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Abstract 

 

The development of air transport industry contributes to the economic growth worldwide. 

It evolves from a luxury form of transportation to an affordable and quick way to move 

between places. The airline operation model evolves from a traditional point-to-point 

operation to a hub-and-spoke model, where airline funnels passenger through a 

centralized location called hub. This model, while reducing operational cost and 

increasing connectivity, is also adding more time and distance to one’s journey. The 

development in aircraft technology however, allows airline to by-pass the traditional hub 

and fly directly to their destination with a longer-range aircraft with a low capacity, 

somehow returning to the original operational model of point-to-point flight. However, 

this new type of aircraft also allows airline to reach a smaller destination that didn’t justify 

the use of the high-capacity aircraft that was traditionally used on this long-haul flight. 

Aside from the lower acquisition cost, this smaller aircraft also burns less fuel and reduce 

the airline financial risk. 

 

The study was focused on locating a new hypothetical hub to connect Europe with Eastern 

Asia, the top two aviation market by passenger number. This new hub will be strategically 

located between the two markets, unlike the current Middle-Eastern hub that requires a 

significant detour. The Buffer Tool that is available in ArcGIS will be utilized to draw a 

radius between each airport in the study area, where the radius’ values were based on the 

range of the Airbus A321NEO (New Engine Option). Area with the most intersection will 

be further analyzed to determine the most reasonable location for the new hub, based on 

the airport infrastructure and the country’s socio-economic index. 

 

The result of this study shows that the Central Asian region has the most overlapping 

circle, with the city of Almaty in Kazakhstan emerged as the most potential location for 

this new hub. The geographical advantage, backed by a relatively strong economy and 

stable socio-political condition, made Almaty left the other candidates behind.  

 

Keyword: air transport, airline network, hub-and-spoke, transport geography. 
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1. Introduction 

 

Air transport industry plays a key role in the socio-economic growth of the world and has 

been known to stimulates the economic development (ICAO, 2014). In 2012 alone, it 

provides 58.1 million jobs and impacted the global economy by USD 2.4 trillion, whether 

directly or not. ICAO also predicts that up to 2024, the industry will create 80 million new 

jobs and contributes USD 11.4 trillion to the world’s GDP. The same report also stated 

that the focus of air transport growth is in the Asia/Pacific and Europe region. In 2007, 

North America tops the share of worldwide air travel (32%), followed by Asia/Pacific 

(29%), and Europe (27%). In 2013 however, Asia/Pacific soars as the largest aviation 

market in the world (31%), while Europe climbs into the second place (27%) and North 

America in the third place (26%) (ICAO, 2014). 

 

The ICAO report was also confirmed by the forecast from Airbus. The rise of Chinese 

economy in the recent years puts them as the world’s largest single aviation market and 

world’s largest growth rate (Airbus, 2017). The rise of the Low-Cost Carrier (LCC) also 

stimulates the growth in passenger number (Dobruszkes, 2006) and this is the case with 

the region. Asian LCC has grown significantly in the last ten years, whether in terms of 

capacity and distance flown. Their aircraft capacity grows almost 25% from the average 

of 133 to 165 seats and the average sector length has grown by 21% from 950 km to 1150 

km (Airbus, 2017). In addition, the LCCs now owns 25% of the regions domestic and 

regional market. Europe is also experiencing the same phenomena. On average, 

Europeans flew 1.2 trips per person in 2016 and will grow even further as their GDP (a 

key variable in passenger growth) keeps increasing (Airbus, 2017). The same report also 

suggests that the LCCs have a strong grip on the European market, where they control 

42% of the total market shares. 

 

The shift in the airline business model also contributes to some major change in the 

industries like in the United States, where airline switch their direct, point-to-point to the 

hub-and-spoke model after the airline deregulation that occurs in 1978 (Pels, 2009). 

Instead of flying each individual route from every city, they could funnel the passenger 
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bound to those cities through a ‘base airport’ called hub. This is beneficial to the airline, 

since they could streamline their operation and therefore, keeping their operating cost 

low. This will also be beneficial to the passenger, since logically low operating cost means 

lower ticket price. However, funneling all traffic into one place might resulted in a 

congestion which leads to adding extra cost to the airline operation (Yang & Chiu, 2015). 

Another major weakness of the hub-and-spoke system is that passengers were required 

to take a detour, increasing the travel time, and adding unnecessary extra take-off and 

landings that increases the per passenger fuel consumption (Marti et.al, 2015). 

 

Some airline achieves their success with the hub-and-spoke model. Countries that were 

fortunate enough to be located in the middle of this flight routes has been taking 

advantage of their location by creating airline that connects cities that located far away 

from each other. This some sort of ‘blessing’ is called the ‘Accidents of Geography’ 

(Hanlon, 2007). Singapore, United Arab Emirates, and Qatar has taken their advantage 

to develop airline that connects Asia and Oceania to Europe. In Europe, Icelandair also 

taking that advantage to connect Europe and North America. Icelandair differentiate their 

business with the other traditional ‘connection’ airlines by utilizing the smaller narrow-

body aircraft, thanks to their strategic location. Later on, it is revealed that the use of 

narrow-body aircraft reduced the financial risk of the airline, since there are a lower 

number of seats that needs to be filled. 

 

The study was focused on locating a new hypothetical hub to connect Europe with Eastern 

Asia, the top two aviation market by passenger number. This new hub will be strategically 

located between the two markets, unlike the current Middle-Eastern hub that requires a 

significant detour. The Buffer Tool that is available in ArcGIS will be utilized to draw a 

radius between each airport in the study area, where the radius’ values were based on the 

range of the Airbus A321NEO (New Engine Option). Area with the most intersection will 

be further analyzed to determine the most reasonable location for the new hub, based on 

the airport infrastructure and the country’s socio-economic index. 
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The development of this new hub will hopefully reduce the travel distance between 

Europe and Eastern Asia. This reduction will shorten the travel time, lower operating cost, 

and more environmental friendly. 
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2. Aim 

 

The aim of the study is to investigate the possible location for a new hypothetical hub 

between East Asia and Europe that could be reached with the latest generation of narrow-

body aircraft. In order to achieve this, the following research questions will be answered: 

1. What is the range radius of the new generation narrow-body aircraft? 

2. Based on the calculation and geographic consideration, which area is suitable 

for this new hub? 
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1. Theory 

 

1.1. The Basic of Transportation 

Webster dictionary defines transportation as ‘means of conveyance or travel from one 

place to another’; which could be happened in the land, bodies of water, or air. 

