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— ~ Retrieval of Eddy Dissipation Rate (EDR) Estimates using the 1-Hz In

Situ Aircraft Quick Access Recorder (QAR) data
{82 1-Hz A% (0AR) B B R it R iR (EDR)
A 2012 FRAEEHTZEES(BT37 & B777) LMY Quick Access Recorder(FRfT4C
Fres) B oA B ESG & A5+ E Y EDR(Eddy Dissipation Rate) o AR EDR A
ICAO(International Civil Aviation Organization)fEfH > gL 955 HIES21E
RIS DAL AR RS S E i —RE (B ES) - HAE T BEE B 22 KR AVELR 1S
T o #EHIIATZE S NIRITAC R es E0R) » A DLEEFRATH R RN BLIR AT 7341 S 5855
HEAFAVERAL o ARG AT T ={EZEH] : CIT(ZENELR) ~ CAT(BEZZELA) ~ MWT (L
ERELR) » =(EZEBIAE EDR 5818 K@l oo An b B AR HIAEREME (B 3) -

e e S (T ok

line) and infrared (IR) image at 1715 (b-d) EDR estimat
UTC 20 September 2012 >

=
’ | 75 BB T sy e A

== . = = T =

— The EDR estimated from the derived :

vertical wind velocity (W)is much ‘ A
larger than that from the U and V. N, o

= Clear-air turbulence (CAT) case
® (a) Observed IR brightness. ® Time series of (a, €) flight altitude and DEVG
temperature, (b, c) horizontal wind and (b-d, -h) EDR estimates
(speed and vector), and (d) vertical Foste 1 f
wind shear at 1200 UTC 11 October i
12

largest value and that from W has the - ses——ndie bt
second largest value, which can be i = ==
relevant to spontaneous imbalance
and emission of gravity waves induced ~ '
by the jet stream. -
= Mountain wave turbulence (MWT) case
® Flight

it route (from 0253 to 1507 UTC. ® Time series of (a) flight altitude and DEVG anc
e es

ight of 5-minute (b-d) EDR estimat
digit ion model data =r

N ‘—‘% —The MWThas }.
2 “ the peak of B ks
- - the EDRs in — " e
Qﬁ both U and ¥ - . =
ooy - W-based = . =
¥ weoma EDRs. } i

3 PEE#HE CIT(EWRELAR) ~ CAT(BFZERLAT) ~ MWT(LLIHEERZ BLIAD) By Z= B 5T -



—~ A Study on the Characteristics of Low-level Turbulence Using the Ground-

[1]

based Observation Networks for Urban Air Mobility

U s T RER S T BT S T 2= TR B L

H AT AR H 28 e - ReTBRILIS T - UAM(Urban Air Mobility)Hys$fEss
FERMT - UAM BYTRAT = FE R EAEREH 50 AR E 1 AEZ[E » RIAE L 22 R I8
EEERRIAECIERELA ) HIBA R FE AR & H 2 B2 - {EE 01 2017 2 2019
B AT A R T 7 S {1 S o Ay e 22 R e LR B T B R AR A R mLo AT 0 5
FILUNSham (8 4) AR ERSEME - FER SRR M AT @A RGRAYELR » FERHAY
RF{% > BRSNS KRR EEIRE - iR E M EEE SRR ARt
BRHENREAE - g ABZaln -

DJF MAM JJA SON

Jungnang (urban)

Bucheon (rural)
e (rf 5

& 4 {E&3HT JTungnang & Bucheon 2 [EIHYRELRENAE (TKE) 474F o

~ Aviation Turbulence Forecasting: Review and Suggestions for Future

Research Needs
Rz BLR TECR] ¢ Bl R R RIATE R oK 2 ik
S RE R ZE R AL A B B - IR A2 RS H @ B i R ay BkER R gL Bl

IEFESHIAY T H - BRigLi BB 2 DL NCAR(The National Center for Atmospheric

Research)Fragf@fY GIG(Graphical Turbulence Guidance) BT » S F5EEETEF
AEH AT R(ENE - IWEETA E R AREHE A TR - BRI R U =
BLALRUE - ([HREER BV RS S [ ARURHYTE SRS - S E IR EDR &RHHY
FERE IR A IR - B TR ORI 241 - 1. = S 22 LT BT
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HYRZEE - 2 B/ MR 20 2 S RLATR B > AN ARy > HL AT i Lo S 7Y
(RERATHYREE - 3 AT EIRBTE R R RLA (8 5) - S g AT b 5e
T fc AR RN ~ PIEE ~ A SR ACH i BLIA S bE i EDR ~ ADS-
B~ AMDAR HYELHI - EARIAVIFRFEZ © 1. Y BEMHIERE - 40 wave turbulence
interaction ~ wave source and mechanism - wave climatology ° 2. A= 57% >

WS EALSUE ~ AR U ~ B2 EDR (EZEHY 08T ~ WIGBURIEHIIHE - LR bTZEE
FRfRZE e A ERR » B AR R B AYEER SBT3 25 WS SR o AR A gt
gt oD EAE SRR IERE RO B R - 2 B ELIR TH R S h A% - ¥ EDR &
EHE AR B AVEUHIBUR B PR A4S AR IE - RECUEEIR RIE S =T L HYER
=,

Major challenge: low-level turbulence in urban environmentsl

* Extremely complex pattern
even in the simplest case

o 2.50
* Depends on wind speed,
direction, stability, building 225
geometry, building-building
interactions, etc. T
X175 e
> o
. | 150 bk
I\ ) "t
1.00 +
A B 05 0.75 1.25 155 0.75 1.0 125 155 0.75 1.0 125 15

x [km]

