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Abstract 

Our research aims to evaluate the benefits obtained by the installation of Automatic Dependent 

Surveillance Broadcast (ADS-B) stations, an inexpensive air traffic management technology that 

promises a RADAR like connectivity in northwestern Canada and Pacific. The area under 

consideration is currently devoid of any RADAR coverage and has many important international 

routes flying through it. Flight data for these routes is collected from a third party website and 

then analyzed for ground and airborne delays. These delays rack up extra costs in the form of 

aircraft direct operating costs, passenger costs, extra fuel burn and carbon emissions. With the 

assumption that ADS-B will provide a radar like separation, the delays were monetized. Results 

suggest that the newly established navigational coverage can help the airline carriers save 

millions of dollars each year, with a big chunk of savings coming from aircraft operating costs 

and passenger time savings.  
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 CHAPTER 1 – INTRODUCTION AND LITERATURE REVIEW 

1. Introduction 

Within the past two decades, much technological advancement has taken place in the aviation 

industry. While the reliability has increased, so have the operating costs of the airline, and the 

number of people using the service. However, forecasts predict that the number of people using 

the service is about to double by 2025 [1], and one billion passengers will take off from the 

airports [2]. If the aviation industry, which is already facing the performance issues due to 

excessive traffic, is to meet this challenge, the current air traffic control system needs to be 

replaced by a newer, more updated technology that promises to accommodate this spurt in 

passenger activity. The FAA has labelled this new technology as Next Generation Air 

Transportation System. 

 

NextGen, as the system is famously abbreviated, aims to transform the ground based air traffic 

control system to a system based on combination of ground and satellite navigational capabilities 

that have greater precision and capability. It aims to provide a set of technologies that are smart, 

satellite based and digital and  make air travel more predictable, safe and environmentally 

friendly. This direct satellite communication will not only help to shorten routes, it will also save 

time and fuel, reduce traffic delays, increase capacities, and permit controllers to manage and 

monitor the aircraft with greater safety margins. By the end of 2020, aircrafts would be made 

capable to inform the ground controllers about their exact location with respect to other aircrafts. 
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Figure 1 Air traffic 1955-2006 based on aircraft revenue departures and revenue passenger 

enplanements with 1.5X, 2X and 3X future growth scenarios 

[3] 

This increased accuracy will help the planes to land faster, broadcast improved weather 

forecasts, and reduce taxi times.  

 

Automatic Dependent Surveillance – Broadcast (ADS-B) is a core aspect of NextGen. Unlike the 

older RADAR, ADS-B devices installed on the airplanes automatically transmit the location and 

intents to the ground control towers underneath. Developed as a low cost addition to the 

conventional RADAR, ADS-B allows ATC to monitor and control airplanes with greater 

precision and over a far larger percentage of Earth’s surface that has ever been possible before. 

For example, large expanses of Canada and Australia are now visible on ATC screens after 

installation of low cost ADS-B ground stations at strategic locations. [4].   
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2. History of air traffic navigation 

There was a time prior to the 1930s, when almost all of the air traffic in the United States was 

conducted in daylight in clear flying conditions, and pilots were expected to avoid the other 

aircrafts by simply altering their course if they got stuck in conflicting situations. But by the time 

the 40s began, navigational aids (NAVAIDS) had already been set up on the ground and the 

planes could then use these aids to navigate through the night. This led to an increase in traffic 

around the airport, giving rise to first attempts at air traffic control.  

 

Radar was introduced in ATC after WW2, and went on to become the most important tool in 

ATC. The war itself brought many developments for ATC, which helped the pilot navigate 

beyond visual conditions and controllers to detect planes. It was now possible to navigate with 

the help of non-directional radio beacons, and without having to worry about light beacons-all 

this led to an increase in the coverage area, and bad weather had no effects on it.  

 

The Ground Controlled Approach Radar (GCAR) was developed as an improvement over the 

traditional radar that had no rotating antenna and gave poor results of the target locations. This 

system was very flexible, in the sense that it could be carried and placed on the runway at times 

of poor visibility and was used to guide the airplane on its final three-dimensional path. 

 

Then came the ILS (Instrument Landing System), which provided correcting signals for the 

accurate positions of the aircraft relative to the horizontal and vertical path during the final 

landing. 
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With the advent of the 1960s, computers were introduced to assist the controllers with the task. 

Most of the secondary tasks that demanded considerable time of the controllers, such as picking 

up a telephone line to pass information on outgoing and incoming traffic, reading teletype 

messages or writing paper strips, calculating speeds, distances and times were then allocated to 

the computers. New software that linked radio messages and ground transmissions came into 

existence.  

 

In the 90s, these newly developed tools and software eased the job of a traffic controller, 

however with ever increasing traffic, talks of involving GPS technology began taking rounds. 

The coming years were then known to be years of ATC modernization, of which NEXTGEN is a 

very essential component. [5] 

  

NextGen will bring about a much needed change in the air traffic management technologies and 

procedures- a shift from a centralized system to one where the planes will be free to take 

decisions for themselves, with newer airport infrastructure and more stringent environmental 

guidelines. While there are many components of this system, it is mostly centered on ADS-B.  

 

3. Automatic Dependent Surveillance Broadcast (ADS-B)  

3.1 What is ADS-B?   

A- Automatic: The position and velocity vectors are automatically transmitted to the control 

towers on the ground, without any manual interference/ control.  
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D- Dependent: The entire procedure of transmitting the data depends on the availability of an 

onboard GPS equipment, and ADS-B out transmitter 

 

S- Surveillance: It is primarily a surveillance technology, used to monitor the airplanes  

 

B- Broadcast: The entire purpose of the technology is to broadcast the data to planes nearby and 

the station underneath. 

 

3.2 How does ADS-B work?  

There are a number of technologies that go into a smooth operation of ADS-B system. A ground 

station (which is much cheaper to install) receives information from the airplanes and then 

transmits this surveillance information to ATC facilities for use by controllers and traffic flow 

managers.  

3.2.1 ADS-B In 

The ADS-B In is that component that receives the information. It is currently slated to be 

optional, expected to be used in future applications. The data received could either be air-air data 

(shared by neighboring airplanes), ground-air data/Traffic Information Service Broadcast (TIS-

B) (shared by ground stations with the airplanes) or other information (includes weather 

graphics/textual weather information and is commonly called as Flight Information Service- 

Broadcast/FIS-B). 
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3.2.2 ADS-B Out  

ADS-B Out is the periodic broadcast of vital aircraft information, without the need of 

interrogation, unlike existing RADAR technology. The information contains aircraft’s position, 

state vector, and intent information along with other information relating to the source and 

accuracy of data [6].  If everything goes as planned, ADS-B Out would be required to operate in 

one of the most congested airspace, as Mode C transponder does today. 

 

Figure 2 How ADS-B works 

 [4] 

 

 3.3 ADS-B Benefits to the Airlines  

ADS-B serves vast multitude of safety benefits to the participating airlines. While the 

information provided is more accurate and precise than the RADAR, there is sense of increased 
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situational awareness in the cockpit. With ADS-B Cockpit Display of Information (CDTI), pilots 

can “see” other aircrafts even in low visibility conditions. It also lets the airplanes resolve the 

conflict with a greater margin.  

