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QUANTIFICATION OF SPATIAL RELATIONS IN AIR TRAFFIC 
MANAGEMENT: FROM THEORY TO APPLICATIVE SOLUTION 

ABSTRACT 

Different people operating within the same system can view performance interdependencies, trade-
offs and goal conflicting situations differently. That is hazardous because such situations can lead to 
development of partial interests and strategic development plans, resistance to change and the non-
complementary between development plans on local level. As the Air Traffic Management (ATM) 
system in Europe is not immune to such events, Air Navigation Service Providers (ANSPs) should also 
monitor performance levels in their business environment. Primarily with a goal to be able to cope with 
the business pressures and risks, as well as with complexity and dynamism of their business 
environment. Moreover, uncertainties existence may have an effect on realisation of strategic goals. In 
that respect, this paper provides a theoretical overview of uncertainties affecting function of 
performance management within ATM system in Europe. Their identification is followed by a review of 

business environments. Lastly, it is presented a utilisation framework of such a solution - so providing 
insights on its applicability potential to the stakeholders of ATM system in Europe. 
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1. INTRODUCTION 
Air traffic management system in Europe represents a system with a high number of involved 

stakeholders which may, in different areas, have a greater or smaller impact on the overall 
performance level of the ATM system [1]. Thereby, it is well-
environment can be an important factor influencing some of the performance areas of ANSPs. 
Accordingly, since the different national ATM systems are not independent of their neighbours, the 
efficiency of one ANSP might be dependent on the efficiency of neighbouring ANSPs [2]. However, 

research interest in the field of research. Primarily as the most of studies frequently neglect the role 

management functions. 
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Moreover, even nowadays applicable legislation (arising from Single European Sky initiative) aims 
to rationalize processes primarily within the ANSPs themself. However, ATM in Europe is highly 

and Ai
occurrence of different constraints. As a result, within the ATM system in Europe are occurring 
business environments with different features that are made up of many, different relations that 
influence each other. 

The difficulties in studying the interplay between ANSPs' performance levels and their business 
environment stems from the multitude of different relations from which they are made of. Thereby, 
the first 
Accordingly, this review paper adopts methodological assumption that first-order adjacency can be 

s its own relevant business 
environment, two ANSPs cannot have the same business environment and ANSPs cannot be perceived 

research is a review of ANSP
factors in respect to the same features coming from their business environment. More precise 
terminological definition of exogenous and endogenous factors within ATM system in Europe is 
provided by the European Organisation for the Safety of Air Navigation (EUROCONTROL), i.e., by 
Performance Review Commission (PRC) ATM Cost-Effectiveness (ACE) Benchmarking Report [4]. 
Briefly, it can be defined that the exogenous factors are those outside the control of ANSPs, whereas 
endogenous factors are those entirely under the control of ANSPs. 

Uncertainty of the business environment implies a situation in which decision makers perceive their 
business environment, or part of it, as unpredictable. This also means that it may not be known how 
the entities making business environment change or may change in relation to the business 
environment. In the ATM domain, uncertainty of the business environment occurs due to their 
dynamism (instability), lack of efforts in the field of research and lack of developed solutions that can 
be used by ANSPs for the purpose of their business environment' monitoring. Considering that risks 
existence, i.e., uncertainties coming from the business environment can compromise the realization 
of strategic goals, one of core purposes of strategic planning and development and performance 
management functions within ATM system is to mitigate identified business risks. Moreover, 
aforementioned is particularly applicable to the ATM system as it is financially-intensive business 
activity where the even smallest percentage losses mean significant financial values.

