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1. Introduction 

 
The increase in air transport demand has been notable along the last few years. Air traffic has 

more than duplicated since the trough produced by the attacks on September 11th 2001. The 

growth experienced in global passenger traffic has shown a steady slope of around 6% year on 

year, reaching 4.54bn passengers in 2019. The fleet of commercial aircraft with more than 100 

seats and freighters capable of transporting more than 100 tones rounded 20,500 units by the 

beginning of 2017, whereas the number of routes increased by 1,300 between 2017 and 2018, 

reaching a total of almost 22,000 (IATA, 2019). 

This growth in air traffic has driven an increase in the number of airport infrastructures built 

and put into service. The number of airports affiliated to the Airports Council International 

(ACI) grows at a rate of approximately 40 new airports per year, reporting over 1,940 members 

in 2017. To put into perspective these numbers, a country like Spain has 52 airports, 6 of which 

have been built this century. 

These new airports are built with the purpose of increasing the air connectivity of the regions 

where they are located. The previously described environment suggests reaching this goal 

should be easy; however, it is not the case.  

The growth in number of airports means the network is becoming too densely packed and new 

airports are located too close to existing ones. In this context, the potential passengers 

situated in the coverage area of the new airport do in fact consider the new options, although 

this does not mean they set aside any preexisting offers from the airport they travel from 

usually. This means the airport is born into an already highly competitive market. 

The scenario these airports face is then one where preexisting airports have a clear advantage, 

since they most probably have already been operating for years, probably decades, developing 

in consequence favorable logics in the strategic scope, i.e. economies of scale, symbiotic 

relationships with suppliers, learning, etc. (Porter, 1985). 

Facing this challenge requires the development of competitive skills, as well as strategic reach 

capabilities. These will be those developed by more settled competitors, although they will be 

adequate for newcomers in a market; capabilities that will help them find their niche. We are 

talking about capabilities based on knowledge relative to the market to which they are 

entering, the market of passengers and potential passengers, as well as knowledge related to 

the operating standards of the industry in which they will be providing a service: the airline 

industry. 

With the arrival of low cost airlines, fuelled by the liberalization of a sector that was highly 

constrained until then, traditional airlines have diversified their business strategy and portfolio 

in pursuit to address the needs of the various existing market segments. From leisure 

travellers, to those visiting friends and family and business passengers, the ever growing 

demand has enhanced the development and strengthening of Hub and Spoke networks, 

seeking to provide competitiveness against low cost airlines, both price-wise and in terms of 

passenger comfort.  
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The existing differences in needs and wants among the segments, business passengers being 

more comfort and time and date driven, whereas leisure passengers are more focused on 

price, provide airlines with opportunities to address these and take up portions of the market 

that are either badly attended or unattended.  

2. Objective 

 
The purpose of this paper is to propose methodologies to analyze the connectivity of an 

airport through a Hub, providing tools to be able to compare connectivities by data obtained 

for each of the Hubs we will be working with. We will explore the variations caused by the 

different proposed methodologies, bringing out underlying strengths and weaknesses of the 

airports, and studying how the departure traffic is distributed not only along the days of the 

week that will be chosen, but within a pre-established set of time intervals throughout each of 

these days too. As a second objective, by focusing on the greater part of the most traffic dense 

Hubs in the European continent, we will then apply these methodologies to the specific case of 

Castellón’s Airport. The Hubs we will be working with are: 

- Bruxelles-Zaventem (IATA: BRU) 

- Paris Charles de Gaulle (IATA: CDG) 

- Roma Fiumicino (IATA: FCO) 

- Frankfurt am Main International (IATA: FRA) 

- Genève International (IATA: GVA) 

- Helsinki-Vantaa International (IATA: HEL) 

- London Heathrow (IATA: LHR) 

- Lisboa Humberto Delgado (IATA: LIS)  

- Adolfo Suárez Madrid-Barajas (IATA: MAD) 

- München Franz J. Strauss (IATA: MUC) 

- Zurich International (IATA: ZRH) 

In search to evaluate which connection flight with one of these most important HUBs in the 

European continent would maximize the onward connectivity for a latent demand in the 

business sector of the province, the application of our studied methodologies will be carried 

out by means of a set of markers tailored to the needs of an industry that is of great 

importance both to the region and the country, narrowing the options down until by virtue of 

solid figures and data extracted from calculations, an objective choice can be made.  

To further meet these needs, eight companies with a range of revenues have been surveyed, 

obtaining valuable data, opinions and trends with regards to which days they prefer to travel, 

as well as giving us a figure to extrapolate and obtain an approximation to the total potential 

passengers for the ceramic production sector in the province. 

2.1 Key Words 

 
Onward Connectivity – Niche Market – Industrial Cluster – Weighed Connectivity – Valuable 

Demand – Hub and Spoke – Continental – Intercontinental – Time Window - Potential 
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3. Measuring Connectivity and Forecasting Demand 

3.1 Hub and Spoke Networks 

 
In essence, the Hub and spoke model is applied in the business world from several 

perspectives. As a general definition, Hub and Spoke is a method to enhance a cost effective 

distribution of a company’s assets, in such way that there is a centralized distribution of these, 

where the Hub absorbs clients sourcing from each of the individual spokes.  

Applied to the airline industry (Image 3.1), this model allows companies to optimize the way 

their destinations are distributed. If we think of an airline that has six different destinations to 

a country, it will have to fly sixteen individual flights to connect all of these cities. This would 

be an example of the lesser used point-to-point network, only used in particular cases. 

However, if this airline had two Hubs in the country of destination, capable of connecting with 

the other four cities too, it would only need to operate five flights to connect all six 

destinations. What does this translate to? Lower operating costs. The airline would need to 

operate less aircrafts, thus hiring less crew and having a lower expenditure on fuel, as well as 

paying a lower amount of fees. 

 

 
This network system is ideal for airlines to assort their flights in an efficient manner around 
each Hub, giving their potential customers the opportunity to fly anywhere they want to. The 
model is of particular importance for the business passenger, since in its intrinsic 
characteristics lie the fundamentals in a business passenger’s hierarchy of needs. 
 

3.2 The Concept of Connectivity 

 

Connectivity is sometimes defined as a measure of the accessibility of a destination from all 

other destinations in the world (Akça, 2018), although it can also be viewed as the degree to 

which nodes in a network are connected to each other (Burghouwt & Redondi, 2013). 

Other approaches aim to make the concept more useful by weighing each connection against 

specific node attributes, e.g. the GDP (Gross Domestic Product) of the region of the 

destination, priming destinations with greater economic potential when they calculate the 

connectivity of an airport, region or country (Malighetti et al., 2008). In addition, there are 

points of view which evaluate connectivity depending on qualitative or quantitative factors. 

Image 3.1 
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Such is the case of the World Economic Forum Connectivity Index, which calculates 

connectivity based on available seat kilometres per week on each route 

(PricewaterhouseCoopers, 2014). Overall, most of the proposed connectivity measures 

combine both criteria, thus the IATA Connectivity Index is calculated as: 

∑                                                                            

De Wit et al. identified four types of connectivity (direct connectivity, indirect connectivity, 

onward connectivity and hub connectivity). Direct connectivity, indirect connectivity and 

onward connectivity are defined for a specific airport (Akça, 2018). 

