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Air Traffic Control Overview A DAY IN THE LIFE OF

AIR TRAFFIC OVER
THE CONTINENTAL U. S.

ANIMATION CREATED USING
FUTURE ATM CONCEPTS
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Revenue Passenger Kilometers (RPK) Trends in Aircraft Size

by World Region U.S. Airlines
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Flight Delay Trends
US Data

Millions

Delays (in min.)
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ICAT < Capacity Issue ICAT—¥< Transformation
« The US, European and other Key Air Transportation Systems are * Common recognition that existing US and European ATM systems will
approaching a critical saturation threshold where nominal interruptions not scale to meet future demand

(e.g. weather) result in a nonlinear amplification of delay
—eee e —

+ National and Regional Economies highly dependant on Air * Reflected in major long term initiatives
Transportation - Us NextGen |
- Business travel (stimulated by info technology) - Europe SESAR 4 ,‘. 6‘1&. ’ Ao,rh { i

- Air Freight
- Personal travel

» System is highly complex and interdependent
e

* Need better understanding of system dynamics and real constraints to
guide and justify efforts to upgrade the system

 Current efforts will not provide capacity to meet future demand

« Impact of upcoming capacity crisis is_not well understood

- Operational Impact
- Economic Impact
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System Complexity Ndj‘ (n«a) H&'fipﬂ«@ |
“Simplified” NAS Architecture (" L -

\MIT COMPONENTS OF AIR
JCAT-*< TRANSPORTATION INFRASTRUCTURE

* Airports
A'A- de - Runways
- Terminals

Ground transport interface
Servicing
Maintenance

« Air Traffic Management Communication

Communications
Navigation
Surveillance
Control

*  Weather

- Observation
- Forecasting
- Dissemination

« Skilled personnel Alr Traffic Control

« Cost recovery mechanism

MIT US Air Route Traffic Control Center
Current Control Structure JICAT-¥<  (ATRCC) Airspace - 20 Centers

U.S. Airspace

* Surface Control (48 Contiguous States)

- “Ground” '}Ox;"ﬂ-tj
* Local Control
- “Tower {1 Un,h.wL 3, Zld OOH-
* Terminal Area Control (TRACON)
- “Approach and "Departure”
7{) * Enroute Control (ARTCC)

Ceokes - Conter pedivm ¢ high al}]

* Oceanic Control (FIR)

- *Oceanic’  (4f ba\m[(‘u’,) ¥ IT

* Flow Control (ATCSCC) T :
- “Central Flow" i
' ARTCC Airspace TRACON Airspace
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Low Level Sectors

High Level Sectors
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MIT

CAT < Radar Display Example

[ mer] [ convos |

Tapcbry
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Stk Manual Control
Commands
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MIT Human Factors and
ICAT %< Adaptation

Ol e
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New York Arrival and
Departure Tracks

* ATM is a human centered cqgg___%:t process for the allacation of
Odgpled 56Hn

* The system has significant local adaptations resulting in
G705 lotus of ayeod

airspace and airport surface urces.

* Current ATC system has evolved over 60 years

nonhomogeneity

- Airspace design
Local procedures
Letters of agreement
Noise restrictions

1

~We Iﬂ or
\
oise restrictions N\ =hran
Site specific training (FPLC’—. %;ﬁears)
* Major operational changes
technical capability , 4

- Positive radar control - Grand Canyon 1956
- TCAS - Los Cerritos 1982
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ICAT 96

Capacity Limit Factors

Airport Capacity

- Runways
- Gates

- Landside Limits (including Security)

- Weather

Airspace Capacity

- Airspace Design
- Controller Workload ,
- Balkanization — l (

|
Demand l{' a EU(O(J&

- Peak Demand
- Hub & Spoke Networks

Environmental Limits
- Noise (relates to Airport)

- Emissions (local, Ozone, NOX, CO2)

Wake Vortex Separation Requirements
are a Fundamental Runway Limitation

Leading
Aircraft

need, M Stpoabien

Trailing Aircraft

Mokt

Heavy Large Small
Heavy 4 5 5
B757 4 4 5
Large 3(2.5) 3(2.5) 4
Small 3(2.5) 3(2.5) 3(2.5)
A ———