A = ] x [km]

: 3 e —

(4 v - 68 -4 -2 0 2 4-3 15 0 15 3
Courtesy Domingo Mufioz-Esparza

OKC Joint Urban 2003 field campaign
Ax=Ay=2m,Az=2-18matz=75m
King et al. J Wind Engr&Industrial 30 min loop, run time=42 min
Aerodynamics 2017 Good agreement for wind speed, direction, TKE
Mufioz-Esparza et al. JAMES 2020

©20.
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PO ~ Probabilistic Forecasting of Upper Level Aviation Turbulence Using

Multi-parameter and Time-lagged Ensembles

FI A S S BAG A A RE & B A SRR M TR

KIFFEHIH S0 HRERC GTG THERIYBL A TR VR THHE (B 6) » H
g FH 21 @ E & 1Y GEFS(Global Ensemble Forecast System)ifiF!]FH WRF(Weather
Research and Forecasting Model)#ETTIFEREE 13.545 NEENE > 51
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IR RUSE 2 AT PAST B A TR A BT ([ 7) (R & A AR R EE R SRR R YT
AETT LT TR B2 EDR LL# > 288 Multi-Diagnostic Method &7 ELEREE BT
Higiat o gL A A LAY Ensemble (A (B 8)  Z & AR A LM
W7 > ATDMREE AR T R - R GT6 RlUERUARE MR AR
BESHYRLATTH R - MG EHIRRI TR 22 -

Representation of the Uncertainties
Probabilistic Forecasts

¢ Probability

* Calculated from ensembles Prob = NeEpRthreshols) 100 o
of deterministic forecasts Ntotal

. * Generation of Turbulence Forecast Ensembles

Kim et al. (2018)

Ensemble NWP / Muti-Di "
Storer et al. (2019) Storer et al. (2020) / ulti-Diagnostic

: Multi Ensemble Model
Multi Model > Multi Ensemble Model Storer et al. (2020)
Lee et al. (2020) Storer et al. (2019)

and many more

: demonstrated advantages over deterministic forecasts.

RESEARCH APPLICATIONS .
NCAR i © 2021 University Corporation for Atmospheric Research

6 RLATHRTHECRTEE

Methods

* NWP Model: pseudo GEFS (Global Ensemble Forecast System)

* Dynamically downscaled open GEFS dataset (1°) using the WRF model

* 13-km horizontal resolution ~ operational NOAA’s Global Forecast
System (GFS) and regional Rapid Refresh (RAP) models

* 21 ensembles (1 control run + 20 perturbation runs)

Ensemble Spread of 21 Ensembles

300-hPa GPH and Wind GEFS (1°) 18 UTC June 21 2019
7 @ N NS 1T e
, £5 SN ]\‘ PN m
6-h forecast 12-h forecast 18-h forecast 24-h forecast 30-h forecast 36-h forecast

pseudo GEFS (13.545 km)

A A AN N | |

Provides higher vertical and horizontal resolution weather input than open GEFS dataset
Mimics the ensemble spread of GEFS

RESEARCH APPLICATIONS
NCAR ‘ P © 2021 University Corporation for Atmospheric Research

7 FERIERTREZEELE -



Probabilistic Forecasts 18 UTC 3 Dec 2019

Multi-diagnostic Time-lagged Ensemble model
(22 ensemble members) (6 ensemble members) (21 ensemble members)

Light Turbulence

MOG turbulence

8 A[E Ensemble J57EMBLRMECRTAERAE R -

1 ~ Development of the Global Korean Aviation Turbulence Guidance (G-KTG)

System Based on the KMA’ s Operational Unified Model and Its Evaluation

Using the Global Turbulence Observation
T KMA fESERE SN SR 2 IRWIZE BLITHES [(G-KTG) Z 45 bt LIS PR LA
ZIx

AHSE EHAT 2 RS Y G-KTG BLUEEDE - HaE AR B 1 i iz -
AR S EAS T 2 10KM > B f& W B4 Bk EDR ERMHA EE¥ - G-KTIG EE AEE
—HEFLT: 1.CAT-2 . Mountain Wave Turbulence°3.Near-Cloud Turbulence(NCT)e
GEERFHET 2018.09-2019.08 —RAEHVE R M TEREGEEYS - W HIRTTHY GTG-3 #EAT
EE¥t - SEHRER 21500 G-KTG #EL GTG-3 2RI —LL » lE 9 fis » THSE
NCT HIEB5y » A EBHEMNIGEE » (HAE E REF G-KTG AIRAS RN - & ks HR
R B fe - At PR iR £ 2 N R KA HENER FE T s @l - BEE
RIFARABE ARG EE - HEHFIGEZRH] > B0 WU REFIES T
A o




