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Increased Variability of Western Pacific Subtropical High Under Greenhouse Warming
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WPSH PC1 & JJA SST
PC1 & JJA SST correlation map WPSHPCT & JJANING
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® CP cooling suppresses local convection, generating
atmospheric Rossby wave

® CP cooling enhances convection over the Maritime
Continent, modulating local Hadley circulation

® Troplcal North Atlantic warming Induces cold SST
anomalies and suppressed convection in CP ’ Norsaized 314 Nifod
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WPSH PC1 variability change under global warming: century scale

A Crange of the standard devistion of PCI
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® 94% models show an increased PC1 s.d. under global warming
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More strong East China rainfall events
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A1920.1955 WDt win

131534 & revieislng

1900-1999; 2000-2099:
WPSH index > 1.5 5.d.; WPSH index > 1.5 5.d.;
rainfall > 1 s.d. rainfall > 1 s.d.
1900-1999; e 2000-2099:

WPSH index > 1,25 s.d.; WPSH index > 1.26 s.d.;

rainfall > 1.25 s.d. ey rainfall > 1,25 s.d.
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3 ~ AS06-A004
The Extreme Precipitation Research in the Southeastern Mountains of Yilan, Taiwan
Under the Weak Synoptic Weather Condition
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2019/04/27 CASE Su-ao weather station
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Radar and Satellite Imagevs in 2019/04/26
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Climatologies of Mesoscale Convective Systems Over China Observed by Spaceborne

Radars
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ZEBUNZ BRI IHIE AT Z=ZBRA] - 2l KHIE R (Tropical Rainfall Measuring

Mission, TRMM ) & 4Bk [ 7K S HIETE1(GPM)
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EEIESR M MCS B A AR EAIRK - Rl 2RIk MCS fEJR4RME MCS
TEVER R R ST B EHE SRR - £ S MRy GME MCS ti(fE] 13) - 5
JIElR (BES) AR (NS) FSrRIi AoV RE - T EERSCER « &asHy
TKEES I B = P BEAR - (2 NSs AJRESE FH R BRI a2 RN R (R K - E5 2R
EL B RAE PR TE MCS ZE ATl K K AR M R P R A A

nesearch background
»MCS Orgamzatlonal Modes:

esult 3:linear MCSs V.S. non- linear M( Ss
i ntri .. ® Linear MCSs
mainly occur over
lower-elevation
regions (< 1000
m), and they
= contribute 20-
25% of the tota

= Mong ot al’ 2013 rainfall over
these regions;

® Linear MCSs most frequently produce
extremely extreme rain rates (70 mm h'')
and high lightning flash rate (10 fVmin).

i T
b b

12 PERIFEGR M MCS LR - LMCS {3 linear MCS » NCMCS {5
Near-circularMCS > BSMCS {{Z Broad stratiform MCS > OMCS {tZ Other MCS -



Kesult 6: linear MCS characteristics

Max rainrate Vertical structure of @ BEs most frequently

NS convective precipitation produce extremely
3 [ 1 extreme rain rates (80
5 ; R 8 : 1 mm h') and high
‘ /d 3 B ' 1 lightning Mash rate (10

Vmin).

Z B b ;E‘ r 1® In contrast, only 15%
\'ho 120 100 800 & 0 __ =g of the EL systems
Il;n‘ghgplt)g flash rate [fl/min] | 5 } produce a flashrate of
I 10 1l min',

1® Both ice-based and
warm-rain processes
play an important role
in producing heavy
precipitation.
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5 -~ AS03-A021
Different Future Changes Between Early and Late Summer Monsoon Precipitation in East
Asia

AR Es] B oa i & B ) (East Asian summer monsoon, EASM) Y[ 7K AE
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MRI-AGCM60(fiE] 15) - THER&S & - 1F 21 tHACOREF - EASM /K E4EER 0 - 2
AT R R ZEEIMEIBEL - 12 6 A > WA nTRE eI oa » HAREHE IR
Hfr Bdfmr (] - PEAS R A ETHRIVEE R —5 - /£ 7 A1 8 H » BRI K
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F—{El 8

MRI-AGCM60 HYREL M EERsE SRR » 6 HAYRE/KEB(L B2 /83 A (Sea
Surface Temperature, SST)&EBRIVFZEE » (15 ACEF L2200 KRR S I ORI S g R
75JEEAR (East Asian subtropical westerly jet, EA)) 5@ & i858 K (1 B el - 55— 1A
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Backgrou

Meiyu-Baiu rainband

East Asian summer climate is characterized by the Meiyu-Baiu rainband,
which is formed by interaction of low-level monsoonal flows with the upper-
level East Asian westerly jet (EAJ). The rainband migrates northward from
May to July in East Asia.

0E 90F 120E  150E 180 1500 (Sampe and Xie, 2010)
s

Shading: precipitation (mm)
Contour: 200-hPa zonal wind (20, 30, 40 m/s)

Role of the East Asian westerly jet (EAJ):

+ Advecting warm-air at mid-troposphere
-> adiabatic upward motion

* Guiding transient disturbances

14 © Foohls B R AR K AE -

e View Options v

Backgrou
Future changes in Asian summer monsoon

Precipitation & 850hPa wind change Temperature change (60-100E ave)
(CMIP5/RCP4.5, JJAS, 2080-2099) CMIPS multi-model experiments
. AOGCM SST+K

50N T . e (o) 1pcC02 o {c) ompax
ne
300
“e
e
'ﬁ' 65 FD 10 T0M 20 4N
A {<) omigPotieen
. A
e 2
w0 t
[mm/day] [m/s] e :
e
+ Precipitation increase in Asia is remarkable 1B 57 75 T2 700 300 % 200

- Moisture increase P :
- Negative dynamic effect (weakening of circulation) * Upper-troposphere warming in the tropics

in Asia is smaller than that in other regions (SST+4K) weakens monsoon circulation;
[Kitch et al, 2013; Endo and Kitch 2014] however, tropospheric warming over the
» Monsoon flows are enhanced near continent continent (4xCO2) enhances monsoon
[Sandeep and Ajayamohan 2014; Ogala et al, 2014] circulation. [Li and Ting 2017; Endo &t & 2018)

15 : MRI-AGCM60 I IRIFELE -

(Z)8H2H
1 - AS45-A002
Does ENSO Affect Global Clear-Air Turbulence?

10



LR B85 Reading University iy Paul Williams Fir#ess > H 3 Z8H ¥ B &
FEL IR RE BN HEI TS - BT e am BE 8 B i B UAE R 2 BR R D) Y 88
(BB 7 & 16 FyBEiREl 7 Be SRS S e A= 2 (B EEAREL) - AT LIS
TEROCE R RS - BR3REE 7 SR BE AR A L - BV R @&t s
AR > B 17 BURHEE DB SR B B BRE R RV B LB » BEEAER > BVF AR
SR T o PR ARG R o JEERENE TR - T H AR RIE RS - FEEEE AL,
FERZ -k Nino3.4 B[R VIRV 4R MR (B E (B 18) - {EIE3E K AR e il B 5 IE i
—EH AR E  (EAEROM B GRRIAR4  T2 B2 R R H & AR R L BE SR A R 2 X
{EAT5EEE North Atlantic Oscillation (NAO) LL#fHRER - FEAASEHIIER] - BRS84S
R AT AT e R KRS CET TR R R BLIR Y38 A= ARt o] DAGE
FH LW FERER R R U B A T A AT A -

IR RSB B IR - BE B — R R M S R A CRAY R A T

—HEERA > BIFEILA S N FRFRRETON - B MERRERE S
BTN ARy EDTEAE -

Flight cruising level wind speed anomalies

El Nino La Nina
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Flight cruising level wind shear anomalies
El Nifio La Nifa

o by &
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Scatterplot of every winter 1979-2019 Scatterplot of every winter 1979-2019
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2 ~ AS45-A005
Analysis of Recent Trends of Clear-Air Turbulence (CAT) in Wintertime Over the
Northern Hemisphere

BEWTFElF B TR E T AE B AR DA ER CAT (FILE A =i/ b - FHATHIY
HETERHET 0T > WA 2 SRS R S T HE (S 15 L8 CAT HYEEEAKE
PR BRI L EGE N BB RE S Y - B 19 R DUE 2 £ 21 H AR E Tha e Y eI E
JERPEAEME ~ B KPR ~ BRODAPAE R PRI 2 H Ak - {HIS L CAT #E0
YRS P RE R IR R EAKAHE - ATRER &BKERAL - e RE R RIRRTE G -

{E&E—PH S ER AL ST O - B 20 BUREIEZ B2 bR (biGK
iy CAT bl i 1 ARV KPR LR B 2= HARHES 73 > LR PSR e A By
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trend T |

interannual variability

gray contours shows CAT ciimatology

Northeast Pacific Northern NA * East Asia *
Southern NA *

* Indicates 5%-fevel statisticol significonce

19 : EIBAE TR ERY CAT S L2 M AmlE -
Attribution of CAT trends
Separating the internal and forced signals of CAT trends

IPSL-CM6A-LR (6 members), 1979-2020

-0.2 0.0 0.2

ensemble mean
std (members)