U op/he s max

nyvf\

\ MIT
ICAT <

Airport System

Capacity Limit Factors

Runways

Landside Limits

- Gates
- Ramp Space

A Entry Fic

- Terminals & Security Arrivals

- Road Access
Weather

- Capacity Variability
- Convective Weather

Downstream Constraints @

Controller Workload

Environmental

- Community Noise

- Emissions
Safety

Adaptive System - Impedance Matching

(nedy & Ty Conglraind
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Airport Capacity Envelopes Airport Capacity Envelopes
Atlanta (ATL) Boston (BOS)
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Variable Capacity Effects
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gf;:&‘ Hub and Spoke Network

b RN
1 {« Source: ASDI data \ _
i A

Completely Connected Network = 2(N-1) Flights
(eg., 50 Airports, 98 Flights)

-

i
=
"

e ATL Schedule (July 99)

Atlanta
Average Dally Arrivals and Departures
Juby 1958

Completel Connected Network = N(N-1)
(eg., 50 Airports, 2450 Flights)

Source: ATA Website
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-\ One solution: Build More Runways AT <

Current Airport Expansion Projects
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Scale Free Network
Growth Without Constraint

US Air Transportation System

Not Quite a Scale Free Network
Elight Weighted Degree DiSttibution e ..

Low traffic nodes High traffic nodes

Percentage airports with
weighted degree >w

Weighted degree: w
(=airport annual operations) Wester Wear

a}:;tzlfo# oft

+ Capacity constraints limit connectivity at the highest
HEnSIty AITport Houes

f“]uHE "A:KM 5751Lem }5 how 09 Mqﬂ}pd

Emergence of Secondary Airports

MIT Multi-Airport Systems
“Southwest Effect” ICAT < in the United States
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MIT
ICAT >r<

T

Multi Airports Systems are a Key
ICAT <

Scaling Mechanism

Analysis of Airport Growth

(i.e. airport level analysis)

Deviation from linear
growth due to:

- Sublinear: Capacity constrained airports
(a.g. Washington/National DCA, Naw York/

Single Airport Network Multi Airport Network .

Kennady JFK, New York/LaGuardia LGA,
Chicago O'Hare ORD)

= Super linear: Connecting hub airports that

amerged during the tima period of analysis
and secondary alrports

Hon Power Law
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ICAT < Example NY Configuration

) MIT
VICAT <

New York Airport Flight Delays*

LGA 22113

EWR 22L | 22R
JFK 22L, 22R | 22R
TEB 19124

Used 2% of time

36% Capacity
improvement potential

Known Issue:
EWR 22 Arr-
TEB 24 Dep

Other issues?

- Merging departure flows
from all airports?

h MIT COMPONENTS OF AIR
: ICA?‘-M TRANSPORTATION INFRASTRUCTURE

* Note: 12 month moving average
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Data source: FAA Operational Network (OPSNET)

MIT

Vert (o byaduiglh

Wcii=<  COMMUNICATION TRENDS no/

* Airports

- Runways

- Terminals

Ground transport interface
Servicing

Maintenance

« Air Traffic Management

- Communications
- Navigation

- Surveillance

- Control

«  Weather

- Observation
- Forecasting
- Dissemination

* Skilled personnel Alr Traffic Control

Communication

* Cost recovery mechanism

¢ Voice
- x};F(Iine gf sight) \
- the hori
= Gro(t?nvg {Enees Ay -} Wf Y (ﬂl(@ble

Datalink (line of sight)

- ACARS (VHF) ‘% ! 65 /ﬂ@

- Mode S (Obsolete?, 1090 Squitter)
- CPDLC (VDL Mode 4)

Satellite e )(P edj: /{

- Geosynchronous (data, voice, images)