The distinction between direct and indirect connectivity introduces a new issue in the subject 

of connectivity. It is clear that an airport, region or country is connected better through a 

direct flight than through an indirect one. To take this distinction into consideration, Allroggen 

(Allroggen et al., 2015) introduces a qualifying variable named ‘Directness of Routing’, which 

values 1 if it is a direct route, and adopts a lower value in case of an indirect one. Different 

functions have been proposed for this variable, mainly based on the delay that the indirectness 

of the route introduces, as well as on the passengers’ perception and behaviour. 

These authors proposed a Global Connectivity Index for an airport a in year t as: 

        ∑                

      

 

Where:         Global Connectivity Index for an airport a during year t 

       All destination airports that can be reached from airport a in year t 

       Directness of routing r in year t 

       Frequency of routing r in year t 

       Destination quality (weight) of route r‘s destination airport destination    in 

year t 

Variable       penalizes all the indirect flights, and even hardly flights with two or more 

intermediate stops. 

Finally, Páez (Páez et al., 2012) introduces a measure of the accessibility (connectivity) based 

on the perspective of an individual: 

   
 

  ∑            
 
 

 

 

Where:    
 

  Accessibility (connectivity) from the standpoint of origin location i to opportunities 

of type k, from the perspective of individual p 

     Number of opportunities of type k at destination j 
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   Cost of moving between i and j as perceived/experienced by person p  

In Páez’s dissertations the formulation of the number of opportunities at a destination does 

not depend on the perspective of individual p, in fact, as far as we could see, there are not any 

connectivity measures in the literature that understand destination potential depending on 

personal perspectives. 

As we can see, the concept of connectivity applied to aviation has several approaches and 

there exist different markers depending on the organization that is compiling the data. The 

criteria employed vary, since in some occasions it is purely business oriented markers that are 

used, such as the available seats per flight, whereas on the other hand the passenger’s 

perspective is taken into consideration in numerous other concepts. 

 

3.3 Measuring Onward Connectivity 

 

The proposed topology points towards the use of onward connectivity as a key indicator to 

measure the convenience of one HUB or another.  Given that our objective is not only to 

choose the HUB providing the highest onward connectivity, but to decide which moment (day 

and time) will yield the maximum value, we need to measure the connectivity depending on 

these factors, day and time. We cannot use an annual global connectivity measure, as seen in 

some reviewed in the section dedicated to this matter. 

A first measure of onward connectivity could consist in counting the flights departing from 

each HUB, or the different destinations connected to each one at a given time, however, to 

refine the definition we must take into account the demands posed by the business passenger, 

as mentioned in the previous section. This means we are obliged to evaluate the number of 

flights in a day limiting the time windows of their departure times. It is important to bear in 

mind that stopover times are negatively perceived by passengers (Allroggen et al., 2015; de 

Wit et al., 2009), particularly when dealing with a business passenger, and that this could push 

the potential customer into choosing an airport that is farther away from his origin, since most 

probably stopover time will prevail over the time it takes for him or her to reach the airport 

from which the flight is departing. Moreover, the admissible stopover time will depend on the 

total flight time. For instance, a passenger travelling on an intercontinental will be willing to 

assume a longer stopover time than one who is only travelling continentally (de Wit et al., 

2009; Taafe, 1998). 

Considering these reflections, we will measure separately connectivity for continental and 

intercontinental flights. For the continental flights we will consider a time window ranging 

from a minimum of one hour (a reasonable time to disembark the aircraft and reach the 

boarding gate) to a maximum of three hours, whereas for the intercontinental flights we will  

consider a minimum of one hour and a maximum of five. 

Thus, our first connectivity measure will be comprised of two components, IOC 

(Intercontinental Onward Connectivity through Hub) and COC (Continental Onward 

Connectivity). Given that we are also looking for the most convenient departure time for the 
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flight between the origin and HUB, it is useful to propose a value for the indicator depending 

on the time t at which the passenger lands in HUB i. The formula for Continental Onward 

Connectivity will be: 

       ∑       

       

 

Where:        All countries included in the same continent that can be reached by direct flights   

from Hub i. 

                      Number of flights to r taking off between t+1 and t+3. 

        Existence of convenient routing. It will value 1 if there is at least one flight from i   

to r taking off between t+1 and t+3. 

Where: t is scheduled time of landing in the Hub for the flight coming from the origin 

(Castellon’s Airport in our case). 

Likewise, the formula for Intercontinental Onward Connectivity will be: 

       ∑       

       

 

Where:         All countries included outside of the European continental that can be reached 

by direct flights from Hub i. 

        Number of flights to r taking off between t+1 and t+5. 

        Existence of convenient routing. It will value 1 if there is at least one flight from i 

to r taking off between t+1 and t+5. 

Finally, we define General Onward Connectivity through the Hub i for the flight landing on time 

t as: 

       ∑       

       

 ∑       

       

 

This definition will allow us to choose the most suitable Hub, as well as the ideal time for the 

flight from Castellon’s Airport to this Hub. 

 

3.4 Measuring Weighed Onward Connectivity 

 

In our pursuit to find the ideal Hub, day and time window for the connection flight, we will 

introduce a second measure for onward connectivity. Weighing each destination with a 

measure of the interest of Castellon’s ceramic industry cluster on that destination using 

exports statistics as a proxy variable, we will obtain values showing which Hub meets those 

interests. As these statistics are provided by country, we will be considering destinations in a 
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cumulative way by country, defining Continental Weighed Onward Connectivity through Hub i 

on time t (CWOCi,t) as: 

        ∑            
       

 

Where:         All countries included in the same continent that can be reached by direct flights   

from Hub i. 

                      Number of flights to r taking off between t+1 and t+3. 

         Existence of convenient routing. It will value 1 if there is at least one flight from i   

to r taking off between t+1 and t+3. 

        Percentage of economic value of the ceramic products exported to r in year T 

(year after year comprising t). 

Analogously, IWOCi,t will be defined as: 

        ∑            
       

 

Where:         All countries included outside of the European continent that can be reached by 

direct flights from Hub i. 

         Number of flights to r taking off between t+1 and t+5. 

         Existence of convenient routing. It will value 1 if there is at least one flight from i 

to r taking off between t+1 and t+5. 

      Percentage of economic value of the ceramic products exported to r in year T 

(year after year comprising t). 

Finally, adding both we obtain the definition for Onward Weighed Connectivity: 

       ∑            
       

 ∑            
       

 

3.5 Forecasting Demand 

 

Analyzing the definition of the above mentioned        , it provides us with an indicator that 

allows us to identify the amount of demand coming from business passengers that would be 

attended in a convenient way by a flight departing from Castellon’s airport, reaching the Hub I 

at time t. We will coin this demand as Valuable Demand. 

Thus, by obtaining the total demand for international flights, i.e. continental and 

intercontinental, we can calculate a value for this Valuable Demand in terms of potential 

passengers. Hence, on a yearly basis, the calculation is as follows: 
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   ∑         

       

∑        

       

 

Where:      Demand of potential customers distributed among the continental destinations 

employed in the weighed calculations. 

     Demand of potential customers distributed among the intercontinental 

destinations employed in the weighed calculations. 

      Existence of convenient routing. It will value 1 if there is at least one flight to a 

destination of interest contemplated in the weighed calculations. 

