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9/3 0800-1200 | Dan Adriaansen Lecture and supervised hands-on practice:
Introduction to product verification -- IFI
1300-1700 | Dan Adriaansen Review of production verification and
hands-on practice + Q&A -- IFI
9/4 0800-1200 | Ken Stone Lecture and supervised hands-on practice:
Josh Lave Introduction to product verification --
CTH/CDO
1300-1700 | Ken Stone Review of production verification and
Josh Lave hands-on practice + Q&A -- CTH/CDO
9/5 0800-1200 | James Pinto Lecture and supervised hands-on practice:
Jeff Hancock Introduction to product verification --
ASPIRE
1300-1700 | James Pinto Review of production verification and
Jeff Hancock hands-on practice + Q&A -- ASPIRE
9/6 0800-1200 | Bill Petzke Lecture and supervised hands-on practice:
Introduction to product verification -- C&V
1300-1700 | Bill Petzke Review of production verification and
hands-on practice + Q&A -- C&V
9/9 0800-1200 | Greg Meymaris Lecture and supervised hands-on practice:
Jason Craig Introduction to product verification --
NTDA
1300-1700 | Greg Meymaris Review of production verification and
Jason Craig hands-on practice + Q&A -- NTDA
9/10 0800-1200 | Hailey Shin Lecture and supervised hands-on practice:
Jason Craig Introduction to product verification -- GTG
Wiebke Deierling
1300-1700 | Hailey Shin Review of production verification and
Jason Craig hands-on practice + Q&A -- GTG
Wiebke Deierling
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9/11 0800-1200 | Jason Craig Review of previous training courses --
Dan Megenhardt Shared applications; CTH/CDO
Ken Stone
1300-1700 | Dan Adriaansen Review of previous training courses — [FI
Dan Megenhardt
9/12 0800-1200 | Wiebke Deierling Review of previous training courses --
Hailey Shin GTG/GTGN
Jason Craig
1300-1700 | James Pinto Review of previous training courses —
Sue Dettling ASPIRE
Dan Megenhardt
9/13 0900-1200 | Greg Meymaris Review of previous training courses —
Jason Craig NTDA
1300-1700 | Bill Pezke Review of previous training courses -- C&V
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(—) IFI /48 :

TReFT 5K (In-Flight Icing, IFI)%?‘_&T’?%EAﬁﬁ%iﬁzﬁﬂﬂ’ﬁfﬁ%ﬁ%f/ﬁz— ’
HNERETEARERN 0°C ZIRRREAS /KR - & RIEE B2 7K 58 & %
¥ E IR AEIK > BE/CR R G R EEER R RY T TRV IN S IR THIFH T -
%ﬁ%ﬁﬁ BRI A2 -

B A 7K AR EE 28 100 microns (=1mm)E[I7E £ £ SLD (Supercooled Large
Droplets) » SLD 75 Z £33 FIZECABRRAIRAVERIK » [(EE S AR i -
WIE 1 -

Supercooled Large Droplets (SLD)

l ~

Cloud Drizzle .

ol (B A [ SRE A
Sizes Sizes

0 25 100 500

Microns (1 micron = 0.01 mm)

* Graphic not to scale
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(=) TCIP2 & TFIP2 :

EF I RPN E F 0 (National Center for Atmospheric Research, NCAR)
FIFHELA BT /K BB 22 S AR K TRERZE i 2.0 ARAR(CIP2 & FIP2)B 38t — &8t ¥
=B HIE /KR 2 B M TH R 2 n(TCIP2 & TFIP2) » HATESEREE -

BN AR /K2 A 5L 2.0 R4S (Taiwan Current Icing Product 2 - TCIP2)FI|
HAS A H 2% 9 St El:g‘“r'ﬂr(Himawaﬁ 9) ~ &35 METAR &} ~ B2 KIEE
B~ R - BEFERFETEE - HERIIFHY SLD &8 - FR/KEAEN
PR R RS VS, - E 2 -



(D1/2/FIR) ?"

» +Radar, Lightning (DFIR) ;

* Three outputs- Icing Probability, e
Icing Severity, and SLD Potential probabiity

* Runs on isobaric model data

* Fuzzy logic expert system o

« Configurable output vertical 9 7| . ik

P .~ R Severity
levels . W 2
5 5 ; T - |
* More information can be found & :

in 2021 AOAWS-RU training oo

2 : TCIP2 f§4}

BN [ AR /K THE S fh 2.0 R4S (Taiwan Forecast Icing Product 2 - TFIP2)FI]
WRF_D TR ERHETEE » R ARATRE K MR THH - FRU/KIRETER -
SLD JEEATHER e o - Y& 3 »

*+ WRF_D Model Input sy
* Three outputs- Icing Probability, #
Icing Severity, and SLD Potential ® -

* Runs on isobaric model data

Icing an?” W-

+ Fuzzy logic expert system Probabilty .. Al | -
- Configurable output vertical . z o
levels
* More information can be found * e vlglr?tg
in 2021 AOAWS-RU training ...
SLD
Potential

3 : TFIP2 f& 1}

TCIP2 AV 49+& &i[EF Domainl  Domain2 ~ DomainFIR =f& » 22 @A
FE 457 Al By 15km ~ 3km ~ 3km ; TFIP2 $2 ftiV4gf& #a[EH Domainl ~ Domain2 Fyf&E e
e 4 -
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(1) Himawari-9 B03 & B05 channel » 74355 0.64um F1 1.6um - Fya] H
FERATALIMER EE » Sy BT ERVAESE ~ R R/ N R » AR H R
HRRE/K & B ROKIEEHHIAHAE -

(2) B03-B06 channel diff( H [£]) ~ B07-B14 channel diff(f& [&]) ~ H %55 554
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S EUHERH(METAR) ¢
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Satellite

METAR

Radar

LTG

Observations WRF_D Fields
B03 Channel (Day) TCIP2 Geopotential Height
B05 Channel (Day) Temperature

B03-B06 Channel Diff (Day) on

Shortwave Reflectance (Day) ! , Cloud, rain, snow, ice, graupel
B07-B14 Channel Diff : (DFIR) g Relative Humidity (water)
Longwave Infrared : ' Equivalent Potential

Vertical Velocity

\ /
;0'

rremperature
Cloud Base Height (Ceiling) i CAPE/CIN

Cloud Coverage | Wet Bulb Temperature

ZL,ZR, PL,RN, SN, DZ, TH | Precipitable Condensate

[ WRF_D “METAR” ] Supercooled liquid water
_______1 1-hr accumulated precipitation
itk vt : Total Water Path
| Radar Reflectivity e ([T)':;gg) I | Lifted index
;:::::‘_'_‘_‘_‘_‘_'_‘_‘_‘_'_'_‘_'_‘_‘_‘_'_‘_'_‘_‘_‘_‘_'_; ; §T0t3| Totals
i Lightning strike count 1./ : | K-Index

i Lightning strike location i Relative Humidity (ice)

24 UCAR. All rights reserved

5 : TCIP2 & TFIP2 iy A &M E S

TCIP2 & TFIP2 JEBATEHANE 6 HMARHETT -
l.

HETRSEE  HAZEAMET T —F » MBAIFRRERIKSE A TTRENE -
HrpZEHYHA R 50 7 - TCIP2 DA 2 MEHE SR RS B R HETETH S
& » &#EEM METAR WfEEIHETERSE - &ZEDEAEEERIAEER
FE5 A DUHE B EATERALE - TFIP2 2 M EEAMEEEAE
ERMNEHESE EREX - EEMRTEUES -

Hgr /K FESE G #E A Scenario Decision Tree S ELE » FR/KEEAEATHER ~ SLD
SR TEEL  FEKIVERE Y RIA AR EINTETE S8 > i TCIP2 A1 TFIP2 ELHIKI
BUEBEE RS EEE AR - 200E 8 ~ [& 9 -

&% Scenario Decision Tree JHE A 2 1% » /T X ESHNIREE TR » 400G -
FEfEZ R BOEERT » HMAEIE RS A X E s
NEFEAKEET G ERENEHGER o f%gE HEKE SR
SLD &4 V834 ~ FEKs8EE4E R » B8 TCIP2 FEVKRIHRF 2] TFIP2 f&
JKTRERZE i ©



5 | BRNCAR

Generalized TCIP2/TFIP2 Design

Read
Inputs

Surface Scenario
Cloudy? [—— YES --p Precip Type ri--pf Decision
(FIP2) Tree
J
! I
¥
NO f Aol 4
I FEZpZy Calculate Adjust
Logig Icing Icing
No Icing - J
Final Icing

© 2024 UCAR. All rights reserved.

6 : TCIP2 & TFIP2 JHE 2

Identifying Clouds in TCIP2/TFIP2 (3 (@)

Search for
Cloud Top

TCIP2

TFIP2

Satellite coupled with WRF_D
Temperature profile

Gradients of WRF_D
THETA-E, RH, VV, Condensate
+ Thresholds

\ 4

METAR Ceiling +

Search for o = A0
Cloud METARIRadar precipii=ton. Set WRF_D RH Thresholds
to surface if precipitation =
Base
present.
v
S h fi
earch for
Cloud WRE U TIEGIs: WRF_D RH Thresholds
Radar Reflectivity =
Layers

ed.

7 : TCIP2 & TFIP2 ZEJg #[FIiH L

Scenario
Decision
Tree



BncaR  Scenario Decision Tree for TCIP2

Icing Probability

SLD Potential Icing Severity

No Warmnose Deep

Cold Rain

I

1 1
1 1
1 1
1 1
1 N 1
[ Convection TAAEE] ! Convection
: Precip :
LLET : Up[:_E:yC;Iroud : Below a Precipitation
Precipitating | o No Warmnose I Precipitating
1 Collision . 1 w/Warm CTT
Cloud : Coalescence Other Precip : Warmnose
o 1 Non- 1 Above or
bserved ! L ! Within a Precipitation
Snow ! Precipitating | Precipitating w/Cold CTT
| Cloud 1 \__ Warmnose
1 1
Not Below a ! ! Non-
Precipitating \ Obsserved i > Precipitating
Warmnose ! oW ' Cloud
- - J
! 1 ——
Below a | Below a I
Precipitating : Precipitating : —> Obsserved
Warmnose 1 Warmnose 1 How;
' \ J
© 2024 UCAR. All rights erved. 12

& : Scenario Decision Tree for TCIP2

BncaR  Scenario Decision Tree for TFIP2

Icing Probability

SLD Potential

Icing Severity

Deep

Cold Rain

I

1 1
I 1
I 1
1 1
1 1
Convection ! Convection ! Convection
1 1
1 1
Rain, Snow, Below
No : Freezing Rain, or : Precipitat?ng Precipitation
initati Ice Pellets Below
Precipitation ! P ! Warmnose w/Warm CTT
I 1
| Drizzle, Freezing 1 Above or
1 Drizzle, No 1 ithi T
| Precipitation, No I Wllth_m a Precipitation
1 Warmnose, or 1 Precipitating w/Cold CTT
1 Above a Warmnose 1 \__Warmnose
1 1
Rain, Drizzle, : : Non-
Freezing Rain, . q
Freezing Drizzle, | 1 [ Precipitating
Ice Pellets : : Cloud
! 1 ——
I 1
I 1 L,| Observed
! ! Snow
I 1
' \ J

© 2024 UCAR. All rights reserved 13

9 : Scenario Decision Tree for TFIP2

(=) TCIP2 & TFIP2 £k

%1l (Contingency Table) 3t Ry SR 52 o FIAY—RERc SR 575 » fah RliHl
BEEEFBESOCAZEIFIEE - 48 HTERBEGERE - EEE)EOHES
FIE(E - ETHEER R - WERENTESIPINE - ER Kad Hits) ; FHHK
EZA RN - MEPEEAESIPIE - E 8 KR Misses) : THEEATIFIE
M EPREAN A EIFME > 38 RS & (False Alarm) © FHAREIZAEIPIME - H
PR 2 A EIFIE - EF A PEIERE(Correct Negatives) » 415 1

10



A
(Observed) Y. N
e o o
Forecast) =PI <Pl
Yes Hits False Alarms
= P E () (&
Ngﬁ MIS; De > Correct Negatives
<fIME(E (FER)

% 1 BRI

i EaEt R ISR > AT DS EI LU B IHEHE

{mf% 1557 (Bias Score, BS)
Hits + False Alarms
~ 7 Hits + Misses
FEIETE O FUHRIRA [ > SR THE Yes FBBLH Yes (ULLH] » >1 Sl
T > <1 oA e T ©

AT {E 4% (Probability of Detection, POD)
Hits
Hits + Misses
#EE 0 2 1 2/ » TRl Yes B THER FIHYELG] -

POD =

237°% (False Alarm Ratio, FAR)

False Alarms
Hits + False Alarms

HEAE 02 | 2 oA 2/ VEEBIRITEER Yes B EHEHR -

FAR =

TEJK 1557 (Thereat Score, TS)
G = Hits
Hits + False Alarms + Misses
SR Bl SR TS 8 (Critical Success Index, CSI) » HJERRTE# K BUHI S ok 22
FIRERRIL - AT R R TR Y IE R -

$1¥f TCIP2 & TFIP2 1% > (11 T A (MR (POD)E (EFE1E - HffIn] LATH

s —(EFIEE - ETHEAEAS B E B E - BIREEE - 40E 10
THHERAIFIEEAE>=0.1 - BUAEIFIE(E>=6 - ST B84 - HER A LEE
TR - BERR2ER - POD BERGET | ForBEAFRI iy - ERdsiet