- LEO and MEQ Networks
- XM Radio Downlink for Weather

« Aeronautical Telecommunications Network (ATN)
- CDMA, TDMA

+ ot oune f‘q'?/mj

TCH/IF



M ARINC Datalink Network
ACARS CAT ~r< - ACARS

sz amcon

AV CANADR AQASS LU ARING ACARY @) avictee 2avan
Al U D i i Betieautod Fomiot Gouro Stasood (GS) B T e b o

AUBRS ren Yoy diftomrd @ripaniey sa:ﬁﬁ@lnl Conragp

Mir Airline-Aircraft Example
ICAT~*< ACARS Monthly Message Traffic

16,000,000

14,000,000

12,000,000

10,000,000

8,000,000

Meégsages

6,000,000

4,000,000

2,000,000

Business as usual

 FEEELTEFH FES PP
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Mir
ICAT -

* Radionavigation beacon : )
- VHF Omnidirectional Range (VOR) h ('Qr‘th Pofﬂb

Non-Directional Beacon (NDB)
Distance Measuring Equipment (DME)
- TACAN

* Area navigation systems (RNAV)

- Point to Point G ps /W

* Ground Based

- Omega
- LORAN

¢ [Inertial navigation systems

VOR

< NAVIGATION TRENDS (ENROUTE)

ke

« Satellite navigation systems

- GPS (CA)
- Glonass
- _GNSS

http:/ /en.wikipedla.org/wiki/Image:D-VOR_PEK.JPG
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GPS

Miv

AT GPS Frequencies

Slyalé nogd
T gp Togh
(0N5pHae,

Bl e
"jﬁl{{‘ C/0 (efion

*L1(1575.42 MHz):

Carries a publicly usable coarse-acquisition (C/A) code as well as an encrypted precision P(Y)
code.

*L2(1227.60 MHz):

Usually carries only the P(Y) code, but will also carry a second C/A code on the Block Il1-R
satellites.

* L3 (1381.05 MHz):

Carries the signal for the GPS constellation's alternative role of detecting missile/rocket
launches (supplementing Defense Support Program satellites), nuclear detonations, and other
high-energy infrared events,

* L4 (1841.40 MHz):
Being studied for additional ionospheric correction.
*L5(1176.45 MHz):

Proposed for use as a civilian safety-of-life (SoL) signal. This frequency falls into an
internationally protected range for aeronautical navigation, promising little or no interference
under all circumstances. The first Block IIF satellite that would provide this signal is set to be
launched in 2008.

Image source: The Fundamentals of GPS,Greg Pendleton , Leica Geosystems

Mir

ICAT < GPS Issues

http://en.wikipedia.org/wiki/GPS

Performance Based Navigation
RNAV and RNP

* Requirements

- Accuracy

- Integrity

- Availability

Selective Availability (SA)

- Degraded to 100m accuracy, No longer active

Differential GPS (lonospheric Correction)

- Satellite Based Augmentation Systems (SBAS)
+ WAAS (US), EGNOS (EU), GAGAN (India)

- Ground Based Augmentation Systems (GBAS)
+ LAAS

g‘l,()m —‘}’u(/[d og ‘m
(uld Ve

Second Civil Frequency

Control by US DoD

F \ \ :
- International concerns gﬁmp@ﬂ‘i IDU"'AMJ W/,
j i \
Vulnerability to jamming O e 4&(‘0 P[‘QH,GA)

-

* Point-to-point routes’
» Radar monitoring
* 90+% capable fleet

More Pf&i&f'an

&

Vertical
; Path

D4

* More complex routes
\ + Tighter performance

\ » No radar requirement,
* 30+% capable fleet

A\

curved”

Increased Airspace
Efficiency

Optimized
Use of Airspace

(@il 0 ol ngy gure

Source: Bruce DeCleene, FAA

RNP ~ f&fﬁ’n
£, Contaiiment aa‘e,



MY , ATL Departure Procedures
ICAT =¥ Before RNAV

Departures are vectored

Significant dispersion

Limited exit points

- Headings, altitudes and speeds
issued by controllers

- Large number of voice
transmissions required

- Tracks are inconsistent and
inefficient

Source: Bruce DeCleene, FAA

MIT NAVIGATION TRENDS
ICAT < (APPROACH)