Transportation plays a vital role in the development of a country, where the cost of 

transportation determines their ability to take part in world’s economy (Limao & 

Venables, 2001). They also stated that the remoteness and isolation stunted a country’s 

economy, where on average in 1995, landlocked countries had a 17% lower import share 

in GDP compared with those who are not (11% vs 28% for coastal countries).  

 

Transportation breaks the constrains of the time-space mechanics that restricts how the 

movement paths are defined (Hägerstand, 1970). Those constrains are capability, 

coupling, and authority constrain. Capabilities constrains, according to Hägerstand 

words: ‘limits the activities of the individual because of his biological construction 

and/or the tools he can command’. This means that this constrain related heavily to time 

and the two most important regularity limits the human activities to operates 

continuously; sleeping and eating. People need to sleep for a certain number of time every 

day and the need to feed at a certain repetition prohibits the continuity of human activity 

(Hägerstand, 1970). The two other constrains that Hägerstand stated however, are more 

related to distance that enable the division of the individual time-space surrounding.   

 

Hägerstand also mentioned that people need to spatially exist daily on a time-space area 

called an island. The size of this island increased with the improvement in the 

transportation technology. As can be seen in figure 1 below, people with motorized form 

of transportation (driver) could reach a much bigger island than the one who relies on 

their own physical resource (walker). Likewise, people who flies could have an even bigger 

island compared to those who drives (Hägerstand, 1970). 
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Figure 1. Comparison of island size between mode of transportation. 

 

 

1.2. History of Air Travel 

Air transport has been fortunate enough to have a high growth over the year, in some case 

even exceeds the growth of the GDP (Hanlon, 2007). Passenger traffic grows 12% annually 

between 1945-2000 and only drops significantly two times in the course of history, in 1991 

and 2001. However, as we know, the drops were influenced by the Iraqi War and the 9/11. 

 

Today the air transport plays a vital role in people movements, since it allows very 

complex connectivity and accessibility to happened (Sellner & Nagl, 2010). The same 

study also shows that air transport stimulates growth in the area, where a 1% increase in 

air accessibility will increases GDP growth by 0.014%. Furthermore, demands for air 

transport keeps growing even further. A forecast made in 2013 shows that the passenger 

demand will grow at an annual rate of 5% in the next 20 years (Kölker et.al, 2016). The 
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rise of the Low-Cost Carrier (LCC) also stimulates the growth in passenger number, where 

in 2000 they have transported 20.7 million passengers and grown to 50.7 million in 2004 

just for Europe market alone (Dobruszkes, 2006). He also stated that the operation of 

LCC were focused to increase output and productivity, public financing, and incremental 

revenues. Thus, they were able to keep the ticket price low by eliminating unnecessary 

expense and offers the essence of air travel, getting people from A to B.  

 

In the United States for example, airline used to be regulated on where to fly, who can fly, 

and how much they can charge. This later proven to be inefficient and could potentially 

repeats the downfall of the railroads industries in the US in the 70s. A major step was 

taken in 1978 when the US government decided to sign the airline deregulation acts, 

which was said to be ‘A rejection of the incredibly inefficient regulation of the past 50 

years’ (Borenstein in Pels, 2009).  

 

The deregulation acts initiate the beginning of the hub and spoke model in the airline 

industry (Pels, 2009). Before the deregulation, airlines flew directly between individual 

city pairs that creates a grid like patterns (Figure 1). From a simple point of view, this type 

of network was favorable since it makes the trip faster and shorter. Financially speaking 

this kind of network is also expensive, since airline needs a bigger sales effort for the flight 

since they need to cover the cost of having a complicated route network (Hanlon, 2007). 

The solution was the hub and spoke model, which is basically the opposite of the grid 

model. Instead of flying from each city in their network to another, they centralized the 

traffic into a central location (hub) before sending it into their destination (spoke) (Yang 

and Chiu, 2015). This drastically reduce the operational cost and allows airlines to sell 

tickets at a lower price while still retaining their profits (Pels, 2009).  

 

The easiest way to identify the cost reducing aspect of the hub-and-spoke model is by 

analyzing the number of routes needed for servicing the cities. In Figure 1 below, we can 

see that the grid networks require ten routes (
(𝑁𝑥(𝑁−1)

2
) to be flown in order to connects all 

the city. Meanwhile, the hub-and-spoke model only requires four routes (N-1). This kind 
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of network are successful because it enables airlines to be more efficient, thanks to the 

economies of traffic density and economic of scope (Derudder, 2006).  

 

 

 

Figure 2. Example of point-to-point (left) and hub-and-spoke (right) networks 

 

The downside of this model is that a large sum of investment is needed to utilize the full 

potential of hub-and-spoke model (Hanlon, 2007). Hanlon also mentioned that airline 

needs to time their schedule perfectly to make connecting between flights possible, 

preferably with the shortest amount of time needed. A perfectly planned 

departure/arrival schedule allows a massive amount of connection to be made and 

possibly increasing the number of passenger.  

 

Geography also plays a vital role in the success of this hub-and-spoke model. Take London 

for example. Although the location is perfect for a hub between North America and 

Europe, it is not a very attractive hub between the Asia and Europe. Flying via London 

will add a significant amount of time due to the unnecessary backtracking, since all the 

Continental Europe is located east of London. 

 

1.3. Hub and spoke vs point to point 

Traveling via a hub adds time to one’s total travel time, sometimes adding a significant 

amount. This downside is usually compensated by the airline by adding more frequency 

since they didn’t have to offer many routes to their network (Sasaki et.al, 1999). An 

illustrated example available in Figure 3 and 4 below 



9 
 

 

 

Figure 3. Passenger distribution of a Point-to-point model 

 

The daily demand from city A to hub city called X is 300 passengers and the demand from 

A to each of the non-hub city B, C, and D is 50 passengers. If an airline only operates 

aircraft with 150 seats, it can offer two daily flights from A to X without any issues. 

