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Fia. 2. Flowchart of the CIP process.
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Icing Potential

Is Icing Present? —— NO ——p{SEVERITY=0.0

YES

y
Determine Icing Scenario

et il T e

; ; .\ /Cold Non- Classical Classical ;
No Prec1><now Onl%old Rm%ﬂnn Pm%mw :’Rﬂ%bove W clow WN Convective
N A \ | { ') /

/
Calculate initial icing severity using mapping functions and confidence weighting.

N\ \ \ | [ [ / /

| Dampen severity using visible albedo, cloud top temperature, temperature, and radar reflectivity, |

P T S
FINAL FLOATING POINT ICING SEVERITY (0.0-1.0)

FINAL ICING SEVERITY CATEGORY (Trace, Light, Moderate, Heavy)

2 CIP EERBKFEYE
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=~ B R TEEE (Model Output Statistics 5 MOS )
(— )t
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BLR RIS » BN ER AR RS THIR A AR AR & MR A] DA
MR BSE UK RS BT ETREAS ROVIF BRI TSR B Y
FEHE LT « FEREPEALEE TR AR RR 2 o - SR AL B TR & AR
HBhA TR B MTHEREF 2% - (B2 WRF SUE TESE R I kA B
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5T AOAWS Y MOS THERIHE HETTELMECL - (HH AR E B B BUE TH
PR B T B S BRI A R A -

(T)AOAWS HY MOS THHIFEZ
ZEBT AOAWS BRIF 81 WRF SU{E THE =R H] > AOAWS 1Y MOS
TR A DU T 2B
1. MOS 4RI AR TR AR R T B0 » (0 AR A WRE 85{i TH R
AR AIEFEDAIE R -
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2. {HFIEAT 60 K WRF S{E PR A H &R - 7R MOS THEAEA ST
AP RE ARG AR Rt AOAWS FEZ IR H /) 60 KHY WRF (B TH
A E R -

3. Bk arET R R TRER A - 58 MOS TR ] B2 B TR b

4. BHENMbERHEE IR ~ R EEAAHEARETEE > Bl AN BT MOS TH#H
EZLHIEL -

5. BHEPABR & MOS THERIFEAAYINEE » (BHAEHERIE Haeat BiR T -

6. UM ~ FRRL ~ e VR B it T SR A FH B —4ea T AR S - R A EE—
SRR H RN T B THER E AR - [N Ry efE WRE BUETHERHA P EAE
di o SERELAE RS R A 2 raat i > (EHZHERAT -
REFUKEE ~ KORE ~ R - EEHE - [FRE - DR -~ RJEE
MR THE R F s EE RS R E TR T BRI dET i
FroGT R R R R

&% NCAR BT A B 8% AOAWS #Y MOS TEEIE A ET TV B LA
AOAWS #y MOS THERIE (IR A= R ~ sERE - ER S R -
BEEI R R AR o B AT AR 10 (& RATHE S THRAY 24 /NFFH
e (BN ) - THES A R PkE (RCTP) ~ AL (RCSS) ~ &l

(RCKH) ~ 4:F9 (RCBS) ~ 16%£ (RCMT) ~ B4 (RCFG ) ~ 53 (RCEN) »
%kE (RCGID) ~ B (RCLY ) EAfNE (RCKW) - DABKEIRSE R il - 4nfE
3 s
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MOS Forecast Tune History for station RCTP:

| Time |Wind Direction |[Wind Speed \'i.sihilit}'”Cei]ing ||'l'empﬂ':l ture |Dew Point ||Pressure||Model Run Time
UTC Degrees Knots Km Feet Degrees Deg C|Degrees Deg C |hPa UTC

2014/10/11 12:00:00 (010 15 7.5 3500 |25 21 1010 2014/10/11 00:00:00
2014/10/11 13:00:00 010 15 7.5 5600|125 21 1010 2014/10/11 00:00:00
2014/10/11 14:00:00/010 15 7.5 3000 |25 21 1010 2014/10/11 00:00:00
||2014/10/11 15:00-00/|010 15 8 4600 |25 21 ||l1010 2014/10/11 00:00:00
2014/10/11 16:00:00 (020 15 g 4630 |25 20 1010 2014/10/11 00:00:00
2014/10/11 17:00:00 (010 15 g5 5300 |24 20 1010 2014/10/11 00:00:00
2014/10/11 18:00:00 010 15 8.5 G100 |24 20 1009 2014/10/11 00:00:00
|2014/10/11 19:00:00 280 15 B 5200 |24 20 [1oog [[2014/10/11 00:00:00
2014/10/11 20:00-00 (300 15 g5 3100 |24 19 ||1010 2014/10/11 00:00:00
2014/10/11 21:00:00 330 15 o 6300 |23 19 1010 2014/10/11 00:00:00
2014/10/11 22:00:00 (340 15 9.5 = 10000(123 18 1010 2014/10/11 00:00:00
2014/10/11 23:00:00)|330 15 9.5 7300 |23 19 1011 2014/10/11 00:00:00
1[2014/10/12 00:00-00]|340 15 9 7100 |23 18 J|l1o11 2014/10/11 00:00:00
2014/10/12 01:00:00 (340 10 o 6200 |23 18 1011 2014/10/11 00:00:00
2014/10/12 02:00:00 330 10 9.5 ||6550 23 18 1011 2014/10/11 00:00:00
2014/10/12 03:00:00 330 10 9.5 ||Sl§0 24 18 1011 2014/10/11 00:00:00
201410112 04:00:00 340 10 9.5 |le6s0  []24 18 [1o11 [[2014/10/11 00:00:00

Generated at 2014/10/11 09:50:01 UTC

Based on station report at 2014/ 10011 12:00:00 UTC

&3 BkEES (RCTP) MOS THHHE AR PR 2

(ZIMOS TEH I E

NCAR W58 N ESHAE AOAWS B4/ MOS TH#IER 247 > F FHH I
A METAR &RHETTRES - I m] BIEF 48 E L 4 ReBass SR EE - MOS
THH S S 4 PR B A RS ~ B8RG ~ JBm) EU ~ RUBE - EREHIREN
F& > AERRE 3 FE N BB R > R Rl A BEER o BR T HERATHE
54N i n] B e A RS R ES (1SS~ TP&KH : 2 MT ~ FG
&BS 33 1 FN~ Gl LY&KW) BURJ5= - BUNEIEERET MOS THERM 5
ZAR AT R RSB T
1. P48 %572 (Mean Absolute Error * MAE) :

1 n
MAE =—3 |fi—ui
i=1

fi: froecast ; Y =observed

16



HUH B S A8 > FEERDBAE > B2 PEsss - N
Foat EAHZRFAGEEHME - ATLL MAE 8B/ ERIEE - BLPEECFIgEE
L > MAE B8 NE R TR AT - MAE 8 & F AR A B G TR S & -
{5 — BRSNS T RER BT FR - £ MOS THHAER 247 MAE FIZk
BRI ~ BRRS ~ B R B - NS AR E RS R -

2.3 J7FRER7E (Root Mean Squared Error » RMSE) -

SR
RMSE = \ ~ ;(yé ;)

y.= forecast ; 3A/i = observed
PR L8 R~ SRR PR PABR A B 1% B BAAR 9% RMSE B2 MAE
MH[EJED 5 1516 » A% RMSE Rysrz={EAY-J7 BT AU E#E MAE {E X RMSE
(BB N R PR EAENE - B MAE AH[E] > 72 MOS TR B 240 2 e
SRS~ FERG  E ER LR o N S AR R R R AR R

3fmz (Bias) :

"6 — 0,

MSD(f) =
i=1 1

6, = forecast ; (), = observed
THECREEBUHIPR DU A B HUAEA - (R R REGE BHE B JTRMRSE -
FrMRzZAIEEE > $8hC MAE B2 RMSE —#CigR > o] DARIEE & (Y
Rk T AR 2 - Bl MAE fll1 RMSE fH[E > £ MOS TE#HFER %4 T H
SRACERRE - B2Rh ~ B e E R R R - R S R R R R R R -
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A f@sHIfE22 (Probability of Detection * POD ) :

POD = H
T H+ M

bt 3 FERCER A (MAE ~ RMSE B Bias ) sETHHR G T AR R4S
RV BRARURE A TR & R 2EhE - CHAER e A T
B0« BRI RE - MR (POD) MAREF S ERBTERE A
ZF] - Fn - ERE <1000 IR CZEA) - HEBFFHEGHKEE -

it A
(T E &
& apt (H) HETEHR (FA)
& Far (M) 2 %4 (Non-Event )

B - fe i BRI <1000 LK -
H: BATEEHA - s ts > ard e
M A TFEH A - Bt - KR -
FA © #HAFHEA - EttEEANe A - HeUBRETH -
Non-Event : A TEHILA » EEAIIeH - FOLFRE -

POD {E7% 0 F 1 [ - BT 1| FonfEz(FRE#E - {8 POD A HIR
#l - H+M ARER 0 Bl DA —MESE 4 - HFREHIHRAR - &
DR —E AR AER (ERF A E A RN - WS EES
FIEE R SR R AR - S5 RES D -h 28 > Bl D ReR e > AT LIy
I POD 1 » 243 MOS THERH A HIAEREE -
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5. MERERESEFEIE (Critical Success Index » CSI) ¢

CSI =

H+M+FA
AEMERR R TERE (CSD) Bt (POD) AL - 8T (FA)
MAELTETR > FERERTUR MOS FRHBAAYAEREE - 82 POD AH[F > & H
M RE R HY AR - H R ERIFHVEAER > i/ VFRE—(E
H e CSTESTHY 0 F 1 f - #epeir | FontEURIE My - FEEt - H+M
+FA REEFR 0 EREN e th 8 - RIS SR B i [ R K3 - #RA]
LAMEHO CSIAA » #ETM i MOS THERIE AT AERERE -

LLERy MOS TH#RP R £ &0 R 280 vl LGB TR B 1A% MOS FH#
FREAEA F SR E R SR AR HY TR EHEE - NCAR FTHEHEFE AOAWS B
HTRR P IE LE 285t - (LR RS R A T E B N B R TR - 4
fE T ARE TR - (F R TR BB EFEATERE RSB RE > M
HETHHCENES - 202 R T OB B AR B R Rk =
RA A b & BT 6| R SR AT A B AT R
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=~ NCAR B B8 5% (NCAR Turbulence Detection Algorithm : NTDA )
(— )Rt