4. Methodology 

4.1 Case Study 

 

Initially promoted by de regional government of Castellón and aided by the financial support of 

the Generalitat Valenciana, Castellón-Costa de Azahar airport’s construction was concluded by 

early 2011. Despite being inaugurated in March of that same year, it did not receive its permits 

until late 2014, thus it began its effective operation in 2015. 

It currently offers a limited number of flights, mainly focused on vacational purposes, as well 

as on a numerous colony of immigrants from countries in the Eastern Europe such as Romania, 

Bulgaria or Hungary established in the surrounding towns and cities. Hence the flights with 

destination Bucharest, Budapest or Katowice, operated solely by low cost companies such as 

Ryanair and WizzAir, companies with a clear orientation towards the seasonality of holiday 

flights and VFR trips (Visiting Friends and Relatives). 

The airport’s operator and its owners of public character are greatly interested in increasing 

the flight agenda, given that with the current number of destinations and their frequencies, 

the airport is far from breaking even. 

The promotional efforts displayed by the managers and owners point towards the 

establishment of more routes focused on holiday or VFR purposes, operated by the companies 

that currently fly from Castellón or others. However, they do understand there is a potential 

base of customers the airport could also attend to further increase its attractiveness towards 

airlines, that is, passengers travelling for work. 

 

4.2 The province of Castellón 

 

The Spanish province of Castellón, where the homonymous airport is located, registers intense 

industrial activity particularly concentrated in a sectorial manner. The amount of companies in 

the ceramic sector makes Castellón a real industrial cluster, seconded by other subsectors of 

great importance in terms of revenue and worldwide competitiveness, such as frits, glazes and 
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ceramic colors, raw materials and ores and the design and manufacture of machinery used in 

the ceramic sector (ovens, mills, printers, etc…), as well as other complementary or satellite 

sectors dedicated to engineering, design of promotional material, stands for fairs and specific 

training for the sector. All of these comprised of dynamic and competitive companies, capable 

of exporting their products and services. 

As of 2019, the cluster exported ceramic materials by a value of 2.64bn €, out of a total 7.86bn 

€ considering all sectors (DataComEx1, 2019). This accounts for 33.60% of the total value for 

exports in the province and over1 90% of the total ceramic exports in the Spain (ASCER2, 2019). 

Observing Figure 4.2.1 we can see how the sector took a hit during the 2008 financial crisis, 

but has since been recovering significantly and even though its percentage over total exports 

has varied over the years, the total value for revenue generated by exports grows steadily year 

after year. 

 

 

These levels of revenue generated by exports demand the sector’s workforce to pay a large 

number of visits to their clients and distributors all around the world, mainly focused on 

establishing and maintaining commercial relationships. Moreover, to these visits, we have to 

add the existence of fairs and other events, as well as technical support and on-the-job training 

to clients installing materials bought from the province’s businesses. 

 

                                                           
1
 http://datacomex.comercio.es/principal_comex_es.aspx accessed 25/04/20 

2
 https://www.ascer.es/sectorDatos.aspx?lang=es-ES accessed 25/04/20 

Table  4.2.1 
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Table 4.2.2 shows the percentage of economic value of exports of ceramic products from 

Castellon’s province to the top 50 countries as of 2019. Note that the countries appearing in 

the table amount for 88.4% of the total export value. It was decided to select up to that figure 

because the values beyond the 50th country were negligible in terms of affecting future 

calculations.  
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4.3 How to attend the demand generated by the cluster 

 

With the current situation, this latent demand relies on flights departing from airports farther 

away than Castellón’s airport, having as a main choice Valencia’s airport, located 104km away 

from the city of Castellón. How could we attend this demand for flights with destinations 

which will presumably be very varied? 

It is reasonable to expect that most of these destinations would barely make enough 

passengers to make the flights profitable for airlines, making them unviable, not to mention 

they would only be answering to a small portion of the total demand. The best way to attend 

the demands then, seems to be in foresight to connect Castellón’s airport with a HUB, or a 

series of HUBs, that are sufficiently established to account for a large number of destinations. 

Assuming this fact, the previous question then becomes, which HUB should Castellon’s airport 

be connected to, to maximize the number of connections? Which one will attend a larger 

portion of this latent demand?  

To define the portfolio of destinations that would best attend this demand, it is important too 

to understand the needs of this type of passenger, travelling solely for professional purposes. 

In fact, the needs manifested by the business passenger are completely opposite to those of 

the one travelling for leisure (Shaw, 2016). Hence, we can synthetically describe the leisure 

passenger as one whose main interest regarding a flight ticket lies on the price, albeit he will 

be more flexible when it comes to comfort, convenience of departure times and even 

destinations. On the other hand, the passenger travelling for business purposes is, for obvious 

reasons, not flexible in terms of destination, since he has to fly to wherever his work takes him, 

specifically, although he may be flexible with the tariff. Furthermore, this passenger is more 

demanding when it comes to comfort and departure times and dates. 

 

4.4 The Survey 

 
 
In order to obtain a more accurate estimate of the total demand for international flights 

originating from the businesses in the cluster, we conducted a survey (shown in Annex 8.1) 

asking, among other questions about the amount of trips made yearly by commercial and 

managerial positions within their respective companies, as well as the quantity of incoming 

trips from their customers. Furthermore, we also asked about their approximate total revenue 

at the end of last year, number of employees and any generic regions where they wish to 

expand in the future.  

The survey was sent to eight companies in total, fortunately all of them answered, although 

some took longer than others. These companies account for 37.37% of the total ceramic 

products produced in the province, a sample we find representative of the total of the sector 

attending to the official data. It was carried out during the month of June 
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However, only three of the eight surveyed companies answered thoroughly to questions 

related with concrete destinations of their trips, mainly answering through which airport they 

use to fly. These companies add up to 6.19% of the ceramic products produced in Castellón in 

2019. Due to this, we cannot use these answers to estimate the distribution of the destinations 

of the trips made by the business people of the whole sector.  

5. Results 

5.1 Onward Connectivity 

5.1.1 Generic Onward Connectivity  

 
For this first section, as mentioned in the previously, we were provided with a list created by 

the OAG, showing the number of flights departing from the eleven most traffic-dense airports 

in Europe, their destinations, departure and arrival times and aircraft among other categories.  

Since we were dealing with a substantial number of flights, we started by applying a more 

generic approach; we started by evaluating the Generic Onward Connectivity of each and every 

HUB we had been given data for, the objective being to be able to select a podium of three 

airports with which we would carry on calculations in pursuit of the connection flight with 

Castellón’s airport. To begin to discern the strengths and weaknesses of the airports, the first 

set of data we were interested in extracting was the total amount of flights departing from 

each HUB for each day of the week. By doing this we began to see which ones stood out in 

terms of raw numbers. No filters regarding destination or departure time windows were 

added.  

The results shown in Figure 5.1.1 offer what seems like a clear view of which are the busiest 

airports in Europe. These values have been obtained by means of a set of tables extracted 

from the data provided by the OAG that can be seen in Annex 8.2 at the end of this paper. 

However, could it be that, from a global perspective, the figures are misleading? Could some 

HUBs have an underlying strength or weakness that these values don’t show? To clear the 

doubt, we took the data one step further. 