Evaluation of G-KTG 12-h forecasts of Group-1

| « Evaluation period : one year (2018.09-2019.08) |
S (a) Upper lovels  _ GiMdleves ! 7 {gLowleves
+ + e I g
b by bt am f o
" ts { f f } ‘[‘ | + y
+ 1 $ ek * +
% anf- 1 } t + 2 i + *
ol 5 v L pobt E *
i } t e 3
o t -t » Bt
AAAAAAAAAA e i 3! d—i. ,j -+ —
y§gf‘f°“'§f'¢'fa§;"ffas(g $fiféiiejy FEfIE87)
Turbulence diagnostic Turbulence dlagnostic = Turbulence diagnostic
(a) Upper levels (b) Mid-levels
Diagnostics GTG3-CAT maxGCN maxGCM maxGCMN Diagnostics GTG3-CAT maxGCM
AUC 0.870 0.871 0.845 0.845 AUC 0.706 0.745
PODY 0.201 0.229 0.221 0253 PODY 0.167 0.227
PODN 0.988 0.978 0.971 0.962 PODN 0.971 0.967
TSS 0.189 0.207 0.193 0.214 TSS 0.137 0.193
(c) Low levels
v PODY and PODN are calculated for the EDR threshold of 0.22 m?? s Diagnostics GTG3-CAT maxGCM
. AUC 0.740 0.765
= Upper bar: a maximum value among 1000 subset-based AUCs
= Middle bar: AUC against the total observations PODY 0.093 0.109
= Lower bar: a minimum value among 1000 subset-based AUCs PODN 0.992 0.991
1SS 0.085 0.100

[ 9 G-KTG £ GTG3 bL¥#f -

75~ A Case Study for Convectively Induced Turbulence Using In Situ Aircraft,

Radar Spectral Width Data, and WRF Simulation

FIFRTHER] - B At K WRF SRRt far 2 LR 2 (E

£ 2018 - H —IE §E A= BERR BRI - 1 F RSB RIS e & hh e 85 22 0H) - T Tl
SRHME ZE o3 Aratam - EARITES QIR 10 Fr7r > HEL ERAS T &RithE & B
== (S FHEY WRE3 /2 BT R T A5 - SemBURAE 2 E %S - EDR 0.33-0.37 @it
ZoRFUELIR 1 B WRE3 22 LAY AT a8 2 St (i =235 H AR LR e EE
LGSR A v SRR ZE[ERE -




126°E 128% 130°E

* QAR Aircraft data

- Time series of g (blue), wind
speed (red; top) and direction
(green; top), altitude (red; bottom).

10 {8 Z& A TRA TS SREAFTIR (M EDR B(H -

+ -~ Aviation Meteorology in a Changing Climate

RIZEE T 2 HiERS

RN E T RIEBEB N ERIZZREZ (B 11) - (£H CMIPS(The WCRP
Coupled Model Intercomparison Project - Phase 5)AVRE=(#GHI &k} » S$304E
e HEUEE(2070-2099) 1942 200hPa AR R 5 H #0078 S8 (B A IR %
TEAER ARG EER 7y » B WIS AR AR AT E B BRI THS F] B R 4 R
{EAHEEYERZAZ AR I0(E 12) < 550 I F HEdEE & RE TR CAT
TEIERPEEE A NIRRIE B AU FARAENR - th 2B s (& 13) >
[E0F A F CMIP6(The WCRP Coupled Model Intercomparison Project - Phase 6)
BERIFHHIARAREY CAT 100 » FEARHHIUEE T AR 85 AN 17% - s BERUEE A
WEHN 29% © 4BERARER - AEARK RIS » JHE SRS 2 Bl 3 EARR GBI
BEAO > H0 b AT A AR R SR B S R 2R LR AR SRR Y B R R - R R 2
SR N TRABAEE TR I PR -
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b 1
Climate change impacts on aviation ﬂ

.
— Stronger jet-stream
Shifting wind patterns Emmm===)  wind shears increase
modify optimal flight — clear-air turbulence
routes and fuel
consumption
More extreme
weather causes
Warmer air disruptions and
imposes take-off delays

weight restrictions

Rising sea levels and
storm surges threaten
coastal airports

Puempel & Williams (2016)

ICAO Environmental Report

[ 11 SRR B2 AR MR E

Flight times E

l [ Ipre-noustriaL [l oousLED CO2 — - - GREAT cmcue|

= il
el \
i ‘ I

05 A } ! i 0s
\ \ I i

N

Probability (%)

)i S— 0 1
5h 00m 5h 20m 6h 00m 6h 20m 6h 00m 6h 20m m‘ 7h 00m 7h20m
Eumound ioumey time Westbound journey time

Williams (2016)

[ 12 B N AR BORT TR IR o filE] -

Clear-air turbulence ﬂ

— ERA-Interim NCEP/NCAR — JRA-55 -@- Mean - - Mean trend

1.6 1

o 2.6 4
g 2.4+
Annual-mean g
vertical wind shear 7, 22 15% increase
in North Atlanticat £ | over 40 years
250 hPa (~35,000 g = more CAT
feet T 18-
) E 1.8
:

1980 1985 1990 1995 2000 2005 2010 2015
Year

Lee, Williams, and Frame (2019)

& 13 % 40 FEEFEFE T ER & B DR R -
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J\~ Global Response of Near Cloud Aviation Turbulence to Climate Change

RARBERE T AT SRR L B

AW FE EEBREAEAR AL s ) - fEER CMIP6 AYSBESR (A &
BHEST Historical (1970-2014) B4 SSP5-8.5 (2056-2100) 2 #EEHL » 1EHFFTR
YRS HETTRLRAE B I TERSES CAT ~ MWT - NCT &% > HERFFE—8 - W5ER
£ 200-250hPa Y CAT AYREAR il 2 30 2 ERAV IS A 70% /2 A ERER
RAEERBRAL TR ELR A S A M E A RN I (8 14) - R sl Al 5 o] DUs
01% - HEERAGERIA TSN AL TR R IR 1R
7y = T k=118 it X 2 Y T A e 4L NG | D i O e i e
REIVEIZIET 2 - e g el s o A2 Sz 2 HOCZEPRERRRE 22 Frll
e 7 ) e 4 144 56 R T T & T LT S8 AR AR B - T 0 o th R

