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MIT Passenger Traffic Trends (RPK)
ICAT < by World Region
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MIT US Flight Delays
ICAT < from 1995 to 2008
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MIT US Flight Delays
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Next Generation Air Transportation Sustem

Dec 2004
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Figure 1-2. Planning for a Range of Futures
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Total Combined Aircraft Operations at
MIiT Airports with FAA and Contract Traffic
ICAT - Control Service (FAA 2009-2025)
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http://www.faa.gov/data_research/aviation/aerospace_forecasts/2009-2025/

Congestion Focused at Key
Points
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New York Airport Flight

MIT Delays*
ICAT B from 1995¥o 2007

* Note: 12 month moving average
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Fuel Price Shock
Cost Uncertainty
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Economic Shocks
Demand Uncertainty

Market Indices 8/4/08-10/31/08

Source: Capital Link Shipping 16



MIT U.S. Airlines Net Profit
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MIT Emissions
ICAT i" Greenhouse

Gas Emissions
o Pressure to reduce emissions minleininlsl=l=l=l=
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How Efficient are Current
Operations?

PFEI = Fuel Energy Consumed/(Payload x Great Circle Distance)
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1. As designed PFEI derived from0.000
Boeing payload range diagrams
in their airport planning guides.

2. As operated PFEI data derived
from US DOT BTS data.
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Productivity = Actual Distance Flown x Actual Payload Carried
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Modeling Strategies for Reducing
CO2 Emissions

Architecture of the System Dynamics Model* Scenarios & Assumptions®
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Policy Scenario Quantified Effect
Technological Efficiency Baseline 1% efficiency improvement
Improvements per annum (p.a.)
Moderate 25%p.a
Aggressive 3,5 % p.a. (2008 to 2015)
& 0.6% p.a. to 2024
Operational Efficiency Baseline 0%
Improvements Moderate 6%
Aggressive  12%
Use of Alternative Fuels Baseline 0% (share of total fuel
(i.e. biofuels; 2nd gen. starting used by volume)
2010 and 3rd gen. starting Moderate 1% p.a.
2013) Aggressive (2 % p.a.
Demand Shift Baseline 0%
(flights below 1000 miles) Moderate 30%
Aggressive  60%
Carbon Pricing Baseline $0 /metric ton
Moderate $50 / metric ton
Aggressive  $200 / metric ton

* Source: Sgouridis S., Bonnefoy P. and Hansman R. J., “Air Transportation in a Carbon Constrained World: Long-term Dynamics of Policies and Strategies for
Mitigating the Carbon Footprint of Commercial Aviation”, to be submitted to Transport Research Part A., Feb. 2009.
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MIT Carbon Emissions under Different
ICAT % Carbon Management Scenarios

o Even with aggressive carbon management carbon

emissions will increase
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Technology Example: Jet Engine Procedure Example: RVSM
Commercial Jet Aircraft
in the United States from 1956 to 1977
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time of diffusion

Ultra Long
15- 35 years

Long
time of diffusion
5- 15 years

.
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time of diffusion
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Estimated Time Constant and Readiness of
Proposed CO, Mitigation Measures
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MIT Surface Emissions
| Outgrowth of NASA Departure Planner Work
ICAT B
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o Proposed
Demonstration of
Surface Movement
Optimization

« Evaluating Potential Sites
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MIT Taxi Fuel Burn Performance
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User Benefits Dependent Upon

mMiT Approved Applications and Operational
ICAT < Capabilities
Capabilities Applications Stakeholder Benefits

b,(t) D) D) D)

0 |@ © O

Aircraft
Operational Level of
Capability b;(t) @) O O %Cost
b fit Significant
Operational enetits o
Procedures Some/Indirect
[ )
stk stk, stk,
None/
c (t) O O ‘ Insignificant
1
O
«“0 |lO © @
= ADS-B as NextGen Pathfinder cs(t) ® P P
= Airborne Equipage Requirement
= Certification and Procedures costs

Disaggregate benefit/cost approach adapted from Marias and Weigel



MIT Safety Management System SMS
ICAT < Challenges

Severity | No Safety Minor Major Hazardous | Catastrophic
- e p 3 ; y Hazardous =
Likelihood “Sarious or
AL fatal injury to
small number
Probaoe of occupants
or cabin crew”
Ri t:
Extremely Remote = o
(quantitative) 1x10~7 —
R xtreme
to 1x10°° Remotey €= = = = = = __-—.
D
Extremely
Improbable
E
* Unacceptable with Single
T o 7 Connon
e Cause Failures
Low Risk

o Target risk classified by ATO Safety Management System
standards
« Hazardous assumption & 107 assumption