 
Table  5.1.1 
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By re-evaluating the figures, this time breaking down the number of flights into two separate 

sets, continental and intercontinental, we would see if perhaps some HUBs in particular had an 

outstanding strength in European or intercontinental flights. 

 

 

As we can observe in both Figure 5.1.2 and Table 5.1.2 (tables from which values have been 

obtained can be seen in Annex 8.3), applying this reasoning already begins to help us foresee 

that there are in fact hidden strengths and weaknesses within our HUBs. For instance, with the 

previous method, it appears as if LHR is clearly superior in terms of traffic to MUC, however, 

the German airport takes a larger portion of the total continental flights. In terms of 

percentage over the total continental flights the difference does not seem substantial, but 

looking at the numbers, MUC has over 400 more continental flights throughout the week. 
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Now, if we turn our sights towards the intercontinental data, shown in Figure 5.1.3 and Table 

5.1.3 (tables from which values have been obtained can be seen in Annex 8.4), what seemed to 

be a loss of advantage for LHR when applying a continental filter, shows the complete opposite 

in this occasion. The British airport is by far the busiest of all eleven in flights outside Europe. 

Furthermore, it is worth pointing out that although MUC had climbed to a respectable second 

position with regards to European flights, it can barely make it to the sixth place when 

counting intercontinental flights. 
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In summary, can we conclude this method proves to be accurate enough to be applied to the 

selection of a connection between a HUB and a spoke? It seems reasonable to say a 

resounding no. This method is, honoring its name, too generic to be able to pinpoint a valid 

candidate. Nevertheless, the GOC did give us a set of values that came in handy and helped us 

move forward in this investigation.  

Using the results obtained from the continental and intercontinental data, we can determine 

which three HUBs will best meet the needs of our potential customers. Bringing our attention 

to Table 5.1.4, the results show with clarity which HUBs are the most important in terms of 

traffic. Although it may seem unorthodox to add percentages that account for different sets of 

values, we can use them as a marker to orientate our future calculations and ensure our 

current choices do not jeopardize the end results. Hence, it is appropriate to affirm that the 

podium of airports we were looking for in this stage where we were applying GOC is composed 

by Paris Charles de Gaulle Airport (CDG), Frankfurt am Main Airport (FRA) and London 

Heathrow Airport (LHR). 

 

 

5.1.2 Continental Onward Connectivity by day and time window 

 
Using the results obtained in the preceding section and in search of meeting our potential 

customers’ demands, we decided it would be more precise if we took into account the 

surveyed sample’s preferred travelling days. On the whole, as we can observe in Table 5.1.5, 

there was a noticeable dispersion in the results collected from the surveys, although there 

were three days that came ahead of the rest: Monday, Wednesday and Sunday. The first day 

of the week being the most utilized by the business people to travel abroad, something 

reasonable considering no matter the destination, this day of the week provides the possibility 

of returning home before the weekend or extending the trip until the end of such week if it 

were necessary. 

In addition, attending to the passengers’ requirements exposed in the literature section, we 

divided these three weekdays into a number of time windows depending on the final 

destination being continental or intercontinental. Given that, in general, the first continental 

flights depart at 6:00 a.m. in the airports around Europe, we chose to assume this would be 

Table 5.1.4 
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the earliest time a flight would depart from Castellon’s airport, meaning it would arrive to its 

selected Hub at 8:00 a.m. This gave us 25 time windows for continental destinations and 21 for 

intercontinental, ranging from 9:00 a.m. to 00:00 a.m., shifting these intervals by half an hour 

each time. The obtained values can be seen in Annex 8.5. 

 

Attending to Figure 5.1.4, this shows the comparison of number of flights for the three days for 

the Parisian airport Charles de Gaulle. At a glance we can already see there is not a significant 

difference between Monday and Wednesday, especially when it comes to peak hours such as 

half way through the morning, at around midday and towards the evening. This shows a clear 

example of Hub behavior, since the peak departures are concentrated in time intervals that 

allow flights from outside to arrive and passengers to potentially only wait a few hours. The 

data with which the graph has been created can be seen in Table 5.1.6. Moreover, it is worth 

pointing out that Sunday shows a different pattern compared to the other two days. In this 

case, there are no outstanding peaks throughout the day, but the figures show to be more 

constant, to the point where there are more flights departing from 13:00h to 17:30h than on 

Monday and Wednesday. 
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Figure 5.1.5 provides the continental onward connectivity for Frankfurt am Main. This Hub is 

stronger in terms of figures than the French, for instance, and shows a stable trend for the 

three weekdays. However, the troughs experienced at certain points throughout the day do 

bring the number of flights way below Charles de Gaulle’s figures, although with the exception 

of these relatively short windows, the averages for all three days, shown in Table 5.1.7, are 

much higher for the German airport. These values confirm Frankfurt’s main airport as being 

the strongest of all three in continental departures. Furthermore, towards the end of the 

curves, we can see that Sunday is in this case ahead of both other days for a longer period of 

time when compared to Charles de Gaulle. 

Table 5.1.6 
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London Heathrow, as seen in Figure 5.1.6, shows a mixture of both the German and French 

Hubs. Its figures lie between those from the other two airports, although it is closer to CDG. 

Nevertheless, its curves prove to be more erratic than the other two. For example, the rapid 

depression and recovery on Wednesday only happens on that day and for that airport, none of 

the other data show this behavior. 

 

 

 

The third day of the week breaks the trend seen in both other Hubs, where the values for 

beginnings of the time windows are similar. In this case, LHR has a difference of over 20 flights 

with respect to other days in several windows. For example, the third row in Table 5.1.8, 

accounting for the time window from 10:00h-13:00h shows a difference of 33 and 34 flights 

for the same time period on Monday and Sunday respectively. 

Although on the whole CDG has stronger figures, there are time windows, particularly those 

that, by the trends provided by the graph prove to be the ones with most demand, where LHR 

has, at the least, more connectivity for Castellon’s potential passengers. Moreover, the British 

airport displays a steep downward slope towards the end of the day, specifically after the 

18:00h window. This on the other hand does not happen in such acute manner in the other 

two Hubs, where FRA ends the day with over 50 flights in the last time window. The probable 

cause for this is the British lifestyle, dinner time being around that hour, whereas for the 

French and German it is as a matter of fact about an hour after. 
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5.1.3 Intercontinental Onward Connectivity by day and time window 

 
Applying similar criteria, we obtained the values for number of flights with intercontinental 

destinations ranging from our three Hubs. This time, as explained, we worked with 21 time 

windows, again ranging from 9:00h-00:00h and shifting half an hour each time, only due to 

studied passenger requirements, the time windows were 5 hours long. 

As expected, even though some Hubs proved to be stronger than others in this segment, the 

total numbers for intercontinental flights were considerably lower than those for continental. 

Looking at Figure 5.1.7 (values taken from Table 5.1.9), CDG exhibits a trend similar to that of 

Frankfurt’s continental flights, in the way that for all three days, the curves have comparable 

shapes. Sunday is again ahead for most part of the day, exchanging its position with Monday 

towards the afternoon, where its curve experiences a pronounced trough, only to then recover 

and practically match Monday’s figures. It is worth mentioning how Wednesday never appears 

to lead any of the contests in the French Hub, proving this day is not, in foresight, the best 

choice for our potential passengers. 
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Compared to its continental curves, FRA shows a relatable pattern in Figure 5.1.8, as for all of 

its days the curves are similar. The German airport never reaches values near those of its rival 

Hubs, and provides accentuated descents in numbers; whereas the other two see their values 

diminish in a smoother manner. Frankfurt then, evaluating the Continental and 

Intercontinental data, is a stronger airport in European destinations, something that could be 

of high value in the upcoming sections. 

