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9/11 | 0900-1200 | Jason Craig Lecture and supervised hands-on practice:
Introduction to GNU Make and RAL's
Makefile system

Dan Megenhardt | Lecture and supervised hands-on practice:
Introduction to NetCDF API, tools and the

mdv_nc conversion process, NetCDF2Mdv

App

1300-1700 | Jason Craig Review and hands-on practice + Q&A

Dan Megenhardt
9/12 | 0900-1200 | Jason Craig Lecture and supervised hands-on practice:

Understanding algorithm code/program
structure & understanding TDRP or any
parameter/configuration files --
SHARED/INPUT

1300-1700 | Jason Craig Review and hands-on practice + Q&A

9/13 | 0900-1200 | Gary Cunning Lecture and supervised hands-on practice:
Dan Adriaansen | Understanding algorithm code/program
structure & understanding TDRP or any
parameter/configuration files -- IFI
1300-1700 | Gary Cunning Review and hands-on practice + Q&A

Dan Adriaansen
9/14 | 0900-1200 | Jim Cowie Lecture and supervised hands-on practice:
Bill Petzke Understanding algorithm code/program

structure & understanding TDRP or any

parameter/configuration files -- C&V
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1300-1700 | Jim Cowie Review and hands-on practice + Q&A
Bill Petzke
9/15 | 0900-1200 | Jeff Hancock Lecture and supervised hands-on practice:
Dan Megenhardt | Topic JAZZ & Sysview
1300-1700 | Jeff Hancock Review and hands-on practice + Q&A
Dan Megenhardt
9/18 | 0900-1230 | Wiebke Lecture and supervised hands-on practice:
Deierling Jason | Understanding algorithm code/program
Craig structure & understanding TDRP or any
Teddie Keller parameter/configuration files --
GTG/GTGN
1330-1700 | Ken Stone Lecture and supervised hands-on practice:
Dan Megenhardt | Understanding algorithm code/program
structure & understanding TDRP or any
parameter/configuration files -- CTH/CDO
9/19 | 0900-1200 | James Pinto Lecture and supervised hands-on practice:
Dan Megenhardt | Understanding algorithm code/program
Dave Albo structure & understanding TDRP or any
Sue Dettling parameter/configuration files -- ASPIRE
1300-1700 | James Pinto Review and hands-on practice + Q&A
Dan Megenhardt
Dave Albo
Sue Dettling
9/20 | 0900-1200 | Greg Meymaris | Lecture and supervised hands-on practice:
Jason Craig Understanding algorithm code/program
structure & understanding TDRP or any
parameter/configuration files -- NTDA
1300-1700 | Greg Meymaris; | Review and hands-on practice + Q&A

Jason Craig




2. RENERE

— MAKE %48/ 148

(—) GNU MAKE Z&ffi/T -

GNU MAKE &t A2 AN 1L R anhis PR s s 2 B T R A IR 4G HE R 28
AT H. - Br3% N B —(# makefile fEZE > HIZRRTARYIEFRIAISIE ZEF AL E K
GOl AT DU fe 226250 - MAKE ZiVAlIEIF 5 AE makefile £ - (2]

R AIE AR Z IR AT T 28 - MAKE & HEH R AR AR > LU
A EEZEZEHIIAS - MAKE $HEZCEE S E LA RS G FERHE S5
JFAGHEHET T4 5% - MAKE 2 &uA A nf PAZed » il DUR 202 » B2 5 R R TAE
A LU MAKE ZadeiZedil] -

MAKE Z&VUREHE - Ml (rule) ~ Hif(target) ~ JeitFRF(prerequisites) »
Fc 5 (recipes) * AEHl(rule) &5 MAKE S a e[ T— 25015 B (Al 22 4Er T
BIfE - feFUAHE I HAESE - MR HMERIAEIEH B B HiR(target) &
RAFTEE RN B YR EGE AT TE - R U B TR
T 3 el (prerequisites) 2 F AR E AR HARAY IR AE R - —(E B E R %
Jei M Bic s (recipes)i& MAKE Z&RHIR(E - —EACT rIRe B2 Z24IE< » B
—frt Rl REARI(E LA EAVIE S > EHEEC T AT AN E AL tab 58 - (Z0E 1)

N GNU Make

NCAR

objects = main.o kbd.o command.o display.o \
insert.o search.o files.o utils.o A variable definition

edit : $(objects)

cc -0 edit $(objects) A simol |
simple rule

$(objects) : defs.h

kbd.o command.o files.o : command.h

display.o insert.o search.o files.o : buffer.h Prerequisites

Here defs.h is given as a prerequisite of all the object files; command.h and buffer.h are prerequisites of the specific
object files listed for them. “edit” is the target we are compiling, the dependencies for the target are the objects, and
the recipe is the command “cc -o edit $(objects)”

This also has an implicit rule for updating a ‘.o’ file from a correspondingly named ‘.’ file using a ‘cc -¢’ command. For

example, it will use the recipe ‘cc -c main.c -o main.o’ to compile main.c into main.o.

© 2023 UCAR. Al rights reserved

1 : makefile &%

GNU MAKE Z&ui Rt - r DARUE R (GE S - B Gka Al T DA
AT TR Pl AR RIS B — B E R T AR5 1S  dms e Uy LA -

(T)RAL fJ GNU MAKE %5 :



RAL 1y Makefile 32EIRE B » (Hi5 L TIERE D AR AT w121y
“make_include” &} » m] LU A FIIRSE “acaws™#E A - [ HoAth 2% H A 2 it
M EEE R NHYEE - BT A—fKER - makefile 5 H RAL HYE
FATan
include S(RAP_MAKE _INC_DIR)/rap_make_ macros

B TR R — LR ¢

RAP_MAKE INC DIR : make include EHHALE -
HOST_OS : Z&&EIFERS) -
RAP_INC_DIR : ZEEHEIEEI AL E -
RAP_LIB_DIR : 27435 H R =YL E
RAP_BIN_DIR : {7/ 4 &I EHFER -

J& N Fs— (il AOAWS-RU B 2B E R -
export ROOT_DIR="/datal/apps/aoaws/”

export HOST_OS="LINUX_CX14”

export RAP_ MAKE_INC_DIR="$ROOT_DIR/make_include”
export RAP_INC_DIR="$ROOT_DIR/include”

export RAP_LIB_DIR="$ROOT_DIR/lib”

export RAP_BIN_DIR="$ROOT_DIR/bin

— L AR B e U G B E R E R (acaws ) T
RAP_SHARED _INC DIR : {Fi = E0EERY L & -
RAP_SHARED_LIB DIR : {Fitdt /4R 2 ek =R & -
RAP_SHARED_BIN_DIR : {Fi =/ {maE& EHE -

J&& N B —{E @ EAY RAL makefile &3] :
include $(RAP_MAKE_INC_DIR)/rap_make_macros

TARGET_FILE = procmap
LOC_LIBS = -1toolsa -ldataport -lpthread
HDRS = Args.hh \
Procmap.hh

CPPC_SRCS = Args.cc\

Main.cc \

Procmap.cc
include $(RAP_MAKE_INC_DIR)/rap_make_c++_targets
F—1T/2 MR make_macros V(L& » HAEXHE/ZE procmap » #2824 A K ={F B
T RAFIAESCL R R T) - Bl —1TRIE RS CHRatBAYRE AL -
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rap_make cf recursive targets 1|22 | —1E make 1 HZ - {F £y make F5<1Y35EIH ¢
make - * i I PHECBETA G o

make debug(make -g) : [REE4RE

make opt(make -O) * Fz{FH({b4RsE

make optopt(make -O2)

make static * 4REAFREIELE TS

make clean : ZEIFISERFTA .0 16

make install * ZZEEFITHERY RAP_BIN _DIR » Z28Ep4 = EEY RAP_LIB_DIR
make install_include * “Z35K=EREIEAE Y RAP_INC_DIR

AOAWS-RU FEZZHY make #ETE By “<-02 -g”

JEE N By T 545

Buildl 4l 2245 B —JE AR (ST T “make clean”Z3 1% %11 T ‘make install”)
5+ «./Buildl src/procmap”

BuildAll * 4m W ZHE AR A EREARA KT A EEFENEZE
(Se#i{T“make clean”Z41% ¥ FTA e ={EE#N{T ‘make install_include” AR FTH K
=B B E FIAE =007 T“make install”

MakeClean : JEBRFTA HIX drseny e AR S bl =0 -

TS A “aoaws” MRS > SE B “BuildAIMZA4EILZERIR » A B A REHEST
Grinz o



= EREAEREIU(NetCDF)fM4E

(—) $Ep BB RS (NetCDF)E /1

NetCDF 2 3£ B A | R o 92 K 2 B B85 (University Corporation for
Atmospheric Research, UCAR)JEE N4 Unidata [E[5 & B B2 4 A &R Z R =
BRI LMY 2 BIEER FIIRREREBGEETEER - A — R0 =E
B AMEZ > AT DUEE A [EFE(GE = (C, C++, Java, Fortran, Python...)4R#H
BAEHY -

NetCDF #&:0 T 2AVRFE R © (1)E i © —(E NetCDF f&ZHIBHE 2%
SEERNENHERER > Bl SRS S8 R ERVLER - Q)rT M - —(E
NetCDF fEZ2 o] DI FHEE S ~ 57T ~ /BRI R B RS L - Q)P © K
RIERME N S ERHE A TS o] DR &R Y2 % NetCDF By Hsh » &2 0]
DLiFs s g R o (4)mTR it © Erba] DA INE45#8( LAY NetCDF f#£2H » “RNH
HEIE R EEEUE BT E R B RIS - (S) Al =M« [N a] A —(E 5 AF IR
B HUE (8 FH[E]—{[E NetCDF ££28 « (6)fE 2R M MHAS « BATER AR AR AT & 52
1% F 1A NetCDF f&=(fg 2 -

NetCDF #gZ A fmE & 2% E 577 ¢ (D4EE - NetCDF A& ZME R (EHE4EEHY
RIS B - QB - MY HERMTEEHEE T ERn] DUE 765 -
BEEAERE - Q)BEENE - BEIVRELRR - DB - BAAERTRE
B o BEEEAVERYIIE 2tz yx] > 7 RIEERHE ~ &~ Y J71E ~ X J7[E) 0
HEHE A I E— (A R AR g SRR G B B K ey 25 A
T4 0 BRIE XY d9RA SR G TR o (AkE 2)

N\ NetCDF

NCAR
Lambert Conformal Grid Example
dimensions: double lat(y, x);
y =228; lat:units = "degrees_north";
x = 306; lat-long_name = "latitude coordinate";
time = 41; lat:standard_name = "latitude”;
variables: double lon(y, x);
int Lambert_Conformal; <:I lon:units = "degrees_east”;
Lambert_Conformal:grid_mapping_name = "lambert_conformal_conic"; lon-long_name = "longitude coordinate":
Lambert_Conformal:standard_parallel = 25.0, lon:standard_name = "longitude”:
Lambert_Conformal:longitude_of_central_meridian = 265.0; int time(time):
Lambert_Conformal:latitude_of_projection_origin = 25.0; time-long_name = "forecast time";
double y(y); time-units = "hours since 2004-06-23T22:00:00Z";
y:units = "km"; float Temperature(time, v, x);
ylong_name ="y coordinate of projection™; Temperature:units = "K";
y-standard_name = "projection_y_coordinate”; Temperature-long_name = "Temperature @ surface”:
double x(x); Temperature:missing_value = 9999.0;
x:units = "km"; Temperature:coordinates = "lat lon”;
x:long_name = "x coordinate of projection™; Temperature:grid_mapping = "Lambert_Conformal"; <::|

x:standard_name = "projection_x_coordinate”;

©2023 UCAR. Al
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NetCDF 3(CDF-1) : &M &R Ry R aats = R4 - AR TTRER K -
64-bit offset(CDF-2): 17/ NetCDF 3 *%ﬁ’ﬁjuﬁémﬁ%ﬁﬁz‘zﬁﬁgi$ ZERIN
PR KA R -
3.  NetCDF 4(CDF-4): #5aEfRE L (fi ] HDF5 &g = {H 5525 F NetCDF
API; ﬁ:%% > NetCDF API i1 HDF5 AP « $2 {20 AR AE Bl 5 S/ R
4. NetCDF 4 Classic : ff HASBLERHES - (HR2BEH N - BRERt AT
NetCDF 4 HDF5 #528 - i A& 22 ] LUZ R L NetCDF A8 L BE (1Y 247 A -
5. NetCDF 4 64bit data format(CDF-5) : Z52% NetCDF 4 ZZ4E2 64 i1 TTAEZE Z4¢
LA HURFTA 32 itk 64 RyrsEsy - SZHRE KIS (YT 2 40
&) -
NetCDF 4 22 BR4aFHE © (DERIEE4KE HDFS {7 - (Z)ffﬁﬁ gzip FRGEATR
KAESS - 3) AMMIEIEEEYE - (&S A EERAR IR EEEN - (5) RGN
FRFREERHET Sy o (6)MEFEE 1 3] 9 WERYEFEE - %ﬁ%ﬁ_ﬁﬁﬁ SR RAE
FEZERUN o (DERA/NEBRYE AN GERHE B IR AR 2 -

(=) NetCDF API

NetCDF API o= EAY S5 fES 58 F 5 ¢ (1)NetCDF C library (netedf-c) © ZHgz5T
LEHERIRZ AR EEE © (2)NetCDF 3 C++ library (netedf-c++) : JF4a CHEE= API »
REZEEH © (3)NetCDF 4 C++ library (netedf-cxx4) © ¥ CHEES APl » HF[ETE S
A o (4)NetCDF Fortran library (netcdf-fortran) : Fortran §&5 API  (5)NetCDF
Python library (netcdf-python) : Python 555 API » (6)NetCDF Java library : i El
APTARARIYARE » m]DIFTHE N — TR RS 2 jar fE%E -

FeAMEEHAED CHer=N(INCxx)E B H FifHY NetCDF 4 C 555 pr=UE AU
40HR A NetCDF3 CH35E5 API - 1SEE{HEE NetCDF 4 #& (A AifHyA2 =Ch5 =] DA
A NCxx BEEX{Eiam A~ s 2 E 5 R0 NetCDF 4 C++ API(netcdf-cxx4) o

NetCDF 4 #5222 FAFERAEME—{EFAVRCA - &R PAA N HHZS NetCDF 3 %
% FR% HDFS 1.8X BEEHHVARAS - 215 BRI A IR - )2 %A HDFS /Y
bR - HRRE A & 2 NetCDF 3 pr=UBE A T2 45 02 BRYE) - W15 IR R
THEL A & /& NetCDF 4 &8 HAE Z AL

IEREZ AR P AR B ek =URERCAS © (1DZLib © 1.2 BOETARCA - $2ft HDFS
TR =Y BR4ES - (2)HDFS ¢ 1.8 B #hiiA - (3)NetCDF 4 (netedf-c) : 4.3 BUEH
HrhEA - (4)NetCDF 4 C++ (netedf-cxx4) 1 4.3 B¢ 5 R A - (5)NetCDF fortran (netcdf-
fortran) : 4.4 2 FH ITARA -

(29) NetCDF f S aEmm S e & -
1. ncdump -h <file.nc>

HUR NetCDF 12 FAEB RN RIERE ~ 280 @1 > R tifEENE -
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ncedump —hs <file.nc>
BT NetCDF fEZBRAEIEE
nedump -k <file.nc>
#E7 NetCDF 522457 : classic (CDF-1)~ 64-bit offset (CDF-2) ~ netcdf-4 (CDF-
4) ~ 64-bit data (CDF-5) -
ncedump <file.nc>
HURSEREZR > BREARERA -
nccopy -d 1 <input.nc> <output.nc>
15l ATE R B Y& (BRAATETE Dt -
nccopy -k <kind> <input.nc> <output.nc>
18 Bl ATE ZEER M netedf 182
kind: ‘1> => classic (CDF-1)
‘2> => 64-bit offset (CDF-2)
‘3> => NetCDF4
‘4> => NetCDF 4 Classic
A LURFARBR4E . NetCDF3 FE 2 Y, NetCDF4 &L HAEZ((HBRYE) - E & T
ZE[H]
nccopy -d 1 <input.nc> <output.nc>
EEE AR > DUBRSEREE 1 BR%EE L - % AR NetCDF 3 fE %%
NetCDF 4 f52& - & B ERYEET A N B G P2 -
nccopy -k <kind> <input.nc> <output.nc>

15 ATEZE > Hth R A netedf £83 ©

kind: ‘1’ => classic (CDF-1)
2> => 64-bit offset (CDF-2)
‘3> => NetCDF4

‘4> => NetCDF 4 Classic
nc-config -all
FE7RFTA NetCDF iR EEE A ~ BT NetCDF fiiA ~ BERAT4waE - (401 3)

10



N NetCDF

NCAR

nc-config example

- nc-config -all

— Print all information
about the netcdf library

— What version it is

— What it was compiled
with

— How to compile
programs against it

© 2023 UCAR. All rights reserved 19

3 : nc-config iy &

LU = HI[ By NetCDF #2{E#(NetCDF Operators, NCO)fY (o FH &if :
10. ncks -A file-1.nc file-2.nc
i file-1.nc YN ZARNIZE file-2.nc
11. ncks -h -O -6 input_file.nc output file .nc
BAfE ZE8E By NetCDF3 64bit (CDF2)FE = -
12. ncks -h -O -7 input_file.nc output file .nc
B ZEiE A By NetCDF4 classic #8=0(HDF5) °

13. ncview file.nc

EaE G e NetCDF fEZEERANE > f8 mdv_nc fEZAE -

11



= RFERm A EILE 24 (Input/Shared System)

(—)AOAWS-RU B2 ialas

AOAWS-RU {if FH ZAE A [EMRESE i A [FUEEE 280 97 B - B S iR /K TR (i) ~
LT TR (gte) ~ Bl B THER (gtgnow) ~ BRI ES 22 [0f7 2 Bl (H M (ntda) ~ EBIHS
(cth) ~ B K AE B THER(cv) ~ BIZIK R THH (aspire) -+ R4 (FEFEA B 2
IR5%) - BHETF ZRFAHEIBIL o] A EAEAR FEREIRES b - S5A REE R A8
H= 2 %% (Input/Shared System > (i “acaws”[E5%) » Z 2K TFHEHAY » [FEES
HEG RN RFER - BRI - 2 NS EBVAMH - SiatE R BT R E
JE o BT DIAFZ28E AOAWS-RU £ NCAR JEEERS » E4LZ24E Input/Shared System -
Input/Shared system FEZ4E/T RedHat8.4 /EZE 2475 I » £ GNU 4REE25h(T -
“acaws ME5E TR Z25% € Bash Shell » [fj A HE VAR P9 A E I ZERPRAIERR -
PR B2 35 = J7 e =U A FIAE ICD X 1> KER ST 4E RedHat8.4 HYFEAEZZAEH]]
s -

fRH#%SROOTDIR N &A FL{EE R : SROOTDIR/input EFIE Fy 24T 75
i AFEZHILE s SROOTDIR/apps | By 248 2 TEFIFEST ~ PEHI 2 8UE - [R4605
EHERL ; SROOTDIR/work T By /s BEUAN T8 A2 Hh B B (4 AUAE X F VAL &
$ROOTDIR/output " HI| & £ J8 % 5 &% Wi 2 NetCDF-OGC #& = fE &
$ROOTDIR/logs T HIJZ &2 P o THFHVAC SRR - 208 4> RNEVEEVARSEAH
[EHY H $k451E - S LG RS H B R -

N\ AOAWS-RU Overall System Design

NCAR

Within each of the apps, work and logs directories there shall be one directory
for each of the project service accounts:

( These directories are created by the system)

apps/apsire|cth|cv|gtg|gtgn|ifijntda|shared/
work/apsire|cth|cv|gtg|gtgn|ifiintdalshared/
logs/apsire|cth|cv|gtg|gtgn|ifintda|shared/

Note the “aoaws” service account’s directories are named “shared”

© 2023 UCAR. All rights reses
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(SEA/EHER
SRR AR A B2 2 G ARVE R LT 26E © WRFD 5 0&
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(15KM/3KM) ~ RWRF & RH2KM) ~ GTS $]§jz 2kl ~ AMHS $&k ~ [ H
»E 18 B E0kH(B03/B05/B07/B08/B13/B14/B15) ~ Eig# & EE &R - FEk
(RCWF/RCHL/RCCG/RCKT/RCLY/RCNT/RCSL/RCCK/RCMK/RCGR) B
R E R - PIEER - IWXXM #5308k - AMHS #3C& R} ~ EDR gLt &R

REE i A\ B 240 Frm e &R (R [ 4948 #a[& (D1/D2/FIR/RWRF)
)EZT\ [E] 8 B A (cip/fip/gtg/gtgn/ntda/cth/cv/aspire) 73 Ba{E AL » A& 5 °

N\ AOAWS-RU Overall System Design

NCAR

ICD Lists the following output directories:

( These directories are created by the system)
output/cip/D1|D2|FIR/
output/fip/D1|D2/
output/gtg/D1|D2/
output/gtgn/D2
output/ntda
output/cth/D1|D2|FIR/
output/cv/D2
output/aspire/RWRF

