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ABSTRACT 

The International Civil Aviation Organization (ICAO) proposed to introduce new operational strategies 

across the North Atlantic (NAT) airspace. This includes Minimum Navigation Performance Specifications 

(MNPS) airspace to increase the capacity and efficiency of the North Atlantic Organized Track System 

(NAT OTS). A numerical integration and simulation model called North Atlantic Simulation and Modeling 

(NATSAM) is developed to study the effects of these new strategies on NAT system performance. The 

model is capable of investigating the effects of implementing different operational policies and 

strategies proposed by ICAO such as Reduced Lateral Separation Minimum (RLatSM), NAT Region Data 

link mandate (DLM), Reduced Longitudinal Separation Minimum (RLongSM), cruise-climb profiles, 

variable Mach number profiles, step-climbs and other operational concepts to be studied by the ICAO. 

NATSAM models the individual flight performance using the Base of Aircraft Data (BADA) 3.9 model to 

calculate the flight profiles and fuel burn. The model employs simple heuristics to execute flight track 

assignment in the organized track system for each scenario. Detailed outputs and also aggregated 

outputs are provided by the model from which various key performance indicators (KPI) can be derived 

to assess the performance of the system. 
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CHAPTER 1 INTRODUCTION 

 

1.1.  Background  

The North Atlantic (NAT) oceanic airspace is one of the most congested airspaces in the world with high 

volume and high density air traffic. It is the main link between North America ς Europe, Caribbean ς 

Europe and also for South America and Europe. This is also a major link for aircraft flying between North 

America and the Middle East countries. The NAT airspace is a very complex system with responsibilities 

shared between nine ICAO member states: Canada, the United States, the United Kingdom, Denmark, 

France, Iceland, Ireland, Norway, and Portugal. The traffic is controlled by seven Oceanic Centers as 

shown in Figure 1

 

Figure 1: North Atlantic Flight Information Regions (NAT FIR) Source: ICAO document NAT SPG 48 
Implementation Plan for the Trial Application of RLatSM 
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A total of 350,000 flights cross the North Atlantic each year (1) and there are over hundred airlines 

operating an average of 1300 total flights every day in this region. The composition of NAT traffic is 

primarily commercial. However there are some International General Aviation (IGA) aircraft operating at 

higher altitudes in the NAT airspace and there are also military aircraft operations. The total passenger 

traffic to/from the United States via Atlantic region in the year 2011 was 55.6 million. This traffic is 

expected to grow to 64.5 million by the year 2015 and 78.9 million by the year 2020 (2). Though 

transoceanic flights comprise only 4% of total U.S. air carrier operations they consume 26% of total fuel, 

generate 20 % of total passenger revenue and 49% of total cargo revenue (3). On the other hand the 

international prices of jet fuel had increased by 50% from year 2005 (1.81 US $/gal) to year 2011 (2.71 

US $/gal). These prices are forecasted to be US $ 3.07 per gal in year 2015 and US $ 2.93 per gal in year 

2020 (2). Considering the growth of traffic into the future ICAO and member states recognize the need 

to increase the capacity and efficiency of the NAT airspace. A previous study (4) concludes that NAT 

operators perceive the inability to fly preferred routes and altitudes as a major operational inefficiency. 

This survey also reveals that operators see data link as an enabler of improved operational efficiency 

and also they consider the most reduced separations as the most valuable near term application of this 

technology (4). 

1.2.  Current Ai rspace 

1.2.1.  Communications, Navigation and Surveillance  

Very high frequency (VHF) voice communications are not available for most of the NAT airspace. Pilots 

have to depend on high frequency (HF) voice communications to communicate with the oceanic centers 

and the disadvantages associated with HF communications are susceptibility to disruptions, atmospheric 

effects, ambiguity in accents, frequency congestion and third party relay between pilots and controllers 

(5). Virtually there is no radar coverage in the NAT Oceanic airspace. Surveillance is accomplished by 

position reports by pilots transmitted every 10° of longitude (approximately one hour of flight time). 

Formerly inertial navigation was the prime mode of navigation but currently most of the aircraft 

switched to global navigation satellite system (GNSS) navigation which is more accurate and reliable.  