ELAUE SRORTERIES  ERE ARG T - Rt FrAESecE sl HIE
B THH 2 1R B ZEHVaERE » NCAR HT4F2KFH 3 NTDA Bl RERE T A -
B3 AR 4 LR TR B A (Integrated Turbulence Forecast Algorithm s ITFA )
A[E] » ITFA ‘25 WRE 8B FHE A THER 2 an - F5 0018 25 S5 TRI R
5 BAFHISAE 7 #E8  (Eddy Dissipation Rate ; EDR) HEEfEE(E - 5F
FHITFA 580 0 1F 4 A EEL 20 S HEENTEHEERY ITFA ERHAFRRYSE
o AERIRENTEEIE (domain) (B HFHMCA FIHYMESE - ITFA RHELEFEE
NORET& K4 » a5 {8 B — (e ] ke S TR T gE 2 AR gl YR - i
ITFA At EHRAVELRTE R & B E T {EELRZES | (Graphical Turbulence
Guidance ; GTG) ZKEUT » GTG (A A EA LT H AR ETR BLR ERISE R -
FETHER B RER S ElAt S A B L H R - NTDA RIS & ZE R
sHEH EDR 2R EHIBL 54 » EDR 7] AR &8 AR A BIVEEECE
ERRER RELEEHOR - EDR BEBCR < ITFA TR EIEE EliE
TTECH] > B E TP B /K R B S i B S0 1T DA B e R B
(9 NTDA w] DLl R AR SR sy gL (=00 - 5540 » &t~ NTDA EDR &
BlFoRez S E & ERE TR (EAToRImELR - IR ZEHD ITFA
IS 22 BLATEDH] - DR HE A BIE H 2 BV ala (O E R - ZILMZER SR+
DI EFFRGIRHE R R EED S MR E RIS NCAR TR 5
FOSERE EE PR AR AOAWS BEHTRRIFE NTDA 1= 1
WIEE -
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(&R
hO RS N R 4 B NEREREE 0 Al
(RCWF) ~ Tf% (RCCG) ~ 28T (RCKT) FlI{Ei# (RCHL) » EFF 53
F5EE] NEXRAD E#E 247 » Hék = f5{8E GEMTRONIK FEE# L4 0 A
WFEAR[ERYE ZERHE  NCAR WF5E A B St #iE WiEE EE PSS
R EIE AR P - WIE 4 Fos > Joi cwb-caasv1/2 T E AU REER 2 HY
i B 515 85( Plan Position Indicators PPL /K FEAFHHEORI 2 tame-datal/2
T > P tame-datal/2 & PPT BRHE £ E] tamc-algorithm1/2 FEHEETTER
R > AT UIEE [ A Nexrad2Netedf SEHAREFY - HARTHEEITE 2 ()
Gemtronik2Netedf BHAFEF - B ERHEHFE 1% - NCARTurbDetecAlg 2
Fe2 I NCAR @lLitsE B AREHZE S A RLR ? S RIHAELR 2
[ERF L EEt R ELR R -

S0 % sEa
= m l
" " eeee
() [ |

-‘

4 NTDA EHRE



PR B T3 LI 7 By 58 NEXRAD 532 Z4% > B NCAR FF B HIIE
51 NTDA #&=MHE PR A IEEEREE RS - b= HBIEH
GEMTRONIK #F# # 4 RHE 8L NEXRAD FHE LS AE - FEHEES
B AR = - (F F/EE GEMTRONIK 25 gkl A mitE/ NEEs - 4
— {2 GEMTRONIK 5 Z &k} hft/M{E#REE (Signal to Noise Rate ; SNR)
Ef} 0 NCAR SR ZR ST HRAETE SNR » {H SNR AJREE#AKS - f22
HorELUEE - 5 REEREMPLEN - B2 PPl R & RIS 2
T8 > EEEHIZHENR - 78] GEMTRONIK ZFEE R E DHOR LB
e - N FRER A BT E o M — Ry & EERETHEE AT » &

RGCG chutter mes for 00.00-01.58 ROGCE clutter mag for 01.39-02.38
. 1 o 1
28 o8 P LE:]
0.8 A 0.8
245 FLEN .
07 N 07
B 24] b 1 e
= 06 = \
B Y g \
S L oas \
23.5) 3 LT3
L) \ 5 L] | 1 I.
1.0 | L i | ]
3 2 [ 04 2 | [ 04
03 03
228 225
[ I o2
22| Frd
0 o1
e - £ y 2150 P ; . £ g
19 120 121 2z 123 : 119 120 121 122 123
Longituce (cag) Longiuce (eeq)
RGCE clutter map for 02.39-04.28 ROCG clutter map for 04.29-50.00
1 . . 1
25 b 08 25 o 0.0
~ 0% 08
25 — \ 245
™, \ o7 0.7
= 06 & 06
2% i}l | 03 » 2 o5
ﬂ'mq%’wu Ll w) .
3 a3 | | 4 5 = 104
[ 0% {03
225 225
8 0z 02
a2 2
Y] . o1
215 (Y 215 —0
e 120 121 122 123 g 120 121 122 123
Longitude (ceal Longituce (deg)

R =R EER A ERE (LE S - B 6 BlE 7 Frr) - SOBELE R
HIEFPR - A Reit i R R E TRUR HANERIER -
[ 5 AR R L
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(Z)RE e Z Bk

FEEEWER T T RAREAE MNIREEEN EELEER M)
G E > [FEEE{EE GEMTRONIK #2410 - AR OTaEHT g H
AVED MEREEEER ATLMEE TEE SR g jranagrg &n ~E)
RAREELRIN NTDA 240z DLER S B R E Ry B 2 Wil a5
REERHEITIRIE - BRIERET

pl)

Pl EV}

ﬁfm

1. JCE] cwb-caasvl Fi% -

cd /d1/aoaws/projDir/cwb_relay/params

vim IputWatcher.cwb_radar-->¥71¥ rccg 386 H

vim proc_list-->#r¥ rccg THH

cd /d1/aoaws/projDir/cwb_relay/scripts

vim start_InputWatcher.cwb_radar-->¥r#¥% rccg 18 H
vim copy_cwb_radar_file_long pilse.py-->#r# rccg THH
cd /d1/aoaws/projDir/data/raw/radar/cwb/ppi

mkdir rccg

cd /d1/aoaws/projDir/data/raw/radar/cwb/ppi/rckt

cp _DsFileDist ../rccg

stop_all

start_all

ssh cwb-caasv?2

AT B ERE - BISEREE cwb-caasv1/2 FARE B ERHEATR PR E -

24



2. # tamc-datal T F -

cd /d1/aoaws/projDir/data/raw/radar/cwb/pp1
mkdir rccg

cd /d1/aoaws/projDir/data/raw/radar/cwb/ppi/rckt
cp _DsFileDist ../rccg

cd /d1/aoaws/projDir/data/raw/radar/cwb/ppi/rccg
snuff DsFileList & & start_DsFileDist

stop_all

start_all

ssh cwb-data?

LT RAAHEIERAE > BI5ERL cwb-datal 2 TS EERHEIRRFEUE -

3. #l tamc-algorithm] F1 F >

cd /d1/aoaws/projDir/data/raw/radar/cwb/pp1

mkdir rccg

cd /d1/aoaws/projDir/data/raw/radar/cwb/ppi/rckt

cp _DsFileDist ../rccg

cd /d1/aoaws/projDir/cwb_relay/params

vim proc_list-->#r¥ rccg THH

snuff_inst confWgtMosaic edr & & start_confWgtMosaic.edr
stop_all

start_all

ssh cwb-algorithm?

HEFT b alichE EIREE > BII52AR cwb-algorithm1/2 4% NTDA F2fF 3% E -

25



DI R By S Eely NDTA BLREHIEE 4% © AT NCAR
EL5ERFEE NEXRAD Bif#E] GEMTRONIK 2 24 & REHIRAR £
o MAERRE ZERE AT DLE B NDTA EfTELREM - 78
AOAWS HJ NTDA Z&H AT RV 2 E R S B & 10 A7) /Y
TR AR EITHVED R E 2 28R GEMTRONIK &% %
o (HZEE TR COE: CR & S A7) IEZESRR B NCAR A A
sTEmtg o AIRE T B LY Gemtronik2Netedf BEIAFR Y » HRNGBEEH HEEE
B BRI A A TR BB -

4 ZILTRATE RS (E 2T 5E

NCAR fE5H-58 5 NTDA Z:4it% - S ZALRUIH AR EREEHL 4 (E{EZ
AELTRIEREL AT - 3Rl Ry 10245 H 13 H (E8)~ 547 H 19H (&9
E)~TH2H (B9 B8 F 13 H (& 10) - HEF A > FEAFE
Y 88 2 BRI AR e (M HH AL G TR B BV RL B EE THHR R 7
TEATH ©

Case Study: Taiwan 5/13/13 62 Case Study: Taiwan 5/13/13 6Z

B8 1024E5H 13 HEZE
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Case Study: Taiwan 7/19/14 8:10Z Case Study: Taiwan 7/22/14 17:35Z

FFIFFFFFFFFFT

B9 10347 H 19 HELT7 H 22 HEZE

Case Study: Taiwan 8/13/14 06:40Z
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Y~ SMETERIAR S .4 (External Data Service System > EDSS)
()Mt

IRAE AOAWS 225 T RIRFENEL S s AR R IRV
SRR A - AaF Mz HBEEE R IIANZ AR IS - M REE AR
iz A SRR AN - BEPAAE H AT DA A2 SRR &k B E L 8e
HFRK - R RREER BN E L - ERTE 2 R I S &

ZENZE - NCAR s/ Ml &R R %8t (EDSS ) - 1185 N AR 18

T PAREASEE 5 R T2 SRR a Il (E I - HAT= B
7&%% (Federal Aviation Administration » FAA ) {8 NextGen OpenGIS T.H.5i
EREUE TE RS - EEE LA RIHES - B4 28RS
o TR 2 USRI SRS M E &2 - NCAR $%4) UCAR #Y Unidata
THEERHAEF > Unidata EEHVE SR netCDF > EEERSAEE
T FRAEZ M (E ] - B - WRE BUETHSRAHEARIE4GS ~ B FU5ETE
ez B A netCDF #&=0 > FrAGE A Unidata T EETTSMBE R IR Ky
{EA] -

(DR

Unidata T E{sE FI 5 2 &L oAl B 1425808 (push data) »
R ERk es ¥ EI ik esE] - (EFAERERVE R (Local Data Manger 5 LDM)
IR © 2SR (pull data) - I EIARESELEFHE > B E
R B B2 58 73 A0 S AR 75 & %248 ( Thematic Real-time Environmental
Distributed Data Services : TREDDS Data Server : TDS ) Z4t A @i &t - LDM
81 TDS 73 mllfny s pifd g e ke 11 Fros - LDM B F B {E & l4a e 2 (E]
Akes - BRI RIG TR AR - AR S Ek]  TDS Al
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Rt ER B NFEAFERNENR R 2kE EE G HE
Bt B AR A NFEAE