UCAR. Allr

& 5 - ﬂ%‘éﬂiﬁmﬁ%ﬂ%ﬁé LEBE R

CE)BEEELGLEME

FITE T 280 & 70 Bl HBR S — {8 tar BR4EHE > (/] proj_install XXX tar H[JH]
PHAAZEE T 245 - proj_install 7557 script & #ET NYIIZFEIH © BEALTHE Hk ~ 5Pk
LR GIFACTTFAENERIR « RS tar TEE 5T H ik ~ AEHEIRSRIRE - B H
i FR Y H 5% - LR Ds AEZE ~ WO BuildAll 4mef2 =0H5 ~ W PT A TEH]
TR FPamasoenk -
#uf5 : proj_install apps_shared 20230912.tar /d1/training

control ERIZH N L EFF Z T T kaiﬁﬁ FRRAREZE © (1)bashre * 225 Ry%
FLUAMRSRZ bashre £5 > Bl & FrfEHYERSE E F2 > Mk Ak ] Z BRI S8 - (2)crontab -

LI Fys% RSt 2 crontab - FEVNE FE PR GEIELT © (3)applist © F1J5R %éﬁ%\?ﬁ?ﬁ%%

ZIEFIREZ - (4)proc_list * HIER REFEEEITHIRERS - (S)shares_env : 52 EFTAHI %
GEESEE (AE shared Z:3) -

config ERAE ™ & HEFE P T IERY S BEERE - BlilEm A/ i ay &k
yﬁﬂ’ﬂﬁlﬁ ’ jzaiﬁiifiﬂﬁ?wﬁ%ﬂﬁﬁﬁ _Janitor Tmm?”“ﬁ%ﬁmmﬁ HAE Z 4 B
IRFTE] & AR SRS E A & B S BECERE

script E\/ﬂjﬂ(@@ BHE S IS N T st T HI Bl ASAE (serips) » SR ITA0 T -

13



proj_install : {EEREERE ZAEHEIE
proj_start * FRBU/ERUERIA -
proj_stop : [FIEBITEE AR EFTEET -
setupRapDataDirs.py * BI}EFTEEHIEFERII > # proj_install FEFILY -
start scripts * 5242 A BELIBREHIHIAAE -

sre BRI MG JEEARGHYIR RS ¢ (1) Buildl @ AR SRRE—EATE
2\ ° (2)BuildAll © FF 4R EE ARG ATARES » (3)Make Clean © {REF&H
PRETARIARE © (4)apps © Bl &2 ME TR HYIRAGHS - (S)libs © B EMJHZ eRF{JE -
(ZEH)

(MRSGILARFHNED)

procmap : B Fi% - EALFREITARGE

DataMapper : ;% F 1% F &R B HRAE -

auto_restarter : HEhE R ILAVIEFE -

DsMdvServer : & MDV f& Z E | H A {E] 45 -

DsSpdbServer * j&f SPDB 52 HEHA (E]Ak 25

Janitor * BEEERHGREIE DAHEE

InputWatcher : B&#285 ARE ZEHF] -

snuff : 1 [FRFEFE (= Kkill job) °

snuff inst : 1 FFEFF o

printMdv : FAEE T~ MDV F2ZE &M » #8{LL NetCDF $£2£ 7 ncdump -h 5% -
. procmap_auto_restart : H#EEEEL procamp °

PrintDataMap * B &R HIFE Y1 -

. print_procmap : BURKEFFHETIRERYIZE

start_inst : HRFEN2EHHERIER -

. runJazz : BT JAZZ SRR E BN R GEBR ) -

mdv_nc2ogc : & mdv_nc & ZEHEHE L iTAE NetCDF g A& = -
NetCDF2Mdy : i NetCDF #5 28 fy MDV A8 X {EEVAF A - MDV 8=+
FFRE AT DASE A [E AR - [FIRFEC IR AG 28 FH B3 AE i -

18. LdataWatcher : BZ#E&REEREIML -

A I o

e e e S e S S ey
Nk LN =D

() REERMAREZLGREFETGED) -

1. CwbRadar2Mdv : R R E T EFE GO E R K QPESUMS [F & RHE M
mdv_nc fg e

Grib2toMdv : 1 UPP 1&Z 48 7 A= ERE GRIB2 1888 5 mdv_nc & -
JmaHimawari8toMdv : & H AN [a] H 2 2 R 4G ERHE fy mdv_nc £g -
Ltg2Spdb : KRG ZFLJEERHE Ry SPDB A& -

LtgSpdb2Mdv : {2 SPDB &=\ E{#E Fy mdv_nc #&= -

A

14



6. Metar2Spdb: % AMHS 5 GTS Z4:U %] 2 METAR 7 C& k5 5y SPDB
F&=l -

7. Metarlwxxm2Spdb : #fFEH#E IWXXM U E| 2 METAR #3C&HE £ SPDB #%
fﬁ; o
run_UPP & UPP : #h{T unipost.exe > & WRF 1= R4 E R HET TR R EE -

. unipost.exe : WRF 1% f 2P » A R A 0N o 888 -

10. Tata2Spdb : [ IATA EDR &iflE &y SPDB &=, ©

ON) BB E -

1. k&t ICD S KEtE Eiﬁ?lﬁﬁ °

2. TEMES AR 1 tar FEZEZE4E Input/Shared System o

3. E{E) Input/Shared System > 7% 3 “procmap HEZRAE e &5 A IE 1 HA T ©

4. iFEiE“datamapper e r B EMHEHIET

5. 1@t apps/shared ~ logs/shared ~ work/shared & ﬂj@)ji% Zofig A BRI o

6. 1@t apps/shared/config B} 2 S EEEERE

7. 1M Sysview {HEEFE R T)?FME%%EM%M\J\i@?%\%ﬁ%ﬂiﬁ°ﬁ[l 6°

Dlagram: red | LastQuery: 20231012913:35:02

=EE e
=EE = =
FEE e

y s
S
2

3

6 : Input/Shared System &} i 2 &
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Y EEETRAT R KR R TR E

(—) BEKHERARIK

ZEHFEKEE(TCIP2) R LU 2 ~ T ~ WIS RABRE(METAR) - P&
KPR IRRGE (CWA) REMFEAITHHRE N (WRF) &R HETEESE - g
B R U TR K ARG - i b R SRS e B A o A5 e 1 A S M A i e >
BIFE VKB BEAE S i - ST/ KTHEUBZL(TFIP2)HII LA NWP &k HE & 5 %=
T #E KK RS - F5 AR E BUARME E S AR5 A S TSR e pr
2 SR K B B AR T o

CWA WRF 55 D1 (ZE[Ef#fT R 15 A8 ) ~ D2 (ZE[MiTE & 3 AH)
SeEIERATIERE (FIR) #iEWE 7 - TCIP2 K TFIP2 FrfE & RHE EE 8 - &
CWAWRF D1 J D2 & fsk{# A2 - METAR & WRF %&kl %L TCIP2 » £ FIR
IR 555 M e 25 22 S PIEE B R DAZE B4 R[IEE TCIP2 > TCIP2 BE A% Fy 10

1£ D1 K D2 &5 HILL WRE D1 K, D2 &Rl EESL TFIP2 » TFIP2 B8 #E25 5
6 /INEF > TFIP2 {F D1 &I 22 M Ky 15 N B > THEIFEIRAE R 48 /NIF >
B 3 /INIF 5 TFIP2 {F D2 W&IsZE AR S Ky 3 N - THERIFERIE Fy 48 /NI
b Ay 1 /NEF « TCIP2 ¢ TFIP2 g #E H =8 & 1000 IKZ 45000 K - FERE &
1000 IR » S54M_E 2500 Kz 4800 IR - iy S8R B R UK ~ 28,2 KoK0 (SLD)
VBB RRIKBR R -

WRF D D2, ...
: \ DFIR |

........................................

___________________________________________________________________________________________________________________

7 @ TCIP2/TFIP2 & it WRF 5= D1 ~ D2 }% FIR [&is#En[E -
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N\ TCIP2/TFIP2 Input Dataset Reference

NCAR
Observations WRF_D Fields
B03 Channel (Day) Geopotential Height
o | BO5 Channel (Day) TCIP2 Temperature
= | B03-B06 Channel Diff @ay) | | | (b1/b2) Vertical Velocity
+ | Shortwave Reflectance (Day) Cloud, rain, snow, ice, graupel
“ | BO7-B14 Channel Diff (DFIR) Relative Humidity (water)
Longwave Infrared L [P r Equivalent Potential
l—.Te-mptudtuw..._...__..__..__..______:
| Cloud Base Height (Ceiling) i CAPE/CIN
ﬁ" Cloud Coverage A i Wet Bulb Temperature
g ZL, ZR, PL, RN, SN, DZ, TH Precipitable Condensate
[ WRF_D “METAR"] i Supercooled liquid water
____1 1-hr accumulated precipitation
§ [Ty L TFIP2 i Total Water Path
E Radar Reflectivity e (D1/D2) ! | Lifted index
S ! | Total Totals
© | Lightning strike count i K-Index
- Lightning strike location ! L.t iRelative Humidity (ice)

8 : TCIP2 J TFIP2 iy A& RIfELE -

TCIP2 J; TFIP2 SEEDERLTR T8 4 BRI 9 - 55 1 55 B HIBT R 5
SEFRREBER - 5 2 BFHER K - 5 3 5 R RIS - 8
4 35 BRI F A BB R P B U AT B R - SLD JHBs R UK BRI 25
3 EAES: » MEBEE K WRF ERBERAHU KRR - 5 1 S48
FERZYIE 10 - TCIP2 b2 F MEATR £IETZE %2 - LU - METAR R
SETETERLE  ERERE R EBITE - TFIP2 HIbL WRF SR R EHE
B R RIS - 4h TCIPY/TRIP2 73 WRF HIE7E1H
BRI FEE R BT S KB - 25 2 25 HIB R K s R
T KRB ATIER - TCIP2 K TFIP2 FIBTIEFF400E 11 R0 12 Fior - 4652
b KRR 4 B e 5 TR S B B R BB B - 5 3 45 s DRI 2 S
A SRR o B SR B 5 /KRB R K R R 3
SRS Wit 3 TR S TR - BTSSR O R R 2R 1 HILL
BRSSO BE 5 R IV KRS T 0 - BB
FELVESE - 8 - WRF 200 R A0BR A S B -
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N Generalized TCIP2/TFIP2 Design

NCAR

'd N
Read Surface Scenario
T Cloudy? —* YES [--p Precip Type r1--M Decision
P (TFIP2) | Tree
) T
» !
o (" Apply ) ( )
pply .
} Fuzzy Calculate Adjust
Logic Ll lcing
No Icing N\ / \. J
Final Icing
9 : TCIP2 } TFIP2 JEE A AL N & -

X () Identifying Clouds in TCIP2/TFIP2 )

TCIP2 TFIP2

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

Search for Satellite coupled with WRF_D
Cloud Top Temperature profile

r

N T
Tt e METAR Ceiling +

METAR/Radar precipitation.
Cloud ' precipitatic WRF_D RH Thresholds
Set to surface if precipitation
Base
present.

Search for
Cloud
Layers

WRF_D RH Thresholds +

Radar Reflectivity WRF_D RH Thresholds

Scenario

L Ny Yy ey Yy N YT Yy yy Decision

Tree

023 UCAR. All rights reserved.

10 : TCIP2 k. TFIP2 B e e nislE -
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N Scenario Decision Tree for TCIP2

NCAR
Icing Probability

SLD Potential Icing Severity

No Warmnose Deep

Deep Deep

[
[
I

1 1
1) 1
1 1
1 1
) . 1 f
Convection | Convection WATUZEE T [ Convection Cold Rain
1 Precip 1
1 1
Non- 1 Upper Cloud 1 e
Precipitating : Ct:ii?;n No Warmnose : Precipitating Pnrzl:ipitag?rr-lr
' ; 1 w/Warm
Cloud 1 Coalescence ST 1 Warmnose
) | ' ( Aboveor )
' Non- . ove or -
N (OlEChiE H Precipitating | [ e on
Snow h Cloud . Precipitating w/Cold CTT
\ I ou | \__ Warmnose ./
1 1 ~ ~
Not Below a 1 1 Non-
L+l Precipitating | Ogsrfor:fved ! [ Precipitating
Warmnose I | Cloud
-~/ ' \ -
—— —
Below a , Below a | Observed
— Precipitating I Precipitating [ s
Warmnose : Warmnose : O
. N 0=z
11 : TCIP2 [ /K IFHIEF e~ EE -
n Scenario Decision Tree for TFIP2

SLD Potential

Icing Probability Icing Severity

1 1
1 1
1 )
Deep | Deep , Deep .
Convection ! Convection ! Convection Cold Rain
1 1
1 L ]
Rain, Snow,
No : Fleezlmg Rain, or : PrE:il;\l’\;:ng Precipitation
PpY Ice Pellets Below
Precipitation : ey : T w/Warm CTT
1 Precipitation, No LI N Within a Precipitation
Snow : wmm. or : Precipitating w/Cold CTT
I e 1 \__Warmnose J
1 1 T
Rain, Drizzle, | 1 Non-
Freezing Rain, 1 1 s g
Freezing Drizzle, | v ™ Precipitating
Ice Pellets | 1 Cloud
1 1) P—
1 1)
! 1 L, Observed
1 1 Snow
1 1) \ J

12 : TFIP2 st /K gl A R s e -

A [E] AT KR - TCIP2 BRI/ B AR 5 A [F B B T3 3 - 1R
I - FKE RS R PAE ~ i 2 AR KR el B - R pRBR &= T TR T
FUKREREREE - G2 BREEX - EIBLE - BE - EEHEE KR
B - AERRPRER S EOTIEIL T BUKBERRE R E - S5 KE  RE - EERE
JE KA KRS - (2l BRI > FUKBERE MEE - BaKE - EEE
JE ~ IR ~ FEEE RARKR e - R T BN ERE AL - &
a/KE ~ EREEE - BE - FEEHE MK RS - FEAMIEN T B/KEE
BERMMIE  ®eKE  EREE - RBE - EEHEERBUMERE - £5A0
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W SE TR R /KIEN T UK ERR S M e - a7 KE - EREE REth-
RIS~ TEEIR - SLD KR ENE - fERA L ETRRENEKER T - K E
REREE  BEKE  BRER - RE - % 5T REKERRE - N[
Ve KHEAH - TFIP2 FE /KB ERE R G TR =08 TCIP2 A[H] -

FEIRRE/KEE M - TCIP2 st EME/KEER DRI AIE 13 - FE=CHIEEs 2 K
METAR & REE &R E R MK e 5 fidets AMERRE R 0 - AMERIEE
BKERSTREATR 2B AETDRE R - #2 B0S oK EE AEEE &
TH T HE AR 2 i p B

N Fuzzy Logic in TCIP2 and TFIP2: TCIP2 example

NCAR
bool
Non_ PotentialNoPrecip::test{int k) const
Precipitating { TEST | 1
Cloud if (!(md->getPrecipFlag() || rd-»getSurfacePrecipFlag(})) {
return true;
}
/f if above lowest cloud
| size_t lowestCloudTopK = _cloudModel->getlLowestCloudTopK();
- if [static_cast<unsigned int={k) > lowestCloudTopK) {
Fuzzy Logic e mreciss sevotunteint 19 cons return true;
}
Interest Maps | EVALUATE
and Welghls return false;

float basePot =|cttﬂap\dt * cttResult|t|thapwt * thesult:|
float baseWt = 1.9;

return tempResult * pow( po{{basePut.basewt] } gohisatﬂesult.sath‘t * sunzScaleFactori.LB,-’[basehlt + (satWt * sunzScaleFactor)));
e ————

13 - fEIEROKENE I - TCIP2 5HRAR/KE AR RS

(&) BKER ARG -

TCIPY/TFIP2 7£ D1 i WRF (= F0R RARFFIEE 2 AIE 14 - 15 D2 &
1, WRF B2 E0 R A2 P AR A2 8 D1 @ —%( - WRF 21452 (Shared)
IR LIS — 14 R HEERE (UPP) K Grib2toMdv f2 PR SRR S R A4 = -
LdataWatcher 72 7y B 72 & B2 & Ffr - — HE &3 H &R 1L Z0 B E)
compute_Lhr_precip.py F2F » 515 1 /NEFFERR & - $£5 DL Hybrid2Pressure #2/7/
WRF B B (TFIP2 FrdR ) B R BR A - GRE &A% = R
MDV-NetCDF #& = « #7520 Ry E SR I PN - FriR & B EI ERE S ]E
Z&rft - MdvDeriveModel 725 Fi 2515 TCIP2 f1 TFIP2 E SRR LS W E
Bl A T BRI L -

20



£

TCIP2

gz

TFIP2

14 © 1£ D1 @ik WRF &R A a2 E -

TCIP2/TFIP2 1 D1 &I METAR &kl A2 Ra R FE40E 15 » 4F D2 i
METAR &t S A2 p a B A2 D1 &I —2X © Metar EiftHIE= (Shared) Z478
R K {5817 ° MetarMapper 727 H HY Ry i55 85 METAR & BT 2 4 R
ARREAERS - AFEFPE SPDB &R EEEHL METAR - il METAR &&f{7 MDV-
NetCDF f&HfEZ - CreateModelMetars 127 HiZ 78T WRF #5088 > DIfE
WREF 48t&%E i ERE i METAR - MdvBlender 27 HHY/Z (2 EHE R P EH
FIEERTRE 2 (2B E0E 1 (B2 - %5 METAR &HiH&E K HhE T
MetarMapper i 45 B AR % &I METAR &Fl - DL CreateModelMetars #1
MdvBlender EfFfE MEATR &R} - EELRLL D1 @ik METAR &f} -

B 15 © 7£ D1 EH METAR kL R R B2 E -
TCIP2/TFIP2 75 DI Gk 2 2ok R A2 Fr BB AR 4R 16 > 1F D2 ik 2
LR R E AR DI i3 - SatDerive T2 H Y (4IRS E &K -
SatDerive HEBAR EIACHIIE R R &R | R  RFETUT
THIE | SFEER  SEAEE MR RIS AR TEA R 5
R § SR R SR AR R A -
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16 : 1£ D1 sk H 248 2 9 3R &R IR B~ &

£ FIR s B 2 Eh S A Fra AR AN E] 17 - 5 e PR e AL i 22 H Ak
PEPE R = BT Ry BE T © MrmsRegrid /2 1 a3 3 4= B EFRAEME R 22
BRI - HEEAUE 2 ERHEE A MDV-NetCDF #3352 - MrmsRegrid f£
FPERIE ERY > B Bl AR E = SRR R AR - IR E A &
SEIEE = R R BRI AT © So—(E A 2st B A SRR - &
TN RASKIT T REME: - 1S LE B RERRS 47 CipAlgo FPRYEEIA[EA - CipAlgo
& TCIP2 LR -

e

|
17 © 1£ FIR @ B E R e P B R

E

£ FIR s P &R S Fria MR 41E 18 - LtgSpdb2Mdv F2Fr HHYE Y
PAEEFTE & EHAE SPDB &R s FAR AR ARy A 488 L - Wit p MDV-
NetCDF A fE% - B A& KM SPDB ERYE TIPSR TEENR (BEE
FIFTHERELD -



[ 18 * 1£ FIR PR E R e P H i E ] -

TCIP2 &t AR PR A2 /E D1 ~ D2 ~ FIR [&IANfE 19 £[E 21 - £ D1 &
D2 [&i5, CipAlgo BRIFRHTAZ A= WRF 52 - METAR K#EZEER} > MAE FIR
&5 CipAlgo ERIEHMAZEHY MY I E ZFPIEER} -

MdvConvert f25 H 2 7% Mdv-NetCDF #&=f822 « %3 TCIP2 » ERR
@J%’U%ﬁu/\gﬂ (At ~ 505 METAR) fE% - {#f] MdvConvert Y 3 {0

1.SatDerive fF D2 F1 DFIR W& Isk1yiig H fa 2 -

2.FIR &5 MdvDeriveModel & H 182 -

3.FIR [&iEHY MdvBlender FY4%5 & METAR #iHHFE2E -

CipAlgo /& TCIP2 HiViZ OAZFp o T {0 R B i A SR TED T E LS R K
P ~ SLD JEEANITR VKB EEARE - 15 50 sl = dlm A\ BRI = 4eim (& RHF 6
5 MDV-NetCDF f&8=AEZE - AR B ot B o e e /KB R A F B E g 15
55 & HEr AR Rl — T E IR % - B DUBUHI S =& FO A R 2 i R
sTEMEUKIA - SLD B3 KUK B A2 A i -

23



2

Satellite processing

==

METAR processing

watches

triggers

19 © 1£ D1 &g TCIP2 Bt AR Fr i AR /s ] -

27

METAR processing

walches

triggers

20 © £ D2 @ik TCIP2 &t RAEFP i R R E

]

o
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21 * £ FIR &l TCIP2 & g i B s e -

TFIP2 £ D1 & fip_algo &t KARFFmBRIE40E 22 - fip_algo F2f7{A
TFIP2 #0, » IR S B S KIS R A E B g i 2 T
SR R Al — B R - RIDUMESUE A EC ST iR e B ARk %R - SLD /8
AR KB R F R o - N Ry LA RE L S R 2B 5 KO S HE R i s
HULIE P 2 BAE I FH R HARRE - pressure2flight 27 HAVERF fip_algo Hirthiy
T ELAAEE ARSI B TR A R[] 1 (o P R PR P il - RS g - /]
DEREREESE EBFEEINNSE > AREERBREELRTESE -
IcingCategory 72/ LIREAHSI B » 'R H A {E AR /K % B AR R A S B K B A
FEST 3 - e Bk (5 S E AR K B AR 251

triggers

22 : £ D1 @dsk FIP JHEUAE R MR P B e ] -
TCIP2 EFHALE (HE@EEFERITRSE) BEAEREE TCIP2 2HiEE
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S W7 %Lﬁaﬁﬁi_ﬁﬂiﬁﬂkﬁﬁ RIS 4w TCIP2 f22 - FE/KTESL K fE
VKB ERRE TR 2 HEZE(T TCIP2 #Y Scenarios.cc FE2=0AE « TCIP2 H#Y CipAlgo
SYREEE S —(EREERE YR - YIRPEEETTE SR EME AR (1ID) -
HERE > DAR (x 0 y) 28R Hiy x BEHUE » v S b HaREE(E -
o T 21 BRI 7 25 (AR CHE T R - B EE I B 2 7 > WM ST e Bl AR
:T:E o
TFIP2 HYAE 2 BRI SR B A EE [ i) 75 2% TFIP2 S ERE M TRE < 18

Lo B 7 TFIP2 #Y CloudLayersCalculator.cc f2=CHE £ TFIP2 2 Fj » 3%
FE/KFEAE Y WRF D #E=0ZESRL » 7858 MdvDeriveModel FEFPSERK o S (B K
JEM Ry TRIP2 FEI/KAEAF SLD JESA R LB SR 28R RN e KB AL
BN A o 72 TFIP2 A - FEV/KIE=A0 SLD BB 8 E F A TFIP2 24
& fBF icing_algo o B2 HE E BEIRBE RN R KBEAY A [E1E
SRS AR R RE B > e PR ST RAE VKA SLD JEZAHY 2 i ORI R
{H - TFIP2 TE/K i B AR fE i e i EE it ] ~ MEEE DL N S BRI E A E &
1F severity_algo # » 351 R > SHEBEIEVIEEMFEHEEME - (HESERESE
G A HIE AT FE A M ERE 2 e - FE =& TFIP2 R U DUBHE T g fE R IE A
T 40 B 2 N -
(=) TCIP2/TFIP2 HEESBEERGY .

