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Introduction 
The vital role of airports – to serve as access points in the infrastructure of air transport 
industry in today’s economy – is confirmed by professional organizations, public 
institutions as well as by numerous scientific researches. The key function of airports in 
the transportation of passengers is paramount important not only for the economy but 
also for the functioning of the society as a whole.  

Liberalization of the air transport market in Europe gave an additional impetus to the 
air transportation growth. By fostering competition not only among airlines but also 
among airports, the liberalization of the airline market has given rise to many changes 
such as the emergence and aggressive growth of low-cost carriers, bankruptcies and 
airline mergers (Burghouwt, et al., 2015). The above mentioned growth did not affect all 
airports in Europe and frequently the development and also existence of some regional 
airports were called into question (Lian, Rønnevik, 2011; Nõmmik, Antov, 2017).  
On the other hand, it has been found (Redondi, et al. 2013) that the importance of  
small European airports in ensuring people’s mobility depends on the availability of 
alternatives, including other larger airports in the vicinity, and also varies from country 
to country. Small airports in countries on the periphery of Europe also play a particularly 
important role in ensuring accessibility, even though a small proportion of the population 
is affected which in turn raises the question of efficiency of regional airports. 

Despite the liberalization of the air transport market, the air transport industry has 
been and remains highly regulated in terms of technical and operational aspects of its 
activities. This is based on the need to ensure the necessary safety, security but also the 
required level of service. 

Nowadays’ opportunities for benchmarking and simulation technologies doing ease 
the planning of airport infrastructure and operations planning process. However, it is 
essential to take into account the specificity of the planned infrastructure in order to 
achieve an adequate result.  

The main goal of this dissertation is to analyse and to identify the main factors and 
parameters which can contribute to the efficiency of European regional airports and to 
specify their prospects from the passenger-carrying point of view.  

The importance of this dissertation arises from its focus on the following 
considerations: 

1. Airports are playing a great role for local economy. It has been asserted, in 
studies on the airports’ role in economic development in specific circumstances (ICAO, 
2005; Dusek, et al., 2011) as well as on the impact of different air services or on specific 
sectors (Button, Taylor, 2000; Button, 2010; Donzelli, 2010). 

2. Legislation: The European Commission starts focusing on the regulation of 
public investments in European airports (European Commission, 2014) to ensure more 
private investments for renovation and development of the airports, which raises the 
question of the sustainability of airport operation with improving of air connections to 
the local communities (European Commission, 2017) where efficiency plays a key role 
(European Commission, 2015).  

3. Recent studies highlight the loss of traffic at small airports (Dziedzic, et al., 2020; 
Červinka, 2019) or the difficulty of launching air traffic in Europe (Kazda, et al., 2017).   

4. Relatively low regional airports’ efficiency. Several studies have highlighted 
relatively low regional airports’ efficiency (Adler, et al., 2013; Augustyniak, 2009; Curi,  
et al., 2011).  
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5. All Estonian airports could be classified as regional airports. That is why this 
study has direct practical value for the development of the Estonian air transport system. 

 
In accordance with the main goal set for this dissertation, the following research tasks 

(RT) were formulated: 
1) to analyse the variations of term “regional airport” used in scientific and specialized 

aviation literature to determine the object of research (RT1);  
2) to propose and implement the models for evaluation of airport perspective based 

on airport location (RT2);  
3) to identify the factors that affect the operational efficiency of regional airports. 

(RT3).  
 
The working hypotheses of this dissertation (H-null) were formulated as follows: 
H1: The prospects of a regional airport in terms of passenger transportation can be 

described both, in terms of location relative to settlements, and as a potential 
destination in the air transport network. 

H2: The peculiarity of European regional airports is affected by industry specifics, 
including the impact of regulations, returns to scale effect and industry trends. 

H3. Heterogeneity can be characterized not only by spatial factors but also by 
operational features of regional airports.  

 
The scientific novelty of this dissertation is the multilateral identification of factors 

affecting the effectiveness of regional airports, with the introduction of practical and 
regulatory aviation aspects. The research models and approaches proposed in the 
dissertation as well as the collection and analysis of empirical data was compiled in 
accordance with the possibility of subsequently building complex models of passenger 
service through regional airports using a simulation software.  

Based on the aforementioned, this research gives an overview of different approaches 
to regional airport classification and comprehensively examines the issues of 
infrastructure planning and operations of regional airports, which includes the following: 
assessment of the location of airports and air routes planning; airport terminal capacity 
and airport capacity with its returns to scale effect; impact of aircraft development 
trends, traffic characteristics and regional airport business profile on operational 
efficiency. 
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Abbreviations 
ACI Airports Council International 
APM Air Passenger Movements, served passengers (departed and arrived) 
ATM Air Traffic Management 
DEA Data Envelopment Analysis  
EU European Union  
FAA Federal Aviation Administration (US) 
EPRS European Parliamentary Research Service 
IATA International Air Transport Association 
ICAO International Civil Aviation Organization 
LCC Low Cost Carrier 
LOS Level of Service (IATA/ACI concept for airport terminal facilities) 
MRO  Maintenance, Repair, Overhaul 
MTOW Maximum Take-Off Weight 
OMGWS Aircraft Outer Main Gear Wheel Span 
PSO Public Service Obligation 
RT Research Task 
SARP Standards and Recommended Practices 
SFA Stochastic Frontier Analysis 
SLOT permission given to airline  for the purpose of landing or take-off at 

airport on a specific date and time 
TM Air Traffic Movements 
US United States of America 
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1  The research structure and theoretical framework  
1.1 Research structure based on the publications 
This dissertation is based on 5 publications cited earlier. The relationship of research 
tasks with publications is shown in Figure 1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Structure of the research based on RTs and author publications (author’s compilation). 

In accordance with the main goal of this dissertation, publication I (see Appendix) 
describes the structure of air transportation with gravity model, which can give different 
uses: an opportunity to determine the regional airport potential in air transport network 
and be the basis for assessing the impact of the fleet on the number of routes to the 
destination airports and/or the frequency of air traffic. The scientific novelty is the use 
of the gravity model in the conditions of a deregulated air transportation market. Also 
tested the possible uses of this model when the distance is measured both in kilometers 
and in flight time. Along with a quantitative study, the publication considers theoretical 
issues of applying the gravity model, including from the point of view of scientific 
philosophy. A discussion was also presented on the applicability of the gravity model for 
the analysis of air traffic and the planning of routes from a regional airport. 

Publication II is directly related to the throughput capacity of the terminal of a 
regional airport, which was examined by the example of departing passenger service. 
Along with the description of the specifics of regional airports and the recommendations 
of IATA (International Air Transport Association) which done in LOS (level of service) 
concept, special attention was paid to the behavioral characteristics of passengers based 

RT1. Regional airport  
definition 

(publications III, V) 

RT3. Capacity, aviation 
regulations  

(publications II, V) 

RT2. Potential arising  
from location and as the 
destination, basis of air 

routes (I, III publications) 

RT3. Returns to 
scale effect 

(publication V) 

RT3. Aircraft 
(publications 

IV, V) 

RT3. Traffic variability 
and airport mission 

(publication V) 
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on the profile of their trip. In addition to collecting and analyzing empirical data, the study 
is structured so that the results can be applied to build simulation models of dynamic 
capacity for passenger service in regional airport. 

The potential of the airport is the basis for both: a political decision on its feasibility 
as well as planning infrastructure for passenger transportation and for planning the 
operation of the airport as a whole. Two models have been proposed to assess the 
potential of regional airports in terms of location relative to the settlements of 
publication III. For test the models, Finland was chosen as a country with a large number 
of regional airports. As in the case of the gravity model in publication I, the main 
parameter characterizing the airport from the point of view of practical indicative 
potential is the annual passenger flow indicator APM (Air Passenger Movements), which 
facilitates the pairing of both models when building an integrated modeling of passenger 
flows. The theoretical part of publication III also presents material on the functionality of 
regional airports. 

The focus of the study of publication IV is the problems of equipment – aircraft for 
regional routes. This article gives a historical excursion on the formation of a class of 
regional aircraft as a result of the liberalization of the transportation market, primarily in 
the US (United States), and generalizes the conditions for its formation at present.  
The dynamics of the evolution of aircraft of this class in terms of fuel efficiency in the 
category of regional aircraft and changes in the fleet of European airlines been 
presented. The differences between the US and European markets and the effect of the 
current situation on the air transportation network in Europe, including those which 
based on Public Service Obligation (PSO), also been given. 

Publication V has the task of considering the effectiveness of regional airports as a 
publication that is binding and generalizing for previous ones describes the terms and 
concepts used in the scientific or specialized literature for regional airports. The operational 
efficiency of regional airports, which is the topic of this dissertation, is examined from 
different sizes: ICAO (International Civil Aviation Organization) SARP (Standards and 
Recommended Practice) for airfield planning, the returns of scale effect on the example 
of the airport’ apron, the dependence of traffic seasonality on the airport profile, design 
trends of narrow-body aircraft and the impact of LCC (low-cost carriers).  

1.2 Air transportation market liberalization and approaches for regional 
airport classification 
Liberalization of air transportation market in some sources called deregulation (Goetz, 
Sutton, 1997) has played an important role in the modern spatial pattern of air 
transportation. Prior to liberalization, airlines were not free in many aspect of operations, 
including choosing of operating routes as well as of pricing, since this issues were 
administered by the relevant authorities (Button, 2001). The argument for this regulation 
were, in addition to the need of ensuring of aviation safety, been the opinion about the 
need for regulation of the market as such. Liberalization has its origins in the US air travel 
market, which began in 1978 (Goetz, Sutton, 1997) and was also extended to 
international routes from US in 1979 (Oum, et al., 2010). It should be noted separately 
that due to the earlier liberalization of the U.S. market, it is the influence of liberalization 
on the air transportation market that is the starting point for analyzing similar processes 
in other countries (Gudmundsson, 2011; Wang, et al., 2019). It should also be emphasized 
that due to the fact that the volume of the US market is commensurate with the 
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European air transport market, relevant comparative analyzes are often provided,  
for example, to assess operational performance of ATM (Air Traffic Management) 
systems (Eurocontrol, et al., 2019) or characteristics of airline networks in North America 
and Europe (Reynolds-Feighan, 2010).  

In Europe, market liberalization took place later and in three stages (Button, 2001).  
A distinctive feature from the US market, where in fact there was a single market, air 
transportation between European countries was regulated by the so-called bilateral 
agreements, which implied the existence in each country as a national air carrier, as a 
rule, belonging to the state and airports, as a rule, the main airports through which 
international air transportation was possible. In this way, airports that were considered 
secondary or regional with the creation of a single liberal market in Europe received the 
opportunity to open international air traffic. On the other hand, if earlier national 
carriers, having exclusive rights on international airlines, had also obligations to serve the 
routes from regional airports in the prescribed volume, then under the new conditions, 
operating from regional airports has become a matter of a free market (Button, 2001), 
in other words, of commercial expediency. In addition to this, if earlier the question of 
the profitability of regional airports did not attract much attention, in the new conditions 
the question of their feasibility and efficiency has arisen more and more often in terms 
of competition between them (Pavlyk, 2012) as the development of high-speed rail 
traffic in Europe (Terpstra, Lijesen, 2015). 

Table 1. List of regional airport definitions to specify the meaning of regional airport.  