11



AT DU T R I A o [ s B e BEURE R 4l 11 ~ [ 12 -

@‘ B NCAR Scoring Forecasts
MPR_ID FCST oBS — Contingency Table
1 063 7
5 025 5 Threshold Rules
i P applied to FCST
3 0.72 5 and OBS. FCSTyes FCST,,
4 0.88 7 OBS 5 0
5 017 6 OBS | 2 1
6 0.02 1 YES
7 033 3
. = . FCST >=0.1 FCST,,, FCST_
OBS >=6 OBS ,, Correct Miss
OBS False Alarm | Correct
10 : FTHE A3 AEHIPINE(E
O | mncar Gridded Verification

FCST/OBS Pair

OBS 7

FCST 0.63

“Matched Pair’ (MPR)

11 © B AR o ] B

12



& | mncar Point Verification

FCST/OBS Pair

-» | OBS Yes (1)

------ e e mm spe| MEST 0.63

“Matched Pair’ (MPR)

12+ BRARCER

T POD Z4MuE[LIIAZREH FAR §9%EsT » 835 POD 14H &%
False Alarms ZE{EH15) » 4R [FEHFZ POD fI FAR » [ 1 B DARTE A
VKR TRV IERER - R RTE SRR AR -

(F9) TCIP2 & TFIP2 FES AR ¢

TCIP2 & TFIP2 &5 T E{#fFH MET (Model Evaluation Tools) * MET {4FH
NCAR ~ NOAA ~ EEZE HE B 17 1K - B THER A 24 python
TEF#ETT - [HR a2 Rl B R BRI python AYRCAPRS] » M I =R
BRI SZ IR 0 ER MET v]DLETTE B ERHE DL FER i A BGE U ZHT &R
S - JIE 13 -

BRI E — S im BN SR e E E - IRENEEEREB
python f2 /7 #EF] MET ERHEF » FLoras SRR St FanB N E RHEl T2 7
MATERENL - EHFEENEES - £ 0 RETHERE R & python F2f7H#E
F| MET &fpEH » HP ] DIATTETSEEE 5 B =00 A4S A =
ERMEERHE TR RIS R - WIEl 14 -

13



\

\E’ython
Script:

In-memory data handoff
Limited by Python specs for
linked Python version

e Custom Python libraries/install
e Invokes write/read of temp data

© 2024 UCAR. All rights reserved. 14

13 : MET F1{#4 python F2FEELER

General Workflow

‘ Radiosonde Only ‘

Python OBS
Reader

()
=
@
et

©
wn

METplus
Config
File

METplus
Python
Runner

MET
point_stat

Python FCST
Reader

© 2024 UCAR. All rights reserved. 5

14 : ] MET B TEREE

(F1) SEEM MET #4T TFIP2 £k

1.
2.

#H 8 CAESEE A aoaws].ral.ucar.edu

AT GBI E R A

mkdir ifi_training

HEF ifi_training ZOR}AE
45 MET g2

In -s /home/dadriaan/training2024/git/METplus-5.0.1

Is

14



5. 1F ifi_training &} HEHEETT config 1 data E} A

mkdir config

mkdir data
6. 4% python3

In -s /datal/work/ifi/dadriaan/installs/miniforge3/envs/training2024/bin/python3
7. #{T MET 22 - 40E 15 -

python3 ./METplus-5.0.1/ush/run_metplus.py -c ./git/ral-acaws_ru-

icing/config/fip vs nasa_grid_stat.conf -c ./config/local training satvx fip.conf

‘ese dadnasn — dadriammSacemarul —M\_traming — 13h Y Gadramnd soemary 730 sca eds — 16341
top - 20:31:18 up 106 days, 2:43, 42 users, load average: 1.19. 1.55, 1.2

Tasks: 1839 total, 3 running, 1836 sleeping, 1 stopped, @ zombie

%Cpu(s): 7.5 us, 1.0sy, 0.0 ni, 91.2 id, 0.1 wa, ©.1 hi, 0.1si, 0.0 st

MiB Mem : 514884.3 total, 2332.0 free, 11718.9 used, 500833.4 buff/cache

MiB Swap: 8192.0 total, 6151.8 free, 2048.2 used. 498973.7 avail Mem

PID USER PR NI RES SHR S %CF MEM £+ C
330810 meymaris 20 © 29.8¢g 5.5¢ ©.29 S 791.8 1.1 422:05.58 MATLAB
4116830 dadriaan 20 @ ©8.7g ©.2g ©.8g R 188.8 ©.8 ©:84.29 grid_stat
4117212 hschen 2 o 0.5¢ ©6.1g ©@.1g R 43.4 0.0 0:01.53 python3
3212 polkitd 20 @ 2.6p ©.29 ©9.899g S 18.2 9.9 295:97.29 polkitd
473043 root 2 @ 3.59 9.5 ©.19S 17.0 0.1 1394:16 pmd
3225 dbus 2 e 8.1g ©.89 ©.09gS 5.0 9.0 163:45.72 dbus-daemon
3312 root 2 e 0.79 ©.1g ©.1gS 3.8 9.8 1706:18 tuned
328428 meymoris 20 @ 1.1g ©0.1p ©0.89S 2.5 0.8 1:47.43 emacs
4117224 dadrisan 20 © ©.3g ©.8g ©.8g R 2.5 9.0 ©:00.15 top
4115893 root 2 e ©.8g ©8.899 90.8g1 1.9 9.8 ©:90.21 kworker/u257:2-rpciod
2359626 root 2 e 0.49 ©6.89 ©.89S 1.3 0.0 1:10.52 sssd_nss
4111964 root 2 @ 9.8g ©8.29 ©.891I 1.3 9.0 9:00.38 kworker/u257:4-nfsiod
1 root 2 e ©.29 ©.89 ©.89S 0.6 9.0 1528:47 systend
3221 avehi 2 e ©.1g ©.89g ©.8gS ©.6 9.0 17:15.35 avahi-daemon
4315 root 2 e ©.79 ©.8g ©.89S 0.6 0.0 13:25.83 rsyslogd
4698 gda 2% e 4.5 ©.e9g ©.09S 0.6 0.2 16:56.55 Xorg
4977 gda 20 @ e.8y ©.89 0.8gS 9.6 0.2 4:30.74 gnome-session-b
5204 gdm 20 e 7.9¢ ©.1g ©.89S 0.6 0.0 168:20.25 gnome-shell
34079 aocows 2 e ©.1g ©.99 ©.09S 0.6 9.8 6:56.44 Edr2Symprod
327798 meymaris 20 @ ©.2g ©.eg ©0.09gS 0.6 9.0 138:00.24 sshd
3446077 jhancock 28 @ @.49 ©.89 ©.89S 0.6 0.8 1:13.62 gio
4089318 kstone 2 e @.49 ©.89 ©.89S 0.6 9.2 0:00.24 gio
2 root 20 e ©6.6g ©.89 ©.609S 0.0 0.2 1:22.86 kthreadd
3 root e -20 ©.0g ©.8g ©.9g1 0.0 9.2 ©9:00.89 rcu gp
4 root ©-20 @.eg ©.eg ©.8g I 9.6 9.2 ©:00.88 rcu_psr_gp
5 root 0 -20 0.8 ©.09 @.8gI 0.2 9.8 0:00.00 slub_flushwg
7 root e -20 ©.6g ©.09 ©.09I 0.0 9.2 ©0:00.00 kworker/e:8H-events_highpri
11 root @ -20 0.6 ©.89 ©.89I 9.0 0.2 0:02.89 mm_percpu_wq
12 root 22 e e.eg ©.8g ©e.89gS 0.8 9.8 0:00.80 rcu_tasks_rude_
13 root 20 e 0.0 ©0.89 ©0.09S 0.0 0.0 ©:00.80 rcu_tasks_trace
14 root 2 e @.69 ©.09 ©.89S 0.2 9.8 1:59.29 ksoftirqd/@
15 root 26 @ e.0p ©..9p .89 0.0 0.2 157:87.28 rcu_sched
16 root t e @.eg ©.8g ©.8gS 0.2 o.e :01.89 migration/@
17 root rt e e.eg ©.8g 0.09S 0.2 0.0 00.87 watchgog/e

& 15 * MET k{7

8. &I LAEITHE AV E RIS fin i T MET 12/77HY log MIFERAVASR - 4T0E
16 -
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‘soe dedrisan — dadriaangecewsryl ~fi_training — ssh -Y dadrisaniecewsryl rap ucar ads — S8s24

S Grenit - Teneg - 18 Y SasesmEacemy . rm viar 00

DEBUG 2: .

DEBUG 2:
DEBUG 2: Processing ICE_PROB/P60@ versus icing/P618-590, for observation type ADPUPA, ov
er region FULL, for 1nterpolat10n method MAX_SQUARE(64), using 10 matched pairs.

DEBUG 3: Number of matched pairs = 10
DEBUG 3: Observations processed = 367900
DEBUG 3: Rejected: station id =0
DEBUG 3: Rejected: obs var name =0
DEBUG 3: Rejected: valid time = 298432
DEBUG 3: Rejected: bad obs value = 10678
DEBUG 3: Rejected: off the grid = 57822
DEBUG 3: Rejected: topography =0
DEBUG 3: Rejected: level mismatch = 958
DEBUG 3: Rejected: quality marker = ©
DEBUG 3: Rejected: message type =0
DEBUG 3: Rejected: masking region = 0@
DEBUG 3: Rejected: bad fcst value = 0
DEBUG 3: Rejected: bad climo mean = @
DEBUG 3: Rejected: bad climo stdev = @
DEBUG 3: Rejected: mpr filter =0
DEBUG 3: Rejected: duplicates =0
DEBUG 2§ Computing Categorical Statistics.

907,8 98% |

& 16 * fmifhgss R

FEETEARKIL A4 LRI » ERRFSRE AR ~ BB TR
EAE > JHFHEAT FVIES  (HEIEARGUREE Y -

16



— ~ FHEBURETALIEE (256 4 bR - W ERLRERALIES [ R HE

#H(GTG4/GTGN)

(—) EBMERLREFAILIS5]5E 4 FR(Graphical Turbulence Guidance System
version 4, GTG4) :

P EEMIER 2T GTG4 A domain 1 & 2 WifEZE[E R » 73 AlfEA] CWA-
WRFD1 & CWA-WRFD2 Fy&r B GTG4 gL FH#EE i > RIELAEAT S AT WRF
model FH[E] > domainl £ 15 /N E -~ domain2 A& 3 /NH > F H 4y @i i
1000~450001K » 45 1000 IR L4 —2¢ » S2grHH 100 IR GIEHIE) ~ 2500 1K4(925hPa) -
4800 IR(850hPa) - f #4145 5L fy GTGMAX » £ domainl &5 A 22 @l
( Clear-air Turbulence, CAT)FILIE5)7 (Mountain Wave Turbulence, MWT) ; ¥/7i £
405 |25 1Y &L (Convectively Induced Turbulence, CIT)## & K EIR/N » FrDUELE
domain2 FEHL > ERIEIEE 17 -

& | mncar Taiwan GTG4 System
» Taiwan GTG4-D1 » Taiwan GTG4-D2
NWP model: CWA-WRFD1 (15-km grid spacing) NWP model: CWA-WRFD2 (3-km grid spacing)
Final Output GTGMAX = MAX(CAT, MWT) Final Output GTGMAX = MAX(CAT, MWT, CIT)

GTG AX 3 valid at 09 U czozmau FL340 GTGMAX 3 valid at 09 U' czonn 74 FLsao
IED szuzsn 1-h um| LGT Vo (in lED L330350 1-h Umn]LG Vo

» Horizontal grids: Same as horizontal grids of the underlying NWP model
+ Vertical grids: Every 1,000 ft from 1,000 ft to 45,000 ft; and 100 ft, 2500 ft (925 hPa), 4800 ft (850 hPa)

& 17 : é?/%*@ﬁﬁ Eﬁ GTG4

(Z) GTG4 Kk -
GTG4 B FHVEBDHIE AR A -
1. TATA ByRITH Bl EH(IATA in situ EDR) °
WA o 1 5088 - &Y 12 N H > SCBR N S AR AV (EFIR R (E -
2. KERITEHIELR TS (PIREP) » [A/fLL EDR %K
¥ AR TR (A B737) 20
BT LY EDR P8 {E & 0.15
Hh LT HY EDR P8 {E R 0.22
sRZUEL AT EDR FIfEE  0.34 -

17



3. NTDA &R - AHHERE Y CIT -

BRI BRAY R GTET » (] 7 P4 E 375 (Mean Absolute Error, MAE)
FHIMEER 7 (Root-Mean Square Error, RMSE) ~ g7 (BIAS)E 574 » S5{#EH POD
F1FAR E{ERERAVIEEE - 513 ROC [f4RFH POD Al FAR Z [EJHYREMrEH (%

FERSEER AT ER 1) - DL ERL EELAR(MOG turbulence) £ - & P E
RINFR 0.22 hForBLR %4 - HZEA TN EIRD S —(E hit - POD A
AR AT A EREAIEL R - POD HepedT 1 A FHERRE JIT - FAR FARRIZI0H
[E TR AEAILEG] - FAR BUBEYT 0 - 3 THER D3 -

WilE 18 » s sl £y FAR ~ &l £ POD HY ROC 4Rk GTG 1T
FH - E AUC score B > BIHH4R MHYEITEROR » FoRBASLETEEF POD 78
BEREAT 1 f FAR BT 0 - GTG A THEIFRIALT & %5 AUC=0.5 » RRiZH
(EATTHERAE ] » BRAEIRRGE: AUC AT 1 -

AR Ry T &A1 THELHY EDR FIRG(EAERE - (ae I EsCERE - POD
FI1FAR 78RR - BRE % E ROC HERAVAE T A » R G THE &l
g UELR - BE BRI E - SRR IEK - ;X2 EDR PG {ER
TERME » SLETE(E ROC #hiéits B -

* ROC curve: POD-FAR for varying FCSTEDR,, .