Different stories with the A to B/C/D routes due to the low demand. They could stimulate 

demand to fill the seats by reducing their price or introduce a smaller plane to their fleet 

just to service the route. Both options were costly, since lowering ticket price could hurts 

their yields while adding a new type requires a large investment, such as maintenance and 

crew retraining. However, they could tackle this problem with a hub and spoke system.  

 

 

Figure 4. Passenger distribution of a Hub-and-Spoke model 

 

Instead of flying each individual route from city A, they could funnel the passenger bound 

to those cities through their hub. From the hub X, the 50 passengers from city A will be 
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joined by passengers from other cities and the local demand from X itself to their final 

destinations. This option gives many advantages to the travelling public, since the 

combined demand to other non-hub destinations could fills up additional frequencies. 

Thus, adding more travelling options. This also beneficial to the airline, since they could 

streamline their operation and keeping their operating cost low by not introducing 

additional type to their fleet. This will also be beneficial to the passenger, since logically 

low operating cost means lower ticket price. 

 

Although it sounded good, there is some major problem that haunts the hub and spoke 

system, which is congestion. When the flows of passengers were concentrated on a hub, 

passengers accumulation could overflow and creates congestion. This congestion would 

create extra cost to the airline operation and cannot be ignored when concepting the hub-

and-spoke network (Yang & Chiu, 2015). The main culprit of hub congestion is that airline 

have to consolidates their schedule to ensure minimal waiting time whilst providing 

enough time to connect. One of the solution to this problem is called ‘de-peaking’, where 

airline spread and de-concentrate the arrival/departure banks to prevent exceeding 

airport capacity (Zhang et.al., 2003).  

 

A study was conducted by Zhang and Hansen in 2002, around the time American Airlines 

(AA) was de-peaking their operation at Chicago-O’Hare Airport. By spreading their 

departure and arrival time evenly, AA could release congestions while avoiding the ripple 

effect in case of delays (Zhang & Hansen, 2003). They also stated that de-peaking 

increases labor efficiency and schedule reliability, while decreasing take-off queue, 

therefore reducing unnecessary fuel burn that saves money and the environment at the 

same time. However, de-peaking costs the airline with additional waiting time for the 

passenger that could be unappealing to the passenger. In this particular case, American 

lost 4% of connecting market share compared to their rival United Airlines, that also 

happened to have a hub in the same airport. 

 

Another major weakness of the hub-and-spoke system is that passengers were required 

to take a detour, thus increases the travel time. The extra flight legs would also mean that 

passengers need to perform extra take-off and landings, which increases the per 
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passenger fuel consumption (Marti et.al, 2015). This is where the point-to point system 

shines. The system was initially used in air transport due to there not being sufficient 

flights to establish more complex operating networks. In this case, passengers fly direct 

to their destination and, therefore, do not make stopovers at hubs.  

 

A well-positioned hub would be beneficial to the environment, since no additional 

distance and back-tracking require. This unnecessary extra distance means that it would 

drastically increase the traveler’s carbon footprint. IPCC formulated an approximation 

index to calculate the emission for each phase of the flights (take-off, landing, and cruise). 

 

Table 1. Estimated emission for every types and phase of a flight 

 

 

It is clear from the table above that the extra flight legs and backtracking produces more 

emission that it should have. This kind of unnecessary pollution could have been easily 

avoided with a well-positioned hub. 

 

1.4. Long haul hub and spoke system 

As stated by Airwaysmag (2018), the recent Qantas’ non-stop flight from Perth to London 

has been considered as a milestone in air travel. However, the technology from the last 

decade was capable of doing so. Airbus and Boeing came up with two ultra-long range 

(ULR) aircraft specifically designed for this type of flight profile, the Boeing 777-200LR 

and Airbus A340-500. Both of this aircraft have creates some amazing records as they fly 

some of the longest flight in the world, such as Singapore Airlines’ Singapore to 
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Newark/New York. As fancy and prestigious it may seem, the flight was cancelled in 2013 

(Tierney, 2013). 

 

The reason behind this decision is simple, economics. When flying long-haul, aircraft 

burns extra fuels to carry the fuels itself. When compared to two 6400 km segments, a 

non-stop 12800 km flight is estimated to burn around 20% more fuel (Park and O’Kelly, 

2014). Based on own calculation that refers to the aircraft manual provided by Airbus, 

Singapore Airlines’ A340-500 flight from Singapore to Newark requires 168 ton of fuel 

alone, including the fuel needed for reserve and diversion. Based on IATA’s April 2018 

Jet Fuel Price Monitor, it cost them USD 115,416 for a one-way flight. Based on their full-

business class configuration that seats only 100 passengers, it means that each and every 

passenger needs 1,68 ton of fuel which translates to USD1154,16 just for the fuel cost 

alone. Do note that the previously mentioned amount was for 100% load factor scenario 

and will increases significantly for every empty seat. This creates a problem to the airline 

because they need a massive marketing effort in order to attract a large number of 

premium travelers that is willing to pay such an expensive flight. For comparison, the fuel 

cost for a one-stop Emirates/Qantas Airbus A380’s from Melbourne to London via Dubai 

(around 19,300 km) with around 400 passengers in 2012 was only between USD 287 to 

USD 309 (Whyte & Lohmann, 2015).  

 

Some countries that were fortunate enough to be located in the middle of this flight routes 

has been taking advantage of their location by creating airline that connects cities that 

located far away from each other. One perfect example for this is Keflavik (Reykjavik), 

Iceland. It lies perfectly half-way between the great circle routes (Figure 5) that connects 

most of Europe and North America. The airport experiences massive passenger growth 

since Icelandair begins to aggressively markets connecting flights from Europe to North 

America via Keflavik in the early 2010s. Based on Iceland’s Isavia data for December 2012 

and 2017, the airport reporting a passenger growth from 152.348 in 2012 to 607.175 in 

2017.  

