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o 20th Conference on Aviation, Range, and

Aerospace Meteorology

- [Session 1] History of ARAM: Evolution of

capabilities for detecting and predicting aviation
weather hazard: Saving lives

[Session 2] Research Programs, Services, and
Initiatives to Support the Aviation, Range, and
Aerospace Meteorological Communities

20th Conference on Aviation, Range, and
Aerospace Meteorology

[Session 3] Weather needs for Small UAS and
the Potential for Improving their Own Guidance

o Poster Session &7} 2 ZAE 2E
o 20th Conference on Aviation, Range, and

Aerospace Meteorology

[Session 4] Scaling Down the Weather to
Support Urban Air Mobility

[Session 5] Advancements in the Analysis and
Prediction of Turbulence for Aviation, Range
and Aerospace Operations

[Session 6] John T. Madura session on
developing weather technologies to support
range operations through R20 and O2R
pathways

[Session 7] Studies Involving Aviation Impacts
Translation Modeling

[Poster Session 1] Properties, detection,
prediction and mitigation of aviation weather
hazards

30th Conference on Weather Analysis and
Forecasting (WAF)/26th Conference on
Numerical Weather Prediction (NWP)

- [Joint Session 36] Advances in Data
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Forecasting of Aviation Weather Hazards
o 20th Conference on Aviation, Range, and
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convectively-induced turbulence
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— [Session 10] Influence of US National Security
Programs on Improved Analysis and Prediction
of Aviation and Range Weather
- [Session 11] Aviation Decision-Making Using
Forecast Uncertainty
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Prediction, Decision Support for Mitigating the
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Airborne Operations
— [Session 13] Overview and Early Results from
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5 Technology Trends to Watch 2020)
C|X|& X| Z(Digital Therapeutics)
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4.1 Transforming Routine Habits into Meaningful Consumer Behaviors(P&G)
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4.2 The Path to the Future of Work(Qx}8]¢] v & a3k 2)
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O A7F 2 A4 19 79(3}) 14:00 ~ 15:00, Venetian Palazzo Ballroom
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4.3 Delta Keynote and the CTA State of the Industry Address

O A 7F & A4 19 79(3) 8:30~9:00, Venetian Pallazo Ballroom

O = A} Ed Bastian, Delta CEO
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2 AT QA ok, Axdlo] FHR slsAo] Fom, F&Eo] 10%

b dom gsol AsEm g Aow ekt

HolXFY st 2 A7 S, - F A] H
F2AE #HE TSR, o5 AT LAZE o] AAETE 93]
HedS Pt vk Bt

(1

O W #}¢l Ed Bastiang 20163 59 Delta2] CEO7} & o] % o1& 291 &
FALZEA 9] Deltadhd Auizd] FEeta low, Mul2~ AdE AEH
o2 FAEY, 53] Y B #3 MiE ExE SUA7| Ao
Bastian& 20184 Fortunex] A4 “AA A 7FF it A==t 50917
o7 AAFAeH, 201930 = Y U3 (Council of Foreign Relation
s) IYor A&

4.4 Quibi®] N2 2EZH XH|2 AT

-

O A7+ 2 F4a 19 8Y(4) 9:30~10:30, LVCC

O 3 A} Meg Whitman, Quibi CEO

O 2Eg " Auj29] dbA 93k A A ZXAL7| B eMarketero] w2y 2l
HITI Q. A1H - 20124 684 2018 315 60 oz FA3] =713

om, 20199 o)|Fdx X&£EHoE Fojgd Ao g HHHET Quibi(Quic
k bite)2] CEO Meg Whitmane %14 5G U EY A7} Zo3te] u}e}
A Alzro] 7F&3EE Ao w dArgd wt, 2pALe] ~EFTY AH| =9

Quibio] W gdel FEsar At

_26_



O Quibi¢] 2E ™ Mulx &7 Agl Yo} 9= (Hollywood, Calif)
of 7WHE F A 7ol WA AFez 10 o @89 mE8 3
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o2 AW dFHE 4-1089 /e Z=IAS A2 YTt Walt Disn
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S AEE AAIAZREEH AT ol FEZ v A At A
990|t}. Whitmant “7]& 9
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AH 3 EAsE L