“Perfect” (Area under the curve = 1)

~

I NCAR ROC curve and AUC score

(e.g., 0.34) o8l 07 | « CurentUSNOAA
- Low POD 4 //;/ operational GTG3 RAP
- LowFAR ol ' //(//\ i (20150401-20160331)

(AUC = 0.5) * Upper levels, 6-hr fcst

Low EDR threshold * PIREPS + in situ edr data

Probability of predicting MOG
POD

(e.g., 0.02) (693,379 observations)
il H!gh POD Individual diagnostics
- High FAR
0'%.6 052 l 014 ‘ ofe 0f8 ‘ 1.0
FAR

Low threshold

_ (Predict turb everywhere)

18 : ROC Hi4%

WE BN R 2 B o i > A LRI ENY GTG4 THHREE JI1E
domainl {1 domain2 E} G HHEEFE T » 40[E 19 °

18



» Taiwan GTG4-D1
GTGMAX = MAX(CAT, MWT)

Taiwan GTG4-15km, MOG turbulence

» Taiwan GTG4-D2
GTGMAX = MAX(CAT, MWT, CIT)

Taiwan GTG4-3km, MOG turbulence

1.0 - 1.0 —
AUC increases ~/ AUC increases Vi
0.67 =>0.73 / 0.75 => 0.80
0.8 7 0.8
0.6 Updated calibrations 0.6 //
é /// 5 rd
a / Initial calibrations adapted from & !
0:d those of US NOAA models 04 /
0.2 P 0.2 &
,// = GTGMAX_initial (0.6701) oF = GTGMAX _initial (0.754)
/,, —— GTGMAX_new (0.7325) / —— GTGMAX_new (0.808)
bl / —— random
0.0+ : 0.0
0.0 0:2 0.4 0.6 0.8 1o 0.0 0.2 0.4 0.6 0.8 1.0
1- PODN 1- PODN

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2024 2024 UCAR. All rights reserved.

& 19 :

(=) REKE—GTG4 :

GTG scoring run A DL 2K g b GTG HY TH Hi f5 77

G GTGA £HIEF

>y &5 SR 12 F A

convert_gtg scoring_txt2nc.py F1 compute ROC curve.py 2K #E {7 1% U fg B o
convert_gtg scoring_txt2nc.py /& GTG scoring run i H Y S FA% =0 HE 5 netCDF
1= > compute ROC curve.py RIJFZRETE AUC score #1 ROC pH4R -

LU 72 GTG scoring run g E 2R
1. RESE O WJLECERERIISHEERE ~ B aR R THERF R - fad
HIZE g5 - 40El 20 ©

# gtg run parameters
crunid
zsmin
Zsmax
start_year
start_month
start_day
end_year
end_month
end_day
ihours
fhours

' GTGARWRF_CWBD2

0.8;

45000;

2021;

07;

01;

2021;

08;

01;
00,06,12,18;
06;

414CITavg2l'; | label for output files

minimum altitude to compute .
[inun altitude to compute } Same as in GTG4 forecast run

?:V“r’_”" Time period to output obs-fcst pairs. You can either

ile:;:i: 1) Run a single scoring run for the entire evaluation period (e.g., a
ifyearmax single 2-year scoring run)

ifmonmax 2) Run multiple scoring runs and combine outputs later (e.g., 1 month
ifdaymax per each scoring run, 24 runs for a 2-year verification period)

list of init hours, e.g. 89,12,15...nitimes

list of fcst hours, e.g. Bé,l?,l&..,nftimes} Initial and forecast hours:

* Due to the sparsity of in-situ EDR reports available over the CWA WRF domains, it is recommend using at
least two years’ worth of in-situ EDR reports with GTG forecast outputs initialized every 6 hours at
minimum to use the in-situ EDR reports available as much as possible.

+ NCAR used 6-h forecasts, initialized at 00, 06, 12, and 18 UTC, for a two-year period between

07/01/2021-06/30/202

h a + 0.5-h time window.

Alonger time window, e.g., 1-h can be used.

20 : BESH

2. TEEWARVERIICEEZE - 41 TATA data ~ 572 ZREREVIEASE > 4008 21 -
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# assign input directories/files

fosgpfDir =h

‘D\S;gs;gi; :, : ' Directories for PIREP files from different sources

MFAgpfDir e We don't use these data for Taiwan GTG4
AFrgpfDir = . verification, so leave them blank.
monthlyedrDir =¥ ,; 7= Directory for monthly ARINC in-situ EDR files

[ IATAedrDir ='/datal/work/gtg/insitu_iata_nc_monthly/";]3= Directory for monthly IATA in-situ data
NTDAedrDir =''; D Directory for NTDA EDR files )
udeDir =''; J= Directory for AMDAR in-situ EDR files } Wefdor;t e tr:ese dtahta fo;‘Tan;van GTG4
nldnDir WAy } Directories for lightning files from different sources J V& caton. so leave them blank.
entlnlgtDir =4 .
nwpDir ='/datal/archive/wrf//3km/ |J= Directory for NWP forecasts
nwpFileFormat ='netcdf’'; | input file format 'netcdf' or 'grib'

[ config_name ='gtg.config.ARWRF_CWBD2-wmwt—cit_EqWts_trop-strat_CITavg2l_CATiata.dat'; [J= GTG calibration file
actypefile ='"; 3= Directory of a text file that contains aircraft type information needed to convert PIREPs to EDR
NTDAHGTFile =''; | terrain ht file to use with NTDA gridded data J= Directory for NTDA domain height info

b+ nwpDir: All NWP files (wrfout_d0*) for multiple initial/forecast hours should be in the same nwpDir.

21 fEEE A BRI

3. fEEmHATER - dfE 22 -

# assign output directories

cwdDir ='/datal/work/gtg/test/'; f : : z
ECotOUtDis =datal fwotk/ota/test FEcatie] 2 Directory to store GTG forecast intermediate files and/or final
PrintOutDir ='/datal/work/gtg/test/out/'; GTG forecast output files

PDFOutDir ='/datal/work/gtg/test/pdf calib/';

SCOREOutDir ='/datal/work/ata/test/score/' ;] J= Directory to store GTG scoring run output files

PIOutDir ='/datal/work/gtg/test/PI/"';

22 fEEmH BRI

4. EEBARAR/KEREEMEERER - MR TR E A ER
BT » BISSD o BaA —(ERLRSE 3L - a DUERRE A4S R
WePE AT ~ PR A Sk - B v e R R S oo AT - 2 23 -

* Setup “scoring options” = EORoES

rscore ﬁ
— Parameter settings to use IATA in-situ EDR I'dzscore
radius (horizontal) and altitude

# scoring options . &
g op (vertical) from observation to

rscore =0.; | scoring radius from observation (m)
dzscore =100.; | scoring altitude increment from observation (ft) be used to match obs-fcst
INCPIREPS =0FALSE. ; | use pireps in scoring,weighting
INCDALPIREPS =.FALSE.; | use NWA/DAL pireps in scoring,weighting Options to use PIREPs
INCANZPIREPS =.FALSE.; | use Air New Zealand pireps in scoring,weighting Set to .FALSE.
INCMFAIREPS =.FALSE.; | use Meteo France aireps in scoring,weighting
INCAFPIREPS =.FALSE.; | use Air France pireps in scoring,weighting
TransitionAltitude =18000.; | transition altitude to flight levels (ft MSL)
usewakeclass =.FALSE.; | Use wake/weight class to convert to edr } Options to use PIREPs
dptimef =0.5; | pirep forward time window (hrs)
dptimeb =0.5; | pirep backward time window (hrs)
lower_alt_limit =0.; | lowest obs altitude to use (ft) : :
upper_alt_limit =45000; | highest obs altitude to use (ft) } Opsewatlon amt}"des to OUtPUt obs-fest
pairs. You can either
rscore _ i i
> \/ « For each EDR obs, GTG scoring run outputs five types ) g:’é?:stt:bs fest pairs for altitudes of your
of GTGMAX values: average, median, minimum, x
(-A--X maximum, and the nearest grid-point 2) Output all altitudes and use subsets of them
horizontal « If rscore = 0 or rscore < grid spacing, the nearest 4 g, tropospherg. stratosphere) when
grids - grid-point values are used. compute verification metrics

23 BUERERE

pr SIS .
5. EIRGRE -

(1) EBIURERERK
mkdir —p /datal/work/gtg/verification_hschen/GTG_scoring/

(2) % input_file name.dat - GTGARWRF_CWBD2.input.Strat.1case *
gtg.config. ARWRF CWBD2-wmwt-cit EqWts_trop-
strat_CITavg21 CATiata.dat ZEZFEEEEH CHYE R -

() kil AHVE R IATA £ IATAedrDir 1 » NWP files {£ nwpDir 7 ©

20



(4) RIHCAYEE 7 intbHTERE © FestOutDir {7/ GTG THEHE R} ~
SCOREOutDir {ERF B 7 8 »
(5) BARBER R
mpirun -n N GTG_driver
(6) EA4E{E SCOREOUDIr BEILL T2
ObsIndex 20210701-20210801 _i00-
18f06CWBD2 416CITavg21 CATiata np32Q.dat
(7) FIFAtEE G BRI SR B - AEl 24 -

Line 1 — Variable Names (observation information & GTG outputs) Line 2 — Variable Units

Llnetr5 & GTG output vatues only (mmnmum) :

“Llne 7-GTG output vatues on!y (nearest pt)
24 GTG B8

convert_gtg scoring_txt2nc.py -

& GTG scoring run P H 2 1Y S5 Z5(ObsIndex_20210701-20210801_i00-
18f06CWBD2_416CITavg21 CATiata np32Q.dat)
%H% netCDF f&=( » #1[&E 25 -

* Run Program 1: python convert_gtg_scoring_txt2nc.py

— Input file:
Obslndex_20210701-20210801_i00-18f06 CWBD2_416CITavg21_CATiata_np32Q.dat

Output files

Dbslndax 23216761 'GB
OB

18faéGTGARwRF C‘NBDZ 416CITavg2l.nc

= - - = netcdf ObsIndex_20210701_100-18Ff@6GTGARWRF_CWBD2_414CITavg2l {
uhslnaex,zazm?ea,xee :lafaemcmwn:,cwanz,ur.cnavgz1 nc dimBnsiong:
ObsIndex_20216765_10@-18f86GTGARWRF_CWBD2_414CITavgal.nc :
ObsIndex_20218706_i0@-18f86GTGARWRF_CWBD2_414CITavg2l.nc numebR = 111 ;.- Number of observed EDR records
ObsIndex_20216767_i0@-18f86GTGARWRF_CWBD2_414CITavg2l.nc numPTS = 5
ObsIndex_20216768_i0@-18f86GTGARWRF_CWBD2_414CITavgal.nc virTablas® 7 GTG interpolation method
ObsIndex_20216709_i0@-18f86GTGARWRF_CWBD2_414CITavg2l.nc 1 - average
ObsIndex_20216718_i0@-18f86GTGARWRF_CWBD2_614CITavg2l.nc float unix_time(numEDR) ; €
ObsIndex_20210711_i0@-18f@85GTGARWRF_CWBD2_414CITavg2l.nc float FL{numEDR) ; 2 —median
ObsIndex_20218712_i8@-18f@6GTGARWRF_CwBD2_414CITavg2l.nc . Y
ObsIndex_20216713_i0@-18f86GTGARWRF_CWBD2_414CITavg2l.nc float LAT(numEDR) ! 3 — minimum
ObsIndex_28216714_i8@-18fa86GTGARWRF_CWBD2_414CTITavg21.nc float LON(numEDR) ; 4 — maximum
ObsIndex_20218715_i0@-18784GTGARWRF_CWBD2_414CITavg2l.nc int MTN(numEDR) ;
ObsIndex_28218716_18@8-18fB6GTGARWRF_CWBD2_414CITavg21.nc float CLDFLAG(numEDR) ; 5 — nearest grid poim
ObsIndex_20218717_18@-18T84GTGARWRF_CWBD2_414CITavg21l.nc float OBS(nuUmEDR) :
ObsIndex_20218718_10@-18784GTGARWRF_CWBD2_414CITavg2l.nc i
ObsIndex_28218719_i8@-18T86GTGARWRF _CWBD2_414CITavg2l.nc float PBLHT(numEDR) ;
ObsIndex_20218728_18@-18T86GTGARWRF_CWBD2_414CITavg2l.nc float TROPAVG(numEDR) ;
ObsIndex_20218721_18@-18T86GTGARWRF_CWBD2_414CTTavg2l.nc i
ObsIndex_20218722_18@-18786GTGARWRF_CWBD2_414CITavg2l.nc float GTGMAX3(numPTS, numEDR) ;
ObsIndex_20216723_100-186GTGARNRF _CWBD2_414CITavg21.nc GTGMAX3:_FillValue = -9999.f ;
ObsIndex_20218724_18@-18788GTGARWRF_CWBD2_414CITavg2l.nc b

ObsIndex_20216725_i0@-18f@6GTGARWRF_CWBD2_414CITavg2l.nc
Note: Daily netcdf files are created only if both in-situ EDR obs and GTG forecasts are available.
Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Training 2024 © 2024 UCAR. All rights reserved 41

[ 25 @ SCFFEHE Ry netCDF 42
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compute ROC_curve.py -

i A 4K 52 i HY netCDF f5 22 » #ifiHY ctable.txt ~ roc.txt ~ auc.txt = ([
Z > Horr ctable.txt SR [E]PIEEE NHY 2x2 FIEEFR 34T > AT FIAETHE POD Al FAR ;
roc.txt 2 POD 1 FAR & HJ4EEE  auc.txt B AUC score 7 5 E4ER o 4I[E] 26 -

* Run Program 2: compute_ROC_curve.py
— Input file: daily netcdf files of obs-fcst EDR pairs for a verification period desired
— Output files: three text files