Regarding the days of the week, there is not a clear pattern this time. Monday is clearly ahead 

in intercontinental flights, showing there is in fact an answer to the general demand for this 

type of flights, since people travelling long distances prefer to fly early in the week to crop up 

all their meetings and visits during the following days, to then return home towards the 

following weekend. 
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London Heathrow is clearly superior in this analysis, as Figure 5.1.9 shows. Not only it has the 

highest averages on most of the time windows, but it is the only Hub where there is not such a 

strong decrease in the numbers towards the end of the day. Contrary to the continental data, 

LHR still provides in the last time windows figures FRA is exhibiting in the middle of the day, a 

pattern completely opposite to the one shown in continental flights. This could be because the 

demand for these flights is probably not subjected to local customs. 

Similar to CDG, the British airport has its strongest values on Sunday too, although with much 

higher amounts. However, the difference with Monday and Wednesday is practically 

negligible, these days having almost identical numbers of flights window by window. 

 

 

5.1.4 ICOC Comparison between 3 Hubs 

 
In this section we will compare the averages obtained for each time window for the three 

days, seeking to identify the most suitable time windows for Castellon’s airport’s potential 

customers.  

Attending to Figure 5.1.10, showing the averages for continental flights, we can see a clear 

picture portraying Frankfurt am Main airport as the busiest in terms of continental flights. Even 

though there is a short period of time windows where it is overtaken by the other two Hubs, 

Table 5.1.11 
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the superiority in the rest of time frames is outstanding. As mentioned in the previous section, 

the airport is not only on top in continental departures, but it is also the only one capable of 

sustaining those figures and the advantage until the end of the day. 

On the other hand, LHR’s curve shows there is a significant difference with its German 

counterpart, only being superior for 3 of the 25 time windows. The London located airport’s 

averages are also weaker than CDG’s for most windows, providing feeble numbers most of the 

time, especially towards the end of the day, where its curve has the steepest downward slope 

and ends with a mere 11.33 average, more than 15 points below CDG’s average and an 

astounding 45 points below FRA’s average in the last time window (Table 5.1.12). 

 

 

 

Regarding intercontinental averages, the tables completely turn. This time London Heathrow 

leads the numbers by a large distance. Observing Figure 5.1.11 we can see the largest gap 

between the three airports in all the analysis carried out until now. Not only Is LHR ahead, but 

FRA falls to the last position with most of its averages being below CDG’s (Table 5.1.13) with 

the exception of two time windows towards the end of the day. 

The relatively plane curves shown for Frankfurt’s Hub in the previous section gain importance 

in this analysis, since we can now clearly see that the difference with the French and British 

airports is noteworthy. For example, almost half way through the day, LHR displays numbers 

CDG and FRA never remotely reach, the peak difference being around the 14:00h-19:00h 

window. 
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5.1.5 Addition of COC and IOC 

 
Similarly to how we carried out the calculations in the previous section, we found it reasonable 

to add the continental and intercontinental connectivity figures linearly. In order to be able to 

do this, we limited the continental time windows to 21, matching the number of windows for 

intercontinental flights. This gave us a value of total onward connectivity per day and time 

window, giving us a useful tool to identify the ideal potential day and earliest departure time 

with which the flight from Castellón’s airport should be connected. The tables used for these 

calculations can be consulted in Annex 8.6. 

Figure 5.1.12, Figure 5.1.13 and Figure 5.1.14 show the results obtained for each of the three 

days of the week we are dealing with. 

 

London Heathrow’s outstanding strength in intercontinental connections is a differential 

element when adding both types of destinations. We can see how its weakness in European 

flights only brings it closer to its rivals, and these only overtake the British Hub in the early 

stages of the day on Monday and Sunday, the days that have previously been proven to be 

busier in terms of continental traffic. 

Moreover, it is worth noting that Frankfurt’s main strong point, the continental destinations 

does manage to compensate its noticeable weakness with regards to intercontinental flights. 

As we can see in all three figures, the curves between FRA and LHR are much closer than one 

would imagine when analyzing the averages for the destinations separately, 

Lastly, as examined previously, Charles de Gaulle was not outstanding in either set of values, 

and this comes to show in this final addition of IOC and COC, where the French Hub lies in the 

middle of nowhere, only coming first for one time window on Sunday out of all 63 windows. 
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These values provide sufficient information to envisage that CDG will not be our final 

contender when selecting the connection flight from Castellón. However, up until now we 

have only been dealing with a count of connections between the Hubs and their destinations, 

so we are not necessarily meeting our potential passengers’ needs. This is where the Weighed 

Onward Connectivity comes into play. 
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5.2 Weighed Onward Connectivity 

5.2.1 Continental Weighed Onward Connectivity by day and time window 

 
This part of the calculations was carried out adding a new factor: the weight of each country 

with regards to Castellón’s ceramic exports. To be able to obtain the values we were looking 

for, we had to extract not only the number of flights per time window, but their countries of 

destination too, ending with an equivalent sum but with more information about the 

destinations. As commented in previous sections, we chose to use the top 50 countries to 

which the province of Castellón exports its ceramic products. The definitive goal was to 

achieve the obtaining of a value or factor with which we could compare how much of the 

potential customers’ needs were being attended in each time window. The tables with the 

destinations and the obtained values can be seen in Annex 8.5.  

It was decided that this method was reasonable since most certainly the business people will 

have interest in travelling to the countries to which they export their products, therefore 

making this assumption valid. 

 

 

 

The first observations we are going to make are the comparison between the three days for 

each Hub. As we can see in Figure 5.2.1, there are differences with respect to the plain values 

obtained in COC for Charles De Gaulle, the most outstanding being the separation between the 

curves after the 18:00h-21:00h time window. Moreover, Sunday had stronger figures during 

two time windows in the same part of the day, but after weighing the destinations against the 
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interests of the potential customers, not only it ends up as being the worst of all three days, 

but the gap with Monday and Wednesday is even larger. In addition, the difference in number 

of flights proves to be of less importance as Sunday was notably worse at the beginning of the 

day, but the weighing brings the curves closer to each other. 

 

 

 

In contrast with CDG, Frankfurt’s curves show little variations in terms of patterns after 

weighing the number of flights, as we can see in Figure 5.2.2. Where the lines were overlapped 

in COC, they continue to be now, the only difference being Wednesday’s weighed values show 

a difference they did not have before, putting this day ahead of Monday and Sunday after 

the14:30h-17:30h time window. This also happens at the beginning of the day, where Monday 

is no longer on the lead, leaving its position to the third day of the week. Again, contrary to 

what happens with the French Hub, Sunday’s values worsen with these calculations, 

completely inverting the advantage this day seemed to have in terms of numbers of flights. 

The German airport displays similar recoveries in its curves compared to COC towards the end 

of the time frames for all three days, and the same analysis can be applied to the troughs, 

occupying proximate time windows. 