4.5 Conference discussion: Future of Connectivity: 5G and More
O A7 2 A 149 8¥(4) 2% 15:30~16:30, LVCC

O #7FA}: Brian Markwalter(CTA), Alicia Abella(AT&T), Glenn Lurie
(Synchronoss Technologies), Derek Peterson(Boingo Wireless),
Nadhu Nandhakumar(LG)
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L 0= oxel

1. W= 7458 AL

L1 v= 71333 A2 5%

O AMS =231 ¥H7

AMS @ e AMS@
AMS

— AMSo| A= 1003dg 7Idste] AMSe] B =9 WS Ye 7] ¢
st M2 23 AFES AlFsd

- A B2as @, =, 71533 gl Aulzd] digk AT F Sle T|8ds

T ‘o’] 7 ’
A7E HelH, 7 945 EE3te d=e 9548 tite A
A9 A 82 Rossby ¢8-S UEHT SRXA = desta
=253 AL ZXNER 98 F IEF AAHAH

2. AMS 100th Annual Meeting

v =748k 3] oA 20209 7 FH 3 'AMS 100th Annual Meeting'e 19
129 5E 16Y7HA] vl=r wjAFEAl= F B8 Add Ag oA E%laL, ofH
9] @r)|EHA]= 1 ZF '20th Conference on Aviation Range and Aero

space Meteorology (&% B 5 7|33 ZHUL)'o] F7lstidth.
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2.1 20th Conference on Aviation Range and Aerospace Meteorology A% <34

= st M5 W&
[Session 1] History of ARAM—Evolution of Capabilities for Detecting
and Predicting Aviation Weather Hazards: Saving Lives
[Session 2] Research Programs, Services, and Initiatives to Support
1.13 the Aviation, Range, and Aerospace Meteorological Communities
[Session 3] Weather Needs for Small UASs and the Potential for
Improving Their Own Guidance
Formal Poster Viewing Reception
[Session 4] Scaling Down the Weather to Support Urban Air Mobility
[Session 5] Advancements in the Analysis and Prediction of
Turbulence for Aviation, Range, and Aerospace Operations
[Session 6] John T. Madura Session on Developing Weather
1.14 Technologies to Support Range Operations through R20 and O2R
Pathways
[Session 7] Studies Involving Aviation Impacts Translation Modeling
Formal Poster Viewing Reception - Poster Session 1: Properties,
Detection, Prediction, and Mitigation of Aviation Weather Hazards
[Joint Session 36] Advances in Data Assimilation, Verification, and
Probabilistic Forecasting of Aviation Weather Hazards
[Session 8] Session on Advancements in the Analysis and Prediction
of Aircraft Icing and Methods/Tools for Icing Mitigation
[Joint Session 42] Statistical Methods for Optimized Aviation Hazard
115 Detection and Prediction
[Panel Discussion 1] Mitigating Aviation Weather Hazards and
Managing Operational Impacts in 2050
[Session 9] Advancements in the Analysis, Nowcasting, and Prediction
of Convectively Induced Turbulence
Formal Poster Viewing Reception — Poster Session 2: Properties,
Detection, Prediction, and Mitigation of Aviation Weather Hazards
[Session 10] Influence of U.S. National Security Programs on Improved
Analysis and Prediction of Aviation and Range Weather
[Session 11] Aviation Decision-Making Using Forecast Uncertainty
116 [Session 12] Advancements in the Detection, Prediction, and Decision

Support for Mitigating the Effects of Convection and Lightning on
Airborne Operations

[Session 13] Overview and Early Results from the In-Cloud lIcing and
Large-Drop Experiment(ICICLE)
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2.2 20th Conference on Aviation Range and Aerospace Meteorology F& W&
=

[e)
ME e 7 S EN

221 &%
O #7718 FAA, UKMO, NASA, NOAA/NWS, NCAR, Oklahoma Univ.,
American Airlines, Southwest Airlines Co., MITRE Corporation, Uni

v. of Reading, JPSS/STC, MIT Lincoln Laboratory =

O %

ke

A% 0 75 6474, T2¥ 374, JEEE

O Fa W& Fe71dd5/a5 e 433 2 A&S A% I
71go] 2RE AT 53] FAsA HHEA e £2F ¥ FIFE
A FFdr ety 2, R, 3 F TRAA(C&V) Ol gt AT
7F gFshAl o] F oA ATk EIE, &3 oS =il LAMP(Localize