* Microwave Landing System (MLS)
¢« GPS (100m)

- Cat. 1 (200 ft; 1/4 mile)

~ Cat. Il (50 ft; 800 RVR) glﬂq ﬂaﬂ Md‘maﬁ/l j
; v

F"f" [Oﬂd\[uj

- Cat 110.0) ) LR | Nollas ')@66‘1

- Wide Areas Augmentation System (5m)

o Cat.|, Cat. I ne¢d A Cer/@oﬂm

- Local Areas Augmentation System (0.1m)

« Cat. Ill g Y b{,—‘-gm

¢ Change to Required Navigation Performance (RNP)

(Y

' N
« Instrument Landing System (ILS) MU{IWh’\‘j dn (o -/h'l

ATL Departure Procedures
After RNAV

Departures fly RNAV tracks (not
vectored)

0O Headings, altitudes and speeds
are automated (via avionics)
O Voice transmissions reduced
(30-50%)
Dispersions reduced

0 Tracks are more consistent and
more efficient

Additional exit points available

7

Source: Bruce DeCleene, FAA/

Mo predse
- Ldvrl For peaplt why Hu(’, dl‘fﬁﬂﬂf V"F)?/
NAVIGATION TRENDS

FAA Instrument Landing Systems
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PAMAIUG Tower CTAF T118.3 o 5“°y 10¢ 110.3 TAMA

1218 \__, e Aor. €lee 3605

LY r 3
AMATL

2l X’ﬁ?‘;ﬁ;‘;"“
[ TRCF o RADAK raqures. el 'S
| Pilat cortroltad lighting. ¥ 1172 AMA L "
&sw: P
¢
. Mot for Mavigational Use :

~ (L 7 - P

K 1 ko b
T

1028 3605° |

3.0 ()
Jsssen asemoaci: Climb 1o §000° direct AMA VOR and hold.

GPS/RNP Approach
Navigation

* Requirements

- Accuracy (RNP)
- Availability
- Integrity

+ Differential GPS

- Sattalite Based Autmentation System (SBAS)
+ Wide Area Augmentation System (WAAS)

- Ground Based Augmentation System (GPAS)
+ Local Area Augmentation System (LAAS)

* Required Navigation Performance (RNP)

- Lateral Containment
- RNP 0.3, RNP 0.15, RNP 0.1
- Vertical Performance Limits (VPL) Dominate

O toinally Gron Pasha Alars bor

TTEAT -mumzmnl\zél( [ AL TOLANG |
220 38052007 mml:;ﬂ.;;'ﬁu
o B W AT AT v T s OO s ———
A 5 244100 2err- |
I<| ¥ 1484 100 a3 V3
§ b W 1|4 2407832
Performance-Based NAS
Approaches
\
=T —I
E==
RNP-x (SAAAR) LT AN

:

Default

(Notional figure)

 MIT Required Navigation
MIT J
ICAT < Performance (RNP) J_ 1
RNP RNAV path A ¥ @EZ @:"_’?’i

Non-precision

===
Runway
ot
*Allows tighter route spacing and 4 "\I,
vertical guidance Rl 2 et Lol
s Sl M .3 gasdsprisci o e g e

6100" direct 10 S3X VOR/ELF NOS and bold.

+Shift to Satellite Nav Systems
*GBAS
*SBAS

*Source: Brian Kelly, Boeing
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¢ Continuous descent approach

D MIT
ICAT -

MIT Lhasa, Linzhi RNP Approaches

* MIT, FAA, NASA, UPS,
Louisville Airport

* 125 UPS aircraft

* 3-6 dB noise reduction
* 35% NOx reduction

* 13-20% CO reduction

*  11-25% UHC reduction

*  >120 Ibs fuel reduction

+  2-3 min. flight time reduction

+ Rapid transition to
application (mid ‘057)

R

SURVEILLANCE TRENDS

¢ Primary radar

- Enroute (12 sec scan)