« 2x2 contingency table for varying + PODY, PODN, and FAR for
EDR thresholds (ctable.txt) varying EDR thresholds (roc.txt) » AUC score (auc.txt)

~

mncar  Postprocessing GTG Scoring Output

AOAWS-RU Training 2024 2024 UCAR. Allr

26 : compute ROC_curve.py it = {E &2

() BLAEAE$55 | (Graphical Turbulence Guidance Nowcast , GTGN)/ 47 :

GTG £y NCAR {FHEATEHER > B EEAEHEUREE - SRS
HAEEUHIBCERVAZE ME R (NTDA, In situ EDR data, PIREP------ ) HHE RS
FHRFEE DL EDR 7R ekl B G brv gl R THEE i - H AT GTG Hir 25 4
Rk > By GTG4 -

GTGN &L GTG fukEblE » B AL R B HE R IE GTG BYTEH
EETDRFIENIRF TR i > FE YA SRR & E B & MR - HAT NCAR HY
GTG i ] T i 8 H £ A 1/ RAP model - fi#HTE £ 13 2AH - GTGN £ 15
SrEEEH—R o GTGN F]DAEHNRZZ @] ~ iF22@lm ~ LRz - did EDR 8(H
e "B (Bfr m*3 s 3D 481% o BN TEEANYE ERATREMEHEIET 2 50000 SR -
1000 IR H— 2T < 18000 JEIR DL T {5 FH DUS-F i B BN EBHGS S > 18000 B2
IR L b A flight level (FL) -

ke 27 - EH GTG 3 3AELR THER - NTDA gL &k ~ IRIT VRl E R
Pt 5 S EEE L GTGN BIFFaLR THHE » malRasEsE G X2
B o Y GTGN 15 5y fEey 58— > LA n] DARNRF Bgad e 45 5 -
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< i GTGN 1.0 Overview:
@*‘ ------ '-\-'953 Exam ple 18 Mav 2019 at 16 UTC; FL 380

r—
EDR at FL 380

GTGN valid at 16UTC

5/18/2019 1600 UTC
¥

L eee—— B W=
030 040 0% 080 070 08 0% 10 00 010 02 030 040 0% 060 070 08 O
EDR EDR

s EDR and PIREPY
)

In situ & PIREPs 15 16UTC

3 g =D 7
= L
I I I
00 010 020 030 040 050 060 070 080 090 1.0
S g EDR m~@3)st1
T s :
T Verification Obs 1600-1615

2024 UCA

[& 27 - GTGN $ﬁu]\ 2kt

17

WIkE 28 » £ 2022/02/11 YfEZEH - GTON AEREEE | iR REELL Falmss 4t
HYWEE, - [FRE AT e E RS Z s M A RT R EL R S - AR ER
Bl RS NVERES - I IE SR ST GTGN ¥R gl e i E IR E
PEARET -

@%‘ mncaR - GTGN Example: 11 February 2022
s 1645 UTC e e 1700 UTC 1715 UTC

2/11/2021 1700 UTC EDR at FL 370 2/11/2021 1715 UTC

I I
00 015 020

| C j— ]
40 050 060 070 080 090 1.0 00 015 020 030 040 050 060 070 080 090 1.0 00 015 020 030 040 050 060 070 080 090 1.0
EDR

EDR EDR

Real Time GTGN, FL370. Verification observations +/- 2100 ft around FL370
GTGN shows areas of MOG turbulence corresponding to the precise locations of several Mod and

Mod-Sev PIREPs, as well as numerous elevated in situ EDR reports in LA, MS and TN over this time
window.

Null in situ EDR reports (dots) around these events are in areas GTGN shows as null to light turbulence.
S e b= ey=igentifying narrow regions of MOG turbulenee-and-aciaeenismetisicsse

© 2024 UCAR. All rights reserved.

28 - GTGN @%ﬂsﬁ SRR RLUHR S

20

WiE 29 - AE[E—EaLRE T - a DRt AFZE/EHY GTGN 81E - ZiREL
R RV BRI S o
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& | mncar  GTGN Example: 11 February 2022

* Alarm Volume changes
significantly with altitude
P < * Observations shown are
+/- 1100ft of FL
P

21

29 © [Fl—{EE A ARz R AL AT

[EfFEEAE - GTGN M1 GTG MHEL - MR ELRIVERIZE » FEE LR
FUZEEEKR » BRHNEZESEERERE © BB — ARG - 22
RIEFH/N > BB LR - B AT LR - AT THER S & KRR
I RN AR B A THE - GTGN SUZEA T B HVEUHIE R - 2 R
2l i ILEREIRE S » A THRERRATE S - GTGN R AFHIR -
& 30 -

@I’ I NCAR GTGN Evaluation

« Evaluation: ROC curve comparison of GTG versus GTGN for summer
and winter months

Winter

Versions
02 -- (a)GTG
= (b) GTGN

0.
86 0.2 04 0.6 0.8 1.0
POFD

g 23

30 - GTGN ERNERELLLFEX

(1) GTGN BHkHEE
WiE 31 > HAT GTGN #i A& BRI E A A TR &R A 57 -

24



RIEFEDHIEDRA TATA YT ELREE: - NTDA &Rl - GTGN2 =i APIE -
St e R R P\ B e} - AR PR DR EZE A GTG model » RACEAFTREH A
o B B B ARV BLIR B R K RN overshooting tops Hil/Z ¥ 5E
BRI e R G A B RR B TR B 52) B fi =0 8 B 0| R 517 £ 48 (ADS-B)HY
EDR &f} -

@;l & @raphical Turbulence Guidance Nowcast (GTGN)

3D Turbulence Forecast Potential
Model (GTG)
(6763 now, FﬂtLLreJ'EL:tS
Airborne e N2) Inferred I
— mmm | Turbulence
',‘pam from
3D NEXRAD Satellite :
bull Data
Observations I (Wave |
X (NTDA) Turbulence Detection,
Real-time — Nowcast I Overshootin |
OTI;urbuIetqce Lightning 3D grid o |
servations inferred 2
Turbulence (GTGN product) | Nem;na;;f:me I
Surface Wind I Turbulence |
B Speed & Gusts I Observations I
(ADS-B EDR
B _( —— )_ ~

Used in GTGN2

31 : GTGN &R

(73) GTGN &8 ERHBY -
GTGN 7E &80y & R AR H alE 32 -
GTGN In Taiwan

* GTGN Inputs:

GTG4 on domain 2

+ GTGMAX(CAT, MTW, CIT)
NTDA

IATA in situ EDR data

METAR wind speed and gusts

* GTGN Outputs:
— 3D grid of EDR (' m??/s) on
same domain 2
— 3D observation influence field to
show where observations have
influenced the nowcast
* newly developing

® 2024 UCAR. Al rights reserved 25
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1. Domain 2 1y GTG4 &} - AEHFZEELR (CAT) ~ LHEE (MTW) ~ BE5i5]
EE@%L/}IL (CIT> °
. NTDA &} -
3. TATA WYRITHEREELR S (insitu EDR data) @ fIZ4FEMEEE - SERKRHY
FIRElm s EE A HERT > WE 33 -
4. 455 METAR [y RS0 FEE, o

Monthly number IATA reports January 2023-June 2024 TW2 (domain 2 Taiwan)
120,000 3500
mnobs wnmod mnsog
110,000
100,000 o g
90,000
£ 2500 3
g 80,000 g
& 70,000 mg
¥
-4 =
T 60000 g
£ 50,000 i
E 40,000 8
i -
]
= 30,000 z
20,000 L so0 5
0 )
>>>>>>>>>>
(91 f‘ & \* v“ s}c‘ @ dddddd
¢

Aviation Applications Program
Research Applications Laboratory

33 ¢ ACEREIAET A IATA BEISELTEH AR i

GTGN Hyi &R -
1. Domain 2 /Y EDR 3D 448 E&H} » 4E] 34 -

& | mncar GTGN in Taiwan: Output

GTG-NOWCAST at FL 360 5/23/2024 1530 UTC e GT G N O u tp ut

— Same grid as WRF-D2 with 3-km
horizontal spacing and same vertical
levels as GTG4 WRF-D2 output

— Output in EDR

00 015 020 030 040 050 060 070 080 090 1.0
EDR [m**s’]

[& 34 © GTGN %auﬁ &k
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2. 3D WYEUHIRZES;  nIDABUREIR TR 2 SIBUAE R B A > EEH
HIGHTBRSEAYIIAE - A& 35 -

& | mncar GTGN in Taiwan: Output

OBSERVATION INFLUENCE MASK at FL 360 5/23/2024 1530 UTC

* GTGN output
— 3D observation influence field

— Indicates where observations
have influenced the forecast

None Obs

Influence

© 2024 UCAR. All rights rved.

[l 35 : EEEL T ATHEZ /EH"“‘HE&C S R

36 ~ B 37 - [& 38 & GTGN EFE(EZE(2024/04/22)E T~ » A LLEE] GTGN
H AN TRV ER 2 1% - EHAYRIRF T ZE il GTG #YLLER - fE 2SR a0 e
A& A ELR & DA s H AR TUMN B AT s B AV sl & dsksz £ A &R
([ 38 FEIEEARATERST)  BEHSAKRER » NTDA ~ IATA JRITH Bl %@Bﬁ
l?_niﬁhaﬁ 51 METAR % %u)\%ﬂ%ﬁﬁﬂﬁﬁ GTG TH#E A EHIER 7>

24 April 2022, valid 1015 UTC, FL320

GTG 4-hr fest In situ EDR NTDA EDR
Valid 10 UTC Valld 0915-1015 UTC Valid 1005 UTC

MAX(GRAPHICAL TURBULENCE GUIDANCE CATMWT.CIT) at FL320 42472022 1000UTC  In situ EDR 472412022 09151015 U1 FL320 4242022 1000 UTC

e
% L 4
X 14
g oy, &

I B I _%
15 020 030 040 050 060 070 080 090 1.0 05 018 0N 0N 0M oW oM 9% 10 00 015 020 An aso 080 070 08 080 10
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36 - HLZE 1§J F1Hy GTGN g AEf



24 April 2022, valid 1015 UTC, FL320

TGN
GTG Forecast GTG
o 3D Observation Influence = 7
.z( Obs Influence at FL: 320 42472022 1015 UTC {
LT Y% ® ’\:‘ gy &

J
00 045 020 030 040 0S50 060 070 080 080 1.0
EDR s’

9 015 020 030 040 050 080 070 080 0% 19
EOR [m™s")

[& 37« "JLUE T GTG 2 A B SR 5
@‘ ...... ncAaR GTGN in Taiwan: Case Study Continued
l GTG ForecaSt GTG-NOWCAST at FL 320 GTGN 4/24/2022 1015 UT!

MAX(GRAPHICAL TURBULENCE GUIDANCE CAT MWT CIT) at FL320  4/24/2022 1000 UTC
& [

o a0 g
Y 4 ; -
-

I N rrrereranvrea
00 015 020 030 040 050 060 070 080 090 1.0

I I I T
00 015 020 030 040 050 060 070 080 090 1.0
EDR [m*’s"]

EDR [m*%s]

38 ¢ B GTGN & SN GTG LRk

() GTGN &a4E :

1. GTGN g 15 48 #— R aL R Fad ks -

2. E AR NTDA - IATA 6T ELA#S - #5360 METAR -

3. AN RGN GTG TaH » (i GTGN FE S AE T ATH i e R P e
BEELFS -
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= ~ ¥ NCAR BURMEMAIERIA(NTDA)

(—) NCAR BL A EHEREE S (NCAR Turbulence Detection Algorithm.

NTDA)/ 45 :

TRAT 8B A ELR A KRB RiE 22 @l (Clear Air Turbulence, CAT)FIZE HH
gLt (In-Cloud Turbulence)fi AAH ] » NTDA & NCAR £y 7 S {EHIMITHH = o &L
ST B (R E BOAE o

BRI AME RELRAVIRE » (HERHTRA/NARIE - R ELRAY
AN[E] > PRI E{5E P B 3 (Eddy Dissipation Rate, EDR){E Ry gL 5= & HY
FEF I - NCAR FrAMELRZE @ » B3 NTDA ~ GTG ~ GTGN ZFE# 2 H
EDR {E Ry gLy sR e fe -

{EZE FUREIRTRAVEL R S Shs - SR O ESEEREZ B —RFRE T - &
THERIFELREM - NTDA (EHREEZERERCHEE AT » BN
BRI > Rt NTDA E A S A 2RI 2 ZE PR FRIE RS -

S MIEE A0 B RORBCHEAYE D) T RE N A

NTDA {£REFFRIS m R ML > IR SR = EE ] -
TR AEAEEE - NTDA fF5—Jg 2 HHVER T EEox -
ZIRFAHIE K B i im R AR - NTDA (FAr D ZE#E A R H -
AT RIERE ZEER PR RANCER ~ P ~ PIE - e
%) .

RRBLIFAEA LR — a8l - HIL @ EREHRIVHIE -

. NTDA REE/KRABEMERIE » R KR EKE Al BER A HERE

8. NTDA & I EEUE (D MERY) - mIETERE -

A e

= o

() NTDA EiRlEHEAZ (I 39) :

L it &R YRR -

2. SHEMERETEIE (Spectrum Width, SW) » 3 K 6
3. (EHEEEEAERE R SW A EDR -
4
5

il

=
[m{s

il

sTER(EEI0HE S EDR AR5 E(E
DUPEBEHE S & 0P AT 85 2 NTDA #0fH -
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Ao ‘ I NCAR NTDA Algorithm Overview

* Detect and censor contaminated data il ekt
» Assess spectrum width (SW) -
measurement quality via fuzzy logic
+ “Scale” SW to EDR using D) [
range-dependent function . P g v
+ Compute local confidence-weighted v v v v v .

average EDR and confidence

Theoretical NEXRAD “scaling” function, f(r)

UCAR Confidential and Proprietary. © 2614, Utivérsity Corpération for A'

39 : NTDA &ihHfife

54T (Radio-frequency Interference, RFI)& i/ BHAH BIRONIGL - HiEH R

A ILTEZ EE A RFL RIS - HAT RFLEWRL AR R - Kt
NTDA LA T #ifIEELAFTH RFL - 4006 40 - K539 REIAHELAH: NTDA QC
FEUAER - (UBRA L RFDERY T 1 - A B AT QC Bt RFL (Y2 E
& | AR RFlin U.S.