In principle, every time some organisation undertakes a business activity or decision, its business 
environment changes and thus begins a cycle of adaptation (learning), gathering information, 
interpretation and re-learning [5]. Thereby, one of the characteristics of the ATM system is that e.g.,
weather conditions can be one of the reasons for change occurrence in the business environment. 
Accordingly, the causes for action and reasons for action can be various. Therefore, the process of 
analysing the business environment in the ATM domain represents one of the most complex, but 
strategically one of the most important processes. Th
environment should be accompanied by appropriate actions of its intellectual capital. Only as such 
ANSPs can maintain harmony with the changes in their business environment. Accordingly, one of 
major tasks of strategic planning and development and performance management functions of 
national ATM systems is to identify business threats coming from the business environment, and more 

to turn perceived business 
threats into business opportunities. In that respect, this paper provides an overview on factors 
affecting strategic planning and development and performance management functions that occur as 
a result of interplay between ANSPs' performance levels and their business environment. In addition, 
it presents the novel technological solution that can be used to quantify and monitor spatial relations 
in business environments over the ATM system in Europe. 
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2. THEORETICAL BACKGROUND 

2.1 Performance Interdependencies

However, practice (day-to-
interconnectivity, occurrence of certain irregularities in one part of the ATM network frequently 
reflects on the remote geographical areas. However, a more significant impact is likely to be reflected 
on areas closer to the site with air traffic flow irregularities. For instance, due to a significant number 
of aircraft rerouting (because of e.g., weather or operational constraints etc.), some ANSPs will be left 
without a certain amount of traffic (revenue). On the other hand, some ANSPs will have to face with 
increased demand - which potentially they haven't foreseen earlier. The best examples of 
aforementioned can be spotted when extreme events occur - such as Eyjafjallajökull volcano eruption 
[6,7], airspace closure and restrictions [7] or during ATC industrial actions [8] which are nowadays 
occurring more frequently and lasting longer than ever before [9]. All mentioned examples are 
undesirable, but there is a notable difference between them. Some are the result of external factors 
and are out of control of the ATM system (representing exogenous factors), while some events have 
been created within the system (endogenous factors). Thereby, Figure 1 shows Air Navigation Services 
(ANS) distribution per State (according to the International Civil Aviation Organization nomenclature) 
during 2018. In other words, in the best manner it displays the scale of performance interdependencies 
between ATM system in Europe. 

Figure 1  Air Navigation Services distribution (2018) [10] 

2.1 Performance Trade-offs 

Trade-offs are the very essence of life. The need to make trade-offs is nothing new to executive 
teams in any organization. Within ATM domain performance trade-offs have become a natural part of 
business activities. Particularly as they are occurring at al
they are occurring in every layer of decision-making within the ATM system in Europe - starting with 
national over local to regional decision-making. In principle, performance trade-offs can be constantly 
present, or they can occur occasionally. Some of them can have major and some minor effects on the 
system. Further, their implications can last over years or just for a few seconds. Usually, they are the 
result of non-complementary planning while sometimes they are the result of operational activities. 
Also, they can be result of incorrect performance target setting, plans non-compliance, measuring 
limitations, existence of partial policies, technical or technological limitations etc. However, 
performance trade-offs cannot be ultimately defined as either good or bad. ANSPs and other ATM 
related stakeholders must be able to recognize adverse performance trade-offs and their implications, 
map them, monitor and treat as such to keep their system efficient enough. Thereby, capturing 
performance trade-offs requires expertise. 
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Air Traffic Control Officers (ATCOs) are frequently the ones that are the most familiar with 
performance trade-offs. Mainly as nowadays ops rooms are bounded by economic, workload, 
performance and safety constraints. In many cases, ATCOs must undertake several trade-offs between 
interdependent goals, and consequently between different performance indicators (performance 
targets). For instance, Figure 2 shows an example of the performance trade-off situation between 
French ANSP (DSNA) and its business environment (NATS, DFS, ENAIRE, ENAV, MUAC, Skyguide). More 
precisely, it shows an overview of en-route ATFM delays that have occurred during French national 
strike from 22 till 24 May 2018. As a result, due to high number of aircraft re-
neighbouring ANSPs had to handle additional traffic volume - that has not been foreseen earlier. 
Example given in a best way demonstrates how individual ANSP can have a direct effect on its business 
environment. 