- Terminal area (4.2 sec scan)
* Secondary radar

- Transponders
+ Mode C (altitude)
+ Mode S (2-way data exchange)
+ Onboard surveillance

- TCAS

+ Automatic Dependent Surveillance (ADS)

- Oceanic ADS-C (Contract)
- Domestic ADS-B (Broadcast)




STARS (Standard Terminal Automation
Replacement System)

Radar Display Example

co123
350C
B757 310
\\
OO
7‘ STARS & ASR-9 Consoles

TCAS

ASDE-X

5 Vo e

on Gurface

~Us0s Vtlews ;

a([wﬁ) (6 m}rﬁﬂ%
doH'chou{Q) Contrsl Gl

~ oy works i vertiyf
J/‘tffd'\toﬂ

http:/ /www.tsc.com/SETS/_3SurfaceS.htm
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h MIT

= ADS-B:
W ca7< ADS-B (1 sec update) wr

jeAT =<  Cargo Airline Association

Global Navigation &

Radar Tracks Satellite System @ -

Other Aircraft X l Coverage Volume .f'

: Géckﬁitfaaaed o :

B _ Applications
Air Vehicle +Self-separation

Component

[FE:8

Air to Air - Avionics

TR :
‘i Integration
S/ iawarensss

ADS-B Out i +Precision Navigalion A
Positicn & intent d . . Y
broadcast from ADS-B In TCoacpfr { Opera |
aircraft to ground or Information i Eac
other aircraft - transmitted from 3

ground to the

aircraft

Air to Ground

ATC-Based Applicatic
. *Sixveillance e )
+Separation procedures Bob Hilb

UPS/Cargo Airline Association

‘(éq%mﬂe ;

i i Ground
i Component

ST

Radar Track

Source: Greg Dunstone Source: Canadian hitp: te.ge.ca/Civil, 1p14371
ADS-B Program Manager




Automatic Dependent Surveillance
Broadcast (ADS-B) Mandate NPRM

ADS-B Implementation Plans

- leeland * ADS-B “ Out” mandate 2020
DEPARTMENT OF TRANSPORTATION

: ‘v /‘@»g o s Federal Aviation Administration * Impacts
o (A - ClassA B, C

i EurOPe ?} ' 14 CFR Part 91 - Mode C veil (30 nm radius)
7}/,,\‘ & [Docket No. FAA-2007-29305; Notice No. - Class E above 10,000
. 07-15]
tndia () Japan RIN 2120-A192 * Requires DO-260A Change 2
Indonesia & Automatic Dependent Surveillance— * Nav Source Requirements
x Singapore Broadcast (ADS-B) Out Performance N k.
. g' : Requirements To Support Air Traffic NAG of 9 ~30 meters
g " ‘ Control (ATC) Service - NICof7 (0.3 nm)
8. At Australia AGENCY: Federal Aviation * Final commitment date of 2013
3 spina lalew 5 Administration (FAA), DOT. for all ground infrastructure
Implemented Zealand ACTION: Notice of proposed rulemaking
. PRM).
Committed o )
SUMMARY: This nolice proposes
Expected OA( 0( d a{-e/ performance requirements for certain
_-Q Evaluated avionics equipment on aircraft operating

T Multiple-Stakeholder Benefit MIT Cockpit Display of Traffic Information
ICAT < Djstribution ICAT < (CDTI)
‘__-_____—-—'—-_
Capabilities Applications Aggregate Cost/Benefits -] Selected Target Information se'gf:r‘:;::’e'g:‘;s‘_‘gfsr'gfsr
stk stk stky g e - -
& Wppn
s [@ © @ QY ¢ b@ecl
/—_‘\ bat) @ © O 2
Aircratt b ‘be{o’{rh’ 7 Cﬂp-}-
Equipage Xt @ O (@]
Application 1 benefits (C IE! ,
;)pecrendﬂng Application2  |_ g )dgf ’ :
- stk stk, stk, fﬁ‘h‘ilﬂl\ﬂ HQ{ 8 \ l
i‘:;,c“f::;';‘:e Application x a0 | O o ® K (1 @Aﬂ
 S— Y ) O © @
wle o o need %
i 0 98-} CIosure Rate