» Upon investigation (still
on-going), it was found that
KTFX was experiencing
severe amounts of RFI.

* It can be seen that much of
the RFI was handled by the
NTDA QC, but some did make
it through because the current
RFI QC assumes RFl is not
this widespread.

Aviation Applications Prog*® - S——
Research Applications Laboratory

& 40 : RFI ~&

[

(2) NTDA $tH&BAVERT -
AZK NTDA B3 EEUEHHY T S EZEER > & S-band 1 C-band &
o bR T EREERNSERBAAGREA - HATEIEA 9 [HRBEEEH
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J00E 41 o LEHRJEA A #H S-band B3 - Hii% T C-band FEEEHE NTDA /K
I H 22 BHEIRRIA T RIEEARESt -
! | IRNCAR Adding Additional Radars

* One of the primary goals was
to add additional radars.

— Effects from using C-band:
SWI/EDR scaling, SW quality
(including effects from lower
Nyquist velocity

— Standard tasks: Contaminant
mitigation (ground clutter, sea
clutter, RFI, etc.), Radar
operational modes, data format. g

Aviation Applications Program-———="—— T R
Research Applications Laboratory

41 : E‘S %Eﬁﬂ%ﬁﬁ

HFi{# FH Gemtronik2Netcdf = Nexrad2Netcdf #ifa i FAMEE Z &R » 1A
srILIEE 2 ) Nexrad2Netedf - HEREZ (1A Gemtronik2Netedf » S RREHEE
/1‘ ’PF%JQB% A8k > RIIFEE &4 Gemtronik2Netcdf B¢ Nexrad2Netcdf #i5s » FE(REH

ERATIERESER » IR REEEFNSFE KRR T HfCEEZ -

SN AR A AR A E s AR AR > A 42 Ry EEARE R
v _ BV > B RTE S _ BRI — E VRS » R T RS EIFEN
HUEARAE—#E » sREERIV I A A5E 25 ER -

1 ’ I NCAR Sea Clutter

* At right, we see sea clutter
from RCLY(aka RCKS).

« Sea clutter is difficult since it is
a blend of moving clutter (not
a wind tracer) and sea spray
(a wind tracer).

* Sea clutter that is weaker is
removed but not the stronger.

Aviation Applications Program B
Research Applications Laboratory

42 g B
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(T0) $fE (=R JAZZ & NTDA B ¢
1. & A aoawsru2.rap.ucar.edu

2. runas ntda

3. cdjazzTraining

4. ./runJazz training
JAZZ BRI F R AIE 43 -

= @ Layer List@acawsruzra.. — [ X

File Grids Features Maps Views Tools Customize Help

Qe s o 6|

= [ Data Layers
x Max EchoTop Heigl
UM

5 (line overlay)

ne averlay)|«

ar Composite Reflectivity
« EchoTop Height
ESUMS grid
Reflectivity
dded Lightning
nawari Visible D1

e Infrared D1
e Infrared D2

EDR Mosaic

DA EDR Mosaic g3

EDR Mosaic Legacy

\ EDR Composite

DR Cemposite Orig3
DR Composite Legacy

10 Mar 2024

Set time.. Archive Realtime L » |» Forward |« H

43 : BURATA & E(P B & TRONTDA JHELE

& Jazz 2.10 - filey/home/ntda/jazzT raining/acaws_config_ncarxml@aoawsru2.rap.ucar.edu - m} X

File Grids Features Maps Views Tools Customize Help

Qe RN D 0| e
:

Data Layers
EchoTop Height (line overlay)(«
5UMS (line overlay)

ar Composite Reflectivity
EchoTop Height grid
UMS grid
Reflectivity
Gridded Lightning

nawari

DA EDR Mosaic

DA EDR Mosaic 0rig3

EDR Mosaic Legacy

\ EDR Composite
Composite Orig3
DR Composite Legacy

10 Mar 2024
145

e [ ] » ||»Forward v H

Archive Realt

44 - (BRETRTL o I/ATE/2R | 8 2 NTDA JHEAER
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B jazz 2 - oaws_contig_ oawsu2 Joawsruz

File Grids Features Maps Views Tools Customize Help E

Qe "o of

NCAR IATA Turbulence Reports 30-S0KFE 15m Valid between OF0L/24 04.452 and 0/01/24 05152 (Requested ranas 03/01/24 04 452 to OXOL/24 05.152)
NCAR IATA Turbulence Reports 20-30kFt 15m Valid between 03/01/24 04:452 and 03/01/24 05:15Z (Requested range 03/01/24 04452 to 03/0L/24 05:152)
NCAR IATA Turbulence Reports 10-20kFt 15m Valid between 0301124 04:45Z_and 03/01/24 05:157 (Requested range 03/01/24 04:452 to 03/0LI24 05:152)
NTDA EDR Mosaic: Analysis Valid at 03(01/24 05 at akitucde 150 (F light level)

Data Layers

DA EDR Mosaic
40 DA EDR Mosaic Orig3

[DA EDR Mosaic Legacy
420 DA EDR Composite

[DA EDR Composite Orig3
0 DA EDR Compasite Legacy

_pTS0 ) skm 700 hPA wind
Bm 700 hPA wind

W __Re -Plot

Rs - Labels
am_ing
hsa misbesiasnn Cammaa i ALca A G
i Cross Section@aoawstu2 rap.ucar.edu O x

File Cross Sections Configure

[5] t4 A EDI 5 Aosaic: 6nalysis' 7 lid st 0. 8/1/24 0 5 a

Set time... Archive | Realtime » | Forward |v | u 9

’Eﬂﬁﬂﬁﬁﬁ)ﬁé’]ﬁﬁﬁﬁ

File Grids Features Maps Views Tools Customize Help

Qe "o of

NCAR 1ATA Turbulance Raports S0-50KEY 13T Vatd betwean 0IOLIZ4 4452 and 0024 03152 (Reauested rancs 030LIZ4 04432 1o 03/0L124 03152]
NCAR IATA Turbulence Reports 20-30kFt 15my Valid between 03/01/24 04:452 and 03/01/24 05:152 (Requested ranae 001/24 04:45Z to 03/0L/24 05.1°
HCAR LATA Turbulence Fepores 10-200+ 15 aid betwaen D¥GL/24 D452 and 001124 05152 (Requested fange OHOL/24 08 452 o D/0L/24 05-152)
NTDA EDR Mosaic: Analysis Valid at 03(01/24 05 at akitucde 180 (F light level)

FL130

Set time... » Forward |«

& Jazz 2.10 - filey/home/ntda/jazzT raining/acaws_config_ncarxml@aoawsru2.rap.ucar.edu - m}

Data Layers
X EchoTop Height (line overlay)
ESUMS (line overlay)
dar Composite Reflectivity
x EchoTop Height grid
ESUMS grid
Reflectivity
idded Lightning
awari Visible D1 B03
mawari Visible D2 BO3
mawari D1 BOS
mawari D2 BOS
mawari D1 BO6
awari D2 BO6
awari Short Wave Infrared D1 BO7
mawari Short Wave Infrared D2 BO7
awari Water Vapor D1 BOB
awari Water Vapor D2 BOB
mawari D1 B14
mawari D2 B14
awari D1 B15
awari D2 B15

DA EDR Mosaic
DA EDR Mosaic Orig3
DA EDR Mossic Legacy
DA EDR Composite

A EDR Composite Orig3
DA EDR Composite Legacy

46 © LEH NTDA FIE FRHY RIS ELTHR & &

(71) NTDA §845 :

1. NTDA & RS EE
FEMEMIBEST -

2. A DABNER R EE P Al s e B
AT A ~ B B2 R IR A

3. GIGN® @Hﬂ?ﬁ%ﬁ%ﬂﬁﬂﬁiﬁﬁﬂ ek

4. AILGEHIIAE 2@ EE R IR -

Bl i
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= AR AT P EL PR AR

» NTDA 78 GTGN fyH tf—]

FHIATA in-situ EDR)

BEBEAPRIESS  MEAT -
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AT Bl R



5. NTDA H#& 758N QCHEEVALUR/ DHER R E - 28 HNEREEEE
RHNEATRE] » NTDA {98 R & -
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Y~ EHEIREHAEm(CTH/CDO)

(—) ETES(CTH)/ KSR E (CDO)E MG/
BIZIRENR S ERERDK ~ BLR ~ PO - (REERE - HEERRA - B
R ZE A RAE N - EFRTRERIIN T - AT ISR 2558 E -
{EFEHUERIRS & - A A S EBUIGETTEN - HERERD§E 2 R5
ERt IS RN EISEYIR ’ﬁfi(Hlmawarl 9) ECHFEERE A - SRR ER
ZEERG > SaBERS BEEEEETER 2N > BRNZ A
—EHTEBR -

ZEH 5 7 in(Cloud Top Height, CTH)& AR 11.2um 4L4 MR 2 AHE 2 72
75

ﬁHﬁA 15000 ”)ELJ\L%EEE’J% ’ PEB/S?%E%MH#FE? 10 %ﬁgﬁiﬁﬁ 1K
1 ‘ BNCAR CTH Overview

* Cloud Top Height (CTH) is computed by:

— Estimates the heights of cloud tops using the longwave (window channel)
11.2 micron infrared (IR) brightness temperature and the WRF model

atmosphere
_ - Satellite /
Suited for opaque clouds Cloud Top % - Sl
Temperature Temperature s
* Defines storm anvil contours vs. Pressure .
— May not show individual convective Za L35
cells
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.47 CTHL{- AT

KIEEER 22 E fh(Convection Diagnosis Oceanic, CDO)—¢ & 45F 10 475 5
r—R o BRBEGHFAEBERRARERIESE - 456 7 A SR A SR
DUER » B(EAE 0-6 Z[H] :

1.  Z2EREDRZETE H(Global Convective Diagnosis, GCD) :
ST E/KRIE(6.2um, WV) R ATSMEAFE(10.8um, IR)HYZERE = - [E
[EEREMNE W EREHET - BRI TN RR TR SHY & -
. EJHSEMCTH) @ IFTEFTIL -
3. EfEEETHEEE(Overshooting Tops Algorithm) :
{5/ Bedka et al. (010)/V A TABEETRAVETE - BEETR R AAE
BRI R AL - BoRE MY BT ﬁ@ﬂﬁ?@
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4. PEERNLightning accumulation at 10, 30 and 60 minutes) :
PAEE S R B 2 SR R IMEDIL & - 32 B RHERE Y FIR #ifE -

AT A (Fuzzy Logic) » ¢ LA VURRE L AET THE B INAR(ZNIE 48) - &
CDO BEAE 2 LI E > FoRRATRE ARG E KR - CDO BIELE 3 LLE > FonE
MEPIESGAE A > R — BRI B AR -

Convection Diagnosis Oceanic (CDO) Fuzzy Logic, Data Fusion Methodology

Scale inputs with membership
functions to be between 0-1.
Inputs Apply weights and sum.

CDO Interest output field. Values are between 0-6.

\ x1 E)

‘ Apply threshold (=2)

FTEIGE

3 ; ‘ oo THoORTE Convective Diagnosis Oceanic (CDO)
3 x1 E-p . Bt -
| & : Lt -
Overshocl;ng T;ps (OTop) QOTop ?;ﬂeres‘t Field e ’ v :
. ¥ :
vy ¥ i i x
4 T, . o
i RN U N
. R D -
s gy -
L2 & s e £s :
i = e © : o - ' mamm
Combined Lightning Combined Lightning s L6 Srms v

Accumulations Accumulations Interest Field

Convective Diagnosis Oceanic estimates storm intensity.

48 © CDO S fE sk

(Z) TEFHIER(Regression Test) :

AR Y H AR & BUA e A R Y e by Eﬁﬁﬁ Dez]
LEHBEETOHERET - FORE G A &5 R B R BRI 2 51— 21 - AERHIEUR
24T -

1. F£ NCAR PEfEREE T - (ISR HOHEEZE - EHRGEEAmNE

BHE Ry 278 5LAE -

2. R A R 2 JRAGTEZE (B 49 ~ [ SO)DUAETTAER 737 -
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B NCAR Regression test: Domain 1

Regression test data tarfile: Regression_test_data-D1.tar.bz2
e  Contains 30 minutes of D1 input data from 20210911 (0000Z - 0030Z).
o ctrec needs at least 20 minutes of input before producing storm motion vectors.
o input data includes:
m  Himawari channel 8 (WV) onD1.
m  Himawari channel 14 (IR) on D1.
m DI WREF data containing the 3D Geopotential height, 3D temperature, and Trop Height.
e  Contains the truth data set.
o D1 CTH forecast of 0, 1, and 2 hours from 20210911 00:30Z
o DI CDOlite forecasts of 0, 1, and 2 hours from 20210911 00:30Z

© 2024 UCAR. All rights reserved 3

[l 49 * FIFX Domain 1 ARG R 4G5 Adn HHE 2

B NCAR Regression test: Domain 2, FIR

Regression test data tarfile: Regression test data-D2 FIR.tar.bz2
e  Contains 30 minutes of D2 and FIR input data from 20210911 (0000Z - 0030Z).
o ctrec needs at least 20 minutes of input before producing storm motion vectors.
o input data includes:
m  Himawari channel 8 (WV) on D2.
m  Himawari channel 14 (IR) on D2.
m D2 WRF data containing the 3D Geopotential height, 3D temperature, and Trop Height.
m  Lightning data.
e  Contains the truth data set.
o D2 CTH forecast of 0, 1, and 2 hours.
o D2 CDOlite forecasts of 0, 1, and 2 hours.
o FIR CDO forecasts of 0, 1, and 2 hours.

