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North Atlantic
Flight Information Regions (FIRS)
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Source: ICAQO, “North Atlantic International General Aviation Manual,” Third
Edition, 2004



North Atlantic Organized Track
System (OTS)
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s MIT Communications and Surveillance
in the NAT

a Lack of surveillance — HF communications

Most of NAT airspace out of range of VHF and radar
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VHF coverage at FL 1
Source: NAT International General Aviation Manual
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Separation Standards

Atlantic Horizontal Seperation

Track B
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L MITT

T NAT Operators Survey - Overview

Q Survey objective

= Determine the best strategy for increasing efficiency of operations in the
NAT and promoting the adoption of data link communications

O Research areas

Operational inefficiencies and opportunities to improve service in the NAT
Value distribution of data link costs and benefits for the users of the system
Sources of uncertainty in the adoption of data link

Current and projected data link equipage in the NAT

Strategies that could incentivize data link adoption

Al S

O Target population and subject description
= NAT system users (airlines)
= Senior level airline captains with extensive experience in NAT operations
= Managers in areas of operations, planning, communications, and air traffic
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Airline Interviews Conducted

(March — August 2007)

Air Canada
Air Europa
Air France
Air New Zealand
Austrian Airlines
British Airways
Brussels Airlines
Continental Airlines
Czech Airlines
Delta Airlines
El Al Israeli Airlines
Emirates Airlines
FedEx
Flyglobespan

Canada
Spain
France
New Zealand
Austria
UK
Brussels
us
Czech Republic
Us
Israel
United Arab Emirates
uUs
UK

Iberia
Icelandair
KLM
LAN
LTU
Lufthansa
Northwest Airlines
Scandinavian Airlines System
South African Airways
Swiss International Airlines
United Airlines
UPS
Virgin Atlantic Airways

Spain
lceland
Netherlands
Chile
Germany
Germany
UsS
Sweden
South Africa
Switzerland
Us
Us

UK
-



R MIT Airline Interviews Conducted
(Details)
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= Europe Geographic Distribution

# Others (Chile, South
Africa, UAE, Canada,
New Zealand, lsrael)

® European airlines
= US airlines
» Others

B Notinterviewed

Representation of NAT Traffic

Based on BTS T100 Segment Data
(Departures across NAT from Jan 01 to Dec 31, 2006)



1. Operational Inefficiencies in the NAT
(Summary of Findings)

- > 85% airlines
Development of NAT OTS; NAT fixed entry and exit points

B > 70% airlines

- = 20% airlines

HF communications: unreliability, congestion, third party
relay; backup requirement

Fuel penalties associated with large separation standards
and flying suboptimal FLs and routes

0 2 4 6 8 10 12 14 16 18 20 22

Number of airlines

Survey Question: Do you think there are any operational inefficiencies in the NAT? 9



/_ 1. Operational Inefficiencies in the NAT
W CAT < (Survey Details)

Q Flying less than optimum flight levels and routes

Example of Aircraft Unable to Climb due to Nearby Traffic

%Dngitudﬂml S eparatiﬂns}

__________ l;%’ Desired Climb: Unable due to S

immediate separation violation

Longitudinal Separations

Mach = 0.86 : :
/ Desired Climb: Unable due to

Mach = 0.82 projected separation violation

Source: Williams, A.R., “Benefits Assessment of Reduced Separations in North Atlantic
Organized Track System,” CSSI Inc. Advanced Programs — Report Prepared for NASA Glenn 10
Research Center, August 2005.