20 : IPSL-CM6A-LR 25l Bk (b2 B CAT S (LZ= ] s ATilE] -
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CAT future changes nﬂ

Northern part of North Atlantic East Asia

1.2

frequency (%)
traquency (%)

215 2030 2040 2050 2060 2070 2080 2090 2100 2015 2030 2040 2050 2060 2070 2080 20%0 2100
vear year

B CNRM-CM6-1 (20 members)
Bl PSL-CM6A-LL (6 members)

21 AL PR K R E e 2015-2100 A BT S8 A SRR ] -

3 ~ AS45-A006

Estimation of Eddy Dissipation Rate (EDR) Using Radiosonde Data and Comparison
With In-situ Flight EDR

FEAHFEA PR ZZ &R A B2 Eddy Dissipation Rate  (EDR) —SURAVELA
f5% > BRI R A EE _ BRI 23R A SEAVEESE « [B 22 BYEhEg o] DIgg IR
£ FL200-300 L\ 2 FLA00-500 ALbfdriysss » mEF AR RER A > THEE
= EDR $84EKf - HRAHGENEEN A - Fill2/DEam#E 90%4EtiaeE » /F
F 0 RyiE e BRI K H N AR BRI B 22/ EAVE R - $H R HITAREE S
HIETE R sE RS 702 -
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Comparison of HYRRD-EDR and flight-ED

(a) HVRRD-EDR P ——
@ 10° 20-30 kft 10° : 30_40 kf‘t :g: } - 40-50 kft

10¢

N n=483624 % 10 n=410421 g 174 n=172,797
£ 10 g 10’ { £10° 1| &
§ 10° g 10° 1 3 10" 1 4%
10' 1) N 10’ 1 S 1o 1 1,
10 BT PO § BN S S S R E-

0 010203040506 07 08 © 21020304050507 0 01020204050 6 708

EDR[m™ 5] EDR [m™ 5"} EDR[m™ 5"
(b) f"ght'EDR n: total cocurrence number in each aktitude range
10 {0 20-30 kft| , ' "Lm 30-40 kft| 4 "’ | 40-50 kft
% :g‘ \n\’ n=3,171,220 g o ‘ n=15,248,232 10 1"L=‘9b n=827,172
§ » ™ §‘° ' .ﬁ"‘r' , = a8
o . VRIS LIRSS

0 050203 0405060708 210203040508 07 0 0D 010203040506 07 08
EDR[m™s") EDR [m™ 3] EDR[m" 5]
» The occurrence number of HYRRD-EDR was the largest in JJA and the smallest in DJF at all three altitudes.
» Atz =20-30 kft, the maximum value of HYRRD-EDR was approximately 0.6 m?? s, which is comparable to
that of flight-EDR.
» However, at z = 30-50 kft, the maximum value of HYRRD-EDR (~0.4 m?? s'') was smaller than that of flight-
EDR (~0.8 m?? 5! and ~0.6 m?® 5! at z = 3040 kft and 40-50 kft, respectively).

22 PRZEIEELE EDR ELEIEEUN] EDR VU3t F iR bhigE -

4 ~ AS45-A007
Estimating the Impact of Global Warming on Aircraft Takeoff Performance in China
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T - IRFEEREERYH T % T > w[LUsEE 50 Keh - il HEREL EE R
0 - [E 26 MRS B W IHERYIED T > BRI REY 0.4%/K - {EEREREC DV EEH
RPGER AR » ZE S alRE N BOR LR 2.8% > PHERIE DECREL % -

FEENTIE LB RENRE EAVE(LATE A REEEE - HEREENFTEE
e R AT oy o B RAFENIR A FEAYHT -
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Results summer-mean daily maximum temperature (Tmax)

(b) Climate changes

(a) Observation
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Results Impact of global warming on aircraft takeoff performance

Beijing Capital International Airport

0.15 —1
abs -
—— hist
= 010 S5po85 (1) Increase in weight-restriction days
E 0.05F The number of days with daily
’ maximum temperature exceeds T
{011} et —
T 80 : : ' )
§ 75t Tf- 1 {2) Reduction in total carrying capacity
g 70} ] —
S 65p .
B':lll] 5 10 15 20 25 30 35 40 45 50

Temperature (Celsius)

24 © RS K, SSP585 fELE I FEMR I ATIE - S L e B B FE A (A ]

Results
(1) Increase in weight-restriction days
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Results Vulnerability

(2.1) Reduction in carrying capacity under uniform 1K warming

(b) Absolute value change (1K) EC) Fr'actio?al crjangt?'(lK_)'
50N} .» h f‘ \_ ; 50N s _4‘ ,:'“n,./,
W, 28 W > 8y . ~_ .
40N :,:. . = “.“ ‘,“,2;,;) 40N c‘:" ‘~ :,.4?%-‘,/
20N “L‘t 74 20N} \‘:"}- v
10N . , 10N e
£ T0E 80E 90E 100E n'oé 120E 130E 140E T0E 80E S90E 100E 110E 120E 130E 140
20 40 60 80 100 02 04 g:s 08 1.0
1 46.6 tons/K 1 0.4%/K

1 542 passengers per summer
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5 ~ AS45-A009
Multi-Index Consensus (MIC) En-route Turbulence Prediction for Asia-Pacific Region

LRk (MIC) J7AB P THUE R ATHE (NWP) (45 R R 2n—4l
Bl TS A R B B Rl dE & - EE AR CERIRTIRS A ZE BLR THHR © AWt5T 148 MIC
HYA (@ 27) B EEE E N B AR SCZ (HKO) AAMC-WRF (— (& Sk EI S S
HlEAYKHEE 10 AHEAYTHHZ4t » 20S-60N 45E-160E ) 2L GPU it A HYEs K TH
IR = (Model for Prediction Across Scales, MPAS)([& 28)kgzs 455 - BRI RHR
202148 H 15 H % 25 H(H: 10 X) » FHBEKRSCESREALAY 352 (n i » Hrp 337
13 Ry R EIEE B ~ 15 5 RiKEEe 2 i ELR - T KIAE#ERIE 00Z Fagafi 48
/NI TESR > hEsTEER 36 /)\1%(2021/8/17 12Z) FL340 > [ 29 #&1x AAMC-WRF MIC
HUEE MPAS K > +RUSEHARI SR MPAS 55 Z REVTHER S — K4 > (E{h%0
AAMC-WRF » T]REJR A Ky MPAS fi#fff5 (60 /- B)#
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Multi-Index Consensus (MIC) Turb. Prediction

* En-route turbulence remains a highly

I - s UF PPy v+ challenging forecast problem
o esaolly dort g1 * Traditionally relies on a “basket” of
gt IS0, TN Yl s ™ largely empirical diagnostic indices
O nglieis.. - e Vet? ) .
**'4_' S L ' *  With the emergence of more accessible
$ j/ g 3 ML/AI techniques, optimal weighing or
e | ji R A S selection becomes feasible
i ) ,"& *  We propose a "Multi-index Consensus
A\ NS {MIC) method
N7 o T, * Weighted sum of non-dimensionalised
i '. AR NP “ vy turbulence predictors using XGBoost
/.." 8 : optimisation
MIC = Z w,D;
]

27 : MIC [9EREH -

MPAS Implementation @ HKO

* GPU-based MPAS v6 code

* Compiled with Intel + NVIDIA
* Using A100 GPU acceleration
* Single-precision mode

* Global 60-km - 3-km (x835586)

* Rotated & centred over Hong Kong
* Model top at 30 km

* 41 vertical levels

* Driven with NCEP-GFS (0.25 deg)

* “Normal” choice of physics

* Real-time trial expected to roll out
before end of 2022

28 : MPAS [1yzRHEH -
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Compaﬂion & Caveats
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e e 1206 150€ e € 1208 soE
*  We started from FL100, so “level 25" = FL340 * Tropical convection generally weaker in MPAS
*  Same T+36 forecast valid at 2021-08-17 12:00 UTC *  "Aliasing” at lower-resolution cells in MPAS
*  AAMC-WRF (left) values generally larger than MPAS (right) getting apparent where faraway from HK

*  But note that both use (old) WRF-based MIC coefficients s But key patterns/systems essentially similar

29 : AAMC-WRF il MPAS [& -

6 ~ AS45-A013
Effects of Distant Convection on Widespread Clear-Air Turbulence

Ab7ERkiEE T 2 EEZE R R 2019 4 10 H 25 HER AR iRE-E i R =
HIMEIZE) fz 2019 4 12 H 3 H(55% Nk < iR RO EZ) - EhpstatH i ARW-WRF
4 {E#EE ~ KPR 9~ 3~ 1 K 0.33 km » sk It A BRI = P R
ERYIERSHEERAH " CTRL , K "DRY | BisHTH#RESE - 45 BT IR
A EMEZE T = EE R b 2 o] DU 22 5 B = Y iE 25 LR - [E 30 HAHARAVENRAE 2 (&
ZE i B Bilod gl o B TKE(turbulent kinetic energy) i SRS 2 » TEMEAR HY 1R
(outflow) A TRHFEAI S REHE R 722 (CTRL-DRY) « iHFEEEHH T /KA I/ Nk
1 ANEA R AT HELRBEN ] > AR5 Z((X High-Resolution Rapid Refresh,
HRRR) & = iligy 4 0] DL ECE St FEH;  UTLS(upper-troposphere/lower-stratosphere) ¥ 7 H
[& (outflow)(ir B » HIIEL 30N THER 245 (X0:GTG) (F RSk £ T HI 2 B HE R S 22 K
#0[# CAT » 2%E 31 -
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Modia Playback Audo Video Subtite Tocks View Help
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| TOP ROW
|+ Simulated TKE spatiall
observed severe turl
in CTRL runs for each case
w2 | * Severe turbulence/model TKE in case
Yo 1 (upper Mississippi Valley in part a) and
YL case 2 (Colorado in part b) at substantial
= :‘4 distances from organized convection