29 AEdelds T8 7IFHEE Q3 FHdR oA R=E
- )

0%), A% B=o FAREE 149%(36—188%) 7} Z7tat= AL o
A olgigt Avtes V|FRge] wet Y] ALEH HAHAGRY
Fate] BE FE WFN 2A F/F AYL BT (1.2)

— ZANZE8F 7] (ICAO, International Civil Aviation Organization)
FE54 (Annex) 32 2016 RE vA" F4(WXXM/JIWXXM)o = 7]
A #E UAAE AET £ J=E JAdFE AFE AT o]
wel vlar W IWXXM w3 2d 29 730 dx) e 2 o] 73
oA dAstE FA 2 FE, IWXXMo] SWIM #7¢|H FIXM ¥ A
XIM3} 435 2835t Wel dis) ZxHAS. (2.1)



— Agd g1 2 7FAAZ(C&YV, Ceiling and Visibility) ZA-& dukF

o1 3% AFL(GA, General Aviation)e] H]go] BEF Ao Holx
H WA 9GS Foh FAA C&V d79 % &7 i 2Hd
AFEEE BE C&V FEY MAE HXEZ o/l HxdgME g 4
T Bofd thg AA7F AAJTh 20208@71R 9] AF Hole A FE
SFogMul 2~ (HEMS, Helicopter Emergency Medical Service) &
A = 7, FhdEr ek StA AR =4 71€ 7, HRRR(High Res
olution Rapid Refresh) C&V 2] % ©Ag o= 2do] &7 T
A, 242 LAMP(Localized Aviation MOS Program) C&V 7j4

rlr

vl AeF A (FAA, Federal Aviation Administration) 33 <FAFA
= A A, 2 AW, A7 2y #AEd d7E FYse G
AT FiE &F7) A Z2aRe AYstn Ao FW Ay %
ZH) (IFI, In—Flight Icing), NextGENE €3t glvjd A< 2] 714
:

A B (TAIWIN, Terminal Area Icing Weather Information for NextG
en), 28]31 131 % ZW(HIWC, High Ice Water Content)9] | 7}A
z2AEY FH& Fu do. (2.3)

FAAOINE 7140 7gEe) FFedel FHH 9L w7 o
2o, ol% 93] 71 Fud B 2L O 44 e d7s 3
G Folth 7ol %7k Bd WAL JFE FolHE AAutL
g ALes] A8l B4 AE e AR AR 2 BT
Agel o WA 2T 4 olok BTh FAAS] FF/1F RAe
4 2 A ke Ql3lsty Er} FHel 7| HE XA gis T2

W HZE 3str] Y8l WISER(Weather Information Services fo
r Enterprise Research) A|A 7l¥tgity. WISERS] HlH & we 237
Yo TZAEGA HIT F Ade FH Hdaa(d: HolH, Tz A~
g2 AMr2)oltt. Hixe 714 &% 2 HFH FE R Ro
3 NAS AFgA}e Al A3 AR E AlFst= AHoldk. (2.4)
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N Bu AR} Auem SaeaE Ao w@ 24 29

WAL f WY TE5 Bo ve wEe F

MBS Adsted AST S JE /1 R BA Atk ol

H4 UAS &% 913 239 A4 &1, AAAY 2 uigel B ¥
H

Ir

= n=zog Qs T X9 7 A4 I Fx U7 49
gAol 714 =838t (3.1)

UAS 53 4= NASo|M <txdst

a2 Z2EA] UAS $9< 7hsstA

she i, A, AA g A3 ARE AAMshe F8 FAA 1A 8
7158 A3tk UAS 2019-2024 B A7 AL NS 'F3
Yoz At X A7 FT GH AE A4, 9¥yd 3 =
Ao i X, 27 A Tle R A&ES g2 Aas dEe
< 5 <

Fa @A7E UAS Ao vAs 9= shdstr] A%
o THE F1 I (5.2)

1‘
=
X
(o

2 g2 &5 Hgste 2FFJAFETVINEH(UAS)S oF
vk Wstel e RAstth ofg whgro]l UASe vlAe 9= A%

2 BA37] YeiMe AFEZ vEe ZesA =gy oH oFgt
He & =

R U R RPN S
(o

k)
)
_>|:
Z
O
>
=
=3
>
-

X rlo
-
(=
0p]