 

Figure 2  En-route ATFM delay overview during French national strike (22-24 May 2018) [11,12]

2.3 Goal Conflicts 

Unfortunately, within ATM system in Europe it is often difficult to improve one performance 
segment without compromising other segment(s) [13]. Primarily due to the existence of goal conflicts. 
Goal conflicts create dilemmas at all levels, from ops room, senior management, regulators to the 

l interests and priorities 
generate goal conflicting situations. Thereby, some goal conflicts also arise from currently applicative 
regulative framework (i.e., from Performance Scheme). Theoretically, goal conflicts can be defined as 
visible consequences of invisible day-to-day performance trade-offs. Thereby, some goals can have a 
short-term while some long-term focus. Achievement of some goals may be externally imposed, while 
realisation of some may be internally motivated. Some goals concern technical, others concern 
operational service delivery. Within the ATM system in Europe some goals are placing focus on national 
potentials, while some promote local or regional interests. Some goals relate well to quantitative 

 some goals are more reactive, while others are more 
proactive. 
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Furthermore, it can be defined that goal conflicting situations can be better understood by 
introducing a practical example. In that respect, nowadays capacity targets do not go hand in hand 
with cost-efficiency targets. To achieve capacity improvements, i.e., to minimise the occurrence of en-
route delay caused by lack of ATCOs, ANSPs are required to hire more ATCOs. However, consequently 
goal conflicting situations occur because that will lead -base (which is 
covered by Airspace Users through ANS charges) and increase of national en-route unit rate. Hence, 
besides a fact how difficult it is to hire new ATCOs, if ANSP eventually hires a certain number of ATCOs 
(with a goal to adjust ATC capacity to traffic demand), in following years Airspace Users will have to 
pay higher charges (than before). Otherwise, if such a scenario does not realize, then Airspace Users 
will continue to have higher operational costs (due to delays, re-
compensations due to delays etc.) Hence, an obvious goal conflicting situation arises where capacity 
and cost-efficiency expectations confront. In that context Figure 3 shows an overview of a trend 
analysis of performances achievements on system-wide level. 

Figure 3  Comparative trend analysis of cost-efficiency and capacity performances achievements [12] 

3. APLICATIVE SOLUTION: AIRSTAT 
Strategic planning and development of ATM system, no matter whether at national, local or 

regional level, is a highly challenging task. Particularly because of high risks associated with the 
possibility of creation or acceptance of partial or misleading strategies that can, in the long run, result 
with serious problems. In general, strategic planning and development and performance management 
functions mainly include a conduction of periodical activities and meetings with an aim to make 
development plans, share information, identify areas requiring performance improvements, higher 
airspace utilization level, optimizations etc. Thereby, the ATM system in Europe represents a business 
environment within which every stakeholder wants to maximize its own effects. Therefore, every ANSP 
juggle its priorities and tries to fulfil commitments defined by the Performance Scheme. However other 
ANSPs also make their own plans how to deal with their constraints, have their own business priorities 
and as a result mostly they all face with performance interdependencies, trade-offs and goal conflicting 
situations. Hence, a rhetorical question has arisen how to measure and monitor such situations and at 
the end, most importantly how to turn captured data into useful information that can be practically 
utilised within strategic planning and development as well as performance management functions of 
national, local and regional ATM system. 
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The ATM system in Europe, as well as the air transport industry, has changed significantly over the 
last 20 years. Whereas the biggest challenge was once the limited access to accurate and reliable 
aeronautical data, nowadays the most frequent shortcoming is the lack of time and knowledge 
required to turn aeronautical data into useful information. Undoubtedly there are numerous 
possibilities and various aspects of further development of ATM system in Europe. One aspect of 
further development is through technological improvements. Technological improvements are must 
because they are simultaneously enabling workload reduction and time savings. More importantly, 
they can point out hidden market opportunities, identify potential market threats etc., i.e., create 
business information that did not exist before. Accordingly, compared to the situation 20 years ago, 
nowadays it is much easier to carry out strategic planning and development of ATM system in Europe. 
However, new times had delivered new challenges. Accordingly, nowadays many ANSPs and their 
strategic planning and development boards are facing a new challenging issue; how to quickly process 
large amounts of aeronautical data and interpret it correctly. Therefore, nowadays the most sought 
after and key skills required within the framework of strategic planning and development and 
performance management within the ATM system are (1) ability to manage the ever-growing streams 
of aeronautical data and (2) ability to manipulate it by turning raw aeronautical data into useful 
information and knowledge. This is where from the need for development of novel technological 
solutions actually stems from. In addition to aforementioned, it can be defined that frequently within 
ATM system in Europe some decisions can be determined as good or bad with certain time-lapse after 
decision is made. Also, within the ATM domain, application of trial-and-error method is not applicable 
as it represents a safety-critical system. Therefore, with a goal to minimise business uncertainties, 
strategic planning and development and performance management functions heavily rely on solutions 
that have an option to simulate real-world events/conditions [14]. 