. </ | porTOM ROW
3 | » Strong anticyclonic (CTRL ~ DRY} difference
winds at outflow Jet level

v o s B masat :
AN, J8= | |+ strong (CTRL- DRY) vertical shear below
P —— outflow jet spatially correlated with severe
- - ™ turbulence reports
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GTG Farpcasts of and 2 Driven with HRRR Model Output

*  GTG forecasted EDR values within moderate-to-severe range
in locations coinciding with observed turbulence reports

* Expert forecasting systems, such as GTG, show promise in
anticipating widespread CAT influenced by distant convection
when UTLS convective outflows are realistically represented in
output from convection-allowing {Ax = 3 km) models (e.g., HRRR)

31 : {EEMAARURENAS [REAY A HEE CAT -

7 ~ AS45-A016
Automatic Aviation Turbulence Detection Using Advanced Machine Learning
Techniques

Mz BURE R B ZBCREARA N B 215 ~ IR B & - A5
FIE H /(5% (Himawari-8) A2 EE ~ BUERRHER (NWP) A AR
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e MSPE ~ R EEBCEE ) ANALE - R 2 = [ A AR 484545 Residual Networks
ResNet-50 ([&] 32) - & 7 S IREIEMEH A AN IR > (B0d&nY ResNet 5
HFETEEE ({#HH“Bootstrap your own latent” ) i ARAERCHY 2 B (G 17 TH 14K -

5 Eh a2 BRI 22 GRS IR 1IEC 4945 (CNN ) ERASCKE NWP {5
Y 18 {EELRIEE - EREELRIEE 2 (T12) ~ EEEY) - HERE - RI&FFRER
HimmE LM A E KL > e TESEE2EFHERTREE RN — 2t (E
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GEIR -

Ll pdf - Adobe Acrobet Resder DC 154-tut) - 0

Home fools Lol pdt x @ & Sign In

Input/Output Modifications to ResNet

ResNet is for RGB color images, while we have 4-band images |

e band 8 is most relevant — leave it as one of the 3 input bands
o for the remaining 3 bands (bands 12-14), we add a (learnable)
1 x 1 convolutional layer to fuse them into two bands

ResNet is used on the ImageNet (with 1000 classes), while we have}

e modify the final layer to a 3-way fully-connected layer

—r

_J i .i.l'l.l.a g
3 3

32 : 4% ResNet-50 {Z1E & H45E -
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FUSI\)H

merge the learned representations from Resnet-50 and R(2+41)D-50
models

Satellite Images ’ Resnet-50 . [

”.::"" ‘ n(zu)uso% b
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8 -~ AS45-A012
Development of Aviation Turbulence Forecast System for the Republic of Korea Air
Force

ARWFE(E Y KAF-WRF GTG(2 1] 34) Fy Awe et 2= B R 524 (ROKAF) E {EHY
KRSRAIBFFETHER( KAF-WRF)IE Ry B0 AT S8 ey — (75 el Lo 5% e i B2 5 1
BLATTEER S48 AL 2019 4F 1 H 2 12 H nTAUSHITRIEEBUIE R #1755 - KAF-WRF
A DU B R o Ry = (EAEIRAEAS S0 - /K PAgRE eI Bl R 12~ 4 71 1.3
km o KAF-WRF 12 /Ny BT PR A4S (8] 35 ~ 36)ER > domain 1 1 2 AL THH
ARSI TR MR MR (AUC) &9% 0.8 %Liﬁ?ﬁ%&%fﬁ%?ﬁ? Domain 3 #y%%
IR (AUC HEI Ry 0.76) » AT FE th 3R et E RS TRl E 2 (VE—2
ETTHSR R - e R B = IR At AL Rtas] -
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Computing Remapping the
individual raw turbulence

turbulence diagnostic
diagnostics values to EDR

(3) Combining the remapped individual diagnostics

< Ensemble combination method using simple mean

N
A D ¢ N :the sumber of dagrostics used I D combinasorn
—'{ n ¢ D*: the remogped furbulence dognosse D

nel

KAF- WRF GTG=

1
N
.

< Ensemble combination method with weights based on the performance of
diagnostics

To determine the suite of turbulence diagnostic components optimized for
the KAF-WRF-based turbulence forecasting model, individual turbulence
diagnostics with the best performance in the KRF-WRF domain 1 region
among the 33 CAT diagnostics are selected.

34 ¢ g7 AR A B S MR THER 5248 KAF-WRF GTG -

6 ASAS-2012 gt - VAC v

Evaluation method

(1) Area Under Curve (AUC)

POD (Probability Of Detection) method

« PODY : the probability of detection of “yes” for moderate or greater (MOG)-level

evenls
« PODN : the probabillity of detection of “no” for nulHevel events

Observation

Yes | No

YY
(MOG) (Null) [ PODY = YY+YN

Yy NY
NN
PODN =
YN NN NY+NN

) FOFD (=1.PODN) 1

[Tho value of AUC | => The performance of the system | ]

35 : gl T AR SR MR AUC -
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Evaluation results of KAF-WRF GTG 12-h forecast

Example of KAF-WRF
GTG in domain 1 at 1200
UTC on 17 May 2019

10E 1I0E 1WE ‘ﬁ_ S 0N 2 623 63 035 04 ses ko)

| Evaluation period: D01&02 (one year:2019.01-2019.12), D03 (nine months:2019.04-2019.12) I

(%) Domant (17 ) 1) Domand (4 k) (c) Domaled (1.3 k) - .
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7 g . e
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w [ Ry w + 4
f | Upperimid | o waod
a - —— “ B . 1 - Doman . t -
....... — i ’ - e e " — > e Low 0 Y0062

2 0 % o8 % o 42 8 00 8 S 52 % s %
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Oeoman) t

Low levels | 073788
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9 -~ AS45-A017
Analysis of the Meteorological Fields in Aviation Accident Cases Due to Clear Air
Turbulence

BRI ZE R UTIY » F EE AL RS A v S AV B R SR - EETIRE
B EIRITZ S » BEELUEELR A SEAE A - s & AR e T JEhg
BREREERY R ZZH » BN EIREN - LR T EEIMTZ22 A E{E 2016 FREHYR
fh# (Pilotreports » PIREPs) » i #8H— XAV f i 2B R A 5= ERAS
(ECMWF Reanalysis V5 ) #EfTELIRE AT 5 » BFFEIARNTIE By 1 /NIy » 22 [ g e
Ry 0.25x0.25 JE (& 37) « (T a0 T » Bt » 734 PIREP AR ZRET MR 73
Btk > SR AR A EIE 2R 38 A R % - 2215 A E R A A
BHE o fEEEER - R i e R RS VS TER (% - KEREEVEED]
& (Vertical wind shear, Sv) ~ /K321 (Horizontal deformation, DEF) i &L f5 %4
(Turbulence Index, T|1 = Sv*DEF ) » #5¥ DEF 5881 gLt /0 ARHVAHRR s » (HREIE
HUEEFE n] REfR B 22 (] 38 /r) - 5= > 5% T ERAS BYELRTEREEL PIREPS Bt
TRIE 2 IRV TRA R - ATHIARVIEES - EREREEMEX - #Ur PIREPs G5
ZHIA T E M (8 38 15) -
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Data description | _—

Lo AR v
* PIREPs
* Period: Jan-Dec 2016
* Number of reports (>20,000 ft): s
* extreme: 185 B -
* severe: 5,700 Z - =
* moderate: ~120,000 WA W W e ww W e e B e e
*  light: ~80,000 Fig. Reporting location for all PIREPs in Dec. 2016
* Note: Aircraft model info is translated into 3 aircraft mass types, i.e., Heavy, Medium,
Light by the authors — separate data analyses are made
* (Note also: Substantial uncertainty in PIREPs intensity & location (e.g. Schwartz, 1996;
Splitt et al., 2021))
* ERAS global atmospheric reanalysis from ECMWF
* Hersbach et al. 2020
* Resolution: 1 hourly, 0.25x0.25 deg. (20 km at 45N)
* Pressure level data (model-level data for quick comparisons)
* Turbulence indices calculated from ERAS:
= Vertical wind shear (Sv)
* Horizontal deformation (DEF)
* Turbulence Index 1 (TI1 = Sv * DEF)
37 © ik AR IR E -
Result (2): Correspondence among Sv, DEF, and TI1 Result (3): Statistical relationship between the turb. index

— statistics values (ERAS) and the turb. intensity (PIREPs)

DEF - Turbulence intensity of PIREPs
> aircraft type : Heavy

+ Statistical analysis on the “detectabllity” * Top: Turb. intensity vs. DEF (for
* The turbulence index values for each event sre defined ss: Heavy aircraft
(Considering 1 houry ERAS & average cruise speed g@00km/m) | — * Bttm: Aircraft type vs. Sv (for
+ Madmuam value within the 800 km x 200 km region centered at the E severe thb-)
reported location n * Average(triangle), median(red),
+ “Detected or not” is determined with 4 threshold(*) . - 50%(box), and 100% (bar)

DEF (x10*s?)