 

This condition allows Icelandair to offer connecting flights between Europe and North 

America with a smaller aircraft compared to those in Continental Europe that requires a 



13 
 

larger wide-body aircraft. This unexpected advantage is called the ‘Accidents of 

Geography’ (Hanlon, 2007). As seen on table 2 below, the difference in distance between 

a direct and one-stop flight is minimal and negligible. It also divides the long flight 

segment into two shorter one that well within the range of a smaller narrow-bodied 

aircraft, like the Boeing 757-200 that Icelandair use on this route. 

 

Table 2. Distance differences between direct and one-stop flight to Seattle via 

Reykjavik 

 

 

 

Figure 5. Comparison of flight path from several European cities to Seattle, with and 

without a stop in Reykjavik  
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One other example of this ‘accidents of geography’ is Dubai, which also coincidentally 

located in the middle of two largest population center on earth, Asia and Europe. 

However, unlike Reykjavik, it is not located on the great-circle routes between most of the 

richest and highly populated region in Asia. Some city even requires a significant detour 

that increase the travel time by a large margin when compared to the direct routing. As 

can be clearly seen in figure 6, a stop in Dubai actually increases the travel distance 

especially from China. Actually, almost all of Emirates’ Asian destination needs to take a 

significant detour compared to their non-stop flight plan. Furthermore, Dubai can’t be 

reached with a single-aisle aircraft from most of the cities in Asia, unlike Reykjavik. 

 

 

Figure 6. Comparison of flight path from several Asian cities to London, with and 

without a stop in Dubai (source: gcmap.com) 

 

Table 3. Distance differences between direct and one-stop flight to London via Dubai  
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The use of Boeing 757-200 by Icelandair gives some sort of advantage for their operation. 

Based on the passenger counts alone, the 777-300ER that has been the backbone of 

Emirates’ fleet carries almost twice the passenger number compared to Icelandair’s 757-

200. Although the 777-300ER is an extremely efficient aircraft for it size, it requires a 

high load factor in order to be profitable. A very ‘optimistic’ calculation based on the 

specification of both aircrafts comes up with the following numbers, provided in table 4. 

 

Table 4. Capacity and fuel burn rates for Boeing 757-200 and 777-300ER 

 

 

Although per passenger number were really close between one and another, the Boeing 

777-300ER requires more than twice the passenger number of the Boeing 757-200 to 

achieve that rate. This will certainly increase the financial risk of the airline, because they 

have to find one way or another to fill all the seats. This means sometimes they need to 

reduce the ticket price to stimulates demand in a smaller market, thus destroying their 

yields. 

 

1.5. Aircraft Development 

Today’s aircrafts are extremely efficient, even when compared to the one from the last 

decade. Latest innovation in aerodynamics and propulsion system have drastically cut 

fuel consumption, thus allowing for a lower operating cost and a longer segment flights. 

Fuel cost components represents around 15-25% of airlines cost structure and could 

increase as the oil price fluctuates (Hanlon, 2007).   
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Figure 7. Fuel cost as a share of total airline operating expense (US based)  

(Zeinali and Rutherford, 2009) 

 

Lower fuel burn also allows aircraft to fly further without having to carry tons and tons of 

fuel which reduce the size of the aircraft thus enables the use of lower capacity aircraft for 

longer flights. 

 

Figure 8. Average fuel burn of newly build aircraft for the respected year  

(Zeinali and Rutherford, 2009) 

 

After the British won the jet race in the early 50’s with the de Havilland Comet, the US in 

the late 60’s built the world first widebody aircraft, the Boeing 747. The terms ‘widebody’ 

refers to the width of the aircraft cabin and the easiest way to identify it is by the number 
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of aisle, since all wide body aircraft has 2 aisles. The 747 has been the ultimate symbol of 

air travel at that time and most of the airline at that time bought it, not for the capacity 

but for the range (Sutter, 2006). Later, airline wants a smaller widebody with a similar 

long-range capability of the 747. Thus, the McDonnel-Douglas DC-10 and Lockheed L-

1011 Tristar was born. Airbus stole the spotlight in 1972 when they build the Airbus A300, 

the world first twin engine widebody aircraft (Endres, 2004). The A300 is much more 

efficient than the other widebody at that time, mainly contributed by the use of two 

engine. The only obstacle for twin-engine widebody at that time (and still today) is the 

ETOPS. 

 

Shorts for Extended-range Twin Operations, it restricts the overwater operation of twin-

engine aircraft. This explains why we see three engine aircraft (trijet) design from the 60’s 

and 70’s to override FAA’s 60 minutes rule (Inouye et.al, 2017). This rule was set to make 

sure that twin engine aircraft that flies overwater could reach their diversion point on one 

engine safely. ETOPS were certified to airline that fulfill several specific operational 

requirements and followed by numbers that represents minutes of how far they were 

allowed to fly from the nearest suitable diversion points. For example, ETOPS-180 

certified aircraft could fly 180 minutes away from the nearest diversion point. The success 

of the early wide-bodied twins to be ETOPS compliant makes way to further development 

of long-distance travel in a twin-engine aircraft. 

 

The first ETOPS certified flights took place in 1 February 1985, when a Trans World 

Airlines (TWA) flight 810 operated with a twin-engine 767-200 flew from Boston to Paris 

(DeSantis, 2013). The flight overrides the ETOPS-60 limitation by flying 75 minutes from 

the nearest diversion airport. Almost a dozen staffs from the Federal Aviation Authority 

(FAA) were onboard to monitor the progress of the flight and the aircraft was configured 

with additional features in order to increase reliability and safety of the flight. 
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Figure 9. Flight paths from Boston to Paris according to DeSantis (2013) description. 

Top is with ETOPS-60, middle is with ETOPS-75, and bottom is with ETOPS-180. 

Grey area represents the ETOPS-60 limitation area. 

 

In the 1980’s Boeing launched a new twin-engine high capacity narrow body jets called 

the Boeing 757-200 to complements the newly launched medium sized wide body 767, 

the short ranged 737, and to replace the aging 727-200 (Birtles, 2001). The arrival of 757 

allows US airlines to replace their bigger and more expensive to fly DC-10/Lockheed 

Tristar on trans-continental flights. The use of smaller capacity aircraft allows airline to 

increase frequency on their routes and add more values to their routes by offering the 

high-yielded business traveler more choices. The trend catches up rather quickly and 

today most US airlines replaces most of their trans-con flights with narrow body aircraft.      