2R E RN E

. Global probability density function (PDF) of turbulence diagnostics
CAT z=200 - 250 hPa

. b i i
=% — — ; » ” T
+ + + +|
200-250 [ ~d| + + +| + [ B Future
250 S : [0 Historical

225 e e e
200 Over the globe 32146 (~70%)

14 EERBEISAERR b R RS IEET T RLAER o ilE -

J1.~ Weather Challenges for Urban Air Mobility
Bz B KRk
AT H R RSB AR RS IUKTE (A 0 43 B B RS (& 15) ~ /ST
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HEE(E 16) ~ TEMITTERIE (B 17) RIORFURS LA (E 18)

° NFRSRAZE

AM 28R > 4fiamTE R B B R B AT  TeT M EE A A A N R AT Y
THERE S ~ S RZETRATASA TR E SRR AR R E AL ~ 85 [ TEE ER L

L

* Aircraft
e Vertiports °©
* Airspace

Aircraft
* Performance limitations
* Automation & certification

Vertiports
* Local micro-scale environment -
Green energy for battery recharging

[ 15 FRBERE i EAEAT 2 28 SORMARAL -

el

* Aircraft controllability
* Phases of flight
* Detect & avoid

OUT OF GAOUND EFVECT JOu)

=
N\NWWy s
L,\. Vit g L

Phases of flight
* Takeoff, climb, en route, approach, landing
* Vertical/horizontal flight transition

Controllability

* In/out of ground effects

* Tail & cross winds ','% /
'~ -

Detect & avoid _— %

* Buildings & other aircraft
*  Weather hazards =

NCAR | SEiSes

& 16 FRITERMEI EIERE SR ~ FUTIER LR -
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04

vims) ;0
- 03 H
Micro-scale weather . a
* Wind &turbulence %, 2
* Urban heat islands 0 -2
0 05 1.0 L5 20 25 3o
Observing infrastructure y fkm)

* Limited urban sensor networks
* Representativeness of observations

Weather guidance
* Lack of micro-weather forecasts
* Requirements to be determined

Urban ; |
Environment BYe i s o

* Micro-scale weather
* Observing infrastructure
* Routine weather guidance

17 BERRAURANERRIER ~ B E KA RORER -

ANSP
* Flight planning & execution services
* Identification & positioning

Communication

* Voice & data exchange

* Sharing of weather information
* Navigation

Traffic management o —
* Communication

* Operations under weather constraints
*  Integrated transportation systems * Traffic management

© il

18 FRefiik 5 e it B (i

o L S S

T ELFRERT ~ AR T E R -

-+~ Super High (40 M) Resolution Simulation of a Severe Case of Low-level

Windshear at the Hong Kong International Airport

EREE SR UEZE BV R ER BT (40 2 R)HREE
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s/ réd H AT dE BRI E ARz B\ D) 2 SRR RS /310 (18] 19) - 41 LIDAR K2 H
JRFEE - S91E 200 AR EFATEBERAT R T - BA 40 AREEGETE - 2L
TR B 508 B o ar L3 (R7e Rl B\ D)5 2 R R B [R5 © EE oy
FrROE D) THE (LIWAS) S e BN EDR » 1S eSS A e i S R R TH L/ (L

S BUE (B 20) - ATREAMHEEMEETHERAES] - HERMRIE
IR THE R -

Winds from east through . - Monitoring network
southwest across hillson__ :

Lantau Island - o a
~Amh, N o< » i n
. i
Windshear and T
turbulence near I s
t
airpor = t ﬁ b
i T + -
TTwa
4] .T
T
+ 'Ii‘ T
55 o+

19 EHEEE ff&%ﬁf“ﬂﬁﬂ SN RS R B AR R A L B -

2|

20 JrriptgiE TR b RS R BRI ORI RS -

+— - Development of Low-level Turbulence Forecast System Based on the

Statistically Downscaled Numerical Model Qutputs

F 1.5 NEPTEZ BEAEBER - CEtEFEREE 100 ARZER > #E
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ALAUHRBE AR S BANEERY) ~ ACFHEAY - A SR8 (B 21) > Rl
A4S SR BUH R BUH B RE R EDR 455RE0HET - BURAFTEEE 2 EDR HEDE
BRI 2017 SEERB TR Z BT R R N - FABS B E RN (B 22) - RERFELNTIK
EDR (RIS EAEE - DLASEaluEREDA -

3. Results: Conversion of Turbulence Diagnostics

Ewea 11 w aw
\ [~ 3 v .
4 " ~ 1 - w » 3 ~
X T2y : i S
'.x:". > - ) & ’
¥ T & ; ¥ o .
: J e e ol | ) oy ) ¢ :
o W : <
- s v - . £ - < *
- * X, 4 P, ' 4 » .-" P, ¢’ R )’
= _ EDR[m™s")

3. Results: Time Series of EDRs at BMO

* hourly time series of EDR

l 4 "] " “ Ny EDRy,,: In-situ observation
| W l L., l‘ | |"J /* N r{\“a.‘ ‘il“. N l | ' ‘ s {2017)

" 1 8 3 Kien, Kim, and Sharman (2021)

In EDRgypo and In EDRyyy;

MAE RMSE

] » A }
r Kk (i o | Ml Uy (i A0 | soom | 17215 | 19050
A “‘,1 AR 4 i ‘“ y L 140m | 15857 | 17361
' ' | ‘ ! } ‘ ' , 60m | 16092 | 17459

) - o and In EDRyysyy
MAE RMSE
, T RRY, Mt gl g JW | 300m | 13859 | 16957
| R y "»'y"l‘ "';'; LN i 4
it (Il TR ) .‘ Ihdal r AT A 140m | 11829 | 1.4435
'l o ‘

) il 60m | 11333 | 11392

* Fluctuations including diurnal variations of EDRs due to the evolution and decay of the boundary
layer with possible synoptic/mesoscale forcings are observed for both EDRg;,; and EDRyys;.