EESE RS 522 B %R TFIP2 SHiE AR e e 2 - 12 (E SR E i R
BT TAIREST ¢
1. $RF) ~ FTHNEFH%E TFIP2 2 EEE -
2. (FHFAERI S BIEZE T TFIP2 -
3. Fetii &S S0 B S RTRRAS Y S e 2 A TEREL -

Frae P BRa0 T -
1. BEHEAFRERICRAEE
(1). I BRI
(). BELE a2 EAEE > W SERERUEFERREE T -
2. &% TFIP2 S8z
(). FTh2RHEE -
(2). B SRR R bRy
(3).FEEL TFIP2 Hyz2lenii HfEEE -
(4).FEFSEESE -
3. [ EHEZE BT TFIP2 :
(1). By TFIP2 i HHAE 2t E P R ER B R gy -
(2). LU 2 BE 20T TFIP2 -
(3). WERD i e B A 2R -
4. BEEEEY TFIP2 RIS 28 BUSEAE TFIP2 fiHAE 2 -
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(1) X E IR S -

(2). {5 FH nediff B2 p i B R B2 o

(3). {5 F neview fafifE A= -

(4). 57 Python MR ZERE A R KO£ -
5. FEHEETHHE -

J&& N R R =R Reasi i

1. & A aoaws9.rap.ucar.edu

2. HEEmHERK

mkdir -p /d1/${USER}/mdv_nc/fip/pressure/d2

mkdir -p /d1/${USER}/mdv_nc/fip/diagnostic/d2

mkdir -p /d1/${USER}/files/config

3. 8% WRF D2 #y TFIP2 SEEZETHVHIETE R » W EHrag Bz g s -
[ERS R 2 BRI B R R R i -

4. EBONIEHran# TFIP2 2HfE%

cp -r /home/$ {USER }/config/fip algo.ifi d2

/d1/$ {USER}/files/config/fip algo.ifi d2.demo

5. RIS BAE R AR eI EH T

export MY TFIP2 PARAM=/d1/${USER}/files/config/fip algo.ifi d2.demo

6. FIBHERYSEES

vim ${MY_ TFIP2 PARAM}

7. SRR bR ¢ HPRES S08 TGRS AN

relative_humidity interest map = "relative_humidity map, 2, {{10.0, 0.0}, {30.0,

0.0983}, {33.0,0.1309}, {35.0, 0.24051}, {40.0, 0.4110}, {45.0, 0.4552}, {58.0,

0.4943}, {62.0, 0.6532}, {70.0, 0.68442}, {76.0, 0.7653}, {81.0, 0.7994}, {83.0,

0.8894}, {85.0,0.9105}, {89.0, 1.0} }"

8. BRRL TFIP2 Hyz2imtt) © 4225 295 17 » 4% " FALSE ) Bt " TRUE |- $f
#f T diagnostic_mode | 3E ° FEFFREZEIGHER -

9. %y TFIP2 15 e AT Fe s e S8 B

export TFIP2_ OUTPUT=/d1/${USER}/mdv_nc/fip/pressure/d2

export TFIP2_ DIAG=/d1/${USER}/mdv_nc/fip/diagnostic/d2

10. s FHHr 2 BHE 2RI T TFIP2

fip_algo -params ${MY_TFIP2 PARAM} -two_inputs -if

/d1/ifi/mdv_nc/model/pressure/d2/20221217/g_060000/20221217 g 060000 _f 0001

8000.mdv.cf.nc

/d1/ifi/mdv_nc/model/derived/d2/20221217/g_060000/20221217 g 060000 _f 00018

000.mdv.cf.nc -out_url ${TFIP2 OUTPUT} -diag_url ${TFIP2_ DIAG}

11. WERB R B AR =
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Is

${TFIP2 OUTPUT}/20221217/g_060000/20221217 g 060000 f 00018000.mdv.cf.
nc

Is

${TFIP2 DIAG}/20221217/g 060000/20221217 g 060000 f 00018000.mdv.cf.nc
12. LRI TFIP2 BAfRAE TFIP2 #tHfE A2 © SR EPTHEia g

export

TEST TFIP2 DIAG=${TFIP2 DIAG}/20221217/g_060000/20221217 g 060000 f
~00018000.mdv.cf.nc

export

BASE TFIP2 DIAG=/d1/dadriaan/stage/mdv nc/fip/diagnostic/d2/20221217/g_060
000/20221217_g 060000 _f 00018000.mdv.cf.nc

13. {1 nediff B2 P B A AR 2

/ust/local/nco/bin/ncdiff -v RH_INT ${BASE TFIP2 DIAG}

${TEST TFIP2 DIAG} ~/diff.nc

14. (/] neview BURHAGAR 177 AR -

ncview ~/diff.nc

s B TRH_INT | 3 4B B A 7252 » {F neview HEURE Ti= ) 1 Tj=,
BB WRF AR T HALE -

15. {# ] Python g 2 {E AR A A 22 2

/ustr/local/anaconda3/bin/python3 /d1/ifi/scripts/plot_grid cell columns.py

${BASE TFIP2 DIAG} ${TEST TFIP2 DIAG} 771 321 RH_INT
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5% 4RRUREERES] (GTG4)

(—) GTG4 HEERML
GTG4 {420 CWAWRF fHUE R E S LR Bl - 2 RIHELREDH
(n&eELE I EDR ~ JR{T B &5(PIREP/AIREP) &2 NTDAEDR ) & K [E 2015
TR - K2 EUE AL EDR FoR » MRS TEZEEEREE - &k
HDZ'§@§JL/FLE§I§E§Q{E B HU R BLE R GTG4 THERE fm © GTG4 BlLE
Sl 70 fEIEZE BLR (Clear-air Turbulence » CAT)Z2ERHRE ~ 15 fELIE R EL
/;;L(Mountam wave Turbulence  MWT)Z2E#{E ~ 10 ¥ 5 |28 &L 7 (Cloud-induced
or Convectively-induced Turbulence » CIT) Fz{&JE@H 725 |25 &7 (Low level Terrain-
induced Turbulence » LLT) » H.tft CAT s+ E 45550 4& LLT &Rk Ays 28

B CIT FRRzEfEf s 2 BRI sest Bl - Frll CIT 2
HE R A WRF (22 g 3 A B s ER > WIS SRR 2 4
NTDA EDR &iRHETRES - 1 CAT &k MWT 22Er#{E 1/ WRF (2 T
3 F 15 NHEBESR  DIEEIERF R 2 FA%EE N EDR KIRITE S
TR -

GTG4 FErm B Fy 6 /NEF - {F DI &I > ZZRIfEIT R 15 AN THHRIES
RS Ry 48 /NI - THERISFRARING & 3 /NI - B8 e S CAT ~ MWT Kk
BLIT > E D2 &I > Z2RIfERTE By 3 A E > THHIFREIRE Fy 48 /NI > THHEIF ]
bR 1 /N da i B8 E & CAT ~ MWT ~ CIT R KELAT - Bt B = R
1000 2 45000 IR > [EifE £ 1000 IR > S54M0_1 2500 Kz 4800 IR -

N ITFA Overview: What's new in GTG?

NCAR

* |ITFA (Integrated Turbulence Forecasting Algorithm)

ITFA GTG4
Turbulence Diagnosis  CAT (based on 10 diagnostics) for Combined MAX]
mid and upper levels CAT (>70diagnostics),

MWT (15 diagnostics),
CIT (10 diagnostics)] for all levels
Adapted to 3km grids (and 15km for CAT,MWT)

Forecasting Metrics 0-1 EDR (m?3 s1)
0: smooth / 1: extreme EDR is an objective measure of turbulence.
0.5: moderate

23 © GTG4 £ ITFA ;’iiii/z*iztf/\ttﬁi °
GTG4 FHHUAE K 4 2083
1. EPEEURZEEIED) - DL WRF A TR Rl AE0RE > LB R EDR 2
AL TSR EE -
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(1). CAT ZEFEEAIE 24 Fir » #8370 REBTEIE » SIIZeE R - 22 IR0 -
T KPR B A RS -

(2). MWT 564 15 MBI EnE 25 » FhEEs R L Skt - 1
CAT ZETWEF AT 15 FEF R MWT ZERBIEHEE -
MWT SERBE B CAT SHF (BT D S 5 A TS (d,) 40T 25 -

(3). CIT:FEME 10 B - %5 CIT BT ECK PR ES 1/ N
3 N E)ERIA R > CIT HE D2 DA EBHCREEAR 1e-6)5H -

N Turbulence Diagnostics (CAT) Example

NCAR

are linked to:

* Richardson number (RI)
+ spatial gradients

+ temporal tendency

+ vorticity

horizontal wind speed /
vertical velocity

~~~~~

estimate:
* Turbulence kinetic energy
» Eddy dissipate rate

~ Table 1
. Sharman and Pearson
(2017)

d. 18

24 : CAT 2B #UEY I -

N\ MWT Diagnostics

NCAR
. . TABLE 1. (Continued)
* MWT Diagnostics: — —
IWT1 d, x WSOQ/Ry* m's ’
- e e
DMWT S dSDCAT \:wa .: x frls’o :gn'f
MWT4 d, % speed o's
- MWTS * DIV, ms
ds' near-surface 2D dg=0 if h, <200m, grad(h, ) <5.0mkm ' and MWT6 1 « NGMI ms?
MWT-related parameter @B) dewn & x inraa b
. . MWTY d, % iawind m's
h: terrain helght dg = V(max in lowest 1500m) MWTI0 4 x L[)I{L-\\H m”
\wTH % scHow =
V,: low-level wind speed X in(l,, 2750m) otherwise . B)  WTs 4 xberso =

MWTI4 4, x EDRLL

FL320 (~300 hPa

|
height [m] 1‘

251 F77H MWT RE R FEATUR LD 14 50 MWT 28T e 5
% o TOTRTE DI TYRIFE FL320 » MWT a2t 5371 -
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2. K2l EE L R DL EDR S BT 8Y{E(D™): 5 & CAT ~ MWT K CIT 22E7#]
E#E R BN & AEE - i ELRT DB R [ B (PDF) 704 - R FTA
2 ETHE D B R Pl EDR Ry B0 2 B({ED" - CAT Kz MWT DABKFSAZAE
& (IATA)E | EDR ERET TR - CIT AIILIZIE & NTDA #E1 T - &
M EDR Jz NTDA 2 PDF 73ffiidffel 26 - eI E#} PDF i log-normal 1

L1 ATRSRAS D BLD* e A= -
N Mapping Raw Diagnostics (D) to EDR (D*)

NCAR

» Each Diagnostic D is rescaled to an EDR
assuming a log-normal distribution of EDR

loge"*=a+blogD,

* Where a and b are chosen to give best fit to 10"
expected lognormal distribution in the higher i .
ranges & f %
+ aand b depend on (constraints) 10°} '-.
; .
log£!3 and SD|log£V3 10° ) .
* Which must be estimated from climatology '°'; 0 S 10 10 mlo
<|0g51/3 >~.25 EDR data Ellrod1 22-AUG:
SD[log €3]~ 0.5 used.

See Sharman and Pearson 2017

25

26 © ZETEEBAS L EDR By BT BUE(D*)5 57052 -

3. BHUREZEEED ) IREMHZEHBEERET - Rt REHEZEHEE
AUC(ROC gz NHEfR)  WatFEATAZ2EE(E AUC TR 40E 27 Frork e
R EA L BEREE R 1> A2 BBiE 5 00 Bl GTG4 HEVA AR
st EH L2 e -
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N Combining remapped diagnostics

NCAR

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

For each turbulence categories (sources) + Then, combine different categories

GTGCAT = X (Wear; Deari)s i = 1, Near p CTGMAX2 = MAX(GTGCAT.GTGMWT)
GTGMWT = Z (WMWT,i DMWTJ)' i=1, NMVVT GTGMAX3 =
GTGCIT = (Wi Deri)s i = 1, Neir MAX(GTGCAT,GTGMWT,GTGCIT)
1.0
Index AUC
contingency Event Observed (EDR > threshold) 0.8 Elkods 068
3 0.742
e Yes No NGMI 0.727
06 ik 5
Event Yes Hit (A) False Alarm (B) 8 l\): )ll:l(.i() " :: 7,::
Forecast  No  Missed (C)  Correct Rejection (D) & <k 1 iawind 0.705
0 A single besf] EDRLL 0.708
ROC (Receiver Operating Characteristics) Curves GayREs (”,(\'(l )““Rl :: ZL’:
y-axis: PODY = A/(A+C) o N WSO/R 0.734
x-axis: 1 - PODN = 1 - D/(B+D) ndividual diagnost slrli\\'.v\\'(i:{l- 0.721
AAAAAAAAA GTG ensemble 0.788
%0 0z o4 08 08 10

Sharman and Pearson (2017)

27 © £l R PODY 5HEAT > Al GBS EZET#I{E ROC Hi4RlE 5 AUC
1B e

SEERETEED ) KRR GTG BE NGB EZEEER KL GTGCAT
GTGMWT J, GTGCIT » GTGMAX2 {41 D1 EIH CAT } MWT i K {E K
EHELERE » GTGMAX3 {#{E D2 E&H CAT - MWT K CIT fx REKE
HALRIERE -

(Z) GTG4 HEEZ S -
GTG4 JEEEIEFP RS 2 (HS kg2 » 41 Namelist 2 Configuration * Namelist
ERRALE - THERIGR - A~ fa - HEVERT RTHR S B R
ﬁ %’5’[\ i CIT 315 K CIT sHEEEGE E AT S {E#fEZE - Configuration
FEZEITRE 2 8ROy » 2B 1 e e = A& R - W18 B AR foK P E 28
52 mﬂﬁﬁﬁﬁr‘%bﬁ CETHE RS HEE - R - W S T R P R e -
GTG4 & EELMET B ELEN - HfstE R G2 MrstE T2
S Bk L EBEEEUR G WRF &KL - [ ASPIRE - CTH&CDO :
TCIP2/TFIP2 F; C&V % UPP 2 BiFaS N ;’%& 2t -
GTG4 HEVERERF RERREWE 28 » 5 (HFfEF F inputwatcher -
GtgLevelinterp ~ LdataWatcher ~ run. GTG Jz mdv_nc2ogc °
Inputwatcher 2/ H Y Ry B2 46 WRF ERHEZS - Al ¥ # WRF i AfEZE
PHEETT run_GTG f555 KT GTG4 JEE L Y GTG4 E%/EEEEI Fortran
EHFEERE - fOE H 8 DataMapper #IEHE - K - FF%EH run_GTG 15
SEAGETT GTG4 HEL -
run_GTG {508 HATER GTG4 HEVANTE S5 - HE—5 [BUZ /R4 WRF
iy AKE ZE RS -
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“run._ GTG <ROOT DIR>/input/wrf/3km/2023-09-15/wrfout_d02 2023-09-
1502 00 00”

£ run_GTG 554 » AIUEELL N2
GTG4 EEIAETHTHE IR CPU & 32 {ii CPU %L ©
GTG4 2#fEZE  gtg.config. ARWRF _CWBD...ZfE2% -
. Y GTG4 ShdTHYEERF TIEE R © work/gtg/tmp/gtg_runs -
GTG #gHERIF @ work/ne/gtg °

GTG4 HEEIECHEHEE run_ GTG F50HHT - (£EF LIEERk A
I T GTG  NMETIT GTG JHEE - MELIEMEN I AE Z 1 2 87
BRI o FE NameList fHZE » Wil HS 22 8E RS -

GTG JHEERFHT AL T > mpirun -n <#CPUS> GTG driver o 13k
GTG4 5HREACENFE - GTG4 LA openmpi ~PATEt BREHGET T - FEEELH
cpu EiE MELIEAS -

GtgLevelinterp H 5B 14 GTG4 SHE A HAEZ » BB B
HEHNERNEESEE - HATERE 2500 IRAT 4800 IR - % mdv #&={fE2
&R » DUEAE Jazz BUREKEE Hiatd - SEIER EBRE © N EASE
~ GTG4 i B8 K GTGA RESHE B BT -

LdataWatcher f {8 ¥ &L — BAHEHER: » T7Z]#8%1 DataMapper
2R > A& E#) mdv_nc2oge $55 % » mdv_nc2oge $5-58 HAY Kl mdv_nc FE%
FE AR T & OGC netedf #& 5

G ‘ Last Query: 2023/09/25 21:30:03

GTG

N

28 1 GTG4 JEEL AR e fER R E] -
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75 NCAR gL {EHANERIE(NCAR Turbulence Detection Algorithm)

(—) NTDA FERAHIL -

NTDA RLURSREZBNERZEE NCAR LR HNNERAERE PELRTE
FEEE bt > P B0 (3 DL 22 R R B TR (Spectrum Width) {E Ry BLTAZE - SHEE R
FERRMAERTEN BRI R BB R - 2R R B %Y EDR
HIIRs NTDA i - NTDA B 2 2 8 2B HEN > 2055 K7 - NTDA
HFER By 5 4388 > T HE R 3000 2 45000 IR > fHEE Ay 3000 IR - 5 #EE 4
*}-#5 EDR ~ EDR {5,0/KHE ~ 5P EDR {5,0/KA4EFIH K2 EDR FHEEMEE -

BT AOAWS NTDA (I 7oLl ~ R ~ FEi 5 2R TR &R - THR Y
CWA Ttk ~ It e MR R ZEEE R ~ B RSREFEERTR - fr NTDA Fst
PRAD 10 B E R RELIRTT NTDA Bl 7K P s & 5 2 H 2 HuE 5 A 4R
(Y 3 @l (OIZE ] -

NTDA FRIREAFIF I Rl s 5 R [E 1~ L se e B4y H Sl misil—20 -
NTDA {ERERATT -

B HrE A BT ROECER R AT RE AN A

NTDA R R 1L - NIEEA S AL EE R D) -

T A E AR - NTDA §HEAREK -

ZIRHYHI fe & 2 i (AR - NTDA {EAT A s & #EE AR -
NTDA #5755 —REEFRIEA RN ~ PI=E R 4R )
KRRRLFEA LRt iE - W2 AfatEry iR -

NTDA A5 E/KRIEMRUE - NIEEAE RIS H il e B -

NTDA &M eI ERIE (RIEEMERY) - i IEFEOHIE: -

NTDA ~ GTG K GTGN EEAnEEELANE 29 » NTDA SRRy S o7 » JEH
AR - —fRIME > VOL BRI EHTRARE: PP & RHELY 3 773 - £ VOL &Y
ATFEDU T > NTDA SERHRRA Ry 5 o7 - ZEandEE 2[R 8 2 IR EELY 300
ONHEL o AR ZE RIS By 0.02 EEX0.02 FEX3K Tt - GTG FE AL A BRI TS
F o GTG FE i SRR ~ i i B R ZE on ZE R AT FE S HUA Y WRE #5221 -

© N o O DN RE

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)

29 : NTDA ~ GTG J GTGN JE R A= S PLifE -
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NTDA JHEABLAEE K& E 2T EAE 30 - 550 BB e fnti
FEERIGIERR - 55 20 Ryim i i e A B AL . (SW) HIEMmE - 5=
U R(H FHPERE ek (A0 31 72K ) & SW A EDR o « B St E A (E
FEHIFE-4S EDR RIA[{SEME - fxf% 3 4 NTDA & J77A R LAEEERE E GO [
4 NTDA (8 -

B EETRE L2 EES SNR( Signal-to-noise Ratio) ~ PR ( Overlaid
Power Ratio) ~ SWT ( Spectrum width texture ) 2 REC (Radar Echo Classifier ) 5
SH 0 THEEEERLE o SNR FHRE S EER R S BEE R - REC Rybiask
FRREAIER LLY D FRERFRENS -

BN FTRR 2% EDR » SNR ~ PR~ SWT ~ REC Jz SW ik Z #i[E ] (55 5%

N NTDA Algorithm Overview (&)

+ Detect and censor contaminated data AEIDIANA G PR D
* Assess spectrum width (SW)
measurement quality via fuzzy logic
+ “Scale” SW to EDR using range-
dependent function : ,
+ Compute local confidence-weighted - v L_— v v
average EDR and confidence :

Theoretical NEXRAD *“ " function, f(r)

UCAR Con!

/ L right by ¢
tary. © 2014 Univarsty CopaaTor e A’ sty

30 : NTDA JEFEARLAEE R S i E 2 BET O E -

& NCAR st 8 2 BkhR NiEie s NTDA FE R > AMEHE AL HE
KV [ i ek D e ELISE A © BL 2022 42 5 H 22 H NTDA ZEdn AP -
31 EJ5 Rl CWA S S ERR (AN Loy Ll ~ R ~ FEE R 2R T) DRSS NTDA -
T RERINETE CWA C B ER (AR ~ mE KAt &Rt S NTDA > EE#E
iE 2 SRIBIFEURHTIY CWA C BB ERIL - it NTDA B A7k P 5 E s 5 H
HHIE R AR 3 Rl EHIZER -

35



N\ Adding Additional Radars

NCAR

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

. . ﬂ Base EDR
» One of the primary goals is to with S-bahd
add additional radars. Gem
— Effects from using C-band: i
SW/EDR scaling, SW quality
(including effects from lower
Nyquist velocity M o S
— Standard tasks: Contaminant '
mitigation (ground clutter, sea . ; Bgse EDR
clutter, RFI, etc.), Radar . with S/C-
operational modes, data format. gaenr: CwB

— Note: new radars are dual-pol!

Aviation Applications Program
Research Applications Laboratory''®

31 :2022 4 5 A 22 H NTDA &Ef&L Jij?)%u CWA S R sk sy
NTDA - N7 E%E5ME N1 CWA C FEF T ZERZESL NTDA EDR -

2023 49 F 4 [1 0430Z AN K NTDA EL#rckiE 32 i - NTDA Bir
(o1 & el i (A PE R ) A S AL S » 16 2 B [ A — B0 i -
%%Em NTDA BEA% i Bh P B A Bl /K ¥ R E R -

N Case Study: Taiwan 9/04/23 04:30 Z (Haikui) @

B 32 : 2023 £ 9 )% 4 H 04307 g ,Ez);‘z NTDA tl:isz o

(=) NTDA HRE AL &R -
NTDA 27 K ERRIEAE 33 - SEE L%IVE HEIEr KERNRE » oy
L5 %2 {# ] Nexrad2Netedf 27 R Bl EF &R » HAth 9 (HFEEHHEH
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Gemtronik2Netcdf f2FFREE TR #EERl - NCARTurbDetectAlg £y NTDA JEE AR
L+ SRS EDR ROTIEREE « SeALA0lE 33 FoT -
Nexrad2Netcdf & Gemtronik2Netcdf f2 (T N1 T.18 -

1. Eff i AER Ry netCDF A8 -
2. EPHfFEEEKESEREER -
3. EFEESEELEENEE(Signal-to-Noise Ratio » SNR) K &k /B {244 -
4. EFRENE -
5. BE—mEMIAmFREEEHEHE—fEE -

N NTDA System Process

NCAR

Each Radar has independent processing.

The raw radar data is pre-processed by either Nexrad2Netcdf (RCWF) or
Gemtronik2Netcdf (all other radars). (RCCG may use Nexrad2Netcdf)

Each radar is then run through the NCARTurbDetectAlgorithm (NTDA)

33 : NTDA JHEVERE 7 & RUARE -
T2 A & ik BL confWgtdMosaic mdvdz 2 ¢ ° EDR & ji& HIl DA
confWgtdMosaic mdvedr 27 - JFAZ4IE 34 AR

N NTDA System Process

NCAR

All radars are then processed by the Mosaic.
confWgtdMosaic = Confidence Weighted Mosaic

The mosaic process can produce either EDR,
turbulence or DZ, reflectivity.

The EDR mosaic is then processed by the
mdv_nc2ogc script for final netcdf output. —

34 * NTDA JEEUEREFr R &P 8 2 [0l5 & EDR & RGRAZE -
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t EHEESTEHERCTH/CDO)

(MEIRS (CTHY/ KSR 2B (CDO)E &/

TEFRMRATHYEFE T - BIZTER £ Zﬁﬁi[@ﬁ*ﬂk gl ~ PAE - (KEE REERE
FERRA EHERVERHE BV RAZRS > b T A FE 1] DU S 2 B EUIER
ZERA  AEE KAV EE b BRI T E RIS - SRS B R K
BIHEREI S ER 2B EALE - ETHE THHIEE fH(Cloud Top Height, CTH)/ZF|
FH 7] H 254 2 VAL MRARE (11 pum, BAND14)5245: » it & WRF BE=0ER] - HEEH
FEERE(ETES AR 15000 FEIR)NETEESE » AFHTZEZE fh(Convection
Diagnosis Oceanic)F| [ 7] H 51 2 VALY MEFHEE (11 pm, BAND14)52{5%: K /K@ AH
78(6.2um, BANDS)gZ{5: - fit 5 WRF f=UE R K IBEER - s RIBIZIERAIE
I BEE =2 RRUREAERESE 0 BiE =3 R ER ARSI A
=T %%ﬁiﬁé*?ﬁa—lﬁﬂﬁué’ﬂléﬁz 78 PR ZE fnlie & 1 B B R T HYARER » Rt
Sy SR — R > iR —/ NI HY SN ETHR ©

W& 35 - CTH 2t By oe BB BEE Z I R S S - CDO HIFgHEE T
BWERE 2 A LA EE s EEEA S ARG EVEE - W& fTHE
HMEZE R ARV AR LW T % -

N Two Convective Products: CDO and CTH

NCAR

CDO Contours

+ Two products better characterize convective storm
+ CTH gives full extent of cloud cover and height
+ CDO shows location of updraft/lightning hazards

Aviation Applications Program
Research Applications Laboratory

© 2023 UCAR. Allrights

35 : CTH/CDO TXPEB%J‘EEE bR E]

(= EHESEHELRERREMERERT

WikE 35 > fE TR R MEAERME © 5577 Domainl f Domain2 #E{ T2
SRR » 2R1& 5y BI#ETT CTH/CDO WYEHE » ZR1% &S CTREC J5 AT HA
e - Domain2 FRIEEME EERD R IEL@EI’J PIEEERIRIAAE FIR & CDO
MR > HELSEFZEN CTREC J A THRIHATER - sFRELT ¢
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N Applications and Processing Flow

NCAR

CTH processing flow diagram

» Multiple processing steps are separated et e B ) G T ()
intO su b—diagrams. Cloud Top Height (CTH}

« Arrows show data produced in one 4..__-
diagram is used by processes in other

Aviation Applications Program
Research Applications Laboratory
ACAWS-RU Training 2023 @ 2023 UCAR. All rights reserved ]

: CTH/CDO EE L

1 s ABRHER(E 36) :
{i€ Input/Shared System f3-£[{# 2 ~ A K PIEER -
Dffegpems 7_, Last Query: 2023/10/06 22:30:03

Himawari Ingest

E_E

- clouthHt. Himawari_merged.3D_hgtTemp
FMmawaT processing - clouthHt. Himawari_merged.gfsTrop
- satDerive. Himawari_sat_zenith - ClouthHt Himawari_pe.3D_hgtTemp
- CloudHt. Himawari_merged. gfsTrop - ClouthHt Himawari_pe.30_gfsTrop

Lightning Ingest WRF Ingest

Tightning processing>
- LtgSpdb2Mdv.10mAccum_10muUp_lgp
- LtgSpdb2Mdy. 30mAccum_10mUp_lgp

- LtgSpdb2Mdy.60mAccum_10mUp_1gp ao

Himawari processing =
Himawari Otops
- OvershootingTopsDetect. Himawari

P
Himawari processing

- CloudHt. Himawari_merged. 30_hgtTemp
- SatParalla Himawar_merged

+

Himawari processing -

Himawari Otops

- OvershootingTopsDetect. Himawari

ao
Fimawall processing =
Himavari Otops
- OvershootingTopsDetect. Himawari_d2
.
Himawari processing

- ClouthHE Himawari_d2_merged.30_hgtTemp
- ClouthHt Himawari_d2_merged.gfsTrop

- ClouthHt. Himawari_d2_pc.30_hgtTemp

- ClouthHE, Himawari_d2_pe.30_gfeTrop

Himawari processing
- satDerive Himawari_d2_sat_zenith
- CloudHt Himawari_d2_merged.gfsTrop
- CloudHt Himawar_d2_ merged.3D_hgtTemp
- SatParallax. Himawari_d2_merged
"
Himawari processing -+
Himawari Otops
- OuershootingTopsDetect. Himawari_d2

36 : CTH/CDO &t A fife
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(1) MdvConvert : jRi e B JFAG BRI B 28 50 AT 75 #2[E (Domainl/Domain2) »
RS F AR > QU 37 fefE 38
(2) MdvCombine : KA [FISHE Z ff 2 &R F (8 MDV 52 -

2 Remap to LatLon Projection

NCAR

Domain 1 is the best fit latlon projection area without having missing data.
. _— S L

© 2023 UCAR. All rights reserved.

37 : DOMAIN 1 ByA B 5B R R RGBT #ilE

N\ Remap WRF to LatLon Projection

NCAR

'/ ., - . 7l ) Qe s \ 7 9 \ (
- Domain 1: 4km resolution \
- s .—" = -

© 2023 UCAR. All rights reserved.

38 : CTH/CDO 4t &

2. wEBEMNEEER—EEEEER(E 39)
(1) cloudHt : FFHELAMGAHIE 11.20m FAB = 4R - =4ES/E ~ B TH
T RETAR - AR =R -
(2) MdvMerge2 iR = 400 /AN TR R Ry T R R THS T2 & 0L

40
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B/ME -

(3) SatParrallaz : F CTH SRILIEA Al 2 AREHTR 7 -

(4) satDerive : 5T HE#ZERTAA

(5) MdvThresh : #Fr{# 2 KIHMA>TS EHTREZ

(6) MdvInterpMissing : SR 2R IERF AT EE A2 2 EDRF 22 i -

(7) OvershootingTopsDetect : FI|FHLLAMNMEFEE (11.2um) 5z /K @ AE 7 (6.2um) Kz
KIEA > IeaEAEnEH=E - IEEEETERI &R CDO st&EEE
% °

(8) cloudHt : MIFRARL IR Z ALMRARIE 11.2um R =R ~ =4
= WABIERE EEAS - 55 A RE(E R oA R -

(9) MdvMerge?2 * fFHZ = 4R &/ B TR S M fE s+ R = THm T = & O HY
B/ME - FAINEREEERR -

(10) satDerive : 7K @EAEE (6.2 um) EALT MR AEE (11.2um) R > 5T B2 ERE
T2z ih(Global Convective Diagnosis, GCD) °

(11) fuzzy engine : FEIAEETR B 0% - FI 4R IERAA=0HSE CTH §R GCD - H
1> CDO JEHEZFT

Last Query: 2023/10/06 22:30:03

- MaThresh, \ th 15kft
- Mdvelumpcl
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3. ETASEm(CTH)REHEF(E 40) -
(1) MdvThresh : BERETHSAE] 15000 5L LAVE(E -
(2) MdvClump : FEER#E/NIILETH S b, -
(3) MdvSmooth : {#£H] 3*3 AYHEER 25 - IS CTH —/NEFSMNETHH

Diagr... | z= cpo-CTH Last Query: 2023/10/06 22:3(
= ?—)| 2 D2 CDO CTH processing |?_)| =y

iZ CTH processing

02 CDO CTH forecast-=
- GridForecast.cloudHt_ge_30kft

40 : ETHEE NSRRI R E

4. RyApEE2ENZE m(CDO)Z IR P (E 41)
(1) fuzzy engine : fE}f#EEEEL > H ] step point function 454 GCD Jz
CTH - ZEH B £y CDO-Lite(R & PIBEERHR AR CDO)EA4ZE i ©
(2) MdvSmooth : {§1[ 3*3 FYF{EJER 25 » I CDOlite —/NEFYMIETH ©
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Diagram: | := cpo.cTH Last Query: 2023/10/06 22:30:03
L’| i7 D2 CDO CTH processing |?_,‘ Ky

£- CDO processing

D2 COO CTH forecast-=
- ctrec.cdo_ge 2 d2

D2 CDO CTH forecast-=
- GridForecast.cdo_ge 2 d2

& 41 : CDO-Lite &l M RILE

5. CTH/CDO #MEFEH L (E 42)

(1) MdvResample : {55 10 2\ H BRI 28 BT R e - (HBHUEEA
DNZEELT -

(2) Ctrec = 5157 5] BF A0 2T 48 A% 1Y AH BE (A 85 21 B 2% 2 BB B GEIB IR
ASPIRE =i/ r4H) » S E5E1E -

(3) GridForecast = g% EE » A CTREC J7 A58 E AL EE -
%] CTH J CDO (BRI E -

(4) MdvCombine : CTH/CDOhte EERE O F—(EfEZE -

(5) LdataWatcher : U{EfEZ1% - #{T mdv_nc2oge FEf7 @ RFfEZHE Ry fEAE
NetCDF4 #4=8, o

43



Diagram: [ g+ cpo-cTH Last Query: 2023/10/06 22:30:03
= **[ i D2 cpO CTH forecast Query
%

42 : CTH/CDO #METESRE IR R 2

[

6. DA ERHEA IR (B 43)
(1) LtgSpdb2Mdv * &5 10 oy ##EE—R(FC & 2 BRI ) A& 10 7
/30 73§8/60 738 FFECIBE B 4ERRRAL -
(2) fuzzy engine : fE}#EEEREEE © A linear point functions FEFEEFH G e
ff 10 7348/30 77 $8/60 75 RARPIE R E49HE - F T FIR #i[E ~ CDO
T ©
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Diagram:| := cpo.cTH Last Query: 2023/10/06 22:30:03
?_)| 27 Lightning processing L

aO-du

FIR COO processing-=
- fuzzy _engine.cdoDetect FIR

43+ BT RORHAE BT A2

7. FIR CDO JRIFRFF (& 44) :
(1) fuzzy engine : fRfEETHEEL - ] step point function 45 & B EETH
] linear point function 45& B ERIEL GCD f CTH - E R Fy CDO
S8 FEmn ©
(2) MdvSmooth : {[] 3*3 (Y {EJER 88 © IR CDO —/NIFTHR -