G773 A E (AWC, Aviation Weather Center)®= AWRP(Aviation W
eather Research Program) % AWDE(Aviation Weather Demonstrati
on and Evaluation) X8|~ 189 FAA IEU S 7143 dFHse] =
T 1 2 7AYC&YV) 715E st AT A" Az C&
V 2 =39 C&V 4= 20200 Ho 7+dE oA, AWCE ot
B} FAL L AE 3 =<1 GFA(Graphical Forecasts for Aviation)$}
2o AA HEMS T 7]%S 533 oAHolg. Aqax GFA(GFA
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~LA)E HEMS ARUHe 278 A% 22479 gg A48z d
BAE 2o RE FF ALAA TER AL 4D AFF A

o (4.2)

— CASA(Collaborative Adaptive Sensing of the Atmosphere) &% <
T AHeE =2 AETH HALA R FHolglel A&t o] Ado ¥

T BN e 9 @YHe T RS (e, BEdolkE, &)
#5 2 AR Ves AAE A R 29T AolFa dHsta vk
A7) = %‘Ei TESS HERTH e A 7}77%« —EHE 7178

o 48R AU % Bus ABT 4 AL 474D 1 Ju 7
o] EFET. (4.3)

#ES BAske o 7HA sbsdt AL U E s TF
(ADS—B, Automatic Dependent Surveillance-Broadcast)<ld],
2 8 &% HolHE AMEEY 4RIV oS UEWTL B
AR/AIZE JE S A ADS-B 2 FF 7oA AFd = U

Bz Q& 7]1& UF PIREPS 337 £ HiuAN=z H

o
st AAA LedAte] o]He AL 4 Ay (5.2

—
B
4o ol

e A o= g
SE, H5d AW A4= ‘;‘ gzt 1’4163 T4 (SLD) 9| 7}& *oﬂ o g

4, Ahs At Ao oy AT FA 7G4,
Z#leltl, METAR, PIREP ¥ 43 Lﬂeoqﬂoﬂ N BEZe FA e
= o8 Xd" AT #AFFA A T2 717% e & 2 (NWP) =}
Agtste gt Aok A 3 s Aygsthe
A} 5= WRF—RAP NWP 29 o= go|gs} £U3 13kme] 43
O E Ao = olye ¥ Ao HT £ = 7HFHo] 3
km Q1 NWP o & do]Ej7} 25 7Fesl At A2 NWP dlo]g A
E 9oz HZ AEE ZA 94 dvlelH AEZE GOES-R A2z
A AFEt (8.5)
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— ol &l 7t &+F(AA, American Airline)9e] B3}

28 A3 % 4ed 24o) olFolAm AUtk of WEAME AA
g dE3 BRAA AR BEE 29 2IS ol FoEA
ool P e AHRLh Y ok

AMSOHE 100792 Bl A%7b5d Wad] Be =08 9% nad
e Folz AR

A FFEoZ AL, oY

w3 RAEY AY A AE FRA YA AFLES A G830
= Green House Project® 23] FojH, o= SAE
2 715WHe e}t oy xd ti3t <14S HolET

Eo] m2o ¥3HE HAE A A H]A AlE]E Leadership in Energy and
Environmental Design(LEED, ©]= W] oz 2 37 AA ok #d4)
o4 GOLD 55& we AER, 87 sty 944, n584 2%, 4%
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O CHARACTERISTICS OF WIND SHEAR IN RECENT THREE YEARS

CLIMATOROLOGY CASE STUDY: MBST APPLICATIO
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Characteristics of wind shear in recent three years at Incheon International Airport
Jae Won Les, Seong Keun Kim, Ka Young Byen, and Yeong Hun Kim
Awiation Meteorological Office, KMA,

1. Introduction

Wind shear is @8 microscale meteonoiogical
phenomenon which refers to changes in wind
direction andfor spesd over a shori distance. | can
normally ocowr due o strong temperature inversion
or atmospheric density gradients. (FAA, 2008). In
particular, low-level wind shear has contributed o a
significant number of aviation accidents and has
giwen rse to more than 400 deaths in the United
Stales and 1400 deaths worldwide from 1573 to
1985 (MCAR, 2017).