1.2.2.  Organized Tracks and Random Airspace 
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The airspace over North Atlantic is highly organized and is divided in two sections: (a) Organized Track 

System (OTS) and (b) Random airspace. OTS consists of well-defined tracks which are published daily by 

Gander Oceanic Center for eastbound flights and by Shanwick Oceanic Center for westbound flights. The 

vertical boundaries of OTS are from Flight Level FL 310 (31000 ft.) to Flight Level FL 390 (39000 ft.) both 

inclusive. The eastbound tracks are aligned with the North Atlantic Jet Stream to maximize the tail wind 

on the aircraft whereas westbound tracks are located away from the Jet Stream to minimize the 

headwind. Typically five to seven tracks are published each day for each direction and out of these 

usually the core tracks are highly wind optimal as shown in Figure 2. In other words the aircraft on the 

core tracks burn less fuel because of good tail wind for easterly flights and less head wind for westerly 

flights. Typically, on a given day, approximately 1300 flights travel across the North Atlantic and more 

than half of them operate in the NAT OTS. The remaining flights operate on non-structured routes called 

the Random routes. These random routes are uniquely designed based on the flight plan and are 

outside and away from the OTS by at least 1°. The OTS is valid only during specific times of the day for 

each direction. All flights flying outside this OTS validity time are considered as random flights. The 

flights that operate during OTS validity time but fly outside the OTS itself are also considered random 

flights.  
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Figure 2: Wind intensity image and NAT Tracks overlaid over Google Earth. Tracks in green are 
Eastbound and in red are Westbound. Source: NOAA NCAR Reanalysis website (6) 

 

1.2.3.  NAT Traffic Patterns  

As a result of passenger demand, the difference in time zone and landing restrictions at the destination 

airports most of the NAT traffic is characterized by two distinct traffic flows during a 24-hour period. The 

majority of the westbound traffic leaves Europe in the late morning and reaches North American East 

Coast in the afternoon-local time given the time difference. The majority of the eastbound traffic leaves 

North America in the evening and reaches Europe in the morning-local time. The peak of eastbound 

traffic flow crosses 30W longitude at 0400 Coordinated Universal Time (UTC) and therefore the 

eastbound OTS is valid only from 0100 UTC to 0800 UTC so that the peak is contained in the centre. 

Similarly the peak of westbound flow crosses 30W at 1500 UTC and therefore the westbound OTS is 

valid only from 1130 UTC to 1900 UTC.   A temporal frequency distribution of departure times of flights 

operating in the NAT for a 24-hour duration is shown in Figure 3. In the figure the departures from 0 

hours to around 5 hours are predominantly eastbound flights departing the North American airports at 

midnight. The departures from 5 hours to 19 hours are predominantly westbound flights departing 
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European airports in the early morning and the departures from 19 hours to 24 hours are again 

eastbound flights. Note that the directions described represent majority of the flow and there would be 

few cargo, general aviation and military flights which do not necessarily follow the commercial flight 

schedules and fly in the opposite directions. 

 

Figure 3: Temporal frequency distribution of flights entering NAT boundary. 

Usually before filing a flight plan, flight dispatchers select either a track or a random route using some 

kind of flight planning tools. Depending on the forecasted wind conditions at the time of flight they 

optimize the altitude, speed, flight path and select a NAT track or random route. Flights compete for the 

core tracks which are the most wind efficient tracks and there is no guarantee at the time of NAT entry 

that the flights will be assigned the exact track-flight level combination they requested in the flight plan.  

1.2.4.  NAT Wind  

An introduction of NAT winds and the Jet Stream is essential to comprehend the benefits mechanism of 

the OTS. The winds over the ocean are strong particularly at high altitudes including the common flight 

levels used by NAT flights. The North Atlantic Jet Stream is a significant atmospheric phenomenon 

occurring over the North Atlantic Ocean. It is a fast flowing narrow air current that travels eastwards 

from the North America to Europe. The design of NAT OTS tracks mainly depends on the location and 

strength of the Jet Stream and the design principle is to optimize the routes for flights while taking the 
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Jet Stream into consideration. The Jet Stream is highly energetic and dynamic with frequent changes 

from day to day. Therefore OTS is designed each day and eastbound tracks are placed as close as 

possible to the Jet Stream while the westbound tracks are placed as far as possible. The Jet Stream can 

influence the travel times of NAT flights by as much as 60 min (7). The location, direction and strength of 

the Jet Stream are shown in Figure 4 for a day in January.  

 

Figure 4: North Atlantic Jet Stream at 39000 ft. Source: NOAA NCAR Reanalysis website (6) 

1.3.  New Concepts of Operation  

To cater for the requests of airlines for more efficient flight profiles, to increase the capacity of the NAT 

system and most importantly to increase the safety levels in NAT airspace, ICAO intends to introduce 

new concepts of operations (CONOPS). These concepts require aircraft to be equipped with certain 

advanced avionics. The current NAT fleet has a mix of equipped and non-equipped aircraft and hence to 

accommodate both types of aircraft, these concepts would be introduced gradually in phases. The 

CONOPS to be implemented in NAT are discussed below. 