LDM Push

Pull

11 EDSS &ieH itz ]
DU fisiigs 252 BH A0 AT 8 FH LDM B TDS S 4R Eiaish MR &N 2
{EH LDM Z&eEf TERHE R F SRRy - AOAWS (i HI & ] ikas 4l 7
L LDM &4t > HiEIAREs{F - £4 7 & Linux © [N fs LDM {4 netCDF
BRI TERHE R FTLL AOAWS TR & eHg i B netCDF #& X -
{H R RIFRTE Linux 248527485 netCDF #2177 A RENEF UL B2f% 38 netCDF
FEAAEZE - 5541 - LDM taeEf XML F8=UE R4 textserver fEH © NCAR
SHEAE AOAWS A5 HY EDSS 247 » ARA n[ AU A FTP i Efisa
Aze 5 s AR 245 ( Aeronautical information Services System > AISS ) HY 5= »
FRft PR H e i T3 -
LDM FaEEH
http://www.unidata.ucar.edu/software/ldm/

netCDF &4 H :

http://www.unidata.ucar.edu/software/netcdf/
{5/ TDS 4T ERMEIMEER: - (EFEZAE AOAWS Z4E TDS &
4 [HFEMEZEE > uiEE AOAWS F TDS 24BN EREME -

29



BB TEEREE R - Bl TDS 2% BIZHMIR % - BERETA
SERER > (FRER T LUEE TDS 248 FEER - F TDS 24t
£ netCDF #&NERHETT 0 - PFrLUE B aF R R R
netCDF 12F7 » A BERET R B
TDS F&48E : http://www.unidata.ucar.edu/software/thredds/current/tds/
BERAE TEHBERE  7/{EH netCDF A% nedump $§4 17~ netCDF
BRI - BHCE R REEEEER  FIEA noview RS HEF TS
BN EEE R o 5548 > Unidata 3 PTH2 It —(H 8 & E R BER A4
(Integrated Data Viewer ; IDV ) » ZE{ FI =& ] LE RERREUHYE R LLBIE 77
HER - IDV TAREE IR BEAghE - A RERICE R -
IDV TEk4EH -

http://www.unidata.ucar.edu/software/idv/

44E NCAR £ AOAWS 1Y tamc-wmds1/2 FH%255% EDSS T 447 » H28
0 12 ~ [& 13 > [ 14 For > Hig s raT
o JiE IR
AMdv2NetCDF : ###t mdv &} netCDF #& = -
B.Spdb2NetCDF : ##ft spdb E} 5y netCDF #8 2, -
C.LdataMultWatcher * - EEERIIIA LDM f2f7H ©
D.MdvCombine : &fF MTSAT # 2 mdv &} »
LTIV
Anetedf_Idm_insert.py © JIA netCDF > LDM H -
B.textserver_ldm_insert.py : Al A textserver > LDM o

C.Janitor parameter file : BERME B E| 813
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EDSS Overview NCAR

ey rT— iy S
- EI
g2
ot T o IO
gl ST
- — iL L A7 DDEE LDM
- e - ]
= = = =
el -_—
= = - = =
ES 5 il e

LICAR Confidanitaland Propristary. © 2004, Univens iy Carparatianfor Simosphenc Razaanch. A1 rights razared

12 tamc-wmdsl Ff% EDSS Jife

EDSS Overview NCAR

e e
] e
E2] [EE A T T
T ]
rrrrr e B L ey LA L
o feo —t e b

LZAR Conidantialard Progristary. © 2004, Univens iy Carparatian for Smosphenc R saanch, A1 rights razanad

13 tamc-wmds] 1% EDSS ##a mdv £ spdb &}



EDSS Overview NCAR

cheaae L SORRE R § s it

LZAR Conidantialard Progristary. © 2004, Univens iy Carparatian for Smosphenc R saanch, A1 rights razanad

14  tamc-wmdsl F 1% EDSS HimE Rl (AISS ~ netCDF B text-server )
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B R

FE2EL NCAR BIHVl SR EWE R % > Bk 17 aI DUEDZ T #
AOAWS EERGIERESD » IEAEEET NCAR BT A B AL IS8 HH B 2 ol Ay T B
AR RE B R R U530 » 55— BEHEE = #H1E NCAR HY RAP Higp=EE
AOAWS FHIHH » Bl Efe KL BLIAT S hns SUA B8 ~ MOS FH#ERIFE R TR
WL ARG ~ EREUR RS - AOAWS BRI M E R IR 24

(EDSS) % » [y EDSS %4 Unidata Big8 T.H - 55 —EAIF] UCAR
fY Unidata #FIERE EkHEgm T H (LDM ~ TDS ~ netCDF B IDV ) » ZRIZA
FHESE  wEAIREERY - BE e RATRE R SO Bl 244
B IR T AOAWS 24 -

HEIR S AOAWS B =HIETE &R —4  (H/E NCAR {125 {ESHF
ST 25 TR PR AR o B DR B 21800 » 5 AOAWS B I5Efss - 1L Zotit
IR 22 RGBT s » By T TABNAR AR BL I8 P B E R HE R A Ry
HIFA%E EDSS ERHEHN 5247 » 178 Unidata FFIETESHE AOAWS 3%&t 1
FEVERHE R 24 - BEEAE Unidata Z2EAHRE TR - I FLIRARA 2 EE R
A LDM Z ok Bt - RRFFEE R ANTFE AOAWS 1Y EDSS %
& ARG EZHEESG NIFERE

MOS TR WRF BUETHEAE G A E R ERE R THHE
ah o FETHIE S T A SFRREE - (BHEUR T A B R R A HEE S
reBTHIE T I H B 2 HURERGE R > 7 REsR TR 2 S AR U TR
SR IISFHIE LE - B E4RAY NTDA BlR (AR R RE > FIFE
RS RLAEMANEEDE 854 4 (HEZILRTIE S AR e (E 28
e BE A R B RLR UITE R B R AR LR I B R e (L R A 2%
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PUR Rl SR LB > ek
— ~ FEE AOAWS SRS

SHEEH NCAR &1F AOAWS = st E R % —F  HERGR R
Zh BB YN RS L FI4ETE AOAWS HE(E > [ AOAWS (i 1 FLIgE
KREVERS BRI SR RREE M » HAE LETHN RS
HETTSHE)  UASTE 2R E AT AR IR > 0 ¢ (1) WRE B(ATH
AT T THE - B REIEAE R AT R E S 7 (2) #
BRI R 211t L B B R B DR S A BT R HE =0 BT AOAWS
REA IEREREUS R 7 (3) EBATRHIZE R T A S TV A B o AR s
REAREI A DU ATERIE R PR ? DL R R R R G4 E R
FIREMBENAVIAM - NCAR FELERAN4R PR ALZE AOAWS BBt B b &
P75 BB BT AOAWS BEHRET - 5 Hia AR B - #rERls AR
e AOAWS FEBEIREDNIG » 305 E b A 2 A & P TEHA ~ 2 Sl
HIRCER AR R R E IR B 55 T —VIRF & i oK% » B
4R LAY AOAWS 1E2E 247 » 12 12 H Al NCAR 88 N BTERAZEH 24802
ZHREEHEFT I T35 > HUESREEE AOAWS IHEHEES » DUEARRYE T
EZEF] -

= BB RSN E R RS ol

SMEERIR S Ry A KTE BB — > B AE NCAR Unidata S2354011A]
FEECAER E - AIA Linx Btz 72 EANEEREH (Local Data
Manger ; LDM ) B T RER[IHFEREE /AT B Ik 15 & 5.4 ( Thematic Real-time
Environmental Distributed Data Services : TREDDS Data Server ; TDS ) o %74
R ERIEA] > BT DUEE E(E > (HSEaC RIEEANIEA 28 & 2R fF L IFG
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AT EDRHE R - R AOAWS MIEAERIRR » Jef TAE A BN TSR]
AR F BN Se B S S M ik s e (it 2 St ~ (&
AR  EEHRIRFI R T e ENE 25 Ll SRR
1% > R LA = AH R B P e amte S RHG S NET B A Y B AR » 74
2R LU EGE RSB E - (R K AT AR N
BHE NP E RIS 28R S e S 6l ek B (2R R Rk -
AR E RIS 2858 DISRBE R ARE HAF & (3 & 75 KA AOAWS ST
BRI -

=~ FrHE RO TR B v

i R AEIFE ARG 17 24 - HRlg g2z —s AR
— KRB 22 SRR TR S S 2800 > I ELREREIT 5 [ ASHTHUBR AT R
HEASGBEURSCERZET > AMRHSERRE Ho A 2 RACHAROTecE&wt
BT S B S AL E BT he T - S4B ot PRI RS B F A iy
ROt Blsg e iR > BN K AR BN R Y 88 e - LIRSt S i 5t
HETK B TR 2 o - IR HE Sk B 2 NCAR BERPEAERARH T bt
B FHEA Bt S8 S HE TR e st e iR > DU HE = LTRAT
TR b PR e T B e
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{h~ BEZ2EFER

— ~ Current Icing Product (CIP)

Current Icing Product (CIP):
System Overview, Configuration

and Troubleshooting

National Center for Atmospheric Research

N Outline
NCAR
+ AOAWS CIP refresher
+ System overview Part 1

« Data processing

+ Application configuration
+ Identifying common problems Part2

* Question and answer

g

N CIP domains

NCAR

Domain 2
D2y

~4 km

Domain 3
(D3)

15 km

N CIP input datasets

NCAR

D3
Only

Coming Soon

N CIP input datasets

* Input dataset values are
translated onto interest
maps

* These functions allow
multiple datasets to be
combined into an icing
probability or severity

* Values range from 0.0-
1o

* Developed using
PIREPs

* Dependent on scenario
identified by CIP

36

»  The CIP ingest system

MNCAR




N
NCAR

ADAWS SysView Page

The radar subsystem (D3)

* Assigns radar data to the
N maodel grid

» Computes statistics
E @ S

about radar data at each
gridpoint

» 25% pereentile of dBZ

= 75% percentile of dBZ

+ Difference between 750
and 25 percentiles used
in CIP

g

RadarMapper

» The radar subsystem (ID3)

NCAR

FRadar Reflechvity

The radar subsystem (D3)

N

NCAR

& The model subsystem (ID2/D3)
MCAR
= Bame processing as FIP
* Computes derived
variables required by CLP
= Accumulated precip
* LCL Temp
* Theta-E
T
* lee condensate
= Liquid condensate
= SLW
*TWP

= Conveclive indices

derived_model_fields

|

& The model subsystem (122/1)3)
NCAR

WRF clond iguid

37

= The model subsystem (122/1)3)

NCAR

ahe

‘— |




» The METAR subsystem (ID2/D3)

NCAR
e i F= we ol o+ Assigns METAR data to

the model grid

» Uses a concentric circle
approach around a model
gridpoint to identify
influencing surface
stations

+ Cloud base height, and
distances to clond
coverage and precipitation
ype

MetarMapper

g

» The METAR subsystem (D2/D3)

NCAR

Cloud Base Mayghe |

» The METAR subsystem (D2/D3)

NCAR

& The satellite subsystem (D2/D3)
NCAR
S * Ao sielic dia o
e b e - the model grid for use in

- CcIp
= Several channels are
combined into a single file
* Products are derived
from the native channels
that CIP uses:

¥ Satellite geomelry

¥ Sun geometry

¥ IR2-IR4

¥ Mormalized albedo

¥ Satellite icing

g

» The satellite subsystem (1D2/DD3)

NCAR

38

= The satellite subsystem (122/1)3)
NCAR

R0 2125 [RA{3 20




= The satellite subsystem (1D2/D3)

NCAR

a1 e

otz

» The CIP subsystem (1D2/D3)
NCAR
i = Consists of the
algorithm, a vertical
= =2 coordinate converter, and
. it E E E F | a final processing
application;
EE S | e

¥ Pressure2flight
¥ IcingCategory

g

» The CIP subsystem (D2/D3)

NCAR

. CTP Sovarity oo

& The CIP subsystem (1D2/D3)

NCAR

CIF [cing S4verity

N Questions — Part 1

NCAR

+ Sysview usage?