Percentage (number of cases) detected with each index 5 " severe moderate  lght
Mate: Indckes caum deiecoad 1 multioe rd ced) * We see general tendencies, Sv— Aircraft type
| retsd s cer ™ * DEF is greater for stronger turb. “ Turbulence intensity: severe
Thealul | V<109 | LWt | 107109 * Lighter aircrafts encounter shakings
oxtrome | 57 | S4RIL | sANGL  8eMlGl with smaller Sv (Greater Sv is o
severe | 2% | emsiinnn) | sswiie | azaiios needed for heavier aircrafts) 5,
- * But, there are quite many outlier <"
* The "detectabiity™: OLF > 111 > Sv cases — limitations of the indices? < |
* But, the diffurences are rot ststisticaly sigrificant - snadysis with moee cases fywary <
nesded; 30, the thresholds Rave been determined subjectmely

= [} Determined subjuctvely wih 16 cases immstigated by ITS8: In future stadbes, the Heavy Medium Light
treesnoid values need to be datermined more cbjectivaly

38 7r K JE| 38 45 ¢ =fEELimfE B NV ERE (4 -

10 - AS45-A015
A Numerical Simulation of a Coastal Fog Bank Event on Nova Scotia, Canada Using the
WRE Model

MZERKPE SRR TR AT A atE ” —(& 39) - ARIHITE
A WRF V4.3 izf&E =t (Weather Research and Forecasting model version 4.3)f&#t 17 2021
9 H 8 HAEHHTR}24 (Nova Scotia) fff T AV FEFE B4 - DA RS & s TR LM 2T
S, > FEEE /KA S 2KM - FE E##fR 1S 10M » 578 500M - (] ERAS
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INEE S ITEGAE R 4a35 » YRS S OSTIA (Operational SST and Sea Ice Analysis)
I HERHE R B SR AR IR DR R RO YR8 Bt T K SR BRI (E AR ] - i fie
GEREUR - REAVKRMiEL GOES f# 2 El{G B £ FIHVREEEE i lE IR EUH
B Rl S Al BRENEE - RS ET - KEAERA R
BEaT 2 A IIAFIZZ A& 40) » ZRE R RBE AN ZEIE & - 2800 » H
PEEE A REEER » RIELFEAE H 3R FIRA -

Introduction

Fog drops ceiling and horizontal visibility significantly and thus threatens ship and aircraft operations and
even ground transportation,

Nova Scotia (NS) is one of the regions where sea fog occurs most frequently all over the world (Dorman et al.
2020). To support safe operations {especially the Halifax International Airport), understanding generation
mechanisms is required in this region,

A fog bank was detected over the southeast of NS at 1230 UTC (0930 ADT) 8 September 2021. Satellite
images (GOES-East) suggested that the fog was initially formed on the southwest tip of NS.

The generation mechanism of this fog bank was investigated based on a numerical weather prediction (NWP)

model.
GOES £ 20210908 1200 UTC
True Color 20210908 09:00 ADT

ke St John's

area fog
v BB
£ Maine

coast fog

N a uth SE NS coastal

fog bank

40 5%

GOES-East true color image at 20210908 1200 UTC

39 * ISR RPEE i F HI I 2534 -
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Results: Horizontal Distributions of Fog
at the fog formation time (20210908 0000 UTC)

'S
F 4
‘ T -
W we f'.
. v ~ 158
| - "” ' -
13 ‘a
SLP, SST, 10 m winds, and fog distribution from the WRF GEBCO bathymetry

SST at the offshore of the southwest of NS was found to be colder than the surrounding areas. These regions
correspond to the location of the persistent sea fog in the WRF simulation,

Bathymetg/ from the GEBCO data indicated that the depth at this location was shallow {i.e. continental shelf)
where cold SST possibly due to tidal mixing is expected.

40 © PREABEEE R LR SIS AR -

11 - AS45-A010
Characteristics of Low-level Turbulence Observed by Unmanned Aerial Vehicle in
Suburb of Seoul Metropolitan Area

Fe A4 A f% (Unmanned aerial vehicle, UAV ) HYEE KR FE I E » T 8 5 55|
B2 R R E I ASHE SR R L2 RITEMER - ARI9EE 2021 FE
il (7 H30HZE8H 27 H)» ARl E R &0 - (A T B E R BRI A
BT T PAMVEDHIE R (B 41) > W EAERZ & B2 L F R & R ETR -
B Ry RIFMEE R BV R RAEE - S A AEEPHE - EE4Y 150M 5
FEHIEZE - TEABRE 10M SiEA 30 MPiVEREE - BUAEEE EE /K EZE ~ EA4r
A (A~ EB AR RTE ) ~ K& R (E 42) - BRI ES AN EETEEE
FEHCH (Energy dissipation rate, EDR)  i9545 580 - & AR T7E 7 LY NI B
2SI - & PEAE SR E R AT R TR R 22 B AH S KHY EDR > AJRERYIREA
e B 7 B SR F R FE RS 2 XSS 1 EDR WYEEE S0{fih » SR SH
P40 100 2 150M B - AHEEDHI R R gLt B EDR([E] 43) o ARAEHRHE A
M T H BN et EE S BN EDR » W ZER M EEELR Y H &K S8 B4 E -
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Description of field campaign

* Period: 15 days between 30 July and 27 August 2021

¢ 81 selected observation sites in suburb of Seoul metropolitan area where
observational flights are permitted by the government (and residents).

* Considering site availability, discontinuous observation was conducted
between 00 and 09 UTC.

Unmanned Aerial Vehicle (UAV; or drone) and
measurements used in this study

= FT742 SM-FT Technologies (Wind accuracy: 0.3 m s?)

* Quadcopter with total weight of
6.8 kg (~15 Ib)

* Recorded variables: 2D
components of wind velocity
measured by sonic anemometer,
location (lon., lat., and altitude),
and positioning angle (pitch, roll,
and yaw angle)

* Recorded freq.: 1 Hz

41 © (I AREHET T PSS R -

Description of field campaign (Cont.)

* Flight/observation strategy:
* Vertical take-off and landing (VTOL) drone without horizontal movement

* Drone will be cruise mode at every 10 m for 30 s until it reaches 130 m
(for 30 or 60 s).

* At 150 m, drone descends vertically for 100-120 s.
* Duration time for each flight: ~10 minutes

| Example of time series of wind (zonal and meridional wind) and altitude

0400 - 0411 UTC 30 July 2011

150 — N
—— Uwama
— g

* Although the length of the pole
attached to the drone is
designed to minimize effects of
propeller, it is considered that
there might be effects of wake
due to descend in wind
measurements.

90

Attitude [m)
Wind [ms']

i
.
24

100 200 M0 0 K0 80
Recorded time [s)

42 @ fiE NPT R R el
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Eddy dissipation rate from drone-based observations (Cont.)

Time series of EDRs (EDR1 and EDR2)

Open-space areas

Highrise apartment complex Nesr thi ey
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12 - AS45-A008
Detection and Analysis of Aircraft Icing Using Dual-polarimetric Radar

FRISAERITRART > FEKEHEHE EENE 7y & REIRENIR S _EREKES -
SEEEEME I - IR D - BE R REE BRI - MEIRSEER
B 2 H0a(Weather Radar Center, WRC)FIH 3D &5 2 BB FIEE N RIREE R - B
7 BB Ae MR KAV RE » BRIEEEAN T © O AT R (Zh)st B R 10 F|
30dBZ(Green and Clark, 1972) » 743 K2 512 (Zor) 1 0 F| 3dB(Vukits, 2002) ;5 & & [E £
-40°C%1 0°C (Mingione etal., 1997 ) - J&2J& & 80%LL | (Tafferneretal., 2002) - i&
fE/K & & (LWC)#E 0.1 1 2.9 g m-3 (William et al., 2011) (& 44) - FiZe4E GRS KL
FE57 Ry 6 {EFEEL - B rTsE AT /KIS a5 H A [E aFH s bEUR (& 45) - 73HrE
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Data and Method

Q@ WRCE

Read 30 observation data
(Temperature, Relative humidity)
v

23

Get an altitude where the temperature is
-40°CsTs0°C

Read 30 polarimetric radar data
{7H, 7DR, KD, RH, HC)

+
Calculate LWC using ZH

#AWE (gm) = 344 % 1075297 [Hmm* =)
[Geeen and [k, 1972)

@

condition (@)

Condition 3-1

cond-non @-2 condmon OF ]

Condmon G-4

[mmmum mmj

B

44 : KRB B 2 BN E
Data and Method Q@ WRCE

* Icing Index

My
Condition

e TorRH Radar parameters or LWC
1(ECHO) X X/0
20 © X
3Py © 5%
apeem) o 50 %

o 75%
B o

& 45 :