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Diagram:| := cpo.cTH Last Query: 202310/06 22:30:03
= L’| i7 FIR CDO processing R

D2 CDO CTH forecast-=
- ctrec.cdo_ge 2 dz

D2 C0O CTH forecast-=
- GridForecast.cdo_ge_2_d2

44 : FIR CDO &} B i At ]

8. FIR CDO #METHHAZE (& 45)
(1) MdvResample : {55 F 10 2\ B i E Ry 28 St EE T BAR » (B HEEEE

HNZRES T -
(2) Ctrec : GTEA[EIFFAT AV HB A EGS B B R 2 12815 dndigE)
SHE -

(3) GridForecast * §8f&-FiUEEE © A CTREC JTARGEINEFEE Y -
%] CDO ?—{IHTFe?E’J1E§ °

(4) LdataWatcher : UZEfEZ1% > ##1T mdv_nc2oge 2f - RHE FE R iRAE
NetCDF4 f&= -
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Last Query: 2023/10/06 22:30:03

Diagram: | 5= cpo-CTH -
15 |L>‘ 7 FIR CDO forecast

45 : FIR CDO &} B AL ]

(Z)CTH/CDO ERESHEAE(RE(D) ¢
. CTH RS BERE
(1)CloudHt -
tropo_method = TROPO_FROM_TROPO_HT_FIELD
TROPO_FROM _3D HT_AND_TEMP_FIELDS
CTH JEE AR ER B IHE RN E 7% » THae e & B/ ME -
height_info = { min = 950, max = 50};
AEHEHE A
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(2)MdvInterpMissing :
radius_of influence = 30

ERAENIER - g MR ESEAER - DUREERR A0 - sERE
FYFRE(ERAL © ) > B PA SRS B P (B AR R A AE -
fill_percent = 0.5

DUSESSAERE Ry o0 - RFE AR A RS A EL B > 4nSRE 2 BB A
AERHESE » EELE 0-1 Zf)

CDO IS REF%
(1) OvershottingTopsDetect :
min_top temp =173
max_top_temp = 215
min_wv_ir_temp_diff =-2
max_ir_tropo_diff=7.5
max_sat_zenith = 65
min_top_dist =15

FEEASMHED - SERORESUE 173K (min_top_temp))ER 215K
(max_top_temp) Z[H] » HEMHEZCANR TR E #24E 7.5K (max_ir_tropo_diff)
Z NI, © PEEERE /K RIHE BLAT S M S 72 (min_wv_ir_temp_diff)
> 2K » R A RTEFG(max_sat_zenith) £ 65 i - HB1ETE RIS/
(min_top_dist) £y 15 /N E -
anvil_distance =8

HE—(EMII A EE ETRIREEG R - BZAE 16 Il EAVR EiERE
(anvil_distance)(BEfiL /N ) » B o] DA Ry SEhl - EEREEHIE 8-16
max_anvil_temp = 225

BRI R ETRREG RN > ATGROA =FrenE

min_anvil_directions =5
LAY iEEETR G R OH RV AA & E B G R
(min_anvil_directions) 4 BE#% fe AR E ETH » e/ IMER 1 -
WARFE S HRFIRA GGl e 2BEETR - FEEREREE
EETRRE K EAREAE -

Bl— -
min_anvil_pixels =9,
Range: (min_mean_anvil_temp = -40, max_mean_anvil_temp = -6.5)
min_wv_ir_temp_diff =-10000 (F[RH])

(/-

min_anvil_pixels = 13, (FiE#K)
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Range: (min_mean_anvil temp =-400, max_mean_anvil temp = -5)

min_wv_ir_temp_diff = 2 (f2X2EH7EF%)
(2) Fuzzy engine :

B R 5 (interest field) i Fon B R A A F 28 2 MIHTREERR (%
46 b1 > CTH Fz GCD /&FIH linear point function {5 Z/|#E B8 Fi{% - 1 HHLERES
WS8R ] DLFAEEAY » Fil4niE# CTH HYERE By » 7 0 %) 16400 > HEEE R 0 >
16400 1] 40000 HEELRMEAE 0 _EFHE] 1 - 1 40000-80000 HIFEEHAERF & 1
A LI 16400 S REUTHYETHE A EYIA CDO HYEHE § GCD AllE s E-
20 F1-6 fEE Ry 0 - -6 F1]-0.68 FEENE 0 EFFF] 1 - -0.68 £ 30 FEELERT M 1 -
30 £ 200 fEEE NE Sy 0> GCD /KRB BALI MRIEHIHVAE R - FET
0 NI~ A S TR0 > SR Ry 1 - FHRF CTH K GCD HY45R
&6 CDO W2 -

N fuzzy engine.Himawari_d1_GCD_CTH

NCAR

Generate GCD-CTH interest
fuzzy_functions = { field, for later use in CDO
{func_name = "CTH",

func_type = LINEAR_PT_FCN, },

func_params =" 0 016400 0 40000 1 80000 1"
{func_name = "GCD",

func_type = LINEAR_PT_FCN,

func_params = "-2000 -6.00-0.681 251 300 2000"}};

interest_fields = {

{input_url = cth location, max_valid_secs = 3600, forecast_secs = -1,
field_name = "CloudHeight", level num = -1,

fuzzy_fen = "CTH", weight =1, combine_type = COMBINE_ALGEBRAIC },

{input_url = GCD location, max _valid secs = 3600, forecast secs = -1,
field_name = "Ch8_Ch14_dif", level_num = -1,
fuzzy fcn = "GCD", weight = 1, combine_type = COMBINE_ALGEBRAIC } };

Aviation Applications Program

Research Applications Laboratory . U :

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

46 : GCD-CTH B #RIG

47 Fyéhits GCD-CTH Ed#EfEE[A{SE] CDO-Lite AYIAM#EREH R A
g - EAEEETAEARYE Step Point Function > -300 £ 149 f#5E5 0 -
150 1 299 #EE Ry 1> 300 £ 10000 #EE Ry 0 - FH] 2 EE 1 AfEEESS & GCD-
CTH B {E B TH S A 8RS - BIaT#55] CDO-Lite -
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N fuzzy engine.cdoDetect d1

NCAR
Combine GCD-CTH with
fuzzy_functions = { Overshooting Tops to Build CDO Lite
{ func_name = "GecdCthCombine",
func_type = SCALE_FCN, Fuzzy Englne Overshooting Tops

func_params = "1"}, '
{func_name = "OTop",
func_type = STEP_PT_FCN, oz
func_params ="-3000 1490 1501 2991 300010000 0“}};

If Temperature Range of Valid OTop
interest_fields = {
{input_url = file location, max_valid secs = 3600, forecast secs = -1,
field_name = "GCD_CTH_Combine", level_num = -1,
fuzzy_fen = "GedCthCombine”,
weight = 2, combine type = COMBINE_ALGEBRAIC},
{input_url = file location, max_valid_secs = 3600, forecast_secs = -1,
field_name = "Temp", level_num = -1, fw 0 o o o " o
fuzzy fen = "OTop", weight =1, combine_type = COMBINE_ALGEBRAIC} };

Aviation Applications Program

Research Applications Laboratory
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47 : CDO Lite HL#RIG L E

B 48 HPAEER & VIS ECE - 0 DUTMERR 00 A 0 SRR
1> ifif 10 5758/30 5352/60 7338 RAAPIEEILIREER Ky 1 A& OF - FTLL—(E4EH
WIRIEBE 10 sy APAEREY: - CDO B{HEH#ES 3 -

N fuzzy engine.ltgCombine

NCAR
Simple Linear Combination of Lightning Accumulations for later use in CDO FIR
fuzzy functions =

{ {func_name = "60min_LtgStrikes", func_type = LINEAR_PT_FCN, func params ="-3000 00 11 1000001"},
{ func_name = "30min_LtgStrikes", func_type = LINEAR_PT_FCN, func_params ="-3000 00 11 1000001"},
{ func_name = "10min_LtgStrikes", func_type = LINEAR_PT_FCN, func_params ="-3000 00 11 1000001"},
{ func_name = "15min_LtgStrikes", func_type = LINEAR_PT_FCN, func_params ="-3000 00 11 1000001"}}

Could use 15 min accumulation if it is built.

interest_fields = {

{ input_url = "mdvp::/localhost::cth/mdvNc/ltg/10mAccum_10mUp_1gp", max valid secs = 3600, forecast secs = -1,
field name = "LtgStrike_10min", level num = -1,

fuzzy_fcn = "10min_LtgStrikes", weight = 1, combine_type = COMBINE_ALGEBRAIC },

{input_url = "mdvp::/localhost::cth/MdvNc/Itg/30mAccum_10mUp_1gp", max_valid_secs = 3600, forecast_secs = -1,
field_name = "LtgStrike_30min", level_num = -1,

fuzzy fcn = "30min_LtgStrikes", weight = 1, combine type = COMBINE_ALGEBRAIC },

{ input_url = "mdvp::/localhost::cth/MdvNc/ltg/60mAccum_10mUp_1gp", max valid secs = 3600, forecast secs = -1,
field name = "LtgStrike_60min", level num = -1,

fuzzy fcn = "60min_LtgStrikes", weight = 1, combine type = COMBINE_ALGEBRAIC } };

Aviation Applications Program

Research Applications Laboratory

VS-RU Training 2023 © 2023 UCAR. All rights reserved 62

[l 48  PIERE NG fF RS E
WIlE 49 ~ [& 50 - 444G GCD-CTH ~ MEEETHRE ~ PIEE YR

50 i 2:1:3 (REEAINIETA52] CDO AYRRASEE - DL RIS Al e
T TERY S B T TEREE -
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N\ fuzzy engine.cdoDetect FIR

NCAR

fuzzy_functions = {

Combine GCD-CTH, Otops, Lighting Build CDO FIR

{ func_name = "GecdCthCombine",
func_type = SCALE_FCN,
func_params ="1" } ,

{ func_name = "LtgCombine",
func_type = LINEAR_PT_FCN,
func_params ="-3000 00 21100001~ },

{ func_name = "OTop",

func_type = STEP_PT_FCN,
func_params ="-3000 1490 1501 2991 3000 10000 0" }}; // Temperature Range of Valid OTop

Aviation Applications Program

Research Applications Laboratory
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49 : & GCD-CTH ~ OTOPS - [ 25 EL#iis

N FuzzyEnginer.cdoDetect FIR

NCAR

interest_fields = {
{input_url = "mdvp:://localhost::$(PROJECT)/$(OUTPUT _DATA TYPE)/Himawari_gcd cth combine/d2",
max_valid_secs = 3600, forecast_secs = -1,
field_name = "GCD_CTH_Combine", level_num=-1,
fuzzy_fcn = "GedCthCombine”,
weight =2,
combine_type = COMBINE_ALGEBRAIC } ,
{ input_url = "mdvp::/llocalhost::$(PROJECT)/$(OUTPUT_DATA_TYPE)/satellite/d2/otops.trop/Himawari",
max_valid_secs = 3600, forecast secs=-1,
field_name ="Temp", level num=-1,
fuzzy fcn ="OTop",
weight =1,
combine_type = COMBINE_ALGEBRAIC } ,
{input_url = "mdvp::/localhost::$(PROJECT)/$(QUTPUT_DATA_TYPE)/Itg/iLtg_Combine",
max_valid_secs = 3600, forecast secs = -1,
field_name = "LtgCombine”,
level num=-1, fuzzy fcn = "LtgCombine”,
weight = 3,
combine_type = COMBINE_ALGEBRAIC }};

Aviation Applications Program

Research Applications Laboratory

ADAWS-RU Training 2023 © 2023 UCAR. All rights reserved 65

50 A FEEEA ISR CDO #iE

SNEEARR S BEREE

(1) MdvResample :

resample_radius = 10

Fon A AR R O E R (resample_radius)HEE] - AT EHTHUEE ©
stat_type = STAT _MEDIAN;

BEFRHEE 754 0 MEIEA ¢ STAT MAX, STAT MIN, STAT MEAN,

STAT MEDIAN, STAT MODE_MAX, STAT MODE_MIN,

STAT MODE MEAN, STAT MODE MEDIAN, STAT PERCENTILE
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stat_percentile value = 100;

WISRA SE B - A DUEEEEEE RN R e EEpIry &Rt - #alE 0 #1100 -
(2) MdvSmooth

HalfWin =1;

EFHURERI AN » BRI R BT MEVAISE > 3Ry 1 1F - HUbE
B 5y 3*%3 IR TP & -

MinWinData =2

WU i VA ROEREEL - RINFERZEA R - SvIMER 1 -
SmoothingMethod = MEDIAN

SEIEEETE - MIN, MAX, MEAN, MEDIAN, WEIGHTED MEAN

(3) MdvClump

MinNumPoints = 5;

B/ IMEAR SR - /NP B B SR R AEEUR R - USSR IE R -
MaxNumPoints = -1;

B AARA AR S WS SRR - R e E R A E AR -

(4) CTREC

X bR 2R IR E Ry BB ERDZ IR - FERIAE CTH/CDO FRHL & EfHilE
i FEH )

min_echo = 1.9;

max_echo = 10;

R B E R R IME > 7 = FZ R FIEE -

max_speed_echo = 30;

BRSO EE (IS) » R G EREE - R TIILAR G & 28 400
TR - WER D RRE R EILIERIE - R R &7 I AT AE &k i
 ZEER/MER O -

floor_flg = TRUE;

B EROE Ry E - 9E08 R Bl Elh g HFE R E A -

thr_dbz = 1.5;

BB RIE - TR AR eZ EUE Y EDE A S B HEE ST - & floor_flg 3¢ &
FyH - B BN (B 5 0 B (A A sz BUE PR -

del_dbz =0.4; (for example, CDO)

1BENE & floor fig 3E /HE » NMEEHEE R A G/ MEHIEYEE -
By thr_dbz - del_dbz £ thr_dbz + del_dbz 7 RS fEi&(E -

cbox_fract = 90;

MBI ITREERD] © REFABIEEN RN E 2L - BiE#HE 0 ¥ 100 -

cbox_size = 240;
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MEAMHITEAR/NAE) © MJH = I8 E R ZE et ey 10 £% - &/ME R
3 ;¢ A{E A 1000 -

cbox_space = 40;

MBI TREZZ BT (A E) © & m BRI ZERIINTE - HERER
ARSI ZE AT > B IMER 2 0 5K {E A 1000 -

thr_cor = 25;

MHEIGERIE © EE) i ERYHEREAE* 100<thr_cor HIFEFEAH - B{EAE 0
£ 100 Z i -

rad_mean = 75;

SRS E) ) ERFIY R AR (A E) B thrvee_flg HEATE
o W—EEEREETS  FRANEDERTEASE I E - DR
BARE  ZHERETIHEE - ZInEASL AT AR E A g5 E
EHUELZERS cbox_space FY 1.5 % DAHECR A e #907 [m & 8T B mE- P
¥ o m/MER O -

thr_dif = 45;

EHCPEERIE © SR 8 e I ERY 2 RN L B E R e
FoR/MERO -

temporal_smoothing_type = SMOOTH_WITH_VECTOR_DIFFERENCE;
SF T PR 3R

SMOOTH_NONE FrR A g
SMOOTH_WITH_PREVIOUS VECTOR 1 U/V [a &3 ET—I Ry 8
PREISEELLG] - IS ARINFREAVEE - AN & -
SMOOTH_WITH_VECTOR_DIFFERENCE F IR A &= IR AT —HFfEAY
A B2 & (1.0 - temporal_u_percent)sk(1.0 - temporal_v_percent)ii/) -
temporal_prev_grid_type = PREV_GRID_SMOOTHED,;

PR PR Y SRR 48 S BRI RE

PREV_GRID_SMOOTHED : {i Fij ij— i ] &L e~ OB By [ B 4EFE &L
PREV_GRID_UNSMOOTHED : {s Fj pif— R ] AR [~ R Y R 4G ) 4
B -

PREV_GRID_AVERAGE : AT &Y -
max_time_between_vectors = 3600;

min_time_between_vectors = 1100;

PTHF R PBIE - (AR ZEGEEED) - &/MER 1 -
temporal_u_percent = 0.4;

temporal_v_percent = 0.4;

IRpfEP I B - Bl PO > v IME R 0
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temporal_prev_u_min = 2;

temporal_prev_u_min = 2;

B i N UMV (A R HEEEEE -

(5) GridForecast

vector_spacing = 4

HATHY A B ZE T ERCE (A B) - BRI FE 208 CTREC FrisflnyES)
% e

smoothing radius = 140

PR E) ¢ BRI AR S [ B B B s R
PEBERCELEE -

u_field name ="U_local"

v_field_name ="U_local*

SEHU RS Eh e 835441 -

image_field_name = ""CloudHeight"

SCE S MER T B 44T -

image_val min = 30000

image _val max = 100000

SOE S B ER/ ME -

(MFREFERE © &5 CTH/CDO R4

1. B A NCAR Hiz\H T 1% aoaws9

2. Y% CTH/CDO HZNR5;
runas cth

3. Fi shared project MY proj_install Z-2EE 2
/d1/aoaws/apps/shared/script/proj install —h
proj_install f;£ : proj_install project.tar RootDir
/d1/aoaws/apps/shared/script/proj install ~/apps cth_20230912.tar /d1/aoaws

4. BEAPTRRERIEEL
R E RS/ 44/ HEE 528 - (EFH Shared project 1] scrips 81 bin Bk
source ~/.bashrc

5. Bd%a CTH/CDO JEELAIER

proj _start
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J\ EFTR5ERHEAE R FRAIE m(Ceiling and Visibility » C&V)

(M EREERE RETHRASE N

ERNAEREEMERET  FERS BN SR (E £ 2R s
TREZHVES N T FERFAEATRE R S B R TR A B R THY 2 PB4
BRI PR AR R S e REERYTEOA] - T BRI At A e DUz ARy
TEHBL(BIANTES) - (I &EET /774 (Model Output Sattistics, MOS)/ H Fij5% &
MBI R e e R TSR TR - AR THINTZE REBR U B SR A4 (AOAWS)
iR fRBERE - EEE  RE - R - EUSEEE -

L SE ek Ep e pray = VA SEIERESE =g SAVNE vl =y P e N It
BB WRF 102 FHHBUIER(METAR) - FH 22885 - &
FIRE Z RSB RV BRI - P A S SH B (U i H S R T
FiTeR SRR TH R > A0 51 - AR R R R TRIIGR > ] DU [E 2 Y
BRI A o SR UE RS R > RIDHE TSR BT AR A T - AT E4HRE
U TR B ) MOS FHEREEIR - Rl ARa AR (BB R T DU
iU AR AR HEAFAIHBMEEE SR AYEER > MHZ
SIISRAVE R E R B

N AOAWS MOS System

NCAR

Creating MOS Equations vt

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

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

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

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2023 ahts

51 : MOS Ri&=URERE

BT MOS » A HA AR DITHSRER K AE ALY © A B EE G R
#ITHE - BEE WRF Hz{{& B (Unified PostProcessor, UPP)H1 » ZA{& 7 #57
L UCHC )T 75T TICIE -« AOAWS-RU EE 3T 7 SERLBIRE B TE it (o8 FH 2
JivA T ESeiE M UPP » f WRF SH={Fadn B et ENER S MERE » #48
FIA I Ve FCEGR (R ZEA IERY T /AT IE WRF/UPP i HY4S SR -

4% — 1% iz ¥ 25 (Unified Post Processor, UPP) & 3£ 57 ¥8 5 ) R,
(National Centers for Environmental Prediction, NCEP)Ff2$Hy WRF tE 1% FHIE

55



= EEEERATHEEZE(L - 5 Github F#iiEH FORTRAN JE44HE - UPP
SHHL WRF 588 e BUSE T Koge RS S H M B B AR R e -

UPP EEHEFFHEERESMEEESSR » EREIVEF R/ K&
EILIIAEES] 100-6(kg/kg) s EEERA 16 2H AR - ditimfE F - &
SRR S R>50% 0 AR & e R =R AIERERIZAE>50% » HIEE Ry 20000
R BRLAZEE - (B 52)

N Unified Post Processor - Ceiling

NCAR

~//
bl

o]

Sy

SUBROUTINE CALCEILING (CLDZ,TCLD,CEILING)
!$$$ SUBPROGRAM DOCUMENTATION BLOCK

SUBPROGRAM: CALCEILING COMPUTES Ceiling

PRGRMMR: Binbin Zhou /NCEP/EMC DATE: 2005-08-18
ABSTRACT:

]
]
]
]
!
! This program computes the ceiling

! Definition: Ceiling is the cloud base height for cloud fraction > 50%
! The cloud base is from sea level in the model, while ceiling

! is from surface. If no ceiling, set ceiling height = 20000 m
]

]

]

!

]

]

]

]

USAGE: CALL CALCEILING (CLDZ,TCLD,CEILING)
INPUT ARGUMENT LIST:
CLDZ — CLOUD BASE HEIGHT from sea level(M)
TCLD — TOTAL CLOUD FRACTION (%)

OUTPUT ARGUMENT LIST:
CEILING — CEILING HEIGHT from surface (m)

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2023 © 2023 UCAR. All rights reserved. 16

52 - UPP PHYEREEE

UPP gt R EETE [ HIYZE Stoelinga-Warner method > ] WRF KT
KFERY/KR - B0 - PR - K - BAVEAE - KRR A AR FIR RS
8 St ER AT LIS RS (E TR R LIRS R D 98%) - e RS S K {E R
TE Ry 24 N o B B REUKMHRL S VRE RS - AEEER  FE K
DEFHERRNPE - (18 53 - [ 54)
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N\ Unified Post Processor - Visibility

NCAR

[ T— - N N S

SUBROUTINE CALVIS(QV,QC,QR,QI,QS,TT,PP,VIS)

This routine computes horizontal visibility at the
surface or lowest model layer, from gc, qr, gi, and gs.
qv——water vapor mixing ratio (kg/kg)

gc——cloud water mixing ratio (kg/kg)

gr——rain water mixing ratio (kg/kg)

gi--cloud ice mixing ratio (kg/kg)
gs——snow mixing ratio (kg/kg)
tt——temperature (k)
pp-—-pressure (Pa)

qrain=qr and gqclw=qc if T>eC

=0 =0 if T<ecC
»y =0 if T>ec
If iice=1:
qprc=qr+gs grain=qr and qclw=qc
qcld=qc+qgi gsnow=qs and qclice=qc

'
'
'
'
'
'
'
'
'
'
'
'
!
!
! gsnow=qs and gclice=qc if T<@C
'
'
!
!
!
! Independent of the above definitions, the scheme can use different
! assumptions of the state of hydrometeors:
' meth='d': gprc is all frozen if T<@, liquid if T>@
! meth='b': Bocchieri scheme used to determine whether qgprc
! is rain or snow. A temperature assumption is used to
! determine whether gcld is liquid or frozen.
! meth='r': Uses the four mixing ratios grain, gsnow, qgclw,
! and qclice
! R 5 o
Aviation Applications Program
Research Applications Laboratory

© 2023 UCAR. All rights reserved. 18
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N Unified Post Processor — Visibility (cont’d)

NCAR

The routine uses the following
expressions for extinction coefficient, beta (in km#x-1),
with C being the mass concentration (in g/m**3):

cloud water: beta = 144.7 x C *x (0.8800)
rain water: beta = 2.24 * C ** (0.7500)
cloud ice: beta = 327.8 % C ** (1.0000)
snow: beta = 10.36 * C **x (0.7776)

These expressions were obtained from the following sources:

for cloud water: from Kunkel (1984)

for rainwater: from M-P dist'n, with No=8e6 m¥x*-4 and
rho_w=1000 kg/m**3

for cloud ice: assume randomly oriented plates which follow
mass—diameter relationship from Rutledge and Hobbs (1983)

for snow: from Stallabrass (1985), assuming beta = -1n(.02)/vis