+ Frequency of input dataset vs. CIP final
output visualization?

+ Is this possible?

+ Ability to view intermediate data in display?

| — el

39

= Application Configuration
NCAR
Common parameters:

Typical application structure: * Source: where are the input

data?
- - * Diestination: where does the
s @ oLt | ;
+ Source age: how old is
App acceptable?

= Girid information: parameters

* controlling the output grd and

Output projection

+ Debugeing: information from
the app

« Dataset specifics: varies

el




Application Configuration

NCAR

Five main apps of interest- four data
ingest apps and CTP

| S——

- - ER ARSI
Metar

tamc-algorithm1h f sprojlir/ci NS

N RadarMapper (D3)

NCAR

* inputlirl
¥ path to location containing 3D radar mosac organized by date

= inputhax alid A ge (3600s)
¥ maximum allowable age for 3D radar data in seconds
= outputUrl
% pah to location to contain output from RadarMapper
* autputPrajection
¥ informaticn abouat the map projection
* outputGrid
¥ gnd parameters for the cutput grid
* dbaFieldMumber {0
¥ the field number of the dbz field in the input file
+ percentiles (25, 75)
» hdd additional percentiles of @z 1o be caleulated
= minDBxPointe (10)

¥ the minimum number of grid points required to compute percentiles

g

& derived_model fields (D2/D3)

NCAR

* inputUsl

¥ pach to locaon contaning model data organized by date
“max_valid_uge {22800 2 6.3 hra)

* maximum dlowable age for model datain seconds
*topogr aphy_orl

P path to location of topography fils for model gnd
+topogr aphy_fiedd name

*amming the name of the
*outpunllel

¥ path to Location bo contain oulput from derived_model_ields
wrl_cwh_mudel_Field_nam es

¥ a structure contanang a list of stnngs represenbing the name of the model fields from

the medel files
“num_levels_precip_condenyate (3}

P aumber of vertical medel levels be sum over when calculating precpatable

candensate

g

fieldin the by file

MetarMapper (D2/D3)

NCAR

= inputDir

® path to lecation containing rpdb METAF. data
« watputProjection

¥ infermation about the map projecnan
= autputGirid

» grid parameters for the cutput grid
= ourputUrl

¥ path to lecation o contan sutput from MetarMapper
sradinsfInfluence (125 km)

¥ maximum distance in km to ] ook outerard from a grid point
sweather Processing Linits {0,40,60 80,100,125 kny)

% radiue walues of concentric eirele nnge from grid paint in lm
*lastMetarOnly (FALSE)

¥ process cnly the latest for a given station (TRUE) or process all (FALSE)
+ minNumMetars (100)

¥ minimum number of METARS required in order to run successfully

g

satDerive (ID2/D3)

NCAR

* inputUrl
B path ta lacanop contaning combined aellite daka
+antputlirl
» path to location te contin sutput from satDenve
+ maxRealtimeValid Age (3600s)
¥ mantimum allowable age for combined satellite data in seconds
= satelliteLongitude (-145.0)
¥ longitude of satellite
* desired STD
¥ 125 of Dield names to compute standard deviation of (3.9,6.7,11.0,12.0, VIS)
*desired SUH
P ostructure of two fiel d names to be @fferenced and the output fisld name
+ caleulateShortwaveRellectance (TRUE)
P centrol whethes SW reflectance 12 calculated
« mieron_110Shortw aveReNThreshold {-60.0)
¥ thrashold on the 110 macron data for SW reflectance cal culstion in degrees C

~— |
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N CipAlgo (D2/D3)

NCAR

* gart_time, end_time, run_time

® YYYY MM DD HH MM S5
*trigger_max_valid_age (1500s)

* maximum age of data allowed in secends from the trigger URL (input path)
*sat_grid_shape

¥ control the shape of the sampling of saelliee data (pectangle or cirele)
~sut_grid_rect_width / sat_grid_roct_height (4/4)

¥ the number of gridpaints controlling the wickh and height of the rectangle
« sat_grid_circle_rad (2)

¥ number of gridpomts m the radive of the circle used for sampling satellite data
* diagnastic_made (TRUE)

P owrite diagnostic cutput from the algonthm
+ satellit_percentile_steps (10,20,30,40,50,60,70 50,90}

® percentiles for bannang CTT values
« Interest map configur ativa

‘

il




»  CipAlgo diagnostic output N CipAlgo troubleshooting

NCAR NCAR

» Missing input datasets
+ Data too old

* Incorrect data format
* Partial dataset

* Intermediate apps

tame-algorithm] /d1/acaws/data/logs/errors/today/

&——‘g

N Questions — Part 2

NCAR

+ Need for archived runs?
+ Diagnostic output?
+ CIP literature

g
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T~ Cetling & Visibility Prediction Enhancements (C& V CIP)

/]

Outline

Morning (Jim)
= Model Output Statistics (MOS) Theory
= AQAWS MOS Technigque
= Intro to MOS Verification System

Afternoon (Paul)
=  MOS Verification plotting script
»  MOS Verification web page

History

*Numerical Weather
Prediction (NWP) modeling
developed in 1950's and
1960's

-Forecasters started using
model output to make
forecasts for the public

E'J

E’J

MOS Theory
History

*NWP produces large
amount of data

sHighlighted challenges using
NWP data

MOS Theory

History

*NWP models good at upper-air flow

+*Not so good at surface

*Model forecasts PE variables (T, RH, U, V, Z)
+'Sensible” variables (Hi & Lo T, precip, precip
type, cloud cover, etc) not forecast by model
*Model data defined at grid points

-Surface locations (cities) not at grid points

E'J

42

MOS Theory

History

*No good way of relating NWP output to useful
variables at specific surface locations

[ Jalals
B2 o bl bl bl
LY




N N
MOS Theory A MOS Theory NeAR
History Some Operational MOS Products
*Model Output Statistics (MOS) attempts to + NWS MAV (72 hr MOS based on GFS)
solve this problem +« NWS MET (72 hr MOS based on NAM)
*Pioneered by US National Weather Service in o« NWS MEX (7 day MOS based on GFS)
1960's and 1970's (Glahn, Lowry, Klein) = NWS LAMP (24 hr MOS based on GFS +)
*Objective way to relate NWP output with « Canadian MOS
surface variables at specific locations + Australian MOS
+Statistics used to derive relationships between
model data and observation points
*Technique has been used for decades
s vt 7 2
N N
MOS Theory NCAR MOS ThEOI’y NCAR
Example: MAV MOS Benefits of MOS
+Condenses large volumes of model data to
small number of forecasts at specific points
+Allows the forecast of variables not predicted
|8 natively by the model
+Can be applied to any model provided
adequate training history exists
*Removes (average) model bias at forecast
locations
s vt 2 10
N N
MOS Theory NCAR MQOS Thecry NCAR

Challenges of MOS

*Requires training history (years) of model and
observation data to develop MOS equations®
*Models should be static*

+Site locations should not move*

*Addition of new sites may not be possible until
observation history is available

*Sample size for some events may be small
*Does not remove model error

* For optimal MOS performance

e, n bt ot 1
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Creating MOS Equations

“We want to forecast a predictand variable
using one or more predictors

*The predictors are variables from a model
(example: WRF)

+The predictands are the observation (METAR)
elements

+Linear regression is used to relate predictors
and predictands




. . N N
h A
Linear Regression bean MOS Theory NCAR
+ Linear model: Ll BET A ¥ . -
fis =mx b ; j z . Creating MOS Equations
3 2|2 . .
parameters ¢ | < |4 *The goal is to fit a line to the data by
s|afs | minimizing the error
+ More generally . A ) A
sl 3] «Step-wise variable screening allows multiple
fix)=Ax+b predictors, each one reducing the error more
+ Error function {sum of squared errors, SSE): *Multivariate MOS equation becomes
Z,(f-nF Voag+taX tak + . tak,
'\\eam mand & [or A and b)
to minimize this SSE ¥= predictand, &, = regression coefficients, X, = predictor variables
e 13 14
2 N

MOS Theory

NCAR

Creating MOS Equations

*One equation for each combination of:
+ Location
| + Predictand (variable)
+ Forecast lead time
» Season (winter, summer)

MOS Theory

NCAR

Applying MOS Equations

+*Once MOS equations are created they can be
applied to new model data to create MOS
forecasts

+Equations are valid until the model changes
significantly

NCAR

ACAWS MOS Technique

44

A
NCAR

AQAWS MOS Technique

Challenges of Doing MOS in AQAWS

“We cannot control model (WRF) updates
+Models cannot be run in ‘old’ and ‘new’
configurations for extended periods

“We cannot maintain a long model training
dataset

e cannot spend years developing and
refining MOS equations




AOAWS MOS Technique

How Do We Adapt MOS to AOAWS?