SIMPLE
— ECHO
—» _ICPM

30

- ECHO: Precipitation region

« ICPT: Potantial areas of icing for tamparatune and humidity
~ICPL. Low patential aroas of iding

= ICPM: Moderate potentisl sress of icing

= ICPH: sagh potental arcas of ioing

« ICPE: Extrome potential areas of icing
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Case study (3 : Icing in stratiform clouds Q@ wreE Case study @) : Icing in cumuliform clouds @ wacs

» Icing in stratiform douds (2018, 11. 21) > lgng in cumuliform clouds (2018, 10. 05) i acleast)

()8 H3H

1~ AS32-A010

Future Change in Extreme Precipitation in East Asian Spring and Mei-yu Seasons in Two
High-resolution AGCMs

IETFEH FH W 4H = AT SR e (HIRAM Jz d4PDF ) ZHeE i R S gl 2R ks
AR AR /K A - 8] 47 ZER 704 b a] DLEEER HIRAM TR SR EfI A BB
i P B I SRR LT d4PDF ARS8 A HIRAM 28y % - B H [ pR 53R -
99 9 53fiz (99 Percentile ) [ENq5i/E s8R HBHRBAEE S » (/D RBAZ NN > Tl
PR TP 2 K38 4 - IEMsH A A By — 2 - R bl B LA
A - (8] 48 BURNAEAEE) (EEEFE(L) SEHD UGREL) EAVRTHTENE
B iR B LA VR IEERCE - AR EE A A EE AR R AP
FERIEVE SBENALE - DUALBREGINE -

31



(H) HIRAM (D) d4PDF
a) Meiyu:mean

15 10SE 120E
D) (h) PR99

-----

ol ¢ o 8o a0 :
150€ 105E 120E 135€ 15 105E 120E 135E 150

47 : HIRAM K d4PDF bl 2R 1P P s L ~ BRI [Pl SR

SR, 99
T4 R R 2 2 3

Mei-yu
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moistusre
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historical 2xpesiment

—
rcp-his

change in molsture
transport between
historical and warming
experiments

a)

dynamic (V) rrsrsrrReny (Unit:e)
48 1 KSAS - B0 BB L2 551 -

2 ~ AS32-A008

Roles of Air-sea Interaction in 2016 East Asia Heat Wave: Impact of Air-sea Coupling
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Schematic diagram for impact of air-sea coupling

(D Trough over East Asia
—r was enhanced in
- N \ both experiments
due to the
overestimation of

BIOda”d \ / tropical cyclone.

| " / 20 Trough over WNP
\ / unreasonably
/ \ / developed in CTl
i ) \ @ SST /’ expenment due to

~ e \ X , the unrealistic positive
€ — 7 feedback.

(3) Development of
trough over WNP
s FNL was suppressed by

LIl representing air-sea
== = CoNNST interactions.

50 © W FEas R &IE - 500hPa B A= 5 Rl -

3~ AS41-A004
Lightning Activities in Typhoon Clouds and Their Relation to the Typhoon Intensity
Development

RPN E R B EE AR ERE - BS ~ 1857 ~ MEfnEE - iz aE)
RBHPIEBN 24 (V-POTEKA) « Hirfr - V-POTEKA FCif 7 —{EIEH E5H (very
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V-POTEKA S ns st B E (L Reffo i1 PAR AL E - Hf& - bhf T 2018-2020
R 5 i DA B B B LA P e\ S FE B
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ESTSAIRE R} - HRiBEHY 81 (EmEJE\ T Hy 48 {E#EfT I AHRE 34T - 45F(2F1E 51):8
B AEIPIBE BB R GRS (F KRR Vmax FIE(ESRER Pmin) AYRFHE(LA
B8 (Vmax iy R=0.54 > Pmin iy R=0.56 ) i H PA &% B i fite o\ 56 & 2 [ {1 HH IR ]
FEHE (Vmax+3Lh > Pmin+35h) - 5 (AFREPIEIGENHIIR(EAE ST - He 50 E HIE(EAE
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(JITYVYL VS, 9'-1rU|'f:nA)

Y > 1YF
Number of Analyzed Typh Events § y of C dation Analysis (JTWC va. V-POTEKA)

Cat. 1 33-42 6 ovents — 8 e L R L m
Cot. 2 43-48 6 ety ‘
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Cot 4 59-69 & ovems

Cors 270 7 ovemts Median 056 +36 054 +36

TOTAL 48 wvents

Min. Pressser v Lightniag (R » 500w Mas. Sen. Wind Spewd va. Lighming (R = 500 )

) ‘ ’ o 1 2 )
Typhown Categery Typhosa Casngory
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@ Lightning Rate : Lightning detection number in one day during the typhoon lifetime
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4 ~ AS12-A003

Marine Boundary Layer Jet (MBLJ) Over the South China Sea: Climatological
Characteristics of MBLJ and Cloud-resolving Model Simulations for a Heavy Rainfall
Event With MBLJ During Mei-Yu Season

AR H] 2008 2 2012 £E4k 5 ] - BSERETTRMN T SR TR 28 F o
s - i ZE ) E iR r LA 22 iR SR (Marine boundary
layer jet, MBLJ) - MBLJ A~ [G] i~ B §4 1 2+ AH Bl Y (e 7 (low-level jet, LLJ) - 4
JEFE BLI Rys LR/ 1000m LUNAY LLI - FEREHAR] - raAgdLEAY MBLY S{: £ 52
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Asi2-a003 Marine Boundary Layer Jet (MBLI) Over the South China Sea: Climatological Characteristics of MBU and Cloud-resolving Model
Simulations for a Heavy Rainfall Event With MBU During Mei-Yu Season
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5+ A S12-A005
Potential Changes of Typhoon Characteristics Near Taiwan Under a Global Warming
Climate
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AS12-A005 Potential Changes of Typhoon Characteristics Near Taiwan Under a Global Warming Climate
Chen-Hau Lan’, Pay-Liam Lin", Sarah Lu* Wet-Chyung Wang*
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Irreversible Response of East Asian Extreme Precipitation to CO2 Forcing

PERFFE R s E AR > AR S R S EhRRE s MR RE 2 R AR -
B TAE R G BRI FAAIRES - 1 ELAFFE T T AE 5 5 B8 or B (AR i [ 5 1
o (B 55 R HEEREGTES » (] CESM1.2.2 ETARACRIFEME - Wik CO2 AR
FERRFH BN BEIVURE » MR RE R AIVRRE - HERIGRIAEREEEHE
> [H 56 #R(E CO2 [BIFIF AR R IRRE K iR BHEE R = > 11 B ERRE & AT
INE BRI SRR TR AR - B T MR (EE SR T R R A —(E El
Nino Like Pattern Ejj[lj: Gill-Type Response AT AVAER. » B &L A E
T A2 (Al 2 2 1 R B B e S Y R PR RO RS (18] 57) -

37



Experimental desi

gn & Index

CESM (Community Earth System Mode) v1.2.2

~
'fREVERSIBLE + ldealized CO2 remaoval experimant
. ELISATE + Increase 1% per year { ~ 4xC02)
o J CHANGE _
C:? / RESEARCH « Decrease symmetrically ( = initia! level)
2 CENTER . 28ensemble members

4% CO
COy Concentration (CESM1)
Presant-day Ramp-up Ramp-down Stabllization

= 1500+
&
2
& 1|
W
o
2 oy
&
‘-

|

llADD 1900 2000 2100 200 2300 2100
Mode! Year

55 * et FEE BRat it o

Global mean SAT & PRCP EASM AR30mm

»”
— L, forcng > -
1o Glsbel mnen SAT s e e o
— R
Gistwl mwan PRCP 35 1.9 L
- 12 - “
§ o an g " §
= " B
o ‘= =
] ™0 e o "
o » 114 ool
M o
2, .
ne 118 b
L s
(L ) 2000 10 0 am um oM - e Moo
Model Year Moded Year

56 : ST P KT B R 30 mmiday HUSE -

2) Influence of El Nifio-like warming

f—i 3 < Rt I’«(-L.r':mY . »-“' . 4 H:n -
‘ = ¥y
/hx‘f\. - £nk‘§\ £A\ e ﬁ .

T £ 1w B o ) - Ly

SST |R30mm>%0p, RDRU)

-
=
e

.
x
ﬁ@w.

nee

[T W (oD

* SST - enhanced E1 Niflo-ike warming pattern

(Gill, 1980, Wang et al, 2000, Wang et al, 2013)
Gill-lype response & Pacfic-EA leleconnection

* Anomalous anti-cyclonic flow aver WNP (Gill-type response)

pron o
s * North-westerty anomaly in westam flank of cyclonic flow
SST cooling over WNP ( positive WES feedback)
e
N * Anomalous cyclonlc flow (Git-type response)
Q- « EI Nifio heating over eastem equatorial Pacific

B 57 @ BT R PR R

38

» Kz Gill-type Response °



2 ~ AS33-A002
Relations Between Upstream Conditions and the Intensity of Orographic Precipitation on
Main Mountain Ranges of South Korea
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3 ~ AS33-A013
Orographic Precipitation Associated With Typhoon Meari (2011) and Development of an
Orographic Precipitation Model
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Vertical profile of potential
temperature and equivalent
potential temperature

Skewa T-logp plot of Banciao
sounding (0000 UTC 25 June)

oncoming flow would mostly climb over mounta

Froude number (Fr) = — flow around

U:20-25ms? N.:46x103s! H:1km(MSL) Fr:43-54
60 : FEZEERIEA Frude number -

The time series of WFS

Horizontal distribution of rainfall accumulation Radar echoes and
Precipitation intensity (PI)

Upslope Model +
(DTRGN+CWB+WFS) Seeder Feeder
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4 ~ AS33-A019
Mesoscale Analysis of the Extreme Heavy Rain Event in Taipei on 8 September 2018
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4. Convection Characteristics

® From 1600LST 8 September, the convection
started to develop and present a cold cloud top
signal on the satellite Images for hours.