1. Operational Inefficiencies in the NAT
(Survey Detalls)

Q Flying less than optimum flight levels and routes

Example of Economic Penalties due to Inefficient Oceanic Routes

Most Fuel Fuel Efficient
Efficient Route” Route Shifted
100 NM

5,778 5 NM 78 NM

Distance 5.770.7T NM

Average Headwinds 52 knots 66 knots 14 knots
Time 772 minutes 799 minutes 27 minutes
Pounds of Fuel 330,146 Ibs. 338.071 lbs. 7,925 1bs.
Gallons of Fue 48,694 gals. 49 863 gals. 1,169 gals.
(1gal. =6.78 Ibs.)
Cost of Fuel @ $1.20/gal $58.433 $590.836 $1.403
(Feb 2003 ATA testimony) ‘l’
*Using forecast winds and temps, fuel efficient tracks are built between cily pairs $2,563

Sep 07 price aviation fuel: $2.18/gal (Sep 07 fuel cost)

. . Source: Kerczewski, R., et al,

Global average price price “Communications, Navigation, and Surveillance 11
Source: IATA for Improved Oceanic Air Traffic Operations,”

2005



SR MIT | 1. Opportunities to Improve Service:
];Ar.)?‘ Technologies (Summary of Findings)

| |
Broadband datalink H
- B > 25% airlines
Iridium for data and voice RN . -+ 50% airli

¢ = 50% airlines

HFDL . > 25% airlines

RNP-4 navigation [N B <25%airlines

Weather info (graphical and in any phase of flight) RN

GPs
i SRR
aDs5
FANS package (ADS & CPDLC) m

=
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Number of airlines

Survey Questions: What capabilities or services would you like to have over the NAT?
Do you think that technology plays a role in allowing you to achieve those capabilities?



1. Opportunities to Improve Service:
Applications (Summary of Findings)

| |
Oceanicclimbs and descents H
d B - 75% airlines
Passin | B 409 airlines
Increase airspace capacity | NG . > 25% airlines
i B - 5% airlines
In-trail follows |
Dynamic Aircraft Route Planning (DARP) [
Improvement of surveillance and updaterates [
Communications: reliability, reduce HF congestion, direct ATC link || |
Free-flight operations |

Reduce separation:fuel efficiency & flight times
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Number of Airlines

Survey Question: What do you see as the near, mid, and far term potential applications
of data link communications and what data link alternatives do they depend on? 13
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1. Opportunities to Improve Service:
Applications (Survey Detalls)

0 Reduction in separation standards (CNS requirements)

Separation Commmunication and Navigation surveillance
(Lateral/Longitudinal) Controller Intervention Time | Performance (Update/Latency)
J0nm/30nm 6 minutes RNP-4 14 min./1 min. (ADS)
20nm/20nm 6 minutes RNP-4 1 min./15 sec. (ADS)
10nm/10nm 3 minutes Direct Voice RNFP-2 15 sec./3 sec. (ADS)

Source: Kerczewski, R., et al, “Communications, Navigation, and Surveillance for Improved
Oceanic Air Traffic Operations,” 2005
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R MIT 2. Value Distribution: Current Data Link

PICAT -

Benefits (Summary of Findings)

Reduction of GNE by eliminating manual positionreports

Support to pre-flight operations (paperless aperations)

Diversion negotiation and access to emergency medical services

Timesavingsin total blocktime and turnaround time

Reduction in communication charges

Flexibility to request and avoid weather

Airline communication and in-flightaircraft monitoring

Reductionin crew workload by using automatic positionreports

Clearance flexibility and access to more efficient routes and FLs

Communications: reliability, reduce HF congestion, direct ATC link

e

B - 75% airlines
- >40% airlines
- = 25% airlines
- < 25% airlines
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8 10 12 14
Number of airlines
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Operational Benefits greater than Economic Benefits

Survey Question: Are you currently receiving any benefits from data link?
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R MIT

2. Value Distribution: Data Link Costs
(Summary of Findings)

Service bulletins

Loss of revenue due to airplane downtime

Avionics procurement and installation

0 2 4 6 8 10 12 14 16 18 20 22 24

Number of airlines

Avionics maintenance
Training costs

ANSP charges

Communication charges

0 12 14 16 18 20 22 14
Number of airlines
[nitial costs higher than recurring costs
Costis major barrierto equipage
I [ | | | I
0 2 4 6 & 10 12 14 16 18 20 22 24

Number of airlines

Initial Costs

Survey Question: What initial costs
would most negatively affect your
decision to equip with data link?