Adapted from: Dr. Karen Marals & Prot. Annalisa Weigel (MIT) * ging and In Civil Aviation

(,)U er 4 bn d'? {D JO Non-selectable Sorce: Bob Hilb UPS



EN ROUTE MINIMA HAVE NOT

ol Nn Separation Standards gg, g CHANGED DESPITE 5 x IMPROVEMENT
ICAT- IN RADAR PERFORMANCE
PERSONAL SURVEILLANCE 120
SAFETY BUFFER UNCERTAINTY it 1950 5 nm en route separation minima 2000

E ©
Et
S E
gE 1950
E ..5 80 -
c 2
MINIMUM J \ %‘ 25 60l
SEPARATION oirg iy 3%
STANDARD NN
4 :
"'b 9 (}X' A;Q/HGJ £S 1960
o 2000 A
d 5§ 20- \
PQ( FOfWQ Ov < \. 2000
PROCEDURAL HAZARDO £}d/+(‘9.q [ ARSR-1 ARSR-4 " ASR-6 ASR-9 I Mode A Mode S |
SAFETY ZONE - \ Long range Medium range Medium range
BUFFER ngw '5‘ mtlp primary radars primary radars  secondary radars

buck i1 1 9505 Moy juck made e Smile
e P cades hae gplten better,

Spant
ur  perston gloctol, b 08 Chorg

MIT Need to adjust standards when
ICAT =r< capability comes online (eg ADS-B)

E
VV::E: g;ﬁgfgsgg IMPRO;:\RF%‘E\:E:'%A NC + Surface observations = Forecasts
(e.g. 1950s for en route radar) (e.g. today for en route radar) - Human - Model based (ETA = 20km grid)

Minimum » WX communications trend

Ua - Assisted - Terminal
(C{’\ F - Automated (ASOS, AWS)

Separation "
Standard % lﬂf’Q WX radar - Teliypo
. P 5 « Satellite observations — WWW
- VIS - Ground-air uplink
CLOﬁ/ hgﬂ‘lﬁ( g |SHounciings I [ !
need isk o o a5 oy
+ Pilot observations
- PIREPSs (voi b
e o ieall was leadwy wse oF
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* Surveillance has improved, but separation minima have not changed:
procedural safety buffer has implicitly increased




ASOS (Automated Surface
Observation System)

TDWR Terminal Doppler
Weather Radar

http:/ /www.llL.mit.edu/AviationWeather/ TDRW-flyer.html

S MIT Maintenance Costs

TDWR Terminal Doppler
ICAT < (1995 Dollar Estimates)

Weather Radar

¢ HF Voice $5,000

« NDB $30,000

» VOR $200,000
*+ DVOR/DME $450,000
* ILS Cat1 $500,000
* ILSCatll $550,000
¢ Primary Radar $6 million
* SSR $2 million

http:/ /www.lLmit.edu/AviationWeather/ TDRW-flyer.html| Source: ICAO FANS Investment Plan for India



NextGen Implementation Plan

* Focus on first phase of
NextGen Transition to 2018

ST FLARNING

Key Challenge
Non Certification and Operational Approval of New
Concepts and Technologies

Catalytic
Event

System
Capabllity

Safety and Environmental Capability
Data
e Approval Processes Options
Stakeholder Public
Solution
Refinement Loop Awareness Awareness

ralabndd

Values, Context

Collective
Decislon Making




Simplified Set of States Required to Achieve
Operational Capability

General Air/Ground Integrated System

Classification of Severity & Likelihood
by ATO SMS Guidance

System
s PR T - Op ional
; Designed | Installed | | ertified Approval
Avionics ,_gviptgigs_ Equipment ] gl_?_g_t/;lgllon;, s faf n]u to
Operating Tralned | | 4 O;Ierrt::lr::al - ismai_!‘n!g!mber-
t e 3 it
Spec. | == Pilot T T =/ Gapabiliy § of qgcqpa_flts
i perational/ "o o i r;:_:ja_bin o
Airborne EI 1t Dﬁs'ﬁfad 9 hﬁpm"a[ﬂ 1 1 Extremely Remote = crew”
(Airborne) 1 : o] g ‘
Publlshed ' I prann s nn s R A \
e "eah-rhf‘:. e | Procedural |,.  System
porat onal—y Operationat 7 perational
. 1 . Copability ©¥: Capabliity
Designed A %“" i et s 4
i Controller