*MOS Equations updated every day

*Use shorter training period (last 60 days)
B +Reduce the number of predictors in

regressions

*Dynamic, handles model and seasonal

changes automatically

«Close in skill to traditional MOS with much less
man-hours invested

e 19

AOAWS MOS Technique o

+ AOAWS MOS forecasts:
= Ceiling Height
= Yisihility
= Temperature
= Dew point
= 3Wind direction and speed
= Surface Pressure
+ At 9airport locations
+ Forecasts out to 24 hours

20

AOAWS MOS Technique Em

ame Hascey for i

Tiems Wind Dirwstien Wind Speed Viuibitry Coding Temmpes
. Keen (ke [F

AOAWS MOS Technique }m

AOAWS MOS Regression Types

+*Simple” regression {single variable) for
+ Temperature
+ Dew Point
+ Surface Pressure
+ Wind Speed
+ Wind Direction

*Predictor and predictand are the same

22

AOAWS MOS Technique oo

AOAWS MOS Regression Types

+*Multivariate” regression for
+ Ceiling
« Visibility

*Multiple predictor variables
Cloud water
Iee Concentration
= Wind speed
I + Vetical velocity
* Rainrate
Relative Humidity
Pressure
Litted Index

Layer temperature differsnces

et 73
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AOAWS MOS Technique e
MOS Applications

Wrf2Spdb
extracts data from model at points and puts into SPDE files
Metar2Spdb
decodes and stores METAR/SPEC] reparts
*MesCalibration
performs linear regressions betw een history of model and
METAR data
‘MosFeastRaw
creates 'raw' forecast using latest model and MOS calibrations
‘MeosFeastAdjust
adjusts the 'raw’ forec asts using latest METAR
Mo sSpdb2Html
creates web pages of MOS forecasts

O P 24
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AOAWS MOS Technique

AOAWS MOS Technique HEM

N N
AOAWS MOS Technique WERK AOAWS MOS Technique nEAn
=
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AOAWS MOS Technique s AOAWS MOS Technique e

Wrf2Spdb

*Extracts data from inner WRF domain
«Airport METAR locations

*Bi-linearly interpolated

+All predictor variables

+4 Updates per day

*Forecast times T+3 to T+24

*Stored in $DATA_DIR/spdb/wrf

47

Metar2Spdb

*Used by MOS system and other parts of
AOAWS

+All METAR/SPECI decoded

*Several instances for different data feeds
(gts, aftn, etc)

+Stored in $DATA_DIR/spdb/metar




a
NCAR

AOAWS MOS Technique
MosCalibration
*Runs daily from cron to generate regression

coefficients
*Regressions based on recent 60-day period

AOAWS MOS Technique

MosFcastRaw

+Applies MOS coefficients to latest WRF data
+“Raw’ because they do not take into account
the recent METAR

a
NCAR

& Uses $DATA_DIR/spdbiwrf and metar «For each location & forecast lead time
*Performs Simple and Multivariate regressions [ | -Simple regression MOS equation
Different predictor coefficients for each = T(f)= T_const + T(wrf)* T_coeff
predictand, location, forecast time «Multivariate regression MOS equation
MOS coefficients saved in = Wis(f) = wis_const +wspd(wrf) * wspd_coeff + rhiwrf) *
. rh_coeff + pres{wrf) * pres_coeff + ... .. Efc
$DATA_DIR/spdb/mos_calib_wrf +Raw’ forecasts saved in
$DATA_DIR/spdb/mos_raw_wrf
. . N
AOAWS MOS Technique Near AOAWS MOS Technique Nean
MosF castAdjust How is Adjustment Made?
Atforecast time 0:
*Adjusts ‘raw’ forecast using latest METAR agﬁ@g;gt 10 degC
*Adjustment is the difference between raw fest Y Adjustment =5-10 = -5 degC
B\ and METAR k2
-------- *Adjustment applied to all forecasts, decreasing = FomamiApmimert
linearly in time out to 12 hours B = .
+Applied to all variables at each METAR location . / )
*Adjusted forecasts saved in (= .
$DATA_DIR/spdb/mos_adjusted_wrf ‘aresiraraionunuanna
= I e il
. N . N
AQAWS MOS Technique NCAR AQAWS MOS Technique NCAR
MosSpdb2Html L ——
*Creates HTML from adjusted MOS forecasts B
sIndividual times:
=  SDATA_DIRAwww_content/Mos_wrf @ ==
*Time series including past METAR: [Eo R -
$DATA_DIRAvww_content/MosTrendTable_w =
f &= =
= {5

A5 Co et ar e . 0 M

48
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AOAWS MOS Technique ECM

Parameter Files & Source Code

*Parameter files

ihomsiasawsiroiDimodeliparam s 2Spdb.domain
thomeiaoawsroiDinmosharams s i
thomeiaoawshroiDirhtdocs rojects/aoavsmos _wtindex htm | template:

=Source code
Thomefaoawsicys/apps/ao awsSICAV IS pdk
thomefaoawsicyaappsinmSisrciosCalibration
Thomefansweicvs/appsinmSisrcitosF casti aw
Thomefanswsicys/appsinmSisrcitosF castidjust
Thomefaosweicvs/appsinmSisrcitosS pdb2Him|

AOAWS MOS Technique ‘?.‘m

Adding New Sites

*Add site(s) to parameter files as needed
*METAR ID
*Restart processes

*Forecasts won't appear until viable
regressions can be made

*Days or weeks
*Forecasts not fully tuned until 60 days

AOAWS MOS Technique s
Adding New Sites

Wif2Spdb (model servers):
‘homefaoaws/projDirfmodel/paramsAViT25pdb domaind

e ——

# Neme o et cupul pan s
1 e medl dala vd be Inkrpciaied ko each of Fese bslers.
"
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I

i
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L s greram e,

' e e
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10 oy -ueriese ergn
"

AQOAWS MOS Technique Wean
Adding New Sites

MosCalibration (data servers):
/homefanaws/projDirmos/params/iosCalibration w

G S0 T
W

wsmknn:

U2t e ST 182 5 Ui, P predicton erzme 1 st o2
Wi sz, A smere ce|opredclon pamme ks wile

W ikt exh sialonid Iskd.

Ty shirg

1D array -utehk krg b

W

ol - 07RE K, RETRRETE, RN, "R BT REMTS "RELT "ROGF, " REFS", "R HAF 1,

i
|

AOAWS MOS Technique o
Adding New Sites

MosFcastRaw (data servers)
/home/aonaw siprojDirfmos/param s/MosFc astR aw wif

MNo changes needed
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AQOAWS MOS Technique Wean
Adding New Sites

MosFcastAdjust (data servers)
/homefaoaws/projDimos/params/vosFeas tAdjustwrf

Y o g R

Tk,
W

Ty ehirg
10w - umtatk Erg b,
“

£ N - {RE I RETR KRR, TR W, "R BT R T™, "R LT "RRE AR, R HAF E




AOAWS MOS Technique Nean AOQAWS MOS Technique Nean
Adding New Sites Adding New Sites
MosSpdb2Htm| {webcontent servers): MOS Surface Forecasts Web Page {wmds servers )
/home/aonaw s/projDirfwebiparam s/Moss pdb 2Htm Lwrf fhormefaoawsfrojDirhtdocs/projectsfanaws/mo s wifinde s htrmltermplate
| IR —
No changes needed LT B LTI S e st
& SR
n T e
I 48 e 50
AOAWS MOS Technique Nean AQAWS MOS Technique Wean
Extending the Forecast Period Extending the Forecast Period
. . Wif2Spdb {model servers)
e MOdIfy param eter files as needed /homefanaws/projDirmodel/paramsAVif2Spodb domaind
*Restart processes
“NRF forecasts extend hourly to 48 hrs No changes needed
m +Forecasts won't appear until viable
regressions can be made
*Days or weeks
+Forecasts not fully tuned until 60 days
51 reers 52
AOAWS MOS Technique Nean AQAWS MOS Technique Wean

Extending the Forecast Period

MosCalibration (data servers)
/home/anawsiprojDirfmos/params/MosCalioration.wrf

N ocmcme i Wi
"

i Forecast Imes.
1 Ll e frecaet Imee or whish e prediclonparmekrs shoudd be
1 claskd. A sperai se| gl pamme krs wilie

1 clazkd br e e | e Ik, Peaseereur bl hece
# Wnes =t ninaering e

nTyEziong

10 oy -ueriese rgn

"

BrECmLINES - {3,4,5,67,8,5, 10 11, 12, 13 14,15, 85,17, 18, 19,70, 21, 2, 73,243
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Extending the Forecast Period

MosF castRaw (data servers)
fhomefaoaws/projDimos/paramsMosFoastRaw wrf

i Vi LS R
W
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i Trae: il
W
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AOAWS MOS Technique NCAR
Extending the Forecast Period

MosFcastAdjust (data servers)
/home/aoawsiprojDirfmos/param s/MosFcastAdjust

RN e LT AT
"

e ey
[Ty Ta——
ATt

"

MLz TIne 24
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AOAWS MOS Technique NCAR

Extending the Forecast Period

MosSpdb2HtmI (webcontent senvers):
fhomefanaws/projDiriweb/param sivosSpdo2HEm| wrf

i TNz T RIS
W

WMt ke I seacnds , b 2 32Ga| bobe corsldered
U Fe e Ori R e ITURmUTLE I TImEOFiy 15 B
i Detadlls e ous

Wi Traeinl

“

Tt LesmTine - B4

AOAWS MOS Technique NCAR
Extending the Forecast Period

MOS Surface Forecasts Web Page [wmds senvers):
Morme fanawsiprojDivhtdocsfroje ctsfa oawsfrmos_wiindesx htrml template

No changes needed
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AOAWS MOS Technique NCAR

Other Changes Requiring Parameter
File Modification Only

*Look-back period (currently 60 days)
= MosCalibration params file
= Longer look-back will require _Janitor file
adjustments for METAR, WRF SPDB data
*Forecast Adjust correction {12 hrs)
= MosFcastAdjust params file

AOAWS MOS Technique o

Other Changes Requiring Parameter File and
Source Code Modification

+MOS predictands and predictors
*Regression type
«Interpolation type (bi-linear versus nearest)

51

AOAWS MOS Technique e

Changing MOS Components

*How will changes impact operational system?
*Test or development system preferred
*Some changes will take time to appear

*How will new forecasts be verified?
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. . N e .
MOS Verification System ‘o MOS Verification System o
Development & Goals
“Allow viewing of MOS performance
*Performance for each combination of
i = Variable (ceiling, visibility, temperature, ...)
] = Site (individual site, groups of sites)
4 = Time period (weekly, monthly, seasonally)
§ _ +Maintain history of performance data and
§ . graphs to detect trends or problem areas
% .
% .
% mcman 11 v agbeny Bacard. idrghucnnnas &1 % 054 Urbaarsty Lo Famrcr A 62
. . » e .
MOS Verification System o MOS Verification System i
Performance Metrics Performance Metrics
*MOS forecasts are verified using METARs *Mean Absolute Error (MAE)
*The core of each metric compares each ‘Root Mean Square Error (RMSE)
forecast and the corresponding METAR Blas
*Performance metrics show different o
i1 characteristics of forecasts ] Critical .S.uccess lnd"?x (€sh
g «Some metrics are better for some variables ; *Probability of Detection (POD)
.
g
L -
i 63 i st o Fogeseter s 3 B4
i i N g
MOS Verification System - MOS Verification System o
Mean Absolute Error (MAE) Mean Absclute Error (MAE)
MAE = 1 3" 17—y MAE = L3711 -y
«Sum of the absolute value of the errors, divided +Always positive
© bythe number of samples +Good for continuous variables
©  +fi=forecast value “Temperature, Dew Point, Wind Speed, Wind
. +=observed value Direction, Atmospheric Pressure
% *n = number of forecast-obs pairs (samples) . *Not as useful for Ceiling and Visibility
§ *Equivalent to the average or mean error % +*A small error may not be meaningful
i e it e Y1 et P 8 S Wi 8 b e ah B { - e - ———— - —— L




MOS Verification System e

Root Mean Square Error (RMSE)