@ The perfect circle signal indicates high cloud top
and rotational circulation.

® From radar loop, the convective cells initially
formed at the north coast (windward side), and
moved southward over Mountain DATUN.

@ When the system moved into Taipel Basin, a
clear cyclonic-rotating feature was found in the
reflectivity images and suggesting the existence
of a vortex feature in mesoscale.

-
62 1 EPRABILALE -

6a. Mesoscale vortex identified by rotational signal of
radial velocity

Pt T ot (1505 LAY Beemen 18

Red line: Reflectivity > 40dBZ

While convective cell
moved into the basin,

. rotation signal appeared
L after 0900 UTC (1700 LST).

Pronounced vertical
variations of radial velocity
on both side of vortex
center were observed. (see
next ppt)

TEER L X

v’ -
TS e e e o e e

2.5 degree Low-Level, strong 14.67 degree Mid-Level, strong
northeasterly in the north southwesterly in the south
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5 -~ AS45-A014
Retrieval and Quality Assessment of Wind Observation From Mode-S EHS Data in Korea
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Retrieval and Quality Assessment of Wind Observation
from Mode-S EHS data in Korea

Jeongmin Kim* (jmjm22@snu.ac.kr) and Prof. Jung-Hoon Kim" (jhkim99@snu.ac.kr)
School of Earth and Environmental Sciences, Seoul National University, Seoul, South Korea

Introduction Method Result
Research objectives Research flow Number comparison Horizontal distribution
+ Obtain high-resoluti & Cauttewindvector » e o
) e -\ ) } === l o - _‘
{(Hexcode) H Wind Data o woon |
‘a Tawow| | - 5
»»»»» e =R b
R e . S i i
o ] Tl coluion - o S B G R

o
f the Mode-S EHS wind data are significantly wider and denser than AMDAR near the airport.
Triple Collocation

What is Mode-S EHS?

\Salelnz As a part of Air Traffic
(ATM) system,
LN
{Giobat Navigtion \§
Satelite System) en een the
P2 s 1 d Speed; GS) and the speed o .
ﬁ' . vector TAS) observed at the moving aircraft. e
L ; | Quality Control iy
— e data provided went through a preprocessing process for e
. 8 ) ¥ b
e 4 i

s,

so performed on fluctuation values of
(TAS, MHED, TTA, GS) that affect to
retrieve accurate wind vector calculations.

Data i

Mode—S EHS .._._._l. =

Period : from 7 May 2021 to 24 August 2021, about 4 months.

* Mode-S EHS data is collected from the radar located at Incheon International Airport (ICN).  ~ .~ .
+ About 1-Hz frequency of wind data was retrieved.

wod speod rch) b
& dssbonol e AMCUR DR s dcrspancs iV wod v o 1 omer aRhtes (5 aspacly 10475 1P
AM DAR & E BAS & ot * The wind observation based on Mode-S EHS showed similar quality compared to the ERAS re-analysis data compared to AMDAR.
* Aircraft Meteorological Data Relay (AMDAR) as a comparable reference aircraft observation. bas ‘A4 syt o + There is a positive bias in V-wind component in the Mode-S EHS based data in 1000 - 875 hPa levels (planetary boundary layer).
* ERAS reanalysis data from ECMWF with 0.25°X0.25° horizontal grid spacing as a truth field. e o g of ERAS
This research is supported by the National Research Foundation of Korea Research and Program
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6 ~ AS45-A011
Ensemble Forecast of the Simplified Forecast Icing Potentials Using the Global Unified
Model of the Korean Meteorological Administration

R (B 65)7 4 8 B R S8 2 BRI =AY AR /K PR S 22 i (Simplified  Forecast
Icing Potentials, SFIP) » LM CIIERNEEEIRA SRS (KMA) 1YREREBEER
A TFEEEZC Unified Model (UM) » SFIP B9 50k © i A S TESErE S8 - 4
HRE - EHRENES/KEFE TSR  mEE EEN NG R RS EmD
WF9T s (51 B 1 IS S AR 2 B TR £ (time-lag-ensemble > TLE) » L 2021/5/7 % 8/24
EEEZOE R REHEBMTERZH L (NOAA/AWC)FZ (LY PIREP FEinf% » 335
&ith TLE 1A SFIP ZE &S Sl A s ariatcks b 39 i TLE HYZE i
A T TLE FYRE /K FE S S 38 -
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AS45-A011

Ensemble Forecast of the Simplified Forecast Icing Potential Using the
Global Model of the Korean Meteorological Administration

Eun-Tae Kim* and Jung-Hoon Kim*
School of Earth and Environmental Sciences, Seoul National University, Seoul, South Korea

TP igriom. Rets

+ Simplified Forecast Icing Potential (SFIP) is an in-flight « TheSFIPindexiscakulated as * Optimization
icing diagnostic algorithm developed by Belo-Pereira SFIP = My(aMyy + My + M), o Morcrta et ol 09 et the s of chud ca et conear: (CVC)can et ary possile ncrtectphase
(2015) that uses only numerical weather prediiction e e e M AT N o s mamberera partition in the WP model. Indeed, the UM-GDAF the CWC on the
(NWP) of temperature (7), relative functions described in Morcrette et al. (209} and ungkxzmammuw K:me(alZOZZ]Th s, itis concluded
hurmidity (RH), vertical velocity (), and cloud fiquid Figurel thatthe!
water content (CLWG) A . ° Membelshpmnclmareomrmzed to the 34 months of MOG p\nsps by fiting the function to the probabilty densty

* Al the weight combinations (a, c in the )

e ey AT i S e o 5 T s
"9"'"*‘&".‘;‘;"9’3“’”""‘3' ‘3"°'Ied W‘f&"‘a’““”:: (See the paper). ® MAU&fcreachversmmwammwmmmnmbﬁwmﬂwr\gmehgh&
g ed 'MNM D“bbal ’“"“"‘I ol AUC for the UM-GDAPS, This version is defined as SFIPjas (Table 2).
Prediction System DAPS), gl odel of d M M M. M o The SFIPau was moonmesagam Wy size of the PIREPS It s verified that
Korean Meteorological Administration (KMA), for v it w we e o ik 4

| s igure 4)

better icing forecasts.

+ Also, the probabilistic SFIP forecast based on the time- 4 = 7 ul = 5 ==
(TLE) istested in this study. m— | | 4. d ]
T RH.w,and CLWC al 209) \ | il | | Figure 3 The original
| 1 1 | (bue) and fred) new
: 4 membership functions
Data and Methodology : - A With PDF or COF (oars).

* UM-GDAPS forecasts Severty | Counts Perceniage | Tablel AUC ™G MOG = o Figure The
& ol ’ 49,906 1926% | Countsandratios ;
TIRERKt R RODEESRINCM RO e Nall L SFIP, | 0624(0706) 06390727 Jrﬁam‘m Eogmm euitad)
were used in this study, which has NSI2 resolution TaceLigh | 15567 o | forexchiong it / andupper (dashed)
(23 km spacing in mid-iatitude) and 26 isobaric Tight- B 066070 07019 | 0 o nanding |-y boundary of ROC
levels to the model top of 04 hPa. Moderate L) S% | research period. SFIP, | 0709(0728)  07310750) | soverity ACSin p curves of 24-hour
Moderste EF) 437% SFIP, | 06890725 0705 (0.745) |porenthesssarecnes S;:"\::m
+ Receiver Operating Characteristic (ROC) i 82 032% SFIP, | 0707 (07306) 0728 (0.7523) i**;\'g‘fszw == =2 the1,000 randomnyy
o Theodgiralarclopimized 5P hastady Severe 726 028 SR | 0710 0753 ateropurmizaton : - resampled PIREPS
area under the ROC curve (AUC) rep g the S o o
performance skillof algorithm. —_ =
o Unity of the AUC meansthat it s perfect algorithm, ST - - Fgwe2 o The TLE-based forecast seem to be feasibleand
while a value of 05 means that it has no skill for Vertics! Upper)end useful as AUC of 12- to 36-hr forecasts TLE mean
forecasting. SFIPaus is higher than those from single
e and Figures). !
« Piiot — eikrnhs o The test of TLE-based probabilistic forecast are
o Iing PIREPS for 34 months from 1 Oct 2015 to 31 Jul B, Counts foar) and shown in Figure 6 The SFIP,u thresholds for
2018 were sed to evaluate and optimize the SFIP e be obtained by w T - -
algorithm. —ve— g el methods such as True Skill 550"5 This will be g\:\fmdm =4 Figure & Test results of TLE probablisic forecast or
o The model output variables on the nearest grid e el el g conducted in detailin the future 20N SAPaw 40 icing at 10K ) and 20K ight) atudes
point from the reported location were selected to . — rester (MOG) e — -
o ST T O —
o PIREPs only between 500 & and 25000 : were - LA N O roring " The optimization of input variabie, membership functions,
Used 55 g fwere Facly eRoried. n gt Yo pc-bl and weight combination in the SFIP against long-term
troposphere. - PR W chesrations % Reference
o Due to the lack of PIREPs in East Asia, the PIREPS T bl il the skl performance for infight g, pereir m, 2015 Meteorol App, 2705 75
reported near the US. are mainly used in this study. 'S . Morcreme etal. 2019, Wea Forecast 34.751-750.
o TLE-based SFIP forecast s feasible and more Useful than  im, £, 1H Kim S.H Kim, and C Morcrette, 2022 Simpified
- S single forecast. The development of TLE-based probabilistic  Forecasting Icing Potential Algorith for the Giobal Operationsl NWP
T T cing forecast will be conducted in the future. Modelin KMA, Ve Forecast (n evisin