Concept  Description 
Domestic Airports which are servicing only domestic flights; in modern 

sources mainly used by US, Russia or other big countries  
Destination  Airports whose business model consists in providing service for the 

local community 
Feeder Same as destination airport, servicing the feeder flights to the hub 

airports 
Non-hub Same as destination or feeder airport, which is opposite to the hub; 

with no or minimal transit or transfer traffic 
Periphery Located far from large centres of agglomeration, using the term 

remote/ the opposite of the core airport/ to denote smaller 
competitors servicing nearby hub airports 

Remote Airports in remote locations, which are separated from settlements 
with larger population either by distances, or / and due to lack of 
road and rail transport connections 

Small By some criteria: smaller than others, generally airports with lower 
volume of traffic, servicing small and medium-size settlements  

Secondary Either non-main airport or non-hub airport - the opposite of the 
main airports, oriented to servicing the own catchment area 

Source: (Nõmmik, Antov, 2020; author’s adoptions) 

Airports that can be classified as regional may sometimes be referred to, using other 
terms, in different or even in the same text. The listed classification criteria are often 
interrelated. Possible designations of regional airports as well as their descriptions are 
listed in Table 1. 
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From a functional point of view, airports are divided into hub and non-nub airports.  
If hub airports with a significant number of transit passengers play a connecting role in 
the global air transportation network, then non-hub airports are finishing points serving 
their catchment area. Theoretically, if the airport has two routes to different destinations, 
then they can be interconnected and the airport can work as a hub (Grosche, et al., 2007). 
In practice, as a rule, especially in a liberalized air transportation market, the operation 
as a hub airport requires a number of conditions, such as the availability of the based 
airline which is working on a hub and spoke strategy, as well as a certain critical number 
of routes or traffic at all. Also, airports can compete for transit flows, either as a hub or 
for expanding the catchment area to neighboring airports, or simply for routes with other 
airports of similar profile.  

When there is no traffic transfer at the airport, in terms of the air transportation 
system, the airport is a final destination. This means that at these airports passengers are 
transported on a point-to-point basis or the so-called feeder routes to hub airports. 

From the point of view of airport location, it is understood that the regional airport is 
not located directly near large cities or metropolitan areas, or the city near which the 
airport is located is not a large center, or is itself on the periphery, which excludes work 
as a hub. Most often, from this point of view, the regional airport is on the periphery, 
including in places where movement with other modes of transport is complicated or the 
latter have low competitiveness in comparison with air transport. However, there may 
be differences when the location of a regional airport can be called significantly remote 
from large centers, and in this case it is understood that the airport in terms of functionality 
is not basic for a large center not so distant from it. But in both cases, a secondary role 
of these airports in the transport system can be implied. 

Other approaches as summarised by Červinka and Matušková (2018) on sources  
(ACI EUROPE, 2017; ICAO, 2016), which consider the figures of annual traffic, the size or 
characteristics of the catchment area of an airport, are not valid indicators for defining 
the regional airport. Offered are the criteria, such as primary to serve routes like “short 
and medium” in hub and spoke network or “point-to-point destinations” (ACI EUROPE, 
2017). Note that the absence of longer routes in this definition can be attributed to both, 
the inability to fill, as a rule, bigger, wide-body aircraft on designated routes, due to 
insufficient demand for point-to-point travel, and thus, the need to operate as a hub 
airport for these purposes. If, by definition given by Airport Council International (ACI) 
EUROPE (2017), a regional airport should be limited by the range of routes, then it can 
be assumed that there is a relationship between the size of the airport and the range of 
flights to destinations to which they can exist on a sustainable basis at that airport.  
 
Table 2. Regional airport joint criteria and characteristics.  

Criteria Characteristic 
Functionality  hub/non hub 
Location agglomeration/remote; core/periphery 
Size big/small number of passengers served 
Role in air transport system  global/local; main/secondary. 

Source: (author’s compilation) 
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Considering the airports in terms of passenger transportation, these airports are 
divided by functionality, location, or size and traffic volume. Based on the above 
concepts, it is possible to characterize the regional airport in terms of four criteria 
parameters, which are presented in Table 2. 

1.3 Airports’ sustainability 
These days the European airports are centres of transportation system providing both, 
much-needed mobility in the globalized world, and an objects for optimization of the 
airport network. If major airports meet the problems of ensuring the capacity (Balliauw, 
Onghena, 2020) the secondary ones, often called “regional” airports, are faced with 
problems of efficiency incl. operation (Augustyniak, 2009). The issue of existence of 
regional airports, unless they also perform other public functions, is highly dependent on 
political decisions, especially with regard to regional development, which includes the 
mobility of the population. In view of the possibility of achieving the above goals by other 
transport modes or with optimizing the number of airports, the question of airports’ 
viability arises. One of the criteria may be a sustainable passenger traffic that helps the 
airport to cover its operational costs.  

Table 3. Airport annual traffic and ability to cover the costs.  

Annual passenger 
traffic, APM  

Ability to cover their 
capital costs  

Ability to cover their 
operational costs 

up to 200 000  unable to cover costs to 
a large extent; 

unable to cover costs to a large 
extent 

from 200 000 up to 
700 000  

unable to cover costs to 
a large extent 

unable to cover costs to a 
substantial extent 

from 700 000 up to 
1 million 

unable to cover their operating 
costs to a greater extent 

from 1 up to 3 
million 

able to cover costs to a 
greater extent; 

able to cover the major part of 
costs 

from 3 and up to 5 
million 

in principle, able to 
cover all their costs to a 
large extent  

profitable at operating level 

more than 5 million usually profitable  
Source: (European Commission, 2014; author’s adoptions) 

The European regulation 2014/C 99/03 “Guidelines on State Aid to Airports and 
Airlines” classifies the airports according to their ability to cover their operations and 
capital costs. The summary of the regulation is provided in Table 3. Note that the 
category of airports with passenger traffic from 200 thousand passengers to a million,  
on the one hand, has proved its worth in terms of the ability to cover most of the current 
operating expenses, but on the other hand, it still depended on other financial resources. 
The criteria for classifying an airport can be summarized as follows (Adikariwattage,  
et al., 2012): functional role which the airport is going to play in transportation system in 
general, and in air transport, in particular; the size measured by traffic figures; 
geographical location of airport; competition conditions for airport. However, the criteria 
in this list are often interlinked. 
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1.4 Airports efficiency measuring and heterogency 
Regardless of the situation, the ambitious plans for the regional airport or merely the 
task of minimizing costs, the issue of infrastructure’s reasonable sufficiency as well as 
operational efficiency are the key questions for regional airports nowadays. They all have 
provided exemplary ground for research. From the point of view of airport development 
for efficiency of operations, the assessment of airport performance, taking into 
consideration the technical performance indicators, is widely used in research literature 
(Pabedinskaite, Akstinaite, 2014).  

The efficiency indexes are constructed on the basis of input-output relationships 
(Pavlyk, 2014). The broad overview of the research related to airport efficiency has been 
given by Pavljyk (2015) that includes a review of 96 studies related to airports efficiency. 
The infrastructure-related indicators for measuring the input has been used for terminal 
area, runways’ number or length or area, aircraft stands number or area and also the 
terminal infrastructure: number of gates, check-in desks and baggage belts. The indicator 
of output more frequently used for air traffic movements (TM) or air passenger 
movements (APM). (Nõmmik, Antov, 2020; Gutiérrez, Lozano, 2016; Pavljuk, 2015).  

The research methods widely used for airport efficiency analysis are stochastic 
frontier analysis (SFA) and data envelopment analysis (DEA) (Pavljuk, 2015; Lo Storto, 
2018; Carlucci, et al., 2018) Both approaches are popular for the estimation of efficiency 
(Hjalmarsson, et al., 1996). However, they are sometimes criticized for their ineffectual 
indication procedure, when inefficiency is indicated without identifying its causes,  
for sensitivity to the quality of input data (Barros, et al., 2013), or for explicit assumptions 
which occurs due to not taking due account of all technological and other features 
(Frohloff, 2007). Recent studies with applying SFA also have taken into account 
heterogeneity in spatial effects (Pavljuk, 2015), after which the results may have 
improved indicativeness but do not always show specific causes.  

Comparing the data on a large number of different airports, conclusions are drawn on 
the efficiency of airports in different countries or/and different factors. Given the 
diversity of airport operating profiles and the varying operating exogenous conditions 
(Chaouk, et al., 2020) in the various countries and the different sizes of airports, they can 
be basically conditionally considered as operating under conditions of homogeneity. 
Moreover, in the case of regional airports, the share of passenger traffic compared to 
other activities may be much lower than at large airports. In such a situation, the issue 
of data uniformity also arises. Based on this assessment, conclusions must be drawn for 
a particular airport based on local circumstances where important details and reasons 
may not be provided by generalized analysis. Also, large-scale benchmarking raises also 
questions about data availability and quality as well as airport industry diversity and 
heterogeneity. As with any activity, it is important to consider the returns to scale effect 
of the industry.  

At the same time, it is important to take into account the circumstances arising from 
the nature of the traffic. Previous studies (Zuidberg, 2017) have addressed various 
factors that may affect airport efficiency and profitability. Among them, the variability of 
traffic depends on the seasonality which is affected by the orientation of airports to serve 
inbound tourism or the profile of serving airlines like LCC whose activities are less 
affected by the seasonality of demand (Fernández, et al., 2018). 

The concept of airport competition has also been expanded significantly. Competition 
between airports in the early research (Borins, Advani, 2001; Pavljuk, 2014) has been 
addressed on two levels which can be expressed as:  
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• transfer traffic through airport, which is a part of airline strategy or/and  
self-help hubbing; 

• catchment areas by better connectivity or routes’ network, improving 
accessibility, servicing LCCs, etc.  

 
A wider approach taken by Jimenez, et al. (2014) offers more areas of competition for 

airport industry. In addition to those mentioned above and the competition with other 
transport modes, the new suggested areas of competition between airports are outlined 
as follows:  

• attracting of airlines to use the airport like a hub or base; 
• destination competition for inbound traffic, especially as a tourism destination; 
• global competition for aviation and non-aviation tenants or other partners; 
• competition for funding, especially if this is a government-owned company. 
 

While in the earlier studies (Borins, Advani, 2001) it has been found, that privately 
owned airports were more market oriented and demonstrated higher growth efficiency 
and profit than the governmental ones, especially in small and recently privatized 
airports (Augustyniak, 2009). Other sources have stated that government-owned 
airports sometimes display higher efficiency (Scotti, et al., 2012; Gutiérrez, Lozano, 
2016). 

Due to airports’ different ownership or management structure, aviation and other 
activities, size and operational environment, the ACI (2012) concludes that for individual 
airports different performance indicators have to be applied. However, the activities’ 
profile incl. specific activities are the basis of airport planning (Medvedev, et al., 2017; 
Rotondo, 2019). 

Airports can carry out various commercial as well as other tasks that could 
conditionally be listed as: 

• passenger transportation by scheduled and charter flights; 
• transportation of cargo; 
• servicing business and VIP aviation; 
• servicing training flights; 
• offering the infrastructure for non-business aviation or for private general 

aviation; 
• servicing agricultural aviation; 
• offering aircraft parking for leasing companies and MROs; 
• other functions, listed below. 

 
Other functions can be added to those above, as well as base or back-up for the 

activities such as: 
• medical and search and rescue flights; 
• firefighting and environmental monitoring flights; 
• law enforcement and border patrol; 
• military aviation. 

 
All of the above activities can use both, similar and special types of aircraft. Different 

types of activities have their own profile in terms of the activity of using the infrastructure 
of the airport, such as the runway and aircraft stands. Also, different activities in different 
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environment can differently generate aeronautical and non-aeronautical revenues.  
Of the other activities listed, especially air cargo sometimes is highlighted (Beifert, 2015) 
as important for improving efficiency, but this market niche cannot be taken into account 
to all regional airports (Nõmmik, Antov, 2017) due including, therefore, the preference 
of shippers to use larger airports due to a greater number of destinations and flights but 
also better service (Alkaabia, Debbageb, 2011). Additionally, just passengers transport 
will be usually for regional and ineffective airports the basis for decision making for 
existence and subsidizing from government or municipalities (Debyser, 2016; Rodrigue, 
2017). 

1.5 Requirements for airport infrastructure and operation 
Despite the fact that the air transport market in the EU has been liberalized, airport 
infrastructure and operations have been, are and will remain largely regulated by 
different requirements and airlines’ service standards.  

The main international aviation document is Annex 14 of The Convention on 
International Civil Aviation (ICAO, 2018), in which, among other standards and 
recommended practice, the minimum technical requirements for aerodromes’ 
infrastructure for servicing aircraft are formulated.  In this document, the planning of 
airport infrastructure is based primarily on the need to ensure the required operating 
conditions for the aircraft. For example, the aerodrome reference code, aircraft outer 
main gear wheel span (OMGWS), or aerodrome categories for rescue and firefighting 
shall be determined according to the aircraft characteristics which the airport plans to 
serve. Table 4 gives the aerodrome reference code system which is based on the critical 
aeroplane (aircraft) “characteristics for which the facility is provided” (ICAO, 2018).  
For airport design, this code shall be selected, which is based on the aircraft with “highest 
value of the aeroplane reference field lengths” and the aircraft with widest wingspan 
that the airport is going to serve (ibid).  

