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why “weatherproofing”?

e the NAS works quite well in good weather —all 5 days/year of it
— networks operating near capacity react badly to disruptions!

e goal: reduce impact of weather in two areas
— “equivalent visual operations” at airports : strive for VMC rates in IMC
— alleviate convective weather impact through improved planning tools

e akeyelement of a larger NextGen goal: build a robust, resilient NAS

— reduce delay variability
— increase flexibility
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three examples in eight minutes

e Integrated Departure Route Planning (IDRP) [CAASD and MIT LL]
— tactical pre-departure route planning in convective weather

— in prototype operation at ZNY, ZOB, ZBW, ATCSCC, Ngo, LGA, JFK, EWR,
TEB, JetBlue, and Delta

e Enroute Flow Planning Tool (EFPT)
— tactical en route convective weather avoidance

— doing HITL evaluation of prototype : mid-term TFMS capability

e Flow Contingency Management (FCM)
— concept for strategic TFM : 2-15 hour planning horizon
— far-term

common thread : integration of advanced digital weather products with ATM
automation to improve situation awareness, planning, and collaboration
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IDRP: near-term ATM-weather integration
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En route Flow Planning Tool (EFPT)

e Tactical TFM Rerouting: 15— 9o minute lookahead allows fine tuning of strategic TMIs
(AFP,CTOP,GDP) — incremental decision-making

e Automatic detection of weather impact on traffic flows
e Automation generates reroute options to avoid severe weather
e Electronic coordination of reroutes facilitates rapid execution

e Predictability of flights on clear routes will increase throughput in wx area and allow less
restrictive TMIs and less delay
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Options Depar..|Arriv..| Source Flown "I FIts| o000 | 0015 | 0030 | 0045 0100 | 0115 0130 | 0145
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B.LVZ.LENDYS.|FK MM... JFK Historic 3 ZIX ZTL Z.. 1
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VANSPAPSK.MOLGVEOTTSIE | MM... JFK rejoined route 0 ZXZTLZ. | 1 ¥
- s —
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problem identification
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MN346105 HPN RDU 20135 2124 2115 KHPNAWHITECYM. |3 7. CLASY. J191.PXT. V21 3.HPW. ARGALS. KRDL.
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resolution support
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bt Orig | Dest |Departs| Arrives|Deadline| Delay Addedlto Route Coordinati
Ia —_—— A
CHQ3037 LGA | RDU 2019 2128 00:39 -1 -5 Yes ZDC VILLS.J5 7. LLAS V. J LY LPX 1 J L4 VIPRE HPW. ARUALY.KUU
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MES312 MC... ACY 20035 2133 00:33 a 67 Yes ZIX ZTL ZDC SAV.SPARICSIE
SWALY MC... ISP 2000 2208 oo:23 7 54 Yes ZIX ZDC YIYAPSAV.RDLLISO
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flow contingency management

Hours in advance, we know that there will be serious convective weather ...

What is the range of possible
weather scenarios, and how likely

are these scenarios to occur?

What does the range of ATM
impacts look like?

What options will we have

available to alleviate congestion,

and when do we have to act?

AVIATION WEATHER CENTER (MOAA/HWS/NCEF)

TOPS: 100's OF FEET MSL
25000 - 29000 = 290
20000 - 24000 = 240
35000 - 39000 = 390

0

CDLLQBD‘Eﬁg‘IVE COMVECTINE FORECAST PRODUCT

3 SPARSE
25 - 39%

4 - 7%
SOLID
75 - 1009

COMNYECTIYE
COYERAGE:

MEDIUM [

YALID: 2368 UTC Mo 11 JuL 28U£

ISSUEDR: 1788 UTC MOM 11 JEL za11

CONFIDENCE:

Lo

£0- 100% 25 - 43% LIME MOYEMENT:
DIR \‘
% LN SPC (KTs)

This is currently done by multi-stakeholder teleconference, with limited
analytical information and few useful strategy assessment tools.
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strategic planning framework for FCM

[ Generate weather impact ensemble ]

!

[ Classify representative scenarios
7 1

C ]-]-] ).Q /\w‘
L V4 I , ;
Y‘ ‘/
Select evaluation metrics %\\\@//(
7 \/\\/ \
\ 4

Design and evaluate control actions t
mitigate predicted congestion

O} Modify as necessary

l

[ Contingency plans h-]
T . JI 7 )
[ Synthesize strategic plan

J( Select planning metrics
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A conceptual example of FCM in action...
Developing the Strategic Plan

sampleSituationDisplay/interface ~* Provides analytical information in the form of
i I R P e — contingency plans

Wx Ocomrrence Probability: 60% B il

— Weather impact shown through representative

Impact Duration: 1400-2000Z2 scena r|os
Impact Types: :
et oo L BN — Coordinated controls provided to effectively
No. of Est. Influenced Flights: 300 _,-f o m|t|gate CongeStlon
Estimated Iinpact under Plan:
AverageDelny: 45 min. e Enables simulation and evaluation capabilities

Max Delay: 120 min. ) -

— Assess performance of TMIs that mitigate

TMI Constrained  Start  End Impacted Subject Type | .
Resource Time Time con ge St ion
Hl GDp ATL 1500 1800  Departures from Tier 1 & 2 Action .
. : — Defines recommended management strategy based
E‘ / s . 1ghts through constraine dvizory . oy . . . .
MIIL e 00 0 oo conned - Advisory [ on user priorities, statistical information and
B RR  ZTLI4.ZILI6 1400 2000 Departures over castiwest  Advisory deferablllty of decisions
gates =
— Enables simulation and impact assessment of
e [ o Lt taur decision maker preferences
=
Timeframe - . . .
2 1w Ruoue  Bedurd  Remesd  Ooeumens e Facilitates effective communication among
o 18;00 Capacity Demand Probability ..
e | T decision makers
@ ZTL o ATL ZTL14 12/10 1019 75% ) . ..
0 e S 7 i — Common information shared among decision
Lockup: E =l ma ke rS

— Potential for automated implementation
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need : representative weather impact scenarios

» Strategic planners need approximate forecasts of likely impact scenarios
* Some effective actions have long lead times
* Need to weigh scenario likelihood against consequences to make the right call
* Current convective weather prediction products do not provide this info
* Probabilistic forecasts are not correlated
* Ensembles are too computationally-expensive for real-time

* We are developing a "weather impact simulator” to leverage existing forecast
products, using spatio-temporal influence networks

-
.
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thoughts

e initial progress has been made in tactical ATM-weather integration
— high-resolution products available, including impact forecasts
— next wave of TFM tools integrates weather at some level

— we have prototypes of true trajectory-based operations tools that integrate
weather impact directly : but not all kinds of impact are captured

e integration for strategic day-of-operations planning is still a dream
— need products that can provide decision-support under uncertainty
e scenarios, impact outcomes, associated probabilities
e include impact predictions for both airspace and airports
— need simulation tools that are fast enough for real-time decision support
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