 

The use of ADS-B has allowed to establish a 5 NM separation standard even in non radar 

airspace [7], as has the case been with Hudson Bay. Since airplanes can now fly closer, multiple 

flights can take off on the route, and a larger demand can be served. A larger runway capacity 

has been established by improving arrival accuracy.  

 

Radar like separation and navigation abilities even in the non radar airspace means MORE 

flights can take optimal routes to their destinations, which further amounts to saving fuel and 

passenger time. Another, yet not so commonly discussed benefit, is the constant, real time 

weather updates from the GPS that can be used to reroute the plane in case of turbulent weather.  

 

3.4 ADS-B Benefits to Stakeholders 

A large, diverse group of stake holders is slated to benefit from the ADS-B equipage. These 

include smaller, recreational aircrafts to larger, passenger/cargo aircrafts and military/helicopters. 

There is a high chance of uneven distribution of benefits within the stakeholder group, some 

classes would not receive the same amount of benefits as the costs that will be incurred by them. 

Benefits would also vary with time, more benefits are slated to come around with wider 

equipage. Though the focus of the research is to analyze the cost and related benefits to the civil 

aviation industry, a matrix (figure 3) has been included below to represent the possible benefits 

to each stakeholder. 
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Figure 3 National stakeholder benefit matrix where the amount of each benefit is identified 

for each stakeholder 

 [6] 

 

In their paper on ADS-B benefits and Equipage [6], Lester et al conducted an online survey with 

the stakeholders to identify the potential benefits throughout the US.  The survey was divided 

into three major sections, namely, background, ADS-B applications and equipage. While the 

background section mainly enquired about the background history of the pilot, ADS-B 

application introduced them to benefits of ADS-B and asked if those benefits were of significant 

use to them. Aircraft equipage mainly dealt with the current aircraft equipage levels in their 

aircrafts.  

The following benefit matrix (figure 4) was obtained from the online survey responses.   
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Figure 4 Application benefit matrix from online survey pilot responses 

[6] 

The results show that there are strong similarities between the perceived benefits for all 

stakeholder groups for real time displays of weather and airspace information in the cockpit, 

maintaining safe distances from other aircrafts and final approach and runway occupancy 

awareness from both the cockpit and the ATC tower.  

 

3.5 ADS-B and wind optimized routes 

The underlying assumption in our work is that ADS-B will help get rid of all ground delays on 

the airports and help take the least time consuming routes to their destinations. Since the data 

from the Bureau of Transportation statistics ascertains the NAS related ground delays at 23% [8], 
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our results would thus be a reflection of the upper limit of these savings. While it is relatively 

easy to obtain the statistics for ground delay, looking into airborne delays is cumbersome 

because it delves into calculating optimal paths (given the wind conditions, calculations of which 

involve running simulations using different software) and comparing them with actual paths for 

each aircraft.   

 

Generating these optimal profiles for aircrafts is important because it will help us compare the 

actual routes and simulated optimal profiles. The actual profiles and simulated profiles hence 

have a difference of flying time, which translates into savings of fuel, savings in carbon 

emissions and savings in passenger value of time.  

 

Different sources have used different techniques to obtain such routes and the benefits obtained 

upon flying such paths. Few of these studies have used NASA’s ACES software to calculate 

such wind optimal routes [9]. Meyn et al developed the Airspace Concept Evaluation System 

(ACES) which can be used to simulate the local, regional and national aircraft operations from 

gate departure to gate arrival. Two of the major goals of this software were to configure 

simulations that target specific analysis needs and the ability to model the interactions of the 

numerous command and control entities that are a part of the current NAS operations and in 

future operational concepts. One of such extensions of the ACES is the wind model, which uses 

the Rapid Urban Cycle (RUC) nationwide hourly wind estimates to predict different flying times 

for different routes. The capability of ACES to predict accurate, close to real world results has 

been showcased by Zelinski in the paper titled “Validating the Airspace Concept Evaluation 

System using real world data” [10].  
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Girardet et al [11] used a mathematical modeling technique to ascertain these optimal wind 

routes for free flights, by proposing a discretized solution for ordered upwind algorithm. The 

model however lacks coordination among airplanes.  

 

A very similar approach is followed by Sridhar et al [12] to calculate the potential savings that 

can be unlocked if ADS-B connectivity is used to calculate wind optimal routes instead of the 

current North Atlantic Tracks (NATs). While optimal wind paths are calculated using the 

algorithm designed by Sridhar et al [13], the results show an improvement in efficiency of flights 

by 3 to 5% depending on city pairs and aircraft type. The study calculates potential savings of 

200 million for all the flights flying in the NAS.  

 

Sridhar in one of his other papers [14] showed that the benefits of flying these optimum routes 

between Alaska and Asia could go upto 10% of their total fuel consumption, by taking advantage 

of the multiple climbs and presence of strong winds at higher altitudes.  

 

In her Masters dissertation [15], Ninna Björg Ólafsdóttir calculated the optimal wind profiles for 

flights flying through Reykjavik flight control region using Dijkstra’s algorithm. One such 

example cited was of Pakistan International Airlines flight PIA 781 from Islamabad to Toronto, 

where possible saving of time could have been 4.5% of the total time taken had it been allowed 

to fly on the most wind optimal route.  

 

Bijlsma used calculus of variations and graph theory [16] to propose solutions for determining 

the optimal wind paths. The methods used minimum computational effort and less disk space. 
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The method was tested multiple times at the Royal Netherlands Meteorological Institute in many 

practical situations.   

 

Palopo et al [17] compared wind optimal routes and filed flight routes for 365 days of the year 

from 2005 to 2007 in class A airspace. From the results, wind-optimal routes exhibited an 

average/per-flight time saving of 2.7 minutes and an average fuel saving of 210 lbs, compared to 

filed-flight routes. NASA’s Aircraft Concept Evaluation System was used to run simulations.  

 

Zillies et al [18] used DLR’s Offline Tool for Trajectory Optimization (O.T.T.O) to study impact 

of winds on flight routing and corresponding benefits and observed that for inner European 

flights, the efficiency can be increased by 4.3% when compared to the great circle routes.  

 

4. Cost Benefit Analysis 

It is essential to carry out a cost benefit analysis to ascertain the pace at which the system needs 

to be equipped, and also, very importantly, to make sure if the system upgradation is going to 

prove worthwhile or not. For ADS-B, many specific case studies were undertaken by different 

corporation/individuals to understand this aspect of the problem. Two of the case studies, 

namely, NextGen Business Case FY2014 and Canso study for implementation of ADS-B in 

South China were studied for the research, and are summarized below. Our research would be 

modeled along the lines of these studies for implementation of ADS-B to parts of northern 

Canada.   
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4.1 CANSO study of ADS-B implementation over the South China Sea  

South China Sea contains some routes with highest traffic density, and no presence of RADAR 

made sense to carry out a feasibility study of implementation of ADS-B. At the 3rd South East 

Asia Working Group meeting in Kuala Lampur, CANSO (Civil Aviation Navigation Services 

Organization) and IATA agreed to conduct a cost benefit study for the initial phase of the ADS-

B project over South China Sea [19].  

The area of interest covered the en route phase of flights on 2 main routes (L642 and M771) and 

four other routes (L637, N891, M753 and L644) in South China Sea area.  The implementation 

and operation was to be carried out in three phases, phase 1 to familiarize themselves with the 

new surveillance system, phase 2 for mixed mode of operations and reduced separation on 

opportunity basis and phase 3 as the implementation- operation phase where ADS-B space was 

defined for suitable aircrafts.  