Table 4. Aerodrome reference code system.  

Aerodrome 
code 

(number) 

Reference field length 
(m) 

Aerodrome 
code (letter) 

Wingspan 
(m) 

1 Less than 800 A Up to but not 
including 15 

2 800 up to but not 
including 1 800 

B 15 up to but not 
including 24 

3 1200 up to but not 
including 1 800 

C 24 up to but not 
including 36 

4 1 800 m and over D 36 up to but not 
including 52 

E 52 up to but not 
including 65 

F 65 up to but not 
including 80 

Source: (ICAO, 2018) 
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Airport terminal planning is not as strictly regulated as the aerodrome infrastructure. 
However, there is a recommended document Airport Development Reference Manual 
which issued and is developing by IATA. This document contains recommendations for 
optimum service level as well as for the design and operation of the airport terminal 
(IATA, 2015). The established LOS for different passengers’ service stages are measured 
in terms of space and/or time for service. However, this document is more applicable to 
substantially larger than regional airports. The difference between the latter lies in a 
number of features such as (Nõmmik, Antov, 2017): limited resources (terminal area, 
equipment and personnel), a relatively small passenger flow that limits the prospects for 
non-aviation revenues in the passenger terminal, as well as the relatively worse quality 
of connecting the airport with the catchment area by public transport. 

Airport infrastructure and operational planning are closely related to the aircraft to be 
serviced. In addition to the operating conditions of the airport, it is the types of aircraft 
and their configuration that determine, for example, runway parameters (Nõmmik, 
Antov, 2020). Also, in accordance with international civil aviation regulations, aircraft 
parameters are the basis for example, for taxiway and apron planning (ICAO, 2018). 

The number of departing or arriving passengers on a single flight for a limited time is 
an input for airport capacity planning. Consequently, the size of the aircraft and traffic 
characteristics also plays an important role for the regional airport terminal and 
operation planning. 

1.6 Conclusions of Chapter 1 
This section summarizes the main outcomes of the preceding chapter. It should be noted 
that there are no uniform definitions of regional airport (RT1). It has been found,  
as described in various sources, the aforementioned airports may be classified 
differently. However, it is possible to cite such general factors as the lack of significant 
transit passenger traffic and the volume of traffic that meets the conditions of specific 
studies or is in accordance with the paradigm or purpose of the documents drawn up.  

Methods for calculating the effectiveness, such as SFA and DEA, suggest some 
uniformity as regards the research object. From this point of view, the market should 
provide conditions for efficient operations. With regard to the regional airports, the key 
element is availability of aircraft with necessary characteristics and suitable dimensions 
in the fleets of airlines – potential airport users.  

It has turned out that an indicator such as the number of passengers served per year 
determines the airport's ability to cover the costs of infrastructure investments and 
financial operations from its own resources. It is worth noting that, based on the 
European classification, most of the airports in Estonia, with the exception of the Tallinn 
airport, with an APM passenger traffic of less than 200.000 are in a position where they 
are unable to cover, with their income, not only investment costs but also their operating 
expenses. From the point of view of the prospects for the development of these airports, 
the experience of other airports with a large passenger traffic has been drawn. 

Given the heterogeneity of regional airports’ missions and conditions of operation, on 
the one hand, and common regulations on the other, we are interested in how this is 
reflected in the effect of returns to scale in airport infrastructure and operation planning.  

In the conditions of financial deficit, there is a need to increase the efficiency, both in 
the use of the infrastructure as well as in the operation. In the case of regional airports, 
although flexibility must be taken into account, still from the point of view of long-term 
planning, we need to determine the growth potential of the airport in terms of passenger 
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numbers but also in terms of frequencies and destinations. The success of today’s 
airports largely depends on a number of factors, including competition between airports 
and general trends in the air transport market.   

Accordingly, the results of widely used research methods, which require uniformity of 
airport operating environments, will only be indicative in nature, which often does not 
indicate the reasons for inefficiency. It is possible to find a solution by carefully selecting 
the object for benchmark based on the mission of the airport, geographical conditions 
and the business profile of the operating air carriers. Based on this, we are interested in 
the parameters of the aircraft, the traffic variability during the year, and the behavior of 
the passengers due to different travel purposes. 

It was found that international aviation requirements for aerodrome infrastructure do 
not differentiate between airports according to size but is based on the characteristics of 
the aircraft served. At the same time, international recommended materials for airport 
passenger terminal planning are, rather, oriented to large airports, and their application 
is also based on aircraft size, i.e. the number of passengers that should be served for a 
limited period of time. 
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2 Research design and results 
2.1 Airport potential 
2.1.1 Location and access  
Ever since the past century, the studies have found (Rodoman, 1981), that the higher the 
connection speed of the transport mode, the more this transport mode contributes to 
the territorial concentration of economic activities. Based on this, it can be assumed that 
the location of the airport determines its positive impact on the economy, including 
through the effect of agglomeration. On the other hand, the population of the catchment 
area is the customer base for the airport itself which is important for determining its 
prospects. However, some research has revealed that the efficiency of the airport has no 
strong connection with the catchment area of the airport (Dziedzic, et al., 2020) and in 
some cases even the opposite effect has been found (Merkert, Mangia, 2014). The same 
research has also revealed that subsidies do not always have a positive effect on airport 
efficiency.  

Based on the definitions of regional airports and the paradigm of competition 
between them, an assessment of its location is important for determining the prospects 
of a regional airport. To do this, the following conditions must be provided: 

- the research space could be considered conditionally homogeneous, including the 
conditionally identical level of economic development of the territories as well as the 
absence of administrative obstacles to the choice of the airport by potential passengers; 

- the number of regional airports should be large enough to satisfy the data processing 
conditions by statistical methods. 

Pashkevich, et al., (2017) investigated the potentials of 18 regional airports in Finland 
in terms of their location relative to settlements. For the research methods P-center  
and P-median, the distance based facility location planning models, were selected.  
The P-center model assumes that passengers are using the nearest airport.  The P-median 
model considers that the function minimizes the demand-weighted total distance 
(Hakimi, 1964; Pashkevich, et al., 2017). 

Table 5. Correlation between APM per airports and results of P-center and P median models. 

Methods p-center 
model without 
population 

p-center 
model with 
population 

P-median 
without 
population 

p-median 
model with 
population 

Spearman’s 
rank correlation 
coefficient (rs) 

 
0,24 

 
0,61 

 
0,33 

 
0,46 

Source: (author’s compilation) 
 
The models have been applied in two different ways: with and without taking into 

account the size of population in the settlements.  The results of the comparative analysis 
obtained, referred to Pashkevich, et al., (2017) involving the theoretical assessment of 
the location of airports and their potential expressed with APM by using the Spearman 
ranking (1), are given in Table 5.  
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𝑟𝑟𝑠𝑠  = 1 −  6 ∑ 𝑑𝑑𝑖𝑖
2𝑛𝑛

𝑖𝑖=1
𝑘𝑘 (𝑘𝑘2−1)

        (1) 

 
where: rs – the coefficient of correlation, di – the difference between the rank of 

received the theoretical values and ATM observation. 
The best result is the figure obtained with the P-center model, also by taking into 

account the population quantity in the settlements. However, one can state a weak 
correlation between theoretical results and practical ranks of regional airports.  

The result is consistent with other research findings and assumptions by which the 
size of the catchment area depends on the services provided at the airports (Lieshout, 
2012). In addition, it is important not only to improve the overall accessibility (Rothfeld, 
et al., 2019), but also, according to destination-specific passenger profile, there is a need 
to study in depth the demographic and economic characteristics as well as to assess 
airport accessibility (Fotheringham, Webber, 1980) for private and public transport from 
each small town (Gillen, Hazledine, 2015). It should also be noted that all of these factors 
can change over time, including, dependence on whether and how airports affect the 
catchment area, which is also heterogeneous in nature (McGraw, 2020), due differences 
in airport mission and economic or social characteristics of the airport catchment area. 

An airport access system is also essential to increase the attractiveness of its services. 
This system should correspond to the behavioural characteristics of passengers and have 
sufficient versatility and quality. However, a significant difference was found in terms of 
passenger preference for arriving at the airport for the connecting flight. It is known,  
that business passengers from one hand are more sensitive to the travel time at the 
airport and less sensitive to the price (Pels, et al., 2003a), but from the other hand due 
the higher penalty for missed flights, they are oriented to larger safety margin compared 
to those passengers who arrive to connect to flights for non-business, i.e. other purposes 
(Tam, et al., 2008). The study conducted within the framework of this dissertation 
(Nõmmik, Antov, 2017) showed a significant difference in the case of regular feeder 
flights, which are also used by business customers and leisure charters. However, 
customers of regular flights usually arrived at the airport later than in the case of a holiday 
charter. 

2.1.2 Airport potential for route planning   
Along with assessing the location of an airport in terms of determining its prospects, 
there is also an important role to assess it in terms of potential for air routes. To do this, 
we need to use the model not only to assess the attractiveness of airports but also to 
describe the interaction between them. 

To study the transportation network or plan new transport connections, provided the 
data on the destination points are unavailable, a gravity model has been widely used in 
scientific research and development projects. Like in physics, the gravity model takes into 
account the potentials of destinations and the distance between them and, generally, 
looks like the formula (2) shown. 
 

𝐹𝐹𝑖𝑖𝑖𝑖 = 𝑘𝑘
𝑃𝑃𝑖𝑖
𝛼𝛼𝑃𝑃𝑗𝑗

𝜆𝜆

𝑅𝑅𝑖𝑖𝑗𝑗
𝛽𝛽                                       (2) 

where: 𝐹𝐹𝑖𝑖𝑖𝑖– APM from area of origin to destination area j, Pi and Pj  – potentials of the 
locations i and j; R ij – distance between the locations i and j; k, α (alpha), β (beta),  
λ (lambda) – empirical constants. 
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The gravity model is applied in a different way (Grosche, et al., 2007), but can be 
distinguished from the two main approaches used for air traffic analysis or to predict the 
success of potential air routes. In the first case, the potential is the number of inhabitants 
in the catchment area of the airports, which, however, requires the definition of 
passenger profile. In the second case, however, a parameter characterizing the operation 
of the airport, such as APM, is taken as a potential. In the latter case, the model takes 
into account the nature of the passenger as a given parameter.  

It should be noted that the modeling based on demographical potentials sometimes 
does not lead to a positive result (Gillen, Hazledine, 2015) and requires model calibration 
for each connection. It is necessary to determine the potentials of the locations to attract 
and generate movements and “friction of distance” or "efficiency of transport between 
locations" (Rodrigue, et al., 2017). This could explain the nature of demand but requires 
further, sometimes long-term research of the characteristics like the age, gender, income 
and consumers’ preferences (Rodrigue, et al., 2017).  

On the other hand, those calibrations when excluding a detailed research can be 
interpreted as subjective and, thus, difficult to replicate for new air routes. New air 
connections are able to generate more APM but inevitably compete with the existing 
ones. However, the potential of airports cannot, by their nature, grow indefinitely in the 
short term while new routes are being launched and, therefore, the variables have to be 
redefined to characterize the demand. In addition, there is competition between 
neighboring airports, which, due to the “airport leakage” effect (Suzuki at al. 2003), 
causes uncertainty in determining the catchment areas of airports, which in turn will 
complicate the use of this application. 

However, a good result is often reached when using the gravity model – an alternative 
approach, which takes into account the potential number of APM at the airport (Doganis, 
2002), essentially moving away from the definition of passenger (Nõmmik, Kukemelk, 
2016). In this case, the variables are easily calibrated for all air routes of the same 
business profile including, for a certain period of time, for also the type of airport being 
scrutinized. In fact, it has been found that the attractiveness of the airport as a 
destination depends on the APM indicator and remoteness from the airport of origin, 
measured as the distance or time of flight (Nõmmik, Kukemelk, 2016). In this case, the 
potential of the destination airport reflects not only the attractiveness of traveling to and 
from the airport catchment area, but also for the hub airport, its attractiveness as a 
transfer point in air transportation system. On the other hand, this application enables 
to find destinations heaving greater potential, yet blunders when it is necessary to 
determine the regional airport's own potential. It holds especially true if there is a reason 
to believe that the potential of the airport catchment area is not reflected in the regional 
airport APM indicator or that there is no air traffic during the period under review, or it 
is negligible. 