Incheon Intemnational Alrport (M37 27 457,
E126 26° 21", elevafion Tm) & a maritime arport
constructed on a man-made island in 2001, It
operates  24-hour unlke the other inland
intermational airporis in South Korea. There is no
domestic flight excepi for transfer in  Incheon
International Airport, but ®@ can be used for
emengency  landings at curfew time of other
international airporis. The paper sdied the
characteristics of occumence of hourly wind shear
from December, 2015 io MNovember, 2018 We
focused on the Terminal Doppler Weather Radar
(TDWR) radial velocity 1o classify the types of wind
shear and tmed to coninite 1o the safety of
Incheon Intemational Airport by suggesting a
risk-mgirix to minimize the damage in the
occumence of severe wind shear.

2. Dataset and method of research

In Incheon Intematicnal MAirport,
Aeronautical Meteorological  Personnel  (AMP) s
using mostly two ways to observe wind shear. Cne
i TDWR and the other is Low Level Wind shear
Mer System (LLWAS), K air-traffic conirollers or

pilots report regarding wind shear to AMP, AMP
makes a database about the reports.

TDWR has been operating since 2001 to
detect and forecast weather condiions on and
around airports. The radar device is product of
Mitsubishi Electric Co., Ld. The video process and
radar control process, which are radar signal
processing devices, and IRIS software are products
of Vaisala (US SIGMET at the fime of introduction).
All of the equipment except the anienna and the
server comtrofler have two independent channels of
software and hardware, so that the system
automatically swiiches in the event of one sysiem
failure. The frequency band is C-Band (5.837GHz),
the transmitter ouiput = Klystron (maximom output
250kW), and the detection range is 150m - 120km
in Doppler mode. it has a performance of 300m -
428km in intensity modea.

LLWaAS was installed in  Incheon
International Airport for the first time in 2001, and
curmently ulilized equipment is the product of Selex
ES GmbH (now) Leonard LEONARDO Germnany
GmbH in Germany installed in 2010, The top of the
aircraft uses twelve sensors located around the
runway to detect wind shear and microbursts near
the airport at altitudes around 30 meters.

3. Analysis

3-1. Accuracy analysis of observation equipment
The data guality of wind shear alarm near

Incheon Intermational Aiport can check the precision

of the two wind shear instruments. Unforunataby,

the accuracy of the alam cannot be evaluated

because of absence of true alarm data. Precision
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was assessed by calculating the Critical Success
Index (CSl) monthly for three years.

3-2. Monthly and Seasonal characteristics (Climate
data perspective)

At the Incheon Intemational Airport during
December 2015 - Movember 2018, the frequency of
wind shear ocowed once in every 2229
hour-interval in winter, while an average of 50-100
hour-interval in summer.

The incidence of wind shear alarm at
Incheon International Airport occumed relatively in
the aftermoon. The effect of comvection on the solar
activity and the phase change of the sea breeze
due to the location of the airport on the coast
should also be considered. In the autumn of 2018,
the period of partticularly showing different
characteristics showed a high incidence from
evening o dawning.

3.3. Classification according to radial velocity type
(radar image characteristic point of view)
Classification by radial welocity can be
divided into 4 types:
{1) Low-level jet shape: When the low level
jet-stream analyses about 850hPa, the low-level jet
shape observed in summer season. Adso, this
shape signifies the strong wind so in the radial
velocity image, we could see the wvelocity folding.
The fequency of welocity folding increased just
before wind shear occumed. The sirongest
10-minute average wind speed recoded mosty
higher 20KT. As the wind direction changes from
SE to SW, the probability of microburst increases.
{2) The comvergence-divergence pattern: It is a form
where both convergence and divergence appear
arpund the TDWR. There was no clear and visible
shape in this pattem. so the observer should have
monitored in real time.
{3) S-shape: The S-shape does not appear

frequently, but when it does, wind shears was
observed with a high probability. I the shape
makes a clear 'S, then wind shear and microburst
can appear fogether. The clearer the S-shape is,
the higher possibility the microburst occur. S-shape
is more likely to ocour at atmosphenic veering.

{4) The horizontal-shear shape: This type is similar
to the low-lever jet shape, but the microburst does
not occur. Mot like the low-lever jet shape, the
strongest wind speed line makes convergence and
divengence.

Usually, the S-shape can be observed in
spring, the low-level jet shape in summer, and the
comnvergence-divengence shape in autumn.