1.3.1.  NAT Region Data Link Mandate (DLM)  

The NAT systems planning group (SPG) at their 43 meeting (2007) has realized that large height 

deviations (LHD) and gross navigational errors (lateral) were the reason for not meeting the target level 

of safety in the NAT. NAT SPG 44 (2008) concluded that Automatic Dependent Surveillance (ADS-C) 
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conformance monitoring could mitigate the occurrence of navigational errors and in 2009 NAT SPG 45 

identified the need to mandate the usage of data link in the NAT airspace. In the later meetings NAT SPG 

defined the lateral and vertical limits of the exclusionary airspace where DLM would be applicable. Only 

fully equipped aircraft would be allowed to operate in the exclusionary airspace. The definition of 

different equipage levels is given below: 

ü Fully Equipped (hence referred to as equipped) 

o Equipped with FANS-1/A ADS-C and CPDLC certified according to requirements in RTCA 

DO-258A/EUROCAE ED-100A or equivalent. 

o Pre-requisite systems:  

Å SATCOM 

Å GNSS\GPS 

Å FMC upgrade or FMC that will support FANS-1/A ADS-C and CPDLC 

ü Partially Equipped (hence referred to as non-equipped) 

o Lacks one or several of the systems specified above 

ü Unequipped (hence referred to as non-equipped) 

o Lacks all of the systems specified above 

Partially equipped and unequipped aircraft are considered to be non-compliant with DLM requirements 

and they need to be retrofitted to meet the requirements of the mandate. 

ADS-C is an advanced avionics system and serves as a surveillance tool by sending frequent aircraft 

position reports to the air traffic management facilities. Also when reports do not match with the flight 

plan, ADS-C shall provide controllers with alerts in the form of contracts. Other alerts are also issued in 

the events of: 

o Lateral deviation event (LDE) with a lateral deviation threshold of 9.3 km (5 NM) or less. 

o Level range deviation event (LRDE) with a vertical deviation threshold of 90 m (300 ft.) 

or less. 

o Waypoint change event (WCE) at compulsory reporting points. 
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CPDLC provides efficient communication in data form (typically text messages) which are reliable, fast 

and are less prone to misinterpretations by pilots and controllers. Usage of CPDLC also off loads the 

majority of communicatis using VHF or HF channels and eliminates the dependence on these channels. 

Implementation plans for NAT DLM and extents of exclusionary airspace are given below: 

ü Phase 1 - From 7 February 2013 

Å In vertical plane from 36000 ft. to 39000 ft. both inclusive  

Å In horizontal plane, no more than two tracks within the NAT OTS designated as 

core tracks and identified in NAT track message 

Å Aircraft need to be equipped to operate in mandated airspace 

ü Phase 2 - From 5 February 2015, in specified portions of the NAT Minimum Navigation 

Specification (MNPS) Airspace  

Å In vertical plane from 36000 ft. to 39000 ft. both inclusive  

Å In horizontal plane, across all the OTS tracks and identified in NAT track message 

During the DLM implementation phase only the equipped aircraft would be allowed to operate in 

exclusionary airspace and all non-equipped aircraft have to operate below or 1° laterally away from the 

exclusionary airspace. 

 

 

1.3.2.  Reduced Lateral Separation  Minimum  (RLatSM) 

Airlines and other customers of NAT are requesting more efficient flight profiles and routes in order to 

reduce the operating cost and show a return on their investment on advanced avionics (8). Introducing 

reduced lateral separation can provide efficient profiles and routes and also has the potential to 

increase the capacity of airspace. RLatSM can be implemented in following configurations: 

1) New tracks introduced exactly in between the existing 1° spaced tracks, thus reducing the 

spacing to ½° as shown in Figure 6. This creates more tracks (one less than twice the actual) and 

increases the capacity but occupies the same airspace as the current configuration. 
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2) By maintaining the current number of tracks but reducing the spacing to ½° as shown in Figure 

7. This configuration has the same capacity of the current configuration but it frees up a large 

portion of airspace to random and opposite direction flights. 

 

Figure 5: Current track system in NAT. Eastbound tracks are shown above. Source: NOAA NCAR 
Reanalysis website (6) 

 

Figure 6: Increased number of tracks occupying same amount of airspace as the actual system. Source: 
NOAA NCAR Reanalysis website (6) 
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Figure 7: Same number of tracks occupying less airspace than the actual system. Source: NOAA NCAR 
Reanalysis website (6) 

  

Upon careful evaluation of the two configurations stated above and several other configurations, ICAO 

decided to implement the second configuration i.e., maintain the same number of tracks but reduce the 

spacing to ½° and free up airspace to random and opposite direction flights. This decision is in-line with 

the free-flight concept envisioned by many agencies like ICAO, FAA and Eurocontrol. 