S 6t
RMSE = (=3 (1~ 4

\

+The square root of the sum of the square of the
ermors, divided by the number of samples

+y;= forecast value

= ohserved value

+i = number of forecast-obs pairs (samples)
+Similar to MAE but large emors are weighted
more heavily

MOS Verification System Near

Root Mean Square Error (RMSE)
RMSI — 3 (- i)’

*Always positive

*RMSE is generally larger than MAE due to the
squaring of the error difference

*Good for continuous variables

*Temperature, Dew Point, Wind Speed and
Direction, Atmospheric Pressure

*Not as good for C&V for same reason

= (=3

MOS Verification System e

Bias
(Mean Signed Difference)
MSD(#) t" "’*‘

+The term bias can apply to a single forecast or
set of forecasts

“We compute the bias on the set, this is also
known as the Mean Signed Difference

+It is the sum of the forecast errors divided by
the total number of forecast-obs pairs

. N
MOS Verification System i
Bias
(Mean Signed Difference)
MSD(#) i” - ”'

*Errors are forecast-observation

*Bias is similar to MAE except the sign is
retained

*lt can be positive or negative {forecast-obs)
Positive is ‘high’ bias, negative is a ‘low’ bias

e 7

MOS Verification System e

Probability of Detection {POD) and Critical
Success Index (CSl) and

*MAE, RMSE, Bias can tell you about the
general nature of the forecast errors

+They don't give you a good measure of skill

*They don't tell you how good the forecasts are
at specific types of events

*For example, low ceiling and visibility

53

MOS Verification System Near

POD & Csl

*POD & CSI help provide skill metrics for
specific types of events

*Use thresholds to break the forecast and
observations into ‘binary’ (yes/no} values

*For example, ceiling < 1000 ft (yes orno?)

*Contingency table used to sort the count of the
combinations

w=n o 7i



MOS Verification System

Contingency Table

Event Observed?

Event
Forecast? Tes o

Yes Hit (H) Falze Alarm (FA)

No Miss (M) MNon-event
“Event =some kind of forecast, like ceiling < 10001t
+H = Hit = forecasted and it happened (goodl}
W = Miss = not forecasted but it happened (badl)
*FA = False Alamm = forecast but it didn't happen
*Non-event = not forecast, did not happen

)
NCAR

73

MOS Verification System

Probability Of Detection (POD}

POD =g w

* POD values range from 0 (bad) to 1 {(good)

» Must have a large enough sample to create a
scome POD (H + M cannot = 1)

Requires at least a month of data, probably
more - like a season

l
NCAR

Critical Success Index (CSI}

Sl =g mrra

More H's improves the score

Reducing M's and FA’s improves the score
fH =0, the CSl score is O

fH>0and M = FA =0, the CSl score is 1

77

CSI&POD

*Need a large sample to be meaningful
*Choose thresholds carefully (don't pick too
small a range of values)

*CSl is a more skillful metric than POD because
it includes FA

*POD tracks only positive events {observation =
yes)

54

MOS Verification System Nean MOS Verification System Nean
Prabability Of Detecfion (POD) Crifical Success Index (CSI)
H H
POD =g n Sl=g M+

* More H's improves the score = Simiar to POD except FA's included
* Reducing M's improves the score » €Sl values range from 0 (bad) to 1 (good)
« [FH =0, the POD score is O s Must have a large snough sample to create a
« IFH >0 and M = 0, the POD score is 1 score CS| (H + M + FA cannot = Of)

MOS Verification System Nean MOS Verification System '




MOS Verification System o

Sample Contingency Table

Celling < 1000 ft Observed?
Event

Forecast? Tes o
Ves B0 (H) 25 (FA)
No 20 () 615

+0One site fora month: 30 days ™ 24 hours = 720 total
*H =60, M =20 FA =25

“POD = 60AB0+20) = 0.75

«CS| = B0/(B0+20+25) =057

70

MOS Verification System  neu

Implementation

*Python script to query MOS forecast & METAR
data, compute metrics, and create graphs

= Runs on data servers
*PHP script for viewing graphs based on user
request

= Accessible on wmds servers

'\
MOS Verification System Nean

MOS Verification Web Page

it test rap.ucar el _verit

81
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Ceiling & Visibility Prediction =X
Enhancements na

Thank You

Questions?




=~ AOAWS NCAR Turbulence Detection Algorithm (NTDA )

Introductions

1. NCAR NTDA core development team
- Greg Meymaris
- John Williams
- Jason Craig
2. CAA attendees
- Lin, Yun Tien (#5) Joseph
. - Kuan, Dai Wei (B {51%) David
3. lIS] attendees
- Chang, Yung-Chia (k7 ) Charlie
- Yen, Huan-Ting (BB E) Henry
- Chen, Yuru (may attend)

LEAR et o [rep— 1

Training Outline

1. Morning — PowerPoint presentation (10 am, FL2-3060)
+ Turbulence background
+ Turbulence forecasting (ITFA/GTG)
» NTDA turbulence detection
- Motivation
- Deseripion TURBULENCE BACKGROUND
- Algorithm adaptations for Taiwan
- Owverview of system architecture
- Case studies and ustrations (US and Tamwan)
} - Using NTDA with ITFAIGTG
i 2. Afternoon — Hands-on activities (1:30 pm, FL2-3040C) 2
+ NTDA real-time system
- Monitoring and trouble-shooting
- Adding a radar
- Questions and discussion

. L a e =

Aviation Turbulence Research at NCAR Sources of Turbulence

+ Objective turbulence observations Clear-air

= Aircraft-based (in sifu turbulence reports) Turbulence (CAT) §“ r'—‘}v‘-
i

* Remote sensing-based (NTDA)

Clowd-induced or
Convectively-
induced

T}\ Turbulence (CIT}
A%

g

i

In-cioud Convective

+ Characterization of turbulence mechanisms
F g & 5 Mountain Wave |
» Numerical simulations and case studies Turbulence (MWT)

+ Turbulence nowcasting & forecasting
= Graphical Turbulence Guidance (ITFA/GTG)
* Diagnosis of Convectively-Induced Turbulence (DCIT)
* GTG Nowcast (GTG-N)

+ Development of dissemination and display
technologies, including to en-route cockpits

anvective Boundary
Layer Turbulence

Source: P. Lester. “Torbulencs - A new perspective for
plots” Jeppesan, 1994

e 5
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How do we measure turbulence? Measuring Turbulence Intensity

* Pilot Reports Turbulence levels on airplanes
(PIREPs)
= Mainly qualitative LS
and subjective
+ "none” e |
« light’ - -
+ "moderate’
- "severe”
+ "extreme”
= Ajrcraft-
dependent
relationship to
atmaspheric
turbulence

0A4E4

Eddy Dissipation Rate (EDR) Objective Observations — /n Situ EDR

smallest eddies + Automatically computes and
records mean and peak

—_—
turbulence intensity =
f j) 2 Provides aircraft independent
OO/) ’377 L atmospheric turbulence
’ intensity: eddy dissipation rate

EDR = £ 13 units m23 g1,
ICAO standard)
Automatically downloads data
periodically during flight using
ACARS network
+ Accuracies

largest eddies anergy fow

* EDRis a measure of the dissipation rate of energy at the
smallest scales {units of dE/dt = &, m? 5%}

* Usually energy production at large scales ~ energy dissipation
€ at small scales \ Downscale cascade

Airline
dispatch

ACARS
dissemination

(Slope -&/3) = Time < 1min
e = Location: < 10 km
TN, Severe - OnUAL 757, Dalta 737, 767,
Southwest 737 systems
- Perhaps KAL 737
ey size

PIREP-/nsitu EDR Comparisons

: Based on 60,000 UAL757
. matches, 50,000 DALT3Y TURBULENCE FORECASTING:
: ‘ " “Light”=0.03 m/3s1
= sane © “Moderate’=0.21 m*/3st

“Severe”=0.56 m¥is! INTEGRATED TURBULENCE
: FORECAST ALGORITHM (ITFA)
PR These are lower than ICAO
—_ LT e L “standard” thresholds 3 A.K.A.

“None” < 0.1 m2/ig?
“Light” 0.1-0.3 m¥3’!
“Moderate” 0.3-0.5 m?5g1
- : “Severe” > 0.5 m¥3g!

GRAPHICAL TURBULENCE
GUIDANCE (GTG)

morery. D, resenea 10
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Scales of Aircraft Turbulence

i “turbulent
Largest eddies eddies” smallest
eddies
)72
on

ik

Aircraft respands to
scales from ~100m — 3 km

Turbulence forecasting
methods link NWP-
resolved features to
aircraft-scalg turbulence
17

Turbulence Forecasting: ITFA/GTG

| Elpost

e = ITRAGTG = Weighted
' S fusion of multiple

(scaled) NWP-derived
I| turbulence diagnostics

0 hforecast valid 1500 UTC
22 September 2006
i

| FRNTBth

GTG '

1| operational GTo:
hitty: s avistionmes her gov
Aurbuence!

|| E zperimental GT:

| hitp: ifneather asroturbulence

13

ITFA/GTG: Operational US Implementation

& & AVIAT

= GTG = Graphical Turbulence
Guidance

= Gridded high resolution (13 k)
forecasts of turbulence for FL100-
450 (1000 ) based on WRF-RAP
madel

NCAR TURBULENCE

o, Updated hourly outto 12 hours
= Iz mainly far Clear Air Turbulence ‘ DETECTION ALGORITHM
and does not specifically include
e 1Wrbulence due 1o mountain waves (NTDA)
or thunderstorms
= CONUS GTG available on
Operational ADDS
(hitp:faviationwe ather. govfadds)
= Mewwversion, GTG3, adds MWT and iy
LLT, covers FL 1-500,0-18 hours
P o o . D 2014, L 14 = 15
NTDA Motivation Motivation, cont.
. . * Reflectivity (dBZ) is NOT a reliable indicator of
+ Convectively-induced turbulence (CIT) may be ty ¢ .)
responsible for 60% or more of all turbulence turbulence location
encounters (Cornrman 1993) = errgﬁicne“between or around high-echo regions may be
...t ClTis not directly + Convectively-induced turbulence (CIT) can be
addressed by current small-scale and evolve quickly
ITFA/GTG forecasts . = Storm observations are key for accurate and timsly
== FAA thunderstorm - diagnosis
avoidance guidelines l.

are inadequate for
balancing safety and
capacity

When aircraft report turbulence (via PIREPS or i sriu
EDR), it's already "too late”

Therefore, would like to use remote sensing
information (e.g., Doppler weather radar) to identify
in-cloud turbulence before it is encountered.

— It




NTDA Obijectives

+ Provide a high-resolution, rapid-update
atmospheric turbulence intensity detection
capability for aviation using Doppler weather
radar data.

+ Make in-cloud turbulence intensity data
available with minimal latency to serve users
-- airline metecrologists, dispatchers, pilats,
air traffic controllers, and private weather
services providers -- for tactical decision
support.