 

The benefits were classified into three categories, namely, 

a. Savings in aircraft fuel from availability of optimum flight levels and reduction in air 

borne and ground delays 

b. Reduction in carbon emissions 

c. Reduction in flight delays leading to savings of aircraft direct operating costs and 

passenger value of time.  

 

While the ADS-B ground station costs were taken into consideration, the airline equipage costs 

were not, because the ADS-B equipage had been mandated by that time in the region.  
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To support the study, Civil Aviation Authority of Singapore (CAAS) provided the following 

flight data:  

- Date of flight 

- Flight callsign 

- Aircraft type 

- Departure and arrival airport 

- Actual time of departure (ATD) and actual time of arrival (ATA)  

- Route information 

- Actual time over waypoints on the route 

- Cruising speed 

- Planned flight level 

- Cleared cruising flight level prior to leaving Singapore FIR  

 

A general methodology which was used to study the benefits is outlined as followed:  

 

- Since many flights do not receive requested altitude due to absence of adequate 

navigation services, there is ground delay (to wait for a requested altitude to open up) or 

flights fly at non optimal altitudes which leads to extra fuel costs and flight times. 

However, with ADS-B surveillance would come improved communication and data 

sharing among the ATCs which would help in reducing the separation standards to 5NM. 

One of the immediate results of this exercise would be the increased availability of 

optimum flight levels. Upon studying the percentage of flights receiving requested 

altitudes and the flights flying at non optimal heights, BADA (Eurocontrol Experimental 
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Centre’s Base of Aircraft Data) profiles can be used to estimate the fuel burns for flying 

non optimal heights.  

- Assuming the effectiveness of ADS-B in solving the ground delay problem to be 100%, 

average ground delay was obtained and the savings monetized.  

- The benefits obtained are extrapolated to the future years considering impact of increased 

demand on the system  

- Savings are aggregated in terms of Reduced Fuel Burn, Aircraft Direct Operating costs 

(ADOC), passenger value of time (PVT) and carbon emissions.  

 

4.2 NextGen Business Case FY2014  

The NextGen business case combines data from multiple sources and provides a system wide 

benefit and costs for the American Aviation Industry [20]. The benefits for the financial years 

2013-2030 outweigh the costs 3:1, with costs being $29 billion ($14 billion for FAA and $15 

billion for aircraft operators) and the corresponding benefits being $133 billion. The business 

case focuses on the improvements described in the NextGen Mid Term Concept of Operations 

for NAS [21] and 2014 NextGen Improvement plan [22].  

 

NextGen benefits are considered the difference between a base case which includes no further 

enhancements beyond planned new runways and a NextGen Case that includes estimated 

capacity and efficiency improvements from the mid-term OIs that are modeled. The case study 

uses traffic data from fiscal year 2012, along with traffic forecasts received as early as 2013. 

Passenger Value times (PVT) and other economic values as current as 2013. This business case 

considers direct benefits obtained to aircraft operators, passengers and tax payers from the rollout 
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of NextGen improvements, including savings in Aircraft Direct Operating Costs, PVT and 

operating costs of Air Traffic control, along with improved safety.  

 

A fast time simulation modeling software, called System wide analysis capability, SWAC, was 

developed by FAA to model the benefits. SWAC can calculate delay, fuel burn savings and 

cancelled flights along with an increase of accommodated flights. At its core, the SWAC is a 

discreet event queuing model and all of NAS capacity constrained resources are represented as 

servers in capacity model. The model contains server representations for all en route sectors in 

contagious US airspace, 310 domestic airports, terminal airspace at 35 busiest airports, and in 

trail constraints for aircraft entering oceanic airspace. Figure 5 explains the annual costs and 

benefits obtained from NextGen Midterm capabilities. 

 

Figure 5 Annual Costs and benefits obtained of NextGen Mid-Term Capabilities 

[23] 
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The values of Aircraft Direct Operation Costs are obtained by almost same procedure as that 

followed by CANSO, by estimating the minutes saved that transform into savings. It is to be 

noted that SWAC can be used to obtain these fuel savings. On the very similar lines, passenger 

value of time is obtained for each aircraft class. It is to be noted that the U.S Department of 

Transportation values each hour of passengers’ time at $45.20 in 2013, slated to increase at 1.6% 

each year.  

 

The NextGen business case also includes benefits obtained for additional flights abled by 

studying consumer surplus, that is, the extra amount that consumers are ready to spend for a 

service or a product. At the same time, value benefits for reduction in cancelled flights are 

obtained by incorporating results from two studies, where the cost assigned to each cancelled 

flight was $4977 and the cost to passengers is based on applying PVT values to an estimated 

average of 457 minutes of disrupted delay per cancelled flight. Thus, mathematically,  

 

 

 

In the next chapter we will study the exact nature of our problem and try to develop a 

methodology to analyze the benefits obtained by installing a fully functional ADS-B network in 

Northern Canada and Pacific.  
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 CHAPTER 2- PROBLEM STATEMENT AND METHODOLOGY 

5. Motivation and Problem Statement 

As discussed before, air traffic across the globe is slated to increase in the coming few decades, 

(the service grew to 3.4 billion trips by the end of 2014 [24]). If the aviation industry is to meet 

this challenge, the current air traffic technology needs to be upgraded and retrofitted with newer 

technology that can handle more volumes and is safe at the same time. 

 

Upon examining the airspace of Canada, it was observed that the area north of British Columbia 

and Yukon is devoid of any navigational capabilities, as shown in figure 6.  

 

Figure 6  Radar and ADS-B coverage in Canada 

       [12] 
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In other words, the area is said to be a non RADAR airspace, where the airplanes need to 

maintain a minimum separation of 80 nautical miles compared to 5 nautical miles for the planes 

flying in RADAR airspace. Such a large separation causes airplanes 

I. to wait on the ground before the optimal altitudes open up 

II. forces planes to fly at non optimal altitudes 

III. take non optimal routes while flying 

 

Further analysis revealed that the area is flown by major international carriers on some very 

important trans-pacific routes. Given that the air traffic is going to increase in the near future, 

making the area RADAR capable is a smart move. However, since it is known that the ADS-B 

station can do the work of a RADAR at 1/10th the cost [25] , the discussed area can home a few 

ADS-B stations. 

  

The aim of the research is to calculate the total losses being experienced by the airline carriers 

for the financial year 2016 -2017 by calculating the monetary value of total delays. These delays 

occur in the form of ground delays - the planes are held for longer time on the ground waiting for 

the optimal altitudes to open up causing extra direct operating costs and passenger costs or in the 

form of airborne delays –planes could be asked to take longer routes that would again rake up 

more expenditure in terms of extra airborne time.  

 

Hence, the benefits are studied under two broad categories – benefits coming from reduction in 

ground delay and benefits coming from flying on shorter routes. It is assumed that with the area 

becoming ADS-B capable, we would be able to get rid of 100 percent of the ground delays – 
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(provided such delays are not more than 2 hours) and will be able to route the airplanes on the 

shortest, most direct route possible. While it is known that NAS accounts for nearly 30% [26] of 

ground delays in the United States, our assumption that ADS-B can help get rid of 100% of such 

delays acts as the upper limit of savings that can be obtained.  

 

6. Methodology 

6.1. Selection of Routes and Airlines 

Upon inspection and research, it was found that in all of the Canadian airspace, Northern British 

Columbia, Yukon and Northwest Territories are devoid of any navigational capabilities. 