* EDRys,; (EDRg;, ;) overestimates (underestimates) the variations of EDR in general.
* In terms of MAE and RMSE of In EDR, EDR,s,, shows slightly better performance than EDR;;,,.

22 BMO JREFE R R A CE R E L 2 EDR BR o

+— - Atmospheric Turbulence Estimated Using Thorpe Method and Operational

Radiosonde Data in USA and Its Potential Sources
16




FH Thorpe AN AR BN R ELRZBUN. FE

RS PSR B 68 {EMELR ER R 22T - FfEREE 6 - Z BN - R =422
ALt Dt amalm B EE s R 2 B b MR A MRS AR 2 T A (8 23) -
KRERAF IR E iR B F R\ ~ WP E SRR~ KK -

N

Occurrence Rate of Turbulence Indices
: Comparison of Near- and No- Turbulence Cases
N? VWS OGWD Precipitation . -

18-21 km

|82| km 4 18-21 km
ol o |
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S all altitude ranges.
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6-9 km
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oL w e S0 kM « It should be noted that large N2 is more frequent at
N0 melt, w Dv BT el i) ", 3
. N v ’\ " K j o z=15-21 km than below z=15 km.
i ! N ~ N » o « This implies that large VWS can contribute to an
7 3-6 km . 36km 3-6 km 3.6 km environment in which turbulence occurs under the
M o A o ¥ Femer g I oo : e e
i /\ v . K ;; strong static stability condition.
3 SN 4 B Y B A o l
N [x10*s%) VWS [x10°s"] OGWD [ms ' cay'] Preciptaton [mm h')
near turbulence cases no turbulence cases 12
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—~ Eddy Dissipation Rate-Visibility Parameterization For Coastal Fog

Environments Using C-FOG Observations
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FOG-PRECIP INSTRUMENTS .

25 R RO MR R e s g -

—+Pd~ A Numerical Study on Advection Fog with Sea Surface Warming Over

the Eastern Yellow Sea on 15-16 April 2012

2012 5 4 F 15-16 HEERVHEZ BUEHEE T

TR EEEERILE T - £ —ES R REE Z S EEEE R (E 20) &5
s 18] 28 TP AE A [F) T O < VDB - il A B BT H AR EE H
e NRIERS 2 A R n] B i A R IE(E - N EVERGEE I KR AT E
& B Ry E R bR 2 B UG TH(E 27) - ik B RN E H e
MREIRF S - 23 2 SRR KRB RS f 38 S it itk & B A L o EL RO &2
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Results: Validation of Simulated Sea fog
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3. Results: Formation and growth phases at Region A
Turbulent Flux Tendencies at the lowest model level (z,)
z i - : o 3
. » = Growth e w—SH | ' : !
: ; : —_—H . ; - ; | So—8L
: : 5 = i o ! ¢ w— RAD
H ’ ; 2 . : 2 | | — ADV
! : K : z ., ; MPS
‘ ~ : ¢ o — TOT
- Formation  Vertical jump £ ay/ot v aQu/dt
Negative sensible . . After sunset, LW
heat flux (SH) Moist advection cooling Bold: Processes associated with turbulence
} Formation

'

Triggering a condensation near the surface due to high RH

More cooling near the surface due to increase in LW cooling

Vertical profile of aT/0t
[at vertical jump phase)

‘ .v Cold adv. : — PBL

o — W

Changing the SH: () = (+) Increase in latent heat flux (LH) _ ™ sw

L
‘ g w— ADV
Positive buoyancy flux Seif-moistening locally = MPS
— TOT
Growth ‘ Advection fog - Steam fog r:

Growing up the fog depth along increased PBL height at nighttime
= TKE produced by buoyancy than shear
due to cold advection in 200-300 hPa

Enhanced turbulence by increase in thermal instability
4 Vertical jump
Strongly upward diffusion of the fog

27 SIS A B K aR T o
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3. Results: Advection of fog at Region B

Region B
. Relative humidity lower than 95%

]
Not sufficient to be saturated to form
fog

v
Advection of the cloud liquid water

itself is important in controlling local
amount of the fog

. 4
Only evaporation by microphysical

RH . . process
. s Vertical diffusion of the fog duc t

r e foy o
. 1 the turbulent mixing and entrainment
3 '
~ v Moving the fog within the PBL
” - . v

Reaching the bottom of fog to the
surface

&l 28 Sl is B plEE s e iais

—+7% ~ Forecasting of Possible Aircraft Icing Based on Qutput of the WRF-

ARW Model
FIFH WRE-ARW #5E&E > trliiR e /K TE R
S TITEAE RS > {5 8692 HE/KE AN RFRE NN 0 28 20C HAHENR

FE7E 80%([E 29) - HE S AN 0°C SRR REI - AU KRS
TRl S E B 23R > FEIEIIBRIEDL T i s BAR /KR TR 2 AEHER - ASHT

JraglE— /KRR WERREREAER E > SERBURIIRKEBAE R ER
VKSR ZIE I (18 30) - HootrE 2020 4 8 A2 2021 4 1 A HARIEL 26 ZEK
{EZ » IERKIEE AT AR TR Z 15 (18 31) -

Table 2. Distribution of observed icing (%)
for intervals of T and RH.