2.2 Aircraft for regional routes 
2.2.1 Aircraft and airfield infrastructure   
Aircraft characteristics, including the size, are crucial for planning of airfield. Also, the 
number of seats of the aircraft is an important input for planning the infrastructure and 
operation of the passenger terminal. Aircraft servicing at the airport, including departing 
and arriving of passengers, occurs at a limited time. At a certain time period, the airport 
terminal has to be able to let through and, thus, also provide enough space for serving 
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passengers at different stages of service in accordance with the recommended practices 
described, for example, in IATA (2015) LOS and on the basis of agreements with airlines. 

From these points of view of infrastructure planning, as well as the activities of the 
airport as a whole, it is necessary to determine what type of aircraft to focus on. 
Regarding the regional air transportation, it makes sense to pay attention to the design 
trends of the respective aircraft as well as to the composition of aircraft fleets in airlines 
– potential operators.

The figure 2 shows a comparative characteristic such as wing span, of the narrow-body
aircraft which are currently used or planned to be taken into operation as this 
characteristic is one of the parameters for planning an airfield.  

×  -  6 abreast seating aircraft; ∆ - 5 abreast seating aircraft; +  - 4 abreast seating jet aircraft; ◊ - 4 
abreast seating turboprop aircraft. 

Figure 2. Narrow body aircraft wingspan by maximum number of seats. (Nõmmik, Antov 2020). 

Note that the wing span of all aircraft with 70 to 240 seats fits in the range from 24 to 
36 meters. It can be concluded that if an airport plans to serve 70-seater aircraft or much 
larger ones, with seating capacity of 200 and up, for airfield infrastructure planning 
the same reference code C has to be considered (see Table 4). On the one hand, this 
facilitates the planning of infrastructure from the point of view of multi-functionality and 
flexibility. However, on the other hand, it should be noted that from the point of view of 
measuring efficiency, the airports servicing aircraft with a large number of seats and 
operating a comparable number of TMs, as well as airports oriented to servicing aircraft 
with smaller capacity, have the prerequisites for greater efficiency by using APM as the 
indicator of output. 

2.2.2 European airlines’ fleet development 
The emergence and formation of the global fleet of regional aircraft in the form in which 
we know it today is inextricably linked with the process of liberalization of the air 
transportation market, which began with the US. It was the deregulation of the market 
that created the prerequisites for, on the one hand, strengthening of the network model 
of hub and spoke with growth of hub airports and competition between air carriers 
and their business models on the other. From the set point of view, determining the 

24

26

28

30

32

34

36

38

70 120 170 220

W
in

gs
pa

n 
(m

)

Aircraft capacity (seats)



25 

perspectives of European regional airports, we are interested in the peculiarities of the 
structure of air transportation, especially the differences between the US and European 
markets.  

An analysis of Eurocontrol, at al., (2019), which compared the performance of air 
transport in the United States and Europe shows that with comparable volumes of 
transportation, there are significant differences. For example, as in 2008 the average 
number of seats per scheduled flight parameter was 25% higher in Europe, including EU 
member and associated states, then by 2017 the difference reached 31% (Eurocontrol, 
et al., 2019). To clarify the reasons, based on the data obtained from the annual forecasts 
of the Boeing Corporation (2009-2017), an analysis of the change in the amount of 
regional jet aircraft with less than 100 seats (Nõmmik, 2019) was presented in the figure 
3. In recent years, there has been a significant decrease in the number of the 
aforementioned aircraft in the fleet of European airlines with the stability of this 
indicator in North America. It was found a number of factors that may affect this process, 
which ultimately leads to low competitiveness of these aircraft in the European market: 

• earlier liberalization of the US market and as a result, regional jet aircraft 
manufacturers’ orientation to the US market; 

• North America as the largest market for these aircraft in the world has 
distinctive features, such as the division into major and regional carriers with 
different levels of expenses; 

• higher profitability of US airlines as well as lower yields on the regional routes 
in Europe; 

• Higher competition from high-speed railways in Europe. 
 
As a result, for example, the fuel efficiency of regional aircraft including aircraft with 

turboprop engine over the past 30 years has not changed significantly, which on the one 
hand satisfies the North American market but negatively affects the competitiveness of 
these aircraft to European market (Nõmmik, 2019). In addition, the existing structure of 
relations between US airlines and trade unions is an obstacle to the development of this 
sector, including the negative indirect impact to implementation of new, more 
environmentally friendly technologies (Nõmmik, 2019). 

For comparison, Figure 3 shows the ratio between narrow body aircraft and a regional 
jet in the fleets of airlines in Europe, North America, based on the Boeing (2009-2017) 
and extrapolated up to the year 2020, using the time-series method. The growing 
imbalance in the fleets of European airlines can be noted. As a result, in the fleets of 
European airlines we witness an increase in the number of mainline aircraft consisting of 
aircraft of the A320 and Boeing 737 families and the precondition that aircraft of 
different sizes are available on the market, including those for operating at regional 
airports, is not complete truth. Similarly, based on the data provided by Eurocontrol,  
et al., (2019), the average number of seats on aircraft operating on intra-European routes 
was 149 in 2017, which was increased by an average of 2.1% per year between 2008  
and 2017. The corresponding figures for the US market were 114 seats and 1.6%, 
respectively. 

 
 
 



26 

 
Figure 3. Dynamic of changes regional jet aircraft fleet (Boeing, 2009-2017, authors’ compilation). 

2.3 Factors affecting airport efficiency 
2.3.1 Traffic variability 
Seasonality of demand is both an important factor affecting efficiency indicators as well 
as necessary in planning to ensure airport capacity during peak periods. The research of 
Reynolds-Feighan (2018) cited data from Official Airline Guide over 20 years shows that 
the seasonality of traffic in Europe still the highest comparing with world continents. 

The main segments of the passenger transport market for regional airports are  
the following: feeder flights, point-to-point flights, – as a rule serviced by LCCs, and  
leisure-driven flights (ACI Europe, 2017).  Based on the main task of public passengers’ 
transport, the model should exclude other possible activities that airports may be 
engaged in (Nõmmik, Antov 2020) such as: 

• national aviation missions, including support to military flights or SAR and 
medical operations, 

• other commercial aviation activities such as cargo transportation flights,  
co-operation with MROs and aircraft leasing operations, training flights and 
other flights linked with business and general aviation. 
 

The analysis provided by ACI EUROPE (2017) concludes some important factors, such 
as relatively high cost per passenger at small airports and therefore low efficiency at 
small regional airports while classifying them into three groups: regional airports located 
in a very competitive area, located in an outermost region of the EU, and regional airports 
with high seasonality. If the factor related to the location must be taken into account but 
it is the starting point for the airport, then the issue of traffic variability requires 
additional consideration as a factor that may depend on the business model of the 
regional airport. As a rule, forecasts of traffic indicators APM or TM are made on the basis 
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of annual features. However, additional characteristics, such as traffic variability due to 
seasonality, are needed to plan the airport infrastructure.  

Seasonality of demand could be measured in different ways depending on the focus 
of research. In addition, to popular technique in scientific research as Gini indexes often 
used coefficient of variation as the ratio between the standard deviation to the mean 
and seasonality ratio which can be found by dividing the highest value by the average 
value (Þórhallsdóttir, Ólafsson, 2017). In this case, seasonality ratio is applicable as an 
indicator of seasonality as helping to identify maximum demand values for infrastructure 
planning as well as for comparisons with other studies. Note that when adopting a unit 
for measurement, consider its use in other sources. The Eurocontrol, et al., (2019) 
analysis on the 2017 data shows that the seasonal variability of air traffic in Europe are 
less than 1.2. 

The seasonality can be an important factor problem both in ensuring efficiency during 
a low period and in the ability to cope with the increased amount of both TM and APM 
during the high season. Also the possibilities for reducing costs but also for increasing 
aviation charges are limited (ACI Europe, 2017). 

For the purpose of benchmarking, airport planning is sometimes sufficient as a single, 
most suitable example.  It is important to identify possible differences that bring different 
business profiles of the airport to the variability of traffic.  

In the publication by Nõmmik and Antov (2020), the goal was to compare the 
seasonality of airports that are specified for various missions. In accordance with the 
tasks of this dissertation, the airports were selected based on their annual passenger 
turnover of APM from 200,000 to 1,000,000. In accordance with the regulations of the 
European Union (European Commission, 2014), the lower level of APM was set as a 
marker of vitality of operation, and the upper level of APM indicates the regional airports 
which are still grappling with difficulties to cover their costs solely by transporting of 
passengers. Likewise, the regional airports that belong to this category have been 
identified as ineffective, including those with high seasonality of traffic, discussed in the 
other research (Curi, et al., 2011). While developing this dissertation the following airport 
groups (Nõmmik, Antov, 2020), were formulated: 

(1) ‘Remote’ airports with their particular geographic location, which complicates 
competition from other airports. This may include island airports or airports in locations 
where accessibility by other modes of transport is relatively difficult; 

(2) ‘Tourism’ regional airports which are mainly oriented to servicing incoming tourists 
oriented; 

(3) ‘Without LCC’ regional airports, which are for a variety of reasons, including 
inappropriate operating conditions, including high tariffs or excessively modest demand, 
do not serve LCCs or the operation volume of the low cost carries is relatively small; 

(4) ‘With LCC’ regional airports like a most common, servicing mostly or to a large 
extent low cost carriers;  

(5) ‘AL with LCC’ regional airports, where specialization is servicing low cost carriers 
providing competition to nearby airports, including larger hubs. From the lower fares 
competitive advantage, these airports benefit higher traffic in APM which coming from 
the so-called airport leakage effect. For this group of airports, the upper limit was raised 
to the level of 3,000,000 APM per year. 
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Figure 4. Seasonality in European airports 2012-2019 (author’s compilation). 
 

A group of large airports was also assembled, for some of which the regional airports 
of the ‘AL with LCC’ group can be considered as competitors. When creating this group, 
the aim was to compare seasonality indicators with regional airports both, in general, 
and with the neighbouring regional airport, in particular. 

It should be noted that it was difficult to find the appropriate airports in Europe for 
the “without LCC” group. From this we can conclude that regional airports with the 
passenger flow indicated in this study usually cooperate with low-cost airlines. This 
breakdown is conditional as the situation may change over time. Remote regions can 
eventually be connected with high speed rail links. LCCs may lose interest in some airport 
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as a destination or vice versa (Wit, Zuidberg, 2012). At the same time, tourism-oriented 
airports may start serving more LCCs instead of seasonal charter flights (Budd, et al., 
2014). 

The seasonality factor can be a serious problem both, in ensuring efficiency during a 
low period and in the events of coping with the increased volume of both, operation and 
passenger traffic during the high season. For the analysis, the Eurostat data have been 
used – by implementing also the same data processing techniques – yet, by adding data 
from two more years, in addition to those from the years 2012-2019 that were analysed 
in Nõmmik and Antov (2020). The results are shown in Figure 4. The highest seasonality 
indicators were found at airports that are oriented to seasonal tourism in the service 
area. However, in the present study it has been observed that there is higher variability 
in APM and TM in regional airports, than in the main airports. Relatively unexpectedly,  
it turned out to be exceptional that the highest seasonality indicators are possessed by 
APM not in the south of Europe but in the north, in Kittilä. 

Note the differences in seasonality indicators at different airports in each individual 
group, which indicates the need to carefully select examples for comparative analysis.  
In the research, it was also noted that the servicing LCC operators have not significantly 
reduced the variability in the chosen airport group, that is consistent with other research 
(Fernández, et al., 2018). It can be explained by the fact that in this case the LLC airlines 
often operate from regional airports as competitors or as replacement for the seasonal 
charters’ flights. It should be noted that there is a very high seasonality at the airport in 
Ostrava. This suggests that not only arriving but also outgoing tourist traffic can 
significantly affect seasonality indicators. It should be mentioned that no Estonian airport 
met the criteria of the study. However, for comparison, the analogous calculations with 
the data of Tallinn Airport show that the variability values due to seasonality were 1.12 
for TM and 1.24 for APM, respectively. The relatively small values of variability are, 
rather, characteristic of large airports. 