4. Application to operational now-casting for aviation

Az shown in the figure (A), a risk-matrix
which composed of frequency of occcumence (e,
small to large) and leading-time (Le., 30-120 min)
deducted in the pattem study. Verification for the
risk matrix was accompiished using dataset during
January-May 2018. In order to improve operational
aviation weather monitoring for decision making and
visualization, an enhanced nsk-matrix was
reconstructed using June-September 2018 dataset
{B in the figure). and verfied. The one concemn is,
TDWR cannot process the radial welocity clearly
when it rains, so forecasters have difficulties to use
the risk-matrix.

When the forecasters decide to wam wind
shear and microburst, it is very important to notice
even before sewveral minutes these phenomena
occur. In this reason, this study to upgrade the
risk-mafrix should be confinued.

Migh
intuszaty

Lo
bty

Figure 1. Wind shear Risk Matiix with radial velocity pattemns. (4) dataset duing January-May
2018, (B) data during June-September 2018{upper middia panal: made by Dr. Kevin Kloasal
in University of Oklahoma, 2013 KMA Guest Lecture)
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Vertical Acceleration Response to Vertical Wind
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(7) NCAR<9] DART(Data Assimilation Research Testbed)& AF&3}e] UAS 71X
deolEl7F asd=e] A d WRF oS mAe IF
W 2 Anders A. Jensen, NCAR, Boulder, CO

NCARS Z=22tx 9 San Luis Valleyo]l A 2018 ISARRA H]& 7+ (LA
PSE-RATE)e| s aid:=, @7], Agtd A WRF oFg AT
HE) =7k S0 L5 2% T ulg AMr} ZFE UASE E4 9X 4
(: wia 35, dfF A% 874 2 ol BAS AshHS 52 Ax9 o
2] Aol vl o]y F B=ZS dHolH FHA PG e )9
2 I B AT AT dolHE Asdn. v £ uiEy 4R
of mAR dSe A7l s UAS A dlolfHE St 2 Rd=E &

3 & 5 AdeE 75 AE DARTIA A|F=+ EAKF(Ensemble Adjustmen
t Kalman Filter)2 A}&3to] d@o] HolHEsadS Faste] Brisich,
E nlgdo] o229 9IS AMZY3ty] Y8 UASe #A w7l A7)
<

] e I s EAo] tis] AW st

(8) UASE &8 4] 7] olsd 2 F uF #AHE A 713 AF
g A

W 2} Jamey Jacob, Oklahoma State University, Stillwater, OK

Ao FF7] g€ HYe F A="HS ARESte] Q17be] AR

S APE FolWA LI AMEL THE FE3eE Ve dHoz oY
S Atk AW 4 W EoF UAV(Unmanned Air Vehicle)2 A3 A
FL A% Fo 37 AI2EH(SUAS)ES AE 2 g7)x Hie, &5, Y
HE 2 v 8 5 B2 A §8& FotollA] ARESHY] 9 A4 =
T2 AFEEE "o hE AL B 4ot SUASE Ad 109 =9
2 hds BYAT, ARA3] 2 Y, vy Ao E A BAU AL
W, I F HAT EFN= AE F Jdv Y olHTh oA AE

_64_



A7 Bgsa By £ =4 870N 53] A
t}. o] UAM(Urban Air Mobility) £FA3 UTM(Unmanned Traffic M
anagement) A|2=®¥ 7 9 FE FF AT o] F UtA BEF HE
o] Ao} 1% 2ol 7tz e TA Yo HE I} 5 9= 7
=9 el Ba3 T3 27 Aol Ut Al xe EFAS &

% sz =

ol & 2
=9 ‘:”947} Az ZL_ZﬂOﬂH olF # FHH E AEded & F 3l

rsﬂ
ot
allf
£
A
> to
U o
X
_og

ernE UAVSY ZAulad 7= =
A%ste] AT B4 ug 379
: o)

297 8 vA MEYD EEEAE F7} 44 EAEL o] 24 FA
5% + Aok AT H5F FA VEAD delE UAV sge FAF
2 BAY 5 golor @tk Iy £A Fel UAVE A5l )R sk
Ae Ao 2 AxY vy SFo WPEy] W] BH ole @
TP e AL A Oﬂju FACNE R GAsE e Y

3 AA S ols)7h %m}v}. ::Ll,ﬂ— 99 %xo =

3 0AE ETPSHE BA FAWE TR F A0 AE2Fe gEE 24
St MAUZS BRFoRA 159 24 FAEE FAL Aol o
AT NE UAS B UTM £9¢ 7bsahA s Az dlelg e 4133
7] g8 UASE 2837198 58 A2y 2 4% Hasd v 49
o FRA v 249 AR RS FYANE Qe FAd