T(°C) | <-20 | -20-0(0-4 | >4

RH (%)
0-30 0 0 0 0
30 -60 1.0 1.2 0 0

60 - 80 10 44 0.2 0
80-90 23 16.0 01 |01
90 - 100 26 69.9 10 |03

[l 29 FE/KEMIE ZE 2 S AR B (E 347
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Table 4. Frequency distribution of model and sounding derived |, (surface - 500 hPa).

N=13194 Intervals of |, based on model output
Im:r:v::s::\:;:'::ied lee< 0 0s1,<qy | 9;5)<q; lee>Qz
I..<0 92 (92) 6 1 1
0sl. .<q 21 62 (27) 16 1
qQ;$1..<q; 13 26 50 (27) 11
b o> Qs 12 6 19 63 (56)

ARN

30 TEEEEAAE R BN E R T RARK I 8 (i ~ 512 - hEEsRIIRIK) -

Preliminary evaluation of the proposed method
for Eastern Siberia and Russian Far East

(based on the output of WRF-ARW model, grid spacing of 5 km, 46 vertical levels)

Table 5 is a contingency table for 26 cases for the period of time from 12 Aug 2020 to 31 Jan 2021.
All observations are classified into two groups due to the low number of cases:

1) noicing and light icing ("No” group);

2) moderate and severe icing (“Yes” group).

Table 5. Contingency table
ww\:ﬁm‘ Yes No Total
Yes ny, =15 np=3 ny=18
No ny=0 ny=8 Np=8
Total Ng =15 ng=11 N = 26

Probability of detection POD = 839%; Peirce Skill Score is 0.83.
Probability of false detection POFD =100 %; Heidke Skill Score is 0.79.
Frequency of hits FOH =100 %;
Frequency of correct null forecasts FOCN = 73 %;
Probability of correct forecast U =(ny;+ny;) / ng =88 %.

31 AT BRI -

+75 - Spatial and Temporal Distributions of Clear Air Turbulence Using

the ERAS Data
{5/ ERAS ERlFetiE 2= Bl 22 346
VEEF BN T BEIR A TEER T.0(European Centre for Medium-range Weather

Forecast; ECMWF) 30 DL EAVE M ERE ERAS » APRETALFERIG 22 MLt aE A0y
f22 5341 - ERAS BRI By R 00~ 06~ 12 il 18 UTC > /K48RG R/ NEy 0.25°
x 0.257 (& 32) - =228 E KR AR H RN e ME M E R S iE
ZZBLR o fEEEA Turbulence Index version 1 and 2 (TI1 and T2) ~ 7 L
Ul ~ SIS FHERS R ETIE 22 AL (18 33) o TEJLFERIE BRI > LAER
Gy o DL ERVRSZE LR - B REEE iR (B 34) - AR TRIYASR » IR
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A RNV EERY) a2 A FFEERORHY TI1E(E 35) » A£3RIE
AR~ FRERIDNIIE R PR R I & R > & R R B RS > HAFNE
BORHY TI2 {H - fFEF > HF P &SRSy BRI - b L ERRZERLR
A ERARRIR D » Btk - (TG L B0 o0 SR 22 BLIA L R AR A R RS LA
INAYEEES > B REBLR B AR -

- 6 hourly (00, 06, 12, 18 UTC)

Time resolution
- From January 1979 to December 2019 (41 years)

Horizontal resolution - 0.25° x 0.25° grid spacing

- 12 levels (100, 125, 150, 175, 200, 225, 250, 300,
350, 400, 450, 500 hPa)

32 ERAS TSI RORHIIERA -

Vertical resolution

Turbulence Indices

- To presents 41 years of CAT occurrence, we used the Turbulence Index version
1,2,3 (TI1, TI2, TI3) and their components [vertical wind shear (VWS), deformation
(DEF), convergence (CONV), divergence trend (DVT)] for CAT indices.

- TI1, TI2, and TI3 are widely used for predicting the CAT caused by shear instability
and emission of inertia gravity waves near upper-level front and jet system.

: Richardson numbers (Ri), squared Brunt-Vaisild (N2), and Potential Vorticity (PV)
were also used to consider Kelvin-Helmholtz instability (KHI), hydrostatic instability
and symmetric instability, which can lead to CAT (Jaeger and Sprenger 2007).

- Each turbulence index is calculated by following formulations.

TT1 = VWS % DEF — fdu, o dv = y Bu dv,  dv du e
- = ((i.iz) v Gx o "Gt )

TI2 = VWS X (DEF — DIV = du_, dv_, 2 « du  dv dv dw e du dwv
(DEF=DIv) = 5"+ G (fa—a) *Gxt ey —(a’fa}
) . du dv du dv
TI3 =TIl + DVT, ovT = | el B +a- s

5+3y ax dy

[l 33 HIHRLATE AV E AR -
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Horizontal Distribution