Compared to FRA, London Heathrow’s curve for Wednesday stays practically identical to that 

of continental onward connectivity. However, it is again Sunday which provides the biggest 

changes. As we can study in Figure 5.2.3, Sunday no longer leads in the time window from 

10:30h-13:30h, as it did in COC, but now shows a flat segment of the curve where its weighed 

connectivity value drops close to 1.5.  

0 

0.5 

1 

1.5 

2 

2.5 

3 

3.5 

4 

9
:0

0
-1

2
:0

0
 

9
:3

0
-1

2
:3

0
 

1
0

:0
0

-1
3

:0
0

 

1
0

:3
0

-1
3

:3
0

 

1
1

:0
0

-1
4

:0
0

 

1
1

:3
0

-1
4

:3
0

 

1
2

:0
0

-1
5

:0
0

 

1
2

:3
0

-1
5

:3
0

 

1
3

:0
0

-1
6

:0
0

 

1
3

:3
0

-1
6

:3
0

 

1
4

:0
0

-1
7

:0
0

 

1
4

:3
0

-1
7

:3
0

 

1
5

:0
0

-1
8

:0
0

 

1
5

:3
0

-1
8

:3
0

 

1
6

:0
0

-1
9

:0
0

 

1
6

:3
0

-1
9

:3
0

 

1
7

:0
0

-2
0

:0
0

 

1
7

:3
0

-2
0

:3
0

 

1
8

:0
0

-2
1

:0
0

 

1
8

:3
0

-2
1

:3
0

 

1
9

:0
0

-2
2

:0
0

 

1
9

:3
0

-2
2

:3
0

 

2
0

:0
0

-2
3

:0
0

 

2
0

:3
0

-2
3

:3
0

 

2
1

:0
0

-0
0

:0
0

 

W
EI

G
H

ED
 C

O
N

N
EC

TI
V

IT
Y

 

WINDOW 

FRA - CWOC 

Monday Wednesday Sunday

   Figure 5.2.2 



 
 

34 
 

 

 

5.2.2 CWOC Comparison for the 3 Hubs  

 

Comparing all three Hubs day by day, we can see at first sight in Figure 5.2.4 how applying this 

weighing can change the importance of having or not having a large number of connections. If 

we recall the results obtained for COC on Monday, Charles de Gaulle was never ahead of the 

other two airports, in fact, it did not outstand in any of the analyzed situations. However, it is 

now exhibiting a stronger coefficient than LHR and FRA in most of the time windows.  

On the other hand, the opposite behavior can be seen shortly after where it closes the gap 

with Wednesday’s values, almost matching them, the difference being 0.02 between both 

connectivity factors. Additionally, the values for CWOC for Sunday are higher than Monday’s 

and Wednesday’s for a longer period of time compared to COC, where there is only one time 

window where the last day of the week had more flights than the others. 

The sharp descents in Sunday’s values can be seen in various time frames along the day, 

increasing the separation between the curves to a maximum of 1.2 in the window from 

17:00h-20:00h. It is worth noting that even though for most of the day Sunday exhibits many 

variations, it does finish with a considerably higher value at the end of the day, something that 

did not happen in COC. Where Monday and Wednesday end with values below 0.5, Sunday 

manages to end with a figure over 1.1. 
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London Heathrow also manages to be ahead for a brief period of two time windows, a rather 

surprising fact considering it seemed to be the weakest of all three in continental destinations. 

It could be argued that on the whole, it is CDG who proves to have the best weighed 

connectivity on this day, since it is ahead in the most important time window, i.e. at the 

beginning and towards the end, where its difference is even larger and the French and German 

struggle to keep the values close to CDG. 

Moreover, looking at Figure 5.2.5 it is noticeable too how Frankfurt recovers from a 

pronounced trough in the 13:00h-16:00h time window on Wednesday, overtaking both of its 

counterparts. This does not last long, since once again, Charles De Gaulle shows dominance 

and is above the other two curves for most of the day. Even after applying the weighing, the 

French’s curves are still similar, just like when we were only working with number of 

destinations. 

We also see a similar pattern between FRA and CDG, where the German airport has higher 

CWOC values in the middle of the day, the difference being even larger on Wednesday than on 

Monday. 

 

 

Regarding LHR, it does show a two short peaks putting it ahead on Wednesday, this never 

happening again across the three days. The London airport shows once again after weighing 

that it cannot contest the other two Hubs when it comes to continental connections, a 

probable cause being the fact that the English capital has more than three airports located in 

its surroundings, some being bases to low cost airlines, which take up most of the market 

share nowadays. 
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Analyzing Figure 5.2.6 and Table 5.2.3, we can see how the curves are much more chaotic than 

in the other two days, but they continue to show similar trends, with CDG being ahead most of 

the day. It is also the only Hub capable of scoring a higher average on Sunday than on a 

weekday, something both other airports do not accomplish. This time, there are no surprises 

regarding LHR, as it is only close to being ahead when it approximately matches CDG’s weighed 

connectivity. Sunday is also the only day where CDG does not close the day in first place, being 

overtaken by FRA in the very last time window by a small margin.  

Summarizing, we can see the effects weighing the results have had on the positions each Hub 

occupied in the continental onward connectivity. Charles de Gaulle is now more clearly in 

advantage against FRA and LHR, the German airport being the airport losing the most, given 

that the British’s values do not vary significantly its previous results, although it does improve 

in some specific windows. 

Table 5.2.2 
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5.2.3 Intercontinental Weighed Onward Connectivity by day and time window 

 

When comparing results for intercontinental weighed connectivity, we can see the effects are 

varied depending on the airport’s frequency to certain countries of destination. Analyzing 

Figure 5.2.7, the most outstanding difference with respect to the IOC curves displayed for CDG, 

is the dive Sunday’s line takes at the 14:30h-19:30h time window. In the IOC graph, Sunday lost 

its advantage earlier on in the day, whereas after weighing the results, this has now shifted 

forwards over an hour. However, it never showed such a large difference with the other two 

days, recovering quickly from a decrease in the number of flights. In the IWOC, we can see how 

even though it has the largest number of destinations from 16:30h to the end of Sunday; these 

are not fulfilling our potential customers’ required destinations. 

The disparity between Monday and Wednesday’s curves in IOC seems to come closer after 

weighing, although Monday is always ahead between those two days. In this case the 

variations are minimal in terms of decision changing results. 

 

 

 

In the case of Frankfurt’s Hub, seen in Figure 5.2.8, the most noticeable change against IOC is 

the separation of Monday’s curve from the other two days during a few time frames in the 

middle of the day. Moreover, we can now see Sunday being ahead for the first three time 

windows, losing its advantage by a mere 0.02 in the IWOC factor after the fourth one. Sunday 

did not have larger figures in IOC until the afternoon, an advantage that disappears with the 

weighing.  
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Wednesday’s separation from the other two curves during the first half of the time frame is 

also remarkable, although it now shows much closer numbers to Sunday after 14:30h, the 

difference being of 0.01 until 16:30h, where it is even smaller. 

On a general note, addressing all three days, we can observe that the curves oscillate more 

than with IOC, showing steeper slopes as they move through the day, the local maximums 

being more pronounced too, as can be seen in the 12:30h-17:30h window. 