 

Airline realize how they underutilize the performance of the 757 and later use it for longer 

routes with lower passenger demands (long-thin routes). Based on the data compiled 

from the flight tracking website flightradar24.com, the three major US airlines (United, 

Delta, and American) flies the 757-200 trans-Atlantic from their East Coast hub on a 

regular basis. The use of this low-capacity (compared to the widebody) medium range 

aircraft allows airline to offer flights to ‘thinner’ destinations directly from their hub, 

rather than forcing passenger to connect in another hub. This allows passenger to spend 
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less time on travels and avoid unnecessary detour. This somehow reverse the hub-and-

spoke patterns that they implemented after the airline deregulation acts in 1978. 

 

Even though they reap a major success in the US market, the 757 did not sell very well 

elsewhere. According to Flight Global’s World Airliner Census (2016), out of 633 aircraft 

in operation, 435 flies in the US with 130 others in the Europe. One explanation for this 

is because Asian airline in the 1980s prefers larger aircraft such as the DC-10, 747, and 

Airbus A300 due to the larger passenger number (Birtles, 2001). Boeing decided to end 

the Boeing 757 production line in 2006 due to the low demand and focusing their narrow-

body products with the Boeing 737 Family instead.  

 

Boeing 737 as of 2017 is the world’s most produced commercial jetliner, with a total of 

more than 10,000 unit built (FlightGlobal, 2018). The original concept of the Boeing 737 

is to complements the Boeing 727 and 747 as a low-capacity, regional aircraft to serve 

smaller cities in airline network. Although the original 737-100 model wasn’t popular with 

less than 100 built, the slightly larger and longer-range 737-200 has been popular with 

airlines worldwide (Sharpe and Shaw, 2001). The success of the 737-200 prompts Boeing 

to build the successor of this aircraft family known today as the Boeing 737 Classic, 

compromise of the 737-300, -400, and -500. This family of derivatives were also very 

popular with the airlines, with more than 2000 units built. The introduction of newer 

technology, most noticeably the change of engine from Pratt & Whitney JT8D to the more 

efficient CFM56-3B. Thus, allowing a more efficient operation and adding extra range to 

the aircraft that allows for a longer flight profile (Boeing, 2017). 

 

Boeing later updates the Boeing 737 line-up with the Boeing 737 Next Generation (NG) in 

the late 1990s and 2000s, with the birth of Boeing 737-600, -700, -800, -900, and -

900ER (Extended Range). This new line-up from Boeing drastically increases the 

performance of these supposed to be low-capacity regional jet, into a medium-capacity, 

medium-range aircraft. To put it into a more extreme comparison, the 737-900ER could 

carry twice the number of passengers and could fly two-and-a half times further when 

compared to the original 737-100 (Boeing, 2013). 
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Airbus also comes up with a range of narrow-body aircrafts in the late 1980s with the 

launch of the Airbus A320 family, consisting of A319, A320, and A321. As with the Boeing 

737, these aircrafts were originally intended as a short to medium range aircraft for 

domestic and regional routes. However, several performance and weight updates has 

increase the capabilities of these aircraft even further, with the most significant change 

occurs to the A321. It has transformed from a short to medium range aircraft for trunk 

routes into an aircraft capable of flying longer range low capacity routes. (Airbus, 2018) 

   

The progress of the two aircraft families have opens up many possibilities for airlines 

worldwide to serves routes that haven’t been able to be flown profitably before. This 

allows airlines to fly point-to-point routes that couldn’t be flown before, eliminating the 

needs to connect at the congested traditional hubs. As mentioned many times before, this 

could cut a significant amount of travel times and fuel burned per passenger when 

compared to the traditional hub to hub flights.  

 

1.6. Next Generation of Air Travel 

As mentioned before, the Boeing 757 has been out of production since 2006. Therefore, 

it is safe to assume that the 757 was born too early, way before airline realize their real 

capabilities. As time goes by, the 757 is getting older and expensive to maintain that airline 

needs to replace them. The Boeing 737-900ER and A321 could easily replace the 757-200 

on a one-to-one basis for domestic and regional flights. However, they couldn’t fully 

replace the 757-200 on long-thin routes. Boeing and Airbus tries to answer this with the 

737 Max-9 and A321NEO respectively.  

 

As the name suggest, the 737MAX is the latest iteration and practically the maximum 

improvements that Boeing could made to ensure the compatibility with the previous 737 

Family. The changes incorporated into the design was a more efficient CFM LEAP-1B 

engines, installation of split winglet to improves the aerodynamics, several changes to the 

structure, and the possibility of installing extra tanks in the cargo hold (Boeing, 2017). 

Airbus also practically did the same thing with the A321NEO (which stands for New 

Engine Options), but with more engine option as they offer the CFM LEAP-1A or the Pratt 

& Whitney PW1100G to their customers. At the moment, Airbus has planned to introduce 
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a new variant of the A321NEO called the A321LR which in 2020 will be the standard 

A321NEO model offered (Airbus, 2018). The A321LR will features a higher weight option 

that enable the aircraft to carry three additional fuel tanks, boosting its marketed range 

to 4000 nm or 7400 km. However, the weight variant used in this research will be based 

on the highest weight variant that is available today. 

 

1.7. Previous Studies 

There were no previous studies for this specific topic that has been publicly published. 

Similar studies might have been done in-house by the airline themselves for business 

development purposes. However, this report might not be published since it contains a 

high-level of confidentiality.  
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2. Methodology and Data 

 

2.1. Methodology 

The method for this research relies heavily on quantitative data and the use of 

Geographical Information System (GIS) software. The software (specifically ArcGIS) will 

be used to calculates and realistically projects the range radius of each aircraft from every 

city on the list from both side of the study area, utilizing the Buffer tools in the Proximity 

Toolset. The radius of the circle will be set to the range of each aircraft with the 

manufacturers default two-class seating configuration and their bags. The map will be 

projected geodetically (based on the WGS 1984 projection system) to represents the 

curvature and the globe shaped earth realistically. This will be a vital part in the research 

since it will also calculate the possible range for trans-polar flights. The maps will be 

similarly shaped to a Venn diagram. Since this is a hypothetical study, some factors like 

payload restriction and meteorological conditions were omitted from the studies.  