In principle, ANS provision in Europe represents a business activity where very few things are 
certain. However, in order to operate a system efficiently it is desirable to make decisions that are 
based on reliable data or information and that are supported by expertise in the field of work. 
Accordingly, with a goal to enhance execution of strategic planning and development and performance 
management functions by revealing the performance interdependencies, performance trade-offs and 
goal conflicting situations, a technological solution named Airstat has been developed. Briefly, it 
represents a Geo-Business Intelligence (Geo-BI) solution that was from the methodological aspect 
developed based on the research of Rezo et al. [15], while from technological aspect it was developed 
by utilisation of various technologies. As such, development of technological solutions that can 
quantify spatial relations between ANSPs and their business environment represents a contribution 
that can be used for further efficiency improvement of ATM system in Europe. In that context Figure 
4 shows a simplified overview of utilisation of technological solution in context of strategic planning 
and development of ATM system in Europe. 

Figure 4  Simplified overview of solution utilisation in context of strategic planning and development 
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4. CONCEPTUAL FRAMEWORK OF THE BUSINESS ENVIRONMENT ANALYSIS

Development plans are usually evaluated in the sense of their comprehensiveness, applicability and 
manageability. The clearer these features are, the better development plan will be. In order to 
successfully deal with vague and incomplete information from the business environment, 
organisations engage in activities that can uniquely be called the process of analysing the business 
environment [16]. In that respect, utilisation framework of developed technological solution consists 
of following four major activities of the business environment analysis process; (1) environmental 
scanning, (2) monitoring, (3) spatio-temporal forecasting and (4) validation. Figure 5 shows a simplified 
overview of the process of business environment analysis. 

                                                     
      Environmental scanning                   Monitoring      Spatio-temporal forecasting        Validation 

Figure 5  Simplified overview of business environment analysis

The first phase, environmental scanning represents an activity that measures the degree of 
interactivity between ANSPs and their business environment. Its main functions are recognition of 
events and trends, establishing relationships between them, and giving meaning to data. In addition, 
it captures any potential changes in the business environment. The second phase of the business 
environment analysis process starts when potential changes and trends in the business environment 
are identified. Thereby, monitoring deals with the discovery of meaning of specific trends in the 
business environment. The result of the monitoring phase is the identification and recording of specific 
trends that occur. Spatio-temporal forecasting represents the third phase of the business environment 
analysis process. Unlike environmental scanning and monitoring, which deal with describing the 
relevant business environment at a particular point in time, this phase is future-oriented. Accordingly, 
based on monitored changes and trends, spatio-temporal forecasting includes the development of 
projections of expected outcomes. Without the last phase of the analysis of the business environment, 
obtained knowledge is meaningless. Accordingly, the information gained through the first three phases 
of the business environment analysis are further validated and interpreted with a goal to determine 