_65_



(]

9] % Kevin Johnston, FAA, ANG—C64, Washington, DC
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W3 2} Matthias Steiner, NCAR, Boulder, CO
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V) 715e MA3S A" Az C&V B4 =39 C&V «o&2 2020

_66_



2o FAD olFolth Hrto] MW AgAE YFEH ZFA mepA
o] =7t UAS/UAM AL§4E L8 BE ALE W

Hd = olof 2.

o]z 3t Mol B337] ¢ AWCE Lwt &3 AFEAE 93 9 2F
A2 w39 GFA(Graphical Forecasts for Aviation)9} <& =< 9=
o HEMS =% 7]%S 583 ooty xa1% GFA(GFA-LA)E HEMS
AFUHES 275 A% SFA7H & s dAAs = B
g3 ALgAAl FEE AFEA B3-S AFE Zlold. HEMS =+ g
HAA Ado]Ee HEMSE GFA-LAZ TAAZ 35 AL 4xdd oA
o] t}.

(3) Wej2o} TEY2S] AAF WY - 22 P FF 94 £GA 74
AW QT 5
W3 2} Apoorva Bajaj, Univ. of Massachusetts Amherst, Amherst, MA

. WE op o
)
olo

HE =2 AED ga ZR sl ggste] o] 499

by
Nus 19e LS 5o AT, BT, £5) BE 9 ZH 7]

_67_



&S AAE, Ald 2 2P qrlde dYHAXENS HEZZH A9

Jo] 77he X—m= 7138 o)y MEYZ(0—2000 feet AGL)S} 233ke]
2} X} YA whet AR HH V)G AERE ATE 5 de A
st 71 HAE 7Ee] 2gETH

=

o] AFE EE B FF U £9A, A O, 3y B, A 3 2
A A3Ase AEF A%, @A RO O 8T AF(R @A FA
o A Z2E BY SHn AdHs SHAA/LR)

(4) UAS/UAM <) &g 7A01 & 93 A =2 24 &2
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Table 1 Examples of integrated weather-ATM decision support tools used operationally in the past 20 years

Dedsi e Weather Uses Explicit Risk Locati
s Ec'::?r“ . E Ec‘s':": Forecast cwa Output Management pomten
u ool upporte s
BRo s s Used ™M Support
Awsilability of Route status
departure (red, yellow, MY, ORD,
RAPT routes in cnws Yes green) as No PHL,
convective function of pca
weather time
— a Rer:“'t'"g D_‘th Uses v Alternative N —
RN RAPT e routes =
blocked routes
Departure Recommended
WK rerouting in ws ves shorter storm No o
convective avoidance e
weather routes
Principal
Enroute flow cws, 2 e
5 h iyt Probabilistic ly east,
TFI roTEh o o Yes forecasts of No south
Constrained SREF, :
i P FCA capacity and
rea
midwrest
Rates for SFO
GDPs for marine GDP rates as
GPSM stratus low MSFS Mo function of Yes sFO
cailing/visibility time
events
Effective arrival
. rate forecast
Time Based Arrival
_ for each over 40
Flow sequencing to
RUC No runway Mo us
Management runways of an b ]
e e considering W
winds and
aircraft size mix
i # i Guidance for
SRR ','“Z time between
WTMD SRAE LoD RUC No successive No SFO
to avoid wake
departures
vortex upsets
from a runway

CIWS- Corridor Integrated Weather System; DWR-Dyvnamic Weather Routes; GPSM — Ground Delay Program Parameters Selection
Model: HRRR- High-Rescolution Rapid Refresh: IDRP-Integrated Departure Route Planning: LAMP- Localized Aviation MOS
Program; MSFS-Marine Stratus Forecast System; RAPT —Route Availability Planning Tool: RUC- Rapid Update Cycle; SREF-Short
Range Ensemble Forecast: TFI - Traffic Flow Impact: WTMD-Wake Turbulence Mitigation for Departures
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A}3): Mike Robinson, The MITRE Corporation, Center for Advanced
Aviation System Development, McLean, VA
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and Karen Shelton—Mur, HQ FAA, Office of Commercial Space
Transportation, Washington, DC
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