Substantial efforts have been made recently to equip different parts of the country with air space 

monitoring technologies, starting from 850,000 kms of airspace over Hudson Bay, where the 

total benefits projected to 2020 were $288 million in fuel savings and a reduction in GHG 

emissions of 778,000 metric tons [27]. Very recently, in March of 2012, four ground stations in 

Greenland added another 1,320,00 sq kms of coverage over North Atlantic [28].   Furthermore, 

research revealed the presence of some major cargo and passenger routes flying through the 

region, performance of which could be positively impacted in the wake of upcoming FAA 

mandate [29]. According to this directive, all of continental United States would be equipped 

with ADS-B capabilities and the planes would have to be retrofitted to reflect this new change, in 

light of the NextGen program. It is also widely known that any change in the policies of FAA 

has been lapped up by the other air traffic agencies around the world in no time. Keeping this in 

mind, there is strong possibility that NAV Canada (air traffic monitoring agency of Canada) will 

go ahead with a full-fledged ADS-B installation across the region at some time in the future.  
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A list of shortest routes flown by major carriers through this region was made, which happened 

to be routes connecting major North American and Asian cities. The following is the list of these 

OD pairs: (Please note that the list is not exhaustive. Many routes are seasonal, and as such are 

flown only during certain months of the year. Such routes and cargo airplanes have been 

excluded from the study). 

a. Tokyo – New York City  

b. Toronto – Tokyo  

c. Boston – Tokyo  

d. Chicago – Tokyo  

e. Washington DC – Tokyo 

f. Beijing – Dallas 

g. Dallas – Hong Kong 

h. Incheon – Chicago  

i. Detroit – Tokyo  

j. Minneapolis – Tokyo  

k. Tokyo – Atlanta  

l. Detroit – Nagoya 
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Table 1 List of airlines flying through the interested region 

* Carriers based in North America    **Carriers based in Asia  

These routes have been shown in figure 7. 

OD Pairs Routes Carrier 1* Carrier 2** 

     Tokyo , NYC Tokyo – NYC DL 172 UL 78 JAL 6 JAL 4 ANA 10 ANA 104 

NYC – Tokyo DL 473 UL 79 JAL 5 JAL 3 ANA 9 ANA 103 

Toronto, Tokyo Toronto – Tokyo AC 5  

Tokyo – Toronto AC 6  

Boston, Tokyo Boston – Tokyo  JAL 7 

Tokyo – Boston  JAL 8 

Chicago, Tokyo Chicago – Tokyo AA 153 UL 881 JAL 9 ANA 11 ANA 113 

Tokyo – Chicago AA 154 UL 882 JAL 10 ANA 12 ANA 114 

Washington DC, 

Tokyo 

 W.DC –Tokyo UL 803 ANA 1 

Tokyo – W. DC UL 804 ANA 2 

Beijing, Dallas Beijing – Dallas AA 262  

Dallas – Beijing AA 263  

Dallas, Hong 

Kong 

Dallas – HK AA 137  

HK – Dallas AA 138  

Incheon, Chicago Inch –Chicago AAR 236 KO 37 

Chicago – Inch AAR 235 KO 38 

Detroit, Tokyo Detroit – Tokyo DL 275  

Tokyo – Detroit DL 274  

Minneapolis, 

Tokyo 

Mpls – Tokyo DL 615  

Tokyo – Mpls DL 616  

Tokyo, Atlanta Tokyo – Atlanta DL 296  

Atlanta – Tokyo DL 295  

Detroit, Nagoya Detroit – Nagoya DL 629  

Nagoya – Detroit DL 630  
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Figure 7 Targeted Routes 

     

Airlines abbreviations used :  

AA – American Airlines      DL – Delta Airlines  

JAL - Japan Airlines       ANA – All Nippon 

AC – Air Canada       UL – United  

AAR – Asiana       KO – Korean Airlines  

 

6.2. Data collection 

Data collection is always a herculean task for any research. Despite our repeated attempts to get 

in touch with NAV Canada, we were not successful in obtaining any help whatsoever as far as 

the data collection was concerned. Hence, our last resort was to turn to internet and check out 

other resources available. After a month of data hunting, we finally subscribed to a premium user 
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plan from flightaware.com, a website that hosts data about flight routes across the world. With 

this account, data was collected for the aforementioned flights for a two month period starting 

November 25th 2015 to January 25th 2016 for the following parameters:  

 

- Date of flight 

- Aircraft model  

- Gate pushback time  

- Departure/take off time 

- Average cruising speed  

- Planned cruising flight level (the altitude requested by the pilot to fly on) 

- Cleared cruising flight level (the altitude actually flown by the airplane) 

- Planned flying distance  

- Actual flown distance   

- Duration of flight 

 

For some of the airlines, data was not fully available for the given time period, hence data from 

other months was partly used to fill the gaps. For example, many United flights had some data 

missing and hence data from the first two weeks of November was used to fill the gaps.  

 

6.3. Types of benefits monetized 

As mentioned before, the aim of the study was to monetize the total benefits obtained by getting 

rid of the delays in the system by making it ADS-B enabled. These delays occur in the form of 
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ground delays (waiting for an optimal altitude to open up) or taking longer/inefficient routes that 

rakes up extra flying costs.   

 

Assuming that such delays or the need to take longer/inefficient routes caused by the 

inefficiencies of air traffic monitoring is cut down by 100 percent, the savings can be monetized 

in the form of: 

- Savings in aircraft direct operating costs 

- Savings in passenger value of time  

- Savings in carbon emissions  

 

6.3.1. Savings in aircraft direct operating costs 

 

Aircraft operating costs are necessary in planning the future directives of air traffic agencies, as 

they directly depend on the time spent in air transportation [30]. These costs are usually studied 

under two categories: fixed costs and variable costs.  

 

Fixed costs, as the name suggests, are the costs that essentially remain constant for given period 

of time. These costs might be important in evaluating the effects of FAA investment. For 

example, an FAA directive that allows more planes to fly would lead to more fixed investment in 

increasing fleet size.  

 



 

26 

Variable costs on the other hand depend on the usage of aircraft – these include oil and fuel, 

crew costs and maintenance. The major difference between fixed and variable costs is that fixed 

costs do not show any changes with respect to changes in activity over short time.  

 

Any cost that can be directly tied to the aircraft is direct cost for that aircraft. Hence, crew costs, 

insurance, fuel, labor are all direct costs for the aircraft. At the same time, a manager working in 

the airport facility would be classified as indirect cost, as these costs exist independent of the 

aircraft.  

 

It should be pointed out that costs relevant to this study are direct costs related to the operation of 

aircrafts.  

 

It is also known that waiting at the gate is less expensive than waiting on the runway, considering 

it impacts the flight movements of other aircrafts and that the engines consume fuel while on the 

runway. For the purpose of this study, the values of aircraft costs at gate is taken as 

$38.91/minute, while taxiing as $50.19/minute [31] and airborne as $70.84/minute [32] (adjusted 

to 2016 levels). These values have been obtained from the FAA planning and investment 

directives, developed in the year 1999.  

 

6.3.2. Savings in passenger value of time 

Passenger time savings are an important aspect of the whole time cost saving exercise. Since 

travelling consumes time, passenger loses out on the opportunity to do something worthwhile 

during that time. Hence, there is a cost associated with such expense of time. This time, called 
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passenger value of time, aims to reflect the discomfort and the opportunity people experience 

while flying [31].  