MIT
ICAT <

Simplified Air/Ground Operational

Capability Process

System Specification Mitigations and Safety Final Safety Approval & Certification
Description ! Development Requirements
(Desired 3 (Artifacts Required ; .
Capabilitiesto | to Detailed (Dzif’ei,sfegzca’i’:’e’; to
Artifacts Requred) | Specifications) figations Requi .
i i I Required
| i Predecessor
i i i (OpsSpec)
Conesptor | @S e s o
Operation g ¢ Pilot
Airborne ! Avionics ! oni : Airborne
Pilot Roles i PP i Avionics (TSO, TC, STC)
Component i Sl [ h/w and s/w "I -—'I gsgfiics‘ Operational
. i i Req. Capability
i i - flight stds) pprovec
i Link “ (alrborm'a) Functionality
! Specifications ' -_I Operating
T
i
Air/Ground System ! Approved osy§3$al
Interface — Performance i Procedures peratior
Applications Requirements ] . Capability
(ATC/glound) (flight stds/ Approved
Operating Procedures
Application Procedures Traned
! Specifications ! Controller
E E -_—I er
Surveillance i i Requirements Integrated
Based Infrastructure g‘ T e ¢ (acq. mgmt) ATC Function Ground
i | Operational
Component i ! Ground o
P ATC ! Ground ; .—I hiw and s/w | IfDeptloy?d Capability
- I I nirastructure
Automation i Infrastructure i e (307‘1- ggm'/
From Roland Weibel 33



MIT Operational Approval Risks in NextGen
CAT Operational Improvements

o NextGen Ols analyzed from Integrated Work Plan (2008)
« based on Ol Descriptions in Appendix |

o Preliminary categorization of operational approval risk

Code Definition & Basis

No operational approval required
NA Non-operational or process improvements (e.g. scheduling, security,
environment, SMS, etc.)

Minimal risk of operational approval
No significant safety impact or depends on approved capabilities or
operations already approved

Green (G)

Green/Yellow Minor risk of operational approval

(GY) Similar application/operation already approved, or minor safety impacts
‘ ’ Major risk of operational approval
Yellow (Y) Large changes, bu.t limited to one domain (e.g. airborne, ATC, etc.) and
hazardous or major safety consequences
Significant risk of operational approval
Red (R) Large amount of analysis required, limited operational experience with

@ OO0

concept, or significant change in roles (human/automation)

34



MIT Preliminary Ol Analysis (1)
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303
304
305

306

307

309
310

311

316

317

318

319

320
321
322

325

TMI with Flight-Specific Trajectories
Flexible Entry Times for Oceanic Tracks
Continuous Flight Day Evaluation
Provide Interactive Flight Planning from
Anywhere

Integrated Arrival/Departure Airspace
Management

Use Optimized Profile Descent
Improved GA Access to Traverse
Terminal Areas

Increased Capacity and Efficiency Using
RNAV and RNP

Enhanced Visual Separation for
Successive Approaches

Near Zero Ceiling/Visibility Airport
Access

Arrival Time-Based Metering - Controller
Advisories

Time-Based Metering into En Route
Streams

Initial Surface Traffic Management
Enhanced Surface Traffic Operations
Low-Visibility Surface Operations
Time-Based Metering Using RNP and
RNAV Route Assignments

GY
GY

P<-<-

326

327
329
330

331

332

333

334

337
338

339

340
341

343

344

346

Airborne Merging and Spacing - Single
Runway

Surface Management - Arrivals/Winter
Ops/Runway Configuration

Airborne Merging and Spacing with OPD
Time-Based and Metered Routes with
OPD

Integrated Arrival/Departure and
Surface Operations

Ground-Based and On-Board Runway
Incursion Alerting

Improved Operations to Closely Spaced
Parallel Runways

Independent Converging Approaches in
IMC

Flow Corridors - Level 1 Static

GY

Y
Y

Y
Y

Y
Y

Efficient Metroplex Merging and Spacing GY

Integrated Arrival/Departure and
Surface Traffic Management for
Metroplex

Near-Zero-Visibility Surface Operations
Limited Simultaneous Runway
Occupancy

Reduced Separation - High Density En
Route, 3-mile

Reduced Oceanic Separation - 30 Miles
for Pair-Wise Maneuvers

Improved Management of Airspace for
Special Use

Y
Y




347

348

349

350
351

352

353

354

355

356

358
359

360

361
362

363

MIT
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Air Traffic Control Surveillance Service in
Non-Radar Areas (ADS-B)