(Control)

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

» Risk also compared to ground fatality risk from commercial aviation

. Ground
hInfrastructur
{ e Capability

Designed

: A J Acquired |
~"|Equipment| iEqt Equi t|

™~ Designed | » Deployed | Semevmennin ; i
L intrastruet i Hinfrastruct T - Frequency approximately 1x107 fatalities/hr due to Part 91 ops
| Ground/ATC Elements ;

l‘@@:’ﬂ Sygem dife

MIT ATLANTIC OCEANIC FLIGHT
ICAT-*<  INFORMATION REGIONS (FIR’S)

ons”, FAA, 1998

Traffic Source: Sage Analysis courtesy Prof lan Waitz * Presentation for Educational Use Only



MUCH OF ATLANTIC AIRSPACE
< QUT OF RANGE OF VHF & RADAR (se HF
———

< NORTH ATLANTIC TRACKS

-'l//l,-/' f:’.;
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¢ 5310-300-330.340- 3803

momﬁn 40 860°3

I10°I20[330°340-350-360-F:

ot Cach day Yased on wind

mostly Speed Control — Galy phucl 1 Y57
e PACIFIC OCEANIC FLIGHT

ei7=»< INFORMATION REGIONS (FIR'S)
FANS Data Link Deployment Areasin Grey
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= Major Traffic Flows gz




Air Transportation Markets

\ AT China
ICAT v Golden Triangle

100000
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10,000 20,000 30,000
GDP per caplta

40,000

CAT < China Airport Development

Distribution of Cities and Towns

B East region dominates all
economic metrics

H Three economic centers
0O Beijing
0 Shanghai
0 Guangzhou

100% 93%

# West & Middle  East
80%

58%

60% -

Pearl Delta
Land . 9.6 mn km?
Population 1,284 mn 20%
GDP in 2002 10,240 bn RMB
Intl Trade in 2002 621 bn USD 0%

~150 commercial airports operational in 2002

237 airports expected by 2010 (CAAC), most are regional airports

Source: National Bureau of Survey & Mapping of China, NBS




Bejing Corridors

3 Arrival Corridors

] \
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2 Overflight Corridors
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+ ~150 commercial airports operational in 2002
« 237 airports expected by 2010 (CAAC), most are regional airports
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~150 commercial airports operational in 2002

« 237 airports expected by 2010 (CAAC), most are regional airports
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High Local Population Density Limits Expansion

MIiT

hieam—w< Mumbai Encroachment Issue

|incted

On §pacl

High Local Population Density and Topography Limits Expansion

M Mumbai
ICAT < Encroachment areas in yellow

High Local Populatlo‘n Density and To|pography Limits Expansion
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Bangalore

SJERPESEN BANGALORE, INDIA
26 NOY 04 BANGALORE

MAJOR AIRPORTS
IN INDIA

PAKISTAN

FEED

ARUNADHAL PRADESH

4 [0 labe S 4 4

BANGALCRE Towar
123.5

Stand & available for aclt up 10 B747. ri]
For Id-r Minlowms see Torminal page ME-51 etc,
Rvey 09 right-hand circult, 4

Ty nrl -4




Bangalore “Greenfield” Airport

PPP International Investment Leh

MAJOR AIRPORTS
IN INDIA

PAKISTAN.

ore.Aunot. Watch hiin: Q matak Q

Airport Design:Kaufmann. van der Meer Planer AG

* Leh (IXL)
+ Elevation 10682 ft

* Runway Length 10100 ft

\E;u | Approach Only

- Civil Enclave
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