 

 

Figure 10. Research flowchart 

 

The result of the intersection then will be analyzed further based on the basic airport 

infrastructure that could handle the aircraft operation. Finally, the final selection will be 

based on the socio and economic condition of the country. The parameter used in this 

part is the Global Peace Index (GPI) and the Gross Domestic Product (GDP) of the 

country. 
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2.1.1. Proximity Toolset 

ArcGIS provides this toolset in their default toolbox to determine the proximity 

within/between a single or two feature classes. These tools enable the user to identify 

features that are closest to another or calculating the distance between/around the points 

(ESRI, 2016). 

Table 5. Available tools in the Proximity Toolset 

Tools Description 

Buffer Tools Creates buffer polygons around input features to a specified 

distance. 

Create Thiessen  

Polygons 

Creates Thiessen polygons from point features. Each Thiessen 

polygon contains only a single point input feature. Any location 

within a Thiessen polygon is closer to its associated point than to 

any other point input feature. 

Generate Near  

Table 

Calculates distances and other proximity information between 

features in one or more feature class or layer. Unlike the Near tool, 

which modifies the input, Generate Near Table writes results to a 

new stand-alone table and supports finding more than one near 

feature. 

Multiple Ring  

Buffer 

Creates multiple buffers at specified distances around the input 

features. These buffers can optionally be merged and dissolved 

using the buffer distance values to create non-overlapping buffers. 

Near Calculates distance and additional proximity information between 

the input features and the closest feature in another layer or 

feature class. 

Point Distance Determines the distances from input point features to all points in 

the near features within a specified search radius. 

Polygon  

Neighbors 

Creates a table with statistics based on polygon contiguity 

(overlaps, coincident edges, or nodes). 

(Source: ESRI, 2016) 
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As mentioned in table 5 above, the Buffer tools will provide the result that fits this 

research goals the most. The buffer tools will provide us with a ring buffer from each point 

(in this case, airport), where the radius of this ring will be based on the aircraft’s range. 

Areas where these rings intersect the most were used for the next step of the analysis. The 

result of this research will be similar to the left-most example in the figure 11 below. The 

research used the non-dissolving output since it clearly visualizes the intersection 

between the buffers. The use of the dissolving output will eliminate the intersection of the 

buffers. 

 

 

Figure 11. Illustration of the buffer tool (ESRI, 2016) 

 

In addition, the model used the geodesic buffer as the calculation method. The 

justification is that the geodesic buffer uses the actual geoid shape of the earth and treats 

the map as a curved surface, unlike the Euclidean buffer that treats the map as a flat 

surface (ESRI, 2016). ESRI’s ArcGIS manual was also suggesting the use of this method 

as well, since the research covers the whole globe. To summarize, the configuration of the 

model is provided in table 6 below.  
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Table 6. Model’s configuration. 

Parameter Value Remarks 

Input Features Airport distribution map Feature type: points 

Buffer Distance 7400 km 

Airbus A321NEO’s 

maximum range based on 

the Aircraft Characteristics 

for Airport Planning 

(ACAP) 

Dissolve Option None 
The selection is based on 

the aim of this study 

Method Geodesic 

To provides the most 

accurate and realistic 

results, based on the 

earth’s shape. 

 

 

2.2. Data 

The analysis is based on secondary data, which means some modifications were required 

to make the data useful for the analysis. The geodetic world map (obtained with the 

Creative Commons License from thematicmapping.org in Shapefile format) will be used 

to measures the range radius of the two aircrafts from each selected airport. This map will 

be merged with the airport statistics, including the coordinate for each airport. The 

passenger statistics were compiled manually from each country statistical bureau, airport 

administrator, Directorate General of Civil Aviation, etc. The airport coordinates were 

extracted from Google Earth and were converted from the degrees format into radial 

format. All of the information then compiled into a table and then sorted according to 

their passenger numbers. 

 

The detailed technical specification for the Airbus A321NEO were obtained from Airbus’ 

website, in the Aircraft Characteristics for Airport Planning (ACAP) section. The ACAP 
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document used in this research was the most recent one that was available as of 2 May 

2018 at 13.58 CEST; Revision No. 23 and dated February 2018. 

 

2.3. Research Limitation 

The research was limited to the traffic flow between 100 biggest airports in Europe and 

Eastern Asia, in terms of passenger number available in 2015. Europe is defined as every 

region west of the Bosporus Strait and Caspian Sea, while Eastern Asia defined as whole 

region of East and Southeast Asia. The justification for this limitation is that, Europe and 

Eastern Asia have emerged as the biggest air travel market in the world. Travel between 

the two continents have been sky-rocketing since the boom of Chinese economy and the 

rise of Southeast Asian tiger economies.  

 

When compared to the trans-Pacific flights, the Europe to Asia has one major geographic 

advantage that suits the research objective. The majority of the flight path between 

Europe and East Asia flies overland and there are many diversion airports scattered along 

the way, thus eliminating the ETOPS restriction. ETOPS could also significantly increase 

travel time since the flight path must stay within a certain corridor that close enough to 

the diversion points. Maintaining an ETOPS certificate also requires a significant 

investment, since airline has to maintain and fulfill several operational benchmarks. 

Trans-Pacific flights were also limited in terms of feasible areas, since there are only 

several small islands that lies between Asia and America.  
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3. Ethical Consideration 

 

The data used in this research were secondary data that is publicly available, published 

by the sources mentioned in the Data section. None of the data used in this research is 

confidential and personal, therefore no prior approval is needed. There is also no specific 

individual that could be profiled by the raw data or the results. As far as the writer 

concern, this research’s methods and results did not break any ethical, moral, and/or any 

social value. 
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4. Results 

 

Figure 12 below shows the distribution of the selected cities in Eastern Asia, which mainly 

concentrated in China. This is not surprising since as mentioned above, China dominates 

the market share in Asia/Pacific region. Airport with the largest passenger number in this 

region is Beijing-Capital Airport (89,939,049) and the lowest is Phnom Penh Airport 

(3,079,068), with an overall passenger for the region is 1,797,594,604. 