Through application of presented conceptual framework, Airstat can determine heterogeneity, i.e., 
homogeneity of business environments. Thereby, a heterogeneous business environment is the one 
that consists of many different features, while a homogeneous business environment consists of the 
similar features between one ANSP and its business environment. Furthermore, information of 
heterogeneity, i.e., homogeneity of business environments is linked with the information on the 
dynamism of the business environment. It represents a research of the variability of the homogeneity-
heterogeneity relationship of the business environment over a certain period. In addition, by studying 
the dynamism of the business environments, information on their stability-instability is also obtained. 
It involves studying the frequency of feature changes in the business environments. If the features are 
constant during the observation period, the business environment may be considered as stable. 
Otherwise, if the features change frequently during the observation period, then such business 
environments may be classified as unstable. Lastly, it can be determined that such business 
environments require a constant process of learning and changing at the same pace as features coming 
from the business environment change. 
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5. CONCLUSION 

In order to properly conduct strategic planning and development and associated performance 
management tasks, it is crucial to be well informed, familiar with and understand how ATM system 
perform at national, local and regional level. Undoubtedly, it is important to monitor changes which 
are occurring at regional and local level as they also reflect on the strategic programs and plans of 

- and vice versa. In that respect it is no secret that successful 
decision makers utilise business opportunities by executing business activities that are based on 
business intelligence which other stakeholders may not have. One of aspects enabling such 
development is through application of the business environment analysis which enables identification 
and initiation (if needed) of the proactive and corrective measures. Such decision-makers can expect 
higher benefits compared to those who passively wait impulses from their business environment and 
adapt to them, faster or slower, more successfully or less successfully. Accordingly, nowadays those 
seeking for changes are frequently more successful than those who react to changes in their business 
environment, or ignore them. 

In principle, strategic planning and development as well as performance management functions 
should provide guidance on how to improve the system, so that in future it becomes more efficient 
than it is currently. Regardless of the level on which it refers to, every plan consists of an overview of 
the current situation, determining what needs to be changed and what will be gained by making these 
changes. Moreover, it must consider the impacts coming from the business environment. It should 
include the identification of influencing factors, business risks, determination of direction in which the 
business environment is developing, identify which opportunities will open and what threats stand in 
the way and finally, it needs to provide the answer whether and how business success can be achieved 
in regard to business environment. Therefore, it may be concluded that, in order to be able to spot, 
but also create changes and trends in their business environment, ones dealing with strategic planning 
and development and performance management should have relevant data, information and 
knowledge on their business environment. In doing so, the application of developed technological 
solution that can quantify spatial relations in business environments can certainly be of great value. 
Accordingly, Airstat was developed as a Geo-BI solution with a goal to provide information that may 
be useful to ANSPs, National Supervisory Authorities (NSAs), Airspace Users, various representing 
organizations and associations, research community, policy makers, consultants, i.e., all those who are 
directly or indirectly connected with or influenced by the ATM system in Europe. As such, it was 
developed to support both, air transport industry and research community. It can be useful to the 
research community as it maximizes insight into a dataset, combines data visualization methods and 
technologies, uncovers underlying structures or patterns, detects spatial outliers and anomalies, 
enables hypothesis testing etc. On the other hand, its relevance for the air transport industry stems 
from the fact that it can support their attempts to cope with the uncertainty of the future - so reduce 

relevant information on national, local and regional performances, performance interdependencies, 
trade-offs, goal conflicting situations, casual links, identifies boundaries and map spatially 
homogeneous, i.e., heterogeneous areas, detects areas requiring implementation of different 
corrective measures etc. Therefore, its utilisation can be of high assistance to the functions of the 
strategic planning and development and performance management. 
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