[l 65 ﬁ%lﬁ%ﬁ é\fﬂﬁﬁﬂﬁﬁﬂﬁﬁiﬁﬁm SFIP FeH A S PSSR

7 ~ AS63-A004
Taiwan-Philippines VVote-meteorology of Typhoon Study

28 RIEEE M BEEHEDK L (Volcanos ) ~ &% (Ocean ) ~ FgfE ( Typhoon) &
HiE (Earthquake) FVEEES{EMIZEETEZ - fEfE VOTE » HIEEEE DOST (RBHHED)
FIEZE MOST (RHLHES) HLEIHEIT o RIS E R REe A [EIRF R RS T HIRE
JB - THERRE ST - F it AW D o B ZEBUIE R SR R e A THER A (WRF)
FIZEf#EAT E M=, (Cloud-Resolving Storm Simulator , CReSS) %ﬁ&{ﬁ?ﬁiﬁﬁ—bﬁ

- HATRER Kyt Z2 BRI SEERE G AR EENET - 58E K - SHERTEIIEE
7% FE 5 P LA o L o i 1oy 2 e R U B R E EAslaﬁ% /m%fﬂ[?ﬁ ATIEE
BEEBUIASH - S L& KRB TR DS R THEE 24 - (X R SO RTRERZE
i e e BE LY T FH R R RS w2 2 (18 66) - 55— U5 - o Re R REIT R
WEEFSEEE N E e B AV E I EIAE L - R FFERETTATHETE » THeT
HRES 2022 4 8 HEA TR Eras bt & ek - 2023 4 5 HNEJEHIRE{T VOTE 4845
bt -
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PHASE 1

Project #1: Typhoon formation, structure, and intensity

change in western NP and wave observation and modeling
~h

. Improve typhoon monitoring by using satellite
and radar observations (PF Lin, PL Chang, G
Almario, L Lagrimas)

. Establish data assimilation and numerical weather
prediction system (IS Hong, M Bala, G Mira)

. Develop typhoon forecast guidance and
verification systems (KC Lu, J Galang, R Guile)

4. Improve storm surge and wave forecast (TS Terng,

TIV - Mo srde) i

(R)8 HS5H
1 - AS13-A017
Seasonality Changes in Terrestrial Precipitation From 1979-2018

FEBEMFHRTER > R ERIE R RFATEAINENE - (AR E e
it R SGEIRIARARY - ICHAERC R R R IR R - AR > B
BN Ry R NERE FRYZZSEE ([ 67) {2 Bk o s Eh 2T —(F
BRI B - EEREEEHE L FERRS TR ERERE
MR > SRR TR 2 o FRRFERNIE o3 BRI ) R A Bk 17 73 A
A DLSEEH T B FACH Y 400hPa Ji T /KRS 2 > HE T B2 R g b sk 1
=E it Moist Static Energy (MSE) &I (& 68) » 1172 /KRR £ E 2N i %
FKRERE FTIEEHY > T SRR &0 R RE 2K B R = BRBRA b T B R 5 AR R
D > EHEY DR S AT -
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2 ~ AS46-A003

The Reduced Seasonality Over the Pan-Arctic Region Under Global Warming
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BERSE EEAE R S Pa(H A 58 th LBl it el g 2 2 2 BRER RIS IS R
FEPRIEE I - (AR RY SR E TS - (E#&{EH CESM2 Large Ensemble #E17534f -
M FZKSRIS o s am B g IRV IR N ([8 69) - [ 70 BURiEKRUNZ Sy
AT AT DA B T SRR PR AT L2 2k B K FOK S TERT B R - PR U S8 L 2
—EETE > ANlE 71 FoR > 1] DUE R —BHER RS SR I e LR PR AR R P (H A 5
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JLEBHEE R RS MK o I — D T 22 AR PR 0T T DA ERIEIL RS
— B FIBOM P EAE e A nE th AL Bt & - HKSP KR AP R AR B P {E Al it & Yy
VP A TREFHVRHER T - LIRS E 2 BRBR AL T HYSE 5 Zn e[ Ry P R FE I fE 2 4R
KL TSR AR > EEZ2FE R P& RO R EBRIRSEH L E -

1920-2100 CESM2_LE Precip Daily Seasonal Cycle
North Central Siberia(45N-80N 60E-S0E)
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1920-2100 CESM2_LE UV@300hPa Ensemble Mean Trend Maps
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3 ~ AS39-A003
Development of a New Balloon-borne Particle Imaging Sensor and Terminal Velocity
Measurement of Precipitation Particles in Clouds

4R IR FE A 1680MHz S 457 8587 K7 iR B 7Kk - [l - 2 [al st -
Takahashi (1990)5r55H7 Videosonde F]{E N T-HYE I T Hlife 22 | R HIbE KR+
iR - ACFRRHLIR A KR T (QOFRE ~ JEMF: ) B/ NI ARERE & > EARE
FHE B 2 F ORI S A 2GRS o AR E T — A AR
SOAGIRAREEIR M o RO R Ry 400 MHz A5 B i dp 4 [ B (8 (20 240
'Rainscope | » &%I[& 72 -

Rainscope 77 25 L (1Y WA {IE]1 414 ME a2 I 52 2 245 B L 20O & 35 rpokis 1Y &% g 2
[§ o X EEEURAIE RIS A EEGRE I )T » e frFE RFHVEE
MERERIEIGE & > 2022 4F 6 H 25 HEUHIE SR AIE 73 - fE80m R LR HES
so B T PR A/ NEEE I R S AU BRAFEE Atlas (1977) FRHIAVEESAHTL -

ole compressed in the Rainscope, and ene ima

Sl images are capiue ! S n L pey oY € 1ages ol ane image is
Inscope tranemitted to the ground by the 400 MHz carrier wave svery 2 seconds. Camgact and lightweight, using bicdegradasie maserials, and a small and
Jow-cast recelver,

Particle tager ottaned trom Raimecoe
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Left: IMA radsr ot 13:10 JST on 25 June 2022, The color bae
Ingdicates precipitation intensity, and the X in the figure -
Indicates the Ralnscope launching site (Aso Rl Park) -
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Right: Particle sizu - sltitude distribation oblsired from
Ralnscope. redO: raindrop, medium-blacklr: particles in the
proceds of melting, blusC: frozen particls, greenly: graupel 0

pink X joe crystal, orange
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4 ~ AS39-A004
Thunderstorm Observation by the Phased Array Weather Radar

RIRKREHHALFEYIEEEE (PAR) Z&EHR Z A E AR AE H AR Z(E 5
HBERATFEAT(NICT) HYERY FRASIE 2012 SERAGETE - PAR(E 74)(IBHE
100 (B H A==\l ~ 5 i Ryttaimies - 3D fmlmdi/E iz 60 25 - 30
it e RS PR e 1 R D T e BB el 2 - ER i 24 (BR&Ti 5 2 A
FEMEER A > PR EREHETT A LR 128 (BT R ST IR E SR - DUZRCER
At o WFEEEES T 3D nowcasting model H HAZEHE M i et 7K S5 4 o 25 P ARtk
g9HARE - 258 75 - fELEYF PAR 1% LSRR T B EER(LAE IH YT PAR I
By 2017 SEZRAE AT - I E 30 MR E Ay —4Efml - FHRCSHE
HGRERHKZCR S BIIEE DS TN AR -

50



Fast Scanning Strategy

Parabolic Radar Phased Array Radar
V&2 ™

PARABOLIC TYPE { PHASED ARRAY TYPE
* Pencil beam *Fan beam
-<>mechanically scanning both in «After receiving at 128 elements,
elevation and azimuth sharp beam is formed.,
* Parabolic antenna goes around -> Electrical scan only in

in a certain elevation angle \\\ elevation /-/

74 AEL PSR 2 B P AR o e LR -
3D Nowcasting Model

75 : 3D K 2D nowcastingmodel EE¥f[E] -

5 ~ AS42-A020
Rainfall Distribution and Formation Mechanism in Yilan Plain Area During the 2020
Yilan Experiment for Severe Rainfall