 

 

 

London Heathrow’s curves show noteworthy changes when weighing destinations. At first 

sight, we can see how they have smoothened with respect to those in IOC, especially after 

12:30h. In Figure 5.2.9 they barely intertwine, with Monday and Wednesday having practically 

identical results throughout the whole day (this being the reason why Monday’s blue curve is 

not visible), a pattern that does not repeat itself across the other two Hubs. It is noticeable 

although, how Sunday’s curve separates from the other two days and exhibits stronger IWOC 

coefficients after 12:30h, whereas it had the weakest numbers in IOC for two time windows, 

16:30h-21:30h and 17:00h-22:00h. 

It is worth pointing out how LHR’s IWOC coefficients are substantially larger than those of the 

other two airports. They start with values over 6, values never reached by CDG or FRA. This is 

due to the massive amount of flights to the USA, mostly concentrated in the first time 

windows of all three days. In fact, we can see how LHR accuses not having those flights to the 

USA; we can even pinpoint when this starts to happen, since all three curves start a slow but 

steady descent and close the days with values smaller than one, just like the other two Hubs. 
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5.2.4 IWOC Comparison for the 3 Hubs 

 

Continuing with the same method, we pitted all three airports against each other to evaluate 

the differences in a more visual manner. In the case of IWOC, as commented before, the 

comparison between the three airports is marked by the immense amount of flights to the 

USA from LHR. 

In the case of Monday, what stands out the most is how FRA is always the one with the lowest 

IWOC values, having considerable differences with LHR, of up to 4.13 points (Table 5.2.4) in the 

12:00h-17:00h window. FRA shows once again that it is not the ideal airport when it comes to 

intercontinental connectivity. In fact, regarding patterns, we see little variations compared to 

the figures seen in previous sections, as CDG still lies between the other two Hubs. It is 

noticeable too how LHR finishes above the French and German airports, even though it is the 

one with the largest difference between its maximum and minimum values. 
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Furthermore, as seen in Figure 5.2.11 and Figure 5.2.12, the trends shown are similar to 

Monday’s, with LHR outstanding from the other two Hubs. However, Sunday is the strongest 

day for CDG, hence being the day where the French airport is closest to LHR, the difference 

being of 1.88 points in their IWOC coefficients (as seen in Table 5.2.6). On the other hand, 

Wednesday is the weakest day for the French Hub; it is in fact, the weakest for all three. These 

results show the third day of the week will probably not be in our final choice. 

Additionally, returning to Sunday’s figures, the sudden descent in IWOC experienced by CDG 

between the 15:00h-20:00h and 16:30h-21:30h gives FRA a chance to overtake the French 

airport, even though its numbers are not outstandingly good. These are the only windows of 

all three days where Frankfurt shows better weighed connectivity for intercontinental 

destinations. 

In summary, the British Hub has a dominant advantage in intercontinental weighed onward 

connectivity against the other two counterparts. Its main strength comes from its numerous 

connections with the USA, probably reinforced by the political ties that bond both countries, 

which reinforce the exchange of goods, thus creating a base of potential customers that 

cannot be contested by the French or German airports. Charles De Gaulle and Frankfurt am 

Main are not necessarily weak attending Castellon’s potential business passengers, but with 

the current calculations, their figures are too far away to contest London’s main airport.  
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5.2.5 Addition of CWOC and IWOC 

 

Continuing with the same methodology, once we obtained the values for CWOC and IWOC, we 

added them since there is a linearity that allows this calculation to be carried out. The tables 

used to generate the following figures can be consulted in Annex 8.7. Once again, given that 

the intercontinental windows only add up to 21, we worked with this amount to keep the 

linearity. The final purpose of this section was to determine which time windows we would be 

working in the following calculations. 

Attending to Figure 5.2.13, showing the addition of CWOC and IWOC for Monday, we can see 

how the advantage gained by LHR’s values for IWOC proves to suffice to keep it as the most 

connected airport to meet the potential passengers’ requirements. The curves are brought 

together by the weakness exhibited by the British airport in CWOC, which allows CDG and FRA 

to come closer. 

Moreover, the quick descent shown by London Heathrow towards the end of the day in both 

CWOC and IWOC now results in it having the lowest value of all three in the last time window, 

and being overtaken by CDG, pushed by its strength in continental weighed connections, after 

the 19th window. 

Table 5.2.6 
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Looking at Table 5.2.7, the highlighted values show the highest coefficients for the sum of 

weighed connectivities per window for each of the three Hubs. In the case of Monday, they are 

dispersed for each airport, the first time window being the one with the highest number for 

CDG, third window for FRA and fourth for LHR. However, the time window showing the highest 

figure of 21.49 for the sum of all three airports is the third one, so this will be the first window 

we will work with in the upcoming section.  

 

 

 

Continuing with the third day of the week, we observe in Figure 5.2.14 a reasonably 

comparable pattern, again with LHR owing its superiority to the difference it obtains from its 

IWOC values. Although the sums are different, the curves are similar at the end of the time 

frames too, seeing CDG rise to have the highest value of all three, and LHR slowly descend until 

it ends in last place in the 21st window, although it ends with a value slightly superior to 

Monday’s by 0.05. In addition, another difference that can be seen is that FRA manages to 

have higher values than CDG during two time windows, although they are not the same frames 

where the German airport is superior in the sum of CWOC and IWOC on Sunday. 

Studying the values in Table 5.2.8, this time we do see how two Hubs, CDG and FRA, share 

their highest values in the same time window, again being the third one, whereas LHR has its 

highest value for all three days in the fifth window, adding to 9.29. On the whole, however, the 

time window with the highest sum of the three Hubs is again the third one for Wednesday. 

This is the window we will be using next. 
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Lastly, Sunday has the most irregular curves after adding CWOC and IWOC, as can be observed 

in Figure 5.2.15. As commented before, FRA has higher values than CDG during two time 

windows, in this case the 13th and 14th, mainly fueled by the French’s rapid descent along the 

previous frames. This however is contrasted by a resurging that manages to put it ahead of 

both FRA and LHR, although briefly. The Parisian airport is the only one managing to sustain its 

values until the end of the time windows, allowing it to close Sunday with the highest sum of 

weighed connectivities by a considerable margin. 

Regarding the choice of the best time window, it is clear in Table 5.2.9 that it is once again the 

third one. All three Hubs have their highest sums in this time frame; hence the total sum of the 

three is the largest too, this time by over a point with respect to the second biggest sum. Thus, 

this will be the time frame chosen for Sunday. 

Table 5.2.8 
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5.3 Passengers Attended 

 

5.3.1 The Valuable Demand 

 

In this final section we had the necessary data to be able to select the ideal Hub, day and 

earliest time window to maximize the connectivity for Castellon’s ceramic sector. After 

applying the weighing and obtaining the values for the sum of CWOC and IWOC, the next step 

was to calculate how many passengers these time frames would be attending. The calculations 

were carried out for the third frame of each of the three days. The tables used to perform 

these calculations can be examined in Annex 8.8. 

As commented in the methodology section, we took the value of potential passengers coming 

from Castellon’s ceramic cluster, and distributed them amongst the weights of the countries to 

which the exports are done. Then, by means of a formula, we only took into consideration 

whether there was a flight to a certain country of interest, without the number of these being 

of matter.  
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Compared to the total weighed connectivity explored in the previous section, we can see how 

the results take an unexpected turn after applying these criteria. Observing Figure 5.3.1 we can 

see how now LHR has gone from being the airport with the highest weighed connectivity on 

Monday to being the Hub attending the least of Castellon’s potential business passengers. 