+ Improve situational awareness, airspace
utilization, and safety.

e

NTDA vs ITFA (GTG)

+ ITFAIGTG is a NWP model-based turbulence
forecast product designed to predict clear air
turbulence.

= The version currently running in Taiwan was not specifically
designed to predict mountain wave or convectively induced
(thunderstorm) turbulence.

= The 0-hr forecast may not be available until 90 minutes
after its valid time

+ NTDA isa radar-based turbulence detection product.
= Itis available frequently and with minimal latency
= It represent turbulence that was present, not turbulence

that will be present
= |tis spatially limited by the radar coverage due to scanning
strategies and need for metecrological scatterers.

— Ay nnais 10 |

NTDA DESCRIPTION

What is the NTDA?

+ The NCAR
Turbulence Detection
Algorithm uses ¢
Doppler weather
radar data to
measure turbulence
in clouds,
complementing radar

reflectivity.
+ Inthe US, NTDA =
NEXRAD Turbulence
Detection Algorithm .
S Radar

What does NTDA measure?

* Atmospheric turbulence: eddy dissipation rate
(EDR), € %, m¥ s
= EDR can be converted to the impact on an aircraft
{RMS-g) based on the aircraft type and flight
parameters
» Uses spectrum width, which represents radial
wind variability within the measurement volume
= NTDA only measures turbulence where
sufficient wind-tracing reflectors exist, i.e., in
clouds and storms

iy BT Pt 44 40 et
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NTDA Limitations

NTDA works best when turbulence is isotropic
(the same in all directions)
= Radars measure mostly horizontal wind fluctuations,
but vertical have greatest effect on aircraft
NTDA can only provide information at times,
locations and resolution determined by the radar
= E.g., at 60 milesrange, 1° = 1 mile, and there are
large gaps between sweeps at high angles
NTDA may not always fitter out all non-
atmospheric and measurement noise (e.g.,
lightning)
Atmospheric turbulence is fundamentally a
statistical quantity, so no measurement is precise

S o VR P, €351, 1 A P, SAIUAR 2



NTDA limitations {(cont.)

+ Coverage near the ground is
limited by radar geometry and
ground clutter

MNTDA does not adjust for
hydrometeor inertial effects

NTOADD15 UTC, FL 330

¥

.’ .‘.ib.

& = May not be accurate in heawvy
rain, hail
+ NTDA works best when
= lurbulence is well-developed and

NTOADD20 UTC, FL 230
. ¥

s

consistent with theoretical models

= May not be true for new updrafts,
thin shear layers

NTDA is a measurement

(hackwards-looking), not a prediction

United 957 turb. encounter,

21 July201000:14 UTC
4

How can NTDA data be used?

Tactical decision support for en-route aircraft

= Improve situational awareness, airspace utilization,
and safety.

= May help obviate the need for " pathfinder” aircraft after
airspace closures

turbulence nowcasts

Measurements may be assimilated into

May be used as verification “truth” data for

turbulence diagnoses and forecasts

Provides a tool for investigating storm dynamics
and turbulence climatology

NTDA Components

* NTDA processing
Runs radar by radar,
producing EDR and
confidence on a polar
coordinate grid for each
sieep

* NTDA mosaic

= hlerges data from multiple

Level2
Radar data
I
é’:;jﬁ | NTDA
o i (Reaarty Ratah
RS | *
NTDA

Mosak

NTDA Algorithm Overview

Detect and censor contaminated

: &

data (sun spikes, artifacts) SR
SR based

Aszess spectrum width (SW) W confidence

measurement guality via fuzzy
logic, based on

Qperational mode for that sweep
Signal-to-noize ratio (SNR)
Crverlaid Power Ratio (PR)

Clutter and overaid clutter
cartarmination

Example confidence “interest maps™

illustration only -

§ * Insect contamination -
radars to produce 30 + "Scale" 3Wto EDR using range- .+
“gr\ds of EDS and dependent function : —
confidence e Compute local confidence-
= In Taiwan ACAWS every weighted average EDR and
S minutes confidence e - -
Theoretical NEXRAD “scaling” function, 44
36 27
NTDA - NTDA Quality Control
L. = Factors that determine the guality of NTDA EDR measurements
Orlglnal (2007) x x z * Contarninants (censored if possible)
- || - = Clutter itemain, biological, 325 ciutt
Fuzzy Loglc - R - < : B‘m:arg[:rram iclogical, 528 Cy) R
. = Sun spikes i
Algorlthm > 5 o [ 7 = = Racar Frequency Intererence !\
Diagram - - = ‘YWeather Signal R
‘: = Signal strength (signal-to-noiss-ratin) |
k = Owedaid echoes i
1! 3 4 = Spedrum widh
- * Radar Operating Characteristics
. and Signal Processing =t
= Myguist Velocity -
s Mote = Unambiguous range
MNTDA interest maps - 1 v - Duelltime
are configurable; » Beam wdh
= = Scan strategy
those shaown are for ! « Pulsing srdegy

60

Clutter mitigation
Spectrum wicth computation and upstream processing




Example: Simulation Results for NEXRAD VCP 12
N =40 pulses, T, = 988 u s, SW = 0.5 m s, 5000 runs

NTDA Adaptive SNR Quality Control

| = i
[ SNR :: di + Replaced previous interest o ?‘pﬁer?:;rgrzetm
e = LS m maps that were based on AL el
Bo I wi=0ame “worst case" for each VCP Be! 2
g . | + Compute maps “on the fly” l
based on exact operational NEXRAD Simulation
I mode Catabase
. | PN
. - i & § . * Uses metadata that !
. The '*.SM accompanies the radar
l' SNR =10dB sweep data P
- erformance data
mean= 1.0 ms" * Many future radar changes
£ sd=13ms? (e.g., new SW estimation l
- null]  tight severeor  (at r= 70 km) methods) may now be
iy . s ol handled via simulation SNR-to-confidence
J ..I..F'-—--— B database update interest map
) MHH"E‘d meﬂmm-\\ndlﬂ ) X T8 3 PR ST 8 R L S T AT et Rt L3 T el 1
NTDA Validation and Tuning
» In the absence of aircraft turbulence observations,
validation was performed via case studies and
comparisons of NTDA output from adjacent
ALGORITHM ADAPTATIONS radars
FOR TAIWAN * |t was determined that the same spectrum width
to EDR translation tables could be used for
Gematronik and NEXRAD radars, and thus didn’t
need to be updated
» Radar simulations have been performed to
characterize spectrum width accuracy for various
radars, operational modes, and signal-to-noise
N ratio values to tune the quality control process.

Confidence Based on SW Quality

SW statistics (blas and variance) are
computed using simulations taking into
account:

*  Signal to noive ratio (SNR)
Nuriber of puites
Sean srategy
Pulsing strategy
Spectrum width computation [and upstresm
processing}
These statistics are stored in a dstabase
NTDA generates confidence maps af run-
tima to quality control SW using settings of

*  Radar Constant

* Nyouist Vlesity

= Dweli tima

*  Radar operational and processing modes
This approach allows NTDA to maximize
coverage while st ensuring high data
quality

* An sl is 0 1une b wers-caue

scenation S louing cavernge

Different confidence maps based on
SNR fer various possible oparational
settings of NEXRAD VCP 21

RCKT Scanning Strategy
T Before

RCKT was using a scan
strategy called dual-PRF
which resulted in poor

*
performance for SW. 3 oy
= Note that severe events 5

T

i

{
L

would not be detected.
After this was brought up to el
CWB, the scan strategy was mrarm After
changed to uniform PRT I
(though dual-PRF mode may
be used during, e.g.,
typhoons)

= Note the improved severe
detection perlormance | — I

Categey %




Radar Metadata

+ NTDA makes significant use of metadata
including radar operating characteristics
= RCWF now provides all required fields
= Gematronik radars are missing:
+ radar constant (needed to compute SMR)
= YWe have a solution that estimates it via reflactivity
= May cause some under-estimates of SNR | reducing
coverage, but effect should be minimal
= ltiz implementad and appears to wark well
+ amap of clutter locations

= Generated a set of static maps for each radar basead
on year of data

I B B

Contaminant Mitigation

Ground Clutter

Mlitigation

= Clutter and clutter filters

affect data guality

RCWF has automated

clutter detection and |
mitigation

RCCG: clutter filters
applied everywhere .
RCKT, RCHD: clutter T B TR
filters never applied
Mitigation of ground and
sea clutter was found to
be needed for Tawan's
Gematronik radars

462012 10:31:47 7,06°

Clutter detected using REC on RCCG,

Clutter Map Generation

Taiwan Gematronik radars required
creation of static clutter maps
Avyear of data was sampled (at0, 4,8,
12,16, and 207 on every 4th day) for
each radar for each elevation
Agate is considered to have persistent
& clutter contarnination if there is a radar
echo 15% of the time 1
Elew ations with similar clutter maps
where combined fo limit the number of
Y8 clutter maps per radarto 4 or less
(Manual decision process) - )
Clutter maps simply lower the S e
confidence, they do not guarantes the
data iscensored.

= Thizs allows strong weather returms to

HOT be censared.

RCCG Clutter Maps

RCKT Clutter Maps

m &

!

62

RCHD Clutter Maps

a1




NTDA QC: Radio-Frequency Interference

» Radio-frequency interference (RFI) often affects
spectrum width measurements, so regions where
RFlis experienced should be censored

* RFlis not a problem in the US, so a new

NTDA QC: Birds and Insects

+ Birds and insects can affect spectrum width
measurements, so NTDA confidence values are
lowered in suspect locations

The current NTDA QC algorithm uses an interest

= algorithm for detecting it was considered P map with a reflectivity threshold that varies with
= Bxisting quality control altitude above ground
| | d RFI
Ardely remove . = The US NEXRAD parameters wiere found to work
2 = RCKT had several radials l I for Tai " q
that were picked up in clutter 1 well for Taiwan, so no changes were made
map generation LI
= |t was decided that no special * A
RFI mitigation was required ¥
in Taiwan
47 £
Data Transfer Latency Data Transfer Latency (2)
= Currently, Taiwan radar data are being delivered in + Long PRT data are not available in the PP data stream
two ways + Thelong PRT volume data are now being copied into
= PPl data (short PRT data only) the FPP| data stream
= Wolume data (long and short PRT) + However, because the long PRT data must wait until the
e Including transmission latency, volume data may be short PRT data amrives, using long PRT volume data
close to 7 minutes old or more when received, and with the PP| data does not increase the total latency
therefore between 7 and 12 minutes old by the im
NTDA mosaic valid time + Thelong PRT data is used by the NTDA quality control
g, Receiving data for each elevation sweep as soon as algonthm to mitigate overlaid echoes. Without the long
itis completed (so called PP data) reduces the FRT data, the NTDA will still function, though it would
NTDA product latency down to between 30 seconds increase the number of false alarms due to overlaid
and 5 minutes, increasing its tactical value: an echoes
improvement of 6.5 minutes over using volume data
44 45
Adding Radars
Data Format Changes 9
= WWe have tuned and tested NTDA an the existing radars only and
. . cannot be sure of the effect of adding a radar in the future that has
Ifthere are radar data format changes in not been verified, tested, and tuned .
the future, the Gemtronik2Netcdf and/or = To ensure that existing data quality control procedures will work
MNexrad2Netc df software will need to be properly, adding additional radars can be done IF:
. * They are of the same type as existing (GematronikiNERRAD)
deIﬁed tO accommodate them- = Operated using the same scanning strategies as existing Taiwan radars
» The output format from these 2 programs e e oo o g, Teency
must be preserved for the NTDA system to = Have data formal the same as one of the existing radars
& operate correctly (or at a") & . g;lh?uﬁsl?;r? \Usp::?;;;]\?.case,themhe existing data quality routine may

63

= Static clutter maps would not be available for a new radar. This
could resultin some contamination of the NTDA product due to
unmitigated clutter
= The procedure to generate and include the map is technical and
partly manual, and would be difficult to tech. transfer.