34 JLFERARIEZE AL (CAT) FE B /K P43 -

Vertical Distribution
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35 dLPERRFIFZE

pay

S (CAT) 5 RV FE B0 AT -

R )
annse

Characteristics of Low-level Turbulence Obtained from the Multi-

year High-frequency Sonic Anemometer Observations
FH 2 = IRE R R R T
YE& s eddy dissipation rate (EDR)HVEFE Turbulence dissipation
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rate (TDR)HYEKE (& 36) © TDR HYVJEREFE R BLIR BN AR FH AR UM BL R/ N R
R 117 EDR #% ICAO 5T Ryt & gl s A FEIE - {E & 1]/ Boseong Meteorological
Observatory (BMO)AVELHIERIEGTEmERZZELIT (low-level turbulence)HYHRHE -
BIO ZR°A 4 & &40 = & 2 7 JE [ J&l 28 51 (high-frequency 3D sonic
anemometers ) L 20Hz HYSHAS S [ 2R ([&] 37) - MifIfEE A 2015-2019 A
AREUHEDRI T E EDR - W HHRER S A FE /KIS Y ED} - EDR HYRE R 5 DR Y
H RS - EE BMO B FUBHY H (L - BhAh - M3 BRI HA 2R - B0
EDR #Yy H 8 bl 15 2 it E A EORAY K5 HE 5 - EDR #Y A &R

EDR fe NMEEFAEAEAZE » B/ MERAISEEEE R (18 38) - B2 EDR AR N
(Probability distribution function; PDF)fEH K/ log-Weibull 434f » &%
R B BRI o S5 > A2 BDR RIEILEL - AHENEZE » KZF EDR 1Y
PDF 8 Ry » 72 m] RE LR o A 2R 2R R AR ([ 39) -

» Eddy Dissipation Rate (EDR)

» The rate at which turbulent kinetic energy (TKE)
cascades down from larger to smaller scales is
turbulence dissipation rate (¢).

« Eddy dissipation rate, or EDR, is the cube root of
turbulence dissipation rate.

EDR = ¢'/3

* EDRis the standard metric of aviation turbulence
intensity by the International Civil Aviation
Organization (ICAO), and is an aircraft-
independent metric of turbulence intensity.

36 EDR HYEZ °
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125€ 130E

Figure 1. Location of BMO (marked by asterisk symbol) on (left) the Korean Peninsula
and (center) the local map around BMO. (right) The 307 m meteorological tower
installed at BMO (figure source: [https://www.hani.co kr/arti/science/science_general/795560.html]).

37 BMO Y7 EATHIESE -

R SD(EDR)

——25m

- 0O m
0054 —— 140m
—— 300m
2.00 ™ L ) L " T 2016 "' 2017 ' 2018 '' 2019 '

2015 2016 2017 2018 2019 2015 T

Figure 4. Time series of (left) monthly mean of EDR1 and (right) monthly
standard deviation of EDR1 for each level from 2015 to 2019. Each point
indicates the value for the given month. Months with missing values greater
than 50% are displayed with empty point.

38 EDR HY H PRI YR 5 -

conpmersty
Figure 5. PDFs of EDR1 for each season, namely from left to right (MAM) March, April, and May (JJA) June, July, and August, (SON) September, October, and November, and (DJF)
December, January, and February at each level, namely 2.5 m, 60 m, 140 m, 300 m, and above 2.5 m. Vertical line indicates mean of EDR1 for the given case.

39 & Z5Ef EDR A PDF o

+/\~ Development of Simplified Forecast for Icing Potential for the

Global Unified Model of the Korea Meteorological Administration
Rfe 2 EREGHEANBKBSTERE R
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& PR B R R Y 2 ER B KA TR = R MBS B K R - R
Simplified Forecast for Icing Potential (SFIP) AL o SFIP EEAFH
R EH (fuzzy logic)R2EH/K - HoRtE@ el E(membership function) & & IHE
MHEHRE - = EHEEKEE (8 40) - (FEHE 5 AR SFIP » ShRAE?
PEEA R EEIREE - pAh - P EE R E R R &R (National Oceanic
and Atmospheric Administration/Aviation Weather Center F&fih)sMshs - HHY
AT IR & ERMR D - ANIZE T2 A R RIRI R IR S - (F ¥ 2018 24 H
19 HEEEZ T - & HA Z IS A B 20 (8 -p DL ERKey#e -
HEGE R BRI ERAS o TERETERY SFIP HARUKIVE £ BERSERA R
AR o 1 PR R S R = BR B (UM GDAPS ) TR #8555 15y SFIP AIlHHER
(&A% (18 41) © % TH# UM GDAPS {&Adi SFIP FYIRIN » (EEEEAURZ R T T © 57
MréSSREUR UM GDAPS THIERAYELAE A1 EE B2 X R ERAS 73 A5 AHAT » ZAif UM GDAPS
AIHENREMEK & B TR RS (8 42) - K 700 SFIP HEVE  fFE
ATEVKAY RIBSRE TS » HO7E RSB CRE - MR - % 5
FEKER) BRI E > EHERE KA R 2 - WFFT4S BUTORTHREY SFIP A
SRR THER R -
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The SFIP Ind&l SFIP, |0.35 0.2 0.45

* The SFIP index and the weights (a, b, c) sFp, |00 00 10
for each version described in Belo-Pereira| sep, [ 10 00 00
(2015) are shown. SFIP; | 06 04 00

SFIP = Mp(aMgy + bMy, + cM ) SFIP, |055 0.0 055
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Over Bangladesh Using WRF Model

(=)  Extreme Events: Observations and Modeling - Oral

IRF 2= ERREURBER

Performance of a Small Doppler Sensor Tokyo University

Towards Vehicle-based Precipitation of Science,
11:00-13:00L .
Observation Japan

Organization and Internal Structure of | Ayoto
Typhoon Induced Precipitation Over University,
Japan Japan