Reduce Separation - High Density
Terminal, Less Than 3-miles
Automation Support for Mixed
Environments

Flexible Routing

Flexible Airspace Management
Automated Clearance Delivery and
Frequency Changes

Reduced Oceanic Separation - Altitude
Change Pair-Wise Maneuvers

Reduced Oceanic Separation - Co-
Altitude Pair-Wise Maneuvers
Delegated Responsibility for Horizontal
Separation

Delegated Separation - Pair-Wise
Maneuvers

Trajectory Flight Data Management
Self-Separation Airspace - Oceanic
Automation-Assisted Trajectory
Negotiation

Resource Planning

Self-Separation Airspace Operations
Delegated Separation - Complex
Procedures

GY
GY

GY

< B~

365

366
368

369

370
381
400

401

402

403

406

408

409
410

2010

2020

2021

2022

Preliminary Ol Analysis (2)

Advanced Management of Airspace for
Special Use

Dynamic Airspace Reclassification

Flow Corridors - Level 2 Dynamic
Automated Negotiation/Separation
Management

Trajectory-Based Management - Full
Gate-To-Gate

GBAS Precision Approaches

Wake Turbulence Mitigation: Departures
- Wind-Based Wake Procedures

Wake Turbulence Mitigation: Arrivals -
Wind-Based Wake Procedures

Wake Turbulence Mitigation: Departures
- Dynamic Wind Procedures

Wake Turbulence Mitigation: Arrivals -
Dynamic Wind Procedures

NAS Wide Sector Demand Prediction
and Resource Planning

Provide Full Flight Plan Constraint
Evaluation with Feedback

Net-Centric Virtual Facility

Automated Virtual Towers

Net-Enabled Common Weather
Information Infrastructure

Net-Enabled Common Weather
Information - Level 1 Initial Capability
Net-Enabled Common Weather
Information - Level 2 Adaptive GY
Control/Enhanced Forecast
Net-Enabled Common Weather
Information - Level 3 Full NextGen

GY

GY

GY 36




Ol Operational Approval Risk

MIT
ICAT b 4 (preliminary results, not validated)
Code Number of Percent of
Ols Ols
O NA 53 45%
O G 19 16%
O GY 11 9%
O Y 21 18%
‘ R 15 13%

119
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MIT Emerging System Constraints
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TCAS Primeters (in NM) from 2350 to 5000ft

tau based TA Perimeter

N
/
NS

\:\\\/’/

TN
N

N

o TCAS o Wake Vortex
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MIT Evaluating Wake Vortex Risk in
ICAT < NextGen

. Example Key Areas S
* Tight Routes in Transition Airspace ©
* Closely Spaced Parallel Approaches

« 4DT Separation Criteria \
 Controller Workload and Complexity

- Evaluated NextGen Ops Cons \\@\

< ()
®

PR Departures
Current radar separation AITI va | S

RNP Navigational separation

Wake hazard zone
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MIT EWR 22L,R - TEB 24
ICAT < Interaction

o Further examination of the

data PDARS data showed
that approaches to the 22s
may provide a more tightly
constrained scenario.

TEB 24 departures currently
prevent use of EWR 22R for
arrivals

Arrivals to EWR 22L must
cross TEB and maintain
safe separation from TEB
19 & 24 arrivals and
departures.
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MIT EWR 22L Arrivals and
ICAT < TEB 24 Departures

o Currently TEB 24 departures
must snake under then over the
ILS arrivals to 22L.

o EWR 22L approaches at ~3000 ft
over TEB

TEB departures are held-
down until clear of the EWR

arrival strein \ TEB 24 Departures
S0
NI
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Lower Diagram: FAA RUUDY ONE DEPARTURE (RNAV), 12 March — 9 April 2009 42



MIT EWR 22 - LGA 13 CDA
ICAT < Interaction

o Future arrivals may use

continuous descent
approaches (CDAs) to
improve fuel efficiency and
reduce environmental
impacts.

A CDA to EWR 22s would
conflict (only ~450ft vertical
separation) with a CDA to W S ,

Currently the two approaches
are vertically separated
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Questions
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