2.3.2 Return to scale effect for apron efficiency  
In addition, the important aspects for all airports include the ensuring of smooth 
operation of flights and minimizing aircraft delays. For regional airports the ensuring of 
extremely high probability of aircraft service is due to the following factors: 

• pressure to serve flights at all possible times and to all customers due to 
underutilization and limited ability to cover their own operating costs; 

• pressure from stakeholders to justify the existence of regional airports; 
• competition between airports for air connections under which, in the case of 

non-PSO flights, airlines have bargaining power for the arrival and departure 
times of the flights. 

 
In order to avoid accounting for inconsistent data, we consider the theoretical model 

from the point of view of the airport that is transporting only passengers on regular and 
charter flights. 

The model is based on the following conditions: 
• the time of arrival of the aircraft is a function not depending on the airport.  

In the long run, any established flight schedule, even for years, can change,  
just as an aircraft can be late for reasons independent of the airport, as an 
example; 
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• arrivals of aircraft at the apron are independent of one another. In this case, 
we neglect the possible time for separating the aircraft that are simultaneously 
approaching incl. the time for the aircraft using runway and taxiway is much 
shorter than the time needed for service on the apron. 
 

Based on the previous assumptions, we can present the airport apron as a  
multi-channel Erlang B queuing system (3) (Nõmmik, Antov, 2020). The time of aircraft 
arrival is a random variable whose probability depends only on the length of time. In this 
model, the airport’s operating time has been limited to 18 hours (from 6 a.m. to 24 p.m.). 
The average length of aircraft turnaround time is offered as 40 minutes as average of 
another research (Mirkovic, 2011).   

  
𝑝𝑝 = 1 − 𝜌𝜌𝑛𝑛

𝑛𝑛!
𝑝𝑝0                                            (3) 

 
for what: 
 
 𝜆𝜆 = 𝑇𝑇𝑇𝑇𝑓𝑓

𝑇𝑇
 

𝜌𝜌 = λ
𝜇𝜇

;  

𝑝𝑝0 = 1

∑𝜌𝜌
𝑛𝑛
𝑛𝑛!

. 

 
where:  𝑝𝑝 – probability of aircraft serving, 𝑝𝑝0 – the probability that the channel is free, 
or a fraction of the idle time of the channels, 𝜌𝜌 – utilization factor, 𝜇𝜇 – service rate,  
𝜆𝜆 – arrival rate, 𝑛𝑛 – number of aircraft stands. 

 

 
Figure 5. Airport returns to scale effect: aircraft service probability dependence on the number of 
aircraft stands on the apron (author’s compilation). 
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The results for systems with 2 to 5 aircraft stands are presented graphically in Figure 5. 
Based on their results, one can see the returns to scale, i.e. the greater ability to service 
aircraft with higher rates. 

To measure the efficiency, been used the formula (4) for calculating the potential 
channel utilization rate by service (K). 

 
𝐾𝐾 = 𝜌𝜌∗𝑝𝑝

𝑛𝑛
                                       (4) 

 
The result of the calculation of this model under the condition of very high probability 

of aircraft servicing (p ≥ 0.995) is shown in Figure 6. It can be noted that by the return to 
scale effect the higher quantity of aircraft stands allows the airport to serve more aircraft 
per stand with the same probability of the aircraft getting serviced. There is also a clear 
effect on the system’s capabilities through the efficiency indicator such as the utilization 
rate of aircraft stands.  

From the point of view of the practical application of this model, it is necessary to 
consider the frequently encountered cases whereby the airport system does not satisfy 
the conditions, where the flow of aircraft is not uniform and stationary. Based on the 
structure of air transportation, especially the topology of the airlines’ network in the hub 
and spoke system, the aircraft could be sent from hubs to overnight parking at regional 
airports (Zeigler, et al., 2017). In this system, the number of aircraft stands should ensure 
the reception of all aircraft arriving at the regional airport for night-stop, regardless of 
how many operations are carried out at that airport during the daytime. This condition, 
in turn, may adversely affect the efficiency of the airport apron. 
 

 
Figure 6. Airport returns to scale effect: aircraft service probability dependence on the number of 
aircraft stands on the apron. (author’s compilation). 

 
It must be admitted that we applied the model in conditions where all activities other 

than passenger transport have not been observed. In this case, any airport activity of the 
same scale other than passenger traffic, be it transport of air cargo where the flight 
intensity is generally lower than in passenger traffic, or co-operation with MRO, which 
generates relatively less TM but requires aircraft stands on the apron, larger airports 
have less impact on indicators than smaller airports.  
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2.3.3 Terminal efficiency and access system suitability 
The airport planning issues discussed in the previous paragraph are directly related to 
the airport terminal. The terminal must ensure the smooth service of both departing and 
arriving passengers and their baggage, up to the airlines’ requirements including the 
recommended service levels for airports.  

It could be noted, that in addition to the requirement for space for passengers and 
baggage, it is necessary to take into account the possibilities for accommodating the 
equipment and various services to ensure additional non-aviation income for the airport 
which, however, is not considered in this dissertation. 

Currently, there are many new technological solutions for various stages of passenger 
service offered in the airport terminal. Their assessment remains beyond the scope of 
this research, nevertheless, it is worth noting, based on the heterogeneity of airports, 
that a number of features and conditions affect both, the choice and the rationale for 
the application of the technological solutions: 

• the legislative environment, such features as, for example, the requirement to 
recognize the identity of the departing passengers or peculiarities which 
proceed from the airport security program; 

• traffic characteristics and other features that can determine the economic 
feasibility of applying various technological solutions; 

• the requirements of airlines the airport must comply with, e.g., service 
standards, etc. 
 

Based on the recommendations such as LOS (IATA 2015) and empirical studies in 
terminal planning (Nõmmik, Antov, 2017) at different stages of passenger and baggage 
service, it is necessary to proceed from: 

• capacity of service points measured in time of service; 
• the required space in different zones of airports measured in square meters 

per passenger. 
 

 
 

 
 

 
 

 
 
 
                 
 
 
Figure 7. Terminal scheme: departure. Factors influencing service capacity. (Nõmmik, Antov, 2017; 
author’s adoption). 

 Figure 7 shows a simplified scheme of an airport terminal with its key service stages 
and factors which are influencing the service capacity. In accordance with the terms of 
service, we have been interested in the bandwidth on time of servicing, such as check-in 
for flights and baggage drop, time spent on security control and on boarding operations. 
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Between the above service points, it is necessary to provide space for airport customers. 
Prior to check-in and security check, it is necessary to provide a place for passengers and 
mourners, between security check and boarding for departing passengers, a place for 
arrived passengers who are waiting for their baggage. Also in addition to this, luggage 
rooms should provide opportunities for storing the departing baggage and the baggage 
conveyers should be able to accommodate the baggage of arriving passengers. It should 
be noted that the LOS concept materials focus on the work and infrastructure of large 
airports. In addition to this, in order to build an uninterrupted service system consisting 
of infrastructure, technology and personnel, besides recommendations also empirical 
data are needed. 

The publication of Nõmmik and Antov (2017) examined the possibilities of modelling 
the operation of an airport terminal in order to agree on key stages of service to ensure 
dynamic capacity of departing passengers. The basis for modelling comprised the 
comprised the measurements to determine both the behavioural characteristics of 
passengers and the time they spent at different stages. Proceeding from circumstances, 
resolutions were suggested which should be considered for building a service system in 
the terminal of regional airport (Nõmmik, Antov, 2017): 

(1) a discrepancy in the passenger profile in terms of arrival time at the airport 
terminal and the amount of baggage taken in accordance with the flight features such as 
charter or regular flight, as well as airline policy; 

 (2) to measure the time it takes for passengers to pass through the security control, 
it was proposed to divide this stage into 3 parts: preparation, the inspection itself and 
the collection of belongings the security-cleared passengers. However, it is important to 
point out the last, third part, separately because the empirical data obtained show that 
it takes the passenger up to 3-fold the amount of time that they spent in the first stage 
(Nõmmik, Antov, 2017). In addition to this, the time of the service at the second stage 
will depend on the probability of each passenger and the baggage being sent to undergo 
additional security procedures; 

(3) the boarding time is much shorter than the time spent on passing the security 
check, which reduces the ability to coordinate both processes and, therefore, eases the 
requirements for the waiting space for boarding passengers; 

(4) at service points, it is possible to increase the capacity by installation of additional 
equipment or/and the involvement of additional personnel. In both cases, this entails 
the need to provide more space in the relevant parts of the terminal. 

2.3.4 Impact of aircraft size 
Aircraft servicing at the airport, including boarding and deboarding of passengers, occurs 
at a limited time. This means that at a certain time period, the airport terminal must 
provide bandwidth as well as accommodations for serving passengers at different stages 
of servicing according to the recommended practices. Based on the foregoing, we are 
interested in the question of how the trend towards using aircraft of ever larger sizes has 
an effect on the efficiency of regional airports. Nõmmik and Antov (2020) presented a 
comparison with the theoretical values of runway capacity where it was shown that even 
if a regional airport operates with one runway, the performance indicators are much 
lower than the maximum theoretical.  

Hereby, we can draw an example. Let us consider a model in which there is a regional 
airport and a number of potential destination airports. The routes could be profitable at 
standard load factor for all sizes of aircraft. Let us suppose that over a period of time,  
the potential of the regional airport is equal to Q and constant. Based on the dependence 
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of the passenger flow at destination airports on their potential and the distance between 
the origin and destination airports (Nõmmik, Kukemelk, 2017), the possible passenger 
flows differ in size, which means that they need an aircraft of the required capacity. 

In this case, possible destination airports can realize their potential through the 
passenger flow only if there is an aircraft suitable for servicing this line taking the 
competition into account. Otherwise, when there are only larger aircraft on the market, 
only destinations with a relatively large potential passenger flow may be served. Similarly, 
one can be modelling the effect of aircraft capacity according to flight frequency.  

Provided on the condition that the airport’s potential preliminary demand for air 
travel may be constant over some period of time then the larger the size of the aircraft 
operating, the less likely it will be to open routes to different destinations or to lower the 
frequency of flights.  

However, taking into account that not only the competitiveness of the airport, but 
also its influence on the served region depends on the flight frequencies and the number 
of airlines, we can conclude, that it in its turn can affect the attraction of passengers. 

Different types of aircraft have different dimensions, which directly affects the 
required sizes of aircraft stands and the requirements for the runway system. To simplify 
modeling, some study, for example, take into account the indicator e.g. stands designed 
for aircraft of a given size (Mirkovic, 2011). However, in a situation where the number of 
small-size aircraft designed for regional air routes decreases in Europe, this means that 
regional airports must plan the apron, based on the same types of aircraft as large 
airports do, having more intensive traffic. However, taking into account that not only the 
competitiveness of the airport, but also its influence on the catchment area, depends on 
the flight frequencies and the number of routes, we can draw a conclusion of the  
long-term negative consequences affecting the prospects of the regional airports. 

The study referred earlier (Nõmmik, 2019) note both a decrease in the number of 
aircraft of less than 100 seats in Europe as well as an increase in the number of seats in 
the main line of narrow-body aircraft, which affects the need to develop infrastructure 
even without increasing the passenger traffic. Thus in case of an airport terminal,  
the throughput depends on that the critical service points such as a security check and 
the capacity of passenger waiting areas, which should provide enough space for 
passengers in accordance with LOS. Proceeding from the above mentioned, the higher 
number of passengers on a flight, arriving during a short period of time to the airport 
terminal, binds a higher requirement for airport (Figure 7). This means that with the 
larger aircraft operating, the regional airports are in worse condition, in terms of 
efficiency indicators of the airport terminal. Proceeding from the above mentioned, the 
higher number of passengers on a flight, arriving during a short period of time at the 
airport terminal, binds a higher requirement for airport capacity. This means that if the 
larger aircraft operating, the regional airports are in worse condition, in terms of 
efficiency indicators of the airport terminal is.    