Data Outages

We are seeing substantial radar data outages.

It appears to be upstream or at data arrival from cwh-caasv1/2
Different radars experience very different outages: RCKT and
RCWE experience minimal data loss, RCHD(L) and RCCG
have been experiencing around 1 hour per day

Qutages cause NTDA output to have reduced coverage

SYSTEM ARCHITECTURE

+

Taiwan NTDA Implementation
S TrEEEd
—= fLll| m= s = NTDA CASE STUDIES AND
& = = B e | ILLUSTRATIONS
- = gy Eu B B mm
—— =
= =

NTDA Mosaic Animation NTDA EDR vs. Reflectivity Mosaics

« Moderate or severe turbulence in storms may 28 Septernber 2007 (2 km horizontal resolution)

appear quickly and last as little as a few minutes

o s s = CIDD research daplay. DA DR — = e
e s N TD & mosaic B-r loop

on 11 August 2008, z .’\ - |2
36,000 1t | ra

\
Crerlaid are in siw EDR ‘\ + \\ %

measwrements fom
United Aifires B-757s

NTDAEDR

_____ - — - [ . a3
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NTDA EDR vs. Reflectivity Mosaics

, 3000 ft vertical resolution)

28 Sep

2007 (2 km hori

NTDA EDR

I T — 54

Field Program: NASA B-757 Flight Tests
3 April — 18 May 2002

+ 11 flights in and
around
thunderstorms over
the south-eastern US
High-rate aircraft
data used to compute
EDR along flight
track

Results compared to
NTDA EDR mosaic
computed from

The NASA Langley B-757 aircraft

nearky MEXRADS

foAzeytey Rt gt 55

NTDA Mosaic with NASA Langley

B-757 EDR Overlay: 15 April 2002
M w5 l

VA

NASA B-757 Evaluation Statistics

WIDATDE

NTDW EDR vs. air
{peents colared b

Comparisons for distance < 0.5 km and
time difference < 60 s

D T 57

Case 1: United Flight 1727 Severe Turbulence
Encounter over N. Gulf of Mexico, 4 April 2012

- A Bosing 737, UA Fught 1727
from Tampa lo Houston
tud. {1l

FL 380 fo FL 321 in ene minule
near 1157 UTC
i e nd ight

ndan re injured.
according to Uniled Alrlines

* Alleast three people were
transporied to a hospital
The pilots declared an
emergency, and emergency
personnel met the aircraft afler
landing
The Aight left Tampa
International Airport at 6:30 a.m
EDT and arrived in Houston al
T:4T am.COT

FL 168 NTDA EDR, Th50 N0
NTOA = NEERAD Tusbulence Detection Aigosite
EDR = Eddy Dissipation Ralc fTurbalcocc)

e ewies Swevet gt 58
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Case 1: United Flight 1727 Severe Turbulence
Encounter over N. Gulf of Mexico, 4 April 2012




. Uni ; Case 2: Frontier 283, 12 August 2013
Camu1: Ulted Fight 1721, cont. ~22:06 UTC, FL130, moderate lurbulem:e 4 in juries “

Thunderstorm turbulence and updrafts

+ Example: 21 F Huntsvilie, AL dual-Doppler analyss

Case 2: Fronuer 283 cont

NTDA EDR X-Z plot

Mature Air Mass Storms, 7/31/2010, 22:20 UTC Taiwan Case Studies

I P ———

* Note that the NTDA system in AOAWS
was being progressively updated until
7 September 2014.

- Radar Refliectivity

66



NTDA Mosaic Composites

+ IMDS currently has 4 options
for wiewing NTDA
= WTDA: 3D grid, specific altitude

= NTDAAIN Levels: Composite of
FL100 and above

MTOA Loveer Levels: Composite

] of FL1DO-FL200
= WTDA Upper Levels: Composite
- of FL200 and above

Vertical cross-sections are
available for all 4.

+ Please lst us know if changes
are desired

Case Study: Talwan 51313 62

Radar 2-D

Case Study:

Taiwan

§M3M13 82

Case Study: Taiwan 51313 62

Case Study: Taiwan 7/19/14 8:102

FRERPT

ERVEPEREF
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Case Study: Taiwan 7/22/14 17:352

TTIT




Case Study: Taiwan 8M3/14 06:40Z

Ty

FEERER

;

Bp

FEEEEE

:I-"Hl-!‘f

72

e

USING NTDA WITH ITFA/GTG

Case Study: Taiwan 5/12/13 13:302

Badar 2-D

74

Case Study: Taiwan 5/12113 13:30Z

Radar 2D

Case Study: Taiwan 5/12/13 13:302

L 0= 8

Fi')
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Case Study: Taiwan 9/10/14 07302

FEEFEE

z)‘}'i|r[

information

= [n situ EDR, FIREPs,
| NTDA, etc

= Merged with GTG short
- term forecast

Blending NTDA and ITFA: NCAR’s
GTG Nowcast (GTG-N) Product

Rapidly updated nowcast
system driven by most recent
available turbulence

.

= Updated every 15 min
Developed for use in in-flight
factical turbulence avoidance
Cutput is gridded EDR at
GTG resolution

.

GTG-N Example
y [IECEEET -

Cawtesy of Jukia Pearsan

a0

GTG-N Statistical Evaluation

+ Verification via in s/ EDR reports shows that adding
NTDA considerably improved GTG-MN skill

« |tis hoped that a similar improvement will be realized
in Taiwan through user synthesis of ITFA and NTDA
information

Prediction of Moderate
or Greater Turbulence

POy

“1-PODR Cotrk sy o7 irka Pearsn

21

Discussion Questions
+ How should mosaic display be configured?
+ Turbulence changes rapidly. So how can
NTDA information be used to improve air

traffic flow/safety?

= What decisions may be made based on
NTDA information?

+ How does the information get to the pilot?

69

Any further questions?

Thank you!




VY ~ External Data Services System ( EDSS')

— . N
EDSS Overview NCAR
Goal:
+Share data with external users without
extending AOAWS architecture or distributing
AOAWS source code
+Share data with existing open-source tools
+Share data in existing open-source file format
+Use established conventions & standards
+Low risk solution for end of AODAWS-TE
National Center for Atmospheric Research
. N . N
EDSS Overview NeAR EDSS Overview NEAR
Third-party open source tools and formats: Data Sharing Methodologies:
sFAA NextGen OpenGIS tools & formats +Push model
» Not mature * Food for computer-to-computer
= Mot tested extensively = Consumers want “all’ data as soon as available
= Mot readily available or supported = Realtime
+Umdata tools & formats » Contract
= Mature «Pull madel
= Tested extensively — used around the world = Good for user-to-computer
= Readily available and supported = Consumer wants to selectively access data
= Climate & Forecast (CF) Conventions = Request at will
szt simis aus i am.
g N ; N
EDSS Overview NCAR EDSS Overview NCAR
Unidata technologies:
“NetCDF Push
i i uenred frwrare neted

*Local Data Manager

bt distiy uear, ediso fiwareldm

*“THREDDS Data Server

hittp:/www unddata uear edu/software thredds aument/tds

CF Conventions:

hetp:/efeonventions. org




AOQOAWS Changes:
*Applications

= Mdv2IetCDF

= EpdblnetCDEF

= LdataMultWatcher

= MdvCombine
*Scripts

= netedf ldm_insertpy

= textserver ldm_msertpy
*Data management

= Tanitor parameter file

71

. N . N
EDSS Overview NCAR EDSS Overview NCAR
LDM: TDS:
«LDM installed on wmds hosts +TDS installed on winds hosts
sRealtime data sharing — user maintain archive *Users can gearch for and access AOAWS
% “Tzers have to install and configure LDM products through a web page
- sShare AOAWS products in netCDF format *Request data through hitp or opendap servers
4 *Share AOAWS products in XML format [~ -Data will be in netCDF format
{textserver role} *Example:
I sReplace fip for AISS http ffopendap bom . gov. au, 2020/threddsicatalog html
. N . N
EDSS Overview NCAR EDSS Overview NeAR
Working with NetCDF files: AOAWS Changes:
sInspection *New roles
= nedump = edss_convert
= NetCDF-Tava ToolsUL . manages converting files from MDV & SFPDE to
. L netCDF
*Visualization
: = edss_ldm
" neview rmanages nserting files into LD
= Integrated Data Viewer (IDV) " edss_server
= Godiva rmanages any additional processing needed to support
*Manipulation D3
= NetCDF Operators (NCO) *Added to wmds host type
. N N
EDSS Overview NCAR NCAR

EDSS Overview




#

i

vd

EDSS Overview NCAR

L/

EDSS Overview NCAR

Mdv2NetCDE
«Converts MDYV files to netCDF
*Follows CF conventions

« «Demonstrating conversion of CIP, FIP, ITFA
MTSAT, NTDA and radar in lab

*Highly configurable parameter file

| ey

/)

EDSS Overview NCAR

MdvCombine

*Uzed to combine individual MTSAT in separate
MDYV files into one MDYV file

*Parameter file allows for many ways to combine
and trigger

EDSS Overview NCAR

Spdb2netCDF
*Used to convert SPDB data into netCDF files

*Follows CF conventions — point data is not well
explored or defined.

«Converts METARs
+Can be expanded to convert other SPDB types

v

EDSS Overview NCAR

LdataMultWatcher:

*Used to trigger scripts that insert files into LDM
product queue

netedf 1dm_insert.pv & textserver ldm_insert.py:
shanipulate filename
*Create the product ID

*Execute pginsert command




EDSS Overview NCAR

Data management:

*File location:
$DATA DIR/netCDF/edss/<product name=

*Use Janitor to extent of archive for TDS
$DATA DIRinetCDF/edssf Janitor

LM is realtime

EDSS Overview

Thank You

Questions?

NCAR
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