A RERALET RS A E R L AR A 2 A6 T R E 41 - iR T iR
SRR I R B PR L B R BEE  mTAIERR TP eI R INEA HA i E 2
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T 11/23-24 Episode — Surface winds + Rainfall Time Series
: 2% da \Mi. ' -

| ,;.Z'ef |

N0 22 Do LT

2 -

Full bord menes | ;s ™ Westerly mnd

* Convergence line propagated from the southern foothill to the north coastal plain.
* The precipitation is still concentrated on the southem side of the convergence line.
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6 ~ AS42-A014
The Impacts of Mid-level Moisture on the Structure, Evolution and Precipitation of
Afternoon Thunderstorms: A Real-case Modeling Study at Taipei on 14 June 2015

BERSCE Ry 2015 4 6 H 14 H - ZA0EM TR EVE TR R4E5E » El5alEmk
Replg 22 131mm > AEEEIL T A RHEEEE K S0 - AUTFTE WRF U T
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Fe¥E55 ~ BHAAEY & 0F DU 2 AVARAR « ATUSEHEE!T 17 4 X /g 700 % 500 hPa
MHEHRE (RH) HEJ8 10%7H1 20060y S {H 22 BB BR - RS SR EL IR AH F I i
GEELMETT TELRL - @ E IR E TEHERE N EEA LIRS M BRI TSRV
BRI G E B 58 ~ B RS ~ ETHRIR R BT~ RlEAKP
DL ERy7ER R (B 77 ~ 78) » LUK KERAVEAE LG5 (30 77 3 A PR a2
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Forward trajectones were
calculated from S-min model
outputs for a total of 200 air
parcels originating just north of
the gust front before the ATSs
propagated into central T8

Initial heights: 400 and 600 m
Color scale: trajectory height
Gray scale: qc + gl

63% and 51% of parcels rose
above the melt ng level (- 5
ASL) in CNTL and DRY2
respectively. On the contrary,
only 24% of parcels rose above
the meiting level in WET20,
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AOGS2022 Virtual - Program Overview (actual will vary)

Search _Presentations, Browse Abstracts | Sign Up For Free Events

Daily: Open to All Presenters & Session Chairs Enter Room Here

From: 08:00 - 12:00; 14:00 - 18:00 , for configuration testing/rehearse your

presentation/check recordings

Attend/Present - Open to Fee | Free Events - Open to Anyone
Paying Attendees Only Interested
08:00 - AM! Oral Sessions | 08:00 - IG Section Kamide &
09:30 09:30 Distinguished Lecture
10:30 - Opening/General 09:30 - IG Section Meeting
12:30 Assembly 10:00
13:00 - PM! Oral Sessions | 16:30 - PS Section Kamide &
14:30 18:00 Distinguished Lecture
15:00 - PM2 Oral Sessions | 18:00 - PS Section Meeting
16:30 18:30
15:00 - PM2 Poster 24-Hour Sponsor/Exhibitor Virtual
16:30 Presentations: Showcase
PP-1G
17:00 - PM3 Oral Sessions | Free Event: Open to AOGS New and
18:30 Current Members Only
24-Hour | Poster Viewing: All | 11:30 - Opening/General Assembly
Sections 12:30
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Attend/Present - Open to Fee
Paying Attendees Only

Free Events - Open to Anyone Interested

08:00 - AMLI Oral Sessions | 08:00 - HS Section Kamide &
09:30 09:30 Distinguished Lectures
08:00 - Meet-the-Experts | 09:30 - HS Section Meeting
09:30 10:.00
10:00 - AM2 Oral Sessions | 08:00 - ST Section Kamide &
11:30 09:30 Distinguished Lectures
12:00 - PM1 Oral Sessions 09:30 - ST Section Meeting
13:30 10:00
12:00 - PM!1 Poster 10:00 - Women's Network Cell
13:30 Presentations: 11:30

PP-ST1
14:00 - PM2 Oral Sessions In Memory of Prof
15: .
530 Yoshsuke Kamide,

14:00 - AOGS Founder

14:00 - PM2 Poster 16:00 Special Session SS-01Solar
15:30 Presentations: Wind-

PP-HSI Magnetosphere-lonosphere
16:00 - PM3 Oral Sessions Interaction, Magnetic
17:30 Storms, and Substorms
16:00 - PM3 Poster 1. Using Geophysics to
17:30 Presentations: Reveal the Salty Secrets of

PP-PS, PP-HS2, Icy Ocean Worlds

PP-ST2 16:00 -
24-Hour | poster Viewing: All | 19:00 2. How to Conducta

Sections

TLE Research: Not Only
Leading—edge
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Technology but also
Using Your Own

Surveillance Cameras?

3. lonosphere Response to
Earthquakes and

Magnetic Storms Observed
by Formosat-5

24-Hour

Sponsor/Exhibitor Virtual
Showcase

Free Events - Open to Anyone

Attend/Present -
Interested
Open to Fee Paying
Attendees Only
08:00 - AM! Oral Sessions | 12:00 - AS Section Kamide &
09:30 13:30 Distinguished Lectures
08:00 - AM! Poster 13:30 - AS Section Meeting
09:30 Presentations: 14:00
PP-ASL, PP-BG
10:00 - AM2 Oral Sessions | 12:00 - BG Section Kamide &
11:30 13:30 Distinguished Lectures
12:00 - Meet-the-Experts | 13:30 - BG Section Meeting
13:30 14:00
12:00 - PM1 Oral Sessions 16:00 - Wing Ip Medal Lecture,
13:30 17:00 Live Q&A
14:00 - PM2 Oral Sessions ) )
15:30 Special Session SS-02:
18:00 - i
16:00 - PM3 Oral Sessions 2000 Studies of the 2022 Tonga
17:30 ' \olcanic Eruption and
16:00- | PM3 Poster Associated
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17:30

Presentations:

Atmospheric/Ocean

PP-AS2 WAaves
18:00 - EVE Oral Sessions | 24-Hour Sponsor/Exhibitor Virtual
19:30 Showcase
24-Hour | Poster Viewing: All

Sections

Attend/Present - Open to Fee

Free Events - Open to Anyone

Paying Attendees Only Interested
08:00 - AML! Oral Sessions | 10:00 - SE Section Kamide &
09:30 11:30 Distinguished Lectures
08:00 - AM! Poster 11:30 - SE Section Meeting
09:30 Presentations: 12:00

PP-OS., PP-AS3
10:00 - Meet-the-Experts | 12:00 - OS Section Kamide &
11:30 13:30 Distinguished Lectures
10:00 - AM2 Oral Sessions | 13:30 - OS Section Meeting
11:30 14:00
10:00 - AM2 Poster 16:00 - Axford Medal Medal
11:30 Presentations: 17:.00 Lecture, Live Q & A

PP-0OS2
12:00 - PM1 Oral Sessions What Do We Know
13:30 and Don’t Know
12:00 - PM! Poster About Volcanic
13:30 Presentations: 18:00

; o Inei

PP-SE 19:00 Hazard? Insights From
14:00 - PM2 Oral Sessions 2022 Hunga Tonga —
15:30 Hunga Ha’apai

\olcano Eruption

16:00 - PM3 Oral Sessions | 24-Hour Sponsor/Exhibitor Virtual
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17:30 Showcase
18:00 - EVE Oral Sessions

19:30

24-Hour | Poster Viewing: All

Sections

Attend/Present - Open to Fee

Free Events - Open to Anyone

Paying Attendees Only Interested

08:00 - AM! Oral 10:00 - Axford Lecturel Live
09:30 11:00 Q&A

12:00 - PM1 Oral 1:00 - Axford Lecture 2, Live
13:30 12:00 Q&A

14:00 - PM2 Oral 16:00 - Closing, Awards & 2023
15:30 17:30 Annual Meeting

14:00 - Meet-the-Experts | 24-Hour Sponsor/Exhibitor Virtual
15:30 Showcase

24-Hour | Poster Viewing: All

Sections
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(5) 8 H 1 HE 5 HSEURREA ST 13 (8580 &

\

HEAH | T

ASO3 The Asian Monsoon: Past, Present and the Future

AS06 Mesoscale Meteorology and High-impact Weather

AS12 Application of Cloud-resolving Model Simulations for Studying Cloud
and Related Physical Processes in Climate

AS13 General Session for Atmospheric Sciences

AS32 Extreme Events: Observations and Modeling

AS33 Mesoscale and Orographic Effects on Airflow, Precipitation and
Weather Systems

AS39 Multi-sensor Observations of Severe Storms for Disaster Mitigation

AS41 Atmospheric Electricity: Thunderstorms, Lightning and Transient
Luminous Events and Their Effects on the lonosphere

AS42 Extreme Weather Resiliency: Prediction and Response Strategies

AS45 Aviation Meteorology

AS46 Exploring Climate Change with the New CESM2 Large Ensemble

AS47 Past and Future Irreversible and Abrupt Climate Transitions

AS63 Monitoring, Analysis, and Prediction of Typhoon and Climate

Affecting Taiwan and the Philippines
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