Frankfurt am Main on the other hand, shoes the complete opposite behavior, and now has the 

highest percentage of all three airports, considerably ahead in the case of the first day of the 

week. 

Viewing the values included in Table 5.3.1, it is easy to see why LHR has changed its position. 

The large amount of flights to a certain country where what gave the British Hub an advantage 

in IWOC, which in the end was determinant when adding both continental and 

intercontinental markers. After removing this factor, since there are only a limited number of 

potential passengers, LHR accused the fact of not having such a diversified portfolio of 

intercontinental destinations. 

 

 

 

 

The values for Wednesday show a very similar pattern for LHR because, as can be consulted in 

Annex 8.5, the London based airport has the same destinations in the third window of all three 
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days, although the cumulative sum of flights varies on Sunday. This yields an identical value of 

potential passengers attended for all three days in the intercontinental destination spectrum, 

leaving it to the continental passengers to make a difference for LHR. 

Observing Figure 5.3.2 we can see how CDG has an ever so slight advantage over FRA on this 

day, the difference being of 0.04% or 7 potential passengers. This disparity in the figures could 

be considered negligible. London Heathrow has its weakest value since Wednesday is its worst 

day in the diversity of continental destinations, having a difference of over 600 potential PAX 

attended compared to Monday and Sunday, as shown in Table 5.3.2. 

 

 

Regarding Sunday’s results, displayed in Figure 5.3.3, it is worth pointing out that although LHR 

up until now was deemed as being the least appealing to potential continental travellers, it has 

the highest value in continental passengers attended in this day. As we can see in Table 5.3.3, 

LHR is the Hub which most varies its percentage with respect to Wednesday’s, increasing by 

4.25%, mainly driven by the difference in continental passengers attended between both days. 

Its rather stable figures allow it to stay above Frankfurt am Main, which has its lowest 

percentage of potential passengers attended out of all three weekdays. On the other hand, it is 

the German airport who attends the most intercontinental demand. CDG is pulled down by 

exhibiting its lowest value in intercontinental PAX, although the total of 10450 PAX attended is 

enough to make it stay in second place. 
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6. Conclusions 

 

Several methods exist to measure levels of connectivity of Hubs. The larger the scope of the 

analysis, the more general the results will be, since the amounts of data grow exponentially 

rather than in a linear manner. Depending on the reasons why one is interested in obtaining 

these data, there are different approaches that can be taken.  If the need only involves 

knowing the amount of flights departing from an airport each day of the week, without the 

destination, time of departure or frequency to these destinations being of matter, then the 

Generic Onward Connectivity is a perfectly valid approach, since it will yield precisely these 

values. 

Dividing these flights into continental and intercontinental destinations begins to give a 

glimpse of where are the strengths and weaknesses of a Hub. This proved to be useful, since it 

provided sufficient information to be able to filter and determine the Hubs we would carry on 

our calculations with. 

However, for the purpose we were dealing with, this method did not provide sufficient 

information, since we were in search of a day and time of departure to establish a connection 

flight from Castellon’s airport to a Hub. The lack of these specifics made it impossible to 

determine what we were looking for only using the generic approach. 

Applying the separation into time intervals following the norms studied in various papers is a 

useful tool to identify traffic peaks and troughs throughout the days. Being able to establish 

when an airport has its largest amount of flights within a day, as well as the least amount of 

departures, delivers important data if the approach taken is for a generic segment of the 

market. Given that the interests and needs will be immensely varied, applying a more abstract 

view will suffice, considering the potential customer base will range from holiday travellers, to 

visiting friends and relatives or to business people.  

Working with a specific niche like the ceramic industry cluster of Castellón meant the data 

obtained from extracting the values for continental and intercontinental onward connectivity 

by time window did not yield the necessary values to fulfill the objective, so we took a step 

further and began analyzing the interest the destinations of these flights could have for the 

potential passengers. 

Applying continental and intercontinental weighed onward connectivity to the information we 

had previously obtained changed the views we had acquired from each Hub with the data 

calculated employing more generic methods, proving that had we only used these to 

determine which Hub, day and time window was ideal to connect our airport with it, the 

answer would have most probably not been optimal and we would have been missing a large 

portion of the interest of the customer base. 

By weighing the destinations against a plausible interest in these based on how the exports are 

distributed around the world, we obtained values with which we could be certain the 

passenger’s demand would be attended. The data obtained gave us the necessary information 
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to select the time windows with the highest number of total weighed connectivity for the 

three days of the week we were working with. 

Having reached this point, there was enough to establish which would be the ideal Hub, day 

and time window, but this would have only been enough if all we were looking for was just 

that, to pinpoint a day and time and connect two airports. However, who would be willing to 

establish the route? How could an airline be persuaded just by telling them this is the when 

and where? Airlines are interested in how many passengers they can fly and how many times 

they can do so; hence we had to add a factor considering how much demand the cluster would 

generate attending to the specific criteria applied. 

The fact that a Hub can have a large volume of flights to a certain country of destination, does 

not necessarily mean there will be more passengers willing to take them, especially when 

dealing with such a concrete segment. Factoring the destinations into ones and zeroes 

depending on the appeal generated towards the business people in Castellón, and distributing 

the passengers in a similar way to how we distributed the weight of the destinations, i.e. by 

the weight of the exports to the top fifty countries, we obtained the total sum of passengers 

that would be attended for each of the time windows. 

The final data obtained make the decision clear: the connecting flight between Castellón’s 

airport and a Hub should be one flying to Frankfurt am Main and arriving in Germany at 9:00 

a.m. at the latest, giving the passengers one hour to connect with the next flight if it were 

continental and three if it were intercontinental. This choice would be attending 11140 out of 

the total 15434 estimated annual passengers coming from the ceramic cluster, amounting for 

72.18%. Taking into account we are only targeting a specific segment of the province’s 

population, if we distribute this value between the 52 weeks in a year, this would give us 214 

passengers per week, enough to fill up approximately 90% of the capacity of an A320 or B737, 

typically used for short and medium range flights by both low cost and main airlines. 

Bearing in mind that the ceramic sector took up 33.60% of the total revenue generated by 

exports in 2019 in the province of Castellón, it is reasonable to infer there is a much higher 

latent demand that is being attended by other means, so stating that the frequency of flights 

per week could be even higher is more than plausible. Considering we are only taking into 

account business passengers, it is safe to say establishing this route would be profitable for the 

airline that chooses to operate it. 

We have analyzed various methods to evaluate onward connectivity, exploring their utilities 

depending on the purpose the calculations were being carried out for, and applying them to a 

specific case. Our paper paves the way for posterior studies that could shed light over our 

scope of investigation, studies such as the estimation of other demands and the consideration 

of the impact of competition imposed by other airports and methods of transport on onward 

connectivity. 
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8. Annexes 

8.1 The Survey 
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8.2 General Onward Connectivity  
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8.3 Continental General Onward Connectivity 
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8.4 Intercontinental General Onward Connectivity 
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8.5 ICOC and ICWOC  
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8.6 Addition of COC and IOC 
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8.7 Addition of CWOC and IWOC 
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8.8 The Valuable Demand 
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