©2024 UCAR. All rights reserved 94

& 50 © FHJS Domain 2 Jz FIR #elggflEA 2 R aamm A AR 2

ZHEHBEIAN HARERET

BT R E U\Eﬁﬁﬁﬁ 75 U EIEMEZL LS » R IEAEE KB
IR KA TR

E\R H%}UKTEE.(regresswn test-D1.sh / regression_test-D2 FIR.sh)([& 51 ~ [&] 52) »
FHCMRFE 2 ERETIRE - EEEH 245 R - BUr CTH K CDO 2%
AR EROHIE > A0fE 53 ~ [l 54 -
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@ ‘ ﬁN%B Regression test: Domain 1

Script: regression_test-D1.sh
e  Performs the regression testing for the domain 1 produets.
o  Usage: regression test-D1.sh

Script Description:
o Sources the cth_env-regression file in the control directory
o sets up the environment for running the test processing steps.
e  Untar’s the input and baseline data into a regression testing directory.
&  Processes 30 minutes of data through each step of the processing chain and produces a test 00:30 UTC forecast data set for CTH and
CDOlite on D1.
e  Runs the application MdvDiff, using the configuration files MdvDiff CTH_D1, and MdvDiff.CDOlite_D1 which are found in the
config directory.
o MdvDiff Compares data at two url's that are presumably the same data and check for differences in the grid values.

o MdvDiff returns 0 if the grids are the same, and a 1 if they are different.
Checks the return value from MdvDiff and issues a PASSED message if it is 0 or issues a FAILED message if it is not 0.
Checks the 0, 1, and 2 hour forecasts for both CTH and CDOlite.
Cleans up by removing the regression test directory.

Takes approximately 5 minutes to run.

Run details can be found in the file /data/logs/cth/regression_test-D1.log
©  Regression summary files can also be found in /data/logs/cth

© 2024 UCAR. All rights reserved 30

51 : regression_test-D1.sh A%

INCAR Regression test: Domain 2, FIR

Script: regression test-D2 FIR.sh
e  Performs the regression testing for the domain 2, and FIR products.
e  Usage: regression_test-D2_FIR.sh

Script Description:

e Sources the cth_env-regression file in the control directory

o sefsup the environment for running the test processing steps.
e  Untar’s the input and baseline data into a regression testing directory.
e  Processes 30 minutes of data through each step of the processing chain and produces a test 00:30 UTC forecast data set for CTH, and
CDOlite on D2 domain, and CDO on the FIR domain.

e  Run the application MdvDiff, using the configuration files MdvDiff. CTH_D2, MdvDiff.CDOlite D2, and MdvDiff. CDO_FIR which
are found in the config directory.

o MdvDiff Compares data at two url's that are presumably the same data and check for differences in the grid values.

©  MdvDiff returns 0 if the grids are the same, and a 1 if they are different.
Checks the return value from MdvDiff and issues a PASSED message if it is 0 or issues a FATLED message if it is not 0.
Checks the 0, 1, and 2 hour forecasts for CTH and CDOlite on domain 2, and CDO on FIR domain.
Cleans up by removing all the data in the regression_test directory.
Takes approximately 5 minutes to run.

Run details can be found in the file /data/logs/cth/regression_test-D2_FIR log
o  Regression summary files can also be found in /data/logs/cth

© 2024 UCAR. All rights reserved 33

52 : regression_test-D2_ FIR.sh (A%
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IRNCAR Regression test: Domain 1

Example output:
Processing D1 data from 2021/09/11 00:00:00 to 2021/09/11 00:30:00

Running Regression test on CTH D1 for all forecast lead times.
CTH D1 REGRESSION TEST: PASSED

CDOlite DI REGRESSION TEST: PASSED

Files created in /data/logs/cth:
e regression_test-D1.log
o Verbose output of all the processing.

e regression_summary-CTH_Dl.out
e  regression_summary-CDOlite_D1.out

© 2024 UCAR. All rights reserved

-——- CTH D1 Forecasts Summary ---—--—
ninput:3 nOne:0 nDataDiff:0 nMasterDiff:0
nMetaDiff:0
Field:CTH nOne:0 nFhdr:0 nDataDiff:0
2021/09/11 00:30:00 Perfect Match
2021/09/11 00:30:00+3600 Perfect Match
2021/09/11 00:30:00+7200 Perfect Match

&l 53 : regression_test-D1.sh $h{ 745 5 & ff]

BRNCAR Regression test: Domain 2, FIR

Example output:
Processing D2 data from 2021/09/11_00:00:00 to 2021/09/11_00:30:00

Running Regression test on CTH D2 for all forecast lead times.
CTH D2 REGRESSION TEST: PASSED

Running Regression test on CDOlite D2 for all forecast lead times
CDOlite D2 REGRESSION TEST: PASSED

Processing FIR data from 2021/09/11_00:00:00 to 2021/09/11_00:30:00

Running Regression test on CDO FIR for all forecast lead times
CDO FIR REGRESSION TEST: PASSED

Files created in /data/logs/cth:
e regression test-D2 FIR.log
o Verbose output of all the processing.

v

e  regression_summary-CTH_D2.out
e regression summary-CDOlite D2.out
e  regression_summary-CDO_FIR.out

© 2024 UCAR. All rights reserved

------ CTH D2 Forecasts Summary -------
ninput:3 nOne:0 nDataDiff:0 nMasterDiff:0
nMetaDiff:0
Field:CTH nOne:0 nFhdr:0 nDataDiff:0
2021/09/11 00:30:00 Perfect Match
2021/09/11 00:30:00+3600 Perfect Match
2021/09/11 00:30:00+7200 Perfect Match

54 : regression_test-D2_ FIR.sh $h{ 745 5 & f5]
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ATAY CTH Bl TR By BB
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3. NERERBICESEE LY > f141 GPM 5 EarthCARE :
RN EN B4 o (HERENERBERERA ZEH 0 CPR Hlgt
HEHEEA RAFRIEIIEER -

HFHRY CDO B RS E R &

I EEREERG
TEAtERYE EAEREANET > EERPIEE 18dBz HYEE > AIRE & RHEE Y
T A RIFHEERTE > BN EEEREAE -

2. BEBEZCENEERL o FIA GPM ¢ EarthCARE !
CPREFEWENER - A ZHETE - AR ENEFRAZ D& -

BHHR AR R EEREE > S EDRE - it CDO 8H S5 » T
TRER IS RIS » NS 5 i N E] « WRIRMA 25dBz & Rksa
SR D AP IEE - R RTIE 2 PRI (R DETSHET T » EFRTHHEAK
I112& (Success ratio) £ Hits/(Hits + False Alarms) » B[] 1-FAR o DATEERER IR K v]{H
HI% POD Fséficdl > R [EIFY CDO Pt (E Rl - ST 2022/06/01 FY(EZEHE T4
(& 55) : ALASEIREERE CDO=2 » FHEIIEREEAE 0.5 /54 5 & CDO=3 >
THER R IIRIEFA 2 0.7 LLE > B/R CDO BEE @ BT 2 s 2 E]
25dBz DL EAVEIR 24 © AREHBRE®RAVINON - E5F CDO FIEEFHE 2.0
PLE > AM{EHIZR POD ik [F# (K2 0.1 DU » FBoRg A8 ZE N Z Y sm st
TREFEAH: CDO JE 2 Ry o bbb &3y CDO FIRHEEZE T 1.9 {F
A5 S TR B 8 TR < e B~

Statistics per CDO Threshold
June 1, 2022 00:00Z to 23:50Z
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55 1 R[] CDO FIREAB B PR AR B o] (SR
21~ CTH YRS » RITeT DRI 25 22800 ETops $U{E » (2] DATEEA CTH Y
=S ETops HYS S » RAETRER NYEREE Z AN —E = HE] -
£ H AT R Ay CTH/CDO JEH H A A% > ] H cdoValidate.py K
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cthValidate.py i€ python F2XACHEITEFE([E 56) » EH CDO statistics.txt f
CDO _statistics.txt Fi{EfEZE -

-

B NCAR Script Descriptions

cdoValidate.py and cthValidate.py

Usage

IcdoValidate.py —start “YYYY mm dd HH MM SS” —end “YYYY mm dd HH MM SS”
JcthValidate.py —start “YYYY mm dd HH MM SS” —end “YYYY mm dd HH MM SS”

Script Description

1. Ingests parameter file
a. data paths, output paths, grid resolutions, product and radar thresholds
Searches by timestamp for matching product and radar file pairs
Regrids data in each matching file pair to the product grid; trims off points that only exist in one dataset or the
other
Applies thresholds as filters (CTH only)
Calculates statistics across the common grid
Generates plots
Saves statistics and plots to local directory

w N

No ok

2024 UCAR. All rights reserved 38

56 : cdoValidate.py & cthValidate.py

FHME B PEE 2K E B IR E R AVAE R

FE—E{EZEE 2022/09/07 T4 06-12Z K F1&EENREZE(E 57) © BL 25dBz
R 240V 2 B P (E - Z&IBE K CTH iy S S FAE 25000 IRE] 40000
IRZ[E > AHETY 0.36<CDO #{E<1.0 ; #fil& GCD 51 &H 1Y CDO #{E#ks » HZ
ENBEEETERE D HIPIERE - TR KA CDO THER Ny 0.65639 -

B T E([E 22 2022/09/01 121G 09Z-157 BT s me EE Z2 (& 58) ¢ LA 25dBz
R ¥R Z RV 2 0PI E - B E R CTH Y& E5AE 40000 RE] 55000
IR fE > AHETY CDO BifE=1.0 5 ¥il& GCD=-1°C » P FERY CDO #i{H =
2.0 ; H—EmEEEIRPTE ST - TR HKAY CDO THHERAIZE Fy 0.40181 « 5%
TEReEHARAR RS RS L E RS > CDO M TR & % —1Lk -
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s ‘ B NCAR First Case: Convection

Convective Case #2: September 7, 2022, 06-12Z

See Jazz CDO_statistics.txt

® Cellular convection, broad region of CREF > Contingency Table:
Hits: 605492

ZSdBZ l’eﬂeCtiVitY False Alarms: 316960
O Disregard misses Misses: 2184575
® 25kft < CTH < 40kft where CREF > 25dBZ  To4e2se8
O 036<CD0O<1.0 Derivative Statistics:
® High GCD over convection ISR G e
O (DO scales with GCD
® Few overshooting tops CTH_ statistics.txt

e Some Ilghtmng CTH/ETops Correlation Statistics:

OLS Coefficients: [0.47121, 13388.42698]
Mean : 3811.86328125

RMSE: 10208.9638671875

Pearson R: 0.41971

© 2024 UCAR. All rights reserved

57 © B A E ZERERGE R

@ INCAR Second Case: Typhoon

Typhoon Hinnamnor: September 1, 2022, 09-15Z

See Jazz CDO_ statistics.txt
e Northwestern bands of Hinnamnor ﬁ?:tlnggz;zogable:
S:
® 40kft < CTH < 55kft where CREF > 25dBZ False Alarms: 5727698
O ChO21.0 Misses: }239546
® BI’OHC”\/, GCD = -1°C Correct N : 62337259
O Cb0O=20 Derivative Statistics:
e Some overshooting tops e et
e Some lightning
*NOTE: Beam blockage over the southeastern CTH_statistics.txt
coastline CTH/ETops Correlation Statistics:

OLS Coefficients: [0.7679, 419.24392]
Mean : 10361.5302734375

RMSE: 13133.392578125
Pearson R: 0.5302

© 2024 UCAR. Al rights reserved 40

58 © e\ (& A BmaS

¥ CTH #YE[ 5y > cthValidate.py & HH&RET45 8488, CTH Fyfsdl - ETops
Rt SET SR - EIRFRRECE AR EEVE E - WE 59 A DUE F R
ZE AR e 2R TH EL i = A 45000 IR 55000 0K 2 F - fff H CTH & =172 ETops
MR ASEEFEEHETRSLIE 20000 RKE] 40000 IR 7R - (FHR/NFE
J7iE RIS EFIAE 25000 1KLL CTH>ETops -+ ifij 25000 IR 1L R IS ETops>CTH -
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il N .
@ I NCAR CTH to ETops Comparison
Convective Case #2 Typhoon Hinnamnor
CTH to ETop Density CTH to ETop Density
20220907 06:00Z to 20220907 12:00Z 20220901 09:00Z to 20220901 15:00Z

55000 . 16000 55000 T———

50000 14000 50000 100000

45000 12000 45000 40000

40000 10000 & 40000 g
. g _ 2
£ o € o
o 1 o 60000 5
% 35000 5000 § é 35000 g

30000 6000 % 30000 20000 .