Table 7. Statistics for the Eastern Asia airport 

 

 

 

Figure 12. Airport distribution in Eastern Asia 
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The distribution of the selected cities in European side is shown in figure 13 below. 

Compared to Eastern Asia, the distribution of airport in Europe is more clustered (except 

for Iceland). Airport with the largest passenger number in this region is London-

Heathrow Airport (74,985,475) and the lowest is Madeira Airport (3,377,000), with an 

overall passenger for the region is 1,426,351,681. 

 

Table 8. Statistics for the Eastern Asia airport 

 

 

 

Figure 13. Airport distribution in Europe 
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Using the A321NEO range of 7,400 km in the Buffer Tool on ArcGIS delivers the following 

results, shown in figure 14. The map shows that the A321NEO could not reach Europe 

non-stop from the majority of the airport, except for several northern-most cities (by 

utilizing trans-polar route) and the Chinese city of Urumqi (located in the western China). 

However, it is clear that the western parts of Asia have the largest overlapping buffer. 

 

 

Figure 14. Range radius of the A321NEO from Eastern Asian airports. 
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Using the same parameter as above into the Buffer Tool on ArcGIS delivers the following 

results, shown in figure 15. Again, the A321NEO could not reach Eastern Asia non-stop 

from most of the airport, except for several eastern and northern European cities. 

However, it could only reach the less-populated area of China that is located in the 

Western part of the country. Nevertheless, this map also shows that the A321NEO could 

reach the Central and Western parts of Asia with no problem.  

 

 

Figure 15. Range radius of the A321NEO from European airports. 
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The next step in the analysis is to determine which is the most suitable location for the 

new hub based on the founding from figure 14 and 15. It can be achieved by observing 

areas with the most overlapping buffers. Figure 16 gave an even clearer picture on where 

this new hub should be located.  

 

 

Figure 16. Intersection of both buffers from Europe and Eastern Asia. 
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The overlap between the two zones narrows our search into a smaller region, that covers 

the country of Kazakhstan, Uzbekistan, Kyrgyzstan, Tajikistan, Turkmenistan, Pakistan, 

Afghanistan, and Iran.  

 

 

Figure 17. Areas with the most overlapping buffers 

 

Finally, the focus will be directed to the overlapping area and the appropriate airport will 

be listed. The terms appropriate in this case means that the airport should at least have 

the appropriate infrastructure to handle the Airbus A321NEO, the most important being 

runway requirement. Since a fully loaded A321NEO requires 2700 m of runway to take-

off with maximum payload (Airbus, 2018), airports that does not fulfill the requirement 

were eliminated right away. Airports that qualifies are shown in table 9 and mapped in 

figure 18 below. 
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Table 9. List of airports that fulfills the A321NEO runway requirement 

 

 

 

Figure 18. Map of airports that fulfills runway requirement 

 

Once the appropriate airports were found, the socio-economic condition of the listed 

countries above should be investigated. The Global Peace Index (GPI) provides a so-called 

‘State of Peace’ data on which will give an overall social and political condition of a 

country. Countries with a low and very low peace index were eliminated, as few people 
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are willing to visit those countries in order to stay safe. This leave (in order from best to 

worst index in 2016) Kazakhstan, Turkmenistan, Uzbekistan, Tajikistan, and Kyrgyzstan 

as the viable options for the new hub.  

 

Table 10. List of airports in the potential country 

 

 

Next, calculations were made to measure the distance between two random city pairs with 

combination of direct flight, via an established hub in the Middle East, and via the 

potential new hub. The result of the calculation is presented below. 

 

Table 11. Comparison between direct and one-stop flights 

  

 

Clearly, flying via one of the new proposed hubs offers a (in some cases, significant) 

reduction in total travel time when compared to flying via a Middle Eastern hub. In some 

case, flying via the Middle East could add up to 2700 km to the total travel distance.  
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The last step in the analysis is to define the economic condition of the candidates. In Table 

11 below, the GPI were merged with some economic facts of these countries, such as 

nominal GDP and GDP growth rate. The combination of these socio-economic parameter 

will be the deciding factor on the final selection. 

 

Table 12. Peace index, GDP, and GDP growth rate for the potential country 

 

(Source: Global Peace index and CIA World Factbook) 
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5. Discussion 

 

The findings that were revealed in the Results sectioned will be analyzed in this chapter. 

However, it is not possible to compare the results with a previous research, since there is 

no similar research with the same topic has been published as far as the writer’s concern. 

Therefore, this section will be focused on answering the study’s aim and their supporting 

theories.  

 

What is the range radius of the new generation narrow-body aircraft? 

Based on Figure 14 and 15, the new generation narrow-body aircraft (in this case, the 

Airbus A321NEO) could cover a significant area from their respective location. The use of 

geodetic projection system allows the model to produce a realistic buffer range based on 

the geoid shape of the earth. Furthermore, it also allows the model to calculate a buffer 

that represents the trans-polar flights, hence the presence of odd-shaped buffer in the 

map that shaped like the letter ‘W’ or ‘U’.  Due to the difference in airport distribution and 

study area size, the buffer result is not uniformed between Eastern Asia and Europe. 

However, they are similar in terms of having a western most outliers, Europe with 

Reykjavik and Eastern Asia with Urumqi.  