&M (=)  Aviation Meteorology - Poster

RF ] & H FEHREMNFKER

16:00-18: 30L 16.Spatial and Temporal Distributions Seoul National
. ' of Clear Air Turbulence Using the ERAS | University,

Data Korea
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17.Characteristics of Low-level
Turbulence Obtained from the Multi-
year High-frequency Sonic Anemometer
Observations

Seoul National
University,
Korea, South

18 .Development of Simplified Forecast
for Icing Potential for the Global
Unified Model of the Korea
Meteorological Administration

Seoul National
University,
Korea

HEA : 8 H 4 H(EH=)

#BTE(—) * Weather Extremes in Past, Present, and Future Climates - Oral

iS3E] EH FEHREA KR
Convection Initiation and Growth at Sun Yat-sen
the Coast of South China: Effects of University,
the Marine Boundary Layer Jet, Coastal | China
Terrain, and Cold Pools
08:30-10: 30L How Do W?ak Tropical Cyélones Produce Z%éjjang
Heavy Rainfall When Making Landfall University,
Over China China
Analysis of a Record-breaking Rainfall | Chinese Academy
Event Associated with a Monsoon of
Coastal Megacity of South China Using | Meteorological
Multi-source Data Sciences, China
BIE(Z) * Weather Extremes in Past, Present, and Future Climates - Oral
B R & H FEHREAL KR
Predictability of the Rapid Shanghai Typhoon
Intensification of Typhoon Lekima Institute of
(2019) through Ensemble Simulations China
Meteorological
Administration,
China
11:00-13:00L | Spatiotemporal Characteristics and National

Associated Synoptic Patterns of
Extremely Persistent Heavy Rainfall 1in
Southern China

University of
Detfense
Technology,
China

Contribution of Urbanization to
Rainfall Associated with Tropical

Cyclones

City University
of Hong Kong,

Hong Kong SAR
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BE(=) * Lecture

B[ ’E E FERREA KB
Mechanisms of Regional Climate Change: | University of
15:15-18:00L | Demonstrating a Strong Control of Hawaii

Future Equatorial Warming by Off-
equatorial Forcing

HEA : 8 B 5 H(EHM)

#f2(—)  The Science and Prediction of Tropical Cyclones - Oral

=3 =] FEHREA KER
Improvement of Tropical Cyclone Track Ulsan National
Simulation Over the Western North Institute of
Pacific Using Machine Learning Method | Science and
Technology,
Korea
Assimilating Doppler Radial Velocity Central Weather
08:30-10:30L | and Dual-doppler Synthetic Winds on Bureau, Taiwan

Landfalling Tropical Cyclone Nesat
(2017) 1in Taiwan

Advanced Global Model Ensemble
Forecasts of Tropical Cyclone
Formation, and Intensity Predictions
along Medium-Range Tracks

University of
Colorado,
Colorado
Springs, United
States

&M (=)  The Science and Prediction of Tropical Cyclones - Oral

B B E FEHREALKBER
Dynamical Downscaling for Assessing National Taiwan
the Intense Tropical Cyclone 1n University,
Western North Pacific under Global Taiwan
Warming

11:00-13:00L | Typhoon Activity in a Continued National Taiwan

Warming Climate - Track Cluster
Analysis of HiRAM Projections

University,
Taiwan

Estimation of the Tangential Winds in
Typhoon Inner-core Region Using
Himawari-8 Infrared Images

Hokkaido
University,
Japan

H#fE(=) : The Science and Prediction of Tropical Cyclones - Oral

RF P

& H

FERREMMER
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13:30-15:30L

Examining Secondary Circulations and
Warm Cores of Typhoon Fanapi (2010)
and Lekima (2019) Using an
Axisymmetric Tropical Cyclone Model

National Taiwan
University,
Taiwan

On the Rapid Weakening of Typhoon
Trami (2018): Strong SST Cooling
Associated with Slow Translation Speed

National Tariwan
University,
Taiwan

Environmental Forcing of Upper-
tropospheric Cold Low (UTCL) to
Tropical Cyclone Intensity and
Structural Change

National Taiwan
University,
Taiwan

Hi#f : 8 H 6 H(EHR)

T2 (—) * Severe Weather and Associated Multiscale Interactions - Oral

iESE] EH FEREAKERE
Seven-year Climatology of the Chinese Academy
Initiation and Organization of Severe of Sciences,
Convective Storms During the Warm China
Season Over North China
Improving Lower Tropospheric Analyses The Pennsylvania
08:30-10:30L | of a Tropical Squall Using All-sky State

Upper Tropospheric
Geostationary Satellite Infrared
Observations

University,
United State

Observed Vertical Structure of
Rainfall 1n Tropical Cyclones Making
Landfall Over China

Zhejrang
University,
China

M2 ()  Extreme Weather Resiliency: Prediction and Response Strategies

-Oral
B &EH EBRBAKERK
Forecast Evaluation and Economic Value | Central Weather
Analysis of the Probabilistic Bureau, Taiwan
Forecasts of 100-meter Wind Speed from
WRF Ensemble Prediction System over
11:00-13:00L

Taiwan Area

Axisymmetric Structures of a Squall-
line MCS Over Taiwan with Significant
Hydraulic Jumps

National Taiwan
University,
Taiwan
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Statistical Analysis of Storm Cells National Central
and the Improvement of Storm Tracking University,
Over Taiwan Area Taiwan

Statistical Post-processing of 1-14 Central Weather
day Precipitation Forecasts for Taiwan | Bureau, Taiwan
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