25000 T 2000 25000

20000
20000 2000 20000
15000 15000
15000 20000 25000 30000 35000 40000 45000 50000 55000 15000 20000 25000 30000 35000 40000 45000 50000 55000
CTH (ft) CTH (ft)
© 2024 UCAR. All rights reserved 41

59 * CTH £ ETops st K ]

(VU) FNEEVER R AL

H Al CTH/CDO ARZK 1 £ 2 /NFFHVSMETEER » By Tt METHERAVREY -
A CTH/CDO JEEE £.4% T Y extrapolationStats.py 72 & python 2 =X (%/1[&| 60)
T E G E o ChEAYE S By CTH/CDO BIRSFFESRE R 1 5 2 /NI NAETE HY
1B - EERA SR FEEH, Performance Diagram([& 61) : fEHl & FHHEAIER 1-
FAR ' 4itdil 5 ] (200032 POD 5 845 R TRIKAG S TS » o FAa#lkBet 1 FonTaR
REJTHEAT - 7€ 2024/04/01 HYEZEARFE © 1 /NEFYMNETHERBHEER 2 /NIFIMETH
#Hy o TS 7 EUREIMHZE 0.2 5 [ domain 2 {YTHERAFRIAANEL domain 1 FyfF » FRIb
FETEAE R e Y 22 [ AT T8 N A B Y THER R

@ ‘ BNCAR Script Descriptions

extrapolationStats.py

Usage

JextrapolationStats.py —start “YYYY mm dd HH MM SS” —end “YYYY mm dd HH MM SS” —product *”
product is CTH or CDO

Script Description
Requires MdvForecastStatistics parameter files in current working directory
Locates parameter files

lteratively runs MdvForecastStatistics with each parameter file
Retrieves statistics and stores in local variable

Saves statistics and plots to local directory

PO RN

© 2024 UCAR. All rights reserved 43

60 : extrapolationStats.py
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I~ EHRSEREE REFRAEMRCLY)

(—) ERKAEREGN

EENAERE R B B FRS R L 2R R EE Y REEE IR
W E A - AREEEREEJHERERIEE - EHZ EEBIEHERERL
EE 12 P ERZEN RS E(EEESLUE R E HEEAE L) - & 10000FT
DUN4EER > EF R unlimited o B8 BE ByKSE 5 [A) L AEHEEY RS SE LB
BBl - AERE 10000 AR DL EEZ B unlimited o 3EREERE I AE RIS RKE
FEERRE KR > SESREHERER SRS > 9408 ~ & - ki
RS R T RE G KEERE -

AR BUE R S S BT RS R BT TS > 2Bk n 2= R K
KA BT B SN TESE - 31T AOAWS Z (i A= H 4t 7704
(Model Output Statistics, MOS) » $%,tH $ {E 55X o R[] 828 S B = B Bl A LS Y A
REME > TSR R AE REAYTESEY - 40ME 62 - MOS AYSFELE « ARV > A
DIEABESEZCZANEE EFFEHEZYHES » &R cE)sE
B EEER Bt LIEEELT - AR BERIEEY AOAWS £4; » &8 56l
FIRAVEDIYE —E 2R

@ ‘ I NCAR AOAWS MOS System

Creating MOS Equations y

» The goal is to fit a line to the data by .
minimizing the error
» Step-wise variable screening allows i
multiple predictors, each one reducing
the error more

» Using multiple model variables as Y=a,+aX,+aX,+ . +alX,
predictors, a MOS equation is created

Y = predictand, a, = regression coefficients,
X, = predictor variables

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2024 © 2024 UCAR. All rights 9

62 * P i dtEt )74 MOS

(=) FOCAL-QM 53 :

AOAWS-RU - B3 555 Fepe RIS THERIVERDL - /oA WRF £z
HF2F7(Unified Post Processor, UPP)st &Y 3 /2 B figedf i SE R pR A R AVEUE
FHi#E#H FOCAL-QM(FOrecast CALibration—Quantile Matching) 7577 » {HEE—
EZiFfH] UPP i fz METAR BUATERE - AR Bl Ry - STRMBIEGEL |
HEMZRIEGETr—miE TR R » RO THERAVERZE -
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UPP R ZEEEREETHNISF.O(NCEP)FZE 2 WRF (R EHEM » CLa8&K0HE
SEEOHIEA E M EEERES - SEH WRF Bilig AR % - ST RS — (B RHIE
T BE R R HAM B EEE - EEAETEEA KR KIES LRI 107(-
6)kg/kg » EFAAE - il 10 LEEKHEESR > & HithmE b= 40
RZHIBEEE>50%  AERZ S BhEFESEE - WREBHRAT] - RIlE R i
FEAEI(20000m) - BE RLEEAYETELEF]H Stoelinga-Warner method (JAM, 1999) » i FH
BERERE 2 KR~ B0~ RO~ K~ JBAVEELE > sTEEEURE > YGRS
98% VR E £ MRE RS » S KIEFRFIAE 24000m - B3 2 E FAN AR EA
FoE ~ - WEFERZFRAVEE R -

FOCAL-QM fy#% » FTEMHMBEE 30 KRAVES EUHIERHET4ET > &
BSf RO DU R K AE RS VET R A 252 EX A REUEINEES
TAFEZRERERE - RIEGREE S EHFTAA METAR BUHRIE T 46T
WIEE > B REHTE - FRHPNH —& UPP @i HAVEE R BEREKIE -
FOCAL-QM i F] 9 {EREM iz - B 7 5 SR 3 R R P8 5] a0
VFR/IFR -

FOCAL-QM EEAMZA T -

. BEUAE R R E L 5 1Y RIEHR 3 1H(CDF)
R FISRIE L > Z/OFE—EHRVER - 1 A BN EL TR SR LR
A GYIAGTR - HFE o rEE -

2. CEBSEUHIEBL TR BRI
FFRCEPE B - (o M AR IR A A EIE - thEIREEN E 8 Ak
HIEBUAE RAHE B o (L B RE R - SN EE 2 R HIE
A E BT AR R BUEL (8] 63) - [ (RAR AV L THIER A e PR (18] 64) -
Ry 7R AR BUE A BAK > BRAEGREPRHAE 50%E] 200% 2 [ © FAl
FHEERERE EERER(E 65) - 2B IEREZ 48R 100 SERFTARHLEER > K
BB AR EIFT A HYAEHEES -

3. REEIFTAMEEHIRIEAREIR - FIREK 4 KHT WRF #53 UPP # & RHL
1E - ZEMINTIE 3 A H > FHIRIGRHRE 48 /N -
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W | INCAR Q-to-Q Calibration Comparison
Modeled precipitation Observed precipitation
Pha|===——=—————
Pmag|—=——=—————~
Padj <
Pfcst > g
/‘r J 1 I‘\ J
25t soth 7sthf qpoth 25t 5oth o 75M 100th
Quantile Quantile
A

Hopson and Webster 2010

Aviation Applications Program

Research Applications Laboratory

AOAWS-RU Training 2024 © 2024 UCAR. All rights reserved 23

63 * R EUEAY 5 o3 (B e SR E Y 5 L8

@f ’ BNCAR Q-to-Q Calibration Technique

v v T v v v M T M M Lo | l. S v v v v v T v v v T v v v T v v N |
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3 A e = 1 3
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Calmg (kFr) Cﬂllﬂg (m Pinto et al. 2020
UnderpredICt Aviation Applications Program OVerpredlCt

Research Applications Laboratory

AOAWS-RU Training 2024 © 2024 UCAR. Al rights reserved. 24
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@ ‘ IRNCAR PtGridFrequencyMatch Distance Weighting \@;

=

> pd.DataFrame([{'dist’':d, "weight" :min(1, (100 for d in range(9,101,5)])

Aviation Applications Program
Research Applications Laboratory

OAWS-RU Training 2024 © 2024 UCAR. All rights reserved 27

65 * PHEEME ERH (%

S ERFERERE

T R R H AR ERE ] createCombinedStats.py 75 € PYTHON 2 #1728
B Hl4@E TE(r> SRAP_PROJ DIR/script ERIFET) o %2R BEF-ETT -
BUTHESWIE 66 - FFEA S WRF_UPP &t WRF_CAL HY4EETEREINE - EfE
A FEIRR SRR - B8~ BRI BRI (E 67-E 75)

NS¥, ‘ I NCAR Verification

Command Line & Options

usage: createCombinedstats.py [-hl [-v] [--gutdir OUTDIR] [--dates DATES DATES]

Create stats plots for CV forecasts

options:
-h, --help show this help message and exit
-v, —-verbose output detailed logging information.
-—outdir OUTDIR Write output here (default=/datal/verify

—-—dates DATES DATES Start and end date (YYYYMMDD) separated by a space (default=previous 30 days)

Aviation Applications Program
Research Applications Laboratory

IS-RU Training 2024 © 2024 UCAR. All rights reserved

66 : createCombinedStats.py

1. FFfEFPAIE
fe Bl e R & M AYVEDR K. 0-6 /NEFFESR - B15 WRF_UPP KA IEIZHY
WRF_CAL -
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ceiling (m)

RCTP ceiling
Time Series - 20231018-20240118
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RCTP ceiling
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RCTP ceiling <= 914 meters
BIAS - 20231018-20240118
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RCTP ceiling = 914 meters
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5. “PIEEEERAEMAE) ¢
TR BNERVEREREEHE RS > BES (LS & . RMSE BT -

RCTP ceiling = 914 meters
MAE - 20231018-20240118

— wrf_upp
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71 A[E R 2 PR R
6. H[{EHE(POD) :

FE#40% 1 » POD=Hits/(Hits+Misses) » ZrLAIS £ (REFIET  HH /D
BT PR - FTLL S TR LR s B 53 T S48 T -
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7.

RCTP 0 = ceiling = 914 meters
POD- 20231018-20240118
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DL EEsbarat Bl - T Any SPDB B (E R AE R - /N —(E A HY
Pl e EE 28 0] DUE BIRF R P 5 AV AlEn - B Bt BE s S22 1E -
YIFIEER = 10000 IREGEE 7B =10 AEWEE - SIS SEBGETE » Y
RPN EIRFIRE AV EEL - POD § CSI 4@EIE ES4FIE - HIAIEFE<3000
R ERE<S AH - HEPIRE RS ER A ERCELE 76 -

I NCAR Verification

Other Thresholds & Caps

# thresholds for CSI and POD categorical forecasts {[min,max,nbins],...)

threshold dict = {
‘ceiling' : [(0,914.4,10)1,
*wisibility' : [(0,5000.0,10)]
}

# caps to restrict large values (which can swamp the error stats) for BIAS, MAE and RMSE

# cffsets to aveid overlaying unlimited values in time series plots
ts offsets = |

ceiling' : 0.02,

visibility' : 0.04

Aviation Applications Program
Research Applications Laboratory

ADAWS-RU Training 2024 © 2024 UCAR. All rights reserved

76 © C&V BRI IEHEROE

() BREEAF

1. ssh-Y aoawsrul.rap.ucar.edu
A NCAR Ml T -

2. runascv
PIHAE] CV IRSE -

3. hERTEREESEE(E 77) -
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‘ BncaR  Hands-On (Environment Variables) @

[cv@aoawsrul ~]$ head shared_env

# Shared AOAWS-RU Environment Variables
export SHOST="${HOSTNAME%%.*}"

export RAP_DATA_DIR="/datal"

export INPUT_DIR="$RAP_DATA_DIR/input"
export OUTPUT_DIR="$RAP_DATA_DIR/output"

# CV bashrc

# Source global definitions

if [ -f /etc/bashrc ]; then
/etc/bashrc

fi

export SHARED_PRQJ_DIR="$RAP_DATA_DIR/apps/shared"
export SHARED_DATA_DIR="$RAP_DATA_DIR/work/shared"
export SHARED_PROJ_CONFIG_DIR="$SHARED_PROJ_DIR/config"
export RAP_SHARED_INC_DIR="$SHARED_PROJ_DIR/include"
export RAP_SHARED_LIB_DIR="$SHARED_PROJ_DIR/1ib"

# AOAWSRU specific environment

umask 002

# Source the shared environment variables
. $HOME/shared_env

export PROJ="cv"
export RAP_PROJ_DIR="$RAP_DATA_DIR/apps/$PR0OJ"
export PROJ_DATA_DIR="$RAP_DATA_DIR/work/$PR0OJ"

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2024 © 2024 UCAR. All rights

RE &%&E&fﬁ

4. HERRRCEE A SPDB fEZEFA(E(E 78) °
ot ﬁNgAg Hands-On (Verification Spdb Input) ‘\V}

oawsrul script]$ ls $PROJ_DATA_DIR/spdb/wrf_upp/3km | head
4.data
.indx
.data
1.indx

.data
.indx

.data
5. indx

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2024 02 AR.A hts re:

78 © ZSPDB el

5. cd/datal/work/cv/cv_training
mkdir verify {name}
BB BRI -
7. cp /datal/apps/cv/script/createCombinedStats.py .

BRI ERFITER -
8. ./createCombinedStats.py --outdir ./verify {name} --dates 20240101 20240331

TR R HIESC -
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10.

1.

cd ./verify _{name}/20240101-20240331/

gm -display 20240101-20240331 RCYU visibility TS.png

TR &t R B e

scp

{username } @aoawsrul.rap.ucar.edu:/datal/work/cv/cv_training/verify {name}/
20240101-20240331/*.png .