The extinction coefficient for each water species present is
calculated, and then all applicable betas are summed to yield
a single beta. Then the following relationship is used to
determine visibility (in km), where epsilon is the threshhold
of contrast, usually taken to be .02:

vis = -1In(epsilon)/beta [found in Kunkel (1984)]

Aviation Applications Program
Research Applications Laboratory
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54 : UPP B FDLHEETRERE

AOAWS-RU S &HYER K AE R TR A L MR © (DEERSASRE
WRF 153 » Q)FHEHT 4 X - Q)ZEHENTEEGKM) « (4)FHHER-R 2
(~120HR) ° (5)H'E AOAWS-RU T Z et a] D] UPP &} - SR EAE FETH
R R E BRI AZAE 55 -
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Diagram:| £ Ceiling_and_ Visibility | Last Query: 2023/10/20 23:50:03

Ceiling & Visibility

work/shareds
spdb/metar
20awWsru2

55+ EREARE HE THHUE n B AL

(Z) FEHRIES L UCEE A (FOrecast CALibration Quantile Matching, FOCAL-
QM) :

P IE(calibrate) /&5 R FHAREE AL — CHURI N AT TR - BIREAmz= -
TR LU RL/A(FOCAL-QM)#E A 30 RAVEAIERHAET THIIE - i B ARFH]
R AR E N REEEREEHHRAAGTE  XAGREZEFEHBHE-
B R E B AIGEIHES 7R — 0 R IR E R HIRE - A — Ry
X 1-6 /NP THERE L BB R 1S 2IWYRIEGEE R T — 4B E =
SR WU USRI IE AR HYE R K AE RS T, - 8 56 £ FOCAL-QM &z
HUR R -
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N FOCAL-QM

PtGridFrequencyMatch
ceilin ibrati
( 9) Callbraltur::ins
PtGridFrequencyMatch JEEIEE
(visibility)

A4
CVmodelCal

ole
WRF/UPP C&V current avalld \

Calibrated

C&v
Grids

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

[
Taiwan METARs Aviation Applic 1' s Program

Display
Researcl h Applications Laboratory

AQAWS-RU Training 2023 3UCAR. All 1 eserved 24

[E 56 : FOCAL- QM BRI R E

73 firUChci£(Quantile Matching, QM) bR FCELEUHIED B RAGIER S
el #7(cumulative density functions, CDFs) » CDFs & —¢H{EFER EE » F(K
EEARRE BN MEME IR BEDE SR EHIRATR R - FlnE R
TEAE(5000m/15001t) - QM Fffiy T %2 2 S EEAF Y AHA AT AR UC BRI R » Fe
BUE Y o A B FE S EURIE R Y [F]— i 80 2R UBUATE REZ o i eE FE 2 8
(B R R TEA% 2 BB (XE] 57) BRG] 1| 385 i 2 S R = B — 2
{ERCIE -

ROEAEEEH E » (ER 30 RAVEZREUHIE R - SEEEEEE A
REFCIEAE - R&EIEH 15 FERMEERHE - A lEEREE BRI - &R
HIRME I E G - B —imiVEZUE R 5L DU SOt iR E R S = TE
b S TS - MOIEA S A (EEEIRE - AR B RIE - ROEEE—R AR
TE RGO > H g S B EAL AT ARG -
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N Q-to-Q Calibration Comparison

NCAR

Modeled precipitation Observed precipitation

Pmax

Pmax ___________

Pfcst »

1 J L 1 J
25th  5oth 75t 1gpth 25t 5oth 75t qppth
Quantile Quantile

N
>

A

Hopson and Webster 2010

Aviation Applications Program

Research Applications Laboratory

AQAWS-RU Training 2023 © 2023 UCAR. All rights reserved 16

57+ BRER AT I HE

S AL VERCEA DA N AYIRA] - (DFCE R — TR - AU THER A
A bty R - 1 H ATEUEE R FR A HARIR - Q)@EZ U : %2
ASFAEEUE P RE BB SR » AT DUREIILARR] > H B IEIR RV BUE R AE
JEARELE Y 50%%] 200% [ » W1E 58 - (3)EUHINIIRH] a3y /E BlgE
EETEEE ) e AR R - BRI R B - wob - |3
FIRKHEIE ] e S BRI (E -

N -
- Q-to-Q Overfitting Example
‘0[_ T T e ———————————— _1
- Model predicts 2 mile visibility but IRIVUR RO IEANT) SO
it's probability of occurrence 08}
matches the obs at ~9 miles ot
+ For this reason limits of 50% - B ael
200% are used i
+ Values are not changes more 'E aal
than this amount 3
02 —//FHI" 1
(TIPS S ———— S S
Y aM, 6 8 10
el Visibility (miles)
Pinto et al. 2020

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2023 © 2023 UCAR. All rights reserve

58 AR IEER ]

Fo T BEAIRIEAAERUNIRS B RIS CAEHS - B 6™6 HLE i [ (5 A Bt
VPR AR ERE SR ILETER) - 4008 58 Fyb iy & Sasa s - ik
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FlE 65 A EFEIAEN  BeosEE

NCAR

A FLE R AR R 2
N Extending Corrections Spatially

Ceiling = 1 kFT

Ceilmg=1kFT kft

Visibility = 3 mile

JAWS-RU Training 2023 JUCAR. Allr

[l 58 TE?&IE{%%QW BIEHE]

(=) FOCAL-QM 2855
1. ZEES3{i7(Ceiling Quantiles) :

kft

Maps of calibration value for
(top) ceiling heights of 1 kKFT
, and (bottom) visibility of 3
miles computed using 30 days
I of data from June 2019.

oo Values are shown for (left)
individual surface station
miles locations and (right)
. expanded coverage using a
I distance-weighted mean value

| B and a radius of influence of
65 km.

FOCAL-QM Fff:#i%& WRF-UPP @ity ERE(E - fEHEAH é‘%xﬂﬂ%ﬂi‘ﬁ
FrHVSET R © BE A B FoFs E RERYIERT » FOCAL-QM 8% E T 14 {E5y
ﬁz 0 E R B R AP (1500R) -
Quantile Meters (feet) Flight Category
1 30.48 (100) LIFR
2 91.44 (300) LIFR
3 152.4 (500) IFR
4 304.8 (1000) MVFR
5 457.2 (1500) MVFR
6 609.6 (2000) MVFR
7 762.0 (2500) MVFR
9 1066.8 (3500) VFR
10 1219.2 (4000) VFR
11 1371.6 (4500) VFR
12 1524.0 (5000) VFR
13 2133.6 (7000) VFR
14 3049.0 (10003.28) VFR

61



SRECERAE 59 -

LIPS thresh /7777777770777 A
/7
// Thresholds for calculating frequencies at each station location.

: float
// 1D array - variable length.
/7

thresh = {
30.48,
01.44,
152.4,
304 .8,
457.2,
609.6,
762,
914 .4,
1066.8,
1219.2,
1371.6,
1524,
2133.6,

1

&l 59 : =R ESCER

2. BEREATAr(Visibility Quantiles) :

FOCAL-QM HIj2Efi% WRF-UPP i HyRE R8I - fEH BRSO R
MFFRVERET R © B0 B R E RAEAVIERT - FOCAL-QM HEEE T 14 i 5y
fir » B8 B R/ RS R RIIFIEEE(15001) -

Quantile Meters (miles) Flight Category
1 100 (0.06) LIFR
2 200 (0.12) LIFR
3 500 (0.31) LIFR
4 1000 (0.62) LIFR
5 1500 (0.93) LIFR
6 2000 (1.24) IFR
7 2500 (1.55) IFR
8 3000 (1.86) IFR

62



9 3500 (2.17) IFR

10 4000 (2.49) IER
11 4500 (2.79) IFR
12 5000 (3.10) MVER
13 7000 (4.35) MVER
14 10000 (6.21) VER

SYECERAINE 60 -

'J"J"I'I—I'I'J"I'I'I'I—J"I thl‘ESh '.I'J'J'J’J’J’J’J’J’J’J’J’J’J’J’J’J’J’J’J’J’J’J’IJ’J’J’J’J’J’IJ’J’J’

i‘ri'r

/f Thresholds for calculating frequencies at each station location.
’.I'i.l'

£
£

£ Type: float
A/ 1D array - variable length.

.";.";

thresh = {

108,

208,

508,
1000,
1508,
2004,
2508,
3000,
3500,
4000 ,
4508 ,
5000,
7000,
10008
};

0

60 * At S E I {H A ERE
3. BEULHL(Overfitting)JRHIIHE

2 IR S B E B e R U SR ORI > min_thresh_frac_limit [3{E1E
RBAALLHT FRR © max_thresh_frac_limit Sy {E ERBUELLET LR - 400 61 -
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_.i‘r‘nl‘r‘nl‘r‘ilr‘iIr‘i;‘ir‘i;‘i;‘i;‘i;‘!;‘i; m"L ﬂ_t h ras h _ f[‘ ﬂc_-l_ 1|_ il 1|_ t FE L rL iy

S/ Multiples calibrating threshold to find the minimum wvalue allowed.

I’;l';

S min value allowed = mun_thresh_frac_limit * lewvel.

4 Type: float

4 Multiples calibrating threshold to find the maximum wvalue allowed.

S max value allowed = max_thresh_frac_limit * lewvel.
£/ Type: float

max_thresh_frac_limit = 2;

61 : EIEHUE L BIPR ]

4. BEAAISFFRIELE (freq_num_days) : S G SIBES KK O R
#5(LF4E - 0 62 -

LI7AF077777 77 freaonum_days ///77 777 7777777777077 777777
/7

// Number of days in Freguency calculation.

/7

//

// Type: 1int

//

freg_num_days

62 + PR H iRl ae E
5 HHRFEEERS - £ QC ZaT  sreBE EIR > deBHEUEFPR > AFIASAR

S - EFRA] =3048(m) = 10000(ft) » AE ELRETRA] = 10000(m) = 32808(ft) »
Y1IE 63 ~ [B 64 -
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" data_limits /¢

" Option to limit the data values.

£ IF Timit_min_value is true, all data values less than min_data_value
will be set to that value. If limit_max_value is true, all data
values greater than max_data_value will be set to that wvalue. For
ceiling and visibility MetarZSpdb sets these to STATION_NAN or 262144
if the are unlimited. Therefore, it is recommended to always limit
the max_value so that these are not thrown out in the
data_quality_thresholds step.

Ff Type: struct
typedef struct {
boolean limit_min_value;
float min_data_value;
boolean limit_max_wvalue;
float max_data_wvalue;

data_limits = {
limit_min_value = FALSE,
min_data_value = @,
limit_max_wvalue = TRUE,
max_data_value = 10000

FF data_limits /77

Ff Option to limit the data values.

£ IF limit_min_value is true, all data wvalues less than min_data_value
will be set to that wvalue. If limit_max_wvalue is true, all data
values greater than max_data_value will be set to that value. For
ceiling and visibility MetarZSpdb sets these to STATION_NAN or 262144
if the are unlimited. Therefore, it is recommended to always limit
the max_value so that these are not thrown out in the
data_quality_thresholds step.

Ff Type: struct
typedef struct {
boolean limit_min_value;
float min_data_value;
boolean limit_max_wvalue;
float max_data_wvalue;

data_limits = {
limit_min_value = FALSE,
min_data_value = @,
limit_max_wvalue = TRUE,
max_data_value = 3048

63 * FREE EIREE
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£f Values outside this range will not be used in the frequency
calculations.

" Type: struct
typedef struct {
float min_accepted_value;
float max_accepted_value;

data_quality_thresholds = {
min_accepted_value = @,
max_accepted_value = 10088

47 Values outside this range will not be used in the frequency
rr calculations.

£¢ Type: struct

i typedef struct {
float min_accepted_value;
float max_accepted_value;

data_quality_thresholds = {
min_accepted_value = @,
max_accepted_wvalue = 3848

¥;

64 © FlHE E PR

IFF B 5 B {(Distance Weighting) -
HAEA LIRS IEAE R AP R R TEAE Y R -85 -

nstation nstation
FCEd: 21 Wtiall 21 wi’
i= i=
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Hort Feari £ 200 22 B PNASHTRIEE YR IR > 2274 n {EHIAE - Wi=min[ 1, (Ds-Di)/150] -
Dy=200 » Di=HIhBLg g R = fErypERE - PR E E 65 -

/7 grid_radius_km //

/ Gridding radius in kilometers.

,,,,,,,,,,,,,,,,,,,,,,,,,, grid_weighted_distance_km /////7 777777777

// Distance in kilometers in which to give full weight to a point.

s
// After this distance the weight decreases by
grid_weighted_distance_km/distance.

/ Minimum val: @.801

// Type: float

grid_weighted_distance_km = 25;

65 * HEREE B R (A B (L

7. P (smooth) * FCEEFIERTHAER/ NP AR ITA > A0 66 -

LA/ 777 smooth_data //// /77777 F7 AT A AT A T i7 7
/
// Option to smooth the final output.

// Type: boolean
/7

//smooth_data = FALSE;
smooth_data = TRUE;

LA/ 7 smoothing_radius_km // /7777 /7777777777777
/7
/7 Smoothing radius in kilometers.

// Type: int
/7

smoothing_radius_km = 32;

LA/ /7 smoothing_method ///7/7//77 /7777777777777 77
/
// What type of smoothing shold be applied to the data?.

// Type: enum

// Options:
SMOOTH_MIN
SMOOTH_MAX
SMOOTH_MEAN
SMOOTH_MEDIAN

smoothing_method = SMOOTH_MEAN;

66 : PIRSEECE
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(¥4) FOCAL-QM #EBFE A2 :

SRR R A R TR A B (8 55)

1. UPP: WRF MRARIEE - B R A RS TR -

2. Metar2Spdb : ¢ ASCII 454~ #LHI# 2 METAR % SPDB #4% » i
) METAR/SPECI $§3C - SHHENT2HEAIE 67+ 0+ (Db A/Bthi 2okt
PR - (QIBFUBEN - ORIE2U - [ 68 HET Metar2Spdb fREHEHY
il -

N Metar2Spdb

DATA INPUT.

Aviation Applications Program
Research Applications Laboratory

67 : Metar2Spdb B A/t BRI ACGRIE

aoaws_cv@aoaws9: $ cp -pr /d1l/taiwan_S5TB/data/archive/aftn/20221026 .
aoaws_cv@aoaws9: $ 1s - | tail -n 5

&> /dev/null

2 Qoaws_cv rap 36864 Oct 27 18:00 .

68 : {7 Metar2Spdb HERE &5

3.  PtGridFrequencyMatch : :Zf2=0FI 2 30 RAVEDHI(METAR in SPDB) & 5
FUEEHWRE in mdv_ne) 1 THlll 4k > He 2 0 VR IE (RS - U7 Ryt & 2023
F9H 1 HeERERIEEREG] -

[cv@aoawsrul cv]$ bin/PtGridFrequencyMatch -time "2023 09 01 00 00 00" --
params config/PtGridFrequencyMatch.visibility

4. CVmodelCal : 3%f2 =] A PtGridFrequencyMatch 1B HAVRSIF(E » FZIFAET,
THERERHS FISE R S RE R iR A Y TR E - T 7 Rat &M 2021 4£7 A 22
H 06Z HEATERE L 6 /NFRERESHIEM] -

68



5. SpdbQuery : fihEFE R E & By METAR & - A00E 69 > N5 5
../shared/bin/SpdbQuery -url ${SHARED DATA DIR}/spdb/metar -start "2023
09 01 0000 00" -end "2023 09 01 23 59 59"
72\
N SpdbQuery &
69 © HRSHIRH) METAR IR
6. Wrf2Spdb: ;K WRF i E A » BEHIUE I BEHV4ERS &S F SPDB 87
FEIIGNIELE > FIRIE » & T R T#Hif]
wrf2Spdb -f f 00086400.mdv.cf-nc -params Wrf2Spdb.wrf cal
() SREEFRE
1. YT C&V EHEE :
(1) 2285 C&V HEE
/d1/aoaws/apps/shared/script/proj install apps cv_20230913.tar /d1/aoaws
(2) BE) C&V HEEA
/d1/aoaws/apps/shared/script/proj start
(3) fEH print_procmap FR PrintDataMap W {5 1a (A2 8l TEL =R 21 (i
B -
(4) ta s log 1% -
(5) H neview ffifiiHitE e -
2. MEjIHEAASEE

/CVmodelCal -

params ../../../projects/taiwan/params/CVmodelCalTaiwan. WRF 3km -f
/d1/ceiling/taiwan/save/raw/WRE 3km/mdv/20210722/¢ 060000/f 00003600.m
dv.cfnc

(1) ERTEE AT - fafil UPP fitifE
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3.

4.

5.

(2) B4 Grib2toMdv £:8fEH out fields F%7E °

(3) F-Eh# (T Grib2toMdyv -

(4) FEh#{T CVmodelCal -

(5) Fil noview Ky ZE 75 6 & T -
528 B A (A B | SR ]

(1) ¥ % PointGridFrequencyMatch 7 #fESEAE F freq_num_days %€ °
(2) E¥r#hfT PointGridFrequencyMatch °

(3) FEh#h{T CVmodelCal -

(4) FF neview =K nediff 518 28 R A

g A WRE fE0kE2E

(1) HFIFHE&A WRE-UPP #52 » s & & FTaE sy -

(2) 4 PointGridFrequencyMatch 7 ¥f Bk i ARE =T E -

(3) E k{7 PointGridFrequencyMatch o

(4) FE)#fT CVmodelCal -

(5) FH neview B nediff fa i iR 22 A0 -

A IES/| SR HE

(1) 4 PointGridFrequencyMatch 7 S EfE tf input_skip pat 5¢E ©
(2) E {7 PointGridFrequencyMatch o

(3) FE#fT CVmodelCal -

(4) FH neview B nediff fa i HAE 22 A0 -

70



. 2 0-8 /NIFHYEFETEIRFE TT(AOAWS Short-term Prediction of

Intense Rainfall and Echotops » ASPIRE)

ASPIRE A o5m 522 (CWA) $i REEI{ETHHRIE (RWRF - Z2f]
BRATE Ry 2 N L)~ CWA B SRR R BIZIR SR BT %88 (QPESUMS)
HEMTTRREFER BBETESRGER 0 £ 8 /N ZEHEMN - [BTH
=% (Echo Top Height) [P FAFER] - ASPIRE HFTHHAHR & 10 77§ -
THEIRF R Ry 8 /N - IR B 1 /N © R FEES & 2 R B 1 I SR PSR AU 8
Sril&aE NCAR JMIEE R af%e (IR UERAEN R K B I L B RR%E ) 48 RWRF
TR E > WETRREE SR - DULER 0 2 5 /NRFFHH > 6 £ 8/
RF HIfE PR BR A RWRF 1574 - ASPIRE Ay (o 4lE 70 Ao -

N Planned Features of ASPIRE

Composite Reflectivity (dBZ) EchoTop Height (m AGL)

Analyses and 0-8 hour Forecasts Key Features of Blending
« Composite Reflectivity, Radar EchoTops, Precipitation Rate Model bias removal (calibration) and 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 NCAR CTREC algorithm growth/Cl regions
* Model input is from CWB RWRF (2 km) with post-processing * Uses multi-threading to maximize computational
using Unified Post-processor (UPP). performance
« 20 min update rate with forecast leadtimes out to 8 hours
with 20 min lead time.

70 : ASPIRE 5 B HA B -

ASPIRE JHELCAGH 7 {EFELHLHBC0E 71 Fr » rRlEE R A - B2 ,§
RITHERIE ~ YMNEE ~ B8 ~ {755 (phase correction ) ~ &5 & 4T &5 S

71



Diagram: | £ ASPIRE Last Query: 2023/09/23 03:45:04
L=

ASPIRE Processing

£C|+E2)-

Inputs Radar Pre-processing Extrapolation

L.

'
\

|

Calibrate

\
],
I

Phase Correct

o]
T

Blending Stats

SREN

Blending

71 © ASPIRE ARy & RUARE -

(—) Bt AR BRI A0 72 For > St 2 GRS AElY - 3 Z&aﬁ
FRIEEZ ~ QPESUMS [R5 K2 RWRF 5% 4 fE R} - Hrr 3 4edize
(S5 R P 2ACE T SR 2 [ 82 TH= & - RWRF fEUER R S U EE&F?
(UPP) stEEZUE NN ~ Rk TH R A Rk -
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Diagram: -,_, Last Query: 2023/09/23 05:05:03 e

[B] 72 : ASPIRE Efshiy A 54 -
() FEELRITARE TR 2 YET5 2 K 3 T R [ BRI B - IR AN

il 73 B o Ry[if& B ME A TGS A AL 0 2 4EE DB IE RS
##% MdvThresh ~ MdvClump 7z mit_storm_filter & 3 {EfZ PR HE -

73



2D RADAR 3D RADAR

& 73 : ASPIRE EHZERITHEHIAAE -

NREEBEMNTHEHE 3 [ H B g AR SRS

1.

MdvThresh :

BERECERR 0 srEMEZEF &S AR E OLFHE) - $5RAE 74
7 o

i A S RIS T ¢ 2 HEER AR, - (RN 0 2 2 HEEE 2[R -
MdvClump

R TR JEFR I NTY 6 (EARATASRS - Y NEBEESE A 5 THE - R E#EE
B o 4K IEAE P B 2 (a0 [ e S S LL ez F - 45 SR ANIE 75 Fi -

i A\ st B RS ¢ 2 SEER R - 2 4ER RN -

mit_storm_filter -

IEA2 P HEY Ry R 88 2 B AT S SN0 - sl P 4 (B 2 B - 3
B NHES R EDZEFE - &R R1% CTREC A RE(LRE - 455%
W& 76 Fiior -

i AR BRS¢ 2 4ERREEDR, - ER 0 2 2 HEER R -

74



N MdvThresh

NCAR

After thresholding

Before thresholding

Location: 119.904, 19.993
Composite Reflectivity. -99

3

Aviation Applications Program

Research Applications Laboratory

74+ & MdvThresh 727 i BR A& 8 22 [0 [ -

D MdvClump @

NCAR

After removing small storms

Areas with 6 or
few connected
grid cells

Aviation Applications Program

Research Applications Laboratory

75 + & MdvClump 27z B Al 1% 25 2 (B A2 ]

75



N
NCAR

mit_storm_filter

Before smoothing

After smoothing

ot 0 0 0 AR ta

Average of non
missing data
values

iE 4 grid cells
-rz,_. ==u ,,"

EZ E

120,158

12004 120,050 120.06¢ 1

- 1200 12008
Aviation Applications Program
Research Applications Laboratory

76 : £% mit_storm_filter F2 /7 Bz BH 1% 25 22 [0 &

(=) ASPIRE 4MiEAZH H & FIF CTREC J37A2ER 0 2 5 /NEFEEZ[ELE - 1]
R TH SIS R PR THER > 2008l 77 B » 5 CTREC ¢ GridForecast 55 2 {[#f2
¥ » CTREC SR HARERLEN T M Sl S 1% - FFH GridForecast 72725457 1l
EFE MBS FERAEE 2O ~ [BDETH S S K FERERE R -

run_time_based_GridForecast.bash

»
»

»
»

k-

77 © ASPIRE SMIEEIESHE P KB R E] -

By ASPIRE SMIEAREAH 2 {2 R H Y Sei AR B RHAg R -
1. CTREC (Cartesian Tracking Radar Echo by Correlation ) :

76