- < 25% airlines

=75% airlines

= 25% airlines

Recurring Costs

Survey Question: What recurring
costs would most negatively affect
your decision to equip with data link?

Survey Question: How would initial
and recurring costs compare in the
way they affect your decision to

equip? 16



2. Data Link Value Distribution of Costs and
Benefits to NAT Users
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Adapted from Marais, K. and Weigel, A. (MIT), "Encouraging and 17

Ensuring Successful Technology Transition in Civil Aviation”



3. Sources of Uncertainty in the Adoption of
Data Link (Summary of Findings)

NAT not at the same level of performance than Pacific
> 70% airlines

> 45% airlines

Potential SATCOM saturation; limited bandwidth; availability > 25% airlines

Influence of controller unions .

< 25% airlines

Coordination between FIRs

Technology available on aircraft not fully utilized
Incompatibility of different technologies

Economicdatalink benefits not clearly demonstrated

Ground infrastructure notin place; slow implementation of changes

Establishmentand harmonization of procedures

0 2 4 & 8 10 12 14 16 18 20 22

Number of airlines

18
Several questions informed this section



4. Current Data Link Equipage in the NAT
(Summary of Findings)

FANS-1/A

0% equipped NN
e

> 0% but < 25% equipped R

= 25% but< 50% equipped

(S T
>50% but<75% equipped RN
>75% but<100% equipped NN

100% equipped

=
[N
[t

3 4 5 b F 8

Number of airlines

19
Survey Question: What percentage of your fleet is data link [FANS-1/A] equipped?



4. Projected Data Link Equipage in the NAT
(Summary of Findings)

FANS-1/A Retrofit Plans

Not equipped with no plans to retrofit/forward fit
Mot equipped with plans to forward fit

Mot equipped with plans to retrofit

Partially equipped with no plans to retrofit/forward fit

Partially equipped with plans to forward fit

Partially equipped with plans to retrofit
AN NAT fleet equipped with no plans to upgrade |

Al NAT fleet equipped with plans to upgrade |

Number of airlines

Survey Question: Do you currently have plans to increase the data link

avionics equipage of your NAT fleet? 20



& MIT 5. Strategies to Encourage Data Link
ICAT 1 Adoption (Summary of Findings)

Strategies according to airlines 100% equipped with FANS-1/A (7 total)

Surcharges for unequipped aircraft
Subsidies to cover operating costs
Avoid dual HF/datalink charges

Subsidies to cover initial costs

Reduction of ANSP charges
Reduction in communication charges

Mandate
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Number of airlines

Strategies according to airlines that are not equipped with FANS-1/A (6 total)

Subsidies to cover operating costs

Subsidies to cover initial costs

II[

Mandate

Reduction in communication charges
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Number of airlines

Strategies according to airlines partially equipped with FANS-1/A (14 total)

Loans to cover initial costs

Subsidies to cover operating costs

Avoid dual HF/datalink charges

Reduction of costs of sevice bulletins

Reduction of ANSP charges

Subsidies to cover initial costs

Reduction in communication charges

Mandate

Number of airlines

= 70% airlines
2 50% but < 70% airlines
2 25% but < 50% airlines

< 25% airlines

Survey Question: What applications,

incentives or mandates would be most

effective in encouraging your fleet to

equip?

21
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Conclusion

O Survey objective

Determine the best strategy for increasing efficiency of operations in the
NAT and promoting the adoption of data link communications

a Key findings

Poor surveillance results in procedural separation, which leads to higher fuel
burn rates and delays derived from inability to fly preferred routes and FLs.
Sub-optimal communication capabilities contribute to this effect

Data link is perceived as enabler to improve efficiency of operations.
However, operational benefits are currently higher than economic

Initial cost is major barrier to equip with data link. Other barriers include
uncertainty in the establishment and harmonization of procedures and
technologies that could prevent maximization of data link economic benefits

A combination of operational, financial and regulatory strategies may be

necessary to leverage costs vs. benefits and encourage operators to equip
22