REFTAE 4T EE k0 H CHYERS -
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N~ BRRE 0-8 /NFFZ R R THERAE JI(ASPIRE)

(—) ASPIRE f&4}

AOAWS EIZU[EK K B3R THEG HATEER (AOAWS Short-term Prediction of Intense
Rainfall and Echotops, ASPIRE)YAFF LR G E (CWA ) ¥ RS B {E THER IR
F(RWRF » ZE[EEARTIE Ky 2 AN H ) ~ CWA FEG RO EIIIE R CWA BIZITR
REDH 24 (QPESUMS ) st [ERHREER - FABIMERH - FIEEEAH
ERsE S ER P CRIZEWIE 79) > E2 0 £ 8 /NFF 2 872 ([R5 (CREF) -
[B[R7 JH 51 & (ECHOTOP) k[ PR T #z(PRATE) &} -

Diagram: Last Query: 2024/10/11 17:43:04
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79 : ASPIRE GRH R
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BB R TRIFEE ¢ K 2D 85[0 Bk R P I (B EUE B
/NETEDRERERR > IPASFEAE A 3D EREERDRET R TR - AfE 80 - $2
EAIH CTREC J57% - STREZRDAERFEDT R EAHERIGRE - BEIEREH
FIEYS - HAHRERESEEINEFHRAYE B « BURTE RN > 4E
81 ~ & 82 -

2D RADAR 3D RADAR

80 : EEEE R A HEAE
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run_time_based_GridForecast.bash

81 © ASPIRE #MEAHAZH

GridForecast

1 Tiec B 117t W 1
Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2023 @ 2023 UCAR. All rights reserved 28

82 : INIETHER KIS E) R E

(T) ASPIRE fRAFHZE V2.2 :

ASPIRE &4 V1.5 BB THE V2.2 0 {1 V1.5 5] V2.1 i F A SEEETE
AR IR 1 /N R By 10 9388 > HRTERTER R 10 7388 > THERIFRERS
By 8 /NEE > PR R 1 /NEE 5 S5/MEFEEE T CREF §f ECHOTOP By IE K MEEE Y
#1883 - SAF/\HRAIEHE V2.2 iR > EEZEEH ECHOTOP F; PRATE
HIRE R4 -
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I NCAR ASPIRE V1.5 vs ASPIRE 2.1

ASPIRE V1.5 ASPIRE V2.1

* 10 min Llpdate with 60 min * Updates every 10 min with 10 min lead time resolution.
leadtime resolution. . 8&@??&? Ithg\}i_Pchf)%alibration and weighting functions for
+ Limited tuning of calibration and « Numerous improvements to handle realtime timing issues
b|ending Welght functions —  Sped up implementation of extrapolation code
. —  Numerous adjustments to handle timing issues (e.g., delay
« Limited realtime evaluation and in receiving QPESUMS data compared to dbz).
tuning """"""""""""""" * Added TITAN processing to extract and add CTREC

vectors to storm objects and output geoJSON.

Other improvements

—  Improved ingest to handle missing data properly.

— Added ability to handle variable lead times for a given
forecast — to increase uptime of blended forecast when
model latency is high.

— Added app to handle out of sequence forecast lead times

—  Improved handling of background weighis to force hgweight
function to 1 for extrapolation to a lead time of 1 hour.

—  New code to allow for increased storm area if indicated by
Calibration function.

Aviation Applications Program
Research Applications Laboratory

ASPIRE Install Report, 9 Sept 2024 © 2024 UCAR. All rights reserved.

83 © ASPIRE RiZ/ARELHEL

S8 HH H AR RGBT K - ROt R auE R ghm B S
fiiitl geo] SON fHZEAM T 2 JERILFN A& » K 35dBz DL EMEE#HIE > E5 1 £
2/NRFIMEIRHIALE - Sl AOAWS Z &R HYT TITAN DiRE - 4fE 84 -

N

NCAR

Storm Polygon Applications :

e Titan
o Inputis a smoothed 2D radar mosaic
o ldentifies storms 35 dbz and greater
e Tstorms2Spdb
o Converts Titan output to a database
e update_storm_vectors
o Inputs are the polygon database and gridded storm
motions (from ctrec).
o Output is polygon database with motions assigned to
each polygon
e tstormsFcst2Json
o Inputs the polygon database
o Output is a GeoJSON file with 0, 1, and 2hr
extrapolated polygons

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2023 © 2023 UCAR. All rights reserved 3

84 : el FRaGCE S E) R E A RN

(=) METplus 5B :
METplus 5 EEHEZE(METplus Verification Framework )i Fi iAHE = E2 B B B
HTEEF  fE =57
1. METplus wrappers : FZEHIHEHEL TA/ERIZ -
2. fEAEHE T H (Model Evaluation Tools, MET) : 5B 45 z145
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3. HftroathTE -
TR B R R A E VS E XS GridStat_festBlended obsRadar refc.conf

system.conf - #fE] 85 » HEZEITALEGETEHE « (EHEBLIEEFRALE
FEM -

METplus Simple Example

Files: /home/aspire/kalb/Training
*  GridStat_festBlended obsRadar. refc.conf

— Runs all three MET processes (Grid-Stat, Stat-
Analysis, Stat-Analysis)
— Contains settings for variables as well as those
specific to Grid-Stat and Stat-Analysis
system.conf
— Contains important paths, such as input/output,
location of MET, etc.

Runs the 3 statistics steps from previous slide on [wr

E_F
an am muasnsﬂ

blended model for reflectivity, 3 thresholds INIT THRENEHT = 500
(>:20 >:30 >:4O dbz) LEAD.SEQ = @, 1, 2, 3, 4, 5, 6, 7, 8
H H
— Plotting done in separate script ¢ Fie 110
|# https://metplus.readthedocs.io/en/latest/Users | emconfigurat. h

85 : GridStat fcstBlended obsRadar refc.conf Jz system.conf :

PBRAE A E] 86 -

1. Grid-Stat :
ERZIIERGET TR 1) IREERATEERIIF I B H 5 > B AE s Ko
HERETR - ARt erA RS BEETR - B & HzEE -

2. Stat-Analysis :
BHETEBREAS & DR SRS TR » AN BB TS AERE R 2 E R & e B
PeateER -

3. Plotting :
o] DL 4 Python([& 87)3¢ MET viewer([& 88)48 B bndnaT452E -
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METplus Chain of Processing

Grid-Stat [ SOt NN St N
Analysis Analysis

»  Grid-Stat
*  GComputes Gontingency Table Statistics for each requested model day/time on gridded model and
observation data
+ Additional statistics also computed, but are not plotted
*  Stat-Analysis
* Aggregates statistics over a user-specified time period
*  First: run aggregates over lead time
* Second: run aggregates over both lead time and time of day
* Plotting: 2 options
* Python scripts
*  METviewer

NCAR | mzssreoms

86 : METplus ZE{E i

0.40 REFC CSI >==30 dBZ by Lead Time 20240617

0.35 1

0.30 1

0.25 -~

0.20 4

csl

0151 u
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Lead Time (h)

87 : {# ] PYTHON 248 BMchass
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Reflectivity CSI == 30 dBz by Lead Time
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== Blended == CTREC Phase Correct
88 © {1 i MET Viewer BRI EREEF
(F9) FWCT &l -

WRTSCATL > FIBR T GER ) AR LEENRER L - THIE YR
(ForecastWindowedContingencyTable, FWCT)&2 C++FEFHFZ= - dig A BT A IV TEER
RIS R - R1& T netCDF #& =AY Hit/Miss/False Alarm/Correct null 43
i (& 89) K ASCII #&={Y Hits/Misses/False Alarms/Correct nulls # & 455 ([E]
90) - & HF'EJTWE;%EJ% HAEZE o E(EHE 0] DL B &Rt v] DA SRR 5
&t - 2EEEEEETES - MAERUE - WERIE -
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Gridded Output Diagnostics Data

Output grids of H/M/F files are mdv-compliant NetCDF, so both Jazz and ncview works
on them. Example: Blended PRATE > 0.5 mm hr-1 (1 hour fest valid at 0700 UTC 17
June 2024)

-1 = missing obs (white)
1 = Correct Null (black)
2 = False Positive (green)
3 = Miss (purple)
4 = Hit (orange)

89 * [EMITHEZ H/M/F F3ffii

ASCII output data

Valid_040000 blended cref o 20 f 20
Valid_040000 blended cref o 30 f 30
Valid_040000_blended_cref_o_40_f_40

(poorly named, as 040000 is the GEN time, not valid time!)
Example content:

yyyy mm dd hh mm ss leadtm(sec) ignore correct_nulls misses false_alarms hits

2024 0509 01 00 00 3600 1 97074 239 157 30
2024 05 09 03 00 00 10800 A1 96929 151 418 2
2024 0509 04 00 00 14400 1 96331 193 946 30
2024 05 09 05 00 00 18000 1 96194 172 1080 74
2024 05 09 06 00 00 21600 1 96175 161 1076 88
2024 05 09 07 00 00 25200 1 96473 213 770 44

where yyyy mm dd hh mm ss is the valid date and time in UTC

NCAR | Bigisssr o=

90 * ASCII #85{ H/M/F B 4ieat#ufl
StatsAOAWS .py 1= EFRZZUE NN 10 Ky ASCIAS B E it #E T4 lE - 24

& E{ % NCAR web server({hL iR Hf5k) » {7 7] AE L Iaise e iohmiy 8 ~
Pl M e SRR ] > B ARG R (E 91) -
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Example of Stats Plot Selector Website

ASPIRE Project Statistics

CSI Score vs valid time
for all 1 hour forecasts

ake Threat Score (TS)
3

91 : Stats Plot Selector 4 H

() SRESKE :

1. 1284 /datal/apps/aspire/script/stats_training_sandbox 1 or
/datal/apps/aspire/script/stats_training_sandbox 2

2. ./FestWindowedContingencyTable -params
params/FcstWindowedContingencyTable.aspire.blended cref.archivemode -
interval 20240609000000 2024060923595
BT FWCT 25X -

3. EEHEE
netCDF fEZ& © /datal/work/aspire/stats_sandbox_n/mdv/verify
ASCII &2 : /datal/work/aspire/stats_sandbox_n/ascii/verify/model

4.  47#E RunFWCTArchiveMode.py :
HEEFAN B 0 [EETT 2024/06/09 F1] 2024/06/10 BF i EfE] ©

5. 4k StatsManualRunThreaded.py :
DB TIIAREY ASCI AEZEIF e » NS T 2R R PR m] gt P A (E % -

6. ./StatsManualRunThreaded.py | tee StatsManualRunThreaded.log
HATINSRERET -

7. ./Availability AOAWS.py

& 2% 52 % (CREF, ECHOTOP, PRATE)[Y PC ¢ Blending I8 85 » 230
Stats Plot Selector 445 -
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B LERER

— ~ 8L AOAWS-RU EREEZR Y

HAT AOAWS-RUZH » ENTHEAG NEE T 2GRN - NEHES
BRI ~ S ERIEIER ~ RIINER =4 - HAT NCAR FHg2HY 6 THEE
Lt BT EESTENES CTH/CDO 4h » BEMAREBZSIRBIEE -

AN H AR SRR ER 24 > LS EIURMUFRERRV RS - EEEDY - E5

RERE ~ ORE - R~ AHENRE - K - BUR - FOKEEFEY > WAHTEIH
HERHET A TERE » R T EEREEREE N S METAR BUHE R AT LUE
Tt E - MR HAN BT 4EE A TSR BB RHETTYBER i - REE
A AN TR BE

AR E AR EE TSR RGO AR TRV L R T A - WK E - A2
7 i R SOE Z FRKERVETTRER > 5T E POD &z FAR k48 %L Performance
Diagram © $HELFITE » AILAA# TATA in situ EDR & NTDA EFRHEFTHH » 4
#1 ROC 4R [E 5 ¥ CDO 7kER » a]LL4g%Y Performance Diagram » Ff{d 1 £ 2 /)N
S IMETEERAYZIR 5 % ASPIRE Kz C&V e » A A4gHd CSI BTEH AEIS 1Y RE 4
EE % - B R REERECEEN RSN - B4R e 8B#b
AR o EHHE AT ERE - EERBASHEE o R TIREHEEREESS
EHA NS seah B v DA[E] A& 45 NCAR B0 & N Ze Y MRt s e T B AR -

=~ R EREET R

RS | SRS REE B R AT A TE I o 2 P REME - SN2 s A ER
B TR > Ao EEITE R 0 EEHE VU RSB L BISEE A RS -
AR B R Y R R A (PR~ BeR ~ FRICERE..) > FETHER AR E
PRI YRR A RS P R B L B BRI R E Y -

SHOMEBREIREREEEAMBER - ()44 - 28E0E - WTERF ~ 2l
R~ B REFEE > MEM(EEEREAESRES - IR A RZI AR
FUENE RS B AR E A -

=~ FFETE ST BRI R BRI

HF S I 2 BUAE R - ERE R EIRAVES - DURRIEER Y 48 g aH R
H A AR DA BIPR RATHSHACAO)Y 28 - T ERF AT & B M 38 e 2 fiii e
SRERIER Refiffy - Pz S aad Ay S5 (BB R M E R AVER E B AL -

FINEBBLIR R « ZEHRR - AT ~ BN SRy BE Ay B AR R
aff - WIIAERTZ AR RN T - TS A ENZERRIFERBFK
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A SRS TR AE in - TR BLEE A& A 2 R TS S BN A e ol » A
B PG HERTZE SRR IR ' E

g ~ FrEEERBIBRFR AR O R R IR E RRRE

BRI AT RBTEARESS - A RARILER - BRAFHEN
W BH AN - AT RIS FFRA - NCAR AU
S R A R A (T BRSBTS LA & A B AR
Fitt SRR TR RIS LR - SOR LAERE RIREETH - (R
Getis - AT AR I -

B~ /MR AR RN

FIYNIER 5 P BRI G SR S PIIB E SRR AR - S e TR
ORI ZE SRR E R E e H R A - BREAHREESE N B RE IR s FUA S R IR
B Mg HEER o WHERKAETR A E KR RLATBIE R » I AJER
R AR IR TR -
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(TN F ¢
WWRP/WGNE Joint Working Group on Forecast Verification Research

https://www.cawcr.gov.au/projects/verification/

METplus User Support

https://dtcenter.org/community-code/metplus/user-support

MET Viewer

https://dtcenter.ucar.edu/met/metviewer/metviewerl.jsp

ASPIRE FeEgdd H
https://projects.ral.ucar.edu/ConvWx/epoch/verification/plotSelectorAspire.html
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https://www.cawcr.gov.au/projects/verification/
https://dtcenter.org/community-code/metplus/user-support
https://dtcenter.ucar.edu/met/metviewer/metviewer1.jsp
https://projects.ral.ucar.edu/ConvWx/epoch/verification/plotSelectorAspire.html