 

For the purpose of this study, the values of passenger time were used as $39.8 per person per 

hour, adjusted from an all-purpose value of $28.60 in the year 2000. This value has been 

recommended by the Department of Transportation (DOT) [31] derived from wage rates 

prevalent back then.  

 

6.3.3. Carbon Emissions savings 

The global aviation industry produces nearly 2% of the human induced Carbon Dioxide (CO2) 

emissions, while accounting for nearly 12% of the transportation related carbon Dioxide 

emissions [33]. In the year 20115, aircraft movements produced 770 million tons of greenhouse 

gases [34]. Since the climate changing capabilities of Carbon Dioxide is widely understood these 

days, governments have started imposing a price on carbon emissions, as a means of bringing 

down the release of these gases and put more impetus on reducing the impact on climate.  

 

Studies suggest that having such a pricing can drive innovation in the areas of clean energy, and 

can help industries to decide if they want to discontinue these emissions and save money [35]. 

Hence carbon pricing as such helps to move the burden back to those who are responsible for it. 

The value used for this study is $30/ton, which is accepted value in many parts of the world, 

including Japan and Denmark. The values is similar to the one suggested by University of 

Oxford’s Environmental Change Institute [36].  
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6.4 Ground Savings 

In the leap from a non RADAR airspace to an ADS-B equipped one, there would be a marked 

reduction in the distance between two flying aircrafts, from 80 nm to 5 nm. This would be only 

possible due to a new found ADS-B surveillance, increased sharing of data among the air traffic 

controllers. Thus the airplanes on the ground would have to wait less in order for the optimal 

altitudes to open up or fly on non optimal altitudes leading to extra fuel burn.  

             Table 2 List of approximations for ground delay 

Parameters  Approximate Values used  

ADOC at gate per hour (2007) $3,009  

ADOC at gate per hour (adjusted for inflation) $3,455  

ADOC while taxiing per hour (2007) $4,234  

ADOC while taxiing per hour (adjusted for inflation) $4,862  

% of the total delay spent at gate 70 

% of the total delay spent taxiing  30 

Passenger value of time per hour (2000) $28.60  

Passenger value of time per hour (adjusted for inflation)  $39.80  

% load factor of the airlines  70 

Carbon emissions per kg of fuel  3.16 kg 

Carbon price per ton $30  

Number of seats in Boeing 787-900 300 

Number of seats in Boeing 777 270 

Number of seats in Boeing 787-800 250 

Number of seats in Boeing 747-700 350 

Number of seats in Airbus 332 270 

Fuel consumption rate in Boeing 787-900/787-800 0.42 kg/sec 

Fuel consumption rate in Boeing 777 0.76 kg/sec 

Fuel consumption rate in Boeing 747-700 0.84 kg/sec 

Fuel consumption in Airbus 332 0.54 kg/sec 
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For the sake of calculations, the definition of delay was [37]  taken from the Airport Cooperative 

Research Program’s report titled “Defining aircraft delay and airport capacity thresholds” 

according to which an aircraft is considered delayed if it is running late by more than 15 minutes 

from its flight plan. This is primarily a result of ATC detention of the aircraft - at the gate, short 

of the runway, on the runway, on a taxiway and/or in a holding configuration anywhere en route.  

As in some other studies (CANSO ADS-B benefits study for example), it will be assumed that 

such an installation of the new technology will help to get rid of the ALL the ground delays 

occurring at the airports. Our results would hence provide an upper limit of the savings that can 

be obtained by ADS-B installation.  

 

6.4.1 ADOC Savings 

Two types of ADOC (Aircraft Direct Operating Costs) were considered in our analysis – ADOC 

at gate (since the engines are turned off, no fuel is used and hence ADOC values per minute are 

less) and ADOC while taxiing (engines are turned on and hence there is fuel usage, resulting 

value per minute is more). Of the total time delay between scheduled and actual take off timings, 

it is assumed that 70% of the time is spent waiting at the gate, in accordance to the values 

discussed in AeroAstro, the annual periodical by MIT’s Department of Aeronautics and 

Astronautics [38]. Planes are mostly made to wait at the gate for very obvious reasons of safety 

and the ease of management. For the calculations in this research, we have used values from the 

FAA economic analysis directive [31], which when adjusted for inflation, come out as $3455 per 

hour for waiting at gate, and $4862 per hour when waiting at the runway.  
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6.4.2. Passenger value of time 

As explained before, passenger time values were derived from the US Department of 

Transportation directive, given as $39.8 per hour adjusted to inflation.   

 

6.4.3. Carbon Emissions 

Since the engines are turned on only during taxiing, fuel emissions and thus carbon output is 

calculated only for the time when there is delay in taxiing, that is, 30% of the total delay time. 

Different fuel burn per minute values for different aircraft are used from their respective 

manufacturer’s website, which are provided in the approximations table. University of Oxford’s 

environmental research institute suggests that for every 1 kg of jet fuel brunt, 3,157 kg of CO2 is 

emitted [36] 

 Using this information, we calculated the benefits obtained by each airline and flight number 

when the area along the way is made ADS-B capable.  

 

6.5. Airborne Savings 

As discussed before, the introduction of ADS-B will help to shorten the routes and help planes to 

follow direct routes. This will enable airplane carriers to save time – which in turn will help save 

fuel and save passenger costs. In our research it was found that planes flying towards Asia tend 

to fly along great circle routes to avoid the strong headwind jetstreams in pacific. In this 

scenario, although the planes fly shortest distances and most direct routes, the time is taken is 

generally more than in a no wind scenario (to counter strong headwinds). 
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However, an opposite effect is observed while flying back to North America. Planes tend to 

harness the presence of strong jetstreams (whose effects are even more pronounced in the winter 

months) and take up wind optimized routes. While it is easier to determine savings while flying 

towards Asia (as we will see below), it is quite complex to ascertain wind optimal routes for 

certain days and comparing them with their actual flown routes. 

 

6.5.1 Calculating savings for flights originating in North America and flying towards Asia 

The calculations of savings from flying direct routes (along the great circle) follows a procedure 

quite similar to the one used for ground savings. The values used in the approximations (fuel 

usage and number of seats) have been picked up from the respective aircraft manufacturer’s 

website. It is important to note that the fuel efficiency per passenger seat is used because only 

70% of the total seats are booked. The savings can be studied as:  

a. Fuel savings  

The extra distance travelled by airplanes by not flying on the shortest routes uses up extra fuel. 