DUt 2 A8 R 2 DRI S 22 [0f it A (B (B AR B 2 A5 8l )7 [A] R 2R
& o FHRESBEYEAE 78 o Hirp CTREC MHEAHEETE T £ ByiseHl—(E &
» 172 (B N DU N B TR DR A T — (B 2 Ay EAERA (R E R -
AR SR ER B /N Ry 75 ANEIETH - B/NEE Fy 25 ARIEAT - HlE
W By 20 7388 » ryax = VAt At=20 7388 - 20$F] R=1 VIEJT P &IE - Al
Tuax R WETE T T RERE » RATALA G TR RS B B8R 2 M S - ARt
& E R IR E R > (82D A 1S > GridForecast 2174 5E
mEFRI o CTREC 127t HEAE R AE 79 Fik ©
o A S SR - SEOEA R 2 SRR 0 u K v ERE -

2. GridForecast :

DA CTREC & Z i858 )7 A kR Z5 i 88 222 087 ~ [BDRZ TH S S R R
o DS BT — 8 FH R R 86 2 B 2 [OlR7 ~ (ol TH & S PR -
GridForecast f2 7T E4E R 41[E 80 Fw ©
i AR &R} - 2 dEER DR ~ OIS - FERE K u - v RS E)
5 0 PRI Ry 0 28 5/NIF 2 2 4ETHERER 20D ~ [0 TH S & S fE PR -
EH 28 smoothing_radius FIRFE—({EFEEL F u f v RIS E ) B
S EE o mask forecast 3% & fE 25 72 [0 R/ (B (Y5 By O -

N ctrec

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 in (ctrec.mosaic2d) :
* min_echo=0
* cbox_size =75 km

« thr_cor =25 (correlation must exceed value for
valid vector)

+ cbox_space = 25 km

+ delta_time = 20 min

* temporak smoothing_type =
SMOOTH_WITH_VECTOR_DIFFERENCE

« temporal_[u,v,] percent=0.4 (givenasa
fraction between 0 and 1)

78 : ASPIRE f54H CTREC & 8#%E -
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N @2
NCAR Ctrec @

Before smoothing After smoothing with ctrec motions

- - 116€ 0% 1186
Aviation Applications Program
Research Applications Laboratory

79 * CTREC f&frha HR 1 FIRF(EA& RS E MY (5 2 #8805 A R -

p—
N GridForecast f@f

5 hour forecast showing masked area

Forecast reflec:

e = 116€ (IR 118
Aviation Applications Program
Research Applications Laboratory

80 : GridForecast TE¥ 5 /NG & 2 [0 )7 455 -

(IEI) ASPIRE Behatst H Y Z%U\é%/ﬁﬂa? (]38 25 3R ) i o PR S 2 (B R o
FES o AR AR A R R 1% B R M A W de_E B A TR AR (L ~ 22 B
%ﬁ%ﬁﬁﬁqﬁaﬁJ:Ef—'@ﬁftz{ﬁﬂ’ﬁﬁ%ﬁé‘é%%% o LIS 81 Roff > #RATHERE
22 [0 8% R e o [ LRI EE R AT SIS A B R 12 o FEE e S [ K e
& > BB ER 22 [BIR7 SR S R Sy AT Ry T

78



N Calibration Module Goal

Use Observations to Detect and Correct NWP Model Intensity Biases

Observed Reflectivity NWP Reflectivity Calibrated Reflectivity

Corrections must be:

» Regionally consistent with NWP

« Spatially smooth

« Temporally smooth favoring NWP at later lead times

Aviation Applications Program
Research Applications Laboratory

81 % %aﬁ%iéﬂﬁﬂ’]?ul

ASPIRE #:Egf&i4H 75 Dist2Data ~ DistributionsCalc ~ ClimoDistributions K7
Calibrate 55 4 {Ef2f7 - TGO - EHE KRR EREHE R AT RE
SrnanE 82 ~ 83 k84 -

Bl ?_)?_) || S B S L0200

Calibrate DBZ

field: REFC_EATM field: MOSA

Toi
Blending DBZ-=
- BlendFecstMean-Aspire. ncarLpeDbz

To:
Phase Correct-=

- PecCompute. dbz

- PcModify. euw

- PeApply.euvDbz

Elending DBZ-=

- TimelaggedEnsFrob. calDbz

t = trigger

o = obs

f=focst

clh = climo history
ct = clock trigger

il 82 © B s A E R R SR O R AR A -
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Diagram: iT ASPIRE 2,7 e Last Query: 2023/09/14 19:15:03
£ Calibrate =5~ -~ . ]

nElcam o,
Calibrate CTH

field: APCP_SFC

To:
Blending CTH->
- BExtendFests.cth

t = trigger
o = obs
f=fest

clh = climo history
ct = clock trigger

83 : ETHERERIFEAER R REE -
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Diagram: £ ASPIRE ] Last Quary: 2023/09/14 19:15:03
£ = &= calibrate %[ §* calibrate PRATE | queny

4— Calibrate PRATE

field: APCP_SFC

To:
Blending PRATE-=
- ExtendFests. prate

t = trigger

o =obs

f = fost

clh = climo history
ct = clock trigger

84 : [EMRIERIFEA B R RIEE -

"I /& Dist2Data ~ DistributionsCalc ~ ClimoDistributions 5z Calibrate 2 4 {EfZ£FF H
F B Hom A\ Bt Bk -

L.

Dist2Data :

REBIFAHAR e H AV et S BN (E A 2= 2 2 A THEOE TR TR e
A2 P B AT T — (B A& R E ST R R A B e - B 85 £
Dist2Data 51 51%15 2 [&] 86 > 1% A B EE 2 [0 DR sk [8 /2 b fo /2 T &I, )
PEEEARTY 0 -

i A S ER] A 2 4ERUH] ~ IR B ST &R
DistributionsCalc :

ASPIRE jRAE = FHEREGIE 77 9 (B @i - A2 HHY R e —(EE
P g — ([ TH R ] < BUHIER e FH B 2 S8 70T © 9 (- e a El
87 Ao > A E B SR R AT T id R R RIS (TS BEE Rl
RBUATERE - RWRE H TR EHRE Ry 12 /NS > FrLUAH (& PR A
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B S 4EHA 13 ([EEBTEER - S (EA S TEEENA A [FIREARN i K T &
JERFE -

i A S EDR] - —(E TH R R TH R SRR - THER BRI
TR

ClimoDistributions :

Rt BB EATER IR - AEF 2Rt B PHEEIT 21 K 9 {#+
et b o e — {8 T R e TR PR R S ORI - 45 SR 88 Ffors
i AR EDR ¢ AT 21 KA (T I {18 P S e [ R P i S B
& Gl &P (ETEERF AR 21 RV THER OB AE R R i
Calibrate :

FIFH b 02 e 45 SR A B B (A =y e 22 e R i 2= - 5T R =
WIEl 89 ARy H #Y Ko i B 45— (Bl TH I FET B TR R =0 R B 2 (R R
IR Yo7 RIS AR 2 R i A R A A =R 2 » RIS R 2= % DL
ClimoDistributions 2 - 45 Fea T 5 & FATR A s EE bh A » T THE R 12
(DR o S o R AR =R 22 S R M B E A =B R o B R % - 40
02Z 7H 00Z Fstbialsf] 2 SE I =(FHERE R » BI0] DL DistributionsCalc 2
FratE 00Z % 027 BUHIEUE A T~ GRS =52 - DT Hoe SR L A o
TEEOD RS - 20DA 35 &2 40dbz [ER7 GRS ¢ 588 FRE LR HEUIE R
R RBERDIEAE R 38 AR L -

i AR R bl = (RS Pt Y Rk Ryl A BDRHIN B TR &R
B2 ] R RS B % 2 i P -

H®E 2 ¥ 0 KB B A FCST DYN CAL 4 HI & B -
FCST CLIMO DYN_CAL EHifn FuHAfcER 5z FCST _CLIMO_ CAL &HARR
5 o Lead time based weights for bias adjustment 5 Bgf#e 85 /¢ H%Faﬁ%%ﬁﬁﬁ?\ﬁ
A fe = I A BB RS - Distance to Observations based weights BIERH &
%;%E‘—%}\_Haﬁﬁzﬁﬁéﬁ f} - Maximum change in value at an NWP grid point
s E B EEEEAVEL -
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N Dist2Data

Observed data may be used to correct NWP forecasts
BUT Observed data may be missing in some areas of the NWP domain

l NWP domain

Observed Reflectivity Mosaic

85 + BUHIEE 2 [ E - EHUEREEEIGFENER - 404 B TEE -

N - (=)
NCAR Dist2Data X

Sample Output for the reflectivity data in the first slide:
Radar reflectivity data is missing in some corners of the NWP domain

o° E
QG\'O Q .

Aviation Applications Program
Research Applications Laboratory

86 : [El 14 4% Dist2Data 12 Pt E &S24 -
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n DistributionsCalc

NCAR

For a matching observation and valid forecast
*  NWP domain is divided into regional subgrids

+ Distributions of observations and NWP values are computed gen time g, lead time |
and recorded by Subgrid o Distributions of Obs and NWP values
5 e - ;
1 1e] "
di P p
1 | i ¥
i 1] w
I: i ! " H
b ! | s f { § 00
il / i {
.: nfel aiiber
I st | 7 T fr= w
S IEE | ~—~
i\ \ ;'r
— P

Aviation Applications Program
Research Applications Labaralory
JAWS-RU Training 2023 JCAR. All rights reservec

87 : (i FI& K&K DistributionCale 12751 AR EG _afE R 1hE
e R THER - B RBUIER -

n ClimoDistributions

NCAR

Calculate average NWP and observation distributions for:
« Each region
« All gen and lead time pairs

Aviation Applications Program
Research Applications Laboratory

88 : AT 21 R E—{fF &4 ClimoDistributions 271 E 1215545
TREMSRE AR > e RHEATEE > S REUIER -
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N Long Term Plus Short Term Bias Correction

NCAR

—_—
Climo Adiusted I cimo Adjusted i Climo Adjustea [if Climo Adjusted
ot NWP NWP NwP
Lead 2hr E—— — b 25
L on g T erm Lead 3hr Lead 4hr Lead Shr
| | | | |
T T 1 | 1
p— )
24
H\L Short
Climatological Regional i N Te m
Adjustments made to all Corrective factors from distributions of
NWP forecasts P climatologically adjusted 2 hour forecast and
matching observations applied to future lead
times

Eg. Current time: just after 2Z, NWP 0Z forecasts have arrived !

89 * RIH R s R T R T UREIE -

(T1) AR Fa%E4H (phase correction ) H HY AR B {E I = FrH B8 22 [E 0 22 [ 7y
A0 > (HHBE A M AT & NETHER S 2 [B0F - B DR AR (s B4 B A2
P fL E40E 90 Fior > HhiH4H A& PecCompute ~ FestTsmooth ~ PcModify
PcApply % 4 (B2 - FI I 2B AR A s R AR B T 5B AR S R = P
[EIRZ TH R P bl » A% 2 PR PR R (B2 TH R [ R A R R S S Al

85



Diagram: [ :- aAspIRE e | Last Query: 2023/09/14 17:45:04
L2 7—>1 i” Phase Correct p_,’ | TR ety o

Reflectivity Phase Correction DBZ

t = trigger
o = obs
f = fest

To:

Blending Stats->

- FestContingencyTable.ncarLpcDbz
Blending DBZ -=

- TimeLaggedEnsProb.calDbz

- BlendFcstsMean-Aspire.ncarlpcDbz

E 90 : MHALEIEEHER KPR E -

N By PcCompute ~ FestTsmooth ~ PcModify ~ PcApply 2 4 {EFEFe B /Y & Eii
AR &R
1. PcCompute :
H Y20 8 i A = P B 2 [ (E R SR B Z D - Dl
/IMEERZE L - MRt R —(H4Er& BRI A28 7 [ RRE - 45500 91 Fr
7 o BETABRE R RE PR JELFR TN H S TR 8 -
B A S Bk} - (i YRR [RGB Y M S S THER &R 4
b — (R TH R A 2 ) & -
EHEESH ¢ low_res_gridnpts [y 34 AR H A2 IR BUR AT IS #1775
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BT 4 (E 258 {E volume size > volume overlap ~ phase_shift res npt-
max_phaseshift 5 0E > 4 BEFH B 2 0E
2. FcstTsmooth :
K2R HEY R g LB i & - IR R RS 2 HEE Y5
F] » RWRF A 13 {EAR[ETHER RS 2 THH -
I A SR (4R (ETEER A A A R R &
AR R —{E TH R R A LA i B m &
3.  PcModify :
AREFy H Y R AT G TR ARG (S (AR A R m &N - B B PR /b
LR 72 TH e S BB U TH R - DATHEREERCR B TR R (7 & 45 R AR 92
Frr > BB AL %L R & K/ N R D -
i AR Bk | SR LA AR A 2~ AMETR T - SR R
ZHEATEE - B (B4R R —(E TH SR M B TP R & -
4. PcApply :
KIEFAZFI PcModify 455 AR A UE R > 4558 200E 93 PR -
I A Bk SER L BB IR E - SRR (T
e o THERI R S R % B E A (TR -

N PcCompute

NCAR

B

Extrapolation forecast / NWP forecast

PcCompute
algorithm
(compare)
/
; / 2
Phase Correction U [ Phase Correction V
: 6 | ;
v
- |  movement

| vectors

Q

I

Aviation Applications Program

Research Applications Laboratory

91 : PcCompute F2 /(AL METHH K BB FAATHR LS EA R A E
AT RGERA N7 2 5RIE]
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N PcModify

3 hour forecast U before modification.

’ ® Same 3 hour forecast U after modification.

Magnitudes have been reduced.
Modify based on

lead time and % .
skill \ m 3
|
P

Aviation Applications Program
Research Applications Laboratory

92 : PcModify FEP ALY METHHR K B AT A B A SR AR - 5T
ReEROA THE -

N
‘NCAR PcApply

Input NWP forecast

PcApply
Algorithm a1

Smoothed, modified phase correction U,V grids

/

7

Aviation Applications Program
Research Applications Laboratory

93 : PeApply /A FFH PeModify 455 FHEBEBNER} - SHRGERWE
T

(7\) ASPIRE #E&4at520 H Bt BYME A TH R AR TH SR < THER G RER I »
DA R B META FE T 2 M B - & 4a TR A R RAZ AR
ElZE 94 A HhfE4H AL & FestContingencyTable ~ FSSGRID ~ FSSClimo ~
BGWeights % 4 ({27 - FERIYMNEETHER KIS THHMEER - FRGSG15E4E
ZE1HE ASPIRE B 20D ~ [BURTH K 2 TH R
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N Sysview Diagram: Blending Stats Module

NCAR

Diagram: AsPIRE_ . st Ques oor18 00500
SPIRE [3y [ gue i Last Query: 20270518 00:30:03

Blending Statistics

- _4-— NWP Forecasts
| = e
FestContingencyTable -' i '-
s
FSSGrid -
b

. BGWeights
FSSClimo . _ _ (coarsest NWP and Extrap weights)
Dist2Data :
( this instance passes processed -

Extrapolate _______»

d Forecasts —

hi: ical i | perf
I e ks — f— S To the Blending
‘ ‘ gg— Module
|— ==

94  ASPIRE &S & #ia Rl B AR PR E] -

"N By FestContingencyTable ~ FSSGRID ~ FSSClimo ~ BGWeights 25 4 {Ef£F¢
H H ke ol A Rt Bk -
1. FestContingencyTable -
KIEFr HH 4Ok T — (4GS RE F YRS » 455577 R B (hits) ~ R
#E (misses ) ~ 2%y (false alarm ) Kz FRETHE MM (correctnull) » /E RsEt
iz IR % (Fractions Skill Score » FSS) THEREG 8L - (EAFEA]
Fi dBz {F RyF It E A EnEe A= #ilE - 4@ 95 =LA 25dBz {E APt
1B > EETE AN 25dBz [0l 7 FHERAS S -
i AR Bk - BUANE R AT EUHIN RE  Fra A rE R (3 13 1)
— (AR R THER S R -
S ¢ thresholds FFIHE(E -
2. FSSGRID :
ARIERr HEY R DL FSS 515 25 {fl @IS TR E R - FSS 2 R
JiE o HEEE 0 £ 1 1 FoRTHRE 2 IEHE - 18 75 8 6] 1 s E N TH R E
HER > ANEE SRR S - AE 96 £ TR - T —{EgES
THERAE R IT Ryt - 1fy FSS 43805 14% © FSS 455 40[& 97 Fios o [5—{E+
&5k FSS 2y 8tHE - FIEIsiE s FSS S B AlEs 2y » HEYHEE
E -
i A S Bk} (I 4gAS RE—(E TE R ] Y M TH R R R PR 2
THHEAE R - B (E4S R — (i TH R S ME T R R A5 = TH S FSS fH -
B S8 thresholds TR THERGE R G T e [ I B - scales Forn g % -
3. FSSClimo :
AREFy H Y Ry E BT 21 RIS THHREIHA FSS 7380 45 5L 410E 98 Fir -
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i AR R ¢ BT 21 RIEF—(E4EFERE FSS 0%y - F— (4t %E 2 FSS
va)
BB STEPEREEAR 21 - AR EE B EH A& R B
SR o RSP Z T S Ry N -
4. BGWeights :
AAE FRARARIR S TSR A U TH R S Y ME TR FSS THE T EES 0-5 /)N
RS TH R S Y METH R < B SR REEE &8 SRANE] 99 P -
i A\ st B © P PRI T A PR S S ME TR 2 FSS 080 A [F]
TR R TR S I METH R < 7 SR E -
R IR RE By 1 /INRF » IR CTH S R ME TR M B 3
INRFE B TR 3 /NI B8 MIETH R B e (PR PR

N FcstContingencyTable
Extrapolated Reflectivity Forecast Contingency Table Output
Gen 6z, valid 8z 06/02/2022 Extrapolated 2 hour forecast

valid at 8Z

Threshold 25

Aviation Applications Program
Research Applications Laboratory

95 : FestContingencyTable 51 E45 41 4H[E -
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N FSS: A Regional Performance Metric

NCAR 7~ g_jood

¢

The Fractions Skill Score (FSS) is a Spatial Verification Method [0,1]

bad
Based on Percent Area Coverage of exceedance of threshold of
« forecast values
« valid observations
forecast observations forecast observations
m m[ TT7] [TTTTTT] OOOO0O00OORERERD
am| || TT 7T ml m O0OR000 [ ]
CICICI L (el mRCINCINE
.. - ........ .
el R CIC
.......... [ w[ [T [m] |
[ ] 0 I I e (0 B O O n ]
Pixel to pixel comparison score = 0 Pixel to pixel comparison score = .08
FSS Score=1 % coverage: 7/49 FSS Score =1 % coverage: 13/49
Aviation Applications Program
Research Applications Laboratory
. (scale = 7 means neighborhood is 7x7)
96 : FSSGRID & J7zUREE °
N Using FSS Metric To Create Regional Performance Product

NCAR

NWP domain is divided into regional overlapping subgrids
Average FSS values are computed in every subgrid
Regional data are spatially smoothed

Regional FSS Scores -

The Extrapolated Reflectivity 2 hour Forecast Threshold 25, scale 25

(p/ i pn)z

FS§=1 - >
plz a puz

Aviation Applications Program

Research Applications Laboratory

97 : FSSGRID SHHE&ERE - [F—{E 1@k FSS r#IIHFE -
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A
FSSClimo: Regional Values Weighted By Age 0\)\9\;\“"6

Forecast Performance Output By
* Generation Time

Lead Time

Scale

Threshold

Time Weighted Composite of Regional
Forecast Performance

Created for both extrap and NWP

|u ¢ O

98 : FSSClimo 545 IE » FIFIANT 21 F FSS 418 » ki diarss
TAFEMEE -
i BGweig hts BG = Background!
NCAR

Description: Default Blending Weights calculated from domain scale FSS performance metric

Inputs: Domain scale FSS performance value for extrapolation and NWP forecasts
* At multiple thresholds and scales

- For all generation and lead time intervals

Outputs: Background weights for extrapolated and NWP forecasts

From Performance mmmm) Pefault Forecast Weights Model Weight 8
Values Extrap Weight 8

I ‘X
0 1 2 3 4 5

Gen x Lead Hours

Aviation Applications Program
Research Applications Laboralory
2023 UCAR. All rights reservex

AOAWS-RU Training 2023

99 : BGWeights 5 H&ERIE - AIJHIA[FITH S R U S S ME TSR FSS 57
AERH 0-5 /NEFREFUTHHR I METHRR 2 o A E -

(£) ASPIRE 5% 2104 9 (s £ /NIE et B B (e B T A B T
IR (B8 B P R 56 s A 0 R A2 2408 100,101,102
Ft 7/~ 0 &5 & 15 4H 1 & DynamicWeights -~ TimeLaggedEnsProb -
BlendFcstsMeanAspire ~ ExtendFests 55 4 {EHfEFF - FlIfH4E &4 ELHET BN
R EREREE - BRI BEEATER AR TR SR REEINE R
FRATHER - B Y METHERI RRIR % - B DI TH R AE SR Ryl 45 R -
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Diagram: [_/§=| aspIRE, by ———— — Last Query: 2023/09/15 18:35:03

\_!‘_._*._‘_JL’ﬁ’?BIe:ding DBZ ]

Blending DBZ

t = trigger
0 = obs
f = fest

100 : B[4S SR B AR i E] -

Last Query: 2023/09/15 18:35:03

ASPIRE |2y
- ;
|t plending |2, £ Blending CTH

Blending CTH

t = trigger
o =obs
f = fest

A4

101 = [ THE LS SRl E R IR RLE -
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im: [ 53 - Y
i° ASPIRE |2, Last Query: 2023/09/15 18:35:03
(LB ASPIRE 23 = plending |2, bl

i” Blending PRATE

Blending PRATE

102 : FEMEREGHEER MR ZE -
~ B DynamicWeights ~ TimeLaggedEnsProb - BlendFcstsMeanAspire -

ExtendFests 57 4 (&2 H #Y 5 Hofiig A S Bt & -

1.

DynamicWeights -

AREFr BV RATH oy Bt A BB AT B — R8I MEE 55 = T
P U E RN SR ESR DL P I 0PI ESREI(1-P) » SMERE
B R/ MNEer SAEEIRDL P I ESMEPIIREESRDI(1-P) » EERUARIELME 103 -
P R el 8 - PR RE B SR 2 FssClimo fEER P15 - SMEFIIREE Krdh
ZE FssClimo fEEE 15 -

g A\ &R AR B Ry FSSClimo #ith /ME AHEE R} + ASCII
B R S ME R AR Ry B — R R e B RS ERE - Tt &
RS NIE SRS -

TimeLaggedEnsProb :

ARE e HEY R ArA THERIF G TR 8 22 B s e bhs SR T =0
104 i > DATHIRIF[E By 222 2 BB R LG R SRR -

g A S B AR — (PR i B R S S (EF R AR 2 A
BOREER > AR (E TR (AR
BlendFcstsMeanAspire -

AR2F7 By ASPIRE HEE T iR AR (EHME S = A &k R
SHETHHREER - STRUUEAE 105 - stRE R4S S TR I METREER SN
FEREE NI B THE SR DI - REA [F D s mmts A N E = -
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BN A [EI R BRI 2 (0087 - o] DURFE R SS 43 Al 3 28 > 1144 ~ JHAX
eI o RIS EIREL - 12 PR BEfE B L NE 106