 

The airports in Europe tends to be more clustered, due to the dense nature of the 

European cities and the relatively smaller country area. Countries that dominates the 100 

busiest airports in Europe is the UK, Italy, Germany, Spain, and France respectively, with 

59% of shares. Based on the result in Figure 12 and 13, the airport distribution in Europe 

tends to be more balanced than Asia. The dense nature of European airport distribution 

can be seen in Figure 13, where the buffer edges are almost making a thick blue line. The 

distance between the northern and southern most points in Eastern Asia (between 

Trondheim in Norway and Malta) is 3,079 km, while the western and eastern most 

distance (between Reykjavik in Iceland and Moscow in Russia) is 3,394 km. This 

somehow proves that  
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Eastern Asia however, covers a much larger ground than Europe, even the size of China 

alone is almost the same size as the whole study area in Europe. Based on the result in 

Figure 12, the airport distribution in Asia is creating a vertical pattern, which means that 

the airport distribution tends to go on the Y axis of the map. China really dominates the 

passenger traffic in the eastern Asia, with 47 out of 100 busiest airports (in terms of 

passenger numbers) are in China and most of them are located in the eastern coast of 

China. The distance between the northern and southern most points in Eastern Asia 

(between Harbin in China and Denpasar in Indonesia) is 6,123 km, while the western and 

eastern most distance (between Urumqi in China and Sapporo in Japan) is 4,317 km.  

 

In Asia, the A321NEO could basically fly from any point in the study area to another, 

including the Indian sub-continent and some part of Western Asia. Due to the use of 

geodetic projection in the model, the map also shows the possibility of trans-polar flights. 

Some of the northern most cities in Asia could actually reach the Nordic cities non-stop. 

A closer look in ArcGIS shows that most of the buffers overlays in the Central Asia. 

 

From the European side, the A321NEO could covers the whole European region without 

problem. The A321NEO could reach the western and central part of China from every 

European cities in the study area. However, this is not very beneficial since there is no 

major airport in the list that is located in that area. In addition, some cities in the eastern 

and southeastern Europe could even be connected to the Indo-China region with the 

A321NEO. Again, ArcGIS shows that Central Asia have the most buffers overlays. 

 

The intersection between all the buffers resulted in a patch of area that could be covered 

by the A321NEO, either from Europe or Eastern Asia. This patch of overlays is located in 

the country of Afghanistan, Kazakhstan, Kyrgyzstan, Pakistan, Tajikistan, and 

Uzbekistan.  

 

Based on the calculation and geographic consideration, which area is 

suitable for this new hub? 

As mentioned before, Afghanistan, Kazakhstan, Kyrgyzstan, Pakistan, Tajikistan, and 

Uzbekistan have the most buffer overlays in the map. However, the security and political 
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condition in some of these countries were not ideal. Consulting the Global Peace Index’s 

research reveals that Afghanistan and Pakistan have some of the lowest peace index in the 

world, so naturally those two countries were excluded from the list. An abysmal peace 

index represents a frequent life-threatening danger that repels almost anyone from 

travelling into those regions. This justifies the exclusion of Afghanistan and Pakistan from 

the list. 

 

The exclusion leaves Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan as the possible 

candidates. Taking geography into account, travelling via one of the cities in those 

countries reduce the amount of detour when compared to the current Middle Eastern 

mega-hub like Dubai. In some cases, travelling from China to Europe via Dubai could add 

the total distance up to 37.5%. However, the distance reduction when travelling from 

southeast Asia (e.g. Denpasar) is not very significant. It is interesting to notice that the 

detour distance grew significantly when flying from Denpasar to Reykjavik, compared to 

London.  

 

In short, it is safe to assume that the extra detour when flying via Dubai from China is 

mainly caused by the shape of the earth itself. The geoid shape of the earth creates a bulge 

as it comes closer to the equator, increasing the surface area. Therefore, flying to a 

northern hemisphere will be much shorter when the flight goes through a higher latitude. 

 

All the mentioned countries passed the geographical filter, confirming ‘The Accident of 

Geography’ that Hanlon (2007) stated in his book. A deeper look at those countries 

economic condition shows that Kazakhstan is the most viable country for this new travel 

hub. Although has been experiencing economic downturn in the last few years, but with 

their massive hydrocarbon and mineral reserve (CIA World Factbook, 2018), Kazakhstan 

seems to be the most promising location for the proposed hub location based on their 

socio-economic condition. 
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6. Conclusion and Suggestion 

 

6.1. Conclusion 

The results show that travel distance could be reduced when travelling via the proposed 

new hubs, compared to the conventional Middle Eastern hub that exist today. This means 

that the customer could cut their traveling time and airline could offer a more competitive 

price due to the lower ticket price. In addition, the environmental impact for would be 

reduced since now the passenger doesn’t need to take a detour in order to reach their 

destination.  

 

When deciding the new location of the hub, it is safe to assume that Almaty in Kazakhstan 

offers the highest possibility. The strategic geographical location and high economic 

development could provide a big advantage in setting up the business model for an airline. 

Combined with the availability of the new low-capacity, long-range airliner, an existing 

or a new start-up airline could reach the two biggest aviation markets in the world. They 

could even do it at a much lower risk than the traditional ‘connecting airline’ since they 

did not have to fill a large number of seats to cover their operational cost. Therefore, 

Almaty is the right place to be developed as a new hub that connects Europe and Eastern 

Asia. Thanks to something that they didn’t asked for, nor something that they could 

control; The Accident of Geography.  

 

6.2. Suggestion 

Even when utilizing the currently available narrow-body jet, Almaty could still benefit 

from its geographical position. The reason is that it could still be reached from all of China 

and most of Continental Europe. China alone has more that 1 billion population and still 

experiencing a massive economic growth. To put this into a more suitable perspective, 

passenger numbers from 47 Chinese airports alone is at a staggering number of 840 

million. In addition, flying through Almaty doesn’t add a significant detour to the journey 

since it is located above the great circle route between China and Europe. 
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6.3. Suggestion for Further Studies 

This study is, frankly speaking, a very hypothetical studies that based on a very ideal 

condition. The radius range of the A321Neo used in this study is the manufacturer 

marketing range, which will be different from the real-world capabilities. A more realistic 

study will require additional operational parameter (e.g. wind speed and direction, 

airport altitude, climate, existing airway path, etc.) to be taken into consideration. 

However, due the limited knowledge of the author, the difficulties on finding the data, 

and time constrain, those parameters were not included in this study.  

 

The study also didn’t take the local government policy and investment climate in 

Kazakhstan into consideration. Therefore, a more in-depth study that incorporates these 

additional factors will improve the result and conclusion of this study. 
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