Knowing the direct distance and the actual distance flown each day by the aircraft, we can 

calculate the extra fuel used given the fuel efficiency. 
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Table 3 Approximations for airborne savings 

Parameter Values 

ADOC airborne  $70.84/ minute  

Passenger value of time per hour (2000) $28.60  

Passenger value of time per hour (adjusted for inflation)  $39.80  

% load factor of the airlines  70 

Carbon emissions per kg of fuel  3.16 kg 

Carbon price  $30 per ton  

Number of seats in Boeing 787-900 300 

Number of seats in Boeing 777 270 

Number of seats in Boeing 787-800 250 

Number of seats in Boeing 747-700 350 

Number of seats in Airbus 332 270 

Airborne fuel consumption rate in Boeing 787-900/787-800 2.31 L/100 km per seat  

Airborne fuel consumption rate in Boeing 777 3.25 L/100 km per seat  

Airborne fuel consumption rate in Boeing 747-700 3.26 L/100 km per seat  

Airborne fuel consumption in Airbus 332 2.37 L/100 km per seat  

 

b. Time Savings:  

The data gathered from flightaware.com included average speeds for the trips, which helped us 

calculate extra time taken by each flight to fly on that particular route. Keeping this in mind, time 

savings were obtained which further helped calculate the aircraft direct operating costs and 

passenger time savings.  

c. Carbon emissions 

Using the same criteria as ground savings, extra carbon emissions and thus carbon savings from 

the aircrafts flying on these non direct routes were calculated.  
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6.5.2 Calculating savings for routes originating in Asia and flying to North America  

Calculating savings for routes originating in Asia and flying towards North America is not direct. 

To obtain accurate values we cannot ignore the fact that these planes deliberately fly longer 

routes and have no intention of taking great circle routes, unlike the previous case. Strong 

tailwinds give more speed which helps to save fuel and reach the destination earlier than 

scheduled. The analysis should thus involve calculating wind optimal routes for each day and 

then comparing it with the actual flight routes.   

 

We have made use of Simbrief - a flight planning program that contains flight planning tools, 

aircraft performance and navigational database based on real world data. The program uses 

Integrated Dispatch System (IDS), the world’s most comprehensive freeware flight plan 

generator exclusively for flight simulation purposes. IDS uses real world aviation data (such as 

weather, NOTAMs and AIRAC cycles) to generate in depth briefing packages.  
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Figure 8 Simbrief simulation page 
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6.5.2.1 Calculating flight times using Simbrief:  

Simbrief uses weather forecast data – that goes as far as 24 hours in the future to predict the 

flight times for a particular route in question. The flight times depend on various factors, 

including the departure and arrival airports, type of aircraft (Boeing 787 Dreamliner takes lesser 

time to fly compared to a 777), ETOPS regulations (ETOPS stands for Extended-range Twin-

engine Operational Performance Standards, a rule which permits twin engine aircraft to fly 

routes which, at some point, are more than 60 minutes flying time away from the nearest airport 

suitable for emergency landing) date and the time of flying.  

 

Upon entering a pair of origin and destination, aircraft type and other such data (as shown in the 

figure 8) Simbrief generates a list of 5 user preferred routes. With the flight planning program, 

one can generate flight plan of each of these routes and hence ascertain the route with minimum 

flying time. However, we can add flightaware generated routes to this list. With a total of 15 – 20 

most user and airline preferred routes, we can find out minimum time consuming routes. Given 

the traffic on these routes and the competition among aircrafts to fly on the most optimal route 

depending on the current wind patterns, more and more aircrafts want to fly on the most optimal/ 

less flying time route but end up not doing it because of the inefficiencies of the National 

Airspace System. Savings can be calculated by comparing the actual flying times with these 

flying times on more optimal routes that might be incurred by giving more airplanes their 

requested altitude and preferred routes, which can be done by deploying ADS-B in these areas.  
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After ascertaining the minimum time routes for the given OD pair for a particular date, the actual 

time taken by the flight and the time taken by the simulated flight is compared. The savings can 

be calculated as:  

a. Fuel Savings  

The extra time travelled by airplanes by not flying on the wind optimal route uses up extra fuel. 

Knowing these wind optimal routes and the time taken to fly on these paths, we can calculate the 

extra fuel used given the fuel efficiency of the aircrafts. 

b. Time Savings:  

The time savings observed by comparing the simulated flights and the actual flights, which 

would be used to calculate passenger time savings and aircraft direct operating costs savings  

c. Carbon emission savings:  

With less flying, less carbon is emitted, which adds up to our savings.  

 

The next chapter presents the results obtained from analysing these benefits for ground and air 

travel. The airborne delays have been studied as two categories, namely, savings obtained while 

flying from Asia and the savings obtained while flying from North America, due to difference in 

calculation methodology as explained above.   
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Figure 9 Savings equation 
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CHAPTER 3 - RESULTS OF THE STUDY 

Based on the data extracted from the flightaware website for the different routes that would be  

benefitted by the deployment of ADS-B in the targeted region, the values obtained have been 

tabulated on the next few pages, with different tables for ground delay savings and airborne 

savings.  

7. Ground Delay Savings  

As per the analysis, the aircraft carriers will save nearly USD 13.5 million in operating costs 

alone for the year 2016 -17. Nearly 58% of this money (USD 8 million) will come from cutting 

down delays on the gate, and the other 40% from getting rid of delays while on the runway. At 

the same time, nearly 3.5 million liters of fuel will be saved just by making the ground delay 

operations more efficient and cutting the delays. Nearly 11 million kilograms of CO2 will be 

prevented from escaping into the atmosphere. The following table summarizes the total benefits 

obtained (only ground delay savings).  

Aircraft operating costs savings on gate ~ USD 8 million 

Aircraft operating costs savings while taxiing ~ USD 5 million 

Total aircraft direct operating costs savings ~ USD 13 million 

Passenger costs savings ~ USD 36 million 

Fuel burnt savings in kg 3,511,482.91 kg 

Carbon emissions savings in kg 11,096,286.02 kg 

Carbon value ~ USD 300,000 

Net total ground delay yearly savings ~ USD 49.5 million 
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7.1. Yearly ground savings by departure airports 

The results obtained by evaluating the flights show that most ground delay savings will occur in 

flights flying out of Tokyo, where the savings stand at a whopping 3.75 million US dollars for a 

year at current levels of inflation. Next in the list is Chicago’s O’Hare Airport (2.25 Million 

USD/year), New York City (1.5 Million USD/year) and South Korea’s Incheon International 

Airport (0.9 Million Dollars/year). A high level of these savings does not necessarily suggest any 

incompetency of the current system which causes more ground delay. As indicated in the graphs 

below, Tokyo clocks very high on the savings table only because a major percentage of all the 

studied flights either fly in or out of Tokyo. Eight out of the total 14 cities studied had their total 

savings clocked at less than $500,000 a year, least of them being Boston where only one flight 

(JAL 7) is slated to benefit from this upgradation exercise, and where the total benefits come out 

to be $16,864 per year. Refer to figure 9 for more details.  

 

7.2. Average yearly ground delay savings per flight from departure airports 

Different airports studied in our research had different number of flights that could be potentially 

impacted in the wake of an ADS-B mandate. To put things more into perspective, an average 

value of benefits obtained per flight from each of these airports was calculated, the results for 

which have been shown in figure 10. This led to some very interesting insights – quite 

surprisingly, airports from Asia, namely Nagoya and Incheon seem to benefit most in case there 

is an upgradation to the navigation technology. While Tokyo and NYC clocked higher on the 

total numbers, the average per flight benefit is lesser as compared to some other airports.  
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Figure 10 Ground delay savings in major cities 

 

           

Figure 11 Average yearly benefits per flight from departure cities 
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7.3. Airline yearly savings  

It can be shown (figure 11) that the current losses due to absence of ADS-B affect the two 

American carriers the most, namely United (with preventable losses amounting to $11 

million/year) and Delta ($9 million/year) followed by Japanese airline All Nippon ($8.75 

million/year) and American Airlines ($6.3 million/year) 

 

  

 

Figure 12 Airline yearly ground delay savings 

 