i A &R} - DynamicWeights £2 7T RUE T R Y METHEE E ~ JME
S FEER ~ Dist2Data 12751 H 455 & TimeLaggedEnsProb f2fFaTHE ¥R
R W R dS S THERAS S -
4, ExtendFcsts :
KREFF Ry e B 0-8 /NIFTHER » 0-5 /NI 4G S THH » 6-8 /INKR Al Ry
HATEE - R EERELE 107 -
i AR ER  AE A THHE R AR & E s 2 BT 45 a THERE R
FEATRERER
HHESH ¢ tendTowardBkgdWt F3HHRERE > 3% 08 FsPEIF REIBG N - REEE 22T
A e U
N DynamicWeights

NCAR

Inputs are FSSClimo outputs, and BGWeights output (not shown)

= J. L
|3 hour lead tim FSSCIlmo outeuts for ExtraE at thresholds 20 25 30,

3hour lead-time FSSClim uteut model at thresholds 20 25 30, 35, 40\ ; - ;

\ DynamicWeights algorithm

final dynam|c extra welght final dynamic model weight

Units get converted from FSS to weight (0 to 1)

103 : DynamicWeights 5B E[E
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TimeLaggedEnsProb

2,4,6and 8
hour NWP DBZ
forecasts all
valid at 22Z

Algorithm
takes percent
of inputs >=25
at each point

2 hour forecasted probability & \ [® e ’
of DBZ>=25, valid at 22Z !

Aviation Applications Program
AW HGT . Research Applilcations Laboratory
WS-RU aining 202 20, UCAR. All rights served.

[& 104 : TimeLaggedEnsProb 3B REZ[E| -

NCAR BlendFcstsMean-Aspire input/output

Blending Algorithm

o
- > =
S Convective
4 < probability
5 ’

ap forecast

Blended output

Aviation Applications Program
Research Applications Laboratory

105 : BlendFcstsMean-Aspire 51 H R E &
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N BlendFcstsMean-Aspire intermediate fields

NCAR

Extrap weight after adjustments Regimes

Extrép weight input _ (used in blending)

Model weight after adjustments
(used in blending)

red=decay
blue=ongoing
yellow=initiation

Model weight input

Aviation Applications Program
Research Applications Laboratory

106 : BlendFcstsMean-Aspire &5 F R = E] -

N
NCAR ExtendFcsts
Calibrated model forecasts out to 12 hours Phase correct model forecasts out to 5 hours

I Extrapolation forecasts out to 5 hours
PcApply _|I
calibrated -
del
?;?ECEESTS /

(hours 6-8)
[BlenchstsMean-Aspire ’

ExtendFcsts

Blended forecasts out to 5 hours

Forecasts out to 8 hours

forecasts for
ours 0-5, calibrated
model forecasts for 6-8

Aviation Applications Program
Research Applications Laboratory
AOAWS-RU Training 2023 2023 UCAR. Al rights reserved

107 : ExtendFcsts =T E RS R=E o

[l

(/\) ASPIRE JEEASHHIER B E
ii%% DynamicWeights 2EiE 2t i [F) 5 S E M4 & TR ISRV 2
J& N AT BR:
1. DAFE SRS (T DynamicWeights [ FIFRFT » (i At S2 B 34 o s UL o4
(1). 478 DynamicWeights.dbz 2EHEZE - Wi FHHEMEE - (SHHEZEAE config &
1F20)
Q). KAl BRI (TAF Jazz 2BHEERTE) -
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(3). TEFE S AE F A — (ETHER I [ S TR R A -

TR T

DynamicWeights -params DynamicWeights.dbz -interval 20220616110000
20220616110000

- PIFARSEIERLRE (R 2 BHE S - R 2 8HEE - I S EE -
(1). it URL - DR Y B RHE R E R -

(2). T DynamicWeights fEHIFEF? ©

TR T

DynamicWeights -params DynamicWeights.dbz test -interval 20220616110000
20220616110000

. {5 neview B¢ Jazz BURERAG » IR HAEZE -

(1). 417 neview LUt &} -

(2). 4mitH Jazz Hy XML fEZEA#AT Jazz

4. {FH ncdiff > PEECRI(EfESRGERER
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+ RBEMBTRFIAZZ)

(—) JAZZ BER A SR  :

RREMERAHAZZ) ;5 NCAR [f# 2 BN 440 B EERERMDY 5
mdv_nc #5370 R4S LRNSPDB #5208 o] DUERAE 245 HIH » BRfE 7= ELE
{7 AOAWS ZHHINIZE A% TTA LR BT 2 S (IMDS)IERBEIT » {5 T L
B2 R IR R+ (TR bR LEALLES © JAZZ 138 config.xml R
SYELE  BATRAOR BRI S EEEE XML 5 ERAE L
SHERIE B 248 R IE 2 XML A > TEET JAZZ BT RS XML REHITT -

(Z2) JAZZ TR AL EEHEE T
W 108 - SCAERAE TAZZ B EBR4EZAEEAE » VAR H 8% T ¥ T /runlazz - B
JAZZ THEESIHY File—Load Configuration file & 7]z H XML 5% EfE °

Installation Jﬁ%‘%

+ Start with jazzTest.zip (https://apps.ral.ucar.edu/acaws/jazzTest.zip or
/scratch/jhancock/AOAWS/jazzTest.zip)
* unzip jazzTest.zip

* or: cp -r /scratch/dumont/jazzAspire .
— Version 2.8.13
+ cd jazzTest (or jazzAspire)
* ./rundazz
+ Starts Jazz with config file shown in window title bar

+ Load acaws_config.xml from web:
— File -> Load Configuraton File...

— https://apps.ral.ucar.edu/acaws/aoaws_config.xml
— Load

108 : JAZZ 5B TR

XML EERGOIGSCEAN B ETEE5 - B G & A =2 E R 575
VBRI > BEUR IR & 8815 RWRF « & KR File—Reset Application i
FLE HENEH XML FEE0E » (R — XML 285 EAE)

(2) JAZZ RS BRIETIRE *

JAZZ BUREZE EART S HITNREREH - DU M — LR B4 -

1 E=m|: EBa LARThEd RN TR  GEAY S RER @R « 7RI
S E LA R B Y s, - 41IEl 109 -
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File Grids Features Maps Views Tools Customize Help
= hees|
QE an e e e
30 Reflectivity: lid &t 0970623 16:10Z at atitud (Kilorneters)
al
-
| =
A
giei T my
X R
i
S
06 Sep 2023
15:30 16:00 16:30 17:00 17:30 18:00
\ & A — —— | i

[ settime.. | archive | Realtime | [ m ][ » |[» Forwar d [« [« [ v ]

109 : JAZZ F=1H

2. [EfE 0 110 - S RGBT E R - MHALR R P2 LY
IR > MR ] VA B I RAEG(AT DA » oG gh ] IR E
JrJrEI’JETF'aﬁ%ﬁI o] DU B (s e > SR B B R E R A A HE -

i 15E1E Realtimes™ 5= » BHFE“Set time” 2 7] AFHEE 2 AT Y H HARFRT > 22
S8 5 LT P AL e R s ] 5 5 3B 3E Archive 155, - JBE75E“Set time 25 7 LA
B ERENY H AR RUERSE AR o] DA SR S R i A AR R ] T 7 HiA
P g u] DASZe R B BR 4GS L/ NE e RB U B AR R >t m] AT RS R — (i
e —E R A R E R

06 Seg 2023
15:‘30 17:‘00 17:‘30 S:IOO IB:‘SO 18:00 19:‘30

—
‘ Set time... ‘ | Archive | Realtime | | n H 3 HP Forward |v‘ II“I'
110 : JAZZ W[

3. /NTEfZM - Ba()BCKER - QEEH—HH - QEE{R &R - (D
B LH - ()BT B8R H Al AT EIEE - (6) B rnadrs &R EE -
(MEEARAERF ] EELS - Q)FEESIH LE - O)UHAEFT—[E I - 4fE
111 -

SRR L IS~
11 - /N Bzt
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DIRES ¢ (D)EHREHURI AR ES - QB EEBETR IR ERE (B
411 SPDB #%3% METAR 5 Rh) (AT LLEE52) - (3)Be B B eI 45 5. ) o

(4)SE2HE /R0 © 1 55/F5M K/ TPE FIR/D1/D2/RWRF/. .. < (5)Tools—Layer
List 5] L Hudii S 5 2B - (6)Tools—Grid Table & LUk B ] L
BTN PRRBH AR -

i e s - rT DARH T BB e o - SIS FIRV ARG
FRFE](Gen Time)) (7= ) EAEBEURAY THFRICH ) (Valid Time) » B2 (BEEFORA &
b 1 5 (Ll S PR R AL AT R ARFE] &L Ca SR H BT Ok - 4010 112

Maodel Run Selector

variable: |Blended REFC =

Lead Time: Valid Time:
1 hr ‘v [ | | | | | [ | | | | | |
13:007 13:30Z 14:007 14:30Z 15:007
Gen Time: | | Model Runs {Available, . or Selected):
8f27 3:00Z
4:00Z
5:00Z
£:00Z a a
7002
3002
2:00Z a a a
10:00Z a a a
11:00Z

112+ fRCOTAAE B e

= B HIE T H A RS AR AU S AR 4R - BhgE N TR V) s s &k
G SR B R - 4lE 113 -

Vertical Cross Sections (cont.) Jﬁ_&\%

113 EEHE LA
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FEYLBUR T A A ASE

FlEGREE %{E&%ﬁéﬁfg%ﬁiﬁ ° &l 114 -

Main Menu (cont.)

+ Customize
— Grids, Features, Maps
* Enable / Disable
* Adjust Transparency

Extrapolated DBZ
[]Enabled

Transparency
:@

33 (T eIV Papav: AN =y

More Less
- G I’idS Grid rendering style: Hone -
N Line Cantours v
* Change rendering style (None, normal, contoured) e e ———]
. . Use colors and intervals from Colarscale T
* Adjust many facets of Line Contours e PRAS
Line culor =]
& Use automatic contour intervals
Min. Contour Level 9.
Extrapolated DBZ Max. Contour Level [ren
[]Enabled Shaw Label
Transparency contour Labels
Font Color Black
More Less Font Size
Grid rendering styls: Font Style Plain ¥ itatic [ Bald [
Line Contours. m} sample Font Test
Contour Label Densiry
App,, “me, —_——
Less More
Apply oK Cancel

NCAR | Ezeissar e

114 : HEYEERT R

@B T H - a] DU ERER R E I - BB E

@ # Data La..Manager

TOP LAYER |
®Section Path
World Borders
Islands
Taiwan Coast
Taiwan

3D Reflectivity
Basemap

BOTTOM LAYER

& 115 : [ /E s T
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(0) EFEeRE

1. EEMELREEE GTG4 Bl IATA In-situEDR BLRETHIER © BIRL JAZZ—;
N ERE— 3% GTG_MAX_D2_3KM [El/ZE IATA Reports— ] %E 5 &k}
RFfE— Rt &k - (8 116)

Example: GTG and In-situ Turbulence é@%

* File -> Reset Application

* Tools -> Layer List, expand Grids -> GTG, Features

* Select GTG_MAX_D2_3km, NCAR IATA Turbulence Reports
— 0-10kFt, 10-20kFt, 20-30kFt, 30-50kFt

* Archive, Set time... 2023 Sep 3 12:00:00, Done, OK

« Zoom in until flight numbers show up

* Symbology (including color) controlled by Edr2Symprod file
—  <Layer wis="off" type="SYMFRCD" name="NCAR IATA Turbulence Reports 0-10kFc"

lecation="spdbp:Edr2Symprod: tk_000-100FL//delphill.rap.ucar.edu:0:/dl/data/InsituTurb/spdb/iata/eds"

- before="lhrs" after="lhrs" textOfi="1.3" request="interval" unigqueMcde="off" />
_Edr2symprod. tk_000-100FL:

+ EdrMaxVals = { 0.0, 0.15, 0.22, 0.34, 0.5, 1.0 };
+ EdrColors = { "gray", "gray", "green", "orange", "red", "magenta" };

—  (Not configurable in Jazz)

116 : GTG4 £ IADA EDR gLt & EL a1

2. #UR ASPIRE 245 & Of 2B HIE R RS THHE RS R B DR = #UE
EANEFEENS | BHEL JAZZ -3 A G EAE — 2 = &R ] — B EX ctrec motion
vector [&|[&Z 1 Blended ECHOTOP #&f&[E g — it E R - (B 117)

Example: ASPIRE with ctrec motion vectors é@@

* File -> Reset Application
+ Archive, Set time... 2021 Sep 17 20:00:00, Done, OK

« Features -> ctrec motion vectors
— computed storm motion

* Grids -> ASPIRE -> Blended ECHOTOP

NCAR | tEissesmors

117 © BUR ASPIRE s K[H[R =& HC CTREC SMEE SIS

103



+—  AOAWS-RU JHEEESIZ 241 (Sys View)

(—) B RSl
BEVE 24 (Sys View) & —{ET\ERE = (JAVA)E HAE = » 1] PAoy By 4R iR (EDIT)

&%ﬁLﬁ(RUN)ﬂﬂ@%-i—ﬁ o SysView FHUIZEIEUR & RSHVE RN K H BR45HE -
FiESR A R SR I R S ERE 2 G IR T ET  RIZE
E%EB:{IW%HEZ BEJTERE 2 REEAN T —BFigE SrafEEER
TNERET Zﬁ‘é?ﬁEEUﬁi’%EﬂEﬁ“ A% HH A A 2 e 25 B B 23 B R R

fﬁﬁ(’ﬁ%ﬁﬁ 1) AOAWS Z &Rt =VEE A (ERESR R RS - ERPEA A =
@k CERIE(IEE) ~ EREGEE) ~ AL (BREEIEME) 12 RIA ST - &REGE

) ZIk SORIER %ﬁtﬁ) SysVlew T B E T =& A AT procmap fz DataMapper
W ERRAE R IS B RHYIRAE » procmap FHEIRE 60 FVFE T — A2 FPHYE:
fRES 5 DataMapper AIKIEAR [EIRVERIE R EIHTEHAER (& 118)

N\ SysView - Overview

NCAR

ene Sysviow Varsion 2.0
Quit _Params Diagram Export Edit Query Run-mode

« Java application e e e tem oy 202 v
» Edit and run modes Cloud Top Height (CTH)
- Monitors current state of the processes and Comvective Blagnosts Geeanic (€001

datasets that are included in the diagrams %E = ] gm ‘_’l ‘
» The diagram is a system data flow document == 01 e L
+ Active components are sub-diagrams, %‘S .

processes, and datasets *”um, @ %Em
+ Can be configured to run at regular intervals and

dump html files that can be viewed in a web |%~= PEE ‘H|§; ‘

browser

Aviation Applications Program
Research Applications Laboratory

OAWS-RU Training 2023 © 2023 UCAR. All rights reserved.

118 : SysView f§/ MBI REE

(=) G A AR PR (I 119) -
LRI > (EFE A DUEFT DU T R(F

1. BEEdmuE Hefmg Pt © (DFERER © QG ER Qg CF I8 (4)
HOE AL © (SFHERAZER ¢ (O)FTIEITER - (DI TOMAERE - BV
[5# °
BEUE B AR ] -
VI A SR B E B B T /e
FEZE Hpa f8 A S R EERG B -
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A B -

FRAGEETL AR B » VB RE— T RolEfr Rt BB B AE TRREL ©
(] Diagram & B8 v D) G i 25/ BRI B EE AR/ (b (748 35/ oA
{5} RUN-MODE 8 8. 1] DL U458 K gt T

N SysView - Editing

© N o o

NCAR
eee SysView Version 3.0 . . . .
Quit Params Diagram _Export Query Run-mode | Addlng information to the dlagramSZ

- | ChangeTitle ...
Diagram: 3% CDO-CTH  LastQuery: cpo oo g posts ..

_ Add Process ..
Cloud Top Height (CTH) Add Data Set ...

P e Edit menu
Convective Diagnosis OC  agq TextBox...

Aadamnoton... | + Add a new process
== E A angam B E « Add a new dataset
= wow Gri -

Ingest b1 H\mawnrlnm:eh;s\n: dmcm)cm processing D1 CDO CTH forecast + Add a text box

* Add an annotation
E —'E Hﬁ + Add a flow line

D? Himawari processing D2 CDO CTH processing D2 CDO CTH forecast . Add a pOllene

= * Add a sub-diagram
E — E - E + Toggle layout grid on and off

Lightning processing FIR CDO processing FIR CDO forecast

Awviation Applications Program
Research Applications Laboratory

AQAWS-RU Training 2023 @ 2023 UCAR. Allrights reserved

119 * SR R CEAER(E

dmIEFERPREpI(E 120) : #E27FIR CDO processing”#E AJUMRALE] - 7Rk
fE fuzzy_engine” E% i EEFEGREE - B ] 4piBRe P40 - IRFP B & - 2Fp
FTE XM ~ BSclE - BfEERE EAVILE - HAgons -

N SysView - Editing

NCAR
L ] L ] SysView Version 3.0 . y .
Quit Params Diagram Export Edit Query Run-mode Changmg information about a process
Diagram:  CDO-CTH  LastQuery: 202309/1222:11:23

X ese SysView Version 3.0 _FIR CDO processing
Cloud Top Height (CTH) Quit Params Diagram Export Edit Query Run-mode

Convective Diagnosis Oceanic (CDC piagam: ;

COO-CTH 25 __ Last Query: 202308/1222:11:22
52 FIR CDO processing
e e Edit Process
Process Name: fuzzy_engine
> B
E E Process Instance: cdoDetect_FIR

Ingest D1 Himawari processing D1

E
D2 Himawari processing D2 |

E Double-click sub-diagram
g—ﬂ

—

Process Host: aoawsrul.rap.ucar.edu
Priority: PRIORITY_HIGH

Info link for web output:

310
223

Object on Top

show nfo
qmmpnm
a

st->
e Apply oK Cancel
- - ' y

”n Applications Program

Research Applications Laboratory

Lightning processing FIR CDO processi

AOAWS-RU Training 2023 ©2023 UCAR. All rights reserved 17

120 * SysView gl e Fr&u ]

Yrig R En (& 121) @ BEEE FIR CDO processing”#E A KR AL E © 2R 1%
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E"work/cth/deNc/cdo_detect/FIR/intrest/pc"J:HE@@i%?%ﬁHﬁﬁ » Bl 0] 4 iE &R Y

&~ BRI E - ERATE M - BRI RO ~ HIEEHE EArE - H
RIS -

N SysView - Editing

NCAR
L ] [ ] SysView Version 3.0
Quit Params Diagram _Export Edit Query Run-mode Cha nging information about a dataset
Diagram: . CDO-CTH Last Query: 20230912 22:11:23
i ece SysView Version 3.0 FIR CDO process ing The frequency and expected
Cloud Top Height (CTH) Quit Params Diagram Export Edit Query Run-mode latency of a dataset needs to be
Convective Diagnosis Oceanic (CDC ougam: ;- coo.cry o, LastQuery: 202909n222:11:22 considered when setting the late
£ FIRCDO processing
and very late values.
-
§:: E e o Edit Dataset
Data Type: nc
Ingest D1 Himawari processing D1 Data Dir: work/cth/mdvNc/cdo_detect/FIR/interest/pc

ata Mapper Host aoawsrul.rap.ucar.edu
te Time Reference: Last Registration Time 2]
— te Time (secs): 1800
. i :
D2 Himawari processing D2 | : H fery Late Time (secs): 3600
l iority. PRIORITY_HIGH

E Double-click sub-diagram
2=

nfo link for web output:

Location: 309
Y Location: 292

- oot
- ctrec.cdo_ge_2_
- - ‘ .

Apply oK Cancel
mn Applications Program .

Research Applications Laboratory

AOAWS-RU Training 2023 © 2023 UCAR. All rights reserved 18

121 : SysView il &} &l

Ughtning processing  FIR CDO processing

(=)SysView BE4H :

ﬂﬂ]ﬁﬁﬁiﬁifﬂ% aoaws9 o

{58 S BLADRSE © runas cth o

VA SysView 7L H #% © cd /home/cth/SysView/bin
PR Sysview GRiHfAET : /edit_Sysview

SRE T —4HZORAZ B " Lighting processing”([&] 122)

ok~ N

N SysView lab work

NCAR
ese SysView Version 3.0
Quit Params Diagram Export [JEll Query Run-mode
Diagram: iZ CDO-CTH  LastQuery; O

Ad
Cloud Top Height (CTH) 4
Convective Diagnosis Oc s

* Add a Sub-diagram
with the Label:
Lightning processing

Aviation Applications Program
Research Applications Laboratory

AOAWS-RU Training 2023 © 2023 UCAR. All rights reserved 22

& 122 © Hrig P e R AR P IO AR E
6. SHEEXMIEE I » LtgSpdb2Mdv 10mAccum_10mUp_1gp”
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” LtgSpdb2Mdv 30mAccum_ 10mUp Igp” ~
” LtgSpdb2Mdv 60mAccum 10mUp lgp” ~ ” fuzzy engine ltgCombine 2T

(EPIEEE R R AR 2 Baf% - ([ 123)
N\ SysVieW lab work

NCAR

lagram: [ DOCTH oy piari ) Last Query: 20730015 01508

*+ Open the Sub-diagram
by double-clicking on it
and add the following

processes
Aviation Applications Program
Research Applications Laboratory
AOAWS-RU Training 2023 © 2023 UCAR. Allrights reserved. 23

& 123 : g R E e AR

BT BT R ) -
S S T HE (R ()
BRI R S A R -
10. DR ESITHIBIZL Y, -
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R
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QR AR A R S R e e e o -
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FrETE BT R R - BRI Z TR RS AR
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SR E AR 2 AR E IR T K 2 M R TR o DU R
i ZE R TR BN ZE oL PR R IR e

FEECEERRARMERATFE L (NCAR) RERTEBHEFIERE ¢

(—) EEME AL AP B e KRR SR £ RARILFE - BRAHERE
M~ BE AN - EREAFFREERBREAFKRE > EH&
NCAR DLEiEHE A R KSR B RRAE T SR R oot - (ERUAT &
AR R E > DRA TR AT AR ELE -

(=) NCAR ZEiH ASPIRE JEEUAIFHAIEHAM > i CWARWRF
BRI E B A AL R ] PR T AR R 52 -

(=) EPIMRELE & S I & KRB SO » (MR A E] T R aof 28 R
SRR HBERER - BIEEE AT R - WM E S H e Bk R gl
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{h. Kfsk

—. R4S

(—)GNU MAKE &3 _E#eES0 4
https://www.onu.org/software/make/manual/html node/index.html

(—)Unidata $Eft 2 &% [ Ne tCDF f& 2R A {4
https://docs.unidata.ucar.edu/netcdf-c/current/

(=)Ne tCDF #&{F7 (NCO) (s FI F+fif
https://nco.sourceforge.net/nco.html

= ARFEPNEAEE © 2023_A0AWSRU_Training ASPIRE Overview fifj#f



https://www.gnu.org/software/make/manual/html_node/index.html
https://docs.unidata.ucar.edu/netcdf-c/current/
https://nco.sourceforge.net/nco.html