Figure 8 is a cross section of Figure 5 showing how the track/flight levels are placed with respect to the 

winds in NAT. The intensity of wind shown is a composite mean from 310°E to 0°E and the latitudes of 

each track are the weighted mean of all waypoints for that track. Figure 9 is a cross section of Figure 7 

and it shows the how tracks can be placed in more favouring winds by reducing the separation. Note 

that in reduced separations, represented by Figure 7 and Figure 9, some additional airspace is available 

for random flights which is otherwise occupied by regular tracks in 1° separations. The benefits of 

implementing RLatSM are providing more efficient flight profiles and more random airspace. Due to the 

proposed reduced lateral separation, in case of easterly tracks, more number of tracks can be placed 

closer to the core of the Jet Stream as shown in Figure 9. In case of westerly tracks more number of 

tracks can be placed away from the Jet Stream. Flights have more flexibility in choosing random tracks in 

case of RLatSM because of the availability of more free airspace as shown in Figure 7 and Figure 9. 
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Figure 8: Easterly tracks/flight levelΩs location and cross section of wind intensity in NAT. 

 

Figure 9: Placing tracks optimally in RLatSM. Source: NOAA NCAR Re-analysis website 
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The requirements for the aircraft to operate in RLatSM tracks are appropriate RNP approval (usually 

RNP-4), ADS-C and CPDLC. These requirements are same as the DLM and therefore only equipped 

aircraft are allowed to operate on these ½° spaced tracks. 

The implementation plan and extent of RLatSM are defined below as per ICAO SPG 48 draft 

implementation plan of RLatSM in NAT Region. 

ü Phase 1 ς 2015 ς introduce 25 NM lateral separation by implementing ½° spacing 

between the two core tracks within the vertical limits applicable to the airspace 

associated with the NAT Region Data Link Mandate; only aircraft with the appropriate 

RNP approval, ADS-C and CPDLC would be permitted to operate on the ½° spaced tracks 

ü Phase 2 ς To Be Determined ς introduce 25 NM lateral separation by implementing ½° 

spacing through the entire NAT Organized Track System (OTS), within the vertical limits 

applicable to the airspace associated with the NAT Region Data Link Mandate; only 

aircraft with the appropriate RNP approval, ADS-C and CPDLC would be permitted to 

operate on the ½° spaced tracks. 

ü Phase 3 ς To Be Determined ς introduce 25 NM lateral separation throughout the entire 

NAT Region, including converging and intersecting track situations, within the vertical 

limits applicable to the airspace associated with the NAT Region Data Link Mandate. The 

application of the reduced separation standard between targets of opportunity should 

be permissible in any part of the NAT Region outside the OTS (mixed mode operations). 

For the purpose of this study only Phases 1 and 2 are considered. Phase 2 is assumed to be implemented 

in the year 2017 (also assumed by ICAO and FAA). 

1.3.3.  Reduced Longitudinal Separation  Minimu m (RLongSM) 

NAT customers have indicated that the ability to execute step climbs enables more fuel efficient flight 

profiles (9). The current longitudinal separation in NAT airspace is 10 minutes in-trail using a constant 

Mach number technique and the maximum number of flights that can be injected into a track/flight 

level combination is 6/hour (although in practice fewer flights are assigned due to variations in speeds of 

successive aircraft pairs). Starting in March 2011 NAVCANADA and NATS UK have already started 5 

minute in trail separations on a trial basis for only eligible aircraft. The implementation of RLongSM has 

two benefits: 
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1 Since the in-trail separation would be reduced to 5 minutes the maximum number of aircraft 

that can be injected in any given track/flight level combination increases from 6 per hour to 11 

per hour.  The capacity nearly doubled and therefore higher density of traffic can operate at 

optimum altitudes. 

2 The probability of performing a step-climb in the NAT would be increased due to the increased 

targets of opportunity.  

Both the above benefits derive reduced fuel consumption and reduced emissions. The requirements for 

RLongSM are the same as those of RLatSM which in turn are same as that of DLM. 

RLongSM trail is under progress and after thorough analysis of the trail results a decision would be taken 

on making RLongSM operational in NAT. For this study the implementation dates of RLatSM have been 

assumed to be the same as those for RLongSM.












































































































































