2.4 Conclusions of Chapter 2 
The second chapter of this dissertation focuses on the factors influencing the efficiency 
of regional airports. The issue of efficiency of regional airports has been analysis from 
different perspectives. This research has been focusing on the efficiency of regional 
airport infrastructure solely from the perspective of passenger transport, excluding any 
other duties or business models.  
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The location of the airports is one of the foundations for determining their prospects 
(RT2). It was found that the p-center method can be used to determine the potential of 
an airport due to its location. However, the correlation coefficients show not high values. 
On the other hand, it was noted that the number of passengers served (APM) could be 
an indicator of the attractiveness of the airport as a destination. In support on this,  
from the point of view of airline planning, the airport’s potential as a destination is 
characterized by the airport’s passenger flow rate. 

To choose the type of aircraft to be focused in infrastructure planning as well as in 
airport operations at a large scale, it is necessary to take into account the composition of 
the aircraft fleets of the potential operators. From a comparative characteristic of the 
narrow-body aircraft currently used or planned to be taken into operation, the wing span 
is one of the parameters for planning an airfield. Note that the wing span of all aircraft 
with 70-240 seats fits in the wing span of 24-36 meters. Could be concluded that if it is 
planned to serve the airport infrastructure with 70-seater aircraft or with much larger 
ones, that have 200 or more passenger seats, must comply with the same reference code 
C, based on the ICAO SARP. On the one hand, this facilitates the planning of infrastructure 
from the point of view of flexibility. On the other hand, there is a clear variation in the 
load on the terminal, which can be exerted by passengers on a single aircraft (RT3). 

Based on the tasks (RT3) of the dissertation, we are studying the seasonality of air 
traffic, as well as in other possible reasons for the low efficiency of regional airports. 
When selecting data for benchmarking, the mission of the airport, which is close to the 
type of the planned airport, should be precisely defined. For analyzing a particular 
airport, it is necessary to consider its specific users. In the course of these studies it was 
complicated to find an airport that would meet the above conditions and where LCC 
airlines or same size of aircraft for charter flights would not be represented. It was found 
that there was no significant difference in seasonality at airports that are more focused 
on service the LСС and those airports where the LСС are not or unrepresented. Therefore, 
such regional airports were selected that differ in terms of location or activity profile.  
For comparison, seasonality indicators were examined and large hubs of airports were 
taken into consideration. With some exceptions, regional airports showed higher rates 
of traffic seasonality, both in terms of APM and TM. It should be noted that Estonian 
airports were not included in the sample because they did not meet the criteria set.  

For airport planning, it is of key importance to consider the impact on aviation 
standards on efficiency (RT3). The runway size or the size of aircraft stands cannot be 
always optimized by taking into account the needs of efficiency. That is why the runway 
efficiency measures indicator TM per runway, which could be replaced for one runway 
airport with TM, has also limited value for benchmark. It can be considered as an 
indicator that provides input for planning taxiway(s) configuration in order to minimize 
construction and operational costs. It can also serve as an indicator of the need to find 
secondary activities for the airport.   

To estimate the returns to scale on the efficiency of the airport apron, a theoretical 
model was constructed based on the Erlang B multi-channel queuing system.  
A significant increase in the capacity for servicing flights with an increase in the number 
of parking spaces was shown. It was found that the above circumstance significantly 
affects the corresponding efficiency indicators (RT3). 

It is necessary to note the key role of the influence of aircraft size on airport efficiency 
(RT3). In this case, the tendency to growth of the size of aircraft in the fleets of European 
airlines has effect on both, realizing the potential of the airport as it leads to a reduction 
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in possible air connections to various hubs as well as on a decrease in flight frequencies, 
which means that it reduces the attractiveness of the airport for passengers. In the long 
run, it reduces the positive impact on the catchment area, which in turn affects the 
prospects of the regional airport. Serving more and more spacious aircraft, with a lower 
frequency of flights, from the one hand, affects the efficiency of the airfield as it imposes 
additional requirements on the prospective capacity of the airport terminal, which, if the 
flight frequencies are reduced, can also lead to low efficiency indicators of the airport 
terminal. In addition, it was found that in order to ensure the required LOS in regional 
airports, it is important not only to analyse in detail the capacity of the different service 
stages in airport terminal but also to take into account the passenger profile. 
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3 Results and Discussion  
The scope of this dissertation focuses on regional airport efficiency characteristics, 
including passenger logistics. However, it is the responsibility of the airport infrastructure 
and also the operation to meet the demand.  

The previous research focusing on this subject of regional airports indicate the low 
efficiency of regional airports, but does not investigate its causes. DEA and SFO methods 
are often used to assess the effectiveness of airports. However, the aforementioned 
analysis models, which are gaining popularity, have an indicative value and limited 
practical application for planning the infrastructure of individual regional airports due to 
the excessive generalization or subjectivity of the above methods and taking into account 
the heterogeneity of the regional airports themselves.  

In this dissertation, the following tasks were completed, which also serves to explicate 
the established working hypotheses: 

(1) A review of existing approaches to regional airport definition and meaning 
(RT1). It is concluded that there is more than one definition and meaning of regional 
airport. The views on the definition of a regional airport vary according to the context or 
the objectives pursued. 

(2) The models for evaluation of airport location and routes potentials are proposed 
(RT2). Also the ability of applying of gravity model for route planning from regional 
airport and P-center model for evaluation of regional airport location has been shown 
(H1).  

(3)  The factors that affect the operational efficiency of regional airports, (RT3) are 
determined. They are including the following (H2; H3):  

a) resulting from returns of scale; 
b)  limited possibilities for infrastructure optimization as impact of aviation SARP 

and LOS; 
c) arising from the specifics of the European air transport market, including 

European airlines fleet; 
d) the seasonal variability of traffic; 
e) the passenger behavior and airport mission. 
 
It has been shown that the parameters most commonly used to measure the efficiency 

of the airports are less subject to airport control. In addition to the outputs, such as TM 
and APM, the inputs, or airport infrastructure, are affected by aviation standards and 
recommended practices and requirements on the one hand, and trends in the aviation 
market, on the other. 

It has been found, that the population indicators, such as potential passengers 
residing in the airport service area and the distance from the settlement to the airport 
are related to the turnover of the airport passengers but the relationships are not 
significant. Based on other studies, it can be argued whether the factors such as the 
income of a given population, the structure of the economy by employment as well as 
accessibility of specific airports play an important role. Added to them may also be the 
ability of competing modes of transport alone, and through them, the ability of other 
airports to substitute regional airport services. 

Estimation of the location of the airport based on the distance to the location of the 
potential passenger did not reveal a strong correlation. It can be concluded that in 
addition to the competition between airports as a phenomenon of its own kind, it is 
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important to determine the different prospects of an airport. These include a number of 
several other factors, such as airport accessibility (Badanic, et al., 2010), which ensures 
the airport's competitiveness but also the local economic structure that the airport is a 
part of. 

In addition, the application of the gravity model as described in this dissertation, 
presupposes the isotropy of the operating environment, allows relatively easy 
determination of the prospects of new air connections from a regional airport, and helps 
to understand the nature of air routes. In a system where the airport potential Q is held 
constant, it is shown that with the increase in aircraft size as well as occupancy, the 
number of possible routes and frequencies decreases, which in turn reduces the airport's 
efficiency with TM. In this case, using a larger aircraft will reduce the number of possible 
routes and thereby reduce connectivity. However, this model does not help to determine 
one’s potential, especially when it comes to regional airports where traffic has stalled for 
some reason. Consequently, in the latter case, a comprehensive market research will be 
inevitable. 

The barrier for today's European air transport system emanates from the market 
failure on the world regional aircraft market. The assumption on which many studies are 
based, that there are different sizes of aircraft available on the market for each air route, 
including operating at regional airports, is not completely true. The downside is that the 
well-established situation, whereby the market for aircraft with less than 100 seats 
prevails, is primarily oriented to the North American market, given this particularity. 
Realizing the greater potential of the airports of destination by launching a route will not 
only improve flight connections to and from the regional airport, but will also improve 
the connectivity of the airport, including through it, thanks to transfer opportunities.  

For airports with low traffic volume any short-term change in demand significantly 
affects the indicators of variability. In this regard, we can consider the comparatively 
higher seasonality at regional airports as expected. More significant is the conclusion that 
LCC airlines do not affect traffic by a smoothing effect. This can be explained by the trend 
(Williams, 2001) of the gradual replacement of leisure-driven charter flights by LCC 
airlines in the European market, described earlier. 

Theoretically, implementing the SLOT system at regional airports would ensure 
efficiency gains, but in practice this could in turn reduce the attractiveness of airports for 
potential airlines. This conclusion is consistent with the results of other studies (Pels,  
et al., 2003b) where the time restrictions have a been found to have negative impact on 
the efficiency of airports. 

It has been found, that planning the aerodrome for aircraft for the ICAO reference 
number C, the airport can serve aircraft with 78 seats but also with 240 seats. On one 
hand, it could be seen as flexibility. However, at the same time, it is a challenge and part 
of choices for the airport infrastructure, including terminal capacity planning. If the single 
regional airport is oriented, according to its business mission, to the activities, such as 
LCC services or holiday charters, it is reasonable to target at the longest versions of B737 
or A320 aircraft families for infrastructure planning. 

The research carried out within the framework of this dissertation provides the basis 
for benchmarking as well as the creation of the basis for regional airport operations as a 
complete simulation. In addition, the issued publications lead researchers in the field 
closer to the practical challenges of a regional airport, where the results of the 
dissertation would also be implemented into the research to be conducted in Estonian 
airports, including the organization of the airport accessibility system, infrastructure 
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planning and operational planning. In the framework of the preparation of this 
dissertation, factors significantly affecting the efficiency of airports were 
comprehensively worked out, which have practical importance for further scientific and 
practical projects in the field of infrastructure planning and airport operations, including 
using of simulation. However, some of the areas of the research can be extended, 
including: 

(1) there is a prospect for further research of the potential of airports from the point 
of view of determining prospects, choosing airports for comparative analysis, as well as 
route planning;  

(2) developing of simulation and design models related to airport capacity which has 
been uncovered in the dissertation, as well as testing of service technologies and 
calculating commercial efficiency, given the heterogeneity of specific airports; 

(3) behavioural preferences of passengers also deserve attention in terms of the 
prospects for further research. The revealed discrepancy in the behaviour of passengers 
in terms of arrival time at the airport for a departing flight suggests that there is a 
tendency for passengers, particularly for the business passengers, to take advantage of 
a small airport from the point of view of a small terminal, even while taking some risks 
of being late for the flight. However, this may be due to circumstances that in the waiting 
areas of regional airports there is relatively little entertainment as the waiting conditions 
are generally unpretentious, but also because of the fact that the ground access system 
to regional airports is less prone to traffic jams. On the other hand, the orientation of 
passengers of charter flights to arrival at the airport two hours before departure indicates 
the trainability of passengers; 

 (4) considering the orientation of regional aircraft manufacturers to the North 
American market, it makes sense to consider in more detail the measures on the 
attractiveness of the European market for this market segment. This is important not 
only in terms of the effectiveness of regional airports or spending resources on EU 
projects such as Clean Sky 2, but also in increasing the throughput of the European 
transport system.  
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Abstract 

Prospects for operational efficiency of European regional 
airports in passenger air transport 
Studies on airports efficiency show low figures for small, regional airports. The linear 
methods used in comparative studies in operations research of the efficiency of regional 
airports are indicative, but cannot often give a direct input into infrastructure planning 
and do not point out the relatively low reasons for the efficiency of regional airports.  
The aim of this work is to identify the reasons for the inefficiency of European regional 
airports. 

The five publications on which this dissertation is based are focusing on identifying 
the perspectives and inefficiencies of regional airports. 

The first publication deals with air routes planning at regional airports by using the 
gravity model. 

The second publication looks at the terminal capacity at regional airports. 
The third publication uses mathematical methods to assess the prospects of regional 

airports in terms of their location in relation to settlements. 
The fourth publication focuses on regional aircraft development and the trends of 

implementing them. 
The fifth publication summarizes the topics covered in the preceding publications.  

In addition, it addresses the definitions of regional airports and the efficiency factors such 
as seasonal variability and return to scale. 