7.4. Savings comparisons among OD pairs 

The study helped us to understand the savings for a total route by the total contribution made by 

the origin and destination. For example, out of the total savings for the Tokyo – NYC route, 

nearly 64% of the savings would come from the New York City’s airports if the routes are ADS-
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B enabled. As a matter of fact, out of the all the major city trans pacific city pairs that flights 

operate on, Asian airports have lesser ground delay compared to their western counterparts - 

New York city, Chicago, Washington DC and Chicago.  A possible reason could be that many 

big city US airports are already running over and beyond their capacity as compared to the other 

Asian Airports and any such delay impacts other flights too. The detailed chart with contribution 

to savings from origin destination pairs has been shown in figure 13.  
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Figure 13  Yearly ground savings for airports 
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Figure 14 Ground delay savings in corresponding route city pairs 

 

7.5. Delays depending on the day 

Another interesting observation was made when we studied the delays on respective days of the 

week, city by city and overall. Interestingly, Tuesdays and Saturdays see more delays per flight 

than any other days of the week (as shown in figure 14). For majority of the airports, after a 

spike in the delay on Tuesday, a downward trend is observed for the rest of the week until 

Saturday.  The only big exceptions to this observation were Chicago and Detroit, where the most 

delays were encountered on Mondays and continue in a downward trend from there.  
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Figure 15 Average wait times for cities 

Such comparison when drawn for the entire system showed similar spikes for Tuesday and 

Saturday as shown in the figure 15.  

              

Figure 16 Net Delays for the system 

0:13:27

0:16:38

0:27:25

0:18:30
0:17:07

0:12:58

0:21:05

0:00:00

0:02:53

0:05:46

0:08:38

0:11:31

0:14:24

0:17:17

0:20:10

0:23:02

0:25:55

0:28:48

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Net delays per day



 

46 

Since our research assumed 100% ground delay savings at passenger values of time as US 

$38.98/hour, the following table (table 4) provides values of savings with variable ground delay 

and passenger values. For example, if 40% of ground delays can be gotten rid of, then for a 

passenger time value of $20 per hour, we can expect to save nearly US $ 12.9 million per year 

for the present scenario.   

Table 4 Total ground delay savings in million US dollars 

 

8. Airborne Delay 

As discussed before, the presence of ADS-B technology in the region would help flight cut down 

on the extra kilometers and help fly them on the shortest, most direct routes. Normally, most 

optimal routes are the great circle routes, however, wind plays a major role in deciding optimized 

trajectories. Such dynamic adaptations are not yet supported by European network [39] and 

routes are mostly selected from a group of fixed, already designed routes, which reduces the 

efficiency of the system. Even for Eurocontrol, allowing the flights to fly on great circle routes is 

a strategic aim for the future [20].  It’s been shown that application of wind-optimized routing 
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improves the overall efficiency by a maximum of 4.3% compared to great circle routing on a 

very windy day [39].   

 

For flights going to Asia, it has been shown that the most optimal route tends to be the shortest 

great circle route and while coming back, due to enhanced effect of jetstream, the planes tend to 

take a longer although more optimal route (figure 16). The following graphs (figure 17 – 21) 

depict how flights towards Asia fly extra hours (however less deviant from their great circle 

route) compared to the returning flights which fly lesser hours (however travelling much greater 

distances that the great circle route). 

 

 

Figure 17 Effect of Jetstream on Route planning 

[40] 
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Figure 18 Variation of duration and extra distance flown from great circle route for Tokyo 

– Toronto route 

 

Figure 19 Variation of duration and extra distance flown from great circle route for   

Tokyo – NYC 
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Figure 20 Variation of duration and extra distance flown from great circle route for  

Boston - Tokyo 

 

Figure 21 Variation of duration and extra distance flown from great circle route for  

Tokyo- Chicago 
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Figure 22 Variation of duration and extra distance flown from great circle route for 

Washington - Tokyo 

 

8.1 Savings for flights originating from Asia and following wind optimized paths 

As explained before, flights travelling towards North America tend to harness the power of 

jetstreams over Pacific to reach their destination quickly. The analysis required us to plan flights 

for different routes depending on origin destination pairs. The simulation results helped us find 

routes that take minimum time depending upon the prevailing weather conditions.  

 

We carried out the analysis for different flights for 8 selected days in September and October 

2016. The results observed from simulation of American Airlines 138 (Hong Kong to Dallas) 

showed the flight times for optimum routes to be more than the actual flight times on non 
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which impacts the airborne times because the pilots in such cases tend to fly at higher than 

00:00:00

02:24:00

04:48:00

07:12:00

09:36:00

12:00:00

14:24:00

16:48:00

0 200 400 600 800 1000 1200 1400 1600 1800

Fl
ig

h
t 

d
u

ra
ti

o
n

 (
h

h
:m

m
)

Extra distance (km)

Washington -Tokyo

Washington - Tokyo

Tokyo - Washington



 

51 

normal speeds to make up for the time lost on the ground. Hence, the results from American 

Airlines 138 have not been included in our study.  

 

Flight study days – Figure 22 depicts the days on which our study to determine wind optimized 

paths was carried out. It is to be noted that the total number of such days was eight for every 

flight.  These days were randomly picked up from September and October. 

 

 

Figure 23 Wind optimized flight simulation dates 

 

a. Actual times vs Wind optimized times - The methodology used for calculating time 

consumed by flying on optimal routes has been discussed in the problem statement and the 

methodology chapter. Based on the results from the study, following graphs were obtained to 

compare the simulated and actual flight times. The following pages contain the results from the 
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determining the wind optimized paths on specific days for the listed flights. As pointed out 

before, the results for American Airlines flight 138 have not been included.  

 

Two kinds of graphs (figure 23- 42) have been included: one that compares wind optimized path 

times (obtained using SIMBRIEF) and actual flight times and another that shows the fuel savings 

as a percentage of total fuel used if the wind optimized paths were chosen.
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Figure 24 Time and fuel savings for American Airlines 262 

 

  

 

 

Figure 25 Time and fuel savings for Japan Airline 8 
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Figure 26 Time and fuel savings for Delta Airlines flight 276 

 

 

Figure 27 Time and fuel savings for Asiana Airlines flight 236 
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Figure 28 Time and fuel savings for Delta Airlines flight 616 

 

 

Figure 29 Time and fuel savings for Delta Airlines 630 
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Figure 30 Time and fuel savings for American Airlines flight 154 

 

 

 

Figure 31 Time and fuel savings for United Airlines flight 882 
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Figure 32 Time and fuel savings for Japan Airlines flight 10 

 

 

 

Figure 33 Time and fuel savings for All Nippon flight 12 
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Figure 34 Time and fuel savings for All Nippon flight 114 

 

 

Figure 35 Time and fuel savings for Delta Airlines flight 172 
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Figure 36 Time and fuel savings for United Airlines 78 

 

 

 

Figure 37 Time and fuel savings for Japan Airlines flight 6 
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Figure 38 Time and fuel savings for Japan Airlines flight 4 

 

 

Figure 39 Time and fuel savings for All Nippon flight 10 
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Figure 40 Time and fuel savings for All Nippon flight 104 

 

 

Figure 41 Time and fuel savings for Air Canada flight 6 
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Figure 42 Time and fuel savings for All Nippon flight 

 

 

Figure 43 Time and fuel savings for United Airlines flight 804 
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Figure 44 Fuel savings in Kg and as percent of total fuel burn 

Total 8 day fuel savings 

As per our calculations, Delta Airlines flight 276 will have most fuel savings (both in absolute 

terms and as a percentage of total fuel burnt during the journey) followed closely by Japan 

Airlines 10 and Japan Airlines flight 6. Figure 43 describes the distribution of fuel savings 

among different airlines. 

