation System > NextGen)EE ZEELREET o

R - AR EHIERER AN B » NextGen 18 2 MpS B A
LU 3 7 - e AT 5 %5 (Web Coverage Service » WCS) ~ ARE s (Web
Feature Service » WES) s 4E&h &R 75 (Web Map Service > WMS) o WCS Fe k¥t
A EE R R > TR EE LFEECER > #5520 NetCDF GRIB2
GeoTIFF JPEG2000 ° WES Rt s st B SR ThRE » AERLER S 2 AP LA AGE R
%205 Geol SON %5 FeatureCollection #3{4 WS RybeftihlE @& - FHEE
EZER > BGRERE A B GIF ~ PNG ~ JPG ~ TIFF ~ SVG Kz WebCGM -

FFEBMEE R E RN ETRAEERRSEEE > WCS ~ WFS K WMS ERMEEE R
Z340 Unidata THREDDS~GeoServer ~ArcGIS~MapServer ~Hexagon ERDAS/LUCIAD~
DigitalGlobe ~ Panorama ~ rasdaman & OpenWeather °

WCS #Z%00EEEA GetCapabilities ~ DescribeCoverage Kz GetCoverage °
GetCapabilities Aol{#{EIkes WCS ThREMEHL » 40T FHERIFIFR ~ AR WCS #21F
K S8 ) DescribeCoverage B RESFEER 2 B E (netadata) » ZNEHK
st ~ B R 22 R lEIg RS2 Rl RS X GetCoverage Rz Rt ol {H & &4
B R FEZ O SE -

WES #%00EHR GetCapabilities ~ DescribeFeatureType ~ GetFeature K
GetPropertyValue ° GetCapabilities Ay[o[E{aAkes WES Thaeflatl - 40m] FHER}
HI|Z% ~ R WES #0E F 285 - DescribeFeatureType BEESEEREEER
FER AR Bl BH - IRt e 2= P i [ S S FF i A4 =X - GetFeature Fy[olf#
ERER - WL FE GRS ST E 75 K Z R - GetPropertyValue FsLAHASEH)
FEA OEAAHERZ NS -

WS % o0 #E /E B GetCapabilites ~ GetMap K GetFeaturelnfo -
GetCapabilites As[ol{#{EIREs WIS DhEEMEAL - 400 FERIFIFR ~ AR WS #24F
AR - GetMap R PAEIGIE A OIEE R » WPUFRIRR RIS KT a K2
PR - GetFeatureInfo AlolEA RIS E G Z B R B R E & > W0 EEHRE - WA
B G E G - B E M G R B L E T ANETHUA A E AR 28 - WS A & RHE 70
TEEE M _F A s & R DA 5 =R & -
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pow B TN A i  r aks_p_snh g Vwiiy_rap. W

The G Frsbees Wagr Wewn Treh Covvrwer Mg

(& 70 : EHhE EEREE R -

J\ AOAWS-RU Z 47 22 pE 28R

ERPRE S A (Input) ~ B (Output) ~ FEEAS (apps) ~ LAFE (work)
K HEE(LOGS) - gy At HH B RHE = A/ 2 S04 (ICD) B %% JERTES N A 1E
G~ BOEE  fE S8 R &SR 22 7 E RS - LOG FZKECE: R4 TV EE) - fik 1CD>
B REAE 71 -

[]cralg@aoawsrUZ /aoawsru?2 d1]$ 1ls /datal/input/
[]cralg@aoawsruz /aoawsru2 d1]$ 1s /détal/input/wff

[]cralg@aoawsrUZ /aoawsru2 d1]$ ls /datal/lnput/radar

[]cralg@aoawsrUZ /aoawsru2 d1]$ ls /datal/lnput/radar/cwb

71 * AOAWS-RU S4B 4ERE -

H ARG R G R AR A EEIRY H R ERETREER X
REVR LR RS THRR - AR IUF 1L EIER: - ARG DRI —(ER AR
ﬁﬁ%ﬂ&%@@.-¥@%%&HE%%ﬁ%E$HEZ%@%?HKW%E
R IERIEES « ErtEE AR & AN EERUARE fo 3 M R B G 2 I =h
17 > BIESIL S RO TS -
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= NN E Y -E-t

— FEERE SRS MR DR ERTOR RIS

(—) SR T SRR 0 TR 5 I S I R SR e
e -

(C)UVERRAEPRCR I TR SREAGICE » ARG AR -

T HERERS I RS R - RS RN ARG
HLHIZR R i S R R OB S - R SRR

HTAZE RSB R T SR B RIS K 2 1% R R A

St > DU E R R TR BN S, S RIS ST

= HEECERERARNERR DL (NAR) RETEER B -

(—) BRI AT RS R A R UL, B R R
BT R A RS » HE NCAR DB BHIE P K U R T
BEERRSTHT » ERAUARF AR RIFRAE » IR ATEE TR -

()3 NCAR 73340 5 01 508 0 L B S BB SRR MUK (DA B
WA GBI -

(=) WA B REEFS SO - SR A5 T WRALHREA T % H 2 Bk R AL
Zh 4 AH ARSI R -

{f. BfFgk

— . AOAWS NCAR Graphical Turbulence Guidance System (GTG) and Graphical
Turbulence Guidance Nowcast (GTGN) f&#Hx

. AOAWS Short-term Prediction of Intense Rainfall and Echotops
(ASPIRE) fifj¥#
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