Having examined, how regional airports are comprehended in different sources, it was 
concluded that there is no uniform definition or understanding of the regional airport as 
an object under investigation or description. Synonyms such as “peripheral airport”, 
“small airport”, “secondary airport”, “non-hub airport” and others are often used. 

The potential of the airport was considered from two perspectives. First, the prospects 
of the airport in terms of its location in relation to settlement points were examined. The 
best result was obtained by the p-center method when the number of inhabitants of 
settlements was also taken into account. However, the links between theoretical and 
practical results are not strong. It was concluded that the discrepancies found between 
the theoretical and actual results could be explained by additional, broad-based studies 
that would assess not only the profile of potential passengers but also the accessibility 
of airports. Secondly, in order to understand the nature of the connections and the 
prospects of scheduled flights, a gravity model based on the potential of the destinations 
was proposed, depending on the number of passengers served and the distance between 
the airports of departure and destination, measured by flight distance or flight time. 

To investigate the returns to scale effect, a theoretical model was developed based 
on the Erlang B distribution. Using this model, it was shown that on an apron with a larger 
number of aircraft stands, it is possible to serve a significantly larger number of flights 
under the required high service reliability conditions. 

As part of the analysis of airport terminal capacity planning, it was found that the 
existing international recommendations are aimed primarily at larger airports. Within 
the framework of the research, the factors of passenger service in the terminal were 
mapped at different stages and the importance of taking into account the profile of 
different passengers for the planning of the regional airport terminal was pointed out. 
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Analysing the variability of traffic due to seasonality, it was found that regional 
airports operate in conditions of greater variability of traffic compared to big airports. 
The variability in traffic depends primarily on the niche market in which the regional 
airports operate, rather than on the business model of the airline whose flights are 
served. 

The issue of aircraft development has been highlighted as a key. It has been found 
that the niche aircraft in the regional airline market today are being developed, taking 
into account in particular the North American market and also taking into account its 
specificities, which in some cases are not suitable for the European market. Therefore, 
for example, the number of turbofan-powered aircraft with less than 100 seats in Europe 
shows a declining trends. The work concludes that the creation of competitive aircraft 
for regional routes and their acquisition by European airlines is crucial to ensure the 
prospects of European regional airports in terms of operational efficiency. 

This dissertation has two main output directions. Firstly, the reasons for the 
inefficiency of regional airports are highlighted, which can be an input for the 
development of a European Union air transport policy, but also for future research in this 
regard. Secondly, the methodological basis for creating complex simulations of airports 
has been created within the framework of the dissertation, by the way, critical factors 
are carried out that should be taken into account when planning regional airports, as well 
as Estonian ones. 
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Lühikokkuvõte 

Reisijate lennutranspordi tõhususe väljavaated Euroopa 
piirkondlikes lennujaamades 
Uuringud, mis käsitlevad lennujaamade efektiivusust, toovad välja madalad 
tõhususnäitajad just väikeste, piirkondlike lennujaamade puhul. Samuti on kasutusel 
olevad meetodid piirkondlike lennujaamade efektiivsust võrdlevates uuringutes sageli 
pigem indikatiivse väärtusega, nad ei suuda tihti olla otseseks põhjendatud sisendiks 
infrastruktuuri kavandamisel ning ei too enamasti välja piirkondlike lennujaamade 
madala efektiivsuse põhjuseid. Käesoleva töö peaeesmärk on analüüsida ja välja 
selgitada peamised tegurid ja parameetrid, mis avaldavad mõju Euroopa piirkondlike 
lennujaamade tõhususele reisijateveo seisukohast vaadatuna. 

Viis doktoritöö raames avaldatud publikatsiooni keskenduvad piirkondlike 
lennujaamade perspektiivide ja ebatõhususe põhjuste väljaselgitamisele.    

Esimene publikatsioon käsitleb lennuliinide planeerimist piirkondlikes lennujaamades.  
Teises publikatsioonis võetakse vaatluse alla piirkondlike lennujaamade terminali 

läbilaskevõime. 
Kolmandas publikatsioonis hinnatakse matemaatiliste meetodite abil piirkondlike 

lennujaamade perspektiive tulenevalt selle asukohast asustuspunktide suhtes.  
Neljandas publikatsioonis keskendutakse piirkondlike lennuliinide õhusõidukite 

arengutendentsidele. 
Viies publikatsioon viib kokku eelnevates publikatsioonides käsitlevad teemad. Lisaks 

käsitletakse seal piirkondlike lennujaamade definitsioone ning selliseid tõhusust 
mõjutavaid faktoreid, nagu liikluse sesoonsusest tulenev varieeruvus ja mastaabiefekt.  

Nimetatud uurimiseesmärgi täitmiseks püstitas autor järgmised uurimuslikud 
ülesanded: 

1) analüüsida teaduses ja lennunduse erialases kirjanduses kasutatud mõiste 
“piirkondlik lennujaam” variatsioone uuritava objekti määramiseks; 

2) pakkuda välja ja rakendada mudeleid lennujaama perspektiivi hindamiseks, 
lähtudes lennujaama asukohast; 

3) selgitada välja tegurid, mis mõjutavad piirkondlike lennujaamade tegevuse 
tõhusust. 

Uurides, kuidas piirkondlikke lennujaamu käsitletakse erinevates allikates, jõuti 
järeldusele, et puudub ühtne definitsioon või arusaam piirkondlikust lennujaamast kui 
uuritavast või kirjeldatavast objektist. Tihti on kasutusel sünonüümid nagu “perifeerne 
lennujaam”, “väike lennujaam”, “sekundaarne lennujaam”, “põiklennujaam” jt.  

Lennujaama potentsiaali käsitleti kahest vaatenurgast. Esiteks, vaadeldi lennujaama 
perspektiive tulenevalt selle asukohast asustuspunktide suhtes. Parima tulemuse andis 
p-center meetod juhul, kui arvesse võeti ka asustuspunktide elanike arvu. Siiski tuleb 
tõdeda, et seosed teoreetilise ja praktilise tulemuse vahel ei ole tugevad. Töös tehti 
järeldus, et avastatud hälbeid teoreetiliste ja tegelike tulemuste vahel on võimalik 
selgitada täiendavate laiapõhjalike uuringute abil, mis hindaksid lisaks potentsiaalsete 
reisijate profiili, kuid ka lennujaamade liigipääsetavust. Teiseks, mõistmaks 
lennuühenduste olemust ja regulaarlennuliinide perspektiive, pakuti välja gravitatsiooni- 
mudeli rakendus, mis põhineb sihtkohtade potentsiaalil ja mis sõltuks teenindavate 
reisijate arvust ning kaugusest läht- ja sihtlennujaamade vahel, mõõdetuna kas 
lennuteekonna pikkuses või lennuajas.      
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Mastaabiefekti uurimise eesmärgil koostati teoreetiline mudel Erlang B jaotuse alusel. 
Antud mudeli abil näidati, et suuremate lennukite seisukohtade arvuga perroonil on 
võimalik teenindada oluliselt suuremat arvu lende ette antud teeninduskindluse 
tingimustel.   

Lennujaamade terminali läbilaskevõime planeerimise analüüsi raames leiti, et 
olemasolevad rahvusvahelised soovitused on suunatud eelkõige suurematele 
lennujaamadele. Uurimistöö raames kaardistati reisijate teenindamise tegurid terminalis 
protsessi erinevatel etappidel ning toodi välja erinevate reisijate profiiliga arvestamise 
tähtsus piirkondlike lennujaamade terminali planeerimiseks.  

Analüüsides sesoonsusest tulenevat liikluse varieeruvust leiti, et piirkondlikud 
lennujaamad töötavad suurte lennujaamadega võrreldes märgatavalt suurema liikluse 
varieeruvuse tingimustes. Liikluse varieeruvus sõltub eelkõige turuniššist, kus 
piirkondlikud lennujaamad töötavad, mitte niivõrd lennuettevõtja ärimudelist, kelle 
lende teenindatakse.  

Võtmetähtsusega asjaoluna on toodud välja õhusõidukite arendamise küsimus. Leiti, 
et tänapäeval arendatakse piirkondlike lennuliinide turunišši õhusõidukeid eelkõige 
Põhja-Ameerika turgu arvestades, võttes arvesse sealseid eripärasid, mis aga kohati ei 
sobi Euroopa turu jaoks. Seetõttu näitab näiteks turboventilaatormootoritega töötavate 
ja alla 100 kohaliste õhusõidukite arv Euroopas näitab langustrende. Töös tehakse 
järeldus, et konkurentsivõimeliste õhusõidukite loomine piirkondlike lennuliinide tarbeks 
ja nende kasutuselevõtt Euroopa lennuettevõtjate poolt on määrava tähtsusega Euroopa 
piirkondlike lennujaamade perspektiivide tagamiseks opereerimise tõhususest lähtuvalt. 

Käesoleval uurimistööl on kaks olulist väljundit. Esiteks, on välja toodud piirkondlike 
lennujaamade ebaefektiivsuse põhjused, mis saavad olla sisendiks Euroopa Liidu 
lennutranspordi poliitika kujundamisel, kuid ka sellega seonduvate edaspidiste uuringute 
kavandamisel. Teiseks, doktoritöö raames on loodud metoodiline alus lennujaamade 
komplekssete simulatsioonide loomiseks, muuseas tuuakse välja kriitilised faktorid, mida 
tuleks arvestada piirkondlike, sealhulgas Eesti lennujaamade planeerimisel.  
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Publication I 
Nõmmik, A.; Kukemelk, S. (2016). Developing gravity model for airline regional route 
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���� K%\� ���E�� �EGG�� �E�!!���� ]̂ŶZ_SV̀�UVWXYWZ� C+�� �E!� � ��GE�� ����G�� � D�

���������)��
���� D,,�  E���� G��E�� ���E� ,����)��
���� ,$H� �!E G� ������ E��E���� a����������)��
���� a(D� ��!� � �G�GG� ��������� %�����)��
���� IC(� �� �!� �!���� %�����&�'K�����)��
���� %CK� �� ��� G!��G� F����)��
���� F"�� �� ��� �!��!� I��	����)��
���� I)F� �� �� ����� (��&����)��
���� (HI� ��� �� ��bcdefgh��������&����������i��j��
�bcdefgh��������&����������i��j�� ������)���������
���������
�������	���	������	����
���������!'�����������	��������������������	�����
����������&�������������������
���������	�������+����#����a�������������������	������������������������������������
��������������������������������������	�����
�������������������������������#�����������	��������#�������#�������������	���
�����������������#��	�����
��������	�	�	�����������	����������
��������������������������"	����� ���������G����
�����������������������������������
��������J������������������
���������������������������������������������������������������������	����	�������������������	����
��������D�

���������)��
��������,����)��
������	��	������������#�����������	�������������k���������������$���	������	������	�#����	������
�����������������������������#������"	�������������������
������#����������������������	��#��������������������H#������������������������������������������������
�����������������!��������������������������	�����������"	������������
���������������



����������	�
��������	�����������������
	���	����������	��	��	�����������	����	�������	��
������������	��	��������	���	�����������		������� ����������
	������!���� ��������"	���
	����	"	���	���������������	��������	�	���	�����	����������	�����	����"	��#	�	���	���	$�
�����	�������	�������������������#	�%����	�����	�	�����"	���	�"����	���������	��	����	�"	���$��	��	�	��	������������ "	���	�"���	��
	�	���������	�����	�������		�$	���&����'��������������(���

�)*+,-.&��
��
��/����	�����0��1�� %������ "	���	���������������	��	�������	���������	�	��	��%���������������23�4567895:�;<7::9:=�>5?@<A�� #	���������������������	��������������������	�����	�/	$����������
�����������	��	������������	����"	��	��������	&��������������������
����	�����������	���������	��������������	�	���	����	������������	�������������	�������	��	�����������#�����	����	������������������	����������������	��������$�������������	����������	���	���!����	�����������
	�����	�������������	������	����������������������������	�����������	����	��������"	��������������	"	���������	���#	��������������
������	��	����������������������	�����	���������������������������	
��������������	�	�	�	����#	�����������$����������	���
������	��$���	��B��������������CD��0��1��E�
���$����	�������F����������	���	��	�����������	�
��/�������������	��	����������	��G��������	����	����	���	�	���������������/���������	���
�������$����������������������	���������	�������	����"	��	��������	�������������� �������������	����������������������	���$�H���	���	������0�(1���������������$�������������	��������	���"��	������������	������	�������I������������	����������	������	�����������J����"	���	K��������	��L������	��������	�������	�	��	�	��������$�����	����	�����	������������������	����	�������"	�����	����������M������	�����	���������	�	�������	�����	����	�����	����$�	�
������	��� ������������������	�	�
����	�����������$�����	�	����	�������	�����	�����	�������������	���
��������	���	�	�����	������������������	��������#	�!�H	��	�����	��
����	�	��	������	����������������0�����D1�N��������F	���	���I������������	����	������	��������������	����������$����������	��
�����������	���	�������������	������#	�	���	��
�������������	���������"��������N���	��������$��������	�����	����	���	������������	����O	��	I�!�H	��	�������	�������	���	������������������	������	����$
	�	��������	�����������������	�� ������	�!�H	��	�������	���G������	�������	�	��	��
	���	�������
	���	���#	�����	�	��	��	�
		���	������	������
���&��$��	�
	���	��"	��������	��������	�������"	����	���������	���$�����������
����	��	�	�����	����������	�����������	��	�����������	�������J�������$��	��	"	����������	����K��E����	�������������������������	�����	�	����	��	����	�����$�0�(1��#	�!�H	��	�����	�������	��	�����	����������
�&�P������������&�� Q R STUV W �� J�K�H����������&�� TTX YVZ [� J�K�� \T]T^ _ ]V `Z [� JaK�� bT] T^ X _ Tc]d e ` [� J'K�� T] T]Tf ^ R_ ]g e `Z [� J�K�



����� � ���	
 � 	� �� ����� � ���	�� � �� �� ���������������������� �!"��#�$%���%�!��!$���&� $�#�"�'� (����)�� �*��� ���+�',��-���#���#�"�'� (����'$"� ���� �"�!���� ���� �����$ ��������� �����.,�'�/��0��� �*�� ���+�',��-���#���%�!��!$���&��������1!��� $�#�"�'� (����$ ��������� �����.,�'�/2�3���$4&�" �+��#,!" �$!��-��%�!�%�5��� �����%�!�6���1� ��� $ �'���� �!"�� ��+�'��2�7$!� ���! ��8����#�!�����!,%4���9�$#�#�"�'� ���� $�4��'$"� ��2�7$!� ���! ��:����.,�������"��!$��� $�4�����+���4(�$!'(�$!��#�"�'� (2�7$!� ���! ���;�����,��� �� �!$������������1!���$!'(� $�$9�!�#�"�'� ���2�7$!� ���! ������� � �� �� � ������ �!"��4� ���!��!(���%�!��!$����!�� ���#�"�'� (����"����''����+��� ��%,� �4��'���� ��!� ���%�<�%,%���� �!"��4� ���!�����%�!��!$����!��� ��!����� �#�"�'� (2�=�!�''(��"$!� ���! �������!����������� �!������! �1��''(�"$!�� �$!�2�3�����"$!���99�$�"����� ���>6?����!�%$��'2�@-���-�A�B ����$!��$#� ���%$� �9$9,'���%$��'�� $��$'+�� ���#�"�'� (69'�!!�!1��� ,� �$!2�3���%$��'�"$!������� ������1� ����,%�$#��''���� �!"��#$�%���"��!$��� $�� ��!����� �#�"�'� (���!��#�!��� ����,� �4'��'$"� �$!�$#� ���#�"�'� ����,!���� ���9��%���� $�%�!�%�5�� ������ �!"��%�! �$!����4$+�2�3���>6?����!�%$��'�"�!�4�����"��4������#$''$��C�D$�'�#,!" �$!C�� � 	� 	�	 �E F G � H	IJ K K LMM 2� ����N�� ��" �$!�C�� 		
 OJM �� �P��� �	�	� Q �J M �� �-/��� �	� 	� 
 Q 	��R S  �� �--��� � ���	
 � 	� �� �-8��� � ���	�� � �� �� �-:��������T���������%�!��� �!$������������������ �!"��#�$%���%�!��!$���&� $�#�"�'� (����)�� �*��� ���+�',��-���#���#�"�'� (����'$"� ���� �"�!���� ���� �����$ ��������� �����.,�'�/��0��� �*�� ���+�',��-���#���%�!��!$���&��������1!��� $�#�"�'� (����$ ��������� �����.,�'�/2�3���$4&�" �+��#,!" �$!�����%�!�%�5��� ���%�<�%,%���� �!"��4� ���!�����%�!��!$����!��� ��"'$��� �#�"�'� (2�7$!� ���! ��P����#�!�����!,%4���9�$#�#�"�'� ���� $�4��'$"� ��2�7$!� ���! ��-/����.,�������"��!$��� $�4�����+���4(�$!'(�$!��#�"�'� (2�7$!� ���! ���--�����,��� �� �!$������������1!���$!'(� $�$9�!�#�"�'� ���2�=�!�''(��"$!� ���! ���-8���!���-:������� �!������! �1��''(�"$!�� �$!�2�� 3�4'����>$9,'� �$!�$#�=�!����"$,! ����� UVWXY�Z[�\Z]̂_̀XY� aVb̀_VcY�Z[�\Z]̂_̀XY� dZb]cV_̀Ẑ�Z[�\Z]̂_̀XY�efghi�jkfghik� ?������%!� 8P8-;�7�! ��'�=�!'�!�� lmnokpmfo� 8��-P��7�! ��'�q� �$4$ �!��� r$**$'�� �P/8��r��!,,� r�&��!�� �;�/:�r(%�!'��*�$� r$ *���!��r$,+$'�� -����P�s�9'�!�� N$+�!��%�� -�/8/��t$� ��r���'��� u$�!�,,� -�;/���t$� ���!�q� �$4$ �!��� q,',� ;---�/�t$� ���!�v�+$!��� r,$9�$� 8;�����q� �$4$ �!��� w����� -�-;;-�xoyzohh{�|gngk}yg� s�� �� 8/-����>��*�!%��� 3�%9���� �/P:���v� �*,! �� >$��� 88-�;/�v$, ��r���'��� s�99��!��! �� -:/�/��v$, ���!�q� ��4$ �!��� ~{yhoz�py� -P-��/�v$, ���!�v�+$!��� ?�**�'�� -;�P���v$, ���� �=�!'�!�� 3,�*,� ;���;:�3�+�� ���>�$9��� �o�{{h'�!!�� -�:��-��,��%�� ��'��!*�� -//���-�����������������������������0�������������������������������������������������������������������������������C�$�!�4�����$!�@-PA�
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��	��!�������!�	�,5�	8�,�8�8�	67)�	������9�G������!����,�����5��	���	HIJJKLM	NO	WXYZ�\	db̂QR�	KQ	R̂Û_TcĴQS	T�	PKbfbP�S	�Tb	b̂̀ KTQP_	bT�Ŝ�i	KJcPfS	TQ	S�̂	̂�bTĉPQ	���	��������������	�"�����	)��	j�2l	�EAE1=nl	14�	��<n12034	04	.0=n=1?2	�EA0D4�	m34?E=E4nE	B=3nEE�04DA�	�9���9%�	67)�	������98��������
����5��9�	���	7�����!��	7�	6��	&������	��	��	+���%-	&����������	��	�������	�������"�	���	���	��	���������	@=14AB3=2	14�	@E>En3FF<40n12034�	��+�-�	8��#��	67)�	����8,5���G����%����8�	�8�	��'�"� �	6�	+����-	(������	������� ��!	��
	�������	�����������	�	������	��'����	@=14AB3=2	14�	@E>En3FF<40n12034�	��+�-�	������,�	67)�	����8,5�'���88������������	�#�	��'�"� �	6�	+���#�	�2<��	3?	�<=3BE14	10=B3=2A�	E??0n0E4n�	34	2lE	�1A0A	3?	F<>20B>E	AB1201>	A23nl1A20n	?=3420E=	141>�A0A�	+6������	������-�	���������	��
	���������������	)���������	��!��	���'���	67)�	������8����������9����#58�5�	�9�	 P��L̂UKf�M	NO¡	HIJJKLM	NO¡	NQSTUM	VO	WXYZ[\	���������'�����	(���"���	��	��!�����	(�������	:���
	��	�������	�������!	&�
����	���	����	*��
"	��	¢�����
�	)��	£=3nEE�04DA	3?	2lE	¤jA2	¥42E=4120341>	�n0E420?0n	m34?E=E4nE	¦@=14AB3=2	CE14A	¤�j§¦M	[̈©ª[«ZM	¬�����	��'�����"	��	�������!"�	�,�	���������	&�	®�	+����-	�E/E>3BFE42	3?	�ED0341>	.0=B3=2A�	@lE3=E20n1>	.41>�AEA	14�	m1AE	�2<�0EA�	¢����	�
������	*�����������	:������	̄)�	������	�5�	����� ��¬��������
��	���	¬��� ���	*�	+����-	(���������	��	�������"	��	���� 	���������	;3<=41>	3?	.0=B3=2	C141DEFE42�	#+�-�	�,���59�	�%�	*��� ��	°��	�����	&�	��	±	(�
����	&�	²�	+����-	(������	�����	��� �!��	��
	�³�������	��	���!����������	 ��!�����	 ;3<=41>	 3?	 @=14AB3=212034	 �4D04EE=04D�	 ��%+�-�	 ������5�	 67)�	�����9��+(*��-�,���%8,́+����-��%��+���-�		���	��'������	&�&��	*�������	²�	+���%-	����	'�����	�"���
	��������'�	������!���	��	���	�������	��
����"�	@=14AB3=212034	 �EAE1=nl	 £1=2	 .�	 £3>0n�	 14�	 £=1n20nE�	 ��8�	 888�8##�	 67)�	������9�G��������%��8���#�	���	��� �����	��	+����-	���� 	���������	�������"	�����������	��
	����"���	��	
������������	;3<=41>	3?	.0=	@=14AB3=2	C141DEFE42�	�,+�-�	�8���8��	67)�	������9�G�G����������������9�����			



 

101 

Curriculum vitae 
Personal data 

Name:   Allan Nõmmik 
Date of birth:  12 June 1973 
Place of birth:  Moscow, Russia 
Citizenship:   Estonia 

Contact data 
E-mail:   anymmik@hotmail.com 

Education 
2013–2020   PhD student, Tallinn University of Technology 
2000–2003   MSc, Human Geography, University of Tartu 
1996–2000   BSC, Airport Management, Tartu Aviation College  
1980–1990   High School 

Language competence 
English   Fluent 
Estonian   Fluent 
Russian   Native 

Professional employment 
2013–present   Estonian Aviation Academy, Lecturer (air transport planning)  
2012–2013  Estonian Aviation Academy, Acting Head of Aviation 

Department  
2005–2013  Tartu Aviation College, Lecturer (transport geography, 

logistics) 
2002–2009  Tartu Aviation College, Head of Research and Development 

Department 
1999–2002   Tartu Aviation College, Specialist 
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Elulookirjeldus 
Isikuandmed 

Nimi:    Allan Nõmmik 
Sünniaeg:   12.06.1973 
Sünnikoht:   Moskva, Venemaa 
Kodakondsus:  Eesti 

Kontaktandmed 
E-post:   anymmik@hotmail.com 

Hariduskäik 

2013–2020   Tallinna Tehnikaülikool, PhD 

2000–2003   Tartu Ülikool, Inimgeograafia, MSc 

1996–2000   Tartu Lennukolledž, lennujaama käitamine, 
rakenduskõrgharidus 

1980–1990   Keskharidus 

Keelteoskus 
Inglise keel   Kõrgtase 
Eesti keel    Kõrgtase 
Vene keel    Emakeel 

Teenistuskäik 
2013–tänaseni  Eesti Lennuakadeemia, lektor (lennutranspordi planeerimine) 
2012–2013  Eesti Lennuakadeemia,  lennundustegevuse osakonna 

juhataja kohusetäitja 
2005–2013  Tartu Lennukolledž/Eesti Lennuakadeemia, lektor 

(transpordigeograafia, logistika) 
2002–2009  Tartu Lennukolledž, teadus-arendusosakonna juhataja 
2000–2002   Tartu lennukolledž, arendusspetsialist 
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