                   

Figure 45 Total 8 day savings in USD for all flights 
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b. Total 8 day and yearly savings: Figure 45 shows the total savings accumulated (ADOC, 

Passenger Value of Time, Carbon savings) for a period of 8 days, when wind optimized routes 

were used. American Airlines flight 262 ($62,000) clocks the most savings followed closely by 

Delta Airlines 276 ($58,000). Nearly 15 out of the 20 total flights studied have potential savings 

of more than $20,000 for an 8 day period. These savings, when extrapolated for a period of one 

year, come out as high as USD 2.75 million for American Airlines flight 262, followed closely 

by Delta flight 276 (USD 2.6 million). Other values can be referred form figure 46. The total 

savings for the year by flying on such wind optimized routes comes close to nearly $31.5 

million.  

 

         

Figure 46 Total yearly airborne savings for flights from Asia 
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c. Total passenger value of time savings:  

                     

Figure 47 Passenger value of time savings 

 

Figure 47 shows that nearly all the airlines will save more than $10,000 in the form of 

passenger hours value (for an 8 day period); savings going as high as $58,000 for 

American Airlines flight 236 and as low as $4000 for United Airlines flight 882.  

 

d. Carbon savings: The importance of developing a new technology that is sustainable and 

capable of cutting down emissions, cannot be neglected. Our studies showed that once capable, 

ADS-B will help open newer, more wind optimized routes that will help reduce carbon 

emissions. Carbon savings go in direct proportion with fuel savings, as lesser amount of fuel 

burnt will lead to less carbon emissions. Figure 48 provides detailed insight into carbon savings 

with reference to airlines.  
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Figure 48 Carbon emission savings 

  

e. Variation of average actual flight times and wind optimized times: It has been shown in 

the above graphs already that wind optimized flight routes tend to take lesser as compared to 

actual times taken by flights. While such variation for each individual flight has been plotted in 

the preceding graphs, the figure 49 depicts the average actual times and the wind optimized 

times for each flight.  
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Figure 49  Variation of actual and wind optimized flight times between flights 
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8.2 Savings for flights originating from North America and following great circle routes 

 

Figure 50 Total airborne savings for great circle routes 
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To calculate the savings for flights to Asia, we compared the actual distance flown with the great 

circle distances. The savings table (figure 50) above shows that for the year 2016, airlines can 

save up to 48 million dollars, out of which nearly 15% (USD 6 million) alone comes from Delta 

Airlines flight 629, followed closely by Korean Airlines flight 37. The graph below shows how 

the savings are distributed among different airlines. Nearly all the flights will save more than a 

million dollars a year if allowed to fly on the great circle routes. Further details are shown in 

figure 51. 

 

Figure 51 Total yearly airborne savings for flights originating from North America 

 

The results from our exercise show that airlines flying on the trans Pacific can save nearly 130 

million dollars every year in case the region is upgraded to a fully functional ADS-B network. 

Nearly 45 % of these savings will come from reducing delays on the ground, while the other 
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55% from flying planes on the wind optimized routes and shortest routes. It is to be kept in mind 

that the ground delays savings are an upper limit of the possible benefits, which were obtained 

by getting rid of all the ground delays.  

 

The next chapter sums up the results and provides ideas for future research.  
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CHAPTER 4 - CONCLUSIONS AND FUTURE RESEARCH 

Conclusions 

Our research aimed to calculate the benefits of installing a fully functional ADS-B network in 

the northern part of Canada and Pacific. Forty-six flights which flew through the given region 

were analyzed for ground and airborne benefits. Literature review showed us that ADS-B has the 

potential to increase the capacity of the system by introducing newer and shorter routes and 

reducing ground delays. The system would help to bring down the separation standards from 80 

nm (in a non RADAR airspace) to 5 nm (ADS-B enabled/RADAR airspace), which can help 

more aircrafts fly desired routes.  

 

Our research divided the savings study into two categories: ground delay savings and airborne 

savings. It was assumed that once a fully functional ADS-B network is established, it would get 

rid of all the ground delays in the system. While this assumption was inspired from other similar 

studies (CANSO initial phase of implementation over South China Sea [19]), it is actually the 

upper limit of possible delay savings. United States Department of Transportation pegs this 

number to be close to 30% [26].We collected data for the current ground delays on the routes 

under consideration, and calculated the savings based on three parameters – aircraft operating 

costs savings, passenger time savings and carbon emission savings. The total delay was assumed 

to be divided in the ratio 3:2 for delay at the gate and the runway. A separate table looked at the 

variation of savings with different value of passenger time and different levels of ground delay. 

Such savings were pegged at $50 million for the year 2016, for a case where we can get rid of 

100% of ground delays and passenger value of time has been fixed as $38.98/hour. 
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For airborne savings, we looked at the deviation of actual/flown routes from their optimal routes 

on a daily basis. Previous studies have shown that the most optimal routes over Pacific while 

flying to Asia from North America tend to be the corresponding great circle routes. These 

airborne savings were also studied in three broad categories, namely aircraft cost savings, 

passenger savings and carbon emission savings. Such savings, if all flights were made to fly 

great circle routes, were found to be nearly $48 million for the year 2016.  

 

At the same time, the flights from Asia to North America over Pacific harness the power of 

tailwinds to reach their destination faster, and mostly travel longer than great circle distances. 

Calculating savings for these flights involved simulating travel times in SIMBRIEF and finding 

out the minimum time consuming routes and comparing these simulated optimal routes with the 

actual ones. Savings from such routes came out to be $31.5 million. Simulated flights over most 

optimal routes showed time savings of nearly 15 minutes per flight.  

 

Total savings for the entire exercise have been pegged to b $150 million for the year 2016. With 

these numbers in hand, the case can be presented to NAV Canada to discuss further about the 

feasibility of the proposed action plan.  

 

Recommendations for future research 

1. Looking into free flight optimum routes: Our research tried to find out the most optimum 

routes from a list of pre-defined routes generated by SIMBRIEF and flightaware. However, 

further research can be done to generate new routes that do not depend on current navigational 

aids. NASA’s Aircraft Concept Evaluation System (ACES) is one of such software.  
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2. Precise quantification of impact of ADS-B on ground delays: Discussion with the flight 

operators and air traffic controllers can help us ascertain a more accurate impact of ADS-B on 

ground delays. This study and previous research have assumed that ADS-B will get rid of all 

ground delays and hence the results are an upper limit of the possible ground delay savings.  

3. Expanding the research to cover more months: We calculated the yearly benefits by 

extrapolating the savings obtained for few days (wind optimized savings) or few months (ground 

delays and shortest route savings) to other months of the year. Further research can look into 

using actual data for the entire year and study the variation of delays/winds on the performance 

of aircrafts. Especially for the wind optimized routes, winter months see stronger jetstreams and 

hence lesser flight times as compared to summer months.  

4. Locations of ADS-B ground stations: Since we already have the target area and the 

corresponding benefits, further studies can look into determining the optimal locations of ADS-B 

ground stations depending upon the maintenance costs and coverage.  
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